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ABSTRACT

The genus Erythroxylum presents about 240 species in pantropical distribution and the Brazil is the diversity
center, with 114 species. The antimicrobial and antioxidant activities were identified for several species of the
genus. In the Rio Grande do Sul and Santa Catarina states, South of Brazil, occur mainly E. argentinum e E.
deciduum, in both the presence of some metabolites and the toxicity presented variation with the seasonality. Thus,
the influence of climatic stations, summer and winter, about the antimicrobial and antioxidant activities was
investigated for different extracts of this species. The study demonstrates wich the activities are influenced by
climatic stations, the ethanolic extracts are more actives for the activities investigated and E. argentinum, summer
collection, presents potential for the discovery of antimicrobial agents against Staphylococcus aureus.
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INTRODUCTION

The genus Erythroxylum P. Browne belongs to the
family Erythroxylaceae Kunth, present pantropical
distribution, comprises about 240 species!*?*! and Brazil
is the center of diversity and endemism of the genus.™ In
the Rio Grande do Sul and Santa Catarina states,
southern Brazil, the most common species of the genus
are Erythroxylum argentinum O. E. Schulz and
Erythroxylum deciduum St. Hil. representing about 46%
of collections present in Brazilian herbariums and
museums. Information obtained through by evaluating

the summer, a fact that does not occur when consumed in
the winter,'3%%! chemically, present flavonoids,™**"24
alkaloids®?>%2¥ and diterpenes.”® The biosynthesis of
metabolites in Erythroxylum genus can be influenced by

climatic variations and developmental stage.?®*"!

Therefore, the aim of this work was to evaluate the
antimicrobial and antioxidant activity of the E.
argentinum O. E. Schulz and E. deciduum A. St. Hil.
collected in two different climatic seasons, summer and
winter, in Southern of Brazil.

the speciesLink system (www.splink.org.br).

The genus present important antimicrobial (E. coca,™ E.
suberosum,®! E. caatinga,? E. delagoense, E.
emarginatum E. pictum,® E. catuabal®) and antioxidant
S|derox¥I0|des,“°] E. mummularia™ E.
monogynum 4 E. suberosum ™) activities.

E. argentinum present local anesthetic, anti-
inflammatory and antimicrobial activities™*>** and E.
deciduum demonstrated cytotoxicity activity.?”! Both
species cause toxicity of sheep when consumed during

MATERIALS AND METHODS

Collection and Preparation of Extracts

The E. argentinum and E. deciduum were collected in
Brazil, during the summer and winter, in Dense
Ombrophylous Forest (27°26'24.0"S 48°22'07.2"W)
Santa Catarina state and in transition region between
Mixed  Ombrophilous  Forest and  Seasonal
Semideciduous Forest (27°39'03.6"S 52°17'56.3"W) Rio
Grande do Sul state.
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The leaves were separated of the branches, dried,
disintegrated and the extracts obtained by exhaustive
extraction in a soxhlet apparatus using in increasing
polarity the solvents: petroleum ether, dichloromethane,
ethanol and ending with the passage of distilled water,
the extractions occurred for about one- two hours. The
extracts were concentrated and kept in desiccator until
constant weight.

Evaluation of Antimicrobial Activity

For the antibacterial activity it were used standard strains
of Enterobacter cloacae (ATCC 13047), Enterococcus
faecalis (Streptococcus faecalis) (ATCC 29212),
Escherichia coli (ATCC 25922), Klebsiella pneumoniae
(ATCC 10031), Proteus mirabilis (ATCC 25933),
Pseudomonas aeruginosa (ATCC 27853), Salmonella
choleraesuis (ATCC 10708), Shigella flexneri (ATCC
12022), Staphylococcus aureus (ATCC 25923) and
Staphylococcus epidermidis (ATCC 12228).

The antibacterial activity and Minimal Inhibitory
Concentration (MIC) were determined in vitro by agar
disc-diffusion method and microdilution in broth.[?32°]
To antibacterial activity the microorganisms were
standardized with an optical density of McFarland 0.5,
corresponds to a concentration of approximately 10°
UC/mL, which was transferred to Petri dish with
Mueller-Hinton agar. Discs of barren paper (6mm) were
impregnated with 10 pL of the solvents used in the
extraction (negative control) or of the solution 100
mg/mL of the petroleum ether, dichloromethane, ethanol
and water extracts from the leaves of E. argentinum and
E. deciduum collected in winter and summer. After
placing the discs, the plates were incubated for 18-24

hours at 35°C. It was named Sensitive when the
inhibition halo was equal to or greater than 7 mm and
Resistant when no occurred inhibition halo.

