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Abstract

Plants that produce secondary metabolites with allelopathic activity or phytotoxicity can be biotechnologically
important, serving as sources of allelochemicals, and thus contributing to the agroindustrial sector. Vismia japurensis
(Hypericaceae) is an Amazonian species that grows in clumps called vismiais, from which most other plants
are absent. Accordingly, the objective of this study was to identify possible phytotoxicity effects of hexane and
methanol extracts of Vismia japurensis leaves and branches in vivo and from seedlings grown in vitro on Lactuca
sativa. In addition, fresh and dry leaves were assayed by the sandwich method in order to determine their ability
to release allelochemicals. The hexanic extract from in vitro seedlings reduced germination by 10%, while the
methanol extract produced a 16% reduction in germination speed. Root growth of Lactuca sativa was inhibited
by 64.7% when subjected to hexane leaf extract, by 39.3% under the influence of hexane branch extract, and by
96.09% for in vitro seedling hexanic extract. When analysed by thin layer chromatography and 'H nuclear magnetic
resonance, extracts showed evidence of terpenes, anthraquinones and flavonoids, with greater intensity of signals
in the aromatic region of in vitro seedling hexanic extract. Clearly, Vismia japurensis has a high biotechnological
potential in terms of the production of substances of low polarity with capacity to interfere in plant development.
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Resumo

Plantas que produzem metabdlitos secundarios com atividade alelopatica ou fitotéxica podem ser
biotecnologicamente importantes, servindo como fontes de aleloquimicos e, assim, contribuindo para o setor
agroindustrial. Vismia japurensis (Hypericaceae) é uma espécie amazonica que cresce em grupos, formando vismiais.
Assim, o objetivo deste estudo foi identificar possiveis efeitos fitotoxicos de extratos hexanicos e metanélicos
de folhas e ramos de Vismia japurensis in vivo e de plantulas cultivadas in vitro sobre Lactuca sativa. Além disso,
folhas frescas e secas foram analisadas pelo método sanduiche, a fim de determinar sua capacidade de liberagdo
de aleloquimicos. O extrato hexanico de plantulas in vitro reduziu a germinagdo em 10% e o extrato metandlico
promoveu uma reducdo de 16% na velocidade de germinacao. O crescimento radicular de Lactuca sativa foi inibido
em 64,7% quando submetido ao extrato hexanico das folhas, em 39,3% sob influéncia do extrato hexanico dos galhos
e em 96,09% para o extrato de hexanico das plantulas in vitro. Quando analisados por cromatografia em camada
delgada e ressonancia magnética nuclear de 'H, os extratos mostraram evidéncias de terpenos, antraquinonas
e flavonoides, com maior intensidade de sinais na regido aromatica do extrato hexanico das plantulas in vitro.
Assim, Vismia japurensis possui elevado potencial biotecnolégico em termos de producdo de substdncias de baixa
polaridade com capacidade de interferéncia no desenvolvimento de plantas.

Palavras-chave: bioprospeccdo, cultura de tecidos vegetais, terpenos, antraquinonas, fitotoxicidade.

1. Introduction

The management and development of appropriate
technologies for biological weed control is a priority, since
problems with undesired plant species in economically
strategic crops can jeopardize the food supply and cause
production-based financial losses (Agostinetto et al., 2015).

Currently control of weeds is carried out using
chemical and mechanical methods, either separately or

in combination, sometimes causing serious damage to
the environment (Spiassi et al., 2015), and in the case of
mechanical control, it can be inefficient for species can
establish and spread swiftly from vegetative fragments
(Agostinetto et al., 2015). Thus, obtaining bioherbicides
of natural origin represents a biotechnological aim, since
it could produce products that resolved the problem
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of combating weeds while guaranting the safety of
the environment.

A variety of secondary metabolites can interfere with
the establishment of other species, by influencing such
aspects of plant development as germination and growth.
Plants producing such chemicals under natural conditions
are termed ‘allelopathic’ (Rice, 1974; Latif et al., 2017),
but they can also be considered ‘phytotoxic’, when
their organic extracts are evaluated in the laboratory
(Reigosa et al., 2013).

