Drug and Alcohol Dependence 197 (2019) 315-325

Contents lists available at ScienceDirect

Drug and Alcohol Dependence

journal homepage: www.elsevier.com/locate/drugalcdep

Full length article

Check for
updates

Influence of experimental alcoholism on the repair process of bone defects
filled with beta-tricalcium phosphate

Karina Torres Pomini®, Tania Mary Cestari®, fris Jasmin Santos Germanb,

Marcelie Priscila de Oliveira Rosso®, Jéssica Barbosa de Oliveira Gongalves®,

Daniela Vieira Buchaim™““, Mizael Pereira®, Jesus Carlos Andreo”, Geraldo Marco Rosa Jinior’,
Bruna Botteon Della Coletta”, Jodo Vitor Tadashi Cosin Shindo®, Rogério Leone Buchaim™“"

2 Department of Biological Sciences (Anatonty), Bauru School of Dentistry, University of Sdo Paulo (USP), Bauru, Brazil
Y Universidad Iberoamericana (UNIBE), Santo Domingo, Dominican Republic

¢ Medical School, University of Marilia (UNIMAR), Marilia, Brazil

9 Medical School, University Center of Adamantina (UNIFAI), Adamantina, Brazil

€ University of the Sacred Heart (USC), Bauru, Brazil

f University of the Ninth of July (UNINOVE), Bauru, Brazil

ARTICLE INFO ABSTRACT

This study evaluated the effect of ethanol on the repair in calvaria treated with beta-tricalcium phosphate (-
TCP). Forty rats were distributed into 2 groups: Water group (CG, n = 20) and Alcohol Group (AG, n = 20),
which received 25% ethanol ad libitum after an adaptation period of 3 weeks. After 90 days of liquid diet, the
rats were submitted to a 5.0 mm bilateral craniotomy in the parietal bones; the left parietal was filled with (3-TCP
(CG-TCP and AG-TCP) and the contralateral only with blood clot (CG-Clot and AG-Clot). The animals were killed
after 10, 20, 40 and 60 days. The groups CG-Clot and AG-Clot showed similar pattern of bone formation with a
gradual and significant increase in the amount of bone in CG-Clot (22.17 * 3.18 and 34.81 * 5.49) in relation
to AG-Clot (9.35 + 5.98 and 21.65 * 6.70) in periods of 20-40 days, respectively. However, in the other
periods there was no statistically significant difference. Alcohol ingestion had a negative influence on bone
formation, even with the use of 3-TCP, exhibiting slow resorption and replacement by fibrous tissue, with 16% of
bone formation within 60 days in AG-TCP, exhibiting immature bone tissue with predominance of disorganized
collagen fibers. Defects in CG-TCP showed bone tissue with predominance of lamellar arrangement filling 39% of
the original defect. It can be concluded that chronic ethanol consumption impairs the ability to repair bone
defects, even with the use of a 3-TCP biomaterial.
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1. Introduction

Alcohol is responsible for the deaths of 3.3 million people world-
wide each year, 5.1% of which are related to the most varied diseases
(Verhaeghe et al., 2017). Alcohol acts as a toxic element to vital organs,
acting harmfully on tissue integrity even in resistant tissues as bones.
These pathological effects trigger complications in the biological pro-
cess of bone repair, and may cause delayed consolidation, pseudoar-
throses and even non-union (Marsell and Einhorn, 2010).

The mechanisms of action of alcohol in bone are not fully eluci-
dated, but studies report a decoupling between bone formation and
resorption by indirect effects that interfere with bone homeostasis, such
as decrease in testosterone, insulin-like growth factor 1(IGF-1), calci-
tonin, increased parathyroid hormone (PTH), interleukin-6 (IL-6), on-
costatin M, cortisol and calcium excretion (Maurel et al., 2012).

Conversely, excessive and chronic alcohol consumption has direct
effects on the activity of bone cells and their metabolites, including the
increased synthesis of sclerostin by osteocytes, modulation of canonical
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Fig. 1. Distribution of the animals into the Groups. A) Forty rats were divided into two groups: Non-alcoholic or control group (CG, n = 20) and Alcoholic group
(AG, n = 20). B) After surgical procedures, four subgroups were preformatted according to treatment: CG-Clot (Control Group that received only water with liquid
diet and the defect was filled with blood Clot), CG-TCP (Control Group that received only water with liquid diet and the defect was filled with 3-TCP), AG-Clot
(Alcoholic Group that received only ethanol solution 25% v/v with liquid diet and the defect was filled with blood clot), and AG-TCP (Alcoholic Group that received
only ethanol solution 25% v/v with liquid diet and the defect was filled with 3-TCP). C) Euthanasia period 10, 20, 40 and 60 days.

