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RESUMO

INTRODUCAO: Um dos pilares fundamentais no tratamento de tumores pélvicos é
constituido pela radioterapia. No entanto, ela pode induzir a retite actinica, uma lesao
considerada irreversivel. Uma das opc¢bes terapéuticas é a mesalazina, apesar de os
resultados na literatura serem controversos. Uma nova formulagdao de mesalazina conjugada
ao sulfato de condroitina foi recentemente patenteada. OBJETIVO: Testar esta nova droga e
seus componentes isoladamente no tratamento da retite actinica em ratos.MATERIAIS E
METODO: Foram utilizados 47 ratos Wistar fémeas, submetidos a irradiacdo pélvica por
meio de modelo alternativo de irradiacdo gama utilizando uma fonte aberta de Cobalto-60.
Depois de irradiados, os animais foram divididos em oito grupos: Controle 1-administracao
de placebo oral duas semanas ap0ds a irradiacdo, eutanasia trés semanas apds o tratamento;
Mesalazina 1- mesalazina oral duas semanas apés a irradiacdo, eutanasia trés semanas apds
o tratamento; Condroitina 1- condroitina oral duas semanas apds a irradiacdo, eutanasia trés
semanas apoés o tratamento; Conjugado 1 - conjugado de mesalazina oral duas semanas
apos a irradiacdo, eutandsia trés semanas apds o tratamento; Controle 2, Mesalazina 2,
Condroitina 2 e Conjugado 2- administracao das respectivas solu¢des oral da mesma forma,
porém sacrificio seis semanas apds o tratamento. Em seguida, o segmento de reto irradiado
foi submetido a avaliacdo histoldgica para os seguintes parametros: infiltrado inflamatdrio
na lamina prdpria, erosdao do epitélio de revestimento, necrose da mucosa, deposicao de
colageno na lamina proépria.RESULTADOS: O infiltrado inflamatdrio foi mais intenso nos
grupos Condroitina 1 (p=0,002) e Mesalazina 1 (p=0,01) quando comparados ao grupo
Controle 1; no grupo Conjugado 2 quando comparado aos grupos Controle 2 (p=0,002),
Condroitina 2 (p=0,002) e Mesalazina 2 (p=0,01). A fibroplasia foi menos intensa no grupo
Condroitina 1 (p=0,002) e Mesalazina 1 (p=0,01) quando comparado ao grupo Controle 1; e
mais intensa no grupo Controle 2 quando comparado aos grupos Condroitina 2 (p=0,01) e
Mesalazina 2 (p=0,002).CONCLUSAO: A mesalazina e a condroitina isoladamente retardaram
a resposta inflamatodria, induzindo a uma fibrose mais tardia. O conjugado foi capaz de
induzir uma resposta inflamatéria ainda mais tardia do que os componentes isoladamente.

PALAVRAS CHAVE: Radioterapia. Retite Actinica. Mesalazina. Condroitina. Inflamacao.

Fibrose.



ABSTRACT

INTRODUCTION: Radiotherapy is essential for the treatment of pelvic tumors; nonetheless it
can induce actinic proctitis, an irreversible damage to the rectum that can be acute or
chronic. One of the options of treatment for such condition is mesalazine, although with
doubtful results in the literature. A new formulation of mesalazine linked to chondroitin
sulfate (what increases the release time of the drug and enables reduction of the dose) was
recently published. OBJECTIVE: The present study aimed at testing this new drug and its
components alone in the treatment of actinic proctitis in rats. METHODOLOGY: Forty-seven
female Wistar rats were submitted to pelvic radiation and divided into eight groups: Control
A: placebo gavage two weeks after irradiation and sacrifice three weeks after oral treatment;
Mesalazine A: mesalazine gavage and sacrifice the same manner; Chondroitin A: chondroitin
gavage and sacrifice the same manner; Conjugate A: mesalazine polymeric conjugate gavage
and sacrifice the same manner; Control C, Mesalazine C, Chondroitin C and Conjugate C:
gavage the same way as for the A groups but sacrifice six weeks after oral treatment. After
sacrifice, the rectum was submitted to histological characterization for each of the findings:
inflammatory infiltrate in the lamina propria, epithelial degeneration, mucosal necrosis and
collagen deposition to the lamina propria.RESULTS: The inflammatory infiltrate was more
intense in the Chondroitin A group (p=0,002) and Mesalazine A group (p=0,01) compared to
the Control A group; and was also more intense in the Conjugate C group compared to the
Control C group (p=0,002), the Chondroitin C group (p=0,002) and the Mesalazine C group
(p=0,01). The collagen deposition was less intense in the Chondroitin A group (p=0,002) and
Mesalazine A group (p=0,01) compared to the Control A group; and was more intense in the
Control C group compared to the Chondroitin C group (p=0,01) and Mesalazine C group
(p=0,002).CONCLUSION: Mesalazine was efficacious in inducing a delayed inflammatory
response, hence reducing the late fibrosis. Chondroitin alone had the same result as
mesalazine, what is a new unexpected finding. The conjugate was able to induce an ever
more delayed inflammatory response.

KEYWORDS: Radiotherapy. Actinic Proctitis. Mesalazine. Chondroitin. Inflammation. Fibrosis.
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1 INTRODUCAO

A radioterapia tem um papel essencial no tratamento de canceres pélvicos,
especialmente os tumores de reto (lesdes com estadiamento T3-T4 ou qualquer N+)%2. No
entanto, seu uso também implica em danos graves aos érgdos adjacentes, e essas lesdes
acompanham os pacientes por toda a sua vida. A taxa de complica¢do apds a realizagao de
radioterapia chega até 10 a 15%3. A medida que mais pacientes sio submetidos a
radioterapia como parte do tratamento de suas neoplasias malignas, sobrevivendo a esses
tumores e com aumento da sobrevida, a incidéncia de complicacbes e sequelas da

radioterapia tende a aumentar®.

A irradiacdo na regido pélvica, quando em contato com o reto e o célon sigmdide
distal, pode induzir a retite actinica, uma lesdo capaz de gerar toxicidade gastrointestinal
grave. A gravidade da injuria depende do tempo de exposi¢dao, do intervalo de tempo
decorrido da irradiacdo, da dose total de radiacdo recebida, da dose fracionada de radiacao,

da taxa de dose de radiacdo e de alguns fatores individuais*>®.

O diagndstico formal da retite actinica depende da visdao direta dos tecidos
acometidos®. As alteracdes na mucosa sugestivas de lesdo incluem a palidez, a friabilidade e
a presenca de telangiectasias. A realizacao de bidpsias nem sempre é necessaria, apesar de
facilitar a exclusdo de diagnésticos diferenciais, como doencas inflamatérias intestinais ou

infeccdes intestinais, por exemplo®.

A retite actinica pode ser separada em duas categorias de lesdo, aguda e crénica. Na
fase inicial de injuria, durante a exposicdo a irradiacdo e algumas semanas apds, a mucosa
intestinal é a camada mais gravemente acometida, em uma fase denominada retite aguda’.
Tal fase é caracterizada microscopicamente pela presenca de erosdao do epitélio de
revestimento e infiltrado inflamatério na mucosa e submucosa®®. Passados alguns meses ou
anos, todas as camadas do reto podem ser lesadas, o que determina uma retite cronica,
caracterizada pela deposicdo excessiva de matriz extracelular, fibrose na lamina propria,
esclerose vascular e distrofia da camada muscular prépria®8. Na fase crénica, ndo ha

processo inflamatério associado, e os achados histopatoldgicos decorrem da vasculopatia de
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pequenos vasos’. A fase aguda usualmente evolui para uma fase crénica, mas por vezes esta
pode ser menos sintomatica, o que gera uma falsa impressao de cura da lesdo. Por outro
lado, a fase cronica pode se manifestar a partir de uma fase aguda latente e menos
sintomatica, o que também pode gerar uma errénea sensa¢ao de que ndao houve o processo
inflamatério inicial®. A transicdo entre as fases aguda e crdnica ocorre de forma gradual, e
nao ha um periodo de tempo exato para se determinar essa progressao (cerca de dois a trés
meses, frequentemente). Portanto, algumas vezes, encontra-se alteracOes patoldgicas de

associacdo entre inflamac3o e fibrose”2.