Allelopathic and/or phytotoxic plants have been
studied for the potential production of bioherbicides and
insecticides, as well as to enhance knowledge of plant
colonization vis-a-vis native plant conservation. From such
studies it is possible to determine which species can
hinder the colonization and development of other plant
species in the short or long term, and so be undesirable for
inclusion in forest restoration projects (Reigosa et al., 2013;
Sartorelli et al., 2018).

Allelopathic evaluation studies have been carried out
for several species in the family Hypericaceae, such as
Hypericum myrianthum, Hypericum polyanthemum and
Vismia guianensis. While members of the genus Hypericum
showed a marked capacity to inhibit the germination and
growth of Lactuca sativa L. (Fritz et al., 2007), a species
commonly used in allelopathic sensitivity tests, no such
activity was found for aqueous extracts of Vismia guianensis
(Aubl.) Choisy (Almeida and Leone, 2017).

Species of the genus Vismia are known for the
production of quinones, terpenes, flavonoids, xanthones,
in addition to producing several products with potential
antimicrobial, antinociceptive, anti-inflammatory and
antioxidant capacities (Hussain et al., 2012; Oliveira, 2009;
Nobre et al., 2015; Lins et al., 2016).

Several factors, such as light, temperature, seasonality,
avaioability of nutrients and minerals, can interfere with
plant production of secondary metabolites (Gobbo-Neto
and Lopes, 2007). This can complicate repeatability.
In consequence, in vitro plant culture is being used in
some agricultural and pharmaceutical sectors, to develop
constant, consistent and reliable production of secondary
metabolites, generally accompanied by developments of
improved yield or plant by-product formation (Carvalho
and Vidal, 2003).

Vismia japurensis Reichardt, known locally in northern
Brazil as a lacre, is one of the most common species early in
the successional establishment of secondary forests in the
Amazon, forming near-monodominant stands (vismiais).
As a pioneer species, it is highly values in phytoremediation
for degraded area regeneration (Monaco et al., 2003;
Silva et al., 2008; Silva, 2012). In vivo studies of this species
have isolated the anthraquinones: vismiaquinone A,
vismiaquinone B, madagascine and fiscione; the triterpenes:
friedelin and friedelan-3-B-ol; and the steroid sitosterol
(Do Carmo et al., 1981; Pinheiro et al., 1984; Pedroza, 2019).
However, studies have not yet been carried out on their
interaction with other species in nature, mediated by the
release of chemical substances. Studies are also lacking
the biological activities of seedlings established in vitro.
Consequently, the current research aimed to evaluate
the phytotoxic and allelopathic potential of V. japurensis
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on the germination and growth of Lactuca sativa, and to
compare the chemical content of extracts from plants
grown in vivo and in vitro.

2. Materials and Methods

2.1. In vivo plant material collection

The plant material (leaves and branches) of Vismia
japurensis used for extract preparation from an adult
specimen was collected at the Federal University of
Amazonas (UFAM) campus in August 2017, under permits
numbers: 16970-1 from IBAMA and AF64920 from SISGEN.
A voucher specimen (number 278425) was deposited
in the National Institute of Amazonian Research (INPA)
herbarium. Leaves and branches were dried in an oven
and ground in a knife mill.

The leaves collected for the sandwich method test
(Fujii et al., 2003), were harvested in the urban perimeter of
the city of Manaus, in August 2017, from an adult specimen.
A voucher specimen (number 282798) was deposited in
the INPA herbarium. Part of the leaves were oven dried
and part were kept fresh for the tests.

2.2. In vitro seedling multiplication and collection

Seedlings were established in vitro, then multiplied from
nodal segments on woody plant medium (WPM) (Lloyd and
McCown, 1980), with 3% sucrose as the carbon source, and 0.8%
agar as the gelling agent. There was no addition of plant
hormones, and the pH was adjusted to 5.7 + 1. Cultures were
maintained in a growth room under a constant temperature
of 26 + 2 °C, under a 16:8 hours (light/dark) photoperiod.
After 60 days cultivation, seedlings were withdrawn, washed
to remove culture medium and lyophilized.

