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Abstract
Mikania laevigata leaves are used worldwide as herbal medicines. Our study investigates the production differences among 
three different genotypes of this herb: the genotypes’ influence on the essential oil yield, chemical composition, and the plant 
tissues involved in the secretion of the chemical compounds produced by the leaves. The study performed the analysis during 
the summer and winter seasons. Plants were grown under an organic cultivation system in Oratórios, Minas Gerais, Brazil. 
Essential oils were extracted by hydrodistillation and analyzed by gas chromatography/mass spectrometer. The analysis 
highlighted substantial genetic variability among the genotypes. The genotype CENARGEN showed higher biomass produc-
tion, oil yield, and a high concentration of major constituents detected by chromatographic analysis in essential oils, such 
as germacrene D and caryophyllene oxide. The season affected the chemical composition of the essential oils. Germacrene 
D and bicyclogermacrene were the major constituents in the winter-essential-oils; spatulenol and caryophyllene oxide were 
the major constituents in the summer-essential-oils.

Keywords Histochemistry · Environmental conditions · Mikania laevigata · Chemical profile

Introduction

Plants are a natural source of phytochemicals: chemical 
compounds that include active principles with biologi-
cal activity in the human body (Atanasov et  al. 2015; 
Farzaneh and Carvalho 2015). Brazil has the highest 
diversity of plants in the world, with an extensive range 
of species potentially useful in the treatment of several 

diseases (Dutra et al. 2016). Mikania laevigata Sch. Bip. 
ex Baker (Asterales, Asteraceae) is among the Brazilian 
plant species with medicinal properties (Napimoga and 
Yatsuda 2010). It is a climbing shrub that grows curling 
up in an anti-clockwise direction in some support, and 
has a cylindrical stem with longitudinal stria, with visible 
knots and opposite leaves in an ovate to oblong-lanceolate 
form (Oliveira et al. 1986). The species is native from 
Brazil and occurs in the phytogeographic domains of Cer-
rado (Brazilian Savannah) and Atlantic Forest (Ritter et al. 
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2015). It has been widely used in the ethnopharmacology 
(Gasparetto et al. 2010) as an antiseptic of the respiratory 
tract, expectorant, and antiasthmatic (Santos et al. 2006; 
Graça et al. 2007; Ricardo and Brandão 2018). The tra-
ditional uses of the plants should also include fever treat-
ment, sudorific, antirheumatic, anti-inflammatory, cicatri-
zant, and bactericidal (Suyenaga et al. 2002; Duarte et al. 
2004, 2007; Santos et al. 2006; Graça et al. 2007).

Although the development and mass production of 
chemically synthesized drugs revolutionized health care 
in the twentieth century, there are still countries that rely 
on traditional practitioners and herbal medicines (Benzie 
and Wachtel-Galor 2011). Such use of herbal medicines is 
not limited to developing countries as the public interest in 
natural therapies has significantly increased during the past 
two decades (Benzie and Wachtel-Galor 2011). As a result, 
the world market for herbal medicines is expanding (Dutra 
et al. 2016).

Brazilian biodiversity represents a precious resource for 
the discovery of new drugs. Even the same, the Brazilian 
participation in the global market for herbal medicines is 
still meager (Calixto 2000; Dutra et al. 2016). The volume of 
scientific research in this sector is also incipient (Dutra et al. 
2016), and the development of innovations in the market of 
herbal medicines requires an assurance of quality, efficacy, 
and safety (Osman et al. 2018; Zago 2018).

Compounds of medicinal interest are secondary metabo-
lites of the plants. Genetic, environmental, and physiological 
factors influence their production and concentration (Gobbo-
Neto and Lopes 2007; Prinsloo and Nogemane 2018; Zan-
dalinas et al. 2018). These elements of variability are the 
main hurdles to obtaining adequate raw material for the 
processing of herbal medicines and cosmetics in the indus-
tries (Aguiar et al. 2014). Thus, the importance of cultiva-
tion, harvesting, and drying must be pointed out, aiming at 
the standardization of the vegetable raw material supplied 
(Canter et al. 2005; Salgueiro et al. 2010; Aguiar et al. 2014; 
Govindaraghavan and Sucher 2015). The expanding herbal 
product market could drive overharvesting of plants col-
lected from wild populations and thus threaten biodiversity 
(Benzie and Wachtel-Galor 2011). The same authors also 
advocate for the importance of the cultivation of medicinal 
plants.

