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RESUMO 

 

As neoplasias malignas representam um problema de saúde pública mundial.  As estimativas 

mostram que, em 2012, ocorreram 14,1 milhões de casos novos de câncer e 8,2 milhões de óbitos. A 

epidemiologia do câncer denota a importância do avanço em pesquisas na área, desde estratégias 

de diagnóstico precoce à contenção dos danos associados a sua ocorrência e terapêutica 

empregada. Atualmente, as principais modalidades de tratamento contemplam a cirurgia, a 

radioterapia (RT) e a quimioterapia (QT). A QT é amplamente empregada no tratamento de 

neoplasias malignas sólidas e hematológicas, uma vez que age destruindo as células tumorais. No 

entanto, não é seletiva, atingindo também células saudáveis de rápida renovação como as da 

mucosa oral. Em consequência ao dano às células normais, esta terapia gera efeitos deletérios 

importantes como, por exemplo, a mucosite oral (MO). Esta condição caracteriza-se pela presença 

de ulcerações dolorosas que podem evoluir para quadros tão graves que comprometam o curso do 

tratamento oncológico. Associada a etiologia da MO está o estresse oxidativo (EO) gerado pela QT, 

que seria capaz de induzir a produção de espécies reativas de oxigênio (ROS) responsáveis pelo 

dano celular e iniciação das lesões. O canabidiol (CBD) é o principal componente não-psicotrópico 

da Cannabis sativa e desempenha potentes efeitos antiinflamatórios, antioxidantes e analgésicos. A 

presente tese está estruturada na forma de 2 artigos científicos. O primeiro consiste em uma revisão 

de literatura, cujo objetivo foi avaliar os diferentes mecanismos de ação do CBD que possam estar 

envolvidos na prevenção e manejo da MO, sugerindo o caráter promissor desta droga. O segundo 

trata de um estudo experimental desenvolvido em modelo animal, com objetivo de avaliar a resposta 

clínica, histológica, hematológica e estresse oxidativo da administração intraperitoneal do CBD, nas 

doses de 3 mg/kg, 10 mg/kg e 30 mg/kg por 4 e 7 dias, no reparo da MO quimioinduzida no ventre 

lingual de 90 camundongos CF-1. O tratamento com CBD foi capaz de diminuir os escores clínicos 

da MO em ambos os tempos experimentais (p < 0,005) e reduziu a intensidade da resposta 

inflamatória, porém sem significância estatística. Na contagem de eritrócitos, leucócitos, plaquetas e 

atividade das enzimas antioxidantes CAT e GSH, observou-se melhores resultados nos grupos 

tratados com CBD.  Dessa forma, concluiu-se que o CBD é capaz de regular o processo inflamatório 

da MO, podendo representar uma alternativa promissora no manejo dessa condição. 

 

Palavras chave: estomatologia; quimioterapia; mucosite oral; antioxidantes; canabidiol. 
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ABSTRACT 

 

Malignant neoplasms are a public health problem worldwide. The global estimate shows that in 

2012, there were 14.1 million new cases of cancer and 8.2 million deaths. The epidemiology of 

cancer shows the importance of advancement in research in the area, from strategies of early 

diagnosis to containment of the damages associated with its occurrence and therapies used. 

Currently, the main treatment modalities include surgery, radiotherapy (RT) and chemotherapy 

(CT). CT is widely used in the treatment of solid and hematological malignancies, where its aim is 

to destroy the tumor cells. However, it is not selective and also affects healthy cells of rapid 

renewal, such as those of the oral mucosa. As a consequence of damage to normal cells, this 

therapy accounts for substantial deleterious effects, such as oral mucositis (OM). This condition is 

characterized by the presence of painful ulcerations that can progress to such severe conditions, 

where the course of cancer treatment is compromised. Associated with the etiology of OM is 

oxidative stress (OS) generated by CT, which can induce the production of reactive oxygen 

species (ROS), responsible for cell damage and the initiation tissue lesions. Cannabidiol (CBD) is 

the main non-psychotropic component of Cannabis sativa and has potent antiinflammatory, 

antioxidant and analgesic effects. This thesis consists of 2 scientific papers. The first is a literature 

review, whose objective was to evaluate the different mechanisms of action of CBD, which may be 

involved in the prevention and management of OM, suggesting the promising property of this 

drug. The second one deals with an experimental study conducted in an animal model, with the 

objective of evaluating the clinical, histological, hematological and oxidative stress effects of the 

intraperitoneal administration of CBD, at doses of 3, 10 and 30 mg/kg for 4 and 7 days, in the 

repair of chemo-induced OM on the tongue ventrum of 90 CF-1 mice. CBD treatment decreased 

the OM clinic scores at both experimental times (p<0.005) and reduced the intensity of the 

inflammatory response, but not statistically significant. With regard to erythrocyte, leukocyte and 

platelet counts and antioxidant enzyme activity, CAT and GSH, the groups treated with CBD 

showed better results. Thus, we concluded that CBD is able to regulate the inflammatory process 

of OM, and may represent a promising alternative in the management of this condition.  

Keywords: stomatology; chemotherapy; oral mucositis; antioxidants; cannabidiol. 
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1. INTRODUÇÃO 

 

As doenças e agravos não transmissíveis são os principais responsáveis pelo adoecimento e 

morte da população no mundo. Estima-se que, em 2008, 36 milhões dos óbitos (63%) ocorreram em 

consequência dessas doenças, sendo o câncer responsável por 21% destes. As transições 

demográficas e epidemiológicas globais sinalizam um impacto cada vez maior da carga de câncer 

nas próximas décadas. Estima-se, para o Brasil, biênio 2018-2019, a ocorrência de 600 mil casos 

novos de câncer, para cada ano. Essas estimativas refletem o perfil de um país que possui os 

cânceres de próstata, pulmão, mama feminina, além de cólon e reto, entre os mais incidentes, 

entretanto ainda apresenta altas taxas para os cânceres do colo do útero, estômago e esôfago 

(INCA, 2018). 

Dentre as modalidades terapêuticas usadas no manejo das neoplasias malignas destaca-se a 

QT, amplamente utilizada de forma exclusiva ou concomitante a cirurgia e RT. Trata-se da utilização 

de drogas, injetáveis ou por via oral, com o objetivo de destruir ou bloquear o crescimento das 

células neoplásicas malignas. Estão disponíveis centenas de tipos de medicamentos contra o câncer, 

cada um com ação específica e com toxicidade ou efeitos colaterais específicos. Alguns 

quimioterápicos são bem tolerados, enquanto outros podem causar efeitos adversos importantes 

(HUANG et al, 2018).  

A QT age direta ou indiretamente na estrutura do DNA interferindo na sua duplicação. No 

entanto, não é seletiva às células tumorais, atingindo também os tecidos saudáveis da mucosa oral, 

sendo capaz de gerar efeitos deletérios que podem causar diversas complicações dentre as quais 

destaca-se a MO (THOMSEN, VITETTA, 2018).  

O termo mucosite surgiu em 1980 para descrever reações inflamatórias na mucosa bucal de 

pacientes submetidos à radio ou quimioterapia (PETERSON, CARRIELLO, 2004). Hoje é 

considerada a mais severa complicação não hematológica da terapia do câncer, ocorrendo em cerca 

de 40 a 80% dos pacientes submetidos a esta modalidade terapêutica (REZAZADEH et al, 2018). 

Caracteriza-se por eritema, seguido de ulcerações dolorosas na mucosa bucal que interferem no 

estado nutricional e na qualidade de vida dos pacientes, podendo até mesmo limitar ou interromper a 

terapia oncológica. Sua evolução é complexa, uma vez que é influenciada por outras complicações, 

como xerostomia, disgeusia, odinofagia e infecções oportunistas como, por exemplo, a candidíase. 
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Além disso, representa um fator de risco para infecções sistêmicas que podem requerer 

antibioticoterapia de amplo espectro e até mesmo internação hospitalar, elevando significativamente 

os custos do tratamento (KUO et al 2018, THOMSEN, VITETTA 2018; TIAN et al 2018; SONIS, 

VILLA 2018). 

Há evidências consideráveis de que os efeitos citotóxicos da QT são decorrentes das reações 

físico-químicas que levam à produção de radicais livres (RL). Estes compostos são espécies reativas 

com um ou mais elétrons não pareados em sua última camada eletrônica, o que o torna altamente 

instável. Estas moléculas buscam estabilidade em outros elementos, como proteínas, lipídeos e 

DNA, causando a desestruturação das mesmas, gerando reações em cadeia que culminarão no que 

chamamos de EO. A formação dos RL e o consequente EO estariam fortemente associados à 

iniciação da MO (SONIS, 2004; SONIS et al, 2004; LALLA, SONIS, PETERSON, 2008; SONIS, 2010, 

AL DASOOQUI et al, 2013; KUO et al 2018, THOMSEN, VITETTA 2018; TIAN et al 2018; SONIS, 

VILLA 2018).  

A mucosite tem sido foco de diversos estudos, pois sua prevenção e/ou tratamento efetivo 

permitiria doses terapêuticas mais agressivas para a neoplasia maligna e provável aumento das 

taxas de sobrevida. Vários métodos são sugeridos na prevenção e manejo da MO, tais como 

manutenção da higiene bucal, uso de agentes antiinflamatórios, antimicrobianos, anestésicos 

tópicos, protetores de mucosa, laserterapia e  fatores de crescimento, embora a maioria delas seja 

utilizada de forma paliativa (SAITO et al, 2014; KUO et al, 2018; SONIS, VILLA, 2018). 

A Cannabis sativa (também conhecida como maconha) é uma planta psicoativa que contém mais 

de 500 componentes. Dois destes tem sido alvo de diversas investigações científicas tendo em vista 

as suas propriedades farmacológicas: o tetrahidrocanabinol (THC) e o canabidiol (CBD) (LAFEYE et 

al, 2017).  

O THC é o principal componente psicoativo da Cannabis, funcionando principalmente como um 

agonista parcial nos receptores CB1 e CB2. Estudos demonstram efeitos positivos no controle da 

dor, apetite, digestão, emoções e processos de pensamento mediado pelo sistema endocanabinoide. 

No entanto, está associado a eventos adversos psicoativos dependendo da dose e tolerância prévia 

do paciente (CHEN et al, 2016; MACCALUM, RUSSO 2018).  

O CBD, ao contrário, tem pouca afinidade com esses receptores, não exercendo atividade 

psicotrópica. Em vez disso, é um modulador alostérico negativo de CB1, com efeitos farmacológicos 
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em vários outros sistemas receptores, desempenhando ação analgésica, anti-inflamatória e 

antioxidante. Seu potencial terapêutico pode ser uma ferramenta útil no tratamento de doenças ou 

condições raras e de difícil manejo como síndromes centrais de sensibilidade (fibromialgia, síndrome 

da fadiga crônica, enxaquecas, intestino irritável) ou esclerose múltipla, dor neuropática e náusea 

refratária (CHEN et al, 2016; KOZELA et al, 2016; MACCALUM, RUSSO 2018). 

