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Abstract

This study was developed to evaluate the effect of seasonality on the yield and chemical composition of the essential
oil (EO) of Hesperozygis ringens (Benth.) Epling, a native species from the Brazilian Pampa. Leaves were collected
from four specimens of a single population in each of the four seasons for a year and were extracted in triplicate by
hydro-distillation for 2 hours. The yield of EO (% w/w) was calculated on fresh weight basis (FWB), and the 16 oil
samples were analyzed by gas chromatography coupled to mass spectrometry (GC-MS) and gas chromatography with
flame ionization detector (GC-FID). Hierarchical Cluster Analysis (HCA) and Principal Component Analysis (PCA)
were used as statistical tools to evaluate differences in chemical composition. The highest yields were obtained in
autumn, spring and summer (2.32-4.38%), while the lowest yields were detected in winter, ranging from 1.15 to 1.91%.
Oxygenated monoterpenoids were the predominant class of chemical constituents in the EO obtained in all seasons,
showing the highest contents in autumn and summer, and pulegone was identified as a major compound, whose contents
varied between 54.13 and 81.17%. The EO samples were divided into three chemical groups by HCA and PCA and were
assigned to the same group, except for the three samples gathered in winter. The results showed a seasonal influence
on the yield and chemical composition of the EO.

Keywords: Lamiaceae, “espanta-pulga”, pulegone, oxygenated monoterpenoids.

Variabilidade sazonal do oleo essencial de
Hesperozygis ringens (Benth.) Epling.

Resumo

Este estudo foi desenvolvido a fim de avaliar o efeito da sazonalidade no rendimento e composi¢do quimica do 6leo
essencial (OE) de Hesperozygis ringens (Benth.) Epling., uma espécie nativa do Pampa brasileiro. Folhas foram coletadas
de quatro individuos de uma mesma populag@o, em cada uma das quatro estagdes de um ano, e foram extraidas em
triplicada por hidrodestilagdo durante 2 horas. O rendimento do OE (% m/m) foi calculado considerando a base fresca
(BF) e as 16 amostras de 6leo foram analisadas por cromatografia gasosa acoplada a espectrometria de massas (CG-EM)
e cromatografia gasosa com detector de ionizagdo de chamas (CG-DIC). Analise Hierdrquica de Cluster (AHC) e
Andlise de Componentes Principais (ACP) foram utilizadas como ferramentas estatisticas para avaliar as diferencas
na composi¢do quimica. Os maiores rendimentos foram obtidos no outono, primavera e verao (2,32-4,38%), enquanto
que os menores foram detectados no inverno, variando de 1,15 até 1,91%. Os monoterpenoides oxigenados foram a
classe predominante dos constituintes do OE obtido em todas as estagdes, apresentando os maiores teores no outono
e no verao, ¢ a pulegona foi identificada como o constituinte majoritario, cujos teores variaram entre 54,13 ¢ 81,17%.
As amostras de OE foram divididas em trés grupos quimicos por AHC e ACP e foram classificadas no mesmo grupo,
com excegdo de trés amostras coletadas no inverno. Os resultados demonstraram influéncia sazonal no rendimento e
na composi¢ao quimica dos OE.

Palavras-chave: Lamiaceae, “espanta-pulga”, pulegona, monoterpenoides oxigenados.
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1. Introduction

The Brazilian Pampa is located in the state of Rio
Grande do Sul, southern Brazil, between 28° 00° S and
34° 00° S, and 49° 30’ W and 58° 00” W. This biome
contains subtropical and temperate climates, has four well-
defined seasons and is characterized by the presence of
grassland with scattered trees and shrubs as the dominant
vegetation types. Furthermore, the soil is fragile due to its
sandy texture as a result of its sedimentary rock origin;
in combination with the often harsh climatic conditions,
this fragility has led to severe soil degradation, which
compromises human activity and contributes to the low
social development index presented by this region (IBGE,
2014; Roesch et al., 2009).

