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Abstract: Essential oils obtained by hydrodistillation of Montanoa quadrangularis leaves, flowers, and
stems were analyzed by GC and GC/MS techniques revealing myrcene, limonene, 3-phellandrene,
and sabinene among the main components. The aim of the present study was to evaluate the MDR
modulator activity on human MDR1 gene transfected mouse lymphoma cell line and the antimicrobial
activity on the essential oils obtained from different parts of the species under investigation. The
results revealed that MQL caused a similar increase in the fluorescence activity of the cells at
0.02 uL/mL comparing to the Verapamil® value. The antimicrobial assay was carried out according
to the disc diffusion method. Five different bacterial strains (Staphylococcus epidermidis, Bacillus
subtilis, Pseudomonas aeruginosa, Escherichia coli AG 100, and Escherichia coli AG100A) were treated
with the essential oils and the zones of inhibition were determined on TSA plates and TSA agar plates
supplemented with Tween 20. MQF and MQL showed activity against B. subtilis, S. epidermidis, and
E. coli AG 100A while MQS was only active against E. coli AG 100A on TSA agar plates experiment.
In case of TSA agar plates supplemented with 0.1 v/v% Tween 20 detergent, MQF showed inhibition
on B. subtilis, S. epidermidis, and E. coli AG 100A; MQL was active against B. subtilis, E. coli AG 100,
and E. coli AG 100A while MQS was only active against E. coli AG 100A.

Keywords: Montanoa quadrangularis Asteraceae; essential oil composition; antibacterial activity;

antitumor activity

1. Introduction

The Asteraceae family comprises around 32,913 species distributed in 1911 genera
and 13 subfamilies; thus, it is considered one of the largest plant families around the world.
Many species from the Asteraceae family have been used for medicinal purposes, since
these have a wide range of biologically active compounds [1].

Montanoa Cerv. in Llave & Lex genus belongs to Heliantheae tribe, Asteraceae Family,
and is composed by 75 species found mainly in Mexico and Central America with five
species endemics to northern South America [2-4]. Species of this family are characterized
by producing mainly sesquiterpenes, sesquiterpene lactones, acetylenic compounds, inulin-
type fructans, triterpenes, and flavonoids [1,5].

Montanoa quadrangularis is distributed through the tropical Andes from Colombia to
Venezuela growing at altitudes between 1300 to 2800 m.a.s.l. [6-8]. In Venezuela, there are
three well identified species; M. angulata Badillo, M. fragans Badillo, and M. quadrangularis
Sch. Bip. ex C. Koch [7]. This species is popular and known as “arboloco” or “anime” and
is mainly used to recover damaged soil due to deforestation and erosion. Its wood is also
used to manufacture handcrafts [7,8].
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According to references consulted, Montanoa plants have been used in traditional
medicine for the biocidal and spermicidal activities, to treat reproductive impairments, for
its pro-ejaculatory effects and contraceptive activity [9,10], as well as for its aphrodisiac
effect [11]. In this regard, Montanoa tomentosa is used in traditional herbal medicine to
ease childbirth labor and to cure certain female disorders. Crude extracts of M. tomentosa
have been reported to have aphrodisiacal effect on male rats. This investigation has
pointed out the diterpenes kaurenoic acid, grandiflorenic acid, and monoginoic acid as
bioactive molecules showing uterotonic effects [12,13]. Furthermore, the antianxiety effect
of M. tomentosa was assessed in rats with different hormonal conditions, and low and
high hormone levels. The results showed that M. tomentosa induced dose-dependent
anxiolytic-like actions in rats with low hormone level conditions [14].

Previous phytochemical investigations have reported sesquiterpene lactones such
as eudesmanolides and germacrolides as major class of chemical compounds present in
Montanoa species [9,15,16]. However, flavonoids such as luteolin and apigenin have also
been isolated [9]. To the best of our knowledge, there has only been one previous published
investigation of Montanoa quadrangularis collected from a different location at 1800 m.a.s.l. in
Mérida-Venezuela. In this investigation, limonene, sabinene, trans-caryophyllene, germacrene-
D, and myrcene were identified as major components. Furthermore, the essential oil showed
a significant inhibitory effect against Gram-negative bacteria, Escherichia coli, Klebsiella
pneumoniae, and Pseudomonas aeruginosa [17].

The present investigation aims to evaluate the antimicrobial activity and reversal of
multidrug resistance of tumor cells by essential oils of leaves, stems, and flowers extracted
from Montanoa quadrangularis species collected from Mérida-Venezuela.