Na área odontológica, ainda são escassos os estudos utilizando o CBD. Em um modelo de 

doença periodontal, o uso de 5 mg/kg de CBD foi capaz de reduzir a reabsorção óssea, atuando na 

migração de neutrófilos, bem como, na produção de IL-1β e de TNF-α (NAPIMOGA et al, 2009). Uma 

pesquisa realizada em modelo animal avaliando cicatrização de lesões ulceradas, publicada 

recentemente por nosso grupo de pesquisa, sugere que o CBD possa ser uma alternativa terapêutica 

capaz de modular o processo inflamatório favorecendo a velocidade de cicatrização das lesões 

(KLEIN et al, 2018). 

Embora a incidência da MO durante a terapia antineoplásica e as consequências 

correspondentes sejam extremamente graves, estratégias de  prevenção e tratamento permanecem 

um desafio para a odontologia. Baseado na compreensão do mecanismo de desenvolvimento da MO 

bem como do potencial anti-inflamatório e antioxidante do CBD o objetivo deste estudo foi avaliar a 

resposta clínica, histológica, hematológica e bioquímica do uso do CBD sobre a MO induzida no 

ventre da língua de camundongos sob QT com 5FU. 

A presente tese foi estruturada na forma de 2 artigos científicos. Apresenta-se, inicialmente, uma 

revisão de literatura, destacando o potencial uso do CBD como agente antiinflamatório e antioxidante 

para MO. No segundo artigo, foi realizado um estudo experimental, analisando-se sob vários 

parâmentros o processo de reparo da MO induzida na língua de camundongos tratados com distintas 

doses de CBD. 
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2. OBJETIVOS 

 

2.1. Objetivo geral 

 

• Avaliar o efeito da administração intraperitoneal de diferentes concentrações de canabidiol na 

mucosite oral induzida na língua de camundongos, sob quimioterapia com 5-fluorouracil. 

 

2.2. Objetivos específicos 

 

• Avaliar clinicamente o efeito da administração intraperitoneal de diferentes concentrações de 

canabidiol na mucosite oral induzida na língua de camundongos sob quimioterapia com 5-

fluorouracil, comparando-os entre si; 

• Avaliar histologicamente o efeito da administração intraperitoneal de diferentes 

concentrações de canabidiol na mucosite oral induzida na língua de camundongos sob quimioterapia 

com 5-fluorouracil, comparando-os entre si; 

• Avaliar hematologicamente o efeito da administração intraperitoneal de diferentes 

concentrações de canabidiol em camundongos sob quimioterapia com 5-fluorouracil, considerando 

as variáveis leucócitos, eritrócitos e plaquetas, comparando-os entre si; 

• Avaliar através da análise bioquímica do estresse oxidativo o efeito de diferentes 

concentrações de canabidiol em camundongos sob quimioterapia com 5-fluorouracil,considerando as 

variáveis catalase e glutationa redutase, comparando-os entre si. 
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3. ARTIGO I 

 

O artigo a seguir intitula-se “CANNABIDIOL: AN ALTERNATIVE THERAPEUTIC AGENT FOR 

ORAL MUCOSITIS?” Foi aceito e publicado pelo periódico Journal of Clinical Pharmacy and 

Therapeutics (Anexo A), o qual apresenta Qualis B1 e Fator de Impacto 1.661. 
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Cannabidiol: an alternative therapeutic agent for oral mucositis? 

 

Summary 

What is known and objective: Chemo- and radiotherapy are therapeutic modalities often used 

in patients with malignant neoplasms. They kill tumor cells but act on healthy tissues as well, 

resulting in adverse effects. Oral mucositis is especially of concern, due to the morbidity that 

it causes. We reviewed the literature on the etiopathogenesis of oral mucositis and the activity 

of cannabidiol, to consider the possibility of its use for the prevention and treatment of oral 

mucositis. 

Methods: We searched the PUBMED database and selected complete articles published  in 

English that met the inclusion criteria for the period 1998 to 2016 . The search terms 

“cannabinoids”, “cannabidiol”, “oxidative stress”, “antioxidants”, “oral mucositis” were 

used. 

Results and discussion: The control of oxidative stress may prevent and alleviate oral 

mucositis. Studies have demonstrated that cannabidiol is safe to use and possesses 

antioxidant, antiinflammatory and analgesic properties. 

What is new and conclusions: The literature on the use of cannabidiol in dentistry is still 

scarce. Studies investigating the use of cannabidiol in oral mucositis and other oxidative 

stress-mediated side effects of chemotherapy and radiotherapy on the oral mucosa should be 

encouraged. 

Key words: cannabinoids, cannabidiol, oxidative stress, antioxidants, oral mucositis 
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WHAT IS KNOWN AND OBJECTIVE  

With an increase in life expectancy and an aging population, the frequency of chronic non-

communicable diseases such as cancer has been increasing. Consequently, there is a greater 

demand for antineoplastic treatments, which are responsible for major adverse effects. Oral 

mucositis (OM) is a complication commonly observed, particularly with  radiotherapy (RT) 

of the head and neck area and with chemotherapy (CT). It is a painful and debilitating 

condition of varying severity. It is characterized by the presence of ulcerated lesions in the 

oral cavity, which usually leads to difficulty in eating and consequential loss of weight and 

malnutrition, and susceptibility to opportunistic infections. OM affects the quality of life of 

patients and can become a dose-limiting factor in treatment. 1-6 

There is considerable evidence that the cytotoxic effects of CT and RT result from physico-

chemical reactions that lead to excessive production of free radicals (FR), which favors an 

oxidant–antioxidant imbalance and oxidative stress (OS). This could mediate the 

development of oral lesions and OM. 4, 5, 7-11 However, despite our understanding of the 

pathogenesis of this condition, its prevention and treatment are still considered a challenge to 

the dentist. 

The use of cannabinoids, components of Cannabis sativa, in the treatment of complex 

diseases has been extensively investigated in different medical areas. Among the 

cannabinoids, cannabidiol (CBD) is the non-psychotropic cannabinoid of greatest abundance 

in the plant.12 According to reported studies, CBD has antioxidant, antiinflammatory and 

immunomodulatory properties and is devoid of psychoactive properties, and its minimal side 

effects make it safe for use in humans.12-15 This compound has shown promising results in the 

control of serious diseases such as epilepsy, Alzheimer's disease, multiple sclerosis, chronic 

pain, cachexia, diabetes and sepsis and in the treatment of various types of cancer.16-19 

The use of CBD in the area of dentistry has been studied little, and its effects in the treatment 

of oral diseases are not well known. Nonetheless, considering its properties, mechanisms of 

action and favorable results in treating other complex diseases, it is believed that it can exert 

a positive therapeutic effect on some pathologies that are still challenging for the oral 

surgeon, for example, OM.  
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The purpose of this review was to evaluate the therapeutic viability of CBD on the basis of 

scientific publications that discuss its mechanism of action, suggesting possibilities for future 

investigations regarding the use of this compound in dentistry.  

METHODS 

Accordingly, we carried out a review of the literature on the subject in the PubMed database. 

We used the key words "cannabinoids”, "cannabidiol", "oxidative stress" and "oral 

mucositis" to search for full articles published in English from 1995 to 2016. Additional 

papers were obtained from the reference lists in the “hits”.  Classic and more recent studies 

covered mechanisms of action, indications of use, and possible future uses of CBD as well. 

Also included were publications regarding the etiology, clinical features and forms of 

treatment of OM. 

RESULTS 

Oral mucositis  

OM is frequently observed in patients receiving antineoplastic therapies. It occurs in about 30 

to 70% of patients treated with RT of the head and neck area and in 40 to 80% of patients 

undergoing CT. When the two modalities are combined, the incidence of these lesions tends 

to increase, ranging from 50 to 100%.3, 6, 20, 21 

OM manifests as erythema of the oral mucosa or even extremely painful ulcerations. Its 

severity has been determined by various classifications, where the one recommended by the 

World Health of Organization (WHO) is the most widely used today. This takes into 

consideration clinical criteria, such as the presence and absence of injury, and subjective 

criteria, such as the presence of pain and ability to eat (Table 1). Its clinical features vary 

according to the type of cancer therapy used and the health of the patient.3, 6, 21, 22 
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Table 1. Classification of OM according to WHO criteria.  

GRADE 0 No sign or symptom 

GRADE 1 Erythema and slight pain 

GRADE 2 Presence of ulcers and pain, still able to eat 

GRADE 3 Presence of ulcers and pain and unable to eat solid food 

GRADE 4 Presence of ulcers, unable to swallow, with need of parenteral or 

enteral support 

 

Episodes of OM can greatly affect the quality of life of patients as well as the course of their 

cancer treatment. Oral pain is a common symptom, making it difficult or impossible to eat, 

leading in some cases to malnutrition. Moreover, resultant oral lesions are a port of entry for 

opportunistic pathogens, leading to infections that may require antibiotics, hospitalization and 

even discontinuation of cancer treatment. In addition to clinical consequences, OM has a 

significant economic impact, since the necessity of parenteral feeding, antibiotic therapy, 

control of pain and hospitalization significantly increase the costs of treatment.2, 3, 6, 11, 21, 23 

Despite the clinical and economic implications of OM, no effective therapy has been 

developed to date. Some interventions are successful, although most of them are palliative. 

Patients should be encouraged to maintain good oral hygiene and use antiinflammatory 

agents, antibiotics, topical anesthetics and protective substances for the mucosa. Low-

intensity laser therapy and the administration of epithelial growth factors are considered 

available resources in preventive interventions. However, they have high costs and require 

skilled staff. 2, 11, 21 

The understanding of the pathogenesis of OM is essential to the development of new 

preventive and therapeutic alternatives. Oxidative stress and proinflammatory cytokines (such 

as TNF-α) are directly involved in mucosal destruction secondary to cancer treatment. 

Specifically, an increase in reactive oxygen species (ROS) occurs after radiation treatment or 

the administration of chemotherapeutic drugs with a subsequent number of events that cause 

direct tissue damage. Several studies have investigated the genes responsible for the control 

of ROS metabolism; the presence of deletion-specific nucleotide polymorphisms in a group 

of cancer patients was associated with a greater mucositis risk. A new approach to predict 
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which patients will develop mucositis is the identification of certain single nucleotide 

polymorphisms (SNPs) using a genome-wide association and candidate gene approaches. 24 

Sonis et al in 2004 proposed the theory of five stages of OM (Table 2). Accordingly, its 

progression is seen not only as a result of direct cell damage but also as a series of complex 

biological events in the cells and tissues of the submucosa. 8-10, 25-26 

Table 2: Phases of development of OM. Sonis et al 2004. 

