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Revisao Bibliografica



1. Reviséo Bibliogréfica

Em virtude de suas inimeras propriedades bioldgicas, dentre elas, a
imunomoduladora (SFORCIN, 2007), a propolis foi empiricamente utilizada por
séculos.

A prépolis é um produto natural, elaborado pelas abelhas a partir de material
coletado em botbes, gemas e coOrtex vegetais, sendo um conjunto complexo de
substancias (BANKOVA, 2005). A propolis apresenta, de forma genérica, em sua
composicdo quimica in natura 55% de resinas e balsamos, 30% de cera, 10% de dleos
volateis e 5% de polen, além de impurezas mecanicas. GREENAWAY et al. (1991)
identificaram as estruturas quimicas de muitos componentes da propolis: flavondides,
cumarinas, aldeidos aromaticos, &cidos aromaticos, &cidos organicos, minerais,
vitaminas, aminoacidos, polissacarideos. O método de preparo dos extratos de propolis
pode influenciar sua atividade, uma vez que os diferentes solventes solubilizam e
extraem compostos diferentes. Os extratos mais utilizados experimentalmente sdo os
etandlicos, em diferentes concentragdes, o metandlico e o aquoso (CUNHA et al.,
2004).

A composicdo quimica da propolis por nds coletada ao longo das quatro
estacbes na regido de Botucatu, SP, foi analisada, verificando-se que diferengas
sazonais ndao sdo  significantes, mas predominantemente  quantitativas
(BOUDOUROVA-KRASTEVA et al., 1997; BANKOVA et al., 1998). Ademais, as
fontes vegetais da propolis obtida no apiario de nossa Universidade foram investigadas,
sendo Baccharis dracunculifolia a principal fonte, seguida de Araucaria angustifolia e

Eucalyptus citriodora (BANKOVA et al., 1999).



SFORCIN et al. (2002b) demonstraram que a administragdo de propolis a ratos,
2 vezes ao dia, durante 3 dias consecutivos, ndo induziu alteragdes na concentragao
sérica de componentes bioquimicos de significado clinico. Neste trabalho, foi observado
também a auséncia de efeito da sazonalidade sobre a atividade da propolis em variaveis
bioquimica. Dando continuidade a este trabalho, MANI et al. (2006) avaliaram o efeito
de diferentes concentragcdes de propolis administradas a ratos, o efeito de diferentes
extratos (aquoso e etandlico), e o efeito do tratamento a longo prazo (30, 90 e 150 dias)
sobre a concentracdo sérica de varidveis bioquimicas. Os resultados ndo evidenciaram
diferencas entre o grupo controle e os grupos tratados com prdpolis, sugerindo a
auséncia de efeitos colaterais apds tratamento com este produto apicola.

Em estudos toxicoldgicos in vitro, TAVARES et al. (2006) sugeriram que baixa
concentragdo de propolis (12.5 pg/mL) apresenta efeito antimutagénico, enquanto que
alta concentragdo (100 pg/mL) parece ser mutagénica. PEREIRA et al. (2008)
avaliaram o efeito mutagénico da prépolis in vivo em eritrocitos de camundongos
tratados com 1000, 1500 e 2000 mg/Kg, concluindo que estas concentracbes podem
acarretar efeitos mutagénicos.

Atualmente, a propolis tem despertado a atencdo de pesquisadores, no intuito de
elucidar cientificamente suas propriedades bioldgicas (BANSKOTA et al., 2001).
Nesse sentido, a agdo antibidtica da prépolis tem sido investigada por nosso grupo,
evidenciando-se sua acdo antibacteriana, antiviral, antifingica e anti-parasitaria
(SFORCIN et al., 2000; SFORCIN et al., 2001, BUFALO, 2006; FREITAS et al.,
2006; ORSI et al., 2006).

Com relacdo ao sistema imune e seus mecanismos efetores, SCHELLER et al.
(1988) verificaram que a propolis estimula a formacgdo de anticorpos por células

esplénicas de camundongos BALB/c imunizados com heméacias de carneiro. Avaliando



o efeito deste apiterapico sobre a ativagdo de células natural killer (NK) contra células
tumorais, observamos que a administracdo de propolis a ratos, durante 3 dias, induziu
aumento na atividade litica de células NK, quando comparada com o do grupo controle
(SFORCIN et al., 2002a). O tratamento com prdpolis durante 3 dias também induziu
aumento na producgdo de anticorpos em ratos imunizados com albumina sérica bovina
(SFORCIN et al., 2005). Estes achados reforcam a afirmacéo prévia de SCHELLER et
al. (1988), os quais sugeriram que este apiterapico atua sobre o sistema imune em curto
prazo, apos sua administracdo, e que a atividade imunoestimulante da prépolis pode
estar associada com a ativagdo de macrofagos e aumento de sua capacidade fagocitica.
TATEFUJI et al. (1996) estudaram o efeito de seis componentes presentes na propolis e
observaram que, dentro das propriedades bioldgicas apresentadas por este apiterapico,
houve um aumento no espraiamento de macréfagos e na sua mobilidade.

Trabalhos experimentais de nosso laboratério revelaram também que
macrdofagos peritoneais de camundongos estimulados com prépolis apresentaram
aumento na atividade fungicida contra Paracoccidioides brasiliensis (MURAD et al.,
2002) e na atividade bactericida contra Salmonella Typhimurium (ORSI et al., 2005).
Foi evidenciado também que a propolis induz elevacdo na geracdo de peroxido de
hidrogénio (H,0,) por macrofagos peritoneais de camundongos e inibi¢do na liberagdo
de oxido nitrico (NO) por estas células, de forma dose-dependente (ORSI et al., 2000).

LOPES et al. (2003) avaliaram a acéo de extratos das plantas fontes de propolis
em nossa regido sobre a producdo de H,O, e NO por macréfagos, verificando a
auséncia de efeito sobre a producéo de tais metabdlitos. Estes resultados sugeriram que
a acdo da propolis é uma conseqliéncia dos produtos derivados das plantas e adi¢do de
substancias secretadas pelas abelhas, atuando possivelmente de forma sinérgica.

Considerando que Baccharis dracunculifolia DC é a principal fonte de propolis em



nosso apiario e dando continuidade a estes ensaios, avaliamos o efeito do extrato total
das partes aéreas, extrato do lavado glandular, extrato das folhas, extrato das raizes e
6leo essencial desta planta sobre o estado de ativacdo de macrdfagos, bem como de
substancias purificadas. Os dados revelaram que o extrato do lavado glandular, extrato
das folhas e extrato das raizes induziram elevacdo na geracdo de H,O, por macrdfagos.
Com relacdo aos compostos isolados, o 6xido de Baccharis e o friedelanol estimularam
a produgdo de H,O,. Estes resultados sugerem uma agdo ativadora de extratos e
compostos isolados de B. dracunculifolia sobre macrofagos (MISSIMA et al., 2007).
Vérios pesquisadores tém relatado a propriedade antitumoral da prépolis
(CHIAO et al., 1995; RAO et al., 1995). Trabalhos de nosso grupo evidenciaram que o
extrato hidroalco6lico de propolis possui papel protetor no processo de carcinogénese
do cdlon, suprimindo o desenvolvimento de lesdes pre-neopléasicas (BAZO et al., 2002).
Utilizando extrato aquoso de prépolis, verificamos que este reduziu os danos induzidos
pela dimetilhidrazina no DNA de células do célon de ratos (ALVES DE LIMA et al.,
2005). Em ensaios in vitro, verificamos sua eficiente acéo citotoxica contra células de
tumor venéreo transmissivel de cdes (BASSANI-SILVA et al., no prelo) e contra
células de carcinoma epidermdide de laringe (BUFALO et al., no prelo), de forma dose-

e tempo-dependente.

ORSOLIC et al. (2004), avaliando o efeito da propolis, bem como de compostos
polifendlicos isolados da mesma, sobre o crescimento e potencial metastatico de
carcinoma mamario transplantdvel em camundongos, relataram que a atividade
antitumoral estd associada & propriedade imunomoduladora dos compostos, a

citotoxicidade em relag&o as células tumorais, inducéo de apoptose e necrose.

Em virtude de sua acdo imunomoduladora, ensaios tém sido desenvolvidos em

nossos laboratorios para investigar o papel da propolis durante o estresse. O conceito de



estresse foi apresentado por Hans Selye em 1936, tendo havido, posteriormente, um
crescente interesse dos pesquisadores quanto a identificacdo dos agentes estressores

bem como dos eventos fisioldgicos envolvidos na resposta ao estresse.

O estresse € comumente definido como uma condi¢do ou estado em que a
homeostase do organismo é perturbada, como resultado de estimulos estressores. O
estresse é uma constelacdo de eventos, envolvendo a participacdo de diferentes sistemas
do organismo em resposta a agentes estressores, como fatores climéticos,
hiperpopulagdo, infeccBes, exercicio fisico intenso, desnutri¢do, ruido, odor, entre
muitos outros (KIOUKIA-FOUGIA et al., 2002).

A crescente complexidade social também tem contribuido com o aparecimento
de tensdo psicoldgica e doengas relacionadas ao estresse, como cancer, depresséo,
ansiedade, panico, dermatite atdpica, colite ulcerativa, entre outras. Dentre 0s agentes
estressogénicos da vida moderna, temos a competicdo profissional, desemprego,
violéncia, desagregacéo familiar, relagdes interpessoais instaveis, soliddo, preocupacéo
financeira persistente, pressdo da globalizagdo e tecnologia, entre outras causas de
maior impacto, como morte, doenga grave, acidentes, entre outros (OLFF, 1999).

