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RESUMO

A xerostomia e a hipossalivagao sao importantes sequelas da radioterapia em regiao
de cabega e pesco¢go uma vez que as glandulas salivares sdo extremamente
sensiveis aos efeitos da radiagdo ionizante. O primeiro artigo desta dissertagao
trata-se de uma revisao de literatura na qual foram abordados métodos preventivos
de xerostomia radioinduzida tais como o uso de farmacos agonistas colinérgicos,
substancias antioxidantes, acupuntura, terapia laser de baixa poténcia e
transferéncia de glandula submandibular. O segundo artigo descreve um estudo
experimental, realizado com o objetivo de avaliar e comparar o efeito radioprotetor
da vitamina E, da associacdo das vitaminas C e E, bem como do resveratrol sobre
alteragdes morfoldgicas induzidas pela radioterapia em glandulas parétidas de ratos.
Setenta ratos Wistar, machos, adultos foram distribuidos em cinco grupos: grupo
controle (1,0 mL/kg de solugédo salina); grupo controle irradiado (1,0 mL/kg de
solugdo salina); grupo vitamina E (360 mg/kg, 200 Ul/mL de vitamina E); grupo
vitaminas C e E (360 mg/kg, 200 Ul/mL de vitamina E e 100 mg/kg, 200 mg/mL de
vitamina C); grupo resveratrol (100 mg/kg de resveratrol). Previamente a
radioterapia, os animais receberam uma dose por dia do farmaco correspondente a
cada grupo, durante trés dias consecutivos, por meio de gavagem. Os animais foram
submetidos a teleterapia por cobalto-60 em regido de cabega e pescogo (exceto o
grupo-controle), em sessao unica de 20 Gy. Os animais foram eutanasiados sete e
trinta dias apds a radioterapia e as glandulas parétidas foram dissecadas e
preparadas para avaliagdo morfolégica. Apds sete dias n&o houve diferenga
significativa entre os grupos quanto a presenga de desorganizagdo acinar,

vacuolagado citoplasmatica, alteragdes sugestivas de apoptose e pleomorfismo



celular. Trinta dias apds a radioterapia, nos grupos vitamina E e resveratrol a
presenca de vacuolagido foi significativamente inferior em comparagdo ao grupo
irradiado (p=0,015). Ainda neste periodo, o grupo resveratrol apresentou menos
pleomorfismo nuclear em relagdo ao grupo irradiado (p=0,015). Além disso, os
grupos vitamina E e resveratrol apresentaram &area nuclear significativamente
superior aos demais na avaliagdo de 30 dias (p=0,000). De acordo com os
resultados apresentados € possivel sugerir que a vitamina E e o resveratrol
atenuaram os efeitos da radiacido ionizante nas células acinares de pardétidas de

ratos. O resveratrol parece ter sido mais eficiente em comparacgao a vitamina E.

Palavras-chave: Glandulas salivares. Hipossalivagéo radioinduzida. Vitamina E.

Resveratrol.
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ABSTRACT

Xerostomia and hyposalivation are important sequelae of radiotherapy in the head
and neck region since the salivary glands are extremely sensitive to the effects of
ionizing radiation. The first article of this dissertation comprehends a literature review
in which preventive methods of radiotherapy-induced xerostomia such as the use of
cholinergic agonist drugs, antioxidant substances, acupuncture, low power laser
therapy and submandibular gland transfer were discussed. The second article
describes an experimental study with the objective of evaluating and comparing the
radioprotective effect of vitamin E, the association of vitamins C and E, as well as
resveratrol on morphological changes induced by radiotherapy in the parotid glands
of rats. Seventy male Wistar rats were divided into five groups: control group (1.0 mL
/ kg of saline); Irradiated control group (1.0 mL / kg of saline solution); Vitamin E
group (360 mg / kg, 200 IU / mL vitamin E); Vitamin C and E group (100 mg / kg, 200
mg / mL vitamin C and 360 mg / kg, 200 IU / mL vitamin E); Resveratrol group (100
mg / kg resveratrol). Prior to radiotherapy, the animals received one dose per day of
the drug corresponding to each group, for three consecutive days, through gavage.
The animals were submitted to cobalt-60 teletherapy in the head and neck region
(except the control group), in a single session of 20 Gy. They were euthanized seven
and thirty days after radiotherapy and the parotid glands were dissected and
prepared for morphological evaluation. After seven days there was no significant
difference between the groups regarding the presence of acinar disorganization,
cytoplasmic vacuolation, changes suggestive of apoptosis and cellular
pleomorphism. Thirty days after radiotherapy, in the vitamin E and resveratrol groups

the presence of vacuolation was significantly lower in comparison to the irradiated



group (p = 0.015). Also during this period, the resveratrol group presented less
nuclear pleomorphism in relation to the irradiated group (p = 0.015). In addition, the
vitamin E and resveratrol groups had a significantly higher nuclear area in the 30-day
evaluation (p = 0.000). According to the results presented, it is possible to suggest
that vitamin E and resveratrol attenuated the effects of ionizing radiation on rat
parotid acinar cells. Resveratrol appears to have been more efficient compared to

vitamin E.

Keywords: Salivary glands. Radiation-Induced Hyposalivation. Vitamin E.

Resveratrol.
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1 INTRODUCAO

A radioterapia consiste na utilizagao de doses elevadas de radiagao ionizante
para o tratamento de neoplasias malignas. A radiagao interage com os tecidos
tumorais, atuando sobre proteinas, lipideos e DNA nuclear, causando a morte ou
incapacidade de replicagao celular por meio da producdo de radicais livres
(SEGRETO; SEGRETO, 2000). A radioterapia pode ter indicagdo terapéutica
primaria no tratamento de neoplasias malignas da regido de cabega e pescoco,
adjuvante a cirurgia e/ou a quimioterapia (MARINHO et al., 2012). De um modo
geral, os pacientes irradiados em regido de cabega e pescogo apresentam efeitos
adversos tais como mucosite, periodontite, trismo, osteorradionecrose e xerostomia
(AHMED et al., 2009; EPSTEIN et al., 2012; KLEIN; LIVERGANT; RINGASH, 2014).

As glandulas salivares maiores sédo frequentemente envolvidas nos portais
terapéuticos de radiacdo por estarem em proximidade com os sitios de tumores
primarios e cadeias linfaticas da regiao de cabecga e pescogo. Como consequéncia,
passam por um processo de degeneragdo, resultando em hipossalivacdo e
xerostomia (EISBRUCH et al., 2001; MONTERO; REYES; CIFUENTES; 2002;
TROTTI, 2000; KONINGS; COPPES; VISSINK, 2005). A qualidade de vida desses
pacientes é profundamente afetada, pois a hipossalivagao aumenta a suscetibilidade
a caries, infecgbes orais oportunistas, disgeusia, disfonia, ardéncia bucal, entre
outras (TROTTI, 2000; VISSINK et al., 2010; KLEIN; LIVERGANT; RINGASH, 2014).

Na teleterapia, forma de radioterapia mais utilizada em regido de cabeca e
pescoco, sao usualmente aplicadas doses entre 50 e 70 Grays (Gy), fracionadas em
2 Gy ao dia, cinco vezes por semana (EPSTEIN et al., 2012) . Uma dose média de
25,8 Gy pode reduzir em 25% o funcionamento das glandulas parétidas em

comparagao ao estado inicial (BLANCO et al., 2005). Dentre as modalidades de
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radioterapia mais utilizadas em regido de cabeca e pescogo, a radioterapia
convencional 2D (RC) é a que apresenta os efeitos adversos mais significativos
sobre o tecido glandular. A radioterapia de intensidade modulada (IMRT) e a
radioterapia conformacional tridimensional (3DCRT) reduzem a dose de radiagao
nas estruturas sadias adjacentes ao tumor e, consequentemente, a toxicidade
causada pela radiagao ionizante (NUTTING et al., 2001; STONE et al., 2003; van
RIJ et al., 2008; RUDAT et al., 2008; DUARTE et al., 2014; MARTA et al., 2014).

Macroscopicamente, as glandulas salivares irradiadas apresentam atrofia,
com reducao do seu volume e peso (NAGLER et al., 1998; MOTALLEBNEJAD et al.,
2014). Sob o0 aspecto microscopico sao encontradas alteragbes como
desorganizagao acinar, perda e atrofia das células acinares, dano as mitocdndrias e
as membranas celulares, hipovascularizagdo, vacuolacdo citoplasmatica,
condensacao nuclear e formagao de tecido fibroso (COPPES; VISSINK; KONINGS,
2002; BORAKS et al., 2008; TUJI et al., 2010; XU et al., 2013; ABEDI et al., 2015).

Na literatura encontram-se estudos testando diferentes métodos de prevencgao

da xerostomia radioinduzida. Dentre estes se podem destacar as substancias
antioxidantes (RAMOS et al.,, 2006; RUDAT et al., 2008; SIMSEK et al., 2012),
agonistas seletivos dos receptores muscarinicos como a pilocarpina (HADDAD;
KARIMI, 2002; BURLAGE et al., 2008) e o betanecol (JHAM et al.,, 2007),
acupuntura (MENG et al., 2012), transferéncia da glandula submandibular (JHA et
al., 2000; RIEGER et al., 2012) e radiagao laser de baixa poténcia (ACAUAN et al.,
2015).

Os antioxidantes podem ser classificados em enzimaticos como a superoéxido
dismutase e a catalase ou ndo enzimaticos como as vitaminas A (carotenoides), C

(acido ascorbico), E (tocoferol) e o selénio. Os antioxidantes previnem a formagao
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de radicais livres, impedindo a sua agao sobre lipideos, aminoacidos, dupla ligagao
dos acidos graxos poli-insaturados e bases de DNA. Os antioxidantes também
removem danos ao DNA, reparando lesbes causadas pelos radicais livres e
reconstituindo a membrana celular danificada (BIANCHI; ANTUNES, 1999).

