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Abstract

Osteosarcoma is a rare cancer affecting disease for children and young adults; complete
healing from this condition is quite difficult. Recently, new regeneration materials have been
preferred, including natural compound companied implants for affected bone repair, and it is
effectively used to treat osteosarcoma disease. Hence, Octa calcium phosphate (OCP) reinforced
with poly (vinyl alcohol) (PVA) and oleic acid (OA) with Naringenin”(NRG) composite was
prepared and studied to cure the sarcoma affected bone. The physicochemiecal nature of the prepared
OCP, PVA/OA/OCP, and PVA/OA/OCP/NRG composite were characterized by FT-IR, SEM, and XRD
techniques. The in vitro release of the NRG from the PVA/OA/OCP/NRG composite was evaluated
by UV-visible spectroscopy and the NRG release rate was¥observed at 98.0 % over 24 h.
Biocompatibility and cell viability of the prepared OCP, PVA/OA/OCP, and PVA/OA/OCP/NRG
composite are investigated in adipose-derived stem,cells (ASCs) on different days. Interestingly, the
PVA/OCP/OA/NRG composite shows an merease of 74.0 % to 92.0 % in cell survival, indicating
that the composite is biocompatible. Similarly, the ability of NRG in the composite is to suppress
cancer cells and it was determinec&n lung cancer (A549) cells. NRG-loaded PVA/OCP/OA/NRG
shows good inhibition ability, nearly 43 % at 72 h. From the results, the prepared composite
materials can inhibit cancer cells and be viable in stem cell growth. Since the materials will serve

as potential regenerative materials for sarcoma-affected bone recovery.

Keywords: Composite; Naringenin; Poly (vinyl alcohol); Octa-calcium phosphate; Osteosarcoma
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Introduction

Last few decades, there has been a stable demand in the market need for regenerative
treatments and repairing medicine in bone tissue engineering, especially for osteosarcoma-affected
bone regenerations [1]. Osteosarcoma mainly affects young people and develops in older persons
with long-standing Paget's disease in the bones [2]. The treatable condition now has a 5-year overall
survival rate of 70% to 80% [3]. The method of bone disease-affécted tfeatment has shifted the
attention of numerous research fields to a variety of materials thaticansmost closely match the
characteristics of native bone [4]. During the biomineralization events, osteoblastic cells expect the
physicochemical changes brought on the mineral hydrolysis process with interactions between the
surfaces of calcium phosphate crystals or different inorgani¢iions, such as calcium and phosphate
ions [5-6]. Based on the hypothesis that hydroxyapatite(HA) is formed by amorphous calcium
phosphate and octacalcium phosphate (OCP) from supersaturated calcium and phosphate solutions
[7]. These phases have been postulated as precursor phases in the formation of bone apatite crystals.
Due to its structure and ability to transform into the thermodynamically more stable phase HA and
OCP are members of the calcium orthophosphates. It has been assumed as a precursor of
physiological apatite crystals [8]¢ Comparing OCP to other calcium phosphates, it is thought that
OCP has a stronger affinity for organic molecules [9]. This is because of the structure, the
comparatively empty hydrated layer, and the crystallographic planes, where it is much easier to
incorporate different ions and molecules [10-15].

Octacalcium phosphate with polymers such as polymers from natural polymers such as
collagen [16], gelatin [17], and hyaluronic acid [ 18] have been fabricated for bone implant materials.
Because OCP contains a significant quantity of water molecules, it cannot be sintered without the

crystalline structure breaking, unlike HA or biodegradable tricalcium phosphate (TCP) bioceramic
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materials [16]. As a result, compounding with polymer matrices is one method for creating the
necessary morphologies for bone tissue engineering.