The authentication of medicinal plants based on its DNA 
is an essential tool to ensure quality control (Desjardins 
2008; Sucher and Carles 2008). The presence of genetic 
control on the production of a biosynthetic pathway does not 
guarantee the presence of metabolite produced by this path-
way nor predicts its concentrations, due to complex interac-
tions with the environment (Desjardins 2008). Therefore, it 
is crucial to study the genotypes and their respective chemi-
cal expression to guarantee the quality, efficacy, and safety of 
the raw material supplied to the industry (Sucher and Carles 

2008; Benzie and Wachtel-Galor 2011; Govindaraghavan 
and Sucher 2015).

Aiming to solve the problems regarding the production 
of phytochemicals by Mikania laevigata leaves, used in the 
world market of herbal medicines, our study addressed the 
following questions: (1) Are there differences among three 
different genotypes of Mikania laevigata from the produc-
tion standpoint?; if so, (2) do such differences influence the 
essential oil yield, and chemical composition?, (3) does the 
season interfere on the chemical composition and produc-
tion?, and (4) what plant tissues are involved in the secre-
tion of the chemical compounds produced by the leaves of 
Mikania laevigata?

Materials and methods

Plant material

The Mikania laevigata accessions (Fig. 1) were initially 
obtained from Embrapa Genetic Resources and Biotechnol-
ogy (CENARGEN), the University of Campinas (CPQBA), 
and the University of Ribeirão Preto (UNAERP). Voucher 
specimens of the three accessions were deposited at the Her-
barium of the Minas Gerais Agricultural Research Com-
pany (Fonseca MCM & Coutinho IAC, 1347, 03.IX.2013) 
(PAMG 57032, PAMG 57033 and PAMG 57031) and identi-
fied by an expert taxonomist from Minas Gerais Agricultural 
Research Company-EPAMIG.

Plants were grown under an organic cultivation system in 
Oratórios, MG (20° 25′ 49″ S; 42° 48′ 20″ W). The cuttings 
were placed in a substrate  (Plantmax®) until cuttings natu-
rally set their roots. Rooted cuttings were then transplanted 
at a spacing of 1 m within rows and 2 m between rows, and 
5 kg of cow manure were added to each pit. After harvesting, 
the fresh weights of the plants were measured. Leaves and 
stems were weighed separately in a semi-analytical balance, 
and the results were expressed in kg/plant as adapted from 
de Castro et al. (2003).

Essential oil extraction and chromatographic 
analysis

The leaves were dried in a forced-air circulation oven 
(40 °C) up to constant weight. Essential oils were extracted 
by hydrodistillation using a Clevenger device, adapted to 
a round-bottomed two-liter flask as described by BRASIL 
(2010), with heating kept at the minimum temperature 
required to boil. The flask was loaded with 100 g of the 
fresh sample or the equivalent of 100 g for the previously 
homogenized dry samples. Distilled water was then added 
up until covering the material only at the beginning of the 
hydrodistillation process. The extraction time was set at six 
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h, as calibrations based on preliminary tests, with three rep-
etitions for each treatment. At one-hour intervals, after the 
beginning of the process, hydrolat samples (a mixture of 
water and oil) were taken, and all were grouped in a single 
sample. After the hydrolat was obtained, it was separated 
with pentane (10:1) in a 125 mL separation funnel, and the 
procedure was repeated three times.

Identification of the volatile constituents was performed 
using an Agilent HP-6890 gas chromatograph equipped with 
an HP-5975 Agilent mass selective detector and an HP-5MS 
capillary column (30 m × 0.25 mm × 0.25 μm). The analy-
sis was performed in the splitless injection mode, with the 
following temperatures: injector at 220 °C, the column at 
60 °C, with the heating ramp from 3 °C  min−1 up to the final 
temperature of 240 °C and detector 250 °C. Helium gas was 
used with drag traps at a flow rate of 1 mL  min−1. A sample 
of essential oils was dissolved in ethyl acetate (20 mg  mL−1) 
for the analysis. Retention indices (RI) were determined by 
injection of hydrocarbon standards and essential oil samples 
under the same conditions. The components of the oil were 
identified by comparison with the literature data (Adams 
2007) and the Nist-11 spectral mass library profiles.

