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Resumo

Prépolis € um produto natural mundialmente reconhecido por suas propriedades bioldgicas,
com atividades antimicrobiana e anticariogénica. A prépolis brasileira do tipo 6 da regiao
de mata atlantica (BA), Nordeste, apresenta na composi¢ao quimica uma grande quantidade
de compostos apolares, na maioria ndo identificada, e auséncia de flavondides, aos quais
sdo atribuidos a atividade bioldgica. Entretanto, esta propolis apresenta alta atividades
antimicrobiana e anticariogénica in vitro e in vivo. Assim, 0s objetivos deste estudo foram:
(a) avaliar a atividade antimicrobiana e a composi¢ao quimica da prépolis tipo 6, do seu
extrato etanolico, fragdes e dcidos graxos encontrados em sua composicdo, identificando
o(s) responsdavel(is) pela sua atividade bioldgica; e (b) isolar e identificar o(s) composto(s)
bioativo(s) da prépolis tipo 6, responsdavel pela atividade antimicrobiana. O extrato
etandlico (EEP), as fracdes hexanica (H-Fr) e polar (P-Fr) obtidos pela técnica de
fracionamento liquido-liquido foram analisados por Cromatografia Gasosa de
Espectofometria de Massa (CG-EM), Cromatografia Gasosa de Ionizagdo de Chama (CG-
FID), Cromatografia Liquida de Alta Eficiéncia (CLAE) e foram testados contra
Streptococcus mutans Ingbritt 1600 e Staphylococcus aureus ATCC 25923 determinando-
se as Concentragdes Inibitéria (CIM) e Bactericida (CBM) Minima. A H-Fr foi
cromatografada em coluna LH-20, gerando 9 sub-fragdes, as quais foram avaliadas quanto
a atividade antimicrobiana em difusdo em &gar com S. aureus, para selecio da fragao
bioativa, e destinada ao isolamento dos compostos por CLAE preparativa. Somente um
composto isolado demonstrou atividade antimicrobiana, o qual foi identificado por
Ressonancia magnética nuclear (RMN) de 'H, "C e Infravermelho (IR) como sendo uma
benzofenona prenilada demonimada de Plukenetiona H. Este composto foi testado contra
Streptococcus mutans UA159, Streptococcus sobrinus 6715, Streptococcus gordonii
ATCC10558, Streptococcus oralis PB182, Actinomyces naeslundii ATCC 12104 e
Staphylococcus aureus ATCC 25923 para determinagdo da CIM, CBM e para a inibicao da
aderéncia celular ao biofilme de S. mutans UA159 e S. sobrinus 6715. Os éacidos graxos
testados ndo apresentaram atividade antimicrobiana, entretanto a Plukenetiona H
apresentou forte atividade antimicrobiana para os microrganismos testados, com CIM

variando de 1,5 - 6.2 pg/mL e CBM: 26 - 106 pg/mL. Pelo fato da molécula bioativa ser
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uma nova substincia nunca relatada na literatura e possuir alta atividade antimicrobiana
contra varios microrganismos patogénicos, este composto apresenta-se cOmo um pormissor

agente antimicrobiano.

Palavras-chave: Prépolis tipo 6, Benzofenona prenilada, Atividade antimicrobiana.
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Abstract

Propolis is a natural product globally known for its biological properties, with antimicrobial
and anticariogenic activity. The chemical composition of the propolis type 6, from
northeastern Brazil, Atlantic forest, Bahia state, consists of non-polar compounds, most of
which are not identified, and absence of flavonoids, which are attributed to its biological
activity; however, propolis presents good anticariogenic and antimicrobial activity in vitro
and in vivo. Thus, the aim of this study was (a) to evaluate the antimicrobial activity and
chemical composition of propolis type 6, its ethanolic extract, fractions and fatty acids
found in its composition, and (b) to isolate and identify its bioactive compound. Its
ethanolic extract (EEP) and hexane (H-Fr) and polar (P-Fr) fractions obtained with the
liquid-liquid technique were analyzed through gas chromatography-mass spectrometer
(GC-MS), gas chromatography flame ionization (GC-FID), high-performance liquid
chromatography (HPLC) and then tested against Streptococcus mutans Igbritt 1600 and
Staphylococcus aureus ATCC 25923. Minimal inhibitory (MIC) and bactericidal (MBC)
concentrations were determined. The H-Fr was rechromatographed in LH-20 column,
generating 9 sub-fractions, which were tested for antimicrobial activity against S. aureus in
agar diffusion to determine its bioactive fraction. Preparative HPLC was used to isolate its
bioactive compounds. Only one compound isolated demonstrated antimicrobial activity and
was identified by Nuclear Magnetic Resonance (NMR), 'H, C and Infrared (IR) as a
prenylated benzodenone and denominated Plukenetione H. This compound was tested
against Streptococcus mutans UAI159, Streptococcus sobrinus 6715, Streptococcus
gordonii ATCC10558, Streptococcus oralis PB182, Actinomyces naeslundii ATCC 12104
and Staphylococcus aureus ATCC 25923 to determine the MIC and MBC and to determine
cell adhesion inhibition in biofilm of S. mutans UA159 and S. sobrinus 6715. Propolis fatty
acids tested showed no antimicrobial activity; however, its compound Plukenetione H
showed good antimicrobial activity against the microorganisms tested, with MIC ranging
from 1.5 to 6.2 pg/mL and MBC from 26 to 106 pg/mL. Further studies are needed to

investigate this new compound, a promising antimicrobial agent.

Key words: Brazilian propolis, prenylated benzophenone, antimicrobial activity
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1. INTRODUCAO

Os produtos naturais tém sido fontes valiosas para o desenvolvimento de novas
drogas (Newman et al., 2003), permitindo o avango na descoberta de agentes terapéuticos
para diversas doengas (Clardy and Walsh, 2004). Entre todas as novas drogas aprovadas
pelo Food and Drug Administration (FDA) ou entidades equivalentes de outros paises,
28% delas sdo totalmente de origem de produtos naturais, 39% sao derivadas destes e 33%
sao drogas sintéticas (Newman et al., 2003). O valor dos produtos naturais estd claramente
reconhecido e os desafios s@o identificar novos compostos bioativos, elucidar seus
mecanismos de a¢do e propor o uso terapéutico.

Dentre os produtos naturais comercializados atualmente, os produtos de origem
apicola recebem um destaque especial por suas diversas propriedades farmacoldgicas (Park
et al., 2000) e sdo conhecidos por praticamente todas as civilizagdes antigas (Alencar,
2002). As histérias das medicinas das civilizagdes Chinesa, Tibetana, Egipcia e Greco-
Romana sdo muito ricas, todas contendo em seus escritos antigos, centenas de receitas,
onde entram principalmente a propolis para curar ou prevenir enfermidades (Alencar,
2002).

