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ABSTRACT

Objective: The objective of this work was to obtain the chemical profile and verify the biological activities of
ethanolic extract from the leaves of Asparagus setaceus.

Method: The extract was obtained with cold ethanol and the classes of secondary metabolites were identified with
specific reagents. The antibacterial assays were performed using the microdilution method against the standard
bacteria, Gram +: Sthaphylococcus aureus, Streptococcus mutans and Enterococcus faecalis and Gram -:
Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoneae and two multidrug-resistant strains:
Escherichia coli 27 and Staphylococcus aureus 358 and the resistance modulation assay was performed using
aminoglycoside and beta- lactam antibiotics. Toxicity was tested against the microcrustacean Artemia salina
(Leach) ranging in concentrations from 10 to 500 pg/mL
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Chemical Profile, Antibacterial and Toxicological Study of Asparagus setaceus (KUNTH)

Results and Discussion: The ethanolic extract of Asparagus setaceus (EEAS) indicated the presence of phenols,
condensed tannins, anthocyanins, anthocyanidins, flavones, flavonols, xanthones, chalcones, aurones, flavononols,
catechins, leukoanthocyanidins, flavones and saponins. The EEAS presented CLsp 0f 90.22 g/ mL. The microbial
assay showed inhibition for standard strains of Gram + and Gram bacteria - but in the multidrug-resistant strains
it showed clinically non-signific results. For the modulation of antibiotic action against bacterial strains, EEAS
presented both synergistic and antagonistic action, with the synergistic action being more expressive on
benzylpenicillin, amikacin and gentamicin in front of Escherichia coli 27. The aminoglycoside antibiotics showed
synergistic activity on all bacteria tested.

Research Implications: Given the results, it was found that the ethanolic extract of the leaves of Asparagus
setaceus (Kunth) disp of chemical and biological properties that can contribute to the elaboration of therapeutic
resources against inflammatory and bacterial infectious processes.

Keywords: Antibacterial Assay, Secondary Metabolites, Modulation, Asparagus setaceus.

PERFIL QUIMICO, ESTUDO ANTIBACTERIANO E TOXICOLOGICO DE Asparagus setaceus
(KUNTH)

RESUMO

Objetivo: O objetivo deste trabalho foi obter o perfil quimico e verificar as atividades bioldgicas do extrato
etandlico das folhas de Asparagus setaceus.

Método: O extrato foi obtido com etanol frio e as classes de metabdlitos secundarios foram identificadas com
reagentes especificos. Os ensaios antibacterianos foram realizados pelo método de microdiluicdo contra as
bactérias padrdo, Gram +: Sthaphylococcus aureus, Streptococcus mutans e Enterococcus faecalis e Gram -;
Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoneae e duas cepas multirresistentes: Escherichia
coli 27 e Staphylococcus aureus 358 e 0 ensaio de modulagdo da resisténcia foi realizado com antibidticos
aminoglicosideos e beta-lactamicos. A toxicidade foi testada contra o microcrustaceo Artemia salina (Leach)
variando em concentragdes de 10 a 500 ug/mL. O extrato etandlico de Asparagus setaceus (EEAS) indicou a
presenca de fendis, taninos condensados, antocianinas, antocianidinas, flavonas, flavonadis, xantonas, chalconas,
auronas, flavonondis, catequinas, leucoantocianidinas, flavonas e saponinas. A SEAE apresentou CL50 de 90,22
pg/mL.

Resultados e Discusséo: O ensaio microbiano mostrou inibigdo para cepas padrdo de bactérias Gram + e Gram —
mas nas cepas multirresistentes mostrou resultados clinicamente ndo significativos. Para a modulagdo da agéo
antibidtica contra cepas bacterianas, 0 SEAE apresentou agdo tanto sinérgica quanto antagdnica, sendo a acéo
sinérgica mais expressiva sobre benzilpenicilina, amicacina e gentamicina frente a Escherichia coli 27. Os
antibiéticos aminoglicosideos apresentaram atividade sinérgica sobre todas as bactérias testadas.

ImplicacBes da Pesquisa: Diante dos resultados constatou-se que o extrato etandlico das folhas de Asparagus
setaceus (Kunth) dispde de propriedades quimicas e biol6gicas que podem contribuir para a elaboracao de recursos
terapéuticos contra processos inflamatérios e infecciosos bacterianos.

