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Resumo
Este estudo teve como objetivo determinar atividade antimicrobiana do extrato etandlico
bruto (EEB) e das fracBes cloroformica (CHCIz) e acetato de etila (EtOAc), determinar a
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influéncia da fragdo CHCI3 no crescimento de Staphylococcus aureus e atividade hemolitica
desta fracdo. Atividade antimicrobiana dos produtos foi realizada pela técnica de
microdiluicdo em caldo diante de: Staphyloccocus aureus ATCC25923, Escherichia coli
ATCC25922, Pseudomonas aeruginosa ATCC27853 e Candida albicans ATCC76645 para
determinar a concentragdo bacteriana minima (CBM) e concentragdo inibitéria minima
(CIM). Curvas de morte foram realizadas para determinar a influéncia da fracdo CHCIz no
crescimento de S. aureus. A atividade hemolitica do CHCIs foi realizada em eritrocitos
humanos para relatar o efeito citotoxico. A fracdo CHCIz mostrou atividade contra S. aureus
com CIM=1024 ug mL™* e CBM=2048 pg mL™. Essa fragdo ndo mostrou atividade contra
outras cepas testadas, bem como o EEB e fragdo EtOAc. A curva de morte de S. aureus com a
fracdo CHCIs mostrou que na CIM essa fracdo possui atividade bacteriostatica, ndo sendo
observado esse efeito na Y2 CIM. A atividade hemolitica demonstrou que a CIM da fracao
CHCI3 nédo apresenta dano & membrana dos eritrocitos. Estudos devem ser realizados para
avaliar a atividade da fragdo CHCIs diante de S. aureus com diferentes perfis de resisténcia,
além de avaliar o potencial de reversdo da resisténcia por estudos de combinagdo. O estudo
demonstrou que P. montealegreanum pode ser uma fonte importante de compostos de
importancia no combate a micro-organismos de importancia clinica.

Palavras-chave: Piperaceae; S. aureus; Antimicrobiano; Curva de morte; Atividade

hemolitica.

Abstract

This study aimed to determine spectrum of antimicrobial activity of crude ethanolic extract
(CEE), chloroform (CHCI3) and ethyl acetate (EtOAc) fractions, to determine influence of
CHCIs fraction on Staphylococcus aureus growth and hemolytic activity. Antimicrobial
screening of CEE, CHCIs and EtOAc fractions was carried out using broth microdilution
technique against standard strains: Staphyloccocus aureus ATCC25923, Escherichia coli
ATCC25922, Pseudomonas aeruginosa ATCC27853 and Candida albicans ATCC76645 to
determine the minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC). Time kill curves were performed to determine influence of CHCI3
fraction on MIC and %2 MIC concentrations on S. aureus growth. Hemolytic activity of CHCl3
was performed in human erythrocytes to report the cytotoxic effect. CHCI3 fraction showed
activity against S. aureus with MIC=1024 ug mL*and MBC=2048 pg mL™. This fraction did
not show activity against other tested strains, as well as the CEE and EtOAc fraction. Time

kill curve of S. aureus treated with CHCIs fraction showed that at MIC this fraction has
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bacteriostatic activity, which was not observed with the % MIC. Hemolytic activity
demonstrated that when CHCIz fraction in MIC does not present membrane damage of
erythrocytes, since it did not cause hemolysis. Studies should be conducted to evaluate the
activity of CHCls fraction against S. aureus with different antimicrobial resistance profiles, in
addition to evaluating the potential for resistance reversion by in vitro combination studies.
The study demonstrated that the species P. montealegreanum can be an important source of
compounds of importance for combating microorganisms of clinical importance.

Keywords: Piperaceae; S. aureus; Antimicrobial; Kill curve; Hemolytic activity.

