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RESUMO

As fraturas ésseas bucofaciais de origem traumatica possuem uma
elevada incidéncia na populacdo mundial. Estas podem ser tratadas de
distintas formas, que variam desde métodos conservadores até procedimentos
amplamente invasivos. Dentre as multiplas possibilidades de tratamento deste
tipo de enfermidade, estda a utilizacdo de fitoterapicos, onde insere-se o
canabidiol (CBD). Esse é o principal componente n&o-psicomimético da
Cannabis sativa (Can-ns) e desempenha potentes efeitos anti-inflamatdrios,
antioxidantes e analgésicos em diversas condi¢cdes patologicas. A presente
dissertagdo esta estruturada na forma de 2 artigos cientificos. No primeiro foi
realizada uma revisao de literatura, cujo objetivo foi avaliar os mecanismos de
acao do CBD que possam estar envolvidos no reparo d6sseo. Os resultados
deste estudo sugerem que o CBD é uma substancia capaz de interferir no
processo cicatricial de defeitos 6sseos a partir do seu potencial anti-
inflamatoério. O segundo trata de um experimento desenvolvido em modelo
animal, utilizando 64 ratos Wistar, divididos randomicamente em 2 grupos
(teste com CBD e controle). Avaliou-se clinica e histologicamente o efeito da
administragao intraperitoneal do CBD, na dose de 10 mg/kg/dia, por duas, 4, 6
e 8 semanas, no processo cicatricial de defeitos O0sseos mecanicamente
induzidos em calota craniana de ratos. Constatou-se que o CDB exerceu um
efeito benéfico na quarta semana pos tratamento onde observou-se um
aumento na média de osso neoformado no interior do defeito. Contudo néo foi
observada diferenga estatisticamente significativa no processo cicatricial dos
defeitos 6sseos nos tempos analisados. Estes resultados sugerem a
necessidade de aprofundar o tema, visando uma melhor compreenséo sobre

possiveis efeitos do uso do CBD no metabolismo e reparo dsseo.

Palavras-chave: canabidiol, canabinoides, Cannabis sativa, consolidagao da

fratura, regeneracdo o0ssea, patologia 6ssea



ABSTRACT




ABSTRACT

Maxillofacial fractures of traumatic origin have a high incidence in the
world population. These can be treated in different ways, ranging from
conservative methods to widely invasive procedures. Among the multiple
possibilities of treatment of this type of disease is the use of herbal medicines,
where cannabidiol (CBD) is inserted. This is the main non-psychomimetic
component of Cannabis sativa (Can-ns) and plays potent anti-inflammatory,
antioxidant and analgesic effects in a variety of pathological conditions. The
present dissertation is structured in the form of 2 scientific papers. The first one
consists of a literature review, whose objective was to evaluate the mechanisms
of action of CBD that may be involved in bone repair. The results of this study
suggest that CBD is unable substance of interfering in the healing process of
bone defects from its anti-inflammatory and antioxidant potential. The second is
an experiment in an animal model, using 64 Wistar rats, divided into two groups
(test with CBD and control). At the periods of two, four, six and eight weeks,
they were evaluated clinically and histologically in the cicatricial process of
mechanically induced bone defects in the skull cap of rats. It was found that the
CBD exerted a beneficial effect in the fourth week after treatment where an
increase in the mean of neoformed bone within the defect was observed,
however, no statistically significant difference was observed in the healing
process of the bone defects at the times analyzed. These results suggest the
need to deepen the theme, aiming at a better understanding of the possible

effects of CBD on bone metabolism and repair.

Keywords: cannabidiol, cannabinoids, Cannabis sativa, bone

regeneration, fracture healing, bone pathology
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1. INTRODUCAO

As propriedades terapéuticas da Cannabis sativa (popularmente conhecida
como maconha) sdo conhecidas ha milhares de anos. Na década de 80, foram
descobertos receptores especificos, capazes de interagir com propriedades
quimicas da planta no organismo de mamiferos, despertando assim, o interesse
cientifico das propriedades farmacolégicas da mesma (lannotti; Di Marzo;
Petrosino, 2016).

Os receptores canabindides tipo 1 (CB1) e tipo 2 (CB2) estdo presentes no
organismo humano, mais precisamente na membrana celular, acoplados a
proteina G, de células do sistema imune e do sistema nervoso, respectivamente
(lannotti; Di Marzo; Petrosino, 2016). A partir desses conhecimentos alguns
autores direcionaram seus estudos visando detectar seus ligantes endégenos.
Com isso foram identificadas duas principais substancias endocanabinoides,
sendo elas a Anandamida (AEA) e 2-araquidonil glicerol (2AG). O sistema
endocanabinoide (SEC) é constituido pelos receptores, ligantes, bem como por
enzimas de degradacéo e de sintese (Lu; Mackie, 2016; Russo, 2016).

O sEC é considerado um regulador fisiolégico homeostatico uUnico e
difundido (Russo, 2016). Sua principal fungdo € a neuromodulagdo, capaz de
gerar efeitos que alteram a percepgao da dor, fome, esquecimento, ansiedade,
aprendizado e memodria. Além disso, influencia no controle motor, na imunidade,
proliferagdo de células tumorais e, inclusive, no processo inflamatério (Fasinu
Phillips, Elsohly, et al., 2016).

No sEC foram identificadas mais de 400 substancias, das quais, acima de
70 sado canabinoides. As duas mais abundantes sao o delta-9-tetra-hidrocanabinol
(THC) e o canabidiol (CBD).

Em 1964, Mechoulam e Gaoni caracterizaram a estrutura quimica do
principal componente psicoativo da Cannabis spp., o THC. Este canabinoide
possui propriedades lipofilicas, o que facilita a sua absorcdo no corpo e a
consequente rapidez no aparecimento de seus efeitos. E um agonista parcial do
CB1 e do CB2 (Katchan, David, Shoenfeld, 2016; Pisanti, Malfitano AM, Ciaglia E,
et al., 2017), utilizado em medicagbées para o tratamento de nausea e vdomitos
induzidos, por exemplo, em decorréncia da quimioterapia e da anorexia associada
a AIDS (Burstein; Zurier, 2009).
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O CBD é um composto que nao possui propriedades psicoativas, por isso
seus possiveis efeitos clinicos ainda estdo sendo investigados. Sabe-se que o
tratamento com CBD atenua algumas das alteracdes psicoldgicas induzidas por
altas doses de THC (0,5 mg / kg), tais como ansiedade e panico (Zuardi
Shirakawa, Finkelfarb E, et al., 1982). Da mesma forma, é atribuido ao CBD um
papel neuroprotetor, uma vez que atua como um antioxidante contra os efeitos
oxidativos produzidos nos neurdnios pela liberacdo excessiva de glutamato. A
partir deste efeito explica-se a capacidade de imunomodulagdo atribuida aos
canabinoides (Netzahualcoyotzi-Piedra, Mufioz-Arenas G, Garcia IM, et al., 2009).
Quando comparado ao THC, o CBD demonstra menor afinidade pelos receptores
canabinoides (Mcpartland, Duncan M, Di Marzo et al., 2015; Pisanti, et al., 2017).
A revisao de literatura conduzida por Bergamaschi e colaboradores em 2011, e
atualizada por Iffland e Grotenhermen em 2017, sugere que a utilizagédo do CBD é
segura e bem tolerada, tanto em animais quanto em humanos. Sua administragao
nao influencia a funcdo motora, memodria e tampouco a temperatura corporal
(Bergamaschi, Queiroz, Zuardi, et al., 2011; Iffland; Grotenhermen, 2017).

