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Abstract

In the recent research field of bone tissue engineering, polymeric materials
play an implacable role in mimes the natural behavior of hard and soft tissues.
In some medical conditions such as diabetics, osteoarthritis, burns, or joint
replacement conditions, this polymeric materials implication enhances the in-
ternal mechanical activities which result in the early recovery of disease by
facilitating the wound healing process. In this study, hybrid films have been
synthesized based on polyvinyl alcohol (PVA), gelatin, and gelatin with glyc-
erin incorporated with different concentrations of pre-prepared hydroxyap-
atite (HAP) by solution casting method at room temperature in biosafety cab-
inet. Glutaraldehyde has been added as a crosslinker in this whole procedure.
The mechanical property, swelling, and porosity percentage have been con-
ducted to characterize the structural stability of the synthesized hybrid films.
Porosity and swelling of samples are also represented by proper biocompati-
bility (>90% porosity and swelling in DDW and PBF vary between 287%~72%).
Tensile strength (TS), E modulus (Young’s modulus), Elongation at maxi-
mum, and Elongation at break are observed to perceive the mechanical prop-
erties of hybrid film samples, which are compatible with mechanical proper-
ties of different tissue such as trabecular bone, articular cartilage, tendon,
nerve and skin tissue. Though, biocompatibility tests both in vivo and in vitro
are essential for clinical application in the future. However, the experiment
carried out till now explains the true possibility of newly synthesized hybrid
films for long-term drug delivery directly on wound sites for wound healing
and burn dressing patients in head-neck surgery reconstruction, diabetic gan-
grene foot, as well as cartilage or joint replacement therapy.
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1. Introduction

In today’s advanced medical science, history is combined with multidisciplinary
sectors such as tissue engineering, biomaterials, molecular biology, regenerative
medicine, and so on. Due to the increasing life expectancy of humans as well as
modern civilization’s demands for more advancement in medical science, for
more than half a decade, polymers have been used in the practice of preparation
of biomaterials. There are two main types of polymers for biomaterial preparation:
natural and synthetic. Synthetic polymers are more advantageous than natural as
they cause less allergic reactions, and contamination. Less immunogenic, con-
trolled biodegradability, and improved mechanical properties [1].

In various sectors of tissue engineering, for instance, bone, cartilage, tendon,
skin tissue engineering, wound dressing, and drug delivery polymeric biomateri-
als are used significantly, among them polyvinyl alcohol, and gelatin is one of the
majors [2]. PVA was first studied in medical applications in 1951 as plombage
material for thoracic surgery [3]. Hydroxyapatite (HAP) is another major compe-
tent biomaterial used in tissue engineering for medical applications since 1950.
According to different research articles, doping or modification with HAP was
commenced in 1995 for the purpose of diverse tissue engineering application, and
further research is still continued [4]. The vast application is included multiple
tissue engineering techniques among them bone tissue, skin tissue, bone fixation,
periodontal, cartilage, blood vessel, liver, tendon/ligament, and corneal regenera-
tion can be mentioned. HAP is white colored mineral form of calcium apatite with
general formula Ca;(PO4)s(OH), with a Ca/P ratio of 1.67 and contains a hy-
droxyl end member of the complex apatite group. The researcher has used a vari-
ety of methods to synthesize hydroxyapatite in laboratory among them wet-chem-
ical precipitation method is a simple and commonly used method that has high
scalability [4] [5]. Mechanical properties like tensile and compressive strength of
HAP are relatively low, which is one of the major disadvantages of this competent
biomaterial. On the other hand, Polyvinyl alcohol (PVA) has relatively higher me-
chanical strength than HAP with higher water solubility, and insulating behavior
that are considered the limitation of the application of this polymer [6].

On the basis of polymer crystallinity, both crystalline and amorphous states of
gelatin coexist. The crystalline form has a defined pattern, but the amorphous
form follows no defined shape. Owing to these crystalline properties, when gelatin
combines with other biomaterials brittleness has been observed [7].

In the field of tissue engineering, control drug delivery systems, and wound
healing, porous biopolymers are necessary for proper biomedical application. There

