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RESUMO

A reposicao de base 6ssea perdida € um fator de grande complexidade nas
reabilitacbes orais envolvendo implantes osseointegrados. A engenharia tecidual
tem evoluido nos Ultimos anos por apresentar-se como uma alternativa ao enxerto
0sseo autégeno, ndo exigindo um sitio doador de tecido para tal. Dentre as
principais técnicas e biomateriais utilizados em engenharia tecidual, o acido
hialurénico (AH) apresenta-se como um composto promissor como veiculo celular.
Presente na matriz extracelular de todos os tecidos vivos, ele permite sua
modificacao estrutural, maximizando seu potencial como veiculo celular em reparos
0sseos. Dependendo do seu peso molecular, estudos mostram diferentes efeitos
citotoxicos podem ser verificados. Desta forma, este estudo procurou avaliar, in vitro,
a citotoxicidade do AH de alto e de baixo peso molecular, sobre células da linhagem
NIH-3T3, segundo o teste padrdo da norma ISO 10993-12 para analise de
citotoxicidade. Para isso, um teste de MTT foi realizado com o seguinte arranjo de
grupos: (G1) Células + AH de alto peso molecular; (G2) Células + AH de baixo peso
molecular; (G3) Células + AH de alto peso molecular + Hidroxiapatita; (G4) Células +
AH de baixo peso molecular + Hidroxiapatita; (G5) Células (controle positivo); (G6)
Células + hipoclorito (controle negativo). Os resultados mostram que todos os
grupos apresentam viabilidade superior ao controle negativo e inferior ao controle
positivo exceto o grupo G1, onde verificou-se auséncia de diferenca estatistica entre
este e 0 controle positivo. Resultados preliminares apontam para o emprego do AH
de alto peso molecular como compativel para veiculo celular em engenharia

tecidual.

Palavras-chave: Citotoxicidade. Acido Hialurdnico. Engenharia de Tecidos.



ABSTRACT

The reposition of a lost osseous structure is challenging in oral rehabilitations
involving osseointegrated implants. Tissue engineering techniques aiming reposition
of lost calcified tissues has evolved in the last years as an alternative to the
autologous bone graft, without the need of a donor site. Among the required
techniques and biomaterials, the hyaluronic acid (HA) presents itself as promising
alternative for tissue engineering. HA is present in the extracellular matrix of all living
tissues, and also allows modifications in its structure, serving as a carrier for several
compounds utilized in bone repair. Depending on its molecular weight, studies show
that different cytotoxic effects might be observed. Thus, the present study evaluated,
in vitro, the cytotoxicity of high and low molecular weight HA on NIH-3T3 cells,
following the 1SO 10993-12 test standards for cytotoxicity analysis. A MTT test was
conducted with the following groups: (G1) cells + high molecular weight hyaluronic
acid; (G2) cells + low molecular weight hyaluronic acid; (G3) cells + high molecular
weight hyaluronic acid + hydroxyapatite; (G4) cells + low molecular weight hyaluronic
acid + hydroxyapatite; (G5) cells (positive control); (G6) cells+ hypochlorite (negative
control). The results show that most groups presented higher cellular viability when
compared to the negative control and lower than the positive control group (p<0.05).
Group G1 presented no statistical difference when compared to the positive control
(G5) (p<0.05), indicating that high molecular weight HA might be applicable as a cell

carrier for tissue engineering.

Key-words: Cytotoxicity. Hyaluronic Acid. Tissue Engineering, Scaffold
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MTT Assay of High and low molecular weight hyaluronic acid with

hydroxiapatite and B-tricalciumphosphate

The reposition of a lost osseous structure is challenging in oral rehabilitations
involving osseointegrated implants. Tissue engineering techniques aiming reposition
of lost calcified tissues have evolved in the last years as an alternative to the
autologous bone graft, without the need of a donor site. Among the required
techniques and biomaterials, the hyaluronic acid (HA) presents itself as promising
alternative for tissue engineering. HA is present in the extracellular matrix of all living
tissues, and also allows modifications in its structure, serving as a carrier for several
compounds utilized in bone repair. Depending on its molecular weight, studies show
that different cytotoxic effects might be observed. Thus, the present study evaluated,
in vitro, the cytotoxicity of high and low molecular weight HA on NIH-3T3 cells,
following the 1SO 10993-12 test standards for cytotoxicity analysis. A MTT test was
conducted with the following groups: (G1) cells + high molecular weight hyaluronic
acid; (G2) cells + low molecular weight hyaluronic acid; (G3) cells + high molecular
weight hyaluronic acid + hydroxyapatite; (G4) cells + low molecular weight hyaluronic
acid + hydroxyapatite; (G5) cells (positive control); (G6) cells+ hypochlorite (negative
control). The results show that most groups presented higher cellular viability when
compared to the negative control and lower than the positive control group (p<0.05).
Group G1 presented no statistical difference when compared to the positive control
(G5) (p<0.05), indicating that high molecular weight HA might be applicable as a cell

carrier for tissue engineering.