Na area odontoldgica, sdo escassos os estudos relacionados ao uso do
CBD. Um experimento desenvolvido por Napimoga et al. em 2009, testou o efeito
de 5mg/kg/dia dessa substédncia em modelo animal de doenga periodontal em
ratos. Os resultados obtidos demonstraram que o CBD reduziu a reabsorcao
o0ssea, modulando o processo inflamatério através da diminui¢do da producao de
interleucina 1beta (IL1B) e fator de necrose tumoral alfa (TNF-a).

Uma revisdo de literatura recentemente publicada pelo nosso grupo de
pesquisa sugere que o CBD possa ser testado como uma alternativa para o
tratamento de mucosites orais, considerando seu potencial anti-inflamatério e
antioxidante (Cuba, Salum, Cherubini et al., 2017).

Sabe-se que o desenvolvimento da inflamacéao representa a primeira etapa
no processo de cicatrizacdo d6ssea. O recrutamento celular estimulado pelo dano
ao tecido 6sseo, juntamente com a producdo de citocinas inflamatdrias e fatores
de crescimento, € responsavel por estimular a formagao do tecido 6sseo imaturo
(Bab, Zimmer, 2009; Napimoga, Benatti, Lima, et al., 2009)

Considerando-se os estudos que evidenciam o efeito anti-inflamatério,
antioxidante e a fisiologia do reparo ésseo, propde-se que esta substancia possa

ser analisada, testando seu uso no favorecimento da cicatrizagdo 6ssea. Assim



sendo, este experimento teve como objetivo avaliar o efeito do CBD, na dose de
10 mg/kg/dia, como uma alternativa capaz de auxiliar no tratamento desta
enfermidade.

A presente dissertagao foi estruturada sob a forma de 2 artigos cientificos.
Apresenta-se, inicialmente, uma revisao de literatura, destacando o potencial uso
do CBD como agente estimulante da cicatrizacdo 6ssea. No segundo artigo, foi
feito um estudo experimental, analisando-se clinica e histologicamente o processo
cicatricial de defeitos 0sseos mecanicamente induzidos em calota craniana de

ratos tratados com CBD.
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2. OBJETIVOS

2.1 Objetivo geral

» Avaliar clinica e histologicamente o efeito da administragcéo
intraperitoneal de 10 mg/kg/dia de canabidiol no processo

cicatricial de defeitos 6sseos criticos mecanicamente induzidos
em calota craniana de ratos.
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3. ARTIGO CIENTIFICO 1

O artigo a seguir intitula-se “Cannabidiol: a therapeutic alternative in the
bone healing process?” e foi formatado de acordo com as normas estabelecidas

pelo periddico Quintessence International.
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ABSTRACT

Bone fractures show a high incidence in the general population, and can be
treated conservatively or through invasive procedures. Among the possible
treatments are the phytotherapeutic agents, where there is a possibility to use
cannabidiol. Cannabis sativa is a plant of Asian origin used for many years for
medicinal purposes. Cannabidiol is one of the best known cannabinoids. The
therapeutic properties of Cannabis sativa result from the interaction of its
compounds with receptors located in the central nervous system and cells of the
immune system. We reviewed the available literature in Pubmed between 1994
and 2017 on the bone repair process and the activity of cannabidiol in bone,
considering the possibility of its use in the treatment of fractures. Studies have
shown that cannabidiol is an alternative capable of interfering with the RANK/
RANKL/OPG system, which is directly linked to the bone healing process. It also
has antiinflammatory properties, where it acts to control the release of
inflammatory cytokines. The literature on the use of cannabidiol in the area of
dentistry is still scarce, and therefore, studies on the role of cannabidiol in the

repair of bone tissue are encouraged.
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1. INTRODUCTION

Cannabis sativa (Can-ns) or marijuana is a plant of Asian origin used for
thousands of years for medicinal purposes. Its therapeutic properties result from
the interaction of its compounds with so-called cannabinoid systems in cells of the
human central nervous system (CNS) and other organs. ['2 Since its discovery
nearly a decade ago, the cannabinoid system consisting of CB1 and CB2
receptors has attracted great attention. CB1 receptors are most commonly found
in the CNS, whereas CB2 receptors are found in other human organs, mainly
linked to cells of the immune system. [1.2]

There are more than 70 types of cannabinoids reported in the literature, but
the two most known are cannabidiol (CBD) and tetrahydrocannabinol (THC). THC
has a high affinity for CB1 and CB2 receptors, which makes it the main constituent
responsible for the psychoactive effect of Cs. CBD, however, has a low affinity for
these receptors and thus does not display this characteristic. [3:4.56]

CBD has been tested in the treatment of various pathologies, such as
epilepsy, diabetes, Alzheimer's, sepsis, nephrotoxicity, cardiotoxicity and even
cancer. Studies have shown that CBD is well tolerated and nontoxic and exerts
beneficial effects in various neuropsychiatric diseases and inflammatory disorders
through its antioxidant, antiinflammatory, immunomodulatory and analgesic
actions. [34.56]

Recently, several components of the endocannabinoid system were
detected in bone tissue. 789 The main ones were anandamide (AEA) and 2-
arachidonoylglycerol (2AG), present at levels similar to those found in the brain.
There is a tendency for the two components to be synthesized locally in bone
tissue. Although there have been few studies so far, some authors suggest that

CBD has favorable effects on the bone healing process. [©:10.11,12,13]
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Bone fractures have a high incidence in the general population and can be
treated in a more conservative way, with immobilization and/or reduction, or even
with  surgery, physical therapy and medication. The last can be done using
phytotherapeutics, where CBD can be used. On the basis of its antiinflammatory
potential and ability to inhibit the expression of receptor activator of nuclear factor
kappa B ligand (RANKL), it is believed that CBD can be an alternative in the repair
process of bone fractures. [9:10.11.12,13]

The objective 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 studies on the use of this compound in the repair

of fractures of the maxillofacial complex.

2. DATA SOURCES
A research literature review was performed in the PubMed database. The

keywords "bone repair," "cannabidiol," "healing bone" and "cannabis" were used to
search for complete articles published between 1994 and 2017. Additional papers
were obtained from the articles’ reference lists. Recent studies addressed the

mechanisms of action and possible uses of CBD.