Currently, research pertaining to natural resources has
grown in importance and is the basis for the development
of sustainable uses of biodiversity, aiming to provide new
opportunities and alternative sources of income for the
local population. Moreover, the restoration of degraded
soils by native plant species is considered strategic for
their conservation. Essential oils (EO) are a natural
resource often produced by the native species of the
south Brazilian grassland. Hesperozygis ringens (Benth.)
Epling (Lamiaceae) is a woody herb, 20 to 50 cm high,
native to rocky fields of the Pampa biome with a very
branched stem (Fracaro and Echeverrigaray, 2006; Von
Poser et al., 1996). Some studies have described a high
production of essential oil by its leaves, with pulegone as
major component (Ribeiro et al., 2010; Silva et al., 2014;
Toni et al., 2014; Von Poser et al., 1996). This species is
known by the vernacular name “espanta-pulga” (literally
“to keep fleas away”) (Von Poser et al., 1996) and is used
because of its anti-parasitic properties. The acaricidal,
allelopathic, anesthetic and larvicidal activities of its EO
have been already reported in the literature (Ribeiro et al.,
2010; Silva et al., 2013, 2014; Von Poser et al., 1996).

Considering the above-described characteristics of the
species, the goal of this study was to compare the yield
and chemical composition of the EO obtained from fresh
leaves of four individuals of H. ringens belonging to a
single population in four different seasons (autumn, winter,
spring and summer) of a year. Trying to detect possible
seasonal and intrapopulation variability, the data were
analyzed using the hierarchical cluster analysis (HCA)
and principal component analysis (PCA) statistical tools.

2. Material and Methods

2.1. Plant material

Plant material was collected in Sao Francisco de Assis
(S29°35°43,1”; W 055° 07”33, 4”), Rio Grande do Sul,
Brazil, between April 2012 and January 2013. Four specimens
of H. ringens were chosen in the native growth area,
and some of their leaves were collected in each season
(autumn, winter, spring and summer). All collections of
plant material occurred in the afternoon. Voucher specimen
of H. ringens identified by Dr. Solon Jonas Longhi was
deposited at the Herbarium of the Biology Department,
UFSM, Brazil (SMDB 13.427).
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2.2. Essential oil extraction

The essential oil was obtained from the fresh leaves
of H. ringens by hydrodistillation using a Clevenger-type
apparatus for 2 hours (Koc et al., 2013), and separated
from water by decantation.

Plant material from each specimen was extracted in
triplicate and the amount used in each extraction varied
between 17 and 61 g. The EO was then transferred to
a graduated cylinder and weighed, followed by yield
determination as % w/w on fresh weight basis (FWB).
Samples were transferred to amber glass bottles and stored
at —4 °C until the chemical analysis.

2.3. Chromatographic analysis

The identification of the chemical components of the
EO (qualitative analysis) was performed by an Agilent
6890 gas chromatograph coupled to an Agilent 5973 mass
selective detector (GC/MS). The aliquot of 2 pL of EO
was diluted in 1 mL of hexane (grade HPLC). The analysis
was carried out on a HP5-MS capillary column (Hewlett
Packard, 5% phenyl, 95% methylsiloxane, 30 m % 0.25 mm,
film thickness: 0.25 um) at 70 eV. The following conditions
were used: split inlet 1:100; temperature program: 40 °C
for 4 min; 40 to 320 °C at4 °C min™'; He as a gas carrier;
flow rate 1 mL min™'; injector and detector temperatures:
250 °C. The EO components were identified by comparison
of their retention indices, determined by a calibration curve
of n-alkanes injected under the same chromatographic
conditions as the samples and mass fragmentation patterns
described in the literature (Adams, 2009; NIST, 2010).

The components of the EO were quantified by gas
chromatography with flame ionization detection (GC/FID) on
an Agilent 7890A in triplicate. The parameters used for the
analyses were: splitless mode; temperature program: 40 °C
for 4 min; 40 to 320 °C at 4 °C min'; He as gas carrier;
flow rate 1 mL min™'; injector and detector temperatures:
300 °C. The percentage of the chemical components was
based on peak area normalization.

2.4. Statistical analysis

The yields of the EO were evaluated by descriptive
statistics, performed in a spreadsheet (Excel®). For the
analysis of the yields, a bifactorial design (4x4) was used:
Factor 1 - seasons (autumn, winter, spring and summer), and
Factor 2 - specimens (1, 2, 3 and 4), providing 16 treatments
with 3 replications each, totaling 48 observations. The yield
results were submitted to Kolmogorov-Smirnov and Bartlett
tests to check the normality and homogeneity of variances,
respectively. The differences in yields were evaluated by
two-way ANOVA to verify the effects of seasonality and
individuality on this variable. The Tukey test was applied
aiming to compare mean values. Data regarding the amounts
of limonene, linalool, isopulegol, isopulegone, verbenone,
pulegone, B-caryophyllene, germacrene D, and elixene, as
well as the identified chemical classes were submitted to
Friedman test using Assistat version 7.6 Beta.

