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Abstract: We investigated whether essential oil and aqueous and ethanolic extracts from
M. vittoriana leaves have phytotoxic effects on the germination and initial development,
and cytogenotoxic effects on the cell cycle, of model plants. The essential oil and
extracts of M. vittoriana were characterized and used as treatments in phytotoxicity
and cytotoxicity tests. The results indicated a reduction in germinative parameters and
plant growth, with the higher concentrations of extracts and essential oil having the
most evident effects. The cell cycle was also affected with a reduction of the mitotic
index and the presence of chromosomal and nuclear alterations. All treatments showed
clastogenic and aneugenic modes of action. The results can be associated with the
synergistic effects of metabolites found in the extracts and essential oil, mainly the
presence of the sesquiterpene germacrene D in the essential oil and of catechins,
saponins, and tannins in the extracts. These substances inhibit plant germination and
growth, confirming the phytotoxic effects of M. vittoriana in plant models, which should

now be tested under field conditions.
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INTRODUCTION

Plants interact in different ways in search of
abiotic resources. Such interactions may hinder
or facilitate the establishment of neighboring
species (Inderjit 2005). Allelopathy is a form
of interference generally associated with the
negative influence of one plant on the growth
and development of other plants through
biomolecules (allelochemicals) released into
the environment (Chengxu et al. 2011, Reigosa
et al. 1999). These compounds are products
of specialized metabolism and are emitted
through leaching of aerial parts, root exudation,
volatilization or by decomposing plant residues
(Rice 1984, Weiretal.2004). Different physiological
processes of other plants can be affected, such

as photosynthesis, nutrient absorption, and cell
division or elongation (Inderjit & Duke 2003).
Allelopathy is a natural and common
phenomenon of different plant communities
(Blanco 2007, Smith 1989). Allelochemicals
play an important role in controlling species
diversity and can determine the organization
of natural communities (Chou 1999) through
changes in structural and successional patterns,
and by favoring the dominance of introduced
species (Callaway & Ridenour 2004, Fernandez
et al. 2013, Kato-Noguchi et al. 2017). In this
sense, allelopathy has demonstrated the
relevance of plant-plant chemical interactions
for modulating the structure and functioning of
communities, which was previously limited to
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competition for resources through the removal
or reduction of shared environmental factors
in the habitat (Inderjit et al. 2011, Tukey 1969).
Some tropical plants are especially known for
developing allelochemicals that allow them to
successfully outcompete their neighbors (Ooka
& Owens 2018). However, our understanding
about the role that allelopathy plays in shaping
the structure and organization of tropical plant
communities is still limited given the great
diversity of these systems.

The pantropical Myrtaceae is one of the
most species rich plant families in tropical
ecosystems (Beech et al. 2017, Zappi et al. 2015)
and allelopathic effects have been demonstrated
for several of its species (e.g,, Caputo et al. 2020,
Kapoor et al. 2019, Verdeguer et al. 2020). Studies
conducted with representatives of the genus
Myrcia have demonstrated their ability to affect
the growth and development of undesirable
species in crop systems (Imatomi et al. 2015).
Phytotoxic effects have been demonstrated for
species such as M. bella Cambess., M. multiflora
DC., M. splendens DC (Imatomi et al. 2013a), M.
guianensis (Aubl.) DC. (Franco et al. 2015, Souza
Filho et al. 2006), and M. tomentosa DC. (Imatomi
et al. 2013b). However, given the great diversity
andwidespreaddistribution ofthis plantfamilyin
the tropics, our knowledge is still largely limited.
There have been advances with well-known
and non-native species, or native species with
widespread distributions (Caputo et al. 2020, Qin
et al. 2018, Ruwanza et al. 2015, Vasconcelos et
al. 2019). Nonetheless, we have little knowledge
about how endemic species of Myrtaceae make
use of allelochemicals to succeed in tropical
plantcommunities. Investigating the allelopathic
effects of native species of this family will shed
light on the mechanisms responsible for floristic
composition, vegetation structure, and spatial
patterns in tropical plant communities.

PHYTOCYTOTOXIC EFFECTS OF Myrcia vittoriana

Garbin et al. (2016) revealed that, in a sandy
coastal plant community in the Atlantic Forest,
shrub patches with a greater abundance of
Myrcia vittoriana Kiaersk. were not occupied
by Erythroxylum subsessile (Mart.) 0.E.Schulz
(Erythroxylaceae) and Myrsine parvifolia A.DC
(Primulaceae). Based on the spatial patterns
observed for these species, Garbin et al.
(2016) suggested that, among other factors, M.
vittoriana could be exerting allelopathic effects
on E. subsessile and M. parvifolia. Thus, testing
the allelopathic effects of M. vittoriana can help
to understand the spatial distribution patterns
reported for these species in their natural
environment, as well as for other native species
of Myrtaceae found in tropical ecosystems. A
first step towards approaching this target is to
test the phytotoxic effects of M. vittoriana on
model plants.

