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ABSTRACT
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Objective: the aim of this study was to evaluate the influence of alcohol consumption on the increase of periapical bone destruction in rats. Material and Methods: the
sample included 12 Wistar male rats, randomly assigned into a control group and an alcohol group (n=6). Rats in the alcohol group were submitted to self-administration of a
25% pure alcoholic solution. The control group received only filtered water throughout the study. After 5 weeks of adaptation to the alcohol dose, all animals were
anesthetized and the pulps of their mandibular left first molar were exposed to the oral cavity to induce periapical lesion. Twenty-eight days after the pulp exposure, those rats
were euthanized due to overdose of anesthesia and their mandibles were removed and sectioned to obtain a micro-computed tomographic (micro-CT) scan. The rats’ left
hemimandibles were fixed and scanned on the SkyScan 1173 (Bruker, Konitch, Belgium) microtomograph. The size of the periradicular lesions was measured
from the images obtained on the micro-CT and the surface area and volume were calculated. It was also evaluated the weight gain rate and the ingestion of solid/liquid of
both groups. Data were analyzed by the Student’s t-test (p<0.05). Results: the control group showed higher rates of weight gain and ingested more solid and liquid than
the alcohol group (p<0.05). Periapical lesions found in the alcohol group had higher volume and surface area than the ones of the control group (p<0.05). Conclusion:
the chronic consumption of alcohol contributed to the increase of periapical bone destruction in cases of apical periodontitis.
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Introduction

lcohol is a widely consumed psychoactive substance

with properties that can cause addiction.' Its

harmful use has a great influence in the development
of health problems, such as mental and behavioral disorders,
liver cirrhosis, some cancer types and cardiovascular
diseases, as well as injuries resulting from violence and
traffic accidents.”? The World Health Organization (WHO)
estimates that the total alcohol per capita consumption
worldwide by people over 15 years of age has risen from 5.5
liters of pure alcohol in 2005 to 6.4 liters in 2010.’

Alcohol consumption is associated with harmful effects
on different organs of the human body. The effects on bone
tissue are dose-dependent and the long-term excessive
consumption can lead to a decrease in bone mass and bone
mineral density and also lead to a poor bone healing.* The
direct effects of alcohol on bone tissues are related to a
decrease in the activity and differentiation of osteoblasts,
apoptosis of osteocytes, and an increase in bone resorption
by osteoclasts.

Literature evidence supports the hypothesis that
periodontal disease can be exacerbated by chronic alcohol
consumption, resulting in an increased alveolar bone
loss.®”® As the process of bone resorption in periodontal
inflammation occurs similar to the mechanism of
development of apical periodontitis, it is believed that
excessive alcohol consumption can influence the increase of

the periapical lesion. However, there are few studies assessing
the influence of alcohol consumption on increased periapical
bone destruction.>'

Recent studies reported an increase in the inflammatory
response and osteoclastic activity and a decrease in bone
mineral density in periapical lesions of rats submitted to
alcohol consumption.>'*!"" However, to date little is known
about this bone loss using non-destructive and three-
dimensional imaging methods, such as, for example, the
microcomputed tomography. Therefore, the aim of this study
was to evaluate the effects of alcohol consumption on the size
of periapical lesions induced in rats, using microcomputed
tomographic images. The null hypothesis tested was that
there would be no difference in the size of the periapical
lesions between rats submitted or not to chronic alcohol
consumption.

Material and Methods

Ethical aspects

This study was conducted in accordance with the ethical
principles of animal experimentation of the Local College of
Animal Experimentation (COBEA), and the guidelines for
the practice of euthanasia of the National Council for Control
of Animal Experimentation (CONCEA). It was obtained
the approval of the Ethics Committee of Use and Care of
Experimental Animals (CEUA) of the Instituto de Biologia
Roberto Alcantara Gomes (IBRAG, UER]) (ID: 049/2018).
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Selection and preparation of the animals

Twelve male Wistar rats (Rattus norvegicus, Wistar) from
the bioterium of the Laboratory of Experimental Surgery
(LCE/UER]), weighing 250g to 350g each, were selected.
The animals were kept inside plastic boxes in a controlled
environment (temperature of 21°C- 25°C, 12-hour
light/ dark cycles), receiving balanced feed and ad libitum
water throughout the experiment. The rats had their

weight measured once a week during the study.