For the definition of chemical groups using the EO
composition, hierarchical cluster analysis (HCA) and principal
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component analysis (PCA) were performed, examining the
relative percentages of the 25 major constituents (> 1%).
For HCA, Euclidean distance was used as a dissimilarity
measure, while a horizontal dendrogram was obtained
by the Single Linkage method. Based on the distances
between samples, the Single Linkage was chosen as an
amalgamation rule. The PCA was used to determine the
variables (constituents) that influenced the formation of
groups (Mardia et al., 1994). For purposes of analysis, each

sample of EO was considered a “case” and each constituent
a “descriptor variable”. Analyses were performed using
the software Statistica 6.0.

3. Results

GC-MS and GC-FID analysis allowed the identification
of 37 compounds in the 16 EO samples, which were
classified into six different chemical classes (see Table 1).

Table 1. Averages (%) of the identified chemical constituents, major chemical classes, and yields of the essential oils from
leaves of four specimens of Hesperozygis ringens collected in four different seasons.

Compound Min RI* Max RI RI Lit¢ Autumn Winter Spring Summer
a-Pinene 930.75 932.34 930.00 0.36 0.77 0.44 0.51
Camphene 946.01 947.43 953.00 0.17 0.20 0.16 0.13
Sabinene 970.30 972.06 970.00 0.19 0.22 0.29 0.24
B-Pinene 972.81 974.73 968.00 0.35 0.72 0.36 0.48
1-Octen-3-ol 974.54 977.54 976.00 0.90 - - 0.05
B-Myrcene 988.17 989.87 988.00 0.25 0.89 0.42 0.58
Limonene 1025.64 1030 1026.00 1.65a 2.86a 2.37a 2.81a
B-E-ocimene 1047.80 1047.80 1035.00 0.19 - - -
B-Z-ocimene 1046.76 1051.04 1047.00 1.02 0.36 0.71 0.71
Eucalyptol 1028.25 1031.06 1037.00 0.25 0.71 - 0.19
Linalool 1097.50 1111.89 1106 1.42a 2.05a 1.64a 1.31a
Octen-1-o0l 1099.63 1199.87 1100.00 0.05 - - -
acetate
p-Mentha-1.3.8- 1116.47 1117.50 1113.00 0.13 - 0.14 0.18
triene
Octen-3-yl 1112.57 1117.38 1113.00 - 0.39 - -
acetate <1->
p-Menthone 1129.41 1129.41 1129.00 - 0.03 - -
Isopulegol 1163.03 1165.78 1156.00 0.97a 2.76a 1.65a 1.59a
Isomenthone 1165.57 1165.57 1165.00 0.21 - - -
Isopulegone 1175.44 1178.11 1177.00 1.52a 4.83a 1.58a 2.24a
a-Terpineol 1191.75 1201.31 1197.00 0.33 0.53 0.33 0.15
Verbenone 1210.25 1215.61 1205.00 0.33b 3.07a 0.36b 0.77b
2.6-Dimethyl- 1216.19 1216.19 1209.20 - 0.19 - -
3.5.7-octatriene-

2-ol. .E.E-

Pulegone 1248.49 1254.00 1244.00 81.17a 53.93¢ 76.91b 79.02ab
8- Elemene 1339.37 1344.26 1344.00 0.23 0.36 0.20 0.23
Eucarvone 1343.69 1350.47 1343.00 0.18 0.74 0.28 0.17
a-Terpineol 1349.13 1355.22 1351.00 0.26 0.21 0.28 0.15
acetate

Phenyl ethyl 1386.19 1395.46 1394.00 0.15 0.15 0.13 0.10
isobutanoate

p-Caryophyllene  1419.41 1424.88 1418.30 0.94a 1.10a 0.95a 1.21a
a-Caryophyllene  1428.14 1430.49 1438.00 0.16 0.15 0.17 0.10
Aromadendrene 1432.28 1432.28 1440.00 - 0.08 - -
Germacrene D 1480.81 1498.18 1489.00 0.15¢ 3.34a 0.40b 0.22bc

*Min RI= Minimum retention index value. "Max RI= Maximum retention index value. References: *Adams (2009). NIST (2010).
Data are expressed as mean values (n = 3 for the yields and n = 4 for chemical constituents and chemical classes). For yields,
different capital letters in the same columns indicate significant differences between the different specimens in the same season,
and different lowercase letters in the rows indicate significant differences for the same specimen in distinct seasons. Tukey test
(P <0.05). For the main constituents and chemical classes, different lowercase letters in the same row indicate significant difference
between the seasons. Friedman test (P < 0.05).
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Table 1. Continued...