Wnt signaling pathway that is responsible for osteoblastic differentia-
tion and maturation, increased concentration of TNF-a and IL-B that
stimulate RANKL-RANK binding causing osteoclastic activation and
osteoclastogenesis, and decreased synthesis of BMP, Wnt and OPG
proteins by the osteoblasts responsible for bone formation (Chen et al.,
2011; Garcia-Valdecasas-Campelo et al., 2006; Jung, 2011 Maurel
et al., 2012).

The bone tissue presents great sensitivity and high regenerative
capacity; in many situations, it is able to perfectly restore its archi-
tectural bone structure and mechanical properties. However, this ability
may not manifest or may fail in large bone defects and also under the
influence of ethanol. In these cases, the bone tissue does not exhibit this
spontaneous capacity, requiring reconstructive operative procedures
including bone grafting as the main treatment technique (Caria et al.,
2007; Hwang and Wang, 2007).

The autogenous bone grafts are still the “gold standard” in terms of
bone regeneration because of their predictable outcomes based on os-
teoinduction, osteoconduction and osteogenic properties. However,
there are limitations of autografts which include restricted donor sites
and possible harvesting morbidity (Jensen et al., 2016; Nkenke and
Neukam, 2014; Sakkas et al., 2017). Given these limitations, there is a
great search for biomaterials as bone substitutes and reconstructive
techniques to mimic the characteristics and clinical results of the au-
togenous bone (Delgado-Ruiz et al., 2015; Pilipchuk et al., 2015).

Among the various synthetic biomaterials, the granular bioceramics
beta-tricalcium phosphate (3-TCP) is frequently used in orthopedic and
dental surgeries for reconstruction of bone defects. It has good bio-
compatibility due to the similar mineral composition as human bone; it
is resorbable, bioinert and presents high osteoconductive capacity, fa-
voring the process of recognition and signaling of migratory cells ori-
ginated by proliferation of the defect margin (Bellucci et al., 2016; Yang
et al., 2014).

Despite the growing interest in the development of biomaterials that
have adequate biological and physicochemical properties (Buchaim
et al., 2007) and the increased rate of alcoholism worldwide, few stu-
dies have investigated the effects of alcohol abuse on the osseointe-
gration of bone substitutes. Thus, this study evaluated the influence of
chronic ethanol intake on the repair process of cranial bone defects
filled with beta-tricalcium phosphate biomaterial.
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2. Materials and methods
2.1. Bone graft substitutes

The Beta-Tricalcium Phosphate (3-TCP) (Bionnovation Biomedical
A.B., Brazil) evaluated in this study is a synthetic and resorbable mi-
crogranular ceramic, with particle size from 0.1 to 0.5 mm and condi-
tioned in vial quantities of 0.5 g. It is made of Calcium Hydroxide (Ca
(OH),) and Phosphoric Acid (H3PO,), whose Calcium Phosphate
(Ca3(P0y4),) proportion is of 91.67%, according to the X-Ray Diffraction
Test, and presents 80% of pores between 0.33 to 0.72 um (Mercury
Intrusion Porosimetry Test). This dental product is registered in
Brazilian Ministry of Health by The National Sanitary Surveillance
Agency (ANVISA10392710019).

2.2. Experimental design

Forty adult male Wistar rats (Rattus norvegicus), aged 60 days old,
weighing around 250 g, were used in this study. The animals were
housed in cages (four/cage), fed a standard rat chow (Labina® - Purina,
S3o Paulo, Brazil) and maintained in a room at constant temperature
(20-22°C) on a 12-hr light/dark cycle. All experimental procedures on
the animals were conducted with the approval of the Institutional
Review Board on Animal Studies of Bauru School of Dentistry, Sao
Paulo State University (Protocol: CEEPA-022/2012).