Palavras-chave: Ensaio Antibacteriano, Metabolitos Secundarios, Modulagdo, Asparagus setaceus.
PERFIL QUIMICO, ESTUDIO ANTIBACTERIANO Y TOXICOLOGICO DE Asparagus setaceus
(KUNTH)
RESUMEN

Obijetivo: El objetivo de este trabajo fue obtener el perfil quimico y verificar las actividades bioldgicas del extracto
etandlico de hojas de Asparagus setaceus.

Método: El extracto se obtuvo con etanol frio y las clases de metabolitos secundarios se identificaron con reactivos
especificos. Los ensayos antibacterianos se realizaron mediante el método de microdilucién frente a bacterias
estandar, Gram +: Staphylococcus aureus, Streptococcus mutans y Enterococcus faecalis y Gram -: Escherichia
coli, Pseudomonas aeruginosa, Klebsiella pneumoneae y dos cepas multirresistentes: Escherichia coli 27 y
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Staphylococcus aureus 358 y la El ensayo de modulacion de la resistencia se realizd con antibiticos
aminoglucoésidos y betalactamicos. La toxicidad se probé contra el microcrustaceo Artemia salina (Leach) en
concentraciones de 10 a 500 pg/ml. El extracto etanolico de Asparagus setaceus (EEAS) indicé la presencia de
fenoles, taninos condensados, antocianinas, antocianidinas, flavonas, flavonoles, xantonas, chalconas, auronas,
flavonoles, catequinas, leucoantocianidinas, flavonas y saponinas. SEAE present6 una CLsy de 90,22 pg/mL.

Resultados y Discusion: El ensayo microbiano mostré inhibicién para cepas estandar de bacterias Gram +y Gram
—, pero en cepas multirresistentes mostro resultados clinicamente no significativos. Para la modulacion de la accion
antibidtica contra cepas bacterianas, SEAE mostr6 accion tanto sinérgica como antagonista, siendo la accion
sinérgica mas significativa la bencilpenicilina, amikacina y gentamicina contra Escherichia coli 27. Los
antibioticos aminoglucosidos mostraron actividad sinérgica en todas las bacterias analizadas.

Implicaciones de la investigacién:. Ante los resultados, se encontré que el extracto etandlico de las hojas de
Asparagus setaceus (Kunth) tiene propiedades quimicas y biolégicas que pueden contribuir al desarrollo de
recursos terapéuticos contra procesos bacterianos inflamatorios e infecciosos.

Palabras clave: Ensayo Antibacteriano, Metabolitos Secundarios, Modulacién, Asparagus setaceus.

RGSA adota a Licenca de Atribuicdo CC BY do Creative Commons (https://creativecommons.org/licenses/by/4.0/).

1 INTRODUTION

Since antiquity populations have made use of plants in the interest of treating or curing
diseases. Therefore, the use of these vegetables in primary health care besides being old is
related to the evolution of man, who found in nature the only resource of survival. Myths,
superstitions or own scientific evidence strengthen the use of medicinal plants as a font and
therapy (Ibiapina et al. 2014; Valli & Bolzani, 2019).

Brazil has become an important source of natural products due to its great plant
diversity, especially for medicinal plants that have been included in the treatment and
prevention of various diseases. In their metabolism there are various chemical components with
pharmacological properties that perform the function of defense, protection and adaptation to
the environment, these components are researched and studied through phytotherapy (Cardoso
et al. 2019; Stangarlini et al. 2011).

The study of medicinal plants with healing or remediating properties that are part of the
practice of folk medicine. This practice is associated with the set of knowledge disseminated
by several users and practitioners. The use of these medicinal plants by the population is quite
common and is often the only artifice of primary health care (Alves & Povh, 2013; Bruning et
al. 2012; Cross, 2017).

The use of herbal medicines has been constantly contributing to the improvement of

new therapeutic techniques due to their secondary metabolites. These are known to contribute
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directly or indirectly to the human organism and may inhibit or antagonize important molecular
and cellular targets in microorganisms (Araujo et al., 2012; Lacerda et al., 2016).

