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Tithonia diversifolia (Hemsl.) A. Gray, Asteraceae, commonly known as Mexican sunflower, is a wide
distributed invasive species encountered around the world. We proposed herein to establish the rela-
tionship between different abiotic environmental factors and the variation in the production of volatile
compounds in T. diversifolia, during a period of one year. Samples of leaf and inflorescence volatile oils
obtained from individuals located at two different regions of Brazil were analyzed by GC-MS and the

Keywords: data were submitted to chemometric analysis. Based on the main constituents, the analysis allowed us to
Volatile oils . . S . . . .. . .

Chemotypes classify the volatile oils into two chemotypes, according to their geographical origin. The influence of soil
Terpenes nutrients, mainly Ca and P, was also observed in the composition of the volatile oils. Climate also seems

to affect the constituents of the volatile oils, mainly the contents of leaf sesquiterpenes of individuals
growing in areas with higher average temperatures and solar radiation levels. We can therefore highlight
that the appropriate multivariate statistical analysis allowed us to propose for the first time the existence
of chemotypes for the volatile oils of T. diversifolia, as well as reporting the main abiotic environmental

Environmental influence

factors related to the accumulation of the discriminant compounds in these oils.

© 2018 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The production and accumulation of metabolites in individuals
of a same species growing at different regions may be influenced
by environmental factors, so that such substances appear to play a
role as a chemical interface between the plant and the surround-
ing environment (Ramakrishna and Ravishankar, 2011; Gutbrodt
etal., 2012; Pavarini et al., 2012). This variation in composition and
production of certain classes of secondary metabolites according to
different environmental conditions can be used for characterization
of different groups or populations of one species. In this sense, one
or more metabolites may be pointed as chemical markers for spec-
imens of a specified geographical region, season of the year and/or
phenological phase, based on qualitative and quantitative analysis
of their chemical constituents (Silva et al., 2006; Telascrea et al.,
2007; Nehme et al., 2008; Jones et al., 2013; Vilela et al., 2013).

In plants that produce volatile oils (a complex mixture of volatile
compounds, usually derived from the biosynthetic pathways of
terpenoids or phenylpropanoids) (Figueiredo et al.,2008), the inter-
action with the environment is often related to variations in the
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production of these oils (composition and concentration of its con-
stituents) (Telascrea et al., 2007; Lukas et al., 2009; Rahimmalek
et al., 2009; Stashenko et al., 2010; Vilela et al., 2013).

Tithonia diversifolia (Hemsl.) A. Gray, commonly known as Mex-
ican sunflower, is a plant species that produces volatile oil largely
spread around the world. This species is a perennial herb from
the family Asteraceae, tribe Heliantheae, native from both Mex-
ico and Central America, and it can be encountered mainly in the
both tropical and sub-tropical areas of Americas, Africa and Asia
(Moronkola et al., 2007; Sanchez-Mendoza et al., 2011; Chagas-
Paula et al., 2012). T. diversifolia is described as an invasive weed in
different ecosystems, mainly in Africa and China (Ayeni et al., 1997;
Sun et al., 2007; Muoghalu, 2008), which is related to problems of
ecological imbalance in areas infested with this plant because it is
able to adapt to different climate and soil conditions (Muoghalu
and Chuba, 2005; Muoghalu, 2008).

The chemical constituents of T. diversifolia are well known and
many of its secondary metabolites are described in literature. Most
of the compounds isolated from T. diversifolia extracts belong to the
classes of the sesquiterpene lactones, flavonoids and caffeoylquinic
acid derivatives (Chagas-Paula et al.,, 2012; Zhao et al,, 2012). A
recent publication by our research group describes the relation-
ship between the LC-MS-based metabolic profile of T. diversifolia
and some abiotic environmental factors (soil nutrients and climate
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factors) for individuals grown in two distinct regions of Brazil dur-
ing a period of 24 months. The results demonstrate a clear and
direct influence of the environmental conditions on the produc-
tion and accumulation of some classes of non-volatile secondary
metabolites, especially terpenes and phenolics, in four different
plant tissues (leaves, stems, roots and inflorescences) (Sampaio
et al., 2016).

The composition of the volatile oils from the leaves and inflo-
rescences of specimens of T. diversifolia collected in Nigeria,
Cameroon, South Africaand Vietnam are described in literature. The
oils obtained from Nigerian samples are characterized by the major
presence of hydrocarbon mono and sesquiterpenes, especially a-
pinene and -caryophyllene (Moronkola et al., 2007), while the oils
from the Cameroon samples are characterized by the major com-
ponents cis-[3-ocimene (leaf) (Lamaty et al., 1991) and a-pinene
(inflorescence) (Menut et al., 1992). The monoterpene a-pinene
is the major constituent of the volatile oils of leaves and inflore-
scences obtained from South Africa (Lawal et al., 2012), as well as
of leaf samples from Vietnam (Dai et al., 2015).

A recently published review article describes some differences
for the chemical constituents of volatile oil samples of T. diversifolia
originated from different regions of Africa, leading the authors to
infer that the observed variability for the volatile oil composition
can be related to environmental and climatic factors as well as geo-
graphical distribution (Ajao and Moteetee, 2017). Nevertheless, to
the best of our knowledge, so far there is not any report describ-
ing the effect of the seasonality, phenological phase or the abiotic
environmental factors on the composition of the volatile oils of T.
diversifolia from different regions.

