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ABSTRACT

Myrsine umbellata is a Brazilian native species from the Primulaceae family, popularly
known as “Capororocao.” Considering that plants have been used to treat various
illnesses, explaining interest in research with Brazilian native species in the search for
plant bioactives with biological potential that can act on the control of pathogenic
microorganisms. Thus, the present study aimed to identify the phytochemical
compounds of the leaves of the native species M. umbellata, as well as to evaluate the
antimicrobial potential of Methanolic (ME), Acetonic (AE), Ethanolic (EE), and Hexanic
(HE) plant extracts against bacteria of clinical and veterinary importance. The presence
of secondary metabolites was analyzed by observing color changes or precipitate
formation reactions, and the antimicrobial activity was determined by broth
microdilution methodology. Through phytochemical prospecting, the presence of nine
classes of metabolites was detected: tannins, saponins, free steroids, alkaloids,
anthocyanins, anthocyanidins, flavones, flavonoids, and flavanonols. The extracts
exhibited antimicrobial activity against all tested strains. ME showed the best MIC
results for the standard strains. The most susceptible strains were gram-positive:
Staphylococcus epidermidis and Enterococcus faecalis and gram-negative:
Salmonella enterica Typhimurium, Pseudomonas aeruginosa, Proteus mirabilis
besides the yeast Candida albicans. The results indicate that the species M. umbellata
shows the potential for isolating natural bioactives and the potential development of
products such as non-synthetic antimicrobials.
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1. INTRODUCTION

Brazilian biomes are synonymous with biodiversity, standing out due to the vast
number of species and their distribution, with this diversity accounting for nearly 20%
of the global total. So, Brazil holds enormous potential for hosting plants with the ability
to isolate plant bioactives that can be explored for therapeutic purposes. (Braz-Filho,
1999; De Carvalho & Conte-Junior, 2021).

Since the most primordial times, men have searched nature for resources that could
promote a better quality of life. Moreover, in recent years, due to the high cost of
allopathic medicines, there has been an increased interest in medicinal plants to be
used in the treatment of pathologies, and they can be used in the health service,
according to the regulation of phytotherapy registration in the health surveillance
(Paiva et al., 2007).

As stated by the World Health Organization (WHO), plants are the best source for
obtaining bioactive compounds since they possess various allelochemicals derived
from their secondary metabolism. These compounds can be used in a wide range of
applications, including the development of natural antimicrobials, antioxidants, and
even dietary supplements. (Coradin, Siminski & Reis, 2011; Marinho et al., 2023).

Due to the rising number of infections caused by pathogenic microorganisms and the
inefficacy of current synthetic antimicrobials, concerns regarding the phenomenon of
antimicrobial resistance have been growing. According to the World Health
Organization (WHO), bacterial resistance is the ability of the organism to stop a
particular antimicrobial agent from acting on it, resulting in ineffective treatments and
persistent infections. This resistance is caused by spontaneous chromosomal
mutations, where microorganisms adapt and manage to grow even in the presence of
antimicrobials (Scur et al., 2014; Santana et al., 2016; Bezerra et al., 2017).
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Considering the age-old medicinal potential of plants, there has been a growing
interest in research aimed at discovering the benefits of these natural products when
applied to combat infections caused by pathogenic microorganisms. (Erdogrul, 2002;
Ghosh et al., 2008).

In the investigation for plant extracts from native Brazilian plants, the genus Myrsine
(has Rapanea as a synonym), belonging to the Primulaceae family, comprises about
300 species with pantropical distribution; in Brazil, 26 species are recorded, distributed
in the south and southeast regions (Ricketson & Pipoly, 1997; Stahl & Anderberg,
2004).

Given the importance of understanding native flora and its potential, this study aimed
to identify compounds from the secondary metabolism of leaf extracts of Myrsine
umbellata as well as to evaluate their antimicrobial potential against medically relevant

strains.

2. MATERIAL AND METHODS

2.1 COLLECTION AND IDENTIFICATION OF MYRSINE UMBELLATA
LEAVE

M. umbellata leaves were collected at the Paulo Gorski ecological park (24°57'51.61"S
and 53°26'14.80"W) in alternating periods between August and September 2020. The
State University Herbarium of Western Parana (UNOP) was responsible for identifying

the exsiccate of the plant under registration UNOP10731.