2. Materials and Methods
2.1. Plant Material

Fresh aerial parts of Montanoa quadrangularis (Asteraceae) were collected in flowering
stage in “Los Topes” Farm, Chiguara, Mérida state at 1250 m.a.s.]. A voucher specimen,
code AM 16, was deposited in the Dr Luis E. Ruiz T. Herbarium, Faculty of Pharmacy and
Bioanalysis, University of Los Andes, Venezuela.

2.2. Isolation of Essential Oil

Leaves (1000 g), stems (500 g), and flowers (500 g) were cut into small pieces and
subjected to hydrodistillation for 4 h, using a Clevenger-type apparatus. The oils, 2 mL
(0.2% w/v yield, leaves), 0.8 mL (0.16% w/v yield, stems), and 0.5 mL (0.1% w/v yield,
flowers) were dried over anhydrous sodium sulphate and stored at 4 °C.

2.3. Gas Chromatography

GC analysis was carried out with an HP 5890 Series II gas chromatograph (FID,
Hewlett-Packard company, Wilmington, DE, USA) using a 30 m x 0.35 mm x 0.25 pm
HP-5 fused silica capillary column. The temperature program was from 60 °C to 210 °C at
3°C.min~!, and from 210 °C to 250 °C (2 min hold) at 5 °C.min~!. The detector and injector
temperature were 250 °C and the carrier gas was Ny, with split sample introduction.

2.4. Gas Chromatography-Mass Spectrometry

This procedure was performed with a Finnigan PolarisQ GC/MS ion trap Bench-top
mass spectrometer (Thermo Electron Corporation, Walthman, MA, USA). All conditions
were as above, except that the carrier gas was He at a linear velocity of 31.9 cm.s~! and
DB-5MS (30 m x 0.25 mm X 0.25 pm) capillary columns were used. The positive ion
electron ionization mode was applied, with a mass range of 40-400 amu. Identification of
compounds was based on comparisons with published MS data [18] and a computer library
search (the database was delivered together with the instrument) and by comparison of
their Kovats indices with those of authentic references and with literature values [18].
The identification was confirmed with the aid of authentic samples. Kovats indices were
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calculated mainly from the GC-MS analysis results [19]. Solvents and other chemicals used
were of high purity (analytical grade).

2.5. Reversal of Multidrug Resistance of Tumor Cells on L5178 Mouse T-Cell Lymphoma
(Transfected with Human MDR1 Gene) by Essential Oils

The L5178 MDR cell line was grown in McCoy’s 5A medium containing 10% heating
activated horse serum completed with L-glutamine and antibiotics. The cells were adjusted
to a density of 2 x 10° mL, resuspended in serum-free medium, and distributed in 0.5 mL
aliquots into Eppendorf centrifuge tubes. The tested oils were added at concentrations of
0.004; 0.04; 0.01; 0.02 pg/mL and incubated for 10 min at room temperature. Verapamil®
(10 ng/mL) was used as positive control; 10 puL of Rhodamine 123 (Sigma, St Louis, MO,
USA) at final concentration of 5.2 uM was added and cells were incubated for another 20
min at 37 °C. After incubation, cells were washed twice and resuspended in 0.5 mL of
phosphate-buffered saline (PBS) to perform the assay. Fluorescence of the cell population
was measured by flow cytometry, using a Becton Dickinson FACS can instrument (Becton
Dickinson, Franklin Lakes, NJ, USA) [20,21]. The experiments were repeated thrice. MDR1
reversal activity was calculated by the following equation:

MDRtreated /MDRcontrol

FAR =
Parentaltreated / parentalcontrol

2.6. Antibacterial Activity of Essential Oils Isolated from Leaves, Stems, and Flowers of Montanoa
quadrangularis

The following bacterial strains: Staphylococcus epidermidis (ATCC 12228), Bacillus subtilis
(ATCC 6633), Pseudomonas aeruginosa (ATCC 9027), Escherichia coli AG 100 (ATCC 10536),
and Escherichia coli AG100A (ATCC 11229), were used in this study.