Compound Min RI* Max RI” RI Lit*¢ Autumn Winter Spring Summer
Elixene 1495.17 1500.11 1492.00 0.28a 8.62a 0.31a 0.36a
Bicyclogermacrene ~ 1498.89 1499.97 1500.00 0.29 - - 0.12
Ledol 1583.87 1583.87 1588.00 - 0.32 - -
Spathulenol 1573.8 1587.16 1578 0.35 0.54 0.67 0.49
Caryophyllene 1580.92 1590.05 1581.00 0.30 0.76 0.10 0.36
oxide
Viridiflorol 1589.31 1598.42 1590.00 0.27 0.25 0.70 -
Aromadendrene 1637.37 1643.93 1541.00 0.10 0.39 0.43 0.29
epoxide<allo->
Identified Compounds 93.41 92.49 92.09 94.88
Monoterpene Hydrocarbons 4.6a 7.48a 4.9a 5.86a
Hydroxylated Hydrocarbons 0.08a 0.09a Oa 0.16a
Oxygenated Monoterpenoids 86.2a 68.51c 82.77b 85.27a
Sesquiterpene Hydrocarbons 2.35a 13.88a 2.33a 2.37a
Phenylpropanoids 0.15a 0.15a 0.13a 0.06a
Oxygenated Sesquiterpenoids 1.01a 2.09a 1.91a 1.27a

Specimen Essential Oil Yield per Season
Autumn Winter Spring Summer
1 3.46aA 1.45¢cB 2.32bD 3.31aA
2 3.07aAB 1.43bB 2.83aC 2.64aB
3 3.01bB 1.15¢B 3.59aB 3.33abA
4 3.48bA 1.91cA 4.38aA 3.17bA

*Min RI= Minimum retention index value. "Max RI= Maximum retention index value. References: “Adams (2009). NIST (2010).
Data are expressed as mean values (n = 3 for the yields and n = 4 for chemical constituents and chemical classes). For yields,
different capital letters in the same columns indicate significant differences between the different specimens in the same season,
and different lowercase letters in the rows indicate significant differences for the same specimen in distinct seasons. Tukey test
(P <0.05). For the main constituents and chemical classes, different lowercase letters in the same row indicate significant difference

between the seasons. Friedman test (P < 0.05).

The percentages of some constituents, such as limonene,
linalool, isopulegol, isopulegone, B-caryophyllene, and
elixene, suffered no significant interference from the
season. However, autumn and summer provided higher
contents of pulegone and, although in winter its content
decreased, other constituents such as verbenone and
germacrene D presented higher values in this season.
On average, autumn and summer showed higher contents
of oxygenated monoterpenoids (OM), which were the
major constituents in all seasons (see Table 1). A significant
decrease in the relative amount of OM could be observed
in winter. This season also showed an increase of the
content of sesquiterpene hydrocarbons; however, without
significant differences when compared to the other seasons
(see Table 1).

In addition to OM, the second class of constituents
most frequently found was the monoterpene hydrocarbons.
Furthermore, the oxygenated sesquiterpenoids were detected
in small percentages, between 1 and 2%, in all seasons.
Finely, the hydroxylated hydrocarbons and phenylpropanoids
occurred as trace components, with percentages smaller
than 1% (see Table 1).

The descriptive statistics of yields indicated the minimum
and maximum values of 1.13 and 4.43%, respectively, while
the coefficient of variation (CV), standard error (SE) and
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standard deviation (S) found for this variable was 31.89%,
0.16 and 0.89, respectively. Comparison of the average
yields for the different specimens in all collection seasons
(see Table 1) shows that, in general, specimen 4 showed
more potential for EO production. However, autumn,
spring and summer seem to have produced better EO
yields in comparison to winter, which generated smaller
amounts of EO.

The PCA showed 15 principal components (PC),
with the first representing 40.81% of the total variance,
including pulegone. The second PC contributed with 19.56%
of the total variance and is represented by f-myrcene,
a-terpineol, ledol and caryophyllene oxide. PC 3, 4 and
5 provided 13.27, 7.31 and 4.81% of the total variance
and are represented by non-identified component 2 (NI2),
spathulenol and NI6, respectively. The first five PC had
eigenvalues greater than 1 and explained 85.76% of the
total variance (see Figure 1).