This study, therefore, aimed to investigate
the phytotoxic effects of the essential oil and
the aqueous and ethanolic extracts of M.
vittoriana through their activities on the initial
development (phytotoxicity) and cell cycle
(cytotoxicity) of the model plants Lactuca sativa
L. (lettuce) and Allium cepa L. (onion). The
compounds present in the essential oil and
extracts of M. vittoriana were also studied and
identified phytochemically. The investigation
of the cytotoxicity effects of compounds of M.
vittoriana on the cell cycle of L. sativa and A.
cepa will help to explain morphological and
physiological changes found at the cellular level
and the mode of action of these substances.

MATERIALS AND METHODS

Plant material

Fresh leaves of M. vittoriana were collected from
individual plants growing in a sandy coastal
plain plant community in southeastern Brazil
(22° 23'S, 41°45 "W, sea level) (Figure 1). Healthy
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leaves were collected in the field during the
morningfrom nineindividualsdistributed among
three vegetation patches (three individuals per
patch), previously studied by Garbin et al. (2016).
Some of the collected leaves were dried in an
oven at 40° for 72 hours and then crushed into
small pieces for use in the preparation of leaf
extracts. The tests were performed using seeds
of the eudicotyledonous L. sativa L. (commercial
cultivar Alface Grandes Lagos Americana, Isla
seeds), and the monocotyledonous A. cepa L.
(commercial cultivar Baia Periforme, Isla seeds).

Extraction and yield of essential oil

Essential oil was extracted from fresh leaves of M.
vittoriana by hydrodistillation using a Clevenger
apparatus. About 420g of freshly perforated
plant material was placed with distilled water
in a 5L round-bottom flask equipped with an
essential oil extraction condenser. The contents
were boiled for approximately four hours, after
which the hydrolysate (a mixture of water and
oil) was collected through the condenser nozzle
and centrifuged at 5000 rpm for 5 minutes to
separate the aqueous and oily phases. The
light-yellow oil (supernatant) was removed with
the aid of a Pasteur pipette and stored in an
amber glass bottle in a freezer at temperatures

PHYTOCYTOTOXIC EFFECTS OF Myrcia vittoriana

Figure 1. Individual

of Myrcia vittoriana
Kiaersk. in a shrub
patch: (a) Individual.

{ (b) The appearance of
{ avegetation patch in
a sandy coastal plain
environment. Photo:
Amélia Carlos Tuler.

below 0°C (Pinheiro et al. 2013). The extraction
procedure was repeated four times. Yield was
calculated using the ratio between the mass
of the extracted oil and the fresh mass of the
sample (%, m [/ m).

Chemical characterization of essential oil

The essential oil samples obtained from
the leaves of M. vittoriana were analyzed by
gas chromatography with a flame ionization
detector (GC/FID) (Shimadzu GC-2010 Plus
apparatus) and by gas chromatography coupled
to mass spectrometry (GC/MS) (Shimadzu
QPMS-2010) following the methodology of Souza
et al. (2017), with adaptations. The following
chromatographic conditions were used in both
analyses: fused silica capillary column (30 m x
0.25 mm) with Rtx®-5MS stationary phase (0.25
um film thickness); N, (in GC/FID analysis) and
He (in CG/MS analysis) as carrier gases with a
flow rate of 3.0 mL/min; the oven temperature
followed a schedule in which it remained at an
initial temperature of 40°C for 3 minutes and
then gradually increased by 3°C/minute until
it reached 240°C, maintaining this temperature
for 5 minutes; injector temperature of 250°C;
detector temperature of 280°C; split ratio of
1:30. The GC/MS analyses were performed on
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equipment operating by electronic impact with
70 eV; scan speed 1,000; scanning interval of 0.50
fragments / second and detected fragments
from 29 to 400 (m/z).

Chemical components of oil samples were
identified by comparing their mass spectra with
those available in the Willey7, NIST0O5, NIST05s
spectrotest databases, using co-injection
of standards and Retention Indexes (RIs). A
mixture of linear n-alkanes (C7 to C40) was used
for the calculation of Rls. The calculated RI for
each compound was compared with values
in the literature (Adams 2007). The relative
percentage of each essential oil compound was
calculated as the ratio between the integral
area of its respective peaks and the total area
of all constituents in the sample. These data
were obtained by gas chromatography analysis
with a flame ionization detector (GC/FID). The
compounds with a relative area greater than
1% for all oils were used to define the chemical
composition of the oil.