Alcohol consumption

Six rats were submitted to daily self-administration of an
alcoholic solution containing increasing concentrations of
absolute alcohol (Ethanol — Quimica Moderna, Sao Paulo,
SP, Brazil). The alcoholic solution was prepared with
the dilution of absolute ethylic alcohol (ethanol) in the
filtered water of consumption for the animals. The alcohol
dosages were gradually introduced through weekly
increases of 5% in the concentration of the solution until
it reaches a final concentration of 25%. The other six rats
received only filtered water, being the control group.

After five weeks, the animals were anesthetized with
intramuscular administration of 0.1ml of 10% ketamine
hydrochloride (Syntec, Cotia, SP, Brazil) associated with
0.05ml of 2% xylazine hydrochloride (Syntec) per 100g
of the animal’s body weight.

After anesthesia, the animals had the pulp of their lower
left first molar exposed using a carbide bur size % in the
mesial fossa of the teeth occlusal, in a depth equivalent to
the diameter of the bur to avoid furcation perforation, and a

file size 10 was introduced to verify the access cavity.

The pulps were exposed to the oral environment for 28
days, during which the alcohol administration schedule was
continued, as illustrated in the Figure 1.

Bone loss evaluation

Twenty-eight days after the pulp access, the rats were
euthanized by overdose of anesthesia, and had their mandibles
removed and stored in a 10% buffered formaldehyde solution.
To evaluate the size of the periapical lesions, the mandibles
were sectioned in half and the left hemimandibles were
scanned in the SkyScan 1173 microtomograph (Bruker,
Kontich, Belgium). The parameters for image acquisition
were as follows: 114 mA e 70Kv, 1120x1120 matrix, isotropic
resolution at 17 um. The images were reconstructed using
the NRecon software (v1.6.1.0; Bruker Micro-CT, Kontich,
Belgium) and the imaging process and analysis in axial view
were performed using the CTan software (v1.6.6.0, Bruker
Micro-CT) with a segmentation process of the images, in
order to visualize and differentiate the periapical lesion, the
root canals and the dentin. The region of interest (ROI) was
manually selected (personalized ROI), including the area of
the periapical lesion and periodontal ligament around all
roots of the left mandibular first molar, and non-including the
space of the root canals and periodontal ligament of adjacent
teeth. The size of the periapical lesions was measured, and the
surface area and volume of the lesions were calculated.

The CTvox software (v1.6.6.0, Bruker Micro-CT) was used
for tridimensional reconstruction of the models for better
visualization (Figure 2).
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Figure 1. Representative diagram of the experimental study design. N = number of animals per group.
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Figure 2. Representative images of the 3D visualization.

Statistical analysis

The collected data were analyzed by the Bioestat® software
(Instituto Mamiraua, Tefé, AM, Brazil) using the Student’s
t-test. The level of significance was set at 5%.

Results

Body weight gain and solid/liquid consumption

The animals of the control group had higher percentual
rates of body weight gain (p<0.05). The control group also
presented a higher percentual rate of both solid and liquid
consumption, compared with the alcohol group (p<0.05). The
mean values and standard deviation of the body weight and
solid/liquid consumption are shown in Table 1.

Table 1. Mean = SD of solid consumption, liquid consumption, and
weight gain.

