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Abstract

The objective of this study was to verify the effects of ethanol consumption and alcohol detoxification on the biomechanics,
area and thickness of cortical and trabecular bone in rat femur. This was an experimental study in which 18 male Wistar
rats were used, with 40 days of age, weighing 179+2.5 g. The rats were divided into three groups (n=06): CT (control),
AC (chronic alcoholic), DT (detoxification). After experimental procedures, the animals were euthanized by an overdose
of the anesthetic and their femurs were collected for mechanical testing and histological processing. All animals did not
present malnutrition or dehydration during experimentation period. Morphometric analysis of cortical and trabecular
bones in rat femurs demonstrated that AC animals showed inferior dimensions and alcohol detoxification (DT) allowed
an enhancement in area and thickness of cortical and trabecular bone. Material and structural properties data of AC
group highlighted the harmful effects of ethanol on bone mechanical properties. The results of this study demonstrated
that chronic alcoholic rats (AC) presented major bone damage in all analyzed variables. Those findings suggested
that alcohol detoxification is highly suggested in pre-operative planning and this corroborates to the success of bone
surgery and bone tissue repair. Thanks to the financial support offered by PROBIC — UNIFENAS.
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Efeitos do consumo de etanol e da desintoxicacio alcéolica sobre a
biomecénica e morfologia 6ssea em fémur de ratos

Resumo

O objetivo deste estudo foi verificar os efeitos do consumo de etanol e da desintoxicagdo alcodlica sobre a biomecanica,
area e espessura do osso cortical e trabecular em fémur de ratos. Este foi um estudo experimental no qual foram
utilizados 18 ratos Wistar machos, com 40 dias de vida, pesando 179+2,5 g. Os ratos foram divididos em trés grupos
(n=06): CT (controle), AC (alcoolista cronico), e DT (desintoxicado). Apds os procedimentos experimentais os animais
foram eutanaziados por uma overdose de anestésico e os fémures coletados para os testes mecanicos e processamento
histologico. Todos os animais ndo apresentaram desnutri¢do ou desidratagdo durante o periodo de experimentagao.
As analises morfométrica do osso cortical e trabecular demonstraram que os animais do grupo AC apresentavam
dimensdes inferiores, enquanto nos animais do grupo DT observou-se um aumento na area ¢ espessura do 0sso cortical
e trabecular. Dados dos materiais e das propriedades estruturais dssea do grupo AC destacam os efeitos nocivos do
etanol sobre as propriedades mecéanicas do osso. Os resultados deste estudo demonstraram que os ratos do grupo AC
apresentaram danos significativos no osso em todas as variaveis analisadas. Esses resultados sugerem que a desintoxicagao
alcoolica ¢ recomendada no planejamento pré-operatorio e isso corrobora para o sucesso de cirurgias e reparagdo no
tecido dsseo. Agradecemos ao apoio financeiro oferecido pelo PROBIC — UNIFENAS.

Palavras-chave: etanol, ratos, 0sso, alcoolismo, desintoxicagao.
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1. Introduction

The main component of alcoholic beverages is ethanol,
the substance responsible for chemical addiction and for
a chronic, progressive disease, the alcoholism. Ethanol
acts as a toxic element to vital organs, performing harmful
effects on resistant tissues, as bones. Therefore, alcohol
consumption is prejudicial to bone tissue integrity and
hence, it can difficult bone repair after traumatic injuries
(Lima et al., 2011).

Alcoholism is a risk factor for bone fractures and
osteoporosis, whose pathogenesis remains uncertain
(Santori et al., 2008). Not only the ethanol damages
bone structure, but also factors such as vitamin D
deficiency and improper eating habits, characteristic of
alcoholics, become causes of aggression to bone tissue
(Gonzalez-Reimers et al., 2011). Experimental studies
demonstrated that the consumption of ethanol in different
concentrations (5 to 20%) caused morphological alterations in
trabecular bone, volume, repair and biomechanical alterations
in bone tissue (Lima et al., 2011; Horvath et al., 2010;
Soares et al., 2010). Preoperative guidelines involving
surgical bone procedures, as orthopedics or orthodontic
practice, discuss about the patient’s need to eliminate or
minimize alcoholic beverage consumption. This statement
seeks the reduction of organs exposure to ethanol, what
will help in bone tissue repair and aid to reduce the risk of
infections. The effects of alcohol detoxification on bone
tissue biomechanics and repair, however, has been poorly
investigated until the present date.