Considering the wide distribution and adaptive capacity of the
Mexican sunflower as an invasive species and the lack of studies
covering this subject, as well as the medicinal properties of this
plant (Ajao and Moteetee, 2017; Chagas-Paula et al., 2012), we
proposed herein to carry out a comparative study with samples of
volatile oils from leaves and flowers of T. diversifolia obtained from
specimens located in two different regions of Brazil and collected
in different seasons throughout a year. Our approach involves com-
paring the data obtained by chemical analysis of these oils with the
environmental data (climate and soil) from both regions, with the
aiming to observe the existence or the absence of a seasonal pat-
tern and also a relationship with the environmental factors in the
production of volatile oils in T. diversifolia.

Materials and methods
Plant material

The volatile oils from Tithonia diversifolia (Hemsl.) A. Gray, Aster-
aceae, used to perform this study were obtained from six adult
specimens of the plant, located in two different states of Brazil,
in order to observe the effect of the different environments on
the volatile oil production in T. diversifolia. Three adult specimens
from one cultivated population of the species located at Campus of
Ribeirdo Preto of the University of Sdo Paulo (USP-RP), municipality
of Ribeirdo Preto, state of Sdo Paulo, and other three specimens from
cultivation area located at the Santo Antonio Farm, municipality of
Pires do Rio, state of Goias, were selected for the study.

Leaves and inflorescences were collected by BL Sampaio at
dawn, before the sunrise, from the six specimens located at the
states of Sdo Paulo and Goias (three in each state), in the months of
January, May, June, July, August and December of the year of 2013,
thus contemplating a complete reproductive cycle of the plant.
Voucher specimens for each sampled population were deposited
and identified at Herbarium SPF, Institute of Biosciences, University
of Sdo Paulo, under the responsibility of the curation of Dr. Renato

de Mello Silva. Voucher numbers for each specimen were assigned
as Sampaio #01 (samples from Pires do Rio-GO) and Sampaio #02
(samples from Ribeirdo Preto-SP).

The samples from Goias, immediately after the harvesting, were
frozen in dry ice in order to avoid any alteration in composition of
the volatile oils. The samples were then transported to the Labora-
tory of Pharmacognosy of the School of Pharmaceutical Sciences of
Ribeirdo Preto of the University of Sdo Paulo (FCFRP-USP). Samples
from Sdo Paulo were collected and immediately taken to the Labo-
ratory of Pharmacognosy (FCFRP-USP), where the extraction of the
volatile oils of all samples was performed.

Extraction of volatile oils

The volatile oils of T. diversifolia were obtained from fresh leaves
and inflorescences by the process of hydrodistillation performed
in a Clavenger apparatus as described by Brazilian Pharmacopoeia
modified (Anvisa, 2010), and after the extraction, the oils were
storage in microtubes and kept in a freezer at a temperature of
-20°C.

Analysis of the volatile oils by GC-MS

The volatiles oils from T. diversifolia were analyzed by gas chro-
matography coupled to mass spectrometry in an instrument model
Gas Chromatograph Mass Spectrometer — Shimadzu® - QP 2010,
using a DB-5MS column (30m x 0.25mm x 0.25 m) Agilent®,
employing the following method for the chromatographic analysis:
oven temperature of 60 °C; injection temperature of 250°C; split
injection mode; gas flow rate of 1.30 ml/min; carrier gas — nitro-
gen (N3 ); heating ramp from 60 to 240 °C; heating increase rate of
3°C/min; and the ionization source was electron impact (EI).

The Retention Indexes (RI) for the components of the volatile
oils were calculated by the equation of Dool and Kratz (1963),
using the retention times of the components of the oils and of the
homologous series of alkanes (Cg—C>5), and the calculated indexes
were then used to the identification of these components by com-
paring the obtained RI and mass spectra with those available in
literature and in the following libraries: Flavours and Fragrances of
Natural and Synthetic Compounds (FFNSC 1.3), Wiley® Mass Spec-
tral Library, National Institute of Standards and Technology (NIST
Webbook) and The Pherobase online.

Environmental data analysis

The environmental data used to carry out this study were
divided into climate and soil data. The climate data consisted of
rainfall, humidity, temperature and level of solar radiation, pro-
vided by the National Institute of Meteorology (Instituto Nacional
de Meteorologia - Inmet). Regarding soil data, from December
2012, three collections were performed every six months, until
December 2013, following the standard procedure for soil analysis
recommended by the Agronomic Institute of Campinas (Instituto
Agrondmico de Campinas, IAC). Soil samples were placed in labelled
plastic bags (four replicates for each geographical locations) and
a 200 g aliquot was separated and sent for soil analysis of macro
and micronutrients, including sulphur and aluminium composition
(Silva, 2009).

Data processing and multivariate analysis

The data obtained after the analysis of the volatile oils by
GC-MS (chemical data) and the climate and soil data (environ-
mental data) were prior pre-treated in MS Excel® and used for
further multivariate statistical analysis by the software CANOCO 4.5
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Fig. 1. Sampling locations of Tithonia diversifolia leaves and inflorescences from Brazil.
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Source: Google Earth® (Google Inc.%).

(Biometris - Plant Research International®), OriginPro 9.6 (Origin-
Lab Corporation®) and SIMCA-P (Umetrics®).

Prior to performing the multivariate analysis, the chemical data
were transformed by the formula described in Eq. (1), so thatxis the
value of the peak area for each compound expressed as percentage.
The environmental data were transformed according to Eq. (1), for
the data expressed as percentage, such as BS (percent base satura-
tion) and relative humidity, and according to Eq. (2) for the other
environmental variables not expressed as percentage, so that x is
the value of the individual observations for each variable. For the
soil pH, unprocessed data were used. All the data from chemical
and environmental variables were mean centred.

All the previous steps were performed in order to scale the data
prior to the multivariate analysis.