Phase 1 
Initiation: Formation of reactive oxygen species (ROS) due to CT or RT. 

oxidant–antioxidant imbalance. 

Phase 2 
Response to primary damage: Activation of transcription factors such as 

NF-kB. 

Phase 3 
Signaling and amplification: Regulation of proinflammatory cytokines: 

(TNF-α, interleukin 1-β and interleukin 6).  

Phase 4 
Ulceration: Ulceration of mucosa, inflammatory infiltrate rich in 

macrophages, neutrophils, mastocytes and bacterial colonization. 

Phase 5 
Wound healing: Differentiation of cells and tissues with restoration of 

integrity of mucosa. 

 

According to this proposal, it is suggested that the formation of ROS arising from the action 

of CT and RT would be capable of generating an oxidant–antioxidant imbalance and thereby 

activate proinflammatory cytokines responsible for tissue damage. Therefore, different 

strategies of prevention and treatment of OM have been aimed at the control of OS.1, 4, 5, 7, 27, 

28 

Cannabidiol 

Cannabis sativa, popularly known as marijuana, is the most used illegal drug in the world 

and can be associated with many health problems. This plant contains over 545 substances, 

which have different effects in the body. More than 100 of them are classified as 

cannabinoids, and since the end of the nineteenth century, marijuana has been widely studied 

for medicinal use.15, 29, 30 

The term cannabinoid refers to a heterogeneous group of molecules that act on cannabinoid 

receptors present in the body. They can be produced endogenously, where anandamide 
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(AEA) and 2-arachidonoylglycerol (2AG) are the endocannabinoids best known and studied 

to date. There are also derivatives in the plant known as phytocannabinoids such as delta-9-

tetrahydrocannabidiol (THC) and CBD, or synthetic cannabinoids that are developed in the 

laboratory. 31 

The two non-endogenous compounds most investigated are THC and CBD. It is known that 

limitations to the therapeutic use of THC stems from its capacity to cause psychoactive 

effects mediated through receptors in the central nervous system (CNS). CBD is totally 

devoid of psychoactive properties, due to the low affinity of these receptors for CBD, thus 

offering greater safety in clinical use. 12, 32 

Cannabinoid receptors were identified in the 1980s and named by order of discovery, i.e., 

CB1 and CB2.14 They are involved in the modulation of neuronal functions and inflammatory 

processes and in the etiology of some diseases. Although CB1 and CB2 receptors share 

considerable structural similarities, they differ with regard to distribution and activity. CB1 

receptors are located mainly in the CNS, peripheral nervous system (PNS) and some organs, 

mediating effects on cognition, memory, motor performance and perception of pain. On the 

other hand, CB2 receptors are mainly expressed in the immune system and play an important 

role in the establishment of inflammatory processes, since they are involved in the reduction 

of proinflammatory cytokines.14, 29, 33, 34 Thus, it is known that the type of receptor that has 

greater affinity for each compound is crucial to the resulting pharmacological effects. 

CBD was isolated in 1942 and its molecular structure determined in 1963, and interest in its 

pharmacodynamics was only aroused after many years. To date, the mechanisms of action of 

CBD have not been fully elucidated, and the cell signaling pathways involved are still little 

known. In the last decade, there has been a substantial growth in medical studies on the 

application of CBD, mainly motivated by the discovery of its antiinflammatory, antioxidant 

and neuroprotective activities.14, 35, 36 

Studies show that this compound is capable of suppressing the production of 

proinflammatory mediators through the suppression of cellular immune response, which can 

be important in the treatment of various diseases of inflammatory origin. Inhibition of 

adenosine uptake and decreased production of some inflammatory mediators such as IFN-γ, 

TNF-α, IL-1β and IL-10 appear to be crucial in the antiinflammatory action of CBD. 18 



29 
 

Many authors mention that the effect of CBD on OS can be more potent than that of classic 

antioxidants, such as α-tocopherol. A pioneer study conducted by Julius Axelrod and David 

Wink in 1998 showed that CBD was a potent neuroprotective antioxidant. The authors noted 

that there was a greater efficacy against glutamate-induced neurotoxicity than with ascorbate 

or α-tocopherol. This suggests that CBD has potential therapeutic application in 

neurodegenerative disorders associated with OS.13, 17, 18, 33, 37-41 

Rajan et al evaluated the antiinflammatory, antioxidative, and antiapoptotic effects of low 

doses of CBD. The results showed that 5 μM CBD had a moderate antiinflammatory effect 

(TNF-α, IL-10) and oxidative markers (inducible nitric oxide synthase, nuclear factor 

erythroid 2-related factor 2, nitrotyrosine). Their in vitro results demonstrated the 

antiinflammatory, antioxidant, and antiapoptotic effects of CBD. 42 

 

DISCUSSION 

An increase in FR, as evidenced by cell damage caused by CT and/or RT, is capable of 

causing an imbalance in OS. This, in turn, stimulates the production of proinflammatory 

mediators responsible for tissue damage in OM. Thus, CBD could act both in the control of 

OS and the suppression of the inflammatory response, having a protective role against the 

development of OM. However, this hypothesis remains to be tested in a clinical and 

molecular setting, since we did not find specific studies covering this topic. 

In the area of dentistry, only one experimental study of CBD was found, which was carried 

out in a rat model with induced periodontitis. After 30 days of treatment with 5 mg/kg CBD 

daily, morphological analysis of alveolar bone loss demonstrated that the animals treated with 

the compound exhibited a regional decrease in bone loss and a lower expression of NF-kB. 

Moreover, in the gingival tissue of the CBD-treated group, there was a decrease in neutrophil 

migration, with reduced production of interleukin-1β and TNF-α.43 These results suggest that 

CBD may be useful in the control of inflammation caused by induced periodontal disease in 

rats. The possibility of searching for similar results in study models of OM can evaluate 

research in this area, aimed at obtaining favorable clinical effects. 

A literature review of the use of cannabinoids in the management of chronic pain in dentistry 

was also found. The authors addressed the possibility of using CBD in the control of 

symptoms of burning mouth syndrome, neuralgia of the trigeminal nerve and postherpetic 



30 
 

neuralgia. On the basis of the proven involvement of the endocannabinoid system in 

analgesia, promising results in studies of pain of various etiologies (Table 3) and of the 

mechanism of action of CBD, the authors suggested that this could be a potential therapeutic 

agent for the above disorders. The prospect of controlling pain with CBD can be another 

favorable way of managing OM. 30 

In the United Kingdom, Canada and other countries, an oral spray containing 50%  CBD 

(Sativex) can be legally prescribed for the purpose of relieving pain and spasticity associated 

with multiple sclerosis, which denotes the safety of its use in humans.31, 41-44 However, an 

observational study in a limited sample with 8 patients investigated the effects of oral use of 

this product. The most frequently reported findings were a burning sensation after 

application, dry mouth, halitosis and hyperkeratosis. However, the authors warned of the 

possibility of these results not being linked specifically to CBD but rather to the high 

concentration of alcohol in the product.43 

Even though we evaluated studies on CBD conducted in the medical area, the literature that 

supports the therapeutic potential of its use is still limited and lacks well-designed clinical 

studies, regardless of the disorder in question. Most findings are from in vitro or in vivo 

preclinical research and clinical cases.34 There are several reports of the protective action of 

CBD in other disorders associated with the toxicity of anticancer therapy mediated by OS, as 

well as systemic effects that may be of interest, such as its antiemetic activity and ability to 

improve renal and cardiac function (Table 3). 
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Table 3: Preclinical studies of CBD in animal models to control adverse effects of CT.  

Study/Model CT Agent  Dose CBD Results Reference 

Antiemetic activity 

 

LiCl 2.5 mg Improvement in the control 

of vomiting with fewer 

side effects when 

combined with other 

compounds. 47. 

Rock EM, 

Parker LA 

2015 

Antiemetic activity 

 

Cisplatin 2.5 or 0.5 

mg 

Antiemetic and antinausea 

effects by indirect 

activation of 5-HT 

receptor48 

Rock et al 

2012 

Prevention of 

nephrotoxicity 

 

Cisplatin 2.5 or 10 

mg 

Decrease in ROS and 

improvement in renal 

function. 12 

Pan  

2008 

Prevention of 

cardiotoxicity 

 

Doxorubicin 5 mg Decrease in 

proinflammatory 

cytokines, attenuation of 

decline in antioxidants and 

improvement in cardiac 

function. 49 

Fouad et al 

2013 

Prevention of 

cardiotoxicity 

 

Doxorubicin 10 mg Decrease in cardiac 

dysfunction, improvement 

in cardiac mitochondrial  

function and decrease in 

oxidative stress. 32 

Hao et al 

2015 

Prevention of 

neuropathic pain 

 

Paclitaxel 2.5 or 10 

mg 

Attenuation of pain 

without hampering 

treatment efficacy.50 

Ward et al 

2014 

 

While Table 3 shows various events associated with the adverse effects of CT, the studies 

cited are mediated by OS as well as OM. On the basis of the favorable results of these 

studies, it can be proposed that CBD is capable of exerting some protective effect in oral 

tissues in the management of OM (Fig 1). However, there is still a lack of consensus in the 

dose to be administered, which confirms the need for new studies that can establish dose-

response parameters. 
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Figure 1: Potential anti-mucositis actions of CBD 

 

A recent review of the literature concluded that medical marijuana has potential therapeutic 

applications in oncology, but the available evidence and legal status pose a challenge for 

physicians and oncology providers. There is moderate evidence for the use of cannabis in 

pain management. Some patients subjectively report benefit from cannabis for nausea, 

appetite, sleep, and anxiety problems, but the level of published evidence remains low. 

Clinical trials are underway, but the legal status in some countries presents challenges to 

research. It is critical that oncology professionals are able to at least address the known risks 

and adverse effects of marijuana when questions arise from patients. Current available 

evidence is conflicting in terms of cancer risk. There is preliminary research on the anticancer 

effects of cannabis, which may balance out the risk to some extent. Overall, medical 

marijuana may have use in cancer care, but more research is needed to better inform 

physicians and patients.51 

As an alternative to treat complications of antineoplasic therapies, added to eventual 

beneficial effects, it is important to consider the interaction of CBD with tumoral cells. Risks 

and benefits of antioxidant agents for antineoplasic have been debated among oncologists, 
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radiotherapists and other professionals. It is speculated that drugs able to protect healthy 

tissues could also protect tumor cells, jeopardizing regular treatment. 

