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Abstract

Maytenus guianensis Klotzsch ex Reissek is a brazilian Amazon plant widely used in tradicional medicine to treat malaria, leishmaniasis
and cancer. Due to the increasing number of resistant strains of microorganisms to known antimicrobial substances, various extracts of
medicinal plants are being assayed with the purpose of developing new compounds with antimicrobial activities. Thus, the present work
aimed to evaluate the biological potential of isolated substances of the bark of M. guianensis on bacteria. The barks were collected at the
Reserva Florestal Adolpho Ducke, in Manaus-AM. After, they were dried and grinded, being subjected to Soxhlet extraction with different
solvants according to their polarity degree. The isolated substances were diluted with DMSO 2 %, and for the evaluation of the antibacterial
potential, the agar well diffusion technique was used. The design was totally randomized with two replicas per treatment. The evaluation
consisted on measuring bacteria colonial growth after 24 hours of the beginning of the experiment. The results obtained from the isolated
substances of M. guianensis presented inhibitory effect against at least four out of the five bacteria tested, where satisfactory inhibition halos
were noted. The results highlight the antimicrobial potential of this plant, which may be promising for the development of new drugs.
Keywords: Celastraceae. Maytenus guianensis. Bacteria. Biological assays.

Resumo

Maytenus guianensis Klotzsch ex Reissek é uma planta da Amazonia brasileira muito utilizada na medicina popular contra maldria,
leishmaniose e cdncer. Com o aumento dos microrganismos resistentes as substdncias antimicrobianas jé conhecidas, vdrios extratos de
plantas medicinais estdo sendo testados com a finalidade de procurar novos compostos com atividade antimicrobiana reconhecida. Assim, este
trabalho visa avaliar o potencial bioldgico das substdncias isoladas das cascas de M. guianensis sobre bactérias. As cascas foram coletadas na
Reserva Florestal Adolpho Ducke em Manaus-AM. Posteriormente, foram devidamente secas e trituradas, sendo submetidas a extracido em
aparelho de Soxhlet com diferentes solventes de acordo com grau de polaridade. As substincias isoladas foram diluidas com DMSO a 2 % e
para avaliar o potencial bioldgico sobre as bactérias, utilizou-se a técnica de difusdo em dgar em pogos. O delineamento foi o inteiramente
casualizado com duas repeticoes por tratamento. A avaliagdo teste consistiu em medir o crescimento das colonias das bactérias, apds 24 horas
do inicio do experimento. Os resultados obtidos das substdncias isoladas de M. guianensis apresentaram efeito inibitério contra pelo menos
quatro das cinco bactérias testadas notando-se halos de inibigdo satisfatérios. Os resultados sinalizam o potencial antimicrobiano dessa
planta, podendo ser promissoras para estudos de desenvolvimento de novos farmacos.

Palavras-chave: Celastraceae. Mayenus guianensis. Bactérias. Ensaios Bioldgicos.
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1. Introduction

Brazil has the greatest plant diversity of the world, with an estimated number of over 20 % of
the total species of the planet. With more than fifty thousand species described, corresponding to 22 %
of the total, this rich biodiversity is accompanied by a wide acceptance of medicinal plant use and
traditional knowledge associated to. Approximately 48 % of the medicines utilized in therapeutics are
originated directly or indirectly from natural products, especially medicinal plants (CARVALHO et
al., 2007).

In Amazon, there are several plant species bearing medicinal properties (OSAKADA, 2009),
including the species belonging to the Celastraceae family, composed by 98 genera and roughly 1264
species (FONSECA ET AL., 2007; LORENZI & MATOS, 2008; OLIVEIRA et al., 2012), distributed all
over the world, particularly in the tropical and subtropical regions, including the north of Africa,
South America and Asia (SPIVEY et al., 2002; DUARTE et al., 2010 HURTADO, 2013; MOHAMED &
PERWEZ, 2014).