Poly (vinyl alcohol) (PVA) polymer is a highly functional, water-soluble; biocompatible
polymer [17]. The presence of secondary alcohol groups in PVA can undergo effective nanofiber
post-functionalization and the fact that the secondary alcohol functionality responds with classical
chemistry [18]. PVA has special biocompatibility and biodegradability properties that make it a
great choice for the design of biomedical systems [19]. Here, we prepared the OCP and PVA
polymer matrix carried out in the medium of fatty acid (oleic.acid)with/the loading of the narigenin
compound. Oleic acid (OA) is a biocompatible unsatutated fatty acid that is prevalent in blood
plasma and non-human sources [20]. This molecule hasdemonstrated its ability to modulate stem
cells because it triggers the release of angiogeéni¢mediatorsiby mesenchymal stem cells and controls
immunomodulatory activities [21]. Additionally,. it enhances cell growth because of the rise in
ephrin receptors, which influence cell migration and adhesion during tissue healing [22, 23].

Similarly, natural substances offer a significant means of addressing the need to repair bone
deformities and fractures. Citrus f\ruits are a significant source of Naringenin, a member of the
flavanone family linked to| several pharmacological actions [24]. Naringenin is regarded as a
possible therapeutic agentiin treating a variety of inflammation-related disorders, including sepsis,
fibrosis, atherogenesis, and cancer [25]. Naringenin therapy reduced proinflammatory cytokine
levels in macrophages by preventing NF-B activation, according to in vivo studies [26].
Additionallygearly research reported Naringenin's benefits on bone diseases such as chronic arthritis
and osteoporosis [27, 28]. Through the increase of IL-4 released by helper T cells, Naringenin may
stimulate osteogenic differentiation of human periodontal ligament stem cells and decrease

osteoclast genesis [29].
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As we discussed, some research works are developed based on polymer-reinforced HAP,
materials for bone regeneration studies. Compared with other calcium phosphates, the OCP exhibits
good bone regenerative properties due to the biological activity of OCP crystals that premote

responses from cells surrounding bone. To the best of our knowledge, none of the reports has
discussed the combination of octa calcium phosphate reinforced poly (vinyl aléohol) composite
materials for bone graft materials. The addition of oleic acid and a natural.cdmpound (Naringenin)
will act as an enhanced novelty of the material for improving the bio-activity of the bone graft
materials in the field of orthopedic bone regeneration. The fundamental goal of the current research
is to cancer-affected bone repair using a bio-compatible polymeric composite with anticancer
activity and osteogenic differentiation properties deriyed matural compound (Naringenin), the

proposed composite is to avoid the side effects of the normal cells with good regeneration ability.

Materials and Methods

Materials

Calcium acetate (Ca(CH3COO)z (MW 158.17 & Purity 99.0%), sodium dihydrogen Phosphate
(NaH,PO4).2H,0 (MW 11998 & P\urity 99.9 %), poly( vinyl) alcohol (PVA) (MW 89,000-98,000,
99.0 % hydrolyzed), oleic_acid (Ci3H3402) (MW 282.46 & Purity 99.0 %), naringenin (NRG)
(C1sH1205) (MW 272.25 & Purity 98 %) is as a substrate were purchased from Sigma-Aldrich,

China. All chemicals wereof analytical grade and used as such. Double distilled water (DD) is used

throughout the experimental reactions.

Preparation of Octa Calcium Phosphate (OCP)

Legeros (1985) proposed method was followed for the preparation of OCP [30]. Briefly, 250
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ml of 0.04M of calcium acetate ((Ca(CH3COQ),.H20) was prepared, and it was slowly added by,
taking 60 min into the 250 ml of 0.04M sodium dihydrogen phosphate (NaH,PO,4).2H,0O solution,
which was stirred in the magnetical stirrer at 400 rpm at 67.5° C. The precipitate was introdueed to
a beaker and allowed to nucleation with stirring at 600 rpm for 30 min at 25°C using a Teflon-coated
agitator composed of aluminum red and blade. The mature octacalcium phosphate precipitate was
filtered, washed with double distilled water, and dried at 60° C. =
Preparation of PVA/OA/OCP Composite

The PVA and oleic acid embedded with OCP composite.preparation was carried out based on
the previous literature reported by Luppi et al, 2004 [31]./At first, 100 mg of PVA was dissolved in
DD water under magnetic stirring at 60°C. In separate, 5.0 mLiof oleic acid was dissolved in 5.0 mL
of ethanol solution. The above solutions are mixed and stirred under magnetic stirring for mutual
interaction up to 2 h. After 2 h stirring,.500 mg of OCP was added and stirred at 25°C for 24 h and
the solvents evaporated under Rota evaporater. The dried samples were collected and stored for
further reaction and characterization.
Naringenin (NRG) Loaded PVA/\OA/OCP composite preparation