Key-words: Cytotoxicity. Hyaluronic Acid. Tissue Engineering, Scaffold
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INTRODUCTION

Dental implants have become a significant device in the treatment of patients
with maxillary bone loss, by serving as a stable anchorage for dental, palate and cleft
and also facial reconstructive prosthesis®.

One of the basic requirements for implant placement is adequate bone
volume?® 3, and numerous techniques of bone grafting are nowadays available, with
the autologous bone graft still being considered the one providing the best clinical
results. However, limitations such as the need of a donor site, associated surgical
morbidity and limited bone quantity, may sometimes impair its indication and/or

restrict its results® °

. Different techniques applying bone substitutes with distinct
formations such as xenografts, alloplastic materials and allografts are currently
available for grafting procedures, presenting mostly good clinical results® ’, but still
presenting some limitations regarding their application® °.

In the past decades, techniques involving tissue engineering, the field of
medical science that combines the natural repair mechanisms of the living tissue with
the principles of engineering, were significantly studied and developed to restore
living tissues lost to trauma, diseases and/or natural resorption'® ' 2. Tissue
engineering basically combines in vitro cell cultures, firstly in bi-dimensional
scaffolds, and later their application in tridimensional carriers with or without specific
proteins for differentiation'®, forming grafting compounds that carry components to
induce and/or enhance the natural tissue healing process™* . The hyaluronic acid
(HA) has been suggested as a possible cell scaffold for tissue-engineered bone
reconstruction®. HA is an organic acid present in the extracellular matrix of all living

17, 18

tissues , that allows specific modifications in its molecular structure. Such

modifications might be critical to lower its potential for allergenic and inflammatory
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tissue reactions, as well as enhance its antibacterial and angiogenic properties'® ?°,

and promote shock-absorbing features relevant during cell proliferation and
differentiation?*.

Alloplastic materials such as Hydroxylapatite and B-tricalcium phosphate (HP-
BTCP) have been extensively studied in the past decades and are currently being
applied as bone substitutes to a wide range of different bone defects® 2* . HP-BTCP
are ceramic biomaterials presenting well documented biocompatibility and

osteoconductive properties®* %

, promoting bone formation on its surface. Application
of this type of biomaterials with cells cultured ex vivo for bone grafting has been
suggested as a promising technique for bone regeneration®®.

Based on the controversy in the literature regarding the application of HA and
its ideal molecular characteristics to act as a scaffold for tissue-engineered bone
regeneration, this study evaluated the cytotoxicity of low (LMW-HA) and high
molecular weight HA (HMW-HA) in cultured NIH-3T3 cells with and without HP-BTCP

by the MTT (methylthiazol tetrazolium) method.
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MATERIALS AND METHODS

This study was approved by the Research Ethics Committee of the Pontifical
Catholic University of Rio Grande do Sul (PUCRS), applying the ISO 10993-12

standards pertinent for an in vitro cytotoxicity analysis.

Cellular culture and sample preparation

An ampoule containing NIH-3T3 cell line was removed from liquid nitrogen and
unfrozen in a water bath at 37 °C. The cellular suspension was then transferred to a
culture flask containing Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% of bovine fetal serum (BFS) and 1% penicillin/streptomycin. When semi
confluence of 70% was achieved, the cells were washed with Dubelcco’s phospate
tamponated based saline (DPBS), trypsinized and ressuspended in 1ml of DMEM.
They were colored with trypan blue and counted in a Neubauer chamber. Then, the
cells were cultivated in a 96-well plate (TPP, St. Louis, MO, EUA) in a density of 0,5 x
10° in 200 pl DMEM in each well. One plate for each evaluated period, meaning 24,
48, 72 and 96 hours was used. These plates were kept in an atmosphere at 37°C
and with 5% CO, for 24 hours. After 24 hours, the medium was removed and the
wells were washed with DPBS and, following the results of a pilot HA concentration
study, control and test groups were assembled. Each group for each evaluated
period was tested in quadruplicate. The plates were then returned to the same
mentioned atmosphere (37°C and with 5% CO,), where they remained until the MTT
(Across Organics, New Jersey, EUA) viability test was performed. Each tested group
(Table 1) along with both positive and negative control groups were run in

guadruplicate for MTT assay.



Table 1. Test and control groups and their respective components.

