Universidade
Estadual de LondRrina

KAROLINE FONTANA AGOSTINHO

ATIVIDADE ANTIVIRAL DE PECTINA DE CUCUMIS MELO
VAR. ACIDULLUS NA INFECCAO IN VITRO E IN VIVO DE
HERPES SIMPLEX

Londrina
2018



KAROLINE FONTANA AGOSTINHO

ATIVIDADE ANTIVIRAL DE PECTINA DE CUCUMIS MELO
VAR. ACIDULLUS NA INFECCAO IN VITRO E IN VIVO DE
HERPES SIMPLEX

Dissertacdo apresentada ao Programa de POs-
graduacdo em Microbiologia da Universidade
Estadual de Londrina, tendo como objetivo a
obtenc&o do titulo de mestre.

Orientador: Prof. Carlos Nozawa.

Londrina
2018



Ficha de identificagio da obra elaborada pelo autor, através do Programa de Geragao
Automatica do Sistema de Bibliotecas da UEL

Agostinho, Karoline Fontana Agostinho.

Atividade antiviral de pectina de Cucumis melo var. acidullus na infecgdo in vitro & in

vivo de herpes simplex / { Karoline Fontana Agostinho Agostinho. - Londrina, 2018.
50 1.

Orientador: Carlos Nozawa.

Coorientador: Ligia Carla Faccin Galhardi.

Dissertagio (Mestrado em Microbiclogia) - Universidade Estadual de Londrina, Centro
de Ciéncias Bioldgicas, , 2018.

Inclui bibliografia.

1. Herpes virus 1(HSV-1) - Tese. 2. Antiviral HSV-1 in vitro & in vivo - Tese. 3. Cucumis
mele var. acidulus, meldo caipira - Tese. 4. Pectina - Tese. |. Nozawa, Carlos . Il. Galhardi,
Ligia Carla Faccin. Ill. Universidade Estadual de Londrina. Centro de Ciéncias Bioldgicas. .
V. Titulo.




KAROLINE FONTANA AGOSTINHO

ATIVIDADE ANTIVIRAL DE PECTINA DE CUCUMIS MELO VAR.
ACIDULLUS NA REPLICACAO IN VITRO E IN VIVO DE HERPES
SIMPLEX

Dissertacdo apresentada ao Programa de POs-
graduacdo em Microbiologia da Universidade
Estadual de Londrina, tendo como objetivo a
obtencdo do titulo de mestre.

BANCA EXAMINADORA

Orientador Prof. Carlos Nozawa
Universidade Estadual de Londrina - UEL

Profa. Audrey A. Stinghen Garcia Lonni
Universidade Estadual de Londrina- UEL

Dra. Nayara Lopes Samensari
Universidade Estadual de Londrina- UEL

Londrina, 20 de margo de 2018.



DEDICO

A Deus por ter me dado esta oportunidade t&o maravilhosa.

A0S meus pais por sempre acreditarem em mim, me darem suporte e amor.



AGRADECIMENTOS

Agradeco primeiramente a Deus por ter me ensinado que tudo tem seu tempo e ter me dado
essa oportunidade.

A minha familia que sempre me incentivou e me apoiou nas minhas escolhas, me dando
suporte, amor e incentivo mesmo que a distancia.

Ao meu orientador Prof. Carlos Nozawa, coorientadora Profa. Ligia Carla Facin Galhardi e a
Profa. Rosa Elisa Carvalho Linhares por toda a paciéncia, conhecimento e acolhida nessa
caminhada.

Ao Laboratorio de Virologia que me acolheu e me ajudou nessa etapa.
Aos amigos conquistados ao longo desses dois anos em Londrina.
As minhas amigas que me apoiaram e compreenderam a distancia e a falta de tempo.

As minhas amigas Daniele Rechenchoski, Carla Caloni e Caroline Santos, pela amizade,
parceria e histdrias construidas ao longo dessa caminhada.

A Coordenagéo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES), ao Conselho
Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq), a Fundacdo Araucaria e a
Universidade estadual de Londrina pelo apoio financeiro.



“... se lembre de que, durante a vida, vocé vai enfrentar momentos muito dificeis, mas é
possivel encontrar a forca que precisa em Deus. Se esté faltando alguma coisa na sua vida,
peca. Vocé serd atendido. Comprometa-se, e todos 0s compromissos assumidos serao
duradouros. Para sempre.’’

Kim Carpenter e Krickitt Carpenter; Para sempre, 2012.



AGOSTINHO, Karoline Fontana. Atividade antiviral de pectina de Cucumis melo var.
acidullus na replicacdo in vitro e in vivo de herpes simplex. 2018. 49 p. Dissertacdo
(Mestrado em Microbiologia) - Universidade Estadual de Londrina. 2018.

RESUMO

O virus herpes simplex (HSV) possui grande importancia médica e social com elevada
soroprevaléncia na populacdo mundial, causando infec¢des, normalmente benignas, além de
permanecer latente no hospedeiro. No entanto, a patogenia e a severidade dos casos dependem
de alguns fatores como, idade e condigfes do sistema imune. Cepas resistentes ao
medicamento de referéncia, o aciclovir (ACV), vem sendo amplamente relatada,
demonstrando a importancia pela busca de alternativas antivirais. O género Cucumis destaca-
se por apresentar diversas atividades medico-bioldgicas. Desta forma, o presente trabalho
avaliou a acdo de pectinas acida (PACm) e sulfatada (PSCm), da espécie C. melo var.
acidullus na infeccdo in vitro e in vivo pelo HSV. A citotoxicidade dos compostos foi avaliada
pelo método de MTT, em células Vero, a atividade antiviral in vitro por ensaio de reducédo de
plaque (ERP) e in vivo em camundongos BALB/c. As concentracdes citotdxicas 50% (CCs)
da PACm e PSCm foram, respectivamente, >2000 pg/mL e 1440 pg/mL. As concentragdes
inibitérias 50% (Clso) para as cepas de HSV-1, KOS e AR, respectivamente, sensivel e
resistente a0 ACV, foram de 90 pg/mL e 86.5 pg/mL para PACm. Para o PSCm, as Clsg
foram de 6 pg/mL e 12 pg/mL, respetivamente, para as cepas KOS e AR. O melhor indice de
seletividade (1S) foi demonstrado para PSCm (240) e para PACm superior a 20. A PSCm
demonstrou inibicdo em diferentes estagios de replicacdo da cepa KOS, especialmente nas
etapas iniciais, com repercussdo na inibicdo das sinteses proteica e de DNA viral. In vivo, a
PSCm retardou a evolucgéo das lesdes das cepas AR e KOS, poréem, com maior intensidade na
primeira, quando comparada aos grupos infectado e sem tratamento. O nosso trabalho
demonstrou que a PSCm é um potencial candidato no desenvolvimento de drogas para o
controle da infecgéo pelo HSV.

Palavras-chaves: Herpes simplex. Antiviral. Pectina. Mel&o caipira.



AGOSTINHO, Karoline Fontana. The in vitro and in vivo antiviral activity of Cucumis melo
var. acidullus pectin in herpes simplex replication. 2018. 49 p. Dissertation (Master’s Degree
Dissertation) - State University of Londrina. 2018.