%n = arcsin (V%) (1)

(1) Transformation of variables by the arcsin method.
Xn =logio(xn + 1) (2)

(2) Logarithmic transformation for the variables.

The data for the study of variation in the composition of
the volatile oils of T. diversifolia (chemical and environmental
data), after appropriate treatment, were analyzed in the software
CANOCO 4.5 (Biometris — Plant Research International®), Origin-
Pro 9.6 (OriginLab Corporation®) and SIMCA-P (Umetrics®). The
data were divided into two sets of variables: chemical (volatile oils)
and environmental (climate and soil data) variables. These vari-
ables were used to perform multivariate analysis by unsupervised
methods, such as Principal Component Analysis (PCA) and Hierar-
chical Cluster Analysis (HCA) by Ward’s method (Ward, 1963), and
by supervised methods as the Orthogonal Partial Least Squares-
Discriminant Analysis (OPLS-DA).

Results and discussion
Environmental data

In Fig. 1 are shown the exact location and distance between
both localities where the samplings of leaves and inflorescences

_V
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Pires do Rio

MINAS GERAIS

O&
Ribeirao preto

SAO PAULO

of T. diversifolia were collected to obtain the volatile oil samples.
The environmental data (climate and soil data) were obtained from
both collection sites during the year of 2013. The climate data are
shown in Fig. 2 and the soil in Tables 1 and 2.

The results of the soil analysis showed some differences among
the two collection sites (located at two different Brazilian states),
especially regarding to the levels of macronutrients P and Ca, so
that the soil from the city of Pires do Rio, state of Goias (GO), was
richer in these minerals than the soil from the city of Ribeirdo Preto,
state of Sdo Paulo (SP).

Climate data showed the differences between the local climates
of both collection sites, with GO being warmer and drier than SP,
showing higher levels of solar radiation, mainly during the dry sea-
son (white areas shown in Fig. 2). These differences between the
local climates were expected considering that the city in GO is
located in a lower latitude region than the city in SP (see Fig. 1).

Chemical variation of the volatile oils of leaves and inflorescences
of Tithonia diversifolia

The chemical composition of the volatile oils of leaves and
inflorescences of T. diversifolia obtained from samples collected at
different seasons during the year of 2013 in GO and SP are shown
in the Tables 3 and 4. The results are expressed as percentage of the
constituents for each sample of volatile oil.

The dendrogram obtained by Hierarchical Cluster Analysis
(HCA) from GC-MS data of the volatile oils from leaves and inflo-
rescences of T. diversifolia is shown in Fig. 3. Based on the pattern
of sample separation observed in the HCA dendrogram, two main
clusters were proposed for the volatile oils of T. diversifolia, in accor-
dance to the geographical origin of the samples.

The chemical (GC-MS) and environmental (climate and soil)
data were used to carry out a Principal Component Analysis
(PCA) with environmental variables. Fig. 4 shows the triplot graph
obtained by the combined analysis of the chemical and environ-
mental variables for the samples of volatile oils of T. diversifolia.
It is possible to observe a good separation of the sample clus-
ters, in the same way as it was observed in the dendrogram
of HCA analysis (Fig. 3). In addition, the discriminant chemi-
cal constituents for the clusters (grey squares identified by the
red numbers in Fig. 4) and the environmental factors (levels of
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Fig. 2. Climate data obtained from both collection sites during the year of 2013. Temperature, humidity and solar radiation are expressed as monthly average values and
rainfall is expressed as accumulated rain per month. Continuous line = Pires do Rio-GO; Dashed line = Ribeirdo Preto-SP. Areas in grey indicate the dry season (typical flowering
season) and areas in white indicate the rainy season (season typically without flowers).

Table 1
Levels of soil macro and micronutrients of the localities of Pires do Rio, state of Goias
(GO), and Ribeirdo Preto, state of Sdo Paulo (SP).

Sampling P2 K> ca® Mgd st B? Cu® Fe? Mn® Zn?
GO-December/12 12.0 29 32.0 110 60 024 13 230 49 22
GO-June/13 130 18 340 70 50 020 12 220 19 06
GO-December/13 24.0 32 270 9.0 50 022 20 380 57 23
SP-December/12 12.0 2.8 270 9.0 7.0 024 41 100 10.7 04
SP-June/13 9.0 25 200 80 5.0 023 38 11.0 100 03
SP-December/13 70 26 220 70 6.0 020 52 140 136 0.6

2 P, Fe, Mn, Cu, Zn, B and S expressed as mg/dm?3.
b K, Ca, Mg expressed as mmolc/dm?3.

Table 2
Other soil mineral composition indicators of the localities of Pires do Rio, state of
Goids (GO), and Ribeirdo Preto, state of Sdo Paulo (SP).

Sampling pH(CaCl) OM? H+AI> AI> CEC® TEB® BS©

GO-December/12 5.6 23.0 22.0 0 67.0 450 679
GO-June/13 6.0 22.0 20.0 0 63.0 43.0 68.1
GO-December/13 5.5 25.0 21.0 0 60.0 39.0 649
SP-December/12 52 28.0 32.0 0 70.0 38.0 544
SP-June/13 5.1 27.0 34.0 0 65.0 31.0 475
SP-December/13 53 25.0 29.0 0 60.0 32.0 526

a OM expressed as g/dm3.

b CEC, H+Al, Al and TEB expressed as mmolc/dm?3.