As abelhas usam a propolis para proteger as colméias contra insetos invasores €
microrganismos, empregando-a no reparo de frestas ou danos a colméia, no preparo de
locais assépticos para a postura da abelha rainha e na mumificacdo de insetos invasores
(Marcucci, et al. 1998). A prépolis € uma resina de coloracdo e consisténcia variadas
coletada por abelhas da espécie Apis mellifera de diversas partes das plantas como brotos,
botoes florais e exudatos resinosos (Ghisalberti, 1979; Bonhevi et al., 1994).

A prépolis destaca-se tanto por suas propriedades bioldgicas, tais como: atividades
antimicrobianas, antiinflamatodrias, cicatrizante, anestésica, antitripanossomal (Marcucci et
al., 2001; Montpied et al., 2003, Cunha et al., 2004), anticariogénica (Park et al., 1998a;
1998b; Koo et al., 2000a; 2000b; Rosalen et al., 2002; Duarte et al., 2003; 2006; Castro et
al., 2007 Alencar et al., 2007), antiviral, anticarcinogénica, antioxidante (Alencar, 2002;
Chen et al., 2003; Ishikawa er al., 2004; Kumazawa et al., 2004), citotdéxica (Banskota et
al. 2000) e fitotoxica (Johnson et al., 1994), bem como pela possibilidade de aplicagdo nas

industrias farmacéutica e alimenticia, como alimento funcional (Ackermann, 1991).



Devido a variedade de uso da prépolis e/ou dos seus compostos isolados ha um
grande nimero de patentes registradas em todo o mundo. Desde a primeira patente, em
1965, até 1999 ja foram depositadas cerca de 239 patentes no mundo. Hoje 43% de todas as
patentes depositadas sdo japonesas. Em relacdo ao Brasil, a primeira patente com prépolis
surgiu somente em 1995, para o uso no tratamento odontolégico de prevencao de céries e
gengivites (Itice, 1995). Até 1999, o Brasil possuia somente 3 patentes (menos de 2% de
todas as patentes depositadas). Quinze patentes, ou seja, 6,2% das patentes depositadas até
o comeco de 1999, referem-se ao uso da prépolis no tratamento odontoldgico. Essa é uma
das aplicacdes da propolis mais estudada em todo mundo, com relatos cientificos desde
1952 (Pereira et al., 2002).

A composicdo quimica da prépolis varia de acordo com a biodiversidade da regiao
onde esta € coletada (Bankova et al., 1999, Kujumugiev et al., 1999; Koo et al., 2000b) e
com a variacdo sazonal (Sforcin et al., 2000; Castro et al., 2007). Entre os compostos
quimicos da prépolis, os flavondides agliconas tém sido considerados como as substancias
biologicamente ativas (Ghisalberti, 1979, Bankova et al., 1982; 1996; Koo et al., 1999),
sendo inclusive o marcador quimico da prépolis segundo a Legislacdo Brasileira (Brasil,
1950), embora outros compostos também estejam envolvidos, como os derivados do dcido
cinamico e seus ésteres (Ikeno et al., 1991; Koo et al., 1999) e os diterpenos (Bankova et
al., 1996).

A propolis € constituida geralmente por 55% de resinas e balsamos, 30% de ceras,
10% de pdlens e 5% de metabdlitos secundérios incluindo, flavonéides, dcidos fendlicos,
além de minerais (Miyataka er al, 1997). Os principais compostos se encontram
distribuidos nas seguintes classes: dcidos fendlicos e seus ésteres, flavondides (flavonas,
flavononas, flavondis, dihidroflavonois, chalconas), benzopirano, benzofenona, éster do
acido caféico, triterpendides (cicloartano, alcanoatos de lupeol, dcido mordnico e 3f-
acetato de bauerenol), derivados dos 4cidos cinamico, benzdico, perdoxidos de
naftoquinonas, [-esterdides, aldeidos aromdticos, dlcoois, sesquiterpenos, naftaleno e
derivados do estilbeno (Greenaway et al., 1990; Aga et al., 1994; Bankova et al., 1995;
Marcucci et al., 1996a; Rubio et al., 1999; Baskota, et al., 2000; Chen, el al., 2003;

Albuquerque et al., 2007). As vitaminas B1, B2, B6, C, E e minerais como manganés,



ferro, calcio, aluminio também ja foram identificados em amostras de propolis, assim como
os agucares arabinose, frutose, glicose, sacarose e maltose (Bonvehi, et al.,, 1994; Marcucci
et al., 1995).

Dos diversos compostos quimicos identificados e isolados das prépolis, ha uma
atencdo especial a classe das benzofenonas, que estdo presentes nas propolis encontradas
em regides de clima tropical (Rubio et al., 1999; Cuesta Rubio et al., 2001; Albuquerque, et
al., 2007). Estes compostos isolados apresentam diversas atividades bioldgicas tais como
acoes anti-cancer (Ito et al., 2003), anti-HIV (Gustafson et al., 1992) e anti-ulcerativa
(Yamaguchi et al., 2000). Além disso, o potencial antimicrobiano dessas substincias €
confirmado por sua a¢do sobre cocos gram-positivos, gram-negativos e fungos (Bakana et
al., 1987; Rubio et al., 1999); Actinomyces sp. (Rubio et al., 1999); Staphylococcus aureus
(Hussain et al., 1982; linuma et al., 1996; Santos et al., 1996); Trypanossoma cruzi (Alves
et al., 1999); e Helicobacter pylori (Chatterjee et al., 2003).

No Brasil, devido a grande biodiversidade e as diferentes zonas de temperaturas que
nosso pais apresenta, as propolis brasileiras apresentam uma variabilidade quimica bastante
acentuada. Assim, as propolis brasileiras foram classificadas em 12 tipos de acordo com o
perfil quimico e geografico (Park er al, 2000), que identifica diferencas qualitativas e
quantitativas na composicdo quimica. Entre esses, os tipos que apresentaram melhor
atividade antimicrobiana contra os patogenos bucais foram os tipos: 3 (regido sul), 6 (regido
nordeste) e 12 (regido sudeste) (Koo et al., 2000a; 2000b; 2000c; Duarte et al., 2003;
2006).

A propolis do tipo 6 apresenta uma composicdo quimica distinta das demais,
principalmente pela completa auséncia de flavondides e presenca de outros compostos
apolares de cadeia longa (Moura, 2000 e Alencar et al., 2001). Porém, a prépolis tipo 6 tem
demonstrado resultados promissores, in vitro e in vivo, contra os patdgenos bucais (Koo, et
al., 2000b; Duarte et al., 2003; 2006).

