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ABSTRACT

Nowadays, oral diseases are prevalent chronic diseases present in worldwide population. Dental caries results
from a complex interaction between acid-producing bacteria, fermentable carbohydrates and host factors,
including teeth and saliva. Risk factors for caries development include physical, biological, environmental,
behavioral factors such as high numbers of cariogenic bacteria, inadequate salivary flow, poor oral hygiene and
poor eating habits. Moreover, due to its efficacy in caries prevention, fluorine has been added to toothpaste,
supplements and water. However, despite of its beneficial effect, excessive intake can lead to acute or chronic
toxic effects, that depend on ingestion period and ingested amount, age, cardiovascular or renal problems and
genetic changes. The most common adverse effects of excessive fluorine intake are dental and skeletal fluorosis.
Another oral health problem is oral cancer, one of the most common cancers in the world and a highly relevant
problem of global public health, mainly affecting lips and oral cavity. It is a preventable disease, where tobacco
and alcohol, considered major risk factors, are present with a synergic effect in 90% of cases. Alcohol can act as a
risk factor both locally and systemically, being causally associated with oropharyngeal and larynx cancer,
esophageal cancer, among others.
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1. INTRODUCTION

Oral diseases such as dental caries affect most of the
world's population. Dental caries is a biofilm-related oral
disease that results from the interaction of specific
bacteria and salivary constituents with dietary
carbohydrates in the oral cavity. The appearance of
biofilms on the tooth surface is the first clinical evidence
of diet-bacteria interaction. Sucrose is considered the
“arch enemy” from the dietary point of view, as it is
fermentable, serving as a substrate for the synthesis of
extracellular polysaccharides (EPS) in oral biofilm. In
modern societies, starches are an important source of
fermentable carbohydrate and are usually consumed
simultaneously with sucrose. The combination of starch
and sucrose is highly cariogenic and may increase the
pathogenicity of biofilms in humans.™

Although the prevalence and severity of dental caries
have decreased substantially over the past two decades,
this widely preventable disease is still common. This
disease increases significantly with age, remaining a
public health problem. Sugars are recognized as the most
important dietary factor in the development of dental
caries and there is a clear understanding of the biology of
the enamel dissolution process induced by acid products
fermented from sugars by the action of bacteria. Several
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factors modify this effect such as saliva, the frequency of
sugar intake, the individual tooth chosen for
examination, as well as the post-eruptive age of the tooth
and whether prolonged fluorine use changed the enamel
to make it more resistant to acid attack.

One of the biggest advantages of fluorine is its efficacy
in prevention and treatment of dental caries, leading to
the decrease in the demineralization capacity, promoting
enamel remineralization. In this way, breast-feeding
helps to reduce the index of dental caries due to the
presence of fluorine. However, despite the use of
fluorine and improvements in preventive dentistry, dental
caries levels remain unacceptably high worldwide,
especially when, in addition to the traditional focus on
childhood caries, the level of caries in adults is
considered.?

Since it has high solubility in water, fluorine is present in
the form of fluoride (F"). Fluorine high electronegativity
allows it to combine with other elements, so mostly this
element is not present in the free form (in its pure state)
but instead associated with other positively charged
elements such as calcium, aluminium and sodium, and it
can also be present in silicates, forming more stable
compounds. The most abundant combined forms in
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nature are calcium fluoride (CaF,) and sodium and
aluminium fluoride (NaAlFg). Fluorides are associated
with calcified/mineralized tissues like bones and teeth.!

Nowadays, as a measure of community oral health, it is
done the fluoridation of water, consisting of the addition
of fluoride compounds to the water used for human
consumption. This measure is quite advantageous since it
allows access to fluoride compounds of a big part of the
population, in an easy and economic fashion. However,
although it is known that fluorine use in adequate
amounts is beneficial to the organism and to oral health,
its excessive use in paediatric ages can lead to the
development of dental fluorosis.”! For this reason, the
use of fluoridated toothpastes by children under 6 years
of age has been questioned because this practice has been
associated with the increase in dental fluorosis
prevalence in children.

Besides the development of dental fluorosis, the
excessive exposure to fluorine can also lead to severe
health problems, such as disturbances in thyroid
function, increased risk of neurological problems, or
even the appearance of bone fluorosis that in an
advanced stage causes pain and damage to bones and
joints.

Another oral health problem is oral cancer. Oral cancer is
one of the most common cancers in the world, with more
than 300,000 cases diagnosed per year and annual
mortality of around 145,000 people. It is considered a
highly relevant health problem not only because of the
number of deaths it causes, but also because of its impact
on the quality of life of patients with some type of this
tumor. In many countries around the world there has
been an increase in the incidence of oral cancer,
especially in the oropharynx region.®™

In 90% of oral cancer cases, the main risk factors,
smoking and alcohol, are present, both having a
synergistic effect. Regular consumption of alcoholic
beverages increases the risk of developing oral cancer.
The association between tobacco and alcoholic
beverages greatly increases the risk for oral cancer.
These factors are strongly associated with behavior, so
oral cancer is a preventable disease.®!

