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ABSTRACT

PURPOSE: To evaluate the biologic behavior of the castor polymer containing silica nanoparticles as a bone substitute in diafisary
defect.

METHODS: Twenty seven male rattus norvegicus albinus wistar lineage were submitted to bone defect filled with castor oil polymer.
Three experimental groups had been formed with nine animals each: (1) castor oil polymer containing only calcium carbonate; (2) castor
oil polymer with calcium carbonate and doped with 5% of silica nanoparticles; (3) castor polymer with calcium carbonate doped with
10% of silica nanoparticles; 3 animals of each group were submitted to euthanasia 15, 30 and 60 days after experimental procedure, and
their femurs were removed to histological evaluation.

RESULTS: there was bone growth in all the studied groups, with a greater tendency of growth in the group 1. After 30 days all the
groups presented similar results. After 60 days a greater amount of fibroblasts, osteoblasts, osteocytes and osteoclasts in group 3 was
observed, with integrated activity of 3 kinds of cells involved in the bone activation-reabsorption-formation.

CONCLUSIONS: The castor polymer associated to the silica nanoparticles is biocompatible and allows osteoconduction. The presence
of osteoprogenitors cells suggests silica osteoinduction capacity.
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RESUMO

OBJETIVO: Avaliar o comportamento bioldgico do polimero de mamona contendo nanoparticulas de silica como substituto dsseo.
METODOS: Vinte e sete rattus norvergicus albinus, Wistar foram submetidos a defeito 6sseo preenchido com polimero de mamona.
Foram formados trés grupos experimentais, com nove ratos cada: (1) Polimero com carbonato de célcio; (2) Polimero com carbonato de
calcio dopado com 5% de nanoparticulas de silica; (3) Polimero com carbonato de célcio dopado com 10% de nanoparticulas de silica;
trés animais de cada grupo foram submetidos a eutanasia 15, 30 e 60 dias ap6s o procedimento experimental e os fémures removidos

e submetidos a avaliagdo histologica.
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RESULTADOS: Houve crescimento ¢sseo em todos os grupos estudados, com maior tendéncia de crescimento no grupo contendo

polimero de mamona acrescido apenas por carbonato de célcio. Aos 30 dias, todos os grupos apresentaram resultados semelhantes.

Aos 60 dias, notou-se maior presenca de fibroblastos, osteoblastos, ostedcitos e osteoclastos no grupo 3, com persisténcia da atividade

integrada dos trés tipos de células envolvidas no processo de ativagado-reabsor¢ao-formagao ossea.

CONCLUSOES: O polimero de mamona associado com nanoparticulas de silica é biocompativel e permite a osteoconducio. A

presenca de células osteoprogenitoras nos implantes contendo 10% de silica indica sua capacidade osteoindutora.

Descritores: Materiais Biocompativeis. Substitutos Osseos. Oleo de Ricino. Ratos.

Introduction

The use of biopolymers as materials capable of promoting
osteogenesis has considerably evolved in the last decades, mainly
with the advent of the first class of polyurethanes, synthesized from
vegetable fatty acid molecules, thus proving the superiority of the
vegetable urethanes over the mineral derived resins'?. Favorable
aspects when implanted such as good processability, formulation
flexibility, versatility in temperature of cure and exothermic peak
control in gel-liquid transition, excellent structural properties
and non releasing of steams and toxic radicals typify the castor
polyurethane as an effective material in the bone repair process®?.
Among the main characteristics of the castor polymer, its internal
porous architecture stands out®. The existence of porosity in
the implants, their diameter, conformation and presence of
intercommunication are important features which regulate cellular
and vascular migration to the inner part of these implants allowing
for the bone neoformation’®.

The use of bioceramics comprises applications such as
in metallic prosthesis coatings or in association with polymeric
materials®. The bioactive ceramics stand out as biocompatible
materials used as bone substitutes, due to their capacity of beeing
produced in large quantities with control of physical and chemical
parameters such as purity, porosity, superficial area and grains
size'?.

Mechanisms involved in the formation process of the
hydroxyapatite layer in materials exposed to different physiological
fluids are still controversial. Silica (SiO,) presents chemical
stability, transparency to visible light and bioinert/biocompatible
properties which allow for its application as load in composed
resins'"'2. However there is a lack of information about the role of
nanoparticled bioceramics in the polyurethane behaviour as far as
osteogenesis is concerned.