The sesquiterpenoids caryophyllene (c18), viridiflorol
(c24) and spathulenol (c22), together with the non-identified
compounds NI6 (c25) and NI5 (c17), provided a small
contribution to PC 1 and 2 (see Figure 1). The comparison
of Figures 1a and 1b shows that the compounds NI3 (c15),
NI4 (c16), ledol (c21) and caryophyllene oxide (c23)
are related to the second winter sample (WIN2), while
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Component 2: 19.56%

-1.0 ¢ 1 A e 1 ]
-1.0 -0.5 0.0 0.5 1.0
Component 1: 40.81%

8 T T T T T T T T

6L WIN2 @ ]
X
% 4t :
% Wi
a 2r WINd |
8
g 0 e AR e .
o)
5 WINI
g5 2r s g
Q

4 J

_6 1 1 1 1 1 1 1 1 1

-8 6 4 2 0 2 4 6 8 10 12
Component 1: 40.81%

Figure 1. Representation of the variables (a) and

samples (b) on the plans of principal components
1 and 2, considering the 25 major constituents of the
16 essential oil samples obtained from the fresh leaves of
Hesperozygis ringens in different seasons. The ellipses
highlight pulegone (c14) and the samples from autumn
(AUT 1-4), spring (SPR 1-4) and summer (SUM 1-4).
Legend: cl = a-Pinene; c¢2 = B-Pinene; ¢3 = f-Myrcene;
c4 = Limonene; c¢5 = Eucalyptol; ¢6 = p-E-ocimene;
¢7 = Linalool; ¢8 = Isopulegol; ¢9 = Isopulegone;
cl0 = a-Terpineol; cll = Verbenone; cl2 = NII;
c13=NI2; c14 =Pulegone; c15=NI3; c16=NI4; c17=NIS5;
c18 = Caryophyllene; c19 = Germacrene D; c20 = Elixene;
c21 = Ledol; c22 = Spathulenol; ¢23 = Caryophyllene oxide;
c24 = Viridiflorol; ¢25 = NI6. AUT 1-4, WIN 1-4, SPR 1-4
and SUM 1-4= Samples of EO obtained in autumn, winter,
spring and summer, respectively.

pulegone (c14) has a smaller correlation with the winter
samples (WIN1, WIN2, WIN3 and WIN4) than with the
other seasons samples.

The hierarchical cluster analysis (HCA) promoted the
division of the samples into three chemical groups (A, B and
C) (see Figure 2). Group A is represented by the samples
obtained in autumn (AUT 1-4), spring (SPR 1-4), summer
(SUM 1-4) and a single sample from winter (WIN 2). All of
these samples exhibited concentrations of pulegone that
ranged between 68.12 and 83.91%. Group B consisted of
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Figure 2. Dendrogram generated by HCA of the chemical
composition of 16 samples of essential oils obtained from
the leaves of Hesperozygis ringens, highlighting groups A,
B and C. Legend: AUT 1-4, WIN 1-4, SPR 1-4 and SUM
1-4: Samples of EO obtained in autumn, winter, spring and
summer, respectively.

only the first sample obtained in winter (WIN 1), while the
last group (C) encompassed the two remaining samples
of this season (WIN 3 and 4).

In WIN 2, the concentration of pulegone (68.12%)
was lower than in the samples from the other seasons
but similar enough to be classified in group A. The WIN
1 showed a lower concentration of pulegone (59.37%);
therefore, the HCA formed a new group with this sample.
In addition, the other winter samples, WIN 3 and WIN 4,
presented similar concentrations of pulegone (45.89 and
43.14, respectively) and were classified in the third group
(see Figure 2). This analysis demonstrated the greater
chemical variability on the EO samples obtained in winter.

Within Group A (see Figure 2), spring samples
1 and 3 showed more similarity, evidenced by their smaller
Euclidean distance. A similar situation occurred with
samples 3 and 4 obtained in autumn. In this season, samples
1 and 2 also presented a strong similarity but had a greater
Euclidean distance than samples 3 and 4. This distinction
can be explained by the lower concentrations of pulegone
in the first two samples (AUT 1 and AUT 2) compared with
the other two (AUT 3 and AUT 4). Sample 2 obtained in
summer (SUM 2) presented a greater Euclidean distance
than the other three samples obtained in this season, which
can be explained by its lower concentration of pulegone.