3. REVIEW

3.1 Bone healing

In addition to excellent mechanical properties, bone has the potential for
repair as a result of its regenerative capacity in response to local fractures or
defects, forming new tissue with the same previous structure but without the

formation of a scar. ['4
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After a bone injury, a sequence of events occurs to restore bone shape and
function, and many of these are still not completely elucidated. It is known that this
repair process occurs through the local release of cytokines and growth factors. [°]

When a bone fracture occurs, other structures are ruptured, such as the
periosteum, vessels in the cortical-medullary portion and surrounding tissues.
Immediately, there is blood leakage from the edge of the injured bone or adjacent
soft tissues, forming between the ends of the fracture and the periosteum a clot or
hematoma within the medullary canal. [€]

The fracture clot consists of the extravasation of erythrocytes, fibrin and
platelets, these structures release platelet-derived growth factor (PDGF), fibroblast
growth factor (FGF) and transforming growth factor (TGF)-alpha, and chemotactic
and regulators of cellular activity as well. [15.16]

For the repair process to begin, the newly formed clot and the cell debris
and matrix need to be phagocytosed by macrophages. Simultaneously with clot
formation, tissue necrosis adjacent to the fracture occurs, promoting an intense
inflammatory response, characterized by vasodilation, plasma exudation, and
presence of leukocytes and mesenchymal cells. ['6]

As of the third day after fracture, connective tissue rich in osteogenic cells
forms, constituting a collar around this area, which penetrates between the
ruptured bone ends. Osteoblasts synthesize collagen and matrix, creating an
immature mineralized tissue. This process evolves, generating after some time,
the bone callus, which forms in a disordered way, characterized by an irregular
arrangement of osteocytes and collagen fibers. While the repair process
continues, concomitant bone remodeling occurs. Callus becomes unnecessary
and is then resorbed at this repair stage. Bone trabeculae are formed, oriented

along stress lines, becoming functional. [16.17]
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With the synthesis of new collagen and other matrix proteins, mineral
deposition begins, which lasts for several days, long enough for collagen to form
its binding bridges. Few osteoblasts remain attached to the matrix in
mineralization, being transformed into osteocytes, while most undergo apoptosis
[17]. Reduction of osteoblastic activity may result from inhibition by negative
feedback or induction of osteoblast apoptosis by tumor necrosis factor (TNF)

released by adjacent medullary cells. [18.19.20.21]

3.2 Cannabidiol

C. sativa, is a commonly used drug, being illegal in several countries and
can be associated with various health problems. This plant has more than 500
substances, which trigger different effects on the human body. [2 Most of them
are classified as cannabinoids, and since the 19th century, marijuana has been
extensively studied for medicinal purposes. Cannabinoids are heterogeneous
molecules that act by binding to receptors present in the body. These can be
produced endogenously, where AEA and 2AG are the best-known
endocannabinoids studied so far. There are also other plant derivatives known as
phytocannabinoids, where the most popular and best known ones are THC and
CBD. [1.29]

THC has major limitations in its therapeutic use due to its psychoactive
effects mediated by receptors located in the CNS. In contrast, CBD does not have
this effect due to the low affinity of these receptors for this phytocannabinoid, thus
offering greater safety in its medicinal use. [

The cannabinoid receptors were discovered in the 1980s and their
nomenclature established according to chronological order of identification, i.e.,

CB1 (mostly located in the CNS) and CB2 (located in other organs of the human
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body and the immune system) [2]. CB1 is associated with the perception of pain
and memory, while CB2 plays an important role in mediating inflammatory
processes, acting to reduce proinflammatory cytokines. Accordingly, it is known
that the type of receptor with greater affinity for each compound is determinant for
the pharmacological effects to be achieved. [9.10.12.13]

In the last decade there has been a marked growth in medical studies on
the use of CBD, mainly prompted by the discovery of its antiinflammatory,
antioxidant and neuroprotective action. Research has shown that CBD has the
ability to decrease proinflammatory mediators by suppressing the cellular
response of the immune system, which may be important in the treatment of
diseases of this nature. Decreased adenosine uptake and the production of some
inflammatory mediators, such as interferon (IFN), tumor necrosis factor - alpha
(TNF), proinflammatory citokines (IL-1) and antiinflammatory (IL-10), appear to be
important in the antiinflammatory action of CBD. [1:222.23]

Recent studies have shown that two of the main components of the
endocannabinoid system occur bone tissue, namely AEA and 2AG (mentioned
above). Accordingly, CBD has been found to interfere with the RANK/RANKL/OPG
system, which is directly related to the process of bone healing. This occurs due to
the link of CBD with GPR55 receptors, coupled to G protein. Therefore CBD would
inhibit the expression of RANKL, decreasing the activity and maturation of
osteoclasts through the interaction with transient receptor potential cation
channels (TRPV 1, 2, 4 and 5) and, consequently, resulting in a lower bone

resorption. [10.11.12]
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4. DISCUSSION

Bone fractures of all types are among the most prevalent group of injuries in
the general population. The repair process of these fractures occurs especially
through enzymes that catalyze the synthesis of collagen.l'415.16] |t is known that
bone cells possess cannabinoid receptors and endocannabinoid metabolic
enzymes, which are expressed at skeletal sympathetic nerve endings.
Cannabinoids play an important role in the remodeling and structuring of bone
mass.[?10.11.121 With the current approval of the use of Cannabis for medicinal
purposes it is important to evaluate its effects on the healing of this tissue. Many
fractures are repaired by a process called endochondral ossification. In this
process, the fracture line is initially filled by a mineralized, cartilaginous callus,
which will be resorbed and replaced by a bone callus, which in will be gradually
remodeled, forming the mature bone. [14.15]

Kogan et al. [24] produced bone fractures in the femur of rats and evaluated
the effect of CBD on the healing phase. They found that the stimulation of the
bone repair process induced by the phytocannabinoid occurred during the later
stages of healing (about 6 weeks). In contrast, Napimoga et al. e Nogueira et al.
[12.25] demonstrated that inhalation of Cs smoke inhibited the early stages of bone
healing around implants in rats. The possible explanation for such disagreement is
based on the pattern of the intramembranous healing that occurs around implants,
in which early stages are the formation of a blood clot and/or its organization
through primary bone formation. This process may be susceptible to the
deleterious effects of Cannabis, through the expression of CB1 receptors in
collagen fibers, which release norepinephrine thus restricting bone formation and

stimulating the resorption of this tissue. [12:25]
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After some components of the endocannabinoid system (AEA and 2AG)
were found in the bone in amounts similar to those found in the CNS, it was
suggested that they could be synthesized locally in bone tissue. It is known that
the cannabinoid receptors (CB1 and CB2) are also present in bone, with CB2
showing the highest expression. This is found in osteoblasts, pre-osteoblasts,
stromal cells derived from bone marrow and osteocytes. CB2 is of potential
importance in bone metabolism, where its expression is low in undifferentiated
osteoblast precursors but increases progressively along with the expression of
osteoblastic marker genes. 211

The discovery of the RANK/RANKL/OPG system led a better understanding
of the mechanisms regulating osteoclastic differentiation and activation by the
immune system. Ofek et al. [' demonstrated that CB2 receptors are expressed in
both osteoblasts and osteoclasts and that exposure of these cells to a specific
CB2 agonist (GPR55) results in a distinct response. GPR55 is a newly discovered
G protein coupled receptor that is expressed in human and rat osteoclasts and
osteoblasts. This suggests that this receptor contributes significantly to the
maintenance as well as the formation of bone mass through two different
mechanisms, 1) direct stimulation of osteoblasts and 2) direct inhibition of
osteoclasts and RANKL expression, therenby repressing osteoclastogenesis.