Cellular
Group

density
Gl 0,5x10°
G2 0,5x10°
G3 0,5x10°
G4 0,5x10°
G5 0,5x10°
G6 0,5x10°

DMEM

184yl

196pL

184l

196ul

200l

HMW-HA

LMW-HA

4mg

4mg

Hypochlorite

20

DMEM (Dulbecco’s modified Eagle’s medium); HMW-HA (High Molecular Weight Hyaluronic

Acid); LMW-HA (Low Molecular Weight Hyaluronic Acid); HP-BTCP (Hydroxyapatite and B-

tricalcium phosphate).

The disposition of each group in the 96 well plate is demonstrated bellow:
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Image 1.Disposition of treatment group (in quadruplicate) in the 96 well plate
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A = (G1) - NIH-3T3 cells and HMW-HA, B = (G2) - NIH-3T3 cells and LMW-HA; C = (G3) - NIH-3T3
cells, HMW-HAHP-BTCP; D = (G4) - NIH-3T3 cells, LMW-HA and HP-BTCP; E= (G5) - NIH-3T3 cells
(Positive control); F= (G6) - NIH-3T3 cells and Hypochlorite (Negative control).

Application of High Molecular Weight Hyaluronic Acid

A total of 16ul of HMW-HA (molecular weight of 1000kDa) gel (Teosyal 30G
Touch Up®, Teoxane, Geneve, Switzerland), containing 25mg/mL of HA in a pH of
7.3 was used in each culture well of groups G1 and G3. The applied HA
concentration was determined based on the results of a pilot concentration test.

In 16l of Teosyal a final concentration of 0,4mg/mL of HA was obtained and

applied per well.
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Application of Low Molecular Weight Hyaluronic Acid

A total of 4pl of LMW-HA (molecular weight of 500-730kDa) gel (Hyaloss®,
Anika Therapeutics, Reggio Emilia, Italy), containing 25mg/mL of HA in a pH of 7.3
was used in each well in groups G2 and G4. HA concentration was also determined

based on the results of a pilot concentration test.

In 4ul of Hyaloss a final concentration of 0,1mg/mL of HA was obtained and

applied in each well.

Application of Hydroxiapatite and B-tricalcium phosphate (HP-BTCP)

A total of 4mg of HP-BTCP (Straumann® BoneCeramic™, Biora AB, Institute
Straumann AG, Malmo, Sweden), a synthetic bone substitute with 60%
hydroxyapatite and 40% pB-tricalcium phosphate was previously weighted and later

added to the compounds of groups G3 and G4.

Application of Sodium Hypoclorite

A total of 200pul of a 1% Sodium Hypochlorite solution was used as medium to

establish the negative control in group G6.
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Cell Viability Assay (MTT)

The MTT assay was conducted aiming to determine the ability of the cells to
reduce 3-(4.5-dimethyl-2-thiazole)-2.5-diphenyl-2-2yl-tetrazolium bromide (Across

Organics, New Jersey, USA) in insoluble violet formazan crystals.

After each cell group establishment, a 10% MTT solution (5mg/mL) diluted in
PBS was added to each well. The cultures were immediately incubated for 2 hours at
37°C and protected from light until the presence of the violet formazan crystals was
observed. For formazan crystals solubilization, 100ul of DMSO (Dimethyl Sulfoxide)
was added to each well. Later, the absorbance at a wavelength of 570nm (Microplate
Reader, Molecular Devices, SpectraMax® M 5, USA) was recorded and analyzed

using the Softmax Pro 5.2® program.

Statistical analysis

All obtained results were expressed as mean * standard deviation (SD). A
comparative analysis of the means was performed using the student-T test and
Analysis of Variance (ANOVA). Also, a Tuckey Multiple Comparison test was

performed. The significance level was set at p< 0,05.

RESULTS
Results of the MTT assay of each tested group were compared to the positive
control (G5), which was considered 100% viable for analysis (Table 2 and Figure 1).
All experimental groups showed significantly higher cell viability compared to

the negative control group (G6) (p<0,05). Group 1 was the only group presenting no
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statistical differences to the positive control (G5) (p<0,05). All other tested groups

presented significantly lower percentages of cell viability compared to the positive

control group (G5) (p>0,05).

Table 2. Results of the MTT assay for each evaluated group.

95% Confidence Interval
St.d Std. Lower Upper

N Mean Deviation Error Bound Bound Minimum | Maximum
Gl |16 | 1,45444 0,530858 0,132715 | 1,17156 1,73731 0,501 2,340
G2 16 | 1,19296 | 0,338835 0,84709 | 1,0111 1,37261 0,506 1,822
G3 16 | 1,08613 | 0,478396 0,119599 | 0,83121 1,34104 0,82 2,055
G4 16 | 1,14600 | 0,357528 0,89382 | 0,95549 1,33651 0,643 2,060
G5 16 | 1,90506 | 0,309629 0,77407 | 1,74007 2,07005 1,225 2,313
total | 80 | 1,35674 | 0,503370 0,56278 | 1,24472 1,46876 0,082 2,340
Image 2. Percentage of cell viability and their standard deviation of each evaluated

group.