2.2 PLANT EXTRACTS

The plant was dried at 35°C and ground in a Willye type knife, obtaining a fine powder
that was stored in hermetically sealed glass containers until its use in the preparation
of the extracts (Weber et al., 2014).

The extracts were extracted following the methodology of Pandini et al. (2015) with

modifications. The dried plant material (10 g) was subjected to extraction with different
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solvents (100 mL): methanol (ME), ethanol (EE), acetone (AE), and hexane (HE).
These liquid preparations were kept on a rotary shaker at 220 rpm for 24 h. They were
then filtered using Whatman n° 1 type filter paper and centrifuged at 3800 rpm for 15
min. The supernatant was collected, subjected to rotary evaporation, and stored in a
freezer at 4° C.

2.5 PHYTOCHEMICAL SCREENING OF EXTRACTS

The phytochemical prospection of the extracts was performed according to the
methodology described by Matos (1997) with modifications. In these tests, the
presence or absence of the following groups of compounds was identified: alkaloids,
saponins, steroids, triterpenoids, anthocyanins, anthocyanidins, flavonoids, tannins,

and coumarins.
2.6 MICROORGANISMS

All leaf extracts of M. umbellata were tested against seven Gram-negative
microorganisms: Klebsiella pneumoniae (ATCC 13883), Escherichia coli (ATCC
25922), Salmonella enterica Typhimurium (ATCC 14028), Salmonella enterica
Enteritidis (ATCC 13076), Pseudomonas aeruginosa (ATCC 27853), Salmonella
entérica Abaetetuba (ATCC 35640), Proteus mirabilis (ATCC 25933), and a yeast,
Candida albicans (ATCC 10231). In addition, four Gram-positive microorganisms were
included: Bacillus subtilis (CCD-04), Staphylococcus aureus (ATCC 25923),
Enterococcus faecalis (ATCC 19433), and Staphylococcus epidermidis (ATCC 12228).
One of the microorganisms belongs to CCD (Cefar Diagnostica Culture Collection),

and 11 microorganisms belong to ATCC (American Type Culture Collection).

2.6.1 MINIMUM INHIBITORY CONCENTRATION (MIC) AND MINIMUM
BACTERICIDAL/FUNGICIDAL CONCENTRATION (MBC/MFC)

For the test, the microorganisms were inoculated in Brain Heart Infusion (BHI)
enrichment broth and then incubated for 24 hours at 36x1°C. They were then

subcultured on Muller Hinton agar plates and further incubated for 24 hours at 36+1°C.
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Inocula were then standardized in 0.85% saline solution, resulting in a final

concentration of 1x105 CFU/mL-1 for the bacteria.

The assays were conducted according to the microdilution in broth methodology
described by Laskoski et al. (2022) and in accordance with the Clinical and Laboratory
Standards Institute, CLSI (2017). In a 96-well plate, 150 pL of double-concentration
Muller Hinton broth (MH) was distributed from the second well. The first columns had
300 uL of extract mixed with methanol and diluted in MH broth. The extracts were
diluted to a concentration of 200 mg/mL. To achieve this, 0.2g of extract was weighed
and diluted in 1mL of PA methanol and homogenized in 1mL of MH. Serial dilutions
ranging from 200 to 0.09 mg/mL were prepared, transferring 150 pyL from each well of
column 1 to column 2 and so on up to column 12. Next, 20 pL of microorganisms were
added to each well, and the plates were incubated at 36x1°C for 24 hours. The positive
control was performed using the commercial antibiotic gentamicin (for bacteria) at the
same concentration tested in the experiments. The negative control involved adding
the inoculum to MH broth without the addition of the extract to verify the viability of the
tested microorganisms. Sterility control of the extract and the control of the methanol

diluent were also conducted to check for any interference of the diluent in the results.

