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Abstract

Background: The primary method for addressing dental problems traditionally involves the removal and replacement of

damaged tissue with synthetic substitutes. However, these materials often lack the physical and chemical properties of natural

teeth and are prone to mechanical failures. Recent advancements in tissue engineering have highlighted an alternative

approach that allows for the regeneration of teeth using scaffolds.

Objectives: This study explored the viability of human gingival fibroblast cells in a scaffold composed of polyhydroxybutyrate,

chitosan, and bioglass nanoparticles (PHB/chitosan/nBG).

Methods: This study is experimental and was conducted in a laboratory setting. Scaffolds of PHB, PHB/chitosan, and

PHB/chitosan/nBG were previously prepared from PHB polymer, chitosan, and bioglass using the electrospinning method.

Human gingival fibroblast cells (C165) were acquired from the Pasteur Institute and cultured. Twenty thousand cells were

seeded onto each scaffold and into the wells of a 24-well plate for periods of 3, 5, and 7 days. Subsequently, cell viability and

proliferation were assessed using the MTT assay method, with each experiment repeated three times.

Results: Cell viability and proliferation on the PHB/chitosan/nBG scaffold demonstrated a significant increase compared to the

other scaffolds (P ≤ 0.01).

Conclusions: The PHB/chitosan/nBG scaffold was found to be non-toxic to human gingival fibroblast cells and exhibited good

biocompatibility.
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1. Background

Preserving teeth is a paramount objective in

dentistry (1). Techniques such as root canal treatment
have been developed to achieve this goal (2). However,

there are cases where severely damaged teeth cannot be
preserved and must be extracted. In these instances,

alternatives like dental implants and prostheses can

replace natural teeth (3, 4). Recently, advances in cell
therapy and biomaterial engineering have provided

opportunities to repair damaged tissues and address
various medical conditions. In tissue engineering,

porous materials are carefully designed to act as
extracellular matrices or scaffolds, which support cell

growth. These scaffolds must possess certain
characteristics, including non-toxicity, biocompatibility,

degradability, non-immunogenicity, ease of

preparation, suitable physical and mechanical
properties, stability, and a three-dimensional (3D)

structure that mimics natural tissue (5).

Many materials, including both natural and

synthetic polymers, have been used to create tissue

engineering scaffolds. Among these,
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polyhydroxyalkanoates, which are biodegradable

polymers, have been utilized alone or in combination

for medical applications such as tissue repair and
controlled drug delivery. These polyesters are

synthesized by microorganisms through various
methods (6-8). The polyhydroxyalkanoate family

includes PHB, noted for its longer degradation time

compared to polymers in the polyalphahydroxy acids
group (9). Polyhydroxybutyrate is known for its

excellent biocompatibility with different cell types.
However, it has limitations, such as hydrophobicity and

a slow degradation rate, which can limit its use in

producing tissue engineering scaffolds (10, 11). One way

to overcome these drawbacks is by integrating natural

polymers.

Chitin and chitosan polymers are natural amino

polysaccharides characterized by their unique

structures and distinctive properties (12). Chitosan is

known for its biocompatibility, biodegradability, and

non-toxic nature, and can be degraded by various

enzymes (13). Its positive surface charge promotes cell

growth, and its hydrophilic nature facilitates cell

adhesion, proliferation, and differentiation (14, 15).

However, chitosan is notably weak and mechanically

unstable (16). To improve its mechanical and biological

characteristics, researchers have combined chitosan

with other biocompatible materials such as

hydroxyapatite, bioglass, collagen, or gelatin (17).

Bioactive glasses are extensively studied for their ability

to bond with surrounding tissues, primarily due to the

formation of a hydroxyapatite carbonate layer on their

surface, which shows greater biocompatibility than

calcium phosphates (18).

