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RESUMO

Mucosite intestinal € um efeito adverso comumente associado ao 5-fluorouracil (5-
FU), um agente quimioterapico antimetabolito usado na terapéutica do cancer. Para a
rutina (RUT), um flavonodide extraido de Dimorphandra gardneriana, varias atividades
farmacologicas tém sido descritas, como antioxidante e anti-inflamatoria. No presente
estudo, objetivou-se avaliar o efeito do RUT na mucosite intestinal experimental
induzida pelo 5-FU em camundongos Swiss. Os camundongos Swiss foram divididos
aleatoriamente em grupos: Salina, 5-FU, RUT-50 (50 mg/kg de RUT), RUT-100 (100
mg/kg de RUT), RUT-200 (200 mg/kg de RUT), Celecoxibe (CLX, 7,5 mg/kg de
Celecoxibe) e CLX + RUT-200 (CLX + 200 mg/kg de RUT). O peso dos camundongos
foi avaliado diariamente. Apos inducdo da mucosite (administracdo Unica de 450
mg/kg de 5-FU, via intraperitoneal) e decorrido os 3 dias consecutivos de tratamento,
0s animais foram eutanasiados e segmentos do intestino delgado foram coletados
para avaliacdo histopatologica e morfométrica, malondialdeido (MDA),
mieloperoxidase (MPO), Glutationa (GSH), contagem de mastdcitos e células
caliciformes, imunohistoquimica para ciclooxigenase 2 (COX-2). Realizou-se também
a docagem molecular para os possiveis sitios de acdo da RUT. O 5-FU induziu intensa
perda de peso e reducdo na altura das vilosidades em comparagdo com 0 grupo
salina. O tratamento com RUT diminuiu as alteracfes histopatologicas induzidas por
5-FU e diminuiu nivel do estresse oxidativo, diminuindo os niveis de MDA e
aumentando a concentracdo de GSH. RUT atenuou o processo inflamatorio,
diminuindo a atividade da MPO, mastocitose intestinal e expressdo da COX-2. Nossos
achados sugerem gque o flavonéide RUT reverte as alteracbes morfofuncionais
induzida pelo 5-FU e tenha como possivel mecanismo de acéo a via da COX-2.
Palavras-chave: Antineoplasico. Flavonoide. Intestino. Produtos Naturais.



ABSTRACT

Intestinal mucositis is an adverse effect commonly associated with 5-fluorouracil (5-
FU), an antimetabolite chemotherapeutic agent used in cancer therapy. For rutin
(RUT), a flavonoid extracted from Dimorphandra gardneriana, several pharmacological
activities have been described, such as antioxidant and anti-inflammatory. In the
present study, the objective was to evaluate the effect of RUT on experimental
intestinal mucositis induced by 5-FU in Swiss mice. Swiss mice were randomly divided
into groups: Saline, 5-FU, RUT-50 (50 mg / kg RUT), RUT-100 (100 mg / kg RUT),
RUT-200 (200 mg / kg RUT), Celecoxib (CLX, 7.5 mg / kg of Celecoxib) and CLX +
RUT-200 (CLX + 200 mg / kg of RUT). The weight of the mice was assessed daily.
After mucositis induction (single administration of 450 mg / kg of 5-FU,
intraperitoneally) and after 3 consecutive days of treatment, the animals were
euthanized and segments of the small intestine were collected for histopathological
and morphometric evaluation, malondialdehyde (MDA), myeloperoxidase (MPO),
Glutathione (GSH), mast cell and goblet cell count, immunohistochemistry for
cyclooxygenase 2 (COX-2). Molecular docking was also carried out for possible RUT
sites of action. 5-FU induced intense weight loss and reduced villus height compared
to the saline group. Treatment with RUT decreased the histopathological changes
induced by 5-FU and decreased the level of oxidative stress, decreasing the levels of
MDA and increasing the concentration of GSH. RUT attenuated the inflammatory
process, decreasing MPO activity, intestinal mastocytosis and COX-2 expression. Our
findings suggest that the flavonoid RUT reverses the morphofunctional changes

induced by 5-FU and has as a possible mechanism of action the COX-2 pathway.

Key-words: Antineoplastic. Flavonoid. Intestin. Natural products.



LISTA DE FIGURAS

FIGURA 01 - Esquemas terapéuticoS d0 CANCEer............ceeevevevierieeiieiieinas 14
FIGURA 02 - Estrutura quimica do Cisplatina..............ccccoevvvviviniiieiiennnnnns 16
FIGURA 03 - Estrutura quimica do Metotrexato...........c.ccccvvvvvvvvvevnnnnnnnnnn. 17
FIGURA 04 - Estrutura quimica do Irinotecano...........cccccuuveeveeeeeeeeeeenninnne 17
FIGURA 05 - Estrutural de Bases Nitrogenadas Pirimidinas.................... 19
FIGURA 06 - Mecanismode ACA0 do 5-FU...........cccooeviiiiiiiiiiiiiiiei, 20
FIGURA 07 - Fases da MUCOSILE..........ccouveviiiiiiiiiiiieiie e e 21

FIGURA 08 - RULINA......ccii it 31



LISTA DE TABELAS

TABELA 01 — Incidencia estimada de cancer no brasil para o ano 2020.. 13
TABELA 02 — Mecanismos de a¢édo dos quimioterdpicos no cancet........ 15
TABELA 03 - feitos toxicos dos quimioterapicos, conforme

manifestagdo ap0s apPliCAGAD ........cuueeeeeiiiiiiiie e et 16



LISTA DE ABREVIATURAS E SIGLAS

5-FU - Fluorouracil

CEUA - Comisséo de Etica no Uso de Animais
CLX - Celecoxibe

COX-2 - Ciclooxigenase

DMSO - Dimetilsuféxido

DNA - Acido Desoxiribonucléico

ERO- Espécies reativa de oxigénio

GSH - Glutationa reduzida

HPLC - Cromatografia Liquida de Alta Eficiéncia
I-CAMs - Moléculas de Adeséo Intracelular
IL - Interleucina

INOS - Oxido nitrico sintase induzida

MDA - Malondialdéido

MPO- Mieloperoxidase

NF-kB - Fator nuclear kappa B

NO - Oxido nitrico

PAS - Acido periddico Schiff

RMN - Ressonancia magnética nuclear
RNA - Acido Ribonucléico

RUT - Rutina

SOD - Superoxido dismutase

TBARS - Acido tiobarbittrico

TGI - Trato Gastrintestinal

TNF-a - Fator de necrose tumoral alfa

XO - Xantina Oxidase






11
1.2
13
1.4
15
1.6
16.1
1.6.2
1.6.3
164
1.7
1.7.1

2.1.
2.2.

o 01 b~

SUMARIO

INTRODUGAO . .....ceiiteie ittt ettt e et 13
Cancer e principais tratamentos............oooeeeeii e e 13
QUIMIOTEIAPICOS. ...ttt ettt et e e et e e e snee e e e e enees 14
R (VT o Tu ] = Tod | N (ST L ) TP 18
Mucosite intestinal por antimetabolitoS............c..vvviieiiiii e 21
Mediadores inflamatérios na mucosite intestinal.............coccvvvviieien i 23
Agentes Antioxidantes e Biomarcadores na mucosite intestinal......................... 25
Glutationa reduzida (GSH) ... 26
Malondialdeido (MDA) ....cooiiiiie ittt e ee e 27
Mieloperoxidase (MPO) .......cooooiiiiiii i anrees 28
Y= ] (0 Yo (0 1 SRR 29
Produtos naturais € flavonOIides..............uuuriiiiieiiiiiiieiiiiiieieeiieeiee e eee e 29
1 OO 30
OBUJIETIVOS . ... e e e e e e e eaa s 33
ODJELIVO GEIAL........eiieieie e 33
ODbjetivos ESPECITICOS. ....ccooei i 33
DESENVOLVIMENTO . ....ciiiiiiiiiiiiiiiiiit ettt ee e e e e 34
Y 3 1 [ PSP 35
CONSIDERAGOES FINAIS ..ottt ettt 58
REFERENCIAS. ...ttt ettt e et ea et ee et eete e eanateeteaeaneeeenee 59
ANEXOS . ..ttt et 87
ANEXO A - Certificado de aprovacdo da Comissdo de Etica no Uso Animal

(CEUA) 08 UFC......ooeeeeeee oottt e 88

ANEXOS B Publicacges e certificagdes obtidas no periodo do Mestrado......... 89



13

1 INTRODUCAO

1.1 Cancer e principais tratamentos

O cancer é uma doenca caracterizada por apresentar 0 crescimento
desordenado de células malignas, da quais podem afetar érgaos e tecidos do corpo,
esse crescimento desordenado possui capacidade migratéria, podendo essas células
cancerigenas deslocar para outras regides do corpo. Devido a celeridade da divisao,
essas ceélulas podem ser incontrolaveis, podendo provocar tumores ou neoplasias que
geram perca da funcionalidade morfolégica e fisioldgica dos 6rgdos ou tecidos
(PEREIRA et al., 2016; ANDRADE et al., 2019; INCA, 2019;).

O INSTITUTO NACIONAL DO CANCER estima que em 2020, no Brasil, surjam
milhares de novos casos de cancer, uma média de 309.750 novos casos em homens
e 316.280 novos casos em mulheres (INCA, 2019). No sexo masculino destacam-se
0 cancer de prostata, colorretal, traqueia e pulmao e estbmago, e nas mulheres, maior
incidéncia s&o mama, colorreal, colo uterino, traqueia e pulméo e tireoide (Tabela 01).
O indice de mortalide mundial, é de aproximadamente 7,6 milhées de vitimas fatais no
planeta (INCA, 2019).

Tabela 01. Incidéncia estimada de cancer no Brasil para o ano de 2020

HOMENS MULHERES

Localizacdo Primdria | Casos % Localizacio Pri i Casos %
Prostata | 65.840 29,2 Mama feminina | 66.280 29,7

Colon e Reto | 20.540 9,1 Colon e Reto | 20.470 9,2

Traqueia, Bronquio e Pulmao | 17.760 7,9 Colo do iitero | 16.710 7,5

Estémago | 13.360 5,9 Traqueia, Brénquio e Pulmao | 12.440 5,6

Cavidade Oral | 11.200 5,0 Glindula Tireoide | 11.950 5,4

Esofago | 8.690 3,9 Estémago | 7.870 3,5

Bexiga | 7.590 3,4 Ovdrio | 6.650 3,0

Laringe | 6.470 2,9 Corpo do ttero | 6.540 2,9

Leucemias | 5.920 2,6 Linfoma ndo-Hodgkin | 5.450 2,4

Sistema Nervoso Central | 5.870 2,6 Sistema Nervoso Central | 5.230 2,3

Neoplasias, exceto pele nio melanoma | 225980  100,0 Neoplasias, exceto pele nio melanoma | 223.110  100,0
Todas as Neoplasias | 309.750 Todas as Neoplasias | 316.280

Fonte: Adaptado de INCA, 2019.

Com altos indices de morbimortalidade, véarias medidas terapéuticas sao
lancadas objetivando a diminuicdo destes indices. Dentre as medidas terapéuticas

para tratamento dessas doengas oncolégicas podemos destacar algumas
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modalidades, como a radioterapia, técnica que usa radiacdo ionizante para irradiar
células cancerigenas para controlar ou destruir essa doencga no paciente oncoldgico.
(RIBEIRO et al.,2020; INCA, 2016; SOVERI et al., 2014). Como a imunoterapia, um
tratamento de estimulacdo do sistema imunologico e tem atualmente como seu
principal foco os tumores malignos (JUNIOR, et al., 2020) e a quimioterapia que usa
farmacos para destuir células cancerigenas e age para impedi-las que se espalhem
pelo corpo (DE LIMA et al., 2020; NICOLUSSI et al., 2014). E a braquioterapia que faz
uso de materiais radiativos no paciente oncolégico, além de tudo, essas modalidades
de tratamentos podem ser combinadas também com possivel remocéao cirirgica, como
podemos citar uma radio-quimioterapia combinada ou combinado com a
braquioterapia (DA SILVA et al., 2019; INCA, 2017; CHEN et al., 2016) (Figura 02).

Figura 01. Esquemas terapéuticos do cancer.

CANCER

‘ RADIOTERAPIA ‘ QUIMIOTERAPIA ‘

BRAQUIOTERAPIA IMUNOTERAPIA

Fonte: Autoria prépria.

1.2 Quimioterapicos

A quimioterapia constitui uma das modalidades que envolve o0 uso de
substancias citotoxicas, administradas no paciente oncolégico com objetivo de destuir
e evitar a migracao de ceélulas cancerigenas (FERREIRA et al., 2017; NICOLUSSI et
al., 2014). Aterapia alvo utiliza medicamentos que foram desenvolvidos para localizar,
bloquear e destruir células cancerosas do organismo, com base nas caracteristicas
especificas que definem cada tipo de cancer, esse método de terapia alvo podera ser

indicada pela equipe médica apos o teste molecular. (GUERRA, et al., 2019).
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Atualmente, estdo a disposicdo no mercado diversos tipos de agentes
quimioterapicos, capaz de promover erradicacdo das células cancerigenas por
diversos mecanismos de acdo, a exemplo, os alquilantes, antimetabalitos, inibidores
da topoisomerase (Tabela 02). Apesar da existéncia de diversos mecanismos, a maior
parte dos agentes antineoplasicos culmina em acdes sobre o DNA, impedindo a
duplicacéo celular, atuando em todas as fases do ciclo, em uma fase especifica ou em

células que nao estdo no ciclo celular (SOVERI et al., 2014).

Tabela 02. Mecanismos de acao dos quimioterapicos no cancer.

Agente Quimioterapico Mecanismo de ag¢do

Agentes alquilantes | Acrescenta grupos alquila ao N-7 ou 0-6 da Guanina
Antimetabdlitos | Inibem a sintese de DNA ou RNA

Blogqueiam a  polimerizacdo  tubular  ou
Venenos da tubulina . L
despolimerizacdo

Inibidores da topoisomerase | Interferem no desenrolar / reparo do DNA

Compostos de platina | Interrompem o reparo do DNA

Fonte: Adpatado de LONGO et al., 2013.

Na quimioterapia os farmacos sao utilizados com objetivo de agirem
principalmente na populacdo de células malignas, porem esses farmacos também
exercem efeitos profundos sobre as células normais (CHEN et al., 2016). Esses
efeitos colaterais provocados pelos os guimiterapicos durante o tratamento podera
provocar graves sintomas adversos, podera gerar interrupcdo do tratamento e um
impacto negativo na qualidade do tratamento paliativo do paciente oncolégico, (CHEN
et al., 2016; LONGO et al., 2013).

Dentre tais células afetadas encontram-se as do sistema hematopoiético,
células da mucosa do trato gastrointestinal, foliculos capilares, medula Ossea,
provocando efeitos adversos; como o comprometimento no processo de cicatrizagao,
a esterilidade, pode provocar alopécia, mucosite, pode afetar a arcada dentaria,
(CHEN et al., 2016). Essa interacdo com os tecidos com alta taxa mitética acarreta
uma série de efeitos secundarios, os quais podem apresentar-se de forma precoce ou
tardia. (INCA, 2016). A Tabela 3 retrata os principais efeitos secundarios oriundo do

uso de quimioterapico.



Tabela 03. Efeitos téxicos dos quimioterapicos,

aplicacéo.