Ha trés fases importantes junto a “Sindrome Geral de Adaptacdo” ao estresse: a
reacdo de alarme, na qual o organismo percebe o estimulo estressante; o estagio de
resisténcia - uma tentativa de adaptacdo do organismo frente ao agente estressor; e fase
de exaustdo, quando o organismo perde a capacidade de adaptagdo, aparecendo lesdes
ou doencas (SELYE, 1978).

A resposta ao estresse envolve a ativagdo do sistema nervoso autbnomo (SNA),
bem como a ativacdo do eixo hipotalamo-pituitaria-adrenal (HPA), com conseqliente
liberacdo de catecolaminas e glicocorticoides, respectivamente. Em resposta a

estimulacdo simpética, a epinefrina e norepinefrina sdo rapidamente secretadas para a



corrente sanguinea como uma resposta adaptativa, capacitando o organismo a responder
a condicao estressante, apresentando efeito pronunciado no sistema cardioavascular e na
mobilizagdo nas reservas de energia (LUNDBERG, 2005).

O estresse origina impulsos nervosos, que sdo transmitidos desde a periferia até
o hipotdlamo. O hipotalamo, entdo, secreta o fator liberador de corticotropina (CRH),
que passa pelo sistema porta hipotalamo-hipofisario chegando até a hipdfise anterior.
Neste local, o CRH induz a secre¢do de horménio adrenocorticotropico (ACTH), que
flui pelo sangue até o cortex da adrenal, induzindo a secrecdo de glicocorticdides, como
cortisol, corticosterona e aldosterona (SELYE, 1978).

O estresse é uma resposta adaptativa fundamental & sobrevivéncia, presente ndo
s6 em mamiferos, mas também em outros vertebrados. Os mecanismos basicos e
moléculas envolvidas na resposta ao estresse sdo similares e bem preservados ao longo
da evolucéo das espécies (OTTAVIANI & FRANCESCHI, 1996).

O estresse agudo pode ser entendido como uma ameaga imediata, a curto prazo,
comumente conhecido como resposta a luta ou fuga. A “ameaca” pode ser qualquer
situacdo experienciada como perigo, e, ap6s o evento, que dura minutos a horas, hd uma
resposta de relaxamento (DHABHAR, 2002). Por outro lado, o estresse é denominado
cronico quando persiste por varias horas a dias, semanas ou meses. Como exemplo,
temos modelos experimentais com imobilizacdo, exposicdo a temperatura adversa,
exercicio fisico intenso, entre outros. Modelos experimentais de estresse crénico sdo
apropriados para a investigacéo da relagéo estresse-depressédo (BAUER et al., 2000).

O modelo de imobilizagdo é um procedimento que ndo causa dor e o animal ndo
é comprimido fisicamente, mas a sensagdo de confinamento induz estresse psicolégico,
afetando o SNA e o eixo HPA, resultando em niveis elevados de catecolaminas e

corticosterona (BAUER et al., 2001).



Ha vérios indicadores de estresse encontrados na literatura pertinente, como
concentragdo de corticosterona, glicemia, atividade da desidrogenase lactica (LDH),
aparecimento de Ulcera, determinacdo de hormonio adrenocorticotréfico (ACTH), entre
outros. A determinacdo de cortisol é utilizada como indicador de estresse em seres
humanos, e a de corticosterona em roedores (BESEDOVSKY & DEL REY, 1996;
LUNDBERG, 2005).

Muitas evidéncias tém sugerido que o estresse modula a resposta imune
(BESEDOVSKY & DEL REY, 1996). A Imunoneuroendocrinologia ou
Psiconeuroimunologia tem despertado a aten¢do dos pesquisadores quanto ao estudo da
relacdo entre os sistemas imune, nervoso e endocrino, 0s quais compartilham receptores
para citocinas, neurotransmissores e hormonios. O comportamento doentio reflete esta
intima relagdo, visto que citocinas podem diminuir a atividade geral do organismo,
afetar o comportamento social e sexual, e diminuir a atividade exploratéria do
individuo. Como exemplo, a interleucina-1 (IL-1) é considerada um pir6geno endogeno,
induzindo febre e alteracdo comportamental (PARMET et al., 2002).

Com relagdo ao sistema imune, os disturbios resultantes do estresse podem
variar de acordo com o tipo, intensidade e duracdo do agente estressor. Da mesma
forma, diferencas quanto a linhagem, idade e sexo dos animais de experimentagéo, bem
como 0 momento de mensuracéo de determinados pardmetros, também podem afetar a
avaliacdo da resposta imunolégica (KIOUKIA-FOUGIA et al., 2002).

O estresse crénico pode induzir imunossupressdao (ELENKOV & CHROUSOS,
1999). Glicocorticoides séo considerados imunossupressores, sendo clinicamente
utilizados como agente anti-inflamatdrio. Como linfocitos, mondcitos, macrofagos e
granuldcitos possuem receptores para varios mediadores do SNA e do eixo HPA, como

catecolaminas e corticoides (PADGETT & GLASER, 2003), observa-se, no estresse



cronico, inibicdo na sintese de prostaglandinas, na producéo de citocinas e proliferagdo
de linfocitos (DHABHAR, 2002). A producéo de IL-3, uma das citocinas fundamentais
para hematopoiese, também encontra-se inibida em resposta ao estresse e em individuos
com depressdo, sugerindo a interligacdo entre sistema nervoso e sistema imune
(BESSLER et al., 2000). DOMINGUEZ-GERPE & REY-MENDEZ (2001) relataram
alteracdes em subpopulacdes de linfécitos apds estresse crénico por imobilizacéo,
demonstrando que células T foram mais afetadas que células B.

A resposta imune celular é mais afetada durante o estresse, em relacdo a
imunidade humoral. O estresse pode afetar o padrdo Th1/Th2 de resposta, direcionando-
0 mais para Th2, podendo suprimir a imunidade celular e reforgar a imunidade humoral,
por acdo de glicocorticoides e catecolaminas (IWAKABE et al., 1998; ELENKOV &
CHROUSOS, 1999; ELENKOV, 2004).

A imunossupressdo causada pelo estresse pode afetar a metastase de tumores e
promover a progressao do cancer (BEN-ELIYAHU, 2003).

O céncer de pele € a terceira neoplasia mais comum a acometer o0 homem, e sua
incidéncia global tem sido progressiva. As formas mais comuns de neoplasias de pele
sdo os carcinomas de células basais, os carcinomas de células escamosas e 0s
melanomas — a forma mais perigosa e letal. Quando diagnosticado na fase inicial, 80%
dos casos de melanomas sdo curados através de remocédo cirirgica, mas sua forma
metastatica € altamente refrataria as terapias existentes (GRAY-SCHOPFER et al.,
2007).

Considerando que o0 estresse pode induzir imunossupressdo e,
conseqlientemente, o desenvolvimento de tumores, introduzimos, em nosso modelo
experimental, o tratamento dos animais com propolis, visto que este produto apicola

apresenta propriedades imunomoduladora e antitumoral. Ademais, poucos sdo 0s



trabalhos encontrados na literatura sobre os efeitos da propolis no sistema imunoldgico,
principalmente quanto & determinag&o de citocinas.

Assim, nosso trabalho visou contribuir quanto ao efeito da propolis sobre a
producdo de citocinas pro-inflamatérias e de padrdo Th1/Th2, bem como sobre o
desenvolvimento tumoral in vivo, pois ha inimeros trabalhos sobre a acdo antitumoral

da propolis, sendo a maioria deles, porém, realizada com ensaios in vitro.

2. Objetivos

e Avaliar o efeito da prdpolis sobre a produgdo de citocinas pré-inflamatorias
(IL-1B e IL-6), de padrdo Thl (IL-2 e IFN-y) e Th2 (IL-4 e IL-10) através da
técnica de ELISA;

e Observar o possivel papel imunorestaurador da propolis quanto a produgdo
destas citocinas em animais estressados;

e Quantificar a expressdo génica das citocinas de padrdo Thl e Th2 produzidas
por esplendcitos, pela técnica de PCR em tempo real;

e Observar a acdo imunomoduladora da prépolis em camundongos estressados,

portadores ou ndo de melanoma;

e Avaliar os niveis séricos de corticosterona dos animais.
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Abstract

Several studies have shown that stress affects the immune system, promoting the
progression of cancer. Since propolis is a honeybee product showing
immunomodulatory and antitumoral activities, the goal of this work was to evaluate
propolis effect on Thl (IL-2 and IFN-y) and Th2 (IL-4 and 1L-10) cytokines’ expression
and production by melanoma-bearing mice submitted to immobilization stress. In
groups without melanoma, stress did not affect IL-2, IL-4 and IL-10 gene expression.
Propolis treatment of stressed animals did not influence these cytokines expression as
well. On the other hand, IL-2 and IL-10 expression was inhibited in melanoma-bearing
mice, stressed or not. Thl cytokines production was also inhibited in melanoma-bearing
mice. Propolis administration to melanoma-bearing mice submitted to stress stimulated
IL-2 expression, as well as Thl (IL-2 and IFN-y) production, indicating the activation of
antitumor cell-mediated immunity. Propolis also stimulated IL-10 expression and
production, what may be related to immunoregulatory effects. Our data indicate that
propolis showed an immunomodulatory activity in this assay, what may be related to its
antitumoral action in vivo. Further investigation will help to understand propolis

usefulness during stress.

Keywords: Stress; Melanoma; Cytokines; Propolis; Immunomodulation
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1. Introduction

Stress comprises several events, activating physiologic systems in the body to
cope with perceived stimuli, and altering the homeostatic state of the organism.
Evidences have shown a communication between the immune, endocrine and central
nervous systems during stress, resulting in behavioral, endocrine and immunological
changes. Stress responses induce activation of both autonomic nervous system and
hypothalamic-pituitary-adrenal (HPA) axis, with consequent release of catecholamines
and glucocorticoids, respectively (Bauer et al., 2001; Dhabhar, 2002).