ABSTRACT

The herpes simplex virus (HSV) is an important medical and social problem with a high
seroprevalence in the population worldwide. The agent usually causes benign infections in
human, however, the pathogenesis and severity of the disease depend on the profile of the
patients, such as, the age and immune system conditions. The resistant strain to the reference
medicine, acyclovir (ACV), are reported, demonstrating the importance for the search of
alternative antiviral. In this context, the plant genus Cucumis is shown to present several
medicinal and biological activities. The aim of this study was to investigate the activity of the
Cucumis melo pectin in the in vitro and in vivo HSV-1 infection, for KOS and AR strains,
respectively, sensitive and resistant to ACV. The pectin cytotoxicity was determined by the
MTT assay in Vero cell cultures, the antiviral activity was carried out by plaque reduction
assayed (PRA) and the in vivo study performed in BALB/c mouse. The cytotoxic
concentrations (CCsp) for the acid (APCm) and sulfated (SPCm) forms of the pectin were,
respectively, >2000 pug/mL and 1440 ug/mL. The inhibitory concentrations (ICsg) for KOS
and AR strains were, respectively, 90 pg/mL and 86.5 ug/mL for APCm, and, 6 ug/mL and 12
ug/mL for SPCm. The highest selectivity index (IS) was found for SPCm (240). The in vivo
analysis also demonstrated that SPCm delayed the lesions evolution for both strains, in
comparison to control group. We demonstrated that SPCm inhibited HSV-1 infection in
different steps of replication, especially in the initial stages. These results were strengthened
by the inhibition of viral DNA and protein syntheses and the protective effect in mice.
Therefore, C. melo pectin presents a potential quality as a candidate for the development of
drug for the control of HSV-1 infection.

Keywords: Herpes simplex. Antiviral. Common melon.



LISTA DE ABREVIATURAS E SIGLAS

ACV Aciclovir.

BC/UEM Biotério Central/ Universidade Estadual de Maringa.
CCso Concentracao citotoxica 50%.

Clso Concentracdo Inibitoria de 50%.

DACB- UEM, PR DQOI/UFCE Departamento de quimica organica e inorganica/
Universidade Federal do Ceara.

DMEM Meio Eagle modificado por Dulbecco.

PACm Pectina acida de Cucumis melo.

PSCm Pectina sulfatada de Cucumis melo.

HSV-1 Herpes simplex virus tipo 1.

HSV-1 KOS Herpes simplex virus tipo 1 sensivel ao aciclovir.
HSV-1 AR- 29 Herpes simplex virus tipo 1 resistente ao aciclovir.
IS indice de seletividade.

Ip. Intraperitoneal.

MTT Brometo de dimetiltiazolil-difeniltetrazolio.

PCR Reacdo em cadeia da polimerase.

Pi Pds infecgéo.
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Introducéo

As doencas virais representam um grande desafio para a humanidade, algumas
delas graves e de consequéncias devastadoras. Ocorrem desde a antiguidade, com o
recrudescimento dos eventos, em virtude da emergéncia de novas viroses e reemergéncia
de outras conhecidas. Os relatos histdricos da ocorréncia destas doencas graves, remontam
nos registros dos antigos Egito e China, sobre a variola e a poliomielite. Seguidos, na era
contemporanea, as epidemias da Dengue, Sarampo, Febre Amarela, as pandemias de
Gripe, a epidemia de HIV, Ebola, e aos surtos de Zikavirus e Chikungunya restritos as
Ameéricas. Todas estas situacdes foram e sdo de grande impacto na saude publica,
caracterizando a importancia das infec¢bes virais na biosfera. Para a ocorréncia destas
doencas, ha de se considerar a capacidade de adaptacdo e evolucdo dos virus, a sua
variabilidade genética e o eficiente mecanismo de evasdo as defesas do hospedeiro. Por
outro lado, as a¢Ges preventivas e 0 uso de quimioterapicos, ainda em namero irrisorio, nao
devem ser superestimadas no controle das infecgbes virais. Sendo essencial o
desenvolvimento de pesquisas visando o desenvolvimento de medicamentos alternativos e
o melhor conhecimento da natureza viral, para o controle destas infeccdes.

Como alternativa de tratameto para as enfermidades a utilizacdo de produtos
naturais comegou a ser investigada desde a antiguidade, descrigdes como o papiro de
Erbes, datam esta utilizacdo pelo homem (VIEGAS, BOLSANI, BARREIRO, 2006). Com
0 passar do tempo, as pesquisas com plantas medicinais e seus compostos isolados
demonstraram relacdo direta no tratamento de doencas, iniciando a era da sintese quimica.
Com a chegada de produtos sintéticos ocorreu a desvalorizacdo dos produtos naturais,
porém, atualmente com os relatos de doengas causadas por cepas de microrganismos
resistentes aos farmacos de primeira escolha, juntamente com o elevado teor de toxicidade
dos demais farmacos utilizados no tratamento ao paciente, fez com que a comunidade
cientifica voltasse novamente os olhos aos compostos naturais, a procura de alternativas
(PINTO, et al. 2002).

A base para a exploracdo de plantas medicianis no controle das doencas é ampla,
porém, a baixa toxicidade atribuida aos fitoterapicos € um dos fatores relevantes. Em
relagdo a atividade antiviral de produtos naturais ha varios estudos com diversas plantas

que demonstram ser promissoras. A possibilidade dos principios ativos interferirem em
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varios alvos virais, variando desde a adsorcdo do virus até a célula hospedeira até a
liberacdo de novas particulas virais, faz com que ocorra acdo complementar aos
medicamentos antivirais existentes no controle de cepas resistentes aos antivirais sintéticos
(VLIETINCK, BERGHE, 1991).

Estas pesquisas ampliam o conhecimento sobre produtos naturais possibilitando a
producdo de novos farmacos, além de demonstrar o potencial fitoterapico que as subtancias
natuais poussem. Dentre as diferentes aplicabilidades, a elaboracdo de novos antivirais é
promissora. Desta forma, evidencia-se o grande potencial medicinal de compostos
originarios de plantas como potenciais drogas inclusive no controle de infecgdes virais,

reforcando a importancia de estudos dessa natureza.
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Virus herpes simplex

O virus herpes simplex (HSV) é um virus de grande importancia médica, pertence a
familia Herpesviridae, sub-familia Alphaherpesvirinae, género Simplexvirus e apresenta-se
sob duas formas sorolégicas: HSV-1 e HSV-2 (ROIZMAN; KNIPE; WHITLEY, 2007).
Outros alfaherpesvirus de importancia médica e veterinaria, sdo 0s virus da varicela-zoster
e 0 herpesvirus bovino 1 e 5, respectivamente, do género Varicellovirus e se assemelham
ao HSV, por estabelecerem laténcia.

Estruturalmente, o HSV ¢é constituido por DNA linear de fita dupla (152 kb),
capsideo icosaédrico, tegumento e envelope lipoproteico com espiculas glicoproteicas (Fig.
1) (SANTOS, ROMANOS; WIGG, 2015).