Em termos moleculares e de expressao de citocinas, a retite actinica se assemelha
muito as Doencas Inflamatdrias Intestinais. Indaram et al. publicaram um estudo no qual
investigaram o perfil molecular de bidpsias de pacientes com Doenca de Crohn, Retocolite
Ulcerativa Idiopatica e Retite Actinica®. Concluiram que os niveis de IL-1B, IL-2, IL-6, IL-8
encontravam-se aumentados em pacientes com retite actinica aguda, semelhante ao que
ocorreu nos pacientes com Doenca Inflamatéria Intestinal. Tal fato corrobora a eficécia de
medicamentos semelhantes para o tratamento dessas doencgas. Outros estudos também
comprovaram que a irradiacdo abdominal e pélvica leva a elevacdo de citocinas pro-

inflamatérias, como IL-1B, TNF-a e IL-6 em 6rgdos submetidos a irradiacdo®20.

Cerca de 50% dos pacientes submetidos a radioterapia relatam que sua qualidade de
vida é gravemente afetada por sintomas gastrointestinais, como sangramento nas fezes,
urgéncia evacuatdria, constipacdo, tenesmo, diarréia, dor retal, dentre outros!'. A melhor
terapéutica disponivel ainda é a prevencao, por meio de modalidades de radioterapia cada
vez mais modernas e que focalizem a irradiagdo apenas a area necessaria, minimizando o

dano as estruturas adjacentes que ndo necessitem receber a irradiac3o?.

No entanto, uma vez presente a retite actinica, por tratar-se de lesdo irreversivel e
incuravel, objetiva-se minimizar os sintomas e tratar o processo jd estabelecido. Para
isso,ainda ndo ha na literatura nenhum tratamento validado. Porém, existem algumas
opcOes medicamentosas, como o acido 5-aminossalicilico (5-ASA) — mesalazina -, os
corticosterdides, o sucralfato (oral ou enemas), a formalina, os probidticos, os antibidticos,
os acidos graxos de cadeia curta, dentre outros'®!3, H4, também, tratamentos endoscépicos

disponiveis, como o laser, cauterizacdo utilizando cautério bipolar, ablacdo por
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radiofrequéncia, coagulacdo com plasma de argbnio. Porém o uso destas terapias se limita a
retite crénica, sobretudo quando evolui com complicagdes, como hemorragia e estenose, e,
portanto ndo agem no processo inflamatdrio da fase aguda®. A oxigenioterapia hiperbarica
também pode ser utilizada como uma terapia alternativa, apesar de seus resultados
conflitantes®. Por fim, hd a possibilidade de tratamento cirtrgico, como a confec¢do de uma
ostomia, ou a resseccao de érgdaos acometidos (proctectomia ou exenteragao pélvica), que
sdo abordagens mais invasivas, devendo ser reservadas a pacientes refratdrios a todos os
tipos de tratamento ou com complicacBes (fistulas, estenoses, hemorragias, perfuraco)®.
Classicamente, a cirurgia foi uma das primeiras modalidades terapéuticas instituidas, e
pouco mudou nas opcdes cirtrgicas desde as primeiras descricdes>16. Todo esse arsenal
terapéutico apresenta resultados controversos, e um tratamento padrao ainda ndo esta
definido. Dessa forma, a maior parte do que é feito na pratica clinica advém de terapia

empirica e experiéncia individual do médico.

Existem diversos estudos na literatura envolvendo a irradiacdo e seus efeitos em
modelos experimentais animais, a maioria deles tentando determinar drogas capazes de
prevenir e tratar o dano tecidual causado pela irradiacdo!”1819, Dentre as drogas disponiveis
atualmente, a mesalazina é uma das mais estudadas, principalmente devido aos resultados
favordveis no tratamento das Doencas Inflamatdrias Intestinais, como Doenga de Crohn e
Retocolite Ulcerativa Idiopdtica. A mesalazina inibe as enzimas ciclooxigenases, COX 1 e COX
2, inibindo assim a sintese de prostandides inflamatdrios. Ela pode ser utilizada na forma de
enema, supositérios e também por via oral. Seo et al. publicaram estudo demonstrando a
eficadcia da mesalazina oral e retal no tratamento de pacientes com retite actinica?®.No
entanto, trata-se de estudo prospectivo ndo randomizado (com apenas 23 pacientes), no
qual os autores concluiram que se necessitam estudos randomizados e controlados para
melhor comprovacdo da eficicia da mesalazina na retite actinica?’. Outros estudos,
entretanto, provaram n3o haver efeito benéfico do uso da mesalazina para tal fim?12%23,
Além disso, o esquema posoldgico complexo e fracionado, com varias tomadas de
medicacdo didrias necessarias para efeito adequado da droga, dificulta a adesdo ao
tratamento, reduza eficdcia clinica real e torna os resultados de alguns estudos ainda mais

guestionaveis.
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Recentemente, foi desenvolvida, publicada e patenteada uma nova formulacdo de
mesalazina capaz de aumentar o tempo de liberagao da droga ativa, o que permitiria uma
reducdo na dose necessdria para se obter o efeito terapéutico desejado?*. Cesar et al.*
relataram o desenvolvimento e a caracterizagdao de uma pré-droga polimérica obtida através
de ligagao entre o sulfato de condroitina e o 5-ASA, o que corresponde a uma nova molécula
a partir da associacdo das duas outras. Testes in vitro provaram a eficacia da droga em

aumentar o tempo de liberacdo e de sua ac¢3o no trato gastrointestinal®®.

O sulfato de condroitina, utilizado na criagdo da nova droga, é um glicosaminoglicano
sulfatado que é biodegradavel, biocompativel e mucoadesivo?>. A condroitina é aprovada
para uso médico pelo FDA (Food and Drug Administration), agéncia responsavel pela
regulamentacdo de medicamentos nos Estados Unidos, e é amplamente utilizada como uma
modalidade terapéutica coadjuvante para o tratamento da osteoartite, por poupar o uso de

anti-inflamatdrios nesses pacientes?®,

De longa data, sabe-se que o modelo animal de retite actinica em ratos é bastante
fidedigno ao que se encontra histologicamente em humanos, sendo, portanto muito
utilizado nas pesquisas?’. Kang et al. descreveram um modelo de retite actinica induzida em
ratos no qual relataram as alterac¢des histoldgicas de acordo com a evolucdo temporal®,
Utilizando uma dose total de radiacdo de 17,5Grays (Gys), eles observaram que as alteragées
agudas na mucosa iniciaram a partir do quinto dia apds a irradiacdo. Apds quatro semanas
de irradiados, os animais comecaram a apresentar alteragdes crbnicas, como fibrose e
cicatrizacdo. Com dois a trés meses de irradiados, os animais ja apresentavam a fibrose bem
estabelecida na Idmina prépria e um minimo infiltrado inflamatério?®. Korkut et al. também
estudaram a evolucdo temporal de achados histopatoldgicos da retite actinica em ratos?°.
Concluiram que os achados agudos sao encontrados predominantemente nas duas primeiras
semanas apos a irradiacdo, e, apds isso, comeca-se 0 processo de cicatrizacdo da mucosa

com sequelas crdnicas, como a fibrose?°.

A maioria dos estudos disponiveis é baseada em irradiacdo fornecida por meio de
maquinas de radioterapia. A partir da dificuldade em se conseguir parcerias para se realizar
a irradiacao dos animais utilizando-se maquinas de radioterapia, conseguiu-se contato com a

equipe do Laboratério de Irradiacdo Gama no Centro de Desenvolvimento de Tecnologia
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Nuclear (CDTN), que cedeu o espaco e ajudou no desenvolvimento deste novo protocolo de
irradiacdo3C. Por meio de uma fonte aberta de Cobalto radioativo (Cobalto-60) no centro de
uma sala protegida, obteve-se a irradiagdo dos animais estudados no presente estudo
(Figuras 1 e 2). Visando a similaridade com a irradiagdao fornecida pelas maquinas de
radioterapia3?!, buscou-se desenvolver uma protecdo de chumbo para o restante do corpo do
animal, com abertura circular central de forma a concentrar os raios gama na regiao
determinada (Figuras 3 e 4), assemelhando-se ao colimador utilizado na radioterapia

convencional?2.
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Figura 1- Croqui da instalagdo: nota-se o labirinto com paredes espessas de 1,90m de concreto,

levando a uma sala que possui no centro a fonte de Cobalto-60.
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Figura 2- Fonte de Cobalto-60 localizada no centro da sala. A fonte encontra-se no subterraneo e
apos o fechamento das portas e ativacdao do sistema, a fonte é icada por esta estrutura e irradia toda

a sala.



