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ABSTRACT

Objective: Assess the bioactivity of nanohydroxyapatite gelatin paste as a scaffold using simulated body fluid, which used
to treat irregular bone defects in bone regeneration therapy and to make the bone graft placement easier during surgery.

Methods: nHA paste was prepared in this study by combining bovine-derived nHA-gelatin with hydroxypropyl
methylcellulose (HPMC) at various concentrations. The nHA/G 65/35 and 60/40 pastes were immersed in SBF for 1, 2, 7,
and 14 days.

Results: The highest degradation was found on day 7 in both pastes, with the most optimal swelling up to day 14, while
pH revealed a significant difference except on day 2. The TEM test showed particles of nHA have an average length of
181.7 +£20.3 nm and a diameter of 26.9 + 1.9 nm. After immersion, FTIR demonstrated that the paste hydrolyzed as the O-
H functional group and PO, *increased. SEM and EDS testing revealed that nHA/G 65/35 had a larger pore size and the
highest Ca-P composition. Cell viability showed both pastes indicating nontoxic properties.

Conclusions: the nHA/G 65/35 paste is the best candidate for use as a scaffold due to its superior bioactivity in terms of
degradability, pH, and physical, and chemical properties.

Keywords: Biomaterial, Bone regenerative therapy, Nanohydroxyapatite, Simulated body fluid, Regenerative Periodontal
Treatment.
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1. INTRODUCTION

Surgical procedures are used to replace, repair, or regenerate bone that has been damaged by infection, trauma, or another
disease.[1] Many studies have demonstrated the effectiveness of tissue engineering in dental, periodontal, and craniofacial
regeneration in terms of tissue repair and biological performance.[2], [3] Tissue engineering requires three critical
components: stem cells, scaffolds, and signaling molecules or growth factors.[2], [3]
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Scaffolds function as an extracellular matrix and promote tissue regeneration.[3] Bone grafts are a common type of scaffold
used in periodontal treatment and they are expected to have osteogenesis, osteoinductive, osteoconductive, or a
combination of these properties.[1], [3] Autograft is the gold standard for bone grafting, but it has some drawbacks
including pain, limited donor areas, and risk of infection.[1], [4], [5] Alloplastic has recently been used as a bone graft
substitute for autograft due to its osteoinductive, osteoconductive, biocompatible, and bioactive properties in an unlimited
quantity.[6] Previous research has also shown that patients experience less pain and discomfort when using alloplasts rather
than autografts.[1], [4]

Alloplast as scaffolds are required to achieve stability between mechanical and biodegradation to facilitate the rapid
development of new biomaterials, one of which is the development of nanomaterials like nanohydroxyapatite (nHA).
Nanohydroxyapatite is a nanomaterial component of hydroxyapatite that serves as the mineral of human bone. [5], [7]
Nanohydroxyapatite improves degradability while increasing osteoconductive, mechanical, and cell attachment
properties.[7], [8]

The bioactivity of nanomaterials along with biocompatibility have an important role in serving as a scaffold in bone
regeneration.[5], [9] The physical and chemical properties of materials influence their bioactivity. Soluble characteristics
like pH and temperature have an impact on bioactivity.[9], [10] Kong et al, found that chitosan/ nHA had better bioactivity
in SBF than chitosan alone.[11]

Nanohydroxyapatite has been formulated into many forms including paste to improve bioactivity. Pastes are minimally
invasive forms that can simplify surgery and allow easy access to narrow and deep areas, such as periodontal tissue.[12],
[13]

A matrix is required to turn nanohydroxyapatite into a paste, collagen is one of the most commonly used, but it can be
difficult to obtain in some areas and is relatively expensive. Gelatin as an alternative to collagen has gained popularity due
to its properties and low cost.[14] Gelatin is obtained by partial hydrolysis of collagen. In tissue engineering, gelatin is
known to improve tissue repair because its structure promotes cell adhesion to create conditions similar to the extracellular
matrix (ECM), it is biodegradable, and it is simple to manipulate during the gelation process.[3], [15]

The combination of gelatin and nHA was expected to produce a mixture that mimicked the structure of bones. Yadav and
Srivastava discovered that hydroxyapatite and gelatin mixtures degrade faster than hydroxyapatite alone.[16] Using
hydroxyapatite scaffolds and gelatin as nanocomposites, Barbani et al. showed a rise in osteogenic differentiation of the
periodontal ligament in their study.[17]

This study aims to assess the bioactivity of nanohydroxyapatite gelatin paste as a scaffold using simulated body fluid,
which used to treat irregular bone defects in bone regeneration therapy and to make the bone graft placement easier during
surgery. The bioactivity of nanohydroxyapatite gelatin was assessed using pH, degradation, swelling, morphological
characteristics with SEM, TEM, and EDS, chemical characteristics with FTIR after immersion in SBF in this research, and
cell viability with the MTT assay. The findings of this research are expected to lay the groundwork for scaffold paste
applications.