Initially, the animals were randomly divided into two groups: non-
alcoholic or control group (CG, n = 20) and alcoholic group (AG,
n = 20). Animal health was monitored daily and body masses (g)
measured in two periods (0 day and at euthanasia). After the surgical
procedures, four subgroups were preformatted according to treatment:
CG-Clot (Control Group that received only water with liquid diet and
the defect was filled with blood Clot), CG-TCP (Control Group that
received only water with liquid diet and the defect was filled with -
TCP), AG-Clot (Alcoholic Group that received only ethanol solution
25% v/v with liquid diet and the defect was filled with blood clot), and
AG-TCP (Alcoholic Group that received only ethanol solution 25% v/v
with liquid diet and the defect was filled with 3-TCP) (Fig. 1).
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(B) Surgical procedures - bilateral bone defect model

Fig. 2. Study design. A) Time line: A1) Forty rats were divided into two groups: Control group (CG) that received only water with liquid diet, and Alcoholic group
(AG) that received ethanol solution 25% (v/v) with liquid diet after adaptation period of 21 days (-111 days to -90 days); A2) After 111 days for chronic alcohol
modeling (0 day), two bone defects were created in the parietal bones; one defect was filled with blood clot and the other with 3-TCP; and A3) at 10, 20, 40 and 60
days the skulls of 5 animals/group were collected, totalizing 5 defects/period of each subgroup CG-Clot, CG-TCP, AG-Clot and AG-TCP. B) Surgical procedures —
bilateral bone defect model: B1) 20 mm- skin incision, divulsion of the subcutaneous and periosteum using an elevator; B2) Osteotomy using a 5Smm- trephine bur;
B3) two bone defects in parietal bones; B4) one defect filled with 3-TCP and the contralateral only with blood clot; B5) Periosteum suture with nylon 5-0; B6)

Tegument suture with 4-0 silk thread.

2.3. Chronic alcohol administration

The animals in the alcoholic group received aqueous ethanol solu-
tion as a liquid diet. For metabolic adaptation to alcohol, the animals
received ad libitum a liquid diet containing ethanol 8% (v/v) in the first
week, 16% (v/v) in the second week and 25% v/v in the third week (see
Fig. 2A1). The dosage of 25% ethanol was maintained until the corre-
sponding period of euthanasia (Buchaim et al., 2009; Buchaim et al.,
2012). The control group received tap water as the liquid diet
throughout the experiment.

2.4. Surgical procedures

All surgical procedures were performed at the Mesoscopic
Laboratory - discipline of Anatomy (Bauru School of Dentistry,
University of Sdo Paulo, Brazil) by the same team of professionals, and
only the surgeon was not aware of which treatment the animal be-
longed to.

After 111 days of chronic alcohol modeling (0 day) (see Fig. 2A2),
all animals were anesthetized, under the same protocols, with ketamine
at a dose of 50 mg / kg i.m. (Dopalen ™, Ceva, Paulinia, SP, Brazil) plus
xylazine at a dose of 10 mg / kg i.m. (Anasedan ™, Ceva, Paulinia, SP,
Brazil), with strict monitoring of anesthesia mainly in alcoholic animals
(Flintoff, 2014; Newman et al., 1986).

The frontoparietal region was trichotomized and disinfected with
polyvidone-iodine (Povidine”, Vic Pharma, Brazil). A 20-mm mid-
sagittal incision was made through the skin. The periosteal tissue was
carefully elevated from the parietal bones (Fig. 2B1). One 5-mm defect
was created using trephine bur (Neodent, Curitiba, PR, Brazil) on both
sides (Mas et al., 2016; Qiu et al., 2007; Santana et al., 2016; Zong
et al., 2010) (Fig. 2B2 - B3).

The defect in left parietal was filled with 15 mg 3-TCP (previously
established in a pilot study) homogenized with saline solution, suffi-
cient to form a paste consistency, thus facilitating the condensation of
particles, and the right parietal was filled only with blood clot
(Fig. 2B4). The periosteum and tegument were repositioned and
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Fig. 3. Bone photomicrographies stained with picrosirius red obtained on the polarization microscope and calibration partners for evaluation of volume density (%)
of the bone collagen fibers by RGB color red-orange and yellow-green (For interpretation of the references to colour in this figure legend, the reader is referred to the

web version of this article).

sutured with nylon 5-0 (Mononylon Somerville S.A) and silk 4-0
(Ethicon™ Johnson & Johnson Company), respectively (Fig. 2B5 — B6),
to provide stability to the graft particles, decreasing the risk of soft
tissue collapse (Neagu et al., 2016; Spicer et al., 2013).