Treatment using herbal medicines to the detriment of synthetic drugs is mainly due to
the chemical composition of these plant products, as described above. The numerous secondary
metabolic sits on the function of inhibiting or delaying the biochemical processes of
microorganisms contributing directly to the human organism. The antimicrobial properties that
make the extracts and essential oils of plants have become the main guidelines of study because
they have compounds that can be the basis of less harmful compounds and with more specific
antimicrobial properties (Carvalho et al., 2017).

Currently, the population has questioned the indiscriminate use of synthetic drugs,
looking for alternatives in herbal medicines, due to the lower amount of side effects acquired
using these natural and healthy methods, low cost compared to industrialized drugs and the
increasing antimicrobial proof of therapeutic action. (Silva et al., 2022; Bruning et al., 2012;
Leg & Ferreira, 2014).

The number of microorganisms resistant to conventional antibiotics is increasing. The
resistance of a microorganism to an antibiotic can be reduced or eliminated by the combination
of two or more antibiotics, through the synergistic effect. Often, this synergistic effect occurs
through modulation with herbal medicines, making the natural compound a low-cost alternative
with scientific proof. (Coast et al., 2017).

The use of natural products in the process of limiting antimicrobial resistance is a very
evident characteristic since herbal medicines can act synergistically with drugs thus enhancing
the therapeutic effect of these drugs. In addition, vegetable compounds that present scientific
evidence of their therapeutic action may have a low cost when compared to industrialized drugs
(Tintino et al., 2013).

These characteristics are observed in plants of the family Asparagaceae as is the case of
Asparagus setaceus (Kunth), popularly known as “melindro”. The species of this family have
a chemical composition that consists mostly of phenolic compounds, terpenes, and ascorbic
acid responsible for antioxidant action. The antimicrobial action is due to the presence of high
solubility lipophilic compounds, which have degenerative actions on the membranes of
microorganisms (El-Seedi et al., 2012). Therefore, one should consider this resource of natural
popular origin in daily practice, as a strong attribute to mediate the health-disease process.
Therefore, this study aimed to obtain the chemical profile, antibacterial and toxicological study

of ethanolic extract from the leaves of Asparagus setaceus (Kunth) in the morning (8 hours).

Rev. Gest. Soc. Ambient. | Miami | v.18.n.10 | p.1-17 | 08256 | 2024.

4



Chemical Profile, Antibacterial and Toxicological Study of Asparagus setaceus (KUNTH)

2 MATERIAL AND METHODS

2.1 PLACE OF STUDY

The experiments were carried out in the Microbiology and Bromatology laboratories of
the University Center Doctor Ledo Sampaio - UNILEAO and inside the Research Laboratory
of Natural Products - LPPN of the Regional University of Cariri-URCA.

2.2 PLANT MATERIAL

The species was acquired commercially by the researcher at a free fair in the city of
Juazeiro do Norte - CE and later cultivated in a private ornamental garden. The leaves of A,
setaceus (Kunth) were collected from this garden in the morning (8 hours) in July 2021, Crato-
CE with latitude coordinates: 7° 13' 44,049" S, longitude: 39° 23' 38,438" W, and altitude: 400.

2.3 PEXTRACT REPAIR

The leaves (122, 8 g) of A. setaceus (Kunth) were dried at room temperature and
submitted to extraction for 72 hours and ethanol was chosen as the extractor solvent, according
to Simdes et al. (2010). After this period the mixture was submitted to filtration for removal of
impurities, and the distillation of the solvent occurred in a rotary evaporator under pressure

reduced at a controlled temperature between 30-40 °C, with a yield of 1.66% (v/v).

2.4 CHEMICAL PROSPECTING

Chemical prospecting was carried out according to the methodology of Matos (2009)
and Simdes et al. (2010) to identify the classes of metabolites present. This test is based on
visual observation, color intensification, or precipitate formation after adding specific reagents

to the sample solutions.