In fact, alcoholism is a public health problem worldwide,
increasing the morbidity and mortality of oral cancer
cases.™® Regular and high-dose alcohol consumption has
often been associated with the development of oral
cancer, especially in men between 50 and 70 years of
age.[n 12]

1.1. MATERIALS AND METHODS

A Dbibliographic search was made in the PUBMED and
SciELO databases, having as criterion articles published
in the last 10 years, in English and Portuguese, but
considering the information of the articles, even if older,
since related to the theme.
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The articles available in full were included, with the
keywords searched in the title or abstract of the paper.
The keywords searched were: Caries; diet; fluorine; oral
cancer; alcohol drinking.

2. DENTAL CARIES AND ORAL CANCER AS
ORAL HEALTH DISEASES

2.1. Aetiology of dental caries

The oral cavity is a complex environment where high
humidity, moderate temperature and abundance of
nutrients promote the proliferation of different
microorganisms and microbial biofilms. All surfaces
exposed to the oral environment are constantly covered
by a film derived from the adsorption of organic and
inorganic molecules in saliva, giving rise to the biofilm.
Floating bacterial cells bind to salivary film receptors
and form microcolonies. Over time, bacteria aggregate
and multiply giving rise to a mature biofilm firmly
adhering to these surfaces. Thus, bacterial cells present
in the biofilm do not exist as independent entities, but as
a coordinated and metabolically integrated microbial
community. ™!

Caries is now known to have multiple aetiologies, but
Staphyloccus mutans (S. mutans) often makes a critical
contribution.™! The importance of this bacterium in the
aetiology and pathogenesis of dental caries is certainly
controversial, in part because too much attention has
been paid to the amount of this bacterium present in
biofilm and acid production, while the dental plaque
matrix has been neglected. S. mutans does not always
predominate in plague. Many other microorganisms are
equally acidogenic and aciduric.

Moreover, it is also recognized that S. mutans
glycosyltransferases (Gtfs) play a critical role in the
development of virulent dental plaque. Gtfs absorb
enamel by synthesizing glucans in situ, creating sites for
avid colonization by microorganisms and an insoluble
matrix for plaque. Gtfs also absorb surfaces from other
oral microorganisms, making them glucan producers. S.
mutans expresses three genetically distinct Gtfs, playing
a different but overlapping role in virulent plaque
formation. Gtf C is adsorbed by the enamel on the film,
while Gtf B avidly binds to bacteria, promoting tight cell
clustering and improving plaque cohesion. On the other
hand, Gtf D forms a soluble and easily metabolizable
polysaccharide and acts as an initiator of Gtf B action.!”

In addition, the polysaccharide structure of the matrix
changes over time as a result of the action of plaque
mutanases and dextranases. Gtfs in different locations
offer chemotherapeutic targets for caries prevention.
However, agents that inhibit Gtfs in solution often have
little or no effect on adsorbed enzymes. ™!

Gtfs synthesized glucan present on the tooth surface and
embedded in the film from sucrose can provide enhanced
binding sites for various oral microorganisms, especially
S. mutans. In turn, microorganisms that synthesize
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glucans, or adsorb Gtf and become glucan producers,
form highly stable and persistent microcolonies. In situ
produced exopolymers provide a coherent, adherent and
mechanically stable matrix and offer a continuous
diverse range of binding sites. The structure of glucan is
altered over time by the presence of mutanases and
dextranases. In addition, Gtfs can bind to glucan already
formed in dental plague. Glucan increases plaque volume
leading to a dense concentration of microorganisms at
the enclosed sites of tooth surfaces protected from enemy
influences.™

On the other hand, saliva, with its buffering capacity and
antimicrobial properties, can play a key role in
maintaining ecological balance. Saliva contains calcium
and phosphate ions, which are part of the mineral
structure of the teeth, and the concentration of these ions
is above the mineral solubility product. Therefore, in
addition to reducing tooth dissolution, saliva tends to
repair mineral losses that occur in the oral environment
(remineralizing property) whenever sugar is ingested
(demineralization process). This remineralizing capacity
of saliva is increased by the salivary flow and the effect
of the fluoride ion, since in the presence of this ion, in
addition to the tendency of formation of the
hydroxyapatite mineral, fluoroapatite will also be
formed, thus improving  the process  of
remineralization.™*!

The neutralizing and cleaning effect of saliva has been
associated with the immediate effect of remineralization
of enamel or dentin, relative to the critical pH for
dissolution. However, maintaining acidic pH in the
biofilm also selects aciduric and acidogenic bacteria such
as S. mutans and lactobacilli.*®!