Resumen

Este estudio tuvo como objetivo determinar la actividad antimicrobiana del extracto etandlico
crudo (EEC) y las fracciones de cloroformo (CHCIs) y acetato de etilo (EtOAc), para
determinar influencia de la fraccion de CHCI3 en el crecimiento de Staphylococcus aureus y
la actividad hemolitica de esta fraccion. La actividad antimicrobiana de los productos se
realiz6 mediante la técnica de microdilucion de caldo frente: Staphyloccocus aureus
ATCC25923, Escherichia coli ATCC25922, Pseudomonas aeruginosa ATCC27853 y
Candida albicans ATCC76645 para determinar concentracion bacteriana minima (CBM) y
concentracion inhibitoria minima (CIM). Se realizaron curvas de muerte para determinar
influencia de la fraccion CHCI3z en crecimiento de S. aureus. La actividad hemolitica de
CHCIs se realizé en eritrocitos humanos para informar el efecto citotdxico. La fraccion CHCIs
mostré actividad contra S. aureus con CIM=1024 pg mL? y CBM=2048 pug mL™. Esta
fraccion no mostro actividad contra otras cepas probadas, asi como la fraccion EEC y EtOAc.
La curva de muerte de S. aureus con la fraccion CHCIls mostré que esta fraccion tiene
actividad bacteriostatica en CIM, sin efecto en Y2 CIM. La actividad hemolitica demostré que
la CIM de la fraccion CHCIz no tiene dafio en la membrana de los eritrocitos. Se deben
realizar estudios para evaluar la actividad de la fraccion de CHCIs contra S. aureus con
diferentes perfiles de resistencia, ademas de evaluar el potencial de reversion de resistencia
mediante estudios combinados. El estudio demostr6 que P. montealegreanum puede ser
fuente importante de compuestos de importancia en la lucha contra microorganismos de
importancia clinica.

Palabras clave: Piperaceae; S. aureus; Antimicrobiano; Curva de muerte; Actividad

hemolitica.
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1. Introduction

Microbial resistance to antimicrobials from community and nosocomial isolates
represents a serious public health problem. Microorganisms that were previously susceptible
to antimicrobial agents, started to show resistance and this selection is mainly due to the
indiscriminate use of these drugs (World Health Organization, 2020). The increase in
microbial resistance over the years, driven by the indiscriminate use of antibiotics and the
emergence of new species of microorganisms not yet reported and with important resistance
profiles, resulting on reduction in the clinical treatment options for infections caused by these
microorganisms (Roca, et al., 2015), increasing the interest in the search for molecules and
new treatment alternatives.

The emergence of multi-drug resistant (MDR) microorganisms is cited as a global
health problem (Roca, et al., 2015). According to Brazilian Surveillance and Control of
Pathogens of Epidemiological Importance (BrSCOPE), 14 % of infections by
microorganisms are caused by Staphylococcus aureus and of these 43,7 % correspond to
methicillin resistant Staphylococcus aureus strains (MRSA) (Marra, 2011). In Brazil, 37-57 %
of Pseudomonas aeruginosa isolates have been reported to be resistant to carbapenems, which
is the most effective class of antibiotics against Gram-negative (Hong et al., 2015). A recent
study also showed that there was an increase in the isolation of species of yeast-like fungi
such as species of Candida that are resistant to azoles making treatment approaches more
difficult (Castanheira, Messer, Rhomberg & Pfaller, 2016).

In this context, the genus Piper has been mentioned for the biological activities
attributed to several species, among them the antimicrobial activity (Salehi et al., 2019). This
genus comprises about 2000 species distributed mainly in the pantropical region. They are
characterized by being aromatic plants and well applied in culinary use, their essential oils are
composed of monoterpene hydrocarbons, oxygenated monoterpenoids, sesquiterpene
hydrocarbons, oxygenated sesquiterpenoids and large amounts of phenylpropanoids (Silva et
al., 2017; Salehi et al. 2019).

Among the biological activities attributed to the genus Piper over the years are the
antimicrobial activity against bacteria Gram positive, Gram negative and yeast and
leishmanicidal activity of Piper regnellii (Nakamura et al., 2006; Pessini et al., 2003), the
trypanocidal activity of Piper arboreum e Piper tuberculatum (Regasini, 2009), the activity
on growth and metabolism of Streptococcus mutans and Streptococcus sanguis of Piper

aduncum (Magalhées, 2010), the potent antiplasmodial activity of flavonoids of Piper
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hostmannianum (Portet et al., 2007), in addition to the insecticidal activity of Piper
hispidinervum (Lima et al., 2009).