Anatomical study

Samples of leaves of the three accessions cultivated in 
Oratórios, as previously described, were fixed in a solution 
of formaldehyde-glutaraldehyde in phosphate buffer (Kar-
novsky 1965) for 24 h, rinsed three times in 0.1 M phosphate 
buffer solution at pH 7.2, dehydrated through a graded etha-
nol series from 10 to 95% and embedded in methylmeth-
acrylate resin (Historesin, Leica), prepared according to the 
manufacturer. Cross and longitudinal sections with 3 or 5 µm 
thick were made in a rotatory microtome (Leica RM2155, 

Deerfield, IL, USA) and subsequently stained with toluidine 
blue at pH 4.4 (O’Brien and McCully 1981) for structural 
characterization. The slides were mounted in synthetic resin 
(Permount, Fisher Scientific, New Jersey, USA).

For the chemical characterization of the compounds pre-
sent in the leaves, histochemical tests were conducted on 
either free-hand sections made from fixed material or sec-
tions made from methyl methacrylate embedded material 
as described above. Embedded sections were used in the 
histochemical tests to verify the presence of total proteins 
with xylidine Ponceau (O’Brien and McCully 1981); total 
polysaccharides with Periodic acid–Schiff reagent (O’Brien 
and McCully 1981); acid mucopolysaccharides with Alcian 
blue (Pearse 1980); and pectins/mucilage with Ruthenium 
red (Johansen 1940). Free-hand sections were used to verify 
the presence of total lipids with Sudan IV and Sudan black 
(Pearse 1980); essential oils and resin oils with Nadi reagent 
(David and Carde 1964); sesquiterpene lactones with sulfu-
ric acid (Geissman and Griffin 1971); and rubber with oil 
red (Adler et al. 2014).

Observations and photographs were obtained using a light 
microscope (model AX70TRF; Olympus Optical, Tokyo, 
Japan) equipped with a U-Photo system and digital camera 
(AxioCam HRc; Carl Zeiss, Gottingen, Germany).

Statistical analyses

A subdivided plot scheme was used. The plots were com-
posed by the periods of harvesting (summer and winter), 
and the subplots by the genotypes (CENARGEN, UNAERP, 
and CPQBA), in a randomized block design with seven rep-
lications. The data were submitted to analysis of one-way 
ANOVA, using the SAEG software 9.1, 2007 (UFV, Viçosa, 
Brazil), and the averages were compared by Tukey test at 5% 

Fig. 1  Organic cultivation of Mikania laevigata accessions
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probability As considering the aim of the study the factors 
were analysed separately, even the interaction among them. 
The data of chromatographic analysis were expressed using 
descriptive statistics.

Results

Biomass production

The total production of biomass displayed a significant dif-
ference (Tukey 5%) among the accessions during the sum-
mer. The CENARGEN genotype (8.75 kg/plant) had the 
highest production, CPQBA (5.63 kg/plant) had the low-
est production, and UNAERP (7.35 kg/plant) did not dif-
fer statistically from the others (Table 1). We observed no 
significant difference in fresh leaves production comparing 
the genotypes in each season. The CPQBA genotype had a 
stem production significantly lower than the other genotypes 
in both seasons. The comparison among biomass produc-
tion during summer and winter highlighted the significant 
reduction of leaves and stems production in the CENAR-
GEN genotype during the winter, and the lower amount of 
the stems in the UNAERP genotype, also during the winter.

Chromatographic analysis

CENARGEN (0.30%) and CPQBA (0.28%), genotypes pre-
sented significantly higher essential oil yield than UNAERP 
(0.19%) in the summer. In the winter, all the genotypes pre-
sent significantly different oil yield, CPQBA (0.52%) fol-
lowed by CENARGEN (0.43%) and UNAERP (0.32%). 
Besides, the summer-oil yield values of all genotypes were 
significantly different (Tukey 5%) from the winter-oil yield 
values.

