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Abstract. The composites of hydroxyapatite/collagen (HA/Col) were seen to be the most
encouraging bone graft because of the likenesses with the natural bones .The aim of the
present study was to prepared the fish scales hydroxyapatite/collagen /silver nanoparticles
(FsHA/FsCol/AgNPs) as a beads by using infiltration method. FsHA/FsCol/AgNPs
composites beads were prepared by using new method (infiltration), including to
infiltrated of FSHA beads in the FsCol-AgNPs solution. The composites beads of the
FsHA/FsCol have been modified by incorporated with AgNPs. The chemical-physical
properties for the prepared beads have been evaluated by using fourier-transform infrared
spectroscopy (FTIR), scanning electron microscopy (SEM), energy dispersive x-ray
analysis (EDX) and x ray diffraction analysis (XRD). The results had revealed that by
using XRD and FTIR analysis, the peaks of functional groups of FsCol and AgNPs were
observed in the matrix of the beads. FESEM had shown the morphology of beads with
intact to the availability of AgNPs on the surface of porous structure. The beads
morphology demonstrated a homogeneous surface with AgNPs scattered in the matrix.
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Introduction

Introduction as a dynamic tissue that has the capability of remodeling. The
remodeling of the bone includes bone synthesis and resorption. The cells in the bone can
be classified into two main groups- osteoclasts and osteoblasts [1,2]. These two forms
play essential roles in the formation of the new and the resorption of aged bone,
respectively [3,4].

The bone is exposed to many defects such as injury, infection and bone tumor [5].
Some of these defects are small (i.e. 1\3 inch), and can be self-treated as the bone is a
tissue that has the ability to repair itself, but there are some defects that are large (more
than 1\3 inch) such as bone fractures, as well as defects that are caused by diseases and
shocks, in such cases the bone cannot repair itself, which makes the substitutes of the
bone to be one of the most implanted tissues in human medicine store [6,7].

The available HA is known to be chemically synthesized via chemical reaction
such as chemical precipitation [8]. Nevertheless, due to the high cost related to chemicals
that had been utilized in the synthetic process, other natural sources are examined to lead
to economical HA production. Among the important biological sources for natural HA
are fish bones, fish scales, and bones of bovine, eggshells, and snail shells [9]. However,
due to animal diseases, animal diseases such as hyaline membrane disease (HMD) and
mad cow disease poses a threat to the production of HA from animal bones, rendering
animal-based HA not a good alternative of HA. The significant raw sources would be the
fish waste, particularly fish scales [10], additionally, fishes are abundant in the
environment, and the application of their byproducts is suitable for biomedical
application since it would reduce environmental pollution and threats of biohazards to
humans [11].

Collagen-based (Col) scaffolds are classified into three major components, Col
with bio-ceramic, carbon components, and polymer components [12]. Collagen-based
ceramic has been fabricated in three significant forms, such as dry powder [13], three-
dimensional scaffolds [14], and hydrogels [15]. These three forms have been fabricated
and cross-linked in many techniques such as freeze-drying [16]simulated body fluid
(SBF) [17] also in situ synthesis as a fabricate techniques, and DHT (dehydrothermal)
[18] glutaraldehyde and, genipin [19], as a cross-linking method.

HA/Col composites were investigated as a functional biomaterial, which was used
in many medical applications, however, there was no report on HA/Col from the scales of
fish. To fill this gap HA/Col both from scales of fish have been prepared. Based on
previous studies, no research was reported on the incorporation of AgNPs in HA/collagen
composites. Thus, a novel fish scales HA/Col/AgNPs composite was developed for
cheaper and safer bone filler materials in this study.

240



Mustafa Mudhafar et al. Malaysian Journal of Microscopy Vol. 17 No.2 (2021), Page 239-250

Materials and Methods

Silver nitrate (AgNO3) purchased from the Bendon brand (Malaysia), Leaves of
Melia dubia (neem) were collected from Perak Malaysia, locally, Collagen, and
hydroxyapatite from the scales of the fish, produced by our chemistry lab, chemistry
department UPSI, Perak, Malaysia. The Genipin cross liker has been purchased from
Xian Lyplar biotech co. China

The preparation process of FSHA and Porous FsHA beads. The 3 mm beads of
FsHA and FsHA/Starch (St) were prepared using the agglomeration technique. FSHA
powder was crushed to obtain powder without any cloves, then distilled water was
sprayed over the powder, and the size was formed approximately 3 mm. Beads of FSHA
were placed in the mold and oven-dried at 80 °C. A similar procedure was used to
prepared beads of 80:20 wt% and 20:80 wt% FsHA: St. The beads of FSHA and FSHA/St
were sintered at 1200 °C for 2 h in the furnace.