Napimoga et al. ['? reinforced these findings when they tested the effect of
CBD on experimental periodontitis in rats. The authors observed that CBD was
able to inhibit the expression of RANK and RANKL. Few studies have reported the
direct effect of CBD on the RANK/RANKL/OPG system. However, treatment of
ovariectomized animals with a specific CB2 agonist has been reported to suppress

osteoclastogenesis, apparently by a mechanism involving CB2-mediated
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mitogenic inhibition of osteoclast precursors and inhibition of RANKL expression in

stromal cells and osteoblasts. [10.26]

5. CONCLUSION

In analyzing the results obtained in studies so far, it is believed that CBD
has the potential to contribute the consolidation of fractures. Several preclinical
and clinical studies have demonstrated that CBD is a viable and safe agent, which
encourages new studies investigating its true contribution in the bone healing

process.
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Este artigo intitula-se “Cannabidiol as an alternative in bone healing of
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STATEMENT OF CLINICAL RELEVANCE:

Treatment with cannabidiol at the concentration and times previously
established did not significantly affect the healing process of bone defects created
in the calvarium of rats. The results point to the need for new studies using
different methods that can make it possible to gain a better understanding of the
effect of this substance on bone metabolism, to determine possible alternatives in

fracture management and repair of mineralized tissue.
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ABSTRACT

Objective. To evaluate the effect of cannabidiol on bone healing in the rat

calvarium.

Study design. Two standardized bone defects, 5 mm in diameter, were
created bilaterally in the calvarium of 64 male Wistar rats with a trephine drill. The
rats were divided randomly into 2 groups of 32 animals each, and they were
weighed daily to adjust the doses of the substances to be administered. Each rat
was given an intraperitoneal (IP) injection of 10 mg/kg/day cannabidiol (CBD) or
vehicle in the test and control groups, respectively. Afterwards, they were

evaluated clinically and histologically at two, 4, 6 and 8 weeks of treatment.

Results. CBD did not significantly affect the healing of the bone defects
produced at any of the observation times. However, in the 4-week test group, there
was a greater formation of bone tissue, resulting in almost complete closure of the

critical defect, which was not observed in the other experimental groups.

Conclusions. Daily administration of 10 mg/kg CBD for the different
experimental times did not have a beneficial effect on the repair of the bone
defects produced, suggesting whitin this methodology the inability of CBD to

accelerate bone healing.

Keywords: cannabidiol, Cannabis sativa, bone healing, bone repair,

cannabinoids, bone disease
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1. INTRODUCTION

Bone is a specialized form of connective tissue composed of cells and
extracellular matrix, which has the peculiar characteristic of mineralizing. The
maturation of the matrix results in an extreme hardness of this tissue, allowing it to
provide support, protection and resistance. In turn, the collagen matrix offers a
certain degree of malleability to the bone tissue, reducing the risk of fractures.
(Burkiti, Young & John, 1994; Junqueira & Carneiro, 1995).

Bone healing is a complex biological process that follows specific patterns
of regeneration and involves changes in the expression of thousands of genes.
The renewal of the mineralized bone matrix in the repair of a fracture or bone
defect occurs initially with the resorption phase, through specialized cells called
osteoclasts, followed by the neoformation process, through the osteoblasts. The
balance of this process (resorption/neoformation) occurs through a system called
RANK/RANKL/OPG (Amadei, Silveira, Pereira, Carvalho & Rocha, 2006; Putnam,
Scutt, Bicknell, Priestley & Williamson, 2007; Marssel & Einhorn, 2011).

Inhibition of receptor activator of nuclear factor kappa-B ligand (RANKL)
prevents the binding between the receptor (RANK) and the ligand (RANKL), thus
inhibiting the activity of osteoclasts and consequently the bone resorption process

(Kwan, Padrines, Théoleyre, Heymann & Fortun, 2004; Marssel, et al., 2011).

Cannabis sativa (Cs) is a plant of Asian origin used for thousands of years
for medicinal purposes. Its properties result from the interaction of its compounds
that are part of the so-called cannabinoid systems with cells of the central nervous
system (CNS) and various organs (lannotti; Di Marzo & Petrosino, 2016). Since
their discovery almost a decade ago, the cannabinoid receptors, CB1 and CB2

receptors, have aroused great attention in the scientific community.

CB1 receptors are most commonly found in the CNS, while CB2 receptors
are found in different organs, mainly linked to cells of the immune system (Lu &
Mackie, 2016; Russo, 2016).



43

There are more than 70 types of cannabinoids reported in the literature, but
the two most known are cannabidiol (CBD) and tetrahydrocannabinol (THC). CBD
is a component of Cs, which has low affinity for CB1 and CB2 receptors and thus
has no psychoactive effect. However, THC has a great affinity for these receptors,
which gives it the characteristic of being the main compound responsible for the
psychoactive effect of the plant (Mechoulam, Ben-Shabat, Hanus, Ligumsky,
Kaminski, Schatz, et al., 1995; Rajesh, Mukhopadhyay, Batkai, Patel, Saito,
Matsumoto, et al., 2010; Booz, 2011).

CBD has been tested in the treatment of various pathologies such as
epilepsy, diabetes, Alzheimer's, sepsis, nephro- and cardiotoxicity and cancer as
well (Pan, Mukhopadhyay, Rajesh, Patel, Mukhopadhyay, Gao, et al., 2009; Cuba,
Salum, Cherubini & Figueiredo, 2017). Studies have shown that CBD is well
tolerated, shows no toxicity and has beneficial effects in the treatment of several
neuropsychiatric diseases and inflammatory disorders, through its antioxidant,
antiinflammatory, immunomodulatory and analgesic actions (Mechoulam, et al.,
1995; Booz, 2011; Burstein, 2015).

Recently, several components of the endocannabinoid system (ES) have
been detected in bone tissue (Ofek, Karsak, Leclerc, Fogel, Frenkel, Wright, et al.,
2006), especially anandamide and 2-arachidonoylglycerol, which are considered
the main components, appearing at levels similar to those found in the brain.
These compounds tend to be synthesized locally in the bone tissue. Although this

has been addressed little, some authors suggest that CBD promotes the bone
healing process of bone (Ofek et al., 2006; Bab & Zimmer, 2008).

In view of the growing benefits of the therapeutic use of CBD, the National
Agency for Health Surveillance (ANVISA) in Brazil recently reported its use. The
compound is no longer on the list of prohibited substances and changes status to
category C1, therapeutic use allowed but subject to control (ANVISA, 2016, 2017).

Based on its antiinflammatory potential and ability to inhibit the expression

of RANKL, through antiinflamatory cytokine production, it is believed that CBD
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may be an alternative in the healing process of bone fractures (Ofek et al., 2006;
Bab et al., 2009)

Bone fractures have a high incidence in the general population and can be
treated a more conservative way by immobilization and the reduction of the
fracture to surgery, physiotherapy and drug therapy. The last option can be done

through herbal products, where CBD can be included.