During periods of hunger, salivary flow neutralizes acids,
contributing to pH recovery. The night rest period acts as
a natural phase of recovery and growth of oral microbial
communities, with saliva being the main source of
nutrients. The difference between composition stability
and daily functional variability suggests that the oral
ecosystem has powerful mechanisms for maintaining its
stability. Zaura et al. ™ observed specific differences in
microbiome and salivary metabolites between genders
that were associated with salivary pH and dietary protein
intake.

The buffering capacity of saliva is catalysed by the
carbonic anhydrase enzyme and results in the release of
water and carbon dioxide and consequent pH increase.!*®!
The critical pH is the pH value at which a solution is
saturated with respect to a mineral, such as tooth enamel.
Saliva and plaque fluid, for example, are usually
supersaturated in relation to enamel because the pH is
higher than the critical value, so teeth do not dissolve in
these fluids.™”
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2.2. General considerations and epidemiology of oral
cancer

Cancer is the name given to a group of more than 100
diseases that have in common the disordered growth of
cells, which invade tissues and organs. These cells
multiply quickly, uncontrolled and aggressive, giving
rise to neoplasms (tumors) that can spread to other
regions of the body.”® According to the International
Classification of Diseases (ICD-10), oral cancer consists
of a set of malignant neoplasms that affect anywhere in
the oral cavity, from the lips to the oropharynx.!

The term “oral cavity” generally refers to the lips, two
anterior thirds of the tongue, buccal and labial mucosa,
gums, hard palate, retromolar region and buccal floor.
The pharynx consists of nasopharynx, hypopharynx and
oropharynx with the term "oropharynx" referring
generally to the posterior third of the tongue, palatine
and lingual tonsils, soft palate and posterior pharyngeal
wall.??

More than 90% of cancers of the oral cavity and
oropharynx are oral squamous cell carcinomas (OSCC),
an extremely aggressive malignant neoplasm with a high
capacity for expansion, and mainly affects the tongue,
lips and oropharynx.*!

Global estimates made by the International Agency for
Research on Cancer of the World Health Organization
(IARC - WHO) indicated that 302,500 cases of cancer of
the oral cavity, including cases of oropharyngeal cancer,
were diagnosed in the year 2012. The rate of oral cancer
for that year was 2.7 cases per 100,000 inhabitants, with
the highest proportion (48.7%) detected in central-south
Asia, affecting mainly men.[!

For 2018, estimates of the incidence of new cancer cases
and cancer deaths for Europe indicate more than 3.9
million new cases, of which 53% occur in men and 47%
in women. Of these cases, 3.1% are cancer of the lip, oral
cavity and pharynx for both sexes, with an estimated
mortality rate of 2.8% for both sexes. For Portugal, in
2018, the standardized rates for age (SRAs) per 100,000
inhabitants, of incidence of cancer of the lip, oral cavity
and pharynx were 24.9% for men and 3.5% for
women.

3. THE ROLE OF DIET IN ORAL DISEASES

Diet plays an important role in the development of oral
diseases, including tooth decay, dental erosion,
developmental defects, oral mucosal disease and, to a
lesser extent, periodontal disease. Evidence suggests that
soft drinks, an important source of dietary acids in
developed countries, are a significant causal factor.
Compelling evidence from many studies shows that
sugars are the main dietary factor associated with tooth
decay.®

Despite the undisputed role of fluorine in caries
prevention, tooth decay has not eliminated, and many
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communities are not exposed to optimal amounts of
fluorine. Thus, control of sugar intake remains crucial for
caries prevention.*!

Although few studies suggest that some starchy foods
and fruits are cariogenic, this has not yet been confirmed
by epidemiological data showing that high intakes of
starchy foods, fruits and vegetables are associated with
low levels of tooth decay.*®

Epidemiological evidence shows that starchy staple
foods present a low risk to oral health. People who eat
high starch/low sugar diets usually have low levels of
caries. On the other hand, people who eat low starch/high
sugar diets have high levels of caries. Studies have
shown that raw starch is low cariogenesis and cooked
starch is about one third to half the cariogenic value of
sucrose. However, starch and sucrose mixtures are
potentially more cariogenic than just sugars.?

There is no clear evidence that, except for lactose (which
is less cariogenic), the cariogenesis of different sugars
varies. Several studies ?® found no significant difference
in caries development between those who consumed
sucrose and those who consumed fructose. Based on this
finding, the term “free sugars” is used to refer to all
monosaccharides and disaccharides added to foods in
addition to those naturally present in honey, fruit juices
and syrups."!

Limited evidence suggests that glucose polymers are
potentially ~ cariogenic. Isomaltose and glucose
oligosaccharides may be less acidogenic than sucrose,
but fructose oligosaccharides may be as acidogenic as
sucrose.®!