Therefore, the aim of this study was to evaluate
the behavior of the castor polymer in association with silica
nanoparticles as material for bone defect filling in rats, based on
the preparation of a new class of materials structurally similar to

living tissues (polymer-ceramics nanocomposites) for medical and

dental application.

Methods

All the experimental procedures were analyzed and
approved by the Ethic Commission in the Use of Animals/UFMS
with protocol number 141/2007.

In the polymer preparation we used pre-polymer, poliol
and calcium carbonate from Biomecanica, in the weight rate
1.0:0.9:1.0, as recommended by the fabricant.

Sample characteristics and animal care

Twenty-seven rats males adults (Rattus norvegicus
Albinus) WISTAR, with weight varying between 230 and 350
grams, coming from the central vivarium of the University for
Development of the State and the Pantanal Region - UNIDERP,
Campo Grande, MS.

The animals were confined in cages of 0.15 m?, and kept
in photoperiod of 12 hours, temperature and humidity maintained
by air conditioning (18 to 20 °C), minimal noise, solid race and
water ad libitum, being under observation for a period of two days
before use in experiment.

Animal group formation

The animals were randomly divided into 3 distinct
experimental groups associated with the filling material, G1
(reference) - castor oil polymer containing only calcium carbonate;
G2- castor oil polymer with calcium carbonate and doped with 5%
of silica nanoparticles; G3- castor polymer with calcium carbonate
doped with 10% of silica nanoparticles. Each group was divided
into three subgroups, with 3 animals each, according to the day of

euthanasia in the postoperative period set in 15, 30 and 60 days.

Surgical procedure

The animals were anesthetized with intraperithonial

Acta Cirirgica Brasileira - Vol. 27 (1) 2012 - 57



Nacer RS et al.

solution injection of of 2% Xylasin Chloridrate in association with
5% Ketamine Chloridrate at 1:2 proportion in 0.10-0.15 ml/100g
body weight doses.

After the incision, the femoral diaphysis was spotted and
a 2.00mm diameter bone defect was produced using a spherical
diamond tipped drill bit number 1016 (KG Sorensen) attached to
a DREMEL® 300 Series drilling machine at 5.000 RPM under
constant irrigation with physiologic serum, drilling the bone

cortical as far as the medullary canal.

Filling material

For the filling of the produced bone defect three different
formulations of the castor polymer blocks (2.00mm diameter
by 1.00mm thick) were used: castor polymer (group 1); castor
polymer containing 5% silica nanoparticles, in weitgh (group 2);
and castor polymer containing 10% silica nanoparticles, in weitgh

(group 3).
Euthanasia

After the 15, 30 and 60-day observation periods, the
animals were submitted to euthanasia with intraperithoneal
infusion of lethal dose of Ketamine chloridrate and sodium
Thiopental dissolved in sterile solution of sodium chloride saline

solution at 0.9% in concentration of 100mg/ml.

Sample preparation

For the histological observation the obtained parts
were immersed into a decalcifying Ethylene Diamyn Tetra
Acetate (EDTA) solution, washed with running water, submitted
to dehydration in ethylic alcohol at different concentrations,
diafanization in xylol p.a. and inclusion in histological paraffin.

After the inclusions in paraffin, the blocks were submitted
to sagital 5 pum thick cuts and stained with Hematoxilyn and
Eosin. Each field’s image was obtained from a BX41 Olympus®
Japan light microscope attached to a PM-10AK (Olympus Auto
Exposure Control Unit PM-CBK-3) semi automatic photographic

camera.
Analysis procedures
The histological evaluation applied a semi-quantitative

method and was based on the presence of characteristics cells

of the inflammatory process, kind of tissue in the implant-bone
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transition area, presence of fiberblasts (fibrosis), formation of
fibrous pseudocapsule around the implanted material, trabecules
of newly formed bone tissue (infiltration of bone tissue into the
polymer), presence of osteoblasts, osteocytes and osteoclasts.

The variation magnitude between the variables and
studied groups was carried out through Kruskal-Wallis test and
when there was significant difference between the groups, the post
hoc Student-Neuman-Keuls test was applied. The comparisons
with p<0.05 were considered as statistically significant. For data
tabulation the Software Microsoft Office Excel 2007 was used and
the statistic analysis was performed with the Bioestat 5.0 program.

The morphology of the castor polymer’s surface added
with calcium carbonate prior to implantation, with and without
SiO, nanoparticles, was evaluated through scanning electronic
microscopy (SEM), in a JSM-6380LV Jeol Microscope, under
15kV typical tension acceleration.

