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Influence of alcohol consumption on
alveolar bone level associated with
ligature-induced periodontitis in rats

Abstract: Alcohol consumption is a risk indicator for periodontal dis-
ease. The purpose of this study was to morphometrically evaluate the
influence of alcohol consumption on alveolar bone level associated with
ligature-induced periodontitis in rats. Thirty-six female rats (Wistar, 120
days-old) were randomly divided into three groups that received a daily
administration of a water diet (control, n = 12), a 10% alcohol diet (10%
ethanol, n = 12) or a 20% alcohol diet (20% ethanol, n = 12). Four weeks
after the onset of the experiment, cotton ligatures were placed around
the cervix of the upper right second molar in six rats. The other 6 rats
in each group remained unligated. The rats were sacrificed four weeks
after ligature placement. The maxillary bones were removed and alveolar
bone loss was analyzed by measuring the distance between the cemen-
toenamel junction and the alveolar bone crest at 2 buccal and 2 palatal
sites on the upper right second molar. Analyses between the ligated and
unligated groups showed that the presence of ligature induced alveolar
bone loss (p < 0.05). Unligated groups showed no significant differences
between each other (p > 0.05). In the ligated groups, rats receiving 20%
ethanol showed significantly greater bone loss compared to control rats
or rats receiving 10% ethanol. These results demonstrate that alcohol
consumption may increase alveolar bone loss in female rats in a dose-
dependent manner.

Descriptors: Ethanol; Alcoholism; Alveolar bone loss; Periodontitis;
Rats.



Introduction

Periodontitis involves the destruction of the sup-
porting structures of the teeth including the peri-
odontal ligament, alveolar bone and gingival tis-
sues.! There are several factors that influence the
progression of periodontitis.>* Social and behavior-
al factors include cigarette smoking, socioeconomic
status, nutritional status, psychological factors and
excessive alcohol consumption.?

Studies that have evaluated the effects of alcohol-
ism on oral tissues suggest that they may be asso-
ciated to poor oral hygiene.** Evidence exists that
persistent alcohol abuse affects periodontal disease
severity.®” In a cross-sectional study involving 13,198
individuals, a moderate but consistent dose-depen-
dent relationship between alcohol consumption and
increased severity of periodontal disease was found.”
However, other studies on humans have shown no
relationship® or a limited relationship’ between peri-
odontal disease and alcohol consumption.

Rats have been used to investigate the influence
of potential risk indicators/factors and the effects of
treatment on periodontal disease.!®!! Previous stud-
ies have validated the use of morphometric analysis
to evaluate alveolar bone loss in ligature-induced
periodontitis in rats.'*

Alcohol consumption can affect the bone metab-
olism directly, since it causes the suppression of tis-
sue formation due to its toxic effect on osteoblastic
activity and proliferation.'®!*

Considering that more studies are necessary to
test the hypothesis that alcohol consumption can
increase periodontitis development, the aim of this
study was to morphometrically evaluate the effect
of alcohol consumption on alveolar bone loss in ex-
perimental periodontitis in rats.

Materials and Methods
Animals

Thirty six adult female Wistar rats (4 months-
old) weighing an average of 270 g were used in the
study. All the rats were housed under similar con-
ditions and received standard rat chow (Guabi Nu-
trilador, Mogiana Alimentos, Campinas, SP, Brazil)
and different solutions of ethanol (Ecibra, CETUS,
Santo Amaro, SP, Brazil), both ad libitum. The In-
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stitutional Animal Research Committee at the Uni-
versity of S3o José dos Campos (Sao Paulo, Brazil)
approved the protocol.

Experimental groups

The rats were randomly distributed into three
groups of twelve animals each. Control group: wa-
ter and rat chow; 10% ethanol group: rat chow and
a liquid diet containing a 10% ethanol solution; and
20% ethanol group: rat chow and a liquid diet con-
taining a 20% ethanol solution.

Experimental procedures

The rats from the 10% ethanol and 20% ethanol
groups were subjected to an adaptation period in
which the ethanol concentration was increased un-
til it reached experimental concentrations. A solu-
tion containing 5% ethanol was administered to the
10% ethanol group for 7 days and the 20% ethanol
group received 5% and 10% ethanol for 7 days each.
After this period, the rats received a diet containing
the experimental concentrations for 8 weeks.

After 4 weeks of alcohol consumption, general
anesthesia was induced by intramuscular adminis-
tration with a solution of 13 mg/kg of 2% xylazine
hydrochloride and 33 mg/kg of ketamine. In order
to induce alveolar bone loss, cotton ligatures were
placed around the cervix of the second maxillary
molar on the right side in six rats, leaving the other
six rats of each group unligated, serving as controls.

After 8 weeks of alcohol administration, the rats
were sacrificed, the ligatures were removed and the

maxillary bones were fixed in 10% neutral formalin
for 48 h.

Morphometric analysis

The right maxillae were defleshed and stained
with an aqueous methylene blue solution (1%) in or-
der to differentiate bone from teeth.