Diary solid Diary liquid . .
Group | intake/ animal | intake/ animal Weight gain
(%)
(9) (mL)
Control 19.9 = 0.782 43.44 +3.92° | 35.16 = 6.14°
Alcohol 11.16 = 1.12° 30.77 = 3.04° 1.37 = 8.95°

Different superscript letters indicate significant statistical differences
(p<0.05).
Abbreviation: Standard Deviation (SD)

Micro-CT evaluation of the periapical lesions

All animals of both groups developed periapical lesion after
pulp exposure. It was observed that in the animals of the
alcohol group, the periapical lesion presented significantly
greater volume and surface area (p<0.05). The mean values
and standard deviation of the volume and area of the
periapical lesions are shown in Table 2. The Figure 3 shows
micro-CT images exhibiting the periapical lesions.

Table 2. Mean = SD of the area and volume of the periradicular lesions.

Group Area (mm?2) Volume (mm3)
Control 58.89 + 6.35° 4,22 + 0.532
Alcohol 76.77 = 8.74° 6.17 = 0.98°

Different superscript letters indicate significant statistical differences
(p<0.05). Abbreviation: Standard Deviation (SD)

CONTROL

ALCOHOL

Figure 3. Microtomographic images of the periapical lesions of the
control and alcohol groups. a) axial view; b) sagittal view; c) coronal
view.

Discussion

The present study was draft to evaluate the influence of
alcohol consumption on the increase of periapical bone
destruction in rats. The rats are used in several experiments
to mimic human conditions.”? Despite some differences and
limitations, the use of rats in experiments similar to this is
consider satisfactory and provides a greater understanding
of the harmful effects of excessive alcohol consumption.

The methodology applied in this study had as main
concern to maintain fidelity to the style of alcohol
consumption as occurs in humans. It was chosen the method
of self-administration of alcohol, since methods such as
intraperitoneal injections or gavage would cause excessive
stress to the animals in addition to not mimicking the human
consumption profile.”

Different concentrations of alcoholic solutions have been
used in several studies to simulate the alcoholic beverages
consumed by humans. Wagner et al. (2016)" used different
concentrations of alcohol, defining low concentration as 5%,
intermediate concentration as 13%, and high concentration
as 20%. Another study also used 20% of alcohol as chronic
consumption dose."! Vasconcelos et al. (2013)"° used a 5%
weekly increase in the concentration of alcohol dosage, until
reaching a final concentration of 25%. In the present study,
the same methodology was used for the alcohol consumption
by the animals. The gradual increase in the concentration was
performed to better adapt the animals to the alcohol, reducing
the effects caused by the beginning of the consumption.'®

The length of time of alcohol intake is widely variable in
the studies. Liberman et al. (2011)"” administered alcoholic
solution to the animals for 9 weeks. In other studies, the
alcohol was offered to the rats for 8 weeks.”'"'® In the present
study, the administration of the alcoholic solution was
gradually increased over 5 weeks and thereafter maintained
for 4 weeks, resulting in 9 weeks of consumption. It is believed
that this length of time of administration can be compared to
the chronic consumption of alcohol by humans, considering
the reduced life span of rats.”

After the five weeks of adaptation to the alcohol dosage, the
animals’ left first mandibular molar was accessed exposing
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the pulp to the oral cavity, allowing its infection and therefore,
the formation of the periapical lesion. The pulp cavity was
exposed for 28 days. This period has been used in several
other studies and is safe for the formation and evaluation of
periapical lesion.?**-22

The strength of the present study was the use of

microcomputed tomographic (micro-CT) images in the
evaluation of the periapical lesions. A greater amount of
information about the lesions total size can be obtained using
micro-CT, such as volume and surface area. Moreover, the
macro aspect of the lesion can be assessed through three-
dimensional reconstruction, allowing a better visualization
of the growth pattern of bone destruction at the site.* To
date, there is limited information in the literature about
a standard protocol for acquisition, reconstruction and
analysis of periapical lesions in rats using micro-CT.
This lack of standardization leads to inappropriate measures,
compromising its scientific impact.** The main factor to be
considered in the analysis of periapical lesions using micro-
CT is the selection of the region of interest (ROI) to be
evaluated. It is common the use of automatic or elliptical
selections in the studies,?>?*?” however, the use of non-
personalized ROIs results in the inclusion of areas that are
not part of the periapical lesion, such as the root canal space
and periodontal ligament of adjacent teeth.** In the present
study, the ROI was demarcated manually in a personalized
way, allowing measurements to be precisely acquired.