Recent studies point to CBD as a promising alternative to cancer treatment due to its ability 

to inhibit proliferation, adhesion, migration, invasion and angiogenesis of neoplastic cells. 

However, the molecular mechanisms involved in these properties are not well established and 

they depend on which neoplasm is to be treated and respective drug. 52, 53, 54   

It is compulsory to further investigate CBD in the management of OM to unveil its actual 

potenciality. 

  

WHAT IS NEW AND CONCLUSIONS 

The lack of effective strategies for the prevention of OM have prompted researchers to 

investigate new therapeutic agents, in view of the serious consequences caused by this 

disease. Studies on the action of various types of antioxidant agents in the prevention of OM 

represent a significant part of current research regarding this disease, which could contribute 

to the better understanding of the biopathology of OM and of the role of FR in its 

development. 

The antioxidant, antiinflammatory and analgesic activity of CBD, along with its safety, oare 

decisive factors in stirring interest in its use in dentistry. In view of the foregoing, we believe 

that studies should be encouraged in testing CBD in the treatment of difficult-to-manage oral 

diseases, such as OM. Its mechanism of action seems to involve functions that could play a 

positive role in the prevention and treatment of OM.  
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4. ARTIGO II 

 

O artigo a seguir intitula-se “EFFECT OF CANNABIDIOL, A COMPONENT OF CANNABIS 

SATIVA, ON 5-FLUOROURACIL-INDUCED ORAL MUCOSITIS IN MICE: CLINICAL, 

HISTOLOGICAL, HEMATOLOGICAL AND BIOCHEMICAL EVALUATION” e será submetido ao 
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Abstract 

Objectives: The aim of this study was to evaluate the clinical, histological, hematological and 

oxidative stress effects of cannabidiol (CBD) in mice with induced oral mucositis. 

Materials and Methods: We used 90 mice in which oral mucositis was induced using a 

protocol with 5-fluorouracil chemotherapy. The animals were divided randomly into 10 study 

groups. Three groups were treated with different doses of CBD (3, 10 and 30 mg/kg), while 2 

were control groups (positive control and negative control), and 2 experimental times were 

studied (4 and 7 days). All treatments were by intraperitoneal administration. 

Results: In the clinical evaluation, the groups treated with CBD showed less severity of oral 

lesions compared with the positive control at both experimental times. The intensity of the 

inflammatory response was also lower in the groups treated with this drug, but there was no 

statistically significant difference when compared with the positive control. With regard to 

erythrocyte, leukocyte and platelet counts and antioxidant enzyme activity, the groups treated 
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with CBD showed better results, but only some of these variables showed statistically 

significant differences. 

Conclusions: Altogether, these findings suggest that CBD exerted antiinflammatory and 

antioxidant activity favoring a faster resolution of oral mucositis in this animal model. 

 

Key words: Oral Mucositis, Chemotherapy, Cannabidiol; Cannabis sativa; Mice 
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Introduction  
 

Oral mucositis (OM) is a common complication in patients undergoing chemotherapy 

(CT). Its occurrence depends on the therapeutic protocol used, and can affect 60 to 80% of 

patients under this antineoplastic therapy[1–3]. It is a debilitating condition that sets in 

around 5 to 7 days after administration of CT and persists usually for days to weeks. It 

presents clinically as an inflammatory response, with areas of ulceration of the mucosa, in 

varying degrees of severity. It is accompanied by painful symptomatology and dysphagia, 

and may result in weight loss, malnutrition, and susceptibility to opportunistic infections as 

well. It affects patients' quality of life and may become a dose-limiting factor in treatment 

[1,3,4].  

 

 5-Fluorouracil (5-FU) belongs to the class of antimetabolite anticancer drugs capable of 

interfering with essential biochemical processes. It is widely used in the treatment of various 

solid malignancies such as those that affect the gastrointestinal tract, gynecological system 

and breast, head and neck, and other anatomical sites. 5-FU therapy is associated with a wide 

range of adverse effects, including gastrointestinal mucositis, which is sometimes 

accompanied by abdominal pain, nausea, vomiting, diarrhea and dehydration, and is one of 

the chemotherapeutic agents with the greatest association with the incidence of the OM [5–

10]. 

Lesions begin when the oral mucosa is exposed to chemotherapeutic drugs, resulting in 

DNA damage and cell death, mainly through the production of reactive oxygen species 

(ROS) and oxidative stress (OS). The consistent reports linked to the formation of free 

radicals after exposure to CT, added to the results of various studies, demonstrate that 

mucosal lesions can be attenuated and even prevented by agents able to limit OS caused by 

free radicals. These agents are called antioxidants (AOX), which act by neutralizing ROS by 

blocking their formation or by eliminating them from the body. Their role is to protect 

healthy tissue cells against the oxidizing action of free radicals [3,6,11–16].  

Canabidiol (CBD) is a component of Cannabis sativa (marijuana), a plant that exerts 

potent antiinflammatory, immunomodulatory, antiemetic and analgesic effects through the 

activation of cannabinoid receptors (CB1 and CB2) located in the central nervous system and 

immune cells [17,18]. Studies have reported that CBD does not have psychotropic activity 

and exerts beneficial effects in neuropsychiatric diseases and inflammatory disorders, through 

its antioxidant, antiinflammatory and immunomodulatory action [19–26]. On the basis of 
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these premises, it is believed that CBD can be an alternative in the treatment of CT-induced 

OM.  

In view of the biological complexity of the pathogenesis of OM and considering the its 

severity and consequences in the cancer patient, the objective of this study was to evaluate 

the clinical, histological, hematological and oxidative stress effects of CBD in mice with OM 

the tongue ventral induced by 5-FU. 

 

Materials and Methods 

 

Animal model  

The sample consisted of 90 male mice of the CF-1 strain, 10 weeks old, weighing between 

30-40 g, obtained from the Center for Experimental Biological Models of the Pontifical 

Catholic University of Rio Grande do Sul (CeMBE, PUCRS). The animals were 

accommodated and acclimatized in the CeMBE, kept in plastic cages identified according to 

their respective groups (9/group; 5/cage), which were randomly selected. During the 

experiment period, they were provided with feed and filtered water ad libitum. The cages 

were lined with autoclaved wood shavings, placed in micro isolators with constant 

temperature of 23 ± 1º C, relative humidity of 50 ± 5% and 12-h light-dark cycle (lights on at 

07 h, lights off at 19 h). 

This research was carried out in accordance with the ethical principles in force for the use 

of laboratory animals, established by the National Council for Control of Animal 

Experimentation, and its protocol was approved by the Scientific Committee of the Dentistry 

Course of PUCRS and the Ethics Committee on the Use of Animals of PUCRS (CEUA No. 

1500488). 

 

Study groups and experimental times 

 

The animals were identified by their tail as to which group they belonged according to the 

following scheme (Fig. 1). 
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*Placebo: Tween 80 in saline (0.2 ml)  

# Positive control  

## Negative control  

 

Fig. 1. Distribution of study groups according to product used, dose and experimental time. 

 

Products used 

 

 5-Fluorouracil (5-FU) (Fauldfluor, 2.5 g/50 ml; Libbs Farmacêutica Ltda) 

 Cannabidiol, 99.9% (BioSynthesis Pharma Group) 

 Tween 80 (oleic acid, ≥58% - SIGMA): used as solvent for CBD 

 Saline solution (0.9% sodium chloride): used as vehicle. 

 

Induction of OM and treatments 

 

The OM induction protocol consisted of two intraperitoneal IP injections of 5-FU (60 

mg/kg/day) on days zero and 2. Groups 5A and 5B were not subjected to this 5-FU 

administration. However, the entire sample of this group was handled in a similar way as the 

others and received IP injection of saline. 

On the 3rd and 4th day of the experiment, the animals were anesthetized with 100 mg/ml 

ketamine hydrochloride (100 mg/kg) and 20 mg/ml xylazine hydrochloride (10 mg/kg). 

Mechanical trauma was induced in the middle third of the tongue ventrum with the use of an 

18G needle, scraping twice with a linear movement of 5 mm each, to induce OM. This 
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technique, with some modifications, has been extensively used to induce OM similar to that 

occurring in humans [27–29]. Immediately after the mechanical trauma on the 4th day, the 

animals began to receive treatment determined for each group, IP every 24 h. Euthanasia in 

the respective groups and times of the study was performed by means of deep anesthesia with 

isoflurane on the 8th and 11th days of the experiment, that is, at 4 and 7 days of treatment. 

 

Hematological analysis  

 

Prior to euthanasia, the animals were anesthetized by inhalation of isoflurane and then 

blood samples collected by the cardiac puncture method (0.25 ml). Whole blood samples 

were placed in glass vials containing 0.5 μl of EDTA, which were then sealed and labeled. 

Hematological analyses were performed at CeMBE with whole blood samples collected in 

tubes containing 10% sodium EDTA, using a veterinary automated hematological analyzer 

(Sysmex pocH-100iV Diff; Roche, São Paulo, Brazil). Erythrocyte, total leukocyte and 

platelet counts were determined. 

 

Clinical and histological evaluation  

 

Immediately after euthanasia, region was clinically evaluated in the tongue ventrum 

subjected to the trauma by 2 blinded examiners, to determine the absence or presence of the 

induced lesion, to measure the extent of the lesion with a periodontal probe, and to classify 

the presence and severity of OM according to the following adapted classification [28–30]: 

 

0 - Normal 

1 - Erythema  

2 - Epithelial desquamation 

3 - Ulcer on up to 25% of surface  

4 - Ulcer on more than 25% up to 50% of surface 

5 - Ulcer on more than 50% up to 75% of surface 

6 - Ulcer on more than 75% of surface 

 

After the clinical analysis, the tongue was surgically removed from each animal. It was 

fixed in 10% formalin for 24 h, where the longitudinal section of the ulcer area was in  

central portion of the tongue. The specimens were embedded in paraffin, and three 
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consecutive 3 μm-thick sections were cut for each specimen. Slides were prepared and 

stained with hematoxylin and eosin (HE). 

The analysis was performed using an Olympus binocular microscope (model BX50). A 

calibrated and blinded examiner evaluated entirely all the sections obtained. Intra-examiner 

calibration was done by reanalysis of 20 slides with a 7-day interval between observations 

(Kappa=0.889 ± 0.061, p<0.001). Next, the field with the highest intensity of inflammatory 

response was chosen to determine the score, according to the criteria below [31–34]: 

 

0. Absent: Absence of inflammation 

1. Mild: Sparse mononuclear cells 

2. Moderate: Mononuclear infiltrate and/or sparse neutrophils and eosinophils  

3. Intense: Polymorphonuclear infiltrate of neutrophils and eosinophils 

 

Biochemical analysis of oxidative stress 

 

For OS evaluation, the liver was surgically removed from each animal. The organs were 

placed in an eppendorf tube and stored at -80°C. The biochemical analysis was performed at 

the Toxicology and Pharmacology Research Center, College of Health Sciences, Pontifical 

Catholic University of Rio Grande do Sul where the antioxidant enzyme catalase (CAT) and 

antioxidant reduced glutathione (GSH) were measured using a spectrophotometer Cary 100.  

