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ABSTRACT

Maytenus rigida (Mart.), is a caatinga plant specigith wide distribution in Brazil. This study aith® evaluate
the phytochemical profile, and to determine anttbaal and cytotoxic activity of Maytenus rigida &¥.).
Phytochemical screening was performed with ethanmiide extracts of leaf and stem bark. Antimicablbictivity
was evaluated by Broth Microdilution Method to detme Minimum Inhibitory Concentration (MIC), again
bacterial strains Staphylococcus aureus, Staphylogs epidermidis, Pseudomonas aeruginosa and Seallaon
enterica. Cytotoxic activity was obtained by MTTF(4®-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliubmomide)
tetrazolium reduction assay. In phytochemical scieg, it was observed the presence of flavonoiitgrpenes,
phenols, steroids, alkaloids, saponins and anthiamues. The crude extracts of leaf and stem bark acetate
fraction presented inhibitory action front of S.temica, S. aureus and S. epidermidis at tested eotnations.
Ethanolic crude extract of leaf has proved being-taxic at all, concentrations tested and ethanalicde extract
of stem bark presented toxicity with lethal sigfit effect front of J774 macrophages linage testethe MTT
assay, except at concentration ofu@/mL. Data obtained encourage new studies in ondeisolate and test
substances, which contribute to biological actiwfythis plant species, aiming a possible therajseapplication.

Keywords: Maytenus rigidaMart.). Chemical composition. Cytotoxic activi#ntimicrobial activity.

INTRODUCTION

The use of plants for treatment of various diseasese the days of prehistory reveals that natlwayes constituted
a major source of drugs for population [1]. In tbantext, plants are utilized in a traditional wdye to population
knowledge of certain plant properties by the usplaffit species as a source of active molecules [2].

Experimental studies based on medicinal plantsahdr elements that act in the healing processimfiedtion
control are under development and this reaffirntimg important attribution of nursing in the devetemt of new
technologies for treatment of wounds [3].

In the same form, plants that have antimicrobidivdg are also of extreme importance due to thet that many

microorganisms present resistance, to not onhadirere-set antibiotics, as well as the latest gioa, causing an
increasing problem of global public health [4, 5].
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Caatinga is a biome with few studies in Brazil andegetation type of semiarid, occurring only ira8l, almost
exclusively in Northeast region [6]. CharacterigifcCaatinga region, Celastraceae family has 8&igamd 1300
species distributed in tropical and subtropical tivea[7].

Maytenus rigida(Mart.) is native from Brazil north-eastern andfasind in Caatinga and savannah environments
stands out from all other speciesMéytenudor having a larger distribution throughout theaBitian territory [8].

In the face of scientific evidence contained ieritture on the presence of therapeutic compounttgsimplant, it is
appropriate to this study realization, with aimperform phytochemical profile of ethanolic crudetragts and
fractions of leaf, stem bark dlaytenus rigida(Mart.), and evaluate antibacterial and cytotawriwitro activity of
these extracts.

EXPERIMENTAL SECTION

This was an experimental in vitro research, devedogt Federal University of Alagoas, at Researdbotaory in
Treatment of Wounds (LpTF), Laboratory of Medicindhemistry (LQM) and Laboratory of Pharmacology
andimmunology (Lafi).

Vegetal Material

Maytenus rigida(Mart.) was selected according to ethnopharmadcdbgriteria and leaves and stem bark were
collected in August 2014 in a caatinga area of QllAgua do Casado in Alagoas, Brazil. The planteriat was
identified by botanical Rosangela Pereira e Lyrenbe and a sample is deposited in Herbarium Alagtsigute of
Environment (IMA-AL) under number of 45890.

Extract Preparation

After stem bark and leaves collection, they wersiaated at room temperature for 15 days and thedeg. The
plant material was extracted with 96 % ethanol bacenating and dried in a rotary evaporator at aimmam
temperature of 40 ° C with 120 rotations per minated then submitted to drying at room temperatyiedding
crude ethanolic extract.

Fractionation of ethanolic crude extracts
It was utilized liquid-liquid partition for extraicin of ethanolic crude extract and fractions of/esaand stem bark,
consisting in the filtration of extracts on siligal of increasingly by polar solvents [9].

For this process, an aliquot of 5 g of leaves atnsbark ethanolic crude extracts was partitione ia
chromatography column, utilizing as stationary ghsiica gel and as the mobile phase, hexagd,{; chloroform
(CHCly), ethyl acetate (EtOAc) and methanol (MeOH). Tlodutions obtained were concentrated in a rotary
evaporator, resulting in four phases: hexane, ofdom, ethyl acetate and methanol.