The results obtained in this study revealed that the group
that received alcohol had a reduced consumption of both
liquid and solids, and consequently had a less weight gain
than the control group (p<0.05). It is believed that due to
the high caloric content of alcohol, the rats that ingested the
alcoholic solution felt satisfied.”® As a result, the rats ingested
less feed and consequently stopped gaining weight throughout
the experiment, characterizing a process of malnutrition that
can interfere in the bone loss.*®

It was observed in the present study that the control group
developed periapical lesion, which was already expected
due to the pulp exposure. However, in the group of alcohol
consumption, there was a significant increase in bone
destruction (p<0.05). Therefore, the null hypothesis that there
would be no difference in the size of the periapical lesions

between groups was rejected. The values presented in Table 2
show the statistical difference in the volume and total surface
area of the lesions between the groups (p<0.05), showing
that alcohol consumption has a direct effect on increasing
osteoclastic activity in the site of the lesion.

In the current literature, there are several studies evaluating
the relationship between chronic alcohol consumption and
increased alveolar bone loss in periodontitis induced in rats.
Most of these studies observed that alcohol consumption
increases the alveolar bone resorption.”** However, there
are few studies evaluating this relationship in periapical
lesions. The results of the present study corroborate the
findings of Dal-Fabbro et al. (2019a)’, that assessed the
influence of chronic alcohol consumption on periapical
lesions using histological and immunohistochemical
methods, and observed an increase in periapical lesions
due to an exacerbation of the local inflammatory process,
with increased osteoclastic activity due to an imbalance
in the RANKL/OPG (Receptor activator of nuclear factor
kappa-B ligand/Osteoprotegerin) ratio.” In another study,
Dal-Fabbro et al. (2019b)"° observed that the consumption of
alcohol in lower concentrations (below 10%) did not interfere
in the development of periapical lesions, however, higher
concentrations (above 15%) directly affected the degree of
inflammation and increase in the periapical lesions.

Further studies with standardized methodologies are
necessary to assess and fully understand the complex
mechanism of exacerbation of periapical bone resorption,
the increase in inflammation response and the systemic
repercussions related to the chronic alcohol consumption.

Conclusion
Chronic alcohol consumption contributed to the increase
in periapical bone destruction, leading to an increase in the
volume and area of the periapical lesion. Further studies are
still necessary to understand the mechanisms involved in
the exacerbation of bone resorption by alcohol consumption.

Acknowledgements
This study was financed in part by the Coordenagao
de Aperfeicoamento de Pessoal de Nivel Superior - Brasil
(CAPES) - Finance Code 001.

References

1. Edwards G, Gross MM. Alcohol dependence: provisional description of a
clinical syndrome. Br Med J. 1976;1(6017):1058.

2. Pan American Health Organization: Regional Status Report on Alcohol and
Health in the Americas 2015 [Internet]. PAHO. 2015 [cited 2020 Jun 1]. Available
from:  https://www.paho.org/hq/dmdocuments/2015/Alcohol-Report-Health-
Americas-2015.pdf;

3. World Health Organization: Global status report on alcohol and health 2018
[Internet]. WHO. 2018 [cited 2020 Jun 1]. Available from: https://www.who.int/
substance_abuse/publications/global_alcohol_report/en/ ;

4. Chakkalakal DA, Novak JR, Fritz ED, Mollner TJ, McVicker DL, Garvin KL,

4 Rev. Bras. Odontol. 2020;77:€1859

et al. Inhibition of bone repair in a rat model for chronic and excessive alcohol
consumption. Alcohol. 2005;36(3):201-14.