Figura 3- Protecao de chumbo com abertura central que funciona como colimador dos raios gama.
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Figura 4- Rato anestesiado posicionado em dispositivo de acrilico protegido por placas de chumbo. A
porgdo posterior do animal ndo apresentava prote¢ao de chumbo para dispersar a radiagdo e evitar o

efeito de reflexo, o que poderia gerar danos as estruturas adjacentes.

Previamente a este estudo, ndo se encontrou relatos na literatura da utilizacdo desta
técnica de irradiacdo para o desenvolvimento do modelo experimental da retite actinica.
Também desconhecemos estudos investigando o uso in vivo e o uso clinico dessa nova droga

para tratamento da retite actinica.
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2 OBJETIVOS

1-Avaliar a eficacia e a reprodutibilidade de um novo método de inducdo de retite

actinica experimental em ratos.

2- Avaliar a acdo do acido 5-aminossalicilico (mesalazina) na sua apresentacdo padrao
e também incorporado a polimero biodegradavel (sulfato de condroitina), administradas por
via oral, nas lesdes retais secunddarias a radioterapia em ratos (retite actinica induzida), nas

fases aguda e crénica de inflamacao.
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3 RELEVANCIA

Este estudo trard contribuices no entendimento da real eficacia da mesalazina no
tratamento da retite actinica. Além disso, pretende avaliar a aplicabilidade e acao
terapéutica de uma nova apresentacdo da mesalazina, que consiste em um polimero
biodegraddvel capaz de incorporar o farmaco, aumentando a sua eficacia e tempo de
liberacdo no trato gastrointestinal, o que permitiria uma diminuicdo da dose administrada,
reduzindo os efeitos colaterais e facilitando sua administracdo. Este é o primeiro teste
terapéutico em animais deste novo medicamento recentemente patenteado, para avaliar
sua eficdcia no tratamento da retite actinica, objetivando melhorar a qualidade de vida de

pacientes com tumores pélvicos submetidos a radioterapia.
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[ Introduction

Radiotherapy still plays a vital role in the
management of pelvic malignancies. However,
its usage also implies in several injuries in
the surrounding organs and this damage
accompanies patients throughout their lives.
As more patients receive radiotherapy as part
of their cancer treatment, and live longer,
the incidence of radiotherapy complications
continues to increase. Therefore, studies
invalving radiation and its effects in animals
are vast in the literature, mostly trying to
determine drugs and means of preventing the
damage caused by radiation’.

Although the radiation technique is
standardized in humans, we observed that there
is no consensus in the experimental animal
technigue in diverse studies and variables such
as the dose rate, the total dose, the fractioning
scheme and the source unit change according
to the researcher’s experience®. Most of the
research available is based on radiation given
by teletherapy machines. Those machines are
used for the treatment of cancer patients and
are usually unavailable (or of difficult access)
for research purposes.

In order to try to find other means
of studying radiotherapy, we delineated this
study, which investigates the feasibility and
reproducibility of an animal model of actinic
enteritis using a natural source of radiation in
a nuclear technology research center (Centro
de Desenvolvimento da Tecnoclogia Nuclear)
without the use of teletherapy industrialized
machines that are used for treating patients
with cancer.

n Methods

The study was approved by the Research
Ethics Committee of the Universidade Federal
de Minas Gerais (CEUA UFMG Project No.
408/2015).

Sixteen female Wistar rats weighing

320
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around 220-280g and aged 2-3 months
were used in this study, obtained from the
Universidade Federal de Minas Gerais (UFMG).
The rats were housed in polycarbonate
cages (49x34x16cm), with n= 4/cage, under
controlled conditions (temperature, humidity,
air flux). Throughout the experimental period,
all mice had access to food (Purina Lab Chow,
Curitiba, Brazil) and filtered water ad libitum.

The rats were randomly distributed
into four groups of four animals each: group
A (control without irradiation); group B (single
dose 10Gy irradiation and euthanized after two
weeks); group C (single dose 10Gy irradiation
and euthanized after five weeks); group D
(single dose 10Gy irradiation and euthanized
after eight weeks).

All  experimental procedures were
performed on anesthetized rats. Anesthesia
was maintained with ketamine and xylazine
(60mg/Kg and 8mg/Kg i.p.). After properly
anesthetized, the rats were set in an acrylic
cylindrical compartment (Figure 1). They were
transferred into a protected room which has
the MD5 Nordion Cobalt-60 source in the
center. This room has a complex protection
mechanism that rises the source from an
enclosed cage from under the ground only
when it is fully locked and safe. We developed a
covering device (15cm-thick plumb bricks with
a 32mm round opening in the center to provide
a collimator) to protect the rest of the animal’s
body from the radiation shade (Figure 2). This
protective plumb device did not cover the back
of the animal, in order to allow radiation to
disperse after collimation and prevent it from
reflecting and spreading in the surrounding
tissues (Figure 3). A TLD dosimetry system was
used in the pilot experiment so as to check the
proper radiation dose in the irradiated field
and it also proved that the dose outside the
radiation beam was lower than 1% of the dose
inside it. The beam axis was determined using a
laser, in order to center and align the collimator
to the source (Figure 4). The total radiation
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single dose was 10Gy, which was defined after
another pilot experiment in which we observed
rectal wall necrosis after a 25Gy single dose
radiation and no enteropathy after a 5Gy single
dose. The animals were set in the device which
was placed two meters away from the source.
The radiation dose rate was 76.38Gy/h and
the animals were irradiated for 7minutes and
51 seconds in order to achieve the 10Gy total
dose. In the date of the irradiation, the source
had an activity of 1.3 x 10*° Bq.

Figure 1 - Rat inside the acrylic cylindrical Figure 4 - Laser used to determine the beam axis.
compartment.

After irradiating groups B, C and D, the
animals were maintained in the experimental
surgery animal care facility and received tap
water and rat chow ad libitum throughout the
experiments. At the end of the observation
period (according to each group), the animals
were submitted to euthanasia by anesthetic
overdose (intraperitoneal 200 mg/Kg ketamine
+ 25 mg/Kg xylazine), the rectum (irradiated
colon) and transverse colon (non-irradiated
colon) were obtained through laparotomy.

Figure 2 - Covering device and collimator at a 2m The rectum and transverse colon were
distance from the source. fixed in 10% buffered formalin, dehydrated in
successive solutions of alcohols and embedded

source in paraffin. The paraffin blocks were sectioned
in a microtome, obtaining 4 pum sections,
which later were stained with hematoxylin/
eosin (HE) and stained Gomori Trichrome
for histopathological analysis. Slides were
examined by the same pathologist under a
light microscope (Nikon Eclipse E600), twice, in
a blinded manner. Each specimen was graded
as follows, according to Northway et al.® and
Kang et al.®:

Figure 3 - Protection plumb device that did not 0- Normal or minor alterations which
cover the back of the animal. cannot be correlated to radiation with certainty;
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1- Slight radiation damage (mild
inflammation and/or slight crypt change);

2- Mild damage (more significant
inflammation and/or crypt damage);

3- Moderate damage (must have
prominent loss of epithelium and/or variable
degree of inflammation);

4- Severe damage (ulcer, necrosis).

n Results

There were no deaths after irradiation,
neither from anesthesia nor from the radiation
effects.

No mucosal damage was noted in the
group A (control) — score 0 for all animals. In
group B (sacrifice after 2 weeks of irradiation),
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the median score for the irradiated colon
(rectum) was 3.5 and the median score for
the non- irradiated colon (transverse colon)
was 2.5 (Figure 5). In group C (sacrifice after 5
weeks of irradiation), we noted a median score
for the irradiated colon (rectum) of 1.5 and
the median score for the non-irradiated colon
(transverse colon) was 1. In group D (sacrifice
after 8 weeks of irradiation), the median score
for the irradiated colon (rectum) was 1 and
the median score for the non-irradiated colon
(transverse colon) was 0.5. In the irradiated
colon of group D, analyzing the Gomori
trichrome slides, we observed intense collagen
submucosal deposition in all four animals,
which was not observed in the other groups
(Figures 6 to 8).

s

Figure 5—Colon histology (Group B) —Hematoxylin/e
phase).