Considering the great number of alcoholics individuals,
the relationship between ethanol consumption and bone
fragility the aim of this study is to evaluate the effects of
ethanol consumption and alcohol detoxification on the
biomechanics, area and thickness of cortical and trabecular
bone in rat femurs.

2. Material and Methods

2.1. Animal protocol

After approval by the Committee of Ethics in Research
of Universidade Jos¢ do Rosario Vellano (UNIFENAS),
Protocol no. 19A/2007. The study subjects were 18 male
Wistar rats (Rattus norvegicus) at 40 days of age, weighing
17942,5 g, and kept with temperature control and 12-hour
control in the light/dark cycle. They were divided into three
random groups (n=6): Control Group (CT): The animals
received water ad libitum,; Chronic Alcoholic Group (AC):
These animals followed the model of chronic alcoholism
determined “semivoluntary” where ethyl alcohol (99.9%
- Merck®) was diluted with water, this being the only
liquid food available for the animals. The animals first
underwent a brief period of gradual adaptation to alcohol,
receiving a 0%, 5% and 10% ethyl alcohol based liquid
diet for two weeks, and in the third week 15% ethyl
alcohol, continuing with this diet until the fourteenth week,
following the protocol proposed by Cagnon et al. (1993)
and Horvath et al. (2010). Detoxification Group (DT):
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This group was submitted to the same protocol as the AL
group. However, upon completion of the fourth week of
15% ethanol ingestion, the animals started the period of
gradual alcohol re-adaptation, receiving a 10%, 5% and
a 0% ethyl alcohol based liquid diet for one week each,
and a liquid diet on a basis of water ad libitum until the
14" week, when they were considered detoxified (Table 1).

All animals received the same solid diet (Nuvilab®)
and in every 48 hours of the experimental procedures,
fresh water or new dilutions of ethanol were offered.
At these moments, the animals were weighted and the
consumption of solid and liquid diet were measured to
calculate average caloric ingestion. Both, solid and liquid
diet, were administrated ad libitum. The liquid diet was
offered through bottles. Upon completing 14 weeks of
experiment the animals were anesthetized then euthanized
with an overdose of anesthesia, administered intraperitoneally
(TP), using xylazine/ketamine (Francotar®, Virbaxyl® 2%)
in the concentration of 6 and 40 mg/Kg, respectively.

2.2. Femur morphometry

2.2.1. Anatomical measurements of the femur

After removal of all soft tissue from the femurs, the
following four measurements were obtained with a digital
caliper and magnifying glass according to Lammers et al.
(1998): 1) femur length (measured from the most proximal
point of the femoral head to the most distant end of the
femur); 2) width of the femoral diaphysis (measured at
the narrowest point of the mid-femur); 3) width of the
proximal femur (measured from the anterior point of the
femoral head to the tip of the greater trochanter); 4) width
of the distal femur (corresponding to the width of the
condyle in the anteroposterior direction perpendicular to
the length of the femur).

2.2.2. Epiphyseal trabecular bone

The distal epiphysis of the femur was used for this
analysis. Six histological sections were prepared for
each femur and two fields of each section were captured.
The specimens were fixed in 10% buffered formalin for
72 h and decalcified in a solution of formic acid, formalin
and sodium citrate for 35 days. Next, the specimens were
submitted to routine histological processing and embedded
in paraffin. Longitudinal sections (5 um) were obtained and
stained with hematoxylineosin. The histological sections

Table 1. Protocol experiment.

Group Protocol experiment
4 weeks 6 weeks 4 weeks
CT ‘Water ‘Water ‘Water
AC © Est helu(l)oin d Ethanol Ethanol
s~ 0 0,
15%)* (15%) (15%)
Ethanol Ethanol
DT (0,5 10and E(tlhsiﬁ‘)’l (10, 5 and
15%)* ’ 0%)**

*Period of adaptation. **Period of detoxication.
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were examined under a Nikon 80i photomicroscope using
a 20x objective. The images were captured with a Nikon
DS-Ril camera for the analysis of trabecular bone area,
area fraction and mean thickness using the NISElements
3.0 Advanced Research software (Nakagaki et al., 2011).