The NRG-loaded PVA/QA/OCP composite was prepared by the simple stirring method.
Briefly, 5.0 mL of OA‘was,initially added to the 100 mg of PVA solution and vigorously stirred
under magnetic stirring for mutual interaction. After 2 h of stirring, 500 mg of OCP was added,
dispersed into the above PVA/OA mixture solution, and allowed to stir for 24 h at 25°C. After the
completionof 24 hof reaction time, 20 mg of NRG compound was added to the composite solution.
Then the reaction mixture was stirred under a magnetic stirrer at 25°C for 24 h. Finally, the

components were filtered and dried.
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Physicochemical characterizations
Fourier Transforms Infrared Spectroscopy (FT-IR) studies
A Bruker Tensor 27 series FT-IR spectrometer was used to examine the»OCP,

PVA/OCP/OA, and PVA/OA/OCP/NRG composites. Each sample received 16 scans in the 4000 -
400 cm™! range with a resolution of 2 cm™. For the FT-IR test, pellets were formed by smashing 0.2
gm of sample powder with 1 gm of KBr and pressing them into a cléar dis¢. "
X-ray Diffraction (XRD) studies

The prepared OCP, PVA/OCP/OA, and PVA/OA/OCP/NRG composites were characterized
using X-ray diffraction to determine phase composition and crystallinity. This experiment was
carried out in a Bruker D8 Advance Diffractometer using a mofochromatic Cu K source operating
at 40 kV and 30 mA. a speeding up. An accéleration voltage of 30 Kv and a currentof 15 mA were
applied. The operating range of this test was over the 20'range of 10 to 60° in stepscan mode with a
step size of 0.02° and a scan rate of 0.02°/min.
Scanning Electron Microscopy (SEM) analysis

SEM was used to analyze\ the morphology of the prepared OCP, PVA/OCP/OA, and
PVA/OA/OCP/NRG compositess which were operated at a 10 KV extent voltage. The sample was
coated by dispersing it in DD water, the materials were studied using SEM and the matching fibers
without any dispersion.
Transmittance'Electron Microscopy (TEM)
The High-Resolution Transmission Electron Microscopy was taken with a JEOL JEM 2100 Co.,
Tokyo, Japan (HR- TEM) model. The mixture was disseminated in ethanol and applied on the Cu
grid for optimum magnification for TEM research. The Selected area electron diffraction (SAED)

pattern was also employed to investigate the composite's crystal structure identification.
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In vitro NRG release

The in vitro releasing behavior of NRG from PVA/OA/OCP fibrous composite was carried
out through a dialysis procedure in a Phosphate buffer solution medium at pH 7.4 for 24 hours. The
supernatant solution of the release medium was collected at different timeintervals, and the
concentration of NRG in the solution was examined in a UV-visible| spectrophotometer at the
maximum value of 280 nm. Finally, the proportion of NRG release/was estimated by applying the
following formula:

Drug release (%) = AR /AC*100
AR-Absorbance of NRG released from the composite and AC is the'total quantity of NRG loaded
in the composite. v
Bioactivity studies in simulated body fluid (SBF)

The bioactive behavior of the prepared composite was investigated with immersion in the
SBF by the formation of an apatite layer on,the surface of the composite material. According to
Kokubo et al. protocol, the SBF was prepared and the composite was soaked in SBF for 1, 7, and
14 days [32]. The concentrations (mM) of all ions that are present in the SBF solution are Sodium
ion (Na*) - 142.0; Potassium ion (K™= 5.0; Magnesium ion (Mg**)- 5.0; Calcium ion (Ca®")- 1.5,
Chlorine ion (CI)- 2.5; Bicarbonate ion (HCO3')- 4.2; Phosphate ion (HPO4%*)- 1.0; Sulphate ion
(SO4%)- 0.5; and pH-7.4. The solution refreshed every couple of days. After completion of definite
days, the composite was temoved from the SBF solution, gently washed with DD water and the
composites.were driedat 60° C in a hot air oven for 5 h. Then the apatite formation on the surface
of the composite was investigated through the SEM analysis.
Cell viability in adipose-derived Stem Cells (ASCs)