Results

The results of the histological analysis of the various
groups and periods studied are represented on Tables 1 to 3.

In the animals from G1 — 15 days, it was observed the
apposition of newly formed bone tissue in the margins of the bone
defect with osteogenic activity inside the implanted material.
At 30 days there was a larger amount of bone apposition in the
margins and inside the defect invaginating towards the inner of the
implant. The presence of osteocytes trapped in the gaps of the bone
trabecules indicates the newly formed bone tissue maturing. After
60 days, a great area containing mature bone tissue was observed
along with a larger quantity of osteocytes in the margins and in the
interior of the defect, the osteoblastic activity was mantained and

there was a great concentration of mature osteocytes (Figure 1).
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FIGURE 1 — Photomicrography from Group 1 animals. A (15 days):
Newly formed bone tissue infiltrating through the polymer’s pores. HE,
200X. B (30 days): Newly formed bone tissue maturing. HE, 400X. C and
D (60 days): Bone neoformation and intense osteocitary paving. C - HE,
200X; D - HE, 400X.

TABLE 1 - Distribution of the variables averages
obtained through the histological analysis (n = 03) — G1.

FIGURE 2 — Photomicrography montage from G2. A (15 days): fibrous
pseudocapsule involving the castor polymer. HE,100X. B and C (30
days): multinucleated giant cell (osteoclast) eroding the biomaterial.
HE, 400X. D (60 days): Filling and bone invasion to the interior of the
material’s isolated pores. HE, 400X.

TABLE 2 — Distribution of the variables averages obtained
through the histological analysis (n = 03) — G2.

Pure polymer 15 days 30 days 60 days P
Bone 1.740.6  2.7+0.6 3.040.0  0.056
Neoformation
Fibroblasts 1.0£1.0  0.0£0.0 1.0+0.0 0.126
Osteoblasts 2.0+0.0 2.0£1.0 2.3+0.6 0.739
Osteocytes 0.0£0.0 1.0£1.0 2.0£0.0  0.065
Osteoclasts 1.0£1.0 1.0£0.0 1.0+0.0 1.000

In the animals from G2 — after 15 days, the presence of
fibrous pseudocapsules, rich in fibroblasts and collagen fibers, was
observed. After 30 days the absence of the fibrous pseudocapsule
which involved the castor polymer and a progression of bone
proliferation with isolated pores filling and fiber and bone tissue
invasion to the interior of the polymer was observed. After 60 days
some isolated pores were filled by bone with trabecular, immature

aspect, with areas with higher bone deposition (Figure 2).

l;g/lzsmig: 15days 30 days 60 days P
Neoz‘;‘;zﬁon 0.0£0.0 2.0:0.0 20+0,0 0.022%* ig;ég Eg:gjg
Fibroblasts 3.0£0.0 1.0£1.0 1.0+0.0  0.047* ig((zg Egg:g
Osteoblasts ~ 0.0£0.0  1.0+£0.0 2.0£0.0  0.021*  15X60 (0.01)
Osteocytes 0.0£0.0 1.0£1.0 2.0£0.0  0.122
Osteoclasts 0.0£0.0 0.7£0.6  1.3£0.6 0.081

In the G3 - after 15 days, it was possible to observe
moderate bone growth into the implant, and a small fibroblastic
activity producing the collagen matrix which precedes bone
mineralization was observed. In the period of 30 days we observed
more apposition of newly formed bone tissue in the edges of the
bone defect with osteogenic activity also inside the implanted
material. The continuous fibroblastic activity and the discreet
deposition of collagen fibers on the receptor bed anticipate the
bone neoformation/maturation. After 60 days we observed a larger
presence of the osteoprogenitor cells with integrated activity of
osteoblasts, osteocytes and osteoclasts operating the process of
bone activation-reabsorption-formation. Only this group where

the implant received 10% of silica nanoparticles presented
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osteoinductive properties (Figure 3).
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FIGURE 3 — Photomicrography montage from the G3. A and B (15
days): Cellular activity and the activation-reabsorption-formation of bone
tissue over the polyurethane. HE, 400X. C (30 days): Pores filled with
bone tissue .HE, 100X. D (60 days): Invasion of mature bone tissue into
the polymer. HE, 100X.

TABLE 3 — Distribution of the variables averages
obtained through the histological analysis (n = 03) - G3.