A total of 20 pL of 0.5% TTC (Triphenyl Tetrazolium Chloride) solution was used as a
color indicator in each well of the plate. A reddish color was interpreted as evidence of
viable microorganisms, indicating the absence of bacterial growth inhibition. This
allowed the determination of the minimum concentration of the extract capable of

inhibiting microbial growth. The assays were performed in triplicate.

The methodology described by Weber et al. (2014) and Laskoski et al. (2022) were
used for this test. Before adding the color indicator (TTC) to determine MIC, a 2 pL
aliquot was taken from each inoculated well of the plate and streaked on the surface
of another MH agar plate. These plates were then incubated at 36 + 0.1°C for
approximately 24 hours. The assay was performed in triplicate, and for the
determination of MBC/MFC, it was observed whether there was the presence or

absence of microbial growth on the MH agar plate, thus determining the minimum
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concentration of the extract capable of causing death to the tested microorganism

(bacteria/fungi).

The classification of the plant extracts followed the categories organized by Pandini et
al. (2015), with activity falling into one of four classes: high (<12.5 mg/mL), moderate
(12.5 to 25 mg/mL), low (50 to 100 mg/mL), and very low (>100 mg/mL).

3. RESULTS AND DISCUSSION

The phytochemical analysis did not reveal the presence of coumarins and triterpenoids
in any of the tested extracts; however, nine other classes of compounds were
identified: tannins, steroids, saponins, flavonoids, flavones, flavanonols, alkaloids,
anthocyanins, and anthocyanidins (Table 1). The extract that presented the highest
diversity of secondary metabolites was the HE, with nine different classes of
compounds: alkaloids, free steroids, anthocyanins, anthocyanins, flavonoids
(flavonoids, flavones, flavonols, and xanthones), and tannins, being considered the
best-extracting solvent, followed by ME and EE with eight classes, being identified:
saponins, alkaloids, free steroids, flavonols, flavones, flavonols, and tannins. The AE,
with six classes, presented free steroids, alkaloids, flavone, flavonols, flavonoids, and

tannins, being the extract that presented the lowest diversity of secondary metabolites.

Table 1: Phytochemical prospection of secondary metabolites

Secondary metabolites ME EE  AE HE
Saponins + + = 5
Free steroids + + + +
Triterpenoids - - - -
Alkaloids + + + +
Anthocyanins - - - +
Anthocyanidins - - - +
Flavones + + + +
Flavonoids + + + +
Flavonols + + + +
Condensed tannins + + + +
Coumarins - - - -

The author, 2023.

(+) presence; (-) absence. ME: methanolic extract; EE: ethanolic extract; AE: acetonic
extract; HE: hexanic extract.
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Several studies have successfully identified and isolated a variety of secondary
metabolites from various species of the Myrsine genus, such as triterpenoids,
flavonoids, terpenes, tannins, and saponins. However, there have been no studies
found on the phytochemical analysis of Myrsine umbellata Mart. in the current literature
(Januario et al., 1992; Zhong et al., 1997, 1998; Ospina et al., 2001; Githiori et al.,
2002).

Alves et al. (2012) conducted studies on the chemical composition of leaf extracts from
Myrsine coriacea; the presence of seven classes of metabolites was discovered,
including flavonones, flavonols, xanthones, phenolic compounds, tannins, coumarins,
and saponins. Despite being from the same genus, there are some differences
between the metabolites found. The variation in the presence of these metabolites may
be due to several factors, such as the chemical composition of the leaves of a species,
how the material was collected, the time of year, the age of the plant, and even some
environmental factors such as climate, composition, and soil conditions. Therefore,
these alterations can affect the biosynthesis of plant chemical compounds, resulting in
differences in the compounds found among species of the same family, genus, and
even within the species itself. (Gobbo-Neto; Lépez, 2007; Morais, 2009; Fernandez-
Agullé et al., 2013).

According to their chemical composition, some plant species have biologically active
substances that can promote reactions in the human body that range from healing to

slowing down diseases caused by pathogenic bacteria (Toledo et al. 2023).