2. MATERIALS AND METHODS

Nanohydroxyapatite (nHA) was prepared by the National Research and Innovation Agency (BRIN, Indonesia), gelatin type
B from bovine skin with 225 g Bloom (G9391 Sigma Aldrich, Germany), hydroxypropyl methylcellulose (HPMC, Sigma
Aldrich, Germany), SBF was prepared by the Laboratory of Chemistry, Faculty of Medicine, Universitas Indonesia
(Indonesia), using Kokubo’s method. [18]

2.1 Transmission Electronic Microscope (TEM)

The nanostructure, morphology, and composition of nHA powder were examined using a Thermo Scientific Type FEI
Tecnai G2 SuperTwin Transmission Electron Microscope at 200 kV. ImageJ software was used to measure the length and
diameter of nHA powder obtained from TEM images at 29,000x magnification for morphological analysis and 71,000x
magnification for diameter measurements. The measurements was repeated 8x.

2.2 Preparation of nHA/G Paste

A 20% gelatin solution was dissolved in distilled water using a stirrer at 40°C for 30 min. The nHA from BRIN was mixed
with a gelatin solution at a ratio of w/w (65/35; 60/40) for 15 min. HPMC was stirred at 60°C for 15 min before adding to
the nHA/gelatin mixture (nHA/G). The nHA/G pastes were stirred for 15 min with a stirrer at 40°C. Table 1 displays the
composition of each material.
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Table 1 Compositions of nHA/G paste

nHA/gelatin nHA Gelatin H>,O HPMC H,O
(weight

ratioy (gram)  (gram)  (m))  (gram)  (ml)
65/35 9.285 5 20 ml 1 10
60/40 7.5 5 20 ml 1 10

2.3 Preparation of Simulated Body Fluid (SBF)

SBF was prepared following Kokubo’s[ 18] guidelines, and stored at pH 7.4 and 37°C. Table 2 compares the ions in SBF
and human blood plasma.

Table 2 Comparison of ion concentration between simulated body fluid and human
blood plasma

Concentration | 100
107 mol

mo Na* | K' | Mg2* |ca* |cr | HCO. | HPO# | sOs
SBF 1420 |50 [15 |25 [1478 |42 1.0 0.5
Blood Plasma | 142.0 [50 |15 |25 103.0 [27.0 |10 0.5

2.4 Degradation and Swelling

A sample of nHA/G paste was placed in a round mold with a 6 x 3 mm diameter until it reached the desired setting. Samples
were weighed using an analytical balance (Wy) and immersed in 10 ml of SBF solution with pH 7.4. Samples were
incubated for 1, 2, 7, and 14 days at 37°C (Thermo Scientific, Heratherm IMH60, USA).

After each incubation period, the SBF was removed with filter paper (d: 11 pm). The samples were then washed with
distilled water, and filtered again with filter paper, and the wet weight was determined. Initial weight (Wo) and wet weight
(Wt) are calculated to obtain the absorbency value (A) in the equation below:

W,
After that, the sample was dried in a desiccator for 24 hours before being measured using analytical weight (W ). The
degradation ratio (Wn) was computed as follows:

(Wo — Wyyx 100%
Wo

Wn =

2.5 pH Analysis

The samples were incubated for 1, 2, 7, and 14 days, and kept at room temperature for 10 min. The pH of each sample was
determined in triplicate using a calibrated pH meter (Thermo Scientific, Orion Star A211, USA).

2.6 Fourier Transform Infrared (FTIR)

The sample was analyzed using an FTIR Nicolet iS50, with a spectral range of 4000—400 cm—1 to detect absorption before
SBF immersion, and 1, 2, 7, and 14 days after SBF immersion, the KBr pallet was used for the spectra. The analysis was
done using OriginPro2023.
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2.7 SEM and EDS

The sample was tested using a 20 kV High Vacuum SEM FEI Quanta 650 ESEM at a scale of 30 um. Morphological
analysis of the scaffold surface was performed using ImageJ on an SEM Image at 1000x magnification, while pore
measurements were performed on an SEM Image at 5000x magnification. The calcium and phosphorus compositions were
determined using EDS integrated with SEM.

