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Abstract: The damage caused by chronic alcohol consumption is frequently reported, but the effects
caused by weekend recreational consumption, which is much more frequent than even daily con-
sumption, have not, to our knowledge, been reported. The metabolism of ethanol, once consumed,
starts from the mouth, and the biotransformation process follows different routes. In this study, the
effect of weekend alcohol consumption on the oral cavity was observed. Methods: Thirty male and
female rats were divided into six groups (n = 5), with control groups (male/female) and groups
administered with 5% and 40% ethanol solution ad libitum consumption 2 days a week for 3 months.
After treatment, the animals were sacrificed, an incisional slice of the cheek and back of the tongue
was obtained, and the tissues were processed according to the histological technique and routine
staining (hematoxylin-eosin, H&E). Samples were observed using light microscopy. Results: Histo-
logical changes were observed in samples of tongue and cheek mucosa including different levels
of keratinization of the surface layer. Epithelial dysplasia, acanthosis, and chronic inflammation
were also observed. The vascularization level also increased because of the ethanol-induced damage.
The results were very similar between female and male groups. Conclusion: Weekend alcohol
consumption for a period of 3 months causes oral-cavity tissue alterations that could contribute to
tumor growth and the development of cancer in the oral cavity.

Keywords: alcohol; weekend consumption; oral cavity; damage; histological changes; tongue;
cheek mucosa
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1. Introduction

Alcohol consumption damages health in many different ways and is one of the main
causes of disability [1]. Many people worldwide die due to acute or chronic alcohol
consumption. In recent decades, it has been proven that the ingestion of alcoholic beverages
has been increasing alarmingly and indiscriminately among young people and adolescents.
Alcohol consumption is high in the student population, with a pattern of sporadic and
intensive consumption outside the home [2,3]. Consequently, it is becoming one of the
most important sociomedical issues. The elevated tolerance and permissiveness concerning
its use may be the result of the current lifestyle, emotional stress, anxiety, low self-esteem,
feelings of depression, susceptibility to school pressure, and family problems [4,5].

Excessive alcohol consumption has a negative impact on health, damaging nearly
every organ in the human body. Approximately 60 different diseases and conditions are
related to alcohol consumption [1,6,7]. In 2016, the World Health Organization (W.H.O.)
estimated that 3 million deaths worldwide were attributable to alcohol consumption [1,8].
In addition, it is considered the seventh leading risk factor for death and disability world-
wide [1].

There is high and excessive alcohol consumption in the population of legal age, but
also in a large number of young people between 12 and 17 years of age, who reported
an increase from 4.3% to 8.3% in 2011 and 2016, respectively. Especially in women, the
numbers grew 3.5 times (2.2% in 2011 to 7.7% in 2016), with the greatest proportion in
adolescent women, which was very similar to the prevalence reported in men between 12
and 17 years of age (40.7% men, and 37.2% women). Alcohol consumption in the entire
population between 18 and 65 years of age increased from 13.9% to 22.1% [9]. According to
the data, beer is the most preferred drink in the population and doubles the consumption
of any other alcoholic drink. However, the consumption of canned alcoholic beverages,
which also have elevated levels of sugar, showed significant growth and they appear to be
becoming popular among youth [9].

Alcohol consumption might affect oral health, increasing the risk of developing cavi-
ties, periodontal diseases, and malignancies [10].

1.1. Oral Cavity

Once the beverage is drunk, alcohol makes its first contact with the oral cavity. At that
moment, the components of the drink are concentrated maximally for their subsequent
subjection to different biotransformation processes through the body’s enzymatic systems.

It has been reported that alcohol acts as an independent risk factor for oral can-
cer [11-13]. Some studies have shown the relationship between the dose and/or duration
of alcohol intake [12,14,15], but the mechanism of action remains unknown [11,16,17].
Moreover, there is evidence of increased epithelial proliferation and greater permeabil-
ity to tobacco carcinogens in the oral mucosa after exposure to alcohol. These findings
support the hypothesis that alcohol induces alterations in the oral mucosa, which could
be related to oral cancer because increased cell proliferation is one of the first stages of
carcinogenesis [15].