Obtaining leaf extracts

Aqueous extract was prepared with 30g of
dry leaves placed in 300 mL of distilled water
heated to 100°C. After 10 minutes of infusing,
the extract was filtered. The aqueous extract
was not concentrated. The ethanolic extract was
obtained from a mixing of 10g of dry leaves and
100 mL of 70% alcohol in a shaker for 72 hours.
The solution was then filtered and concentrated
in a vacuum on a rotary evaporator until it
reached half of its initial volume.

Phytochemical screening of extracts

The main classes of secondary metabolites
present in the aqueous and ethanolic extracts
of leaves of M. vittoriana were determined by
phytochemical screening using the qualitative
methodologies described by Matos (2009) for
phenols, condensed tannins, hydrolysable

PHYTOCYTOTOXIC EFFECTS OF Myrcia vittoriana

tannins, anthocyanins, anthocyanins, aurones,
chalcones, flavonoids, xanthones, catechins,
steroids, saponins, fixed acids, resins, and
alkaloids; Joshi et al. (2013) for anthraquinone
glycoside; and Ayoola et al. (2008) for cardiac
glycoside and terpenoids. The presence or
absence of these secondary metabolites was
determined by observing the reactions carried
out that indicate a positive or negative result for
each investigated metabolite (Bessa et al. 2014).

Exposure of plants to essential oil and extracts

Plant growth assays were carried out using
solutions of essential oil obtained from the
leaves of M. vittoriana. These solutions were
prepared to concentrations of 3000, 1500,
750, 375, and 187.5 ug mL" using the solvent
dichloromethane. The aqueous and ethanolic
extracts were diluted with distilled water and
tested at the concentrations of 100, 50, 25, 12.5,
and 6.25 (% v v'). Essential oil concentrations
were chosen based on Dutra et al. (2020)
and Vasconcelos et al. (2019), and extract
concentrations were based on the thesis of Alves
TA. (unpublished data). Glyphosate herbicide (1
mL L") was used as a positive control. The solvent
dichloromethane used in the preparation of
the essential oil solutions was also tested but
showed statistically similar results to the water
control, and so distilled water was chosen as
a negative control (solvent data not shown).
The experimental design of the plant tests was
completely randomized with five replicates for
each treatment. Each replicate corresponded
to a Petri dish (9 cm in diameter) containing 25
seeds. The seeds of L. sativa and A. cepa were
placed on filter paper moistened with 2 mL of the
appropriate solution of essential oil or extract.
The plates were wrapped with plastic film and
placed under Biochemical Oxygen Demand
(BOD) at 24 + 2°C for the entire experimental
period.
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Macroscopic analysis

For macroscopic analysis, the number of
germinated seeds was evaluated at 8-h intervals
from 8 to 48 h for L. sativa and at 12-h intervals
from 12t0 96 h for A. cepa. The germination speed
index (GSI) was then calculated by the formula
(N)x1+(N+N_)x1/2+(N,+ N,) x 1/3...(Ny - (NW))
x 1/y, where: Ny = number of seeds germinated
in a given period; and y = total number of time
slots. Germination percentage and root growth
of L. sativa were obtained after 48 h of exposure,
while aerial growth was measured after 120 h
(Pinheiro et al., 2015). Germination percentage
and root growth of A. cepa were obtained after
96 h of exposure. Since seedlings of A. cepa have
slower growth compared to L. sativa, and do
not show green shoots within the 120 h period
(Silveira et al. 2017), the aerial growth of A. cepa
was not evaluated. All measurements were
performed with the aid of a digital calliper.

Microscopic analysis

Seeds of L. sativa and A. cepa for microscopic
analysis were submitted to the same conditions,
solutions and controls tested in macroscopic
analysis for 48 and 96 h, respectively. Methyl
methanesulfonate (MMS) (0.004 M) was also used
as a positive control. MMS is a DNA alkylating
agent used as a positive control in cytogenotoxic
tests (Mauro et al. 2014). The roots of three
replicates were then fixed in ethanol:acetic acid
(3:1) and stored at -18 °C in a freezer. The fixing
solution was changed after 10 minutes and 24 h.
The previously selected roots were then washed
in distilled water and hydrolyzed in 5N HCl for
18 minutes at room temperature. Slides with
meristems were prepared using the crushing
technique, stained with 2% (v v) acetic orcein
and covered with a coverslip and sealed. One
thousand meristematic cells were evaluated per
slide, for a total of 3000 cells per treatment for
L. sativa and A. cepa.

PHYTOCYTOTOXIC EFFECTS OF Myrcia vittoriana

The different stages of mitotic division
were observed and recorded under an optical
microscope, as were any chromosomal and
nuclear alterations found. The following
cytotoxicity parameters were calculated
according to Aragao et al. (2015): mitotic index
(MI), percentage of nuclear alterations (NA)
(condensed nucleus and micronucleus), and
chromosomal alterations (CA) (lost chromosome,
adherent chromosome, c-metaphase, and
bridge).