Phytochemical Screening

The phytochemical screening was performed accortingiethodology proposed by Matos [9], utilizingrie
chloride to phenols and tannins; PH variation (galbetween 3-12) to anthocyanins, flavonoids, aydidins,
leucoanthocyanidins, catechins, flavanones, flalmrmvanondis and xanthones; Liebermann-Bucheagjent for
steroids and triterpenoids; mechanical agitatiansfaponins; Dragendorff's reagent for alkaloids] 460% KOH
solution for anthraquinones, coumarins and antlgone

Broth Microdilution Method

The ethanolic crude extracts and fractions wertedeagainst standardized bacteria by American Tgphkure
Collection - ATCC / Manassas - VA/USAtaphylococcus aureyTCC 25923) Escherichia col(ATCC 14942),
Pseudomonas aerugino§ATCC 27853) Staphylococcus epidermidiaTCC 149990).

The protocol followed was based on the Clinical draory Standards Institute [10]. Samples soludtilisy were
performed by blending 0.05 mg / ml of plant ethémektract and fractions added to 1 ml of Cremopdradimethyl
sulfoxide (DMSO) 2% and diluted in 4,9 mL of Muelldinton Broth, obtaining concentrations of 10,609 / mL.
All well in plate received 10QL of Mueller Hinton Broth and in columns 1 to 9 Afline was destined for growth
control, which was just added to the microbial waen; 11 for the negative control, with CremophoDMSO 2%
and 12 for Sterility Control, which was only usedi®ler Hinton Broth.

To determine the MIC, bacteria samples were sdhgullin a solution of 1,5 x $0CFU/mL, with concentration

according to standard of 0.5 in McFarland scale andsequently diluted in 1:10 (v/v) to obtain thenslard
concentration (1DCFU/mL). Each well received Bl of bacterial inoculum, resulting in a concenwatiof 1¢
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CFU/mL. After this period, 20 uL of 2,3,5-Triphetstrazolium chloride at 5 % was added in each vealtj the
plates Were again stored in bacteriological oveB5atC for 3 hours. The wells, which had red coldndicated
bacterial growth, while the original colour indiedtinhibition of bacterial growth.

Cell line employed

J774 macrophages lineage were used for in vitrayassdetermine cell viability. These were maingainn culture
bottles in 10 mL of Roswell Park Memorial Institittedium (RPMI) supplemented with 10 % fetal bovssum
in CG,incubator. In the moment of use, cells were couatatiadjusted in RPMI supplemented with 10% FBS.

Cell viability assay

For the evaluation of samples cytotoxicity, was fgened MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) tetrazolium reductiassay, according to Mosmann [11]. Cells were treatih
extract and fractions submitted to antibacterialifro tests at concentrations of 1000 and 100 jLg/&f pg/mL and
1 pg/mL for 48h, and maintained in an incubatds & of CQ.

In the period of 1 hour before adding Metiltetrazol (MTT), three wells containing cells were lysky Triton
100X (2 pL), for comparison of cell death. Contwlls consisted of dead cells as a positive corgnal cultured
cells plus the diluent DMSO 0,1 % as negative @int

After the total period of incubation (48h), supe¢am was discarded and to each well was added LGff p MTT
solution (500 pg/mL) and reincubated for 1 houraim oven at 37 °C and 5 % of GQAfter this period, the
supernatant was discarded and the precipitatepesded in 100 uL of DMSO.

To quantify the reduced formazan salt, the platesewead with assistance of a microplate readematvelength of
550 nm. To obtained the results, data were expless@bsorbance mean + SEM and statistical diffesshetween
the treated groups and the control were analysediNi9VA and Dunnett test, where significance levedsnpared
to the negative control group were identified biedsk (*p<0,05; **p<0,01; ***p<0,001) in comparisoto control
groups.

RESULTS AND DISCUSSION

The results of phytochemical screening in both mdlia extract from stem bark and leavesMdiytenus rigida
(Mart.) (Table 1) indicated the presence of pherftdsonoids and free steroids, and anthraquinoaks]oids and
saponins in ethanolic crude extract of leaves. thim stem bark, it was observed the presence obiilaids,
triterpenes and saponins, phenols, alkaloids atidaguinones.

TABLE 1. Phytochemicals assays of ethanol extracts stem bark and leaves oMaytenusrigida (Mart.)