Koo et al. (2000b) avaliaram o efeito de propolis tipo 6, proveniente da regido de
Mata Atlantica do nordeste brasileiro (Bahia), sobre o crescimento do microrganismo
Streptococcus mutans e na aderéncia celular. O extrato etandlico da prépolis (EEP) tipo 6

mostrou forte atividade em todos os parametros avaliados neste estudo. Os valores da



concentracdo inibitéria minima (MIC) e concentracdo bactericida minima (MBC) foram
proximos dos EEP da proépolis tipo 12, que € amplamente estudada e comercializada como
agente antimicrobiano (Pereira et al., 2002). A aderéncia das células dos microrganismos S.
mutans € S. sobrinus foi marcadamente inibida pelo EEP da prépolis tipo 6, demonstrando
significante inibi¢do em todas as concentragdes quando comparadas com o controle (etanol
80%).

Duarte ef al. (2006) relatam que as atividades anti-placa e anti-cdrie da prépolis tipo 6
e suas fragdes estdo relacionadas com a inibi¢do dos fatores de viruléncia do biofilme
bacteriano, como a redu¢do da producdo de polissacarideos insoliveis. Além disso, os
tratamentos com a propolis tipo 6 reduziram a producdo de dcidos em biofilmes de S.
mutans, € inibiram a atividade das F-ATPase, enzimas relacionadas a manutencao do pH
intracelular em meio 4cido.

Os perfis quimicos do extrato bruto da prépolis do tipo 6 e da sua fracdo
biologicamente ativa (fracdo hexano) apresentam grande quantidade de dcidos graxos, entre
eles os dcidos oléico, linoléico, palmitico e estedrico, além de outros compostos ainda nao
identificados (Duarte et al., 2006). As altas concentragdes de dcidos graxos encontrados,
bem como os efeitos apresentados pelos tratamentos com esta propolis, sugerem que estes
acidos estejam relacionados com a atividade biolégica contra os patdgenos bucais (Duarte
et al., 2000).

Alguns trabalhos na literatura relatam a atividade antimicrobiana de dcidos graxos
e/ou a misturas deles, como por exemplo, o estudo de Wille & Kydonieus (2003) em que o
acido l4urico e o acido palmitoléico causaram reducdo significativa no crescimento das
bactérias Staphylococcus aureus, Streptococcus salivarius e Fusobacterium nucleatum. Em
acréscimo, Ooshima et al. (2000), relataram que os 4cidos graxos apresentam atividade
anticarie, sendo atribuida a capacidade de modificar a permeabilidade da membrana da
bactéria, a forma¢do de miscelas ao redor das células o que dificultaria sua aderéncia a
outras superficies, bem como o metabolismo celular (Willins et al., 1982). Zheng et al.
(2005) observaram que os dcidos graxos insaturados palmitoléico, oléico, linoléico,
linolénico e araquiddnico possuem atividade antimicrobiana, entretanto, faltam elucidacdes

sobre 0 mecanismo de ac¢do nas células bacterianas.



Entretanto, ndo hd na literatura nenhuma confirmacdo de que os dcidos graxos
presentes na propolis do tipo 6 sejam os responsdveis pelas acdes antimicrobianas ja
registradas, ou se outros compostos ainda nao identificados seriam os responsaveis pela
acdo bioldgica desta propolis.

Assim, este estudo teve como objetivo avaliar a atividade antimicrobiana do extrato,
fracOes e 4cidos graxos majoritarios na propolis brasileira do tipo 6. Além disso, também
foi o objetivo isolar e identificar compostos bioativos da prépolis tipo 6 e verificar quais
deles apresentam atividades bioldgicas sobre os patdgenos bucais. Este estudo também
pretende contribuir para a descoberta de novos compostos bioativos de origem natural, que

possam ser avaliados e empregados futuramente em uso terapéutico.



2. CAPITULOS DOS ARTIGOS CIENTiFICOS
Esta dissertacdo estd de acordo com a Informacio CCPG/002/06, UNICAMP

(anexo 1), que regulamenta o formato alternativo para dissertacdo e tese, permitindo a
inser¢do de artigos cientificos de autoria ou co-autoria do candidato.
Assim sendo, este capitulo é composto de 2 estudos, que encontram-se em fase de

submissio em revistas cientificas conforme descrito abaixo:

Estudo 1: “Chemical composition and antibacterial activity of Brazilian propolis type
6 and its fractions.” Myrella Lessio Castro, Walquiria Ribeiro, Massaharu Ikegaki, Hyun
Koo, Severino M. Alencar, Pedro L. Rosalen. Submetido a revista Journal of

Ethnopharmacology; ISSN: 0378-8741; IF: 1,625.
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Abstract

Brazilian propolis type 6 (Atlantic forest, Bahia), has good antimicrobial activity. Fatty
acids found in its propolis were reported to be responsible for its antimicrobial activity;
however, this is not confirmed. The aim of this study was to evaluate the antimicrobial
activity of Brazilian propolis type 6 testing its extract, fraction, and fatty acids. Its ethanolic
extract (EEP), hexane fraction (H-Fr) and the major fatty acids were analyzed by HPLC,
HRCG-FID and GC/MS and were used to test its antimicrobial activity against
Staphyloccus aureus ATCC 25923 and Streptococcus mutans Ingbritt 1600 for Minimum
inhibitory (MIC) and bactericide (MBC) concentrations. The EEP and H-Fr inhibited the
microorganisms tested; however, the major fatty acids showed no microbial growth
inhibition. Three compounds were isolated from H-Fr by preparative HPLC and tested.
Only one compound showed antimicrobial activity (MIC: 1.5 to 6.2 pg/mL; and MBC: 26
to 106 pg/mL). The major fatty acids tested were not responsible for the antimicrobial
activity of propolis type 6; nevertheless, one compound isolated from H-Fr showed
antibacterial activity in low concentration. Further studies are needed to identify this

compound.

Keywords: Propolis; Fatty Acid; Isoled Compound; Antibacterial Activity.



1. Introduction

Propolis, a non-toxic resinous hive product collected by Apis mellifera bees from various
plant sources, has been reported to have several properties that may confer health benefits to
humans since old civilizations (Ghisalberti, 1979; Burdock 1998). The chemical composition and
the pharmacological activity of propolis might vary significantly depending on its geographic origin
and seasonal effect (Park et al., 2002; Bankova, 2005; Castro et al., 2007; Alencar et al., 2007). The
chemical composition of propolis is extremely complex and the flavonoids and (hydroxyl) cinnamic
acid derivatives have been widely cited as the main biologically active compounds (Koo e Park,
1999; Bankova et al., 2000; Marcucci et al., 2001). Although these compounds were not detected in
propolis classified as type 6 (from Atlantic forest, Northeastern Brazil) (Park et al., 2000; Koo et al.,
2000), its ethanolic extract and fractions showed remarkable antimicrobial activities against
pathogens, including Streptococusi mutans (Koo et al., 2000; Duarte et al., 2003; Duarte et al.,
2006).

Duarte et al. (2006) proposed that the antimicrobial activity of the type-6 propolis is due to
a high proportion of fatty acids (oleic, palmitic, linoleic and stearic) identified in its chemical
composition. However, these authors did not test such compounds, which they suggest are
responsible for the biological activity of this propolis. Therefore, the aim of the present study was to
evaluate the antibacterial activity of the main pure fatty in the ethanolic extract and fractions, to

elucidate the chemical nature of bioactive compounds from Brazilian propolis type 6.