Figure 6 — Colon histology (Group D) —
phase).
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Figure 8 — Colon histology (Group D) — Gomaory trichrome. A- Non irradiated; B- Irradiated.

] Discussion

The pathological changes noted
after applying radiation to the intestine can
be divided into acute and chronic changes.
The first pathological changes include a loss
of lymphocytes in the lamina propria and
microscopic damage to mucosal epithelial
cells and vascular endothelial cells. These
changes manifest as marked submucosal
edema and villous blunting and a decrease in
crypt regenerative cells. These chronic effects
later manifest as progressive fibrosis leading
to mucosal atrophy, stricture formation, and
thrombosis, causing secondary ischemic
damage. Radiation colitis in the chronic
phase demonstrates a very significant crypt
distortion, vascular telangiectasia, and fibrosis
of the lamina propria. Progressive endarteritis
appears to be the central mechanism by which
the chronic effects occur®.

The results in our study are in
accordance to the literature, as the acute
changes (inflammatory damage) are observed
in the irradiated colon of group B as it reached
the highest score. In group D, as expected, we
found a lower inflammatory score, once the
chronic changes are more related to fibrosis (as
noted by the submucosal collagen deposition).
Group C demonstrated a transition from acute
to chronic phase as it displayed intermediate
values. The non-irradiated colon of groups B,
C and D presented a lower score compared to
the rectum of the same groups, which proves
that the shield was effective in preventing
surrounding tissues damage.

Many drugs are being tested as having
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radio-protective effects, such as N-Acetyl-
Cysteine,  Amifostine, L-carnitine, with
encouraging results®?, The development of
new effective radiation techniques is essential
for the expansion of such research, and we
described here an effective way of irradiating
the pelvis without compromising machines
used for cancer patients’ treatment!,
Further studies are needed in order to validate
this method and also try to determine the
molecular changes that also occur in this
irradiated colon®*24,

™ Conclusion

In order to create new alternatives
to investigate the effects of radiation in the
organism, we have described a new model of
radiation damage in rats without the usage of
radiotherapy machines, which proved to he
effective and feasible, as the changes found
in intestines subjected to radiation exposure
in this study were compatible with actinic
enteritis.
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Abstract:

Background and objectives: Radiotherapy is essential for the treatment of pelvic
tumors; nonetheless it can induce actinic proctitis. One of the options of treatment for such
condition is mesalazine. A new formulation of mesalazine linked to chondroitin sulfate was
recently published. The present study aimed at testing this drug and its components alone in
the treatment of actinic proctitis in rats.

Methods: 47 female Wistar rats were submitted to pelvic radiation and divided into 8
groups: Control A, Mesalazine A, Chondroitin A and Conjugate A: gavage of the according
substance 2 weeks after irradiation and sacrifice 3 weeks after oral treatment; Control C,
Mesalazine C, Chondroitin C and Conjugate C: sacrifice 6 weeks after oral treatment. The
rectum was submitted to histological characterization for each of the findings: inflammatory
infiltrate, epithelial degeneration, mucosal necrosis and fibrosis.

Results: The inflammatory infiltrate was more intense in Chondroitin A, Mesalazine A
and Conjugate C. The collagen deposition was less intense in Chondroitin A and Mesalazine

A; and was more intense in Control C.
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Conclusions: Mesalazine and Chondroitin alone were efficacious in inducing a delayed
inflammatory response, hence reducing the late fibrosis. The conjugate was able to induce
an ever more delayed inflammatory response.

KEYWORDS: Radiotherapy. Actinic Proctitis. Mesalazine. Chondroitin. Inflammation.

Introduction:

Radiotherapy plays a vital role in the management of pelvic malignancies, especially
in rectal tumors. However, its usage also implies in several injuries to the surrounding organs
and this damage accompanies patients throughout their lives. As more patients receive
radiotherapy as part of their cancer treatment, and live longer, the incidence of radiotherapy

complications continues to increase?.

Radiation to the pelvis, when in contact with the rectum and distal sigmoid colon, can

induce actinic proctitis, an incurable injury which can lead to severe gastrointestinal toxicity.

The severity of the injury induced depends on the duration of exposure, the period of
time from the radiation, the total radiation dose, the fractioned radiation dose, the radiation
dose rate and also some individual factors. During radiotherapy treatment and a few weeks
later, the intestinal mucosa is the layer which is most damaged, in a phase named acute
proctitis?. Such phase is characterized microscopically by epithelial ulceration and mucosal
and submucosal inflammation3. After a few months or years, all the layers can be damaged,
determining chronic proctitis, which is characterized by excessive extracellular matrix

deposition, vascular sclerosis, and muscular dystrophy?3.

About half the patients submitted to radiotherapy report that their quality of life is

affected by gastrointestinal symptoms, which included rectal bleeding, urgency,
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constipation, tenesmus, diarrhea and rectal pain®. In order to minimize those symptoms and
treat actinic proctitis, there are some pharmacological options, such as 5-aminosalicylic acid
(5-ASA) — mesalazine -, corticosteroids, sucralfate (oral and enemas), formalin, short-chain
fatty acids, among others>®. This pharmacological arsenal presents in the literature with

controversial results, and gold-standard treatment is not yet well defined.

Among the drugs available so far, mesalazine is one of the most studied, mainly
due to favorable therapeutic response in inflammatory bowel diseases, such as Crohn’s
disease or ulcerative colitis. Mesalazine inhibits cycloxygenases, COX 1 and 2, inhibiting
therefore the synthesis of inflammatory prostanoids, and have been proven promising for
treating actinic proctitis in some studies’. Nonetheless, its inconvenient dosing scheme
impairs the adherence to treatment and makes results even more questionable.

The development of a new formulation of mesalazine that increases the release
time of drug action was recently published and proven effective in vitro® Cesar et al.®
reported the development and characterization of the polymeric prodrug obtained through
the linkage of chondroitin sulfate with 5-ASA, corresponding to a novel molecule.
Chondroitin sulfate is a sulfated glycosaminoglycan that is biodegradable, biocompatible and
mucoadhesive®. It is approved by the FDA and widely used as a dietary supplement for
osteoarthritis, with anti-inflammatory effect'°.

Studies involving radiation and its effects in animal’s experimental models are vast in
the literature, mostly trying to determine drugs and means of preventing and treating the
damage caused by radiation1%13, Most of the research available is based on radiation given
by teletherapy machines. Our research group previously described a new method for

inducing experimental actinic proctitis using a natural source of radiation in a nuclear
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technology research center (Centro de Desenvolvimento da Tecnologia Nuclear), which

proved effective and feasible!®.

In this work, we evaluated the efficacy of this new recently developed drug in the
treatment of actinic proctitis in rats, as this is the first in vivo trial to determine its real

effect.

Materials and Methods:
Subjects and experimental groups:

Forty-seven female Wistar rats weighing around 220-280g. and aged 2-3 months
were used in this study, obtained from the Universidade Federal de Minas Gerais (UFMG).
The rats were housed in polycarbonate cages (49x34x16cm), with n= 4/cage, under
controlled conditions (temperature, humidity, air flux). Throughout the experimental period,
all mice had access to food (Purina Lab Chow, Curitiba, Brazil) and filtered water ad libitum.
The study was approved by the Research Ethics Committee of the Universidade Federal de
Minas Gerais (CEUA UFMG Project No. 139 / 2016).

The animals were divided into two periods of evaluation (A - Acute and C- Chronic)
and four experimental groups for each of the period, as follows:

Control A (n=6), subjected to pelvic irradiation at time zero, placebo (saline 0,9%
solution) gavage two weeks after irradiation and sacrifice three weeks after oral treatment.

Control C (n=5), subjected to pelvic irradiation at time zero, placebo (saline 0,9%
solution) gavage two weeks after irradiation and sacrifice six weeks after oral treatment.

Mesalazine A (n=6), subjected to pelvic irradiation at time zero, mesalazine gavage

two weeks after irradiation and sacrifice three weeks after oral treatment.
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Mesalazine C (n=6), subjected to pelvic irradiation at time zero, mesalazine gavage
two weeks after irradiation and sacrifice six weeks after oral treatment.