The adipose-derived Stem Cells (ASCs) were purchased from American type culture
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collection (ATCC PCS-500-012) and the cells were kept under controlled conditions in Dulbecco's
modified Eagle's Medium (DMEM) in a CO: incubator at 37°C (with a humidifier) with low glucose
(1g/L). Fetal Bovine Serum (FBS-10%) and streptomycin/penicillin (1%) weré added. The. cells
were harvested every three days with a trypsin/EDTA solution. The effect of OCP, PVA/OCP/OA,
and PVA/OCP/OA/NRG composite on ASCs growth was measured| using the MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) test. The ASCswere seeded in a 24-well
plate at a density of 4X10* cells/well and co-cultured with 75 pg/mlhof @CP, PVA/OCP/OA, and
PVA/OCP/OA/NRG composite. MTT was used to assess ASC cellviability. After 24, 48, and 72 h
of incubation, the sample solutions were removed, and MTT solutions 100 L (5 mg/mL) were added
to each well plate in ImL culture medium and incubated for*4 hours at 37°C. After that, ImL
dimethyl sulfoxide (DMSO) was added, and the supernatant medium was collected separately
before centrifugation. The optical density of the superincumbent solution was measured at a
wavelength of 570 nm by microplate reader.
Cytotoxicity effect against Human lung cancer (A549) cells

Cell toxicity was investigz{ed using Human lung cancer (A549) cells obtained from the
American type culture collection (ATCC PCS-500-012). A549 cells were cultured for 24 h in 24-
well plates containing Dulbeecco's modified eagle medium (DMEM) supplemented with 10% FBS
and penicillin 100 U/mL-streptomycin (100 U mL-1) (Gibco, Grand Island, CA, USA). The cells
were cultured in CO2 and monitored using MTT test procedures at 37°C. The 75 pg/mL of composite
was evaluatedon cellsat 24, 48, and 72 h. The OD values were measured at a maximum wavelength
of 490 nm: The morphology of the composites was studied using optical microscopy, and the

cytotoxicity of the composites was calculated using the formula below.

Cytotoxicity (%) = Testsample 100

Control
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Statistical analysis
The numerical data were all reported as the mean standard deviation of individual values.
GraphPad Prism software version for Windows (GraphPad Software Inc., La Jolla; CA, USA) was

used for statistical analysis. Statistical analysis with a *p<0.05 value was judged significant.

Results and Discussion
FT-IR spectroscopy analysis
FT-IR spectroscopy analysis was subjected to investigate the chemical functionality
changes in the formation of OCP, PVA/OCP/OA, and PVA/OA/OCP composite, and the spectrum
was given in Figure 1. Initially, the OCP was determined, and*he FTIR spectrum is presented in

Figure 1a. The fundamental molecular components of PO#1n OCP were observed in the 1200-550

cm™! region. The featured peaks at 560.cm™, 945 em™, 1034 cm™, and 1288 cm™ correspond to the
stretching vibrations of PO4*- group presencelin the OCP. The OH" ions are recognized by observing
the wide-ranging band from around 3700 cm™ to 3000 cm™!. The height of the peak is centered at
about 3472 cm'; that's a typical Qission of the stretching vibration of OH™ ions. Characteristic
vibration of PVA polymer and OA combined OCP composite was determined, and the spectrum
was presented in Figure 1b. The occurrence of absorption peaks at 560 cm™!, 714 cm™!, 945 cm’!,
1034 cm™, 1122 cm’!, and 1288 cm’! establishes the presence of PO4*- ions of OCP within the
PVA/OCP/OA( composite. Characteristic peaks of PVA had been as received from the subsequent
peaks insidé the speetra, as a large (OH") absorption stretching band, determined at 3472 cm™,
indicating the presence of polymeric affiliation of the unfastened hydroxyl organizations and
bonded O—H stretching vibration [33]. The characteristic peaks of oleic acid were obtained in the

regions of 2855 cm™! and 2932 cm™ and they responded to the -CH2 symmetric stretch and the