Analyses of the composition of the essential oil revealed 
21 main identified constituents (Table 2). However, the con-
centration of some of them varied significantly according 
to the season. Germacrene D and bicyclogermacrene were 
the major constituents in the winter-essential-oils. Spatule-
nol and caryophyllene oxide were the major constituents in 

the summer-essential-oils. The genotype CPQBA showed 
the highest concentration of germacrene D (40.25%), and 
UNAERP showed the highest concentration of bicycloger-
macrene (19.66%). UNAERP showed the highest concen-
tration of spatulenol (30.56%) and CENARGEN the most 
significant concentration of caryophyllene oxide (9.37%). 
Although the genotypes CENARGEN and UNAERP showed 
similar results regarding the chemical composition of their 
essential oils and total biomass production, the CENARGEN 
genotype displayed aa higher oil yield in both seasons, which 
could be an advantage from the commercial point of view.

Anatomical study

The anatomical characteristics that follow were the same for 
all accessions of M. laevigata studied, that is, CENARGEN, 
CPQBA, and UNAERP. The cross-sections of the leaves dis-
played a single-layered epidermis on both adaxial and abax-
ial sides (Fig. 2a). The abaxial epidermis displayed scattered 
secretory trichomes placed in a depression (Fig. 2b). Leaf 
clearings showed that such trichomes are uniseriate, filamen-
tous, with a variable number of stalk cells and bear a larger 
apical cell turned downwards (curved trichome) in a way that 
it resembles a comma (Fig. 2b). Hypodermis was observed 
only on the adaxial side (Fig. 2a). Leaves presented dor-
siventral mesophyll made up 2–3 layers of palisade paren-
chyma and 8–10 layers of spongy parenchyma (Fig. 2a, b), 
collateral vascular bundles and secretory ducts associated 
with the xylem, that is, on the adaxial side (Fig. 2a–d).

As revealed by cross-sections of the leaf blade, the midrib 
is composed of 4–5 collateral vascular bundles (Fig. 2a, e): 
three major central bundles and 1–2 smaller bundles placed 
at the sides of the three major bundles (Fig. 2e). When the 
midrib displayed two smaller bundles, then one was placed 
on each side. Both adaxial and abaxial sides of the midrib 
displayed secretory ducts, associated with the xylem, and 
with the phloem or near to it, respectively (Fig. 2e). Four-six 
layers of angular collenchyma (Fig. 2e) were present at the 
midrib. The ducts were lined with a single-layered secretory 
epithelium, which is also true for the ducts found elsewhere 
on the leaf blade.

Table 1  Genotypes’ biomass 
production during summer and 
winter

The same small letters indicate that biomass production did not differ between genotypes. The same capital 
letters indicate that biomass production did not differ between seasons by the Tukey test (p  ≤  0.05)

GENOTYPES Total production (kg/plant) Leaves production (kg/plant) Stems production (kg/
plant)

Summer Winter Summer Winter Summer Winter

CENARGEN 8.75 aA 6.58 aB 4.21 aA 3.17 aB 4.54 aA 3.40 aB
UNAERP 7.35 abA 5.41 aB 3.55 aA 2.61 aA 3.81 aA 2.80 aB
CPQBA 5.63 bA 4.81 aA 3.40 aA 2.90 aA 2.24 bA 1.91 bA
CV (%) 20.53 19.47 21.85
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The histochemical test of the secretory trichomes dis-
played positive results only to polysaccharides (Fig. 3a, b) 
and sesquiterpene± lactones (Fig. 3c, d), identified using 
PAS and sulphuric acid, respectively. The secretory epi-
thelial cells lining the ducts discharged several compounds 
into the duct lumen. The secretion within the duct lumen 
is composed of a mixture of compounds. The histochemi-
cal tests highlighted the presence of Oil/resins (Fig. 3e, f), 
sesquiterpene lactones (Fig. 3g), hydrochloric acid (Fig. 3h), 
and rubber (Fig. 3i, j). On the other hand, the histochemi-
cal tests did not display the presence of total proteins, acid 
mucopolysaccharides, pectins, and total lipids.

