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ABSTRACT

Hydroxyapatite (HA) was synthesized in situ by the precipitation method, with and without the presence of collagen
(COLL), to study its influence on HA’s structural and morphological characteristics. The material was characterized by
energy dispersive X-ray spectroscopy (EDX), Fourier transform infrared spectroscopy (FT-IR), wide-angle X-ray dif-
fraction (WAXD), thermogravimetric analysis (TG) and scanning electron microscopy (SEM). The Ca/P molar ratio
was influenced by collagen addition—1.89 and 2.38 for samples without and with collagen, respectively. The WAXD
pattern revealed better resolution and intensity besides higher crystallinity degree of the HA in the presence of collagen.
The photomicrographs showed a strong influence of collagen on the HA morphology.
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1. Introduction

Calcium phosphate apatites make up an important class of
biomaterial, with hydroxyapatite (HA), Ca;o(PO4)s(OH),,
being the most important due to its similarities with the
mineral constituents of bone tissue and tooth enamel and
dentin [1-3]. HA has excellent biocompatibility, display-
ing properties of osteoinduction, osteoconduction and
osteointegration without cellular toxicity [4,5]. Therefore,
HA is one of the most biocompatible materials known.
As such, it has been studied for potential applications in
areas such as tissue engineering, orthopedics and den-
tistry [6].

Collagen (COLL) is a natural and fibrous polymer
constituting about 30% of all vertebrates’ body proteins.
There are more than 26 genetically distinct collagen
types described, of which type I—commonly found in
connective tissues, including tendons, bones and skin is
one of the most studied [7]. It is characterized by an
amino acid sequence—glycine (Gly), proline (Pro), Y,
Gly, X and hydroxyproline (Hyp), where Y and X are
any amino acid—arranged in a triple-helical conforma-
tion. The repeated unit could be represented by the fol-
lowing sequence: (Gly-Pro-Y-Gly-X-Hyp),. This struc-
ture is stabilized by inter and intramolecular hydrogen
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bonds among the amide groups of the backbone chain
amino acids [8-10]. Collagen has biomedical, cosmetic
and pharmaceutical applications, among others [11,12].

Gelatin—denatured collagen—is a heterogeneous mix-
ture of water-soluble proteins with high molecular weight.
Denaturation requires acid or alkaline pretreatment. Ad-
ditional heat breaks the hydrogen and covalent bonds,
leading to triple-helix rupture [13-16].

Recently, composites based on collagen/hydroxyapa-
tite have been studied for bone and dental repairs [17,18].
Sol-gel, precipitation, biomimetic and hydrothermal pro-
cesses are synthesis routes to produce collagen/hydro-
xyapatite composites [19,20]. Among them, precipitation
is one of the most often used because it can produce a
large amount of hydroxyapatite without organic solvent.
A material with morphology similar to compact bone
was found by Ficai and colleagues [21] based on COLL/
HA composite produced though the precipitation method.
A biomimetic process was used by Wang and colleagues
[22] to produce composite by deposition of HA onto a
collagen substrate. The Ca:P molar ratio was 1.58, very
close to that of bone tissue. Using a similar process but
different precursors, Ficai and colleagues [23] produced
a collagen polymeric substrate containing HA crystals on
its surface.

The purpose of this work was to study the influence of
collagen on the structural and morphological characteris-
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tics HA crystals synthesized in situ.

2. Experimental
2.1. Materials

The collagen type I was purchased from Proquimios (Rio
de Janeiro, Brazil). The inorganic materials—calcium
nitrate tetrahydrate Ca(NO;),-4H,0, ammonium phos-
phate (NH,),HPO, and ammonium hydroxide (NH,OH)
—were used for HA synthesis and were purchased from
Vetec Quimica Fina Ltda. (Rio de Janeiro).

2.2. Hydroxyapatite Synthesis in the Presence of
Collagen

Hydroxyapatite in the presence of collagen was pre-
pared as follows. Two aqueous solutions were prepared:
Solution A—62.5 mL of calcium nitrate tetrahydrate Ca
(NO3),-4H,0 (2.42 M), containing collagen (3.96 grams),
and Solution B—62.5 of mL ammonium phosphate
(NH,4),HPO, (1.48 M). The pH of both was adjusted in
the range 10 - 11 using ammonium hydroxide (NH,OH)
(8 M). The B solution was dripped onto the A solu-
tion, under mechanical stirring (350 rpm), flow rate of
100 mL/h and temperature of 80°C for approximately
40 min. After this period, the reaction medium was kept
under mechanical stirring for 2 hours. In order to com-
pare the results, hydroxyapatite without collagen was
synthesized using the same method. To avoiding re-
moving the collagen—water soluble material—the sam-
ples were freeze dried instead of being washed in water
[24].