Viveros-Paredes et al. (2006) reported that glucocorticoids inhibit the production
of IL-2 and IFN-y by Th1 cells, up-regulate the production of IL-4, IL-10 and IL-13 by
Th2 cells, and increase the production of TGF-f by T cells, suppressing cellular
immunity and stimulating humoral immunity. Because of glucocorticoids’
immunosuppressive effects, stress plays a role in the etiology of many diseases, such as
cancer, being detrimental to health.

Melanoma is among the most immunogenic of all solid cancers, and the
presence of tumor antigen-specific antibodies and tumor-specific cytotoxic T cells in the
peripheral blood of melanoma patients has been well established (Fang et al., 2008).
B16F10 is a selective variant cell line obtained from pulmonary metastasis of a
melanoma, syngeneic to black C57BL/6 mice (S&-Rocha et al., 2006). While stress does
not seem to affect humoral immunity, a Th2 cytokine profile is associated with down-
regulation of the immune response and progression of melanoma (McCarter et al.,
2005).

The interaction between stress and immunity has been well documented, but the
use of natural products during stress deserves investigation, mainly in melanoma-

bearing mice. Propolis is a resinous hive product showing several therapeutic activities,
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including immunomodulatory and antitumoral. In vitro and in vivo assays demonstrated
the modulatory action of propolis on murine peritoneal macrophages, increasing their
microbicidal activity. Its stimulant action on the lytic activity of natural killer cells
against tumor cells, and on antibody production was demonstrated (Sforcin, 2007). The
antitumoral property of propolis has been investigated both in vivo and in vitro (Sforcin
et al., 2002; Bufalo et al., in press).

Based on these observations, the aim of this work was to analyze propolis effects
on Th1/Th2 cytokines’ expression and production by melanoma-bearing mice submitted
to chronic stress, in order to investigate a possible immunorestorative action of propolis

in these animals.

2. Methods

2.1. Animals

C57BL/6 male mice aged between 8 and 12 weeks were kept in rooms at 21-25
°C, with a 12 h /12 h light/dark cycle. Food and water were provided ad libitum. This
work agrees with Ethical Principles in Animal Research adopted by Brazilian College of

Animal Experimentation (n° 464).

2.2. Melanoma cells

B16F10 cells were cultured in DMEM (Cultilab, Campinas, SP, Brazil),
supplemented with 25 mM HEPES (Sigma — Aldrich, St. Louis, MO, USA) and 10%
fetal calf serum. Cell suspensions were detached from the culture flasks using 0.2%

trypsin (Nutricell, Campinas, SP, Brazil), and viable cells were counted using a
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hemocytometer. Mice were inoculated with 5 x 10* cells in 0.1 mL of phosphate-
buffered saline subcutaneously (s.c.) into the right flank region. Tumor development

was monitored weekly.

2.3. Propolis sample

Propolis was collected in the Beekeeping Section, UNESP. Propolis was ground
and 30% ethanolic extracts of propolis were prepared (30 g of propolis, completing the
volume to 100 mL with 70% ethanol), in the absence of bright light, at room
temperature, with moderate shaking. After a week, extracts were filtered and the dry
weight of the extracts was calculated (120 mg/mL) (Bufalo et al., in press). Propolis
chemical composition was investigated using thin-layer chromatography (TLC), gas-
chromatography (GC), and gas chromatography-mass spectrometry (GC-MS) analysis

(Bankova et al., 1998).

2.4. Experimental groups and stress procedure

Mice were divided into 8 groups (G1, G2, G3, G4, G5, G6, G7, G8), of 8
animals each, according to the experimental design:

Gl G2 G3 G4 G5 G6 G7 G8

STRESS - + - + - + - +
PROPOLIS - - + + - - + +
MELANOMA - - - - + + + +
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G1 was considered as control, and received physiologic solution (NaCl 0.9%).
G2 was submitted to restraint stress in a well-ventilated immobilization tube
(restrainer) of about 50 mL capacity for 15, 30, 45, 60, 75, 90 and 120 minutes during 7
consecutive days, and from 7" to 14™ day, mice were submitted to restraint stress for 2
hours a day, at a fixed time between 8:00 and 11:00 a.m. This procedure is easily
performed and causes no physical pain to the animals (Dominguez-Gerpe and Rey-
Méndez, 2001; Sforcin et al., 2007).

G3 was treated daily with propolis (200 mg/kg in 0.1 mL, orally), and G4 was
treated daily with propolis and submitted to the same stress protocol (Missima and
Sforcin, 2008). After 24 h of the respective treatments, animals were sacrificed using a
CO; inhalation chamber.

G5 was inoculated with B16F10 (5 x 10” cells) s.c. into the right flank. G6 was
inoculated with B16F10 cells and submitted to stress. G7 was inoculated with B16F10
cells and treated daily with propolis. G8 was inoculated with B16F10 cells, treated
daily with propolis and submitted to stress. All groups had no water and food during
stress. After 14 days of melanoma inoculation, mice were sacrificed and metastases
were investigated.

70% ethanol (propolis solvent) effects were also investigated after its

administration for 14 days to mice.

2.5. Corticosterone determination

Before sacrifice, blood was collected by cardiac puncture and serum was

stored at -20° C. Corticosterone concentrations were determined by
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radioimmunoassay, using a commercial kit (Coat-A-count, DPC, Los Angeles, CA,

USA).

2.6. Spleen cells cultures and cytokines determination

After sacrifice, spleens were aseptically removed and cells were suspended at a
concentration of 5 x 10°/mL in RPMI 1640 (Cultilab, Campinas, SP, Brazil)
supplemented with 10% fetal calf serum and 1% L-glutamine and cultured in flat-
bottomed 24-well plates. Cells were cultured in triplicates (1 mL/well) and stimulated
with concanavalin A (Con A -5 pg/mL) for 48h and 5% CO,.

Supernatants of spleen cell cultures were collected and assayed for Thl (IL-2
and IFN-y) and Th2 (IL-4 and IL-10) cytokines determination by enzyme-linked
immunosorbent assay (ELISA), according to manufacturer’s instructions (BD
Biosciences, San Diego, USA). Briefly, a 96-well flat bottom Maxisorp (Nunc, USA)
was coated with capture antibody specific to each cytokine. The plate was washed and
blocked before 100 pL of the supernatants and serially diluted specific standards were
added to the respective wells. Following a series of washing, the captured cytokine was
detected using the specific conjugated detection antibody. The chromogen/substrate
reagent was added into each well and, after color development, the plate was read at 450

nm, using an ELISA plate reader (Tan et al., 2006).

2.7. Cytokines gene expression

2.7.1. mRNA extraction and cDNA synthesis

A portion of 30 mg of the spleens was kept in RNA safer (Omega Bio-tek,

Inc. USA). Total RNA was extracted with RNAspin extraction kit (GE Healthcare UK
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Limited) and further treated with RQ1 RNase-free DNase (Promega, Madison, WI,
USA) for 30 min at 37 °C to avoid false-positive results due to amplification of genomic
DNA. cDNA was synthesized from 4 ng of total RNA in a final volume of 80 pl
reaction using the Improm RT Il (Promega, Madison, WI, USA), with random primers

at 12.5 ng/ul following manufacturer’s protocol.

2.7.2. Primers

Primers were designed based on sequences retrieved from Genebank using
the Primer Express (Applied Biosystems, USA) and IDTSciTools
(http://www.idtdna.com) softwares. For IL-2: primers forward 5’- CCC AAG CAG
GCC ACA GAA TTG AAA-3’ and reverse 5°- AGT CAA ATC CAG AAC ATG
CCG CAG-3’ (accession no. X01772); for IFN-y: primers forward 5’- AGA GGA
TGG TTT GCA TCT GGG TCA-3’ and reverse 5°- ACA ACG CTA TGC AGC
TTG TTC GTG-3" (accession no. M28381); for IL-4: primers forward 5’- AGA
TGG ATG TGC CAA ACG TCC TCA-3’ and reverse 5’- AAT ATG CGA AGC
ACC TTG GAA GCC-3’ (accession no. NM 021283); for IL-10: primers forward
5’- GGA CAA CAT ACT GCT AAC CGA C-3’ and reverse 5°- TGG ATC ATT
TCC GAT AAG GCT TG-3’ (accession no. M37897). As an endogenous control,
primers for B-actin found in literature were used (forward 5"-AAG TGT GAC GTT
GAC ATC CGT AA- 3" and reverse 5-TGC CTG GGT ACA TGG TGG TA-3")

(Yang et al., 2006).
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2.7.3. Real-time PCR

cDNA (4 pL) was amplified by real-time PCR with 2X Power Sybr® Green
PCR Master Mix and 300 nM target primers. p-actin was used as the housekeeping
gene. Each sample was analyzed in duplicates using SDS 7300 (Applied Biosystems,
USA). The reaction conditions were as follows: 95 °C/10 min, 40 cycles of 95 °C/15
s, 60 °C/1 min, and the melting curve: 95 °C/15 s, 60 °C/15 s and 95 °C/15 s. PCR
amplification was related to a standard-curve. To the smallest dilution of cDNA
standard it was given the relative value 100 and, following the same reason of
dilution, the other 3 points were 25, 6.25 and 1.56. The results were expressed as
percentage of differences relative to normal controls (relative expression) using 7300

systems SDS software (Applied Biosystems, USA).

2.8. Data analysis

Analyses of variance (ANOVA) and Tukey-Kramer multiple comparison test
were used to determine differences between the groups. A probability (p) of .05 was

chosen as the significant level (Zar, 1999).