3.1. CARBOHYDRATES

3.1.1. Sucrose

Refined sugarcane or beet sucrose is the most common
food sugar. A wide range of other common foods, such
as most breakfast cereals, many dairy products and some
meat and fish products, also contain sucrose. This sugar
is also present in fruits. It is from sucrose that most oral
bacteria can synthesize soluble and insoluble EPS, which
increase plaque volume and facilitate the fixation of
bacteria, especially S. mutans. Unlike other sugars,
sucrose can directly serve as a glycosyl group donor in
EPS synthesis.!*%

All sugars in the diet diffuse rapidly into plaque, being
fermented in acids or stored as polysaccharides by
bacteria. Thus, sucrose favours colonization of oral
microorganisms and increases plaque viscosity, allowing
greater adhesion to teeth. This property, coupled with the
high specificity of the enzymes involved in EPS
synthesis, has led some researchers to consider sucrose
as having a unique role in caries. Therefore, sucrose can
be expected to be slightly more cariogenic than other
sugars.”

www.ejbps.com

European Journal of Biomedical and Pharmaceutical Sciences

There is evidence to show that tooth decay is lower when
the intake of free sugars is < 10%. Data analysis suggests
that there may be benefits in limiting sugar consumption
to < 5% to minimize the risk of tooth decay over a
lifetime. The risk of caries is higher if sugars are
consumed with high frequency and are kept in the mouth
for long periods.™!!

Glucan, formed from sucrose, allows firm bacterial
adhesion to the teeth and limits the diffusion of acid and
buffer solutions into plaque. There is an emerging
interest in the effects of glucan on dental development
and its role in the future risk of dental caries in
children.®®

Biochemical analysis showed that the EPS matrix of
biofilms formed in the presence of sucrose and starch
contained large amounts of highly branched insoluble
glucans (with branching points 3,4-, 3,6- and 3,4,6-) and
consequently with higher biomass than biofilms formed
in the presence of sucrose alone or in the presence of
sucrose and glucose.’  Modified polysaccharide
synthesis can be partially explained by the presence of
oligosaccharides resulting from starch digestion by the
adsorbed amylase in surface. High amounts of highly
branched insoluble glucans can increase the physical
integrity and stability of the biofilm, influencing
diffusion properties and providing greater protection
against enemy influences of antimicrobials and other
environmental aggressions. In addition, structural
differences between starch hydrolysate-produced glucan
and starch-free glucan may also provide distinct bacterial
binding sites.!!

3.1.2. Starch

Although the causal relationship between sucrose and
dental caries development is unquestionable, the
relationship between food starch and dental caries
remains under debate.

The current view of the aetiology of dental caries
suggests that in-depth evaluation of the starch-caries
relationship requires consideration of several critical
cariogenic determinants: (1) the intensity (the amount
and frequency) of dental surface exposure to sugars and
starches, (2) the bioavailability of starch, (3) the nature
of the microbial flora present in dental plaque, (4) the
ability to reduce the pH of dental plaque and (5) the
saliva flow rate. Animal studies on human plaque pH
response and enamel/dentin demineralization leave no
doubt that the processed starches present in the modern
human diet have significant cariogenic potential.*?
However, studies available with humans do not provide
unambiguous data on their actual cariogenicity. Although
food starches do not appear to be particularly caries-
inducing, they cannot be ruled out that they may
contribute significantly to caries activity in modern
human populations.
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The commonly used term "dietary starch content” is
misleading as it represents a wide variety of foods
manufactured and processed with varied composition
and potential cariogenicity. Therefore, a greater focus is
needed on the cariogenesis of starchy foods.

Other aspects of consumption of starchy foods that
deserve attention include the bioavailability of starch in
processed foods, its properties as co-cariogenics, the
frequency of consumption, the effect of hyposalivation
on their cariogenesis, and its impact on caries. The issue
of caries resulting from starch ingestion is a complex
problem and much remains uncertain, and further studies
are needed.F*?

3.2. Lipids

Biofilms exposed to sucrose followed by fatty acids
showed less demineralization than when exposed to
sucrose alone. Biomass, S. mutans colonies and insoluble
EPS production decreased in biofilms treated with oleic
and linoleic unsaturated fatty acids. No differences were
observed when stearic acid, a saturated fatty acid, was
used.B! Poly and monounsaturated fatty acids appear to
reduce enamel demineralization and cariogenesis of S.
mutans biofilms.**! A study by Huang et al.*
demonstrated that fatty acids and their esters exhibited
strong antimicrobial activity against oral
microorganisms, having shown some specificity for
certain microbial species.

When examining the antibacterial activity of various
saturated and unsaturated fatty acids against different
oral pathogens involved in dental caries, stomatitis,
gingivitis and periodontitis, it was observed that
saturated (palmitic acid and stearic acid) and unsaturated
o7 and ®9 had low antimicrobial activity against 12
pathogenic strains usually present in the oral cavity. On
the other hand, the polyunsaturated 3 and w6 showed
considerable antimicrobial activity.*

3.3. Proteins

Calcium binding to proteins is not unique to
macromolecules in teeth and bones. Extensive calcium
binding occurs with the milk protein casein, the yolk
protein fosvitine, and various other proteins, including
proteins from the bone matrix, dentin and enamel. These
proteins have much in common, especially the high
polarity regions created by acidic amino acid groups and
the presence of a significant percentage of
phosphorylated amino acids.