¢ BS expressed as percentage. Legend: OM, organic matter; H + Al, value of poten-
tial acidity of soil; CEC, cation exchange capacity; TEB, total exchangeable bases; BS,
base saturation of soil.

soil Ca and P; temperature and solar radiation) that exert influ-
ence on the production of volatile oils in T. diversifolia could
also be observed. The constituents of the volatile oils identi-
fied as discriminants (identified with numbers in Fig. 4) are
the following monoterpenes 1 (a-pinene), 2 (3-pinene), and 3

(cis-chrysanthenol); and the sesquiterpenes 4 ([3-caryophyllene),
5 (bicyclogermacrene), 6 (kessane), 7 (caryophyllene oxide), and 8
(ledene oxide).

The chemical data of the volatile oils were submitted to analysis
by Orthogonal Partial Least Square-Discriminant Analysis (OPLS-
DA) in order to evaluate the separation of the samples according to
the clusters already proposed by the HCA analysis. The score scatter
plot of the OPLS-DA analysis is shown in Fig. 5, demonstrating the
proposed clusters well separated among each other, therefore in
accordance to the results obtained by unsupervised methods - HCA
and PCA, which confirm the reliability of these results. There is only
an outlier sample (not grouped into the cluster of its collection site),
the volatile oil obtained from samples of leaves collected on January
2013 in the city of Ribeirdo Preto-SP.

Table 5 shows the coefficient values to each constituent of the
volatile oils of T. diversifolia for the first two axes of PCA loading
scatter plot (Axis 1 and Axis 2). Table 5 shows the main discrim-
inant constituents related to each cluster of volatile oil samples,
based on the results of PCA and OPLS-DA analyses. The coefficient
values for the first axis of a- and [3-pinene (0.5057 and 0.8172,
respectively) show that both monoterpenes are the most important
discriminant constituents for the volatile oil samples from Goias
and S3o Paulo. The samples can be clearly separated in two large
and distinct geographical clusters (see Fig. 4), according to their
levels of a-pinene (Goids) and (3-pinene (Sdo Paulo). The coeffi-
cient values for the second axis of other constituents highlighted
in Table 5 and graphical results showed in Fig. 4 demonstrate that
cis-chrysanthenol is the main discriminant constituent of the inflo-
rescence volatile oils, distinguishing them from the leaf volatile
oils. In the same way, the sesquiterpenes bicyclogermacrene, [3-
caryophellene, caryophellene oxide, kessane and ledene oxide are
the main discriminant constituents of the leaf volatile oils from
Goias.
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Table 3

Chemical constituents (expressed as percentage) of the volatile oils obtained from samples of leaves of Tithonia diversifolia collected at different seasons of the year of 2013

in the regions of Pires do Rio-GO and Ribeirdo Preto-SP.

Compounds RI Pires do Rio-GO Ribeirdo Preto-SP
January May June July August December January May June July August  December

Tricyclene 922 - 0.51 0.43 - 0.33 0.19 - 0.18 0.34 0.16 0.29 0.29
a-Thujene 924 - 0.42 0.31 - 0.16 0.15 - 0.16 0.13 0.13 - 0.24
a-Pinene 932 17.82 41.92 32.58 35.35 53.65 55.55 75.53 26.20 27.31 31.21 36.98 39.52
Camphene 948 4.25 7.55 6.34 2.64 5.71 2.18 2.92 2.87 5.84 2.58 5.51 249
Sabinene 971 4.08 4.51 3.46 1.49 2.16 2.01 2.41 3.36 2.61 2.33 2.44 2.60
3-Pinene 977 2.75 293 2.29 1.10 2.34 1.25 1.57 49.44 39.20 32.18 39.05 41.64
5-Hexenyl-oxirane 996 - - - - - - - - - - - 0.05
a-Terpinene 1015 - - - - - 0.04 - - - - - -
p-Cymene 1022 - 0.31 - - - 0.06 - - - - - 0.03
Limonene 1027 7.78 8.63 3.27 1.74 2.09 341 3.83 3.80 297 2.82 2.72 3.21
B-Phellandrene 1029 - 0.56 0.14 - 0.18 0.22 - 1.13 0.83 1.01 1.05 0.98
cis-B-Ocimene 1033 4.09 3.27 4.27 2.71 2.38 2.44 2.17 1.19 1.06 1.58 0.66 0.79
y-Terpinene 1056 — 0.47 - = = 0.12 = — = 0.15 = =
trans-Sabinene hydrate 1069 0.83 0.39 - - 0.29 0.22 - 0.32 0.32 0.21 - 0.04
Linalool 1098 - - - - - - - - 0.20 - - 0.18
RI 1099 1099 - - - - - - - - - - - 0.03
cis-Sabinene hydrate 1101 0.66 0.37 - - 0.31 0.17 - 0.42 0.38 0.40 - -
trans-Verbenol 1143 0.64 - - - - - - - - - - -
cis-Verbenol 1144 - - - - - 0.13 - - 0.35 - - -
cis-Chrysanthenol 1161 - - - - - - - 0.87 0.45 0.76 0.44 0.11
Borneol 1170 6.54 4.59 0.48 237 4.05 2.24 2.04 2.69 6.37 2.92 4.26 1.49
Terpinen-4-ol 1179 1.12 1.11 - - - 0.37 - 0.61 0.62 0.40 - 0.12
trans-3(10)-Caren-2-ol 1211 - - - - - - - 0.25 - 0.33 - -
2-Methyl-2-nonen-4-one 1211 - - - - - 0.13 - - - - - -
Bicycloelemene 1329 0.64 - - - - - - - - - - -
a-Copaene 1372 3.55 2.14 3.18 2.57 3.56 2.04 0.93 0.64 0.63 1.05 0.34 0.74
Modhephene 1377 - - 0.74 0.61 0.53 0.15 - - - - - -
RI 1379 1379 - - - - - - - - - - - 0.08
RI 1381 1381 - - - - - - - - 0.60 - - -
RI 1384 1384 - - - - - 0.11 - - - - - -
RI 1391 1391 - - - - - - - - - - - 0.11
RI 1393 1393 - - - - - - - - 0.37 - - -
B-Caryophyllene 1414 8.16 4.71 16.08 8.15 5.21 6.87 2.28 1.18 3.09 5.15 1.39 1.31
a-Humulene 1450 - - 0.81 0.43 - 0.29 - - - 0.27 - -
Germacrene D 1476 - - 0.44 - - 0.29 - - - - - -
Bicyclogermacrene 1490 8.72 3.29 10.57 6.51 5.00 9.35 1.97 0.76 0.88 4.95 0.45 1.07
1-Pentadecene 1492 - - 1.82 1.94 145 - - - 0.31 0.25 - -
RI 1498 1498 - - - - - 0.20 - - - - - -
d-Cadinene 1514 - - 0.65 0.51 0.32 0.42 - - - - - -
Kessane 1523 5.05 291 3.48 5.41 3.15 1.92 1.13 - 0.25 - - -
RI 1529 1529 - - - 0.79 - - - - - - - -
RI 1530 1530 - - 0.42 - - 0.23 - - - - - -
trans-Nerolidol 1559 2.32 0.93 0.62 1.23 0.48 0.70 - - 0.58 0.73 - 0.33
Spathulenol 1572 7.76 223 1.72 5.86 1.05 2.08 1.40 1.14 0.95 2.01 1.02 0.87
Caryophyllene Oxide 1575 5.88 3.27 3.01 7.55 1.87 1.54 0.91 1.09 1.31 2.16 1.21 0.56
Ledene Oxide 1578 534 2.18 1.47 4.35 1.56 1.96 0.91 1.10 0.91 2.13 1.08 0.78
RI 1592 1592 - - - - - 0.12 - - - - - -
RI 1598 1598 0.86 - - 0.90 - 0.28 - - - 0.38 - 0.09
RI 1601 1602 - - - 0.53 - - - - - - - -
RI 1608 1608 - - - 0.39 - 0.14 - - - - - -
RI 1627 1627 - - - 0.47 - - - - - - - -
11,11-Dimethyl-4,8- 1631 - - - 0.71 - - - - - - - -