10
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asymmetric stretch, respectively. Similarly, the pure oleic acid stretching frequency was reperted

by the previously reported chitosan and PLGA matrix system [34]. The PLGA matrixwas stabilized

oNOYTULT D WN =

by different concentrations of chitosan with oleic acid for drug delivery applications. The ET-IR
spectra of the PVA/OCP/OA/NRG composite represent the additional functional peaks of NRG
13 from the PVA/OCP/OA (Figure 1c). The peaks 835 cm™ and 1718 cm™ for -C=0 stretching, 1235
15 cm’! for -C-O stretching, and 2721 cm™ are due to the C=C and Q-C of‘the aromatic ring of the
17 NRG compounds present in the PVA/OCP/OA/NRG composite. Shuo Wang et al. reported the
20 NRG-loaded PLGA nanospheres for the antibacterial analysis; in this report, the NRG has observed

22 a similar pattern of FTIR spectrum that resembles the cutrent research report [35].

24 'S

58 11
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Figure 1. FT-IR spectrum of (a) OCP, (b) PVA/OCP/OA, and (c) PVA/OCP/OA/NRG composite.
XRD analysis

The XRD evaluation was used to analyze the crystalline and segment content of the inorganic part
of the prepared OCP, PVA/OCP/OA, and PVA/OCP/OA/NRG composites. XRD patterns of the
OCP ceramic, PVA/OCP/OA, and PVA/OCP/OA/NRG polymer ceramic fibrous composites are
shown in Figure 2. The diffraction peak in Figure 2a corresponds to the OCP ceramic, which

revealedithat peaks at 20 values of 17.1°, 25.9°, 28.9° and 34.1° were observed and could be

12
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assigned to the OCP pattern in the JCPS card # 26-1056. The characteristic pattern of OCP,was
confirmed for the formation such as (002), (151) and (150), (260), (070) [36]. The XRD spectrum
of the PVA/OCP/OA composite is given in Figure 2b. The polymer and OCP ¢eramic keep. their
crystalline behavior inside the composite, indicating a good-sized change in their crystal structure.
It also reinstates the confirmation that OCP is finely and uniformly dispersed within the matrix,
similar to the real bone in which OCP is uniformly distributed within/the pelymeric OCP composite.
The PVA molecule was at around 20 values of 19.6° and 20.8% representing the addition of PVA in
the OCP. Furthermore, the OA molecule in the PVA/OCP/OA revealed the new peaks at 20 values
of 11.7° and 34.0.0°. Similarly, the previous report of chitosan and oleic acid film showed two major
broad crystalline peaks at 7.9° and 23.1° [37], but in ouf case,%t was observed the sharp peaks at
11.7° and 34.0.0° and due to the interaction of the.OA withxOCP and PVA components [38]. Figure
2¢ corresponds to the PVA/OCP/OA composite with NRG compounds, and the crystalline peaks at
20 values of 42.3° and 36.4° could be detected due to the NRG in the PVA/ OCP/OA/NRG
composite. These diffraction peaks confirmed the formation of a PVA/OCP/OA/NRG composite
with a reduced crystalline structur& The structural characteristics of OCP determine its unique in
vivo behavior in the XRD pattern‘of all the formulations. OCP's two-layer structure was made up of
hydrate and apatite layers that participated in ion exchange processes at the phase boundary between
the material crystals and the environment. The high adsorption capacity of OCP crystals is
determined by their high surface area and activity for interacting with biological molecules. It has

been proposed that the'number of adsorption sites changes during OCP hydrolysis to HA, which

can impactnew bone formation [39].