2.2.3. Diaphyseal cortical bone

The middle third of the femoral diaphysis was used
for this analysis. Cross-sections (5 um) were obtained
and stained with hematoxylin-eosin. Twelve histological
sections (1 section =1 field) were prepared for each bone.
The images were captured using a 4x objective and the cortical
bone area (cross-section area - medullary area) and mean
cortical thickness were calculated (Nakagaki etal., 2011).

2.3. Mechanical test

The animals’ right femurs were removed and stored
in a freezer (—20 °C) until the day prior to the mechanical
test (Nakagaki et al., 2011; Soares et al., 2012). For the
mechanical test, femurs (n=06 per group) were submitted
to three-point bending testing until complete fracture at a
velocity of 3 mm/min. An MTS TestStar II apparatus with
a load cell of 100 Kgf was used.

Each femur was tested in the anteroposterior plane
(concave-up position), with the anterior surface of the
bone facing upwards. The load and displacement data
were obtained directly from the MTS system and recorded
with a computer coupled to the testing machine. These
data were used for the acquisition and calculation of
the structural properties: maximum load, displacement
at maximum load, and extrinsic stiffness. The extrinsic
stiffness was calculated as the slope of the most linear
portion of the elastic region of the load-displacement curve
(Akhter et al., 2001; Huang et al., 2003). After testing of
the specimens in three-point bending, the failure sites of
all bone specimens were photographed, together with a
measurement standard, by a highresolution digital camera
at a standardized distance according to Huang et al. (2003).
The parameters of cross-sectional cortical bone area of
the diaphysis were measured on the images using the
NIS-Elements 3.0 software (Advanced Research, USA).
The crosssectional moment of inertia (CSMI) at the point
of failure was calculated by the method of Turner and Burr
(1993), (Equation 1).

I =%[ab3 ~(a=20)(b-2)'] (1)

Where [ is the CSMI, « is the width of the cross-sectional
area in the mediolateral direction, b is the width of the
cross-sectional area in the anteroposterior direction and ¢
is the average cortical thickness (Turner and Burr, 1993).
The material properties were obtained from the structural
properties (Akhter et al., 2001). The following material
properties were evaluated: maximum stress, strain at
maximum stress and elastic modulus. On the basis of the
load-displacement data, these parameters were calculated
using equation models (Equations 1, 2 and 3).
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Where o is the stress, L is the distance between the two
lower supports, ¢ is the maximum distance from pixels
to the line that crosses the center of the mass, € is the
strain, d is the displacement, and E is the elastic modulus
(Equation 4).

2.4. Statistical analysis

Final weight (g), daily fluid intake (ml), daily solid
intake (g), laboratory analysis, biomechanical analysis
of the femurs, the morphological and morphometric
comparison were statistically compared among the groups
by analysis of variance followed by the Tukey’s test, with
the level of significance set at 1 and 5%, respectively.
Means with different letters were significantly different
(5%) from each other.

3. Results

The liquid and solid consumption was satisfactory
among the groups, yet the animals from the AC and DT
groups ingested a smaller amount of the liquid diet than
the animals from the CT groups (Table 2). Solid diet
consumption was lower in the animals from the DT group
than in the animals from the CT and AC groups (Table 2).
During the experiment the animals gained weight, and there
were no significant differences among the experimental
groups (Table 2).

The analysis of the dimensions of femurs revealed
that animals of groups CT, AC and DT did not differ for
the femur length, width of the proximal femur, femoral
shaft width and breadth of the distal femur (Table 3).
Measurement of trabecular area and cortical thickness of
CT group presented superior values when compared to
AC and DT groups (Table 3; Figures 1 and 2). Trabecular
thickness of AC group were inferior than CT and DT
groups (Table 3; Figures 1 and 2). Trabecular thickness
of CT group is approximately 21% wider than trabecules
from AC group (Table 3; Figures 1 and 2).