Different letters indicate statistical difference between groups
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Experimental Group

The HMW-HA group alone (G1) presented the highest percentage of cell
viability (76%), while the remaining groups presented cellular viability percentages of
57,6% (G3), 60,8% (G4) and 63,3% (G2), differing statistically from the control group
(G5). (p>0,05)

A comparison between test groups suggested that the presence of HP-TCP

had no significant influence in cell viability. (p> 0,05)

DISCUSSION

The present in vitro study evaluated the cytotoxicity of high and low molecular
weight HA with and without the presence of an inorganic ceramic substratum.

Results indicated statistical differences between most experimental and
control groups, showing significantly lower percentages of cell proliferation for groups

G2 (63,3%), G3 (57,6%) and G4 (60,8%) in comparison to the positive control group
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(p<0,05), which was statistically similar to group G1 (p>0,05). These results
suggested that, even though most experimental groups presented relevant
percentages of cell proliferation, the HMWHA might provide better conditions for cell
proliferation when acting as a carrier for tissue-engineered compounds.

Both LMWHA and HMWHA have been suggested to play different roles in the
tissue wound healing process. While the first stimulates mostly macrophage
phagocytosis, the later, having a greater presence in the wounded site, acts in the
cell signaling mechanisms and thus might promote cell differentiation. It has been
said that LMWHA and HMWHA might regulate human fibrocyte differentiation
differently in wound repair?’.

The present findings go in accordance with Takeda et al.?®

, Which applied
HMWHA as a scaffold for Brain-Derived Neurotrophic Factor in an animal model
aiming periodontal tissue regeneration. They suggested that the application of
HMWHA might increase the number of human periodontal ligament adherent cells
and stimulate their proliferation, concluding that its properties could be advantageous
for clinical applications involving periodontal ligament regeneration. Also, the use of
HMWHA in vivo has been associated to the promotion of fibroblast proliferation,
along with its molecular degradation in living tissues pointed to promote local

2930 and an anti-inflammatory effect as well*.

angiogenic reactions

In contrast to the present findings, other studies emphasized the possible
benefits of the application of LMWHA as cell carrier for tissue engineered compounds
based on its specific structural properties. Kim et al*? applied LMWHA as cultured-
cell carrier and justified as being highly hygroscopic and present viscous properties

that might increase its solubility in vivo and diminish the ultimate viscosity of the final

compound, thus resulting in a graft with easier clinical handling properties.
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Results of our investigation indicated a 76% cell viability for the HMWHA
group. The present results might be comparable to those of Kim et al®*, who
presented a 72% of cell viability applying a LMWHA scaffold. Nevertheless, in their
study, test groups receiving the addition of BMP-2 and also a synthetic PEG-tetra
thiols as a HA cross-linker had their viability percentages enhanced to 81%. This
cross-linker is believed to add resistance to the HA molecule against hyaluronidase
degradation. Noteworthy, in a recent study, the same group of researchers applied a
HMWHA based scaffold, and pointed that it might benefit tissue regeneration by
reproducing the extracellular matrix biological degrability, achieving a cellular viability
of +90%°.

Concentrations of both HMWHA and LMWHA for the present investigation
were established as 0,4mg/mL and 0,1 mg/mL, respectively, based on a
concentration curve test. In a study by Huang et al**, HA of different concentrations
(0,5mg/ml, 1mg/ml, 2mg/ml) and different molecular weights (60 kDa, 900 kDa e
2300 kDa) were tested. From the obtained results, they concluded that the in vivo
effects of HA on cell cultures are directly linked to the HA concentration, composition
and molecular characteristics. In the present investigation, a cell viability of 76%
obtained in the HMWHA group was considered applicable for future in vivo studies
and thus justified the applied HA concentration.

The cell viability results obtained in groups 2 to 4 were significantly lower than
the control group. This result might be associated with the anti-adhesive properties
suggested for both LMWHA and HMWHA when in combination with other products®>.
It has been previously mentioned also that these HA anti-adhesive properties,
derived from HA chemical composition and production, might negatively affect cell

adhesion and proliferation®®. In the present study, differences in cell viability between



28

groups 1 and 3 (HMWHA with and without HP-BTCP) could be explained based on
this hypothesis, meaning an induced alteration of some HA properties and/or local
pH-value in the presence of HP-BTCP that might negatively affected cell viability.