O ciclo replicativo ocorre no nucleo celular e a infeccdo inicia-se pela adsorcéo
viral a célula hospedeira, através das glicoproteinas virais (OH; FRANSER, 2008)
ocasionando a fusdo do envelope com a membrana celular (SANTOS, ROMANOS;
WIGG, 2015). Apo6s a internalizacdo do nucleocapsideo este é transferido através dos
microtubulos ao ndcleo. O ciclo replicativo ocorre em varias etapas e em forma de cascata,
sendo que a transcricdo do RNAm, replicacdo do DNA e montagem do virion, ocorre
exclusivamente no nucleo (SANTOS; ROMANOS; WIGG; 2015). O processo de
transcricdo é mediado por trés grupos de genes, os imediatos iniciais (IE), iniciais (E) e
tardios (L). Os genes imediatos iniciais, produzem as proteinas o que induzem a expresséo
dos genes iniciais que por sua vez codificam as proteinas B, que sdo responsaveis por toda

a sintese proteica e gendmica viral (BROOKS et al., 2012).

Fig. 1. Esquema ilustrativo da estrutura do Herpesvirus e micrografia eletrénica do HSV-1
(Barra 100 nm) (SANTOS, ROMANOS, WIGG, 2015).
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A expressdo dos genes € interrompida pelas proteinas vy, sintetizadas pelos genes
tardios. Estas proteinas sdo responsaveis pelas estruturas virais, tais como o tegumento,
capsideo, glicoproteinas (BOEHMER, LEHMAN, 1997). Uma vez que as proteinas
funcionais e estruturais estdo produzidas, e, sob acdo da DNA polimerase, ocorre a
replicacdo do genoma viral, a montagem do virion no nucleo e a maturagdo no citoplasma
celular. A liberacdo da subparticula viral da célula ocorre por viropexia, e, ao final do
processo ocorre a lise celular, caracterizando o ciclo litico, o ciclo litico (fig. 2 -
METTENLEITER, 2004 - com adaptagdes).

A patogénese da infeccdo é representada pela penetracdo viral, através de solucao
de continuidade nas barreiras fisiologicas naturais (pele/mucosa), seguido de replicacédo
inicial no ponto de entrada, com destruicdo celular e a reacdo inflamatoria. Pelas
terminagdes nervosas, as particulas viriais fazem o movimento retrdgado ao impulso
nervoso e ascendem aos ganglios nervosos locais onde estabelecem a infeccdo latente. Ao
estimulo de fatores que revertem o estado de laténcia, as particulas virais seguem o sentido
do fluxo, pela fibras nervosas, e desencadeiam a replicacdo na area de penetracdo. Desta
forma, ocorre a destrui¢do celular local e a reacdo inflamatoria (SANTOS, ROMANOS;
WIGG, 2015). .
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Fig. 2 - Ciclo de replicacdo do HSV representando as etapas de adsorcéo,
penetracdo, decapsidacdo, transcricdo dos genes em cascata - imediatos iniciais (IE),

iniciais (E) e tardios (L), replicacdo do DNA viral e montagem de novos virions.

adsorgao

penetragao
- Tlope\

- secundario

£ kg “

citoplasma @ @ ~>
f

envelope
primario

reticulo
endoplasmatico

nicleo

replicagdo do DNA @ %~ @

g —» _— \{“
montagem do
capsideo

transcrigdo de  transcrigéo transcrigdo de

genes |E de genes E genes L /

\\proteinas IE proteinas E proteinas L

A manifestacdo clinica da infecdo pelo HSV é variada, representada por vesiculas

na orofaringe ou em toda -cavidade bucal, causada pelo HSV-1(fig. 3 -
http://adr.sagepub.com/content/23/1/152/F2.expansion.html; http://fernandobraganca. com.
br/2017/04/22/conjuntivite-neonatal-causas-e-tratamento/; http://www.wilsoncorreia. com.
br/2010/04/lesoes-bucais-parte-ii-herpes-labial.html) , principalmente, em criancas 1 a 5
anos de idade. Outras manifestacbes comuns sdo a glossite, gengivite, panaricio,
eventualmente, infec¢bes genitais entre outras, até quadros mais graves de
ceratoconjuntivite ou encefalite. As infeccdes genitais sdo normalmente causadas pelo
HSV-2. A infeccdo neonatal ou doenca generalizada do recém-nato € uma manifestacédo de
extrema gravidade, com acometimento dos 6rgdos internos, incluindo o SNC. Os pacientes
imunocomprometidos séo alvos de complicagdes da infeccdo com o envolvimento do trato
respiratorio, es6fago e a mucosa intestinal, além de infec¢bes disseminadas levando ao
agravamento da infeccdo, incluindo o acometimento do SNC (SANTOS, ROMANOS;
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WIGG, 2015; BROOKS et al., 2012). As lesbes vesiculares representam uma combinagéo
da lise celular pela replicacédo viral, juntamente com a resposta inflamatéria do hospedeiro
(SANTOS, ROMANOS; WIGG, 2015). Estima-se que grande parte da popula¢do mundial
apresente anticorpos para o HSV. InfeccGes por este tipo viral € relatada no mundo inteiro,
inclusive em populacGes mais remotas, como tribos indigenas. Estima-se que 60-95% da
populacdo mundial sejam infectados com algum sorotipo de HSV, sendo que a
soroprevaléncia mundial ao HSV-1 varia de 80-90% e 10-25% para HSV-2, em adultos
(WHITLEY, 2014; JIANG et al., 2016).

Fig. 3. — Quadros clinicos produzidos pelo HSV-1. a) Vesiculas na orofaringe e na

cavidade bucal; b) Vesiculas na area ocular externa e ¢) Vesiculas labiais e cutaneas.

(b) (c)

Vacinas

Apesar da elevada taxa de infeccdo mundial, motivo de grande impacto social e
econbmico na salde publica, o desenvolvimento de eficazes vacinas anti-HSV continua
sendo um grande desafio (WILSON; HEROLD; FAKIOGLU, 2009; BELSHE et al, 2012;
CHENTOUFI et al., 2012; GOTTLIEB et al., 2017). Testes iniciais, em 1938, utilizaram
vacina com o HSV inativado com formalina com resultados discretos (NASEMAN;
WASSILEW, 1979; CHENTOUFI et al., 2012). Em 1970, Skinner preconizou o uso de
estruturas virais isoladas (gliproteinas virais) (BERNETEIN; STANBERRY, 1999;
TRINDADE et al., 2007) e, baseados nestes testes, foram desenvolvidas duas vacinas, com
virus inativados, o Lupidon H® e G®, para 0 HSV-1 e HSV-2, respectivamente. Apesar do
resultado promissor, a eficacia foi somente demonstrada para a infeccdo primaria
(WEITGASSER, 1977; TRINDADE et al., 2007). Outras abordagens foram executadas

com HSV mutante, herpesvirus heter6logo (ndo humano), antigenos recombinates e virus
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geneticamente modificados (ROIZMAN; KNIPE; WHITLEY ., 2007; BOLLAND; PIRCE,
2015). Esta ultima, baseia-se na tecnologia denominada DISC (Disabled Infectious Single
Cycle), cujas particulas virais ativas realizam apenas um ciclo replicativo. Sendo
defectivas no gene UL,,, que expressa a glicoproteina H importante para infeccdo celular,
sdo limitadas a apenas um ciclo replicativo, porém, induz resposta satisfatéria tanto na
primo-infeccdo e infeccbes recorrentes para HSV-1 (CHENTOUFI et al.,, 2012;
RECHENCHOSKI et al., 2017).
A dificuldade para o desenvolvimento de vacinas anti-HSV est4, principalmente,

na razdo direta do estabelecimento de infeccdes latentes (CHENTOUFI et al., 2012).
Antivirais

A utilizacdo da terapia antiviral é relativamente nova quando comparada a
antibioticoterapia. Os motivos sdo compreensiveis em virtude da relacdo intima
virus/células, ensejando, principalmente, efeitos toxicos pela ndo seletividade da maioria
dos antivirais. Historicamente, 0s primeiros antivirais experimentalmente testados foram as
tiossemicarbazonas, utilizadas nas infeccdes pelo virus da vaccinia e variola. Esta foi a
base para a sintese da metizanona (N-metil-isatin-p-tiossemicarbazona), comercialmente
denominado de Marboran®, utilizada na prevencdo da variola. Desde entdo, o
desenvolvimento de antivirais foi estimulado com o advento da descoberta dos analogos de
nucleotideos empregado como anticancerigenos (SANTOS, ROMANOS, WIGG, 2015).