bis(methylene)-

bicyclo[7.2.0Jundecan-3-ol
Intermedeol 1652 1.17 0.78 1.41 3.70 2.19 0.45 - 0.60 1.14 1.77 1.10 0.26
Total (%) 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

The results of the analysis of the volatile oils of T. diversifo-
lia obtained in different seasons by GC-MS provided an overview
of the main volatile components present in the leaves and inflo-
rescences of this species. It was observed the predominance of
monoterpenes as major components in all the analyzed samples
(mainly hydrocarbon monoterpenes). It is also worth mentioning
the presence in some volatile oil samples (even in small proportion)
of some metabolites that do not belong to the group of terpenes,
such as fatty acids, aldehydes, cyclic ethers and hydrocarbons,
which, in their vast majority, were found in samples of volatile oils
of the inflorescences.

In general, the observed difference in the composition between
the volatile oils of leaves and inflorescences is not reflected
in a difference with respect to their main constituents, which
are the monoterpenes a- and [(3-pinene. The only exception
with respect to 3-pinene as a major component in the volatile
oil are the samples obtained from leaves collected in GO, in
which only the a-pinene is presented as one of the major
components, along with some sesquiterpenes (hydrocarbon and
oxygenated) in a higher proportion in the oil, in particular (3-
caryophyllene, caryophyllene oxide, bicyclogermacrene, kessane
and ledene oxide.



140 B.L. Sampaio, F.B. Da Costa / Revista Brasileira de Farmacognosia 28 (2018) 135-144

Table 4

Chemical constituents (expressed as percentage) of the volatile oils obtained from samples of inflorescences of Tithonia diversifolia collected at different seasons of the year

of 2013 in the regions of Pires do Rio-GO and Ribeirdo Preto-SP.