Antimicrobial Method

The antimicrobial assay was carried out according to the disc diffusion method.
The strains were maintained in BHI (brain heart infusion) broth at room temperature.
Every bacterial inoculum (2.5 mL) was incubated in Mueller-Hinton broth (Britaina® Ref
B0213705) at 37 °C for 18 h. The bacterial inoculum was diluted in sterile 0.85% saline to
obtain turbidity visually comparable to a McFarland N° 0.5 standard (1 x 108 CFU/mL).
Every inoculum was spread over plates containing tryptic soy agar (TSA, Sigma Aldrich)
and 0.1 v/v% Tween 20. The pure essential oils were pipetted on paper discs of 5-mm
diameter saturated with 5-10 pL of each sample. The plates were left for 30 min at room
temperature and then, incubated at 37 °C for 24 h. The inhibitory zone around the disc was
measured and expressed in mm. A positive control was also used to check the sensitivity
of the tested organisms using: Ampicillin® (30 pg) and gentamycin® (30 ug); those are
reference antibiotics commonly used to treat this kind of bacteria. The minimal inhibitory
concentration (MIC) was determined only with microorganisms that displayed inhibitory
zones. MIC was determined by dilution of the essential oil in dimethyl sulfoxide (DMSO)
and pipetting 10 pL of each dilution onto a filter paper disc. Dilutions of the oil within
a concentration range of 5-10 pug/mL were used in the assayed. MIC was defined as the
lowest concentration that inhibited the visible bacterial growth [22,23]. A negative control
was also included using a filter paper disc saturated with DMSO to check possible activity
of this solvent against the bacteria assayed. The experiments were repeated three times.

2.7. Statistical Analysis

Experiments were evaluated using three independent assays. Data are expressed
as the mean =+ standard deviation (SD). Statistical analyses were performed with SPSS
(SPSS Inc., Chicago, IL, USA). To determine the statistical significance of differences in
activity tested as well as main effects, a one-way analysis of variance (ANOVA) was also
performed.
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3. Results and Discussions

Essential oils from fresh leaves (MQL), stems (MQS), and flowers (MQF) of Mon-
tanoa quadrangularis were analyzed by GC and GC/MS techniques. A list of identified
components along with their percentages of the total oil is given in Table 1. The three
samples analyzed showed myrcene (13.5% MQF, 26.2% MQL, 13.6% MQS) and a mixture
of limonene + 3-phellandrene (27.8% MQF, 16.1% MQL, 12.2% MQS) among the main
components; however, trans-sabinol (23.5% MQF), 3-caryophyllene (14.7% MQL), and
sabinene (22.3% MQS) were also observed in major proportions.

Table 1. Chemical composition of the essential oil of flowers, leaves, and stems of Montanoa quadran-
gularis collected in Mérida- Venezuela.

Compounds * RI MQF (%) MOQL (%) MQS (%)
E-3-hexanol 852 - 0.7 -
santolina triene 908 1.2 0.3 -
a-thujene 927 3.1 5.2 9.2
a-pinene 934 1.9 1.9 45
Sabinene 974 2.6 8.9 22.3
-pinene 978 0.8 3.5 9.9
Myrcene 991 13.5 26.2 13.6
p-cymene 1025 0.4 0.2 0.8
limonene + -phellandrene 1029 27.8 16.1 12.2
1,8-cineol 1032 2.7 5.7 -
Y-terpinene 1058 - 0.3 1.3
trans-sabinol 1140 235 4.8 0.8
terpin-4-ol 1178 1.3 1.1 5.8
2-methoxy-p-cresol 1187 - - 0.7
a-terpineol 1192 0.4 0.6 -
-elemene 1393 1.2 0.3 -
[3-caryophyllene 1420 59 14.7 1.3
a-humulene 1455 04 0.7 -
germacrene D 1482 1.8 3.2 5.7
3-selinene 1487 0.7 - -
viridiflorene 1496 0.3 - -
Z-x-bisabolene 1506 0.6 - -
d-cadinene 1525 0.5 0.2 -
germacrene B 1555 0.5 1.3 -
spathulenol 1578 - - 0.7
caryophyllene oxide 1584 1.6 1.2 3.3
khusimone 1591 0.4 1.2 0.5
Guaiol 1597 1.8 - -

* The composition of the essential oil was determined by comparison of the mass spectrum of each component
with Wiley GC/MS library data and from its retention index (RI), Retention time (RT).

Compounds such as (3-selinene (0.7%), viridiflorene (0.3%), Z-«-bisabolene (0.6%),
and guaiol (1.8%) were only observed in MQF, E-3-hexanol (0.7%) was only detected in
MQL, while 2-methoxy-p-cresol (0.7%) and spathulenol (0.7%) were only present in MQS
sample.