 

Statistical analysis 

 

The data were tabulated and evaluated using SPSS 17.0 software. ANOVA  followed by 

Tukey's test was used for comparisons regarding weight loss, erythrocytes, leukocytes, 

platelets, CAT and GSH. 

The Kruskal-Wallis test was used for analysis of the inflammatory response and 

classification of OM between the groups, complemented by the Student-Newman-Keuls test. 

The Mann-Whitney was used in the analysis of inflammatory response and comparative OM 

between the study times. 

The significance level was set at 5% for all analyses.  

 

 

 



48 
 

Results 

 

During the experiment, 11 animals died. Therefore, 79 mice were included in the study 

with following distribution: 1A (n=8), 2A (n=7), 3A (n=9), 4A (n=9), 5A (n=7), 1B (n=9), 

2B (n=7), 3B (n=5), 4B (n=9) and 5B (n=9). All animals lost weight during the experiment, 

as shown in Fig. 2.   
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  Fig. 2. Mean ± standard deviation weight loss of study groups at 4 and 7 days. 

  *#: Different symbols indicate statistically significant difference between the groups 

 

Among the groups that received CT there was no statistical difference in the experimental 

time of 4 days (p=0.135). However, the greatest weight loss was observed in group 4A 

animals, which differed significantly from group 5A (p=0.001). Among the groups treated 

with CBD, 2A showed less weight loss, statistically similar to group 5A (p=0.326).  

In the 7-day evaluation, all groups treated with CBD showed lower weight loss than the 

control groups, although there was a statistically significant difference only in relation to 

group 4B (p=0.000), showing no significant difference compared with group 5B (p=0.371). 

The least weight loss was observed in group 3B. 
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In the comparison between times, it was observed that the greatest weight loss occurred in 

the 4-day analysis. But at 7 days, there was considerable weight gain in which only the 

animals of groups 5A and 5B did not show a statistically significant difference (p=0.655). 

 

Clinical evaluation of OM 

 

The specimens from the negative control groups (5A and 5B) were excluded since they 

did not receive 5-FU, so the lesions present could not be considered OM. The induced lesion 

was found in all animals at 4 days and was completely healed in the 7-day analysis (Fig. 3). 

The classification of the OM lesions is described in Table 1. 

 

Fig. 3. Clinical evaluation of OM.  (A) Immediately after mechanical trauma. (B) Animal in 

group 2A showing grade 3 OM. (C) Animal in group 3A showing grade 4 OM. (D) Animal in 

group 4A showing grade 5 OM. (E) Animal in group 1B showing a discrete ulcerated lesion. 

(F) Animal in group 2B showing grade 3 OM. (G) Animal in group 4B showing grade 5 OM. 

(H) Animal in group 4B showing grade 6 OM. 

 

In the 4-day clinical analysis, all animals displayed some degree of OM ranging from 

grade 3 to 5. However, the severity of the lesions was greater in group 4A, differing 
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statistically from the others. When comparing the groups treated with CBD, there was no 

statistical difference between them (p=0.580; p=0.756; p=0.788). In the 7-day experimental 

period, there was a decrease in the severity of OM in all groups that received CBD treatment, 

ranging from grade 0 to 3, but no statistically significant difference was found between these 

groups (p=0.419; p=0.659; p=0.792). In the animals of groups 4A and 4B (positive control), 

the severity of the lesions remained unchanged or worsened, varying from grade 3 to 6 

(p=0.001) (Fig. 3). We observed an improvement in the lesions over time in all the groups 

that received CBD treatment, but this was statistically significant only between groups 1A 

and 1B (p=0.002) and 3A and 3B (p=0.029).  

 

Table 1 

Comparison of classification of induced OM in relation to study groups that received 

chemotherapy (Kruskal-Wallis and Student-Newman-Keuls test). 

Classification 

of OM 

   TIME 

 4 days   7 days 

1A 

(n=8) 

2A 

(n=7) 

3A 

(n=9) 

4A 

(n=9) 

1B 

(n=9) 

2B 

(n=7) 

3B 

(n=5) 

4B 

(n=9) 

0 - - - - 7 3 3 - 

1 - - - - - 1 - - 

2 - - - - - - - - 

3 5 6 6 1 2 3 2 3 

4 2 - 3 2 - - - 1 

5 1 1 - 6 - - - 4 

6 - - - - - - - 1 

p value*  0.006  0.001 

Mean rank **  15.1B 12.3 B 13.6 B 25.6 A  9.8 B 13.3 B 12.0 B 24.8 A 

*comparison between treatment and control 

** rank means followed by different letters are significantly different 

1= 3 mg/Kg CBD; 2= 10 mg/Kg CBD; 3= 30 mg/Kg CBD; 4= placebo 

 

Histological analysis of inflammatory response 

 

The intensity of the inflammatory response varied from mild to severe (Fig. 4) in all 

groups that received 5-FU in the 4-day analysis, with no statistically significant difference 
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between these groups (p=0.763). However, at the same experimental time, the negative 

control group (5A) displayed mild to moderate inflammation but not significantly different 

compared with the other study groups (p=0.643). 

In the 7-day analysis, the inflammatory response scores remained between mild and 

intense in groups 1B, 2B, 3B and 4B with no significant difference (p=0.095), while most of 

group 5B animals showed scores reduced to mild (p=0.003). 

Progression of the severity of the inflammatory response was observed in all groups that 

received 5-FU in the 7-day period in relation to the 4-day analysis. However, this difference 

was statistically significant only between groups 3A and 3B (p=0.004) and 4A and 4B 

(p=0.05). The classification of the inflammatory response is described in Table 2. 

 

 

Fig. 4. A: Photomicrograph showing sparse mononuclear cells, characterizing mild 

inflammation, animal in group 1A (HE, 100x). B: Photomicrograph showing the presence of 

inflammatory infiltrate of mononuclear cells with neutrophils and sparse eosinophils, 

characterizing moderate inflammation, animal in group 1B  (HE, 400x). C: Photomicrograph 

showing  remodeling of the epithelium in the ulcer area, animal in group 2B  (HE, 100x). D: 

Photomicrograph showing the presence of inflammatory infiltrate of polymorphonuclear 
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cells, characterizing intense inflammation, edema and ulceration, animal in group 4B (HE, 

100x). 

  

Table 2 

Comparison of inflammatory response in relation to study groups (Kruskal-Wallis and 

Student-Newman-Keuls test). 

 

Inflammatory 

response 

                         4 days                                                                7 days 

1A 

(n=8) 

2A 

(n=7) 

3A 

(n=9) 

4A 

(n=9) 

5A 

(n=7) 

 1B 

(n=9) 

2B 

(n=7) 

3B 

(n=5) 

4B 

(n=9) 

5A 

(n=9) 

 

Mild  3 2 3 3 3 1 1 - - 7 

Moderate 1 2 5 4 4 3 4 - 3 2 

Intense 4 3 1 2 - 5 2 5 6 - 

p value*   0.643   0.003 

Mean rank ** 
23.3A 23.7 A 18.9 A 20.3 A 16.0 A  22.6A 18.2 AB 30.5 A 25.5 A 7.3 B 

* comparison between groups  

**rank means followed by different letters are significantly different 

1= 3 mg/Kg CBD; 2= 10 mg/Kg CBD; 3= 30 mg/Kg CBD; 4= placebo; 5= without CT 

 

 

Hematological and biochemical analysis 

 

Table 3 presents the results of the erythrocyte, leukocyte and platelet counts and CAT 

activity and GSH levels according to the study times and groups. In the 4-day period, the 

positive control group (4A) showed lower values than the other groups for all variables; 

however, there was a statistically significant difference in erythrocyte count in relation to 

group 1A (p=0.001), in leukocyte count in relation to groups 2A (p=0.001) and 5A (p=0.000), 

and in platelet count only in relation to group 5A (p=0.018). For the OS variables, there were 

no statistically significant differences between groups in relation to CAT, but group 4A 

differed from all groups treated with CBD (1A: p=0.03; 2A: p=0.004; 3A: p=0.016). 

In the 7-day experimental period, the analysis of hematological variables showed 

statistical difference only in relation to erythrocytes in the comparison between controls 4B 

and 5B (p=0.008). In the OS evaluation, significant differences were found between the 

positive controls and groups 1B and 2B for both variables (CAT: p=0.000; p=0.000 and 

GSH: p=0.000; p=0.000). 
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Table 3 

Comparison of hematological and oxidative stress response in relation to study groups and times (ANOVA and Tukey’s test). 

Groups/Times 1 
(Mean  ± standard 

deviation)** 

2 
(Mean  ± standard 

deviation)** 

3 
(Mean  ± standard 

deviation)** 

4 
(Mean  ± standard 

deviation)** 

5 
(Mean  ± standard 

deviation)** 

Erythrocytes 

A (n=8) 

B (n=9) 

p value*  

 

10.24 ± 1.84Aa 

7.32 ± 1.72Ab 

0.004 

 

9.4 ± 0.69 ABa 

7.85± 0.12ABb 

0.002 

 

8.09 ± 1.65Ba 

6.44 ± 0.78Aa 

0.06 

 

7.69 ± 0.26Ba 

7.11 ± 0.30Ab 

0.000 

 

9.31 ± 0.75 ABa 

8.50 ± 0.47Ba 

0.072 

Leukocytes 

A (n=7) 

B (n=7) 

p value* 

 

4.15 ± 1.18ABa 

7.47 ± 3.01Ab 

0.011 

 

5.68 ± 2.28ACa 

8.07 ± 2.06Aa 

0.075 

 

4.06 ± 0.62ABa 

7.36 ± 7.36Ab 

0.017 

 

2.84 ± 0.59Ba 

5.45 ± 1.59Ab 

0.001 

 

6.85 ± 1.23Ca 

5.92 ± 0.39Aa 

0.174 

Platelets 

A (n=9) 

B (n=5) 

p value* 

 

994.38 ± 213.7ABa 

1614.11 ± 306.8Ab 

0.000 

 

1068.71 ± 524.7ABa 

1593.86 ± 328.1Ab 

0.044 

 

1055.11 ± 236.9ABa 

1684.8 ± 373.6Ab 

0.002 

 

830.11 ± 99.0Aa 

1643.11 ± 428.5Ab 

0.000 

 

1283.43 ± 139.1Ba 

1460.25 ± 105.8Aa 

0.096 

CAT 

A (n=9) 

B (n=9) 

p value* 

 

1.41 ± 0.41Aa 

0.77 ± 0.20Ab 

0.001 

 

1.48 ± 0.45Aa 

0.72 ± 0.28Ab 

0.003 

 

1.45 ± 0.24Aa 

0.98 ± 0.25ABb 

0.005 

 

1.11 ± 0.28Aa 

1.27 ± 0.21BCa 

0.206 

 

1.32 ± 0.11Aa 

1.48± 0.05 Ca 

0.028 

GSH 

A (n=7) 

B (n=9) 

p value* 

 

12.03 ± 2.40Aa 

4.26 ± 1.24Ab 

0.000 

 

12.91 ± 1.39Aa 

3.82 ± 1.19Ab 

0.000 

 

12.19 ± 1.83Aa 

8.09 ± 3.07Bb 

0.008 

 

9.31 ± 2.09Ba 

10.67 ± 1.40BCa 

0.124 

 

11.46 ± .79ABa 

12.38 ± 1.64Ca 

0.235 

 
* Comparison between times 

** Means  ± standard deviation followed by different upper case letters differ significantly in relation to groups, while different lower case letters  differ with 

regard to times. 