Glimcher et al.®®! studied embryonic and bovine enamel
proteins and found that both contained relatively high
amounts of organic phosphorus. Apparently, only
fosvitine contains significantly more phosphorus than
enamel proteins. As with other phosphoproteins, most
organic phosphorus appears to be present in the form of
serine phosphate. The isolation of a serine phosphate-
rich dentin phosphopeptide has been reported.”)

www.ejbps.com

European Journal of Biomedical and Pharmaceutical Sciences

An anti-cariogenic diet containing probiotics may be
effective in preventing tooth decay. An animal study
compared the effects of milk and yogurt on
Streptococcus sobrinus counts and the presence of
caries.®® This study observed that microbial counts
decreased in the yogurt group compared to the milk
group and the control group. Both milk and yogurt were
also found to significantly reduce the presence of caries
on cracked surfaces compared to the control.®

3.4. Food with protective effect

Commonly consumed beverages, such as milk, coffee
and tea, have a preventive action against caries. The
effect of milk is still controversial due to its effect on
caries development using bottle feeding, however its
caries protective action, resulting from its bioactive
components, cannot be refuted.

The preventive action of cheese on caries development
has been reported in several studies. Cow's milk contains
calcium, phosphorus and casein, which inhibits caries
and controls plaque pH. Recent epidemiological studies
have indicated a positive result or neutral effect of caries
milk consumption. Moreover, breastfeeding is associated
with low levels of tooth decay. Breast milk was
insignificant in the development of caries in early
childhood compared to the nightly bottle that can lead to
caries in early childhood. Foods that stimulate salivary
flow, including whole foods, peanuts, cheeses and
chewing gum also protect against caries.™*!

Coffee is a rich source of antioxidants with antibacterial
activity. It also inhibits the adhesion of S. mutans to the
tooth surface.*

The anti-cariogenic effects of tea are attributed to its
content in fluorine, tannins and polyphenolic
compounds. Oral tea solutions are being investigated
extensively. Since these drinks are part of the daily
routine of many people, they can be recommended as
caries to prevent caries, changing the pattern of
consumption of cariogenic sweets, carbonated drinks and
juices.l®”!

One study showed that apple polyphenols markedly
inhibited Gtf activity."™® However, these polyphenols
showed no significant effect on reducing growth of
cariogenic bacteria.l*®

4. FLUORINE EFFECT ON DENTAL HEALTH

Fluorine, particularly in toothpastes, is an important
preventive agent for tooth decay. The fluoride ion alters
the teeth 'resistance to acid attack and interacts with
plaque sugars. This ion affects tooth structure during
development and after eruption, reducing tooth decay by
inhibiting enamel dissolution. Fluoride has strong
affinity for apatite. Due to its small size and strong
electronegativity, the fluoride ion is incorporated into the
enamel structure and/or bonded to the crystal surface. By
converting apatite to fluorapatite, which is more stable
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than hydroxyapatite, fluoride reduces the rate of enamel
dissolution by replacing hydroxyl groups in
hydroxyapatite to form fluorapatite.!*”

However, excessive fluorine intake can lead to
intoxication and severe adverse effects in several systems
of the organism. Children, diabetics, kidney patients,
individuals with osteoporosis, pregnant or breast-feeding
women and individuals with deficiency in specific
micronutrients  (calcium, magnesium, iodine and
selenium) are the most susceptible to the adverse effects
of fluorine.!

Although the human body has the capacity of
metabolizing fluorine, in cases of ingestion of low but
constant doses (= 2umol/L), its metabolization does not
occur. In these circumstances, its effect is cumulative. In
this way, chronic toxic secondary effects start to
appear.[42'45]

4.1. Dental fluorosis

Dental fluorosis is one of the several chronic
manifestations of excessive ingestion of fluorine and is
related with exposure to high concentrations of fluorine
during the period of enamel formation (amelogenesis).®!
The consequence of this exposure is deficit in enamel
mineralization, with a severity proportional to the
ingested amount.”! Typical characteristic of fluorosis is
the development of a brownish pigmentation with white
spots and superficial hypomineralization of teeth, that
can worsen until enamel becomes extremely porous and
highly pigmented./®“?! This increase in enamel porosity
makes it fragile and susceptible to fractures and dental
sensitivity (with pain).®® Dental fluorosis is the first
alert of fluorine toxicity."®"

Children below 8 years of age are more susceptible to
fluorosis development since it is in this stage that enamel
maturation is completed, and eruption of permanent
dentition occurs.®***! From this age the susceptibility to
dental fluorosis decreases. However, recent studies alert
to dental fluorosis increase in adolescents.®*! Stages
with higher fluorine absorption are during low body
weight, skeletal growth and periods of bone remodelling.
The nutritional state, stature and changes in kidney
function and in calcium homeostasis are also relevant
factors. In this way, this disease affects mainly teeth with
late mineralization (permanent dentition) in children with
low body weight, with precarious nutritional state or with
chronic renal insufficiency.*’!