1.2. Alcohol Effects on Oral Cavity

In chronic drinkers, the salivary glands, especially the parotid glands, can swell [18,19];
this is associated with ethanol-induced peripheral neuropathy [20,21]. This situation
results in alterations in the metabolism and the excretion of saliva [21]. The decrease in
salivary secretion affects the buffering capacity because it reduces the secretion of the
epidermal growth factor, which protects the oral mucosa from lesions, promoting an acidic
environment that increases the risk of ulcerations in the mucosa. In addition, this context
tends to be paid less attention in oral hygiene, leading to an increased risk of dental caries
and periodontal disease.

Alcoholics generally have a high incidence of decayed teeth; in consequence, these
individuals undergo tooth extraction and experience tooth loss that is three times higher



Appl. Sci. 2022,12, 3464

30f13

than that of the average person [22]. Another study by Marc Niquille et al. in alcoholic
and non-alcoholic subjects revealed a positive association between alcoholism and dental
caries [23].

Prolonged alcohol consumption is associated with multiple systemic effects plus a
high probability of altering the host-mediated response and the consequences of such an
alteration [24]. It can cause periodontal disease for several reasons, including the following:
(1) Irritation to the gum tissue, (2) poor immune response to harmful chemicals, and
(3) dehydration caused by alcohol consumption induces the accumulation of bacteria and
biofilm; thus, they are not eliminated by saliva. These latter reasons result in more severe
conditions and the progression of periodontal diseases.

Moreover, the taste sensation may have also changed, most commonly rendering a
metallic taste. Consumers of alcohol undergo a series of indirect effects that are related to
the lack of adequate nutrition [25]. The most common of these include inflammation of the
tongue (glossitis), inflammation of the gingiva (gingivitis), and sometimes, inflammation
in the corner of the mouth (angular cheilitis) [26]. In the early stages of glossitis, the tongue
is painful but occasionally exhibits swollen fungiform papillae. Subsequently, a burning
sensation occurs, and the tongue exhibits an intense red color, followed by atrophy of the
filiform and fungiform papillae. Angular cheilitis develops painful cracks in the corners of
the mouth.

Many studies have demonstrated that ethanol also plays a key role in the progression
of cancerous lesions of the oral mucosa; however, the specific pathological process remains
unclear. Nonetheless, it has been attributed to the fact that ethanol can increase the perme-
ability of the oral mucosa, resulting in atrophy of the epithelial tissue [27]. Furthermore,
it can break down the lipid composition of the outer epithelial membrane of the mucosal
tissue, which increases the “susceptibility” of the oral mucosa to other carcinogens. These
also act on the secretion of the salivary glands in the oral cavity [16]. The dehydrating
effect of alcohol on cell walls increases the permeability of the mucosa to other toxins and
carcinogens [28].

Some other alterations include a change in mucosal morphology with a reduction in the
thickness of the epithelium. In addition, the metabolism of ethanol produces acetaldehyde,
which damages the DNA of oral epithelial cells and enhances the oncogenic expression of
oral keratinocytes [29]. On the other hand, nutritional deficiencies associated with excessive
alcohol consumption can decrease the body’s natural ability to utilize antioxidants for the
prevention of the formation of cancers [19]. Thus, in this study, we observed histologic
changes in the oral cavity from rats administered with alcohol at different concentrations
for a period of 12 weeks. We attempted to determine the effect of exposure to alcohol
in tissues of the oral cavity for only 2 days a week, considering that there is a more
frequent pattern of drinking on weekends among the population compared to a daily
alcohol-consumption pattern.

2. Materials and Methods
2.1. Experimental Design

A total of 30 eight-week-old rats of the Wistar strain (Rattus norvegicus), 15 males
and 15 females, 200 g body weight (bw), were employed in the study. The rodents were
maintained at room temperature with water and food ad libitum (LabDiet Formulab diet
A-8003-037). All procedures were approved by the Institutional Animal Care and Use
Committee of the Autonomous University of Hidalgo State, Mexico, with the approval
number CICUAL/F011/2021. In addition, all procedures were performed according to
the Official Mexican Guidelines for Laboratory Animal Use and Care (NOM-062-ZOO-
1999). The rats were divided into six experimental groups (1 = 5) according to the ethanol
treatment, which was as follows:
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(a) Control female rats to which only water and food ad libitum were administered
without ethanol.