13
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Figure 2. XRD diffraction patte\rn of the prepared (a) OCP, (b) PVA/OCP/OA, and (c)
PVA/OCP/OA/NRG composites

Surface Morphology analysis

The surface strueture of the pure OCP, PVA/OCP/OA, and PVA/OCP/OA/NRG composite was
observed using SEM and TEM techniques, and the results are presented in Figures 3 and 4,
respectively. The Characterized result of SEM morphology of all the materials is shown in Figure 3.
The SEM morphology in Figure 3a corresponds to the OCP ceramic. The OCP formed a rod-like

structure’with a smooth surface. The rod-like structure of the OCP is clearly observed and it

14
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correlated with the TEM observation in Figure 4a. The morphology of the PVA particle formation
with the oleic acid medium was spherical, and it clearly shows the oleic acid coating,on the surface
of the PVA particles in Figure 3b. It can also noted in the TEM morphology ‘innFigure 4b. The
PVA/OA is noted as spherical with oily-coated morphology. After the formation.of composite OCP
with PVA and oleic acid, the spherical structure is maintained with some deviated morphology, and
it is evidenced the OCP completely interacted with PVA and olei¢ acidand formed as spherical
particles (Figure 3c). The rod-like structure of OCP inside the PVA/OCPuis clearly observed in the
TEM morphology of PVA/OCP/OA in Figure 4c. After the load of NRG in the PVA/OCP/OA, the
surface morphology was observed as spherical morpholégy in the SEM technique (Figure 3d), and
highly dense particle was observed in the TEM morphology 6f PVA/OCP/OA/NRG Composite
(Figure 4d). It looks like an extracellular matrix with a white'‘composite-like morphology. The native
mimicking extracellular matric-derived biomaterials form a dynamic environment that can be
digested, remodeled, and replaced during cell treatment [40]. The chemical nature of the materials
and surface morphology both are important in the cell response of the composite materials in
osteogenesis. Curious morphologies of the Inorganic materials with companied polymers and their
functionalities might be capably used to further develop composite properties in the mass and along

pore surface-advancing:n vitro and in vivo rigid tissue in development [41].

15
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Figure 3. The SEM surface

orphology ofy(a) OCP (1 um), (b) PVA/OA (5 um), (c¢)

PVA/OCP/OA(10 pum), and (C) OA/NRG (20 pm) composites
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Figure 4. TEM morphology of (a) OCP (100 nm), (b) PVA/OA: (200 nm), (c) PVA/OCP/OA (200
nm), (d) PVA/OCP/OA/NRG (1 pm) composite,nand (¢) SCAD pattern of PVA/OCP/OA/NRG
composites.

In vitro drug release

The main aim of the in vitro NRG release analysis is the self-repairing materials for sarcoma-
affected bone repair through thesustainable release of the compound from the composite. The NRG-
loaded PVA/OCP/OA/NRG eomposites are subjected to analysis of the NRG release from the
composite. In this regard, the.in vifro drug release at pH 7.4 was studied, and the NRG release rate
was observed at 98:0 % over 24 h from the PVA/OCP/OA/NRG composite. It could be understood
that the PVA/QCP/QOA/NRG composite demonstrated the required quantity of NRG release with an
initial burst release observed and followed by a constant releasing rate. It was noted that the release
was continuous and could be partially due to the breakage of the bond between the NRG and
PVA/OCP/OA at pH 7.4. The release rate further confirms that the composite has the potential for

curing sarcoma-affected bone by the initials burst release NRG compound and serves to help the

17
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new bone formation.
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Figure 5. The drug release profile of NRG drug from PVA/OCI;/OA composite. (B) Encapsulation
efficiency of NRG on PVA/OCP/OA composite (C) Cumulative drug release pattern
Bioactivity analysis in the SBF solution
The hydroxyapatite formation on the surface of the prepared OCP and PVA/OCP/OA/NRG
composite was observed by the SEM technique after the SBF immersion on different days, and the
results are presented in Figure 6. As the dayiincreased, the growth of HAP increased on the surface
of both materials. Compared/with BCP, PVA/OCP/OA/NRG composite shows the good formation
of the HAP on the surface of materials. At 14 days, good HAP crystal on the surface of the materials
because the OCP has good nucleation of HAP formation. Several studies have investigated the in
vivo OCP reactiomat vatious hydrolysis rates to the HAP formation [42, 43]. When compared to the
OCP, hydrolyzed OCP to Ca-deficient HAP dramatically inhibited bone growth [42].