2. Material and methods
2.1. Propolis samples and fractionation

Crude samples of Apis mellifera propolis were obtained from the Atlantic forest region,
State of Bahia, SL 11° 56'31 and WL 38° 05'04, Northeastern Brazil, classified as propolis type 6
(Park et al.,2000). This propolis was acquired in May 2006 and botanically originated from Hyptis
divaricata (Park et al., 2002). The ethanolic extract of propolis (EEP) at 20% (w/v) in aqueous
ethanol (80% v/v) was prepared as detailed in the literature (Duarte et al., 2006). The EEP was
further fractioned using a liquid-liquid extraction technique with hexane to generate a hexane
fraction (H-Fr) and a polar fraction (P-Fr). The EEP and fractions obtained were monitored by thin
layer chromatography (TLC) using the anisaldehyde reagent (4-methoxy-benzaldehyde, acetic acid,
sulphuric acid / 1.0:48.5:0.5), followed by incubation at 100°C for 5 min. Substances were
visualized under UV light at the wavelengths of 254 and 366 nm (Tanaka et al., 2005; Alencar et



al., 2007). The EEP, H-fr and P-Fr were concentrated in a rotaevaporator at 70 °C to obtain a yield
of 58% (w/w), 14% (w/w) and 11% (w/w), respectively.

2.2. High Resolution Gas Chromatography with Flame lonization Detector (HRGC-FID)

Fatty acid methyl esters (FAMEs) were prepared from EEP, fractions and isolated
compounds according to a modified method of Hartman and Lago (1973). FAMEs were analyzed
by high-resolution gas chromatography with flame ionization detection (FID). Samples (0.3uL)
were injected into the gas chromatography, a Hewlett-Packard (HP) 5890 series II equipped with a
60 m DB-23 (0.25 mm LD., 0.25 um film thickness) colunn. The oven temperature was
programmed set as follows: 130°C (1.0 min) to 170°C (6.5°C / min), 170°C to 215°C (2.75°C /
min), 215°C (12 min), 215°C to 230°C (40°C / min), and 230°C (3 min). The temperature of the
injector and detector were 270° C and 280° C, respectively. FAMEs peaks were identified using

standard solutions (Sigma, St Louis, MO, USA). Helium was used as a carrier gas (1.0 mL/mim.).

2.3. Gas Chromatography-Mass Spectrometry (GC-MS)

Fatty acid analyses were performed after methylation of the EEP and fractions as described
by Markham et al. (1996). Aliquots of 400 UL (10 mg/mL) of extracts were placed into glass vials.
The CH,N, (400 uL) was added to each of the sample solutions. Samples were refrigerated for 4 h
to allow complete methylation and then analyzed by GC-MS using a CBP5 column (30 m x 0.25
mm i.d.) installed in a GC 17A (Shimadzu Co.) instrument interfaced with a QP 5000 mass
selective detector operated in scanning mode (m/z 40-400). For GC-MS analysis, temperature was
set from 50°C (0.3 min hold) to 285°C (15 min hold) at a scale of 6 C/min. Samples were injected
with an AOC-17 autoinjector using a splitless injection technique (0.6 pL injection volume). Carrier
gas (He) flow was set at 1.0 mL/min. The GC-MS peaks were identified by comparing data from
the literature and the profiles from Wiley 138 and Nist 98 libraries.

2.4. UV-VIS Spectra

UV-VIS spectra of the EEP and H-fr were recorded from mixture of 5 uL of each extract in
5 mL of 96% ethanol. The samples were scanned at 200-500 nm by UV-spectrophotometer
(UVMini 1240, Shimadzu Co.) (Park et al., 2000).
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2.5 Analytical and Preparative HPLC Analysis.

A Shimadzu Prep 6AD LC system equipped with a SPD-M10Avp photodiode array
detector, auto injector 10AF, and a fraction collector FRC-10A was used for the HPLC analysis. For
the analytical test, diluted solutions of EEP, fractions and isolated compounds (1 mg/100mL) were
filtered (Millipore - 0.22 pm), and 10 pL aliquots were injected in a Shimadzu reverse-phase
analytical column of 250 mm x 4.6 mm (i.d.) x 5 wm (particle size). For the mobile phase, water
(solvent A) and methanol (solvent B), with constant flow of ImL/min, were used. The gradient
started with 80-90% for solvent B at 15 minutes returning to 80% at 30 minutes. Compounds were
detected according to characteristic UV-vis spectra (spectral range of 200-450 nm) and retention
times. Preparative HPLC was carried out using a preparative column Shimadzu PREP - ODS (H)
(250 mm x 20 mm - i.d). To isolate the compounds, a gradient using both solvents was used at room
temperature with a flow rate of 8 mL/min (Alencar et al., 2007). Three bioactive compounds were

isolated from the hexane fraction.

2.6. Microbial Susceptibility Testing

The microorganisms used in this study were Strepfococcus mutans Ingbritt 1600, and
Staphylococcus aureus ATCC 25923. Minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) were evaluate to determine the antimicrobial activity, in
accordance with Duarte et al. 2003; 2006. To determine MIC, the starting inoculum was 5x10°
CFU/mL and the concentrations ranged from 6.25 to 1600 ug/mL for the EEP, fractions and pure
fatty acids and 0.2 to 210 pg/mL for the isolated compounds. MIC was determined as the lowest
concentration of the extracts that could inhibit bacterial growth. To determine MBC, an aliquot (20
uL) of all incubated tubes with concentrations higher than the MIC was subcultured on BHI agar
supplemented with 5% defibrinated sheep blood using a spiral plater (Whittley Automatic Spiral
Plater). The MBC was determined as the lowest concentration that allowed no visible growth on the
agar. (Duarte et al., 2003). Three replicates were made for each concentration of the EEP, fractions,

fatty acids and compounds isolated.
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3. Results and discussion

Table 1 shows values of MIC and MBC for EEP, H-Fr and P-Fr. The MIC values indicate
that the H-Fr exhibited strong antibacterial activity against Staphylococcus aureus and Streptococci
mutans, with concentrations as low as 25 ug/mL and 50 pg/mL. Similar results were also found by
Duarte et al. (2003, 2006) for Streptococcus mutansIngbritt 1600; however, no data were found in
the literature concerning antimicrobial activity of EEP and its fractions against Staphylococcus
aureus.

Analyses of the spectrum of absorption were carried out in the UV-visible based on the
antibacterial results of the EEP and H-Fr. EEP and H-Fr showed a similar spectral pattern at
wavelengths ranging from 200 to 500 nm (Figure 1).

The EEP and H-Fr analysis using HPLC also demonstrated an identical chemical profile,
with 3 chemical substances in common and in similar proportions (Figure 2) and neither flavonoids
nor cinnamic acid derivatives were detected.