Furthermore, the family has species with great therapeutical relevance, presenting various
pharmacological activities, such as: antiulcerogenic, insecticidal, immunosuppressive, anti-rheumatic,
antibacterial and anticancer (FONSECA et al.,, 2007), and given that, species of this family have been
object of many phytochemical investigations and secondary metabolites isolated of these species have
shown great biological activity (FONSECA et al., 2007; ALMEIDA et al., 2010; DING et al., 2010; LIMA
et al., 2010; ANTONISAMY et al., 2011; KENNEDY et al., 2011; SANTOS et al., 2013), of which we can
cite the friedelane pentacyclic triterpenes, quinonamethides, sesquiterpenes, secofriedelanes, steroids,
agarofuranic derivatives, proanthocyanidin glycosides, flavonoids, sesquiterpene pyridine alkaloids
and catequines (SILVA et al., 2008; SOUSA et al., 2012; HURTADO, 2013).

Maytenus guianensis is a small tree, endemic of terra-firme regions in Amazon, and is
popularly known as chichud, xixud, chuchahuasi, chucchu huashu, chuchuasi, chuchasha and
tonipulmon (DUKE & VASQUEZ, 1994; REVILLA, 2002).

Its roots and stems are used as analgesic, anti-inflammatory, aphrodisiac, muscular relaxant,
antirrheumatic and anti-diarreaic. The species is also indicated for the treatment of arthritis,
impotence, cold, bronchitis, haemorrhoid, helminthiases, lumbago, external ulcerae and ginecological
uses (BORRAS, 2003). As a cosmetic, it is used in cutaneous eruptions and prevents skin cancer
(REVILLA, 2002), besides of its antiparasitic action (MACARI et al., 2006), demonstrating a great
ethnopharmacological potential to be explored.

Bacteria easily develop resistance to some antibacterial agents. However, since the discovery
of first antimicrobials, a wide variety of agents have been studied for its activities on bacterial growth
or survival (HURTADO, 2013).

Considering the diversity of substances on plants and the possibility to find new antibacterial
substances, this work aimed to evaluate the activity of substances isolated from the barks of M.
guianensis against Staphylococcus aureus (ATCC 29213), methicillin-resistant Staphylococcus aureus
(MRSA) (ATCC 25923), Klebisiela pneumoniae (ATCC 13883), Pseudomonas aeroginosa (ATCC 27853) and
Escherichia coli (ATCC 25922).

2. Methods

The phytochemical study of the barks of M. guianensis was carried out at the Research
Laboratory of Chemistry of Natural Products of the Federal University of Rondonia (UNIR), on Porto
Velho-RO. The collection of the fresh barks of M. guianensis was performed at Reserva Florestal
Adolpho Ducke, located km 26 of Estrada Manaus-Itacoatiara (AM-010) on Manaus, AM, with the
geographical coordinates 0°10” S, 67°05" W, on the summer period of 2010. The botanical identification
was performed by the dispatch of an exsiccate at the Herbarium of the National Institute for Amazon
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Research (INPA), where it was registered by the number 188.485 and identified by the researcher
Doctor José Eduardo da Silva Ribeiro.

The barks were dried in an electric heater with air circulation at a temperature of 50° C during
48 hours. After, the dried barks were grinded for the increase of surface area, and subjected to three
extractions by percolation with ethanol P.A. 95 % at room temperature during three days, each
percolation. After the evaporation of ethanol, the ethanolic extract, named MGCE, was obtained. Part
of the ethanolic extract was destined for the isolation and purification of active principles, while the
other part of the extract was directed to antibacterial activity assay.

The isolation and purification of the chemical constituents of the ethanolic extract of the
barks were performed by glass column chromatography, using as standing phase silica gel of Merck
and Vetec (um 63-200). The length and diameter of the columns changed according to the amounts of
silica and samples used. For Thin Layer Chromatography (TLC), plates of silica gel 60 (um 2-25) above
polyesther T — 6145, Sigma Chemical CO (with fluorescence label of 250 nm, from Carlo Erba
trademark.