Piper montealegreanum has already been reported for antibacterial activity against
certain species. Pinto et al. (2012) reported that the ethyl acetate (EtOAc) fraction of the
branches from P. montealegreanum has antibacterial activity by broth microdilution
technique, against strains of Bacillus subtillis, Pseudomonas aeruginosa and Escherichia coli.
Reports of antibacterial activity of this species by the Agar diffusion methodology have been
previously published, reporting activity of the crude ethanolic extract (CEE), chloroform
fraction and EtOAc fraction against Staphyloccus aureus strain (Alves et al., 2016; Rocha et
al., 2018).

Therefore, this study aimed to verify the antimicrobial activity of CEE and chloroform
and ethyl acetate fractions of the branches from Piper montelagreanum, as well as to define
the action of this species of Piper through the Time-Kkill curve against Staphylococcus aureus,
in addition to evaluating the toxicity of these products determining their hemolytic potential

in human red blood cells.

2. Materials and Methods

2.1 Study delimitations

This article presents the results of a research carried out in a laboratory, developed at the
Antimicrobial Activity Laboratory located at Campus | of the State University of Paraiba,
Campina Grande, Paraiba, Brazil. The research was of the quantitative type, presenting
numerical results of antimicrobial activity (Pereira, Shitsuka, Parreira & Shitsuka, 2018).

Metodologia da pesquisa cientifica..

2.2 Plant material

The botanical material from P. montealegreanum Yuncker was collected in Belém
(Paré State, Brazil; latitude 14° 10' 00" S, longitude 53° 05' 00" W) and was identified by Dra.
Elsie F. Guimarées, at the Botanical Department of UFRJ. A specimen voucher was deposited

at Emilio Goeldi Museum, Belém, under serial number MSP-010.
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2.3 Products tested

For this study, the crude ethanolic extract (CEE), chloroform (CHCI3) and ethyl
acetate (EtOAc) fractions were previously obtained of the branches from Piper
montealegreanum (Alves, Rocha, Braz-Filho & Chaves, 2017). The products obtained from
P. montealegreanum were solubilized in a solution containing DMSO/Tween 80/distilled
water (2/0.5/7.5) and all were prepared in an initial stock solution containing 4096 pg mL™.
The stock solution was sterilized through membrane filtration (0.22 um) in order to guarantee

the sterility.

2.4 Microorganisms, Inoculum preparation and Culture media

The microbial strains used in the study were obtained from American Type Culture
Collection (ATCC): Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853 and Candida albicans ATCC 76645, recommended
by M100S document from Clinical Laboratory Standards International to antimicrobial
susceptibility testing (CLSI, 2016). Inoculum were prepared from seeding on Mueller Hinton
(MH) agar for bacteria and Sabouraud agar for yeast and incubated at 37 °C/24h and 30
°C/24-48h, respectively. After growth, some colonies were diluted to sterile saline solution
(NaCl 0.85 %) to produce a slight turbidity corresponding 0.5 tube of McFarland scale,
obtaining the final inoculum of 1.8 x 10° CFU/mL (CLSI, 2016).

For the broth microdilution technique, MH broth was used for the cultivation of
bacteria and RPMI 1640 broth for yeast, as recommended for antimicrobial susceptibility
testing. All were prepared according to the DIFCO® manufacturer's instructions and

recommendations.

2.5 Determination of the minimum inhibitory concentration (MIC) and minimum

bactericidal concentration (MBC)

The CEE, CHCIs and EtOAc fractions from P. montealegreanum were diluted to an
initial concentration of 4096 pug mLt in aqueous solution containing 0.5 % Tween 80 and 2.0
% DMSO. 100 pL of the appropriate broth was dispensed to each test strain, followed by
addition of 100 uL of product solution to be tested, performing serial dilutions varying the
concentration of 2048 to 1.0 ug mL™ of products to be tested, to which was added 10 pL of
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microbial inoculum study. The positive controls were included in the tests (presence of
inoculum), negative (no inoculation), a pattern of tetracycline (SIGMA™) for bacteria and
fluconazole (SIGMA™) for yeast, besides the control of the diluent (DMSO/Tween
80/distilled water) of the products to discard their activity. The plates were incubated at 37
°C/24 h for bacteria and at 30 °C/24-48 hours for yeast.