When the chemical composition of the EEP and H-Fr was analyzed by GC-FID and GC-
MS, a high and similar concentration of fatty acids was found (Table 2).

The fatty acids identified were oleic acid (18:1), palmitic acid (16:0), linoleic acid (18:2)
and stearic acid (18:0), showing a greater concentration on the ethanolic (EEP) and hexanic (H-Fr)
fractions, as already shown in previous studies (Duarte et al., 2003; 2006). These authors suggested
that the chemical composition of this propolis might be responsible for its antimicrobial activity,
based on previous studies showing similar results (Dilika et al., 2000; Wille and Kydonieus, 2003;
Yang et al., 2003).

However, the fatty acids (oleic, palmitic, linoleic and stearic acid) tested in the present
study showed no bacterial activity against Gram-positive bacteria (Staphylococcus aureus and
Streptococcus mutans) in concentrations lower than 1600 ug/mL. Nevertheless, the MIC for H-fr
was lower than 50 and 100 pg/ml for Staph. aureus and Strep. mutans, respectively (Table 1).

Since no satisfactory results of MIC and MBC for fatty acids were found, the bioactive
compounds were isolated from the hexane fraction by preparative HPLC. Three compounds were
isolated and tested for the antibacterial activity, and only one compound showed strong activity
against Staph. aureus and Strep. mutans, with MIC ranging from 1.56 to 3.12 and 3.12 to 6.2
pug/mL, respectively (Table 3). Considering the strong antibacterial activity found, we can conclude
that the isolated compound one is responsible for this activity. When this compound was analyzed

by GC/MS and GC/FID, no fatty acid characteristic were found (figure 3).
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5. Conclusion

The main fatty acids identified in the Brazilian propolis type 6 are not responsible for its
antimicrobial activity as suggested in the literature. Meanwhile, the bioactive compound isoled,
which is responsible for the antimicrobial activity of Brazilian propolis type 6 and shoud be

investigated further.
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Table 1: Minimum inhibitory concentration (MIC) and Minimum bacterial

concentration (MBC) of different fractions against Staphylococcus aureus and
Streptococcus mutans.

Sample Staphylococcus aureus Streptococcus mutans
ATCC 25923 Ingbritt 1600
MIC (ng/mL) MBC (ug/mL) MIC (ng/mL) MBC (ug/mL)
EEP 25-50 400-800 50-100 >1600
H-Fr 25-50 200-400 50-100 800-1600
P-Fr 50-100 400-800 100-200 >1600

Three replicates experiments were conducted for each concentration
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Figure 1: UV-Visible absorption spectra of the Ethanolic extract of propolis type 6 (EEP) and Hexane

Fraction (H-Fr).
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Table 2: Chemical composition of fatty acids of EEP and H-Fr from Brazilian propolis type 6

obtained by CG/FID and GC/MS.

Retention Time Carbon:Saturation Fatty Acid EEP (%) H-Fr (%)
3.03 10:00 Capric Acid 4.61 traces
13.39 16:00 Palmitic Acid 29.05 35.44
16.97 18:00 Estearic Acid 3.12 4.41
17.59 18:01 Oleic Acid 55.72 50.33
18.54 18:02 Linoleic Acid 3.74 5.51
19.83 18:03 Alpha Linoleic Acid 1.47 1.98
20.88 22:00 Behenic Acid 2.29 2.33

*10:0 = decanoic acid; 16:0 = n-dodecanoic acid; 18:0 = n-octadecanoic acid; 18:1 = cis-9-
octadecenoic acid; 18:2 = cis-9.12-octadecadienoic acid; 18:3 = cis-9.12.15-octadecatrienoic acid;
22:0 = docosanoic acid.
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Table 4: Minimum inhibitory concentration (MIC) and Minimum bacterial concentration (MBC) of
three isoled compounds against Staphylococcus aureus ATCC 25923 and Streptococcus mutans
Ingbritt 1600

Staphylococcus aureus Streptococcus mutans
Compound MIC (ng/mL) MBC (ug/mL MIC (pg/mL MBC (pg/mL)
Compound 1 1510 3.1 26 t0 53 3.1106.25 53 t0 106
Compound 2 >210 NT >210 NT
Compound 3 >210 NT >210 NT

NT: not tested
Three replicate experiments were conducted for each concentration
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Figure 3. Profile of the isolated compound in HRGC-FID.
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2.2. Capitulo II

Identification of bioactive isolated compound of propolis type 6
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ABSTRACT

A prenylated benzophenone was isolated and identified from the hexane fraction of
Brazilian propolis type 6. This compound was elucidated by NMR as plukenetione H and
showed strong antimicrobial activity (MIC: 0.73 to 6.6 pg/mL; and MBC: 2.92 to 106
pg/mL) against Streptococcus mutans, Streptococcus sobrinus, Streptococcus oralis,
Staphylococcus aureus and Actinomyces naeslundii. Further studies are needed to

investigate biological properties of this compound, a promising natural antimicrobial agent.

KEY WORDS: Prenylated benzophenone, antimicrobial activity, Brazilian propolis.
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INTRODUCTION

Propolis is a non-toxic resin produced by honey bees and used for hundreds of years
due to its biological properties, such as antimicrobial, anti-inflammatory, anesthetic,
cytostatic, and cariostatic (Ghisalberti, 1979; Park et al., 1998a; 1998b; Koo et al., 2000a;
2000b; Marcucct et al., 2001; Rosalen et al., 2002; Montpied et al., 2003, Duarte et al.,
2003; 2006; Castro et al., 2007;). It is commonly used in food, pharmaceutical and
cosmetic industries (Alencar et al., 2007).

The chemical composition of propolis varies qualitatively and quantitatively
depending on such factors as: geographic origin, temperature and seasonal effect (Bankova
et al., 1999, Kujumugiev et al., 1999; Koo et al., 2000; Castro et al., 2007). The main
compounds are distributed in the following chemical classes: phenolic acids and their
esters, flavonoids (flavones, flavonones, flavonols, dihidroflavonois, chalcones), terpene, 3-
steroids, aromatic aldehydes, alcohols, sesquiterpenes, naphthalene, derivatives of stilbene
benzopyran, benzophenone, caffeic acid, derivatives of cinnamic acid and benzoic acid
(Greenaway et al., 1990; Aga et al., 1994; Bankova et al., 1995; Marcucci et al., 1996;
Rubio et al., 1999; Baskota, et al., 2000; Chen, el al., 2003; Albuquerque et al.,2007).

The type 6 propolis, from northeastern Brazil, Atlantic forest, Bahia state (Park et
al., 2000), showed a distinct chemical composition in which flavonoids and cinnamic acid
derivatives were not detected (Koo et al., 2000; Park et al., 2002). Nevertheless, this
propolis showed remarkable antimicrobial activity and cariostatic property in vitro and in
vivo models (Koo, et al., 2000b; Duarte et al., 2003; 20006).