Por exigirem elevados custos na pesquisa e desenvolvimento de antivirais, as metas
se concentraram em viroses de importancia médica e epidemiolégica, como o préprio HSV
e 0 HIV, por exemplo. O desenvolvimento destes farmacos também se tornou viavel a
medida que a natureza replicativa dos virus em destaque eram elucidados, assim como 0s
processos celulares, aliado ao fator seguranca e baixa toxicidade (SANTOS, ROMANOS,
WIGG, 2015). O exemplo da apreciacdo destes fatores em conjunto, foi a descoberta do
aciclovir (ACV) que vem sendo adotado como padrdo em termos de eficacia e seguranca
(GELLER et al., 2012).

Os primeiros antiviriais utilizados no tratamento de infecgdes pelo HSV foram os
analdgos halogenados de nucleosideos, como o trifluridina e iododesoxiuridina (IDU),
porém, de elevado efeito toxico, devido a incorporacdo de suas formas trifosforiladas na
cadeia nascente de DNA viral, com o sequente blogueio da sintese do genoma viral e da

replicacdo viral. Porem, estes antivirais atuam ndo seletivamente na sintese de DNA viral
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também comprometendo o metabolismo celular (LOPES, 2012). O marco histérico no
avanco da terapia da infeccdo por HSV foi a descoberta de andlogos de nucleosideos
dotados de mecanismo de acdo seletiva, de baixo efeito tdxico. A droga de escolha para o
tratamento destas infeccdes é o ACV, que ao ser incorporado na cadeia nascente,
interrompe a sintese do DNA viral, inibindo assim a acdo da DNA polimerase viral
(RECHENCHOSKI et al., 2017). Entretanto, os relatos demonstram que o uso prolongado
do ACV tem selecionado cepas resistentes relacionadas a mutagdes nos genes da timidina
quinase (tk) e da DNA polimerase (pol), respectivamente, com a frequéncia de 95% e 5%
dos casos (LARDER; DARBY, 1985; WAGSTAFF; FAULDS; GOA, 1994; FROBERT et
al., 2014). Estas cepas resistentes tém sido detectadas com frequéncia em individuos
imunocomprometidos (WAGSTAFF; FAULDS; GOA, 1994; PIRET & BOIVIN, 2011).
Estas cepas resistentes tém sido detectadas com frequéncia em individuos
imunocomprometidos (WAGSTAFF; FAULDS; GOA, 1994; PIRET & BOIVIN, 2011).
Nestes casos, a necessidade de outros farmacos é impreterivel, com o emprego do
cidofovir e foscarnet (TORRES et al., 2012; BROWN et al., 2015; SANTOS, ROMANOS,
WIGG, 2015).

Portanto, a pesquisa e o desenvolvimento de antivirais sucedaneos é de extrema
importancia, que proporcionem maior segurancga aos pacientes, no controle das infec¢oes
pelo HSV.

Cucumis melo L.

O Cucumis melo L., popularmente conhecido como meldo, pertence a familia
Cucurbitaceae, subfamilia Cucurbitoideae, género Cucumis, com cerca de 40 espeécies.
Apresenta importancia econémica regional e pode ser utilizado também como indutor de
resisténcia vegetal (WHITAKER; DAVIS, 1962; ALVAREZ, 1997). O género apresenta
caracteres fenotipicos variados de acordo com as condi¢es de cultivo, tais como cor,
sabor, aroma e teor de acido e acucar, (SEYMOUR; MCGLASSON, 1993; AGUAYO;
ESCALONA; RTES, 2004; BURGER et al., 2010; GARCIA-MAS et al, 2012). Exemplos
destas variacfes sdo encontradas nas espécies Cucumis sativus L. (pepino), Citrullus
lanatus (Thunb.) Matsum. & Nakai, (melancia) e a Cucurbita spp, (abobora) (GONDA et
al., 2010; SEBASTIANI; FICCADENTI 2016).
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Acredita-se que a espécie C. melo seja originaria da Africa (KERGE; GRUM,
2000), com posterior disseminacio para a Asia (WHITAKER; DAVIS, 1962; ALVAREZ,
1997), sendo de grande valor econémico especialmente nos paises do Mediterraneo e no
leste Asiatico (GARCIA-MAS, 2012). E a quinta fruta mais produzida no mundo, sob a
lideranca da China, ficando atrds apenas da laranja, uva, banana e maca (AGUAYO,
ESCALONA, RTES, 2004; SOUSA, 2015). No Brasil, representa uma das principais
atividades agricolas na regido semiarida do nordeste e concentra 95,8% da producdo
nacional, grande parte destinada a exportagdo. As principais variedades da espécie C. melo
pertencem aos grupos C. melo var. inodorus, meldo espanhol (fig. 4) e C. melo
cantaloupensis, meldo japonés (fig. 5) (SOUSA, 2015; CARVALHO et al. 2017;
www.hortideli.com.br/products/melao-espanhol;  www.hortideli.com.br/products/melao-

espanhol).

Fig. 4 - C. melo var. inodorus (meldo espanhol)

Fig. 5 — C. melo var. cantaloupensis (mel&o japonés)
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O C. melo possui na sua composic¢ao importantes eletrolitos, como, sodio, potassio,
magnésio, fésforo, ferro e vitaminas A e C (KARAKAYA et. al., 1995). Além disso,
apresenta acucares, carotenoides (GARCIA-MAS et al., 2012) e substancias volateis
originadas de aminoéacidos (GONDA et al. 2010). As sementes sdo ricas em proteinas,
tiamina, niacina, calcio, ferro, fésforo e magnésio (AGUAYO, ESCALONA, RTES, 2004;
KARAKAYA et. al. 1995).