5. Cheung R-Y, Gray C, Boyde A, Jones SJ. Effects of ethanol on bone cells in vitro
resulting in increased resorption. Bone. 1995;16(1):143-7.

6. Souza DM de, Ricardo LH, Prado M de A, Prado F de A, Rocha RF da. The
effect of alcohol consumption on periodontal bone support in experimental
periodontitis in rats. ] Appl Oral Sci. 2006;14(6):443-7.

7. Bastos MF, Gaag GLD, Romero JR, Gabrili JJM, Marques MR, Duarte PM.
Effects of Cachaga, a typical Brazilian alcoholic beverage, on alveolar bone loss
and density: A study in peripubertal rats. Arch Oral Biol. 2014;59(1):82-91.



The effect of alcohol consumption on the development of periapical lesion induced in rats: a micro-CT analysis

8. Amaral C da SF, Luiz RR, Ledao ATT. The relationship between alcohol
dependence and periodontal disease. ] Periodontol. 2008;79(6):993-8.

9. Dal-Fabbro R, Marques-de-Almeida M, Cosme-Silva L, Ervolino E, Cintra
LTA, Gomes-Filho JE. Chronic alcohol consumption increases inflammation
and osteoclastogenesis in apical periodontitis. Int Endod J. 2019a;52(3):329-36.
10. Dal-Fabbro R, Marques-de-Almeida M, Cosme-Silva L, Capalbo LC,
Ervolino E, Cintra LTA, et al. Effects of different alcohol concentrations on the
development of apical periodontitis in rats. Arch Oral Biol. 2019b;108:104538.
11. Dal-Fabbro R, Marques de Almeida M, Cosme-Silva L, Neto AHC, Salzedas
LMP, Cintra LTA, et al. Chronic alcohol consumption changes blood marker
profile and bone density in rats with apical periodontitis. ] Investig Clin Dent.
2019¢;10(3):€12418.

12. Tabakoff B, Hoffman PL. Animal models in alcohol research. Alcohol Res
Heal J Natl Inst Alcohol Abus Alcohol. 2000;24(2):77-84.

13. Brown EC, Perrien DS, Fletcher TW, Irby DJ, Aronson J, Gao GG, et al.
Skeletal toxicity associated with chronic ethanol exposure in a rat model using
total enteral nutrition. ] Pharmacol Exp Ther. 2002;301(3):1132-8.

14. Wagner MC, Rocha JM da, Gaio EJ, Cavagni ], Carrard VC, Rosing CK. Effect
of 15% Alcohol Dependence on Alveolar Bone Loss and TNF-a Secretion in
Wistar Rats. Braz Dent J. 2016;27(2):135-40.

15. Vasconcelos DFP, da Silva MAD, Marques MR, Gibilini C, Vasconcelos ACCG,
Barros SP. Effects of simultaneous nicotine and alcohol use in periodontitis
progression in rats: A histomorphometric study. ] Clin Exp Dent. 2013;5(2):€95.
16. Martinez FE, Garcia PJ, Padovani CR, Cagnon VHA, Martinez M.
Ultrastructural study of the ventral lobe of the prostate of rats submitted to
experimental chronic alcoholism. Prostate. 1993;22(4):317-24.

17. Liberman DN, Pilau RM, Gaio EJ, Orlandini LF, Résing CK. Low concentration
alcohol intake may inhibit spontaneous alveolar bone loss in Wistar rats. Arch
Oral Biol. 2011;56(2):109-13.

18. de Deco CP, da Silva Marchini AMP, Marchini L, da Rocha RF. Extended
periods of alcohol intake negatively affects osseointegration in rats. J Oral
Implantol. 2015;41(3):e44-9.