1= 3 mg/Kg CBD; 2= 10 mg/Kg CBD; 3= 30 mg/Kg CBD; 4= placebo; 5= without CT 
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Discussion 

 

OM is a frequent and highly debilitating side effect in patients undergoing antineoplastic 

CT, capable of compromising the prognosis and affecting the patients' quality of life. 

However, to date, there are no effective treatments for OM, only palliative strategies [2,4]. 

This is the first study conducted to evaluate the preventive and therapeutic effect of CBD on 

OM. 

The effects of the administration of different concentrations of CBD were evaluated to 

establish a dose-response relationship, since the literature does not provide consensus on the 

ideal dose for antioxidant and antiinflammatory action. In previous studies, the doses tested 

varied from 1 to 30 mg, but none of them stood out as advantageous in relation to the others 

in this study [19,20,23,25,34–38]. 

The induction of mucositis in an animal model is technically difficult since the protocols 

already described in the international literature vary with the species, type of drug and dose 

used. The time of development of the lesions and their intensity depend directly on the 

protocol used, which can compromise the reliability of the analyses. Thus, based on 

previously published studies, which met similar standards to those desired for this 

experimental model, and previous experiences of the researchers, a protocol with 5-FU and 

mechanical trauma in the tongue ventrum was chosen [28,29]. The experimental times were 

also determined from the existing literature, in which there are reports that, with this 

induction protocol, there is peak severity of OM lesions at 4 days, followed by the beginning 

of the healing process at 7 days [27–30]. 

The choice of the animal model as well as the methods used in this study was based on the 

need for a rigid standardization of the analysis criteria. Thus, it is justified the need to adapt 

the classification of OM including criteria according to percentage of ulcerated area, since 

macroscopic analysis does not give any dimension of symptomatology, where this limitation 

is minimized by the standardization of induced trauma and of clinical analysis [28–30]. 

Regarding weight loss during the experiment, it was observed that at 4 days. This was 

more evident at 7 days, where the animals gained considerable body weight again. The 

positive control groups showed greater weight loss at both experimental times, where this 

was significant in relation to the other groups at 7 days. Weight loss is a frequent 

consequence of antineoplastic treatments [39,40]. 

According to Gorter, the use of CBD in cancer patients is able to stimulate appetite, reduce 

nausea caused by chemotherapy and promote weight maintenance and even gain [41]. The 
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antiemetic action of this compound has been reported by several authors and related to the 

indirect activation of receptors associated with these stimuli [42,43]. In a recent study 

published by Callejas et al., where the antiinflammatory potential of CBD in rat intestinal 

disease was tested, the authors demonstrated a significant increase in body weight in the 

group treated with CBD compared with the others due to the reversal of the inflammatory 

process present [38]. 

These data also corroborate the clinical findings that showed the greater severity of the 

lesions in the oral cavity in the first experimental time making it difficult to maintain feeding 

and for the improvement of the lesions during the subsequent days, recovering the ability to 

feed. 

In the macroscopic analysis of induced OM, the groups treated with CBD showed degrees 

of severity significantly lower than those of the control group in both experimental times. 

There was a significant decrease in the classification of the lesions in the groups that received 

CBD in relation to the time while the control group in contrast did not present the positive 

evolution of the OM. On the other hand, although the control groups showed higher scores at 

both times, the histological evaluation did not display a statistically significant difference 

between the groups.  

In corroboration with our findings, recent studies that have tested the use of CBD for other 

diseases of inflammatory origin, discuss the ability of the product to modulate the immune 

response by decreasing the production of proinflammatory cytokines such as TNF-alpha, Nf-

Kb and interleukins, and migration of neutrophils to the periphery of the damaged tissues, 

which would reduce the tissue inflammatory reaction [21,34,35,44]. 

On the other hand, it is possible to elucidate that the leukopenia observed in the groups 

that received 5-FU in the 4-day period justifies the lower tissue inflammatory response at the 

beginning of the experiment and more intense at 7 days with leukocyte recovery. 

Hematological analysis suggests that CBD may help reduce pancytopenia, which often occurs 

in patients undergoing CT. Supporting this idea, a literature review conducted by MacCallum 

and Russo revealed that CBD is able to reduce the cytotoxic effects of CT. [18]. 

CAT and GSH are endogenous AOX capable of eliminating free radicals. This enzyme 

activity and metabolite show high levels when the body is under OS [22,45]. The results of 

the analysis of these biochemical parameters indicate that in the evaluation of 4 days both 

AOX were increased compared with the group control. In the 7-day analysis, the activity of 

the markers was significantly lower in the groups treated with CBD and remained high in the 
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positive control group. These results support the clinical findings and suggest that CBD was 

able to modulate the OS induced by CT. 

Studies have shown that CBD is capable of suppressing the production of 

proinflammatory mediators by suppressing the cellular immune response, which may be 

important in the treatment of several diseases of inflammatory origin. Inhibition of adenosine 

uptake and decreased production of some inflammatory mediators such as IFN-γ, TNF-α, IL-

1β, and IL-10 appear to be crucial in the antiinflammatory action of CBD 

[20,21,25,37,44,46,47]. 

In a recent study conducted by Klein et al., CBD was tested in the treatment of ulcerative 

lesions of traumatic origin in an animal model. The authors suggested that CBD exerted an 

antiinflammatory action in the early stages of the healing process [34].  

Many investigators have noted that the action of CBD on OS may be more potent than 

with classic AOX, such as α-tocopherol [4,26,34]. Considering that the increase in free 

radicals, evidenced by cellular damage caused by CT, is capable of generating an imbalance 

in OS and the production of proinflammatory mediators responsible for the tissue damage in 

OM the results obtained suggest that CBD is capable of acting both in OS control and in the 

suppression of the inflammatory response, playing a protective role in relation to OM. 

It should also be noted that the administration of CBD seems to be safe at the doses used. 

A recent review of the literature suggests that this drug has a low adverse effect profile and 

that its controlled administration is safe and well tolerated in animals and humans, as well as 

being non-cytotoxic to normal cells [48].   

The serious consequences of OM in oral tissues stimulate investigations into new 

therapeutic targets. The understanding of its biopathology and initiation from the formation 

of free radicals have promoted a growing interest in studies relating the role of the most 

varied types of AOX agents in the prevention of OM. Given the promising results in several 

studies, the applications of CBD in this process should be highlighted as an emerging 

research niche considering the potential innovative effects that this substance seems to induce 

in a variety of health conditions/ 

 

Conclusion 

  

The results of this study suggest the use of CBD as an alternative for the prevention and 

treatment of OM, since CBD was found to reduce the inflammatory process and the severity 

of the lesions and oxidative stress, favoring tissue repair of induced OM. Further studies are 
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encouraged using standardized approaches to obtain solid scientific evidence that could 

support the inclusion of this substance in the guidelines for OM. 
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5. DISCUSSÃO COMPLEMENTAR 

 

O câncer é responsável por quase uma em cada 6 mortes no mundo. Mais de 14 milhões de 

pessoas desenvolvem neoplasias malignas todos os anos, e estima-se que esse número suba para 

mais de 21 milhões até 2030. Dados recentes da Organização Mundial da Saúde (OMS) apontam 

que 8,8 milhões de pessoas morrem em função desta grave patologia por ano, principalmente em 

países de baixa e média renda (OMS, 2017). 

A crescente incidência de câncer na população mundial está associada às expressivas 

mudanças no perfil demográfico de muitos países em desenvolvimento, especialmente o 

envelhecimento da população, sendo consequência, entre outros fatores, do processo de 

urbanização, industrialização e dos avanços da ciência e da tecnologia. Além disso, unem-se os 

novos estilos de vida e a exposição, ainda mais intensa, a fatores de risco próprios do mundo 

contemporâneo. Esse processo de mudança demográfica, associado à transformação nas relações 

entre as pessoas e seu ambiente, trouxe uma alteração importante no perfil de morbimortalidade, 

diminuindo a ocorrência das doenças infectocontagiosas e colocando as doenças crônico-

degenerativas, como o câncer, no novo centro de atenção dos problemas de doença e morte da 

população (INCA, 2018). 

A OMS preconiza o diagnóstico precoce como a principal forma de redução de danos 

associados ao câncer, uma vez que, ao dectectar a doença em estágio inicial seu tratamento será 

mais rápido e eficaz gerando menor sofrimento ao paciente e menos custos aos sistemas de saúde. 

Atualmente o custo econômico anual do câncer através de gastos com saúde do paciente e perda de 

produtividade foi estimado em US $ 1,16 trilhão (OMS, 2017). 

Dentre as principais estratégias de tratamento das neoplasias malignas destaca-se a QT. 

Esta modalidade consiste no emprego de drogas que objetivam destruir as células tumorais, no 

entanto, não atuam exclusivamente sobre essas, atingindo também células normais de rápida 

renovação como as da medula óssea, mucosas e couro cabeludo. Os efeitos terapêuticos e tóxicos 

dos quimioterápicos dependem do tempo de exposição e da concentração plasmática da droga. A 

toxicidade é variável para os diversos tecidos e depende da droga utilizada (INCA, 2018) 

Nos últimos anos, houve um progresso notável na terapia do câncer, visando a redução da 

toxicidade, da necessidade de interrupção da QT e  buscando a intensificação dos quimioterápicos, 
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embora reações adversas e complicações induzidas pela QT ainda não sejam incomuns. Sabe-se 

que cerca de 40% a 80% dos pacientes submetidos a esta modalidade terapêutica desenvolvem 

reações adversas na cavidade oral, sendo a MO uma das mais debilitantes e capaz de comprometer 

o curso da oncoterapia (SAITO et al, 2014; REZAZADEH et al, 2018).  