It is estimated that, in all continents, exists endemic
fluorosis affecting millions of people. As an example, in
China around 38 million of people can have dental
fluorosis.l*®

Diverse studies confirm association between dental

fluorosis and high fluorine levels in drinking water.®"¢"
Therefore, it is important to evaluate if supplementation
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of consumed water with fluorine should continue to be
done.

4.2. Interaction with enzymes

According with Domingos et al. although most
fluorine is incorporated in mineralized tissues, a low
concentration of fluorine can alter the metabolism and
enzymatic activity of soft tissues, functioning as a potent
inhibitor of several enzymes.

[61]

The effects of fluorine in human cell functions have been
a target of study, showing that it can interact with cell
processes dependent on enzymes and corresponding
genes modulated by fluorine, including processes related
with stress response, metabolic enzymes, cell cycle,
communication between cells and signal transduction.®
Several studies show that exposure to fluorine can be
related with the inhibition of activity of several enzymes
and with the formation of free radicals that,
consequently, interfere with the antioxidant defence
mechanisms in living systems.’ In one of these
studies’®, rats were injected with a unique dose of NaF
(15 mg/kg of weight) and were Killed in several time
periods till 24 hours after fluorine exposure. The goal
was to evaluate the effects of low doses of fluorine on
antioxidant enzymatic activity of enzymes like
superoxide dismutase (SOD) and catalase (Fig. 1), and
the levels of lipidic peroxidation in salivary glands
(parotid and submandibular) of rats.

) N SOD
20, +2H _— H0,+0,
catalase
2H0, —— 2H0+0,

Fig. 1: Reactions catalysed by superoxide dismutase
(SOD) and catalase.

Results showed that exposure to NaF did not induce
significative changes in the activities of SOD and
catalase, or in the levels of lipidic peroxidation in the
parotid gland when compared with the control group.
However, submandibular glands showed an increase in
SOD activity after 3 hours and decrease of that activity
after 1, 12 and 24 hours. Lipidic peroxidation suffered an
increase after 6, 12 and 24 hours of NaF exposure.
Concerning catalase activity, no significative change
occurred when compared with controls. These results
showed that NaF exposure triggered oxidative stress in
salivary glands few hours after NaF intake. These effects
were more pronounced in the submandibular gland than
in the parotid gland.®

4.3. Citotoxicity

The action of fluorine in cell metabolism varies with its
concentration, exposure period and type of cell.®®! In
teeth and bones, micromolar concentrations are
beneficial to cells by promoting cell proliferation and
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growth. However, millimolar concentrations supress cell
division and induce apoptosis. Studies have
demonstrated that exposure to high concentrations of

fluorine induce  apoptosis of ameloblasts®*®,
odontoblasts’® and osteoblasts.")
Toxic effects include induction of inflammatory

reactions, inhibition of protein synthesis and the
progression of cell cycle, oxidative stress and DNA
damage. NaF can induce apoptosis of cells of different
organs and tissues.!*&%!

5. ALCOHOL AS AN
CANCER

The International Agency for Research on Cancer
(IARC) identified alcohol (ethanol) as a human
carcinogen and considered it as an individual risk
factor.l?

INDUCER OF ORAL

Based on the sum total of research evidence on
mechanistic studies of alcohol carcinogenesis and
epidemiological evidence relating alcohol to an increased
risk of multiple forms of cancer, primarily oral cancer,
the American Institute for Cancer Research (AICR)
classified alcohol as a group 1 carcinogen because it
causes cancer in humans. The AICR concluded that there
is enough evidence in humans for the carcinogenicity not
only of alcohol consumption, but also for the
carcinogenicity of acetaldehyde associated with the
consumption of alcoholic beverages.!"

After smoking and the infectious agents responsible for
chronic infections, alcohol is the most important known
cause of cancer in humans. According to epidemiological
studies, which consider that alcohol consumption is
responsible for approximately 5.2% of deaths of men and
1.7% of women from cancer in the world. High cancer
risks are observed for all organs with direct contact with
non-metabolized alcohol, such as the oral cavity,
pharynx, larynx and esophagus.!™

Scientific evidence from recent years shows that the
consumption of alcoholic beverages increases the risk of
tumors of the oral cavity, both in quantity and in
duration. Some researchers reported that consuming 50 g
of alcohol daily increases the risk of these tumors two or
three times when compared to non-consumers of
alcoholic beverages.[" In another study, individuals who
consumed 30 g or more of alcohol per day were 6.39%
more likely to develop oral cavity cancer and were
3.52% more likely to develop oropharyngeal or
hypopharyngeal cancer than non-ethanol consumers.!®!