2.5 TOXICITY ASSESSMENT

Toxicity was tested against artemia saline microcrustacean (Leach). The test was

performed in triplicate, with concentrations of 10, 25, 50, 100, 250, and 500 pg/mL,
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accompanied by positive control prepared with potassium dichromate (K2Cr.0Oy7), and negative
control with marine water. After 24 h, surviving larvae were read. The calculation of the median
lethal concentration was performed by linear regression, being considered significant when
CLso < 1000 pg/mL (Meyer et al., 1982; Hirota et al., 2012)

26  ANTIBACTERIAL EVALUATION AND  MINIMUM  INHIBITORY
CONCENTRATION (MIC)

Antibacterial activity was evaluated by the microdilution method based on CLSI (2012).
Standard bacteria were used, three Gram (+): Bacillus cereus ATCC 33018, Streptococcus
mutans ATCC 00446 and Staphylococcus aureus ATCC 6538, and three Gram (-): Escherichia
coli ATCC 25922, Pseudomonas aeruginosa ATCC 15442 and Klebsiella pneumoniae ATCC
10031 and two multi-resistant strains: Escherichia coli 27 e Staphylococcus aureus 358. All
strains were granted by the Natural Products Research Laboratory (LPPN) of the Regional
University of Cariri-URCA.

Initially, a mother solution containing 10 mg of ethanolic extract dissolved in 1 mL of
DMSO and 9 mL of distilled water was prepared, obtaining this solution at a concentration of
1024 pg/mL.

Bacterial strains were activated in Brain Heart Infusion Broth (BHI 3.8 %) medium and
kept in the greenhouse for 24 h. After the first cultivation, the inoculum was standardized from
the concentration of approximately 1 x 108 CFU/mL (turbidity of 0.5 on the McFarland scale).
Then, this suspension was diluted in BHI broth at 10 % and volumes of 100 puLL were added and
homogenized in the wells of a microdilution plate plus the plant product with the initial
concentration of 1024 pg/ mL. Serial dilutions were performed and concentrations ranged from
512 to 0.5 pg/mL. The plates were incubated at 37°C for 24 h. The experiments were carried
out in triplicate (CLSI, 2012).

Antibacterial activity was detected using the colorimetric method using 25 pL of sodic
resazurin (0.01%) after the incubation period. The last well of the microdilution plate contained
only the bacterial inoculums, so it was regarding the positive control. The minimum inhibitory
concentration (MIC) was determined as the lowest concentration of the extract capable of
inhibiting bacterial growth (CLSI, 2012).
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2.7 EVALUATION OF MODULATING ACTIVITY

The modulation test was performed in the presence and absence of the natural compound
through microdilution in triplicate. To evaluate the modulating activity, MIC was used, from
the ethanolic extract against antibiotics of the class aminoglycosides (gentamicin and
amikacin), and beta-lactams (benzylpenicillin and cefalotin).

The amount of ethanolic extract was calculated by the sub-inhibition concentration
(Im/8 C). Bacterial inoculums in BHI at 10 % associated with the extract were distributed in
the microplate followed by the microdilution of 100 pL of antibiotic solutions (1024 pg/ mL).
There were then dilutions obtaining the concentrations of the antibiotic ranging from 512 to 0.5
pg/ mL (Coutinho et al., 2008).

The test was monitored with an inhibition control containing only antibiotics and
microorganisms. The plates managed with microdilution were incubated at 37 °C for 24 hours
and the reading was performed with sodic resazurin assistance as described earlier (Coutinho
et al., 2008).

2.8 STATISTICAL ANALYSIS

The results of the evaluation of toxicological activity were tabulated using the linear
regression model and Tukey test by multiple comparisons. The microbiological tests were
analyzed by the two-way ANOVA followed by the Bonferroni test using GranphPad Prism 6.0

software. The results in p< 0.05 were considered statistically significant.

3 RESULTS E DISCUSSION

3.1 PHYTOCHEMICAL PROSPECTING

The chemical prospection of the ethanoic extract of A. setaceus (EEAS) indicated the
presence of phenols (condensed tannins) and flavonoids (anthocyanins, anthocyanidins,
flavones, flavonols; xanthones, chalcones, aurones and flavonols). The flavonoids that
presented lower color intensity and precipitate formation were: catechins; leukoanthocyanidins

and flavones (Table 1).
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Table 1
Result of phytochemical prospection of Ethanolic Extract from Asparagus setaceus leaves
(EEAS).