Conjugate A (n=6), subjected to pelvic irradiation at time zero, mesalazine polymeric
conjugate gavage two weeks after irradiation and sacrifice three weeks after oral treatment.

Conjugate C (n=6), subjected to pelvic irradiation at time zero, mesalazine polymeric
conjugate gavage two weeks after irradiation and sacrifice six weeks after oral treatment.

Chondroitin A (n=6), subjected to pelvic irradiation at time zero, chondroitin gavage
two weeks after irradiation and sacrifice three weeks after oral treatment.

Chondroitin C (n=6), subjected to pelvic irradiation at time zero, chondroitin gavage

two weeks after irradiation and sacrifice six weeks after oral treatment.

Pelvic Irradiation:

All experimental procedures were performed on anesthetized rats. Anesthesia was
maintained with ketamine and xylazine (60mg/Kg and 8mg/Kg i.p.). After properly
anesthetized, the rats were set in an acrylic cylindrical compartment (Fig.1). They were
transferred into a protected room which has a Cobalt-60 source in the center. A covering
device (15cm-thick plumb bricks with a 32mm round opening in the center to provide a
collimator) was used to protect the rest of the animal’s body from the radiation shade
(Fig.2). The total radiation single dose was 10Gy. The animals were set in the device which
was placed two meters away from the source (Fig.3). The radiation dose rate was 76,38Gy/h
and the animals were irradiated for 7minutes and 51 seconds in order to achieve the 10Gy

total dose. In the date of the irradiation, the source had an activity of 1,3 x 10%° Bq.
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Actinic Proctitis Treatment (Gavage):

In order to treat the induced actinic proctitis, four modalities of treatment were
proposed: 0,9% saline solution (Groups Control A and C) daily for six consecutive days;
mesalazine (Mesalazine A and C) daily for six consecutive days; mesalazine polymeric
conjugate (Conjugate A and C) in three doses, every other day; chondroitin (Chondroitin A
and C) in three doses, every other day. All substances were diluted for 1ml of the solution
and were administered through gavage. The dose of the mesalazine administered was
88mg/Kg/dose. The dose of chondroitin was 1,05g/Kg/dose. The dose of the conjugate was

88mg/Kg/dose.

Necropsy:
At the end of the observation period (five or eight weeks, according to each group),
the animals were submitted to euthanasia by anesthetic overdose (intraperitoneal 200
mg/kg ketamine + 25 mg/kg xylazine), and a 2cm-segment of the rectum just above the

peritoneal reflection was obtained through laparotomy, and fixed in 10% buffered formalin.

Histological Analysis:

The rectum was fixed in 10% buffered formalin, dehydrated in successive solutions of
alcohols and embedded in paraffin. The paraffin blocks were sectioned in a microtome,
obtaining 5 um sections, which later were stained with hematoxylin/eosin (HE) for
histopathological analysis. Slides were examined by the same pathologist under a light
microscope (Nikon Eclipse E600), twice, in a blinded manner. Each specimen was graded for
each of the histological findings: inflammatory infiltrate in the lamina propria, epithelial

degeneration, mucosal necrosis and collagen deposition to the lamina propria. For the



39

inflammatory infiltrate and epithelial degeneration, specimens were graded as (0) absent;
(+) mild -mild thickening in the mucosa, mild glandular distortion and less mucosal
inflammation with less infiltration of the crypt epithelia by the inflammatory cells-; (++)
moderate -moderate inflammatory infiltrate in the lamina propria, moderate glandular
distortion with marked crypt abscesses-, (+++) intense -severe mucosal inflammation
infiltrating the crypt epithelia leading to cryptitis and severe crypt abscesses, with severe
gland distortion; epithelial cells revealing severe reactive/regenerative atypia with nuclear
widening, hyperchromasia, irregularity pleomorphism with prominent nucleoli and loss of
cytoplasmic mucin-. As for the mucosal necrosis and collagen deposition, specimens were

graded as (0) absent and (+) present.

Statistical Analysis:
Statistical analysis was performed using the Chi-Square test, with p < 0.05 accepted

as statistically significant.

Results:
Five Weeks After Radiotherapy (Groups A):

No significant difference was observed in the epithelial degeneration and mucosal
necrosis among groups. The inflammatory infiltrate was more intense in the Chondroitin A
group (p=0,002) and Mesalazine A group (p=0,01) compared to the Control A group, but no
difference was observed for the Conjugate A group. However, the collagen deposition was
less intense in the Chondroitin A group (p=0,002) and Mesalazine A group (p=0,01)
compared to the Control A group, and no difference was observed for the Conjugate A group

(Table 1).
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Eight Weeks After Radiotherapy (Groups C):

No significant difference was observed in the epithelial degeneration and mucosal
necrosis among groups. The inflammatory infiltrate was more intense in the Conjugate C
group compared to the Control C group (p=0,002), the Chondroitin C group (p=0,002) and
the Mesalazine C group (p=0,01). The collagen deposition was more intense in the Control C
group compared to the Chondroitin C group (p=0,01) and Mesalazine C group (p=0,002), and
no difference was observed for the Conjugate C group (Table 2). When comparing the
groups A to the groups C, no significant difference was observed to neither of the groups nor

to any of the parameters analysed.

Discussion:

With the development of new modern therapies to cure cancer, more and more
patients survive tumors and have to deal with the sequelae caused by the treatment®.
Actinic proctitis is a major aftereffect of radiotherapy and usually impairs quality of life.
Currently, patients are not only worried about their cure, but with their quality of life.
Therefore, new modalities of radiotherapy (conformational and stereotactic body radiation
therapy for instance) are in constant development in order to prevent secondary injuries?®.
Also, new therapeutic strategies are being tested so as to treat those injuries when they
develop.

In order to test new modalities of treatment, animal models are widely used as they
mimic human pathologies with a very reliable similarity!’. We recently developed a new

technique for pelvic radiation in rats'4, and this was one of the first experiment in which this
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novel approach was used. It proved efficacious as the expected histological parameters were
determined in the rats as they would have been in humans with actinic proctitis.

The pathological changes noted after applying radiation to the intestine can be
divided into acute and chronic changes. The first pathological changes include inflammatory
infiltrate in the lamina propria, microscopic damage to mucosal epithelial cells and vascular
endothelial cells. These changes manifest as marked submucosal edema and cryptitis or
crypt abscesses, what characterizes acute actinic proctitis. The chronic effects manifest as
progressive fibrosis leading to mucosal atrophy, stricture formation and thrombosis, causing
secondary ischemic damage. Radiation proctitis in the chronic phase demonstrates a very
significant crypt distortion, vascular telangiectasia, and fibrosis of the lamina propria.
Progressive endarteritis appears to be the central mechanism by which the chronic actinic
proctitis occurl’'81% We chose to evaluate the inflammatory infiltrate in the lamina propria,
epithelial degeneration and mucosal necrosis as parameters of the acute proctitis and
collagen deposition to the lamina propria as a parameter of the chronic proctitis as they are
easier to evaluate and reproduce, what makes an examiner bias less likely.

Among the therapeutic arsenal for actinic proctitis, mesalazine is the most tested in
experiments. Its main use is for inflammatory bowel disease but it is also studied (although
with questionable results in literature) for actinic proctitis?® and diverticular disease?. The 5-
aminosalicylic acid (5-ASA) is a potent inhibitor of the synthesis and release of pro-
inflammatory mediators (e.g., nitric oxide, leukotrienes, thromboxanes, and platelet
activating factor) and also inhibits the function of several cells implicated in the acute
inflammatory and immune response (e.g., natural killer cells, mast cells, neutrophils,

mucosal lymphocytes, and macrophages)??. Literature is controversial as to mesalazine’s
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effect in radiation proctitis, some studies showing a beneficial improvement of symptoms’
and others revealing even worsening of the symptoms?3,

The new mesalamine polymeric conjugate for controlled release developed by Cesar
et al® is a novel promising drug that enables an increased bioavailability, a higher
mucoadhesiveness, an easier dosing scheme and a higher treatment adherence. The
mucoadhesiveness capacity allows the reduction of the dose required to obtain therapeutic
effect?*. Consequently, this leads to the reduction of adverse effects, suggesting an increase
in treatment adherence®. Chondroitin was used in the linkage with 5-ASA in order to create
this novel molecule, a polymeric prodrug. Although chondroitin’s spread usage is as an
adjuvant for the treatment of osteoarthritis, some studies have proven that it is also
efficacious for the treatment of radiation cystitis?®. The exact mechanism is still unknown but
it is clear that it repairs the defect in the glucosamino-glycane coat in the bladder?’.