A vitamina E é a principal vitamina lipossoluvel presente no plasma sanguineo
(CATANIA; BARROS; FERREIRA, 2009). E um componente comum dos 6leos
vegetais, encontrada na natureza basicamente em quatro formas a, 3, y e 6-tocoferol,
sendo o a-tocoferol a forma biologicamente ativa mais amplamente distribuida nos
tecidos e no plasma e também a mais pesquisada (BIANCHI; ANTUNES, 1999;
CATANIA; BARROS; FERREIRA, 2009). Esta vitamina reage com os radicais
peroxil, transformando-os em radicais alfa-tocoferoxil, 0 que interrrompe a cadeia de
peroxidacao lipidica. Com isso, a vitamina E acaba transformando-se no radical
tocoferil, que necessita ser regenerado para recuperar o seu potencial. Nesse
processo atuam o acido ascoérbico, a enzima glutationa e a coenzima Q10
(CATANIA; BARROS; FERREIRA, 2009; POCERNICH; BUTTERFIELD, 2012). Em
estudo clinico realizado por Chitra e Shyamala Devi (2008), pacientes que durante a
radioterapia receberam 400 Ul/dia de vitamina E por via oral tiveram o fluxo salivar
preservado apos seis semanas. A analise bioquimica demonstrou que o pH, niveis
de amilase salivar, potassio, proteina e sédio mantiveram-se proximos do normal.

A vitamina C ou acido ascoérbico € uma vitamina hidrossoluvel e termolabil. A
vitamina C esta presente em praticamente todos os tecidos animais sob duas
formas: reduzida ou oxidada (acido deidroascorbico) e é considerada um
antioxidante primario ou preventivo, pois reage com o oxigénio, reduzindo o estresse
oxidativo. Seres humanos e primatas sao os unicos mamiferos que ndo conseguem

sintetiza-la (MANELA-AZULAY et al, 2003; DU; CULLEN; BUETTNER, 2012). Além
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disso, ela auxilia no processo de regeneragcéo da vitamina E, ajuda a proteger o
organismo de infec¢cdes e é fundamental na integridade da parede dos vasos
sanguineos e na formagdo das fibras colagenas (ENWONWU, 1992; CATANIA;
BARROS; FERREIRA, 2009). Em um estudo prospectivo, randomizado, duplo-cego,
placebo-controlado, Chung et al. (2016) avaliaram o efeito radioprotetor das
vitaminas C e E sobre as glandulas salivares em 45 pacientes irradiados (=240 Gy)
em regido de cabega e pescogo, que utilizaram 100 Ul de vitamina E + 500 mg de
vitamina C, duas vezes ao dia, iniciando uma semana antes da radioterapia até um
més apos. Apds cinco meses, 0s pacientes que utilizaram as vitaminas C e E
recuperaram parte da funcdo das glandulas salivares, apresentando menores
indices de xerostomia.

O resveratrol € um composto natural polifendico nao-flavondide que pode ser
encontrado na casca do amendoim, no mirtilo, no vinho tinto, e principalmente na
casca da uva tinta. Ele possui agao anti-inflamatéria, anticancerigena, antioxidante,
antienvelhecimento, vasodilatadora, neuroprotetora, entre outras (DIAS, 2009). O
resveratrol € um ativador natural da sirtuina-1 (SIRT1), que atua na estabilidade
genbmica e no reparo, regulacédo do metabolismo e proliferagdo celulares. A SIRT1
tem sido relacionada a protecao contra o estresse oxidativo em enfermidades que
envolvem desordens metabdlicas, doengas cardiovasculares e neurodegenerativas
(MARQUES; MARKUS; MORRIS, 2009; CHONG et al. 2012). Xu et al. (2013)
investigaram o efeito radioprotetor do resveratrol em glandulas submandibulares de
camundongos. Os animais foram tratados com dosagem de 20 mg/kg de resveratrol
intraperitoneal durante trés dias, previamente a radioterapia (15Gy). Apds 24 horas e
30 dias, o fluxo salivar do grupo teste foi significativamente superior ao do grupo

controle. Na andlise histolégica, o grupo irradiado que foi tratado previamente com
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resveratrol apresentou menos alteragdes morfolégicas, com manutengéao do tecido
glandular, indicando que esta substancia é capaz de prevenir alguns efeitos
colaterais da radioterapia em glandulas salivares.

Segundo Conklin (2000), sao produzidos radicais livres na destruicdo do
tumor pela radioterapia, porém isso ndo impede a utilizagao de antioxidantes durante
o tratamento oncoldgico. Os antioxidantes auxiliam a radioterapia, pois mantém os
tecidos bem oxigenados, aumentando a sua eficiéncia. Sabe-se que massas
tumorais de tamanho avantajado recebem menos aporte de oxigénio. Assim, 0 uso
de antioxidantes poderia melhorar as condicdes desse tecido, aumentando a
efetividade da radioterapia (CONKLIN, 2000; VALKO et al., 2006; MOSS, 2007).

Estudos cientificos demonstram os efeitos benéficos dos antioxidantes na
protecado dos tecidos frente a radiagao ionizante em regido de cabecga e pescoco.
Considerando os danos as glandulas salivares causados pela radioterapia,
causando hipossalivacdo e xerostomia, o presente estudo avaliou e comparou o
efeito da vitamina E, da associacdo das vitaminas E e C, bem como do resveratrol
sobre alteragdes morfoldgicas induzidas pela radioterapia em glandulas parétidas de

ratos.
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2 PROPOSIGAO

2.1 Objetivo Geral

Avaliar o efeito da vitamina E, da associagdo das vitaminas C e E e do
resveratrol sobre alteragdes morfoldgicas induzidas pela radioterapia em glandulas

parotidas de ratos.

2.2 Objetivos Especificos

* Realizar uma revisdo de literatura abordando métodos preventivos de
xerostomia radioinduzida.

* Avaliar e comparar, por meio de analise histolégica, o efeito da vitamina E,
da associagcédo das vitaminas C e E e do resveratrol na morfologia das gléandulas

parétidas de ratos irradiados em regido de cabega e pescogo.
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ABSTRACT

Background: Head and neck radiotherapy is one of the main causes of salivary
hypofunction. The salivary glands are extremely sensitive to ionizing radiation,
presenting irreversible structural alterations, with alterations in salivary flow and
composition.

Objective: The present study aimed to provide an update on the mechanisms of
prevention of the radiotherapy-induced salivary hypofunction.

Materials and methods: A research was conducted in Medline / PubMed / Lilacs /
Bireme databases using the terms radiotherapy, intensity-modulated radiotherapy,
xerostomia, hyposalivation, radiation-protective agents, amifostine, bethanechol,
pilocarpine, vitamin E, resveratrol, acupuncture, low level laser therapy and
submandibular gland transfer. Pre-clinical studies in animal models, controlled
clinical trials and meta-analysis were selected.

Results: Studies with bethanechol, pilocarpine and amifostine corroborate the
prophylactic effect of these drugs on the salivary glands. However, they have side
effects which contraindicate its use in several patients. Researches about
acupuncture and LLLT show preservation of salivary flow in oncologic patients with
no or little side effects. Patients who undergo the submandibular gland transfer
technique previously to radiotherapy also have less incidence of xerostomia.
Conclusion: In general, the therapies presented in this review can help to prevent
the symptoms caused by the hypofunction of the irradiated salivary glands.
Nevertheless, at this point there are no techniques or drugs capable of completely
preventing the development of radiotherapy-induced salivary hypofunctions.
Controlled clinical trials are still needed in order to find therapeutical methods that

preserve the glandular structure undergoing ionizing radiation, thus preventing



hyposalivation and xerostomia.

Keywords: Salivary gland. Radioprotector. Xerostomia. Hyposalivation.
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INTRODUCTION

The saliva is a fluid of extreme importance in the maintenance of oral
homeostasis, being present in several biologic processes. It is composed in almost
its totality by water and electrolytes, besides proteins such as immunoglobulins and
mucins. This fluid acts in the lubrication of the mucosa, digestion, phonation,
gustation, neutralization of acid components and in the immune systems through
antimicrobial peptides against bacteria, fungi and viroses."® Hyposalivation is
characterized by the decrease in the capacity of the salivary glands to secrete saliva,
and xerostomia is defined as the subjective sensation of oral dryness. Such
alterations can be caused by drugs, systemic diseases, head and neck radiotherapy,
among other reasons.® Patients affected by salivary hypofunctions tend to show an
atrophic buccal mucosa, as well as dysphonia, dysphagia, oral burning sensation and
palate alterations. There is increased risk to oral candidiasis, caries lesions and
periodontal alterations.”® The diminished bactericidal effect of saliva favors the
increase of population of the microorganisms responsible for these diseases.®™°

Head and neck radiotherapy is one of the main causes of salivary
hypofunction.'™'? The major salivary glands are usually included in the radiation
portals due to the fact that they reside close to primary tumor sites and lymphatic
chains of the head and neck region and frequently have their function impaired
resulting in hyposalivation and xerostomia.""*'> Among the radiotherapy methods
most employed in head and neck region, conventional 2D radiotherapy (RC) is the
one that presents the most significant side effects on the glandular tissue. Intensity-
modulated radiotherapy (IMRT) and Three Dimensional Conformal Radiotherapy

(3DCRT) reduce the radiation dose on the health structures close to the tumor and,
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consequently, the toxicity caused by the ionizing radiation.'®'%%°

The salivary glands are extremely sensitive to ionizing radiation, presenting
structural alterations which cause changes in salivary flow and composition.?’ These

2122 permanent

alterations are dose-dependent and can be irreversible.
hyposalivation is frequently associated to doses of 250 Gy, usually used for head and
neck cancer treatment.?® Irradiated patients often present salivary flow lower than
users of drugs which cause xerostomia and of patients with Sjégren syndrome.?*

Many studies have been investigating radiotherapy effects on the morphology
of salivary glands. Among the microscopic and ultrastructural acute alterations there
are hypovascularization, cytoplasmic vacuolation, pleomorphism, nuclear
condensation, and damage to mitochondria and to cell membranes of acinar cells.
Later there are phenomena such as inflammation and vacuolation, as well as duct
dilatation, vascular congestion, decrease in the number of acinar cells and in the
glandular volume, increase in adipose and fibrous tissues, with atrophy and
parenchymatous degeneration.?>*° The irradiated salivary glands can present a
reduction of approximately 50% of their weight in comparison to non-irradiated
glands.?'?