This information served as additional incentive to tackle the challenge of the

investigative isolation and identification of the bioactive compounds of the propolis type 6.

Material and Methods

Propolis Samples and fractionation

Crude sample of Apis mellifera bee propolis was obtained in May 2006, from the
Atlantic forest, Bahia state, Northeastern Brazil (SL 11°56'31" and WL38°05'04") and
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classified as type 6 acording Park et at, 2000. The propolis sample (100 g) was extracted
with ethanol 80% (v/v) (450 mL) in water bath, at 70°C, for 30 min and then filtered to
obtain its ethanolic extract of propolis (EEP). The EEP was further fractioned using a
liquid-liquid extraction technique with hexane solvent (Hexane 450mL x 3) (Duarte et al.,
2006). The hexane (H-fr) were concentrated at 45°C and yielded 14% (w/w). This fraction
(300 mg) was dissolved in methanol and sub-fractionated on a Sephadex LH-20 column
(Amersham Pharmacia Biotech AB, Uppsala, Sweden) using methanol as eluent. The sub-
fractions obtained were monitored by thin layer chromatography (TLC) using the
anisaldehyde reagent (4-methoxy-benzaldehyde, acetic acid, sulphuric acid / 1.0:48.5:0.5),
followed by incubation at 100°C for 5 min. Substances were visualized under UV light at
the wavelengths of 254 and 366 nm (Tanaka et al., 2005; Alencar et al., 2007). In addition,
each fraction also was monitored by antimicrobial activity using microdifusion agar
method. The sub-fractions with better antimicrobial results were concentrated and analyzed

by HPLC.

Isolation of bioactive constituent

A Shimadzu Prep 6AD LC system equipped with a SPD-M10Avp photodiode array
detector, auto injector 10AF, and a fraction collector FRC-10A was used for HPLC
analysis. Isolation was carried out using a preparative column Shimadzu PREP - ODS (H),
of 250 mm x 20 mm (i.d). A gradient profile, using two solvents was applied at room
temperature with solvent A= water, solvent B= methanol, and flow rate of 8 mL/min. The
gradient started with 80% of solvent B to 90% of B in 15 minutes and 80% of B in 30
minutes. One bioactive compound contained in hexane fraction was isolated (Alencar et al.,

2007).

Identification of compound

Infrared (IR) spectra were recorded on a Nicolet Protégé 460 spectrophotometer.
The 'H (500 MHz) and BC Nuclear magnetic resonance (NMR) (125 MHz) spectra were
recorded on a Brucker DPX 500 spectrometer in CDCI3 using TMS as internal standard;
chemical shift are in & (ppm) and coupling constants (J values) in Hz. 2D NMR
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experiments (*C-"H HMQC and "C-'H HMBC) were performed using a Brucker DPX

spectrometer.

Microorganisms

The microorganisms used in this study were Streptococcus mutans UA159,
Streptococcus sobrinus 6715, Streptococcus gordonii ATCC10558, Streptococcus oralis
PB182 and Actinomyces naeslundii ATCC 12104, which are proven oral pathogens (Bowen
et al., 2002) and Staphylococcus aureus ATCC 25923. The cultures were stored at -80°C in
brain heart infusion (BHI) broth containing 20% glycerol.

Agar diffusion
The inoculum with Staphylococcus aureus ATCC 25923 were appropriate to

provide a hemiconfluent growth of the microorganisms tested (1-2x10° colony-forming
units CFUs/ml) onto a brain heart infusion agar plate. Six sterilized steel cylinders of 8.0
mm-10.0 mm (inside diameter 6.0 mm) were placed on the inoculated agar plates. The test
fractions (800 mg/ml) or control (80% ethanol, v/v) (40 puL) were applied inside the
cylinders. The plates were incubated at 37°C for 24 h in a 10% CO,; incubator. The zones of
inhibition of microbial growth around the cylinder containing the extracts were measured.
The inhibitory zone was considered the shortest distance (mm) from the outside margin of
the initial point of microbial growth. Six replicates were made for each microorganism

(Koo et al., 2000).

Determination of MIC and MBC of isoled coumpond

The Minimal Inhibitory (MIC) or bactericide (MBC) concentrations was modified
by microtechnique based on Koo et al. (2000) and Duarte et at. (2003) using a microplaque
(96-wells) with 195 pL of BHI broth with inoculum (1 x 10° CFU/mL) added 5 pL of
isolated compound or control. For the determination of MIC, the test concentrations ranged
from 0.42 to 425 pg/mL. The microplaque was incubated in 10% CO,, 37°C, for 24 h.
After incubation, bacterial growth was assayed by measurement of absorbance at 660 nm.

MIC was defined as the lowest concentration of compound that restricted growth to a level
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lower than 0.05 at 660 nm (Multiskan MS, Labsystems - Versa Max Program). For the
determination of MBC, an aliquot (10 puL) of all incubated test wells was subcultured on
BHI agar supplemented with 5% of defibrinated sheep blood. MBC was defined the lowest

concentration that allows no growth on the agar (99.9% kill).

Inhibition of adherence of growing cells into biofilm

The inhibition of adherence of growing cells into biofilm was modified by
microtechnique based on Koo et al., 2000b using microplaque non-treated background
concave of 96 wells. To assess the adherence of growing bacteria cells to in biofilm,
organisms were grown at 37°C for 18 h in test wells. The microorganisms Streptococcus
mutans UA159 and Streptococcus sobrinus 6715 were grown in BHI broth plus 1% sucrose
(w/v) containing sub-MIC concentrations of the test isolated compound or control (4%
ethanol, v/v). After incubation, the adhering cells were washed with colorant crystal violet
and re-suspended in an ultrasonic bath (Vibracell, Sonics & Material Inc.). The amount of
adherent cells was measured spectrophotometer at 550 nm. The concentration for total
bacterial adherence inhibition (TBAI) was defined as the lowest concentration that allowed
no visible cell adherence on the biofilm. Six replicates were made for each concentration of

the compound.

RESULTS AND DISCUSSION

The ethanolic extract of propolis (EEP) and hexane fraction (H-Fr) were
concentrated and yielded were 58% and 14%, respectively. After the concentration 300 mg
were placed in the LH-20 column with 9 sub-fractions, they were tested in the method of
agar diffusion selection of the most active fraction. The sub-fraction 8 showed biological
activity e yield of 17 mg.

Analysis of spectral data suggested that compound is a prenylated benzophenone
because the *C NMR spectrum indicated three carbonyl groups at & 204.9, 193.3 and

193.6. Prenylated benzophenones with a bicyclo 3.3.1-nonane-2,4,9-trione system have
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been isolated from plants belonging to the Guttiferae family, specifically from the genera
Garcinia, Clusia, and Rheedia (Rubio et al 1999; Cuesta Rubio et al, 2001).