To determine the MBC, the wells that showed visible inhibition with reduced turbidity
had a 10 pL aliquot collected and seeded in plates containing MH agar or Sabouraud agar,
which were incubated in the conditions mentioned above, in order to perform the viable cell
count after the treatment. MBC was the lowest concentration of antibacterial agent that
inhibited 99.9% the microorganism growth.

The MIC reading was performed dispensing 20 pL of resazurin solution (0.01%) in
the wells of the plates after expiry of the incubation time (CLSI, 2016). The MIC was defined
as the lowest sample concentration able to inhibit microbial growth evidenced by blue
staining after addition of resazurin 0.01 %, indicating the absence of viable cells. The

experiments were performed in triplicate and the results expressed by the mean.

2.6 Effect of CHCI;3 fraction on bacterial Time-kill curves

Time-Kkill curves were used to test the bactericidal activity of CHCI3 fraction from P.
montealegreanum against S. aureus ATCC 25923 was performed as described to Krogstad,
Moellering and Lorian (1986) and Noviello, lanniello, Leone and Esposito (2002) with some
modifications. Time-Kkill curves were determinate using two different concentrations of CHCI3
fraction: the MIC (1024 pug mL™?) and the % MIC (512 pug mL™?), as well as the use of
tetracycline at a concentration of 30 pug mL™* which was used as positive control.

S. aureus ATCC 25923 was inoculated on MH agar and incubated at 37° C for 18-24
hours. After this period, 50 pL was transferred into 50 mL of MH broth, incubating at 37
°C/1h in order to produce a slight turbidity also equivalent to 0.5 McFarland standard, with a
final concentration of 5 x 108 CFU/mL. There were separate three sterile tubes, the first called
test tube (T), the second called positive growth control tube (P) and the third control tube (C).
It was transferred 9.0 mL of this bacterial culture and added 1.0 mL of product (MIC and %2
MIC) in the T tube, 1.0 mL of sterile distilled water in the positive growth control tube (P)
and 1.0 mL of tetracycline (30 pg mL™) in the C tube. The tubes were kept in incubation at 37
°C for 24 hours and aliquots were removed after 2, 4, 6, 8, 10 and 24 hours incubation and

plated on MH agar, using the pour-plate technique, after serial dilutions in saline sterile.
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Reading of the plates was done after incubation for 24-48 hours using colony counter CP600
Plus (PHOENIX®). The definition of bactericidal activity was a decrease of > 3 logio iIn
CFU/mL corresponding to inhibited of 99.9 % of growth and bacteriostatic effect was
assessed a decrease of < 2 logio in CFU/mL comparing to curve control growth (Boswell,
Andrews, Wise & Dalhoff, 1999).

2.7 Determination of hemolytic effects

The cytotoxic effects were evaluated by hemolytic activity in human erythrocytes,
which were obtained of the blood dropped from the Clinical Analysis Laboratory of the State
University of Paraiba (CAL/UEPB). The experimental procedures were reviewed and
approved by the Ethics Committee in Human Research UEPB (Certificate/ CEP/UEPB No.
42778115.7.000.5187). Aliquots of human blood (type A, B and O) were mixed with 0.9 %
NaCl at a ratio of 1:30 under stirring slowly and constantly. Then, the samples were
centrifuged to 3000 rpm for 5 minutes to obtain the erythrocytes. This procedure was repeated
twice and the sediment from the last centrifugation was resuspended in 0.9 % NaCl to a final
concentration of 0.5 % of erythrocytes. 0.5 mL of CHCIs fraction was added to 2 mL of
erythrocytes suspension for final concentrations of 1024 ug mL?* (MIC) and 2048 pg mL™
(MBC). The erythrocytes suspension was the negative control (0 % hemolysis) and the
erythrocytes suspension plus 0.5 mL of Triton X-100 (SIGMA™) 1 % was the positive
control to 100 % hemolysis. The samples were incubated for 1 hour at room temperature
under slow (100 rpm) and constant agitation. After this time, they were centrifuged at 3000
rpm for 5 min and hemolysis was quantified by spectrophotometer at 540 nm (Bozi et al.,
2004; Branddo et al., 2005; Eisele et al., 2006; Pinto et al., 2012). The tests were performed in
triplicate. Results were expressed as a percentage representing the arithmetic mean of three

measurements

3. Results and Discussion

Minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) was observed that only CHCI3 fraction from P. montealegreanum was able to inhibit
the growth of S. aureus ATCC 25923 strain. This fact is expected since Gram-positive
bacteria are generally more sensitive to antibiotics than Gram negative (Madigan & Martinko,