CLASS OF SECONDARY METABOLITES
314|516 7|89 1011|1213 |14 15]16

1

2

EEAS |+ | - |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ ]| +]|+]|+

1: Phenols; 2: Hydrolysable tannins; 3: Condensed tannins; 4: Anthocyanins; 5:

Anthocyanidins; 6: Flavones; 7: Flavonols; 8: Xanthones; 9: Chalcones; 10: Aurones; 11: Flavononols; 13:
Catechins; 14: Leukoanthocyanidins; 15: Flavones; 16: Saponins. (+) present; (-) absent.

Source: authors (2023)

The ethanolic extract of A. setaceus presented a diversity of secondary metabolites such
as phenolic compounds, for example, which are responsible for protecting vegetables from the
attack of bacteria by binding to certain antimicrobial proteins leading to a reduction of their
solubility. Studies by Nindo et al. (2003) reported that asparagus is a species with several
chemical compounds mainly phenolic and flavonoid compounds (such as rutin) making it one
of the most consumed foods for acting in the regulation of gastric disorders.

Other phenols such as condensed tannins are responsible for characterizing foods with
a bitter taste and strong odor, and sensory characteristics were also observed in the species of
the present study. Lima et al. (2018), the importance of tannins present in ornamental plant
leaves when it demonstrates that they play an important role in protecting against
microorganisms (including fungi), besides interfering in the symbiotic process and having great
relevance in pharmacological activities.

Flavonoids are plant compounds that have high antioxidant power and can interact with
free radicals reducing cell aging, it also has analgesic, vasodilator, and anti-inflammatory
functions. Studies conducted by Cabral et al. (2014) characterize the family of Asparagaceae
with high content of flavonoids and anthocyanins, which gives this family cardiotonic activity,
so this study corroborates the findings of these metabolics in the species.

The species of this genus are widely used as antiseptics because they also contain
saponins, which have properties of detergents and surfactants. EI-Seedi et al. (2012) and Zhong
et al. (2015), attribute the genus to the presence of triterpenic saponins that are lipophilic
compounds with high solubility function, having action on cell membranes, disorganizing them.

In addition to being able to add to proteins, carbohydrates, vitamin complexes, and amino acids
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attributing to the species actions: anti-inflammatory, diuretic, vasodilator, analgesic, and

control of cell permeability.

3.2 TOXICITY ASSESSMENT

Plants popularly known as therapeutic often has toxic characteristics that are only
discovered at the time of the search for pharmacological properties or also by excessive popular
use and without prior knowledge. According to Campos et al. (2016), the toxicity of a plant
species may be related to certain secondary metabolic diseases and may be influenced by the
mode of cultivation, plant use, and environmental factors.

The extract of the species of A. setaceus presented an LCso of 90.22 pg/ mL. In the
palliative studies of Molina-Fajardo et al. 2011, with Sansevieria trifasciata (Prain) plant also
belonging to the family Asparagaceae, the total ethanolic extract presented an average lethal
concentration of 146.41 pg / mL front Artemia salina, the same did not demonstrate cytotoxic
activity against Vero cells or Myeloma cells of antitumor mice.

According to Santos et al. (2015), a percentage of 60% of poisonings in Brazil occur by
plants and about 50% of these occur by ornamental species. The survey of the study on the main
plants and their families with recognized toxicity found the family Asparagaceae having as
representative Dracaena sp and Sansevieria trifasciata. Some signs of intoxication reported
appeared after direct ingestion or exudate, thus corroborating the present study because it is an
ornamental plant with viscous exudate belonging to the same family.

3.3 ANTIBACTERIAL ASSAYS AND MINIMUM INHIBITORY CONCENTRATION
(MIC)

The results against gram+ and gram bacteria - showed that the extract has an inhibiting
effect. For gram bacteria - standard strains obtained a MIC of 512 pg/ mL, while gram-positive
bacteria standard lineage presented a MIC that varied between 512 and 256 pg/mL depending
on the bacterial species evaluated. On the other hand, the multidrug-resistant bacteria presented
a>1024 pg/mL (Table 2).
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Table 2
The minimal inhibitory concentration of EEAS against Gram-negative and Gram- positive

bacterial strains.