Statistical analysis

Data from the macroscopic and microscopic
analyses were submitted to analysis of variance
(ANOVA) and the average values to Dunnett’s
test at p < 0.05. This test was chosen because
it allows multiple comparisons of various
treatments with a control and is sensitive to
small differences between groups (Dunnett
1955, McHugh 2011). All statistical analyses were
performed using the program R, version 4.0.0 (R
Core Team 2020).

RESULTS

Yield and chemical characterization of
essential oil

The essential oil of M. vittoriana had an average
yield of 0.098% (m / m) compared to plant fresh
weight. Gas chromatography analysis revealed
the presence of 17 compounds; however, only
15 were identified, constituting 95.82% of the
total relative area of the compounds present
in the oil. The composition of the oil was
predominantly sesquiterpenes, with 81.76%
hydrogenated sesquiterpenes and 14.06%
oxygenated sesquiterpenes (Table I). The main
compounds found were germacrene D (21.90%),
germacrene B (17.30%), and bicyclogermacrene
(11.90%), all hydrogenated sesquiterpenes.
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PHYTOCYTOTOXIC EFFECTS OF Myrcia vittoriana

Table I. Chemical characterization and relative area (%) of the compounds present in the essential oil of the leaves

of Myrcia vittoriana.

Retention Time

Peak (min) IR’ IR,
1 26.479 1427 1434
2 29.955 1463 1464
3 30.042 1464 1457
4 30.688 1471 1476
5 31.655 1482 -

6 32.562 1492 1484
7 33168 1498 1500
8 33449 1503 1506
9 33.842 1513 1511
10 34.244 1524 1522
11 35.544 1559 1559
12 36.615 1587 1592
13 36.819 1591 1590
14 38110 1626 -

15 38732 1643 1638
16 39.216 1656 1652
17 39.776 1671 1672

Total identified (%)
Hydrogenated monoterpenes (%)
Oxygenated monoterpenes (%)
Hydrogenated sesquiterpenes (%)
Oxygenated sesquiterpenes (%)
Not identified (%)

Relative Area

Compound® (%)¢
6-Elemene 01.57
9-epi-(E)-caryophyllene 07.50
B--Santalene 08.82
B-Chamigrene 05.37
Ni © 02.58
Germacrene D 21.90
Bicyclogermacrene 11.90
a-Bisabolene 01.80
6-Amorphene 02.00
6-Cadinene 03.60
Germacrene B 17.30
Viridiflorol 02.40
Globulol 0210
Nj ¢ 01.60
Epi-a-Cadinol 02.40
a-Cadinol 03.57
5-1socedranol 03.59

95,82

81.76

14.06

418

?Retention index calculated from data obtained by sampling linear alkanes (C7-C40) applying Programmed Retention Index
Temperature Linear equation (LTPRI).” Tabulated retention index (Adams, 2007). Compounds listed in order of elucidation using
the Rtx-5MS column. ¢ Relative area of the compounds present in the essential oil. ¢ Not identified.

Phytochemical screening of extracts

Phytochemical screening was performed for
19 classes of chemical compounds (Table
1), of which only four were not found in any
of the extracts. The aqueous extract had an
exclusive positive result for saponins while
the ethanolic extract had exclusive positive
results for alkaloids, steroids, anthocyanins,
anthocyanidins, aurones, chalcones, xanthones,
and cardiac glycosides. Of the remaining
classes, fixed acids, catechins, simple phenols,

flavonoids, hydrolysable tannins, and terpenoids
showed positive results for both extracts.

Macroscopic effects

The essential oil and aqueous and ethanolic
extracts of the leaves of Myrcia vittoriana
significantly affected (p <0.05) the germination
and growth variables of the model plants, L.
sativa and A. cepa, used as receivers (Figures 2,
3, 4 and 5). The essential oil caused a significant
reduction in germination rate, compared to
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Table Il. Classes of secondary metabolites found in the
aqueous and ethanolic extracts of Myrcia vittoriana.

Chemicatciass | uelus, | ol
Fixed acid + +
Alkaloids - +
Catechins + +
Steroids - +
Simple phenols + +
Anthocyanins - +
Anthocyanidins - +
Resins - -
Aurones - +
Chalcones - +
Flavonoids + +
Leucoanthocyanidins - -
Saponins + -
Condensed tannins - -
Hydrolysable tannins + +
Xanthones - +
Cardiac glycosides - +
Glycosides ) i

Anthraquinone

Terpenoids + +

The signs (+) and (-) indicate, respectively, the presence or
absence of chemical classes in the analyzed plant material.

water, only for A. cepa at concentrations of 187.5,
1500, and 3000 pug mL" with a decrease of 61.6%
for the highest concentration (Figure 2a). For
L. sativa, the highest tested concentrations of
the ethanolic extract and aqueous extract [100
(% v v")] showed robust phytotoxic effects with
reductions of 19.2 % and 84.8% in germination
percentage, respectively. The extracts did not
affect the germination percentage of A. cepa
seeds (Figures 2b-c).