2.3. Extract preparation

Leaves and branches (obtained from plants in vivo) were
dried in a forced circulation oven at <50 °C for 2-3 days,
ground in a knife mill, and extracted with hexane (1 g/10 mL
ratio) using an ultrasound bath for 20 min, then filtered
and extracted again with hexane, a procedure repeated 3
times. Subsequently, plant material was dried in an oven
and extracted with methanol (proportion 1 g/10 mL) in
an ultrasound bath for 20 min. The solvent was filtered,
and the plant material extracted again with methanol in
an ultrasound bath for 20 min, with the process repeated
3 times. Obtained extracts were then concentrated in a
rotary evaporator.

Seedlings grown in vitro were dried in a lyophilizer, then
ground with a mortar and pestle. Afterwards, extraction
was conducted with hexane solvents (1 g/10 mLratio) inan
ultrasound bath, and then with methanol, in ways similar to
those used for the extraction of in vivo leaves and branches,
but with extraction by each solvent repeated 8 times.
Obtained extracts were concentrated in a rotary evaporator.

2.4. Chemical analysis of extracts

Initial chemical analyzes of extracts were performed
by comparative thin layer chromatography (TLC), using
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aluminum chromatographic plates with silica gel
impregnated with the fluorescence indicator UV254
(Alugram SIL G/UV254). Samples were applied to the
chromatographic plates and eluted with organic solvents
in different proportions according to sample polarity.
To develope the substances present on the chromatographic
plates, physical developers were used: ultraviolet light
(2254 and 365 nm), and chemical developers: resublimated
iodine, ceric sulfate, ferric chloride, NP-PEG, potassium
hydroxide (KOH), sulfuric anisaldehyde and Dragendorff
reagent. 'H nuclear magnetic resonance ("H-NMR)
spectroscopic analyzes were performed with a Bruker
Fourier 300 MHz spectrometer.

2.5. Evaluation of phytotoxicity

2.5.1. Extract assays

Hexane and methanol extracts of in vivo leaves
and branches and of in vitro seedlings were tested at a
concentration of 1000 pg/mL, solubilizing 2 milligrams
in 2 milliliters the extracting solvent; tests were
performed in quadruplicate, using 9 cm Petri dishes
as filter paper substrates.

After all solvent had evaporated, 2 mL of sterile water
was added to moisten the filter paper. Each disc of filter
paper received 25 seeds of Lactuca sativa ‘Black Seeded
Simpson’ (pre-sterilized, with a germination percentage
of 97%, selected for uniformity in size and distributed
evenly over the substrate surface). On the control plates, an
identical procedure was carried out, replacing the extract
with the extraction solvent: hexane, for the test with
hexanic extract, and methanol in the test with methanolic
extract, after which the solvent was evaporated, and 2 mL
of sterile water added, as above.

2.5.2. Evaluation of allelopathic potential by the
sandwich method

Four plates were used for each treatment, with 3
separate treatments: 1-fresh leaves: 20, 40 and 60 mg,
2-dry leaves: 20, 40 and 60 mg and 3-without leaves:
designated as control. The choice of concentrations was
adapted from the work of Candido et al. (2010a). 10 mL of
autoclaved agar (5% w/v) was placed in Petri dishes, once
the agar solidified the leaves were added at the appropriate
concentrations, and another 10 mL of agar was distributed
over the leaves, forming an “agar sandwich”. Only 20 mL
of agar was added to the control plates. After this, 25
seeds of Lactuca sativa were placed in each plate, totaling
100 seeds per treatment.