Precoces (0 a 3 dias)

Imediatos (7 a 21 dias)

16

conforme manifestacdo apos a

Tardio (meses)

Nauseas e mal-estar
Vomitos

Adinamia
Exantemas

Artralgia e Flebite

Mucosites

Cistite hemorrdgica devida a
ciclofostamida.
Imunossupressao.

Mielossupressao, granulocitopenia,
plaquetopenia anemia.
Potencializacdo dos efeitos das

radiagcoes devida a actinomicina D

Miocardiopatia devida aos
antracicliclos
Alopécia

Pneumonite devida a bleomicina

Neurotoxidade causada pela
vincristina, pela
Nefrotoxicidade devida a
cisplatina

Fonte: Autoria propria, adaptado de INCA, 2016

Estudos recentes na investigacdo da mucosite indicam mudltiplos fatores que
contribuem para a lesdo da mucosa. Os medicamentos citotoxicos mais
frequentemente associada a mucosite incluem 5-fluorouracil, cisplatina, ifosfamida,
metotrexato, vinblastina, vincristina e irinotecano (HARRIS et al., 2006; CURRA et al.,
2018). A Cisplatina corresponde quimioterapico derivado de compostos de platina,
cujo mecanismo de agao baseia-se na interrupcao do reparo do DNA. Dessa forma,
ao estabelecer ligagdes cruzadas com as fitas de DNA, denominadas de interfitas (75-
85%), interferem em sua acdo, que culmina em inibicdo preferencial da sintese de
DNA em relacao a sintese de RNA e proteinas. Com estudos e inser¢cdo no mercado
desde a década de 70, a cisplatina, cis-[diamindicloroplatina (I1)] ou cis-[PtCl2(NHz)2
vem sendo utilizada em tumores localizados, como cancer testicular e ovariano, e €
constituida por arranjo cis de duas moléculas de Cloro e duas aminas (NHz), ambas
conectadas a molécula central platina (Pt) (Figura 02) (FONTES; ALMEIDA, 1997,
MOTA, 2004). Assim como metais pesados, a cisplatina apresente entre os efeitos

adversos nefrotoxicidade, ototoxicidade, mielossupresséo, mucosite e neurorapatia.

Figura 02. Estrutura quimica do Cisplatina.

CI\Pt/NH3
CI/ SNH

3

Fonte: Adaptado de FONTES; ALMEIDA, 1997.
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A molécula 4-amino-N10 metil acido pteuroglutamico, conhecida como
Metotrexato (MTX) (Figura 03), € um farmaco antimetabdlito analogo ao acido félico.
Aprovado pelo FDA como droga oncoldgica em 1953, o mecanismo de acdo do MTX
consiste na inibicdo de forma competitiva e irreversivel a enzima diidrofolato redutase,
sendo considerado entdo como um quimioterapico especifico da fase S (de sintese)
do ciclo celular (MARTINS; ARRUDA, 2004; BRESSAN et al., 2010).

Figura 03. Estrutura quimica do Metotrexato.

COOH

o
NH, N -
H
N /@)‘\ /I
NF ‘ iji[///\\\N COOH
x 7 ‘

H,N N N

Fonte: Adaptado de Martins et al., 2004.

Atualmente, o MTX apresenta uma vasta aplicacdo clinica. Como agente
guimioterapico é utilizado no tratamento da leucemia linfoblastica aguda (LLA),
coriocarcinoma, tumores trofoblasticos, linfomas de Burkitt e ndo-Hodgkin, carcinomas
de mama, cabeca, pescoco, ovario e bexiga (BARBISAN, 2014). Todavia apesar de
vasta utilidade e grande eficacia na terapia do cancer, efeitos adversos séo relatos

comuns dos paceintes, dentre eles, mucosite, conjuntivite, hetaptotoxicidade,

nefrotoxicidade, neurotoxicidade. (LEITE et al., 2020).

Pertencente ao grupo de produtos derivados de plantas capazes de inibir mitose
e topoisomerase, destaca-se o irinotecano (CPT-11) (Figura 04), um derivado semi-
sintético da camptotecina, um alcaloide extraido de vegetais como a Camptotheca
acuminata. Esta substancia foi inicialmente isolada nos Estados Unidos, por Wall et
al., em 1966, de uma planta nativa na China (HOLANDA, 2018).

Figura 04. Estrutura quimica do Irinotecano.

Fonte: HOLANDA, 2018.
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O irinotecano € um pro-farmaco convertido pelo plasma, pela mucosa intestinal
e pelas enzimas hepaticas em um metabdlito ativo (SN-38), ocasionando danos
irreversiveis ao DNA e RNA, além de apoptose. A topoisomerase | € uma enzima
encontrada em alta concentracdo em algumas células malignas, tais como as de
adenocarcinoma de colon e de LNH. A presenca de niveis aumentados de
topoisomerase | torna essas células mais sensiveis a acdo do irinotecano (HOFF,
2016; DE ALENCAR et al., 2017). Nos ultimos anos, o CPT-11 conhecido como o
irinotecano, tem sido utilizado como agente no tratamento de alguns tipos de canceres,
como o cancer colorretal, cancer de ovario, linfoma de Hodgking, cancer de pulmao,
pancreas, mama e de estdbmago, porem desenvolve aguns efeitos colateriais
considerados danosos aos pacientes (; BELARMINO FILHO, 2010; DE ALENCAR et
al., 2017). Dos efeitos colaterais relacionados ao uso do irinotecano, podemos citar
mielossupressdo, mucosite, diarréia, dispnéia (CARMO et al., 2019; MOTA, 2004).

1.3 5- Fluorouracil (5-FU)

Drogas antimetabodlicas desempenham suas func¢des através da inibicdo da
biossintese de processos essenciais, ou pela sua incorporacdo a macromoléculas, tais
como DNA e RNA, inibindo a sua fungéo normal (LONGLEY et al., 2003; ZAMITH et
al., 2019.), ou seja, sdo drogas que interferem nos processos metabdlicos normais
dentro das células. Descobertos por Farber, em 1948, os antimetabdlitos tem sido
utilizado ha pelo menos 50 anos no tratamento do cancer (; KAYE, 1998; ZAMITH et
al., 2019).

A fluoropirimidina, 5-fluorouracil (5-FU), um farmaco antimetabdlito analogo de
nucleosideo, tem sido utilizado h& véarias décadas na terapia antineoplasica e, é
considerado o agente quimioterapico mais utilizado no mundo (WILHELM et al., 2016).
O 5-FU é um composto organico aromatico heterociclico com uma estrutura
semelhante a das moléculas de pirimidina de DNA e RNA (MIRANDA et al., 2019;
ZHANG et al., 2008); trata-se de um analogo de uracila com um atomo de fldor na
posicdo C-5 (Figura 06), em vez de hidrogénio (KUMAR et al., 2010). Devido a sua
estrutura, o 5-FU interfere com o metabolismo de nucleotideo e pode ser incorporada
no RNA e DNA (THOMAS et al., 2015), levando a morte celular e citotoxicidade
(ZHANG et al., 2008; UDOFOT et al., 2015).
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Figura 05. Estrutural de Bases Nitrogenadas Pirimidinas.

(@) (@)
F
HN ’ HN ’
O)‘\N o)‘\N
H H

(A) (B)
Fonte: adptado de PIZZORNO et al., 2003. A: 5-Flourouracil; B: Uracila.

O 5-FU pode ser administrado na forma direta ou na forma de pré-droga, como
exemplo a Capecitabina (N4-pentiloxicarbonil-5'-desoxi-5-fluorocitidina), uma solucao
administrada oralmente de fluoropirimidina carbamato 5-FU. A pré-droga € convertida
em 5-FU através de uma cascata enzimatica envolvendo trés enzimas chaves, entre
elas a timidina fosforilase (TP), culminando ao final, na liberacdo de 5-FU
(FOCACCETTI et al., 2015; DERISSEN et al., 2016).

Intracelularmente, o0 5-FU é convertido em varios metabolitos ativos: o Trifosfato
fluorouridina (FUTP), que € incorporada no RNA em vez de trifosfato de uridina (UTP);
o Trifosfato fluorodesoxiuridina (FAUTP), que € incorporado no DNA em vez de
desoxitimidina-trifosfato (dTTP); e o monofosfato fluorodesoxiuridina (FAUMP), que
forma um complexo estavel com a timidilato sintase (TS), inibindo a producédo de
monofosfato de desoxitimidina (dTMP) (ZHANG et al., 2019; KUMAR et al., 2010). A
dTMP é essencial para a replicacdo e reparacdo do DNA, e sua deplecdo, por
conseguinte, causa citotoxicidade. Estes metabolitos ativos perturbam a sintese de
RNA, bem como a inibicdo e acdo da TS, tal inibicAo é considerado principal
mecanismo de acdo do 5-FU (NOORDHUIS et al., 2004; HOSKINS; WANG et al.,
2018.). Com isso, a FUTP provoca alteragcdes no processamento e funcédo do RNA, ja
a FAUTP e a FAUMP causam danos ao DNA (MIURA et al., 2010; MIRANDA et al.,
2019).

O limiar de concentracdo e atividade do 5-FU é avaliado pela velocidade do
catabolismo da dihidropirimidina desidrogenase (DPD) no figado, que é responsavel
pela conversao do 5-FU (80% do total) em dihidrofluorouracil (DHFU), um metabolito
inativo (Figura 07) (THORN et al., 2011). Aproximadamente 15-20% é eliminado na

urina e apenas uma pequena fragéo, estimada em apenas 3% da dose original de 5-
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FU, permanece disponivel para exercer sua acdo antitumoral, mediando efeitos
citotdéxicos em células tumorais e tecidos normais (MIURA et al., 2010; FOCACCETTI
et al., 2015).

Figura 06. Mecanismo de Agéo do 5-FU.
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Fonte: Adaptado de SONIS, 2011.

FUMP: Monofosfato fluorouridina; FUDP: Difosfato fluorouridina; FUTP: Trifosfato fluorouridina; FAUMP:
monofosfato fluorodesoxiuridina; FAUDP: difosfato fluorodesoxiuridina; FAUTP: trifosfato fluorodesoxiuridina; TS:
timidilato sintase; DPD: dihidropirimidina desidrogenase, DHFU: dihidrofluorouracil.

O 5-FU é uma das drogas mais prescritas no tratamento de diversos tipos de
cancer, incluindo mama, pancreas, cabeca, pescoco e gastrointestinal (CARDANI et
al., 2014; ABDELRAHMAN et al., 2016; ZHANG et al., 2016). Véarios sao os efeitos
adversos no tratamento quimioterapico com o 5-FU, devido sua toxicidade, destacam-
se neurotoxicidade, através da reducdo da neurogénese e consequentemente
problemas cognitivos (ELBELTAGY et al, 2012; ZHANG et al, 2016),
cardiotoxicidade, culminando em isquemia, infarto agudo do miocardio, cardiomiopatia
(FOCACCETTI et al., 2015), hepatotoxicidade, mielosupressao (KUMAR et al., 2010;
KOBUCHI et al., 2016), alopécia, fadiga (MINHAS et al., 2016), reacdes cutaneas que
incluem eritema, bolhas, prurido, necrose, erosdo e exacerbacdo da rosacea
(HADDOCK; COHEN, 2016), além de disturbios gastrointestinais como lesdo da
mucosa intestinal (KAWASHIMA et al., 2015).
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1.4 Mucosite intestinal por antimetabolitos

A mucosa que reveste o trato gastrintestinal (TGI) forma uma barreira seletiva
entre o0 meio interno e externo. Da boca ao reto, a terapia citotoxica para o cancer
(radiacdo e quimioterapia) pode levar a disfuncdo e ruptura deste revestimento
mucoso com uma fisiopatologia envolvendo morte celular epitelial e endotelial, bem
como a ativagao do sistema imune da mucosa (VILLA; SONIS, 2015; BASTOS et al.,
2016)

A mucosite induzida por antineopldsicos € um fator limitante na terapia
anticancer. Essa inflamacdo na mucosa € um termo clinico utilizado para caracterizar
ulceracdes da mucosa de todo o trato digestivo, e sintomas pertinentes (SONIS, 2004;
LALLA et al., 2014; TANG et al., 2016). Esta constitui-se uma das complica¢cdes mais
comuns da quimioterapia, em especial com as drogas que afetam a sintese de DNA
(agentes especificos da fase S, tais como fluorouracil, metotrexato e citarabina, pois
conduz a atrofia das vilosidades, dificultando a absor¢cédo de nutrientes necessarios
para o funcionamento normal do corpo. (KARBELKAR et al., 2016). Em 40% dos
pacientes acontece ap6s a quimioterapia de dose padrdo, e em 100% dos pacientes
submetidos a quimioterapia de dose elevada e transplante de células estaminais ou
medula éssea e ndo sé contribui para a morbidade do tratamento, mas também ao
custo do tratamento (SUKHOTNIK et al., 2014; OLIVEIRA et al, 2019).

Figura 07. Fases da mucosite
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A patogénese da mucosite induzida por quimioterapia inclui cinco fases (Figura
08): iniciacdo pela quimioterapia, a sobre-regulagdo e geracdo de sinais de
mensageiro, a sinalizacdo por citocinas pré-inflamatorias e amplificacdo de lesdo da
mucosa, ulceracdo da mucosa e, finalmente, a cura. (VILLA; SONIS, 2015; BASTOS
et al., 2016).

De inicio, a aplicacdo de radiacdo e/ou quimioterapia danifica diretamente o
DNA e causa quebras nas fitas, resultando em morte das células basais epiteliais.
Dano ainda mais significativo a nivel tecidual é a geracdo de espécies reativas de
oxigénio (ERO) com o aumento nos niveis de citocinas pro-inflamatérias, os quais
atuam como um marcador para células do sistema imunolégico (SONIS, 2009;
SUKHOTNIK et al., 2014).

O excesso de espécies reativas de oxigénio geradas nas fases iniciais e de
inducdo da mucosite e, consequentemente o consumo de grandes quantidades de
antioxidantes gera um desequilibrio com instalacéo do estresse oxidativo (MONDIN et
al., 2016; YOSHINO et al., 2016). Arifa et al. (2014) em estudo realizado relatam

presenca de estresse oxidativo em mucosite intestinal induzida por irinotecano.

Na segunda fase, denominada resposta a danos primarios, ocorrem diversos
eventos simultadneos (figura 08). Os danos causados ao DNA pelo quimioterapico,
EROs e espécies reativas de nitrogénio promovem ativacao de fatores de transcri¢cao
como p53 relacionado a regulagéo do ciclo celular e apoptose e NF-kB envolvido na
regulacdo da expressdo de citocinas inflamatérias e moléculas de adesao (VILLA;
SONIS, 2015; KARBELKAR et al., 2016).

O acumulo de sucessivas alteracdes biolégicas induzidas por radiacdo e/ou
guimioterapia resulta em uma cascata de eventos que culmina com a destruicao da
mucosa intacta. No decorrer da fase de sinalizacdo e amplificacdo, muitas das
moléculas induzidas pela resposta primaria podem (através de feedback positivo ou
negativo) alterar a resposta do tecido local (SONIS et al., 2007; REOLON et al, 2017).
Produtos de parede celular, como lipopolissacarideos, acido lipoteicdéico, antigenos de
parede celular penetram na submucosa rica em macréfagos para estimular as células
a continuar secretando citocinas pro-inflamatérias (SONIS, 2009; LEOCADIO, 2013).
A fase ulcerativa € o maior evento associado com mucosite. Sua evolucao se da como

consequéncia direta ou indireta dos mecanismos acima citados, causando danos e
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alteracOes apoptoticas ao epitélio da mucosa. As ulceracdes provenientes da mucosite
s&o profundas e rapidamente colonizadas por bactérias (SONIS, 2011; LEOCADIO,
2013).