are various factors responsible for the design of scaffolds in tissue engineering and
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repair application among them degree of porosity as well as interconnectivity of
pores are essential. Diffusion of oxygen, nutrition, metabolites, growth of tissue,
cell-cell interaction, proliferation, cell-carrier substance saturation into and
through the scaffolds all rely on these important factors [8] [9]. Cartilage tissue
formation depends on porosity, and on the basis of a study by Spiteri et aZ, about
four times more cell attachment is provided by highly porous substrates than by
less porous substrates [10]. Stiffer the scaffolds, whereas less porosity persists. Mi-
cro and nanofibers scaffolds provide 84% - 90% porosity, conversely, sponge scaf-
folds have porosity in the range of 48% - 95% [8]. A study on poly (chitosan-g-
lactic acid) (PCLA) scaffold where porosity was measured by ethanol volume dis-
placement method and results showed that the porosity of the PCLA scaffolds de-
creased with an increase in LA/CS (lactic acid/chitosan) feed ratio [9]. Glutaral-
dehyde as a crosslinker was used in chitosan scaffolds for the cultivation of human
dermal fibroblast where the average porosity was found about 93% + 12.57% [11].
Around 70% porosity was observed in the solvent-casting method combined with
freeze-drying of HAP/gelatin composite scaffolds for bone tissue engineering
[12]. For the purpose of wound healing, the high porosity of materials helps in
wound exudate absorption and endorses the exchange of substances between cells.
Gelatin/CS/Ag composite was developed to meet this purpose and a maximum of
85.13% + 2% porosity was found with the rise of silver nanoparticles in the com-
posite [13]. Chitosan/starch/halloysite nanotubes ternary nanocomposite films
represented percentage porosity in the range between 89.22 + 0.61 and 91.56 +
0.75 and with increasing the number of halloysite nanotubes decreased the poros-
ity of these nanocomposite films. Rapid wound healing in addition to nutrients,
medium, and oxygen transfer was facilitated with highly porous structures of ter-
nary nanocomposite films [14]. Nanohydroxyapatite-collagen-poly (L-lactide)
and Hydroxyapatite/chitosan-gelatin network (HA-CS-Gel) both exhibited about
90% porosity was mentioned by the D. W. Hutmacher et al in the review article
of scaffold-based bone engineering [15].

In addition, measurement of swelling index or capacity is important to manage
exudate adsorption and to prevent wounds from fluid accumulation that are
aimed to be used in wound dressing [16]. The swelling ratio which is characterized
by hydrophilicity would enhance cell viability and proliferation [5]. Polyvinyl al-
cohol (PVA) contains free hydroxyl groups in its polymeric matrix structure which
makes it entirely dissolved in water and consider one of the major causes of higher
water solubility or uptake of PVA-based composites/films. Therefore, swelling
tests or water absorption capacity tests are one of the major design criteria to be
discussed [17]. Gelatin is another chief material used in this study which also has
effects on increasing water content. The self-diffusion of gelatin chains is inter-
fered with by the presence of water content. In contrast, Hydroxyapatite (HAP)
has the predisposition to reduce water uptake and swelling. Incorporating higher
amounts of HAP is anticipated to decrease of water-uptake and swelling [18]. A

study on Sodium Alginate/Poly (vinyl alcohol)-Based Hydrogels depicted that the
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swelling index declined in PBS fluid than in water and the swelling capacity didn’t
reach above 300% for all samples. Since glycerin was used as a plasticizer along
with gelatin it makes the film softer and more flexible. The presence of glycerin
significantly reformed the propensity of the materials to swell, leading to rapid
fluid uptake by the materials. In general, without glycerin samples are hard and
inflexible and swell up more rapidly. Adding glycerin with other materials in the
sample caused a reduction in the swelling trend as it increases the moisture con-
tent of the materials by binding water, which provides flexibility and also limits
excess fluid absorption [19].

In the clinical medicine and biomaterials field, the necessity of tissues and bio-
logical materials characterization of mechanical properties are known no bound.
Although, there is information scarcity concerning the role of tissue mechanics in
disease, tissue repair, and remodeling mechanisms associated with medical treat-
ments [20]. Depending on the strength, indentation depth, and type of media be-
ing used for hydration mechanical strength of articular cartilage is between 1 - 50
MPa [21]. For human young’s moduli of 1.64 + 0.34 and 1.57 + 0.23 MPa and 0.28
+ 0.14 and 0.27 + 0.15 MPa for bovine femoral cartilage were found at compres-
sion strains of 10% and 20%, respectively [22] The compressive stresses of articu-
lar cartilage in the hip reached up to 18 MPa in more stressful activities such as
standing up and modulus cartilage of ranges from 0.08 to 2 MPa that differs by
the depth in the tissue and location on the joint. Depending on the body’s location
tensile modulus of healthy human cartilage is in the range of approximately 5 - 25
MPa and the ultimate tensile stress is 15 - 35 MPa [23]. During normal physiolog-
ical loading ranges applied peak force to knee cartilage corresponds to about 0.84
- 3 MPa for a 70 kg adult person [24]. As a replacement for artificial cartilage PVA
hydrogel could be used when TS in the cartilage varies from 1 to 17 MPa and the
compressive modulus range of 0.0012 - 0.85 MPa depending on the concentration
of polymer. For the application of artificial cartilage researched on gelatin-PVA
film observed the y radiation effect where irradiated samples found better TS and
Eb% that were 16% and 389% + 18% respectively [15]. In contrast, the compres-
sive strengths of cortical and cancellous bone varied between 100 - 230 and 2 - 12
MPa, although Young’s modulus was in the ranges of 7 - 30 and 0.5 - 0.005 GPa,
respectively [25]. The compressive strength was stated to be eight times larger
than the tensile strength. A summary of published data on the mechanical prop-
erties of human trabecular bone was presented as a function of anatomic location
where strength and modulus were examined in fresh frozen storage method con-
ditions and summarized according to a different region. The strength of the prox-
imal tibia, distal femur, proximal femur, vertebral bodies, patella, distal tibia and
talus, humerus, distal radius, and Iliac crest was 1.5 - 116.4 MPa, 0.98 - 66.2 MPa,
0.45 - 16.2 MPa, 0.3 - 15 MPa, 5 - 65 MPa, 0.03 - 6.3 MPa, 0.12 - 8.2 MPa whereas
modulus was 4 - 552 MPa, 7.6 - 2942 MPa, 20.68 - 9800 MPa, 1.1 - 428 MPa, 121.3
- 580 MPa, 1.1 - 448 MPa, and 5 - 282 MPa respectively [26].