The solvants used in the cromatographic elution were: n-hexane, ethyl acetate and methanol,
pure or combined in an increasing gradient of polarity, from which fractions of 250 mL each were
collected. After concentration in rotaevaporator Labor and repeated chromatographc procedures in
silica gel columns, lead to the obtaining of some isolated substances. The revelation of the substances
chromatographed by TLC were carried out by exposition of the analytical plaques in ultraviolet light
(UV), revealed in a wavelength of 254 nm and pulverized with an universal revelator (mixture of
ethanol: acetic acid: sulphuric acid — 80:10:10), followed by warming in a heater, between 50-100° C,
during approximately five minutes.

The mass specters were obtained by electronic impact (70 Ev) on a CG/MS Hewlett - Packard
5971 instrument using a dimethylpolysiloxane BD-1 capillary column (30 m x 0,25 mm), using He as
carrier gas and temperatures of 250° C in the injector, 200° C in the detector and in the column varying
12/min between 35-180° C and 10° C/min in the interval of 180-250° C.

The study of biological activity of the ethanolic extract and isolated substances of the barks of
M. guianensis against S. aureus (ATCC 29213), methicillin resistant S. aureus (MRSA), K. pneumoniae
(ATCC 13883), P. aerugionosa (ATCC 27853) and E. coli (ATCC 25922) were carried out at Laboratdrio
de Microbiologia do Centro de Pesquisa em Medicina Tropical (CEPEM), on Porto Velho-RO, where
the Standard Operational Procedure (SOP) was used to execute the agar diffusion test.

In the agar diffusion technique, it was observed the resistance profile and sensibility of
bacteria against isolated substances of M. gquianensis by growth inhibition halos in wvitro as
recommended by Clinical and Laboratory Standards Institute (CLSI), with modifications suggested by
Cursino et al. (2013) and Pieri et al. (2010).

10 mL of LB agar were spilled on 90 X 15 Petri dishes, which was named inferior layer. After
solidification of this layer, 15 mL of Miiller-Hinton agar were put into the inferior layer, being named
superior layer. After culture solidification, cylindrical holes were made by using sterile tips of 200 uL,
where there must be equidistance between the holes to avoid convergent inhibition zones.

On the surface of Miiller-Hinton agar culture medium, the seeding was done by an
impregnated swab with the inoculus previously adjusted at 0,5 on McFarland scale of the bacteria S.
aureus (ATCC 29213), methicillin resistant S. aureus (MRSA), K. pneumoniae (ATCC 13883), P. aeruginosa
(ATCC 27853) and E. coli (ATCC 25922).

At the holes were added 40 uL of positive control at the concentration of 0,6 mg/mL and the
isolated substances with the concentrations of 40, 20, 10 and 5 pg/mL. After the administration of the
isolated substances, the plaques (dishes) were incubated at 37° C temperature during 24 hours. With
the diffusion of the product in agar, sensitive bacteria to the substances presented an inhibition halo
around the hole.
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The reading of halos was measured in millimeters using a millimetric ruler. The diameters of
total inhibition halos (judged by naked eye) were measured, including the hole diameter. The
inhibition halo was considered to be the area without visually detectable growth.

The criterion for assessing inhibitory products was the presence of inhibition halos around the
holes. The sensibility profile of target-bacteria to tested products was classified according to the
following scale: resistant (absence of inhibition halo), little sensitive (up to 10 mm diameter halos);
moderately sensitive (between 20 and 30 mm halos) and severely sensitive (over 30 mm halos).

The inhibition zones obtained for the positive control were used for comparison of bacterial
sensitivity profile. The tests were performed in duplicates, and the positive results were confirmed
with one more repetition, in duplicates, and the final result was determined by the arithmetic mean of
the diameters of inhibition halos by the software GraphPad Prism 5.0.