Phytochemical Screening

Samples

Secondary Leaves Stem

Metabolites bark
Phenol + +
Tannin - -
Flavonols + +
Free steroids + -
Triterpenes - +
Free steroids + +
Alkaloids + +
Anthraquinones + +
Anthrones - -
Coumarins -

Note: (-) Absent; (+) Present

In previous studies, Estevam et al. [12] tracedt@themical profile ofMaytenus rigidabast, which revealed
presence of triterpenes, but also other classsshtances as catechin, quinones, steroids, sapdiawvonoids, and
phenolic compounds. However, there were no substadlass as alkaloids, tannins, glycosides, reshalcones,
fixed acids and leucoanthocyanidins.

Maytenusgenus is chemically characterized by presenceitefenes, alkaloids, flavonoids and tannins [14)].

According to Pessuto [15Maytenus ilicifolialeaves have tannins. In a study conducted by file¢ral. [16],
Maytenus ilicifoliaandMaytenus aquifoliunrevealed the presence of flavonoids in theirdsav
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With regard to flavonoids class, which was obseriedeaves and stem bark are present flavonesorilalg,
xanthones, flavonones and flavanondéis (Table 2)himway, flavonoids such as, for example, flawgrfavonols,
flavonones, and isoflavones, as well as some afeitsatives have demonstrated antibacterial agtjti7].

TABLE 2. Class of flavonoids present in the ethanat extracts ofMaytenusrigida (Mart.) stem bark and leaves

Flavonoid class Ph Leaves Stem bark

Anthocyanins/Anthocyanidins 3 - -

8,5

11
Flavones/Flavonols/Xanthones 11  + +
Flavanoids 11+ +
Leucoanthocyanidins 3 -
Catechins 3 - -
Flavonones 11+ +

Note: (-) Absent; (+) Present.

Antimicrobial activity of plant extracts can be @ssed by determination of a substance small ammadssary to
inhibit microorganism growth under test MIC [18].

In presented study, the results of antimicrobiaivdg evaluation of studied plant related to etbbm crude extract
of leaf and stem bark and ethyl acetate fractiost@f bark, front of standard straBtphylococcus aureTCC
25923), Staphylococcus epidermididATCC 14990),Pseudomonas aerugino§ATCC 27853) andSalmonella
enterica(ATCC 14028) are in Table 3.

TABLE 3. Determination of Minimum Inhibitory Concen tration - MIC (ug/mL) of ethanolic crude extracts front tested microorganisms

Minimum Inhibitory Concentration - MIQug/mL)

Ethanolic Ethanolic Ethyl
Bacterial Strains crude crude acgtate
extract of extract of fraction of
leaf stem bark stem bark
S. aureus NI NI 2.500pg/mL
S. epidermidis 5.000pg/mL  2.500pg/mL 1.250pg/mL
P. aeruginosa NI NI NI
S. entérica NI 2.500pg/mL  2.500pg/mL

Note: NI: not inhibited; S. aureus: Staphylococeuseus; S. Epidermidis: Staphylococcus epidermigisggeruginosa: Pseudomonas
aeruginosa; S. enterica: Salmonella enterica; pgcrogram; mL: milliliter.

According to tested bacterimaytenus rigidaethanolic crude extract of leaves has not estadisnhibitory action
in front of the strains ofStaphylococcus aureuy®seudomonas aeruginosend Salmonella entericaat 10.000
pa/mL. Front ofStaphylococcus epidermidisthanolic crude extract of leaves showed inhiittion with a MIC
of 5.000 pg/mL.

This result diverges from the study of Ahmed [1@§gesting that these crude extracts and fractiérdifferent
polarities ofMaytenus senegalensislaytenus peduncularisylaytenus undatand Maytenus procumbentested
exhibited antimicrobial activity front olEnterococcus faecalisStaphylococcus aureuPseudomonas aeruginosa
andEscherichia coli.

Stem Bark ethanolic crude extract has not providiibitory action front of the strains #fseudomonas aeruginosa
andStaphylococcus aureus the face of strains &taphylococcus epidermidigdSalmonella entericastem Bark
ethanolic crude extract had inhibitory action vatMIC of 2.500 pg/mL for both bacteria.

Based on results of the present study about antimial potential oMaytenus rigidaethanolic crude extract of the
stem bark and leaf was submitted to liquid-liquattjtion process in order to obtain semi-purifiedctions for a
better evaluation of activity antimicrobial.

However, fractions of hexane, chloroform, ethyltate and methanol dflaytenus rigidaeaves and stem bark did
not present an antimicrobial activity against &k ttested strains, except for ethyl acetate fraatibstem bark,
which showed an MIC of 2.500 pg/mL for strainsQfentericaand S. aureusand MIC of 1.250 pg/mL fos.
epidermidis.