The MIC was considered the lowest concentration of
extract that no microbial growth occurred. In microplates
of 96 wells, each well received 100 pL Mueller-Hinton
broth, 100 pL extract and a suspension of 10* UFC/well
of the microorganism. The negative control occurred
employing only broth and extract and to positive control
only suspension of microorganism and broth. The
experiments were performed in triplicate.

Evaluation of Antioxidant Activity

The methodology performed is based on the extent of the
extinction of the radical absorption 2,2-diphenyl-1-
picrylhydrazyl (DPPH) in spectrophotometer at 515 nm,
the  determination occurred in UV-Visible
spectrophotometer brand Agilent Technologies, model
8453E. After the evaluation of the ideal concentration
range, was calculated the concentration of extracts
required to capture 50% of the DPPH free radical (EC50)
by linear regression analysis.*? The experiments were
performed in triplicate.

RESULTS AND DISCUSSION

Antimicrobial Activity

The results of the antibacterial activity of different
extracts leaves of E. argentinum and E. deciduum,
collected from two different climatic seasons, summer
and winter, using the disc diffusion method, are
presented in Table 1.

Table 1: Antibacterial activity, in disc diffusion method, of the extracts of leaves of Erythroxylum deciduum and
Erythroxylum argentinum collected in winter and summer using 10 pL of a solution at a concentration close to

100 mg/mL.
Extracts

Microorganisms EP CH2CI2 EtOH H20

wW S W S w S W S
Enterobacter cloacae - - - - - - - -
Enterococcus faecalis - - - A(8) D(7) A(9) | D(9) A(10) - -
Escherichia coli - - - - - - - -
Klebsiella pneumoniae - - - - - - - -
Proteus mirabilis - - - - - D(8) - -
Pseudomonas aeruginosa - - - - - - - -
Salmonella choleraesuis - - - - A(8) D(8) A(9) - -
Shigella flexneri - - - - - - - -
Staphylococcus aureus - - A(B) | A(8) | D(8) A(10) | D(9) A(12) A(8) A(8)
Staphylococcus epidermidis - - - - A(8) A(11) - -

-: Resistent, A: sensible to E. argentinum. D: sensible to E. deciduum. ( ): Diameter of the halo of inhibition of
microbial growth in millimeter, EP: extract petroleum ether, CH2CI2: extract dichloromethane, EtOH: extract
ethanolic, H20O: extract water, W: collect in winter, S: collect in summer.

E. argentinum and E. deciduum were presented
antibacterial activity against E. faecalis, S. choleraesuis
and S. aureus. For P. mirabilis only E. deciduum was
active and for S. epidermidis only E. argentinum. Similar

to our results, E. caatinga demonstrates activity against
S. aureus and E. faecalis and shows no activity against E.
coli and P. aeruginosa.l”
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The antibacterial activity, in disc diffusion method, of
extracts leaf of E. deciduum and E. argentinum
demonstrate that the seasonality, winter/ summer,
interferes about this activity of the species, being more
active in the summer.

The ethanolic extracts produces more inhibition haloes
against the microorganisms studied as the study in E.
delagoense, E. emarginatum and E. pictum.

The apolar extracts present low or no antibacterial
activity, characteristic also observed in other species of
genus as E. caatinga and E. suberosum.®”!

The active extracts in disc diffusion method (zone of
inhibition > 7 mm) were evaluated by broth
microdilution method, the values MIC obtained are
shown in Table 2 and Table 3.

Table 2: Minimal Inhibitory Concentration (MIC) in mg/mL of extracts dichloromethane, ethanolic and
aqueous of leaves of Erythroxylum argentinum, collect in winter and summer.

Microorganisms CIM (mg/mL) - W CIM (mg/mL) - S
CH2CI2 | EtOH | H20 | CH2CI2 | EtOH | H20
Enterococcus faecalis - 6.25 - 12,537 | 3.125 -
Salmonella choleraesuis - 12.5 - - 3.125 -
Staphylococcus aureus 6.331 |3.125 |6.287 | 6.269 |0.78125 |3.147
Staphylococcus epidermidis - 12.5 - - 3.125 -

CH2CI2: extract dichloromethane, EtOH: ethanolic extract, H2O: water extract, (W): collect in winter, (S): collect in

summer and (-): not evaluated.

Table 3: Minimum Inhibitory Concentration (MIC) in mg/mL of ethanolic extracts from leaves of Erythroxylum

deciduum, collect during winter and during the summer.