Studies have been conducted in order to find agents capable of preventing the
sequelae caused by ionizing radiation on salivary glands.***° Several modalities
such as the use of antioxidant substances (vitamins and resveratrol), selective
agonists of muscarinic receptors, submandibular gland transfer, acupuncture, low-
level laser therapy ***¢*! have been investigated in clinical and laboratory studies in
prevention of radiotherapy-induced xerostomia.

The level of decrease in salivary flow post-radiotherapy is dose-dependent and

this effect can be aggravated with time.** The best treatment for radiotherapy-



38

induced hyposalivation is prevention since radiotherapy can cause irreversible
damages to glandular tissues. Thus, the present study aimed to review and provide
an update in mechanisms for prevention of radiotherapy-induced salivary
hypofunction. A research was conducted in Medline / PubMed / Lilacs / Bireme
databases using the terms radiotherapy, intensity-modulated radiotherapy,
xerostomia, hyposalivation, radiation-protective agents, amifostine, bethanechol,
pilocarpine, vitamin E, resveratrol, acupuncture, low level laser therapy and
submandibular gland transfer. Pre-clinical studies in animal models, meta-analysis
and controlled clinical trials with preventive character on salivary glands, published
between 1995-2016 were selected and analyzed. Proper references of these papers

were also reviewed.

RADIOPROTECTIVE DRUGS

In order to be considered radioprotective, the substance must have the
capacity to protect the tissues without causing genetic alterations, mutations,
damages to the immune system or toxicity.?> Many drugs have been tested, among
which the most quoted in literature are the cholinergic agonists, such as pilocarpine

and bethanechol, and the antioxidant substances.

Bethanechol

Bethanecol is a parasympathomimetic drug, selective agonist of muscarinic
receptors of the parasympathetic nervous system, which stimulates the secretory
function.?”*? This drug is widely employed in the treatment of postoperative urinary

retention and has been studied in xerostomia treatment, showing good results.
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When employed for xerostomia, the recommended dose is of 25-50mg twice to three
times a day.’"4?%3

Jham et al.>” assessed the effect of bethanechol in the prevention of xerostomia
in a clinical trial with 43 patients irradiated on the head and neck regions. One group
used bethanechol, 25mg, three times a day, and the other used artificial saliva during
the oncological treatment. The major salivary glands received an amount of at least
45 Gy of radiation. In the bethanechol group, the salivary flow not stimulated was of
0.30 ml/min, significantly different from the control group, which was of 0.18 min/ml
(p=0.03). Furthermore, the participants of the bethanechol group reported less
symptoms, with lower values in the xerostomia assessment (p=0.05).

In a double-blind study, bethanechol was used by 42 patients, from the begining
until one month after radiotherapy. The 3DCRT and the IMRT techniques were used
in both groups, bethanechol and control. The group that used bethanechol presented
an improvement in saliva production both in resting (p=0.008) as well as under
stimulation (p=0.005) in comparison to the placebo group. Besides, the prevalence of
grade Ill xerostomia was lower (p=0.004) in the group that received bethanechol,
even three months after the end of radiotherapy.*?

The side effects reported by the patients that used bethanechol were facial
burning sensation, muscle cramps, nervousness, diarrhea, nausea, lacriamation,
frequent urination and excessive sweating.*” Bethanechol is contraindicated in cases
of hyperthyroidism, peptic ulcer, asthma, coronarian arterial disease, gastrointestinal
diseases, bradicardia, hypotension, vasomotor instability, epilepsy and Parkinson

disease.*
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Pilocarpine

Pilocarpine is a drug which stimulates glandular function also through the
activation of cholinergic muscarinic receptors.'’*? Studies have demonstrated
favorable results in xerostomia prevention in patients who undergo
radiotherapy.*®*°*® Pilocarpine must be ingested in small doses, usually of 5 mg from
three to four times a day*’ with a maximum daily dose of 30 mg."" Its effect against
hyposalivation is immediate, and can last up to four hours. Nonetheless, when used
in patients post-radiotherapy of head and neck, its effect can take up to 12 weeks to
occur.’ Zimmerman et al.** observed that the patients that received this drug during
radiotherapy and in the three months following it showed less symptoms of
xerostomia.

Table 1 shows the clinical trials investigating the preventive effect of pilocarpine

on salivary alterations in patients irradiated on head and neck regions.
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Table 1. Clinical trials investigating the effects of pilocarpine in radiotherapy-induced xerostomia and
hyposalivation prevention in patients with head and neck cancer.

Authors Groups and Pilocarpine Results
Radiation
Doses
ZIMMERMAN etal.®  CR + Placebo 5mg, 4 Xaday, orally, Less symptoms of xerostomia
(n=18) during radiotherapy reported in the Pilocarpine group
and until 3 months (p<0.01).
CR+ after.
Pilocarpine
(n=22)
50- 74 Gy
245 Gy in
parotid glands
HADDAD; KARIMI®  CR + Placebo 5mg, 3 X aday, orally, Six months after radiotherapy the
(n=29) during radiotherapy Pilocarpine  group  presented
and until 3 months better results with significant
CR+ after. differences both in the subjective
Pilocarpine (p=0.02) as well as in the
(n=31) objective  (p=0.01) xerostomia
criteria analysis.
45-70 Gy
240 Gy in
parotid glands
WARDE et al.® CR + Placebo 5mg, 3 X aday, orally, There was no significant
(n=65) during radiotherapy difference between the groups.
and until 1 month after. Pilocarpine did not decrease the
CR + incidence or the grade of
Pilocarpine xerostomia, neither improved
(n=65) quality of life of the patients
during and following the CR.
50-70 Gy
250 Gy in
parotid glands
BURLAGE et a|.‘58 CR + Placebo 5 mg, 4Xa day, oraIIy, There was no significant
(n=85) tVtVOt_ daysd_ thbefore difference between the groups in
startin radiothera . .
CR+ Pilocarpine and ur?til 14 days aftepr}./ the salivary flolw. After  six
(n=85) months, xerostomia scores were
lower in the Pilocarpine group,
46-70 Gy but with no significant difference
240 Gy in to the placebo group. After 12
parotid glands months, the Pilocarpine group
240 Gy in presented significant difference in
submandibular the incidence of xerostomia
glands (p=0.017) when the parotid

glands received 240 Gy.

CR (conventional radiotherapy).
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1.4” reviewed the use of pilocarpine as a method

In a meta-analysis, Yang et a
for radiotherapy-induced xerostomia prevention. The analyzed studies showed that
pilocarpine increased the non-stimulated salivary flow in the first 12 months of follow-
up. The authors concluded that pilocarpine can improve the quality of life of irradiated
patients. However, since it is a cholinergic drug, patients can present side effects
such as nausea, lacrimation, sweating, frequent urination, rhinitis, low intensity
headache and gastrointestinal disturbs. Pilocarpine is contraindicated for patients
with chronic diseases such as asthma, cardiopathies, epilepsy, angle-closure
glaucoma, hypothyroidism, Parkinson disease and anyone using other adrenergic

antagonist drugs or drugs with parasympathomimetic or anticholinergic effects.*?4¢?

Amifostine

Amifostine has been researched since the 1950 decade for the prevention of
damages to tissues adjacent to tumors treated through radiotherapy and
chemotherapy, because it has antioxidant properties, acting against free radicals.
The American Society of Clinical Oncology (ASCO) and the US Food and Drug
Administration (FDA) recognized its radioprotective effect on healthy cells.®® Table 2
shows clinical trials assessing the radioprotective effect of amifostine in patients with

head and neck cancer.
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Table 2. Clinical trials assessing the effect of amifostine in the prevention of radiotherapy-induced
xerostomia and hyposalivation in patients with head and neck cancer.

Authors

Groups and Radiation
Doses

Amifostine

Results

BUNTZEL et al.”

CR (n=14)

CR + Amifostine (n=14)

<60 Gy

275% of the parotid
glands were included in
the radiation field.

500mg/m? daily, 1V,
from 1% to 5" and
from the 21% to the
25" days of
chemotherapy.

100% of the CR group presented
grade 2 xerostomia, while 12% of
the RC + Amifostine group
(p=0.0001) presented this score.

BRIZEL et al.”

CR (42 Gy) (n=150)

CR (60 Gy) + Amifostine-
(n=153)

275% of the parotid
glands were included in
the radiation field.

200 mg/m® daily,
IV, 15-30 min
before each
session of CR.

Reduction in grade 22
xerostomia significantly superior
in the amifostine group in

comparison to the control group
(p<.0001). The drug prevented
hyposalivation without reducing
CR efficacy.

BUENTZEL et al.*®

CR + placebo (n=65)
CR + Amifostine (n=67)

60-70 Gy

275% of the parotid
glands were included in
the radiation field.

200 or 300 mg/m”
30 min before each
session of CR.

Xerostomia levels did not differ
among groups.

Acute grade =2 xerostomia: 39%
in amifostine group versus 34%
in placebo.

Late grade =2 xerostomia: 39%
in amifostine group versus 24%
in placebo.

JELLEMA et al.”

CR + placebo (n=31)

CR + Amifostine 3x/week
(n=30)

CR + Amifostine 5x/week
(n=30)

200 mg/m?, IV, 15-
30 min before CR.

After six months the prevalence
of xerostomia was significantly
lower (p=0.03) in the amifostine
5x/week group in comparison to
the others. However, after this
period the patients started to
show chronic symptoms of
xerostomia and there was no

40-70 Gy significant difference among the
groups that used amifostine
(p=0.81).
RUDAT etal.™ CR (n=34) 200 ou 340 mg/m®, In the first 12 months only the

CR + Amifostine (n=35)
IMRT (n=31)

60 Gy

60.7 Gy in parotid glands
inthe CRand CR +

Amifostine

30.9 Gy in parotid glands
in the IMRT group

IV, 15-30 min
before each
session of
radiotherapy.

IMRT group showed preservation

of parotid function, with
significant difference in
comparison to the CR +

Amifostine group (p<0.01) and
CR group (p<0.001). However,
after 13-45 months the same
groups did not significantly differ
in scintigraphy exam (p=0.07).
The CR + Amifostine group
significantly differed from the CR
group in the period of 13 to 47
months after radiotherapy
(p=0.02).