Discussion

Biomass production

Plant production depends on a complex network of interac-
tions of various biotic and abiotic factors (Desjardins 2008). 
Several studies on various types of plant products describe 
the interaction of many factors on the plants’ yield, such 
as temperature (Gobbo-Neto and Lopes 2007), seasonality 

(Prinsloo and Nogemane 2018), and solar radiation (de 
Castro et al. 2003; Gobbo-Neto and Lopes 2007). The most 
intense sun’s radiation and longer photoperiod in this season 
explain the most significant summer production of biomass 
of the CENARGEN and UNAERP genotypes (Fonseca et al. 
2006). The result might be due to the higher photosynthetic 
rates and, consequently, higher mass accumulation (Wulls-
chleger et al. 1996).

Although, the high intensity of solar radiation and high 
temperatures can cause oxidative damage to the plants 
affecting photosynthesis and accumulation of mass nega-
tively. CPQBA genotype did not differ in the winter biomass 
production from the summer’s production. This genotype 
may have a different adaptation to the modifications of 
temperature and sun radiation. de Castro et al. (2003) also 
claimed the variation of the biomass production of Mikania 
glomera in different photoperiods. Raposo et al. (2017) cor-
roborated these observations, as studying the influence of 
solar radiation on the production of Mikania laevigata in 
the Lower Amazon River under shade.

The production of secondary metabolites can occur con-
currently with the biomass accumulation according to the 
adaptation of each genotype to the edaphoclimatic factors 

Table 2  Chemical composition 
of M. laevigata genotypes’ 
essential oils in different 
harvesting seasons. Oratórios, 
2013

W winter, S summer

Chemical composition (Relative percentage) Genotypes

CENARGEN CPQBA UNAERP

Harvest

W S W S W S

α-pinene 5.90 1.49 10.34 1.72 2.14 –
Sabinene – – 0.39 – – –
β-pinene 1.58 – 3.09 – 0.86 –
β-myrene 0.68 – 1.66 – 1.93 –
Limonene – – 0.67 – – –
Delta-elemene 0.77 0.86 0.90 0.99 0.86 –
α-copaene 1.25 1.09 1.14 1.14 0.54 –
β-cube 0.70 – 0.54 – 0.82 –
Trans-caryophyllene 9.01 9.17 8.01 9.58 8.76 7.69
α-humulene 1.20 1.11 1.08 1.21 1.31 1.05
Germacrene D 37.00 17.28 40.25 22.54 35.26 16.74
Bicyclogermacrene 15.67 5.74 16.04 7.71 19.66 6.07
α-bulnesene 0.53 – – – – –
Delta-cadinene 2.17 1.49 2.02 1.52 2.80 1.58
Germacrene B 2.20 2.59 1.93 2.67 2.33 2.52
Spathulenol 8.94 26.61 4.92 23.53 7.16 30.56
Caryophyllene oxide 3.04 9.37 0.81 8.68 1.01 9.19
Humulene epoxide II – – – – – 1.44
Epi-α-muurolol (tau-muurolol) 1.33 1.87 1.05 1.55 2.03 2.22
α-cadinol 2.26 3.91 1.78 3.11 3.35 4.45
Germacra-4(15), 5,10 (14)-trien-1-α-ol 0.84 2.68 0.99 1.82 0.73 2.74
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(Pereira and De Andrade 1998; Pereira et al. 2016). Thus, 
it is possible to cultivate medicinal plants choosing the 
best genotype fitting a specific condition of production to 
increase uniformity and predictability of metabolites produc-
tion with an optimized yield (Canter et al. 2005; Govindara-
ghavan and Sucher 2015).