3. Results and discussion

Repeated chromatographic procedures of MGCE lead to the isolation of four substances
named MGFEAC-1, MGFEAC-2, MGFEAC-3 and MGFEAC-4, which after analyses of spectroscopic
data of 'H and uni and bidimensional 3C, IV and EM RMN, lead to the conclusion that MGFEAC-1
and MGFEAC-4 were actually mixtures of triterpenes, where MGFEAC-1 corresponds to the
triterpenes friedeline and friedelol, and MGFEAC-4 corresponded to tingenine B and tingenone.
MGFEAC-2 and MGFEAC-3 were identified as the triterpenes 29-hidroxyfriedelan-3-one and 16-
hidroxyfriedelan-3-one, respectively. These compounds were isolated from the bark of this plant
(FACUNDO et al., 2015).

Phytchemical studies carried out in plants of the genus Maytenus revealed the triterpenes
friedeline and friedelol can be considered chemosystematic markers of the genus (NOSSACK et al.,
2000).

Triterpenes present significant interest due to its various biological activities, serving as
candidates or prototypes of new medicines (ALVARENGA & FERRO, 2006). Studies with friedeline
showed antiproliferative, proapoptotic (MARTUCCIELLO et al., 2010), anti-inflammatory, analgesic
and antipyretic, (ANTONISAMY et al., 2011) and allelopathic activities (SANTOS et al., 2008).

According to studies carried out by Huyke et al. (2006), the pentacyclic triterpenes are
responsible for the activity in the treatment of actinic keratosis, a skin wound caused by sun that is
characterized by reddish or slightly brownish areas with rough surfaces, indicating the pentacyclic
triterpenes are the main cause of the activity.

Quinonamethide triterpenes are compounds of isolation restricted to plants belonging to the
Celastraceae family (CURSINO et al., 2000). Tingenone is a quinonamethide triterpene isolated from
various plants of this family, among them M. acanthophylla (OLIVEIRA et al., 2006). Recent works
carried out by Silva et al. (2013), indicate tingenone has potent activity against Microcystis novacekii, a
cyanobacteria able of forming florations and producing toxins, named microcystins, which are
involved in environmental accidents, and are largely responsible for cases of both human and animal
intoxication.

The evaluation of substances contamination previously performed to the antimicrobial test
indicated these substances were free of contamination by bacteria and fungi, without development of
other colonies on both LB and agar media after incubation. These results revealed the substances
presented good microbiological conditions in the present work.

According to the results obtained by SOP, the four isolated substances MGFEAC-1, MGFEAC-
2, MGFEAC-3 and MGFEAC-4 presented biological activity for S. aureus (Table 1), MRSA (Table 2), P.
aeruginosa (Table 3) and K. pneumonise (Table 4), with growth inhibition halos on the tested
concentrations being observed.

In table 1 it is noted the concentration of 20ug/mL obtained the best results when compared to
the positive control (cloranfenicol), exhibiting inhibition halos ranging from 12 to 18 mm for the tested
bacteria.
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The triterpene 29-hidroxyfriedelan-3-one (MGFEAC-3), was also isolated from the roots of
Salacia kraussi Miers and is cited in literature because of its potent cytotoxicity against HT-29 cell line
(human colon adenocarcinoma) and because of its antimalarial activity (FIGUEIREDO et al., 1998).

Table 1: Biological activity of isolated compounds of M. guianensis in different concentrations against
S. aureus in mm*

Samples Concentration (ug/mL)

40 20 10 5
MGFEAC-1 18 12 16 18
MGFEAC-2 12 12 13 14
MGFEAC-3 24 14 24 24
MGFEAC-4 18 18 18 18
P. CONTROL 30 30 30 30

* Results accompanied by mean and standard deviation

Furthermore, this compound presented antimicrobial activities against S. aureus, Bacillus cereus
and Candida albicans in the concentration of 5ug/mL, inhibiting between 8-10 mm relative to positive
control (cloranfenicol) (OLIVEIRA, 2014).

In table 2 it can be noted the concentrations of 10 and 40 ug/mL had the best results relative to
positive control (cloranfenicol), showing inhibition halos from 9 to 12 mm for the tested bacteria. The
triterpene 29-hidroxyfriedelan-3-one (MGFEAC-3) presented the best activity profile in comparison to
the other tested substances regardless of concentrations used.