Em resposta às diretrizes recentemente publicadas sobre a MO, está se tornando prática 

comum a inclusão de intervenções para prevenir esta complicação como um componente essencial 

da terapia do câncer (SAITO et al, 2014).  Muitas tentativas vem sendo direcionadas para o 

desenvolvimento de formulações visando evitar ou minimizar a MO. A administração tópica ou 

sistêmica de substâncias como sucralfato, vitamina E, clorexidina, agentes anti-inflamatórios, fatores 

de crescimento, citocinas, além de uma série de fitoterápicos apresentam resultados promissores. No 

entanto, até o momento, eles não reduziram significativamente a incidência e a gravidade da 

mucosite nos pacientes (CUBA et al, 2015; REZAZADEH et al, 2018; THONSEM, VITETTA, 2018). 

Sonis et al, descreveram o desenvolvimento da MO em 5 fases, nas quais o EO induzido 

pelos quimioterápicos é descrito como o principal responsável por desencadear uma cascata de 

reações de culminam no rompimento do tecido epitelial. A partir dessa hipótese, passou-se a 

investigar substâncias capazes de impedir ou modular o EO, atuando como protetores da mucosa 

(SONIS et al, 2004; SONIS, 2010; REZAZADEH et al, 2018; SONIS, VILLA, 2018). 

O CBD foi isolado em 1942, no entanto, o interesse por sua farmacodinâmica só foi 

despertado muitos anos após. Até o momento, os mecanismos de ação do CBD não foram 

totalmente elucidados e as vias de sinalização celular envolvidas, são ainda pouco conhecidas.  Na 

última década houve um expressivo crescimento nos estudos visando a aplicação médica do CBD, 

motivado principalmente pela descoberta da sua capacidade anti-inflamatória, antioxidante que, 

segundo estudos prévios, pode ser mais potente do que antioxidantes clássicos como o alpha 

tocoferol (IFFLAND, GOTENHERMEN, 2017; PISANTI et al, 2017; BARON, 2018).  

Diante do crescente interesse nas propriedades curativas do CBD, considera-se 

indispensável a discussão a respeito das polêmicas envolvendo o uso medicinal da sua planta de 

origem, a Cannabis sativa, popularmente conhecida como maconha. Sabe-se que a criminalização 

da maconha teve início mundialmente há décadas, sendo motivada não somente pela saúde pública, 

mas também por pressões políticas e sociais. No Brasil, a efetiva repressão ao uso da droga ganhou 

força a partir de 1930 (MARTINS et al, 2016). Em 1961, a Organização das Nações Unidas (ONU), 
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através da Convenção sobre Substâncias Entorpecentes, proibiu o cultivo da planta e a colocou sob 

controle e supervisão, exceto para fins médicos e científicos. Em 1971 e 1988, respectivamente, as 

convenções da ONU sobre Substâncias Psicotrópicas e Contra o Tráfico Ilícito de Entorpecentes e 

Substâncias Psicotrópicas, também regulamentaram a utilização da Cannabis e dos seus derivados 

(ANVISA, 2018).  

Em 2016, a Agência Nacional de Vigilancia Sanitária (ANVISA) autorizou e a prescrição 

médica e importação por pessoa física de medicamentos e produtos derivados do CBD e THC desde 

que exclusivamente para tratamento de saúde, sendo estes, até então, parte da lista de compostos 

proibidos. Além disso, em 2017, foi registrado no Brasil o primeiro medicamento a base de Cannabis 

sativa, denominado Mevatyl - também conhecido em alguns países europeus como Sativex. Este 

produto apresenta-se sob forma de spray e contém na sua formulação os fitocanabinoides THC e 

CBD (ANVISA, 2018). É utilizado para o tratamento sintomático da espasticidade relacionada à 

esclerose múltipla, sendo indicado para pacientes que não respondem às terapias convencionais 

(ANVISA, 2018). 

Ainda em 2017, a ANVISA publicou nota de esclarecimento comunicando que não 

apresentava oposição à investigações científicas com a maconha para uso medicinal. Porém, 

especificamente no que diz respeito ao cultivo da Cannabis destinado a fins científicos ou médicos, 

incluindo a obtenção de insumo para a fabricação de medicamentos registrados ou para o eventual 

tratamento de pacientes autorizados pelas autoridades governamentais, entendeu-se que o tema 

merece regulamentação (ANVISA, 2018). 

Este estudo visa agregar à inserção da odontologia neste debate, uma vez que a 

compreensão das propriedades terapêuticas do CBD e seus mecanismos de ação revelam um 

potencial benefício para muitas patologias orais que são desafiadoras para os cirurgiões dentistas 

assim como a MO. Estimulados pela expressiva participação de pesquisadores brasileiros nos 

estudos científicos com os derivados da Cannabis, a partir da criação de um Centro de Pesquisa em 

Canabinoides vinculado à Faculdade de Medicina de Ribeirão Preto, nosso grupo de pesquisa, vem 

desenvolvendo experiementos testando distintas aplicabilidades do CBD na área da estomatologia 

(CUBA et al, 2017; KLEIN et al, 2018). 

Embora os principais conceitos e achados deste estudo estejam amplamente discutidos ao 

longo dos artigos que o compõe, alguns aspectos metodológicos merecem maior detalhamento. A 
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escolha do modelo animal, apesar de classificada como baixo nível de evidência pela Oxford Centre 

for Evidence-based Medicine, permite uma rígida padronização da amostra e dos critérios de análise, 

além de baixo custo e menores entraves burocráticos quando comparada aos ensaios clínicos. Seus 

resultados permitem ou desencorajam elucubrações e planejamento de estudos futuros em 

humanos. Os desfechos desta pesquisa provocam pretensões de novos projetos em modelos 

experimentais de maior nível de evidência. 

Com relação à metodologia de indução da MO, encontra-se na literatura uma gama de 

variações do clássico método desenvolvido por Sonis e colaboradores em 1990, o qual consiste em 

duas aplicações de 5FU nas doses de 100 mg/Kg e 65 mg/Kg seguidos de 2 momentos de trauma 

mecânico (SONIS et al, 1990). No experimento de Tanideh e colaboradores, as aplicações de 5FU 

foram modificadas para 3 doses de 60 mg/kg em uma linhagem de hamsters dourados machos 

(TANIDEH et al, 2014). Lima e colaboradores empregaram, em ratos Wistar, 3 doses de 30 mg do 

mesmo quimioterápico, porém, realizaram o trauma mecânico através de indução química (LIMA et 

al, 2015). Araújo et al, realizaram seus experimentos em hamsters sírios utilizando o protocolo de 

duas doses de 60 mg/kg e trauma mecânico único. Já Ottaviani et al, empregaram em camundongos 

C57BL/6 a mesma dose porém com trauma por indução química (OTTAVIANI et al, 2013; ARAÚJO 

et al, 2015). 

Neste estudo optou-se pela utilização de camundongos em função do menor peso corporal 

requerendo menor volume de CBD. A linhagem CF-1, disponível na instituição, porém não descrita 

nos protocolos estudados, demandou a realização de um projeto piloto no qual algumas variações 

das diferentes metodologias citadas acima foram testadas em 1 animal cada uma. A partir de então 

optou-se pela que apresentou  resultados clínicos mais semelhantes a MO em humanos, ou seja, 

duas aplicações de 60 mg/kg de 5FU e 2 momentos de indução mecânica. 

Além das distintas doses e métodos utilizados para traumatizar a mucosa, os estudos 

diferem ainda na localização anatômica a ser analisada. A mucosa jugal é o sítio mais 

frequentemente usado, porém o ventre lingual e fornix também são citados (ARAS et al, 2013; 

OTTAVIANI et al, 2013; TANIDEH et al, 2014; ARAÚJO et al, 2015; CRUZ et al, 2015; LIMA et al, 

2015). Neste estudo optou-se pelo ventre lingual uma vez que a mucosa não-ceratinizada é mais 

costumeiramente acometida pela MO. Outra vantagem do sítio utilizado é o melhor acesso e 

visibilidade do campo cirúrgico quando comparado à mucosa jugal, que requer dispositivos para 
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abertura de boca e distensão deste tecido. Além disso, o ventre lingual parece representar um local 

mais protegido do constante traumatismo dentário e da alimentação dos roedores do que os demais. 

A inclusão de um grupo controle negativo (5A e 5B) objetivou a avaliação da efetividade da 

quimioterapia tanto nas variáveis clínicas quanto laboratoriais. Além disso buscou-se estabelecer um 

parâmetro de comparação dos dados hematológicos e bioquímicos, uma vez que estes podem variar 

de acordo com a linhagem dos animais utilizados (CASTELO BRANCO et al, 2011). Alguns achados 

secundários deste estudo também corroboram com a ação agressiva do agente quimioterápico 

utilizado. Nos animais que receberam 5FU, foi observada perda e umedecimento de pelos bem como 

atrofia parcial ou completa das papilas do dorso lingual (APÊNDICES 7 e 11 ). A perda de pelos é um 

efeito psicologicamente devastador que frequentemente afeta humanos sob tratamento 

quimioterápico (PAUS et al, 2013). A atrofia das papilas está fortemente associada a dificuldade de 

alimentação e consequente perda de peso, evidenciada nos animais do grupo controle positivo, uma 

vez que as funções de proteção e sensoriais das papilas estavam afetadas. Em humanos, este é um 

efeito adverso da QT que afeta consideravelmente sua qualidade de vida (PONTICELLI et al, 2017). 

Considerando ainda os 11 óbitos registrados, observou-se que 4 destes ocorreram logo após o 

procedimento anestésico para o trauma mecânico. Os demais se deram entre 6 e 9 dias após a QT. 

Portanto, acredita-se que possam estar relacionados a toxicidade da droga utilizada e não ao CBD, 

uma vez que em recente revisão sistemática da literatura constatou-se que o mesmo não é citotóxico 

para células normais, sendo considerado seguro para uso em animais e humanos(IFFLAND, 

GROTENHERMEN, 2017). 

O processo de diluição do CBD é bastante delicado, uma vez que esta substância apresenta-

se na forma de um pó de baixa solubilidade aquosa. Sendo assim, um veículo de diluição deve ser 

utilizado previamente a incorporação à solução salina. As amostras foram pesadas em doses diárias, 

protegidas da luz, acondicionadas sob refrigeração e diluídas somente minutos antes de cada 

aplicação (APÊNDICE 6). Baseado na metodologia de estudos prévios optou-se pelo uso do Tween 

80 (NAPIMOGA et al, 2009; CASSOL-JR et al, 2010).  