Chromatographic analysis

In the case of medicinal plants, it is desirable to maintain the 
quantity and quality of the active ingredient to guarantee the 
constant biological effect (Benzie and Wachtel-Galor 2011). 
The influence of genetic and environmental variations in 

Fig. 2  Leaf anatomy of Mikania 
laevigata as observed in the 
cross (a, c and e) and longitu-
dinal (b and d) sections. a, b. 
a Hypostomatic leaf (asterisk 
indicates stomata) with the 
single-layered epidermis (Ep) 
subtended by a single-layered 
hypodermis (Hy) on the adaxial 
side. Uniseriate secretory 
trichomes (St) with the apical 
cells turned downwards similar 
to a comma (type II trichome), 
are found on the abaxial side. 
Dorsiventral mesophyll with 
palisade parenchyma (Pp) 
on the adaxial and spongy 
parenchyma (Sp) on the abaxial 
side. The secretory duct (Sd) is 
found above xylem (Xy), while 
below the phloem (Ph), there is 
a bundle of fibers (Fi). b Note 
the detail of type II trichome on 
a leaf clearing at the top right. 
c, d Secretory ducts are formed 
by a single-layered epithelium 
(arrow) that is lined with a 
lumen (Lu). e Midrib vascular-
ized by three major collateral 
vascular bundles and two 
smaller bundles (double arrow). 
Notice the presence of col-
lenchyma (Co) on both adaxial 
and abaxial side and secretory 
ducts near xylem and phloem 
(circles). Bars = 50 µm
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the yield and composition of the essential oils is well docu-
mented (Pereira and De Andrade 1998; Gobbo-Neto and 
Lopes 2007; Benso et al. 2015; Juliani 2016) and may have 
implications on their biological effects (Desjardins 2008).

In the summer, all genotypes displayed a lower oil yield 
than in the winter. In the summer, in Oratórios, the tem-
peratures are much higher than in the winter. The high tem-
peratures increase the chemical reactions interfering in oil 

Fig. 3  Results of the histochemical tests performed on the leaves 
of Mikania laevigata. a, b Positive results for total polysaccharides 
(PAS) note the purple/magenta color. c, d The dark brown color 
shows the reaction for sesquiterpene lactones (with sulphuric acid) in 
secretory trichomes found on the abaxial leaf side. e, f The blueish/

purple color demonstrates the positive results in the secretory ducts 
for essential oils/resins (with Nadi reagent). g, h The dark brown 
color shows a positive reaction to sesquiterpene lactones, with sulfu-
ric acid and hydrochloric acid, respectively. i, j The red color using 
the oil red reagent demonstrates the presence of rubber. Bars = 30 µm
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stability and contribute to the free radicals formation that 
stimulates the oxidation process (Turek and Stintzing 2013).

Weather parameters influence the oil yield and com-
position of essential oils in aromatic plants (Gobbo-Neto 
and Lopes 2007; Gasparetto et al. 2010). The increase in 
maximum temperature during the summer can reduce oil 
content. However, it can also increase the concentration of 
some chemical constituents due to influencing modulations 
of the plant’s metabolic pathways by photosynthetic carbon 
production, leading to the group of sesquiterpenoids (Sang-
wan et al. 2001). The weather parameters during winter can 
also affect these metabolic pathways favoring specific con-
stituents (Sangwan et al. 2001; de Castro et al. 2003; Gobbo-
Neto and Lopes 2007).

In Mikania’s essential oils composition, germacrene D, 
bicyclogermacrene, caryophyllene oxide, and spathulenol 
have been reported as the major compounds (Limberger 
et al. 2001; Ferreira and De Oliveira 2010; Guimarães et al. 
2012). These components are related to some biological 
activities, such as intense antimicrobial activity (Betoni 
et al. 2006; Duarte et al. 2007; Matawali et al. 2016) and 
vigorous activity against Candida albicans (Duarte et al. 
2005). According to Judzentiene et al. (2016), the essential 
oil of Eupatorium cannabium L., rich in germacrene D and 
spathulenol, presented high levels of antioxidant activity.

Besides, Gasparetto et al. (2012b) quoted germacrene D, 
bicyclogermacrene, caryophyllene oxide, and spathulenol, 
α-humulene, germacrene B as major constituents involved in 
Mikania’s biological effects. Guimarães et al. (2012) studied 
Mikania glauca’s essential oil from two seasons, winter and 
spring. Their chromatography analysis demonstrated the pre-
dominance of monoterpene hydrocarbons in the essential oil 
and the influence of season on components concentrations. 
Other studies with the genus Mikania, of similar genotypes, 
have described similar chemical profile (Rehder et al. 2006), 
with sesquiterpenes production (Yatsuda et al. 2005; Rufatto 
et al. 2013).