Previous investigations carried out with the essential oil of M. quadrangularis col-
lected from a different location in Mérida at 1800 m.a.s.] showed limonene (18.83%),
sabinene (11.63%), a-pinene (9.90%), and a-tujene (9.27%) as main components from
the essential oil of the flowers while the essential oil of the leaves was composed mainly
by limonene (18.01%), trans-caryophyllene (16.07%), germacrene-D (7.63%), and mircene
(6.37%). [15] Additionally, the essential oil of the inforescence of Montanoa grandiflora re-
vealed (3-phellandrene (6.63%) and x-pinene (2.70%) as major compounds. The essential
oil of the stems showed (-phellandrene (7.74%), limonene (4.80%), x-pinene (4.43%), and
citronellal (3.50%), while the leaves showed a-pinene (4.27%), 3-phellandrene (4.22%),
limonene (2.37%), and citronellal (2.82%) as main components [24].
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It is well documented that essential oil composition may vary considerably depending
on the time of plant collection and are also influenced by environmental conditions at the
time of harvesting. In addition, the location where the plant is growing, either sun or shade,
may also affect the composition of the oil [25]. Moreover, several reports regarding the
variation in the chemical profile of essential oils from a variety of plants collected during
different seasons have also been published [26-30].

3.1. Reversal of Multidrug Resistance of Tumor Cells on L5178 Mouse T-Cell Lymphoma
(Transfected with Human MDR1 Gene) by Essential Oils

The essential oils obtained from different parts (leaves, flowers and stems) of Montanoa
quadrangularis were investigated for their MDR modulator activity on human MDR1 gene
transfected mouse lymphoma cell line. This cell line carries the 170 kDa P-glycoprotein
in its membrane, which ABC transporter can extrude the chemotherapeutic agent from
the cells. Efflux pump-related multidrug resistance is a major obstacle of cancer treatment.
Multidrug resistance modulators, which act via the inhibition of this mechanism, seem
likely to bring solution for the problem. Verapamil® serves a good model for that pur-
pose; however, the concentration applied as an MDR modulator is beyond the clinically
achievable concentration. In the present investigation, cells were stained with Rhodamine
123 fluorescent dye and, after treating the cells with the essential oils, the fluorescence
activities were measured by flow-cytometry. According to the results observed (Table 2),
only MQL caused a similar increase in the fluorescence activity of the cells at 0.02 pL/mL
concentration comparing to the Verapamil® value; however, it is considered a mild activity.

Table 2. Fluorescence activity ratios (FAR) tested for Montanoa quadrangularis essential oils.

Samples Experiment I. Experiment II.
Verapamil (10 pg/mL) 3.18 £ 0.02 12.81 £ 0.04
uL/mL 0.004 0.04 0.01 0.02
MQF 1.06 + 0.02 P 1.94 +£0.04 - 1.24 +0.01°¢
MQL 0.91 +0.02P 1.67 £0.0°¢ - 8.26 +0.01 4
MQS - 327 +0.049 1.93 +0.02° 2.02 +£0.01°¢
DMSO K (40 pL/mL) - 0.92 + 0.01 - 0.89 + 0.01

MQF: M. quadrangularis essential oil of flowers, MQL: M. quadrangularis essential oil of leaves, MQS: M. quadran-
gularis essential oil of stems. p < 0.05 >4 different letters represent the statistical difference between dates.

Recent studies suggest that the membrane structure may play a critical role in the
MDR activities; the resistance modulator-lipid interaction may be an important factor in
the mechanism of drug resistance reversal [20,21]. Since essential oils are made up of highly
lipophilic components, the mechanism of action may be attributed to interactions with
physiological membrane activities.

3.2. Antibacterial Activity of Essential Oils Isolated from Leaves, Stems, and Flowers of Montanoa
quadrangularis

The antiseptic properties of aromatic plants and their extracts have been recognized
since antiquity and are still used in the medicine, food, and cosmetic industry. In the
present experiment, M. quadrangularis essential oils were investigated for their antibacterial
properties in the agar disc diffusion assay. Five different bacterial strains were treated with
the essential oils and the zones of inhibition were determined on TSA plates and TSA agar
plates supplemented with Tween 20. MQF and MQL showed activity against B. subtilis, S.
epidermidis, and E. coli AG 100A, while MQS was only active against E. coli AG 100A on
TSA agar plates experiments (Table 3).



Biomolecules 2021, 11, 605

6 0f 8

Table 3. Zones of inhibition (mm) of essential oils on TSA agar plates.