3. Results

All melanoma-bearing groups developed a tumor area, reflecting the successful
experimental model. Tumors were weighed and no significant differences were seen

among the groups due to a high variability. However, stress induced a higher tumor
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area, while propolis-treated mice, stressed or not, showed a melanoma development
similar to control (data not shown). As to mice behavior, stressed mice (G2) treated with
propolis (G4) and bearing melanoma (G6 and G8) were dirty, sweating and with
piloerection and tachycardia when leaving the restrainer, in comparison to non-stressed
groups. However, a significant increase in corticosterone serum levels (stress indicator)
was found only in melanoma-bearing mice submitted to stress (G6) (F(3.74) = 12.428,

p<.001) (Fig. 1).

3.1. Thl cytokines’ expression and production

IL-2 gene expression was significantly inhibited in melanoma-bearing groups,
stressed or not (G5 and G6) (F(2.20) = 26.833, p<.05 and F(3.02) = 26.833, p<.01,
respectively). Melanoma-bearing mice treated with propolis, stressed or not, (G7 and
G8) showed a significant increase in IL-2 expression (F(3.38) = 26.833, p<.001) (Fig.
2), what is associated to the basal production of this cytokine in these groups (Fig. 3).

No significant differences were seen in IL-2 basal production in G1-G4.
However, increased levels of IL-2 basal production were found in melanoma-bearing
mice (G5-G8) (F(3.38) = 26.775, p<.001), without differences between stressed mice,
treated or not with propolis (Fig. 3).

In Con A-stimulated cultures, stress (G2) did not influence IL-2 production
(p>.05). On the other hand, propolis-treated mice, stressed or not (G3 and G4), showed
a significant inhibition in this cytokine production (F(3.51) = 21.951, p<.001) (Fig. 3).
IL-2 was also inhibited in melanoma-bearing mice (G5) in comparison to control

(F(3.12) = 21.951, p<.01). Stressed animals (G6) showed increased concentrations of
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IL-2 in comparison to G5 (F(3.51) = 21.951, p<.001). Propolis also stimulated IL-2
production by G7 and G8, in comparison to G5, but not significantly (Fig. 3).

mRNA IFN-y was not detected in the experimental groups. Maybe this cytokine
expression occurred under the threshold detection of real-time PCR, or its expression in
vivo may have occurred before spleens removal. No differences were found in IFN-y
basal production in G1-G4. Propolis stimulated this cytokine production in melanoma-
bearing mice, submitted to stress (G8) (F(3.38) = 11.838, p<.001). In Con A-stimulated
cultures, propolis inhibited IFN-y production (G3) (F(3.38) = 75.585, p<.001), as well
as in stressed mice (G4) (F(3.38) = 75.585, p<.001). Melanoma also inhibited IFN-y
production (F(3.38) = 75.585, p<.001); nevertheless, propolis treatment of melanoma-
bearing mice submitted to stress (G8) led to a higher IFN-y production in comparison to

G5 (F(3.38) = 75.585, p<.001) (Fig. 4).

3.2. Th2 cytokines’ expression and production

No alterations were found in IL-4 expression in all groups (Fig. 5). IL-4 basal
production was not detected, and no significant differences were seen in this cytokine
production in Con A-stimulated cultures (Fig. 6).

Propolis treatment (G3) enhanced significantly 1L-10 gene expression (Fig. 7)
(F(3.12) = 16.479, p<.01). Among the melanoma-bearing groups, G5, G6 and G7
showed a significant inhibition in IL-10 expression (F(2.25) = 16.479, p<.05); however,
propolis treatment of melanoma-bearing mice submitted to stress (G8) induced a similar
IL-10 expression in comparison to control (G1).

No alterations were seen in IL-10 basal production, and increased basal IL-10

was observed only in G8 (F(3.38) = 9.972, p<.001) (Fig. 8). In Con A-stimulated
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cultures, propolis-treated mice, stressed or not, showed a significant inhibition in I1L-10
production (F(3.38) = 48.577, p<.001). In melanoma-bearing mice stressed or not (G7
and G8), propolis stimulated significantly IL-10 production, (F(3.38) = 48.577, p<.001)
(Fig. 8). Propolis treatment induced higher IL-10 concentrations stimulated or not by
Con A in comparison to G5 (F(3.38) = 48.577, p<.001).

Ethanol (propolis solvent) did not influence cytokines production, and propolis

effects were exclusively due to its chemical constituents.

4. Discussion

Propolis has been widely investigated lately, and its effect on stressed mice has
been the subject of our group (Sforcin et al., 2008). In this work, Thl and Th2
cytokines’ expression and production were analyzed after B16F10 cells inoculation in
mice. Although the importance of stress in life appears to be significant, the cellular and
molecular mechanisms involved in the pathophysiology of stress still remain largely
unclear, and it is important to investigate how stress can influence Thl1/Th2
homeostasis, resulting in resistance or facilitation of tumor progression.

A successful B16F10 cells inoculation was observed in our model, and no
metastasis was seen after s.c. tumor inoculation. S&-Rocha et al. (2006) found metastasis
in the lung of mice submitted to social stress after 14 days, but B16F10 cells were
inoculated into the tail vein. Stressed mice showed a higher tumor area, whereas
propolis treatment did not promote tumor growth.

All groups submitted to stress protocols left the restrainer with tachycardia,
piloerection, hyperlocomotion, sweating and dirty. HPA axis has an important role in
behavioral and immunological responses during stress, and glucocorticoids play a major

regulatory role in long-term stress in mammals. Higher levels of corticosterone were
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found only in melanoma-bearing mice submitted to stress. Controversial data on
corticosterone concentrations are found in literature, and biological effects depend on
the type of stress, intensity, time of measurement of a particular parameter, and mice
strains (Kioukia-Fougia et al., 2002). Bowers et al. (2007) related that different stressors
commonly used in research may not activate the physiological response to the same
extent, and variations in the measured immune responses may reflect differential
glucocorticoid activation, differential metabolic pathways, or both processes in response
to specific stressors.

Previous observations of our group revealed that stress (immobilization for 7
consecutive days) induced a higher hydrogen peroxide (H2O) generation by peritoneal
macrophages. Propolis treatment potentiated H,O. generation and counteracted the
alterations found in the spleen of stressed mice (Missima and Sforcin, 2008). However,
propolis effect on cytokines’ expression and production during chronic stress was little
investigated.

Cytokines play an important role in controlling tumor growth and metastasis. A
vigorous Thl response is required for the destruction of tumor cells, while a Th2
response would create a tolerogenic environment in which melanoma could grow

(McCarter et al., 2005).

In groups without melanoma, stress did not affect Th1/Th2 cytokines’
expression or production, while propolis inhibited Thl (IFN-y and IL-2) and Th2 (IL-
10) production, suggesting the anti-inflammatory action of this apitherapeutic agent
after 14 of administration. Melanoma-bearing mice showed an inhibition in Thl
cytokines production. Thejass and Kuttan (2007) observed decreased IL-2 plasma levels
in C57BL/6 mice of B16F10 inoculation. On the other hand, Posevitz et al. (2003)

found no consistent changes in the mMRNAs of TNF-a, TNF-, IL-1a, IL-1p, IL-6, IL-4,
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IL-5, IFN-y, IL-2, and IL-3 of C57BL/6 or DBA/2 melanoma-bearing mice submitted to
immobilization. Propolis administration to melanoma-bearing mice submitted to stress
enhanced IL-2 expression, an increased the production of IFN-y and IL-2, indicating the

activation of antitumor cell-mediated immunity.

IL-2 is known for its potent ability to activate CD8+ T cells and natural killer
cells, and several studies have been conducted to investigate the combinations of IL-2
and chemotherapy in advanced melanoma (Fang et al., 2008). IFN-y might be involved
in antitumor and antiangiogenic activities (Corthay et al., 2005). Gollob et al. (2005),
through DNA microarray analysis, found that the antimelanoma effect of IFN-y in
human melanoma DM6 cells was associated with the down-regulation of multiple genes
involved in G-protein signaling and phospholipase C activation (including Rap2B and
calpain 3) as well as the down-regulation of genes involved in melanocyte/melanoma
survival (MITF and SLUG), apoptosis inhibition (Bcl2Al and galectin-3), and cell
cycling (CDK2). However, although IFN-y has been generally thought to enhance
antitumor immune responses, it has also been reported that IFN-y could promote tumor

immune evasion (He et al., 2005).

Patients with advancing or progressing melanoma have frequently circulating
cytokine levels of Th2 pattern (McCarter et al., 2005). These authors suggested that
melanoma does have a direct effect on T cells, but the mechanisms involved in the
genesis of a sustained Th2 response in cancer patients is still unclear. IL-10 exerts
immunosuppressive effects and may act as a cancer-promoting agent. No changes in IL-
4 expression and production were seen. Propolis stimulated IL-10 expression and
production, what may be associated to immunoregulatory effects. However, it has been
reported that 1L-10 also possesses immunostimulatory and anti-angiogenic effects and

thus may inhibit tumor growth (Vuoristo, 2007).
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In our work, systemic levels of cytokines were not determined, nor melanoma-
derived cytokines, but data from our laboratory showed that propolis stimulated pro-
inflammatory cytokines production (IL-18 and IL-6) by melanoma-bearing mice
submitted to stress (Missima et al., not submitted). TNF-a, IL-1f3 and IL-6 may act as
autocrine growth factors for tumor angiogenesis (Thejass and Kuttan, 2007). However,
both tumor-promoting and tumor-suppressing effects of TNF-o have been reported.

Corthay et al. (2005) reported that TNF-oo may act in synergy with IFN-y for the
activation of tumoricidal macrophages. Since propolis induced higher levels of
cytokines in G8, one may speculate that a synergistic effect of IFN-y and pro-
inflammatory cytokines could inhibit tumor growth in vivo by inducing the production
of antiangiogenic factors by tumor cells.