In the five-week subgroups, which corresponded mostly to acute changes in the
rectal wall, the results proven controversial to a careless observer, as the chondroitin and
mesalazine groups presented with a higher intensity of inflammation and lower intensity of
fibroplasia. No difference was noted in the conjugate group compared to the others.
Nonetheless, such effect could be explained and understood as we examined the eight-week
subgroups. In this period of observation, which equivals mostly to chronic alterations in the
rectum, a reverse result was noted in the inflammatory response, as the conjugate group
presented with a higher inflammation as compared to the others. That indicates that the
chondroitin and mesalazine induced a delayed inflammatory response as compared to the
control group and the conjugate probably induced an even more delayed inflammatory peak

when administered in this specific posology.
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Among the works previously reported, and to the best of our knowledge, there is no
report in the literature of a study using chondroitin in the treatment of actinic proctitis. As it
is efficacious in the treatment of actinic cystits?8, it may also be of value in the treatment of
actinic proctitis, because it had the same response as mesalazine in all the parameters
studied. Further studies are needed in the specific purpose of evaluating the effect of
chondroitin in the treatment of actinic proctitis, along with the real mechanism related to
this process.

Valid data particularly on the treatment of chronic radiation proctitis are lacking??.
Nonetheless, in our study mesalazine was effective (when administered in this specific
posology) in the treatment of both acute and chronic proctitis. It retarded the inflammatory
process (inducing a late inflammation peak when compared to control group) and reduced
the fibrosis related to radiotherapy. Such benefit of 5-ASA was also proven by Linard et al*°
as they concluded that mesalazine prevented irradiation-induced inflammatory processes as
well as the expression of many pro-inflammatory cytokines. Further studies evaluating the
molecular events and cytokines expression when mesalazine is used for the treatment of
actinic proctitis are needed.

In the eight-week subgroups, mostly related to chronic changes in the rectum, the
chondroitin and mesalazine groups presented with a lower intensity of fibroplasia, what is
also in accordance with the previous results in which a later reduction in fibroplasia is the
desired final effect in the treatment of actinic proctitis.

The conjugate group was significantly different from others only in the inflammation
parameter after eight-weeks of irradiation. It presented with higher intensity of
inflammation in this period of evaluation, which determined that the conjugate in the dose

used for this study could delay the inflammatory process even further than mesalazine
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alone. No difference was found in the acute evaluation because at this period, the conjugate
was able to restrain the inflammatory peak and also the fibrosis. In the chronic phase, the
conjugate group could no longer restrain the inflammatory peak due to suspension of the
drug and long-term effect of irradiation, so the peak was induced at this period. No
difference was observed in terms of fibrosis after eight weeks of irradiation because the
period of time of observation was probably not enough to observe this peak or because it
really induced an overall reduction in fibroplasia. Further studies with longer periods of
observation are needed to elucidate the real effect of the conjugate in long-term fibrosis of
the rectal wall. Additional works with longer periods of treatment (longer than six-day
gavage) are also needed to clarify if the conjugate could not only retard but also avoid an
inflammatory peak when administered chronically and continuously.

This study has some limitations, as a consequence of being the first of a new
developing line of research of our laboratory team. The experimental design of our study
was in order to investigate a specific dose of some drugs into a specific period of
observation. As we obtained the results discussed earlier, we thought that additional drugs
posology, period of treatment and period of observation could be used. Some doubts that
remained after the study will be cleared as we propose further studies in the subject.
Moreover, we used a semi-quantitative analysis, what can be equivocal sometimes. And we
did not try to identify the molecular pathways in which the drugs obtained the results
revealed. In further tests, we will also try to identify molecular changes and cytokine pattern
during each of the periods of examination. Although we did select a blinded evaluation by
the pathologist, we could not rule out evaluator bias in the study. Nonetheless, the study

brings many new possibilities of treatment and research, not only for the aimed drug
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(conjugate), but also additional results concerning mesalazine and a new open field for

researching chondroitin in the treatment of actinic proctitis.

Conclusions:

The present study demonstrated that mesalazine is efficacious in inducing a delayed
inflammatory response, hence reducing the late fibrosis in the treatment of actinic proctitis
in rats, using a new experimental model described previously. Moreover, it revealed that
chondroitin alone had the same result for mesalazine, what is an original unexpected
finding. Also, it proved that mesalazine polymeric conjugate was able to induce an ever more
delayed inflammatory response, but during the period of study the conjugate did not differ

from any of the other drugs in terms of fibroplasia.
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Tables:

Table 1: Histological Parameters Five Weeks After Radiotherapy (Groups A):

Inflammation Degeneration | Necrosis Fibroplasia
n % n % n % n %

CONTROL A (n=6) 0 02b 1 17 1 17 6 100¢d
CHONDROITIN A (n=6) 6 1002 5 83 4 67 0 0c
MESALAZINE A (n=6) 5 83b 4 67 4 67 1 17¢
CONJUGATE A (n=6) 2 33 2 33 2 33 3 50

3: p=0,002

b:p=0,01

¢ p=0,002

d: p=0,01

Table 2: Histological Parameters Eight Weeks After Radiotherapy (Groups C):

Inflammation Degeneration Necrosis Fibroplasia
n % n % n % n %

CONTROL C (n=5) 0 0@ 2 40 2 40 5 100¢%¢
CHONDROITIN C (n=6) 3 50P 5 83 4 67 1 17¢
MESALAZINE C(n=6) 1 17¢ 4 67 3 50 0 0¢
CONJUGATE C (n=6) 6 1002b< 5 83 5 83 3 50

3: p=0,002

b:p=0,002

¢ p=0,01

d: p=0,01

e: p=0,002
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6 DISCUSSAO:

O primeiro artigo foi publicado na revista Acta Cirurgica Brasileira em 2017, como
resultado do desenvolvimento da metodologia deste estudo. Varios estudos pilotos foram
realizados, utilizando-se dosimetros para se conseguir comprovar que a irradiacdo nao
atingia o restante do corpo do animal, evitando danos secundarios sistémicos (como na
medula dssea, por exemplo) que poderiam se tornar um viés para avaliacdo futura. Estudos
pilotos também foram realizados buscando determinar a melhor dose de radiacdo a ser
fornecida a pelve, de forma a criar um modelo fidedigno de retite actinica. A dose de
radiacdo necessdria para gerar o dano tecidual, caracterizado como retite actinica, é
diferente em ratos e seres humanos, e poderia ser diferente com o uso desta nova
tecnologia. A taxa de dose (dose administrada em decorréncia de um periodo de tempo)
também é fundamental para se criar esse modelo??, pois baixas taxas de dose possibilitariam
o clareamento da radiacdo e, com isso, ndo gerariam o efeito desejado.

Na literatura, encontrou-se estudos utilizandovarias doses totais de radiacdo, bem
como diversas doses fracionadas para inducdo da retite actinica em ratos!®3%33, Muitos
desses estudos foram realizados com uma dose de 25Gys, fracionada em cinco dias
consecutivos'®1934  Qutros estudos utilizaram a dose de 17,5Gys em Unica dose como
protocolo de irradiacdo?®?°. Caloglu et al. determinaram a dose Unica de 20Gys em seu
protocolo de estudo®®, enquanto Demir et al. optaram por utilizar uma dose Unica de
10Gys®. No presente estudo, optou-se por utilizar a dose Unica de 10Gys, pois,em uma
avaliacdo preliminar de animais submetidos a menor dose de irradiacdo (5Gys), observou-se
minimas altera¢des na mucosa e com doses mais elevadas (25Gys) observou-se necrose da
parede total do reto, o que inviabilizaria o estudo de qualquer forma de tratamento.