A study that associated oral and pharyngeal cancer with
alcohol consumption, showed that the risk of these
cancers increases in direct proportion to alcohol
consumption. The risk increases 1.7 times with the
consumption of 1 to 2 drinks per day, 2.3 times with the
consumption of 3 to 4 drinks per day, and 5.5 times when
the individual consumes 5 or more drinks per day.["!
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A systematic review by Mello et al.l”™ observed an
increased probability of occurrence of OSCC in
individuals who consume alcohol and in those who
consume fermented beverages such as wine, cider, spirits
and beer. The isolated consumption of beer and other
types of alcoholic beverages was not associated with
OScCC.

Alcohol has genotoxicity and mutagenic effects, causing
reduced saliva flow and affecting the liver's ability to
metabolize  toxic and potentially  carcinogenic
compounds. Its chronic use is associated with a
considerable impairment of innate and acquired
immunity, resulting in an increased susceptibility to
infections and neoplasms.l’®

Ethanol is eliminated from the body by its oxidation to
acetaldehyde by the enzyme alcohol dehydrogenase
(ADH). Ethanol alone is not mutagenic, but acetaldehyde
is carcinogenic and mutagenic, as it binds to
deoxyribonucleic acid (DNA) and proteins.l’”!

Most of the acetaldehyde resulting from the degradation
of alcohol is readily converted to acetate by the enzyme
aldehyde dehydrogenase (ALDH). However, a genetic
variant of ALDH that encodes a protein without
enzymatic activity has been identified, which potentiates
the mutagenic action and the harmful effects of alcohol.
The administration of ethanol or acetaldehyde to
drinking water led to an increased incidence of various
tumors in rats.®

A study carried out on ratsi™ examined the effect of
alcohol consumption on immune regulation and the
damage induced by dibenzo[a, I]pyrene (DBJa, I]P), an
environmental polycyclic aromatic hydrocarbon. The
levels of glutathione (GSH) found in the oral mucosa
after alcohol intake (6.6% v/v in the diet) for 24 days,
decreased by 28%, suggesting a possible reduction in the
detoxification of diol epoxides derived from DBJa, I]P in
oral tissues. In addition, analysis of the levels of DNA
adducts (a segment of DNA linked to a chemical
carcinogen) induced by DBJa, I]P in oral tissues revealed
that alcohol consumption increased (-)anti-trans-DB]Ja,
I]P adduct levels by 25%. These researchers also found
an increase in the expression of several genes (coding for
the interleukin 22-binding protein, lymphotoxin a and
arginase) associated with the negative regulation of the
immune response. This study allowed to conclude that
chronic alcohol consumption increases the genotoxicity
induced by DBJa, I]JP and promotes alterations in the
expression of genes that can suppress the defense
mechanisms of the immune system in the oral cavity.

According to this model, several genes are modulated by
the presence of alcohol. Changes in chemostatic signals
and arginase production lead to a reduction in the
recruitment activity of T and NK cells. Decreased
signaling of type | interferon or innate detection by toll-
like receptors may allow suppressive myeloid cells to
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produce interleukin 23 (IL-23) to amplify the response of
the innate lymphoid cell 3, leading to IL-17A and IL-22
induced inflammation of the epithelium. This state of
inflammation can be further amplified by the increased
production of a-lymphotoxin and the consequent
increased activation of the respective receptor that
positively regulates the production of IL-23. Alcohol
leads to the production of high levels of the soluble IL-
22ra2 receptor, perhaps by local or accumulated
dendritic cells, which can moderate tissue damage, as
well as obstruct tissue repair.™

In another study!, it was found that individuals who
abuse alcohol chronically and chronically are more likely
to develop various diseases, including cancer. Chronic
alcohol consumption leads to depletion of GSH levels
and inhibition of cell transsulfurization/transmethylation,
key pathogenic events involved in alcohol-related tissue
damage and carcinogenesis.

Some studies supported the hypothesis that chronic
exposure of tissues in the oral cavity to acetaldehyde can
lead to DNA damage. Balbo et al.’” quantified the
presence of NZ-ethylidenodesoxyguanosine (N-ethyl-
dG), the main product of the reaction of acetaldehyde
with DNA, in human oral exfoliating cells, at various
time points after consuming increasing doses of alcohol.
The superficial oral exfoliating cells represent the first
cell layer of lining of the oral cavity, so they are those
that are directly exposed to alcohol. During the study,
participants consumed one drink/week over 3 weeks. The
results demonstrated a 100-fold increase in N-ethyl-dG
levels compared to baseline values within four hours
after each dose. Despite the small number of participants,
the results were significant even after the first dose and
indicated a direct link between alcohol consumption and
DNA damage.