4. Discussion

Some studies have reported EO yields for the leaves
of H. ringens considering both the fresh and dry weight
bases (Fracaro, 2006; Ribeiro et al., 2010; Silva et al., 2013;
Von Poser et al., 1996). In the present study, the yields
were expressed in fresh weight basis because different
authors have described EO loss in the leaves of Lamiaceae
species and changes in the chemical composition of the oil
due to drying processes (Argyropoulos and Miiller, 2014;
Sellami et al., 2012). During drying, the moisture moves
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by diffusion from the interior of the leaves to surface and
can carry the EO with it, thus affecting the productivity
(Argyropoulos and Miiller, 2014). According to Venskutonis
(1997), depending on the drying method, the biological
structure of the oil gland trichomes of some Lamiaceae
species can be strongly affected. One way to consider the
yield on dry weight basis without the risk of losing EO
is to extract the oil from fresh material and to determine
the moisture content, as already described in the literature
(Pimentel et al., 2012).

The EO yields obtained from H. ringens showed a
dependence on seasonality, which has also been described in
previous studies for other species of Lamiaceae (Gazim et al.,
2010). Beyond the season and drying state of the plant
material, the EO yield and composition can be affected
by other factors, such as stage of plant development, light,
temperature, soil, altitude, rainfall, liming and harvest
time (Blank et al., 2005; Gobbo-Neto and Lopes, 2007;
Lakusi¢ etal.,2011; Lima et al., 2003; Mossi et al., 2012).
Although the EO yield and chemical composition are
influenced by a number of factors, literature shows that
these parameters may be independent of factors such as
aluminum concentration (Mossi et al., 2011). On the other
hand, the production of secondary metabolites and the
composition of complex mixtures such as EO can also be
influenced by environmental conditions, such as pollution,
climate, and diseases (Figueiredo et al., 2008).

Other studies regarding the EO from fresh leaves of
H. ringens reported higher yields, of approximately 4.0%,
compared to the corresponding data found in this work
(Ribeiro et al., 2010; Von Poser et al., 1996). Hesperozygis
species are characterized by high yields of EO when the
fresh material is extracted. The leaves of H. rhododon
presented a yield of 1.0%, whereas the aerial parts of
H. marifolia had a yield of 2.0% (Gonzéales-Chavez et al.,
2011; Von Poser et al., 1996). In general, species classified
in the Lamiaceae stand out by presenting high potential
for EO production (Mechergui et al., 2010; Monfared
and Ghorbanli, 2010; Ozcan et al., 2011; Raina et al.,
2013; Saei-Dehkordi et al., 2010; Touati et al., 2011;
Zouari et al., 2011).

Considering the analyzed seasons, autumn, spring and
summer showed higher EO yields. Analyzing the seasonal
influence in the EO production of the Lamiaceae species,
summer usually stands out as the season that provides
the highest EO content. This observation may indicate a
positive influence of higher temperatures that, together
with precipitation, can positively affect the vegetative
growth (Botrel et al., 2010; Santos et al., 2012). Another
factor to be considered is flowering. According to the field
observations of this study, the flowering of H. ringens
begins in spring, continues strongly in summer and remains
in autumn. Thus, the EO yields found suggest that EO
production may be related to the flowering period. Similar
behavior has been described in other Lamiaceae species,
which were found to present the maximum EO production
at the peak of flowering (Botrel et al., 2010; Lakusic et al.,
2011; Pérez-Sanchez et al., 2012). However, exceptions to
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this trend were also detected in Lamiaceae (Gazim et al.,
2010); therefore, the yields of all species with the potential
to produce essential oil should be assessed considering
the phenological phases and the variables to which the
plants are commonly subjected. In contrast, lower levels
of essential oil in winter can be related to the greater
number of rainy days in southern Brazil during the winter
months (Silva et al., 2007), which can remove the EO from
the leaves, causing losses because the structures for EO
storage in Lamiaceae species are located on the surface
(Sandes etal., 2012). In addition, the lower EO yields found
in this season can be associated to the moisture content
present in the leaves due to the high relative humidity.
According to literature reports, Lamiaceae species can
have EO production negatively affected by excess of
water in months of high rainfall (Carneiro et al., 2010).