Regarding the antimicrobial activity of the extracts, four different extracts were tested:
methanolic, acetonic, ethanolic, and hexanic, in order to evaluate their ability to inhibit
growth (Minimum Inhibitory Concentration - MIC) and/or cause death (Minimum

Bactericidal Concentration - MBC) of the tested microorganisms.

It was observed that the extracts' activities varied according to the extracting solvent
and tested microorganisms; thus, all tested M. umbellata extracts showed antimicrobial

potential against the 12 pathogenic standard strains (ATCC) (Table 2).
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Table 2: MIC and MBC of extracts of M. umbellata leaves against different pathogenic strains

Microorganisms MIC/MBC (mg. mL)?

ME EE AE HE
Gram-positive
Staphylococcus aureus 25/25 12,5/200 25/100 1.56/25
Staphylococcus epidermidis 3.12/6.25 12.5/200 3.12/25 6.25/12.5
Enterococcus faecalis 6.25/12.5 6.25/25 6.25/25 50/200
Bacillus subtilis 6.25/25 6.25/25 3.12/50 50/100
Gram-negative
Salmonella enterica Typhimurium 6.25/12.5 6.25/25 12.5/25 25/100
Salmonella enterica Enteritidis 6.25/12.5 12.5/100 6.25/12.5 50/200
Salmonella enterica Abaetetuba 12.5/25 12.5/25 6.25/12,5 @ 25/100
Escherichia coli 3.12/12.5 3.12/25 3.12/12.5 50/100
Klebsiella pneumoniae 12.5/25 3.12/25 3.12/50 25/100
Proteus mirabilis 3.12/12.5 3.12/25 3.12/50 100/200
Pseudomonas aeruginosa 3.12/12.5 3.12/25 3.12/50 50/200
Yeast
Candida albicans 6.25/12.5 6.25/25 12.5/50 50/200

The author, 2023.

ME: methanolic extract; EE: ethanolic extract; AE: acetonic extract; HE: hexanic

extract.

The MIC and MBC of the plant extracts were categorized following the classification
by Pandini et al. (2015), the activity was classified into one of 4 classes: high (<12.5
mg. mL?), moderate (12.5 to 25 mg. mL™1), low (50 to 100 mg. mL"!) and very low (>100

mg. mL1).

The antimicrobial activity of the extracts declined in the following order: ME was seen
as the best solvent, followed by AE, EE, and HE (Table 2). ME showed the best
antimicrobial activity when compared to the other extracts, with MIC/MBC/MFC values
ranging from 3.12 to 25 mg.mL, classifying both MIC and CBM of high and moderate,
highlighting its efficiency on the gram-positive strain Staphylococcus epidermidis
(3.12/6.25 mg.mL1). The activity of this extract can be evidenced by the presence of
the compounds saponins and tannins when compared to extracts that did not present

these classes of compounds.

The second best extract was the acetone extract with MIC/MBC values ranging from
3.12 to 100 mg.mL?, classifying the MIC as high and moderate and the MBC as
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moderate and low, highlighting its efficiency on the gram-negative strain Bacillus
subtilis (3.12/50 mg.mL™1).

The ethanolic extract was the third best extract in antimicrobial activity, with MIC/MBC
values ranging from 3.12 to 200 mg.mL?, classifying the MIC as high and moderate
and the MBC as low and very low, highlighting its efficiency on the gram-negative
strains K. pneumoniae, E. coli (3.12/25 mg.mL™). The activity of this extract can be
evidenced by the presence of saponins when compared to extracts that do not present
this class of compound.

The HE was the one that presented the lowest antimicrobial activity when compared
to the others, with MIC/MBC values varying from 1.56 to 200 mg.mL?, classifying the
MIC as high, moderate, and low and the MBC as moderate, low, and very low,
highlighting its highest efficiency on the gram-positive strain S. aureus (1.56/25 mg.mL"
1). Although this extract shows a higher diversity of secondary metabolites, according
to the phytochemical prospection (8 classes of compounds), this methodology is
qualitative, and it is not possible to quantify the concentrations of these metabolites.
The presence of these, in low amounts, was not enough to significantly inhibit the

microorganisms evaluated (Toledo et al., 2023).