Herbal drugs are recognized as cancer chemopreventive agents. Several plant
extracts and isolated compounds are well known to suppress tumor cell growth due to
apoptosis in different tumor cell lines (Guruvayoorappan and Kuttan, 2007). It has been
demonstrated in vitro that propolis possesses antitumoral active compounds, such as
caffeic acid phenethyl ester and artepillin C; however, the antiproliferative action of
propolis on tumor cells may be the result of the synergistic effect of propolis
constituents (Bufalo et al., in press). In vivo, propolis-treated rats showed an increased
cytotoxic activity of natural killer cells (Sforcin et al., 2002). Orsolic et al. (2006)
suggested that the antitumor activity of propolis and some of its constituents is
associated with the augmentation of non-specific antitumor immunity, via macrophages
activation, which in turn could produce soluble factors and interfere directly in the
tumor cells or in the functions of other immune cells. Propolis administration to rats
after treatment with the carcinogen 1,2 dimethylhydrazine reduced significantly the

number of aberrant crypt foci, reflecting a suppression of the clonal expansion of the
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initiated cells that characterizes the promotion step of carcinogenesis (Bazo et al.,

2002).

The polarization of Thl cells is thought to contribute to cellular immune
response and increase CD8+ cytotoxic T lymphocytes, playing an important role in anti-
tumor immune surveillance (Hu et al., 2007). Our data indicate that propolis showed an
immunomodulatory activity in this assay, what may be related to its antitumoral action
in vivo, but this aspect still deserves further investigation to understand propolis

efficacy in tumor-bearing mice, mainly during stress.
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Graphs

Fig. 1. Corticosterone concentration (ng/mL). G1: control; G2: stress; G3: propolis; G4:
propolis + stress; G5: melanoma; G6: melanoma + stress; G7: melanoma + propolis;
G8: melanoma + propolis + stress. Data represent means and standard-deviation of 8

animals. * significantly different from G1 (p<.001).

Fig. 2. Relative IL-2 mRNA quantification. Control group received the relative value of
100. G1: control; G2: stress; G3: propolis; G4: propolis + stress; G5: melanoma; G6:
melanoma + stress; G7: melanoma + propolis; G8: melanoma + propolis + stress. Data
represent means and standard-deviation of 8 animals. * significantly different from G1
(p<.05). ** significantly different from G1 (p<.01). *** significantly different from G1
(p<.001).

Fig. 3. IL-2 production (pg/mL) by spleen cells stimulated or not with concanavalin A
(5 pg/mL) for 48 h. G1: control; G2: stress; G3: propolis; G4: propolis + stress; G5:
melanoma; G6: melanoma + stress; G7: melanoma + propolis; G8: melanoma +
propolis + stress. Data represent means and standard-deviation of 8 animals. *

significantly different from G1 (p<.001). * significantly different from G1 + Con A
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(p<.01). * significantly different from G1 + Con A (p<.001). ¢ significantly different
from G5 + Con A (p<.001).

Fig. 4. IFN-y production (pg/mL) by spleen cells stimulated or not with concanavalin A
(5 pg/mL) for 48 h. G1: control; G2: stress; G3: propolis; G4: propolis + stress; G5:
melanoma; G6: melanoma + stress; G7: melanoma + propolis; G8: melanoma +
propolis + stress. Data represent means and standard-deviation of 8 animals. *

significantly different from G1 (p<.001). * significantly different from G1 + Con A
(p<.001).* significantly different from G5 + Con A (p<.001).

Fig. 5. Relative IL-4 mRNA quantification. Control group received the relative value of
100. G1: control; G2: stress; G3: propolis; G4: propolis + stress; G5: melanoma; G6:
melanoma + stress; G7: melanoma + propolis; G8: melanoma + propolis + stress. Data
represent means and standard-deviation of 8 animals.

Fig. 6. IL-4 production (pg/mL) by spleen cells stimulated with concanavalin A (5
pg/mL) for 48 h. G1: control; G2: stress; G3: propolis; G4: propolis + stress; G5:
melanoma; G6: melanoma + stress; G7: melanoma + propolis; G8: melanoma +

propolis + stress. Data represent means and standard-deviation of 8 animals.

Fig. 7. Relative 1L-10 mRNA quantification. Control group received the relative value
of 100. G1: control; G2: stress; G3: propolis; G4: propolis + stress; G5: melanoma; G6:
melanoma + stress; G7: melanoma + propolis; G8: melanoma + propolis + stress. Data
represent means and standard-deviation of 8 animals. * significantly different from G1
(p<.01).

Fig. 8. IL-10 production (pg/mL) by spleen cells stimulated or not with concanavalin A
(5 pg/mL) for 48 h. G1: control; G2: stress; G3: propolis; G4: propolis + stress; G5:
melanoma; G6: melanoma + stress; G7: melanoma + propolis; G8: melanoma +
propolis + stress. Data represent means and standard-deviation of 8 animals. *

significantly different from G1 (p<.001).” significantly different from G1 + Con A
(p<.001). * significantly different from G5 (p<.001).* significantly different from G5 +
Con A (p<.001).
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Summary

Altered levels of pro-inflammatory cytokines could be prometastatic and proangiogenic
factors. Stress leads to somatic disorders such as cancer, and animal models have been
used to investigate stress effects on tumorigenesis and immune response modulation.
Propolis is a honeybee product and its immunomodulatory effects on stressed mice have
been the goal of our recent researches. In this work, propolis effect on pro-inflammatory
(IL-18 and IL-6) cytokines production by melanoma-bearing mice submitted to
immobilization stress were analyzed. Propolis administration to stressed mice inhibited
pro-inflammatory cytokines production. On the other hand, propolis induced higher
levels of IL-1f and IL-6 in melanoma-bearing mice submitted or not to chronic stress.
Since propolis also stimulated Thl cytokines production in these mice, one may
speculate that a synergistic effect of IFN-y and pro-inflammatory cytokines could inhibit
tumor growth in vivo by inducing the production of antiangiogenic factors. Further

investigation will help to understand propolis usefulness during stress.

Keywords: Interleukin-1p; Interleukin-6; Stress; Melanoma; Propolis;

Immunomodulation
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Introduction

Propolis is a resinous hive product, used in folk medicine since ancient times,
due to its many biological properties, such as antimicrobial (Sforcin et al., 2000;
Freitas et al., 2006; Bufalo et al., submitted), antitumor (Banskota et al., 2001; Bazo et
al., 2002), immunomodulatory (Sforcin, 2007), among others. Analyses of its chemical
composition have identified at least 300 compounds in propolis (De Castro, 2001), and
its effects on stressed mice have been investigated by our research group (Missima and

Sforcin, 2008).

Stress comprises several nonspecific events, altering the homeostatic state of the
organism and leading to “sickness behavior”. Stress responses induce co-activation of
both sympathoadrenomedullary system and hypothalamic-pituitary-adrenal (HPA) axis,
with consequent release of catecholamines and glucocorticoids, respectively (Dhabhar,
2002). Psychological and behavioral changes are associated to physiological changes,
evidencing a communication between the immune, endocrine and central nervous
systems during stress.

Catecholamines, glucocorticoids and pro-inflammatory cytokines are considered
among the principal messengers responsible for the bi-directional communication
between the central nervous system and the immune system (Maes et al., 1998). IL-1,
also called endogenous pyrogen, is synthesized primarily by monocytes and
macrophages, and contributes to the pathogenesis of chronic inflammatory diseases
(Pope and Tschopp, 2007). IL-6 is a typical pleiotropic cytokine, playing an important
role in the homeostasis of the immune system. IL-6 is one of the major cytokines that

stimulates the HPA axis during inflammatory stress (Sjogren et al., 2006).
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Because of glucocorticoids’ immunosuppressive effects, stress plays a role in the
etiology of many diseases, such as cancer, being detrimental to health. Melanoma is
among the most immunogenic of all solid cancers, and the presence of tumor antigen-
specific antibodies and tumor-specific cytotoxic T cells in the peripheral blood of
melanoma patients has been well established (Fang et al., 2008). B16F10 is a selective
variant cell line obtained from pulmonary metastasis of a melanoma, syngeneic to black

C57BL/6 mice (S&-Rocha et al., 2006). Moreover, altered levels of IL-1f, IL-6 and

TNF-o could be prometastatic and proangiogenic factors and their deregulated
expression directly correlates with the metastatic potential of several forms of cancer.
Whereas the relationship between stress and immunity has been extensively
studied in the last decades, the use of natural products during stress deserves
investigation, mainly in melanoma-bearing mice. We report herein propolis’
immunomodulatory action on pro-inflammatory (IL-1p and IL-6) cytokines production

by melanoma-bearing mice submitted to chronic stress.

Materials and Methods

Propolis sample

Propolis was collected in the Beekeeping Section, UNESP. Propolis was ground
and 30% ethanolic extracts of propolis were prepared (30 g of propolis, completing the
volume to 100 mL with 70% ethanol), in the absence of bright light, at room
temperature, with moderate shaking. After a week, extracts were filtered and the dry
weight of the extracts was calculated (120 mg/mL) (Sforcin et al., 2005). Propolis

chemical composition was investigated using thin-layer chromatography (TLC), gas-
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chromatography (GC), and gas chromatography-mass spectrometry (GC-MS) analysis

(Bankova et al., 1998).

Melanoma cells

B16F10 cells were cultured in DMEM (Cultilab, Campinas, SP, Brazil),
supplemented with 25 mM HEPES (Sigma — Aldrich, St. Louis, MO, USA) and 10%
fetal calf serum. Cell suspensions were detached from the culture flasks using 0.2%
trypsin, and viable cells were counted using a hemocytometer. Mice were inoculated
with 5 x 10* cells in 0.1 mL of phosphate-buffered saline subcutaneously (s.c.) into the

right flank region. Tumor development was monitored weekly.