EEAS
BACTERIAS MIC (ng/mL)

Pseudomonas aeruginosa ATCC 15442 512
Escherichia coli ATCC 25922 512
Klebsiella pneumoniae ATCC 10031 512
Bacillus cereus ATCC 33018 256
Streptococcus mutans ATCC 00446 256
Staphylococcus aureus ATCC 6538 512

Escherichia coli 27 multirresistente > 1024

Staphvlococcus aureus 358 multirresistente > 1024

Source: authors (2023)

The plant product showed greater effectiveness compared to Gram-positive bacteria,
which is according to Limaetal. (2016) and Tian et al. (2009), which confirm that these bacteria
are more susceptible to natural extracts. Gram-negative bacteria have in morphology the cell
wall covered by the lipopolysaccharides layer, which thus limits the input of some compounds,
so the action of the product is reduced.

As for multi-resistant bacteria such as Escherichia coli 27 and Staphylococcus aureus
358, an inhibitory concentration greater than 1024 pug/mL was shown (Table 2). According to
Moura et al. (2017) and Houghton et al. (2007), in this concentration the extract does not show
a reliable clinical level, that is, it does not interfere materially with biological activity, and it is
necessary for large amounts of the extract to reach plasma levels.

Jodo (2015) corroborates the result of this research when evaluating the antimicrobial
activity of two species of the genus Asparus, not finding reliable clinical activity against
Staphylococcus aureus, and the evaluated product had an effect when using a concentration
above 2000 pg/mL (higher concentration). In addition, it justified this result because the
bacterial lineage is one of the main microorganisms causing hospital infection and produces
numerous resistance factors (flow pump, enzymatic inactivation, and alteration of the binding
site).

The study by Batista et al. (2018) showed the incidence of Bacillus cereus that may be
associated with food poisoning by the production of enterotoxin and hemolysins, being an

alternative to control the use of natural products that inhibit the exponential growth of the
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bacterium. The present research is following this statement since the ethanolic extract was able
to inhibit the growth of the microorganism at a concentration of 256 pg/ mL.

The same MIC of 256 pg/mL was also observed when the EEAS was used front
Streptococcus mutans (Table 2). In the Ferreira (2017) assays, where three species of the genus
Dracaena were used, it was possible to verify that some plants that make up the family have
resin with the ability to interact with membranes of microorganisms obtaining antimicrobial
and cytotoxic action, especially gram-positive bacteria.

It is possible to observe that there are studies related to the antibacterial activity of
species of the family Asparagaceae that are in different parts in this study. The tests of Bozorgi
et al. (2017), using drimia maritima Stearn (Asparagaceae) exhibited high antibacterial activity
against strains of Staphylococcus aureus multi-resistant, Bacillus megaterium, and Neisseria
gonorrhoeae. As seen in the present study, the least significant minimum inhibition

concentration was compared to multiresistant bacteria.

3.4 MODULATOR ACTIVITY

The search for natural products with modulating properties has intensified, due to
natural compounds being able to interact with drugs altering the permeability of membranes
and potentiating the influx of the drug. Using these products with considerable synergistic
effects, the field of action of the drug is increased while decreasing microbial resistance (Seukep
etal., 2019).

For the modulation of antibiotic action against bacterial strains, the EEAS presented
both synergistic and antagonistic action as observed in Figures 1 and 2. The extract exerted
more expressive synergistic action on benzylpenicillin, amikacin, and gentamicin front

Escherichia coli 27 with the decrease of MIC from 512 pug/ mL to 64 pg/ mL.
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Figure 1

Result of the modulator potential of EEAS in the antibiotic activity of lactams beta against
e.coli ATCC 25922 strains; S.aureus ATCC 6538; E. coli 27 (multi-resistant) and S. aureus
358 (multiresistant). * p<0.0001; **p <0.0005.
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The antagonism of the cephalothin front Staphylococcus aureus 358 observed in Figure
1 is mainly due to the multiple resistance of the strain, responsible for limiting therapeutic
options and prolonging the treatment of some infections. According to Lima et al. (2015), most
strains of S. aureus can acquire plasmids that encode penicillins and inactivate the antibiotic by
hydrolysis of the bethalactamic ring even though they are in association with a modulating

agent.