Atividade Bioldgica

A familia Cucurbitaceae apresenta variedades de importancia biologica e
medicinal (RAHAMAN, 2003), com atividades cardioprotetora, diurética e anti-helmintica
(MILIND, KAUR, 2011), laxativa e antibacteriana e antifungica (BAGCHI et al., 1998;
WANG et al., 2014; HAYET et al.,, 2016; RASHID et al., 2017), antidiabética,
antitumoral, antileucémica, anti-helmintica, antimutagénica, antioxidante, antitlcera, anti-
inflamatdria, hipocolesterolémica, hipotrigliceridémica, hipotensiva, imunoestimulante,
além de propriedade inseticida (BELOIN et al. 2005 apud GAIA, 2017). A atividade
antiviral de alcal6ides de C. metuliferus foi demonstrada na replicagdo do virus da Doenca
Infecciosa da Bursa (IBDV), em cultura de células, e, em aves infectadas com o virus da
Doenca de Newcastle (WANNANG, KWANASHIE, EDE, 2010; AMAGON et al. 2012,
ANYANWU et al, 2017). FUJIWARA et al. (2001) demonstraram que uma proteina
(Figaren), obtida da espécie C. figarei, reduziu as lesdes foliares do virus do Mosaico do
Pepino (CMV), nas plantas de tabaco, meldo e feijdo-caupi. Os extratos aquoso e etanolico
de folhas e caule de C. melo L. var. cantaloupensis reduziram o efeito citopatico do
citomegalovirus humano (HCMV) em células de fibroblastos de pulmdo embrionario
humano (MRC-5), com indice de seletividade >2 (HAYET et al., 2016). Entretanto, o
extrato etandlico de casca de C. sativus néo inibiu o herpes simplex-1 (MATZA-PORGES
etal., 2014).

Cucumis melo var. acidullus

O C. melo var. acidullus, meldo caipira, € muito comercializado na regido nordeste
do Brasil, ndo apresenta grande valor comercial, como as variedades inodorus e

cantaloupensis . O amadurecimento do fruto é rapido e tem a casca muito fina, exigindo,
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portanto, consumo imediato. Quando maduro, apresenta uma regido central alaranjada,
onde estdo as sementes, polpa branca e casca verde (fig. 6) (SOUSA, 2015).

Fig. 6 — C. melo var. acidullus

Os estudos com esta variedade ndo sdo comuns. Godbole & Murthy (2012)
investigaram a producdo haploide in vitro desta espécie por partenogénese, e,
recentemente, Sousa et al. (2017) extrairam e modificaram quimicamente uma pectina do

fruto, no sentido de agregar valor ao fruto, de pequeno interesse comercial.

Pectina

Presente principalmente em plantas jovens e em frutos, a pectina possui alto
interesse econdmico e ambiental. A sua descoberta por Louis Nicolas Vauquelin ocorreu
em 1790, e, posteriormente, em 1824, Braconnot qualificou-a como sendo derivado de
frutas, responsavel pela formacdo de gel e sugeriu 0 nome pectina (BRAVERMAN;
BERK, 1976). Sdo polissacarideos estruturais, formados por grupos carboxilas de &cido
galacturdnico, podendo ter ramificagcbes de ramnose, arabinose, galactose. Estas
macromoléculas possuem um alto peso molecular e sdo encontradas em vegetais (fig. 7)
(JAYANI, SAXENA, GUPTA, 2005; JORDAN et al., 2012, SOUSA, 2015).
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Fig. 7 — Estrutura basica da pectina.
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As pectinas possuem grande importdncia na adesdo entre as células vegetais,
firmeza e resisténcia mecanica do tecido, além de auxiliar no amadurecimento,
armazenamento e processamento de metabdlitos. Encontram-se, normalmente, associadas a
celulose, hemicelulose e lignina (MESBAHI, JAMALIAN, FARAHNAKY, 2005; PAIVA,
LIMA; PAIXAO, 2009), na parede celular, células crescentes, nas partes moles e na lamela
média (MONHEM, 2008). Os frutos citricos, juntamente com a maca sdo considerados
fontes importantes desse carboidrato, na regido mesocarpica do fruto (MCCREADY,
1970). Caracterizam-se por serem viscosas, consequentemente, de interesse nas industrias
alimenticia e cosmética, como agente gelificante, estabilizante, espessante, texturizante e
emulsificante (MONHEM, 2008; LEBRETON-DECOSTER et al., 2011; ESPIRITO
SANTO et al., 2013; MAXWELL et al., 2012; CIRIMINNA et al., 2015). Na medicina, o
uso esta relacionado aos farmacos de uso oral (protecdo da mucosa gastrica e/ou protecao
do principio ativo medicamentoso), e, consequentemente, 0 aumento da biodisponibilidade
(SRIAMORNSAK, 2003). Atividades imunomoduladora (POPOV et al., 2013), redutora
de colesterol e triglicérides (FIETZ, SALGADO, 1999), redutora de peso corporal (fibras
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dietéticas e elevacdo da saciedade) (MAXWELL et al. 2012; TUOPING et al., 2014) e
aumento da biodisponibilidade de ferro no sangue (MIYADA; NAKAIJIMA; EBIHARA,
2011) foram também relatas. Além disso, a pectina é utilizada na fabricacdo de filmes
comestiveis e biodegradaveis, adesivos, substitutos de papel, espumas e plastificantes,
materiais para implantacdo biomédica, entre outras (MOHNEN, 2008).

Além do processo de biorrefinacdo com vistas ao aproveitamento de subprodutos
agricolas (UENOJO et al., 2007; CIRIMINNA et al., 2015), a utilizacdo destes produtos
para o desenvolvimento de novos farmacos é promissor. Nesta linha de intences e, pelas
inimeras atividades comprovadas do produto, a pesquisa e o desenvolvimento de drogas

com a finalidade de controle de infeccbes virais mostram-se promissoras.
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Objetivo
Geral

Avaliacdo da atividade antiviral in vitro e in vivo da pectina obtida do fruto de
Cucumis melo var. acidullus contra Herpes simplex virus -1.

Especifico:

e Avaliacdo da citotoxicidade das pectinas acida e sulfatada do Cucumis melo var.
acidullus em células VERO (ATCC), pelo método brometo de dimetiltiazolil-
difeniltetrazolio (MTT);

e Andlise da atividade antiviral de ambas as pectinas para Herpes simplex virus
cepas sensivel (KOS) e resistente (AR- 29) ao aciclovir, através do método de

plaque;

e Anadlise a influéncia das pectinas nas etapas tardias da replicacao viral, pelo método

de imunofluorescéncia e reacdo em cadeia da polimerase;

e Determinacdo dos indices de seletividade (IS) das pectinas;
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Abstract

The infection by herpes simplex virus (HSV) represents a remarkable medical and social
burden with high seroprevalence worldwide. Acyclovir (ACV) is the drug of choice,
however, the occurrence of resistant strains is increasing and the search for alternative
drugs has been encouraged. Herein, we proposed to evaluate the effect of the Cucumis
melo var. acidullus pectin in the HSV-1 infection. The acidic (APCm) and sulfated (SPCm)
forms of pectin were studied. The cytotoxic and the antiviral activities were performed in
Vero cells by MTT method and plaque reduction assay, respectively. The in vivo test was
performed in Balb/c mice. The 50% cytotoxic concentrations (CCs) of the APCm and
SPCm were, respectively, > 2000 pg/mL and 1440 pg/mL. The APCm 50% inhibitory
concentrations (Clsg) for the HSV-1 strains KOS (ACV sensitive) and AR (ACV resistant)
were 90 pg/mL and 86.5 nug/mL, respectively. The SPCm Clso were, respectively, 6 pg/mL
for KOS strain and 12 pg/mL for AR strain. The greatest selectivity index (IS) of 240 was
demonstrated for SPCm with KOS strain and based in these results we demonstrated that
SPCm inhibited the strain at the initial steps of the replication. Inhibition of the virus
protein and DNA syntheses was also shown. The in vivo assay strengthened the positive
effect of SPCm attenuating the lesions of the AR-29 strain in mice. Therefore, we showed
that SPCm is a potential candidate for the development of an alternative compound to

control HSV infection.