Apés a fase ulcerativa ocorre a fase de cicatrizacdo, onde a mesma ocorre
espontaneamente. A cura das ulceracdes é o resultado de um processo bioldgico ativo
em que sinalizadores da matriz extracelular da submucosa guiam a proliferacéo,
migracao e diferenciacao do epitélio ao redor da tlcera (DOS SANTOS FILHO et al.,
2016).

1.5 Mediadores inflamatdrios na mucosite intestinal

Evidéncias crescentes sugerem que nos processos inflamatérios ocorre intensa
participacdo de citocinas pré-inflamatorias, que incluem interleucina-6 (IL-6), fator de
necrose tumoral alfa (TNF- a), interleucina-1 e citocinas anti-inflamatorias, tais como
Interleucina-10 (IL-10), as quais estdo envolvidas neste processo (MONDIN et al.,
2016).

O TNF- q, produzido principalmente por macréfagos, € uma citocina pro-
inflamatéria que interage com uma variedade de sinais resultando em uma
estimulacdo indireta de inflamacdo e agindo em diferentes partes do corpo
promovendo uma resposta imune e inflamatoria por meio do recrutamento de
neutrofilos e mondcitos para o local da infeccéo, além de ativa-los (VITALE; RIBEIRO,
2007; HAAGEN et al., 2009; MONDIN et al., 2016). O TNF- a é o principal fator
presente no processo de regulacdo da funcao da barreira intestinal sobre os processos
inflamatdrios, sendo uma citocina evidente na doenca inflamatoria intestinal
(KANAREK et al., 2014; Alvarenga et al., 2016).

De Araujo Junior et al. (2014) encontraram niveis elevados de TNF- a em
modelos de mucosite intestinal decorrente do uso de metotrexato. Freitas et al. (2012)
estudando modelos de mucosite oral em hamster tratados com 5-FU mostraram por
imunohistoquimica um aumento na expressédo de TNF-a. TNF-aq, IL-1B s&o citocinas

importante que estao envolvidas na ativagao da via de NF-kB. (Freitas et al., 2012).

A interleucina-1 (IL-1B) € um mediador pré-inflamatorio presente na inflamacéo
aguda ou cronica e € um poderoso indutor da resposta imune. A IL-13 é produzida por

células hematopoiéticas tais como mondocitos sanguineos, macréfagos teciduais e
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células dendriticas em respostas a diversos estimulos. A mesma pode ainda induzir
sua prépria producdo e processamento, sendo este um passo fundamental na
patogénese de muitas doencas inflamatorias. A IL-1B8 € conhecida por desempenhar
um papel chave na inflamacéo e tem relevancia especifica na inflamacéo intestinal,
podendo estar envolvida no processo de apoptose das células de criptas produzindo
perda na arquitetura do intestino (CHANG et al., 2012; GARLANDA; DINARELLO;
MANTOVANI, 2013; VAN TASSELL et al., 2013; SPEZZIA et al., 2020.).

IL-1B8 e TNF-a geram inducdo de moléculas de adeséo endotelial, tais como as
I-CAMs (moléculas de adeséo intracelular) que sé@o essenciais nas fases iniciais da
resposta inflamatéria (LOGAN et al., 2007; VAN TASSELL et al., 2013). A regulacéo
positiva da IL-13 apdés dano ao DNA é observada em pacientes com cancer com
mucosite e que o tratamento com anti-IL-1p pode melhorar a mucosite assim como 0s
multiplos disturbios associados a permeabilidade da barreira (KANAREK et al., 2014).
Aumento nos niveis de IL-1 foram encontrados em linhagens de células tratadas com
metotrexato. VERRI et al., 2006; RIBEIRO et al., 2016).

Ativacdo de NF-kB é induzida por uma variedade de agentes, incluindo
bactérias, virus, citocinas, estresse oxidativo, além de radiacdo ionizante e
guimioterapia. Uma vez ativado, NF-kB regula positivamente uma quantidade elevada
de genes, muitos dos quais sdo potencialmente importantes em doencas e lesdes da
mucosa, além de genes associados a expressao de citocinas pro-inflamatorias, fatores
de crescimento, moléculas de adesédo. NF-kB também tem como alvo uma variedade

de genes relacionado a apoptose (CURRA et al., 2015).

A COX-2 é uma forma indutivel da enzima cicloxigenase e € expressa
principalmente em resposta a estimulos inflamatérios e medeia a producdo de
prostaglandinas que intensificam o processo inflamatorio. A expressdo de COX-2 é
estimulada por citocinas proé-inflamatérias, tais como interleucina-1 e TNF- alfa em
muitas ceélulas, incluindo células endoteliais, macrofagos e fibroblastos.
Recentemente, observou-se aumento da expressdo de COX-2 em fibrose de alguns
tecidos, como figado, mucosa oral e coracdo (GUNTER et al., 2016, WONG et al.,
2015).

Estudos indicam que a COX-2 tem um papel importante na patogénese da

mucosite. Descobriu-se que o0 aumento na expressao de COX-2 apresentou-se
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paralelo ao desenvolvimento de mucosite ulcerativa, contribuindo com o aumento na
duracdo do quadro inflamatorio e/ou aumentando a gravidade das Ulceras formadas
(SONIS et al., 2009, WONG et al., 2015).

Mucosite oral em hamster que receberam 5-FU apresentaram forte marcacéao
imunohistoquimica para COX-2 evidenciando severidade significativa no curso da
mucosite quando comparado ao grupo controle (FREITAS et al., 2012). Tratamento
com irinotecano aumenta a expressdo de COX-2 em segmentos intestinais de
camundongos (WONG et al., 2015; ALVARENGA et al., 2016; ALENCAR et al., 2017).

Em resposta ao aumento na expressao de citocinas pro-inflamatoérias ocorre
durante o processo a nivel transcricional elevagéo na atividade da enzima 6xido nitrico
sintase indutivel resultando em maior producao de éxido nitrico (NO) sendo este um
dos mediadores téxicos durante a patogénese da mucosite (LEITAO et al., 2011;
SKEFF et al., 2014; FANGEL et al., 2019.).

O NO apresenta efeitos biol6gicos complexos, desempenhando papéis
benéficos e prejudiciais. Os efeitos prejudiciais podem incluir uma acao citotoxica para
tecidos hospedeiros adjacentes, resultando em dor e lesdes nos tecidos. A produgao
de grandes quantidades de NO pela iNOS foi evidenciada por desempenhar um papel
importante nas reagdes imunes e em muitos processos inflamatorios, incluindo a
mucosite (SKEFF et al., 2014). Bastos Moura et al. (2015) em modelos de mucosite

oral por radioterapia evidenciou aumento na expresséo de iNOs.

Pesquisas mostram que o quadro de mucosite induzida por antineoplasicos
pode ser modulado negativamente pela inibicdo do 6xido nitrico sintase induzivel,
sugerindo um papel prejudicial do 6xido nitrico na patogénese (LIMA JUNIOR et al.,
2012; LIMA JUNIOR et al., 2014).

1.6 Agentes Antioxidantes e Biomarcadores na mucosite intestinal

A instalacdo da mucosite se deve uma cascata de eventos, todavia 0os eventos
de dano direto ao DNA e geracdo de espécies reativas de oxigénio e nitrogénio
(ERO/ERNS), séo peca-chave para desencandear o processo inflamatério e ulcerativo
caracteristico na mucosite Diante disso, no ambito cientifico, usualmente tem-se
utiizado o malondialdeido (MDA), mieloperoxodase (MPO), glutationa (GSH),

superoxido dismutase (SOD), catalase como possiveis biomarcadores capazes de
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mensurar a inflamacgéo e estresse oxidativo, e com isso predizer sobre a eficacia de
produtos e/ou métodos de terapéutica as novas drogas que tem se avaliado no
tratamento nas doencas inflamatoérias do TGI, em especial na mucosite.( Dias et al.,
2019)

1.6.1. Glutationa Reduzida (GSH)

O trato gastrointestinal (Gl) é uma fonte crucial na producdo radicais livre.
Apesar da barreira protetora proporcionada pela camada epitelial, materiais ingeridos
e agentes patogénicos podem causar inflamacao do epitélio, ativacdo dos neutréfilos
e 0s macrofagos e, estes aumentar a inflamacdo por meio de citocinas e outros
mediadores que contribuem aumento dos radicais livres nas formas de ROS e RNS,
que s&o subprodutos do metabolismo celular normal (BHATTACHARYYA et al., 2014).
No tratamento do cancer por agentes quimioterapéuticos e radioterapias depende em
grande parte formacao de ROS e/ou RNS para destruir células malignas por apoptose.
No entanto, o desequilibrio entre a geracao radicais livres e a capacidade antioxidante
representa um grave problema para a homeostase corporal, conhecido como estresse
oxidativo (ALDEMIR et al., 2015).

Considerado o mais importante antioxidante ndo enzimético, a Glutationa, €
encontrada das células eucarioticas, em geral na sua forma reduzida, GSH (y-L-
glutamil-L-cisteinil-glicina). Trata-se de tripeptideo tiol (sulfidrilo) e tem como precursor
0s aminoacidos cisteina, glicina e acido glutamico (glutamato). Embora expresso de
forma ubiqua, a biossintese da GSH ocorre, predominantemente no figado. Para o
desenvolvimento da atividade protetora da glutationa expressa pela reducdo de
espécies oxidantes, e consequente oxidacdo da GSH a glutationa dissulfeto (GSSG)
seja mantida, a GSH precisa ser regenerada através do ciclo catalitico, que se da pela
atividade de trés grupos de enzimas: a glutationa peroxidase (GSH-Px ou GPX), a
glutationa oxidase (GSH-O ou GO) e a glutationa redutase (GSH-Rd ou GR) que
formam o sistema de glutationa. As duas primeiras enzimas, GO e GSH-Px, catalisam
a oxidacdo de GSH a GSSG e a ultima, GR, é responsavel pela regeneracédo de GSH,
a partir de GSSG, na presenca de NADPH (HUBER; ALMEIDA, 2008; CHENG et al.,
2017).

O estado redox intracelular (niveis GSH/GSSG) da célula é frequentemente
usado como um marcador da capacidade antioxidante das células. A manutencédo de

uma alta relacdo intracelular GSH/GSSG (> 90%) minimiza a acumulacdo de
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dissulfetos e fornece um ambiente redutor dentro da célula. Em muitas doencas
inflamatorias no trato gastrointestinal, o0 esgotamento dos niveis de GSH intracelular
ou aumento dos niveis de GSSG esta presente em concomitante com a inducdo de
mediadores inflamatorios e citocinas proé-inflamatérias (RAHMAN; MACNEE, 2000;
GAURAV et al.,, 2012; SCHMITT et al.,, 2015). E a avaliacdo dos niveis de GSH
intracelular ilustra um breve panorama da capacidade antioxidante frente a um
processo inflamatério, onde niveis elevados de GSH sugere capacidade protetora ao
estresse oxidativo, inflamacao e apoptose, enquanto que a diminuicdo dos niveis de
GSH sugere baixo efeito antioxidante e/ou exacerbacdo do estresse
oxidativo/inflamacéo (CHENG et al., 2017).

1.6.2 Malondialdeido (MDA)

O desequilibrio entre os sistemas pro e antioxidantes, denominado de estresse
oxidativo pode culminar em danos estruturais e/ou funcionais (KHALILI;
BILOKLYTSKA, 2008). Enquanto alguns deles podem ser altamente prejudiciais ao
organismo, lesionando membranas dos eritrocitos, proteinas, DNA e danificando
células e tecidos, outros reagem apenas com os lipideos, produzindo peroxidacao
lipidica. A degradacédo dos lipideos de membrana e os produtos finais da peroxidacéo
lipidica, como malondialdeido (MDA) e outros aldeidos, sdo especialmente danosos
(ELIAS et al., 2010; HEBER, 2014).

A peroxidacéo lipidica (PL), também denominada de lipoperoxidagcédo, € uma
cadeia de reacOes mediada por radicais livres que, uma vez iniciada, desencadeando
a deterioracdo oxidativa dos lipidios poli-insaturados de membrana. Uma vez iniciado
0 processo, as espécies reativas desencadeia uma série de reacfes oxidativas
sucessivas que levam a formacao de hidroperoxido lipidico, tal composto é instavel e,
sua fragmentacdo resulta na formacdo de aldeidos altamente reativos toxicos, tal
como N-(epsilon)-(2-propenal) [malondialdeido (MDA)] (GROTTO et al.,, 2009;
RAGHAVAN et al., 2012). Considerado um dos produtos finais da PL, o MDA é um
aldeido de baixo peso molecular de trés carbonos e, atua como segundos
mensageiros toxicos que potencializam a lesdo e morte celular ja iniciada pelos
radicais livres, além de promover mutacdes e danos ao DNA (GROTTO et al., 2009;
KULKARNI et al., 2011; RAGHAVAN et al., 2012; VYAS et al., 2016).
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Dessa forma, o MDA é, de longe, o indicador mais importante biomarcador de
peroxidacao lipidica (SULISTYOWATI et al., 2014; VYAS et al., 2016) e, pode ser
utilizada como marcador de lesdo da membrana celular (KHALILI; BILOKLYTSKA,
2008; GROTTO et al., 2009).

1.6.3 Mieloperoxidase (MPO)

Os neutrdfilos sdo glébulos brancos altamente moveis e de curta duracgéo,
densamente preenchidos com granulos de secrecao, que sao sintetizados na medula
o0ssea (MO), amadurecem, e migram para 0 sangue e tecidos, onde sao a primeira
linha de defesa celular do inato sistema imunoldgico. No entanto, a acumulacéo e
superativagdo dos neutrofilos exacerba processo inflamatério e, acarreta efeitos
prejudiciais ao tecido. O processo lesivo da ativacdo neutrofilica se deve a liberacéo
de mediadores, em geral proteinas, derivados dos gréanulos citoplasmaticos dos
neutréfilos (MONTESEIRIN et al., 2001; LACY, 2006; PAPAYANNOPOQOULOS et al.,
2010; JOHNSON et al., 2011; RYMASZEWSKI et al., 2014).

Os neutréfilos contém em seu interior, granulos primarios, também chamados
de granulos azurofilicos, que sédo os principais locais de armazenamento dos
mediadores téxicos, denominados de armadilhas extracelulares dos neutroéfilos (NET),
gue incluem elastase, catepsinas, defensinas e mieloperoxidase (MPO) (LACY, 2006;
PAPAYANNOPOULOS et al., 2010).

Expressa e secretada pelos neutrofilos, a MPO € uma enzima hemo-peroxidase
altamente catibnica de peso 144 kDa capaz de gerar espécies reativas de oxigénio
(ROS) e de nitrogénio (RNS) como mecanismo de remocédo de patégenos. A partir da
ativacado de neutrofilos, os granulos priméarios contendo MPO podem se fundir com a
membrana plasmética para secretar o conteddo no meio extracelular. Durante a
exploséo respiratoria, a MPO utiliza H202 para produzir em conjunto com halogenetos
(geralmente o CI) compostos oxidantes como o acido hipocloroso (HCIO), que por sua
vez, reage com proteinas, acidos gordos insaturados e qualquer grupo oxidavel, e,
dessa maneira, induz mutacdes genéticas, alteracdo na sintese proteica e influencia
nos caminhos de sinalizacdo. Desta maneira, os neutréfilos ao mesmo tempo, liberar
espécies reativas de oxigénio e citocinas pro-inflamatérias, além de recrutar leucocitos
adicionais para a regido da inflamacio (MONTESEIRIN et al., 2001; KINDZELSKII et
al., 2006; LACY, 2006; RYMASZEWSKI et al., 2014).
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A atividade da enzima MPO, estritamente produzida por neutrofilos, permite
estimar o influxo celular na lamina propria intestinal. Com isso, o MPO tem sido
utilizado como um marcador bioquimico de estresse oxidativo, inflamacdao e infiltracdo
de granuldcitos em varios tecidos, incluindo o trato gastrointestinal (LORIA et al., 2008;
JUSTINO et al., 2014; KREMSEROVA et al., 2016; CARVALHO et al., 2017).