The activity presented by ethyl acetate fractianfiS. aureuscorroborates with Santos [20] in a recent study, s

ethyl acetate phase of stem barkvdytenus rigidahad activity against strain &taphylococcus aureuslowever,
this same sample presented no activity againshstodE. coli, P. aeruginosandSalmonellasp.
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In another study conducted by Estevam et al. [&@#H)anolic crude extract dflaytenus rigidabast presented
antimicrobial activity for both Gram positive bagten Staphylococcus aurewnd for Gram-negativie. coli.

Some species dflaytenusas Maytenus krukovidid not demonstrate significant antimicrobial eityi [21]. While
others, such allaytenus macrocarpaxhibit activity against Gram positive and Graegative bacteria [22]. The
variation for the presence of antimicrobial activinay be related not only to plant characteristas,well as to
characteristics of the tested strains and analytiesthodology used [20].

Although the plants possess many therapeutic pesctiwhich are popularly, known by people, humamge
unaware the fact that they can cause toxicity bmthhan and animals [23, 24].

In this form, the toxicological approach becomesnaportant issue with regard to natural produatsstsould not be
considered a medicinal plant or herbal medicinersffimmediate effect and easily correlated witlir tintake, but
also effects that are installed in long-term anghgstomatically, such as carcinogenic, hepatotorit mephrotoxic
[25].

Before approving any new compound for testing imhns, toxicity tests are performed in vitro andiiro systems
in several animal species. These bioassay techsmgsess and determine the concentration of aasigdestwhich is
able to produce a biological response [26].

Cytotoxicity of ethanolic crude extract of leaveslastem bark oMaytenus rigidawas assessed by MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium broaa) tetrazolium reduction assay, front of J774 mwplcages at
concentrations of 1000 pg/mL, 100 pg/mL, 10 ug/md & pg/mL, as presented in Table 4.

TABLE 4. Cytotoxicity determination of ethanolic crude extract of leaf and stem bark ofMaytenusrigida through the means of
absorbance compared to control group front J774 merophages (MTT assay)

Cell viability by colorimetric test
Concentrations

Samples  1000pg/mL 100pg/mL 10pg/mL lpg/mL

DMSO 1.112+0,008 1.607 +0,23 1.607+0,23 1.607+0,23

Medium  1.115+0,19  1.195 +0,04 1.195+0,04 1.195+0,04

Leaf 1.218+0,01 1.115+0,31 0.822+0,01 1.671+0,58

S;?Ln O+ 0.592+0,43* 0.407+0,20** 2.170+0,06
Note: DMSO: Dimethyl sulfoxide. Results are expréss means + standard error of absorbance; *P<0Q: 85 <0,01; *** P <0,001

compared with control group.

While analysing the average absorbance, the stdndaor and the significance level of cytotoxicityhen
compared to negative control (DMSO control growgihanolic crude extract of leaf presented no ledfif@ct for
J774 macrophages in all concentrations tested.

However, ethanolic crude extract of stem bark presk statistically significant differences with *<40,05 ** p
<0,01; *** P <0,001, demonstrating cytotoxic actjviat all tested concentrations, except at conaéaotr of 1
pa/mL. After reading in a spectrophotometer, thdioap density value when compared with the contol
concentration of 1000 pg/mL was zero. At this caorticeion, no metabolization of MTT was observed tudeath
of all cells death when in contact with the samplguestion.

From the results, it is possible to verify thatagtblic crude extracts of stem bark present detriatezffect in
relatively low dosage, while ethanolic extracte@df may be a safe therapeutic source in respegtatoxicity.

Several species dflaytenushave proved potentially cytotoxic when tested agfacell lines of human tumours,
such asMaytenus retus@27], Maytenus chiapensiandMaytenus cuzcoinf28] andMaytenus ilicifolia[29]. This
result corroborates with the findings about cytatity of ethanolic extracts of stem bark in thiady.

Over the centuries, plants with toxic effects pthyan important role as a source of active substaraigle to
provide molecular models for the development of rdrwgs. [25]. However, it is essential to know thlants
cytotoxic effect, especially those that are usedhypopulation, in order to prevent poisoning, aigghificant harm
to public health.
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CONCLUSION

The presented study related Maytenus rigida(Mart.) demonstrated that this plant speciesdh in secondary
metabolites, which contribute to antimicrobial gityi presented by crude extracts of leaf and stank land ethyl
acetate fraction of stem bark agaiSstaureusand crude extracts of stem bark and ethyl acefiabark againss.
entericaand cytotoxic activity presented by the crude aottrof stem bark in all tested concentrations eixdep
pg/mL. Data obtained encourage new studies WM#ytenus rigida(Mart.) to determine the substances, which
contribute to biological activity and understand ihechanism of action, targeting a possible phazotaal
application.
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