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COMPOZITE COLAGEN/COCHILIE DE MOLUSCA
POTENTIALE BIOMATERIALE PENTRU SUBSTITUTIA OSOASA
MOLLUSC SHELL/COLLAGEN COMPOSITE AS POTENTIAL BIOMATERIAL
FOR BONE SUBSTITUTES
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caracterizarea unor materiale compozite de tip
colagen/cochilie. Cochilia cat si materialul compozit au fost
caracterizate prin XRD, SEM, FTIR si ATD-TG. Se poate
concluziona ca cochilia de molusca contine peste 98%
CaCO; si mai putin de 2% faza organica. Materialul compozit
s-a obtinut prin amestecarea cochiliei de molusca fin
macinata cu colagen in raport masic 4:1. Imaginile SEM
inregistrate pe materialul compozit denota o buna
omogenitate a materialului, nanofibrele de colagen
actionand drept lianti ai particulelor de carbonat.

- /

/ in aceastd lucrare ne-am concentrat atentia asupra
caracterizarii cochiliei unei specii de corbicula si sinteza si

/ In this work our attention was focused onh
characterization of a corbicula species shell and the
synthesis and characterization of collagen/mollusc shell
composite materials. The mollusc shell and the composite
material were characterized by XRD, SEM, FTIR and DTA-
TG. It can be concluded that mollusc shell contain more
than 98% of CaCO; and less than 2% organic phase. The
composite material was obtained by mixing fine milled
mollusc shell and collagen in 4:1 weight ratio. The recorded
SEM images of the obtained composite material exhibit a
very good homogeneity; the collagen nanofibrils acting as
glue between carbonate particles.

- /
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1. Introduction

Synthetic bone grafts are very important
because of the limited amounts of natural bone
grafts. The natural bone grafts materials include
autografts (achieved from the patient), allografts
(achieved from other fellow of that species) and
xenografts (achieved from other species). The use
of these graft materials are firstly reported by Gallie
and Toronto in 1914 [1]. Since then, a lot of
synthetic materials were tested as bone substitutes:
metals and alloys [2, 3]; coated metals and alloys
(especially, with ceramic materials) [4-6]; polymeric
[7]; ceramic [8-10], composite materials [11-15].

Between the natural materials extensively
studied were: bovine bone [16-18], coral [19], deer

antler [20]. The roles of bone [21, 22] and mollusc
shell are very similar (Table 1).

The remarkable properties of bones are not
only due to the collagen and hydroxyapatite but
also due to the other components such as
carbonate, citrate, etc.

During the time, many carbonate based
materials were obtained [23]. Many of these
materials were obtained in order to use them as
biomaterials.

Mollusc shell is a remarkable composite
material composed from calcium carbonate as
main inorganic phase and less than 2 % of organic
phase acting as true “glue” for the inorganic phase.

The collagen is also a remarkable biomaterial
and starting from these premises we obtain

Table 1

Comparative roles of bone and mollusc shell / Comparatie intre rolurile oaselor si a cochiliei de moluscé

Bone / Os

Mollusc shell / Scoicd

organe

3
- act as a mineral reservoir of Ca®* and PO,

, especially /

asigurd ajutor mecanic pentru corpul animalelor si omului

- protective role for many organs / rol protector pentru mai multe

actioneazé ca un rezervor mineral in special de ca® si P 043',
- provide the mechanical support for animal and human body /

- protective roles for entire mollusc / rol protector pentru
intraga moluscéa
- act as a mineral reservoir for Ca** and CO§' /

actioneaza ca un rezervor mineral pentru Ca”" i coz

* Autor corespondent/Corresponding author,

Tel.: +40 21 402 39 60, e-mail: ficaimaria@yahoo.com



360 M.Ficai, E. Andronescu, G. Voicu, D. Ficai, M. G. Albu, A. Ficai/ Mollusc shell/collagen composite as potential biomaterial

collagen/mollusc shell composite material with
potential biomedical use.

2. Experimental

Type | collagen (M.W. 300.000) gel was
obtained by extraction from bovine’s derma hides.
The extraction process allows extracting the
collagen molecules with triple helix native
conformation.

For this work, mollusc shells from corbicula
species were used (Figure 1). The shells were
plenty rinsed with water and ethylic alcohol, milled
in a planetary ball mill for 30 minutes at 150 RPM
and dried by freeze drying.

Fig. 1 - Corbicula species shell; bar corresponding to 1 cm
Cochilie de molusca caracteristicd speciei de corbicula,
scala 1cm.