Animals, experimental groups and stress procedure

C57BL/6 male mice aged between 8 and 12 weeks were kept in rooms at 21-
25°C, with a 12 h /12 h light/dark cycle. Food and water were provided ad libitum. This
work agrees with Ethical Principles in Animal Research adopted by Brazilian College of

Animal Experimentation (n° 464).

Mice were divided into 8 groups (G1, G2, G3, G4, G5, G6, G7, G8), of 8
animals each. G1 was considered as control, and received physiologic solution (NaCl
0.9%, 0.1 mL). G2 was submitted to restraint stress in a well-ventilated immobilization
tube (restrainer) of about 50 mL capacity for 15, 30, 45, 60, 75, 90 and 120 minutes
during 7 consecutive days, and from 7" to 14" day, mice were submitted to restraint
stress for 2 hours a day, at a fixed time between 8.00 and 11.00 a.m. This procedure is
easily performed and causes no physical pain to the animals (Dominguez-Gerpe and

Rey-Méndez, 2001; Sforcin et al., 2007).
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G3 was treated daily with propolis (200 mg/kg in 0.1 mL, orally), and G4 was
treated daily with propolis and submitted to the same stress protocol (Missima and
Sforcin, 2008). After 24 h of the respective treatments, animals were sacrificed using a
CO, inhalation chamber.

G5 was inoculated with B16F10 (5 x 10° cells) s.c. into the right flank. G6 was
inoculated with B16F10 cells and submitted to stress. G7 was inoculated with B16F10
cells and treated daily with propolis. G8 was inoculated with B16F10 cells, treated
daily with propolis and submitted to stress. All groups had no water and food during
stress. After 14 days of melanoma inoculation, mice were sacrificed and metastases
were investigated.

70% ethanol (propolis solvent) effects were also investigated after its

administration for 14 days to mice.

Corticosterone determination
Before sacrifice, blood was collected by cardiac puncture and serum was
stored at -20°C. Corticosterone concentrations were determined by
radioimmunoassay, using a commercial kit (Coat-A-count, DPC, Los Angeles, CA,

USA).

Spleen cells cultures and cytokines determination

After sacrifice, spleens were aseptically removed and cells were suspended at a
concentration of 5 x 10%mL in RPMI 1640 (Cultilab, Campinas, SP, Brazil)
supplemented with 10% fetal calf serum and 1% L-glutamine and cultured in flat-
bottomed 24-well plates. Cells were cultured in triplicates (1 mL/well) and stimulated

with lipopolysaccharide (LPS — 5 pug/mL) for 48h at 37°C and 5% CO,.
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Supernatants of spleen cell cultures were collected and assayed for IL-1f and
IL-6 cytokines determination by enzyme-linked immunosorbent assay (ELISA),
according to manufacturer’s instructions (BD Biosciences, San Diego, USA). Briefly, a
96-well flat bottom Maxisorp (Nunc, USA) was coated with capture antibody specific to
each cytokine. The plate was washed and blocked before 100 pL of the supernatants and
serially diluted specific standards were added to the respective wells. Following a series
of washing, the captured cytokine was detected using the specific conjugated detection
antibody. The substrate reagent was added into each well and, after color development,

the plate was read at 450 nm, using an ELISA plate reader (Tan et al., 2006).

Statistical analysis
Analyses of variance (ANOVA) and Tukey-Kramer multiple comparison test
were used to determine differences between the groups. A probability (p) of 0.05 was

chosen as the significant level (Zar, 1999).

Results

All melanoma-bearing groups developed a tumor area, reflecting a successful
experimental model. Tumors were weighed and no significant differences were seen
among the groups due to a high variability. However, stress induced a higher tumor
area, while propolis-treated mice, stressed or not, showed a melanoma development
similar to control (data not shown). As to mice behavior, stressed mice (G2) treated with
propolis (G4) and bearing melanoma (G6 and G8) were dirty, sweating and with

piloerection and tachycardia when leaving the restrainer, in comparison to non-stressed
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groups. However, a significant increase in corticosterone serum levels (stress indicator)
was found only in melanoma-bearing mice submitted to stress (p<0.001) (Fig. 1).

IL-18 concentration was detected only in LPS-stimulated cultures. Propolis-
treated mice and stressed or not (G3 and G4) showed a significant inhibition this
cytokine production (p<0.01). In melanoma-bearing groups, increasing concentrations
of IL-1p were seen in propolis-treated mice submitted or not to stress (G7 and G8) (Fig.
2).

IL-6 basal production was elevated only melanoma-bearing groups (p<0.05). In
LPS-stimulated cultures, propolis treatment of stressed mice (G4) inhibited IL-6
production (p<0.05). On the other hand, increased concentrations of IL-6 (p<0.05) were
found after propolis administration to melanoma-bearing mice submitted or not to stress
(G7 and G8) (Fig. 3).

Ethanol (propolis solvent) did not influence cytokines nor corticosterone

production, and propolis effects were exclusively due to its chemical constituents.

Discussion

Propolis action on stressed mice has attracted our group’s interest (Missima and
Sforcin, 2008; Sforcin et al., 2008). Since propolis effect on cytokines production
during stress was little investigated, pro-inflammatory cytokines production was
analyzed after B16F10 cells inoculation in stressed mice.

A successful B16F10 cells inoculation was observed in our model, and no
metastasis was seen after subcutaneous tumor inoculation. Although no significant

differences were seen in tumor weight among the groups, stress induced a higher tumor
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area, whereas propolis treatment did not affect tumor growth. Metastasis was found in
the lung of mice submitted to social stress after 14 days when B16F10 cells were
inoculated into the tail vein (Sa-Rocha et al., 2006).

Pro-inflammatory cytokines are known to activate the HPA axis and
consequently increase glucocorticoids levels. However, stressed mice (G2) showed no
alterations in IL-1f, IL-6 and corticosterone concentrations. With respect to mice
behavior, stressed groups (G2, G4, G6 and G8) were dirty, sweating and with
piloerection when leaving the restrainer, but higher levels of corticosterone were found
only in melanoma-bearing mice submitted to stress (G6), what was associated to
increased 1L-6 production. HPA axis has an important role in behavioral and
immunological responses during stress, but controversial data on corticosterone
concentrations are found in literature. Moreover, biological effects depend on the
intensity and type of stress, time of measurement of a particular parameter, and mice
strains (Kioukia-Fougia et al., 2002). Different stressors may not activate the
physiological response to the same extent, and variations in immunological parameters
reflect differential glucocorticoid activation and metabolic pathways in response to
specific stressors (Bowers et al., 2008).

Pro-inflammatory cytokines have overlapping activities, and their production is
also increased in acute inflammatory responses associated with infection, injury, trauma
and stress (Kamimura et al., 2003; Avitsur et al., 2006). Pro-inflammatory cytokines
could be also prometastatic and proangiogenic factors (Thejass and Kuttan, 2007).
Cytokines play an important role in controlling tumor growth and metastasis. A
vigorous Thl response is required for the destruction of tumor cells, while a Th2
response would create a tolerogenic environment in which melanoma could grow

(McCarter et al., 2005). Works of our laboratory revealed that propolis stimulated IFN-y
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and IL-2 production by melanoma-bearing mice submitted to stress (G8), indicating the
activation of antitumor cell-mediated immunity (Missima et al., not submitted). In this
work, propolis administration to G8 induced higher levels of IL-1p and IL-6. Both
tumor-promoting and tumor-suppressing effects of TNF-a have been reported. TNF-a
may act in synergy with IFN-y for the activation of tumoricidal macrophages (Corthay
et al., 2005). Since propolis stimulated pro-inflammatory and Thl cytokines production
in G8, one may speculate that a synergistic effect of IFN-y and pro-inflammatory
cytokines could inhibit tumor growth in vivo by inducing the production of
antiangiogenic factors. Our results are in agreement with other authors, who related that
changes in the production of the pro-inflammatory cytokines and IFN-y take part in the
homeostatic responses to psychosocial stress in humans, and that stress-induced anxiety
is related to a Thl response (Maes et al., 1998).

Several researchers have reported the antitumoral property of propolis in vivo
and in vitro. Propolis antiproliferative activity on tumor cells has been demonstrated and
some responsible compounds were isolated (Banskota et al., 2001; Sforcin et al., 2002;
Orsolic et al., 2006; Sforcin, 2007). On the basis of these findings, our data suggest that
propolis exerted a possible antitumoral action in vivo enhancing pro-inflammatory and
IFN-y production, but further investigation is still needed to evaluate propolis usefulness

in tumor-bearing mice, during stress conditions.
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Graphs

Fig. 1. Corticosterone concentrations (ng/mL). G1: control; G2: stress; G3: propolis;
G4: propolis + stress; G5: melanoma; G6: melanoma + stress; G7: melanoma +
propolis; G8: melanoma + propolis + stress. Data represent means and standard-

deviation of 8 animals. * significantly different from G1 (p<0.001).

Fig. 2. IL-1B production (pg/mL) by spleen cells stimulated with LPS (5 pg/mL) for 48
h. G1: control; G2: stress; G3: propolis; G4: propolis + stress; G5: melanoma; G6:
melanoma + stress; G7: melanoma + propolis; G8: melanoma + propolis + stress. Data
represent means and standard-deviation of 8 animals. * significantly different from G1

(p<0.01).

