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ABSTRACT

The emergence of bacterial strains resistant toibéstics in clinical use stimulates the researchr foew
antimicrobials, especially in the case of multiisgsnt strains such as MRSA (Methicillin Resistatphylococcus
aureus). In the context of medicinal chemistry, tapachol and derivatives are recognized by différe
pharmacological actions. This study evaluated théstaphylococcal activity in vitro by disk diffasi method and
determination of minimum inhibitory concentratidvliC) by microdilution of a lapachol semi-synthetierivative,
encoded as LSY. Cytotoxicity was assessed compatbd 2nd instar nauplii of Brine shrimp. The aatiof LSY
against strains of Staphylococcus aureus (ATCC 3b88d MRSA (CCBH 5330) was verified by growthhition
in the disk diffusion test and MIC values were deieed to be 62..xg/mL for both microorganisms. The LC50
value corresponded to 14.28/mL. Finally, the compound LSY showed a promiaintgstaphylococcal activity and
relative toxicity in vitro by Brine shrimp bioassayowever, as the possibility of determining theidity in vivo
should not be ruled out, better toxicological assesnt of the molecule (LSY) is essential. A petispefor this
study is the evaluation of tissue effects of comgdapical use wounds in order that species of I8tigzoccus can
prevail in this type of injury. Thus, it is expetthat the quinone evaluated (LSY) will be validdfer therapeutic
use in the future.
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INTRODUCTION

The excessive use of antibiotics has led to therganee of resistant microorganisms stimulating @gpessive
relationship between medicinal chemistry and clihimedicine in the research on alternatives tona@atobial
treatment. Considering the microbial infectionse tlesearch is focused on natural bioactive or sgmiietic
molecules with activity against pathogenic bactec@using human infections, especially when theyehav
mechanisms of resistance to the drugs of choitkemedical routine [1, 2]. The empirical use ofdinal plants

in communities stimulates the scientific reseamhobtain and elucidate the action mechanisms ofndterally
active chemical components of such plants; théishieved together with the medicinal chemistry[3,

The therapeutic properties of medicinal plants lteBom different secondary metabolites. They haaplex
structures with a large variety of functional grewguch as fatty acids and esters, hydrocarborshalk; aldehydes
and ketones, acetylenic, alkaloid and phenolic ammgs, coumarins, naphthoquinones, and phenylpoighan
derivatives [5, 6].

61



Vania Sousa Andradeet al J. Chem. Pharm. Res,, 2013, 5(3):61-65

Many structures containing quinone nucleus havaeghprominence in recent years mainly due to fingiortant
physiological functions. In the naphtoquinone gupapachol and derivatives have received spetiahtion.
Lapachol was first isolated by E. Paterno frodmbebuia avellanedaéBignoniaceae) in 1882 [7]. His work has
encouraged studies that elucidate the action mé&rharof these molecules. Lapachol is one of thet marsatile
biologically active compounds of the naphthoquingneup and structurally is related to vitamin ks $pectrum of
activity includes, among various biological actipranti-inflammatory, antimicrobial, antifungal, astal,
leishmanicidal, and antitumor activities [8].

Among the microorganisms susceptible to lapachdlderivatives are thBtaphylococcus aurewstrains, which are
important nosocomial infections because of the@vptence in various infectious processes such ajsimtivitis,
keratitis, suppuration, abscess formation, pyogeanfiections, and fatal sepsis. However, there failare in the
treatment of these infections due to the emergerficgtrains resistant to some antibiotics used & standard
therapy highlighting Methicillin Resistataphylococcus aure MRSA) strains [9].

The increased occurrence, particularly in hospitals MRSA strains makes effective therapy more iclift.
Although strategies have been proposed for infactiontrol, the search for new ways to treat MRS#edtions
stimulates the research associated with naturapoasnts as an alternative treatment to these iofecf10,11].

The aim of this study was to evaluate the actioitya semisynthetic derivative of Lapachol agaBttphylococcus
aureusstrains, including a MRSA strain, and to conduptaiminary test of toxicity as a first step is italidation
as a new phytotherapic.