1.6.4 Mastocitos

Assim como os neutréfilos, os mastocitos, desempenham um papel critico na
regulacdo da imunidade inata, em reposta a infec¢des bacterianas e parasitarias, bem
como modulagédo da inflamagé&o (WALLACE, 2005; RAMSAY et al., 2010). Mastocitos
sdo células provenientes de células progenitoras hematopoiéticas mieldides
pluripotentes da medula 6ssea, de onde circulam no fluxo sanguineo e migram para
os tecidos periféricos, como epitélio das mucosas. Em condicdes fisiologicas, os
mastocitos compreendem cerca de 5% das células mononucleares da lamina prépria
do trato gastrointestinal e contribuem para a homeostase intestinal. Contudo, s&o
considerados criticos na patogénese de processos inflamatérios como a mucosite,
devido sua superexpressdo e, consequentemente amplificacdo da resposta
inflamatodria, que se deve da liberacdo seletiva de mediadores (WALLACE, 2005;
RAMSAY et al., 2010; DE WINTER et al., 2012; THEOHARIDES et al, 2012; AMIN,
2012; PILLAI et al., 2015).

Ramsay et al. (2010) e Nogueira et al. (2017) sugerem que ativacao de
mastocitos contribui consideravelmente para a fisiopatologia da mucosite, uma vez
gue promovem mudancas arquitetbnicas, como a alargamento das vilosidades e
mudancas no tamanho da cripta no intestino delgado. Ao avaliar a populagcéo de
mastocitos na mucosa intestinal tem-se um breve panomara do processo inflamatorio

e dano tecidual atrelado a inflamacao.

1.7 Produtos naturais e flavonoides

Os produtos naturais vém se tonando grande aliado no tratamento e prevencao
de diversas doencas, plantas, sementes, folhas, flavoides, caules como exemplos,
estas, tém sido valorizadas como produtos naturais importantes para a manutengao
da saude humana, por serem fontes promissoras em tratamento, prevencdo de
divesas doencas, se tornam cada vez mais fontes de estudos cientificos. (ATANASOV
et al., 2015; CASANOVA et al., 2017.) Diversos produtos naturais tém sido
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intensivamente explorados, para serem utilizados para terapia de divesos cancer, uma
vez que podem melhorar a eficacia da quimioterapia, reduzir a resisténcia de tumores
ao tratamento, podem reduzir os efeitos adversos, detoxificar o corpo de
guimioterapicos e podem aumentar a qualidade de vida do paciente. (ANDRADE et
al., 2019).

Alguns produtos naturais geram esses beneficios devido a acdo dos compostos
presentes, principalmente, nos 6leos essenciais e em tumericos de diversas plantas
com potencial terapéutico (NEMA et al., 2013). Numerosos estudos exploraram
metabolitos secundarios de plantas medicinais, como flavondides, com o objetivo de
encontrar metabdlitos que exibem atividade farmacoldgica contra varios disturbios da
saude humana (AHMAD et al.,, 2016). Varios flavondides com propriedades
antiespasmadicas, antissecretorias, antidiarreicas e antiulcerosas no trato
gastrointestinal foram relatados (MOTA et al., 2009; ROKAYA et al., 2014; PAULETTO
et al., 2017). Para esses flavonoides, suas atividades biolégicas estdo associadas a
sua capacidade de modular enzimas-chave envolvidas na estimulacdo de processos
inflamatorios, oxidativos e catabdlicos, incluindo xantina oxidase (XO), ciclooxigenase
(COX), lipoxigenase e fosfoinositida 3-cinases (PANCHE et al., 2016).

1.7.1 Rutina

A rutina, composto natural , composta por (quercetin-3-rutinosideo, 3,3',4’,5,7
-pentahidroxiflavona-3 ramnoglicosideo , RUT) € um composto pertencente a classe
dos flavonoides, esta importante classe de substancias naturais apresenta um largo
espectro de atividades bioquimicas e farmacoldgicas, incluindo efeitos antioxidantes,
vasodilatadores, anti inflamatérios, antialérgicos, antivirais e estimulantes do sistema
imunologico (PEDRIALLI, 2005; ALVES et al., 2017; KARAK, 2019) e esta amplamente
distribuida por todo o reino vegetal sendo conhecida, até o presente, mais de 4200
variedades de flavonoides (SIMOES et al., 2007; BONECHI et al., 2018).

O flavondide é extraido da Dimorphandra gardneriana, conhecido popularmente
como Fava D’Anta (BIANCHI et al., 2018). A D. gardneriana € uma planta
extremamente abundante no bioma brasileiro, encontrada principalmente na regiao
nordeste do pais (MONTANO et al., 2007), devido aos seus frutos serem fontes ricas
em flavonoides rutina, que possuem promissores propriedades farmacoldgicas de

interesse comercial, tem sido amplamente utilizada pela industria farmacéutica
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principalmente pelos efeitos vasodilatadores e antioxidantes. ( DAMASCENO et al.,
2019.).

Figura 08. Rutina

HO o

OH

Fonte: A : autoria Propia adaptado de DE OLIVEIRA, Ines Rosane Welter Zwirtes et al,2009. , B - Boas
praticas de manejo para o extrativismo sustentavel da fava d'anta / Bruno de Carvalho Filizola. —
Brasilia: Instituto Sociedade, Populagéo e Natureza, 2013

A: Estrutura quimica da Rutina; B: Dimorphandra gardneriana in natura.

Com estrutura quimica de um flavonoide do subtipo flavonol e ligacdo a um
dissacarideo (raminose + glicose) a posicdo 3 do anel pirano, a RUT tem sido
intensamente pesquisada e os resultados obtidos tem despertado interesse constante
da induastria farmacéutica, em especial devido a suas atividades antioxidantes
(KAMEL; MOSTAFA, 2015), anti-inflamatérias (MASCARAQUE et al., 2014), anti-
apoptoticas e citoprotetoras (FERNANDES et al., 2010; KHAN et al., 2012; HAFEZ et
al., 2015).

As propriedades farmacoldgicas deste bioflavoide ndo se resume em apenas
sua atuacdo na inflamagéo e estresse oxidativo,Também foi relatado como agente
anti-plaquetario,  vasoprotetor,  antiaterosclerotico,  neuroprotetor,  antiviral,
antimicrobiano, antifangico, antialérgico, antitumoral, hipolipidémico,
anticonvulsivante, antiosteoporoticos, analgesico, diurético, antidiabético (DA SILVA
et al., 2001; OLIVEIRA et al., 2002; BECHO et al., 2009; RODRIGUES et al., 2013;
FLAMBO, 2013; AL-DHABI et al, 2015; DOS SANTOS et al., 2017;
GANESHPURKAR; SALUJA, 2017).

No que tange a seus efeitos no TGI, estudos tem relatado a eficacia
gastroprotetora da RUT no tratamento de Ulcera gastrica em modelos experimentais
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(GUERRERO et al., 1994; LA CASA et al., 2000). Para modelos de lesdo gastrica,
forma evidencadios de RUT diminui o dano histologico, os niveis de MPO, MDA e inibe

a atividade do oxido nitrico sintase induzivel (iNOS) (LIU et al., 2013).

Os mecanismos de agdo da RUT em doencas de cunho inflamatério e cronicas
no TGI, como colite ulcerativa e Doenca de Crohn, destacam-se inibicdo de
Prostaglandina E2 (PGEZ2), Angiotensina Il, biossintese dos eicosandides,
lipoxigenase, COX-2, Fosfolipase A2 (PLA2) e iINOS (CHOI et al., 2014; AL-DHABI et
al., 2015). Atrelado a isso, pesquisas apontam que a maior vantagem da utilizagéo de
flavonoides, como a RUT, deve-se ao fato da baixa toxicidade (SHARMA et al., 2013;
DE ALCANTARA., 2020.).

Apesar de ja relacionado efeitos antifinflamatérios e antioxidantes relevantes
em diversas desordens e modelos experimetais, o efeito da RUT nos processos
inflamatérios no intestino, especialmente na mucosite promovida por agentes
antineoplasicos, ainda néao foi relatado. Neste estudo, investigamos o papel da RUT
na mucosite intestinal induzida por 5-FU experimental e exploramos 0s possiveis

mecanismos subjacentes de sua acgao.
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2 OBJETIVOS

2.1 Objetivo Geral

Avaliar o efeito da Rutina na reversdo das alterac6es morfoldégicas na mucosite

intestinal induzida por 5-fluorouracil, e os possiveis mecanismos de a¢éo envolvidos.

2.2 Objetivos Especificos

e Reproduzir o modelo de mucosite intestinal experimental induzida por 5-FU em
camundongos Swiss.

e Avaliar o efeito da rutina sobre a perda ponderal de camundongos no modelo
de mucosite intestinal induzida por 5-FU.

e Identificar os efeitos da rutina sobre as alteragfes histopatologicas em
vilosidades e criptas induzidas por 5-FU na mucosa intestinal.

e Estudar o efeito da rutina no estresse oxidativo induzidos por 5-FU na mucosite
intestinal, através da mensuracao dos niveis de MDA e GSH.

e Determinar o efeito da rutina na inflamacgao induzidos por 5-FU em modelo
experimental de mucosite intestinal por meio da mensuracdo dos niveis de
MPO.

e Mensurar o efeito da rutina na contagem de mastécitos teciduais induzidos por
5-FU na mucosite intestinal.

e Avaliar o efeito protetor da rutina na mucosa intestinal por meio da mensuracao
da contagem de células caliciformes em modelo experimental de mucosite
intestinal.

e Investigar o envolvimento da cicloxigenase 2 (COX-2) no efeito protetor da
rutina na mucosite intestinal, por meio analise histopatolégica dos vilos e

criptas, imunohistoquimica para COX-2 e docagem molecular.
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3 DESENVOLVIMENTO

Por se tratar de pesquisa envolvendo animais, o projeto de pesquisa referente
a esta dissertacéo foi submetido & apreciacdo da Comissdo de Etica no Uso de
Animais (CEUA) da Universidade Federal do Ceara, tendo sido aprovado sob numero
6595260719 (Anexo A).

Esta dissertacdo de Mestrado baseia-se no § 7° do Artigo 37° do Regimento
Interno do Programa de Pds-Graduacéo em Ciéncias Morfofuncionais da Universidade
Federal do Ceara, que regulamenta o formato alternativo para dissertacbes de
Mestrado e teses de Doutorado. Este capitulo consta de uma cépia do artigo cientifico
de autoria do candidato publicado no periodico “Molecules”, Fator de Impacto (2018)
= 3.060 e QUALIS B1 em Ciéncias Biolégicas, conforme exigéncia no § 8° do Artigo

37° no regimento da Pos-Graduacao para defesa de Mestrado e Doutorado.
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Abstract: Intestinal mucositis, characterized by inflammatory and/or ulcerative processes in the
gastrointestinal tract, occurs due to cellular and tissue damage following treatment with 5-fluorouracil (5-
FU).Rutin (RUT), anatural flavonoid extracted from Dimorphandra gardneriana, exhibits antioxidant, anti-
inflammatory, cytoprotective, and gastroprotective properties. However, the effect of RUT on
inflammatory processes in the intestine, especially on mucositis promoted by antineoplastic agents,
has not yet been reported. In this study, we investigated the role of RUT on 5-FU-induced experimental
intestinal mucositis. Swiss mice were randomly divided into seven groups: Saline, 5-FU, RUT-50, RUT-
100, RUT-200, Celecoxib (CLX), and CLX #+ RUT-200 groups. The mice were weighed daily. After
treatment, the animals were euthanized and segments of the small intestine were collected to evaluate
histopathological alterations (morphometric analysis); malondialdehyde (MDA), myeloperoxidase
(MPO), and glutathione (GSH) concentrations; mast and goblet cell counts; and cyclooxygenase-2
(COX-2) activity, as well as to perform immunohistochemical analyses. RUT treatment (200 mg/kg)
prevented 5-FU-induced histopathological changes and reduced oxidative stress by decreasing MDA
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concentrations and increasing GSH concentrations. RUT attenuated the inflammatory response by
decreasing MPO activity, intestinal mastocytosis, and COX-2 expression. These results suggest that the
COX-2 pathway is one of the underlying protective mechanisms of RUT against 5-FU-induced
intestinal mucositis.

Keywords: flavonoid; inflammation; antimetabolites; intestine

1. Introduction

The use of chemotherapeutic agents is a major strategy for destroying cancer cells and maintaining
normal cell development in cancer patients [1]. 5-Fluorouracil (5-FU), an antimetabolic
chemotherapeutic agent used mostly to treat various types of cancer and tumors, is a fluorinated
pyrimidine whose anticancer activity is based on its capacity to interfere with nucleotide metabolism,
as well as RNA and DNA synthesis [2-5]. However, several adverse effects are associated with 5-FU
therapy, including nausea, vomiting, diarrhea, myelosuppression, and intestinal mucositis [6-11].

Intestinal mucositis is characterized by inflammatory and/or ulcerative processes in the
gastrointestinal tract, resulting in cellular and tissue damage caused by 5-FU treatment [12]. Notably,
the incidence of mucositis in cancer patients ranges between 40 and 100% [13-15]. Owing to the lack of
efficacious therapeutic tools for the treatment of intestinal mucositis, new alternative therapeutics that
can reduce the side effects of 5-FU, without impairing cancer treatment, are being studied.

Numerous studies have explored secondary metabolites from medicinal plants such as flavonoids
with the aim of finding metabolites that exhibit pharmacological activity against several human health
disorders [16]. Several flavonoids with antispasmodic, antisecretory, antidiarrheal, and antiulcer
properties within the gastrointestinal tract have been reported [17,18]. For these flavonoids, their
biological activities are associated with their capacity to modulate key enzymes involved in the
stimulation of inflammatory, oxidative, and catabolic processes, including xanthine oxidase (XO),
cyclooxygenase (COX), lipoxygenase, and phosphoinositide 3-kinases [19].

Rutin (quercetin-3-rutinoside, RUT), a natural flavonoid extracted from Dimorphandra gardneriana,
Fabaceae, popularly known as anta fava [20]. D. gardneriana is an extremely abundant plant in the
Brazilian biome, naturally occurring in the northeastern region of the country [21] and has been widely
used by the pharmaceutical industry in Brazil to extract RUT [22]. For RUT, a phytochemical with
superior therapeutic potential, it has been reported to exhibit antioxidative [23], anti-inflammatory [24],
anti-apoptoticand cytoprotective [25-27] activities, as well as gastroprotective efficacy [28,29]. However,
the effect of RUT on inflammatory processes in the intestine, especially on mucositis promoted by
antineoplastic agents, has not yet been reported. In this study, we investigated the role of RUT on
experimental 5-FU-induced intestinal mucositis and explored the possible underlying mechanisms of
its action.