Table 2. Comparison of weight gain (A); consumption of
liquid and solid diet in the control groups (CT), chronic
alcoholic (AC) and detoxification (DT) groups.

Variable CT AC DT
N 06 06 06
AP (g) 28942.1°  283+1.2% 281412
Solid intake (g) 4240.6*  42+0.5*°  40+1.5°
Fluid intake (ML)~ 59+1.3°  45:0.6°  47+0.6°

Two averages, followed by the same small letter are not
different to each other (P>0.05) Tukey’s test. Results are
reported as the mean + standard deviation.
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Table 3. Morphometric parameters obtained for animals of
groups CT, AC e DT.

Table 4. Structural and material properties of the femurs of
rats of groups CT, AC and DT.

Medida CT AC DT
FL (mm) 233+0.4°  23.5£0.3*  23.2+0.3°
PW (mm) 9.0£0.10°  8.8+0.10°  8.7+0.10°
WDia (mm)  6.4+0.2*  6.0+02*  6.2+0.1°
DW (mm) 7.840.16°  7.740.17*  7.7+0.16*
TA(mm?)  14.5£02*  10.6+0.1°  11.5+0.1°
TT (mm) 1.240.02¢  0.95+0.15°  1.1+0.02°
CA(mm?)  232+0.1*  17.3£0.15>  18+0.14°
CT (mm) 3.940.02¢  2.3+0.01°  2.4+0.01°

FL: femur length; PW: proximal femur width: WDia: femur
width at the diaphysis; DW: distal femur width; TA: trabecular
area; TT: trabecular thickness; CA: cortical area; CT: cortical
thickness. Results are reported as the mean + standard
deviation. Two means followed by the same superscript letter
did not differ from one another (p > 0.05, Tukey test).

Mt e

Figure 1. Photomicrographs of cross-sections of the femur showing trabecular bone in distal femoral epiphysis of groups

Mecham.cal CT AC DT
properties
Maximum load oo, 15 1024190 145+15¢
N)
Displacement ) jo\ 30 0422230 0.6£03°
(mm)
Stiffness 112.0£17.7° 35.19+8.3> 92.0457.56°
(N/mm)
Maximum

+ 2 =+ b =+ 2
iress (MPa)  20047.0° 1688210 257469
Elastic . " .
modulus (Mpay 503540 20.04870°  83+42
Strain (MPa)  0.1540.01° 0.28+0.07° 0.22+0.10°

Results are reported as the mean =+ standard deviation.
Two means followed by the same superscript letter did not
differ from one another (p > 0.05, Tukey test).

e ¢ - v s . = P
= . v ‘ . =
5 100um |~ &

CT (a), AC (b) and DT (c). Hematoxylin-eosin staining. (5x objective).

g

staining. (10x objective).

The result obtained from mechanic assay demonstrated
that the maximum load required to complete fracture of
femurs was smaller in AC group, followed by DT and
CT group, the more resistant (Table 4). Stiffness analysis
of femurs of groups CT and DT were comparable and
superiors from values of AC group (Table 4).

In the material property analysis, the data demonstrated
that maximum stress of femurs of CT and DT groups did not
present any significant differences. Ethanol consumption
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Figure 2. Photomicrographs of cross-sections of femoral diaphysis of groups CT (a), AC (b) and DT (c). Hematoxylin—eosin

led to modifications in maximum stress of AC group
(Table 4). Elastic modulus analysis and strain values of
AC and DT group were inferior than CT group (Table 4).

4. Discussion

During all experimentation period, rats of CT, AC and
DT groups had a gain of weight and also proper liquid and
food intake. The control of liquid and food intake and during

Braz. J. Biol., 2015, vol. 75, no. 4, pp. 983-988
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experimentation period was essential, because a low food
ingestion can lead to protein malnutrition and a small liquid
drinking is directly associated to dehydration, misleading
the experimental results (Holbrook and Connor, 1993).
Malnutrition associated with vitamin, mineral and essential
nutrients deficiency is frequent in alcoholic individuals
(Moreno and Cortés, 2008). In this way, morphologic and
biomechanic alterations observed in animals of AC and
DT groups were directly related to the harmful effects of
ethanol consumption, since rats did not present dehydration
or malnutrition, confirmed by weight gain.