The postoperative care consisted of a single intramuscular injection
of enrofloxacin at a dose of 2.5mg/Kg i.m. (Flotril"; Schering-Plough
SA, Rio de Janeiro, Brazil) after surgical procedures and intramuscular
injections of dipyrone at a dose of 0.06 mg/Kg (Analgex ; Agener
Unido, Sao Paulo, Brazil) 12-24 h during 3 days.

2.5. Collection of samples and histological procedures

The animals were killed at the end of each trial period by anesthetic
overdose. The parietal bones were removed, dissected and fixated in
10% buffered formalin for 48 h. The specimens were demineralized in
EDTA, a solution containing 4.13% Titriplex’ III (Merck KGaA,
Darmstadt, Germany) and 0.44% sodium hydroxide, for a period of
approximately 40 days. Subsequently, the specimens were submitted to
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standard histological procedures for embedding in Histosec (Merck
KGaA, Darmstadt, Germany). Latero-lateral semi-serial 5-um thick
sections including the center of circular defects were obtained and
stained with Hematoxylin and Eosin or Picrosirius Red.

2.6. Body mass analysis

Body mass measurement was obtained in two periods: the initial
mass on the day of the surgical procedure (0 days - Fig. 2A2); and the
final mass in the corresponding periods of euthanasia at 10, 20, 40 and
60 days (see Fig. 2A3). Mass gain and/or loss was calculated for each
animal (final mass - initial mass). Measurement was performed on a Bel
Mark 3500 precision scale (BEL" Analytical Equipment Ltda, Sao Paulo,
Brazil), with maximum capacity of 3500 g and minimum of 200 g.

2.7. Histomorphometric evaluation

For slide analysis, the examiner was previously calibrated and
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Fig. 4. Graphic evolution of body mass (g) during establishment of chronic
alcoholism model (111 days) and bone repair periods, showing negative in-
fluence of alcohol consumption on the body mass of animals in AG compared to
CG. Different letters p < 0.05 (two-way ANOVA showed interaction between
group and period).

blinded with the use of masks in all evaluated slides, to avoid re-
cognition of the type of treatment in each defect, group (water or al-
cohol) and experimental period. The histologic sections were analyzed
in the Histology Laboratory of Bauru School of Dentistry, University of
Sao Paulo (Sao Paulo, Brazil) by light microscopy (Olympus model
BX50) at approximate magnifications of x4, x40 and x100. To es-
tablish a standard criteria judgment, there was a training session with
an experienced pathologist.

Histological analysis of sections stained with HE consisted of eva-
luative description of the bone repair process for each treatment (blood
clot or R-TCP) in different clinical conditions (non-alcoholic or alco-
holic). For morphometric evaluation, two central sections stained with
HE were used for quantification of newly formed bone areas using an
image capture system (DP Controller software, Olympus, Tokyo,
Japan). The total area (TA) to be analyzed corresponded to the entire
area of the original surgical defect. This area was determined by first
identifying the external and internal surfaces of the original calvarium
at the right and left margins of the surgical defect, and then connecting
them with lines drawn following their respective curvatures. The center
of the histologic section (considering its total length) was located and
2.5 mm were measured to the right and to the left of this center point to
determine the limits of the original surgical defect.

The total area (TA) and the newly formed bone area (Angg) were
delineated in the Image J° Program, (Java-based image processing
program developed at the National Institutes of Health, Image J"1.50d
Wayne Rasband, National Institutes of Health, USA, Java 1.7_67; 64-
bit) in pixels and converted into a percentage of the image by calcu-
lating the following relation: Pyrg = Anpp X 100/7a (Pnps - newly
formed bone percentage; Angg - newly formed bone area; TA - total
area).

Sections stained with Picrosirius red were evaluated as to the
quality of newly formed bone in the defects by structured collagen
orientation. Thus, images were obtained from the defect using higher
resolution digital camera Leica DFC 310FX (Leica”, Microsystems,
Wetzlar, Germany) connected to confocal laser microscope Leica DM
IRBE and capture system LAS 4.0.0 (Leica”, Microsystems, Heerbrugg,
Switzerland).