A analise dos segmentos de intestino nesse artigo inicial mostrou que o método foi
eficaz em induzir o processo inflamatério inicialmente (na segunda semana apés a irradiacdo
e, em menor intensidade, nas quinta e oitava semanas) e induzir a fibrose na oitava semana,
caracterizando a retite actinica e possibilitando o uso deste modelo para estudos tanto da
fase aguda como da fase cronica da retite. Além disso, notou-se que segmentos intestinais
ndo irradiados apresentavam alteracdes histoldgicas mais sutis, determinando a eficacia do

colimador em focalizar o feixe de raios gama. Importante notar que nenhuma alteracao
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macroscopica do reto irradiado foi observada em nenhuma das doses de irradiacao
estudadas e em nenhum dos periodos de tempo avaliados.

A partir deste primeiro artigo, p6de-se estabelecer o protocolo e a metodologia de
irradiacdo, de forma a permitir o prosseguimentodo estudo. No segundo artigo, avaliou-se a
mesalazina incorporada a polimero biodegradavel no tratamento da retite actinica em ratos,
por meio de analise histoldgica, utilizando os periodos de observagao de cinco semanas (fase
aguda) e oito semanas (fase cronica) da irradiacdo, conforme resultados obtidos na avaliacdo
prévia3°.

Os parametros avaliados no estudo foram adaptados de Sezer et al.? e graduados em
0, +, ++ e +++. Decidiu-se incluir as principais caracteristicas do processo agudo observadas a
partir de uma analise preliminar do material histoldgico (infiltrado inflamatério na lamina
prépria, erosdo do epitélio de revestimento, necrose da mucosa), além do principal achado
do processo cronico (deposi¢cdo de coldgeno na lamina proépria).

O resultado encontrado na andlise dos grupos de cinco semanas ap6s a irradiacao foi
aparentemente controverso, uma vez que a condroitina e a mesalazina apresentaram uma
maior intensidade de processo inflamatério e uma menor intensidade de fibrose. No
entanto, tal resultado pode ser explicado e compreendido ao se examinar os grupos de oito
semanas apos a irradiacdo. Neste subgrupo, que corresponde predominantemente a
alteragdes cronicas do processo, observou-se, em termos de resposta inflamatdria, um
resultado inverso, no qual a mesalazina e a condroitina apresentaram uma menor
intensidade de inflamacdo. Isso indica que, na verdade, essas drogas utilizadas isoladamente
induziram um pico inflamatério mais tardio quando comparado ao grupo controle. Tal fato
pode ser corroborado pelo fato de a fibroplasia ter sido menos intensa apds oito semanas de
irradiacdo nos grupos mesalazina e condroitina. Sabe-se que o processo inflamatério agudo
inicial é o que desencadeia a fibrose tardia, logo a reducdo da fibrose é o efeito desejado
final do tratamento, o que comprova a eficacia de ambas as drogas. J& o conjugado
apresentou um processo inflamatdrio mais intenso com oito semanas, o que indica que ele
provavelmente induziu um pico inflamatdrio ainda mais tardio quando administrado nesta
posologia especifica deste estudo. O fato de nado ter havido diferenca significativa em
relacdo ao conjugado no tempo de estudo de cinco semanas indica que até este periodo o

conjugado conseguiu restringir o pico inflamatério e a fibrose. Com oito semanas, ele induziu
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a inflamacdo ainda mais tardia (devido a suspensdo do uso da droga e aos efeitos em longo
prazo e cumulativos da radiacdo) e, provavelmente, a fibrose estaria presente em um
periodo mais prolongado de estudo.

A mesalazina é uma das drogas mais testadas no tratamento da retite actinica. Seu
principal uso é nas Doengas Inflamatdrias Intestinais, mas ha também estudos com
resultados ainda controversos avaliando sua eficicia no tratamento da retite actinica®’ e da
doenca diverticular3®. E um potente inibidor da sintese e liberacdo de mediadores pro-
inflamatdrios (por exemplo, 6xido nitrico, leucotrienos, tromboxanos e fator ativador
plaquetario) e também inibe a funcdo de diversas células implicadas na inflamagdo e na
resposta imune (linfocitos natural killers, mastécitos, neutréfilos, macréfagos)®®. Apesar de a
literatura ser controversa a respeito do beneficio da mesalazina na retite actinica®®, com
alguns estudos mostrando a melhora de sintomas?® e outros mostrando até mesmo a piora
da sintomatologia®!, neste estudo o fadrmaco foi eficaz ao retardar o processo inflamatdrio e
reduzir a fibrose no periodo estudado.

O conjugado polimérico de mesalazina recentemente publicado por Cesar et al.?* é
um medicamento promissor que permite maior biodisponibilidade, maior mucoadesividade,
esquema posoldgico mais simples, com consequente maior ades3o ao tratamento. A
capacidade mucoadesiva permite uma reducdo na dose necessdria para se obter o efeito
terapéutico*?. Consequentemente, hd uma reducdo dos efeitos adversos e maior ades3o ao
tratamento*3.

O sulfato de condroitina foi conjugado ao 5-ASA, formando esse novo farmaco.
Apesar do uso da condroitina ser amplamente empregado no tratamento da osteoartite,
alguns estudos provaram que ela também é eficaz no tratamento da cistite actinica®®. O
mecanismo exato pelo qual ocorre seu efeito ainda é desconhecido, mas sabe-se que a
condroitina corrige a falha na cobertura de glicosaminoglicano da mucosa vesical®. Por ser
eficaz no tratamento da cistite actinica®®, a condroitina também pode ter seu valor no
tratamento da retite actinica, uma vez que os resultados obtidos foram os mesmos que os
da mesalazina em todos os parametros estudados.Ndo se encontrou na literatura estudos
utilizando a condroitina no tratamento da retite actinica, portantotrata-se de um achado

gue pode vir a ser util em estudos futuros.
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7 CONCLUSOES

1-O presente estudo possibilitou uma nova alternativa para se estudar a retite
actinica experimental, ao descrever uma nova metodologia, que se provou eficaz, segura e

reprodutivel, de irradiacdo sem o uso de maquinas de radioterapia.

2- Com esse novo método, demonstrou-se que a mesalazina isolada foi eficaz ao
induzir uma resposta inflamatéria retardada, reduzindo, assim, a fibrose tardiano
tratamento da retite actinica experimental em ratos. Além disso, provou-se que a
condroitina isolada obteve os mesmos resultados que a mesalazina, sendo este um achado
original inesperado. Por fim, comprovou-se que o conjugado de mesalazina polimérico foi
capaz de induzir uma resposta inflamatdria ainda mais retardada, porém, durante o periodo

de estudo, ndao houve diferenga em termos de fibroplasia.
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8 PERSPECTIVAS FUTURAS

O presente estudo possibilitou ampliar um novo horizonte de investigacdoem relacao
a novos usos deste método alternativo de se induzir a retite actinica experimental, o que
possibilitaria novas pesquisas buscando se definir alternativas terapéuticas tanto na
prevenc¢ao quanto no tratamento dessa doenga.

Além disso, o uso da mesalazina se mostrou promissor no tratamento da retite
actinica, no entantoainda ha poucos estudos para se determinar seu real papel. Portanto,
mais estudos sdo necessarios, tanto em modelos animais quanto em humanos para
corroborar ou refutar os resultados desta tese.

A condroitina se mostrou também como uma nova droga promissora, tendo sido este
o primeiro estudo de nosso conhecimento que testou tal medicamento na retite actinica. Os
resultados favordveis sdo animadores para se ampliar o estudo desta droga na retite
actinica, de forma a determinar a sua real eficacia e o mecanismo de agao.