On the other hand, partially hydrolyzed OCP increased bone growth much more than other
calcium phosphate compounds [43]. During hydrolysis, OCP structural changes alter its chemical-

physical properties. The degree of solution supersaturation stipulated by the chemical composition
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of the solution environment controls the rate of OCP hydrolysis [44]. In this regard, depending on
the treatment period and pH value, this solution generates varying degrees of OCP hydrolysis to the

HAP crystal formation.

0 day

OCP/PVA/OA/NAR

Figure 6. SEM morphology for the hydrexyapatite formation on the surface of the (a) OCP, (b)
PVA/OA, (c) PVA/OCP/OA, (d) PVA/OCP/QA/NRG composite immersed in the SBF solution at
0 day, 3 days, 7 days, and 14 days.
In vitro cell viability of the compaosites

Biocompatibility is an essential requirement for any material in the biological function or
materials utilized in bone repair/regeneration analysis [45]. Biocompatibility is a substance's ability
to elicit appropriate immune responses during tissue regeneration [46]. The cell viability of the
materials, such'as OCP, PVA/OCP/OA, and PVA/OCP/OA/NRG, was investigated in the ASCs by
the MTT assay analysis. The absorbance value at 570 nm reflects the living cells quantity in the
cultureimedium. The percentage of cell viability at 24, 48, and 72 h cultivation of 75 ug mL ™! of the
composite is displayed in Figure 7. The OCP, PVA/OCP/OA, and PVA/OCP/OA/NRG displayed

noticeable cell viability. The day increased, and the cell viability was increased compared with the
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control. In the PVA/OCP/OA/NRG composite cultured cells, the cell growth was increased from
74.0 % to 92.0 % compared with other composite and control. Octacalcium phosphate is the main
source of bone; CaP is continuously employed to stimulate the development of new bone. However,
this does not guarantee that the actual process of regeneration will be successful. The primary factor
1s the addition of cells, macromolecules, and blood vessels to the bone[47]. Since the
PVA/OCP/OA/NRG composite shows an increase of 92 % in cell survival, indicating that the
presence of NRG in the composite is bioactive with stem cell differentiation. Several recent reports
of research have said that the addition of Naringenin is effective in enhancing the proliferation of
osteogenic cell differentiation [48, 49]. Zhou et al. repofted that osteogenic differentiation inhibits
osteoclastogenic differentiation directly by Naringenin compotind, and the researcher also noted
Naringenin's role in improving in the equilibrium bone formation and bone resorption by altering
macrophage polarisation and cytokine release in the immunological microenvironment [48].
Similarly, as reported by Zhang et al.,"NRG has stimulated the hPDLSC proliferation and
endothelial differentiation, activating,the SDF-1/CXCR4 signaling pathway [49]. In order to
improve the osteogenic differenti\ation of hPDLSCs, the NRG activates the SDF-1 signaling
pathway. Since the cell viability and differentiation of the stem cells are influenced by the presence

of NRG in the PVA/OCP/OA/NRG composite, all coatings samples are biocompatible with the cells

and therefore favor cell differentiation and adhesion.
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Figure 7. The cell viability of control, OCP, PVA/OA; PVA/OCP/OA, and PVA/OCP/OA/NRG
composite in the adipose-derived stem eells (ASCs) at 24 h, 48 h, and 72 h.
Optical morphology of ASCs cells