The preparation process of Beads with FsCol-AgNPs. FsHA/FsCol/AgNPs
beads were prepared by using infiltration method. Briefly, 0.1 g of FsCol were dissolved
in 100 mL distilled water and mixed properly until a clear solution was obtained. Beads
of FsHA were submerged in the solution of FsCol at room temperature overnight to allow
penetration of the liquid molecules inside the voids. To prepare FsHA/FsCol/AgNPs
beads whereby 0.1 g FsCol and 0.05% AgNPs have been used to obtain 0.1% (w/v) of
FsCol-AgNPs solution. FSHA beads were immersed inside FsCol-AgNPs solution at
room temperature overnight. Genipin was used as a cross-linker agent to cross-link
collagen in the beads. Approximately 0.03 M genipin was prepared, and the sample was
immersed in the genipin solution to cross-link collagen in the beads and dried in the oven
at 50 °C. The obtained beads were washed two to three times with distilled water to
obtain the final product.

Characterization of FsHA/FsCol, FsHA/FsCol/AgNPs beads. The beads of
FsHA/FsCol and FsHA/FsCol/AgNPs have been characterized using several techniques
such as Fourier-transform infrared spectroscopy (FTIR), scanning electron microscope
(SEM), energy-dispersive X-ray (EDX) spectroscopy, and X-ray powder diffraction
(XRD).

Results and Discussion

FTIR patterns of FSHA/FsCol/AgNPs beads. The starting materials used to
prepare FSHA/FsCol/AgNPs beads have been analyzed through FTIR analysis. Figure 1
a, b, and ¢ show the FTIR spectrum of AgNPs, FsCol and FsHA, respectively. The
spectrum in Figure 1 c¢ shows the functional group peaks of FSHA and the hydroxyl
group. The OH showed a sharp peak at around 3552 cm™ and a weak peak at 642 cm™.
Meanwhile, a broad peak at 1043 cm™ displayed a single band for the phosphate group,
and the peak at 1092 cm™ For the phosphate group (PO4>). Triplet peaks at around 507 to
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606 cm™ corresponding to the PO4* bending vibration were observed [20,21]. Figure 1 b
shows the functional groups of FsCol. The strong band was monitored at 3446 cm™ and
1646 cm™, which referred to be as amide A (N-H) and amide | (C=0), respectively.
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Figure 1. FTIR Spectra for (a) AgNPs, (b) FsCol and (c) FsHA

Figure 1a The absorbance peaks at 1531 cm™ (N-H band from amide 111) and
1348 cm™ (CN band from Amide 11) demonstrated the existence of helical structure of
collagen as reported by Riaz et al. [22] and Azis et al. [23]. FTIR analysis was carried out
to identify the possible biomolecule responsibility for capping and as efficient stabilizer
of the metal nanoparticles synthesis by neem leaves extracts [24]. Figure 1 a shows
functional groups surrounding AgNPs. The peak at 1668 cm™' resembles the amide |I.
Meanwhile, the peak at 2140 cm™' can be assigned to the alkyne group present in
phytoconstituents of neem extracts.

Figure 2 shows the FTIR spectra of FsHA/FsCol/AgNPs and porous
FsHA/FsCol/AgNPs composite beads with collagen respectively. FsCol samples showed
two major peaks with a high intensity were identified at 1027 and 537 cm™. These
corresponding to the phosphate group along with the minor peaks with low intensity
which were observed at 1658 cm™, 1438 cm™, 1086 cm™, and 638 cm™. They referred to
amide 1 (CO stretching), amide 1l (CH, bending) [25], Phosphate (PO4®) and OH
(hydroxyl group) groups, respectively [20,21].
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The presence of FsCol in the matrix of FSHA beads can be proven by the
appearance of weak peaks with a low intensity that was subordinate for amide | and
amide 11 for AgNPs as mentioned in the FTIR spectrum of AgNPs (Figure 2) which was
identified in the presence of functional group at 1640 cm™.
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Figure 2. FTIR specturm of a) FsHA/FsCol/AgNPs and b) Porous
FsHA/FsCol/AgNPs beads

SEM analysis of FSHA/FsCol/AgNPs beads. Figure 3(a) and (b) show the SEM
morphology of FsHA/FsCol/AgNPs with and without starch. Porosity of composites
treated with starch was observed in figure 1 (b) and supported by previous results.
Infusion of pore composites with FsCol-AgNPs has been analysed as shown in Figure 3.
These two samples were with FsCol/AgNPs. The porosity of FSHA beads have been
identified in the SEM analysis, the samples with starch has been shown high porosity
compared with the FSHA without starch. The present study has been aimd to enhance the
porosity of the FSHA beads by add the starch and that target has been acheived.