2. Results

2.1. Extraction and Characterization of the RUT Flavonoid

The chromatographic fractionation of D. gardneriana extracts facilitated the isolation of a yellow
crystalline solid with a melting point of 194 "C (with decomposition), homogeneous in thin layer
chromatography (TLC) and soluble in methanol and dimethyl sulfoxide (DMSO). The method resulted
in the purification of 12.42 g RUT.

Based on the infrared spectrum analysis of RUT (Figure 1B), it was possible to verify the major

functional groups present in its chemical structure (Figure 1A). The broad and strong band at 3429 cm™!
indicated the stretching of the O-H bond of the hydroxyl groups, indicating alcohol and phenol

chemical structures. The band observed at 2931 cm™! was attributed to the asymmetric stretch of the

C-H bond. Additionally, the doublet present between 1661 and 1595 cm™! indicated the stretching of
the C=0O bond of the carbonyl function and the C=C bond of the aromatic rings, respectively.
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Figure 1. Characterization of Rutin (RUT). (A) Chemical structure of RUT; (B) Absorption spectroscopy in the
infrared region of RUT.

The band present at 1370 cm™! indicated the vibrations of the C-O bond, while the band present
at 1058 cm™! indicated the stretching of the C-O-C bond, as well as the presence of conjugated
carbohydrates in the chemical structure of the molecule. Moreover, absorption at 824 cm™! indicated a

substituted aromatic ring. The assignments are consistent with those reported by Vuet al. [30] and
Deepika et al. [31].

The Differential Scanning Calorimetry (DSC) curve of RUT isolated from D. gardneriana (Figure
2) showed the presence of three endothermic peaks ranging from 134 to 185 °C, and two exothermic peaks
at 230 and 244 °C. The peak at 134 °C refers to the loss of residual water present in the physical structure

of the drug. The melting temperature refers to the peaks between 169 and 185 °C. The exothermic peaks
at 230 and 244 °C are attributed to the boiling temperatures.
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Heat Flow (WWg)
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Figure 2. Differential Scanning Calorimetry (DSC) curve of RUT under N atmosphere.
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The Carbon-13 Nuclear Magnetic Resonance ('>*C-NMR) spectrum of RUT isolated from D. gardneriana
demonstrated 27 spectral lines facilitating the identification of 15 absorptions associated withunsaturated

carbonsin the d177.8-94.0 range and 12 absorptions associated with saturated carbons in the d 122.0-18.2
range when compared with the 1>C-distortionless enhancement of polarization transfer DEPT-NMR
spectra (135°). Furthermore, the proton (*H) NMR spectrum revealed hydroxyl groups from a singlet at
d 12.6, indicating the presence of four absorptions associated with unsaturated carbon hydrogens,

demonstrating chemical displacements in the 8 7.5-6.2 range. The assignments are listed in Table 1 and
are in line with the proposals of Xiao et al. [32] and Xu et al. [33].

Table 1. 'TH NMR and *C NMR profile of RUT (DMSO-ds, 3, multiplicity).

'H NMR 1BC NMR
Rutin S (ppm) Rutin & (ppm)
5-OH 126(s) 4-C 177.8
2’-Ar 7.5 (s) 7-C 164.5
5'-Ar 6.8(m) 9-C 161.7
8-Ar 6.4 (s) 5-C 157.1
6-Ar 6.2 (s) 2-C 156.9
17-H 54(d) 3-C 148.9
177-H 44(s) 4-C 145.2

9H-rhamnoglucosyl ~ 3.7-3.1 3-C 133.8
3H-rhamnosyl 1.0(m) 1-C 122.0

6’-C 121.6
5-C 116.7
2-C 115.7
17-C 101.6
1"7-C 101.2
6-C 99.1
8-C 94.0
37-C 76.9
57-C 76.4
27-C 74.5
47-C 72.3
2"7-C 71.0
47-C 70.8
37-C 70.5
6”-C 68.7
57-C 67.4
6"”-C 18.2

Figure 3 shows the High Performance Liquid Chromatography (HPLC) chromatogram (A) and the
absorption spectrum in the UV-Visregion of the isolated RUT from D. gardneriana (B). The isolated RUT
had a retention time of 9.50 min and a purity of 97% HPLC grade. In addition, the scanning spectrum
in the UV-Vis region indicated a maximum absorbance peak at 350 nm.

1500

9.50 min
A
A 100 4 (B)
1000 350nm
2 T
<
Z 50
500
- NMmT O © o 0 r
2 i ety r
. = ; i . 200 400 600 800
0 S 10 15 20 25 30 Wavelenght (nm)

Minutes

Figure 3. HPLC chromatogram (A) and UV-Vis spectrum (B) of the isolated RUT from D. gardneriana.

2.2. Weight Analysis
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Weight loss is one of the most common side effects of 5-FU chemotherapy. The experimental mouse
model of 5-FU-induced intestinal mucositis demonstrated significant weight loss. Asshownin Figure 4,
from the second day, all mice with 5-FU-induced intestinal mucositis presented progressive weight
loss, which was significant when compared to the saline group (p < 0.05). However, pretreatment with
RUT at any dose failed to prevent weight loss in the 5-FU-induced mucositis animals (p <0.05).
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Figure 4. Body weight variation in mice subjected to induced intestinal mucositis (5-FU, 450 mglkg,
intraperitoneally, single dose) and treated with RUT (50, 100, and 200 mg/kg for 3 days). The results are
expressed as the mean % standard error of the mean (SEM) of the weight evaluation percentage of the initial
weight, for a minimum of 6 animals per group. Statistical analysis was performed using two-way analysis of
variance (ANOVA) followed by Tukey’s test. # p < 0.05 vs. saline.

2.3. Histopathological and Morphometric Analysis

AsshowninTable2, the administration of 5-FU induced changes in the intestinal mucosa of mice, as
evidenced by reduced villus height, crypt necrosis and hypoplasia, intense inflammatory cell infiltration,
vacuolization, and edema of intestinal mucosal and muscular layer cells. In the 5-FU-administered
group, this resulted in a significant increase in the microscopic score when compared to the saline group
(p <0.05) in the three intestinal segments. Notably, RUT treatment (200 mg/kg) significantly decreased
(p < 0.05) the histopathological scores when compared to the 5-FU lesion group, demonstrating the
reversal of decreased villus height and vacuolization, as well as the attenuation of crypt necrosis and
inflammatory cell infiltration into the intestinal mucosa in the duodenal and jejunal segments. In the
three intestinal segments, RUT (50 and 100 mg/kg) demonstrated no significant decrease (p > 0.05) in
the histopathological scores induced by 5-FU.

Table 2. Histopathological scores of mice subjected to 5-FU-induced intestinal mucositis and pretreated with RUT.
Segments Groups
Saline 5-FU RUT (mg/kg)
50 100 200
Duodenum 0(0-1) 3(2-3)* 2(1-3) 2(1-2) 1(1-3)°
Jejunum  0(0-1) 3(1-3)* 2(1-3) 1,5(1-3) 1(1-2)°
Ileum 0(0-0) 3(1-3* 3(1-3) 2(1-3) 2(1-3)
Values are expressed as median, where a p <0.05 vs saline and b p <0.05 vs 5-FU (n = 6/group). The data
were analyzed using the Kruskal-Wallis test followed by Dunn’s multiple comparisons test. 5-FU, 5-
fluorouracil; RUT, rutin.

Additionally, the villi heights were measured in the three intestinal segments (Figure 5A-C); 5-FU
significantly decreased the villi height in the duodenum, jejunum, and ileum (p < 0.05, when
compared to the saline group in corresponding segments. In the duodenum and the jejunum,
pretreatment with RUT (100 and 200 mg/kg) revealed a significant reversal in villi shortening induced by

5-FU (p < 0.05). However, in the ileum, all RUT doses failed to reverse the villi shortening caused by 5-
FU treatment.
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Figure 5. Morphometric analyses of the mice intestinal segments following 5-FU-induced intestinal mucositis.
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Experimental groups: Saline, 5-FU, RUT-50, RUT-100, and RUT 200 mg/kg. (A-C): Villi height in the duodenal,
jejunal, and ileal segments, respectively. (D-F): Crypt depth of the duodenal, jejunal, and ileal segments,
respectively. (G-I): Villus/crypt ratio of the duodenal, jejunal, and ileal segments, respectively. Values are expressed
as mean X SEM. Statistical analysis was performed using the one-way analysis of variance, followed by Tukey’s test.
# p < 0.05 vs. saline group and * p < 0.05 vs. group 5-FU. Villus height (um), Crypt height (um), Villus/Crypt ratio
(Mm). 5-FU, 5-fluorouracil; RUT, rutin.

Wedemonstrated that 5-FU significantly decreased crypt depths in the duodenal segment when
compared with the depths in the saline group; RUT 50, 100, and 200 mg/kg prevented the decrease in
crypt depths when compared with the 5-FU treatments (p < 0.05). Additionally, in the jejunum, a
significant decrease in crypt depths was induced by 5-FU (p < 0.05) treatment when compared to the
crypts in the saline group; RUT 50 and 200 mg/kg reversed the decreases in crypt depth induced by 5-
FU. In the ileum, no significant differences (p < 0.05) were observed in crypt depths between the 5-FU
and saline groups.

According to the results of the villus/crypt ratio analyses among the three intestinal segments
(Figure 5G-1), the villus/crypt ratio in the duodenum decreased significantly following treatment with
5-FU when compared with the saline group (p < 0.05). No RUT treatment increased the villus/crypt
ratio significantly when compared with the ratio in the 5-FU group. In the jejunum, 5-FU decreased
villus/cryptratio significantly when compared with the saline group (p < 0.05), and treatment with RUT
200 mg/kg could reverse the decrease in villus/crypt ratio promoted by the 5-FU (p < 0.05). In the ileum,
5-FU decreased the villus/crypt ratio significantly when compared with the saline group (p < 0.05);
however, none of the tested RUT doses promoted a significant increase (p < 0.05) in villus/crypt ratio
when compared to the 5-FU group.

Figure 6 illustrates that 5-FU reduced villi heights, and induced necrosis, loss of crypt
architecture and an increase in the inflammatory infiltrate when compared with observations in the
saline group.
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The results suggest that RUT prevented histological alterations induced by 5-FU treatment, and its
protective effects on the jejunal segment and the effects of 200 mg/kg RUT were particularly evident.

Saline 5-FU RUT-50 RUT-100 RUT-200

DUODENUM

JEJUNUM

ILEUM

Figure 6. Histopathological analyses of intestinal segments of mice with 5-FU-induced intestinal mucositis.
Horizontally, the duodenum is illustrated in (A-E), corresponding to the saline, 5-FU, RUT 50, 100, and 200
mglkg groups, respectively. The jejunum is illustrated in (F-J), representing the saline, 5-FU, RUT 50, 100,
and 200 mg/kg, groups, respectively. The ileum is illustrated in (K-O), representing the saline, 5-FU, RUT 50,
100, and 200 mg/kg, respectively. Black arrows: Shortened villi; red arrows: inflammatory infiltrates, blue
arrows: loss of crypt architecture, and yellow circle: edema. In all segments, 5-FU induces shortened villi, loss
of crypt architecture, and intense inflammatory infiltration. Histological changes are notably reduced
following pretreatment with RUT 200 mg/kg, especially in the duodenal and jejunal segments. 5-FU, 5-
fluorouracil; RUT, rutin.

2.4. Myeloperoxidase Assay (MPO)

Toinvestigate the effects of RUT pretreatment on neutrophil recruitmentin 5-FU-induced intestinal
mucositis, we evaluated the levels of myeloperoxidase (MPO), a neutrophil marker, in the jejunum. As
shown in Figure 7, 5-FU significantly increased MPO levels per mg of tissue in the jejunal segment when
compared to the saline group (p < 0.05). Conversely, RUT 200 mg/kg significantly decreased MPO levels
when compared to the 5-FU group (p < 0.05) and, therefore, decreased neutrophil infiltration (Figure
7).
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Figure 7. Myeloperoxidase (MPO) assay. Values are presented as mean * SEM of MPO activity expressed in Unit
(U) of MPO/mg in tissue. Statistical analysis was performed using the one-way analysis of variance followed by
the Tukey's test. # p < 0.05 vs. saline group and * p <0.05 vs. group 5-FU.
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2.5. Malondialdehyde (MDA) and Glutathione (GSH) Levels

To investigate the effects of RUT pretreatment on 5-FU-induced oxidative stress in the jejunum,
MDA and GSH levels (final products of oxidative stress) were evaluated. In the jejunum, 5-FU treatment

increased MDA levels when compared to those observed following saline treatment (p < 0.05, Figure 8A).
Administration of 200 mg/kg RUT decreased MDA concentrations when compared to the concentrations
observed under the 5-FU treatment (p < 0.05). Animals treated with 5-FU exhibited significantly
decreased GSH concentrations when compared with animals in the saline group (p < 0.05). However,
GSH levels increased significantly in the RUT 200 mg/kg group when compared with levels in the 5-
FU group (p < 0.05, Figure 8B).

10,000 -

-
n
=)

8000 -

-
e
=

6000 +
*

woo | T

2000 4

0
o
I

GSH (pg/g of tissue)

#
Saline = RUT (200 mg/kg) saline - RUT (200 mg/kg)
@ 5.FU (450 mg/kg) 5.FU (450 mg/kg)

MDA nmol/mg of tissue

0

Figure 8. Analysis of oxidative stress. (A) Malondialdehyde (MDA), (B) Glutathione (GSH). Experimental groups:
Saline, 5-FU, and RUT 200 mg/kg. Values are presented as mean * SEM. For the statistical analyses, one-way
analysis of variance was used, followed by Tukey’s test. # p < 0.05 vs. saline group and * p < 0.05 vs. group 5-FU.
5-FU, 5-fluorouracil; RUT, rutin.

2.6. Cell Count in the Intestinal Mucosa: Mast and Goblet Cells

To evaluate the effect of RUT pretreatment on 5-FU-induced mastocytosis, the number of mast
cells in the jejunum was determined (Figure 9). 5-FU treatment significantly increased the number of

mast cells per field when compared with saline treatment (p < 0.05). Additionally, the administration
of 200 mg/kg RUT (Figure 9C) reduced the number of mast cells in turn, preventing 5-FU-induced
mastocytosis and degranulation in mouse intestines (Figure 9B,D).
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Figure 9. Mast cell counts in the jejunal segment based on Toluidine Blue staining. Saline (A); 5-FU (B); RUT-200
(C); Statistical representation of experimental groups (D). Black arrows indicate mast cells. All the panels were
obtained at 400% magnification. Values are presented as mean  SEM of the number of mast cells per field. For
the statistical analysis, one-way ANOVA was used, followed by Tukey’s test. # p < 0.05 in 5-FU vs. Saline group;
* p < 0.05in RUT-200 vs. 5-FU group. 5-FU, 5-fluorouracil; RUT, rutin.
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Analysis of goblet cells in the jejunal segment (Figure 10) revealed that 5-FU treatment significantly
decreased the number of goblet cells in the intestinal mucosa (p < 0.05) when compared to saline
treatment. However, treatment with 200 mg/kg RUT retained the goblet cell number (Figure 10C),
when compared with that of 5-FU treatment (p < 0.05, Figure10B,D).