Por fim, a mesalazina conjugada a condroitina, objeto principal deste estudo,
apresentou resultados também favoraveis. No entanto, este foi um estudo inicial, no qual se
optou por estudar a droga em uma dose, posologia e via de administracao especificas, com
intervalos de estudo ja predeterminados. Diante dos resultados obtidos, gera-se um
precedente para se estudar a droga em novas posologias (uso da droga mais precoce apds a
irradiacdo, uso mais prolongado e continuado da droga, por exemplo), novas doses de
administracdo, novas vias de administracdo (enemas ou supositorios) e novos periodos de
avaliacdo (mais tardiamente que oito semanas e mais precocemente que cinco semanas). A
possibilidade de uso de tal medicamento na prevencdo da retite, se utilizada previamente ou
concomitantemente a irradiacdo, também pode ser realizada em estudos futuros. Por fim,
necessita-se tracar o perfil farmacocinético desse medicamento e se avaliar o que ocorre em
nivel molecular (avaliacdo de citocinas por imunohistoquimica, por exemplo) no intestino

irradiado apos o uso da medicacao.
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APENDICE A - TABELAS DE HISTOLOGIA

Tabela 1 — Parametros histoldgicos cinco semanas apds irradiagdo:
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Inflamagdo Degeneragdo Necrose Fibroplasia
GRUPOS n % n % n % n %
CONTROLE (n=6) 0 02b 1 17 1 17 6 | 100%¢
CONDROITINA(n=6) 6 1002 5 83 4 67 0 oc
MESALAZINA(n=6) 5 83k 4 67 4 67 1 17¢
CONJUGADO(n=6) 2 33 2 33 2 33 3 50
2; p=0,002
b:p=0,01
¢ p=0,002
d: p=0,01
Tabela 2 — Parametros histoldgicos oito semanas apés irradiacdo:
Inflamagdo Degeneragdo Necrose Fibroplasia
GRUPOS n % n % n % n %
CONTROLE(n=5) 0 0? 2 40 2 40 5 10049
CONDROITINA(n=6) 3 50° 5 83 4 67 1 17¢
MESALAZINA(n=6) 1 17¢ 4 67 3 50 0 0¢
CONJUGADO(n=6) 6 1002b< 5 83 5 83 3 50

a: p=0,002
b.n=0,002
¢ p=0,01
d: p=0,01
e p=0,002
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APENDICE B-PLANILHA DE HISTOLOGIA POR ANIMAL

Grupo

Cdlon Irradiado Mesalazina 5 semanas - 1
Célon Irradiado Mesalazina 5 semanas - 2
Cdlon Irradiado Mesalazina 5 semanas - 3
Cdlon Irradiado Condroitina 5 semanas - 1
Cdlon Irradiado Condroitina 5 semanas - 2
Cdlon Irradiado Condroitina 5 semanas - 3
Célon Irradiado Condroitina 5 semanas - 4
Cdlon Irradiado Condroitina 5 semanas - 5
Cdlon Irradiado Condroitina 5 semanas - 6
Cdlon Irradiado Mesalazina 8 semanas - 1
Célon Irradiado Mesalazina 8 semanas - 2
Cdlon Irradiado Mesalazina 8 semanas - 3
Célon Irradiado Mesalazina 8 semanas - 4
Célon Irradiado Mesalazina 8 semanas - 5
Célon Irradiado Mesalazina 8 semanas - 6
Célon Irradiado Condroitina 8 semanas - 1
Célon Irradiado Condroitina 8 semanas - 2
Célon Irradiado Condroitina 8 semanas - 3
Célon Irradiado Condroitina 8 semanas - 4
Célon Irradiado Condroitina 8 semanas - 5
Cdlon Irradiado Condroitina 8 semanas - 6
Célon Irradiado Mesalazina 5 semanas - 4
Cdlon Irradiado Mesalazina 5 semanas - 5
Cdlon Irradiado Mesalazina 5 semanas - 6
Célon Irradiado Conjugado 5 semanas - 1

Célon Irradiado Conjugado 5 semanas - 2

Célon Irradiado Conjugado 5 semanas - 3

Infiltrado

inflamatdrio
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28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

Célon Irradiado Conjugado 5 semanas - 4
Cdlon Irradiado Conjugado 5 semanas - 5
Célon Irradiado Conjugado 5 semanas - 6
Cdlon Irradiado Conjugado 8 semanas - 1
Célon Irradiado Conjugado 8 semanas - 2
Cdlon Irradiado Conjugado 8 semanas - 3
Célon Irradiado Conjugado 8 semanas - 4
Cdlon Irradiado Conjugado 8 semanas - 5
Cdlon Irradiado Conjugado 8 semanas - 6
Colon Irradiado Controle 5 semanas — 1
Colon Irradiado Controle 5 semanas — 2
Colon Irradiado Controle 5 semanas — 3
Colon Irradiado Controle 5 semanas — 4
Colon Irradiado Controle 5 semanas —5
Célon Irradiado Controle 5 semanas — 6
Colon Irradiado Controle 8 semanas — 1
Codlon Irradiado Controle 8 semanas — 2
Codlon Irradiado Controle 8 semanas — 3
Codlon Irradiado Controle 8 semanas —4

Codlon Irradiado Controle 8 semanas — 5
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ANEXO A - CERTIFICADO DO CETEA

UNIVERSIDADE FEDERAL DE MINAS GERAIS

) ~ CEUA
COMISSAO DE ETICA NO USO DE ANIMAIS

CERTIFICADO

Certificamos que o Protocolo n°. 139 / 2016, relativo ao projeto intitulado “AVALIACAO DA
MESALAZINA INCORPORADA A POLIMERO BIODEGRADAVEL NO TRATAMENTO DA
RETITE ACTINICA EM RATOS”, que tem como responsavel Rafael Calvao Barbuto, esta
de acordo com os Principios Eticos da Experimentacédo Animal, adotados pela Comiss&o
de Etica no Uso de Animais (CEUA/UFMG), tendo sido aprovado na reuni&o de
24/05/2016. Este certificado espira-se em 24/05/2021.

CERTIFICATE

We hereby certify that the Protocol n°. 139 / 2016, related to the Project entilted
“EVALUATION OF MESALAZINE LINKED TO BIODEGRADABLE POLYMER IN THE
TREATMENT OF ACTINIC PROCTITIS IN RATS”, under the supervision of Rafael Calvao
Barbuto, is in agreement with the Ethical Principles in Animal Experimentation, adopted by
the Ethics Committee in Animal Experimentation (CEUA/UFMG), and was approved in
24/05/2016. This certificates expires in 24/05/2021.

Cleuza Maria de Faria Rezende
Coordenador(a) da CEUA/UFMG
Belo Horizonte, 24/05/2016.

Atenciosamente.

Sistema CEUA-UFMG
https://www.ufmg.br/bioetica/cetea/ceua/

Universidade Federal de Minas Gerais
Avenida Antdnio Carlos, 6627 — Campus Pampulha
Unidade Administrativa Il — 2° Andar, Sala 2005
31270-901 — Belo Horizonte, MG — Brasil
Telefone: (31) 3499-4516 — Fax: (31) 3499-4592
www.ufmg.br/bioetica/cetea - cetea@prpg.ufmg.br
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ANEXO B - FOLHA DE APROVAGAO

PROGRAMA DE POS-GRADUAGAO EM CIENCIAS APLICADAS A CIRURGIAE A

UNIVERSIDADE FEDERAL DE MINAS GERAIS UFMG
OFTALMOLOGIA E

FOLHA DE APROVACAO

AVALIAGAO ~ DA MESALAZINA INCORPORADA A POLIMERO
BIODEGRADAVEL NO TRATAMENTO DA RETITE ACTINICA EM RATOS POR
MEIO DE MODELO ALTERNATIVO DE IRRADIACAO GAMA

VINICIUS RODRIGUES TARANTO NUNES

Tese submetida a Banca Examinadora designada pelo Colegiado do Programa de
Pos-Graduagéio em CIENCIAS APLICADAS A CIRURGIA E A OFTALMOLOGIA, como
requisito para obtengéo do grau de Doutor em CIENCIAS APLICADAS A CIRURGIA E A
OFTALMOLOGIA, 4rea de concentragio RESPOSTA INFLAMATORIA A AGRESSAO
TECIDUAL, linha de pesquisa Resposta Inflamatéria nos Aloenxertos.

Aprovada em 26 de margo de 2018, pela banca constituida pelos membros:
O )
Prof{(a). Ivana Duval de Araujo - Orientador
UFMG

'Dﬁf&&@%fzuf(&
Prof(a). Rafael Calvdo Barbuto
UFMG
/i (2 t&\\)-A\\.,

\\/“""A_‘ ey —
Prof(a). Soraya Rodrigues de Almeida Sanches

UFMG
\ \ ( Q
Prof(a). Juliano Alves Figueiredo /
UFMG / \,v& \
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gusto Real Martinez
ICAMP

Prof{a). Carlos

SR\
Prof{a). Rogério Saad Hossne
UNESP

Belo Horizonte, 26 de margo de 2018.