Keywords: Cucumis melo; pectin; herpes simplex virus



34

1. Introduction
The herpes simplex virus (HSV), a double-stranded DNA virus, belongs to the
family Herpesviridae and genus Simplexvirus. Is the causal agent of human infection with
high incidence worldwide and, therefore, of medical importance (Roizman et al., 2007,
Jiang et al., 2016). It is estimated a global seroprevalence of 90% and 16% for HSV-1 and
HSV-2, respectively (Bernstein et al., 2013; Quenelle et al., 2018). The establishment of

latency in sensory neurons ganglia is the main feature of the infection (Whitley &
Roizman, 2001; Balasubramaniam et al., 2014). The treatment of choice with acyclovir

(ACV) has been used as a reference since the 1980s. However, its indiscriminate use may
be one of the factors for the selection of ACV-resistants (Frobert et al., 2008). Naturally
occurring drugs represent an inexhaustible source of possibilities and the research and
developments of these products have been encouraged. Cucumis melo (C. melo), a
cucurbit, known as melon, is an important commodity, particularly in the Brazilian
northeast region (Alvarez, 1997). Several biological and medicinal properties have been
attributed to the genus Cucumis (Fujiwara et al., 2001; Beloin et al., 2005; Wannang et al.,
2010; Amagon et al., 2012; Hayet et al., 2016; Rashid et al., 2017; Anyanwu et al., 2017).
Presently, we evaluated the in vitro and in vivo anti-HSV-1 activity of C. melo var.

acidullus fruit pectin.

2. Materials and Methods
2.1. Pectin:

The acidic (APCm) and sulfated pectin (SPCm) were prepared from the pulp of C. melo
var. acidullus (caipira melon), according to Koubala et al. (2008). Briefly, 300 mg of
lyophilized APCm (Sousa et al., 2017) was sulfated (SPCm) by adding to 80 mL of
pyridine and N,N-dimethylformamide (50:30 [v/v]) and kept under stirring for 12 h at 25
°C, followed by cooling at 4 °C for 12 h. After heating to 80 °C under stirring, 7.0 mL of
chlorosulfonic acid was slowly added, followed by cooling to 25 °C and neutralized with
saturated sodium bicarbonate. Followed by dialysis in 12 k membrane for 120 h and
lyophilized (O’Neill, 1955; Ono et al., 2003). The lyophile was reconstituted at 2.0 mg/mL
(stock solution) with Dulbecco's Modified Eagle's Medium (DMEM) (*Invitrogen-Gibco,
USA) and maintained at -20 °C.


https://www.sciencedirect.com/science/article/pii/S0166354217305387#bib1
https://www.sciencedirect.com/science/article/pii/S0166354217305387#bib29
https://www.sciencedirect.com/science/article/pii/S0166354217305387#bib29
https://www.sciencedirect.com/science/article/pii/S0166354217305387#bib6
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2.2. Cells and virus:

Vero cells (African green monkey kidney epithelium cells - ATCC CCL-81),
supplemented with 5% fetal bovine serum (*), 3 mM glutamine (*), 100 pg/mL
streptomycin (**Sigma Chem. Co., USA), 100 pug/mL penicillin (Novafarma Ind. Farm,
BR) and 2.5 pg/mL amphotericin B (Meizler Biopharma S/A, BR) were used throughout.
Stock of HSV-1 KOS and AR-29, respectively, ACV-susceptible and resistant strains,
provided by DACB/UEM, were prepared and maintained at -20 °C with 10% glycerol.
Viral titer was calculated by plaque assay (PA) (Rovozzo, 1973).

2.3. Pectin cytotoxicity assay

The APCm and SPCm cytotoxicity was performed by the MTT (dimethylthiazolyl-
diphenyltetrazolium bromide) assay. Confluent cell cultures in 96-well microplates
(Falcon, USA) were treated with pectin concentrations (50 pg/mL to 2000 pg/mL) and
incubated for 72 h at 37 °C. Subsequently, the supernatant was replaced with 10 pL of the
MTT reagent (1.25 pg/mL), followed by incubation for 3 h and the addition of 90 pL of
MTT solubilizing solution under agitation for 15 min. Optical density readings at 570 and
690 nm were done. The percent cell viability (% CV) was calculated by the formula %
CV= [100-(At/Ac)x100], where At and Ac refer to the absorbance of pectin and cell
control, respectively (Yamamoto et al., 2013). The 50% cytotoxic concentration (CCso)
was defined as the concentration of the pectin capable of reducing the optical density of the
MTT product by 50%, comparatively to the cell control, by linear regression of the

generated curve.
2.4. Pectin antiviral activity by plaque assay

Confluent cell cultures in 24-well microplates (TPP, Switzerland) were inoculated
simultaneously (time 0 h) with KOS (10° UFP/mL) and AR-29 (10* UFP/mL) strains and
treated with varying concentrations of APCm (400 ug/mL - 50 pug/mL) and SPCm (400
pg/mL - 0.35 pg/mL), followed by the addition of nutrient agarose (DMEM 2x/1.8%
agarose [v/v] added of 25 mM MgCl,) and incubation at 37 °C for approximately 80 h.
Cells infected and treated with ACV (Zynvir — Novafarma Ind. Farm. Ltda, BR) and other
controls were prepared. Subsequently, cells were fixed with 10% formaldehyde and stained
with 0.5% crystal violet (Lopes et al., 2013). Plaques were counted and the percentage of
viral inhibition (% V1) calculated according to the formula %VI = [1 — (UFP test/UFP



36

control)] x100 (Nishimura et al., 1997). The 50% inhibitory concentration (ICsp), defined
as the concentration of the pectin capable of reducing the UFP by 50%, was calculated by
linear regression of the generated curve. The selectivity index (SI) was expressed by the
ratio of CCso/ICso (Cheng et al., 2004; Zhu et al., 2004).

2.4.1. Time-of-addition assay of SPCm for KOS strain:

Cells cultured in 24-well microplates were treated with varying concentrations of
PSCm (100 pg/mL - 12.5 pg/mL), before (-3 h) and after the infection (+1, +3, +6 and +18
h), according to Su et al. (2008), with modifications. For pre-infection treatment, the
excess of the substance was removed after incubation, to cells infected with the KOS strain
(10° UFP/mL), followed by PA (Yang, et al., 2003). For post-infection treatment, the cells
were infected and after incubation the inocula were removed and the cells treated at the

times of 1, 3, 6 and 18 post-infection.

2.4.2. Inhibition of adsorption assay:

Cells cultured in 24-well microplates were incubated at 4 °C for 30 min, infected
with the KOS strain (10° UFP/mL) and simultaneously treated with SPCm at
concentrations of 100 to 12.5 ug/mL, followed by incubation for 1 h, at 4 ° C and
subsequently submitted to PA (Minari et al., 2011).