2000) because of the external membrane of Gram negative bacteria prevent the entry of
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antibiotic molecules and of the periplasmic space that contain enzymes that are able to break
foreign molecules that are exposed to the microorganism (Holetz et al., 2002).

The CEE and EtOAc fraction no showed activity against any of the strains tested
(Table 1), evidenced by the pink color after revelation by resazurin 0.01 %, indicating the

presence of viable cells.

Table 1. Antimicrobial activity of CEE and CHCIs and EtOAc fractions from Piper

montealeg reanum

Products tested
Microorganisms/MIC and MBC (ug mL™1)
Piper
morltgf;sgﬁg:)num S. aureus E. coli P. aeruginosa C. albicans
ATCC 25923 ATCC 25922 ATCC 27486 ATCC 76645

MIC MBC MIC | MBC | MIC | mBC | MIC | MBC
CEE >2048 >2048 >2048 >2048 >2048 >2048 >2048 >2048
CHCIs 1024 2048 >2048 >2048 >2048 >2048 >2048 >2048
EtOACc >2048 >2048 >2048 >2048 >2048 >2048 >2048 >2048

Legend — ATCC: American Type Culture Collection; MIC: Minimal inhibitory concentration; MBC: Minimal
bactericidal concentration; CEE: Crude ethanolic extract; CHCIs: Chloroformic fraction; EtOAc: Ethyl acetate
fraction. Source: Elaborated by the Authors, 2020.

As shown in Figure 1, it was found that the CHCIs layer was able to inhibit the growth
of S. aureus ATCC 25923, as evidenced by blue color on the first two plate holes, the first of
which had 2048 pug mL*and the following 1024 pug mL™. These wells had an aliquot sown on
Mueller Hinton Agar in order to define the MBC, the colony count after the incubation period
determined that the concentration capable of eliminating 99.9 % of microorganism growth
was 2048 pg mL* and was determined as MBC. The MIC was defined as 1024 ug mL™ that

was capable to inhibit the S. aureus growth.

Figure 1. Demonstration of the experiment of antimicrobial activity of the CHClI3 fraction of
Piper montelagreanum branches against Staphylococcus aureus ATCC 25923

Viable cells Inhibition growth

First well concentration:
2048 ug mL!

L

Legend - ATCC: American Type Culture Collection; MIC: Minimal inhibitory concentration; MBC: Minimal
bactericidal concentration; CHCIs: Chloroformic fraction. Source: Elaborated by the Authors, 2020.




Research, Society and Development, v. 9, n. 9, e346997410, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i9.7410

Previously published studies determined results similar to those found in this study
regarding antibacterial activity against S. aureus, E. coli and P. aeruginosa from extracts and
fractions of the branches from P. montealegreanum. Alves et al. (2016) determined that the
CHClIs fraction showed activity in front S. aureus only by the agar diffusion methodology
with a higher MIC (MIC = 1024 ug mL™) than that defined in this study, which can be
explained by difference in in vitro study methods for determining antimicrobial activity. Pinto
et al. (2012) determined that the EtOAc fraction showed no activity against standard strains of
S. aureus ATCC 25925 e S. aureus ATCC 29213 which is in accordance with our results.

In contrast, antibacterial activity of the EtOAc fraction obtained of the branches from
P. montealegreanum has previously been reported, using the same methodology chosen in
this study, against P. aeruginosa (ATCC 25619, ATCC 8027), E. coli strain (ATCC 2536)
and Bacillus subtilis (CCT 0516) standard strains, these strains being different from those
used in this study. It was also reported that the EtOAc fraction did not show the same activity
in relation to another strain of E. coli (ATCC 10536) (Pinto et al., 2012). Thus, we can
evidence that even though the microorganisms are of the same species, the characteristics of
each strain can influence the antibacterial activity of a given product.