Compounds RI Pires do Rio-GO Ribeirdo Preto-SP

May June July December May June July
Tricyclene 922 - 0.50 - 0.12 - - -
a-Thujene 924 0.34 0.46 - 0.16 0.32 0.31 -
o-Pinene 932 44.26 57.18 88.20 85.67 33.80 36.30 33.83
Camphene 948 0.91 1.77 - 0.59 0.86 1.37 0.64
2,4-Thujadiene 951 0.31 - - - - - -
Sabinene 971 - 1.88 - 0.95 0.68 1.27 0.92
3-Pinene 976 0.84 1.39 - 0.56 37.37 38.26 31.27
2-Pentylfuran 989 0.98 - - - 0.22 0.48 0.09
5-Hexenyl-oxirane 996 1.15 0.60 - 0.27 1.99 0.50 1.07
a-Terpinene 1016 - - - - 0.20 - -
m-Cymene 1024 0.20 - - - - - -
Limonene 1027 1.88 3.25 1.86 222 3.24 291 2.86
RI 1029 1029 - - - 0.01 - - -
B-Phellandrene 1029 - - - - 0.22 0.27 0.34
cis-B-Ocimene 1033 1.49 4.12 - 0.49 0.86 0.83 0.73
y-Terpinene 1056 0.40 - - 0.11 0.39 0.20 -
a-Terpinolene 1084 0.41 - - - 0.39 - -
cis-6-Nonenal 1097 - - - - - - 0.26
Linalool 1100 5.19 1.84 - 0.24 143 0.31 1.09
trans-4,8-Dimethyl-1,3,7-nonatriene 1111 1.13 1.56 - 0.51 - - 0.40
cis-4,8-Dimethyl-1,3,7-nonatriene 1113 - - - - 0.48 - -
2-Methyl-6-methylene-1,7-octadien-3-one 1113 - - - - - 0.46 -
RI 1149 1149 0.57 - - - - - -
cis-Chrysanthenol 1161 10.69 4.10 414 0.75 443 1.43 4.16
Borneol 1170 3.10 0.73 - - 1.03 - 0.93
Terpinen-4-ol 1179 1.45 - - 0.09 0.86 - 0.42
a-Terpineol 1194 2.90 - - - 1.71 - 0.96
Isoborneol 1202 0.76 - - - - - -
RI 1245 1245 0.39 - - - - - -
a-Copaene 1372 8.24 8.33 5.79 3.38 5.97 4.80 7.24
Modhephene 1377 0.77 0.78 - 0.20 - - 0.58
B-Caryophyllene 1414 - - - - 0.39 0.65 0.36
Germacrene D 1476 - = — 0.05 = = =
trans-o-Bergamotene 1489 0.99 = = 0.15 = = =
trans-3-Bergamotene 1490 - 0.92 - - - - 0.30
1-Pentadecene 1492 1.31 2.14 - 0.75 0.92 0.88 1.49
d-Cadinene 1514 1.00 0.73 - 0.37 0.39 - 0.39
Kessane 1523 1.98 147 - 0.38 - - -
trans-Nerolidol 1559 0.57 - - - - - -
Spathulenol 1571 1.54 1.39 - 0.53 1.34 1.12 1.28
3-Copaen-4-a-ol 1582 - - - - - - 0.30
Intermedeol 1652 0.74 - - 0.11 0.52 1.24 0.95
Pentadecanal 1714 0.67 - - - - - -
Palmitic acid 1961 - - - 0.17 - 0.82 0.67
RI 2029 2029 - - - 0.38 - - -
Falcarinol 2029 - 1.43 - - - 2.11 3.15
Tricosane 2300 - 1.28 - - - 1.24 141
RI 2300 2300 - - - 0.37 - - -
Eicosenoic acid 2300 1.08 - - - - - -
RI2370 2370 1.36 1.45 - 0.37 - 2.26 0.84
Pentacosane 2500 0.42 0.69 - - - - 1.06
Total % 100.0 100.0 100.0 100.0 100.0 100.0 100.0

The chemical composition of the volatile oils of leaves and
inflorescences of T. diversifolia is well described in literature with
results that demonstrate differences in the proportion of the major
constituents among samples from different geographical regions,
especially the a-pinene, which proportion ranges from 25.0 to
60.9% and from 6.8 to 72.8%, in leaves and inflorescences, respec-
tively (Lamaty et al.,, 1991; Menut et al., 1992; Moronkola et al.,
2007; Lawal et al., 2012; Dai et al., 2015; Orsomando et al., 2016).
These data from literature combined with the results obtained
herein by HCA and PCA analyses (Figs. 3 and 4, respectively) indicate
that the surrounding environment seems to significantly influence
the production and accumulation of volatile constituents in aerial
parts of T. diversifolia.

The existence of chemotypes for plants producing volatile oils
is common and well reported in the literature for different species,

especially for those used for food, medicinal purposes or in per-
fumery (Vokou et al., 1993; Boira and Blanquer, 1998; Curado et al.,
2006; Telci et al., 2006; Costa et al., 2009; Satyal et al., 2016).
An example is the study performed with samples from different
populations of Lippia origanoides Kunth, Verbenaceae, collected
in Colombia, which led to the characterization of three different
chemotypes for the species according to the composition of its
volatile oil (Stashenko et al., 2010). Another example of aromatic
plants that show different chemotypes is the species Origanum syr-
iacum L., Lamiaceae, which, after study performed with samples
from eleven populations in Syria, demonstrated the existence of
three different chemotypes based on the composition of the volatile
oils (Lukas et al., 2009).

For the specimens of T. diversifolia evaluated in this work,
we propose the existence of two chemotypes according to the
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Fig. 3. HCA dendrogram for GC-MS data obtained from volatile oils of leaves and
inflorescences of T. diversifolia with the clustering proposal. L, Leaves; I, Inflore-
scences; G, State of Goids; S, State of Sdo Paulo. *Outlier sample (not grouped with
the others from the same collection site).

geographical origin in Brazil: a chemotype for the samples from
the locality of Pires do Rio, state of Goids (chemotype PR-GO),
and another for the locality of Ribeirdo Preto, state of Sdo Paulo
(chemotype RP-SP). The chemotype PR-GO, based on results of
PCA analysis, can be characterized by the higher proportion of the
constituents bicyclogermacrene, [3-caryophellene, caryophyllene
oxide, kessane and ledene oxide in leaf volatile oil, and a-pinene
and cis-chrysanthenol in inflorescence volatile oil. The chemotype
RP-SP is characterized by the higher proportion of the constituent
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B-pinene in both leaf and inflorescence volatile oils, plus cis-
chrysanthenol only in inflorescence volatile oil.

It is noteworthy that the monoterpene 3-pinene is described
for the first time as the most abundant constituent in samples of
volatile oil of leaves and inflorescences of T. diversifolia, once in all
previous studies carried out with the volatile oils from this species,
the content of $-pinene in the oil samples was much lower than
that of a-pinene. This result provides preliminary evidence of the
existence of a chemotype which allows to characterize differently
these samples of volatile oils obtained from leaves and inflore-
scences collected in SP, based on the [3-pinene proportion.