Alveolar bone loss was evaluated morphometri-
cally by measuring the distance between the cemen-
toenamel junction (CEJ) and alveolar bone crest
(ABC) at 2 buccal and 2 palatal sites on the upper
right second molar in each maxilla (Figure 1). Al-
veolar bone loss was measured (25 X magnification)
using the image analysis system Image Tool v.3.0
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Figure 1 - Photograph of alveolar bone loss evaluated
morphometrically by measuring the distance between the
cementoenamel junction (CEJ) and alveolar bone crest
(ABC) at 2 buccal (A) and 2 palatal (B) sites in each maxilla.
The lines indicate the four distances that were measured on
each tooth.

(UTHSCSA, San Antonio, TX, USA). All measure-
ments were made along the long axis of the roots
of the upper right second molar. The measurements
were taken on the 2 buccal and 2 palatal sites, and
the bone level was defined as the sum of these four
distances. The mean of these measurements was
used as the measurement of alveolar bone loss in
each group. All measurements were made blind to
the group assignment of the rats.

In order to obtain sufficient reproducibility of
the molar alignment on the image, the teeth should
not overlap each other interproximally, and the buc-
cal cusp tip of each molar should be superimposed
on the corresponding lingual cusp tip.

Reproducibility

One examiner performed double measurements
on all the specimens with a one-week interval. Pear-
son’s correlation coefficient was obtained between
the two sets of measurements and revealed a very
high correlation (0.98, p = 0.000). Paired ¢ test sta-
tistics was used and no differences were observed in
the mean values used for comparison (p = 0.8357).

Statistical analysis

During the experimental period the diet con-
sumed was evaluated as the mean and standard
deviation for each group and the results were ex-
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pressed descriptively. The independent sample #-
test (o0 = 0.05) was used for comparisons of weight
between baseline and final rat body weight in the
alcohol groups and control group. The relationship
between the consumption of alcohol and rat body
weight of the rats was evaluated and the results were
expressed descriptively.

For morphometric analysis, the data were ex-
pressed as mean and standard deviation (mm), and
the independent sample #-test (o0 = 0.05) was used
for comparisons of alveolar bone loss between ligat-
ed and unligated teeth in different rats. Intergroup
ANOVA (o = 0.05) and the Tukey test for subse-
quent multiple comparisons (o = 0.05) were used to
separately determine significant differences in alveo-
lar bone loss among the treatment groups for ligated
and unligated rats.

Results
Diet and weight analysis

The 10% ethanol group consumed an average
of 19.71 + 2.88 ml/day of alcohol solution (1.97 ml/
day of ethanol) and 12.70 £ 1.72 g/day of normal
rat chow. The 20% ethanol group consumed an
average of 18.38 +2.59 ml/day of alcohol solution
(3.68 ml/day of ethanol) and 11.53 +2.15 g/day of
normal rat chow.

The systemic effect of alcohol consumption ob-
served by analyzing rat body weight showed that the
control rats (baseline: 267.22 g and final: 281.94 g)
and 10% ethanol rats (baseline: 259.67 g and final:
279 g) gained weight (control: 14.72 g; 10% etha-
nol: 19.33 g). However, no statistically significant
difference was observed between baseline (275.33 g)
and final (274 g) weight in the rats receiving 20%
ethanol in a liquid diet (20% ethanol: -1.33 g).

The relationship between alcohol consumption
and rat body weight was evaluated during the study
period and showed a consumption of 5.80 g/kg/day
for the 10% ethanol group and 10.74 g/kg/day for
the 20% ethanol group.

Morphometric analysis

Morphometric analysis showed that the cotton
ligatures placed around the teeth induced a greater
alveolar bone loss (p < 0.05) in ligated teeth com-
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Graph 1 - Mean and standard deviation of alveolar bone
loss (mm) for unligated teeth according to each group. *Sta-
tistically significant (ANOVA and Tukey test; p < 0.05).

pared to unligated teeth. In unligated teeth, inter-
group analysis showed no significant differences
between alveolar bone loss values (p > 0.05) among
the groups (Graph 1). The image depicted in figure
2 is representative of the 20% ethanol group for the
buccal sites of unligated teeth.

When alveolar bone loss was induced, analysis
revealed statistically significant differences among
the 20% ethanol group and the other groups
(p < 0.05). The study observed significantly higher
alveolar bone destruction in the rats receiving 20%
ethanol (teeth: 3.11 £ 0.58; buccal sites: 1.63 + 0.26;
palatal sites: 1.48 + 0.34 mm) than in the rats receiv-
ing 10% ethanol (teeth: 2.38 + 0.26; buccal sites:
1.25 £ 0.10; palatal sites: 1.13 £ 0.12 mm) and than
in the rats receiving water (teeth: 2.27 £ 0.16; buc-
cal sites: 1.22 £+ 0.08; palatal sites: 1.06 £ 0.11 mm)
(Graph 2). Figure 3 illustrates the morphometric
bone loss in the 20% ethanol group for the buccal
sites of ligated teeth. Figures 4 and 5 are representa-
tive of the 10% ethanol group and control group for
the buccal sites of ligated teeth, respectively.