The germination speed index (GSl) for A. cepa
was reduced by all essential oil concentrations
except for 375ug mL", with the most evident
reduction being for the highest concentration
(Figure 3a). The GSI for L. sativa was negatively

PHYTOCYTOTOXIC EFFECTS OF Myrcia vittoriana

affected by the aqueous extract, with significant
differences from all the controls for the
concentrations of 25,50 and 100 (% v v"') and with
GSI decreasing in accordance with increasing
concentrations (Figure 3b). The concentration
100 (% v v') of ethanolic extract also affected
the GSI of L. sativa, with significant differences
from all the controls. This concentration [100 (%
v v')] was responsible for the most significant
reduction in the GSI of L. sativa seeds treated
with aqueous and ethanol extracts (Figure 3c).
None of the tested extracts influenced the GSI
of A. cepa seeds (Figures 3b-c).

The essential oil of M. vittoriana also
affected root growth of the model plants
(Figure 4). The concentrations of 750 to 3000 pg
mL" inhibited root growth of A. cepa, with the
inhibitory effects of these concentrations not
differing significantly from the positive control
glyphosate, a commercial herbicide. On the
other hand, the concentrations of 375 to 1500
g mL' caused an increase in the elongation
of the roots of L. sativa, with a stimulatory
effect comparable to that of the negative
control (Figure 4a). Almost all concentrations
of aqueous extract of M. vittoriana suppressed
root elongation of L. sativa and A. cepa, with
the exceptions being 6.25 and 12.5 (% v v") for
A. cepa (Figure 4b). The establishment of a “a
dose-dependent response” was observed for
these seedlings since root growth rate declined
according to increases in concentrations. The
ethanolic extract, at the highest concentration
(100% v v"), also affected the growth of L. sativa
roots (Figure 4c).

The growth of the aerial part of L. sativa
was strongly inhibited by the essential oil of
M. vittoriana, with all concentrations differing
significantly from water (Figure 5a). The
concentrations of 750 to 3000 ug mL" did not
differ significantly from glyphosate. A dose-
response relationship was also observed with
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Figure 2. Effects of essential oil (a), aqueous extract
(b) and ethanolic extracts (c) of Myrcia vittoriana on
the germination (%) of Lactuca sativa and Allium cepa.
Bars (mean * SE; n = 5) with lowercase letter ‘a’ are
statistically identical to water; bars followed by the
letter ‘b’ are statistically identical to glyphosate by
Dunnett’s test (p <0.05).

increasing concentrations of essential oil. The
highest concentration (3000 pg mL") had a 54.8%
inhibition of the aerial growth of seedlings
compared to water. With this concentration,
a yellowish coloration was observed in the
seedlings, along with a darkening of the roots
and the presence of dark spots on the leaves
(necrosis) (Figure 6).

PHYTOCYTOTOXIC EFFECTS OF Myrcia vittoriana

Microscopic effects

The essential oil and aqueous and ethanolic
extracts of M. vittoriana were cytotoxic to
meristematic cells of both L. sativa and A. cepa
(Figures 7a-c and 8a-c). A mitodepressive effect
was observed only for cells of A. cepa treated
with aqueous and ethanolic extracts (Figure 8b-
c). Aqueous extract at concentrations of 6.25 and
12.5(%vv") caused reductions in Ml of 36.45% and
27.84%, respectively (Figure 8b). In comparison,
ethanolic extract at the concentration of 100
(%v v") caused a 27.5% decrease compared to
water (Figure 8c). Exposure to essential oil and
aqueous and ethanolic extracts of M. vittoriana
caused several types of chromosomal (CA)
and nuclear (NA) alterations, however, the
percentages of these alterations observed in A.
cepa did not differ significantly from water for
any of the treatments evaluated (p <0.05). The
frequencies of CA for L. sativa seedlings treated
with aqueous extract and ethanolic extract were
significantly greater than that for water, and
not significantly different from MMS (positive
control) for all concentrations, except for 6.25 (%
v V') aqueous extract (Figures 7b-c).