A present of AgNPs particles were identified in the surface of beads with a
spherical shape and a well distributed as shown in Figure 4. The diameter of silver
nanoparticles was measured to be 18.22 nm to 35.68 nm. The results confirmed the
ability of collagen chain together with silver nano particles to pass through the surface of
porous bead during infiltration procedure.
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Figure 3. SEM Images of (a) FsHA/ FsCol/AgNPs and (b) Porous FsHA/
FsCol/AgNPs
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Figure 4. High magnification SEM of porous FsHA/FsCol/AgNPs

EDX of FsHA/FsCol/AgNPs beads. Figure 5 (a) and (b) show EDX spectra of
FsHA/ FsCol/AgNPs and porous FsHA/ FsCol/AgNPs. The elements that were observed
in the samples are calcium (Ca), phosphor (P), and oxygen (O), along with other elements
that were present in a small percentage, such as magnesium (Mg), aluminium (Al), and
silicon (Si). In the previous studies, they have reported the presence of these elements in
the hydroxyapatite that was extracted from fish [26]. The percent of AgNPs was
identified to be available inside the beads of fish hydroxyapatite with a spherical shape
and a homogeneously distributed on the surface of sample. AgNPs had been
approximately identified at 3 keV in the FsHA/ FsCol/AgNPs and Porous FsHA/
FsCol/AgNPs.
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Figure 5. EDX Spectra a) FsHA/ FsCol/AgNPs and b) Porous FsHA/ FsCol/AgNPs

In a study by Morra et al. [27], their report of preparing HA/B-TCP/Col beads and
characterising using XPS have shown the presence of calcium (Ca), phosphor (P), oxygen
(O), carbon (C), and nitrogen (N). These elements were identified to be present with the
HA and Col in the beads. In the present study, the same main elements have been
identified to be present in the EDX results. Based on literature, no report on the
preparation of HA/Col composite incorporating with silver nanoparticles using
infiltration method have been published. The current study has shown the presence of
AgNPs in the EDX analysis along with the presence of HA and collagen elements. This
indicates that the aim of the present study to incorporate AgNPs particles together with
collagen in HA beads to obtain HA/Col/AgNPs beads has been achieved.

XRD of FsHA/ FsCol/AgNPs beads. Figure 6 shows the XRD patterns that
display several characteristic peaks of HA that are in perfect agreement with the previous
studies [28]. The composite beads with AgNPs are shown in Figure 6 (a) and (b). The
XRD analysis of these beads was carried out to identify the standard peaks of FsCol and
AgNPs inside the FSHA bead matrix. The major peaks of FSHA beads were observed in
the XRD pattern at 20 value of 32.08°, 34.24°, 39.69°, and 47.18° [29]. For collagen, the
peaks were observed at 25.39° and 12.32° [30]. The silver nanoparticles were identified
to be present inside the matrix of beads. Two mean of peaks that belonged to the silver
nanoparticles were observed at around 37.24° and 64.89° degrees (20) [31].

Diffraction peaks of FsCol were identified in the FSHA bead matrix at 20.24 [32]
and 25.98 [33] degrees (26) and were referred to the FsCol. AgNPs were indicted
available in the FsHA/FsCol/AgNPs and porous FsHA/FsCol/AgNPs beads. The narrow
diffraction peaks were indicative of a crystalline material in these beads. 37.24 And 65.12
degrees (20) were identified for silver nanoparticles. In the present study, the new
procedure was used to incorporate AgNPs and FsCol by making them penetrate the
porosity of FSHA beads and distributing in the matrix of beads. According to the results
and based on the explanation above, the objective of this study has been achieved.
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Figure 6. XRD patterns of a) FSHA/FsCol/AgNPs and b) porous FsHA/
FsCol/AgNPs beads
Conclusion

In the present study the FsSHA/FsCol/AgNPs composites beads were prepared by
infiltration of FSHA with FsCol-AgNPs solution. The results had revealed that by using
XRD and FTIR analysis, the peaks of functional groups of FsCol and AgNPs were
observed in the matrix of FSHA beads. FESEM had shown the morphology of beads with
intact to the availability o@silver nanoparticles on the surface of porous structure. The
composites has been succe gfully prepared and characterized, the composites can be used
in the bone filler applications.
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