The synthetic bone substitute (HP-BTCP) was applied in groups 3 and 4
aiming volumetric and consistency improvement of the future bone grafting
compound, and possibly an extension of the total substrate area for cellular adhesion
and growth. It has been said that the osteoconductive properties combined with a
bioactive surface present on the HP-BTCP crystals may positively influence
osteoblastic cell behavior®’, though other authors refer a possible citotoxicity linked to
increased pH-value derived from BTCP dissolution in organic fluids®®. Results from
the present investigation failed to demonstrate a negative correspondence between

cell viability at early culture stages and the application of HP-BTCP.

The proposed methodology followed the ISO 10993-12 standards, which
details specifies requirements on the procedures to be followed in the preparation of
samples for medical device testing in biological systems. Application of NIH-3T3
fibroblastic cell lineage for the present investigation, along with the test sample
preparation and selection of experimental controls followed the described protocols®.
Also, the MTT assay used here has been characterized as a fast, inexpensive and
practical test for citotoxicity analysis*®**.

The results of this investigation suggest that HMWHA might be applicable as a
cell scaffold for tissue engineering. The HA physiochemical properties and biological

functions indicate a promising potential as a long-acting delivery mechanism for

specific drugs and/or proteins at the grafted site*, along with the possibility of
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changes in the HA molecular structure to improve its properties to fit a specific
application purpose®.

Future in vitro and in vivo studies are needed to investigate the behavior of
the HA-based graft compound concerning its ideal molecular weight, acid
concentration, its possible degradation in presence of hyaluronidase in living tissues,
and possible interactions with the degradation subproducts derived from combined

materials used within the graft compound.
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Graphic 1. Cellular viability when compared to Positive Control. (G1) - NIH-3T3 cells and HMW-
HA, (G2) - NIH-3T3 cells and LMW-HA; (G3) - NIH-3T3 cells, HMW-HAHP-BTCP; (G4) - NIH-3T3
cells, LMW-HA and HP-BTCP; (G6) - NIH-3T3 cells and Hypochlorite (Negative control).
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Image 2.Disposition of treatment group (in quadruplicate) in the 96 well plate
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A = (G1) - NIH-3T3 cells and HMW-HA, B = (G2) - NIH-3T3 cells and LMW-HA; C = (G3) - NIH-3T3
cells, HMW-HAHP-BTCP; D = (G4) - NIH-3T3 cells, LMW-HA and HP-BTCP; E= (G5) - NIH-3T3 cells
(Positive control); F= (G6) - NIH-3T3 cells and Hypochlorite (Negative control).



Table 1. Treatments and respective volume per well.

Cellular HP-
Group DMEM HMW-HA LMW-HA Hypochlorite

density BTCP
Gl 0,5x10° 184l (15171 [N () U —
G2 0,5x10° 196uL | - 7 P R —
G3 0,5x10° 184pl 6l | 4mg | -
G4 0,5x10° 196 | - 4pl dmg | e
G5 0,5x10° 7201071 AN (SO U i —
G6 0,5x10° | == | e e e 200pl

Table 1. Table 1. Treatments and respective volume used per well.

DMEM (Dulbecco’s modified Eagle’s medium); HMW-HA (High Molecular Weight Hyaluronic
Acid); LMW-HA (Low Molecular Weight Hyaluronic Acid); HP-BTCP (Hydroxyapatite and [3-
tricalcium phosphate). (G1) - NIH-3T3 cells and HMW-HA, (G2) - NIH-3T3 cells and LMW-HA;
(G3) - NIH-3T3 cells, HMW-HAHP-BTCP; (G4) - NIH-3T3 CELLS, LMW-HA and HP-BTCP; (G5)
NIH-3T3 CELLS (POSITIVE CONTROL); (G6) - NIH-3T3 cells and Hypochlorite (Negative

control).




Table 2. Results of the MTT assay for each evaluated group.
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95% Confidence Interval

St.d Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
Gl | 16| 1,45444| 0,530858 | 0,132715 | 1,17156 1,73731 0,501 2,340
G2 16 | 1,19296 | 0,338835 0,84709 | 1,0111 1,37261 0,506 1,822
G3 16 | 1,08613 | 0,478396 0,119599 | 0,83121 1,34104 0,82 2,055
G4 16 | 1,14600 | 0,357528 0,89382 | 0,95549 1,33651 0,643 2,060
G5 16 | 1,90506 | 0,309629 0,77407 | 1,74007 2,07005 1,225 2,313
total | 80 | 1,35674 | 0,503370 0,56278 | 1,24472 1,46876 0,082 2,340




ANEXO B - Alteracdes no Projeto de Pesquisa No. 0048/11

Porto Alegre, 28 de Setembro de 2012

Profa. Ana Mana Spohr |

Comissao Cientifica e de Etica — CCE

Faculdade de Odontologia

Pontificia Universidade Catolica do Rio Grande do Sul - PUCRS

Ref.: Alteragdes no Projeto de Pesquisa No. 0048/11
Prezada Coordenadora:

Por meio desta, venho solicitar o registro das seguintes alteragdes no projeto de
pesquisa aprovado segundo protocolo 0048/11, entitulado “O Acido Hialurdnico como
Veiculo de Células Osteoprogenitoras para Enxertia Ossea™

- Substituicie do pesquisador associado Sabrina Rebollo Zani pelos pesquisadores
associados Carlos Augusto Accorsi Ribeiro e Thaisa Banzan Bordin.