Accordingly, the objective of this study was to evaluate the clinical and
histological effect of CBD on the repair of standardized bone defects created in the

calvarium of rats.
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2. MATERIALS AND METHODS

This study was approved by the Research Cinentific Committee and the
Committee on Animal Use (protocol No. 7694) of the Pontifical Catholic University
of Rio Grande do Sul. All procedures were conducted in accordance with the
ethical principles applied in the use laboratory animals established by the National

Board of Animal Experimentation Control.

2.1. Selection of sample

The sample consisted of 64 male, heterogenic Wistar rats, Rattus
norvegicus, with a mean age of 10 weeks, weighing 250 £ 25 g and clinically
healthy. The rats were obtained from the Center for Experimental Biological
Models of the Pontifical Catholic University of Rio Grande do Sul (CeMBE/
PUCRS). During the experiment, the animals were given irradiated pelleted
Nuvilab-Cr1 chow (Nuvilab, Colombo, PR, Brazil) and filtered water ad libitum.

The rats were kept in plastic boxes lined with autoclaved wood chips and
labeled according to the respective groups. They were arranged in micro-isolators
with maintenance of the temperature at 23 + 1°C, relative humidity at 50 + 5% and
light-dark cycle at 12 h.

The animals were randomly divided into 2 groups of 32 rats each (test and
control) and subdivided according to the previously established analysis times as

listed below:

Test Group (TG) CBD: Intraperitoneal (IP) administration of CBD 10 mg/
kg/day (in 2% Tween 80)

TG - CBD 1: Experimental time (2 weeks) n = 8

* TG -CBD 2: Experimental time (4 weeks) n =8

TG - CBD 3: Experimental time (6 weeks) n =8

* TG -CBD 4: Experimental time (8 weeks) n =8
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Control Group (CG): IP administration of saline + 2% Tween 80

* CG 1: Experimental time (2 weeks) n =8

CG 2: Experimental time (4 weeks)n =8

CG 3: Experimental time (6 weeks)n =8

* CG 4: Experimental time (8 weeks) n =8

After weighing and anesthesia, 2 standardized critical defects were
mechanically created in the center of the parietal bones (right and left) of the
calvarium of each rat. Immediately, IP injection of the products used in the
respective study groups was started. These injections were performed daily, in the
morning, always at the same time.

The treatment described above proceeded until euthanasia, which occurred
on the 15th, 29th, 43rd and 57th day after the surgery, based on a study where the
same time intervals were used (Kogan, Melamed, Wasserman, Raphael, Breuer,
Stok, et al., 2015).

2.2. Creation of critical bone defect in calvarium

Initially, each animal was weighed on a Uranus scale (model IDU 2500/0.5)
to adjust the analgesic and anesthetic doses. Subsequently, the skin on the skull
was shaven, followed by antisepsis with 2% chlorhexidine. The animals received
5% tramadol hydrochloride (IP, 10 mg/kg) and were anesthetized with 10%
ketamine hydrochloride (IP, 100 mg/kg) and 2% xylazine hydrochloride (IP, 5mg /
kg). Only after complete anesthesia, with loss of protective reflexes, a linear
incision of approximately 1.5 cm was made, following the midline of the animal, in
the region of the skull, incising skin and periosteum. The skullcap was exposed
and with a 5-mm trephine drill mounted on a straight surgical handpiece, using a
speed of 20,000 rpm, 2 critical bone defects were made in the central portion of

each parietal bone. The procedure was done under constant irrigation with saline,
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avoiding damage to the brain tissue. The osteotomized portion of the skull
carefully removed, and the surgical wound was irrigated with saline to remove the
generated residues. Afterwards, the incision was sutured using Vicryl 4-0

resorbable suture (Spicer, Kretlow, Young, Jansen, Kasper & Mikos, 2012).

2.3. Treatment of animals

The IP injection of 10 mg/kg CBD (in 2% Tween 80) (Test Group) and saline
(in 2% Tween 80) (Control Group) was done immediately after the surgery. On all
subsequent days, according to the groups and analysis times established in the

study, the test substance and vehicle were always injected in the morning.

2.4. Procurement of surgical fragments for histological analysis

Immediately after euthanasia, performed by anesthetic overdose with
isoflurane, an incision was made in the rat skullcap region. The segment
containing the critical bone defect was removed after incision of the soft tissues
between the medial canthi of the eyes, respecting skull circumference. The bony
segment of the calvarium was separated from the remainder of the animal's head
with the aid of a 701 frustoconical drill mounted on a straight handpiece, using low
speed and under irrigation with saline at a distance of 4 mm from the edges of
defects.

The samples obtained were clinically evaluated and then placed in labeled

flasks and fixed in 10% buffered formalin for at least 24 h.

2.5. Clinical evaluation

All animals were evaluated macroscopically to determine the presence of
bone neoformation in the critical defect. In both groups (test and control), a No. 5
exploratory probe was used to evaluate the consistency of the neoformed bone to
see if it was rigid, fibrous or mixed. The critical defects with total or partial bone

neoformation over the defect area produced were evaluated as a percentage.

2.6. Processing of histological sections and microscopic analysis
Histological processing and analysis of the samples were done in the Oral
Pathology Laboratory of PUCRS.
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All samples, after being fixed, were decalcified using 5% HNOs for the
required time (10 to 15 days), until the material could be cut and examined. The
decalcified pieces were cut longitudinally and embedded in paraffin with the cut
surface faced down and sliced with a microtome (3 semi-serial sections of each
sample, 100 um apart). The slides were stained with hematoxylin and eosin (HE).

Microscopic analysis was performed by locating the area of the critical
defect with the objective of quantitatively evaluating bone neoformation. The
histological images at 40x magnification were taken from the microscope by a
computer and analyzed with the help of Image J software. This program was used
to measure the initial size of the bone defect (5 mm standard) and later the mean
smallest (d) and largest (D) distance between the margins of the neoformed bone.
A mean value per specimen was calculated based on the measurements of the 3
central sections. The specimen largest distance was taken into account. We opted
for this type of analysis, since repair did not occur uniformly within the defect

(Figure 1).

2.7. Calibration of examiner

The researcher was trained by an experienced pathologist to standardize
the analysis criteria. In the intra-examiner calibration, 20 microscopic fields were
used and blinded evaluations were performed in duplicate at intervals of 7 days,
without predetermined order. The analysis of pairs of measures occurred when
there was concordance by the Kappa test. The examiner was considered

calibrated when these measurements showed values greater than 0.7.
2.8. Statistical analysis

The analyses were performed with SPSS version 22.0. The qualitative
variables were expressed as absolute frequencies, percentage and the
quantitative ones as mean and standard deviation or median and interquartile
range. The time-stratified Mann-Whitney test was performed to determine the p
value. The graph was prepared by plotting medians. p<0.05 was considered

statistically significant.
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3. Results

The surgical procedures were performed without anesthetic intercurrence.
Intraoperative complications occurred due to the high precision required to make
the critical defect in an extremely fragile anatomical area. During the study, 12
animals were accidentally killed, 5 in the control group and 7 in the test group. This

occurred when the drill penetrated the animal's brain.
3.1. Clinical evaluation

In both groups (test and control), there was bone neoformation. In the table
below we show the percentage of animals that had defects partially or totally
closed. The results obtained through this evaluation were confirmed by histological

analysis (Table 1)
3.2. Histological evaluation

Two weeks after performing the procedures a slow healing in the CBD
group was observed compared to the control. At this experimental time,
histological analysis showed that the CBD group had less neoformed bone along
the defect than the control group. The formed tissue showed inflammatory infiltrate
on the margins of the defect and formation of a dense connective tissue in its most

central portion.