All tested extracts showed bacteriostatic/fungistatic or bactericidal/fungicidal activity on
the standard strains ATCCs, suggesting that the antimicrobial potential of M. umbellata
plant extracts is related to its phytochemical profile by the presence of the classes of
flavonoids, alkaloids, saponins, and tannins.

Tannins were identified in all extracts evaluated, and their mechanism of action may
be related to their ability to act on the cell membranes of microorganisms, modifying
their metabolism and thus complexing with metal ions, decreasing the availability of
these ions for microbial metabolism. Besides inhibiting microbial adhesins and
bacterial enzymes, they may or may not complex with the substrates of these enzymes
and proteins involved in cellular transport (Scalbert, 1991; Simdes et al., 2002;
Loguercio et al., 2005).
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The class of flavonoids was found in all extracts and exhibits action by forming
complexes with extracellular and soluble proteins, which, when binding to the bacterial
wall, cause irreversible damage to the target cell. Additionally, they can perforate and
reduce the fluidity of the microorganism's plasma membrane, as well as inhibit its
energy metabolism. (Samy & Gopalakrishnakone, 2010; Cushnie & Lamb, 2011,
Weber et al., 2014).

Saponins were identified in the methanolic and ethanolic extracts. They are
substances derived from the secondary metabolism of plants, related to the defense
system, and they are found mainly in tissues that are more vulnerable to bacterial,
predatory insect, or fungal attack. This activity could be due to interaction with
membrane sterols. Their action on cell membranes can alter the permeability or even
lead to the destruction of cell membranes (Wina, Muetzel & Becker, 2005; Francis et
al., 2002).

All extracts have alkaloids and have a defense function against herbivores, especially
mammals, due to their general toxicity and inhibitory capacity. At the cellular level, their
mode of action is remarkably diverse. Many of them affect the transport through
membranes and interact with components of the nervous system, especially the
chemical transmitters; others disturb protein synthesis or the activity of several
enzymes (Taiz & Zeiger, 2004).

Anthocyanins and anthocyanidins are present only in the hexanic extract and are part
of the flavonoid family; therefore, their form of antimicrobial action resembles theirs,
with the formation of complexes with extracellular and soluble proteins, upon which
binding to the bacteria cells, cause irreversible damage (Samy & Gopalakrishnakone,
2010).

In the literature consulted, no information was found regarding the antimicrobial
potential of plant extracts of M. umbellata against Salmonella spp. serotypes and
ATCCs standard strains were found in the literature; considering this the first report of
the antimicrobial potential of this species, however, the results found are in agreement

with the research of Montovani et al. (2009) who reported the antimicrobial activity of

27
RC: 151255
Disponivel em: https://www.nucleodoconhecimento.com.br/environment/myrsine-umbellata



https://www.nucleodoconhecimento.com.br/
https://www.nucleodoconhecimento.com.br/environment/myrsine-umbellata
https://www.nucleodoconhecimento.com.br

MULTIDISCIPLINARY SCIENTIFIC JOURNAL  REVISTA CIENTIFICA MULTIDISCIPLINAR NUCLEO DO

0 ) NUCLEO [D() CONHECIMENTO ISSN: 2448-0959

https://www.nucleodoconhecimento.com.br

hexanic and methanolic extracts of Rapanea sp. species (synonym of Myrsine sp.)
against S. aureus strain, and among the extracts tested only the hexanic extract was

not able to inhibit bacterial growth.

4. CONCLUSIONS

All extracts of M. umbellata leaves exerted antimicrobial activity on the different
microorganisms evaluated, the best of them being the ME, which demonstrated activity
on both gram-positive strains, including Staphylococcus epidermidis and Enterococcus
faecalis, and gram-negative strains such as Salmonella enterica Typhimurium,

Pseudomonas aeruginosa, Proteus mirabilis, and Candida albicans yeast.

Phytochemical tests of M. umbellata plant extracts revealed the presence of saponins,
free steroids, alkaloids, anthocyanins, anthocyanidins, flavonoids, flavones, flavonols,
and tannins, thus suggesting that the antimicrobial action of this plant is related to the

bioactive present in its leaves.
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