CR (conventional radiotherapy), IMRT (Intensity-modulated radiotherapy ), IV (Intravenous injection).
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The effect of amifostine in the prevention of salivary alterations was assessed
through meta-analysis that included 1167 patients with head and neck cancer who
underwent radiotherapy or radiochemotherapy. Amifostine prevented chronic and
acute xerostomia in irradiated patients. In patients treated through chemotherapy and
radiotherapy, amifostine prevented chronic xerostomia, but it was not effective on
acute xerostomia.>®

The side effects that patients using amifostine can present during oncologic
treatment are arterial hypotension, nausea, vomits, asthenia, fever, mucositis,
tachycardia, bronchitis, allergic reaction and rash.®****** The higher the applied dose,
the more severe the side effects related to amifostine. Furthermore,
chemotherapeutic drugs can increase this drug’s toxicity.>* Patients allergic to
products of aminothiol and manitol basis, pregnant or breast-feeding women, people
older than 70 and younger than 18 years old, people that are dehydrated, who are
using antidepressant drugs or drugs that trigger hypocalcemia, who present
cardiovascular or cerebrovascular diseases, severe renal or hepatic impairment or
hypocalcemia risk are contraindicated for the use of amifostine.>**® Although it is
widely studied, amifostine still has not had its mechanism of action completely

clarified.®’

Vitamin E

Due to its high antioxidant power, vitamin E (a —Tocopherol) has been analyzed
as a radioprotective agent in the small bowel, thyroid gland and salivary
glands.?*3¢°%% Ramos et al.*® analyzed the radioprotective effect of vitamin E in
salivary glands of irradiated rats (15 Gy). Vitamin E was administered in doses of 360

mg/kg, 24, 48 and 72 hours before radiotherapy. After 30 days of radiotherapy, a
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recuperation of salivary flow was observed in the irradiated animals that had received
vitamin E, suggesting late protection over the salivary glands.

Gomes et al.”® did not observe differences in the number of acinar cells
between animals treated with vitamin E and placebo 30 days after the radiotherapy
(15 Gy). On the other hand, Abedi et al.*®, in a study with rats, demonstrated that
microscopic alterations in irradiated parotid glands, such as vacuolation, ductal
dilatation, vascular congestion, lysis of acinar cells and fibrosis were less evident in
the animals treated with vitamin E.

Chitra et al.®' analyzed the salivary flow, pH levels, salivary amylase, sodium,
potassium and salivary total protein concentration in the saliva of irradiated patients
(n=89) who received vitamin E simultaneously to radiotherapy. Patients received 400
Ul/day of vitamin E, orally, during three or six weeks (five days a week). There was
no decrease in salivary flow in comparison to the beginning of the treatment after the
three first weeks of radiation. On the other hand, the irradiated control group had a
significant decrease of the salivary flow in the same period (p<0.001). Besides, the
control patients presented lower levels of amylase and proteins, as well as pH level
increase (p<0.001). After six weeks of radiotherapy, patients that used vitamin E
presented higher levels of pH, salivary flow, potassium (p<0.001), salivary amylase
activity (p<0.01), proteins and sodium (p<0.05), in comparison to the control group. In
a prospective, randomized, double-blind, placebo-controlled study, Chung et al.®®
assessed the radioprotective effect of vitamins C and E on salivary glands in 45
patients with head and neck cancer. A pill containing 100 Ul of vitamin E and 500
mg of vitamin C was given twice a day, beginning one week before radiotherapy until
one month after. IMRT technique was used, the average radiation dose on the

parotid glands was of 12 Gy for the control group and 14 Gy for the group that took
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the vitamins. In the submandibular glands, the radiation dose was of 25 Gy and 23
Gy in the two groups, respectively. The xerostomia scores were high one month after
the end of radiotherapy in both groups; however, in the patients that used the
vitamins there was significant reduction of these scores after five months. The study
showed that the use of vitamins C and E had a beneficial effect in patients irradiated,

preserving part of the salivary function.

Resveratrol

Resveratrol is a polyphenolic substance mainly found in the red wine, in the red
grape skin and also in peanuts. It is known for its antiinflammatory, antioxidant,
vasodilating, antitumoral, anti-aging, among other properties. Moreover, it is related
to the modulation of transcription factors, inhibition of kinase proteins, suppression of
antiapoptotic genes and inflammation mediators.®’®? Some studies suggest that
resveratrol can present radioprotective potential.?®®* In irradiated rats, resveratrol
diminished apoptosis and enhanced cell tolerance to oxidative stress in the
hippocampus. In the presence of this substance, there was an increase in the activity
of SIRT-1 enzyme.®®

Simsek et al.**

observed, in Wistar rats, that resveratrol in high dosages
protected the salivary glands from the harmful effects of ionizing radiation. The
animals underwent total body irradiation, in a single dose of 7.2 Gy, 24h after the
infusion of intraperitoneal resveratrol in doses of 10 mg/kg or 100 mg/kg. The group
that received 100 mg/kg of resveratrol showed a higher preservation of acinar
structure and diminished necrosis in submandibular glands when compared to the

group of 10 mg/kg or the control group (p<0.05). This group had results similar to the

sham-irradiated group (p>0.05) in histological analysis. It was also shown an
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increase in glutathione and a reduction in malondialdehyde activity when a dose of
100 mg/kg of resveratrol was used.

Another in vivo study evaluated salivary flow and morphologic and biochemical
alterations in submandibular glands of mice who underwent radiotherapy and
treatment with resveratrol. An intraperitoneal infusion of resveratrol was administered
in doses of 20 mg/kg a day, in the three days before radiotherapy (15 Gy) and 30
minutes before the procedure. Resveratrol prevented the radiotherapy-induced
hypofunction in submandibular glands. Salivary flow in the animals that received
resveratrol treatment was significantly higher in the 24 h (p<0.01) and 30 days
(p<0.05) periods after radiotherapy. Moreover, there was no significant drop in
superoxide dismutase enzyme in the experimental group. In the histological
evaluation of submandibular glands, eight hours after the irradiation, the control
group presented modifications such as acinar vacuolization, nuclear alterations and
inflammatory infiltrate. These were even more evident throughout time and, after 30
days, fibrosis was observed. Furthermore, the group that received resveratrol
presented milder alterations in relation to vacuolization, inflammatory infiltrate, as

well as the absence of fibrosis in all of the periods.?®

OTHER RADIOPROTECTIVE METHODS

Other non-pharmacological methods for radioprotection of salivary glands
have also been researched, such as acupuncture, low level laser therapy and

submandibular gland transfer.
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Acupuncture

Acupuncture is a possible method for prevention and treatment of xerostomia
and hyposalivation associated to radiotherapy.®® Braga et al.*’, in a study with
irradiated patients (n=24) in head and neck regions (=50 Gy), observed that
acupuncture diminished the grade of xerostomia in comparison to the control group.
Between 16 and 20 acupuncture sessions were performed along the whole anti-
tumoral treatment, reaching local (ST-3, ST-4, ST-5, ST-6, ST-7, GB-2, SI-19, TB-
21), distal (LI-4, LI-11, LR-3, ST-36, KI-3, KI-5, GV-20) and auricular points (Shen-
Men, central nervous system, neurovegetative system, kidney, spleen, pancreas and
mouth), totalizing 29 points in each session. Salivary flow, both in resting as well as
under stimulation, was significantly higher in the acupuncture group (p<0.001).
Moreover, the patients also complained less about oral mucosa burning sensation,
pain and dysgeusia.

In a controlled study involving 86 patients irradiated on head and neck regions,

Meng et al.®®

used acupuncture three times a week, concomitantly to radiotherapy
(média de 71 Gy). In the first 11 weeks after the end of treatment, the group that
underwent acupuncture sessions presented salivary flow in resting and under
stimulation significantly higher than the control group. Six months after the treatment
there was no significant difference between the groups for salivary flow in resting.
However, salivary flow under stimulation remained significantly superior in the
acupuncture group. Furthermore, patients who underwent acupuncture sessions
presented less xerostomia symptoms in comparison to the control group.

In a systematic review, Zhuang et al.**

concluded that the acupuncture used to
prevent xerostomia in patients with head and neck cancer has little or no side effects.

Although studies suggest efficacy in combating xerostomia, there are still no clear
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evidences for the acupuncture to be considered a standard treatment in oncologic

treatment centers.

Low Level Laser Therapy (LLLT)

The effect of LLLT on salivary glands is a source of discussions in literature.
There are few studies that support the effect of this therapeutic alternative on saliva’s
production and the modification of its composition. Studies suggest that low level
laser, through photophysical and photochemical reactions, acts on cellular
metabolism, inducing cellular proliferation and protein synthesis. According to the
authors, LLLT can enhance local vascularization of irradiated salivary glands.*'%¢67

Acauan et al.*! investigated the effect of LLLT in the prevention of radiotherapy-
induced alterations in the parotid glands of mice. The LLLT (830 nm, 100 mW, 0.028
cm?, 3.57 W/ cm?) was applied punctually in the region of the parotid glands with the
energy of 2 J (20 s, 71 J/cm?) or 4 J (40 s, 135 J / cm?) immediately before the
radiotherapy session (10 Gy) and 24h after it. The method preserved acinar
structure, reducing the incidence of vacuolization and apoptosis, mainly when the 4J
protocol was applied.

Lopes et al.?®

, in a controlled study, assessed the LLLT effect on the prevention
of salivary glands hypofunction in 60 patients with head and neck carcinoma who
underwent chemo and radiotherapeutic treatment. The laser of InGaAIP (Aluminium
Gallium Indium Phosphide, 685 nm, 35mW) was employed in doses of 2 Jicm? per
point over the jugal mucosa, floor of mouth, tongue, tonsillar pillar, uvula,
submandibular and parotid glands, during 58 seconds. Patients who underwent laser

therapy presented stimulated and non-stimulated salivary flow close to normal, with

significant difference (p<0.001) when compared to the control group.
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Gonnelli et al.®®

performed 21 sessions of laser therapy (InGaAlIP) intra and
extraoral, three times a week, in alternate days, during radiotherapy (66-70 Gy) and
chemotherapy (cisplatin 40 mg/m? weekly) in head and neck cancer patients (n=23).
For the intraoral application, a 660 nm wavelenght, 40 mW potency and 10 J/cm?
dose for 10 seconds per point were employed. For the extraoral application, a 780
nm wavelenght, 15 mW potency and a 3,8 J/cm? dose for 10 seconds per point was
used. Saliva production with or without stimulation was assessed previously to the
first radiochemotherapy session and 30 days after the last session. Salivary flow,
both in resting (p=0.014) as well as under stimulation (p=0.013) was significantly
higher in the laser group.