Table 2: Biological activity of isolated compounds of M. guianensis in different concentrations against
P. MRSA in mm*

Samples Concentration (pug/mL)

40 20 10 5
MGFEAC-1 11 12 10 13
MGFEAC-2 9 10 10 16
MGFEAC-3 12 12 12 12
MGFEAC-4 12 12 12 12
P. CONTROL 30 30 30 30

* Results accompanied by mean and standard deviation
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In table 3, it can be noted the concentration of 10 pg/mL had the best results when compared
to positive control (cloranfenicol), showing inhibition halos from 12 to 13 mm for tested bacteria and
according with the specific SOP the sensitivity profile was moderately sensitive.

Table 3: Biological activity of isolated compounds of M. guianensis in different concentrations against
P. aeruginosa in mm*

Samples Concentration (ug/mL)

40 20 10 5
MGFEAC-1 12 12 12 14
MGFEAC-2 12 12 12 12
MGFEAC-3 18 18 12 18
MGFEAC-4 12 12 13 16
P. CONTROL 30 30 30 30

* Results accompanied by mean and standard deviation

The triterpene 29-hidroxyfriedelan-3-one was isolated one more time from the barks of M.
guianensis, and the fact that it presented a better profile relative to the rest of the substances tested, as
well as for S. aureus and MRSA, is highlighted again. In table 4 it can be noted the concentrations of 10
and 20 pg/mL had the best results when compared to positive control (cloranfenicol) showing
inhibition halos of roughly 12 mm for the tested bacteria and according to the specific SOP was little
sensitive.

Table 4: Biological activity of isolated compounds of M. guianensis in different concentrations against
K. pneumoniae in mm *

Samples Concentration (pug/mL)

40 20 10 5
MGFEAC-1 14 12 12 17
MGFEAC-2 12 12 12 13
MGFEAC-3 12 12 12 12
MGFEAC-4 9 12 12 12
P. CONTROL 30 30 30 30

*Results accompanied by mean and standard deviation

The triterpene tingenone, one of the components presents in MGFEC-4, has antibacterial
activity against S. petenensis (SETZER et al., 2001) and the mixture MGFEC-4 has antioxidant activity
(HURTADO, 2013). The triterpenes tingenone and tingenine B, separated from each other, presented
inhibitory effect on the enzyme aldose reductase, suggesting an antidiabetic potential (Morikawa et
al., 2003).

A possible positive response of the tested substances over the bacteria was the utilization of
DMSO on the concentration of 1-2 %, being an ideal concentration for its use in experiments,
demonstrating the performance in the dissolution of the samples evaluated in this biological assay, as
well as facilitated the dispersion of it in the culture medium, thus improving the quality of procedures
with isolated substances.

According some authors the DMSO was inert for the development of E. coli, Staphylococcus sp,
Streptococcus sp and Klebsiella sp (DALMARCO et al.,, 2007), for aminoglycoside-resistant E. coli
(COUTINHO et al,, 2009) and for Mycoplasma arginini, M. hominis and Ureaplasma urealyticum
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(CORDOVA et al., 2010). Sufredini et al., (2006), using DMSO at 50 % did not find toxicity for Gram-
positive bacteria (S. aureus e E. faecalis) and Gram-negative bacteria (E. coli e P. aeruginosa).

Porfirio et al. (2009) and Ribeiro & Moura (2009) verified antibacterial activity in the extract of
Eleutherine plicata Herb (marupazinho), showing higher activity against the gram positive bacterium S.
aureus. The presence of quinonamethide tritepernes and tannins in the extract may be the main cause
by the antimicrobial activity of the plant (DJIPA et al., 2000).

Correia et al. (2008) in his study with the crude extract of Geissospermum argenteum reported
antimicrobial activity against P. aeruginosa strains on the concentrations of 20 pg/mL and 80 pg/mL for
sensitive S. aureus and 5 pg/mL for multi-resistant S. aureus.