2.4.3. Virucidal assay:

SPCm at 100 pg/mL to 12.5 ug/mL were maintained in contact with the KOS strain
suspension (10* UFP/mL) for 1 h at 37 °C, followed by dilution to the tenth, inoculation in
cells cultures in 24-well microplates and submitted to PA. (Godoi et al., 2014).

2.4.4. Immunofluorescence assay (IFA):

Cells established in glass coverslips in 24-well microplates were simultaneously
infected with the KOS strain (10° UFP/mL) and treated with SPCm at varying
concentrations (800 ug/mL - 50 pg/mL) and incubated at 37 °C for 24 hours. The cells
were fixed (ice-cold acetone) treated with 2% powdered skimmed milk and, subsequently,
submitted to anti-HSV-1 mouse serum (Santa Cruz Biotechnol., USA). After washes with

buffered Tween-20, cells were treated with goat anti-mouse IgG-FITC (**). Cells were
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observed in a UV microscope (Zeiss Axio Imager Al) and the percentage of the reduction
in the number of cells with specific fluorescence (total of 100 cells per field) was
computed in comparison to the control of infected and untreated cells, in at least three
fields (Faccin et al. 2007).

2.4.5. Polymerase chain reaction (PCR):

Cell cultures were simultaneously infected with the KOS strain and treated with
SPCm at varying concentrations (400 pg/mL - 50 pg/mL) and incubated at 37 °C for 24 h.
In parallel, simultaneous treatment with 1.0 mg/mL ACV and the respective virus and cell
controls were prepared. DNA was extracted with the QIAamp® DNA Blood Mini kit
(Qiagen, Germany) and PCR was prepared using 2 pmol of the primers: F -
CATCGAAACCCACTTTCCCGAACA e R — GCTGTCGCATTTGGCGGCAA of the
gene UL52 (240 pb) (Invitrogen, Life Technologies, GB*), 0.4 mM of dNTP (*), 2 mM
KCI, 0.6 mM MgCl;, 0.2 Taq DNA polimerase (*), 3 ul of DNA extracted and sufficient
quantity to 20 pL of ultrapure water. The reaction was programmed according to Su et al.,
2008 apud Bomfim, 2014, consisting of 94 °C - 4 min, 35 cycles of 94 °C - 30 sec, 55 °C -
30 sec, 72 °C for 1 min and 7 min extension at 72 °C. The product of PCR (10uL) was

resolved in 12% polyacrylamide gel electrophoresis.

3. In vivo antiviral activity:

The experiment was carried out with 35-day-old male Balb/c mice (BC/UEM, PR)
(UEL Animal Ethics Committee approval n°® 24414.2015.49), fed with regular diet and
maintained at 22 °C. Six groups with five animals each (G1-6) were used for infection with
the KOS and AR-29 strains and treatment with SPCm only. G1 (KOS-infected and
untreated animals — virus control); G2 (KOS-infected and treated with SPCm at 12 pg/mL);
G3 (KOS-infected and treated with topical ACV [50 mg/g]), G4 (AR-29-infected and
untreated animals — virus control), G5 (AR-29-infected and treated with SPCm at 12
ug/mL); G6 (AR-29-infected and treated with topical ACV [50 mg/g]). Dorsal hairs were
removed after intraperitoneal anesthesia (ketamine [10 mg/mL] and xylazine [4 mg/mL])
and locally scarified with hypodermic needle after topical isoflurane anesthesia. Mice were
infected with 70 pL of KOS or AR-29 strains and 4 h latter treated with 50 pL of SPCm
and ACV. The same treatment was repeated during 8 days with 4 daily applications at 3 h
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intervals (Nocchi et al., 2017 with minor changes). The animals were daily observed and
lesions scored from zero to five, being zero - nil; 1 - vesicles; 2 - erosion and/or ulceration;
3 - mild zosteriform lesions; 4 - moderate zosteriform lesions; 5 - severe zosteriform

lesions or death. The results represent the mean of the scores (Bag et al., 2013).
4. Statistical analysis:

Anova followed by Tukey’s test (BioEstat 5.0 for Windows XP, 2007) were
applied to determine the difference among experiments with the polysaccharides and
control groups. The in vitro experiments were carried out in triplicate.Values of p < 0.05
were considered significant. The in vivo experiments were analized according Anova
followed by Tukey’s test too. The results were considered significant values above of p <

0,05.

5. Results:
5.1 Antiviral activity in cell culture:

Table 1 shows the CCs, ICso and SI of SPCm and APCm. Both SPCm and APCm
presented high CCsy 1440 pg/mL and above 2000 pg/mL, respectively. SPCm showed the
best antiviral effect to KOS strain with corresponding 1Csp and SI of 6 pg/mL and 240,
respectively. Herein, subsequent assays were performed with SPCm and the KOS strain

only.

Tab. 1. Cytotoxic concentration 50% (CCsp), inhibitory concentration 50% (ICsp) and
selectivity index (SI) of the C. melo sulfated (SPCm) and acid (APCm) pectins for the
HSV-1 KOS and AR-29 strains, in Vero cell culture. Positive control - acyclovir (ACV).

PCm ACV
Strains SPCm APCm
CCs® 1Cs° SI° CCsy ICs  SI CCsy ICs Sl
KOS 1440 6 240 >2000 90 >22.22 >2000 0.135 >14814
AR-29 1440 12 9523 >2000 86.5 >23.12 >2000 - -
2P g/mL
CCC50/|C50

5.2 SPCm time-of-addition assay:

Figure 1 shows the inhibition of KOS strain by SPCm in the time-of-addition assay.

Cells submitted to SPCm treatment 3h prior infection (-3 h) resulted in percentages of



39

inhibition from 90 to 30, at the highest and the lowest concentrations (100 ug/mL and 12.5
ug/mL), respectively. The highest inhibition was found with cells treated simultaneously
with the infection (zero h) at 100 ug/mL and 50 pg/mL. High percentages of inhibition
(70% and 82%) were also found at the lowest concentrations (12.5 pg/mL and 25 pg/mL).
Treatment at 1 h post-infection (pi) showed maximum inhibition at 100 ug/mL and,
approximately, 83.6% at 50 ug/mL. At 3 h pi treatment, maximum inhibition was observed
at 50 pg/mL and 100 pg/mL, however, maximal inhibition was observed at 6 h pi at
maximal concentration. No inhibition was detected for treatment performed at 18 h pi (not
shown). SPCm inhibited viral adsorption by 55.2% and 77.6%, respectively, at 50 ug/mL
and 100 pg/mL. In the virucidal assay the inhibition was 80%, 62.7% and 74.5% for the
concentrations of 100 pg/mL, 50 pg/mL and 25 pg/mL, respectively.

Fig. 1. The percentage of HSV-1 KOS strain inhibition by sulfated C. melo pectin (SPCm)
at the indicated concentrations. It is shown the time-of-addition assay (at the indicated

times), the inhibition of adsorption (IA) and virucidal (V) assays, by plaque assay in Vero

cells.
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The figure 2 shows the inhibition of SPCm in the synthesis of protein of KOS strain
as assayed by IFA. The percentage of the inhibition was demonstrated by the reduction of
fluorescent foci of 52.3% to 100%, at the lowest (50 pg/mL) and the highest (800 pg/mL)

concentrations, respectively.
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Fig. 2. The inhibition of HSV-1 KOS strain protein synthesis by C. melo sulfated pectin
(SPCm). The percentage of virus inhibition is the representation of the reduction of

fluorescent foci, at the indicated concentrations, by immunofluorescence assay.
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The effect of the SPCm in the nucleic acid synthesis of KOS strain is shown in
figure 3. The results demonstrated that SPCm inhibited the replicon of the UL52 gene at
the concentrations of 400 pg/mL and 200 pg/mL, but not at 100 pg/mL and 50 pg/mL.