To allow the identification and analysis of the quantity and quality
of collagen by the birefringence of organization of fiber bundles, the
central fields of the defects were analyzed under a polarized light mi-
croscope at 10x magnification. Three histological fields were captured
corresponding to the entire extension of the defect and then the density
area or percentage (%) area analysis of each fiber type per color was
assessed using the image analysis software Axio Vision Rel. 4.8 Ink
(Carl Zeiss Microlmaging GmbH, Jena, Deutschland). Woven bone was
recognized by its random, unorganized fibrillar pattern, usually with
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polarization colors ranging from red-orange (poorly organized woven
bone) and lamellar bone (bright green/yellow), depending on fiber
width (see Fig. 3).

2.8. Statistical analysis

Data of body mass and bone volume per total tissue volume (BV/TV)
were expressed as mean * standard error of the mean (SEM). All tests
were performed with Statistica software 10.0 (StatSoft Inc., Tulsa, OK,
USA) and the significance level was established at P < 0.05. The
Kolmogorov-Smirnov test was used to confirm that data were within the
ranges of normal distribution in both groups. Two-way ANOVA and
Tukey test were used to verify the possible interaction between groups
and periods.

The influence of time on bone formation within each experimental
group was analyzed by one-way ANOVA for independent samples and
post hoc Tukey test. The t-test for independent samples was applied to
evaluate possible interferences on bone formation associated with the
clinical status of animals (non-alcoholic or alcoholic) for each treatment
(clot or biomaterial). The paired "t" test was used to verify the inter-
ference of type of treatment (clot or biomaterial) on bone formation for
each clinical condition (non-alcoholic or alcoholic) and each experi-
mental period.

3. Results
3.1. Effect of ethanol on the general condition of rats

Throughout the study period all animals were in good general
condition, and there were no significant differences between groups
with regard to food consumption and water intake (data not shown).
However, during the gradual induction of the alcoholism model (111
days) the body mass gain in ethanol-fed rats was smaller compared to
control rats (Fig. 4). There was no noticeable difference in physical
activity of ethanol-fed and control rats, but some animals showed signs
of irritability and aggressiveness. There were no overt signs of mor-
bidity and no mortality in the animals and no infections at the wound
site or elsewhere after surgeries. In the control group, a gradual body
mass gain was observed until 60 days, while in the ethanol-fed rats it
remained constant throughout the experimental period with a sig-
nificant reduction only at 10 days.

3.2. Histomorphometric comparisons between treatments (Clot vs. 3-TCP)
suggested a similar bone gain at 60 days for both treatments

In non-alcoholic rats (CG), the new bone formation started at the
margins of craniotomies in both treatments, Clot (Figs. 5A and 6A) and
B-TCP (Figs. 5B — 6B). Between 10-60 days, the bone deposition ex-
tended centripetally on the dura-mater surface. Graphically (Fig. 5E),
greater bone formation was observed in CG-Clot than CG-TCP in the
period between 20 and 60 days, with statistical differences at 20 days.
In this endpoint, 60 days, a discontinuous layer of new bone formation
was present along the dura-mater. The B-TCP materials were quickly
resorbed until 10 days and replaced by connective tissue. Between
20-60 days some particles surrounded by resorptive cells with macro-
phages and foreign-body giant cells (FBGC) were present in the defect.

In alcoholic rats (AG), the new bone formation also started at the
margins of craniotomies in both treatments, Clot (Figs. 5C — 6C) and f-
TCP (Figs. 5D — 6D). However, the new bone formation was restricted to
the margins of craniotomies throughout the experimental period
(compare bone formation in Figs. 5C and D), except for AG-Clot at 60
days. Graphically (Fig. 5E) the period of higher bone accumulation in
AG-Clot was 60 days (mean 25.7%), while in the AG-TCP the quantity
of bone formation did not show differences between periods (mean
16%). In relation to groups, bone formation was in average 8.7% higher
in AG/Clot than AG-TCP between 20-60 days. The large amount of [3-
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Fig. 5. Panoramic histological views
(A-D) and graph of volume density of
newly formed bone (E) in skull defects
created in the animals. Non-Alcoholic
(A-B) and Alcoholic (C-D) treated with
Clot or B-TCP at different experimental
periods. A-B) Non-Alcoholic Groups
showed bone formation (blue arrows) oc-
curring from the defect margin (B) and on
the dura-mater surface. At 60 days, both
treatment groups showed similar bone
formation covering a greater part of the
dura-mater surface and a small region
filled with fibrous connective tissue and/
or biomaterials (red arrows). C-D)
Alcoholic Groups showed a discrete bone
growth (blue arrows) on the defect border
until 40 days. At 60 days, a large part of
the defect was filled by connective tissue
and/or 3-TCP (red arrows), but in AG-Clot
greater bone formation than AG-TCP de-
fect could be observed. E) Graph of
newly formed bone showed smaller bone
formation in alcoholic group (AG-Clot and
AG-TCP) than non-alcoholic group (CG-
Clot and CG-TCP). N = 5/group and per-
iods, different letters p < 0.05 between
periods/group and groups/period. (HE;
original magnification x 4; bar = 2mm)
(For interpretation of the references to
colour in this figure legend, the reader is
referred to the web version of this article).
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Non-Alcoholic Alcoholic