A via intraperitoneal de administração do CBD é a mais frequentemente utilizada em estudos 

com animais. Apesar de sua farmacodinâmica ainda ser pouco clara em muitos aspectos, a 

farmacocinética já é muito bem definida. Sabe-se que quando administrado por via oral o CBD 

apresenta significativamente menor biodisponibilidade do que por via IP (PISANTI et al, 2017).  
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Estudos relatam que o nível plasmático de CBD, quando aplicado por via IP, pode ser 7 vezes maior 

do que por via oral (IFFLAND, GROTENHERMEN, 2017). Todavia, a reprodutibilidade deste tipo de 

tratamento em humanos é relativamente inviável.  

Estudos em diferentes modelos de doença sugerem que, mesmo quando administrado 

topicamente, o CBD é capaz de apresentar propriedades terapêuticas significativas. Em um modelo 

de monoartrite induzida em ratos tratados com gel de CBD por via de aplicação transdérmica foi 

constatado que esta terapia foi efetiva na melhora da sintomatologia, exerceu ação antinflamatória, 

não apresentou efeitos psicoativos, além de demonstrar excelente concentração plasmática 

(HAMMEL et al, 2016). Giacoppo e colaboradores (2015) testaram o uso tópico de um creme na 

concentração de 98% de CBD em camundongos para o tratamento de encefalomielite autoimune 

induzida. Os autores sugerem que esta é uma via segura de administração e de baixo custo. Além 

disso, os resultados demonstraram que houve menor expressão de citocinas pró-inflamatórias e 

estresse oxidativo.  Chelliah e colaboradores publicaram uma série de 3 casos clínicos em que 

pacientes acometidos de epidermólise bolhosa fizeram uso tópico de CBD. Os resultados 

demonstraram redução da dor e rápida cicatrização das feridas. Dessa forma, o uso de uma 

formulação tópica de CBD no manejo de lesões ulceradas orais pode ser uma alternativa 

interessante no delineamento de futuras pesquisas. 

No tocante aos resultados obtidos neste estudo, de maneira geral considera-se coerente com 

os achados da literatura, sendo promissores para o manejo da MO. Por outro lado, os dados da 

análise histológica, nos quais a intensidade da resposta inflamatória foi inversa aos achados clínicos 

na comparação entre os tempos experimentais, deixa ainda uma questão a ser elucidada. Algumas 

investigações adicionais como, por exemplo, imunoistoquímica para marcadores inflamatórios (TNF-

α, IL1-β, IL6), análise histomorfométrica da epitelização, coloração picrosirius poderiam ser 

interessantes, visando enriquecer a análise dos efeitos do CBD no reparo tecidual. 

De acordo com o que foi exposto nesta tese, acredita-se que os achados obtidos possam 

subsidiar estudos que envolvam e favoreçam o uso do CBD em diferentes campos da área médica e 

odontológica. 
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APÊNDICE 1 

 

 

PROGRAMA DE PÓS-GRADUAÇÃO EM ODONTOLOGIA - ÁREA DE CONCENTRAÇÃO EM ESTOMATOLOGIA 

CLÍNICA/PUCRS 

EFEITO DO CANABIDIOL, UM COMPONENTE DA CANNABIS SATIVA, NA MUCOSITE ORAL INDUZIDA EM 

CAMUNDONGOS SOB QUIMIOTERAPIA COM 5-FLUOROURACIL: AVALIAÇÃO CLÍNICA, HISTOLÓGICA, 

HEMATOLÓGICA E BIOQUÍMICA  

FICHA DE AVALIAÇÃO CLÍNICA 

 

IDENTIFICAÇÃO        

Rato nº: __               Peso inicial: _____Kg  Peso final: ______Kg 

 

Tratamento:                                                                      Tempo: 

□  Grupo 1 (3mg)                                                    □ Subgrupo  A  (4 dias)                                      

□  Grupo 2 (10mg)                                                  □ Subgrupo  B  (7 dias) 

□  Grupo 3 (30mg) 

□  Grupo 4 (placebo) 

□  Grupo 5 (sem QT e placebo) 

 

AVALIAÇÃO CLÍNICA LOCAL 

□ Presença de úlcera: ( ) Sim  ( ) Não   Tamanho: _________________ 

□ Outras áreas de ulceração:        □ Sim  □ Não  

Localização: __________________________________________________________ 

 

CLASSIFICAÇÃO 

 

( ) 0 - Normal 

( ) 1 - Eritema  

( ) 2 - Descamação epitelial 

( ) 3 - Úlcera em até 25% da área da superfície  

( ) 4 - Úlcera em mais de 25% até 50% da superfície  

( ) 5 - Úlcera em mais de 50% até 75% da superfície  

( ) 6 - Úlcera em mais de 75% da superfície  

 

Fotos: ____________________________________________________________ 

Data da avaliação: __/__/____.                   
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APÊNDICE 2 

 

PROGRAMA DE PÓS-GRADUAÇÃO EM ODONTOLOGIA - ÁREA DE CONCENTRAÇÃO EM ESTOMATOLOGIA 

CLÍNICA/PUCRS 

EFEITO DO CANABIDIOL, UM COMPONENTE DA CANNABIS SATIVA, NA MUCOSITE ORAL INDUZIDA EM 

CAMUNDONGOS SOB QUIMIOTERAPIA COM 5-FLUOROURACIL: AVALIAÇÃO CLÍNICA, HISTOLÓGICA, 

HEMATOLÓGICA E BIOQUÍMICA 

FICHA DE AVALIAÇÃO HISTOLÓGICA 

 
IDENTIFICAÇÃO 

      

Rato nº: ___            Lâmina nº:______ 

                                  

Tratamento                                                                      Tempo 

□  Grupo 1 (3mg)                                                    □ Subgrupo  A  (4 dias)                                      

□  Grupo 2 (10mg)                                                  □ Subgrupo  B  (7 dias) 

□  Grupo 3 (30mg) 

□  Grupo 4 (placebo) 

□  Grupo 5 (sem QT e placebo) 

 

AVALIAÇÃO HISTOLÓGICA (HE) DA ÁREA COM MAIOR RESPOSTA CELULAR  

 

Variável/Resposta SIM  NÃO 

EDEMA   

PRESENÇA DE CÉLULAS INFLAMATÓRIAS: 

 linfócitos  

  

 plasmócitos   

 macrófagos   

 neutrófilos   

 eosinófilos   

 células gigantes   

FIBROPLASIA   

 

Escore: 

□ 0 – Ausente: Ausência de inflamação                                       

□ 1 – Leve: Células mononucleares esparsas                                        
 

□ 2 – Moderada: Infiltrado mononuclear e/ou neutrófilos e eosinófilos esparsos 
 

□ 3 – Intensa: Infiltrado polimorfonuclear de neutrófilos e eosinófilos 
 

Observações:____________________________________________ 
 
Fotos:________________________   Data da avaliação:___/___/___ 
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APÊNDICE 3 

 

PROGRAMA DE PÓS-GRADUAÇÃO EM ODONTOLOGIA - ÁREA DE CONCENTRAÇÃO EM ESTOMATOLOGIA 

CLÍNICA/PUCRS 

 

EFEITO DO CANABIDIOL, UM COMPONENTE DA CANNABIS SATIVA, NA MUCOSITE ORAL INDUZIDA EM 

CAMUNDONGOS SOB QUIMIOTERAPIA COM 5-FLUOROURACIL: AVALIAÇÃO CLÍNICA, HISTOLÓGICA, 

HEMATOLÓGICA E BIOQUÍMICA   

FICHA DE AVALIAÇÃO HEMATOLÓGICA E BIOQUÍMICA 

 

 

IDENTIFICAÇÃO        

Rato nº: __               Peso inicial: _____Kg  Peso final: ______Kg 

 

Tratamento:                                                                      Tempo: 

□  Grupo 1 (3mg)                                                    □ Subgrupo  A  (4 dias)                                      

□  Grupo 2 (10mg)                                                  □ Subgrupo  B  (7 dias) 

□  Grupo 3 (30mg) 

□  Grupo 4 (placebo) 

□  Grupo 5 (sem QT e placebo) 

 
 

AVALIAÇÃO HEMATOLÓGICA E BIOQUÍMICA 

 

Eritrócitos  

Hemoglobina  

Hematócrito  

VCM  

CHCM  

RDW  

Leucócitos  

Neutrófilos  

Linfócitos  

Monócitos  

Eosinófilos  

Basófilos  

Plaquetas  

 

Observações:_________________________________________________________________________ 

Data da coleta:__/__/__ 

GSH  

CAT  
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APÊNDICE 4 

 

Contenção e posicionamento do animal para a injeção intraperitoneal das substâncias 
empregadas dispensando sedação. 
 

 
 
Dispositivo confeccionado com lâmina de vidro usado como anteparo da língua, auxiliando no 
controle da profundidade de penetração da agulha e na padronização da lesão. 
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APÊNDICE 5 

 

Coleta das amostras de sangue através de punção cardíaca. 

 

Coleta do fígado para análise de CAT e GSH.  
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APÊNDICE 6  

 

Soluções preparadas imediatamente antes da aplicação nos animais. 
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APÊNDICE 7 

 

Animal do grupo controle na avaliação de 7 dias (4B) apresentando extensa lesão ulcerada 
(MO grau 5), umedecimento e perda de pelos. 
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APÊNDICE 8 

 

Fotomicrografia evidenciando área de tecido conjuntivo exposto, edema (HE – Aumento 
aproximado 100x). 
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APÊNDICE 9 

 

 

A - Fotomicrografia evidenciando a perda da continuidade do tecido epitelial, espessamento do 
mesmo, rica ceratinização nos bordos da úlcera e infiltrado inflamatório moderado (HE – 
aumento aproximado 100x) B - Infiltrado de células mononucleares, caracterizando processo 
inflamatório moderado (HE – aumento aproximado 400x) 
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APÊNDICE 10 

 

A - Fotomicrografia evidenciando a perda da continuidade do epitélio, rica 
vascularização e intenso infiltrado inflamatório (HE – aumento aproximado 100x). 
B - Infiltrado de células polimorfonucleares, caracterizando processo inflamatório 
intenso (HE – aumento aproximado 400x). 
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APÊNDICE 11 

 

A - Fotomicrografia evidenciando a integridade das papilas linguais em animal do grupo 
controle negativo (HE – aumento aproximado 100x)  
B - Perda de papilas e espessamento do epitélio em animal do grupo 1B o qual 
recebeu QT+ 3mg/Kg de CBD (HE – aumento aproximado 100x). 