S;?:llil)e S. epidermidis B. subtilis P. aeruginosa E. coli AG 100 E. coli AG100A
5 10 5 10 5 10 5 10 5 10
MQF 8§+01°¢ 940069 10£0.1° 10+0.2°¢ 0+0.0 0+0.0 0+0.0 0£0.0 74+00° 10 £+ 0.06 €
MQL 0+00° 8+0.1°¢ 9+0.14 10 £ 0.06 © 0+0.0 0+0.0 0+0.0 0+0.0 0+0.0 74+00°
MQS 0£00° 0£00° 0+00° 0£00° 0+0.0 0+0.0 0+0.0 0+0.0 0+00° 10 £0.02 ¢
Ampicillin® 10 £ 0.06 9+0.1 20+0.1 11+0.2 18 £0.1
Gentamicin® 28 +0.1 22 +0.0 21 +0.1 24 +0.0 21 +0.1
p < 0.05 @P<de Different letters represent the statistical difference between dates.
In the case of TSA agar plates supplemented with 0.1 v/v% Tween 20 detergent, MQF
showed inhibition on B. subtilis, S. epidermidis, and E. coli AG 100A. MQL was active against
B. subtilis, E. coli AG 100, and E. coli AG 100A while MQS was only active against E. coli AG
100A. However, P. aeruginosa and E. coli AG 100 were resistant to all tested essential oils
(Table 4).
Table 4. Zones of inhibition (mm) on TSA agar plates supplemented with 0.1v/v % Tween 20 detergent.
S‘;“(I:Rl)e S. epidermidis B. subtilis P. aeruginosa E. coli AG 100 E. coli AG100A
5 10 5 10 5 10 5 10 5 10
MQF 8+£006> 12+£01°¢ 0+00% 8+006" 0400 0£00 0+£00% 0+00 9£02b 12+006°¢
MQL 0+0.0 0+0.0 8 +0.06" 8+02Pb 0+0.0 0£0.0 0+00? 7+0.1P 0+00° 8+0.05°
MQS 0+0.0 0+0.0 0+0.0 0+0.0 0+0.0 0+0.0 0+0.0 0+0.0 0+00° 12 £ 0.06 €
Ampicill'm® 16 £ 0.06 13+0.1 20 £+ 0.06 13+ 0.0 18 £0.1
Gentamicin® 35+0.1 28 £ 0.1 23+0.1 20 £ 0.06 21 £0.1

p < 0.05 2P Different letters represent the statistical difference between dates.

The proton pump deleted mutant, E. coli AG 100A was susceptible to the tested essen-
tial oils, which supports that certain components of the oil complexes may be substrates
of the bacterial membrane transport systems. Tween 20 was given to the agar plates to
increase the solubility of essential oils.

Previous investigations have reported the antimicrobial activity of Asteraceae species
against bacterial pathogens. Compounds like humulene, isohumullene, caryophyllene, and
germacrene-D, among others, have shown bacterial and fungal growth inhibition. Since
preventing recurrent bacterial infections and improving patients’ quality of life have been
the goals of many research groups, natural products with potential antimicrobial activity
might be considered as a viable alternative for the effective treatment of diseases that are
caused by these microorganisms [31-33].

The mechanism of action of essential oil components is not fully understood, it
is assumed that membrane disruption by the lipophilic components is involved in the
antibacterial action. Certain components of essential oils can act as uncouplers, which
interfere with proton translocation over a membrane vesicle and subsequently interrupt
ADP phosphorylation. Specific terpenoids with functional groups, e.g., phenolic, alcohols
or aldehydes, also interfere with membrane-integrated or associated enzyme-proteins,
stopping their production or activity [22]. The mode of action also depends on the mi-
croorganism and is mainly related to its cell wall structure. Gram-negative bacteria have
intrinsic resistance against toxic components, since they have a permeability barrier against
toxic agents. Hydrophobic macromolecules, such as essential oil constituents, are unable
to penetrate the barrier. On the other hand, essential oils usually express low aqueous
solubility, which prevents them from reaching a toxic level in cellular membranes [22,30].
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4. Conclusions

Essential oils of flowers, leaves, and stems analyzed in the present investigation
showed myrcene, limonene, 3-phellandrene, trans-sabinol, 3-caryophyllene, and sabinene
as main components. Regarding the reversal of multidrug resistance of tumor cells assay,
MQL caused an increase in the fluorescence activity of the cells at 0.02 uL/mL. According to
references consulted, the membrane structure may play a critical role in the MDR activities,
the resistance modulator-lipid interaction may be an important factor in the mechanism of
drug resistance reversal. In addition, MQF and MQL showed activity against B. subtilis, S.
epidermidis, and E. coli AG 100A, while MQS was only active against E. coli AG 100A.
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