Different methodologies, demonstrated with various
alcohol concentration and time of exposure were used to
evaluate the effects of ethanol in bone tissue. The protocol
used in the present study was satisfactory to cause bone
alterations, and this it did not cause overdose or death of
any animal. Previous studies about experimental alcoholism
used ethanol concentration ranging between 10 and 30%, in
time periods of four to twelve weeks (Horvath et al., 2010;
Soares et al., 2010; Camilli et al., 2004). In bone tissue, as
well as in other tissues, alcohol concentration is low, but
the modifications occur as the exposure time is prolonged
(Yttri et al., 2004).

Animal studies about the abusive use of alcohol
suggested that ethanol inhibits bone growth (Lewiecki, 2008).
Regarding bone growth, the present study did not detect
any differences in femurs dimensions of CT, AC and DT
groups.

Ethanol consumption makes individuals more likely
to suffer fractures, as a result of direct and indirect effects
on bone tissue, as well due to the lack of balance and
alterations in central nervous system, leading to a greater
tendency of falling or stumbling (Balzan et al., 2001).
Geometric characteristics of cortical and trabecular bones
as thickness and area are directly related to bone resistance
and fractures (Epstein, 2007). Reduction in area and
thickness of trabecular bone is observed in imaging of
patients with osteoporosis (Leite et al., 2008). Previous study
(Iwaniec et al., 2008) showed that the ethanol consumption
reduced trabecular bone, cortical bone formation and bone
density. Analysis of cortical thickness, cortical area and
trabecular area of AL group suggest that femurs of those
animals are more susceptible to fractures. The analysis of
the same variables of DT groups demonstrated that the
elimination of ethylic tendency results in an improvement
of bone metabolism, as this group presented morphometric
parameters of cortical and trabecular bones superior to
AC group. Chronic ethanol consumption induces a bone
mineral composition modification, making them more
fragile and prone to fractures (Soares et al., 2010). Alcohol
detoxification is efficient, because it enhances osteogenesis,
osteointegration, calcemia and bone mechanical resistance
(Horvath et al., 2010).

Mechanical assays frequently used for determining the
mechanical properties of cortical bone are traction assay,
compression, flexion in three or four points, twisting, pure
shear, fatigue and micro or nanoidentation (Kruzic and
Ritchie, 2008). In our study we decided to make a three point
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flexion test, evaluating the material and structural properties
of femurs. Ethanol modifies bone mineral composition,
as well the mechanical properties of bones, making it
more fragile and likely to fracture (Soares et al., 2010).
Mechanical testing of AC group femurs demonstrated
the harmful effect of ethanol consumption, because the
animals presented modifications in structural and material
properties of bones, making it more fragile.

Ruppel et al. (2008), suggest that a reduction of
mineral matrix can increase bone fragility, affecting
mainly the bone tissue mechanical properties. Calcium is
an important mineral bone component and its bone level
alteration is associated with a decrease in elastic modulus
(Burstein et al., 1975). Femurs of animals of AC group
presented alterations in elastic modulus, demonstrating
that ethanol consumption made the bone less elastic.
Animals of DT group showed elastic modulus similar to
CT group, suggesting that alcohol detoxification leads to
bone metabolic benefits.

Hernandez et al. (2001), observed that the low
mineralization rate is associated to low stiffness and
bone resistance. In the analysis of extrinsic stiffness,
the maximum stress and femur deformation were more
compromised in AC group. When the ethylic habit was
eliminated (DT group), those bone properties were similar
to the parameters found in (CT group).

The results of the present study demonstrated that
chronic alcoholic animals showed major bone compromises
in all analyzed variables. Also stopping the alcoholic intake
reversed some of those variables. The morphology and
biomechanics analysis of the femurs of detoxified animals
showed higher than values observed in the alcoholic
group, suggesting that the alcoholic habit disposal must
be shown in order to minimize the risk of bone fractures.
This study highlights a significant factor related to the
process of alcoholic detoxification in surgical situations
involving bone repair and its biomechanical structures
clinical planning.
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