In another study, Gonnelli et al.®’, using the same described parameters,
evaluated the effect of LLLT in non-stimulated saliva production in patients with head
and neck cancer (n=27) treated with radiotherapy (66-70 Gy) and chemotherapy. The
patients were evaluated in different periods: before radiotherapy, after 15 sessions,
after the last session, 30 and 90 days after the end of treatment. Patients of the laser
group showed salivary flow significantly higher than the control group after the 15"
session of radiotherapy (p=0.015), at the end of the radiochemoterapy treatment
(p=0.014) and 30 days (p=0.023) after the conclusion of the oncological treatment.
Nevertheless, after 90 days from the end of treatment, there was no significant

difference between the groups regarding salivary flow.

Submandibular Gland Transfer

Submandibular gland transfer (SGT) is also a procedure used to prevent
salivary glands hypofunction, improving the quality of life of the patients that will

undergo radiotherapy on head and neck regions.® It is performed through a surgical
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procedure of transferring the submandibular gland to the submental region. The SGT
is indicated for patients with primary tumors of the posterior region of the oral cavity,
oropharynx, nasopharynx and larynx who do not have impaired lymph nodes.

In the Table 3 are described clinical trials assessing the effect of submandibular

gland transfer in the preservation of salivary flow in patients irradiated in the head

and neck region.
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Table 3. Clinical trials assessing the effect of submandibular gland transfer (SGT) in the prevention of
radiotherapy-induced xerostomia and hyposalivation in patients with head and neck cancer.
Authors Groups and SGT Results
Radiation Doses

SEIKALY etal. ® CR (n=12) Surgery After 2 years of radiotherapy, the SGT
performed 4- group still presented salivary flow
CR + SGT (n=26) 6 weeks significantly superior to the control group
before the (p<0.005).
50-70 Gy CR.
JHA etal.” CR + SGT (n=60) Surgery At 3 and 6 months after the CR, the SGT
performed 4- group produced higher amount of non-
6 weeks stimulated (p=0.036  and p=0.001)
before  the stimulated saliva (p=0.002 and p=0.003).
CR + pilocarpine CR. The incidence of xerostomia was lower in
(n=60) Pilocarpine: the SGT group after 3 and 6 months from
4X/day, from the radiotherapy (p=0.038 e p=0.017). After
3 days prior 6 months, there was no significant
to the CR difference between the groups regarding
54-70 Gy until 3 palate alterations (p=0.548), swallowing
months after (p=0.305) and phonation (p=0.092).
it.
LIU etal.” CR (n=34) Surgeries At 3 and 60 months after the CR, the
performed 2 incidence of mild and severe xerostomia in
CR + SGT (n=36) weeks before the control group was of 76.5% and 78.6%
the CR. and in the SGT group of 13.9% and 12.9%,
60-70 Gy respectively (p=0.000). The volume of
saliva was higher in the SGT group after 3
and 60 months from the CR, with significant
difference in comparison to the control
group (p<.0001).
RIEGERetal.””  CR+SGT (n=36) Surgery In the first 6 months, the patients who
CR + pilocarpine performed underwent SGT presented better results,
(n=33) previously to with significant difference in comparison to
54-70 Gy the beginning pilocarpine group (dysphagia, p <0.001;
80% of the of the CR. xerostomia, p=0.001; viscous saliva,
parotids were p=0.03). After one year, the SGT group
included in the sustained better results in comparison to
radiation field with the pilocarpine group.
=250 Gy
ZHANG et al.” CR (n=14) (40-60  Surgery Salivary flow in the control group drastically
Gy) performed 1- dropped shortly after the radiotherapy.
2 months There was significant difference between

CR + SGT (n=24)

before the

the groups in salivary flow in resting and

(50-70 Gy) CR. under stimulation 1, 3, 6 and 12 months
after the CR (p<0.006).
SGT did not prevent dysphagia.
ZHANG etal. ®  CR (n=33) Surgery Three, 6 and 12 months after radiotherapy,
performed the SGT group showed lower incidence of

CR + SGT (n=32)

65-75 Gy

previously to
the beginning
of the CR.

mild and severe xerostomia, significantly
differing from the control group (p<0.001).
The symptoms continued to diminish along
the time. Five years after the CR, patients
of the SGT group presented salivary flow
superior to the ones of the control group
(p<0.001).

CR (convetional radiotherapy); SGT (submandibular gland transfer).
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Sood et al.”®, through a meta-analysis, investigated the incidence of xerostomia,
maintenance of salivary flow (during and after radiotherapy) and perception regarding
the maintenance of glandular function in patients who underwent submandibular
gland transfer. In 82.7% of 177 cases, SGT prevented radiotherapy-induced
xerostomia. Nevertheless, ionizing radiation decrease both stimulated and non-
stimulated salivary flow 2-3 months after the end of radiotherapy. However, after 10-
12 months there was a salivary recovery, reaching 76% of stimulated and 88% of
non-stimulated flow in comparison to the baseline.

Wu et al.”” also investigated through meta-analysis the effect of SGT on
radiotherapy-induced xerostomia. Twelve studies were analyzed, in which 369
patients were treated. The SGT was capable of reducing in 69% the incidence of
acute xerostomia and in 81% of chronic xerostomia.

The SGT does not interfere in the efficacy of the oncological treatment. After
five years of follow-up, there is no significant difference in survival rate of patients
who underwent or did not underwent SGT.”>">"" Yet, this kind of procedure also
have disadvantages. The patient must undergo surgery, which can lead to
complications, and needs pre and postoperative care. Moreover, the described

method is only applied to submandibular glands.

DISCUSSION

Radiotherapy frequently causes irreversible damages to salivary glands, and
xerostomia is one of the most frequent complaints of patients irradiated on head and
neck region. In the present review, resources capable of preventing radiotherapy-
induced xerostomia were considered, because a prophylactic approach can save

recovery time and medical care, spare the patients from physical and emotional
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exhaustion, as well as being less burdensome to patients and health care services.
Preventive pharmacological methods were approached, such as the use of
cholinergic agonists (pilocarpine and bethanechol), antioxidant substances,
acupuncture, LLLT and submandibular gland transfer.

Bethanechol and pilocarpine are muscarinic agonist drugs whose effect on
salivary hypofunctions treatment is well established.’”**** Pilocarpine, although
widely studied in the prevention of radiotherapy-induced xerostomia, presents
controversial results. While Zimmermann et al.** and Haddad and Karimi*® evidenced
positive results of this drug in the prevention of salivary hypofunctions, Burlage et
al.®® and Warde et al.** demonstrated no preservation of glandular function in
irradiated patients. As to bethanechol, even though the results are positive, only two
clinical trials assessed its effect in the prevention of radiotherapy-induced
xerostomia.*”*

Amifostine is the most widely used drug for the prevention of xerostomia in

patients irradiated on head and neck regions due to its antioxidant

properties.'823335253 However, the results of these studies are also controversial. For

2
.51 123

Buntzel et a and Brizel et al.“?, amifostine was effective in the control of

xerostomia, but Jellema et al.”®> showed preservation of glandular function only in the

1."® and Gu et al.*® believe

first 6 months of evaluation. On the other hand, Rudat et a
in the late effect of amifostine against radiotherapy-induced xerostomia.

Regarding vitamin E, two clinical trials demonstrated satisfactory results in the
prevention of radiotherapy-induced salivary hypofunctions.>**®" As to resveratrol,
there are no clinical results, once the studies were conducted only in animal

models.?®** The SGT has presented good results regarding the prevention of

xerostomia in patients who underwent radiotherapy.”*”® Nonetheless, not all of the
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patients are eligible for this kind of procedure, such as patients with level | neck and
ganglia involvement in both sides.

Clinical trials also corroborate the efficiency of acupuncture to prevent
radiotherapy-induced  xerostomia. @ However, besides being scarce and
heterogeneous, it is impossible to make double-blind studies with this technique. The
low level laser therapy, even if still little studied in prevention of radiotherapy-induced
xerostomia, has presented positive results in animals and in humans, *"°%%8
suggesting it might be used as a preventive method for xerostomia in patients who
undergo radiotherapy.

At this point in time, however, there is no procedure or drug capable of
completely preventing the development of radiotherapy-induced xerostomia and
hyposalivation. Controlled clinical trials are yet necessary in order to find therapeutic

modalities that preserve the structure of the salivary glands exposed to ionizing

radiation, preventing the occurrence of hyposalivation and xerostomia.
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ABSTRACT

Objective: To assess the radioprotective effect of vitamin E, of the association of
vitamins C and E, and of resveratrol on the parotid glands of irradiated rats.

Design: Seventy Wistar rats were distributed in five groups: Control group (CG, 1
mL/kg of saline); Irradiated group (IrradG, 1 mL/kg of saline); Vitamin E group (VItEG,
360 mg/kg, 200 Ul/mL of vitamin E); Vitamins C and E group (VitCEG, 360 mg/kg,
200 Ul/mL of vitamin E and 100 mg/kg, 200 mg/mL of vitamin C); Resveratrol group
(ResG, 100 mg/kg of resveratrol). Substances were administered by gavage 24, 48
and 72 h before irradiation. The animals were submitted to a single dose of 20 Gy.
After euthanasia both parotid glands of each animal were dissected for histological
analysis.

Results: Seven days after radiotherapy, no differences were observed between the
groups regarding the presence of acinar disorganization, cytoplasmic vacuolation,
apoptosis suggestive changes and nuclear pleomorphism on parotids. Thirty days
after radiotherapy, VitEG and ResG presented less cytoplasmic vacuolation and
larger nuclear area in comparison to IrradG group. Furthermore, at 30 days, the
ResG showed less pleomorphism when compared to IrradG group.

Conclusions: Vitamin E and resveratrol attenuated the harmful effects of ionizing
radiation on parotid glands. Resveratrol seems to have been more efficient in
comparison to vitamin E.