(A) CGIClot (B) CGITCP (C) AG/Clot (D) AGITCP

>}

Fig. 6. Details of evolution of bone healing of skull defects created in the Non-Alcoholic and Alcoholic animals treated with Clot or TCP. A) CG-Clot: at 10 days, the
defect showed trabecular bone formation (asterisks) adjacent to the defect border (B) and spaces between trabeculae filled by richly vascularized (V) connective
tissue (CT) at 10 days. Between 20-60 days, the new bone showed gradual increase in thickness of trabeculae, leading to a compact structure until 60 days. B) CG-
TCP: At 10 days, the defect was filled by 3-TCP particles (inside the blue lined area) surrounded by connective tissue with some inflammatory cells. Between 20-60
days, the new bone formation increased with decrease of B-TCP particles and inflammatory response. At 60 days, compact bone formation with entrapment of some
B-TCP particles was present on the defect border. C) AG-Clot: Small bone formation on the defect border and osteoclastic resorption (red arrow) were present at 10
days. After 20 days, a dense bone formation was present on the border and increased until 60 days. D) AG-TCP at 10 days, the defect was filled by small particles of -
TCP (inside the blue lined area) surrounded by a reactional tissue (RT) containing intense foreign body-type inflammatory process containing macrophages and
multinucleated giant cells (white arrow). Between 30-60 days, B-TCP and inflammatory process decreased, but did not disappear and only a small bone formation
was present on the lesion border at 60 days. (HE; original magnification x 20; bar = 200 um; and Insets, magnified images x100; bar = 50 um) (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article).
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Fig. 7. Photomicrographies of birefringent fi-
bers stained with Picrosirius red under polar-
ized light at 10, 20, 40 and 60 days of repair:
The red-orange birefringence color was ob-
served in the immature bone formation con-
taining thin and disorganized collagen fibers,
which prevailed at initial repair periods (10
and 20 days); yellow-green color in the bi-
refringence analysis was associated with la-
mellar/mature bone. Note a higher presence of
yellow-green fibers/mature bone in non-alco-
holic defects than alcoholic groups. The alco-
holic defects filled with 3-TCP showed a pre-
dominance of red-orange fibers/immature
bone at 60 days. Original magnification x20.
Bar = 100. Graphs of Area density/Percentage
of birefringence color in the bone tissue for
each group showed slower bone maturation in
bone defects of alcoholic animals compared to
Non-Alcoholic. The small bone maturation in
the alcoholic group was more evident in those
treated with biomaterials (B-TCP). N =5,
Bar = Standard deviation and different letters
p < 0.05 between periods/group (ANOVA)
and groups/period (“t” test) (For interpreta-
tion of the references to colour in this figure
legend, the reader is referred to the web ver-
sion of this article).
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TCP materials was present at 10 and 20 days surrounded by many re-
sorptive cells, FBGC and macrophages, characterizing a chronic in-
flammatory process.

3.3. Histomorphometric comparison between clinical conditions (alcoholic
vs non-alcoholic) suggested a negative effect of alcohol consumption on bone
formation

In the defect treated with blood clot, the bone formation pattern was
similar between non-alcoholic and alcoholic conditions (compare the
Fig. 5A and C), but the quantity of bone tissue (Fig. 5E) was sig-
nificantly smaller in AG-Clot compared to CG-Clot at 40 and 60 days.

In the defect treated with B-TCP, an evident negative influence of
alcohol on bone formation and (3-TCP material resorption was observed
(compare Fig. 5B with D). Graphically, only 16% of the defect was filled
by bone tissue in alcoholic rats at 60 days, while in non-alcoholic an-
imals the new bone percentage was 39%.