Although the CEE from P. montealegreanum does not show activity against E. coli
ATCC 25922, a previous study demonstrated that this extract has the ability to increase the
diameter of the antibiotic inhibition halos for clinical use when combined in vitro, indicating
that the CEE has synergistic action when combined with ampicillin, ciprofloxacin,
chloramphenicol, sulfamethoxazole and tetracycline against E. coli (Rocha et al., 2018). No
studies were found to determine the anti-candida activity of the tested products.

To evaluate the kinetic of inhibition through of time-kill curves of the S. aureus ATCC
25923 was used the CHCI3 fraction, because it was the only one that showed antibacterial
activity by the microdilution technique in broth. It’s possible to emphasize the effect of the
mean value of the CHCIs fraction determined by the number of viable cells per colony-
forming units per mL (CFU/mL) as a function of microorganism exposure time to CHCIs
fraction in your MIC and 2 MIC.

Important differences in antibacterial activity of there were observed CHCI3 fraction
of P. montealegreanum against S. aureus ATCC 25923 with the time-kill curves assay
(Figure 2). As expected, the CHCIs fractions of Piper montealegreanum at MIC and % MIC
concentrations resulted in different effects on the inhibition of growth of S. aureus. It is

important to highlight that the growth curves of the S. aureus strain treated with the two

10
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concentrations (MIC and %2 MIC) of the CHCIs fraction of P. montealegreanum showed that
the action of the products was dependent on time and concentration.

The best effect of the CHClI; fraction in MIC concentration (1024 pug mL™) was found
in the interval of 8 and 24 hours of treatment, in which a reduction of 4 log10 of CFU/mL was
observed, when compared to the control (Figure 2). By the way, a reduction of 3 log10 of
CFU/mL was observed in the interval of 4 and 6 hours of treatment, when compared to the

control.

Figure 2. Kill curve of Staphylococcus aureus ATCC 25923 after treatment with CHCl3

fraction from Piper montealegreanum

° Growth Control

Piper montealegreanum
(1024 pg/mL)

Piper montealegreanum
(512 pg/mL)

Tetracycline

+

»

Logl10 - CFU/mL

<«

O L L L LALL) L) bl Ll L WAL L) L)
0 2 4 6 8 1012 14 16 18 20 22 24

hours

Legend - CFU: colony formation units. Graph plotted by the GraphPad Prism 8.4.3 program. Source: Elaborated
by the Authors, 2020.

The kill curve demonstrated by treatment with the concentration of %2 MIC was similar
to treatment with MIC concentration, presenting a better treatment interval in 10 to 24 hours
with a greater reduction of CFU/mL when compared with the control. However, the treatment
with ¥2 MIC demonstrated smaller reduction in log when compared with MIC kill curve and
with growth control curve (without treatment) (Figure 2).

The CHCIs fraction from P. montealegreanum in MIC concentration (1024 pg mL™?)
and % MIC concentration (512 pg mL™), presented bactericidal and bacteriostatic action,
respectively, because it inhibited to the growth of the strain of S. aureus ATCC 25923, since
reduced the number of viable cells when compared to the growth control. The bactericidal
effect CHClI3 fraction in MIC can be seen by the reduction higher of 3 log10 CFU/mL or 99 %
of cell death, starting from the initial inoculum on a certain time (May, Chan, King, Williams

11
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& French, 2000). Bactericidal action of a product is considering significantly satisfactory
when it’s able to reduce an initial inoculum concentration to values equal or lower than 2
logl0 CFU/mL in a shorter time or equal to 24 hours of incubation and consider lesser
degrees of cell death as bacteriostatic effect (Jones, Anderegg & Deshpande, 2002; Shelburne
et al., 2004).

Previous study by Pessini et al. (2003) demonstrated findings similar to that found in
this study. A compound isolated from Piper regnellii was able to reduce the growth of S.
aureus over time, having better activity with 9 hours of treatment with 3 logl0 CFU/mL, it
also demonstrated that the activity before S. aureus is dependent on exposure time and
concentration of the antimicrobial agent.