2.8 Cell Viability Test

The MC3T3-E1 cells were cultured using Dulbecco’s Modified Eagle Medium (Sigma Aldrich, Germany) with 10% fetal
bovine serum (Sigma Aldrich, Germany) in a 96-well plate for 24 h with cell concentration 1x10%/well. The nHA/G paste
was then added to the cell culture and incubated for 1, 2, and 3 days. Following the incubation period, the MTT assay
solution (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (Sigma Aldrich, Germany) was added to all of the
samples and incubated for 3.5 h. The unreacted dye was removed and 150 pl of acidified isopropanol was added to dissolve
the intracellular purple formazan product to create a colored solution. The absorbance of this solution was measured using
a spectrophotometer at 600 nm. All groups underwent three independent replications.

2.9 Statistical Analysis

IBM SPSS program version 22 was used to analyze numerical data. If a normal data distribution is present, a one-way
ANOVA test can be utilized. If a non-normal data distribution is encountered, the Kruskal-Wallis test can be employed.

3. RESULTS

3.1 TEM Analysis

The nHA powder was examined under TEM to determine its morphology and particle shape. Fig. 1 depicts nHA crystals
that were shaped like clumping and aggregating needles. The particles were porous and interconnected. (DIMINTA kasih
prove karena menurut editor gambar ga kelihatan interconnected dan porous). The particles have an average length of 181.7
nm and a diameter of 26.9 nm.

(a) (b
Figure 1. (a) TEM image of nHA powder with magnification 29.000x (b) magnification 71.000x

3.2 Degradation and Swelling

The degradation rate of the nHA/G 65/35 and nHA/G 60/40 pastes increased steadily. The peaked on day 7 of immersion
as shown in Fig. 2. Statistical analysis revealed a significant difference (p < 0.05) between nHA/G 65/35 and nHA/G 60/40
pastes after immersion in SBF on each immersion period. The swelling test revealed a significant difference in p-values of
0.000 between before and after immersion of pastes (Why is the difference in swelling between the pastas too big?). The
absorbency of paste surfaces varied significantly between days 7 and 14.
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Figure 2. (a) pH Value nHA/G paste (b) Degradability rate (c) Swelling rate

3.3 pH Analysis

Figure 2 shows a comparison of pH at each immersion period for nHA/G 65/35 and 60/40 pastes. All samples' initial pH
matched the SBF solution's pH, which is 7.4 at 37°C. Statistical analysis revealed a significant difference (p < 0.05) between
nHA/G 65/35 and 60/40 pastes on days 1, 7, and 14 of immersion.

3.4 FTIR Analysis

In both pastes, the nHA spectrum revealed absorption peak bands of vI POs 3, v3PO4 > , and C023_< The amide groups

that indicated the presence of gelatin also identified functional groups like N-H, C=0, and O-H. There was no statistically
significant difference between the two pastes.

The FTIR spectrum of nHA/G 65/35 shows the highest absorption value of the O-H functional group after 7 days of
immersion at a wavelength of 3360 cm™'. The highest absorption peaks of PO4 3 bands were observed at respective
wavelengths of 1415 cm™!, 1020 cm™!, and 558 cm ™! after 14 days of SBF immersion. Meanwhile, O-H bands in nHA/G

60/40 exhibited intense absorption peaks after 7 days of immersion at wavenumber 3358 cm™!. Fig. 3 depicts the complete
FTIR analysis.
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Figure 3. FTIR result of nHA/G paste

3.5 Morphological Analysis

The morphology of nhA 60/40 paste before and after 24h, 48h, and 7 days of immersion is irregularly coral-shaped with
unclear boundaries, but after 14 days, the particles appear denser. NHA/G 65/35 paste has the same particle shape but with
more defined boundaries. Particles stack on top of one another to form pores, whereas nHA/G 65/35 is more stratified to
form pores (Fig 4). The SEM images were analyzed with Image] software, and nHA/G 65/35 (7.521) after 7 days of
immersion. After immersion, nHA/G 60/40 had a larger pores diameter (9.145 £4.343) on the 7th day, while nHA/G 65/35
was not unaffected NHA/G 65/35 after 7 days of immersion (69.9%).