Plukenetione E acetate (benzophenone type A), clusianone (benzophenone type B)
and methyl-nemorosone (benzophenone type C) show this bicyclic structure, but the
relative position of the benzoyl group is different for these compounds (Figure 1).

In this study discussed the type of prenylated benzophenone was isolated. The IR
spectrum showed three bands for carbonyl groups (Vimax 1724, 1619 and 1696 cm'l). The 'H
NMR spectrum (Table 1) revealed five aromatic proton signals in the region & 7.22-7.45
attributable to an unsubstituted phenyl group. Two olefinic hydrogens (8 5.05, H-23 and
4.98, H-28), indicated the presence of two isopentenyl groups. A bicyclo 3.3.1 nonane-
2,4,9-trione system could be recognized by the 3C NMR chemical shifts of C-1 (6 78.7),
C-5 (8 60.2), C-8 (6 48.1), an unconjugated (& 204.9, C-9) and two conjugated carbonyls (&
193.3, C-2 and 193.6, C-10). The biclyco and isopentenyl groups were also identified by
the HMBC experiments. The BC NMR spectrum showed also a phenyl ketone (from C-10
to C-16), the gem-dimethyl group (8 23.1, C-32 and 16.4, C-33) correlating by to the C-8,
C-1 and C-7 (C—H-32, 33). The isopentenyl group (C-27-C-31) linked to the methyne at
C-7 as evidenced also by a HMBC experiment. The quaternary carbon signal C-1 which,
from its deshielded position, had to be inserted between three carbonyl groups (C-2, C-9,
and C-10). The carbon signal at 8 115.9 was assigned to C-3 on the basis of biogenetic
considerations and by analogy with known compounds such as clusianone and nemorosone
(Rubio er al 1999; Cuesta Rubio ef al, 2001).

Based upon all of the above evidence, the structure was elucidated as plukenetione
H (Figure 2). The structure was deduced from detailed analysis of the 'H and *C NMR
data aided by 2D NMR experiments (HMQC and HMBC).

The results lead us to postulate that an isolated prenylated benzophenone
plukenetione H is a derivative of type A.

From a biogenetic point of view, the structure suggested a cyclization mechanism of
the putative precursors that is different from that which results in the previously reported

prenylated benzophenone such as the clusianone (Rubio et al, 1999). Various chemical
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compounds identified and isolated from propolis, there is special attention to the class of
benzophenone, present in propolis found in tropical regions (Rubio er al., 1999; Cuesta
Rubio et al., 2001; Albuquerque, et al., 2007). These isolated compounds were related with
various biological activities, such as anti-cancer actions (Ito et al., 2003), anti-HIV
(Gustafson et al., 1992) and anti-ulcerative (Yamaguchi et al., 2000). In addition, the
antimicrobial potential of these substances is confirmed by their action on gram-positive
cocci, gram-negative and fungi (Bakana et al., 1987; Rubio et al., 1999); Actinomyces sp.
(Rubio et al., 1999), Staphylococcus aureus (Hussain et al., 1982; linuma et al., 1996;
Santos et al., 1996); Trypanossoma cruzi (Alves et al., 1999), and Helicobacter pylori
(Chatterjee et al., 2003).

Compound plekenetione H, was tested for its antimicrobial activities against several
bacteria. The results are reported on the Table 2. The isolated compound showed strong
antimicrobial activities, especially for Staphylococcus aureus with low MIC values 1.46 —
0.73 pg/mL and MBC values of 11.7 — 5.85 ug/mL. Also, the compound proved to have
antimicrobial activity against oral pathogens exhibiting effect at lower concentration on
Streptococcus oralis, Streptococcus gordonii, Streptococcus mutans and Streptococcus
sobrinus with MIC values of 6.6 — 3.3 ug/mL and MBC values of 106 — 26 pg/mL. In
addition, the compound was totally able to inhibit in vitro the adherence of Streptococcus
mutans and Streptococcus sobrinus at concentrations sub-MIC values (3.3 — 1.6 pg/mL).
These results demonstrated that this a possible compound is a new natural antimicrobial

agent and, never been reported in propolis.

Conclusion

Results of this study demonstrated that the antimicrobial compound of Brazilian
propolis type 6 is a prenylated benzophenone denominated plukenetione H. Further studies
are needed to investigate this compound, a promising antimicrobial and anticariogenic

agent.
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Plukenetione E acetate: R; = CgH5CO, R, = R4 = CsHg, R3 = COCHj3 (Type A)
n Clusianone: Ri{=R4= C5Hg, Rs = CBH5CO, R3 =H (Type B)
R

R, A Methyl-nemorosone: R, = R, = CgHgy, Rz = CH3, R4 = CgH5CO (Type C)
o} ! OR3

Ro
Figure 1: Related prenylated benzophenones with a [3.3.1]nonane-2,4,9-trione system.

34



30 31

2 OCHg3

Figure 2. Structure of isoled compound Brazilian propolis type 6.
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Table 1. NMR spectral data for isoled compound (500 MHz for '"H NMR and 125 MHz for
C NMR, CDCl;, TMS).

Position On (J=Hz) dc HMBC (C—H)
1 e 78.7 s H-32, 33
2 e 193.3 s H-17
3 e 1159 s H-17
4 - 172.3 s H-17
5 - 60.2 s H-22
6 217 s 393 t H-22, 27
7 1.71 m 42.7 d H-32, 33
8§ e 48.1 s H-32, 33
s - 2049 s H-22
0 e 193.6 s H-12,16
£ 137.0 s H-14
12 and 7.45 d (7,7) 128.1 d H-13, 15
16

13 and 7.39 d (7,7) 127.9 d H-12, 16
15

14 7.22 t (7,7) 131.9 d H-12, 13, 15, 16
17 3.13 m;3.07 m 221 t

18 463 m 90.2 d H-21
19 e 711 s H-21
20 1.66 s 25.7 q

21 1.24 s 24.0 g

22 271 m 30.4 t

23 5.05 s 120.7 d

24 1.39 s 133.6 s

25 1.66 s 26.5 q

26 1.60 m;2.21 m 17.9 q

27 498 s 26,8 t

28 - 122.3 d H-7
29 e 132.5 s

30 1.58 s 17.8 q H-28
31 1.66 s 259 q

32 1.39 s 23.1 q

33 1.21 s 16.4 q

OCHs 3.29 s 56.5 q
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Table 2. Minimum inhibitory concentration (MIC), Minimum Bactericidal
concentration (MBC) and total bacterial adherence inhibition (TBAI) of

benzophenone plukenetione H, isolated from Brazilian propolis type 6.