Silva et al. (2014) indicated that the mechanism of antimicrobial action of the
hydroalcoholic extract of Piper umbellatum against S. aureus and other species of bacteria,
associated with the change in the permeability of the cell wall and cytoplasmic membrane,
which can be associated with the presence of flavonoids in the hydroalcoholic extract gross.

Phytochemical study of P. montealegreanum Yuncker determined the isolation of five
substances, with emphasis on two new flavonoids with characteristic skeleton of monoterpene
dihydrochalcones, called claricine and maisine (Alves et al., 2017). Flavonoids are
compounds that naturally appear in plants and can also be obtained synthetically, they are
reported for their innumerable biological activities, such as anti-oxidant, anti-inflammatory,
cardioprotective, anti-Parkinson, antidepressants, spasmolytic activity, antidiabetic,
anticancer, in addition to antibacterial activity (Rana & Gulliya, 2019; Sarbu, Bahrin, Babii,
Stefan & Birsa, 2019).

Segundo Kumar and Pandey (2013), there are different forms of action of flavonoids
in the action on microbial cells that promote activity in front of microorganisms. Flavonoids
have the ability to form complexes with proteins, constitutive membrane proteins,
cytoplasmic enzymes and adhesins, interacting through hydrogen bonding as well as covalent
bonds. They can also interact with membrane lipids.

The CHCIs fraction revealed no hemolytic activity in human erythrocytes until 1024

ug mLtand at 2048 pg mL* presented low cytotoxic effect against these cells (Table 2).
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Table 2. Hemolytic activity of CHClIs fraction on human erythrocytes

Erythrocytes Hemolytic Activity (%)
Type (ABO/Rh) CHCl; Fraction (ug mL™)
1024 pug mLt (CIM) 2048 pg mL (CBM)
A+ 34 155
B+ 0.0 18.1
O+ 0.0 38.0

Legend - MIC: Minimal inhibitory concentration; MBC: Minimal inhibitory concentration; CHCl3: Chloroformic
fraction. Triton X-100 was applied as hemolysis positive control (100 % hemolysis). Source: Elaborated by the
Authors, 2020.

It’s observed that the concentration at which CHCIz fraction showed antibacterial
activity (1024 pg mL™1) cause no damage to the human membrane erythrocytes. Thus, such
fraction may have potential for therapeutic use, since it’s able to inhibit bacterial growth and
does not cause cell effects, characteristic for an agent which present antimicrobial activity
with none or low toxicity.

A previous study demonstrated a behavior similar to that observed in the results of this
work for hemolytic activity of products of P. montealegreanum, where the EtOAc fraction did
not show a cytotoxic effect against human erythrocytes (type A, B and O) at a concentration
of 1000 pg mL™, in addition, the EtOAc fraction demonstrated a similar effect also when used
in a concentration greater than 2000 pg mL™, presenting a higher percentage of hemolysis in
relation to blood type O when compared with the other two blood types tested (A and B)
(Pinto et al., 2012).

Studies over the years have been conducted in order to demonstrate the antimicrobial
activity of natural products, with the aim of investigating new sources of bioactive molecules
that have low toxicity (Oliveira et al., 2020; Silva et al., 2020). The results of this study
contribute to enrich the sources of knowledge about plants of the genus Piper that present
important biological activities.

The bactericidal action of the MIC and the bacteriostatic action of the ¥2 MIC of the
CHCI;s fraction of Piper montealegreanum branches against Staphylococcus aureus, as well as
the low toxicity of this fraction against human erythrocytes represent the main findings of this
study.

4. Conclusion

Bacterial kinetics showed a bacteriostatic effect of the chloroform fraction against

Staphylococcus aureus, an important agent in hospital infections and low degree of toxicity of
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the fraction in human erythrocytes. It is recommended to evaluate the antibacterial activity of
the chloroform fraction against S. aureus with different profiles of resistance to antibiotics for
clinical use. Combination studies in vitro with the other fractions aimed at reversing the
resistance of S. aureus and decreasing the MIC of both the antibiotic and extracts and
fractions are recommended too. These data corroborate the continuation of the studies with
the species in order to evaluate the biological properties of the isolated products.
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