2.3. Fourier Transform Infrared Spectroscopy
(FT-IR)

FT-IR spectra of the samples were obtained using a
Varian model 3100 Excalibur Series spectrometer, with
resolution of 2 cm ™' and 40 scans, in the range of 4000 -
400 cm ', from a KBr disk, to evaluate the interactions
between the COLL and HA.

2.4. Thermogravimetry/Differential
Thermogravimetry (TG/DTG)

The thermal stability of the samples was estimated by
thermogravimetry/differential thermogravimetry curves,
registered in a TA Instruments model Q500 analyzer,
from 30°C to 700°C at 10°/min, under nitrogen atmos-
phere. The initial, final and maximum degradation tem-
peratures were measured.

2.5. Energy-Dispersive X-Ray Spectroscopy
(EDX)

The Ca/P ratio of the HA, with and without collagen, was

Copyright © 2012 SciRes.

determined X-ray energy-dispersive spectroscopy using a
Shimadzu model 720 spectroscope.

2.6. Wide-Angle Diffraction (WAXD)

Wide-angle X-ray diffraction was performed in a Rigaku
Miniflex diffractometer using Cu Ka radiation at 30 mA,
40 kV and 26 scans from 2° to 60°, to assess the crystal-
line structure and changes in the 26 reflection angles of
the HA.

The crystallinity degree (X.) of both HA types was
calculated using the values given by the Fityk program,
through the ratio of crystallinity and total area of the dif-
fractogram peaks. The average size of the HA crystallites
was obtained using the full width at half maximum
(FWHM) of each diffractogram, using Scherrer’s equa-
tion Equation (1) [25,26] where K is the Scherrer con-
stant, (FWHM) = 1, £ is a measure of the line broadening,
A is the wavelength of the X-ray = 1.5418 A, and 4 is the
angular position of the reflection peak. Bragg’s law
Equation (2) was used to determine the spacing of the
crystallographic planes, where n is an integer, A is the
incident wavelength, d is the spacing between planes in
the atomic structure, and @ is the angle between the inci-
dent ray and the scattering planes [27,28].

KA
= 1
’ pcosb M
nA =2dsin0 (2)

2.7. Scanning Electron Microscopy (SEM)

The morphological features of the materials were inves-
tigated with a GO model JSN5610LV scanning electron
microscope. The powder was coated with a gold layer
and the images were taken using 3.000 and 6.000 magni-
fications.

3. Discussion

3.1. Fourier Transform Infrared Spectroscopy
(FT-IR)

Figures 1 and 2 show the FT-IR spectra of the collagen
and both HA types, respectively. The collagen’s charac-
teristic absorptions were 1644 cm ™' (amide I, C=0), 1538
cm ' (amide II, N-H stretching and C-N deformation),
1456 cm™' (C-N deformation), 1234 cm’! (amide III,
C-N deformation and N-H stretching), 2842 cm™' (CH,
asymmetric stretching), 2919 c¢cm™' (CH, symmetric
stretching) and 2849 cm™' (CH; symmetric stretching).
The band shown at 3071 - 3470 cm™' corresponds to as-
sociated-OH [29]. A high resolution HA spectrum with-
out collagen was achieved. The POZ' 470, 562, 601,
962, 1035 and P-O 1106 cm ' absorptions were attri-
buted to the bending and symmetric stretching vibrations.
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Figure 1. FT-IR spectra of the collagen.
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Figure 2. FT-IR spectra of the hydroxyapatite with and
without collagen.

The -OH stretching absorption is composed of a shoul-
der (3575 cm ') and a peak at 3493 cm ', associated and
free, respectively. The -OH bending vibration appeared
as a weak peak at low frequency (669 cm ') [30]. The ab-
sorption at 1644 cm™' could be ascribed to two types of
vibrations—in plane H-O-H bending (water) and car-
bonyl stretching (carbon dioxide). Concerning the HA
with collagen, the main HA absorptions could be de-
tected but some peaks were merged with the collagen
indicating some chemical interactions.