Moreover, the genotype adaptation to weather variations 
of each region of production will influence the concentration 
of chemical constituents in essential oils (Chatterjee et al. 
2015). In this study, the CENARGEN genotype had high 
oil yield in both periods of harvest: summer and winter, and 
presented high content of components detected in the chro-
matographic analyses even with a reduction in leaf and stem 
production in the winter. In the final analysis, this genotype 
displayed a better adaptation to this region of cultivation 
Zona da Mata, Minas Gerais, Southeast of Brazil, concern-
ing biomass production and essential oils quality and yield.

As depicted by literature, the different species and geno-
types of Mikania spp. have a wide variety of chemical com-
position and yields of essential oils and extracts (Limberger 
et  al. 2001; Rehder et  al. 2006; Gasparetto et  al. 2010; 
Czelusniak et al. 2012). Coumarin is a chemical marker 

of Mikania, which has been associate with the therapeu-
tic effect of Mikania’s extract (Gasparetto et al. 2012a). 
Although, it is essential to emphasize that the complex 
arrangement of molecules and the synergism between all 
groups of bioactive substances interfere in the therapeutic 
effect and on its mechanisms of action (Harris 2002; Betoni 
et al. 2006; Zoubiri and Baaliouamer 2014; Kaulmann and 
Bohn 2016). The selection of the correct genotype adapted 
to the producing region and the quantification of the active 
compound guarantee the quality of raw material and the 
safety of therapeutic effect (Scalzo et al. 2005; Chatterjee 
et al. 2015).

Anatomical study

As observed in M. laevigata, a single-layered epidermis on 
both adaxial and abaxial sides have also been found for other 
Asteraceae species (Bartoli et al. 2011; Oliveira et al. 2013; 
Kromer et al. 2016; Raman et al. 2018; Bezerra et al. 2018) 
and seems to be a common characteristic for this family. 
Other studies have reported the presence of a single-lay-
ered epidermis for M. laevigata (Oliveira et al. 1986; Budel 
et al. 2009; Costa et al. 2018) and other species of Mikania 
(Amorin et al. 2014; Almeida et al. 2017). Other authors 
also claim the presence of a hypodermis only on the adaxial 
leaf of M. laevigata (Oliveira et al. 1986; Milan et al. 2006; 
Budel et al. 2009). The position of the hypodermis is quite 
a distinctive characters when compared to other species of 
Mikania, which lack such features, such as Mikania lanugi-
nosa DC (Amorin et al. 2014), Mikania campanulata Gard-
ner, Mikania cordifolia (L.f.) Willd., Mikania glomerata 
Spreng., Mikania hastato-cordata Malme, Mikania microp-
tera DC., and Mikania sessilifolia DC (Almeida et al. 2017). 
However, Mikania glomerata presents the same anatomical 
feature (Milan et al. 2006; Almeida et al. 2017).

Dorsiventral mesophyll, collateral vascular bundles and 
secretory ducts associated with the xylem have also been 
reported for M. laevigata (Oliveira et al. 1986; Milan et al. 
2006; Budel et al. 2009; Costa et al. 2018). As the number 
of palisade/spongy parenchyma layers vary among Aster-
aceae species (Simon et al. 2002; Milan et al. 2006; Bezerra 
et al. 2018), such characteristics along, with the presence of 
a hypodermis on the adaxial side of the leaf blade, could be 
used as an excellent diagnostic feature in the identification of 
M. laevigata aiding in the quality control of dried leaves sold 
at markets. It is interesting to notice that our study evalu-
ated three different accessions of M. laevigata (CENAR-
GEN, CPQBA, and UNAERP), and all accessions displayed 
the same characteristics described above, again confirming 
the potential of using such characteristics as an additional 
taxonomic tool. However, M. laevigata and M. glomerata 
are challenging to distinguish, based on morphoanatomical 
characters (Gasparetto et al. 2010; Costa et al. 2018).
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Several authors reported curved secretory trichomes, 
type II, scattered on the abaxial epidermis for several spe-
cies of Mikania spp. (Castro et al. 1997; Milan et al. 2006; 
Budel et al. 2009; Gasparetto et al. 2010; Amorin et al. 2014; 
Almeida et al. 2017). However, some authors mention that 
the apical cell varied from a spherical to a spatulate shape 
(Almeida et al. 2017) while in our study, only a spherical 
shape was observed. Several types of trichome are found 
in Asteraceae, and they are crucial for the taxonomy of the 
family (Anderson and Weberg 1974; Anderson et al. 1979; 
Ascensão and Pais 1987; Castro et al. 1997; Oliveira et al. 
2013; Dos Santos et al. 2015; Rojas-Leal et al. 2018).