Microorganisms CIM (mg/mL) - W | CIM (mg/mL) - S
Enterococcus faecalis 6.252 3.138
Proteus mirabilis - 12.552
Salmonella choleraesuis - 6.276
Staphylococcus aureus 3.126 3.138

(W): collect in winter and (S): collect in summer and (-): not evaluated.

According to De Wet® and Van Vuuren,B" extracts with
MIC value below 8 mg/mL are considered active and
below 1mg/mL true antimicrobials. In this way, the
species evaluated demonstrate antibacterial activity and
potential for the discovery of antimicrobial molecules,
being E. argentinum, collected in summer, the most
promising, MIC= 0.78125 mg/mL against S. aureus.

S. aureus was the microorganism most sensitive to
extracts, this result is important because the bacterium is
the main human pathogen, responsible for serious
infections, increasing resistance to antimicrobials and
their clinical spectrum of diseases to be mutable,®*? so
finding new sources for their treatment is important.

The absence of activity against E. coli, K. pneumoniae
and P. aeruginosa in our study with E. argentinum
corroborate the results of Tomesit**! for the same species.
However occurs divergence on S. aureus, which may
originate from the collection period or other
edaphoclimatic factors or error in identification of the
species.

Practically all extracts collected in summer present more
antimicrobial activity that the respective extracts
collected in winter. These difference demonstrate the
seasonal influence in the biosynthesis of compounds

responsible for the activity in these plants, being more
synthesized/ accumulated in the summer.

The extracts tested were more active on gram positive,
the result is in agreement with others studies that
demonstrate the gram negative as the more resistant to
the action of the vegetal extracts.®*3*1 This may be
related with the presence of lipoproteins in the
membrane, which causes deficiency in the penetration
and thus inactivity or reduction of activity.* Ethanolic
extracts were active against the gram negative S.
choleraesuis and P. mirabilis, which suggests the
production of metabolites with capacity to transpose the
lipoproteins or present an alternative mechanism of
action or penetration.

It is observed that almost all studies do not present
information about the seasonality and the collection site,
which impairs the comparison between studies once
antimicrobial activity may vary between summer and
winter.

Antioxidant Activity

The results obtained of the antioxidant activity, in the
form of EC50, of the different extracts of the E.
argentinum and E. deciduum collected in two climatic
seasons, summer and winter, are presented in Table 4.
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Table 4: Antioxidant activity presented as EC50 of extracts leaves of Erythroxylum argentinum and
Erythroxylum deciduum collected in winter and summer.

EC50 (mg/ml)
. Extract
Species Collect 25— TER2CI2 [EtOH [H20
Erythroxylum argentinum | Summer [0.96 | 0.05 0,03 [0.04
Winter 0.44 0.10 0.02 |0.07
Erythrosylum decidugm | Summer [0.99 116|004 [0.10
Winter 0.65 0.24 0.04 |0.13

EP = petroleum ether extract; CH2CI2 = dichloromethane extract; EtOH = ethanolic extract and H20 = water

extract.

The polar extracts of E. argentinum and E. deciduum
present antioxidant activity and the ethanolic extracts
were the most active, similar to the results found in E.
cuneatum, !

The apolar extracts presented low antioxidant activity,
similar to others studies with species of the genus,t®
however the dichloromethane extract of E. argentinum,
collected in summer, had na interesting antioxidant
activity.

The seasonality does not present important influence on
the antioxidant activity of ethanolic extracts of E.
argentinum and E. deciduum, but about the activity of
the water extracts, this influence occurs.

The antioxidant activity of E. monogynum, EC50= 0.05
mg/mL, is responsible for protection of the plant against
hepatic damage,™**" therefore E. argentinum, EC50=
0.02 mg/mL, and E. deciduum, EC50= 0.04 mg/mL,
present potential for therapeutic use. Due antioxidants
compounds present several therapeutic properties such as
anti-inflammatory, anticancer and vasodilator,"” the
species, E. argentinum and E. deciduum, also
demonstrate are possible source of the news
pharmaceutical molecules in the market.

CONCLUSION

Erythroxylum argentinum and Erythroxylum deciduum
present antioxidant and antimicrobial activity, especially
against gram positive bacteria and Erythroxylum
argentinum present potential for clinical use against S.
aureus.

The antimicrobial and antioxidant activities of the
species evaluated present variation with the seasonality,
this demonstrate the need for inform this period of
collect in publications, since an interesting activity may
not be verified due the influence of the seasonality.
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