3.2. Thermogravimetry/Differential
Thermogravimetry (TG/DTG)

The TG/DTG curves are shown in Figures 3 and 4. Ta-
ble 1 contains the degradation onset temperature (Topset),
maximum temperature (T,,,) and final temperature (Te,q),
as well as the residue content. The collagen thermal
curve showed two stages of degradation. The first (25°C
- 200°C, 8%) could be attributed to the loss of water and
the second (270°C - 500°C, 65%) to polymer chain degra-
dation. The HA’s thermal curve without collagen showed
only one stage of degradation (150°C - 235°C), associ-
ated with the loss of water along with residue. In contrast,
the thermal curve of the HA synthesized with collagen
showed two stages of degradation. The initial stage was
similar to that of HA without collagen, while the second
one appeared at higher temperature (425°C - 450°C).
This could indicate some chemical and/or physical inter-
actions between components, leading to an increase of
the collagen’s thermal stability [31].

3.3. Energy-Dispersive X-Ray Spectroscopy
(EDX)

Ca/P ratios of 1.89 and 2.38 were calculated for HA
without and with collagen, respectively. The first value is
near the theoretical value (1.67) considering the repeat
unit of the HA chemical structure—Ca,o(PO,)s(OH), [3].
The addition of collagen influenced the HA chain growth.
The chain catenation and the repeat unit were modified.
Figure 5 shows the schematic representation of the fea-
sible repeat unit of the HA, with and without collagen.

3.4. Wide-Angle Diffraction (WAXD)

The WAXD diffractograms are shown in Figure 6. The
Bragg’s angles and crystallographic planes of both HA
types are shown in Table 2. The diffraction pattern of
collagen reflects an amorphous material. The 26 diffrac-
tion peaks of the HA without collagen (26.4°; 29.35°; 32°;
33.3% 34.2°; and 40.5%) are associated to the crystallo-
graphic plans (002, 102, 112, 300, 202 and 310) of the
apatite structure [32]. In the presence of collagen, the HA
diffraction peaks are similar to the former but resolution
and intensity are higher. The HA crystal seems to grow

Table 1. TG/DTG parameters of the COLL, HA and HA/COLL.

1° stage 2° stage
Samples Degradation content (%)  Tmax (CC)
Tunscl (DC) Tcnd (OC) Tunscl (DC) Tcnd (DC)
HA 150 235 52.19 236.64
COLL 25 200 270 500 25.44 320.87
HA/COLL 25 200 425 450 46.52 232.61

Copyright © 2012 SciRes.
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Figure 4. DTG curves of

preferentially toward the crystallographic plane related to
the 26 diffraction angle, equal to 33, as reported by Ficai
and colleagues [19]. The crystallinity degrees (X.) were
58% and 75%, for the HA without and with collagen,
respectively. The increase denotes that the collagen
seems to play a role as nucleating agent of the HA. The
interplanar distance value (0.48 A) was the same for both
HA types [28,29].

Copyright © 2012 SciRes.
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3.5. Scanning Electron Microscopy (SEM)

The SEM photomicrographs of the materials are shown
in Figure 7. The images revealed morphological differ-
ences between the two hydroxyapatites. The HA synthe-
sized in the presence of collagen showed morphology
similar to regular microrods. In the absence of collagen,
irregular cluster morphology was achieved.
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Figure 5. Schematic representation of the feasible repeat
unit of the HA: Ca/P = 1.89 and 2.38, without and with col-
lagen, respectively.
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Table 2. Bragg angle and crystallographic planes of the HA
and HA/COLL.

Bragg angle/26

Crystalografic plans

HA HA/COLL

(002) 26.4 26.9
(102) 29.35 29.5
(112) 3 307
(300) 333 334
(202) 342 -

(310) 40.5 404

4. Conclusion EdTeé‘slggg;-c 250t k|14 mim sggv:m

The influence of collagen on the structural and morpho-

logical characteristics of synthesized hydroxyapatite was Figure 7. SEM photomicrographs of the HA (a); COLL (b);
investigated. The TG/DTG and FT-IR analyses indicated HA/COLL (c).

Copyright © 2012 SciRes. MSA
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that chemical and/or physical interaction between the HA
and collagen could have existed. Structural differences
with respect to the HA repeat unit was indicated by EDX.
The WAXD revealed that the crystallinity degree was
higher in the HA produced in the presence of collagen.
SEM images showed strong action of the collagen on the
HA’s morphology.
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