The alterations induced by the treatments
were lost chromosome, adherent chromosome,
c-metaphase, bridge, and micronucleus
in interphase (Figure 9a-d, 10a-b, 11a-b
and 12a-b). Considering the frequency of
these alterations, a significant increase was
observed only for L. sativa cells exposed to
the ethanolic extract (Figure 12a). The adherent
chromosome percentage for L. sativa increased
in concentrations 12.5 and 50 (% v v') and did
not differ significantly from MMS. The ethanolic
extract concentration of 25 (% v v') promoted an
increase in the frequency of c-metaphase, which
did not differ significantly from glyphosate and
MMS. The frequency of chromosomal bridge was
also positively influenced by ethanolic extract at
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Figure 3. Effects of essential oil (a), aqueous extract
(b) and ethanolic extracts (c) of Myrcia vittoriana on
the germination speed index (GSI) of Lactuca sativa
and Allium cepa. Bars (mean * SE; n = 5) with lowercase
letter ‘@’ are statistically identical to water; bars
followed by the letter ‘b’ are statistically identical to
glyphosate by Dunnett’s test (p <0.05).

a concentration of 100 (% v v"), when compared
to positive and negative controls.

Other alterations also showed considerable
increases in relation to the controls, although
these increases were not significant.
Meristematic cells of L. sativa and A. cepa

PHYTOCYTOTOXIC EFFECTS OF Myrcia vittoriana

with adherent chromosome were observed in
all treatments, except for the negative control.
Likewise, c-metaphase was also observed in
all treatments (Figures 10, 11 and 12), except
for A. cepa cells exposed to essential oil. Lost
chromosome was induced in L. sativa cells by all
treatments evaluated (Figures 10a, 11a and 12a),
while this same alteration was not observed in
any of the tested controls. The essential oil of
M. vittoriana also induced lost chromosome in
A. cepa at concentrations of 350 and 3000 pg
mL", while this alteration was only observed
in the MMS control (Figure 10b). Chromosomal
bridge and micronucleus in interphase were not
observed in the negative control of any of the
plant models, however, they were observed in
the evaluated treatments. Chromosomal bridge
was observed for A. cepa in all treatments
tested, but most frequently for aqueous extract
(Figure 11b). Micronucleus in interphase was
also identified in meristematic cells of A. cepa
exposed to treatments, with essential oil being
the main cause of this alteration (Figure 10b).
Aqueous extract also produced micronucleus
in interphase in all plant models, but only at
the concentration of 100 (% v v) (Figure 11a-b).
Ethanolic extract at the concentration of 100 (%

v') induced chromosomal bridge in anaphase
cells of L. sativa, while the same concentration
of aqueous extract also caused the appearance
of micronucleus in interphase (Figure 12a).
Micronucleus in interphase was also observed
in L. sativa cells treated with ethanolic extract
at concentrations of 12.5 and 100 (% v v") (Figure
12b).
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Figure 4. Effects of essential oil (a), aqueous extract
(b) and ethanolic extracts (c) of Myrcia vittoriana on
root growth (mm) of Lactuca sativa and Allium cepa.
Bars (mean * SE; n = 5) with lowercase letter ‘a’ with

lowercase letter ‘@’ are statistically identical to water;
bars followed by the letter ‘b’ are statistically identical

to glyphosate by Dunnett’s test (p <0.05).

Concentration (% v v ‘)

Figure 5. Effects of essential oil (a), aqueous extract
(b) and ethanolic extracts (c) of Myrcia vittoriana on
the growth of the aerial part (mm) of Lactuca sativa.
Bars (mean * SE; n = 5) with lowercase letter ‘a’ are
statistically identical to water; bars followed by the
letter ‘b’ are statistically identical to glyphosate by
Dunnett’s test (p <0.05).

0 Figure 6. Effects of the essential oil

of Myrcia vittoriana (3000 pg mL") on
the growth of the aerial part (mm) of
Lactuca sativa. (a) Seedlings treated
with distilled water with normal
appearance and color. (b) Seedlings
treated with 3000 pg mL" of essential
oil showing yellowish color, dark roots
and dark spots on the aerial part.
Photo: Loren Cristina Vasconcelos.
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Figure 7. Meristematic cell analysis of L. sativa roots
exposed to essential oil (a), aqueous extract (b) and
ethanolic extract (c) of Myrcia vittoriana. Bars (mean
+ SE; n = 3) with lowercase letter ‘a’ are statistically
identical to water, bars followed by the letter ‘b’ are
statistically identical to glyphosate, bars followed by
the letter ‘c’ are statistically identical to MMS (methyl
methanesulfonate) by Dunnett’s test (p <0.05). The
three variables presented are MI: mitotic index; CA:
chromosomal alterations; and NA: nuclear alterations.

DISCUSSION

The essential oil of M. vittoriana was composed
entirely of sesquiterpenes, with the hydrocarbon
sesquiterpenes germacrene D, germacrene Band
bicyclogermacrene being the major compounds,
as has been described for other species of
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Figure 8. Meristematic cell analysis of A. cepa roots
exposed to essential oil (a), aqueous extract (b) and
ethanolic extract (c) of Myrcia vittoriana. Bars (mean
+ SE; n = 3) with lowercase letter ‘a’ are statistically
identical to water, bars followed by the letter ‘b’ are
statistically identical to glyphosate, bars followed by
the letter ‘c’ are statistically identical to MMS (methyl
methanesulfonate) by Dunnett’s test (p <0.05). The
three variables presented are MI: mitotic index; CA:
chromosomal alterations; and NA: nuclear alterations.