(b) Female rats to which 40% ethanol with ad libitum consumption was administered to
the drink container, 2 days a week for 3 months.

(¢) Female rats to which 5% ethanol with ad libitum consumption was administered to
the drink container, 2 days a week for 3 months.

(d) Control male rats to which only water and food ad libitum were administered with-
out ethanol.

(e) Male rats to which 40% ethanol was administered with ad libitum consumption, 2 days
a week for 3 months.

(f) Male rats to which 5% ethanol was administered with ad libitum consumption, 2 days
a week for 3 months.

After 3 months of treatment 8 days after the last alcohol intake, the experimental
subjects were sacrificed by decapitation after being previously anesthetized with sodium
pentobarbital (40 mg/kg of bw).

2.2. Microscopic Analysis

An incisional slice from the cheek and back of the tongue was obtained (according
to the macroscopic changes, such as red, white, or both plates). To avoid modifications in
tissue structure, these were fixed in 10% formalin. Subsequently, the tissues were processed
according to the histological technique and routine staining (hematoxylin—eosin, H&E).
Biopsy specimens were coded and read blindly without knowledge of the other data by
independent observers at two different laboratories (AS-G and JB-R).

The samples were identified and read without knowledge of the data. Tongue and
cheek samples were observed using the Nikon eclipse 200 LED MV light microscope.
The analyzed tissues were evaluated according to the epithelium of the surface layer
(non-keratinized, parakeratinized, keratinized, or hyperorthokeratinized) and characteris-
tics of the epithelium (epithelial hyperplasia, acanthosis, chronic inflammatory infiltrate
(monouclear inflammatory cells with a predominance of lymphocytes), and vasculariza-
tion), all of these according to the following criteria: (0) no presence; (+) minimal presence;
(++) moderate presence, and (+++) high presence. The symbology indicated on the tables is
the result of the average of the samples observed when all the fields in each of the groups
are traversed. Each tissue was analyzed according to its characteristics. Evaluation of both
the tongue (back) and the cheek mucosa included the following: (1) Surface layer (paraker-
atinized, keratinized, orthokeratinized, and hyperorthokeratinized); (2) stratum granulosa;
(3) stratum spinosum; (4) stratum basalis; (5) epithelial hyperplasia; (6) acanthosis; (7) the
presence of mitosis in the different strata (both normal and aberrant); (8) hyperchromasia;
(9) connective tissue; (10) inflammatory infiltrate; and (11) vascularization.

3. Results
Histological Analysis

The histological changes in the mucosa of the cheeks corresponding to the surface
layer in the groups were reported in Table 1. It can be observed that the control group did
not present significant changes. The presence of keratinized epitheliums was high, and only
in the male 5% group was it moderate. The parakeratinized and hyperorthokeratinized
variants had minimal presence in the female 40% group, while in the other groups, they
were not present. The male and female control groups were observed with parakeratinized
epitheliums (Figure 1a,d) in contrast to the three remaining groups (Figure 1b,c,e,f), where
it was hyperorthokeratinized and hyperkeratinized (Figure 1b,c,e,f).
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Table 1. Type of surface layer in the cheek mucosa after the consumption of 3 months of weekend
alcohol consumption at 5% and 40% in both females and males.

Group Parakeratinized Keratinized Ortokeratinized Hyperorthokeratinized
Female control + 0 0 0
Female 40% + +++ 0 +
Female 5% 0 +++ +++ 0
Male control + 0 0 0
Male 40% 0 +++ + 0
Male 5% 0 ++ 0 +

(d)

Criteria: (0) no presence, (+) minimal presence, (++) moderate presence, (+++) high presence. The results are the
average of the observed samples (1 = 5).

(© R

Figure 1. Histological modifications of the cheek mucosa tissue with hematoxylin—eosin (H&E)
staining (40x). (a) Female control group, (b) female group 40% alcohol consumption, (c) female
group 5% alcohol consumption, (d) male control group, (e) male group 40% alcohol consumption, and
(f) group of males consuming 5% alcohol. PK, parakeratinized; K, keratinized; HO, hyperorthokera-
tinized; HK, hyperkeratinized; EH, epithelial hyperplasia; A, acanthosis; II, inflammatory infiltrate; V,
blood vessels.