RUT (200 mg/kg)

N° of goblet cells / field
> m 2
-

Saline
5-FU (450 mg/kg)

Figure 10. Goblet cell counts in the jejunal segment based on Schiff periodic acid (PAS) staining. Saline (A);
5-FU (B); RUT-200 (C); Statistical representation of experimental groups (D). Black arrows indicate goblet
cells. Values are presented as mean  SEM for the number of goblet cells per field. For the statistical analysis,
one-way ANOVA was used, followed by Tukey's test. # p < 0.05 in 5-FU vs. Saline group; * p < 0.05 in RUT-
200 vs. 5-FU group. 5-FU, 5-fluorouracil; RUT, rutin.

2.7. Effect of RUT on Cyclooxygenase-2 Pathway Based on Histopathological and Morphometric Analyses

As illustrated in Figure 11F, 5-FU significantly reduced the jejunal villi height when compared
with the saline group (p < 0.05). Conversely, 200 mg/kg RUT reversed the reduced villi height when
compared with 5-FU treatment. Treatment with the COX-2 inhibitor, celecoxib (CLX), significantly
suppressed a decrease in villi height when compared with the 5-FU group. Compared with the 5-FU

treatment, 200 mg/kg RUT in combination with CLX could prevent a decrease in villi height (p < 0.05).
The group treated with a combination of 200 mg/kg RUT and CLX exhibited a greater extent of reversal of

decreased villi height when compared with groups treated with monotherapy of RUT 200 or CLX (p <
0.05).

Regarding the jejunal crypts and the villus/crypt ratio in Figure 11G,H, no significant differences
were observed between the 5-FU and the saline group (p < 0.05). Additionally, no significant difference
was observed between the 5-FU group and the 200 mg/kg RUT and/or CLX groups.

The photomicrographs are presented in Figure 11A-E, demonstrating that 5-FU reduced villi height
in addition to impairing villi and crypt architecture, inducing edema, and increasing inflammatory
infiltrates when compared to the saline group. Furthermore, RUT 200 mg/kg and/or CLX treatment
groups exhibited reduced levels of 5-FU-induced histopathological damage.
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Figure 11. Effect of RUT on the COX-2 pathway evaluated by histopathological and morphometric analysis
in jejunal sections. hematoxylin and eosin (H&E) staining was performed for morphometric and
histopathological analysis of tissues after incubation with celecoxib. Saline (A); 5-FU (B); RUT-200 (C); CLX
(D); RUT and CLX (E); Height of villi (F); Depth of crypts (G); Villus/Cryptratio (H). = The histopathological
issues are indicated by arrows. Inflammatory cell infiltration (red arrow), decreased intestinal villi (black
arrow), and loss of intestinal crypt architecture (blue arrow). Values are expressed as mean * SEM. For
statistical analysis, one-way ANOVA was used, followed by the Tukey test. # p < 0.05 vs. saline group, * p <
0.05 vs. 5-FU group. 5-FU, 5-fluorouracil; RUT, rutin.

2.8. Immunohistochemistry for the Detection of COX-2 Activity

Using immunohistochemical analyses, we investigated the effects of 200 mg/kg RUT in the
presence or absence of CLX on the COX-2 expression levels in 5-FU-induced intestinal mucositis. 5-FU
promoted the intense immunostaining of COX-2 (Figure 12B) in the jejunal mucosa when compared

with the saline group (p < 0.05) (Figure 12A,F). As shown in Figure 12C, pretreatment with 200 mg/kg
RUT decreased COX-2 immunostaining when compared with the 5-FU group (p < 0.05). Similarly, CLX
alone (Figure 12D) or the CLX and RUT 200 mg/kg combination (Figure 12D,E) decreased COX-2
immunostaining in mice presenting 5-FU-induced intestinal mucositis, when compared with the 5-FU
group (p <0.05).
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Figure 12. Immunohistochemical analysis of COX-2 expression. Saline (A); 5-FU (B); RUT-200 (C); CLX (D);
RUT and CLX (E). % immunolabelled for COX-2 (F). Values are expressed as mean * SEM. For statistical
analysis, one-way ANOVA was used, followed by Tukey’s test. # p < 0.05 vs. saline group, * p < 0.05 vs.
group 5-FU.
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2.9. Molecular Docking

To investigate the underlying protective mechanisms of RUT against the 5-FU-induced intestinal
mucositis, we performed a molecular docking analysis of the potential RUT target sites with COX-1
and COX-2 enzymes. Molecular docking of the RUT complex/COX-1 revealed a binding energy of
-7.28 Kcal mol™ and inhibition constant of 4.62 pM. Three hydrogen bond interactions at GIn203,
His207, and His388 amino acid sites; the GIn203 residue demonstrated two hydrogen bond interactions at
distances of 2.62 and 3.10 A (Figure 11A). This site revealed the most concentrated molecular
interactions of the complex, with high interaction energy near the edge of the active site of the receptor.
The amino acids Thr206, Phe210, His386, Tyr385, Ala202, Leu390, Trp387, Met391, Leu298, Leu294,
Leu295, Leu408, Ile444, and Val447 participated in the hydrophobic interactions (Figure 13A).
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Figure 13. Molecular docking models of RUT with COX-1 (A) and COX-2 (B). Surface docking poses and
Ligplot 2D diagrams show details of hydrogen bonds and hydrophobic interactions in complexes RUT/COX-
1 (A) and RUT/COX-2 (B). RUT, rutin; COX, cyclooxygenase.

In the biological potency studies, the most attractive target observed was Cox-2, where RUT
exhibited a high molecular affinity when coupled to the active site of the receptor, with a
=10.07 Kcal.mol™! binding energy and an inhibition constant of 41.682 nM. This molecular affinity was
expressed with the nine hydrogen bonds formed in amino acids Arg120, Glu524, His90, lle517, Phe518,
Ser119, Tyr355, Tyr385, and Vallle, acting directly at the receptor binding site, which was the most
vulnerable Cox-2 site (Figure 13B). The amino acids Trp387, Leu352, Ala516, Ser353, Val523, Ala527,
Val89, Leu531, Ser530, Val349, Tyr348, and GIn192 were responsible for the hydrophobic interactions
between the receptor and the ligand (Figure 13B).
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3. Discussion

The assignments of Infrared Absorption Spectroscopy (FTIR) and 'H and '*C-NMR suggested that
RUT was the main flavonoid extracted from the beans of D. gardneriana. On the other hand, the two
endothermic peaks shown in the DSC curve can be justified by the occurrence of polymorphisms in the
crystalline structure of the RUT, as reported in the literature [34]. However, the isolation of RUT as a
major compound was only confirmed with HPLC, based on retention time and UV-Vis spectrum data.
The results obtained are in line with those reported by other authors [35,36].

Flavonoids represent a highly diverse class of secondary metabolites, with various biological
activities demonstrating beneficial properties on the gastrointestinal system, such as antispasmodic,
antisecretory, antidiarrheal, and antiulcer properties [17,18,37]. In the present study, we reported the
effects of RUT on 5-FU-induced intestinal mucositis, demonstrating that 200 mg/kg RUT could reverse
the deleterious effects of an antineoplastic agent, 5-FU, on the intestines, including oxidative damage,
neutrophil recruitment, mastocytosis, depletion of goblet cells, and histological and morphometric
alterations.

During 5-FU chemotherapy, weight loss is considered a common side effect. Therefore, body mass
assessment is one of the parameters evaluated daily to assess whether intestinal mucositis was induced
by 5-FU. Similar to our results, previous studies have reported a decrease in animal body weight
following 5-FU-induced intestinal mucositis [38-40]. In the present study, we demonstrated that RUT
failed to reverse the weight loss induced by 5-FU. Furthermore, weight loss is a side effect that activates
inflammatory responses followed by gastrointestinal dysfunction [41]. Therefore, RUT could prevent
morphophysiological changes in mucositis by mechanisms independent of weight loss.
Histopathological alterations, such as decreased villi height, crypt necrosis, edema, vacuolization,
inflammatory infiltrates, and loss of architecture, are typically reported as adverse effects of 5-FU.
In the present study, we demonstrated the histological changes stated above following the induction of
intestinal mucositis in mice. Furthermore, RUT prevented histopathological alterations at the 200
mglkg dose. The protective abilities of RUT in the gastrointestinal tract have been reported in the
literature [42,43] at doses similar to those used in the present study, corroborating the results obtained.
In addition to the histopathological alterations, myelosuppression in the form of leukopenia is atypical
adverse effect reported extensively following the use of antineoplastic agents. In the presentstudy, 5-
FU induced intense leukopenia, as reported by Soares et al. [44] and Quaresma [45], following single-
dose 5-FU (450 mg/kg) administration; however, RUT could reverse the adverse effects at all test doses.

Flavonoids act via different mechanisms to attenuate the damaging effects of mucositis. Regarding
the MPO concentrations, we observed that RUT prevented increased MPO levels in the jejunum
induced by 5-FU treatment. Similarly, Bastos et al. [46], Justino et al. [47], and De Avila et al. [48] have
reported increased MPO activity following the induction of intestinal mucositis using 5-FU. MPO has
been used as a quantitative marker of neutrophil infiltration in various organs, including the
gastrointestinal tract. Moreover, the inflammatory properties in other lesion models in the
gastrointestinal tract, as well as different systems, have reported the anti-inflammatory potential of RUT
[42,49-51].

RUT, like many flavonoids, has demonstrated antioxidant properties [52], in addition to the ability to
relieve oxidative stress in biological systems. We observed that RUT exhibited antioxidant effects
against intestinal mucositis, increasing GSH levels and decreasing MDA levels in mice presenting 5-
FU-induced intestinal mucositis; this was consistent with the findings of previous studies that
demonstrated that RUT exerts antioxidant effects by decreasing MDA levels [53,54] and increasing
GSH and superoxide dismutase levels [55-57].

In addition to causing an antioxidant imbalance and exacerbating inflammation, mucositis
promotes the disorganization of tissue architecture and, in turn, alters the proportions of intestinal
mucosa resident cells, such as mast cells and goblet cells, which are critical for the maintenance of
intestinal epithelial homeostasis.
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Inthe present study, RUT reversed the increase in mast cell numbers induced by 5-FU. Flavonoids act
via several mechanisms of action, and as reported in previous studies, this class of biomolecules can
interfere with the release of histamine and proton pump activity, as is the case with quercetin [17].

Mast cells are powerful immunological modulators of the tissue microenvironment, which act in a
distinct manner, depending on the nature of surface receptors and mediators involved. They facilitate
gastrointestinal homeostasis, through immune protection, regulation of the architecture and
permeability of the epithelial barrier, and remodeling of mucous tissue, by stimulating fibroblast
growth [58]. Conversely, they are considered critical in the pathogenesis of inflammatory processes
based on their overexpression, which amplifies the inflammatory response due to the selective release of
mediators [59,60]. When activated, the cells release a variety of biologically active products, followed by
a wave of synthesis and secretion from the mediator [61]. Consequently, by attenuating the increase in
mast cell count, the protective effect of RUT was evident in intestinal mucosa and submucosa lesions
induced by 5-FU. The data are consistent with results presented by De Miranda et al. [62], where a
decrease in mast cells was observed following the administration of troxerutin, a flavonoid derived
from RUT, in mice with 5-FU-induced intestinal mucositis.

In the present study, a decrease was observed in the number of goblet cells induced by 5-FU when
compared to the saline group. Additionally, RUT attenuated goblet cell loss in the intestinal mucosa.
Carneiro-Filho et al. [63], Stringer et al. [64], and Gawish et al. [65] have reported that chemotherapy
with 5-FU mainly causes a marked disturbance in the membranes at brush borders and absorptive
dysfunction, largely due to a decrease in the number of goblet cells in the intestinal mucosa. In addition
to the absorptive dysfunction induced by 5-FU, a decrease in the number of goblet cells and
deregulation mucus release occurs, which, in turn, would result in the depletion of mucus storage by
residual goblet cells, as well as premature stem cell death, which reflects the renewal of all cell lines,
including goblet cell lines, as reported by Gawish et al. [65]. Consequently, RUT potentially promotes
mucosal protection by attenuating goblet cell loss and enhancing the integrity of the mucous barrier
and its absorptive capacity.

In gastrointestinal disorders, the therapeutic effects of flavonoids are largely attributed to their
antioxidant and anti-inflammatory properties. In terms of anti-inflammatory activity, flavonoids can
inhibit cyclic adenosine monophosphate and COX activity, as well as protein phosphorylation [66-70].
In the case of RUT, its anti-inflammatory effects have been attributed to its capacity to suppress the

production of tumor necrosis factor-alpha (TNF-&) and interleukin 6 (IL-6), as well as its ability to
activate nuclear factor B (NF-kB) and extracellular kinases [71]. Therefore, in the molecular docking and
histopathological analyses performed to investigate the interaction between RUT and CLX, and COX-1
and 2 enzymes, RUT stably bound to the target sites of COX-2 and COX-1 (in decreasing order of
interaction, respectively).

In the histological analysis, in addition to observing that RUT (200 mg/kg) reversed the deleterious
effects of 5-FU, CLX reversed villi shortening and increased the villus/crypt ratio. Furthermore,
pretreatment with RUT in combination with CLX led to a superior reversal of the morphometric
alterations than with pretreatment with RUT (200 mglkg) or CLX individually. In COX-2
immunohistochemistry analyses, a decrease in the proportion of immunostaining was observed
following treatment with RUT, CLX, and RUT in combination with CLX.

Considering that COX-2 plays a key role in the management of inflammation through the release
of arachidonic acid, and, in turn, eicosanoid biosynthesis, as an example of a prostaglandin involved
in various immune and inflammatory responses, the results obtained in the present study are
consistent with our understanding of CLX and COX-2 functions against intestinal inflammatory
disorders. According to Short et al. [72], low CLX doses could be therapeutically utilized to protect the
intestinal barrier in patients with inflammatory bowel disorders, owing to its capacity to reduce COX-
2 expression. Javle et al. [73] have reported that a combination of irinotecan and CLX has demonstrated
antitumor effects, with an improvement in irinotecan-induced diarrhea and mortality. Additionally,
RUT (200 mg/kg) monotherapy orin combination with CLX could decrease 5-FU-induced
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COX-2 expression in the jejunum. The results observed in the present study are consistent with the
findings of Gawish et al. [65], who observed that RUT could inhibit the enzymatic activity of COX-1,
COX-2, and 15-lipoxygenase (15-LOX) with 75.63, 81.00, and 80.43% inhibition, respectively. Therefore,
they proposed that the pharmacological action of RUT in 5-FU-induced intestinal mucositis occurs as
illustrated in Figure 14.
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Figure 14. Hypothetical chemopreventive effect of RUT in intestinal mucositis induced by 5-FU. RUT
prevents intestinal inflammation by inhibiting MDA, MPO, COX-2, oxidative stress, mastocytosis. RUT also
stimulates increased villi and increased levels of the antioxidant GSH. RUT, Rutin; COX-2, Cyclooxygenase
2; MDA, Malondialdehyde; MPO, Myeloperoxidase; GSH, Reduced Glutathione. Green arrows

(stimulate/increase), yellow arrows (inhibit).

As observed in our work, other studies investigating the effect of flavonoids such as luteolin,
quercetinand troxerutin on intestinal mucositis promoted by antineoplastic agents, indicated, among the
possible causes of protective and therapeutic effect, the anti-inflammatory, antioxidant and inhibition
properties of apoptosis, and consequently the ability to promote tissue recovery [62,74,75].

4. Materials and Methods

4.1. Extraction and Characterization of the RUT Flavonoid

D. gardneriana beans were collected in the city of Crato in the state of Ceard, Brazil. The aerial
parts of plants were deposited at the Prisco Bezerra Herbarium under the accession number 32339.
RUT was extracted from the D. gardneriana beans and characterized according to Vila-Nova et al. [76].