Myrcia [e.g., M. tomentosa (Aubl.) DC., M. sylvatica
(G. Mey.) DC., M. cuprea (O. Berg) Kiaersk. M.
pubipetala Miq., M. lajeana D. Legrand and M.
alagoensis O. Berg; Franco et al. 2021, Jeronimo et
al. 2021, Zoghbi et al. 2003, Limberger et al. 2004,
Silva et al. 2013]. Germacrene D is considered a
bioenergetic precursor to many sesquiterpenes
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Figure 9. Main alterations found in Lactuca sativa root meristematic cells exposed to essential oil, aqueous
extract and ethanolic extract of Myrcia vittoriana. (a) Metaphase with adherent chromosome. (b) Interphase with
micronucleus. (c) C-metaphase. (d) Chromosomal bridge. Bar = 10 pm.

(Bilow & Konig 2000) and has been reported
for its numerous biological activities. Studies
have associated the presence of germacrene D
with the phytotoxic (El Ayeb-Zakhama et al. 2016,
Scrivanti & Anton 2019), antifungal (Lawson et
al. 2020), insecticidal (Birkett et al. 2008) and
antibacterial (Salazar et al. 2018) actions of
essential oils. Eom et al. (2006) associated weed
growth suppression with volatile from Catmint
(Nepeta x faassenii), which includes germacrene
D and B among other compounds.
Phytochemical screening of the studied
species confirmed the presence of fixed acid
metabolites, simple phenols, flavonoids,
catechins, hydrolysable tannins and terpenoids
in both aqueous and ethanolic extracts, as
reported by previous studies within Myrtaceae
(e.g, Kich et al. 2017, Raj et al. 2020, Rocha et
al. 2021). These compounds have been reported
for their ability to reduce germination and
growth of different plant species (John & Sarada
2012). In addition, phenolic compounds are
recognized for altering various physiological and
biochemical processes, such as cell membrane
permeability, photosynthesis, cell respiration,
and lipid peroxidation, in addition to interfering
in cell division and, consequently, in plant
growth and development (John & Sarada 2012).
The essential oil of M. vittoriana reduced all
germination parameters evaluated (germination
percentage and GSI) for A. cepa, as well as root

growth, whereas only aerial growth of L. sativa
was affected, with no effects on germination.
Inhibitory effects were confirmed for germination
percentage, GSI and root growth for L. sativa,
whereas only root growth was negatively affected
by aqueous extract for A. cepa. According to
Blum (1999), seedling emergence and growth are
the most sensitive phases in the ontogenesis of
an individual plant. Growth reduction indicates
inhibition of nutrient absorption, cell elongation
and cell division, and causes cell death (Freitas
et al. 2016).

The growth of the aerial part of L. sativa
was significantly affected by all essential
oil concentrations in a dose-dependent
manner, with the inhibition caused by most
concentrations not differing significantly from
glyphosate herbicide. The highest essential oil
concentration caused depigmentation of leaves,
darkening of roots, and necrosis of seedlings.
Loss of pigmentation and necrosis towards the
tip may occur in leaves due to the degradation
of pigment molecules by oxidative damage, with
serious effects on photosynthesis (Hussain et
al. 2017, Niu et al. 2013). In this sense, oxidative
stress may have caused the suppression of
shoot growth by targeting and allocating the
few photoassimilates produced to the roots as
an adaptive strategy for seedling survival by
increasing the water and nutrient absorption
capacity of the root. This would explain the
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induction of root growth to the detriment of
aerial growth for L. sativa seedlings treated
with essential oil. Therefore, it is possible that
sesquiterpenes and the compounds found
in the extracts are mostly responsible for the
phytotoxic activity of M. vittoriana.

The present study demonstrated the
cytotoxicity of the essential oil and aqueous
and ethanolic extracts of M. vittoriana by
documenting a decrease in the mitotic index and

water GLY MMS 187.5 375 750 1500 3000
Concentration (ug mL™")

detecting chromosomal and nuclear alterations
in the cell cycle of L. sativa and A. cepa. The
mitodepressive effect caused by the aqueous
and ethanolic extracts on the meristematic cells
of A. cepa may have been one of the causes
of root growth inhibition since root elongation
depends on normal cell division. Soltys et al.
(2011) explained that reduced root growth
caused by the allelochemical cyanamide is
due to inhibition of the mitotic cycle and
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cell proliferation, as well as to the presence
of alterations in the arrangement of the
cytoskeleton in A. cepa root tip cells. According
to this study, newly formed cells are the only way
to elongate organs by increasing the number of
cells in dimensions.