Discussion

Most studies**”!517 that reported an association
for the influence of alcohol on periodontal disease
showed that alcohol consumption has negative ef-
fects on periodontal tissues.

Some studies that have evaluated the effects of
alcoholism on oral tissues associate developing peri-
odontal problems with poor oral hygiene.** How-
ever, evidence exists that persistent alcohol abuse af-
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Graph 2 - Mean and standard deviation of bone loss (mm)
around ligated teeth, buccal and palatal sites. *Statistically
significant (ANOVA and Tukey test; p < 0.05).

fects the severity of periodontal disease, when blood
levels of gamma-glutamyl transpeptidase (GGTP), a
liver enzyme indicator of alcohol consumption, were
determined.®

The effects of alcohol on periodontal disease ex-
ist and this relation has been explained by biological
plausibility through different mechanisms. Chronic
alcoholic patients show increased risk for develop-
ing severe infection, which appears to be due to an
altered immune response.'®" Alcohol has a toxic
effect on the liver causing a negative effect on the
clotting mechanism.!"® People who are classified as
heavy alcohol drinkers frequently present nutri-
tional disorders resulting from protein and vitamin
deficiency.??' Additionally, ethanol alters the bone
metabolism, as demonstrated by dramatic effects on
bone in rats.?>?* As a consequence of the toxic ef-
fects on the liver, bone, immune system and nutri-
tion, alcohol may interfere in the inflammatory re-
sponse mechanism in periodontal disease.

A population study'® that used a self-reported
questionnaire regarding alcohol consumption ob-
served a significant relationship between alcohol,
gingival inflammation and clinical attachment loss,
after controlling for major confounding variables.
The study evaluated alveolar bone loss in individu-
als using an operative program on digitalized radio-
graphic images and observed that alcohol was not
significantly related to alveolar bone loss. However,
using morphometric methods in rats, the present
study observed an association between alcohol con-
sumption and periodontal bone loss. The morpho-

Braz Oral Res 2009;23(3):326-32 | 329



B Influence of alcobhol consumption on alveolar bone level associated with ligature-induced periodontitis in rats

[ - r 23 .. =

Figure 2 - Photograph representative of the 20% ethanol
group, buccal site of an unligated tooth.

Figure 3 - Photograph illustrating the morphometrically ob-
served bone loss in the 20% ethanol group, buccal site of a
ligated tooth.

Figure 4 - Photograph illustrating the morphometrically ob-
served bone loss in the 10% ethanol group, buccal site of a
ligated tooth.

metric method is reproducible, has the ability to dis-
criminate between experimental groups®*+?* and the
measurements obtained with it are not significantly
different from the histological measurements of al-
veolar bone level in ligatured rats.?

A recent study observed that, in male rats, peri-
odontitis induction led to greater periodontal bone
destruction when associated with alcohol intake at
concentrations of 10%, 20% and 30%.2” Compared
to the present study, these results suggest that the
effects of alcohol consumption in male rats may be
observed in lower concentration of ethanol than in
female rats.

Some studies only examined the effects of alco-
holism on oral tissues,*¢ without evaluating the in-
fluence of different levels of alcohol intake that was

330 | Braz Oral Res 2009;23(3):326-32

Figure 5 - Photograph illustrating the morphometrically
observed bone loss in the control group, buccal site of a
ligated tooth.

not associated with a diagnosis of alcoholism. How-
ever, the literature contains an important study that
found a moderate but consistent dose-dependent re-
lation between alcohol consumption and increased
severity of clinical attachment loss in periodontal
disease.” In the present study, similar findings were
observed associating a dose-dependent effect of al-
cohol on alveolar bone loss in experimental peri-
odontitis in rats.

A study using cross-section data from a group
of older Thai adults found no significant effects of
alcohol consumption on periodontal disease sever-
ity.® Nevertheless, drinkers were defined as indi-
viduals who consumed any type of alcoholic bever-
age and at least 12 drinks in a 1-year period. In this
study, the frequency and volume of consumption



were lower than in studies that found a significant
interaction between alcohol consumption per week
and periodontal disease.”'® This issue of differences
of exposures to a determined risk factor was con-
sidered by Tezal et al.” (2004) when evaluating the
mean clinical attachment loss in drinkers who con-
sumed different quantities, using 5, 10, 15 and 20
drinks/week as cutoff points.

In another study,” Shimazaki et al. (2005) ob-
served that the effect of drinking on periodontal
condition was limited to individuals presenting
deep periodontal pockets in more than one-third of
their teeth. The study did not find a significant rela-
tion between drinking and clinical attachment loss,
which may be due to the small sample size and more
specifically to the low number of drinkers. We sug-
gest that further investigation with a larger sample
size of drinkers may well provide more relevant in-
formation.

The reduction in human body weight during
chronic alcohol consumption is associated with
the fact that part of the daily diet calorie intake is
provided by the alcoholic beverage.?’ However, this
impact on weight is infrequently observed in rats.??
The relationship between alcohol consumption and
body weight was evaluated in the present study and
revealed a consumption of 5.80 g/kg/day (10% etha-
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