Keywords: Radiotherapy, Rats, Salivary gland, Prevention xerostomia, Vitamin E,

Resveratrol.
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INTRODUCTION

Though it is effective for the treatment of head and neck malignancies,
radiotherapy frequently causes acute and chronic collateral effects to the healthy
tissues adjacent to the tumor. Salivary glands are frequently inserted in the radiation
fields and even with their low mitotic level they are extremely radiosensitive.
Consequently, there is dose-dependent glandular hypofunction, with hyposalivation
and xerostomia (Nagler, Baum, Miller, & Fox, 1998; Eisbruch et al., 2001; Coppes,
Vissink, & Konings, 2002; Grundmann, Mitchell, & Limesand, 2009). Such salivary
alterations affect the quality of life of patients, and can cause dysgeusia, dysphagia,
dysphonia, oral burning, besides increasing the risk of caries and oral opportunistic
infections (Lin et al., 2003; Saleh, Figueiredo, Cherubini, & Salum, 2015).

Several therapeutic modalities such as the use of antioxidant substances
(vitamins and resveratrol), muscarinic receptor agonist drugs, submandibular gland
transfer, acupuncture, low level laser therapy (Jha et al., 2003; Ramos et al., 2006;
Jham et al., 2007; Burlage et al., 2008; Teymoortash et al., 2009; Braga, Lemos
Junior, Alves, & Migliari, 2011; Simsek et al., 2012; Acauan et al., 2015) among
others have been investigated in clinical and laboratory studies in the prevention of
radiotherapy-induced xerostomia.

Antioxidants act against free radicals, impeding their action on lipids, amino
acids, polyunsaturated fatty acids and DNA bases, which prevent cellular lesions.
They also act in a repairing way, rebuilding the cellular membrane that had already
been damaged by the free radicals (Bianchi & Antunes, 1999). Vitamin E (o-
Tocopherol Acetate), the main liposoluble vitamin in blood plasma (Catania, Barros,
& Ferreira, 2009), acts by interrupting the chain of lipidic peroxidation (Catania et al.,

2009; Pocernich & Butterfield, 2012; Almeida et al., 2013). The protective potential of
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vitamin E over glandular alterations triggered by radiotherapy has been researched
(Ramos et al., 2006; Chitra & Shyamala Devi, 2008; Abedi et al., 2015). Ramos et al.
(2006) observed that rats treated with vitamin E presented a higher salivary flow in
comparison to control 30 days after radiotherapy. Additionally, radiotherapy-induced
morphologic alterations (15 Gy) in the parotid glands were milder in the animals
treated with vitamin E (Abedi et al., 2015).

The vitamin C, in turn, reacts with oxygen, also reducing oxidative stress
biomarkers. Besides, it acts on vitamin E regeneration process, although it is not
synthesized in the human organism (Enwonwu, 1992; Manela-Azulay, Mandarim-de-
Lacerda, Perez, Filgueira, & Cuzzi, 2003; Verrax & Calderon, 2008; Catania et al.,
2009). Chung et al. (2016) evaluated 45 patients with head and neck cancer who
used vitamins C and E during radiotherapy. The patients presented lower scores of
xerostomia after six months from radiotherapy.

Resveratrol is a natural polyphenolic non-flavonoid compound found mainly in
peanuts, red wine and grape skins. This compound is a natural activator of Sirtuin-1
(SIRT1) and acts as antioxidant (Marques, Markus, & Morris, 2009; Chong, Shang,
Wang, & Maiese, 2012). In high doses it seems to have radioprotective effect against
hyposalivation. After 24 hours of radiotherapy, resveratrol preserved the acinar
structure of submandibular glands in rats (Simsek et al., 2012). Xu et al. (2013)
researched the effect of resveratrol in a dose of 20 mg/kg, administered during three
days previously to radiotherapy in mice. Despite the hyposalivation, the superoxide
dismutase enzyme did not have its function altered in the submandibular glands of
the animals which received resveratrol.

Considering the antioxidant properties of these substances, the aim of the

present study was to evaluate the effect of resveratrol, of vitamin E and of the
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association of vitamins C and E in the prevention of radiation-induced morphologic

alterations in the parotid glands of rats.

MATERIALS AND METHODS

The study was approved by the Ethics Committee on Animal Use (CEUA) of the
Pontifical Catholic University of Rio Grande do Sul (PUCRS), Brazil, under protocol
number 15/00454. The sample consisted of 70 male Wistar rats weighing between
300 and 450 grams. They were kept in the Center for Experimental Biological Models
of PUCRS in temperature-controlled (23+1°C) chambers equipped with input and
output air filters and with a 12-h light-dark cycle. They were housed in cages
appropriate for rodents with free access to water and food.

The animals were randomly divided into five groups, each one containing 14
rats (Figure 1): Control group (CG, 1 mL/kg of saline); Irradiated group (IrradG, 1
mL/kg of saline); Vitamin E group (VitEG, 360 mg/kg, 200 Ul/mL of vitamin E);
Vitamins E and C group (VitCEG, 360 mg/kg, 200 Ul/mL of vitamin E and 100 mg/kg,
200 mg/mL of vitamin C); Resveratrol group (ResG, 100 mg/kg of resveratrol). The
dosages were based on previous studies (El-Nahas, Mattar, & Mohamed, 1993;
Ramos et al. (2006), Kanter & Akpolat, 2008; Simsek et al., 2012; Gomes et al.
2013).

The substances were administered by gavage 24, 48 and 72 h before
irradiation. The animals of CG and IrradG received saline solution in the same
periods when the drugs were administered in the other groups. In order to be
administered by gavage, resveratrol was diluted in saline solution and Tween 80 at

0.05% (Ramos et al., 2006; Simsek et al., 2012; Aguiar, 2014).
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Radiotherapy

All the animals, except for the control group, were subjected to ionizing
radiation. Radiotherapy was performed in a single session in the Radiotherapy
Department of Sdo Lucas Hospital. The animals were placed in prone position and
irradiated using a °°Co teletherapy unit (Theratron Phoenix 760, Theratronics,
Ottawa, Canada). The radiation dose used was 20 grays (Gy) (Konings et al., 2005;
Grundmann et al., 2009). The yield of the radiation source was 56.84 cGy/min, and
the distance between the emission point of the radioactive beam and the animals
was 77 cm. The irradiation field corresponded to 30 cm x 30 cm, and only the head

and neck region were exposed.

Euthanasia and Preparation of Tissues

The animals underwent euthanasia through the inhaling of a superdose of
isoflurane after the anesthesia with 100mg/kg of Ketamine (Dopalen) and 10 mg/kg
of Xylasine (Anasedan 2%), according to the Guidelines for the Practice of
Euthanasia of the National Council of Animal Experimentation. Seven animals of
each group underwent euthanasia seven days after radiotherapy. The remaining
animals were sacrificed 30 days after irradiation. Due to the adverse effects of
radiotherapy, one IrradG animal was lost, in addition to two animals from each VItEG,
VitCEG and ResG, in this period.

The right and left parotid glands of each animal were dissected and immersed
for 24 h in 10% buffered formalin. They were then dehydrated in increasing
concentrations of alcohol, cleared and embedded in paraffin. Four-micrometer thick

sections were obtained and stained with hematoxylin and eosin (HE).
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IrradG VItEG VitCEG ResG

o ClG Irradiated Vitamin E Vitamin C+E Resveratrol
ontrol group group group group group
(n=14) (n=14) (n=14) (n=14) b=t

Saline Saline Vitamin E Vitamin C+E Resveratrol
72h, 48h, 24h 72h, 48h, 24h 72h, 48h, 24h 72h, 48h, 24h 72h, 48h, 24h

[ Radiotherapy (20Gy) ]

) ) 3l 1 G4

[ 7 days after radiotherapy J

Euthanasia (7 animals for group), followed by histological analysis of parotids*
* Loss of one sample in IrradG, VitEG, VitCEG and ResG, during histological processing

) ) ) ) G

[ 30 days after radiotherapy ]

Euthanasia (7 animals for group)*, followed by histological analysis of parotids
* Loss of two animals in VitEG, VitCEG, ResG and one animal in IrradG, in the postradiation period

Figure 1. Flowchart representing the stages of the study.

Morphological Analysis

HE-stained slides were examined under a light microscope (Zeiss Axiolab;
Zeiss, Berlin, Germany). Histological evaluation of the glandular tissue was
performed by a single blinded and calibrated examiner. Calibration was performed

applying two analysis of 20 samples with one-week interval between them.

Initially, the histological cuts of both parotid glands, right and left, were
assessed in all their extension. We carried out an analysis observing the presence or
absence of acinar disorganization, cytoplasmic vacuolation, apoptosis suggestive
changes, nuclear pleomorphism and inflammatory infiltrate. We considered as

apoptosis suggestive alterations the presence of nuclear fragmentation and pyknosis,
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with chromatin condensation, forming aggregates close to the nuclear membrane.
After this analysis, we measured the nuclear area of acinar cells. From each
lamina, we captured five equidistant fields in 400X magnification, using the Olympus
BX50 microscope (Olympus Corporation, Japan) attached to the Moticam 5 capture
system (System ShiftCapture, China). Through the ImageJ 1.50 software (National
Institutes of Health, USA), the area of 20 nuclei was measured in each histological
field. Briefly, after the application of a black and white filter in the images, the nuclei
were evidenced by brightness adjust and circumscribed with the wand tracing tool
(Figure 2). The five largest and the five smallest measurements were excluded. The

mean nuclear area of each lamina was calculated through the remaining nuclei.
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Figure 2. Histologic examination of parotid gland structure (400X). Irradiated group: (A) Original
image; (B) Evidenced nuclei filtered image.

Data Analysis

Initially the data of histological evaluation were registered and analyzed through
descriptive statistics. In order to compare the presence of acinar disorganization,

cytoplasmic vacuolation, nuclear pleomorphism and apoptosis suggestive alterations
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among the groups, Fischer’s exact test was employed. Anova followed by Tukey test

was used to compare the nuclear area among the groups. The value established to

reject the null hypothesis was of p<0.05. The software used to perform statistical

analysis was SPSS version 18.0.

RESULTS

The nuclear area measurements are presented on table 1. The animals of the
irradiated group presented inferior values seven days after radiotherapy, however,
without a significant difference to the other groups (p=0.078). Thirty days after
radiotherapy the VIitEG and ResG presented a significantly superior nuclear area in

comparison to the others (p=.000).