Aqueous and ethanolic extracts of M.
vittoriana also reduced root growth of L. sativa.
However, cytological observations revealed
they did not cause a reduction in MI. The non-
reduction of MI observed here can be explained

An Acad Bras Cienc (2022) 94(3)

water GLY MMS 625 125 25 50
Concentration (% v v)

100

by the presence of saponins in the aqueous
extract and hydrolysable tannins in both the
aqueous and ethanolic extracts of M. vittoriana.
Luber et al. (2015) studied the phytotoxic effects
of Psidium guajava L. infusion and observed
reduced root growth without a decrease in
MI for L. sativa, which they associated with
the presence of tannins in infusions of guava
cultivars. According to the authors, the roots
started to grow after germination, without cell
proliferation being affected by the infusions.
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Tannins and saponins act in defense against
herbivores and pathogens (Ferreira & Aquila
2000, Rice 1984). According to Marchaim et al.
(1974), saponine can affect germination and
the initial growth of seedlings by reducing the
respiration rate of seeds by making it difficult
for oxygen to diffuse through the seed coat.
Castro & Ferreira (2001) reported the ability of
hydrolysable tannins to act as inhibitors of plant
germination and growth, as well as nitrifying and

water GLY MMS 625 125 25 50 100
Concentration (% v v")

nitrogen-fixing bacteria. From this perspective,
the reduced growth of L. sativa roots exposed to
aqueous and ethanolic extracts of M. vittoriana
may have been due to the action of saponins
and tannins on germination, without cell
proliferation being affected.

The increased frequency of chromosomal
alterations in relation to the water control
indicates genotoxic action by the compounds
present in the essential oil and aqueous and

An Acad Bras Cienc (2022) 94(3) 20210820 15| 20



LOREN CRISTINA VASCONCELOS et al.

ethanolic extracts of M. vittoriana. These
alterations occur as the result of changes in the
structure and/or the number of chromosomes
(Leme & Marin-Morales 2009). Clastogenic
compounds induce breakages in DNA while
aneugenic compounds interfere with the mitotic
spindle, leading to errors during chromosomal
segregation, resulting in the elimination of
genetic material and the formation of polyploid
cells (Fernandes et al. 2007). Microscopic
analysis indicated that both essential oil and
aqueous and ethanol extracts have aneugenic
and clastogenic modes of action.

Adherent chromosome and c-metaphase
were the most frequent chromosomal alterations
in both L. sativaand A. cepa. These abnormalities
are caused by aneugenic agents. According
to El-Ghamery et al. (2003), adherence can be
related to the later appearance of chromosomal
breaks and the formation of bridges between
chromatids, corroboratingtheresultsfoundinthe
present study. All treatments of A. cepa induced
chromosomal bridge formation in anaphase.
The ethanolic extract also caused chromosomal
bridge in L. sativa. The establishment of bridges
is a clastogenic alteration that occurs due to
the loss of telomeres through breaks in the
ends of chromosomes followed by the union
of chromatids (Leme & Marin-Morales 2009,
Matsumoto et al. 2006).

C-metaphase and lost chromosome are
aneugenic changes related to the action of
agents on the fibers of the mitotic spindle during
metaphase (Fernandes et al. 2007, Leme &
Marin-Morales 2009). Lost chromosome results
from the lack of orientation of the spindle fibers
during metaphase (Freitas et al. 2016). Thus, the
induction of c-metaphase and lost chromosome
in the model plants may have occurred due to
the action of aneugenic substances present in
the essential oil and extracts of M. vittoriana
leaves on the proteins that form or regulate

PHYTOCYTOTOXIC EFFECTS OF Myrcia vittoriana

the mitotic spindle. Micronucleus was also
induced by treatments, with the exception being
for essential oil in the meristematic cells of L.
sativa. In the present study, micronucleus may
have arisen from entire chromosomes being lost
during anaphase, which may be indicative of a
mutagenic effect.

CONCLUSIONS

The phytotoxic and cytotoxic effects of Myrcia
vittoriana were confirmed for the plant models
L. sativa and A. cepa. The sesquiterpenes, with
an emphasis on germacrene D (identified in
the essential oil), and the phenolic compounds
(tannins, catechins, and saponins) identified in
the aqueous and ethanolic extracts contributed
to the phytotoxic, cytotoxic, genotoxic, and
mutagenic activity observed in the treatments.
Future studies should focus on the identification
of polar or moderately polar constituents in
fresh and dried leaf tissues of M. vittoriana and
test them on native species and under field
conditions. In this way, it will be possible to
elucidate how these compounds of M. vittoriana
are released into the environment where they
affect neighboring plants in the communities.
Additional evaluation of the ethanolic and
aqueous extracts using mass spectrometry is
also needed.
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