In tendon tissue engineering to promote physiological tendon regeneration and
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reconstruction Mkx-bio-tendon improved tendon reconstruction biomechanically
where the tensile strength and Young’s modulus of Mkx bio-tendon was com-
pared to that of the control normal tendon while TS denoted 0.45 + 0.5 and
Young’s modulus was 10.5 MPa respectively [27]. On the basis of age, sex, and
body region mechanical properties of human skin may vary for instance, tensile
strength ranging between 2.5 - 30 MPa, elongation 10% - 115%, and elastic mod-
ulus 0.4 - 20 MPa correspondingly [16]. In 2017, Griffin ef al. compared the me-
chanical properties of different skin sites for auricular and nasal reconstruction
where tensile young’s elastic modulus was determined among different skin sites
such as submandibular, postauricular mastoid, temporoparietal skin, forehead,
and forearm skin among the highest e modulus was found at submandibular re-
gion 1.28 + 0.06 MPa, then forearm was 1.03 £ 0.06 MPa and lowest Young’s
modulus was obtained from forehead 0.33 + 0.04 MPa. Despite these 0.86 + 0.05
MPa and 0.65 * 0.05 MPa were found in post auricular mastoid and the temporo-
parietal skin individually [28]. In 2020, polyvinyl alcohol (PVA)/sodium alginate
(SA) hydrogel incorporating PCL microspheres containing a hybrid micro-
sphere/hydrogel system was introduced as a skin scaffold to hasten wound healing
where maximum tensile strength, young’s modulus, elongation % was found 1.902
+ 0.141 MPa, 0.589 £ 0.056 MPa and 394% + 24.457% respectively [29]. A. Saudi
et al. reported for never tissue engineering HAP was used along with polycapro-
lactone/poly glycerol sebacate by electrospinning where the fibers containing 5
and 10 wt% HAP, Young’s modulus or E modulus was 0.2 + 0.02 MPa, and 0.23
* 0.04 MPa, Tensile strength was 0.43 + 0.08, MPa, and 0.56 + 0.05 MPa, elonga-
tion of break was reported 28% * 2.9%, and 26% * 2.5%, respectively [30]. Re-
search on Gelatin/HAP composite revealed that the combination of inorganic
HAP with gelatin sharply decrease the tensile elongation and increased the tensile
strength and plasticizing effect made the gelatin comparatively softer [31]. On the
other hand, Interpenetrating Polymer Network PV A/gelatin hydrogels by freeze-
thawing process also observed higher tensile strength and elastic modulus with
the increased gelatin content. When the 2% and 7% w/v gelatin were into PVA
blend, TS elevated from 0.66 + 0.12 MPa to 0.75 + 0.18 MPa and E modulus from
0.80 + 1.50 MPa to 0.98 * 2.45 MPa correspondingly which was considered to be
applied as a possible candidate for scaffolds tissue engineering [32].

A few studies also suggested that elastic modulus and elongation at break were
associated with the crystalline and amorphous regions of gels and the free water
that flows in the network polymer [33] [34]. PVA/HAP composite hydrogel e
modulus was found 0.1 - 2 MPa. It was also noted that stiffness would be a factor
for lack of adherence at the interface between the cartilage and PVA/HA and for
moderate daily activities joint could bear the pressure 1 to 6 MPa in contrast, if
the condition became extreme, it would be reached upto 12 MPa. There was a
deterioration of the mechanical properties of composite materials (PVA/HAP) for
higher nano-HA contents (above a certain percentage) that caused easy agglom-