Table 1. Mean (xDP) of nuclear area (um?) of control (CG), vitamin E (VitEG), vitamins C and E
(VitCEG), resveratrol (ResG) and irradiated (IrradG) groups in the periods of seven and 30 days.

CG VitEG VitCEG ResG IrradG P
7 davs 128.25 127.34 129.86 124.98 90.08 078
y (+30.76) (+33.46) (£22.78) (+37.82) (+12.83) :
103.42° 175.09° 97.13° 158.11° 98.34° .
30 days (#7.71) (£17.61) (£6.75) (+28.8) (+13.95) 000

ANOVA and Tukey's tests, significant at P<0.05
Distinct letters in the line indicate significant difference among the groups.

Seven days after radiotherapy, morphological alterations in the parotid glands
such as acinar disorganization, cytoplasmic vacuolation and nuclear pleomorphism
were found in all of the irradiated groups, without significant differences. Although the
ViItEG has not presented apoptosis suggestive alterations, it did not differ significantly
from the other irradiated groups regarding this variable at seven days of experiment

(Figure 3).
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Figure 3. (A) Presence of disorganization acinar, glandular parenchyma showing changes in size,
shape, and organization of acinar cells (VitEG, 7-day, HE 400X). (B) Nuclear pleomorphism in
acinar cells (arrows), changes in nuclei shape and size (VitCEG, 7-day, HE 400X).

74

Thirty days after the irradiation, the morphological alterations in the parotid

glands were further expressive than at seven days. The IrradG presented acinar

disorganization and apoptosis suggestive alterations in 100% of cases, nonetheless

with no significant difference to the other irradiated groups. Cytoplasmic vacuolation

was significantly superior in IrradG (p=0.015) in comparison to ResG and VitEG. The

IrradG showed cytoplasmic vacuolation in 100% of cases, while the ResG and VitEG

had this alteration in 20% of the analyzed glands. There also was a significant

difference concerning nuclear pleomorphism, which was superior in the IrradG when

compared to the ResG (p=0.015), which did not exhibit this alteration 30 days after

radiotherapy (Figure 4). No inflammatory infiltrate was observed in the evaluated

glands.
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Figure 4. (A) Cytoplasmic vacuoles (arrows), (IrradG, 30-day, HE 400X). (B) Presence of nuclear
fragmentation, suggestive of apoptosis (arrows), (ResG, 30-day, HE 400x).

DISCUSSION

Salivary hypofunction is one of the main complications in patients irradiated on
head and neck region. Many studies have been performed with the aim of
investigating methods capable of preventing the sequelae caused by ionizing
radiation on salivary glands. Until the moment, however, there is no procedure or
drug capable of completely preventing the onset of radiation-induced salivary
hypofunctions.

In the present study we evaluated the effect of the antioxidants resveratrol,
vitamin E and the association of vitamins C and E in the prevention of morphologic
alterations induced by radiotherapy in the parotid glands. The vitamin E acts on the
cellular membrane, interrupting the lipidic peroxidation chain and forming the a-
tocopheroxyl radical when reacting with the peroxyl radical (Kayden & Traber, 1993).
Studies have demonstrated its potential in protecting salivary glands from damages
caused by ionizing radiation (Ramos et al., 2006; Abedi et al., 2015). The vitamin C
acts as reduction agent, diminishing the concentration of oxygen inside the cell.

Moreover, it promotes the regeneration of vitamin E (Verrax & Calderon, 2008;
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Catania et al., 2009). Because of that, in one of the groups of this study, the
association of both vitamins was investigated. The resveratrol acts in the activation of
sirtuins. SIRT1 is related to several cellular processes such as DNA repair, lipid
metabolism, cellular survival, among others, beyond inducing antioxidant enzymes
(Marques et al., 2009). In irradiated salivary glands there is an elevation of the MDA
(methane dicarboxylic aldehyde) levels and reduction of SOD (superoxide
dismutase) levels, one of the most important enzymes against the ROS (reactive
oxygen species). Resveratrol is capable of enhancing SOD activity, as well as
decreasing MDA (Xu et al., 2013).

Irradiated glandular tissue presents morphological alterations such as acinar
disorganization, characterized by cytoplasmic degeneration, with alteration in acinar
form and size, presence of cytoplasmic vacuoli, nuclear pleomorphism, pyknotic
nuclei with chromatin condensation and fragmentation, which characterizes
apoptosis, as well as other alterations (Pontual et al., 2007; Choi, Wu, Jung, Lee, &
Kwon, 2009; Domingos, Pontual, Pasetto, Devito, & Almeida, 2009; Tuji, Pontual,
Barros, Almeida, & Boscolo, 2010; Xu et al., 2013; Abedi et al., 2015). Thus, in the
present study these glandular morphologic alterations produced by ionizing radiation
were analyzed in parotid glands of rats. Abedi et al. (2015), Xu et al. (2013), and
Simsek et al. (2012) corroborate the concept that the modifications in the structure of
the irradiated tissue, observed in the histological evaluation, represent evidences of
damages related to the decrease in salivary glands function. In our study, seven days
after radiotherapy there was no significant difference among the irradiated groups,
treated or not with vitamins E, C or resveratrol, in relation to the acinar
disorganization, cytoplasmic vacuolation, pleomorphism or presence of apoptosis

suggestive alterations. In the second analysis, after 30 days, there was still no
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difference among those groups regarding acinar disorganization and apoptosis
suggestive alterations. On the other hand, also after 30 days, the animals treated
with resveratrol presented less cytoplasmic vacuolation and nuclear pleomorphism in
the parotid glands when compared to the irradiated group. Xu et al. (2013)
demonstrated that mice irradiated and treated with resveratrol presented more subtle
morphologic alterations in the submandibular glands in comparison to the irradiated
group. Simsek et al. (2012) also observed, 24 hours after radiotherapy, preservation
of glandular morphologic pattern in animals treated with 100 mg/kg of resveratrol. In
our study, after 30 days, a milder effect of radiotherapy on the glandular tissue of rats
treated with resveratrol was also observed. Such results suggest a possible effect of
resveratrol in the preservation of irradiated glands morphology.

As previously reported, in 30 days, the animals treated with vitamin E presented
less cytoplasmic vacuolation in comparison to the irradiated group. The presence of
vacuoli can indicate an active process of autophagy (Krysko, Vanden Berghe,
D'Herde, & Vandenabeele, 2008; Sridhar, Botbol, Macian, & Cuervo, 2012; Ghavami
et al.,, 2014). Some studies in irradiated animals as well as in humans have
demonstrated the preservation of salivary flow with the use of vitamin E, associated
or not to vitamin C (Ramos et al., 2006; Chitra & Shyamala Devi, 2008; Chung et al.,
2016). In our study we did not perform scintigraphy exams, nor measurement of the
animals’ salivary flow, limiting the comparison to other studies which demonstrate
preservation of glandular function through these parameters (Xu et al., 2013; Abedi
et al., 2015). On the other hand, in a morphometric analysis, Gomes et al. (2013) did
not observe an effect of vitamin E in preventing the occurrence of damages in the
parotid glands of rats eight hours or 30 days after radiotherapy. The number of acinar

cells did not vary among the groups. When measuring the proportion of the tissues
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present in the salivary glands three and 70 days after the end of radiotherapy, Abedi
et al. (2015) did not observe any difference between the animals treated with vitamin
E and the ones of the control group. However, morphological changes were less
marked when vitamin E was used before radiotherapy.

Together with the previously described morphologic evaluation, in the present
study the nuclear area of acinar cells was measured since the ionizing radiation can
lead to a reduction of the nuclear size. Seven days after radiotherapy, although the
irradiated group had presented the lowest average nuclear area, there was no
significant difference among the groups. On the other hand, in 30 days, the groups
treated with vitamin E and resveratrol showed a significantly superior nuclear area
when compared to the irradiated group. The increased nuclear area in Vitamin E and
resveratrol groups can indicate a higher ability to repair the damages caused by
ionizing radiation to the DNA of acinar cells (JeZkova et al., 2014). An unusual finding
was that the nuclear area of the control group, not irradiated, was also significantly
inferior to the ones of animals treated with resveratrol and vitamin E. The small
sample may have contributed to this finding.

In the literature, morphologic alterations resulting from ionizing radiation in
salivary glands have been evaluated since one hour up to several months after
radiotherapy (Konings et al., 2006; Choi et al., 2009, Abedi et al., 2015). In our study,
we chose to perform histological evaluation seven and thirty days after radiotherapy
with the objective to observe early and late alterations caused by the ionizing
radiation. Radiotherapy was applied in a single session at a dose of 20 Gy, since this
dose was employed in previous studies on rats, being considered enough to cause
the previously discussed morphological alterations (Vissink, Gravenmade, Ligeon, &

Konings, 1990; Grundmann et al., 2009; Xiang et al., 2013). On the contrary to what
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was reported by Ramos et al. (2006), after seven days, collateral effects of ionizing
radiation were clearly observed such as hair loss, weight loss and fatigue in
irradiated animals. After seven days, four animals which had undergone ionizing
radiation were lost and, at 30 days, seven animals.