2.6. Conditioning

Plates were taken to a germination room, where they
were kept for an average of 10 days with a 16:8 hours
(light/dark) photoperiod at a temperature of 26 + 2 °C.
Germination percentage was observed daily, using the
criterion of 2 mm of visible root protrusion. The experiment
was concluded after three consecutive days with no
germination, or after 10 days from seed inoculation,
whichever was earlier.
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2.7. Growth bioassay

Ten seeds were randomly selected from the pool of
germinated seeds in each Petri dish. Three days after
root protrusion, extention of the aerial part and radicle
of each seedling were measured, using graph paper
(Candido et al., 2010b). Forty seedlings were analyzed per
experimental concentration.

2.8. Data analysis

The following data were evaluated: GI - germination
index (mean number of seeds germinated in each treatment,
expressed as percentage of germination), GSI - germination
speed index (mean number of germinated seeds per day
in each treatment), and growth of hypocotyl and radicle,
comparing the different treatments for each analysis.

Results obtained in the germination and growth tests
(root and hypocotyl length) were analyzed using simple
analysis of variance (ANOVA), while means were compared
with a Tukey Test at 5% probability (p < 0.05) (Mardco,
2011). All analyzes were performed using the GraphPad
Prism program (GraphPad Prism, 1994).

3. Results

There was no significant difference between the
percentage of germination and the speed of germination in
the sandwich method tests and with hexane and methanolic
extracts of living plant leaves and branches. The hexanic
extract from in vitro seedlings reduced germination by
10%, while methanol extract produced a 16% delay in
germination speed (as shown in Table 1).

Root growth rate decreased when subjected to leaf,
branch and seedling hexane extracts, by 64.8%, 39% and
96.53% respectively. Aerial part elongation did not suffer
interference from the hexane extracts of the leaves and
branches, but elongation was reduced by 30.9% when
exposed to in vitro seedling hexane extract (see Figure 1).

The methanol leaf extract reduced radicular growth
by 6.9%, but had no impact on aerial part formation (see
Figure 2).

The growth test, using the sandwich method, yielded
no significant differences in L. sativa root growth, but a
decrease was observed for aerial part growth of 22.31% and
19.43%, respectively, at concentrations of 40 and 60 mg for
dry leaves; and 19.7%, 23.6% and 25% at concentrations of
20,40 and 60 mg of fresh leaves, respectively (see Figure 3).

4. Discussion

Invitro seedling hexanic extracts showed a robust impact
on both root growth (apparently causing necrosis), and the
aerial part (as shown in Figure 4). Since the sandwich test
showed little or no growth interference, Vismia japurensis
can be considered a phytotoxic but not allelopathic species.
This agrees with results found for polar extracts of Vismia
guianensis, where no allelopathic action was found on
L. sativa and Solanum lycopersicum L germination and
seedling growth (Almeida and Leone, 2017).
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The reduction in root growth, seen mainly with the
in vitro seedlings hexanic extract, is one of the main
effects observed after the exposure of test plants to
allelochemicals. Such an effect may be associated with
premature lignification of cell walls (Suzuki et al., 2008),
or with the inhibition of biosynthesis of plant hormones
associated with root formation, a response which could
be a function of stress (Taiz and Zeiger, 2013).

Table 1. Percentage of Lactuca sativa seeds germinated and their
germination speed index (GSI) when in contact to Vismia japurensis
extracts or leaves.

Treatment Concentration Germination GSI
LEAVES
Hexanic 0 mg/mL 97.00% 11.58
extract 1 mg/mL 91.00% 12.92
Methanolic 0 mg/mL 100.00% 25.00
extract 1 mg/mL 97.00% 2413
BRANCHES
Hexanic 0 mg/mL 97.00% 11.58
extract 1 mg/mL 92.00% 10.67
Methanolic 0 mg/mL 98.00% 2413
extract 1 mg/mL 94.00% 22.83
SEEDLINGS
Hexanic 0 mg/mL 94.00% 12.38
extract 1 mg/mL 84.50% 12.00
Methanolic 0 mg/mL 92.00% 22.63
extract 1 mg/mL 89.00% 19.00°
SANDWICH METHOD
0mg 98.00% 23.33
Frech leaves 20 mg 93.00% 24.50
40 mg 94.00% 22.63
60 mg 95.00% 21.75
0mg 94.00% 2417
20 mg 98.00% 23.25
Dry leaves
40 mg 91.00% 2321
60 mg 88.00% 23.75