Analyzing the specimens reveals that their yields indicate
low intrapopulation variability, which is not surprising.
According to Fracaro and Echeverrigaray (2006), intrapopulation
variability in H. ringens may exist, but it is lower than the
interpopulation variability, suggesting limited gene flow
between populations. Qualitative and quantitative chemical
variations of the EO can be observed within and between
populations, indicating a relationship with the geographic
distribution and its importance for species survival in its
natural habitat (Fracaro, 2006). The variations in the EO
production between individuals of other Lamiaceae species
among and within populations have been already described
(Agostini et al., 2006; Lakusic¢ et al., 2013; Lukas et al.,
2013; Munoz-Bertomeu et al., 2007), and the geographic
distribution has proven to be the primary determinant
controlling its diversity within populations (Trindade et al.,
2008) or among them (Agostini et al., 2006).

According to literature reports, the percentage of
pulegone in the EO of H. ringens can range between
79.2-96.63% (Silva et al., 2013; Von Poser et al., 1996).
Some studies indicate biological effects of this constituent,
such as allelopathic, acaricide and insecticide (Basbagci
and Erler, 2013; Mucciarelli et al., 2001; Ribeiro et al.,
2010). This OM can also be found in other Hesperozygis
species, usually at lower concentrations, but it is frequently
the major compound of the EO, as in H. marifolia
(40.75% of (R)-pulegone) (Gonzales-Chavez et al., 2011)
and H. myrtoides, (44.4%) (Martini et al., 2011). In the
case of H. rhododon, its major compound is menthone
(43.4%), amonoterpenoid derivative with similar structure,
while pulegone also occurs at high percentages (29.6%)
(Von Poser et al., 1996).

Considering the variations of the contents of OM
and pulegone between seasons, autumn and summer had
a statistically similar deportment, yielding the highest
contents. Seasonal variation in monoterpenoid contents
has been reported previously in other Lamiaceae species
(Botrel et al., 2010; Grausgruber-Groger et al., 2012;
Santos et al., 2012), and the levels of (+)-pulegone
have also been shown to be influenced by seasonality in
Micromeria fruticosa, reaching maximal content during the
summer (Dudai et al., 2001). In the present study, pulegone
remained as major component during the four seasons.
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Terpenoids have already been reported in the literature as
major constituents in the EO of other Lamiaceae species,
such as patchoulol in Pogostemon cablin (Blanco) Benth.
(Blank et al., 2011).

Studies regarding the chemical composition of the EO
from different species of Lamiaceae indicate that they are
composed mainly of monoterpenoids (Hussain et al., 2013;
Koc et al., 2013; Moro et al., 2011; Touati et al., 2011;
Yousefzadeh et al., 2013). This result is not surprising
because the well-known biosynthetic processes of terpenoids
in plants are genetically controlled, and species classified
in the same family often present major compounds of the
same class (Lukas et al., 2013; Najafian, 2014).

The analyses by PCA and HCA indicate a slight
seasonal influence on the EO of H. ringens, with the
oil obtained from leaves collected in winter showing
the greatest differences compared to other seasons.
Considering that different enzymes responsible for the
formation of terpenoids are stimulated by ultraviolet-B and
photosynthetically active radiation (Behn et al., 2010), the
results of this work suggest that the conditions imposed
on the species in winter, i.e. the shorter and overcast days
characteristic of this season in southern Brazil, may have
negatively influenced the yield of EO and its pulegone
content. Beyond monoterpenoids, the seasonality can also
influence the contents of sesquiterpenoids (Botrel et al.,
2010; Freire et al., 2006; Gazim et al., 2010). The collection
time of the plant material is an important factor because
the amount, and sometimes the nature, of the active
constituents are often not constant throughout the year
(Gobbo-Neto and Lopes, 2007). Besides the changes in
the constituent contents, the seasonality can still influence
the biological activities of EO from Lamiaceae species
(Hashemi et al., 2013).

Considering that autumn, spring and summer produced
the highest yields of EO and at the same time provided
high contents of OM and pulegone, this study indicates
these seasons as the most appropriate to collect the leaves
of H. ringens to obtain EO. Considering the high yields
of EO and its chemical composition, almost exclusively
constituted by pulegone, new studies should be conducted
with H. ringens to search for ways to cultivate and reproduce
the species. Comparing the individual yields, specimens
1, 3 and 4 would be indicated as mother plants to collect
seeds or for in vitro propagation experiments aiming to
produce seedlings.
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