Acetaldehyde can react with tissue DNA to form adducts
that can serve as biomarkers of carcinogenic exposure
and potentially cancer risk. In order to clarify the
mechanism of alcohol-induced carcinogenesis, Balbo et
al. B investigated the use of N-ethyl-dG as a biomarker
of alcohol-induced DNA damage in oral and esophageal
tissues of Rhesus monkeys exposed to daily alcohol
consumption (2.3 + 0.8 g of ethanol/kg/day,
corresponding to approximately 9 drinks/day, with 1
drink equivalent to 15 g of alcohol) over 12 months. This
study observed higher levels of N*-ethyl-dG in the DNA
of the oral mucosa of the exposed animals compared to
the control animals. In the esophageal mucosa, the levels
of N*-ethyl-dG were not significantly different from the
control. These results reinforce the role of acetaldehyde
in inducing DNA damage in the oral mucosa exposed to
alcohol, playing a role in the carcinogenic process
induced by alcohol.

6. SYNERGISM BETWEEN ALCOHOL AND

TOBACCO IN ORAL CANCER
A fact to be considered in the etiology of oral cancer is
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the magnitude of the risk due to the interaction between
alcohol consumption and smoking, whose adverse effects
are not simply additive, but rather multiplicative,
reaching quite high risks in individuals with
simultaneous  high consumption of alcohol and
tobacco.*?

Scientific literature points out that alcohol enhances the
carcinogenic role of tobacco. Alcohol, particularly
ethanol, can act both as a risk factor locally and
systemically, increasing the permeability of the oral
mucosa, dissolving the lipid components of the
epithelium, generating epithelial atrophy, promoting the
penetration and solubilization of the carcinogenic
metabolites of tobacco and causing interference in DNA
synthesis and repair."®®% In one study®" it was stated
that the synergism between alcohol and tobacco
consumption increases 10 to 15 times the risk of
developing oral cancer.

A systematic review!”! evaluated the available evidence
on the association between the simultaneous
consumption of alcohol and tobacco and the occurrence
of OSCC. This study showed that the synergistic
consumption of alcohol and tobacco increased 2.44 to
23.7 times the probability of occurrence of OSCC when
compared to none or minimum consumption of alcohol
and tobacco. The simultaneous consumption of alcohol
and tobacco increased the probability of developing
OSCC from 4.21 to 24.28 times. When the individual
simultaneously consumes alcohol, smoked and non-
smoked tobacco, the probability of developing OSCC
varied from 4.8 to 16.34 times.

A study®! of 132 subjects diagnosed with OSCC and
320 control subjects without oral cancer, evaluated
different potential risk factors for OSCC and its
influence on the recurrence or occurrence of a new
second primary tumor (SPT) of OSCC. The study
showed that all individuals with OSCC consumed more
alcohol and tobacco than the control subjects. The
consumption of alcohol (> 350 g/week) and tobacco (11
to 20 cigarettes/day) were dose-dependent risk factors. In
addition, high alcohol consumption was associated with
a high relative rate of recurrence or occurrence of SPT.

It is speculated that alcohol acts as a solvent for
carcinogenic tobacco smoke, allowing better absorption
through the mucosa.”>”*" Very high-level alcoholics
who smoke more than 20 cigarettes a day are more likely
to develop some form of head and neck cancer than non-
smoking alcoholics.™ It is estimated that 75% of
oropharyngeal cancers can be prevented by eliminating
tobacco and reducing alcohol consumption. !

7. CONCLUSIONS

Dental caries stands out as a highly prevalent oral
condition that affects oral health in different age groups
and socioeconomic strata. Dental caries is a dynamic
process involving the interaction between susceptible
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dental surfaces, cariogenic bacteria such as S. mutans or
Lactobacillus and a source of fermentable carbohydrates.
Fermentable carbohydrates are primarily sucrose;
however, all carbohydrates are generally considered
cariogenic. Other factors such as salivary gland
hypofunction, lack of motivation to maintain oral
hygiene, socioeconomic and cultural differences,
parenting practices, genetics, among other factors, play
an important role in the development of dental diseases.
Frequent consumption of carbohydrates in the form of
simple sugars increases the risk of tooth decay.

There are also foods like some milk proteins (casein) and
fluorine that are protective, reducing the enamel
demineralization. Further studies on oral health
protective foods are needed, as well as more information
on their populations, aiming at a more balanced and
healthy diet.

This study also allows to conclude that alcohol
consumption is associated with the development of
several types of oral cancer, being a relevant risk factor
for this disease, with a synergistic effect when associated
with any form of smoking. Alcohol (ethanol) alone is not
associated with the development of cancer, but the
products of its metabolism, especially acetaldehyde, are
directly related to the occurrence of oral cancer,
producing toxic and mutagenic effects. The appearance
of oral cancer is related to the amount and duration of
alcohol consumption. As it is a modifiable risk factor,
since it results from behavior, prevention and education
measures on this relationship must be adopted by all
health professionals.
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