Figure 2

Result of the EEAS modulator potential in the antibiotic activity of aminoglycosides against the
strains of E.coli ATCC 25922; S.aureus ATCC 6538; E. coli 27 (multiresistant) and S. aureus
358 (multiresistant). * p<0.0001; **p <0.0005.
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In front of standard Escherichia coli, synergism was observed on cephalothin
decreasing the MIC from 1024 pg/mL to 512 pg/mL, gentamicin with the decrease of MIC from
1024 pg/ mL to 512 pg/ mL, and amikacin with a reduction from 512 pg/ mL to 128 pg/ mL,
as to benzylpenicillin the extract did not alter the MIC remaining with 512 pg/ mL.

Against standard Staphylococcus aureus, the EEAS reduced the MIC: from amikacin
from 512 pg/mL to 128 pg/mL, cephalothin from 1024 pg/mL to 512 pg/mL, and gentamicin
from 1024 pg/mL to 128 pg/mL and the most statistically significant reduction. As for
benzylpenicillin, MIC remained at 1024 pg/mL.

In Staphylococcus aureus, however, the multidrug-resistant strain was antibiotically
potentiated on amikacin reducing the MIC from 512 pg/mL to 64 pg/mL, as well as on
gentamicin with a reduction from 1024 pug/mL to 128 pg/mL. It observed an unexpressive
antagonistic effect against cephalothin, increasing the MIC from 4 pg/mL to 8 ug/mL.

Figure2, all antibiotics of the aminoglycoside class obtained synergistic activity on all
bacteria tested belonging to standard or multidrug-resistant strains. This characteristic cannot
be observed in beta-lactam antibiotics since they were unable to synergistically inhibit all
bacteria, only cephalothin the two bacteria belonging to the standard strain and benzylpenicillin
inhibited Escherichia multidrug-resistant coli 27 and Staphylococcus Aureus Multidrug
resistant 358.

Beta-lactams are a class of antibiotics commonly used due to their tolerance by the body,
but the inappropriate use of this class generates resistance mechanisms, one of the most used
by bacteria is the production of inactivation enzymes called beta-lactamases. According to
Ribeiro 2018, an alternative to overcome this barrier of resistance is the combination of these
drugs with natural products.

Characterizing the aminoglycosides, Brazil (2010), points out that they are antibiotics
with strong penetrating power and may have more immediate action because they interfere in
protein synthesis, especially amikacin and gentamicin presenting greater activity against
multidrug-resistant strains of the Enterobacteriaceae family.

Aminoglycosides are antibiotics that present very important cellular toxicity and can
cause nephrotoxicity and even block muscles. According to Nonato (2018), these toxic effects
can be solved with the combination of antibiotic classes with natural products, this will lead to
a decrease in the effective therapeutic dose from the significant reduction of the minimum
inhibitory concentration, as verified in modulation.

According to Pindel (2017), the Family Asparagaceae has the ability to morphogenetic

alteration of some microorganisms whether standard or multiresistant, this genetic modification
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is related to numerous factors such as climate, seasonality or even the microorganism tested,
these conditions may be responsible for reducing or antagonizing the potential of some species,
which reinforces the antagonistic result observed by benzylpenicillin in Figure 1.

Synergism occurs when an antibiotic has its effect increased in conjunction with another
substance, this situation can be justified by increased bacterial permeability which facilitates
the entry of the antibiotic. The aminoglycosides showed a synergistic effect when tested against
the strains of Escherichia coli (Figure 2), corroborating with these data Souza et al. (2016),
found that the extracts produced in these same conditions presented a synergistic effect when

tested against amikacin and gentamicin.

4 CONCLUSIONS

The results obtained in this work demonstrated that the ethanolic extract of the leaves
of Asparagus setaceus (Kunth) presented CL50 90.22 pg/ mL, which can be explained by the
variety of metabolic as well as by the form of cultivation and experimental conditions for the
use of the leaves of the plant and thus, further studies are necessary to verify the cytotoxicity of
the species.

In addition, these chemical compounds are responsible for in vitro microbiological
properties of the extract. Therefore, this is a promising alternative in antibiotic combined
antibacterial therapy, indicating that the plant has the potential to be used as an alternative in
the treatment against resistant bacteria. The data highlight the need for studies that quantify the

compounds of the species to better report and interpret its biological activities.
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