3.4. Picrosirius red staining showed less bone collagen organization/
maturation in non-alcoholic defects treated with 3-TCP

Representative images of Picrosirius red staining and graphs of area
density or percentage of birefringence color in the bone tissue (Fig. 7)
showed similar predominance of red-orange birefringence in all groups
at 10 and 20 days (mean 50.9%) referring to the presence of immature
bone. In these periods, the yellow-green fibers and total birefringence of
bone collagen fibers were smaller in AG-TCP (4.75% and 67.7%, re-
spectively) than in other groups (mean 24% and 77.3%, respectively),
suggesting a small and slow bone formation in this group.

Between 20-60 days, in defects of non-alcoholic rats (CG-Clot and
CG-TCP) the red-orange birefringence gradually decreased (mean
52.1%-15.9%) while yellow-green birefringence increased proportion-
ally (mean 25.1%-64%) associated with the presence of lamellar/ma-
ture bone. In alcoholic groups (AG-Clot and AG-TCP), similar quantity
of red-orange birefringence (mean 32.8%) and yellow-green bi-
refringence (mean 32.5%) was present at 60 days associated with an
immature bone tissue.

4. Discussion

Chronic alcoholism directly interferes with bone metabolism
leading to osteopenia (Chakkalakal, 2005), increased predisposition to
fractures and pseudoarthroses (Calori et al., 2007; Giannoudis et al.,
2011; Gomez-Barrena et al., 2015). However, few studies report its
influence on the bone repair process associated with biomaterials.
Among them, beta-tricalcium phosphate has been considered a sub-
stitute biomaterial for autograft with satisfactory osteoconductive
characteristic (Bizenjima et al., 2016; Taniyama et al., 2013).

Although B-TCP is considered a biocompatible bone substitute, it
was not able to completely regenerate the intraosseous defect per-
formed in this study as observed by Ramalingam et al. (2016), and also
did not minimize the deleterious effects of alcohol already shown in the
bone tissue.

Alcohol consumption negatively affected body mass gain
throughout the experimental period (Budzik et al., 2017). Previous
studies have reported that this is due to the decrease in total calorie
intake required to maintain the body weight of the young adult rat
(40-45 kcal / day / 300 g), as well as the dissipation of energy resulting
from alcohol oxidation (Trevisiol et al., 2007). Alcohol and its meta-
bolites can also modify the absorption and/or utilization of nutrients
provided by foods and increase the energy expenditure at rest inducing
thermogenesis (de Deco et al., 2015; Johnson et al., 1990; Maddalozzo
et al., 2009; Maurel et al., 2011; Sreenathan et al., 1984).

Changes in body mass in alcoholic animals were more pronounced
in the postoperative period related to convalescence, decreased food
intake and movement capacity, as reported in experimental and clinical
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studies (Bradley et al., 2011; Lauing et al., 2009; Tonnesen, 2003).

The defects created in calvaria of rats, even in the groups that did
not ingest alcohol and had the surgical cavities filled with blood clot,
did not show total repair of the defect in the final period of 60 days,
agreeing with studies that reported that this is a critical defect
(Bizenjima et al., 2016; Cacciafesta et al., 2001; Gao et al., 2018; Lutolf
et al., 2003; Qiu et al., 2007; Verna et al., 2002; Winn et al., 1999).

In the present study, no invasion of epithelial tissue from the areas
adjacent to the defect was observed in all animals analyzed, and only
one surgical cavity was circumscribed by fibrous connective tissue
coming from the edges of the defect, which is a typical feature in the
bone repair process of critical size defects surgically created in calvaria
of rats. Thus, immediate repositioning of the periosteum and its suture
decrease the risk of collapse of the tissues overlying the wound, pre-
cluding the appearance of fibrous connective tissue (Neagu et al., 2016;
Spicer et al., 2013).

Histologically, at 10 days, all experimental groups showed a large
amount of connective tissue and discrete bone formation. These results
were consistent with studies that stated that neoformation started at the
defect margins, probably stimulated by inflammatory, angiogenic and
growth factors, and cell differentiation released in this region due to
vascular rupture resulting from the surgical procedure and the adjacent
presence of periosteum (Cestari et al., 2009; Dym et al., 2012; Hsiong
and Mooney, 2006; Kanczler, 2008; Rocha et al., 2014; Zong et al.,
2010).