The collagen/mollusc  shell composite
material was obtained by milling of 25 g collagen
gel 2% with 2 g mollusc shell. For good
homogenisation the milling process was set for 30
minutes at a rate of 150 RPM. After milling, the
mat(t)erial was dried in a controlled atmosphere at 30
+2°C.

The obtained material was investigated by
X-ray diffraction, IR spectroscopy, scanning
electron microscopy and thermal analysis.

for bone substitutes

X-ray diffraction analysis was performed using
a Shimadzu XRD 6000 diffractometer at room
temperature. In all the cases, Cu Ka radiation from
a Cu X-ray tube (run at 15mA and 30 kV) was
used. The samples were scanned in the Bragg
angle, 20 range of 10 — 80.

SEM analyses were performed on a HITACHI
S2600N electron microscope with EDAX, at 15
keV, in primary electrons fascicle, on samples
covered with a thin silver layer.

The IR spectra were recorded on a Shimadzu
8400 FTIR Spectrometer on 500 — 4000 cm”
range, using a resolution of 2 cm™, for mollusc
shell and also for collagen/mollusc shell composite
material.

The differential thermal analysis (DTA)
coupled with thermo gravimetric analysis (TGA)
was performed with a Shimadzu DTG-TA-50H, at
a scan rate of 10 °C/min, in air.

3. Results and discussion

The X-ray diffraction pattern (Figure 2)
confirms calcium carbonate presence as the main
mineral phase of mollusc shell. Between the
different  crystallographic forms of calcium
carbonates the mollusc shell contains calcite and
aragonite as main mineral phases. Calcite:
aragonite weight ratio, determined by semi-
quantitative XRD was 9:1. The calcite: aragonite
ratio was estimated as follows: 1 g of mollusc shell
was analysed by XRD and the ratio between the
intensities of peaks recorded at 29.57 and 47.64

was calculated (If); in the second step, 1 g of

calcite is added to 1g of mollusc shell and the ratio
between the intensities of the same peaks was

+
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Fig. 2 - XRD pattern of collagen - mollusc shell composite material / Difractograma de raze X a materialului compozit de tip
colagen/cochilie.
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calculated (13) The weight ratio between calcite
and aragonite is estimated by Eq. 1.

0 0
x =1

No other mineral, such as vaterite - CaCO;
[24] and dolomite - CaMg(CO3), [25], gypsum -
CaS0,42H,0 [25] or basanite 2CaSO,2H,0 [25]
which usually occur in molluscs shells can be
identified by XRD.

The XRD pattern (Figure 2) was also
recorded for collagen/mollusc shell composite
material which confirms that the adding of collagen
gel doesn’t modify the composition of carbonate
mineral phase.

Infrared spectroscopy (Figure 3) was used
for both mollusc shell and collagen/mollusc shell
characterisation. In the IR spectra of both materials
the carbonate peaks can be easily identified, the
most intense being at 2522, 1789, 1473 (vs), 860
and 706 cm™.

The bands of organic phase present in 1200
- 1700 cm” range are overlapped with the main
peak of calcium carbonate. Because of the low
concentration of organic phase from the mollusc
shell and the moderate molar absorbtivity
coefficient these peaks can be identified only by
deconvolution. In collagen/mollusc shell composite
material, the collagen peaks can be easily
identified. The main organic peaks are: 1630 cm”
corresponding to C=0, 1530cm™ corresponding to
NH deformation, peaks which can be assigned to
collagen.

0.70- 2) Collagen/mollusc shell composite
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The infrared spectrum of collagen/mollusc
shell composite exhibit an increase of collagen
peaks height because of the increase of organic
matter content.

The scanning electron microscopy (Figure
4) was used in order to study the morphology of
collagen/mollusc shell composite material and also
the interaction which occurs between mineral
mollusc shell particles and collagen fibrils and
fibbers.

The recorded scanning electron images of
collagen/mollusc shell composite material exhibits
a stratified structure due to the geometrical shape
of lamellar mollusc shell and due to the strong
interaction between the two phases.

The collagen molecules from the collagen
gel interact with calcium carbonate lamellae and
cover many of them. The collagen covered calcium
carbonate lamellae are joined by many fibrils and
fibres.

At high magnification (Figure 4d) molecular
size collagen can be observed. It is important to
mention that the obtained composite is very stable
in the electron beam being possible to magnify up
to 100.000 fold with minimal burn.