Microorganisms MIC (ug/mL) MBC (ug/mL) TBAI (ug/mL)
Streptococcus mutans UA 159 3.3t06.6 53 to 106 1.65-3.3
Streptococcus sobrinus 6715 3.3t06.6 53 to 106 1.65-3.3
Streptococcus oralis PB182 1.65t03.3 26 to 53 NT
Streptococcus gordonii 10558 1.65 to 3.3 26 to 53 NT
Staphylococcus aureus 25923 0.73to 1.43 5.85to 11.7 NT
Actinomyces naeslundii 12104 1.6 to 3.3 6.6to 13 NT

*The concentration of compound isolated were 210-0.2 ng/mL

*Three replicate experiments were conducted for each concentration

*NT = Not Tested.
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3. CONCLUSOES

No presente estudo, podemos concluir que o composto com atividade antimicrobiana
da proépolis tipo 6 ndo estd relacionado a presenca de dcidos graxos. Sendo o composto que
apresentou tal atividade uma benzofenona prenilada denominada de plukenetiona H, inédito
na literatura. Esse composto podera ser considerado um novo agente antimicrobiano, porém
necessita de futuros estudos. A plukenetiona H merece uma atencdo especial para a

obtencdo de uma patente de uso como um novo agente terapéutico.
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5. Anexos

5.1 Anexo 1 - Resolugdo do formato alternativo para defesa da dissertacdo de mestrado.

INFORMAGAO CCPGIO0Z/06

Tendo em visla a necessidade de revisdo da regulamentaciio das normas sobre o formato
e a impressdo das dissertactes de mesirado e teses de doulerado e com base no
entendimenio exarado no Parecer PG n® 1985/96, que trata da possibilidade do formalo
alternativo a0 [a estabelecido, a CCPG resolve:

Artigo 1° - O formato padric das disseriagoes e teses de mestrado e doutorado da
UNICAMP deverdo obrigatoriamente conter

I. Capa com formals dnico ou em formato alemative que deverd conter
informacdes relativas ac nivel (mestrado ou doutorado) e 4 Unidade de defesa,
fazendo referdncia & Universidade Estadual de Campinas, sendo o projeto
grifico das capas definido pela PRPG.

Il. Primeira folha interna dando visibilidade & Universidade, a Unidade de defeza, ao
nome do autor, ao titvle do trabalho, ao nimero de volumes (quando houver
mais de um), ao nivel {mestrado ou doutorado), a area de concentragdo, a0
nome do orientador & co-ornientador, ao local (cidade) e 80 ano de depdsito. Mo
seu verso deve constar a ficha catalografica.

I, Folha de aprovagio, dando visibiidade & Comissdo Julgadora com as
respectivas assinaluras.

V. Resumo em portugués & em inghds (ambos com no maximo 500 palavras).

V. Sumario.

Wl. Corpo da disseriagdo ou tese dividido em idpicos estruturados de modo
caracteristico & drea de conhecimento.

Vil. Referdéncias, formatadas segundo normas de referenciamento definidas pela
CPG da Unidade ou por critéric do onentador,

Vill. Todas as paginas deverfo, obrigatoriamente, ser numeradas, mclusive paginas
inicials, divistes de capitulos, encarles, anexos, efc.. As paginas iniciais
poderdo ser numeradas ulilizando-se algansmos romancs em sua forma
mindscula,

I¥. Todas as paginas com numeragdo “impar” serfo impressas como “lrenle” e
fodas as paginas com NUMEeragao “par Serdo iMpIessas como "versos .

§ 1* - A oritério do eulor e do orienfador podero ser incluidos: dedicaldria;
agradecimento; epigrafe: lista de: lustragdes, tabelas, abreviaturas e siglas, simbolos;
glossans; apindice; anexos.

§ 2% - A dissenacdo ou tese devera ser apresentada na lingua portuguesa, com exceqdo
da possibilidade permitida no artigo 2° desta Informacho,

§ 3" - As dissertagles e leses cujo conleddo versar sobve pesquisa envolvendo seres
humanos, animais ou bidsseguranca, deverdo apreseniar anexos os respectivos
documentos de aprovagio.

Artigo 2° - A criténo do onentador e com aprovagao da CPG da Unidade, os capitulos e
o35 apéndices poderdo conler copias de artigos de auteria ou de co-autoria do candidalo,
ja publicados ou submetidos para publicago em revistas cientificas ou anais de
congressos supeitos a arbilragem. escritos no idioma exigido pelo velculo de divulgagio,
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§ Unico - O onientador e o candidato deverfio verificar junto 4s editoras a possibilidade de
inclusdo dos artigos na dissertacdio ou tese, em atendimento & legislagio que rege o
direito autoral, obtendo, se necesséria, a compelente aulorizagho, deverdo assinar
declaracio de que ndo estdo infringindo o direito autoral transferido 3 editora,

Artigo 3* - Dependendo da &rea do conhecimento, a critéric do orientader @ com
aprovacdo da CPG da Unidade, a dissertacdo ou tese podera ser apresentada em
formato alternativo, desde que observados os incisos 1, 11, 11, IV, ¥ & VIl do artigo 19,

Artigo 4* - Para impress@o, na grifica da Unicamp, dos exemplares definifivos de
dissertaghes e teses defendidas, deverdo ser adotados os seguintes procedimentos:

§ 17 - A sclicitagdo para impressio dos exemplares de dissertagdes e teses poderd ser
encaminhada & grafica da Unicamp pelas Unidades. que se responsabilizaro pelo
pagamenio cormespondente,

§ 2" = Um original da dissertac8o ou tese, em versdo definitiva, impresso em folha
tamanho carla, em uma so face, deve ser encaminhado & gréfica da Unicamp
acempanhado do formulénio *Requisicio de Servigos Graficos”, onde conste o ndmero de
exemplares solicitados,

§ 3" - A grafica da Unicamp imprimird os exemplares solicitados com capa padrdio. Os
exemplares sclicitades serdo encaminhados 4 Unidade em, no maximo, cinco dias uteis.

§ 4° - No formuldrio “Requisi¢io de Servicos Grafices” deverdo estar indicadas as paginas
cuja reprodugho deva ser feita no padrdo “cores” ou “foto”, ficando entendido que as
demais paginas devam ser reproduzidas no padrio preto/branco comum.

§ 5% - As dissertagbes e teses serdo reproduzidas no padriio frente & verso, excecdo feila
as paginas iniciais e divisbes de capilulos; dissertagfes e leses com até 100 paginas
serdo reproduzidas no padrio apenas frente, excecdo feita 4 pagina que conlém a ficha
catalografica,

§ 6° - As paginas fornecidas para insergdo deverSo ser impressas em sua forma definitiva,
ou seja, apenas frente cu frente/verse.

§ 7 - O custo, em reais, de cada exemplar produzide pela grafica serd definido pela
Admanistragio Superior da Universidade.

Artigo §° - E cbrigatcria a entrega de dois exemplares para homelegagdo,

Artigo 6" - Esla Informacdo entrard em vigor na data de sua publicagdo, ficando
revogadas as disposighes em contrario, principalmente as Informagdes CCPG 001 e
002798 & CCPGR01/00,

Campinas, 13 de setembro de 2006

Profa. Dra. Teresa Dib Zambon Atvars
Fresidents
Comissao Central de Pés-Graduagio
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