Figure 8 shows the morphological changes in the cell growth, differentiation, and death by
the treated OCP, PVA/OCP/OA, %d PVA/OCP/OA/NRG composites. The cell morphology was
obtained by a microscopic analysis after 24, 48, and 72 h incubation. The micrographs indicated
that the density and growth of the cells increased with the increasing of days at 75 pg/ml
concentration. In these microscopic investigations, uniformly enforced living cells tended to form
larger formations, whereas. dead cells were seen as ruptured cell morphology. This research also
indicates that the treated composites have strong biocompatibility with stem cells and their
differentiation to /osteoblast-like cells for orthopedic applications at lower concentrations. The
micrograph images showed that the cells were intact and stress-free without any apparent structural

variations. MTT assay and cell viability indicated that prepared samples had strong biocompatibility
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to osteo differentiation nature. These consistent data on the beneficial benefits of octa calecium
phosphate reinforcement in polyvinyl alcohol, oleic acid, and naringenin moleculey which 1s also
evidence of the non-toxicity of OCP, PVA/OCP/OA and PVA/OCP/OA/NRGis in exeellent
agreement available in the literature [50-52]. These results also affirm the beneficial impact of the

hybrid nanocomposite as a bone-replacement material in orthopedic implants.

Control 24 h 48 h

OCP

PVA/OCP/OA

PVA/OCP/OA/NAR

Figure 8. Optical images of cell,growth treated with control, OCP, PVA/OA, PVA/OCP/OA, and
PVA/OCP/OA/NRG/compesiterat 24 h, 48 h, and 72 h.
Cytotoxicity analysis

The main aim of'the cytotoxicity analysis against A549 cells is to know the anti-cancer effect
of the prepared composites. Figure 9 shows the cytotoxicity percentage of OCP, PVA/OCP/OA,
and PVA/OCP/OA/NRG composite against the AS549 cells. The OCP, PVA/OCP/OA, and

PVA/OCP/QA/NRG composite cytotoxicity against the A549 cells was investigated at 24, 48, and
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72 h. With the increasing of time, the cytotoxicity was increased, and the composite OCP did not
induce any toxicity against A549 cells. However, the NRG incorporated PVA/OCP/OA/NRG was
observed in good cytotoxicity in the A549 cells and it observed 43 % inhibition ability in the eancer
cell at 72 h. Naringenin demonstrated the ability to block IL-6's and it is the ability to regulate the
expression of the genes linked to apoptosis of cancer cells. These findingsshowed that a Naringenin-
cyclophosphamide combination could be a powerful chemotherapeutic regimen for treating breast
cancer since it inhibits proliferative signaling and promotes apoptosisito arlarger extent than either
chemical alone [53].

The cytotoxicity effects of the OCP, PVA/OCP/OA, and PVA/OCP/OA/NRG composite
against the A549 cell morphology were observed in Figure 10: With the increasing incubation days,
A549 cells began to exhibit differences in the toxicity  effects of OCP, PVA/OCP/OA, and
PVA/OCP/OA/NRG, and it was determined that OCP, PVA, OA, and NRG had the ability inhibit
the cancer cells. The previous researchers predicted OCP is a useful material for carrying bioactive
molecules for bone cancer [54]. NRG has incorporated PVA/OCP/OA composite exhibits good
toxicity against the cancer cells\ because of the composites. This result proved that the

PVA/OCP/OA/NRG composites inhibited cancer cell proliferation. NRG is one of the most

effective suppressions of cancer cells.
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Conclusion

This study described a unique composite of a bio-ceramic and biodegradable, polymer asa
biocompatible material. Polyvinyl alcohol (PVA) and Octa calcium phosphate (OCP) composites
were used to simulate the inorganic components of bone, while Oleic acid (OA) was used to enhance
osteogenesis qualities, and NRG was used as an anticancer medicine. The blending method was
used to fabricate the PVA/ OCP/ OA/ NRG composite made up of these components that mimicked
the bone matrix and delivery of the anticancer nature of the NRG compound. The FT-IR and XRD
characterization tests confirmed that the produced material is.identical to our target composite, with
good purity and predicted crystallinity phases. SEM and TEM inspection validated the composite
materials. Finally, the NRG was released from the composite in @ regulated manner, with 98 percent
of the drug released over 24 hours, as determined by dialysis. Remarkably, the PVA/OCP/OA/NRG
composite shows an increase in better_cell viability, and the ability of NRG in the composite is
capable of suppressing cancer cells and it was determined in lung cancer (A549) cells. As a result,
the PVA/OCP/OA/NRG composite will serve as a better bio-material for sarcoma disease-affected

bone repair.
N
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