Based on the morphological analysis performed in this study, it was observed
that the salivary glands treated with resveratrol and vitamin E presented larger
nuclear areas and less cytoplasmic vacuolation 30 days after radiotherapy.
Furthermore, in this period less nuclear pleomorphism was observed in the parotid
glands treated with resveratrol. Hence, according to the employed methodology, it is
possible to suggest that vitamin E and resveratrol attenuated the harmful effects of
ionizing radiation on the acinar cells of the parotid glands. Resveratrol seems to have
been more efficient in comparison to vitamin E, since the animals treated with this

substance presented less apoptosis suggestive alterations.
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5 DISCUSSAO COMPLEMENTAR

A radioterapia frequentemente causa danos irreversiveis as glandulas salivares
e a xerostomia € uma das queixas mais frequentes de pacientes irradiados na regiao
de cabeca e pescogo (VISSINK et al, 2003; GRUNDMANN; MITCHELL,;
LIMESAND, 2009). No primeiro artigo desta dissertacdo foi desenvolvida uma
revisdo de literatura com o objetivo de abordar métodos preventivos de hipofungao
salivar radioinduzida. Foram abordados métodos farmacoldgicos preventivos tais
como o uso de agonistas colinérgicos (pilocarpina e betanecol), substancias
antioxidantes, acupuntura, TLBP e transferéncia da glandula submandibular.
Estudos com betanecol, pilocarpina e amifostina corroboram o efeito profilatico
dessas drogas sobre as glandulas salivares. Entretanto, as mesmas possuem
efeitos colaterais que contra-indicam seu uso em diversos pacientes. Por esta razao,
estudos com meétodos mais toleraveis e com menos efeitos colaterais tém sido
realizados. A acupuntura e a terapia laser de baixa poténcia, apesar de ainda pouco
estudadas parecem apresentar resultados benéficos quanto a preservacdao da
funcdo salivar e redugao da intensidade de xerostomia. Estudos pré-clinicos e
ensaios clinicos controlados sao ainda necessarios a fim de encontrar modalidades
terapéuticas que preservem a estrutura glandular submetida a radiagao ionizante,
prevenindo a ocorréncia de hipossalivagao e xerostomia.

As substancias antioxidantes estdo entre os métodos pesquisados para
preservar a estrutura glandular de alteragdes radioinduzidas (CHITRA; SHYAMALA
DEVI, 2008; XU et al., 2013; GU et al., 2014; CHUNG et al. 2016). Portanto, no
segundo estudo desta dissertacao foi investigado o efeito do resveratrol, da vitamina

E, bem como da associacdo das vitaminas C e E na prevencido de alteracdes
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morfolégicas em glandulas parétidas de ratos. Estas substancias possuem
reconhecida agao contra radicais livres e prevengao de lesdes celulares (BIANCHI;
ANTUNES, 1999). Os resultados obtidos neste estudo indicaram que as glandulas
salivares tratadas com resveratrol e vitamina E apresentaram maior area nuclear e
menos vacuolacdo citoplasmatica 30 dias apds a radioterapia. Além disso, neste
periodo foi observado menos pleomorfismo nuclear nas pardtidas tratadas com
resveratrol. Portanto, de acordo com a metodologia empregada € possivel sugerir
que a vitamina E e o resveratrol atenuaram os efeitos nocivos da radiagao ionizante
nas glandulas parétidas de ratos. O resveratrol parece ter sido mais eficiente em
comparagao a vitamina E, pois além de terem apresentado menos vacuolacio
citoplasmatica, as glandulas dos animais tratados com essa subtancia apresentaram
menos pleomorfismo nuclear.

Corroborando os resultados do presente estudo, Simsek et al. (2012)
observaram que o resveratrol apresentou efeito em prevenir a ocorréncia de
vacuolacdo e morte celular em parétidas de ratos irradiados. Xu et al. (2013)
também observaram indicios do potencial efeito protetor do resveratrol sobre tecidos
irradiados, agindo contra espécies reativas de oxigénio (ROS). O resveratrol foi
capaz de aumentar a atividade da SOD (superdxido dismutase), e diminuir a MDA
(methane dicarboxylic aldehydee), mantendo o nivel do fluxo salivar.

Abedi et al. (2015) também encontraram resultados positivos da vitamina E na
protecdo de glandulas salivares de ratos irradiados. As alteracbes morfolégicas
foram menos evidentes quando a vitamina E foi utilizada previamente a radioterapia.
Na analise por meio de cintilografia, os resultados do grupo vitamina E foram
semelhantes aos do grupo-controle n&o irradiado. Ao avaliarem o fluxo salivar em

ratos irradiados, Ramos et al. (2006) observaram que a vitamina E preservou a
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fungéo glandular. Em nosso estudo, n&o foi realizada avaliagao do fluxo salivar dada
a dificuldade técnica em obter as amostras salivares.

Apesar de a vitamina E ter demonstrado efeito em reduzir a presenca de
vacuolagao citoplasmatica nas células acinares, no grupo em que essa foi associada
a vitamina C nao se observaram diferengas na morfologia acinar em relagdo ao
grupo irradiado. Nao ha estudos que tenham testado a associagdo de ambas,
vitaminas C e E e que tenham realizado analise morfolégica semelhante no tecido
glandular irradiado. Chung et al. (2016) em estudo clinico prospectivo, duplo-cego,
randomizado, placebo-controlado, demonstraram eficiéncia da combinagao das duas
vitaminas na prevencao da xerostomia radioinduzida. Os pacientes utilizaram altas
doses dessas substéacias (200 Ul de vitamina E e 1000 mg de vitamina C) durante
cerca de trés meses. Apos o primeiro més da radioterapia todos os pacientes
queixaram-se de xerostomia. A diminuicdo dos sintomas de xerostomia foi
demonstrada apenas apds seis meses do término da radioterapia. Os resultados
podem ter divergido ao do presente estudo devido as diferentes metodologias
aplicadas. Ao utilizarmos um modelo animal, ndo foi possivel analisar os mesmos
parametros que Chung et al. (2016), além disso, a avaliagdo morfologica foi
realizada em sete e em 30 dias apdés a radioterapia e as substancias foram
administradas somente durante trés dias. Nossos resultados em relacdo a
associagdo das vitaminas C e E assemelham-se aos encontrados por e Banu
(2004), onde nao foi observada maior eficacia dessa associagdo contra a formacgéo
de radicais livres, em ratos submetidos a atividade de estresse. Ratos do grupo que
ingeriu apenas vitamina E apresentaram menos sinais de estresse oxidativo do que

aqueles que utilizaram as vitaminas C e E em conjunto.
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Ainda ndo ha um método capaz de prevenir totalmente a ocorréncia de
disfungdes salivares radioinduzidas. Existem métodos que atenuam essas
alteracgdes. Nossos resultados sugerem uma possivel eficacia da vitamina E e, em
maior grau, do resveratrol na preservagao da morfologia de glandulas parétidas de
ratos submetidos a radiagao ionizante. Deste modo pesquisas clinicas também
devem ser realizadas com o objetivo de averiguar o potencial efeito radioprotetor

destas substancias em pacientes submetidos a radioterapia de cabecga e pescoco.
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6 CONCLUSOES

Com base na metodologia empregada e nos resultados encontrados, pode-se

concluir que:

* Farmacos agonistas colinérgicos, substancias antioxidantes, terapia laser de
baixa poténcia, acupuntura e transferéncia da glandula submandibular tém sido
investigados na prevencao de alteragdes radioinduzidas em glandulas salivares.
Entretanto, a falta de padronizagcdo dos estudos dificulta a comparacado entre os
mesmos. Até o momento, ndo ha um método capaz de prevenir totalmente a
ocorréncia de hipossalivacao induzida pela radioterapia de cabeca e pescoco.

* Animais tratados com vitamina E e resveratrol previamente a radioterapia
apresentaram alteragbes morfoldgicas mais sutis em comparagao aos animais nao
tratados, sugerindo que estas substancias tenham potencial de atenuar os efeitos da
radiacao ionizante nas células acinares.

* Das substancias investigadas, o resveratrol parece ter sido mais eficiente na

prevencao de alteragdes morfoldgicas nas glandulas parétidas de ratos irradiados.
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ANEXO A

APROVAGAO DA COMISSAO CIENTIFICA E DE ETICA DA FACULDADE DE
ODONTOLOGIA DA PUCRS

Sistema de Pesquisas da PUCRS PROPESQ
Codigo SIPESQ: 6387 Porto Alegre, 28 de maio de 2015.

Prezado(a) Pesquisador(a),

A Comissao Cientifica da FACULDADE DE ODONTOLOGIA da
PUCRS apreciou e aprovou o Projeto de Pesquisa "EFEITO DO
RESVERATROL E DAS VITAMINAS C E E EM GLANDULAS PAROTIDAS
DE RATOS SUBMETIDOS A RADIOTERAPIA" coordenado por FERNANDA
GONCALVES SALUM. Caso este projeto necessite apreciagdo do Comité de
Etica em Pesquisa (CEP) e/ou da Comisséo de Etica no Uso de Animais
(CEUA), toda a documentagdo anexa deve ser idéntica a documentagao
enviada ao CEP/CEUA, juntamente com o Documento Unificado gerado pelo
SIPESQ.

Atenciosamente,

Comisséo Cientifica da FACULDADE DE ODONTOLOGIA



ANEXO B

APROVAGAO DA COMISSAO DE ETICA NO USO DE ANIMAIS DA PUCRS

Pontificia Universidade Catolica do Rio Grande do Sul

PRO-REITORIA DE PESQUISA, INO\/_ACAO E DESENVOLVIMENTO
COMISSAO DE ETICA NO USO DE ANIMAIS

Oficio 50/2015 - CEUA Porto Alegre, 14 de agosto de 2015.

Prezado Sr(a) Pesquisador(a),

A Comissio de Etica no Uso de Animais da PUCRS apreciou e aprovou seu
Protocolo de Pesquisa, registro CEUA 15/00454, intitulado “Efeito do resveratrol e
das vitaminas C e E em glandulas parétidas de ratos submetidos a
radioterapia”.

Sua investigagao, respeitando com detalhe as descri¢des contidas no projeto e
formularios avaliados pela CEUA, esta autorizada a partir da presente data.

Informamos que é necessario o encaminhamento de relatério final quando
finalizar esta investigagao. Adicionalmente, ressaltamos que conforme previsto na Lei
no. 11.794, de 08 de outubro de 2008 (Lei Arouca), que regulamenta os
procedimentos para o uso cientifico de animais, & funcao da CEUA zelar pelo
cumprimento dos procedimentos informados, realizando inspegdes periodicas nos

locais de pesquisa.

N° de Animais Espécie Duragéo do Projeto
56 Rattus novergicus 05/2015 - 01/2016
Atenciosamente,

) \\\/\\;M\':\ = DA
Prof. Dr. Jo&o Batista Blessmann Weber

Coordenador da CEUA/PUCRS

lima. Sra.

Profa. Dra. Fernanda Gongalves Salum
FO

Nesta Universidade

Campus Central

Av. Ipiranga, 6681 — P. 99 - Portal Tecnopuc - sala 1512
CEP: 90619-900 - Porto Alegre/RS

Fone: (51) 3353-6365

E-mail: ceua@pucrs.br
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