Histological changes in the cheek mucosa are reported in Table 2. In all alcohol-
administered groups, we observed epithelial hyperplasia and acanthosis, with a high and
moderate presence (in that order) in the female 5% group for both epithelial hyperplasia
and acanthosis. It should be noted that the male 5% group demonstrated nearly the same
results in hyperplasia and acanthosis (high-to-moderate presence). On the other hand,
epithelial hyperplasia and acanthosis had variations, although they were present in the four
alcohol groups. The female 40% group presented moderate-to-high epithelial hyperplasia
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and acanthosis, the male 40% group was low to moderate, while the female and male 5%
groups were moderate to high. Regarding the inflammatory infiltrate, in the male 5% group,
this was absent, and it was minimal to none in the remaining groups. Vascularization was
constant in the four alcohol-administered groups, where it was moderate to minimal.

Table 2. Histological changes in the cheek mucosa in rats after weekend alcohol consumption for

3 months.
. . . . Chronic Inflammatory Infiltrate s
Group Epithelial Hyperplasia Acanthosis (Monocuclear Inflammatory Cells) Vascularization
female control 0 0 0 0
female 40% +/++/+++ ++/+++/+ 0/+ ++/+
female 5% +++/++ +++/++ +/++ ++/+
male control 0 0 0 0
male 40% ++/+ ++/+ +/0 +/++
male 5% +++ +++/++ 0 ++/+
Criteria: (0) no presence, (+) minimal presence, (++) moderate presence, (+++) high presence. The results are the
average of the observed samples (1 = 5).

Epithelial hyperplasia is observed from the basal strata and toward the superior strata,
and it is also manifested in the presence of acanthosis (Figure 1b,c,e,f). The inflammatory
infiltrate is minimal (Figure 1c) and null in the male 5% group (Figure 1f).

Histological changes of the tongue regarding the type of surface layer are presented in
Table 3. In all alcohol-administered groups, the presence of a keratinized epithelium was
observed, and it was high to moderate. In the female and male 40% groups, it was similar,
with a high presence; in the female and male 5% groups, it was high to moderate. On the
other hand, the female 40% and 5% groups presented moderate hyperorthokeratinized
epitheliums, compared to the male 40 and 5% groups, which did not.

Table 3. Type of surface layer on the tongue after 3 months of weekend alcohol at 5% and 40% in
both females and males.
Group Parakeratinized Keratinized Ortokeratinized Hyperortokeratinized
Female control 0 + 0 0
Female 40% 0 +++ + ++
Female 5% ++ ++ 0 ++
Male control + 0 0 0
Male 40% + +++ + 0
Male, 5% 0 +++ + 0

Criteria: (0) no presence, (+) minimal presence, (++) moderate presence, (+++) high presence. The results are the
average of the observed samples (1 = 5).

Histological changes in the tongue are reported in Table 4. In all alcohol-administered
groups, epithelial hyperplasia and acanthosis were observed. Vascularization was constant,
from moderate to minimal. It should be noted that the presence of epithelial hyperplasia
was identical in the female and male 40% groups (moderate, high, and minimal, in this
order), while the female and male 5% groups were similar with a high presence. Regarding
acanthosis, the female and male 5% groups had similar results, with a moderate presence
(Figure 2¢,f). The inflammatory infiltrate remained constant the in female 40% and 5%
groups along with the male 40% group, with a minimal and null presence, while in the
male 5% group, it was not observed (Figure 2b,c,e,f).
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Table 4. Histological changes in the tongue of rats after weekend alcohol consumption for 3 months.

Group Epithelial Hyperplasia Acanthosis (l\fl:(})‘;?)?lhcci:afllraﬁ: ?:;fnryatlgrf;}téaetﬁs) Vascularization
Female control 0 0 0 +
Female 40% ++/+++/+ ++/+++/+ +/0 4/ 4+
Female 5% +++ ++/+++ +/0 ++/+
Male control 0 0 0 +
Male 40% ++/+++/+ +/++ +/0 ++/+
Male 5% +++/++ ++ 0 ++/+++

Criteria: (0) no presence, (+) minimal presence, (++) moderate presence, (+++) high presence. The results are the
average of the observed samples (1 = 5).