Energy dispersive X-Ray analysis (Figure
5) was recorded in order to establish the main
elemental composition of the material. The EDS
analysis was recorded on the collagen/mollusc
shell composite materials, at low magnification
(500 X). The elemental composition of the
composite is: Ca, P and O.

1b) Molluse shell
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Fig. 3 - Infrared spectra of a) mollusc shell; b) collagen/mollusc shell composite materials; detail corresponding to deconvolution of
composite material peaks between 1200 — 1800 cm™/ Spectrele IR ale a) scoicii de moluscd, b) materialului compozit de tip
collagen/scoica de molusca; detaliu corespunzator domeniului 1200 — 1800 cm’ pentru materialul compozit.



362 M.Ficai, E. Andronescu, G. Voicu, D. Ficai, M. G. Albu, A. Ficai/ Mollusc shell/collagen composite as potential biomaterial

HV | mag | WD | det | tilt| ———— 40 pm ——————
V1|30.00 kV|3 000 x| 7.6 mm | ETD |1 °

B b :{’j 4
12/2/2008 HV mag WD | det | tilt
11:00:35 AM |30.00 kV[12 000 x| 7.6 mm |[ETD |1 °

for bone substitutes

12/ | WD | det | tilt|
11:0 30.00 kV|24 000 x| 7.6 mm |[ETD| 1 ¢|

121 OOS‘ HV mag WD det | tilt
11:02:51 AM |30.00 kV| 100000 x | 7.6 mm [ETD |1 °

d

c
Fig. 4 — SEM images of collagen/mollusc shell composite material at different magnifications: a) 3.000, b) 12.000, c) 24.000 and
d) 100.000x / Imagini SEM caracteristice materialului compozit colagen/cochilie de molusca la diverse mariri: a) 3.000, b) 12.000,

c) 24.000 si d) 100.000x.
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Fig. 5 - EDS spectrum of collagen—mollusc shell composite.
Spectrul EDS al materialului compozit colagen-cochilie
de molusca.

In order to characterize the composition
and the thermal stability of the mollusc shell and
the obtained collagen/mollusc shell composite
material, the both materials were analysed by
DTA-TG (Figure 6). The effects recorded in DTA
for mollusc shell and collagen/mollusc shell are
similar but because of their different composition,
the intensities of peaks are different. The
endothermic effect associated with free water
evaporation can be identified at ~72 °C; the
exothermic effects associated with the organic
phase decomposition appears in the 250-550 °c
region while the endothermic effect corresponding
to calcium carbonate decomposition appear at
736 °C.

Based on TG curves recorded for mollusc
shell and for collagen/mollusc shell composite, the
composition can be estimated. Subsequently, the
mollusc shell composition is:

1.83 % organic matter and 98.17% CaCO;
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Fig. 6 - DTA — TG analyses of a) mollusc shell and b) collagen/mollusc shell composite material / Analizele ATD-TG ale a) cochiliei de
moluscé si b) ale materialului compozit de tip colagen/cochilie de molusca.

while the collagen/mollusc shell composition is 3.43
% water, 17.42 % collagen and 79.15 % CaCOs;.

Also, is important to note that the CaCO;
decomposition shifts to lower temperature in
collagen/mollusc shell composite probbaly, due to
the carbonate layers destructuration.

4. Conclusions

Based on the presented data
conclusion can be laid.

The mollusc shell was characterized by
XRD, FTIR and DTA-TG. XRD and FTIR analyses
collagen gel. The obtained composite material

some

were used in order to make the qualitative
attributions: calcium carbonate — mainly composed
by calcite and aragonite while the DTA-TG
analyses permit quantitative attributions. Based on
these analyses, the composition of the mollusc
shell is: organic matter ~ 1.83% and calcium
carbonate ~98,17%. Based on the intensities of
the main XRD peaks it can conclude that mollusc
shell contains calcite and aragonite; the calcite:
aragonite masic ratio being 9:1.

The collagen/mollusc  shell composite
material was obtained by mixing finely powdered
mollusc shell and the corresponding amount of
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contain 3.43 % water, 17.42 % collagen and 79.15
% CaCOs;.

SEM images confirm a good compatibility of
collagen and calcium carbonate from mollusc shell;
the calcium carbonate particles being enclosed by
collagen network.

Mollusc shell is compositional very similar
with the coral which is widely used for bone
grafting. Based on this, we expect that this
collagen/mollusc shell composite material to be
potential material for bone grafting.
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