Legend: Significant results are followed by: *p < 0.05; ***p < 0.001.
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Ribeiro et al. (2015) also found a reduction in root
size, as well as necrosis, in their work on the phytotoxic
activity of phenolic compounds. They attributed this effect
to imbalance in hormonal levels caused by this class of
compounds, specifically by a decrease in the concentration
of indolacetic acid (IAA, auxin) in reaction to various
phenolic acids.

Hexanic extracts, which showed more pronounced
activity, were chemically analysed. TLC analyzes of all
three extracts showed evidence of terpenes, when plates
were developed with ceric sulfate (brown colored spots)
and sulfuric anisaldehyde (lilac-colored spots); phenolic
substances, when developed with ferric chloride (dark
brown spots); and anthraquinones, when developed with
KOH (pink spots). They also showed fluorescent substances
under UV light at wavelengths of 365 and 254 nm, an
indication of the presence of chromophores. The chemical
developer NP-PEG intensified the fluorescence at 365 nm,
an indicator of the presence of flavonoids.

All three hexanic extracts were compared by 'H-NMR
(see Figure 5) and seedlings had greater concentration
of all chemical classes. The '"H-NMR spectra contained
signals with chemical displacements of methyl hydrogens,
which characterize terpenoids and steroids (0.60 to
2.0 ppm). In the 3.0 to 4.0 ppm region there were signs
characteristic of methoxyls, and others indicating the
presence of olefinic hydrogens, themselves characteristic
of prenyl groups in the region between 5.0 and 5.5 ppm
(see Figure 6). The seedling 'H-NMR spectrum showed
a higher intensity of signals in the region of aromatic
hydrogens (6.0 to 8.0 ppm) (see Figure 6), which may
be an indication of the presence of anthraquinones and
flavonoids, classes which are well represented in the genus
Vismia, according to the literature (Hussain et al., 2012;
Vizcaya et al., 2012). The 10.0 to 13.0 ppm region showed
signals that can be attributed to chelated hydroxyls of
anthraquinones and the presence of carboxylic acids
(see Figure 7).

Methoxyls, prenyl groups, chelated hydroxyls and
carboxylic acids are characteristic groups of some
substances already isolated from the species in vivo
(Do Carmo et al., 1981; Pinheiro et al., 1984; Pedroza, 2019).

Some anthraquinones and terpenes have already been
evaluated for phytotoxicity, such as naphthotectone and
anthratectone, anthraquinones isolated from leaf extracts
of Tectona grandis, which showed a high level of phytotoxic
activity, and dose/response values similar to that of
the commercial herbicide Logran® (Lacret et al., 2011).
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Figure 1. Lactuca sativa seedling growth when in contact to different hexanic extracts. Significant results are followed by: ****p <0.0001.
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Figure 2. Lactuca sativa seedling growth when in contact to different methanolic extracts. Significant results are followed by: ****p <0.0001.
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Figure 3. Growth of Lactuca sativa seedlings under the influence of dry and fresh Vismia japurensis leaves (sandwich tests). Significant
results are followed by: **p < 0.01; ***p < 0.001; ****p < 0.0001.
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Figure 4. Seedlings of Lactuca sativa showing the influence of hexanic extracts: (A) L. sativa in contact to leaf hexanic extract and
compared to control; (B) General view of L. sativa in contact with hexanic extract from in vitro seedlings and compared to control; (C)
Several L. sativa plants in contact with hexanic extract from in vitro seedlings and compared to control; (D) One L. sativa plant in contact
with hexanic extract from in vitro seedlings and compared to control; (E) Plant showed in (D) magnified view (2.5x).
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can have an important role in processes of maximizing
phytotoxic substances production. Such results justify
the continuation of work with this species in vitro for the
isolation and characterization of substances that can be
used in the market of natural herbicides.
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