Figure 2. Histological modifications of the lingual tissue with hematoxylin-eosin (H&E) staining
(40x). (a) Female control group, (b) female group 40% alcohol consumption, (c) female group
5% alcohol consumption, (d) male control group, (e) male group 40% alcohol consumption, and
(f) group of males consuming 5% alcohol. PK, parakeratinized; K, keratinized; HO, hyperorthokera-
tinized; HK, hyperkeratinized; EH, epithelial hyperplasia; A, acanthosis; II, inflammatory infiltrate; V,

blood vessels.

In the female control group, the lingual epithelium was keratinized, while in the
female 40% and 5% groups, it was hyperorthokeratinized and hyperkeratinized, exhibited
as thicker on the surface (Figure 2b,c). These changes are also distinguished in comparison
with the male control group (Figure 2d), where the lingual epithelium was parakeratinized,
while the male 40% and 5% groups presented greater thickness in the surface layer, where
it was hyperorthokeratinized and hyperkeratinized (Figure 2ef).
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4. Discussion

Alcohol consumption is currently increasing dramatically among the young popu-
lation, and the damage and consequences involved seriously affect numerous aspects of
an individual’s health and well-being. There is vast evidence on the effects that alcohol
consumption generates on different organs and tissues of the human body; however, many
of these studies are based on the evaluation of models that consider chronic daily alco-
hol consumption, and it is rarely considered that weekend consumption is much more
frequent among the young population. In this study, we evaluated the effect of weekend
alcohol consumption on oral tissue (tongue and cheek) for a period of 12 weeks in a female
and male rodent model. The results clearly show damage-causing histological changes
in tongue and cheek mucosae in nearly all indicators. Notable changes in the level of
keratinization on the surface layer of the cheek mucosa could be observed in all groups
that consumed alcohol twice a week. Previously, it was known that alcohol in contact with
the oral mucosa is capable of producing an alteration in its morphology, characterized
by epithelial atrophy [14,16,30,31], which implies an increase in susceptibility to other
chemical carcinogens. Several studies mentioned anomalies in oral tissues due to chronic
alcohol consumption, including epithelial atrophy attributable to a reduction in basal
cellular size [32]. Oral mucosal atrophy is associated with hyper-regeneration, which is
observed as an enlargement in the size of the basal-cell nuclei of the oral mucosa from
the floor of the mouth and the base of the tongue. In addition, there was an increased
size of the basal-cell layer and altered cell stratification; taken together, all of the latter
increase susceptibility to carcinogens [33,34], and similar results were described in the
glottic mucosal epithelium [35]. In terms of the effects of the concentration of the alcohol,
Miiller et al. reported that the direct toxic action of the alcohol in short-term experiments is
proportional to the degree of concentration of the alcohol (20%, 40%, and 96%) and that it
leads to local damage of the mucous membrane. Chronic exposure to alcohol (12 months)
induces leukoplakia-like epithelial dysplasia (keratosis, dyskeratosis), increased density of
the basal layer, and a small increase in the number of mitotic figures [36].

The mucosa tends to be affected by other chemicals, as mentioned previously, due to
an increase in their solubility in the presence of alcohol [16], as well as to an increase in
the permeability of the mucosa [27]. The reported increase of permeability is explained
by the dissolving effect of alcohol, which is capable of eliminating the membrane-lipid
content that surrounds the granules of the epithelium stratum spinosum [28]. However,
other authors, such as Howie [37], point out that the increase in permeability is due to a
rearrangement of the constituent elements of the cell membrane, as observed in samples of
lingual tissues from recent human cadavers, in which ethanol has the ability to promote the
penetration of high-molecular-weight molecules without producing any type of variation in
their lipid component. Rearrangement of the cell membrane in oral mucosa is also related
to the altered lipid-containing permeability barrier of stratified squamous epithelium
observed after 120 days of alcohol ingestion in rats [38]. Alcohol is able to alter structural
epithelial lipid molecules and destroy lipid composition, covering the acanthosis granules
and resulting in the susceptibility of epithelial cells, augmenting oral mucosal permeability.
Thus, soft tissues become an easy attack target for carcinogens.