D. gardneriana beans (150 g) were added to a Soxhlet extractor and RUT was extracted with hexane,
ethyl acetate, methanol, and water. The solvents were concentrated in a rotary evaporator. Hexane (0.38
g), ethyl acetate (4.47 g), methanol (47.53 g), and aqueous (8.49 g) extracts were obtained. After extract
analysis using TLC, the ethyl acetate and methanol extracts were combined and dispersed in 200 mL
of cold water. After stirring, the mixture was filtered and the resulting residue was washed with an
additional 100 mL of water. After filtering again, the residue was dried in a 100 “C oven, yielding
18.0 g of a yellow powder. The material was subjected to column chromatography on a silica gel
column, and then eluted with mixtures of hexane, dichloromethane, ethyl acetate, and methanol with
increasing polarity. The fractions were collected and compared by TLC. This method resulted in the
purification of 12.42 g of RUT. Spectral data were compared to those found in the literature [77].

4.1.1. Infrared Absorption Spectroscopy (FTIR)

The FTIR spectrum was obtained with a Vertex 70v spectrometer, Bruker (San Diego, CA,USA),

using KBr tablets, in a spectral region between 4000 and 500 cm™1, with a resolution of 2 cm™! from 128
scans.
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4.1.2. Differential Scanning Calorimetry (DSC)

Approximately 5.0 mg of RUT was weighed and added to a hermetically sealed aluminum pan.
The analysis was carried out under the following conditions: nitrogen atmosphere with flow rate of 50
mL min~!, heating ramp from 25 to 500 °C and heating rate of 10 °C min~! in a DSC 50 Shimadzu
equipment (Kyoto, Japan).

4.1.3. Nuclear Magnetic Resonance (NMR)

The I3C-NMR and 'H-NMR data were obtained using the Fourier transform Bruker Avance-DRX
500 spectrometer (San Diego, CA, USA), equipped with an inverse detection probe operating at a
frequency of 125 MHz (13C) and 499.9 MHz (*H). The experiment was performed by dissolving 20.0 mg
of RUT in 0.6 mL of deuterated dimethyl sulfoxide (DMSO-D6). The analysis was carried out in 5 mm

tubes and the chemical shifts (8) were expressed in ppm.

4.1.4. High Performance Liquid Chromatography (HPLC)

Chromatographic analysis of RUT was performed using a Shimadzu LC-10AD pump (Kyoto,
Japan), Shimadzu SPD-M10AVP (Kyoto, Japan) photodiode array detector. The methodology proposed
by [35] with some modifications was used. The mobile phase was prepared using an isocratic system,
consisted of a solution of acetonitrile/phosphoric acid pH 3 (20:80, v/v), which was injected in a flow of
1.2 mL min~! at a temperature of 40 °C. For the determination of RUT, a wavelength of 350 nm and a
HIBAR chromatographic column (250 ¥ 4.6 mm, 5 pm) were used. It was possible to determine the
purity of RUT by normalizing the area, as well as identifying it through the scanning spectrum in the
UV-Vis region and retention time.

4.2. Drugs and Reagents

Two drugs were used for mucositis induction and treatment, respectively: 5-FU (FauldFluor®,
Libbs, Sdo Paulo, Brazil) celecoxib (CLX—Celebra®, Pfizer, Sao Paulo, Brazil). RUT was dissolved in
distilled water with Tween 20 (1%) before use. All drugs and reagents were prepared immediately
before use.

4.3. Animals

The animals were obtained from the Department of Surgery at the Federal University of Ceara
(UFC). Male Swiss mice (25-30 g) were housed in polypropylene cages, lined with wood, in a controlled
environment with a temperature of 23 £ 2 °C, at a 12 h light/12 h dark cycle, with free access to water
and standard feed. The procedures and experimental protocols were approved by the Ethics
Committee on Animal Use of the Federal University of Ceard (CEUA-UFC) under number 6595260719.

4.4. Experimental Protocol of 5-FU-induced Intestinal Mucositis

The experimental model of intestinal mucositis was established using Swiss mice as described by
De Miranda et al. [62]. 5-FU (450 mg/kg) was administered intraperitoneally (i.p) as a single dose on
the first day of the experimental protocol. To evaluate the effective dose of RUT against 5-FU-induced
morphological changes, 50, 100, and 200 mg/kg RUT were administered orally on the first, second, and
third days, respectively. The first dose of RUT was administered 1 h before 5-FU injection, whereas, the
second and third doses were administered 24 and 48 h after 5-FU injection, respectively. On the fourth
day of the experimental protocol, the animals were euthanized using an anesthetic overdose of ketamine
and xylazine (270 and 15 mg/kg, respectively). Intestinal samples were collected. To confirm the
experimental model of 5-FU induced intestinal mucositis, mice body weights were assessed daily before
the administration of treatment. In the current study, RUT doses were considered in accordance with
those in previously published studies [42,65,78-80].
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With the analysis of the parameters (weight analysis, histopathological and morphometric), the
effective dose of RUT in the treatment of intestinal mucositis and the intestinal segment with the best
response to treatment with RUT were determined. Starting from the best dose of RUT (200 mg/kg),
the evaluation of the other parameters (mast cell and goblet cell count, MPO, GSH and MDA
measurements) was continued, as well as the modulation of the COX-2 pathway.

Toinvestigate the role of COX-2 during RUT treatment in 5-FU-induced intestinal mucositis, COX-2
was blocked by ani.p. injection of 7.5 mg/kg CLX. Starting with the effective dose of RUT (200 mg/kg)
for the treatment of intestinal mucositis, a 5-FU mucositis induction protocol was initiated, similar to
the first investigation. Here, mice were divided into three treatment groups, i.e., RUT-200 (200 mg/kg
orally), CLX (7.5 mglkg, i.p), and RUT + CLX (RUT: 200 mg/kg orally and CLX: 7.5 mg/kg, i.p), and two
control groups, saline and 5-FU. Overall, during the current study, mice were randomly divided to the
following groups (1 = 6 in each group): Saline (0.9% NaCl), 5-FU (450 mg/kg of 5-FU + 0.9% NaCl),
RUT-50 (5-FU + 50 mg/kg RUT), RUT-100 (5-FU # 100 mg/kg RUT), RUT-200 (5-FU + 200 mg/kg RUT),
CLX (5-FU + 7.5 mgl/kg of CLX), and RUT + CLX (5-FU + 200 mg/kg RUT + 7.5 mg/kg CLX).

4.5. Histopathological and Morphometric Analysis

After euthanasia, intestinal samples were collected and fixed in 10% formaldehyde for
histopathological and morphometric analysis [44,81]. These samples were embedded in paraffin,
sectioned to 4 ym slices, and stained with H&E. A blinded and randomized histopathological analysis
was performed by an experienced histopathologist to assess the severity of mucositis using a scoring
system [82]. Tissues ranged from 0 (no lesion/normal histological findings) to 3 (maximal grade lesion),
indicating shortened villi, vacuolated cells, crypt necrosis, intense inflammatory cell infiltration,
vacuolization and edema in the mucous and muscle layers with edema, vacuolization, and neutrophilic
infiltrate. The effective dose of RUT for the treatment of intestinal mucositis was determined based on
the histological analysis, leukocyte count, and weight measurement.

4.6. MPO Assay

MPO activity was determined by the technique described by Bradley et al. [83]. Briefly, samples
from the jejunal segment (50-100 mg), corresponding to the animals in the saline, RUT 200 mg/kg, and
5-FU (50-100 mg) groups, were homogenized in 1 mL potassium buffer containing 0.5%
hexadecyltrimethylammonium bromide (HTAB) and centrifuged (4000 rpm, 7 min, 4 °C). MPO activity
was analyzed by measuring absorbance at 450 nm using diisocyanate dihydrochloride and 1% hydrogen
peroxide in the resuspended pellet. The results were recorded as MPO units per mg of tissue.

4.7. Measurement of GSH and MDA Levels

For estimating GSH and MDA levels, samples from the jejunal segment were obtained from the
animals in the saline, RUT-200, and 5-FU groups, and were homogenized in cold EDTA or KCI (1:9, vlp)
to prepare a 10% homogenate suspension. The GSH levels were estimated according to the method
described by Sedlak and Lindsay [84], with minor modifications. Aliquots (400 pL) of homogenized
tissue were mixed with 320 pL distilled water and 80 pL trichloroacetic acid (50%, wlv) and centrifuged at
3000 rpm for 15 min. The supernatant (400 L) was mixed with 800 pL Tris buffer (0.4 M, pH 8.9),
followed by the addition of 5,5-dithiobis (2-nitrobenzoic acid) (DTNB; 0.01 M). GSH absorbance was
read at 405 nm and its concentration was expressed in pg/mg tissue. Conversely, lipid peroxidation
was determined by assessing the level of thiobarbituric acid reactive substances (TBARS) measured as
MDA [85]. The homogenates were incubated at 37 °C for 1 h and added to 400 pL of 35% perchloric
acid. The mixture was centrifuged (5000 rpm, 10 min at 4 “C) and 400 YL of 0.6% thiobarbituric acid
was added to the supernatant, followed by incubation at 98 °C for 1 h. After cooling, the MDA
absorbance was read at 532 nm and its concentration was expressed as nmol/mgtissue.
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4.8. Intestinal Mucosa Cell Count: Goblet and Mast Cells

To enable the identification and quantification of mast cells and mucus-secreting cells (goblet),
the paraffin blocks with jejunal segment samples, corresponding to the saline, RUT-200, and 5-FU
groups, were selected for toluidine blue staining, according to Michalany et al. [86] and periodic acid
Schiff (PAS) according to Sano et al. [87]. Staining was performed after de-paraffinization of the slides
with xylol, followed by hydration with absolute alcohol, and a series of 90%, 80%, and 70% alcohol
dilutions. Then, the slides were washed with distilled water, stained with toluidine blue for 8 min,
washed, and dried. For PAS, the slides were incubated in periodic acid, the Schiff reagent, and Carazzi
hematoxylin dyes for 1, 10, and 10 min, respectively, followed by successive washing with distilled
water, as recommended by EasyPath® (Erviegas, Indaiatuba, SP, Brazil). Toenumerate mast and goblet
cells present on slides, with the aid of an optical microscope and image acquisition system (LEICA,
Wetzlar, Germany), digital images were captured for subsequent counting of at least 10 fields, using the
Image]® software version 1.8.0 (National Institutes of Health, Bethesda, MD, USA). Results represent
the average of 10 fields from each group.

4.9. Immunohistochemistry for the Detection of COX-2

The jejunal sections were deparaffinized in an oven at 60 °C, followed by three cycles of xylol
immersion for 5 min each. Then, the sections were rehydrated in decreasing alcohol concentrations
(100, 90, 80, and 70%). Next, the histological sections were washed with distilled water for 10 min,
followed by antigenic recovery in citrate buffer (pH 7.0, DAKO®, Sao Paulo, Brazil) for 20 min in a
water bath (95 °C). The slides were then washed with phosphate-buffered saline solution (PBS) for 5
min at room temperature. Next, endogenous peroxidase blockade was performed with 3% hydrogen
peroxide solution (H20z) for 30 min. The sections were then incubated overnight with goat anti-COX-2
primary antibody (SantaCruz®, Dallas, TX, USA), diluted in antibody diluent (1:100) for 60 min. After
the slides were washed with PBS and incubated with rabbit IgG (GBI Labs®, Bothell, WA, USA), the
secondary antibody was diluted (1:400) for 30 min. For visualization, the sections were incubated with
the streptavidin-conjugated peroxidase complex (ABC complex) for 30 min and chromogen 3,30
diaminobenzidine peroxide, DAB (DAKO®, Sao Paulo, Brazil), followed by counterstaining with
hematoxylin (DAKO®, Sao Paulo, Brazil) for 10 min. Simultaneously, negative controls were processed
as described above, with the primary antibody replaced with the antibody diluent. The procedures
were performed in an automated manner using Autostainer Plus (DAKO®, Sao Paulo, Brazil). For the
COX-2 immunostaining images, quantification was performed by measuring the % immunolabelled
area with the aid of Adobe Photoshop10. All images were captured using an optical microscope and
an image acquisition system (LEICA, Wetzlar, HE, Germany).

4.10. Molecular Docking and Determination of RUT Binding Sites

The 3D structures of COX-1 and COX-2 enzyme targets were obtained from the PDB protein
database (Protein Data Bank, 2019). Molecular docking calculations were performed using the
Autodock 4.2® program [88-90]. Proteins and ligands were prepared for molecular docking using the
Autodock Tools (ADT) version 1.5.6 program. The receptor was considered rigid, while each ligand
was considered flexible. The Lamarckian Genetic Algorithm (LGA) with global search and pseudo-Solis
and Wets with local search methods were used for molecular docking, and 100 independent runs were
performed for each simulation [91]. The remaining docking parameters were set to default values.
Molecular docking analyses focused on the low-energy clusters, and the conformation with the lowest
energy combined with visual inspection was chosen for detailed analysis.
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4.11. Statistical Analysis

For parametric distribution, data are expressed as mean * SEM; for non-parametric distribution

(e.g., histological scores), data are expressed as the median. Data normality was analyzed using the
Shapiro-Wilk test.

The results demonstrating a parametric distribution were analyzed using ANOVA, followed by
the post hoc Tukey test, using GraphPad Prism version 6.0 (GraphPad Software Inc., LaJolla, CA, USA).
The data presenting non-parametric distribution were analyzed using the Kruskal-Wallis test, followed
by Dunn’s test (multiple comparisons). A p-value of <0.05 was considered statistically significant.

5. Conclusions

The chemical characterization showed that RUT was the main flavonoid extracted from the D.
gardneriana’s beans with 97% purity. In summary, RUT prevented functional and inflammatory changes
induced by 5-FU in intestinal mucositis, observed as the reversal of histopathological and morphometric
changes, oxidative damage, neutrophilic infiltration, mastocytosis, and goblet cell depletion. The effects
of RUT are likely to be mainly associated with the COX-2 pathway, directly and indirectly (through the
inhibition of transcription factors such as NF-kB, interleukins, and pro-inflammatory enzymes), based
on a decrease in COX-2 immunostaining and molecular docking that revealed the binding affinity
between RUT and COX-2 binding sites. However, further studies are required to elucidate the
underlying molecular mechanisms of RUT effects following the expression of pro-inflammatory
cytokines, in addition to evaluating other potential mechanisms by which RUT prevents chemotherapy-
induced intestinal mucositis.
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4 CONSIDERACOES FINAIS

No presente estudo avaliamos o efeito do flavonoide rutina (RUT) na mucosite
intestinal experimental induzida pelo antineoplasico 5-FU em camundongos, e pode-
se concluir que RUT atenuou o dano histdlogico (caracteristico na mucosite intestinal)
e impediu alteracdes funcionais e inflamatérias induzidas por 5-FU, como dano
oxidativo, infiltracdo neutrofilica, mastocitose e deplecdo de células caliciformes.
Propbem-se que que os efeitos da RUT estejam associados a via da COX-2, direta e
indiretamente (através da inibi¢cdo de fatores de transcricdo como NF-kB, interleucinas
e enzimas proé-inflamatérias), com base na diminuicdo da COX-2 imunomarcacao e
acoplamento molecular que revelaram a afinidade de ligacéo entre os locais de ligacdo
RUT e COX-2. No entanto, sdo necessarios mais estudos para elucidar os
mecanismos moleculares subjacentes dos efeitos da RUT apds a expressdo de
citocinas pro-inflamatdrias, além de avaliar outros mecanismos potenciais pelos quais

a RUT impede a mucosite intestinal induzida pela quimioterapia.
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Animal (CEUA) da UFC

UNIVERSIDADE 3 Comissao de Etica no
FEDERAL po CEARA Uso de Animais

CERTIFICADO

Certificamos que a proposta intitulada "AVALIAGAO DO EFEITO DA RUTINA NO TRATAMENTO DA MUCOSITE INTESTINAL INDUZIDA
POR 5-FLUOROURACIL EM CAMUNDONGOS", protocolada sob o CEUA n? 6595260719 (b 001329), sob a responsabilidade de Maria
Elenir Nobre Pinho Ribeiro e equipe; Gilberto Santos Cerqueira; Lazaro de Sousa fideles - que envolve a producdo, manutengao
efou utilizagdo de animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto o homem), para fins de pesquisa cientifica ou
ensino - esta de acordo com os preceitos da Lei 11.794 de 8 de outubro de 2008, com o Decreto 6.899 de 15 de julho de 2009, bem
como com as normas editadas pelo Conselho Nacional de Controle da Experimentacao Animal (CONCEA), e foi aprovada pela
Comissao de Etica no Uso de Animais da Universidade Federal do Ceard (CEUA-UFC) na reunido de 15/10/2019.