The number of vascular bundles in the midrib seems to 
be promising distinctive character among Mikania species. 
For instance, the number of vascular bundles at the midrib 
is fixed at six for M. lanuginosa (Amorin et al. 2014). How-
ever, once again, such characteristic overlaps when com-
paring M. glomerata, and M. laevigata as the number of 
vascular bundles for both species varies from 3 to 5 when 
considering other studies (Milan et al. 2006; Costa et al. 
2018) as well as ours. The major difference is found in M. 
laevigata, as it may present up to eight vascular bundles 
(Gasparetto et al. 2010).

The secretory trichomes displayed positive results only 
to polysaccharides and lactones. This result is on the coun-
terhand of Costa et al. (2018), who claimed positive results 
for lipids. However, the authors did not mention any control 
test, neither for Sudan Red, nor Nile Blue reagents, suggest-
ing that probably other lipophilic compounds, but not lipids 
have been stained instead. Besides, the study did not present 
ant picture of histochemical analyses on the trichomes. The 
presence of lipidic substances was reported for M. glomerata 
(Milan et al. 2006). A more complex mixture of compounds 
was observed to be secreted by other types of trichomes 
in Asteraceae (Ascensão and Pais 1987; Pagni et al. 2004; 
Andreucci et al. 2008). As proved by our study, when com-
paring the secretory trichomes of M. laevigata to M. glom-
erata, the chemical nature of the exudates of secretory tri-
chomes is promising as an additional tool to the taxonomy. 
However, few studies investigated the chemical nature of 
secretory trichomes in Mikania. Usually, the secretory ducts 
are the major concern of the investigations.

Our results show that the Mikania medicinal metabolites 
are produced by the secretory epithelial cells lining the ducts, 
which discharge their secretion into the lumen. Such metabo-
lites are made up of a mixture of compounds the secretory 
epithelium cells, as well as the secretion within the lumen, dis-
played positive results to oil/resins, lactones, and rubber. The 
histochemical tests for total proteins, total polysaccharides, 
acid mucopolysaccharides, pectins, and total lipids turned 
negative results. However, positive results for lipids, and also 
for phenolic compounds, were reported by Costa et al. (2018). 
This paper is the first report of rubber in secretory ducts of M. 

laevigata. Although the literature reports that coumarins are 
the predominant compound in Mikania tinctures (Alvarenga 
et al. 2009), the medicinal properties of Mikania may be the 
result of such a mixture of compounds identified by the histo-
chemical tests instead of coumarins only. It is worth mention-
ing that the exudates from the leaf secretory trichomes could 
also contribute to the compounds that show medicinal proper-
ties as lactones were also found in their secretion.

Conclusions

This work pointed out the existence of substantial genetic 
variability among the genotypes. The genotype CENARGEN 
showed major biomass production, oil yield and a high con-
centration of major constituents detected by chromatographic 
analysis in essential oils. The season affected the essential oils 
chemical composition. Germacrene D and bicyclogermacrene 
were the major constituents in the winter-essential-oils, and 
spatulenol and caryophyllene oxide were the major constitu-
ents in the summer-essential-oils. The total summer-biomass 
production was higher than winter biomass production. The 
anatomical analysis pointed out secretory trichomes and secre-
tory ducts in the leaf. The secretory trichomes highlighted 
the exclusive presence of polysaccharides and sesquiterpene 
lactones.
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