After 4 weeks, an improvement in the healing of the CBD group was
observed in relation to the control. At this time, although there was no statistically
significant change, a favorable, more consistent trend was detected in the group
treated with CBD.

The critical defects of some animals in different groups were completely
filled with mature and organized bone tissue. However, this trend was not

maintained at 6 and 8 weeks, with similar results for both groups (Figure 2).

In most animals, in both groups, the neoformed bone was surrounded by a
substantial amount of osteoblasts, filling the area of the bone defect. It was
possible to differentiate, in all sections, the neoformed bone in the critical defect
(Figure 3).
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DISCUSSION

The healing of bone defects occurs through a complex process which is
regulated by a system called RANK/RANKL/OPG (Bab et al., 2009; Ofek et al.,
2006). Although CBD acts on this system, there was no significant influence on the
repair of critical defects in the animals, although it showed a beneficial effect at the

experimental time of 4 weeks.

The present study suggests that the CBD negatively influenced the bone
healing process at the experimental time of 2 weeks, with marked improvement at
other experimental times, especially the fourth postoperative week. These data
can be explained by the antioxidant and antiinflammatory effects of CBD, causing
it to attenuate the inflammatory process during the healing period (Cuba et al.,
2017; Pan et al., 2009).

The effect of CBD on the healing process of bone defects has been
previously described in some studies such as that of Koogan et al. 2015, where,
through a tomographic analysis, the authors demonstrated that, in the sixth and
eighth week, there was a substantial gain in defect repair compared to the control
group. These findings are in agreement with the results obtained in the present
study, where the CBD showed a gain in the fourth week and a balance in the

eighth week.

It is known that bone cells have receptors and enzymes of the
endocannabinoid system (Ofek et al., 2006). The cannabinoid receptors (CB1 and
CB2) are also expressed in skeletal sympathetic nerve endings, which play an
important role in the bone remodeling process (Bab et al., 2008, 2009). Studies
have reported that, based on the antiinflammatory potential of CBD, inhibition of
RANKL expression, preventing binding to the receptor (RANK) and thus blocking
osteoclast activity and consequently bone resorption (Ofek et al., 2006; Bab et al.,
2008, 2009; Rettori, De Laurentiis, Zubilete, Rettori & Elverdin, 2012)

The critical defect has been widely used as a test model for bone
regeneration for testing the effects of biomaterials on this process (Donos, Dereka
& Mardas, 2015; Stavropoulos, Sculean, Bosshardt, Buser & Klinge, 2015).

According to a recent systematic review, 5-mm diameter defects in the calvarium
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of rats can be considered critical defects in these animals (Vajgel, Mardas, Farias,
Petrie, Cimbes & Donos, 2014). This was confirmed in our study where complete
closure was not observed in any of the defects of the control group at any
experimental time. Thus, the procedure performed with the 5-mm trephine drill met
the criteria for making a critical defect and was also in agreement with other
studies where this calvarium defect model was used in rats (Mardas, Kostopoulos
& Earring, 2002; Mardas, Stavropoulos & Earring, 2008).

The present study showed that CBD did not have a significant effect on the
bone healing process, but studies report that CB2 receptors are expressed in bone
cells exerting an anabolic and antiresorptive action in osteoporosis. These studies
report a polymorphism in the gene encoding CB2 (CNR2) as important genetic risk
factors for osteoporosis. Activation of CB2 attenuates bone loss induced by
ovariectomy in mice, limiting bone resorption and increasing the formation of this
tissue (Bab et al., 2008).

Regarding body weight, there was a decrease in the first days after the
defects were made in all the experimental groups. However, there was no
difference in weight loss in the groups treated with CBD compared to control, at

the established experimental times.

Critical defects are invasive and painful procedures, leaving the animals
prostrate in the first 2 days. Analgesic properties were reported with the use of
CBD (Pisanti, Malfitano, Ciaglia, Lamberti, Ranieri, Cuomo, et al., 2017). The
administration resulted in an antihyperalgesic effect in a model of chronic (Costa,
Trovato, Comelli, Giagnoni & Colleoni, 2007) and acute (Costa, Colleoni, Conti,
Parolaro, Franke, Trovato & Giagnoni, 2004) inflammation. It was proposed that
this effect was mediated by the modulation of TRPV1 (transient receptor potential
vanilloid 1), also known as capsaicin receptor. In this study, no weight difference
was found between the CBD and control groups. These findings also agree with
the results of Jamontt, Molleman, Pertwee and Parsons (2010) who concluded
that the administration of CBD for the treatment of colitis did not influence the body

weight of the rats.

Corroborating with the findings described above, an experimental study with

male Wistar rats demonstrated that the administration of CBD at doses of 2.5 and
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5 mg/kg for 13 days caused a significant weight loss (lgnatowska-Jankowska,
Jankowski & Swiergiel, 2011). Considering that weight loss/gain as a side effect of
CBD is still controversial, a study by Iffland and Grotenhermen (2017) proposed
that the influence on weight is discrete, since changes in appetite and weight
results are considered multifactorial and complex (Bergamaschi, Queiroz, Zuardi &
Crippa, 2011; Iffland et al., 2017).

Regarding the dose of CBD used in this study, it is important to emphasize
that it was chosen based on the scarce results obtained on the subject in the
available literature. Previous studies in rats used CBD at IP doses ranging from 1
to 480 mg/kg (Bergamaschi et al. 2011). Other authors suggest that the properties
of CBD have an inverted U-shaped response (Malfait, Gallil, Sumariwalla, Malik,
Andreakos, Mechoulam et al., 2000; Zuardi, 2008; Jamontt et al, 2010).
Treatment with CBD (2.5 to 10 mg/kg, IP, daily for 3 days) was used by Pan et al.
(2009). The authors concluded that this substance caused a dose-dependent
attenuation of renal injury induced by cisplatin, decreasing the expression of TNF-
a and IL-1B. In the present study, CBD did not have a significant effect on the

healing of bone defects.