Alcohol can destroy the lipid composition of the protective layer of oral mucosa
covering the acanthosis granules, and disrupt the normal order of epithelial lipid molecules,
resulting in a gap between epithelial cells and increasing oral mucosal permeability. In
other words, alcohol opens a pathway to deep soft tissues [39]. In this study, we could
observe that weekend alcohol consumption for 12 weeks induced remarkable changes, such
as epithelial hyperplasia, acanthosis, chronic inflammatory infiltrate, and vascularization.
The female group at 40% presented the most severe alteration in mucosa cheek and tongue,
while the other alcohol groups presented very similar results. In agreement with what
we found, Feng and Wang [39] analyzed, under light microscopy, oral-mucosa samples
from 60 female and male subjects who died of chronic alcoholism and alcoholic cirrhosis.
They reported that 10% of the tissue sections presented epithelial hyperplasia points with
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acanthosis and hyperkeratosis. Additionally, 90% of the sections had epithelial atrophy
points and several degrees of damage. At the same time, visible moderate infiltration
of lymphocytes—macrophages in the basal oral mucosa was identified. In deep mucosa,
muscle-fiber atrophy could be observed with the appearance of injury in the neurological
regulatory system. In individuals who died from cardiovascular disease with a history
of alcohol abuse, approximately 50% of the sections presented extensive necrotic points
in different parts of the oral mucosa, together with secondary infection. Approximately
15% comprised dense and necrotic tissue with microbial colonization and a small number
of neutrophils and macrophages, and 5% of the necrotic points were located in epithelial
tissue. These results suggest that prolonged alcohol consumption enhances carcinogenic
alterations in the oral mucosa. The study conducted by Srinivasamurthy et al. [40] revealed
that cytomorphometric analysis of the oral mucosa in individuals above 25 years of age
who consumed a minimum of 45 mL of alcohol per day for at least 10 years presented
alterations in buccal mucosal cells, manifested as an increase in the mean cytoplasmic area,
mean nuclear area, and cell-to-nuclear parameter ratio prior the onset of oral carcinoma.

Subsequently, the acetaldehyde will undergo second oxidation via aldehyde dehy-
drogenase (ALDH), which will transform it into acetate, preventing the toxic activity of
the first metabolite [41]. Acetaldehyde has a potent carcinogenic effect and is highly toxic
and mutagenic. The role of oral microflora in the oxidation of ethanol has been studied
by Homann [42,43], who demonstrated the production of considerable amounts of ac-
etaldehyde during social alcohol consumption. Tobacco and alcohol can disrupt the oral
microbiome. The oral-mucosa microbiome participates in the production of the genotoxic
metabolite acetaldehyde by means of oxidation of ethanol, which causes nucleic-acid dam-
age by forming DNA adducts in the epithelial cells of the mouth. The oral microbiome
can function as synergistic risk factors alongside primary risk factors, such as alcohol and
tobacco use. In this same line of research, an association has been found between the
low levels of oral hygiene present in alcoholic subjects and bacterial overgrowth, which
would have repercussions in a higher concentration of salivary acetaldehyde through this
pathway [42]. This would explain the increased risk of oral cancer in alcoholic patients
with poor oral health [30]. In the study by Homann [42], oral-mucosa biopsies were ana-
lyzed to identify changes caused by acetaldehyde, which was applied to a group of rats
during a period of 8 months, where epithelial hyperproliferation was noted, considering
this the first step in the genesis of cancer, prior to dysplastic changes. In parallel, the
higher acetaldehyde production in smoking and heavy-drinking individuals is associated
with Gram-positive aerobic bacteria and yeast in bacterial analysis, which could be one
of the reasons for the synergistic carcinogenic effect of alcohol and smoking on upper-
gastrointestinal-tract cancer [44]. Meanwhile, in addition to oral atypical changes, alcohol
and smoking cigarettes promote oral bacterial infection, essentially of cocci and Actino-
myces species, and the degree of alterations is related to the duration of drinking and
smoking [45]. For instance, population-attributable risks for oral-cavity cancer increased
up to 80.7% for tobacco and/or alcohol consumption in a French population [46].