EXPERIMENTAL SECTION

2.1 Obtaining the derivative Lapachol

The evaluated naphthoquinone, coded LSY, was ssizéne from Lapachol according to the procedure ritesd in
Revista de Protegdo Intelectual n® 1921, codes CBUQ2 (2007.10) and A61P 33/02 (2007.10) [12]. Its
solubilization was performed in 5% dimethyl sulfdgi- DMSO (Merck, Darmstadt - Germany) aqueoust&wiu

2.2 Bacterial strains and culture media

The microorganisms used in this study were GranitigesStaphylococcus aurey&TCC 25923) and Methicillin
ResistantStaphylococcus aureusMRSA (CCBH 5330) strains. The ATCC (American €y@ulture Collection)
and MRSA CCBH (Colecao de Culturas de BactériasQdigem Hospitalar da Fundacdo Oswaldo Cruz -
FIOCRUZ) strains were activated by insertion in Bibth (HIMEDIA, Mumbai - India) and subsequentigogn

on plates containing nutrient agar (HIMEDIA, Mumbdndia).

2.3 Disk diffusion method

For a qualitative evaluation of microbial growthhibition, disk diffusion was performed accordingkisby-Bauer
[13] with adaptations. Sterile Whatman filter papisks (6 mm diameter) were impregnated with thea at 2
mg/mL and placed on Mueller-Hinton Agar surface NHIDIA, Mumbai - India) previously inoculated with
approximately 1.5 x TOCFU/mL strain tested. The plates were kept at 3®tC24 hours in a bacteriological
incubator (Nova Etica, S0 Paulo - Brazil). Thedieg was performed by measuring the growth intobitzone
formed around the disc. The test was performedphidate.

2.4 Minimum inhibitory concentration (MIC)

Quantitative analysis of antibacterial action wasfgrmed by minimum inhibitory concentration (MI@gtermined
by the broth microdilution method according to @lnical and Laboratory Standards Institute - CI(3010) [14].
The BHI broth was distributed in a sterile 96-wetlicroplate and the volume of sample added was tatju®
achieve concentrations of 0.9 to 1.006/mL. The positive control used was gentamicin (0564 ug/mL).

Subsequently, bacterial suspension (1.5 % @BU/mL) was added. After 24 hours (35°C) 0.5% T{X3,5-
triphenyltetrazolium chloride) was added and in¢abagain for 3 hours. The medium color changedomdicated
bacterial growth, whereas the keeping of yellowdated no bacteria activity. The test was perforinediplicate.

2.5Brine shrimp toxicity assay

The Lapachol derivative was evaluated for lethalitydrine shrimplarvae Artemia salinaLeach) according to the
procedures described by Meyer et al. [1Bline shrimpeggs were hatched and maintained in seawater under
artificial illumination (lamp 9W) until reaching ¢hsecond nauplii. Then, 10-B¥ine shrimpwere added in each
well in a 96-well microplate containing the substupreviously diluted in seawater at concentratimfnk, 10, 100,

and 1000ug/mL. After 24 hours, the number of survivors ircleavell was counted and the percentage of death
calculated. The concentration that killed 50% af tlauplii (LC50 in ug/mL and confidence intervals 95%) was
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determined using the statistical method of PROBia&lgsis (POLO-PC). Thymol 1% aqueous solution weeduas
positive control. Criterion of toxicity was estaiied according to Déciga-campos et al. [16]: LCalas > 1000
ug/mL (non-toxic), 306 LC50< 1000ug/mL (weak toxicity), and LC50 < 3Q@y/mL (toxic).

RESULTS AND DISCUSSION

The measure, in millimeters, of the diameter ofwglpinhibition zones ofS. aureugATCC 25923) and MRSA
(CCBH 5330) strains from the bioactivity derivativapachol at concentration of 2 mg/mL were respebtil4 (+

1.73) and 12 (£ 2.00) mm. For strain ATCC 25922 tlositive controls, oxacillin (OXAQ01) and vancorityc
(VAN30), resulted respectively in zones of 22 (&d).and 16 (+ 2.65) mm. The CCBH 5330 strain wasstant to

oxacillin and showed a zone of 15.7 (+ 0.58) mmviancomycin (Table 1).