.

nHA/G 60/40

nHA/G 65/35

(a) (b) (c) (d) (e)

Figure 4. SEM overview of 1000x magnification nHA/G 60/40 and 65/35 paste (a) Before immersion (b) Day 1 (c)
Day 2 (d) Day 7 (e) Day 14

The highest calcium and phosphorus composition in nHA/G 60/40 and nHA/G 65/35 were before immersion. The Ca/P
ratio before and after immersion had a Ca/P ratio of > 1.67, indicating stoichiometric biological apatite.

3.6 Cell Viability
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Cell viability was assessed in the nHA/G 65/35 and nHA/G 60/40 pastes after 1, 2, and 3 days. Cells cultured on top of
both pastes indicated a percentage of survivability greater than 70%, with no significant difference between the two pastes.
On days 2 and 3, the nHA/G 60/40 paste has a higher viability percentage than the nHA/G 65/35 paste (Fig. 5).

MG-63 Vi Cal/P Ratio
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Figure 5. (a) Viability test with MTT assay (b) Ca/P Ratio

4. DISCUSSION

Bioactivity is a key biomaterial property for the ideal scaffold.[9], [10] In bone, bioactivity occurs when an apatite layer
forms due to the presence of PO4 3and Ca”"ions.[19] The bioactivity can be determined by examining the chemical
properties, pH, morphology, and temperature of the biomaterial when it comes into contact with bodily fluids, such as the
SBF solution.[9], [20]

Kokubo devised a test that uses simulated body fluid (SBF) to determine the bioactivity of biomaterial. Simulated body
fluid is a substance with blood plasma-like concentrations that have been shown to accurately represent tissues, as
evidenced by studies on glass-ceramic materials which discovered that an apatite layer forms on SBF immersion and on
bone in vivo.[18]

The nHA/G 60/40 paste FTIR detected the highest absorption intensity of the PO4 3 functional group on the 7" day after
immersion, but the highest pH occurred on the 14" day (8.14) of immersion. It is believed that various factors, including
contamination during the incubation phase and paste form, can influence pH by increasing the reactivity of SBF.[21] Chong
et al’s study, which used modified nHA and polysaccharide pastes also found that pH decreased as the apatite layer
developed.[22]

Meanwhile, nHA/G 65/35 demonstrated the greatest of pH increase (8.14) as evidenced by the 14" day FTIR that results
which revealed the highest absorption intensity of the PO4 > functional group.[23] Galow et al studied the osteoblast-like
cell line MC3T3-El for 14 days at various pH levels, and the results showed that osteoblast activity was increased and
osteoclast activity was inhibited at a pH close to alkaline (8.4).[24] Alkaline pH can increase Ca and P ion formation,
resulting in more POy 3 and bioactivity, it also helps the injectable paste set in the bone.[22], [23]

Alkaline pH which promotes positive ion (proton) exchange, increases the degradability of inorganic nanostructures such
as nHA.[23] Until day seven of the study, the increase in pH was consistent with swelling and degradation; however, by
day fourteen, the increase in pH did not correspond to a decrease in degradation. Degradation is necessary to regulate the
rate of bone formation.[25] The situation in this study is also confirmed by increased absorption of the O-H functional
groups in FTIR, which demonstrates the biomaterial’s hydrolysis. Both pastes showed absorption peaks for O-H bands on
the 7th day of immersion.

The gelatin in the paste also promotes O-H hydrolysis, increasing the degradation rate, which is consistent with the findings
of this study.[14] Gelatin has a three-dimensional structure that binds nHA particles, according to Chen et al.’s research on
nHA/G nanocomposites, this structure decomposes quickly, causing nHa to be released more quickly and increasing
degrading power.[15] The combination of HPMC also helps to increase the degradability of nHA. Hydrophilic polymers
such as HPMC degrade rapidly in water. Zeeshan et al discovered that HPMC can degrade in a PBS system, affecting the
rate at which scaffolds degrade.[26]

Gelatin content in the pastes also influenced swelling because gelatin helps to maintain the paste's colloidal system. Gelatin
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will release liquid at high temperatures while absorbing liquid at low temperatures. The absorbed fluid causes swelling of
the cell pore, which facilitates cell infiltration into the scaffold. The high absorbency of the scaffold fluid enables cell
bioactivity.[27], [28] However, high water absorption can cause the scaffold to separate from the planting site and retract
material due to excessive swelling.[28] The formation of a hydroxyapatite layer during the immersion period increases the
number of pores and absorption, as demonstrated in nHA/G 65/35. The increased absorption of PO4 * observed on FTIR,
after immersion indicated the formation of crystalline apatite layers. This occurs as a result of Ca?" from SBF binding to
OH- and POs 3 on the surface of the matrix on apatite to form a hydroxyapatite layer, as demonstrated in nHA/G 65/ 35
with the highest absorption peaks 14 days after immersion.[29]It was also supported by an EDS test, which revealed that
the Ca/P ratio of nHA/G 65/35 reached 2.66 after 14 days of immersion, indicating the formation of the same apatite layer
as the natural bone-forming structure (Ca/P ratio > 1.67).[25], [30]