Fig. 3. IL-6 production (pg/mL) by spleen cells stimulated or not with LPS (5 pg/mL)
for 48 h. G1: control; G2: stress; G3: propolis; G4: propolis + stress; G5: melanoma;
G6: melanoma + stress; G7: melanoma + propolis; G8: melanoma + propolis + stress.
Data represent means and standard-deviation of 8 animals. * significantly different from

G1 (p<0.05); * significantly different from G1 + LPS (p<0.05).
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published online alongside the electronic version of your article in Elsevier Web
products, including ScienceDirect ( ). To ensure that
your submitted material is directly usable, please provide the data in one of our
recommended file formats. Authors should submit the material in electronic format
together with the article and supply a concise and descriptive caption for each file.
Please note, however, that supplementary material will not appear in the printed journal.
For more detailed instructions, please visit =+
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Special Subject Repositories

As a service to our authors, Elsevier will deposit to PubMed Central (PMC) author
manuscripts on behalf of Elsevier authors reporting NIH funded research. This service
is a continuation of Elsevier's 2005 agreement with the NIH when the NIH introduced
their voluntary 'Public Access Policy.’

The service will help authors comply with the National Institutes of Health (NIH)
revised "Public Access Policy," effective April 7, 2008. The NIH's revised policy
requires that NIH-funded authors submit to PubMed Central (PMC), or have submitted
on their behalf, their peer-reviewed author manuscripts, to appear on PMC no later than
12 months after final publication.

Elsevier will send to PMC the final peer-reviewed manuscript, which was accepted for
publication and sent to Elsevier's production department, and that reflects any author-
agreed changes made in response to peer-review comments. Elsevier will authorize the
author manuscript's public access posting 12 months after final publication. Following
the deposit by Elsevier, authors will receive further communications from Elsevier and
NIH with respect to the submission.

Authors are also welcome to post their accepted author manuscript on their personal or
institutional web site. Please note that consistent with Elsevier's author agreement,
authors should not post manuscripts directly to PMC or other third party sites.
Individual modifications to this general policy may apply to some Elsevier journals and
society publishing partners.

As a leading publisher of scientific, technical and medical (STM) journals, Elsevier has
led the industry in developing tools, programs and partnerships that provide greater
access to, and understanding of, the vast global body of STM information. This service
is an example of Elsevier willingness to work cooperatively to meet the needs of all
participants in the STM publishing community.

Proofs

One set of page proofs in PDF format will be sent by e-mail to the corresponding
Author (if we do not have an e-mail address then paper proofs will be sent by post).
Elsevier now sends PDF proofs which can be annotated; for this you will need to
download Adobe Reader version 7 available free from =+

. Instructions on how
to annotate PDF files will accompany the proofs. The exact system requirements are
given at the Adobe site: =+

If you do not wish to use the PDF annotations function, you may list the corrections
(including replies to the Query Form) and return to Elsevier in an e-mail. Please list
your corrections quoting line number. If, for any reason, this is not possible, then mark
the corrections and any other comments (including replies to the Query Form) on a
printout of your proof and return by fax, or scan the pages and e-mail or send by post.

Please use this proof only for checking the typesetting, editing completeness and
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correctness of the text, tables and figures. Significant changes to the article as accepted
for publication will only be considered at this stage with permission from the Editor.
We will do everything possible to get your article published quickly and accurately.
Therefore, it is important to ensure that all of your corrections are sent back to us in one
communication: please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility. Return
corrections within 2 days of receipt of the proofs. Note that Elsevier may proceed
with the publication of your article if no response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via
e-mail or, alternatively, 25 free paper offprints. The PDF file is a watermarked version
of the published article and includes a cover sheet with the journal cover image and a
disclaimer outlining the terms and conditions of use.

Additional paper offprints can be ordered by the authors. An order form with prices will
be sent to the corresponding author.

Author Enquiries

For enquiries relating to the submission of articles please visit this journal's homepage
at =+ . 'You can track accepted articles at =+

and set up e-mail alerts to inform you of
when an article's status has changed, as well as copyright information, frequently asked
questions and more.

Contact details for questions arising after acceptance of an article, especially those
relating to proofs, are provided after registration of an article for publication.

Disclaimer

Whilst every effort is made by the publishers and editorial board to see that no
inaccurate or misleading data, opinion or statement appears in this journal, they wish to
make it clear that the data and opinions appearing in the articles and advertisements
herein are the sole responsibility of the contributor or advertiser concerned.
Accordingly, the publishers, the editorial board and editors and their respective
employees, officers and agents accept no responsibility or liability whatsoever for the
consequences of any inaccurate or misleading data, opinion or statement.
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Anexo 2

Journal of ApiProduct and ApiMedical Science
JAAS

The international link between bee product science and practice

Guidelines for authors © 2008 IBRA
16, NORTH ROAD,

CARDIFF, CF10 3DY
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TEL: +44(0)2920 372409

FAX: +44(0)5601 135640
joneshr@ibra.org.uk

RichardJones

Director

Those considering writing for the journal should study the following guidelines.
Manuscripts that are correctly formatted will be processed much more quickly than
those requiring considerable copy-editing, and submissions deviating significantly from
these guidelines willnot be considered by the editorial team.

Ethical considerations will be taken into account in considering the acceptability of
papers, and the editorial board’s decision on this, as on other aspects, will be final. When
submitting a manuscript, the corresponding author should confirm that all the authors
have read and approved of the material being submitted, and that the findings reported
are their own work. Papers submitted or data contained therein must not have been
published or accepted for publication in any other journal, or be under consideration for
publication elsewhere.

Scope

The Journal of ApiProduct and ApiMedical Science publishes original research articles,
original theoretical papers, notes, comments and authoritative reviews. The scope of the
journal is two fold. On one hand it covers the relevant properties or substances of the six
hive products honey, pollen, propolis, wax, royal jelly, and bee venom. A special
attention is given to the biological and health relevant properties. On the other hand it
will cover studies concerning biological and medical effects of the bee products in
experiments with animal and humans.

Editing and peer review

The journal is committed to the rapid processing and quality reviewing of manuscripts.
The editors handle the scientific assessment of papers, including their initial review,
allocation of referees and the subsequent assessment of review and authors’ revisions.
IBRA undertakes further editing of papers once accepted, to eliminate any final
problems and ensure they conform to the journal’s style.

Access

Open Access means that on payment of an up-front fee by the authors, articles will be
made available online free of charge to anybody. Authors will retain copyright of their
article, and will then be able to grant anybody the right to disseminate and reproduce it,
provided that it is cited correctly and that no errors are introduced. As a special
introductory offer for articles submitted to the journal during 2009, the cost for this
service will be £375 (€500 US$725) per article, to be payable on acceptance. From 2010

72



onwards the cost will be £650 (€950 US$1500). Increasingly, grant awarding bodies are
supporting, or even requiring, publication of research that they have funded under Open
Access arrangements. Open Access is of course merely an additional option, and normal
publication in the journal will remain free of page charges.

Structure of papers

Original Research Articles

Original research papers should be organized in the following way: Title, Author(s),
Author affiliation, Summary, Keywords (provide up to 10), Introduction (including the
objectives of the work), Materials and methods, Results, Discussion,
Acknowledgements, References, and a short title (running head). The Results and
Discussion should not be combined. Theoretical papers should contain some of these
elements although they may require modified organization.

Notes and Comments

This section is intended as a forum for two kinds of paper:

* Brief research notes, reporting techniques and findings that are too narrow in scope to
justify a larger research report.

» Constructive criticisms of research papers that have recently appeared in the journal or
elsewhere.

Papers intended for this section should not normally exceed 1000 words, and should
contain no more than one figure or table, and no more than five references. They should
contain keywords (up to 10), but no summary; and should not have the subheadings of
Introduction, Materials and Methods, etc. All papers published in this section will be
subject to the same review process as Original Research Articles. Where it seems
appropriate, the editors may solicit comments on an accepted paper from scientists
known to have a strong interest in the subject. Comments contributed as a result of
invitations from the editors will be evaluated by the journal’s standard review process.
Upon the recommendation of the referees, authors of Original Research Articles may be
invited to restructure their papers to fit the comment format.

Papers received this way may not require additional review.

Reviews

These are authoritative reviews of specific subjects written by experts who have helped
advance the subjects they are reviewing. They should cover a clearly delimited topic in
bee biology or the economics, technology, sociology or history of beekeeping. An
important function of a review is to give an appraisal of the relative significance of
different work, and to point out which is the most important. Reviews are accompanied
by a comprehensive bibliography giving references to the most important papers that
have been published within the period under review; this is a vital component of the
review and extends its usefulness considerably.

Writing style

Papers should be in clear, concise English. Preferably write in the first person and avoid
the use of impersonal phrases such as ‘the present authors’. The full scientific (Latin)
name for the species must be cited in full the first time any organism is mentioned. In
subsequent use, the genus should be abbreviated to its initial (e.g. B. hortorum).
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Authorities for specific names are not required except for taxonomic papers. Sufficient
information on procedures must be supplied to make it possible for experiments to be
repeated elsewhere. Statistical evaluation of results must be given where appropriate.
The sources of equations and the names of statistical tests must be given in full at their
first citation. An arithmetic mean should preferably be stated in the form: mean * s.e.
(n). The metric system (SI) must be used for all weights and measures, and temperatures
must be given in °C. Abbreviations for units must conform to usage in the journal and
can be given in the following ways: ‘6.5-10.9°C” and ‘from 6.5 to 10.9°C’ or ‘14.2

% s.e. 0.5°C (n = 50)’. Durations of time should be given as ‘3 h 30 min’ or ‘210 min’.
Times of day should be given in the format ‘14.15 h’. Authors for whom English is not
their primary language are encouraged to seek professional editorial assistance in the
preparation of manuscripts. The editors reserve the right to reject, without further
review, papers which do notmeet acceptable standards of English.

References

References should conform to the Harvard (name and date) system. When quoting
referencesin the text, give the name of the author(s) and the year of publication, and if
there are more than two authors give the name of the first followed by ‘et al’
References cited together in the text should be arranged chronologically, for example:
(Goodwin, 1985; Anderson, 1986, 1987).