The MICs of ATCC 25923 (Fig. 1) and CCBH 5330 stsaivere 62.5ug/mL. Gentamicin, the positive control,
inhibited growth at a concentration ofyg/mL. For all tests, there was no interferencehaf hegative control,
consisting of 5% DMSO aqueous solution.

The performance of the semi-synthetic derivativeY), evaluated in the present study, agathsaureusATCC
25923 and CCBH 5330 strains at the MIC of 295mL showed significant potential in inhibiting tyeowth ofS.
aureus This compound was effective against a standaaihsdfS. aureusmethicillin-susceptible, and also showed
activity in the same concentration against a stiaolated from a clinical sample proved resistaiREA),
reinforcing the importance of this molecule actjvit

In previous steps, LSY showed no activity againsarfbnegative straingzscherichia coliand Pseudomonas
aeruginosa verified by Andrade et al. (2011) [17]. Similasults were observed by Hussain et al. (2007), who
reported no inhibitory activity against these beats].

An obstacle for the use of Lapachol and derivati@esantimicrobial agents comes from their highdibxiwhen
they are administered for prolonged periods orighltoncentrations [8]. Therefore, it is esseriiabvaluate the
median lethal concentration (LC50) before executibadvanced clinical studies.

At the concentration of 100g/ml LSY, all Brine shrimpwere killed, whereas in the well containingud/ml LSY
no significant number of deaths was reported, aspemed to controls (seawater). Statistical analysiealed the
following: LC10, 2.562ug/mL; LC50, 14.23Qug/mL; and LC90, 79.05g/mL. According to Déciga-Campos et al.
(2007) [16], there is correlation between the medighal concentration and the rate of toxicityacfample: LC50 >
1000ug/mL, nontoxic; LC50 between 300 and 1Q@fmL, moderately toxic; and LC50 < 3@@/mL, toxic. Then,
LSY shows a significant toxic effect agaimst salina (LC50: 14.230ug/mL). Contrary to our results, using the
same test, somBipper haynanunextracts were considered nontoxic as reported bgtdBaet al. (2009) [18],
confirming the sensitivity of this technique.

However, as reported by Lima et al. (2002), whaedained the LC50 Lapachol potassium salt at 790 for
Brine shrimp this toxicity could be an effective option agairSchistosoma mansomiercariae and snails
(Biomphalariasp.) [19]. A similar evaluation can be conducted &Y, such as determination of larvicides,
molluscicidal, and schistosomicidal activities.

There is also the possibility of more accurate mefteation of toxicity usingn vivo assays, in that these can more
appropriately simulate the beneficial and adveffexts of chemical components of pharmacologicaliaption.

The compilation of the results reveals the neechéaw molecule elucidation, including structural mhes in order
to enhance the biological activity for the futuaigtation of new compounds to be used in clinicabmine.

Table 1. Antistaphylococcal activity of LSY by diskdiffusion method and determination of minimum inhibitory concentration (MIC).

Disk diffusion (mm) MIC (pg/mL)
Strains LSY (2mg/mL)  Oxacilin  Vancomicin LSY Gentamicin
Staphylococcus aureus ATCC 25923 14 +£1.73 22+1.00 16 £2.65 62.5 5
MRSA CCBH 5330 12 +2.00 0 15.7+0.58 62.5 5

Legend: [0] No inhibitory zone.

Finally, the molecule (LSY) showed potential amtigtylococcal activity against & aureusensitive strain as well
as against an MRSA strain. Despite the relativecttyxobserved byBrine shrimpbioassay, the molecule should not
be invalidated befora vivo evaluation, which is essential in the tissue tibyxianalysis increasing the toxicological
profile of LSY. Besides, LSY can be evaluated fthres pharmacological actions not cited in this pape
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Fig.1. MIC by broth microdilution method. LSY against S. aureus ATCC 25923. Lines Al - H1: LSY at concentrationsrbm 1.000 to 8
pg/mL; A4 - C4: LSY concentrations from 3.9 to 0.91g/mL. Lines A8 - E8: gentamicin concentrations froml60 to 10ug/mL. A12 — C12:
Control growth. F12 — H12: negative control. Assayperformed in triplicate (columns 1-3, 4-6, 8-10).
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