The result of the PCA analysis with environmental data
(Fig. 4) indicates a clear relationship between the two chemotypes
observed for the volatile oils of T. diversifolia and their geograph-
ical origin, so that in our study, the main environmental factors
related to the variation of the volatile oils of T. diversifolia are the
soil macronutrients Ca and P, the temperature and solar radiation
level.

The levels of the macronutrients Ca and P in the soil appear
to exert some influence on the composition of the volatile oils of
leaves and inflorescences of T. diversifolia. Thus, the oil samples
obtained by specimens located at the soil richer in these nutrients
(GO) showed a-pinene as the main constituent of the volatile oils,
with low levels of (3-pinene. On the other hand, the oil samples
obtained from leaves and inflorescences collected from specimens
located in the soil with lower levels of Ca and P (SP) showed both a-
pinene and 3-pinene as the main constituents, with similar content
for the both monoterpenes in the volatile oils throughout the year,
except for the leaf oil sample obtained in January 2013.

The presence of a- and -pinene is very common in volatile
oils of plants, occurring in a wide range of tropical, Mediter-
ranean and coniferous species (Areco et al., 2014). In general, these

1.0 SPECIES (o)
[ Discriminant variables LG_Jan
[ other variables
SAMPLES 'LGiJuI
@ Leaves Goias LG Jun
WV Leaves So Paulo
A nflorescence Goias LGiMay
0.51 ’ Inflorescence Sao Goias LG_Dec
I Outlier sample 4 5 °
m B Ca
SUPPL. VARIABLES 7
» u]
= 8m:
LS_Jul uD”
v 1]
LS_Jun
0.0 1 p..0 gLS_Jan
LS_May LS_Aug
v v n%:: o
v
2 LS_Dec '3
5] B 1
=]
IG_Jun
A
IS_Jun A
-0.5 1 IG_May IG_Dec
14 * re
IS_M
S-May Sis ui G Jul
A
1.0 , | .
-1.0 -0.5 0.0 0.5 1.0

Fig. 4. PCA triplot for the GC-MS data obtained from the volatile oils of leaves and inflorescences of T. diversifolia collected during the year of 2013 and the relationship with
the environmental factors. L, leaves; I, inflorescences; G, State of Goias; S, State of Sdo Paulo; Ca, Soil calcium; P, Soil phosphorus.
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Fig. 5. OPLS-DA score scatter plots for the GC-MS data obtained from volatile oils of leaves and inflorescences of T. diversifolia collected during the year of 2013. L, Leaves; I,

Inflorescences; G, State of Goias; S, State of Sdo Paulo.

monoterpenes are involved in allelopathic interactions among
plant species, once they show phytotoxic effects as the inhibition of
the germination and growth of other plants (Abrahim et al., 2003;
Scrivanti et al., 2003; Nishida et al., 2005; Singh et al., 2006, Kegge
and Pierik, 2010; Chowhan et al., 2011; Amri et al., 2012).

The Mexican sunflower shows allelopathic potential over other
species related to the production of different secondary metabo-
lites, including phenolics and terpenes (Baruah et al., 1994; Tongma
et al., 1998, 2001; Ademiluyi, 2012, 2013; Adesina, 2013; Miranda
et al., 2015), which represents a great adaptive advantage for an
invasive weed against competitors under different environmental
conditions by the decreasing of the competition for some volatile
resources as soil nutrients, water and light (Miranda et al., 2015).

The higher content of 3-pinene in the leaf and inflorescence
volatile oils of the samples from SP in comparison with the sam-
ples from the region of GO can be related to the allelopathic effect
of this monoterpene and the availability of Ca and P in the soils
of both regions. Some studies indicate that 3-pinene is more phy-
totoxic than a-pinene (Nishida et al., 2005; Chowhan et al., 2011;
Areco et al.,2014) and that the production and emission of biogenic
volatile organic compounds (BVOC) of plants can be affected by
competition for limited resources as soil nutrients and light (Kegge
and Pierik, 2010). Therefore, the high content of B-pinene in the
samples of SP might be a responsive mechanism to the low levels
of soil Ca and P, through the increasing of a more potent phytotoxic
compound (3-pinene) aiming to decrease the competition by other
species for soil nutrients.

The higher content of sesquiterpenes, mainly bicyclogerma-
crene, [3-caryophellene, caryophyllene oxide and kessane, in the
leaf volatile oil samples from GO can be possibly linked to genetic
factors of the population in addition to the combination of the

environmental factors of the region during the period of study (high
Ca and P levels in soil combined with higher average temperature
and solar radiation levels).

The high average temperature and high levels of solar radiation
in GO seem to be related to the increased production of sesquiter-
penes in leaf volatile oil samples from this location, since the effects
of these factors in the composition of plant volatile oils is well
described. According to Rosenfeld et al. (2002), the production
and emission of sesquiterpenes, especially 3-caryophellene, was
increased the in volatile fraction obtained from roots of Daucus
carota L., Apiaceae, under high temperature conditions, and a simi-
lar result is described by Vallat et al. (2005) for the volatile fraction
of apple trees. Solar radiation also can be related to an increased
accumulation of sesquiterpenes in plant volatile oil, as described
in a study carried out using leaves of Pothomorphe umbellatum L.,
Piperaceae, which shows that the proportion of sesquiterpenes,
especially the major component of the volatile oil, trans-nerolidol,
was higher in plants cultivated under full sun compared to plants
cultivated under different shade conditions (Mattana et al., 2010).