Fig. 3. Effect of the sulfated pectin of C. melo (SPCm) in the synthesis of HSV-1 KOS
strain nucleic acid by the inhibition of the replicon of UL52 gene, at the indicated
concentrations (ug/mL). MW, CC, CV, ACV represent, respectively, molecular weight
standard, cell control, virus control and acyclovir positive control. The PCR product (240

pb) was resolved in a 12% polyacrylamide gel electrophoresis.

l l : -
: 400 pg/n 200 pg/m

6. The effect of SPCm in the in vivo infection of KOS and AR-29 strains

Figure 4 shows the effect of SPCm (12 pug/mL) in the in vivo infection of KOS

strain. G1 (infected and untreated) and G2 (infected and treated) animals groups showed
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vesicular lesions (grade 1), on the second day of the experiment. From the fourth day,
grade 1 lesions progressed to the ulcerative stage (grade 2). The lesions of G1 animals
evolved to mild zosteriform type (grade 3) on the fifth day, and moderate zosteriform type
(grade 4) on the sixth day. The G2 animals presented grade 2 lesions until the fifth day and
evolved to grade 3 lesions at the end of the experiment. The G3 group (infected and treated
with ACV) developed ulcerative lesions from the second day and demonstrated resolution

of the lesions on the third day, without progressing to the zosteriform lesions.

Fig. 4. The effect of the C. melo sulfated pectin (SPCm) in Balb/c mice infected with the
HSV-1 KOS strain. Results are shown as the mean of the lesion scores (1 to 5) in the
animals (n = 5) of the groups, according to the time of the experiment.

5 - Mice infected and
untreated
----- Mice infected and
treated with SPCm
a4 - = « = Miceinfected and
treated with ACV

Mean of the lesion score
]
]
I

Days post-infection

Figure 5 shows similar experiment (SPCm at 12 pg/mL) but with AR-29 strain
infection. Vesicular lesions were also observed on the second day of the infection for
animals of the G4 (infected and untreated), G5 (infected and treated) and G6 (infected and
treated with ACV) groups. The G4 animals rapidly evolved to mild zosteriform lesions on
the fourth day, with a slight exacerbation until the seventh day, followed by a slight
retrieve of the lesions. The G5 animals developed grade 2 lesions from the fourth day of

infection and remained unchanged until the end of the experiment. The G6 animals did not
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even develop ulcerative lesions, presented vesicular lesions only, without resolution until

the end of the experiment.

Fig. 5. The effect of the C. melo sulfated pectin (SPCm) in Balb/c mice infected with the
HSV-1 AR-29 strain. Results are shown as the mean of the lesion scores (1 to 5) in the

animals (n = 5) of the groups, according to the time of the experiment.
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6. Discussion and conclusion

It is known that polysaccharides from a variety of natural sources have been shown
to present antiviral activity (Gonzalez et al., 1987). Although some Cucumis species have
been reported as antivirals, this is the first time that we demonstrated pectin of Cucumis
melo var. acidullus inhibiting the in vitro and in vivo HSV-1 infection. Extract of C. figaro
and C. metuliferus inhibited the replication of Cucumber Mosaic Virus (Fujiwara et al.,
2001) and Newcastle Disease Virus (Wannang et al., 2010), respectively. Similarly, C.
metuliferus blocked the replication of Bursa Disease Virus (Amagon et al., 2012; Anyanwu
et al., 2017). Hayet et al. (2016) reported the inhibition of human cytomegalovirus with
ethanol and aqueous extracts of C. melo var. cantaloupensis. C. sativus extract was shown

not to interfere with the replication of HSV-1 (Matza-Porges et al., 2014).

In our work, acidic (APCm) and chemically sulphated derivative (SPCm) forms of
C. melo pectins showed low cytotoxic effect. HSV-1 KOS and AR-29 strains were

inhibited with low concentrations of SPCm with high selectivity, in vitro. Herein, the
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experiments were performed with the SPCm with KOS strain. It is presumed that pectin is
structurally and functionally the most complex polysaccharide in nature found in plant cell
walls. Probably the biological reactivity of pectin relies upon its complex structure and the
polyanionic character of the polysaccharide. Evidences demonstrate that the presence of
sulphate radical in polysaccharides, whether native or chemically modified, improves their
various biological activities (Harden et al., 2009; Sun et al., 2009: Kim et al., 2011; Sousa
et al., 2017). We have found that SPCm inhibited HSV-1 replication with greater intensity
in the initial phases of virus replication, especially at the time zero hour, where cells
treatment was simultaneously to the infection. The anionic property itself was shown to be
a potent feature for the inhibition of herpes virus binding to host cells, competing with viral
glycoproteins (Ghosh et al., 2009; Witvrouw & De Clercq, 1997). Moreover, our finding is
in accordance with the understanding that sulfation confers better antiviral activity to
polysaccharides (Ghosh et al., 2009). Our result is also in agreement with reports
demonstrating that sulfated derivative polysaccharides from plants, mushroom and algae
were more effective as antiviral, than their native forms, for Dengue virus, HSV, bovine
herpesvirus, HIV, human cytomegalovirus, respiratory syncytial virus and poliovirus (Saha
et al., 2010; Jiao et al., 2011; Cardozo et al., 2011; Faccin-Galhardi et al., 2012; Yamamoto
et al., 2013; Jin et al., 2015; Lopes et al., 2017). SPCm also exerted lower inhibition as
virucidal and blocking virus adsorption. The virucidal effect may be due to modifications
or degradation of viral envelope or the interaction viral glycoproteins and in both cases,
preventing virus attachment to cell surface, irreversibly.

Secondary inhibitory effect of SPCm was also observed in pre-infection treatment.
The prophylactic action could be due its interaction with cell receptors, blocking virus
adsorption. It is also possible that SPCm stimulates the production of interferon eliciting
the antiviral state (Merigan and Finkelstein, 1968; De Clercq and Luczak, 1976; Gonzalez
et al., 1987; Huheihel et al., 2002; Ghosh et al. 2009). Inhibition of adsorption may occur
through the interaction of pectin with cell receptors preventing viral adsorption to the cells
(Ghosh et al., 2009; Dong et al., 2011; Lopes et al., 2013; Lopes et al. 2015).

Inhibition of KOS strain protein synthesis as well as inhibition of the UL52 gene
transcript also demonstrated that the antiviral effect of SPCm exceeds the initial steps of
viral replication but affects the synthesis of early and late proteins, similarly as shown by
Cardozo et al., 2011; Jin et al. 2015; Lopes et al. 2015. In vivo SPCm presented inhibitory
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effect for both strains, however, a better effect was demonstrated in the attenuation of
lesions caused by the ACV-resistant AR-29 strain.

In conclusion, we demonstrated that C. melo pectin inhibited the in vitro and in vivo
HSV-1 infection encouraging further studies of this potential compound candidate for the
control of HSV infection.
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