19. D’Souza El-Guindy NB, Kovacs EJ, De Witte P, Spies C, Littleton JM, De
Villiers WJS, et al. Laboratory models available to study alcohol-induced
organ damage and immune variations: choosing the appropriate model.
Alcohol Clin Exp Res. 2010;34(9):1489-511.

20. Leonardi DP, Giovanini AF, Almeida S, Schramm CA, Baratto-Filho F.
Alteragdes pulpares e periapicais. RSBO. 2011;8(4):47-61.

21. Aksoy U, Savtekin G, Sehirli AQ, Kermeoglu F, Kalender A, Ozkayalar H,
et al. Effects of alpha-lipoic acid therapy on experimentally induced apical
periodontitis: a biochemical, histopathological and micro-CT analysis. Int
Endod J. 2019;52(9):1317-26.

22.XuR, Guo D, Zhou X, Sun J, Zhou Y, Fan Y, et al. Disturbed bone remodelling
activity varies in different stages of experimental, gradually progressive apical
periodontitis in rats. Int ] Oral Sci. 2019;11(3):1-11.

23. dos Santos TMP. A transdisciplinalidade da microtomografia
computadorizada. [tese]. Rio de Janeiro: Universidade Federal do Rio de
Janeiro, Programa de graduagdo em Engenharia Nuclear, 2015.

24. Kalatzis-Sousa NG, Spin-Neto R, Wenzel A, Tanomaru-Filho M, Faria G.
Use of micro-computed tomography for the assessment of periapical lesions
in small rodents: a systematic review. Int Endod J. 2017;50(4):352-66.

25. de Oliveira KMH, Silva RAB da, Kiichler EC, Queiroz AM de, Nelson
Filho P, da Silva LAB. Correlation between histomorphometric and
micro-computed tomography analysis of periapical lesions in mice model.
Ultrastruct Pathol. 2015;39(3):187-91.

26. Yang S, Zhu L, Xiao L, Shen Y, Wang L, Peng B, et al. Imbalance of
interleukin-17+ T-cell and Foxp3+ regulatory T-cell dynamics in rat
periapical lesions. ] Endod. 2014;40(1):56-62.

27. Sun Z, Wang L, Peng B. Kinetics of glycogen synthase kinase (GSK) 3
and phosphorylated GSK 3B (Ser 9) expression in experimentally induced
periapical lesions. Int Endod J. 2014;47(12):1107-16.

28. Jensen LB, Quaade F, Serensen OH. Bone loss accompanying voluntary
weight loss in obese humans. ] Bone Miner Res. 1994;9(4):459-63.

Mini Curriculum and Author’s Contribution

1. Alexandre de Freitas Caetano Guimaraes — DDS. Contribution: Bibliographical research, experimental procedures, manuscript writing. ORCID: 0000-0001-7232-

9049

2. Karem Paula Pinto - DDS; MSc. Contribution: Bibliographical research, experimental procedures, image editing, statistical analysis, manuscript writing. ORCID:

0000-0001-5642-9541

3. Claudio Malizia Alves Ferreira - DDS; MSc. Contribution: Experimental procedures. ORCID: 0000-0002-4970-3757

4. Carolina Oliveira Lima - DDS; MSc. Contribution: Experimental procedures, image editing. ORCID: 0000-0003-2132-4373

5. Luciana Moura Sassone - DDS; PhD. Contribution: Manuscript review, work supervisor. ORCID:0000-0002-6181-7490

6. Emmanuel Jodao Nogueira Leal da Silva - DDS; PhD. Contribution: Manuscript review, statistical analysis, work supervisor and paper submission. ORCID: 0000-

0002-6445-8243

Submitted: 07/02/2020 / Accepted for publication: 07/09/2020
Corresponding author

Emmanuel Jodo Nogueira Leal Silva

E-mail: nogueiraemmanuel@hotmail.com

Rev. Bras. Odontol. 2020;77:¢1859 5