The reliable results reported herein concerning the chemical
composition of volatile oils from leaves and inflorescences, along
with the data described elsewhere, provide new evidences of the
existence of different chemotypes for the species T. diversifolia
according to the geographical origin of the samples. The differences
observed in the production and accumulation of some constituents
of the volatile oils, especially the major constituents, seem to be
related, but not exclusively, to changes in abiotic environmental
factors, as soil nutrients and climate, although the influence of
genetic and biotic environmental factors on the composition of
volatile oils should also be considered. These results, especially
regarding the difference in accumulation of (3-pinene in the leaf
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Table 5 Table 5
Coefficient values of the chemical constituents from the volatile oils of T. diversifolia (Continued)
for the first two axes of the PCA loading scatter plot (Axis 1 and Axis 2). - -
Compounds? Axis 1 Axis 2
@ ds? Axis 1 Axis 2
R ' ' Intermedeol 0.06079 0.09996
Tricyclene 0.01027 0.02721 Pentadecanal 0.01091 0.01365
a-Thujene 0.005567 0.01166 Palmitic acid 0.0135 0.04403
a-Pinene 0.5057 0.3156 RI 2029 0.01508 0.01289
Camphene 0.06617 0.1879 Falcarinol 0.02545 0.08623
2,4-Thujadiene 0.007417 0.00928 Tricosane 0.01406 0.06573
Sabinene 0.06783 0.139 RI 2300 0.01488 0.01272
B-Pinene 0.8172 0.2534 Eicosenoic acid 0.01386 0.01734
2-Pentylfuran 0.007924 0.04599 RI 2370 0.01491 0.101
5-Hexenyl-oxirane 0.009651 0.107 Pentacosane 0.008669 0.04626
;(_g;rr?;ﬁine gggg?g; 88?2223 2 The chemical constituents with coefficient values higher than 0.2 are highlighted
m-Cymene 0.005956 0.007453 in bold and underlined.
Limonene 0.02027 0.06926
RI 1029 0.002445 0.00209 latile oil dine to th . tal diti
BTl el 01027 0.00487 volatile oil according to the environmental conditions, are very
cis-B-Ocimene 0.02015 0.1379 interesting from the ecological point of view and suggest that T.
y-Terpinene 0.001782 0.01662 diversifolia may use volatile secondary metabolites as allelochemi-
trans-Sabinene hydrate 0.02304 0.06243 cals.
ALl L 1RPe 1 The results presented herein for the volatile constituents of the
cis-6-Nonenal 0.006214 0.01091 . . g .
Linalool 0.007565 0.1288 leiave§ and 1nﬂo§escences of T. diversifolia demonstrate that' the vari-
RI 1099 0.002984 0.001012 ationin production of certain classes of secondary metabolites, such
CiS-SabinenfE hydrate 0.02597 0.0604 as the terpenes, seems to be a direct response to different abiotic
tr“”s“‘-ts_‘D'methyl‘]-3'7‘ 0.04292 0.06639 environmental conditions and combined to the results from a study
nonatriene . . .
cis-4,8-Dimethyl-1,3,7- 0.01044 0.01386 apout the }nﬂuence of.the elrnv.lronment.on the metabqllc proﬁle of
ORI different tissues of T. diversifolia (Sampaio et al., 2016), indicate that
2-Methyl-6-methylene-1,7- 0.01018 0.01339 the tissue-specific alterations in its secondary metabolism might be
octadien-3-one a type of adaptive strategy to different environments.
trans-Verbenol 0.000805 0.02833 Our study can pave the way for a further and more detailed anal-
cis-Verbenol 0.007667 0.007974 . k e . .
RI 1149 0.01006 001259 ysis of T. .dl\'IETSlfOlla for a be;tter understanding of the ecological
cis-Chrysanthenol 0.01151 0.2663 characteristics of this species and, to the best of our knowl-
Borneol 0.08113 0.1686 edge, we describe for the first time a direct relationship between
Te;Pi“?“"‘iOl ggggg; 8'8;23? environment and production of the volatile oils from leaves and
o-Terpineo! y . : :
S — s A inflorescences of the species.
trans-3(10)-Caren-2-ol 0.0216 0.003019
2-Methyl-2-nonen-4-one 0.004461 0.006039 Authors contributions
RI 1245 0.00832 0.01041
Bicycloelemene 0.000805 0.02833 . . .
«-Copaene 0.09795 0.1058 BLS (PhD student) contributed in collecting plant samples and
Modhephene 0.05008 0.007083 taxonomic identification, confection of herbarium samples, run-
RI1379 0.004873 0.001652 ning the laboratory work, analysis of the data and drafted the paper.
RI1381 0.01589 0.002533 FBC designed the study, supervised the laboratory work and con-
RI 1384 0.004103 0.005555 . .. . .
RI 1391 0.005714 0001937 tributed to critical readmg of the manuscript. All t.he. authors have
RI 1393 0.01247 0.001989 read the final manuscript and approved the submission.
B-Caryophyllene 0.03342 0.3833
a-Humulene 0.008648 0.05557 Confli fi
Germacrene D 0.01574 0.02224 onflicts of interest
trans-o.-Bergamotene 0.02274 0.0247
trans-B-Bergamotene 0.007878 0.0272 The authors declare that they do not have any conflict of interest.
Bicyclogermacrene 0.02381 0.3973
1-Pentadecene 0.02697 0.02675
RI 1498 0.005533 0.007492 Acknowledgments
d-Cadinene 0.04822 0.008682
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RI 1529 0.00737 0.02447 . .
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trans-Nerolidol 0.004802 01419 lection and obtainment of the volatile oil samples of the individuals
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