Arrange the list of references at the end of the paper alphabetically by author’s name in
the following order: publications of the single author, chronologically ordered:;
publications of the same author with one or more than one co-authors, chronologically
ordered. It is the author’s responsibility to check that the references in the text
correspond exactly with the list at the end of the paper. The style and punctuation of
references listed should follow the format given here. Titles of periodicals are not to be
abbreviated. Authors should consult recent issues for further examples.

IBRA is committed to implementing the DOI (Digital Object Identifier) system
throughout its journal output. It is the responsibility of authors to ensure that
references to articles bearing DOl numbers include the correct number.

Article: BENDA, N D; BOUCIAS, D; TORTO, B; TEAL, P (2008) Detection and
Characterisation of Kodamaea ohmeri associated with small hive beetle Aethina tumida
infesting honey bee hives. Journal of Apicultural Research 47(3): 194-201. DOI:
10.3827/IBRA.1.47.3.07

Book: ROUBIK, D W (1989) Ecology and natural history of tropical bees. Cambridge
University Press; Cambridge, UK. 514 pp.

Conference proceedings: DE GUZMAN, L; FRAKE, A (2007) Russian honey bees
and their response towards brood infested with small hive beetles. In Proceedings of
40th International Apicultural Congress, Melbourne, Australia, 9-14 September 2007.
p185.

Article in a book: MAURIZIO, A (1979) Microscopy of honey. In Crane, E (ed).
Honey, a comprehensive survey (2nd edition). Heinemann; London, UK. pp. 240-257.
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Illustrations and graphics

When you first e-mail your paper for consideration by the editors, you should send a
single Microsoft Word file containing the text followed by any figures and tables. Do
not include tables or figures within the text. Once the paper has been accepted, you
will need to send the text and image files formatted as described below.

Please read these instructions carefully to avoid delays in processing your paper. Colour
photos or illustrations can be included. Figures should be numbered serially, and a
separate list provided with the titles of each typed in double-spacing. Titles should
enable the figures to be understood without reference to the text. Micrographs must
have calibration lines in the bottom right hand corner, even if magnification factors
(such as “x1000’) are given, as they may be resized.

Authors who use applications such as Microsoft Excel to create graphs and illustrations
can submit the whole spreadsheet with the graph embedded within it. Authors who do
this will be able to take advantage of the high-resolution image-setter used by the
journal’s designers. Please do not use colours or patterned fills within charts or
graphs, and instead use shades of grey to differentiate items.

Photographs should be no less than 180 pixels per cm/225 pixels per inch. Files should
be supplied as 8 bit greyscale (or 256 greys), and saved as a TIFF or maximum quality
JPEG. If using a digital camera, files should be supplied at a minimum resolution of
three megapixels at the highest quality JPEG setting possible. Colour images should
conform to the same resolution as greyscale images, and can be sent as TIFF or JPEG
files.

Tables

Tables should be self-explanatory, and headings should be self-contained. The reader
shouldnot have to search the text for relevant material. Footnotes are for incidental
information (e.g.*observation delayed by bad weather; **two samples only). Make sure
that the type for all headings can be set within the width of a page. A table can be
printed sideways if absolutely necessary, though this should be avoided if possible.
Authors are encouraged to use the tables feature in Microsoft Word or similar programs
and ensure that every value is assigned a unique row and column. Tables made
manually with tabs or spaces frequently scramble values when viewed on a
different computer.

Submitting manuscripts
E-mail is the preferred method of submission. Printed copy sent by mail will only be
considered with prior agreement of the editors.

When you first e-mail your paper for consideration by the editors, you should send a
single Microsoft Word file containing the text followed by any figures and tables. Do
not include tables or figures within the text. Please keep formatting to a minimum
and do not include electronic footnotes etc. Once the paper has been accepted, you
will need to send the text and image files separately as described in the “Illustrations and
Graphics’ section of these guidelines (see above).

Please e-mail original research articles, notes and comments or reviews to
jaas@ibra.org.uk
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Editorial Board:

Name and contact information Main Field of Competence

Dr. Stefan Bogdanov

Bee Product Science

Moosstrasse 7

3127 Muehlethurnen, Switzerland
Info@bee-hexagon.net

Bee Product Science

Dr. Noori Al-Waili

Al Waili Science and Trading

New York, USA

noori786@yahoo.com

Api Medicine

Prof. Vassya Bankova

Institute of Organic Chemistry

Acad. Bonchev bl. 9

1113 Sofia, Bulgaria
bankova@orgchm.bas.bg

Propolis Science

Prof. Maria Campos

Laboratory of Pharmacognosy

Fac. Coimbra, Universidade de Coimbra
PT-3000-295 Coimbra Portugal
mgcampos@ff.uc.pt

Pollen Science

Prof. Rose Cooper,

Centre Biomedical Sciences, School of Applied Sciences,
University of Wales Institute, Cardiff, Wales, UK
RCooper@uwic.ac.uk

Honey Microbiology and

Biological Research

Dr. Mitsuo Matsuka

Tamagawa University,

Research Institute Machida-shi,
JP-194-8610

Tokyo, Japan
mmat@agr.tamagawa.ac.jp

Propolis and Royal Jelly

Science

Dr. Cristina Matteescu

Institute for Beekeeping Research

42 Ficusului Blv. Sector 1

R0O-013975 Bucharest
cristina.mateescu@icdapicultura.com
Applied Apitherapy

Dr. Keith Morris

Centre Biomedical Sciences, School of Applied Sciences,
University of Wales Institute, Cardiff, Wales, UK
kmorris@uwic.ac.uk

Haematology and Statistics

Prof. Karsten Muenstedt

University clinic Giessen

Klinikstrasse 32

35392 Giessen — Germany
Karsten.Muenstedt@gyn.med.uni-giessen.de
Api Medical Research

Prof. Nada Orsolic

Univ Zagreb,
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Fac Sci, Dept Anim Physiol,
Zagreb 10000, Croatia
norsolic@yahoo.com

Api Medical Research

Once you have received the editor’s letter confirming that your paper has been accepted
in its final form, e-mail a copy of the revised manuscript and accompanying illustrations
and tables to the editor dealing with your paper as separate files:-

* File 1: the text of the article in Microsoft Word format

* File 2: any tables

* File 3: the captions to the figures

» Any images or graphics, sent each as a separate file (see above for details of file
format)

Please ensure that the files have been scanned using the latest virus scanning software
with an up-to-date virus definitions file.

Proofs and reprints

Proofs will be sent to the first author indicated on the title page unless otherwise
specified. To speed up the proofing process, the proofs will be e-mailed as an Acrobat
portable document format (.pdf) file, unless hard copy was specifically requested at the
time of acceptance (you must inform IBRA of this as soon as the paper is accepted). To
read the file, you will need the Adobe Acrobat Reader that is free to download from
www.adobe.com/products/acrobat/readstep2.html

The proofs should be corrected carefully and must be returned to IBRA within 48 hours
of receiving them. If this period is exceeded, the proofs will be checked only by the
editorial staff of the journal and printed without the author’s corrections. If substantial
changes from the original manuscript are requested at the proof stage, they will be
subject to editorial review and made at the author’s expense.

A high resolution pdf file will be sent free of charge to the first author or corresponding
author for each paper.

Copyright statement

The copyright to articles is transferred to IBRA (for US government employees, to the
extent transferable) effective when the article is accepted for publication. The copyright
transfer covers the exclusive right to reproduce and distribute the article, including
reprints, translations, photographic reproductions, microform, electronic form (offline,
online) or any other reproductions of similar nature.

As an additional service to authors, IBRA allows authors to post a pdf file of their
article on their personal websites. An acknowledgement to IBRA should be included:
‘Provided with permission of IBRA, the International Bee Research Association
(www.ibra.org.uk).” If possible, please link the IBRA URL to the IBRA website.

All communications on proofs and reprints should be mailed to

Ms. S L Jones, Assistant Editor, JAAS, jonessl@ibra.org.uk
©IBRA: 06/11/2008

77



Livros Gratis

( http://www.livrosgratis.com.br )

Milhares de Livros para Download:

Baixar livros de Administracao

Baixar livros de Agronomia

Baixar livros de Arquitetura

Baixar livros de Artes

Baixar livros de Astronomia

Baixar livros de Biologia Geral

Baixar livros de Ciéncia da Computacao
Baixar livros de Ciéncia da Informacéo
Baixar livros de Ciéncia Politica

Baixar livros de Ciéncias da Saude
Baixar livros de Comunicacao

Baixar livros do Conselho Nacional de Educacdo - CNE
Baixar livros de Defesa civil

Baixar livros de Direito

Baixar livros de Direitos humanos
Baixar livros de Economia

Baixar livros de Economia Doméstica
Baixar livros de Educacao

Baixar livros de Educacdo - Transito
Baixar livros de Educacao Fisica

Baixar livros de Engenharia Aeroespacial
Baixar livros de Farmacia

Baixar livros de Filosofia

Baixar livros de Fisica

Baixar livros de Geociéncias

Baixar livros de Geografia

Baixar livros de Histdria

Baixar livros de Linguas



http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1

Baixar livros de Literatura

Baixar livros de Literatura de Cordel
Baixar livros de Literatura Infantil
Baixar livros de Matematica

Baixar livros de Medicina

Baixar livros de Medicina Veterinaria
Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
Baixar Monografias e TCC

Baixar livros Multidisciplinar

Baixar livros de Musica

Baixar livros de Psicologia

Baixar livros de Quimica

Baixar livros de Saude Coletiva
Baixar livros de Servico Social
Baixar livros de Sociologia

Baixar livros de Teologia

Baixar livros de Trabalho

Baixar livros de Turismo



http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1