In a pioneering study, a 3D scaffold made of

polyhydroxybutyrate/poly (hydroxybutyrate-co-

hydroxyvalerate) (PHBV) was produced using the

electrospinning technique. The resulting fibrous

scaffolds displayed increased hydrophilicity and tensile

strength compared to films made from the same

material and provided a conducive substrate for the

proliferation of human osteoblast cells and mouse

fibroblasts (L929) (19, 20). In another study, a PHB/poly

(L-lactide-co-ε-caprolactone) (PLCL) composite scaffold

was fabricated through electrospinning, showing

enhanced hydrophilicity and tensile strength relative to

a PHB scaffold alone. Cell testing indicated strong

adhesion and proliferation of olfactory ensheathing

cells within the scaffold (21). Separately, Veleirinho et al.

developed a PHBV/chitosan scaffold by electrospinning

for skin regeneration. This scaffold demonstrated

excellent wound healing performance in mice,

supported by fibroblast adhesion, cell viability, and

proliferation as assessed with L929 cells (22).

2. Objectives

Given the need for a biocompatible scaffold in dental
injury restoration, this study explored the viability of

human gingival fibroblast cells in a
PHB/chitosan/nanobioglass nanocomposite scaffold

prepared via the electrospinning method.

3. Methods

This study is classified as experimental laboratory

research.

3.1. Preparation of Scaffolding

The preparation of the scaffolding involved

dissolving PHB polymer in trifluoroacetic acid solvent at
40°C for 20 minutes. Subsequently, chitosan was added

to the solution at a concentration of 15% by weight,

along with bioactive glass nanoparticles at 10% by
weight. The mixture was then stirred for 60 minutes,

followed by immediate electrospinning. The
electrospinning process was conducted at an electric

potential of 17 kV, with a distance of 14 cm between the

spinneret and the collector. This process produced
scaffolds with a thickness of 0.3 mm and a diameter of 8

mm. These scaffolds were subsequently sterilized using
70° ethanol and UV radiation (19). FTIR analysis, along

with tests for water absorption and degradability of the

scaffolds, were performed in a previous study (19).

3.2. Cell Survival and Proliferation in Porous Scaffolds

Gingival fibroblast cells (C165), obtained from the

Pasteur Institute, were used to assess cell survival and

proliferation within porous scaffolds. Initially, the

thawed cells were cultured in DMEM (Dulbecco's
Modified Eagle Medium, produced by BIO-IDEA Iran),

supplemented with 10% Fetal Bovine Serum (Invitrogen

CO.) and 1% penicillin-streptomycin (Sigma). The

scaffolds tested (PHB, PHB/Chitosan, and

PHB/Chitosan/nBG) were placed in the wells of a 24-well
plate, and 20 000 cells were then transferred onto each

scaffold using 50 microliters of culture medium. After a

20-minute incubation period to allow for cell adhesion, 1

mL of culture medium containing serum was added to

each well. The plates were then placed in an incubator
set at 37 degrees Celsius, with an atmosphere of 5% CO2

and 95% relative humidity (19).
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3.3. Methyl Thiazol Tetrazolium Assay

To evaluate the viability and proliferation of gingival

fibroblast cells on the scaffolds, an Methyl Thiazol

Tetrazolium assay (MTT assay) was performed on days 3,

5, and 7. After removing the culture medium and

washing with PBS, approximately 400 µL of fresh culture

medium and 40 µL of MTT solution (5 mg/mL) were

added to each well and incubated for 4 hours.

Subsequently, the culture medium was carefully

removed, and 400 µL of Dimethyl Sulfoxide, Sigma

(DMSO) was added to each well and left in the dark for 2

hours at room temperature. After mixing well by

pipetting, 100 µL of the solution was transferred to a

well of a 96-well plate, and the optical density (OD) of

the samples was measured at a wavelength of 540 nm

using an ELISA reader (19).

4. Results

The results of the MTT assay indicated that cell

viability on the third day in the PHB/chitosan/nBG
scaffold was significantly different from the other two

scaffolds (P ≤ 0.01), with fibroblast proliferation being

higher in this scaffold. On the fifth day, cell survival and
proliferation in the PHB/chitosan/nBG scaffold (about

86%) showed a significant increase compared to the
other two groups (P ≤ 0.01). In contrast, the

PHB/Chitosan scaffold experienced a decrease in cell

viability (about 28%). On the seventh day, the
PHB/chitosan/nBG scaffold continued to exhibit the

highest cell survival, while the PHB/Chitosan scaffold

showed the lowest (P ≤ 0.01) (Figure 1).