We certify that the proposal "EVALUATION OF THE EFFECT OF RUTINE ON THE TREATMENT OF 5-FLUOROURACIL-INTESTINAL
MUCOSITIS IN MICE", utilizing 18 Heterogenics mice (18 males), protocol number CEUA 6595260719 (1o 001329), under the
responsibility of Maria Elenir Nobre Pinho Ribeiro and team; Gilberto Santos Cerqueira; Lazaro de Sousa fideles - which
involves the production, maintenance and/or use of animals belonging to the phylum Chordata, subphylum Vertebrata (except
human beings), for scientific research purposes or teaching - is in accordance with Law 11.794 of October 8, 2008, Decree 6899 of
July 15, 2009, as well as with the rules issued by the National Council for Control of Animal Experimentation (CONCEA), and was
approved by the Ethic Committee on Animal Use of the Federal University of Ceara (CEUA-UFC) in the meeting of 10/15/2019.

Finalidade da Proposta: Pesquisa (Académica)
Vigéncia da Proposta: de 12/2019 a 03/2021 Area: Departamento de Quimica Orgénica E Inorganica
Origem: Biotério Prof. Eduardo Torres (setorial FAMED)

Espécie:  Camundongos heterogénicos sexo: Machos idade: 3 a5 semanas N: 18
Linhagem: Swiss Peso: 25a30g

Local do experimento: Biotério Prof. Eduardo Torres do departamento de Fisiologia e Farmacologia (DFF)

Fortaleza, 13 de fevereiro de 2020

Mot Mt Bk C FRoncon

Prof. Dr. Alexandre Havt Bindéa Profa. Dra. Camila Ferreira Roncari
Coordenador da Comissao de Etica no Uso de Animais Vice-Coordenadora da Comissao de Etica no Uso de Animais
Universidade Federal do Ceara Universidade Federal do Cearad

Rua Coronel Nunes de Melo, 1127, Rodolfo Tebfilo - Fortaleza/CE : CEP 60430-270 - tel: 55 (85) 3366-8331
Hordrio de atendimento: Sequnda a Sexta, das 07h &s 11h30 e das 13h &s 16h : e-mail: ceua@ufc.br
CEUA N 6595260719
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II Cursode Verdo em Ciéncias
Morfofuncionais

Certificamos que LAZARO DE SOUSA FIDELIS participou da Comissdo Organizadora do Il Curso
de Verdo em Ciéncias Morfolégicas organizado pelo Departamento de Morfologia e Programa
de Pds-graduacao em Ciéncias Morfofuncionais da Universidade Federal do Ceard, no periodo 11
a 15 de Fevereiro de 2019.
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. XXVIII CONGRESSO BRASILEIRO DE ANATOMIA
o - XXXIX CONGRESSO CHILENO DE ANATOMIA
IV ENCONTRO DAS LIGAS ESTUDANTIS DE MORFOLOGIA
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Certificamos que MARIA LUCIANNY LIMA BARBOSA, HELDER BINDA PIMENTA, LAZARO DE
SOUSA FIDELIS, LEONARDO MIRANDA LUSTOSA, LEIZ MARIA COSTA VERAS e GILBERTO
SANTOS CERQUEIRA apresentaram o trabalho intitulado EPIISOPILOTURINA REDUZ O NUMERO DE
MASTOCITOS NA MUCOSITE INTESTINAL INDUZIDA POR 5-FLUOROURACIL EM CAMUNDONGOS
no XXVIII CONGRESSO BRASILEIRO DE ANATOMIA, XXXIX CONGRESSO CHILENO DE
ANATOMIA e IV ENCONTRO DAS LIGAS ESTUDANTIS DE MORFOLOGIA, promovido pela
Sociedade Brasileira de An ia, realizado entre os dias 18 e 21 de julho de 2018, no Centro de
Convencées de Jodo Pessoa-PB, Brasil, na modalidade POSTER.
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Certificado

Certificamos que BARBARA BARBOSA PIRES, ANA VITORIA PEREIRA DE NEGREIROS
DA SILVA, LAZARO DE SOUSA FIDELES, GILBERTO SANTOS CERQUEIRA, CONCEIGAO DA
SILVA MARTINS E RAFAEL SOUZA DA SILVA VASCONCELOS apresentaram o trabalho USO DE
RESSONANCIA MAGNETICA DO DIAGNOSTICO DE MICROCEFALIA INTRAUTERINAna |
JORNADA SOBRALENSE DE ANATOMIA E IV JORNADA CEARENSE DE CIENCIAS
MORFOLOGICAS, realizada na Universidade Estadual Vale do Acarai- UVA, no periodo de
24/08/2018 A 25/08/2018.

Sobral - CE, 12 de setembro de 2018
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José Osmar Fonteles
Pro-Reitor de Extensao e Cultura.

11 International and Latin American
- Clostridium difficile Symposium: epidemiology,

p oger;&is, prevention and treatment
June 06-07, 2019 - Fortaleza - Ceara - Brazil

This is to certify that Barbara Barbosa Pires, has participated in poster presentation in the II
International and Latin American Clostridium difficile Symposium: epidemiology. pathogenesis,

prevention and treatment held on June 6-7', 2019 at the Federal University of Ceara, Niicleo de

Pesquisa e Desenvolvimento de Medicamentos (NPDM) — Drug R h and Devel
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Center, Fortaleza, CE, Brazil.

Title:  TROXERRUTIN EFFECT ON OXIDATIVE DAMAGE IN INTESTINAL MUCOSITIS®
EXPERIMENTAL MODEL INDUCED BY 5-FLUOROURACIL

Author(s): Barbara Barbosa Pires, Ana Vitéria Pereira de Negreiros da Silva, Paulo Vitor de Souza Pimentel,
Maria Lucianny Lima Barbosa, Jodo Anténio Leal de Miranda, Lizaro de Sousa Fideles. Conceigio da Silva
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Cashew gum protects the intestinal mucosa from
morphological changes promoted by the aggression of
5-Fluorouracil

Gilberto Santos Cerqueira, Luzia Kalyne Aimeida Santos Moreira Leal, Paulo Vitor Santos de Souza Pimentel,
Luan Kelves Miranda de Santos Souza, Lazaro de Sousa Fideles, Amanda Alves Feitosa, and
Jodo Antdnio Leal de Miranda

Published Online: 1 Apr 2019 Abstract Number: 767.33

Abstract

Intestinal mucositis is a frequent complication in the treatment of cancer with the chemotherapeutic agent 5-
fluorouracil (5-FU). So far there is still no effective treatment of this condition. Cashew gum (CG) has been
reported as a potent anti-inflammatory. The present study aimed to evaluate the effect of Cashew gum
(Anacardium occidentale L.) on 5-fluorouracil-induced intestinal mucositis in Swiss mice. The mice (25-30g) were
secreted into 5 groups (n = 6): Saline group (NaCl 0.9%), 5-FU group, CG group (90mg/kg CG, vo), CLX group
(Celecoxib ip), CLX + CG group (Celecoxib ip, 90mg/kg GC). All animals except Saline group received 5-FU at
the concentration of 450mg/kg in the first experimental protocol. Duodenal portions were removed for evaluation
of mucositis by histopathological and immunohistochemical analysis for cyclooxygenase-2 (COX-2). The results
of the histopathological analysis demonstrated that 5-FU promoted structural alterations of the intestinal mucosa,
evidenced by the reduction of villi height, deepening of the crypts, and intense inflammatory infiltrate, in
comparison to the Salina group, characterized by the integrity of the villi and crypts and absence of inflammatory
infiltrate. CG animals showed a significant reversal of the effects promoted by antineoplastic in the villi, crypts
and inflammatory cells infiltration in comparison to the 5-FU group. CLX group, as well as CLX + GC, were able
to significantly prevent (p <0.05) destruction of crypts, shortening of villi with cellular vacuolization, and
inflammatory infiltrate. Regarding the immunoblotting for expression of COX-2, it can be observed that the saline
group showed subtle immunostaining when compared to the 5-FU group (p <0.05), in which intense and
generalized immunostaining was observed. In the CG, CLX and CLX + CG groups, there was a decrease in the
immunostaining when compared to the 5-FU lesion group. In addition, the amount of COX-2-immunolabelled
cells in the CLX + CG group was lower than the CG treated group. It is concluded that CG prevented the
intestinal mucosa promoted by the 5-FU antineoplastic, in addition to decreasing the expression of the COX-2
enzyme, an important element in the onset and exacerbation of inflammation.

Support or Funding Information
This study received funding of CNPQ and CAPES

This abstract is from the Experimental Biology 2019 Meeting. There is no full text article associated with this
abstract published in The FASEB Journal.
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Rutin flavonoid attenuates oxidative stress and decreases morphological
changes in experimental mucositis model

Lsficts Cavalcanis Campos Lewl Costs Canocs Lizam de Sousa Fideles Jodo Anbinko Leal d= Mirsmcds
hftarts Ludanny Lma Barbosa Mgl Marla Porfes Siva Ricardo Mara Eenir Mobre Piig R Esin
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First pubisied 15 Aprl 20210
htipe-tdiodorgi10. 1088t sceb) 2020.34.61.07142

Abstract

Intestinal mucosits Is a freguent comglication In the freatment of cancer with S-Nuomuacd] {5-
FU) chemotherapeutic agent. Rutin biofiavonoid extracted from Dimorphandra gardnenana has
been reported 36 3 potent ant-Inflammiatory and antioadant agent. Therefore, this shedy aims
to Investigate whather rutin reverses mosphological elevatons and oxldative stress promoted by
=-fucrouracll In an experimental moded of Intestinal mucositis In mice. Swiss mice stratMed Ino
the Tollowing Qroups were sed: Salne group (0.9% NaCT), 5-FU group, Rutin group [RUT) (200
mg'kg Rutin, vo). For fe oxidative damage evaluation, e levels of the reduced antioxidant
glutathione and the ipid peroxidation product, malondylaidehyde, of the duodenal segments
were determined. To Investgate the morphological changes, hematoaylin and 2osin staining
was performed. The 5-FU group showed a signicant Increase In MDA levess (3127 £ 5615, p
<0 05) when compared to the saline group (4587 2 367.5, p <0.05). For GSH levels, 5-FU
[20.4B 2 4.89, p <0.05) promoted a significant decrease In duoderum antioaidant levels when
comparad to the saline group (112.3 £ 18,45, p <0.05). Prefreatment with RUT 200 mgkg
decreased MDW levels (3750 £ 405.3, p <0L05) and Increased GSH levels (T4.67 £ 1273, p

<0 05) when compared to the S-FL Injury group. The results of the histopathological analysis
showed that 5-FU promoted structural aitarations of the Intestinal muscosa, reduction of villus
height, deepening of the crypis and Inflammatory infiltrate, compared to the Sallne group,
characterized by the Integrity of the vIll and crypts and absence of Inflammatory Infikrate. Rutin-
treated animais showed a significant reversal of antineoplasticinduced marphologkal changes.
From the resuits we found that nubin promotes attenuation of oxidative stress by reducing the
levels of Malonylaidehyde and Increasing the levels of the antioxidant glutathione. In agdition,
we found that rutin reverses antineoplastic-inducad morphoiogical changes.
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CAPITULO 3

MEDIADORES INFLAMATORIOS E MARCADORES
BIOQUIMICOS NA MUCOSITE INTESTINAL
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CAPITULO 28

UTILIZACAO DE METODOLOGIAS ALTERNATIVAS
NA PRATICA DE ENSING DE BIOQUIMICA: UMA,
EXPERIENCIA NO ENSINO SUPERIOR
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RESUMD: O esiudo da bioguimica, como area
interdsciplinar que permeia as mas diversas
frags figora enlle as deriplinas bisicas de
grande imponéncia para o curriculo dos cursos
e pidncias da saide & bokgicas, Entalanto, a
afeakiae ra verlicalzaghs 5o eonbecments
& perceptivel. O uso de melpsologias atvas e
dferenciadas em sala de aula tam faciitads a
aprendizagem e, lomado mais interessanta o
ensing parao aluno. Objelivou-sa oom o prasents
esludo  refacionar  aljumas  melodologias
atermativas e dilerenciadas, oomd a monilona
académica & o Uso de maquetes diddficas,
ra sboidagem do conteldn da bioguimica
da lorma hamonioss & asimulanis para o
acadfmicos amsolvidos. Percsbel-ze com o
Leo das magUeles & s slividades de monilora
signilicativa evolugas P desempents da
tumrna e relagio & qualidade do aprendizade
relereria ans assirtes shordados em sala de
sila nas dsciplinas de bioquimica, bam como
estirulacio do rabalhg colaborative enfre os
estudantes

PALAVRAS-CHAVE: Aprendizagam;
Bioguimica; Maguetes, Moniornia
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CAPITULO 18

PERFIL EPIDEMIOLOGICO DO CANCER DO COLO
DO UTERO NO ESTADC DO PIAUI
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RESUMOD: O cancer do colo ulerdne (CCU)
& considerado como um grave problema de
salde plblica apresentando alla incidancia am
1odo & munds. Sendo o teste de Papanicolacu
o principal mélodo da prevenclo & diagnostico
de cncal do colo Uering. O estuds objativa
analisar o perfil epidemicidgicn do cancer do
colo do (e Po estads do Piaul. Realizou-
so um estudo descrilivo, refrospective. A
populacio do estuds tol composta por lodos 08
casos de CCU ocomidos no estado, registrados
no SISCAN e disponlveis na plataforma Web
do Departamento de Inlormética do Sistema
Unico de Salde [DATASLIS), comespondernis
&5 ano de 2014 As mulheres na laika alara
e 30 a 39 loram 08 grupos que spiesanianam
maior nciddncia de  aferagfes celulares,
principaiments LSIL & HSIL Cuanio ao nivel da
esmlanidade, pacebel-ga gue mulbanes com
mener grau de insirnelo apresantarsm maior
cidencia de alleractes caluares como LEIL
@ CEl E mulheras, masmd oim hisidrico dea
realizacio de prevenclo recents (1 & 2 anos),
apreseniaram malores Indices de alteragles
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