- Acréscimo de outro grupo experimental 3os ja existentes contendo acido
hialurénico de baixo peso molecular (Hyaloss™, Fidia Famaceiutici S.p.A., Italia).

Saliento que a inclus3o deste grupo experimental ndo acametara na alteracdo efou
acréscimo do nimero de animais previstos para uso no descrito experimento.

Cordialmente,

sy

Prof. Eduardo Rolim Teixeira
Pesquisador Responsavel
Depto. de Protese Dentaria — FO/PUCRS
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ANEXO C - Resposta Solicitagéo de Alteracao em Projeto de Pesquisa

% CEUA:  Pontificia Universidade Catélica do Rio Grande do Sul
% PRO-REITORTA OF PESQUISA E POS-GRADUACAD

nC E’E Comissdo de Etica no Usc de Animas
Qficio 14112 CEUA/PRPPG Porto Alegre, 22 de novembro de 2012
Prezado Professcr,

Em resposta a sua solictagdo de alterag&o no projeto sob n® 11/00253 da
CEUA, intitulado "Avaliagac do potencial citotdxico do acido hialurénico sobre células
osteoprogendoras diferencadas a parir de células-tlronce mesenquimais®, informamaos
que o mesmo foi alterado. Portanto a continuidade de sua investigacao esta aulorizada a

parlir da presante data.
Atenciosamenta,
ra Ammana Gonca»%ﬂeqé
oo enadora da CEUA - PU
limo. Sr.
Prof. Dr. Eduardo Rolim Temeira
FO
Nesta Universidade
‘ Campus Central
PUCH 5 | v tewangs, 66% - srésia 60, sa 316
CEP. 90610000

Fane/Fax: {51) 332035
C-mad CouNBouCrslY
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ANEXO D - Orientagdes para publicagéo na revista Annals of Biomedical
Engineering

Manuscript Size and Format

Manuscripts that do not meet our author guidelines will be rejected without
review.

Manuscripts must not exceed approximately 20 double-spaced pages,
including references but not figures or tables. Upload the manuscript in a single MS
Word file. The manuscript must have 1” margins and 12 point Times New Roman or
Arial font. Authors should limit figures to a manageable number (6-8 should suffice).
All text must be double-spaced, including, footnotes, references, legends, and tables.
Tables and figures must be included at the end of the manuscript, not in the body
text, and be referred to in the manuscript in a sequential manner.

Pages should be numbered consecutively beginning with the title page.

Each section should be clearly labeled. Pages must be arranged, and labeled,

as follows:

o 1. Title page

2. Abstract and key terms

w

. Introduction

4. Materials and Methods

5. Results

6. Discussion

\‘

. Acknowledgments

(o]

. References

©

. Tables, figure legends

Each table should be typed on a separate page and double—-spaced.
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Figure captions should be typed double spaced on a separate page.
Figures should be identified with figure number and name of first author.
The text should be clear and concise, conforming to accepted standards of

English.

References and Citation Format

References are limited to pertinent published works or papers that have been
accepted for publication. Usually this is achieved with fewer than 30 references. An
abstract may be cited only when it is the sole source.

References should be typed separately, double-spaced, arranged
alphabetically by author, and numbered serially, with only one reference per number.
The number appropriate to each reference should be superscripted at the proper
point in the text. The formats are:

Journal articles. Last name of first author, followed by initials, initials and last
names of each coauthor; title of article (first word only capitalized); name of journal
(abbreviated as in Serial Sources for the BIOSIS Data Base, published by
BioSciences Information Service), volume, inclusive pages, and year.

Example: 1. Haselton, F. R., R. E. Parker, R. J. Roselli, and T. R. Harris.
Analysis of lung multiple indicator data with an effective diffusivity model of capillary
exchange. J. Appl. Physiol. 57:98-109, 1984.

Book references. Author(s) as above; title of book (main words capitalized);
city of publication; publisher; year and pages, e.g.,: Thompson, D. A. W. On Growth
and Form. Cambridge: Cambridge University Press, 1961, 346 pp.