5. Discussion

One critical factor influencing tissue engineering is

the selection of scaffold types. In practice, scaffolds used
in tissue engineering feature a three-dimensional

structure that provides mechanical support to cells.
These scaffolds must be biocompatible, display

favorable mechanical properties, and be capable of
withstanding forces and responding to stressors

similarly to the target tissue. Additionally, they should

maintain a controlled degradation rate, offer
appropriate pore sizes and morphology for cell growth,

facilitate sterilization, support grafting, and be suitable
for tissue engineering applications (5). Numerous

organisms produce PHB, which has demonstrated high

biocompatibility and low toxicity across various cell
types (23).

However, despite its advantages, PHB has limitations,

including hydrophilicity and a slow degradation rate,

which restrict its utility in producing tissue engineering

scaffolds (24). The results from our previous study

indicate that the hydrophilicity and degradation rate of

PHB scaffolds are lower compared to those of chitosan

and bioglass scaffolds. One study showed that
approximately 18% of PHB scaffolds decompose within

six months under physiological conditions (25).

Consequently, this research incorporated chitosan, a

natural polymer, with PHB. The results from our

previous study suggest that water absorption and
degradation are influenced by the polymer's

hydrophilicity and the presence of carboxyl and

hydroxyl groups in its structure. These factors

contribute to an increase in the degradation rate over

time and the formation of shorter polymer chains with
acidic ends.

Semi-crystalline polymers like PHB, when exposed to

an aqueous solution, initially allow water to penetrate

the amorphous regions of the crystal, leading to

random chain scission due to ester bond hydrolysis.

Over time, hydrolysis progresses to the crystalline

regions (19). Our previous study observed that adding

bioglass and chitosan, including hydrophilic

nanoparticles to the scaffold, increased water

absorption and weight loss over time.

5.1. Cell Viability Assessment

The assessment reveals that the scaffold containing

bioglass and chitosan exhibits excellent

biocompatibility and provides a suitable platform for

cell growth and proliferation. Therefore, it can be

asserted that the growth and proliferation of fibroblast
cells in the scaffolds are influenced by chemical

properties, specifically hydrophilicity, and structural

properties such as porosity and fiber size. The more

optimal these properties are, the more conducive they

are to cell attachment and growth.

Comparatively, the scaffold incorporating bioglass

nanoparticles displays greater viability than the scaffold

without nanoparticles. The evidence supports the

conclusion that nanoparticles facilitate cell growth and

adhesion. In a study conducted by Yang et al. in 2009, a

PCL/gelatin/nanohydroxyapatite composite scaffold was

created to evaluate the functionality of dental pulp stem

cells (DPSC). Following in vitro and in vivo assessments,

they determined that this scaffold is a suitable substrate

for the proliferation of DPSCs and their differentiation

into odontoblast-like cells (26).

Furthermore, Ramier et al. electrospun a

PHB/Gelatin/nHA nanocomposite scaffold, which

enhanced the growth and proliferation of human
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Figure 1. Results of the viability and proliferation of fibroblast cells show a significant increase in viability in the PHB/chitosan/nBG scaffold compared to the PHB and
PHB/chitosan scaffolds. A, PHB scaffold; B, PHB/chitosan scaffold; C, PHB/chitosan/nBG scaffold; * PHB/chi and PHB/chi/nBG compared with PHB; ** PHB/chi and PHB/chi/nBG
compared with PHB; *** PHB/chi and PHB/chi/nBG compared with PHB; ## PHB/chi/nBG compared with PHB/chi; ### PHB/chi/nBG compared with PHB/chi.

mesenchymal cells (hMSC) while promoting bone

formation properties (27).

5.2. Conclusions

The results of this research show that the

PHB/chitosan/nBG scaffold has no toxic effects on

human gingival fibroblast cells and exhibits good

biocompatibility.
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