According on the antimicrobial activity by agar diffusion technique in wells of isolated
compounds of M. guianensis, the results here presented against S. aureus, MRSA, P. aeroginosa and K.
pneumoniae present one more important evidence for the conclusion that plants are natural sources of
antimicrobial substances that are not only active against pathogens and pests, but also may represent
a feasible alternative of overcoming microbial resistance mechanisms.

Similar results were found by Annan et al. (2009) using friedeline, also isolated in the present
work, from the methanolic extract of Paullinia pinnata L. roots against S. aureus and MRSA using the
MIC on the concentration of 256 pg/mL relative to positive control using tetracycline (MIC= 128
ug/mL). However, other authors suggest that biological assays aiming toxicity at different
concentrations must be carried out.

Ogunnusi et al. (2010), after isolating friedeline and friedelanol of the ethanolic extract of
leaves of Euphorbia kamerucica Pax, performed antibacterial activity assays on the growth of P.
aeruginosa, E. coli and S. aureus on the concentrations of 100, 75 and 50 pg/mL, respectively, by agar
disk diffusion technique in wells and verified after 24 hours, growth inhibition zones ranging from 9
to 10 mm for S. aureus and from 13 to 15 mm for P. aeruginosa on the concentration of 50 pg/mL.
However, negative results were found in E. coli, where inhibition halos were not observed when
compared to other tested bacteria.

Other studies reveal that with the gram-negative bacterium, E. coli, the substances and plant
extracts are not efficient, that is, they do not present inhibition halos on the tested concentrations,
pointing the fact these bacteria, besides cell wall, present and external membrane that acts as a barrier
for many substances, including chemotherapics (NIKAIDO, 2003; YEAGLE, 2012).

This is noteworthy, since the cell walls of gram-negative bacteria are more complex than those
of gram-positive, since besides having a cytoplasmic membrane and a thin layer of peptideoglycans,
they also have an external membrane covering all of them. This external membrane serves as a
selective barrier that regulates the passage of some substances towards inside and outside of the cell
(SOARES, 2013). Similar results were found by Carvalho et al. (2014) where no antimicrobial activity
at any of the concentrations for the ethanolic and ciclohexanic extracts of Matricaria chamomilla against
E. coli was observed, on both agar and broth diffusion techniques.

The fact that the substances isolated did not present antimicrobial activity against E. coli does
not means they are not active against other species of pathogenic bacteria tested, since other plant
species have comproved activity against these bacteria, being noted there is variation in sensibility for
each type of substance assayed, suggesting new concentrations to be tested.

It is likely that the difference of antimicrobial activity is related not only to biological activity
of the substances, but also due to the presence of one of the structures of external membrane of Gram-
negative bacteria, which might prevent the passage of molecules by this membrane (FRANCA et al.,
2009), besides the particularities belonging to different resistance mechanisms of lineages.

Ribeiro & Soares (2000) stated that several factors influence the results of agar well diffusion
technique, such as: presence of bacterial enzymes, medium composition, substance diffusion in the
medium, inoculus density, incubation period, temperature, and stability of the substance used.

According to Estrela (2000), the method of Agar diffusion does not offer conditions for
comparison between substances with distinct solubitities and diffusibilities. Analyzing substances
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with different dissociation and diffusion capabilities, it can be noted some tested substances did not
present difficulties regarding diffusion and dissociation in agar, however, in solubility tests with
DMSO, the turbidity of these substances was high, hampering the short-term solubility.

Although the exact mechanism by which the isolated substances are acting on the analyzed
bacteria is unknown, it is known that substances with antimicrobial activity might interfere on protein
synthesis, cell wall synthesis, cell wall degradation, and folic acid biosynthesis (BAX et al., 2000).

Conclusion

The results of this work, together with the data in literature, show clearly that M. guianensis is
a rich source of both friedelane and quinonamethide classes triterpenes, and according to the data
cited along this manuscript, the triterpenes belonging to this class have shown several biological
activities, strengthening the medicinal status of this plant. Further, this work presents the first report
of results that show the efficacy of the substances of M. guianensis on four tested ATCC bacteria using
the agar well diffusion technique.
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