The Ca/P ratio value of nHA/G 65/35 is higher than that of others due to its high nanohydroxyapatite composition,
indicating high hydroxyapatite layer formation. The formation of a high hydroxyapatite layer promotes cell bioactivity
because it has conductive properties for collagen and fibronectin attachment; increasing osteoblast adhesion and
mineralization while also forming bonds between the scaffold material and surrounding bone tissue.[25], [27], [30]
According to Cortéz et al, apatite crystals appeared on the surface of CoCrMO with a bed of wollastonite, bioactive glass,
and HA after 7 days of SBF immersion, followed by a homogeneous apatite layer after longer immersion times.[31] After
immersion, OH- and PO,* not only attract calcium, but also other minor elements, like sodium, magnesium, and
chlorine.[25], [32] This is evident by the detection of other minor elements following a brief immersion in the SBF solution.

The condition of decreased of calcium and phosphorus ions after immersion can also be caused by releasing these ions,
which are attracted by ions in the SBF solution, a process known as reprecipitation. Hydrolysis is the process of exchanging
ions or breaking chemical molecular bonds between the solid and liquid phases. [33], [34] This situation may lead to
degradation.

Cells can infiltrate the scaffold because the pores are larger than their size.[35], [36] There is no precise pore size value of
the scaffold, but 100—400 pum is ideal for fibroblast cell perforation measuring 186—200 pum, meanwhile, chondrocytes and
osteoblasts measuring 380-405 pum.[37] This study found that the average pore size of nHA powder (245 um), nHA/G
60/40 (344.1 um), and nHA/G 65/35 (446.9 um) was larger than that of fibroblast cells (186 um). nHA/G 65/35 had larger
pores than the others.

The nHA/G 65/35 pore size was large with a high calcium and phosphorous composition. These differences in pore size
were influenced by the concentration of gelatin in the pastes. Pastes containing a high concentration of gelatin increase the
material's porosity. A high gelatin concentration reduces the viscosity of the pastes, resulting in large and multiple pores.
Another factor that can influence the size of this pore is the duration of immersion in the SBF solution.[37] Previous
research has shown that long immersion in SBF solution causes several apatite particles to form in the scaffold, with the
accumulated layers forming 3-dimensional pores.[32], [38] Meanwhile, nHA powder’s description matches the Rahman et
al study, with a needle-like shape that appears to agglomerate and interconnected structures. The length of nHA powder in
this study exceeded 100 nm and its diameter exceeded 2 nm. This demonstrates that the particle size remains within the
range of nanometer grade and has a good dispersive property in polymers, which has a positive effect on biological
properties as a scaffold.

Consistent with this study’s finding, Yang et al. also reported a smaller size of crystallite nHA when C023_ ions were
increasing. They evaluate two possible mechanisms for the existence of CO 23_: (1) a direct substitute of O-H by C023_
3 2
known as type-B substitution.[39] Due to its ionic composition and physiological characteristics promoting bone formation,

in the hydroxyapatite structure, known as a type-A substitution; and (2) a substitute of PO4 * tetrahedral groups by CO

C023_is important in bone metabolism.[39] For a viability test using the MTT assay, this study also used the osteoblast-

like cell line MC3T3-E1, which revealed that both pastes are nontoxic after incubation on day 3. Mild cytotoxicity is
defined as having a viability percentage of 60% to 90%.[40]

This study's limitation is that no examinations were carried out to identify the composition of the apatite layer that
developed on the biomaterial's surface. Furthermore, the apatite layer's creation on SBF has several limits and is merely a
preliminary sign of a biomaterial's potential; as such, it cannot alter the degree of accuracy of cell research conducted in
vitro. Furthermore, a cellular bioactivity test is necessary.

5. CONCLUSION

In this study, the nHA/G 65/35 paste is the best candidate for use as a scaffold due to its superior bioactivity in terms of
degradability, pH, and physical, and chemical properties. It is also conducive to cell growth; with ideal surface
morphological properties, a high calcium-phosphorus ratio, and optimal absorption. Further research into the development
of nHA/G pastes is required, including immunological tests, in vivo tests, and stored-time tests.
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