The CG-Clot group, considered control in this experiment, initially
showed new bone formation from the defect margins and followed the
dura mater with a trabecular and immature arrangement, becoming
lamellar and compact at 60 days. These results are expected in the
physiological process of bone repair in the present model. However,
implantation of a biomaterial in surgical defects triggers an initial in-
flammatory response of biological accommodation (Aamodt and
Grainger, 2016). The influence of factors such as the implantation of
biomaterials (Aamodt and Grainger, 2016), alcohol exposure (Karavitis
and Kovacs, 2011) or smoking (Buchaim et al., 2018; Carroll et al.,
2009) may be determinant in the type of repair following craniotomy,
as in the prognosis of its recovery (Anderson et al., 2008; Klopfleisch,
2016).

Initially, at the 10- and 20-day periods, the AG-TCP and CG-TCP
groups presented inflammatory cells involving B-TCP particles, an in-
herent cellular mechanism in the implantation of biomaterials in in vivo
tissues (Jones et al., 2004; Karavitis and Kovacs, 2011). At 40 and 60
days, a decrease in inflammation was gradually observed in CG-TCP
due to the biodegradation of 3-TCP particles by phagocytic cells and an
increase in new bone formation (Kunert-Keil et al., 2015; Marins et al.,
2004; Schmidlin et al., 2013).

However, the AG-TCP group showed foci of reactive tissue up to 60
days, close to the graft, accompanied by clusters of macrophages and
multinucleated giant cells (FBGC), in an attempt to contain persistent
biomaterial particles and discrete bone formation at the defect border
(Trevisiol et al., 2007; Zhu et al., 2015). The presence of these cells, as
well as foreign body-type inflammatory reaction, are known to strongly
inhibit the new bone formation. This observation was probably due to
the negative influence of alcohol on the mechanisms of phagocytosis
control by inflammatory macrophages, impairing the degradation
process of the biomaterial (Camilli et al., 2004; Chakkalakal et al.,
2002; Cook, 1998; Karavitis and Kovacs, 2011; Messingham et al.,
2002; Napolitano et al., 1995; Soares et al., 2010).

At completion of the experiment (60 days) it was possible to observe
the presence of B-TCP independent of the liquid diet used in the animals
(non-alcoholic group and alcoholic group). These data are corroborated
by the study of Trevisiol et al. (2007), who tested demineralized allo-
genic bone matrix (DABM) in rat model for chronic alcohol abuse.

The histomorphometric analysis of defects treated with clot re-
vealed a gradual and significant increase in bone density in the CG-Clot
group (22:17 *+ 3.18 and 34.81 + 5:49) compared to Ag-Clot
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(9:35 = 5.98 and 21.65 = 6.70) in periods of 20-40 days, respec-
tively (dos S. Kotake et al., 2015). In groups with defects treated with
biomaterial, in the AG-TCP, the negative influence of alcohol on bone
formation in all periods was noticeable, being evident at 60 days, with
an average of 16% of the defect filled with bone tissue compared to
39% for the CG-TCP. Similar results were reported by Camilli et al.
(2004) in calvaria of alcoholic rats, which presented smaller new bone
formation near the hydroxyapatite particles in all analyzed periods.

Regarding the histochemical analysis of collagen fibers by picro-
sirius red staining, in the early periods it was possible to observe pre-
dominance of type III fibers, which were fine and disorganized in all
experimental groups. As bone maturation occurs, there is predominance
of type I fibers, which makes up 90% of the organic bone matrix
(Florencio-silva et al., 2015). Thus, the effects of chronic alcohol con-
sumption on bone metabolism inhibit the collagen synthesis by osteo-
blasts, and increase the degradation rate of type I collagen due to the
increased concentration of collagenases with consequent deterioration
of bone microarchitecture (Anderson et al., 2008; Araujo et al., 2014;
Ciapetti et al., 1996; Kupraszewicz and Brzéska, 2013).

In summary, the synthetic biomaterials used for replacement and
regeneration of the bone structure have attracted the attention of sev-
eral research groups because it is a promising alternative to the existing
treatments. For prospective studies requiring repair of large bone de-
fects and a systemic impairment caused by alcoholism, analysis of
noninvasive complementary treatments such as low power laser (LLLT)
or low intensity pulsed ultrasound (LIPUS) (de Oliveira Gongcalves et al.,
2016; Pomini et al., 2014) is suggested.

5. Conclusion

Based on the experimental model used, it can be concluded that
chronic ethanol consumption negatively interferes with the bone defect
repair capacity, even with the use of a B-TCP biomaterial.
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