Adverse effects were not observed in the administration of CBD, and it can
be used safely at the chosen dose. In two literature reviews by Iffland et al. 2017
and Bergamaschi et al. 2011, the authors suggested that this drug has a low
undesirable effects profile if given in a controlled manner. It is considered safe and
well tolerated, both in animal and human models, and does not promote cellular
toxicity. This reinforces the results obtained in a randomized clinical study
conducted by Naftali, Mechulam, Marii, Gabay, Stein, Bronshtain, et al., 2017,
where 20 patients with Crohn's disease were treated with CBD at a daily dose of
20 mg for 8 weeks. The patients showed high tolerability and no adverse effects.
These data encourage further studies seeking to extend our knowledge of the
benefits and harmful effects of CBD.
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FINAL CONSIDERATIONS

The present study demonstrated that the use of CDB for the repair of a
mechanically created bone defect showed a beneficial effect only in the fourth
week after treatment. No statistically significant difference was seen in the healing
of bone defects at the times analyzed. These results suggested that new studies

are needed to determine the influence of CBD on bone metabolism.
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FIGURE LEGENDS

FIGURE 1 - Photomicrografy ilustrating the measurement was made of the largest
and smallest distance between the margins of the neorformed bone in the critical

defect. The formula (D+d)/2 was used to measure the formed bone

TABLE 1 - Clinical analysis in percentages in the test (T) and control (C) groups

at different experimental times

Time
(weeks)

Repair

T-5714% T-57.14%
Parcial bone defect »ee ne? (ne8) Tand C - 100%
closure C-B833% C-8833% C-8833% (" = 6 for both groups)
n=6) in=86} n=7
Totai bone defect C-1867% n=" n=8)
closure "6
C-167% C-1167%

(n=86) n=7




FIGURE 2 - The effect of cannabidiol on the healing process of critical defects

according to the times of 2, 4, 6, and 8 weeks post-surgery (40X).
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FIGURE 3 - Histological image of the neoformed bone at 4 experimental times: A)

2 weeks; B) 4 weeks; C) 6 weeks; D) 8 weeks. Staining (HE) and magnification.
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5. DISCUSSAO COMPLEMENTAR

A utilizagdo da maconha para fins medicinais tem sido um assunto muito
polémico no mundo inteiro acarretando inumeras discussdes. No Brasil, o primeiro
medicamento a base de Cannabis sativa registrado foi o Mevatyl, conhecido
mundialmente como Sativex. A administragcao deste produto se da sob a forma de
spray e contém em sua formulagdo os fitocanabindides THC e CBD. Este
medicamento é utilizado para o tratamento de algumas doengas como por
exemplo, a esclerose multipla, naqueles pacientes que nao respondem de forma
favoravel a terapia convencional (ANVISA, 2017a).

Em 2015 a utilizagdo desses produtos era autorizada exclusivamente sob
prescri¢ao profissional por médico habilitado, além de uma criteriosa avaliagao e
aprovagao da Agéncia Nacional de Vigilancia Sanitaria. Em 2016, essas mesmas
substancias foram excluidas da lista de compostos proibidos e passaram a ser
incluidos como medicamentos psicotrépicos sujeitos a controle especial (ANVISA,
2016).

Na década de 60 o cultivo da planta foi proibido pela Organizagao das
Nacdes Unidas (ONU), exceto para fins médicos e cientificos, através da
convencao de Substancias Entorpecentes. A utilizacdo desses compostos
também foi regulamentada nos anos de 1971 e 1988 nas convencdes da ONU
sobre Substancias Psicotropicas e Contra o Trafico llicito de Entorpecentes.
(ANVISA, 2017b). Entretanto, diversos estudos desenvolvidos, evidenciando os
efeitos benéficos da maconha no tratamento de iniumeras doengas, pressionaram
0s 0rgaos publicos mundiais para a sua liberagdo com finalidades medicinais
(Pisanti et al.,2017).

Devido ao insucesso no tratamento convencional de doencgas incuraveis,
varias familias ao redor do mundo passaram a testar e utilizar de forma
clandestina os efeitos dos medicamentos a base de CBD e THC. A falta de
controle no uso e processamento dessas substancias é considerada perigosa e
prejudicial aos pacientes, por desconhecerem a pureza do produto gerado, bem
como a dosagem adequada para cada situagao (Sabdia, 2017). Esse fato tornou
inadiavel a regulamentagao dos compostos para fins terapéuticos, visando avaliar
cientificamente a seguranca, qualidade e eficacia desses medicamentos.

Apesar do crescimento no numero de estudos na area meédica e

odontoldgica, ainda pode-se considerar timida a discussdo em torno dos
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beneficios terapéuticos da droga (Napimoga et al., 2009; Cuba et al.,2017). O
presente estudo visa um maior conhecimento da area na odontologia nesse
debate. Mesmo com os entraves burocraticos existentes no pais, € expressiva a
participacdo de pesquisadores brasileiros nos estudos cientificos com os
canabindides. Os investimentos cientificos nesta tematica contemplam inclusive a
criacdo de um Centro de Pesquisa em Canabindides vinculado a Faculdade de
Medicina de Ribeirao Preto (Stella, 2017).

O projeto executado nesta dissertagdo apresenta alguns resultados e
topicos passiveis de serem discutidos. O desenho do estudo assim como o
procedimento empregado, foram realizados de acordo com os achados da
literatura atual (Mardas, Busetti, de Figueiredo, et al., 2016).

A diluicdo do CBD com Tween 80 e a solugédo salina foi utilizada em
diversos estudos prévios (Napimoga et al.,2009; Vuolo, Petronilho, Sonai, et al.,
2015). O processo de diluigdo do CBD ¢é bastante delicado, uma vez que esta
substancia apresenta-se na forma de um pé de baixa solubilidade aquosa. Para
evitar formacgao de granulos, que poderiam obstruir o lumen da seringa durante a
administragao intraperitoneal, incorporou-se lentamente o pé ao liquido, com
posterior auxilio de uma cuba ultrassénica (Apéndice 3).

A via de administracdo intraperitoneal (IP) € a mais comumente utilizada e
citada na literatura para avaliagao do efeito do CBD em roedores. Ocorre devido a
conveniéncia do seu uso e das caracteristicas da substancia (Iffland , 2017).
Optou-se entdo, pela consagrada técnica de administragao via IP afim de facilitar
a analise dos resultados e comparar aos achados ja existentes.

Estudos que avaliam o processo cicatricial 6sseo com frequéncia utilizam
ratos, por apresentarem este tecido estruturalmente semelhante ao dos humanos
bem como uma fisiologia éssea similar. Outras vantagens incluem o baixo custo e
a facilidade na manipulagcédo desses animais. Os ratos machos sao preferidos nos
experimentos, possivelmente pelo preco mais acessivel, além da menor influéncia
de alteragdes hormonais o que, nas fémeas, poderia interferir na cicatrizagao de
lesdes com perda de integridade epitelial (Peplow; Chung; Baxter, 2010).