For chapter in an edited book: Glass, L. and A. Shrier. "Low dimensional
chaos in the heart." In: Theory of Heart: Biomechanics, Biophysics, and Nonlinear
Dynamics of Cardiac Function , edited by L. Glass, P. Hunter, and A. McCulloch.
New York: Springer-Verlag, 1991, pp. 289--312.

For full author instructions, please click on the links below:

Manuscript Size and Format

Suggesting Reviewers and Associate Editor

Submission

Research Articles

Revisions

References and Citation Format
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Figures

Submission of Electronic Figures, General
Submission of Scanned Figures

Tables

Mathematical Formulas and Equations
Review Articles

Letters to the Editor

Auxiliary Materials

Unique Materials, Data and Computer Code
Experimental Procedures

Copyright

Permissions

Proofs

Reprints

Springer Open Choice

Examples of Areas of Interest

Guiding Principles for Research

Manuscript Size and Format

1) Manuscripts must not exceed approximately 20 double spaced pages,
uploaded in a single file. The manuscript must have 1” margins and 12 point
Times New Roman or Arial font. The page count includes references and but
not figures or tables. Authors should limit figures to a manageable number (6-
8 should suffice). Authors may consider publishing illustrations in excess of 8
as Electronic Supplementary Material. Occasional exceptions to these
guidelines will be made at the editor’s discretion. All copy must be double-
spaced, including text, footnotes, references, legends, and tables. Tables and

figures should be referred to in the manuscript in a sequential manner.

2) Pages should be numbered consecutively beginning with the title
page. Each section should be clearly labeled. Pages should be arranged in

the following order:
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1. Title page

2. Abstract and key terms

3. Introduction

4. Materials and Methods

5. Results

6. Discussion

7. Acknowledgments

8. References

9. Tables, figure legends

3) Each table should be typed on a separate page and double-spaced.

4) Figure captions should be typed double spaced on a separate page.

5) Figures should be identified with figure number and name of first

author.

6) The text should be clear and concise, conforming to accepted
standards of English style and usage. Unfamiliar or new terms should be

defined when first used.

Title:

The title should be informative. It should contain no unnecessary words and
should not exceed 116 characters including spaces between words. The title
page should have the title of the article, author(s), department and institution
in which the work was done with address, an abbreviated title for the running
head (not exceeding 55 characters including spaces between words), name
and address for correspondence, and a contact telephone number, FAX

number, and email.
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Abstract:

A one-paragraph abstract of not more than 200 words must accompany each
manuscript. It should state concisely the reason for the study, what was done,
what was found, what was concluded, and the relevance.

Key Terms:

After the abstract, list three to ten terms not included in the title.

Abbreviations, symbols, and terminology:

Include in the manuscript a list of new or special abbreviations used in the
paper, with spelled—out form or definition. Frequently used abbreviations need
only be defined at first mention. For commonly accepted abbreviations, word
usage, symbols, etc., authors are referred to the CBE Style Manual (sixth
edition, 1994). Chemical and biochemical terms and abbreviations should be
in accordance with the recommendations of the IUPAC-IUB Combined
Commission on Biochemical Nomenclature. Isotope specification should

conform to the IUPAC system.

Glossary of terms:

When only a few symbols and terms are used, define each one when it is first

introduced.
The definition should include:
1) the symbol (Roman or Greek),
2) its name,
3) a definition in words, and
4) units.

Units:

Authors should use the International System of Units (SI) except where

common usage contradicts. Authors may follow the Sl units with the equivalent
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value in common units (usually c.g.s. system) in parentheses. Units with more
than two components should be written without slashes or dots, using
superscripts, as in ml g -1 s =1 for flow per gram of tissue. Units such as
ml/g/s are unacceptable.

e Spelling:
Follow Webster's Third New International Dictionary for spelling,
compounding, and word division.

e Drugs, Chemicals, and Trade Names:

Proprietary (trademarked) names should be capitalized. Check spelling. The
chemical or generic name should precede the trade name or abbreviation the
first time it appears.

« Footnotes:

Avoid footnotes. Use parenthetic statements in the text instead.

o Acknowledgments:

At the end of the article one or more statements should specify
(a) contributions that do not justify authorship;
(b) technical help;
(c) financial and material support, specifying the nature of the support;
(d) financial relationships that may pose a conflict of interest.

Manuscripts should meet the requirements outlined above to avoid delay in
review and publication. With the exception of the style and ordering of the references,
these style requirements match the "Uniform Requirements" published by the
International Committee of Medical Journal Editors (Ann. Intern. Med. 126:36—-47,
1997). An online version of the "Uniform Requirements” can be viewed at the end of
the chapter.
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ABME discourages submissions of routine computational simulations that
produce easily anticipated results, lack experimental validation, or represent
incremental advancements of understanding.