Cell proliferation is a phenomenon that can be affected, it is a process of maintenance
of homeostasis since proliferation replaces desquamated cells. Between 6 and 12 months,
there is an increase in proliferation as a response to aggression or to eliminate the harmful
agent. Canard et al. [17] demonstrated the mitogenic effect of alcohol on the mucosa, similar
to findings reported by Homann [42]. In the study, the author shows that alcohol with
topical and intermittent application causes only an increase in cell desquamation, while
continuous alcohol intake is associated with an increase in cell proliferation. The research
group explains that intermediate cells are responsible for cell proliferation when there is an
over-demand for cell replacement.

On the other hand, Sanfelice et al. observed an increase in the thickness of the
epithelium (acanthosis) in the control group; this cannot be related to cell proliferation, but
rather results from the decrease in desquamation. Increased epithelium thickness may be a
physiological characteristic of the mouse species employed in the study. A decrease has
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been shown in epithelial thickness with age, and gender also exerts an impact on epithelium
thickness [47]. Reis et al. evaluated the buccal mucosa from the lateral border of the tongue
in 36 non-smoker alcoholics (ethanol group) and 18 non-smokers and non-drinkers (control
group). These authors found pyknosis, karyorrhexis, and karyolysis in increased numbers
of tongue and buccal mucosa cells observed as cytologic changes, likely as induction of
keratinization in an attempt to protect non-keratinized oral mucosa from damage caused
by ethanol exposure. These researchers suggest that chronic exposure to ethanol is related
to carcinogenic cytologic alteration in oral mucosa, essentially on the lateral border of
the tongue, and they found a relation of this to hepatobiliary injury [48]. Such results
are similar to those that our research group reported regarding liver damage caused by
weekend alcohol consumption. Our data demonstrated that the biochemical parameters of
ALT, AST, and bilirubin were significantly elevated, as well as fatty acids and inflammation,
which comprised liver histological alterations after 12 weeks of alcohol consumption. These
results provide solid evidence that weekend alcohol consumption can cause irreversible
liver damage [49].

It is noteworthy that it is highly possible that the alterations in oral-cavity tissues found
in this study are also related to an increase in oxidative stress (OS). The latter has been
associated with elevated oral peroxidase activity in alcohol-dependent persons, leading to
chronic OS and poor periodontal status [50].

5. Conclusions

In this study, we present solid evidence with respect to the damage induced by
weekend alcohol consumption at two different alcohol concentrations, which are the most
common drinks among alcohol consumers. It appears that alcohol affects both females and
males indistinctly. The relevance of this work lies in the fact that there is vast evidence of
damage due to the day-to-day consumption of alcohol; however, few reports regarding
weekend drinking are available. The weekend intake of alcoholic beverages is a very
frequent drinking pattern among the population, and it is not considered as risky as daily
consumption. This social pattern of drinking is regularly observed as natural in human
behavior as a form of coexistence and relationships among individuals, and alcohol very
often falls into abuse in consumption without taking into account the health risks that
this entails. We attempt to demonstrate that the weekend use of alcohol is a powerful
factor in developing alterations in oral tissue that could contribute to the development
of oral carcinoma. The limitations of the study were likely related to the duration of the
study since it is pertinent to carry out studies of more than 3 months to evaluate more
significant structural modifications that give rise to malignant cellular changes. In addition,
it would also be interesting to evaluate different doses and concentrations of alcohol in
future research, as well as to compare the effects of daily vs. weekend consumption. This
type of research should certainly be carried out in humans. This would likely help to better
understand the changes reported.

As a proposal for future lines of research, we consider the observation of the nucleolar
organizing region (AgNOR, the silver-staining nucleolar organizing region). Proteins
located in the nucleolus are identified as black dots with yellow nuclei and appear in cell
proliferation. On determining the expression of Ki67, the stimulus of cell proliferation is
acetaldehyde, which can derive from the liver, the oral mucosa, or through the action of
microorganisms in the oral cavity.
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