No presente estudo optou-se por realizar o procedimento em calvaria de
ratos visto que este método € amplamente difundido na literatura (Mardas et al.,
2002, 2008; Stravopoulos, Sculean, Bosshardt et al., 2015). Outras localizagdes

também foram utilizadas conforme descrito no estudo de Kogan e colaboradores
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em 2015, que realizaram fratura em fémur de ratos. De acordo com uma revisao
sistematica recente, os defeitos em calvaria com didmetro de 5 mm podem ser
considerados como defeitos criticos em ratos (Vajgel, Mardas, Farias et al., 2014).
Isso foi confirmado em nosso estudo onde ndo observou-se o fechamento
completo dos defeitos ndo tratados (grupo controle), nos respectivos tempos de
cicatrizacdo analisados. Isto indica que o defeito parietal com a broca trefina de 5
mm, preencheu os critérios necessarios para a formagcdo de um defeito critico,
estando em concordancia com estudos anteriores usando defeitos similares na
calvaria de ratos (Mardas, Kostopoulos, Karring et al., 2002: Mardas,
Stavropoulos, Karring, 2008; Donos, Dereka, Mardas et al., 2015). A broca
utilizada para confecgdo dos defeitos garantiu a padronizagdo dos mesmos. O
manejo delicado da técnica cirurgica utilizada neste estudo ndo impediu que,
acidentalmente, fosse transfixada na calota craniana de alguns animais, os quais,
foram excluidos do estudo e eutanasiados para evitar o distresse e sofrimento.

O tamanho dos defeitos, bem como os tempos experimentais para avaliar a
cicatrizacdo 6ssea, sdo amplamente variaveis na literatura. Os resultados obtidos
nos 4 tempos experimentais do presente estudo (duas, 4, 6 e 8 semanas)
justifica-se por pesquisas previamente desenvolvidas como a de Mardas, Busetti,
de Figueiredo et al. em 2017, onde os autores utilizaram os tempos de 30 e 60
dias para observar a cicatrizagdo Ossea de defeitos criticos tratados com
biomateriais. Kogan et al. em 2015 utilizou os mesmos tempos experimentais
utilizados neste estudo para avaliar o reparo dsseo em fratura de fémur de ratos,
visto que as alteragbes neste processo cicatricial s&o significativamente
identificadas nesses intervalos de tempo.

A avaliagao clinica do reparo 6sseo foi realizada através da presenga ou
nao do calo ésseo e/ou osso neoformado, bem como a consisténcia do mesmo.
Para uma melhor analise optou-se por realizar mensuragdes do 0SSO recém
formado através do uso de um software denominado /Image J como utilizado no
estudo de Mardas et al. em 2017. Realizou-se o calculo de porcentagem de
cicatrizagdo o que permitiu calcular a média entre o tamanho total do defeito e da
quantidade de osso neoformado.

De acordo com o que foi exposto nesta dissertagcdo, acredita-se que esta
pesquisa possa subsidiar estudos que envolvam e favoregam o uso do CBD em

diferentes tematicas da area médica e odontoldgica.
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ANEXO 1 - Aprovagéao do Projeto de Pesquisa pela Comisséo Cientifica da
Faculdade de Odontologia da PUCRS

De: Sistema de Pesquisas - SIPESQ <norepl ucrs.br>
Enviado: quarta-feira, 25 de janeiro de 2017 05:00

Para: Maria Antonia Z de Figueiredo

Assunto: [SIPESQ] Resultado da Analise do Projeto

Esta mensagem foi emitida automaticamente pelo SIPESQ - Sistema de Pesquisas
da PUC

Prezado(a) Coordenador(a) de Projeto de Pesquisa,

A CEUA considerou que o projeto 7694 - EFEITO DO CANABIDIOL NO
PROCESSO CICATRICIAL DE DEFEITO OSSEO CRITICO INDUZIDO
MECANICAMENTE EM CALOTA CRANIANA DE RATOS: AVALIAGAO CLINICAE
HISTOLOGICA atende aos requisitos por ela definidos.

Desta forma, o projeto ja pode ser iniciado.

Atenciosamente,
Pro-Reitoria de Pesquisa, Inovagao e Desenvolvimento
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Apéndice 1 - Ficha de avaliagao clinica

PROGRAMA DE POS-GRADUAGAO EM ODONTOLOGIA/FO-PUCRS
AREA DE CONCENTRAGAO EM ESTOMATOLOGIA CLINICA
EFEITO DO CANABIDIOL NO PROCESSO CICATRICIAL DE DEFEITOS OSSEOS CRITICOS
MECANICAMENTE INDUZIDOS EM CALOTA CRANIANA DE RATOS:
AVALIAGAO CLINICA E HISTOLOGICA
FICHA DE AVALIACAO CLINICA

IDENTIFICAGAO

Rato ne°: Peso inicial:

Tratamento:

[ 1 Defeito + CBD + Tween 80 — 2%
semanas

[ 1 Defeito + Soro +Tween 80 — 2%
semanas

Kg Peso final: Kg

Tempo:

[ ] 2 semanas []16

[ 1] 4 semanas [18

AVALIACAO CLINICA LOCAL
Sinais inflamatérios:

[ 1Eritema [ ]Edema [Nenhum]
Areas de supuragio:

[ 1Sim [ ]Nao Localizagao:

Presencga de calo 6sseo:
[ 1Sim [ ]Nao

Consisténcia:

Sinais secundarios:

[ 1Sim Quais?:

[ ]N&o

Outras informagoes:

Fotos:

Data da avaliagao:___ /[ /
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PROGRAMA DE POS-GRADUAGAO EM ODONTOLOGIA
AREA DE CONCENTRAGAO EM ESTOMATOLOGIA CLINICA
EFEITO DO CANABIDIOL NO PROCESSO CICATRICIAL DE DEFEITOS OSSEOS CRITICOS
MECANICAMENTE INDUZIDOS EM CALOTA CRANIANA DE RATOS:
AVALIACAO CLINICA E HISTOLOGICA
FICHA DE AVALIAGAO HISTOLOGICA

IDENTIFICACAO

Rato ne: Lamina n°:

Tratamento: Tempo:

[ 1 Defeito + CBD + Tween 80 [ 12 semanas [ ] 6 semanas
[ 1 Defeito + Soro + Tween 80 — 2% [ 14 semanas [ 1 8 semanas
Escore:

[ 1-/- :Auséncia de osso neoformado, sem fechamento do defeito

[ 1+/- :Pouco osso neoformado, sem fechamento do defeito

[ 1++/- :Neoformacgao 6ssea significativa, sem fechamento do defeito

[ 1+++/+: Neoformacgao 6ssea significativa, defeito fechado

[ ]+++/+: Neoformagado dssea fora da area do defeito, fechamento do defeito

Observagoes:

Fotos:

Data da avaliagao:_ / /
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Apéndice 3 - Manipulacao das solucgdes utilizadas no experimento

4. As solugdes foram preparadas imediatamente antes da inje¢cao IP nos animais, no

volume de 1 mg/kg.

5. Apo6s a incorporacéo das substancias o produto final foi levado a uma incubadora

ultra-sénica para dissolugéo de granulos insoluveis.

6. Aspecto final da solugdo de CBD apds seu preparo.

7.As solugdes foram protegidas da luz solar e ambiental até o0 momento exato de

sua administragao.
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Apéndice 4 - Sequéncia do procedimento cirurgico executado em calota craniana de
ratos

Broca trefina de 5 mm de didmetro usada para realizacdo dos defeitos 6sseos