Polymer:
10% SiO, 15 days 30 days 60 days P
Bone 15X60
+ + + *
Neoformation 1.0£0.0 2.0£0.0 2.3+0.6  0.03 (0.02)
Fibroblasts 1.3£0.6  1.3+0.6 2.0+0.0  0.201
Osteoblasts 1.0£1.0 1.3+0.6 3.0£0.0 0.052
Osteocytes 0.3£0.6  1.0£0.0 2.3+0.6 0.033* 15X60
(0.01)
15X60
sk
Osteoclasts 0.7£0.6  1.0£0.0 2.0£0.0 0.03 (0.03)
Discussion

The presence of typical cells of the inflammatory
process was observed in small quantity in all groups and analyzed
periods with no significant statistic difference among them. The
histological evaluation demonstrated that the bone neoformation
occured gradually from the outside to the center of the cavity
filled by the castor polymer in all the groups, and also that the
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implant materials influenced bone neoformation positively and the
osteoconduction was the main way to bone regeneration.

According to Yoshikawa and Myoui®, the fundamental
principle for the development of biomaterials used in bone tissue
repair is the osteoconductive capacity with porous interconnection
in combination with particles with osteogenic and osteoinductor
potential. The osteoconductive biomaterial promotes bone tissue
apposition in its surface working partly as a receptive receptacle
which facilitates bone formation'’. For Fukuda er al.’ and
Albrektsson and Johansson'®, the osteoconduction is a facilitation
of the incursion of blood vessels and newly formed bone into a
receptacle which should mainly provide a substratum in which
osteoblastic cells can grow, differentiate and deposit extra cellular
bone matrix.

The presence of fibrous conjunctive tissue around the
implant forming a pseudocapsule which involved the material
was evidenced in the G2 animals only in the initial evaluation
period (15 days), which is a natural characteristic of this phase of
regeneration. The dense conjunctive tissue found around the castor
polymer in the initial observation periods should not be mistaken
by that fibrous tissue responsible for isolating non biocompatible
bodies. The main difference between these two tissues lies in their
morphologies. The fibrous capsule is exclusively constituted by
collagen fibers, whereas the dense conjunctive tissue, similar to the
one found in this study, has in its composition both collagen fibers
and a great cell population, which can afterwards differentiate
into osteoprogenitor cells'*!¢. The presence of fibrous conjunctive
tissue in the bone-polymer interface, with or without regions
establishing direct contact of the bone tissue with the implant
could also be observed in various studies by many authors'”%,

According to Beloti et al.* and Laureano Filho et al?,
the fibrous connective tissue which surrounded the material were
in maturation process, gradually altering their structural form to
organic bone matrix lamels, with abundant osteoblasts and newly
formed bone trabecules which filled the polyurethane porosities.

In our study the presence of osteogenic cells was
predominantly bigger in the animals which received the castor
polymer implant containing 10% silica. During all the evaluated
periods it was possible to observe a higher number of fibroblasts,
osteobalsts, osteocytes and osteoclasts around and inside the
implant when compared to the other groups. Silica plays a
fundamental role in certain bioactive glasses, it is capable of
osteoprogenitor cells induction in the lesion area!®!®. The success
of the castor polymer containing 10% silica may be attributed to
the fact that silica, beyond the inductive properties, can promote

great roughness, observed through the SEM.
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SEM analysis of group 1 showed quite rough, irregular
surface, with saliencies and reentrancys which suggest that
the bone tissue adhesion and growth depend on the surface’s
roughness. The surface of the implant doped with 10% silica
presented protuberances and furrows of different sizes, which in
association to the ceramics’s osteoinductive capacity may have
favored cell aggregation and bone neoformation in the bone-
implant interface (Figure 4).

Moreover, the porosity in surface of the polymeric
supports can modulate the cellular adhesion and proliferation
taxes, because the pores represent an increase in the contact surface
with the cells and yet, serve as an artificial temporary matrix until

the cells synthesize their own?.

()

(b)

FIGURE 4 — SEM of the castor polymer before implant. (a) — Castor
polymer without doping. (b) — Castor polymer with 5% SiO,. (¢) — Castor
polymer with 10% SiO,.

Conclusions

The castor polymer in association with silica nanoparticles
as filling material for bone defect was biocompatible, behaving as
a receptive frame which facilitates bone neoformation and it was

capable of promoting osteoprogenitor cells induction.
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