Papers must be submitted via upload in a word processing format, preferably
in Microsoft Word. Authors can submit LaTex manuscripts as is through our online
submission process. Our software can accept LaTeX manuscripts, and usually
formats them properly when converting them to PDF. Errors that occur in the
conversion to PDF will be fixed when the paper is being prepared for publication.
However, Microsoft Word files are preferred for upload.

Persons who have contributed intellectually to the paper but whose
contributions do not justify authorship may be named and their function or
contribution described. For example, "scientific advisor,” "critical review of study
proposal,” "data collection,” or "participation in clinical trial" are appropriate. Such
persons must have given their permission to be named. Authors are responsible for
obtaining written permission from persons acknowledged by name.

Reviewers and Associate Editor

Authors must suggest at least one (1) Associate Editor to oversee their
manuscript, and also suggest at least four (4) potential reviewers. Reviewer
suggestions must include email addresses. However, there is no guarantee that the
suggested associate editor or reviewers will be used. Authors must also select five
(5) classifications for their manuscript. Authors should also add personal

classifications if they like.
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Anexo E — Introducdo em portugués

Implantes dentarios se tornaram importantes alternativas no tratamento de
pacientes com perda Ossea maxilo-mandibular, servindo de ancoragem para
préteses dentarias, obturadoras de fendas palatinas e de préteses faciais®.

Um dos fundamentos basicos para a colocacdo de implantes dentarios € um
adequado volume ésseo” 3, e inumeras técnicas de enxertia dssea estdo disponiveis
hoje, sendo o osso autélogo ainda considerado o padrdo ouro e provendo com 0s
melhores resultados clinicos. Entretanto, limitacdes como a necessidade de area
doadora, associada a morbidade desse sitio, somada a eventual limitacdo de 0sso
disponivel, podem diminuir ou contra-indicar indicacdo dessa técnica® °. Diferentes
técnicas, que utilizam substitutos 6sseos de origens diversas, como xenoenxertos,
materiais alloplasticos ou alloenxertos estdo atualmente disponiveis, apresentando,

na sua maioria, bons resultados clinicos®

, mas ainda apresentam algumas
limitagces sobre a extenséo de sua aplicabilidade clinica. ® °.

Nas Ultimas décadas, técnicas envolvendo engenharia tecidual, area da
medicina que combina 0s mecanismos naturais de cicatrizagdo dos tecidos vivos
com principios de engenharia, foram muito estudadas e desenvolvidas para repor
tecidos vivos perdidos por trauma, doencas ou reabsorcdo natural'® 2. A
engenharia tecidual basicamente combina culturas celulares in vivo, inicialmente
matrizes bidimensionais para posteriormente serem aplicadas em carreadores
tridimensionais, com ou sem a incorporacédo de proteinas®?, formando compostos de
enxertia tecidual que podem carregar drogas, genes ou outros materiais que possam

induzir ou acelerar o processo natural de cicatrizacdo™ *°. O acido hialurénico (HA)

tem sido sugerido como um possivel carreador cellular para reconstrucao tecidual
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6ssea atrravés da engenharia tecidual'®. HA é um acido inorganic e esta presente na

matriz extracellular de todos os organismos vivos'”

, € permite alteracfes em sua
cadeia molecular. Estas alteracbes podem ser importantes para diminuir o potencial
alergénico e respostas inflamatorias, bem como aumentar seu potencial

antibacteriano e propriedades angiogénicas'® %°

, além de promover capacidades de
absorcdo de impacto, relevantes na proliferacdo e diferenciacao cellular 2.

Materiais aloplasticos como a hidroxiapatita com beta-tricalciofosfato (HP-
BTCP) tem sido extensivamente pesquisadas nas ultimas décadas e sdo atualmente
aplicadas como substitutes 6ésseos emu ma ampla gama de defeitos 6sseos® 2* .
HP-BTCP sdo ceramicas bioativas que apresentam bem documentadas

propriedades osteocondutivas e biocompatibilidade®*

, promovendo formacao
O0ssea em sua superficie. A aplicacdo desse biomaterial em culturas celulares ex
vivo para enxertia 0ssea tem sido sugerida como uma técnica promissora para
regeneracdo 6ssea. %°.

Baseado na controvérsia da lieratura sobre o uso do HA e sobre as
caracteristicas ideais referents ao seu peso molecular ideal para server como um
carreador cellular em engenharia tecidual 6ssea, esse estudo avalia a citotoxicidade
do HA de baixo peso molecular (LMW-HA) e alto peso molecular (HMW-HA) em

cultura cellular de fibroblastos da linhagem NIH-3T3, com e sem a presence de HP-

BTCP, através do teste MTT (methylthiazol tetrazolium).