eration due to the presence of high surface energy [35].
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In this research work, HAP/PV A/Gel films have been synthesized by the solu-
tion casting method. Total four samples have been experimented for structural
and chemical analysis where two different percentages of HAP (5% and 10%) have
been used and in two samples glycerin has been used along with increasing con-
centration of gelatin. The objective of this research study is to synthesize hybrid
films made of HAP, PVA and gelatin and to characterize and compare the struc-
tural and chemical stability of the synthesized hybrid film by porosity, swelling
and mechanical test. It is expected that these newly synthesized hybrid films could
be a better opportunity for different tissue engineering sectors such as skin, bone,
tendon, and cartilage due to the insufficiency and high expense of grafting mate-
rials for the replacement of tissue in burn injury, trauma patients, or various med-
ical conditions such as diabetic foot ulcer, orthopedic surgery, and craniofacial
surgery. Moreover, this novel hybrid film could be supportive of drug delivery in

wound sites both in internal and external injury.

2. Materials & Methodology
2.1 Materials

Hydroxyapatite (Caio(PO4)s(OH),) was synthesized by chemical precipitation
from Calcium nitrate tetra-hydrate (Ca(NO,) , +4H,0 ) with Disodium hydrogen
phosphate ((NH, ), HPO,)where Ca/P molar ratio of 1.67 and pH 10 - 11 was
maintained by small amount of ammonium hydroxide ( NH,OH ) [36]. Calcium
nitrate tetra hydrate, Di ammonium Hydrogen phosphate and Gelatin Purified
were purchased from Merck, India, while Ammonium Solution 25%, Glutaralde-
hyde Solution 25%, Ethanol was purchased from Merck, Germany. Poly vinyl al-
cohol (PVA), molecular weight of 115000 kDa, with a polymerization degree of
1700 - 1800 and a hydrolysis degree of 98.99% was purchased from Qualikems
Fine Chem Pvt. Ltd, India. Acetic Acid with 99.5% purity from BDH chemical,
England and Glycerin pure from UNITAD Product, Bangladesh was used includ-
ing Phosphate buffered solution (PBS) pH 7.4, purchased from New Mumbai for
experiment. All the chemicals were used without further purification. Deionized

water was used throughout the experiment.

2.2 Methodology to Prepare HAP/PVA/GEL Hybrid Film

HAP/PVA/GEL Hybrid film was made by two different methods, one is adding hu-
mectants and another is without humectants. In this experiments, Glycerin/Glyc-
erol (Gly) was used as humectants which preserve the moisture of synthesized hy-
brid film. Two different amounts of synthesized HAP were chosen 5%, and 10%
and this HAP solution was prepared individually by adding acetic acid that helped
to dissolve HAP properly. At 70°C with continuous stirring by magnetic stirrer
for around 1 hour 5% PVA solution was prepared and add with individual HAP
solution. On the other hand, Gelatin solution was prepared by two ways. In one
solution only deionized water was used to produce 5% Gelatin solution and on

another, Glycerin was used along with gelatin solution where Gelatin: Glycerin:
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Deionized water ratio was maintained 2:1:2 and prepared 10% Gelatin solution.
These two Gelatin solutions were mixed with HAP and PV A mixtures separately.
Stirring and heating were continued during the whole procedure. After 30 minutes
of continuous stirring and heating, 1 mL of 2.5% Glutaraldehyde was added for
chemical crosslinking of the materials. During this procedure temperature was
maintained 40°C - 50°C. After another half an hour of continuous heating and
stirring, the final solution is transferred into petridish covering of thermal paper
and keep it in room temperature for 5 - 6 days to obtain the desired film. A total
of four samples were synthesized and used for further characterization and study.
Four samples and the composition ratio are mentioned accordingly (Table 1).

Table 1. Four samples and the composition ratio of synthesized hybrid film.

Sample No. Composition Ratio

S1/5 HPG 5% HAP: 5% PVA: 5% Gelatin

S2/10 HPG 10% HAP: 5% PV A: 5% Gelatin
$3/5 HPGGly 5% HAP: 5% PVA: 10% Gelatin
$4/10 HPGGly 10% HAP: 5% PVA: 10% Gelatin

2.3. Characterization of Chemical and Structural Properties

2.3.1. Porosity Test

The liquid displacement method was used to see the porosity of the synthesized
hybrid film. Ethanol was used in the procedure because of its easy penetrability to
the pores of the matrices and major advantage is that it does not interfere with the
shrinkage or swelling of the material. The measurement of the sample was 5 mm
x 2 cm (Figure 1). Experiment was repeated three times individually for every
sample. Each sample percentage was averaged and standard deviations were taken
to calculate percentage of hybrid film porosity.

Figure 1. Sample (5 mm X 2 cm) used for porosity test.

The porosity (&) of hybrid films was calculated using the following equations
[37]:
Vp _ W, —W; —W,
vV, +V, W, -W,,

Here,
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&= the porosity of the hybrid film was obtained by:
p = The density of the ethanol;

Vd = volume of the synthesized hybrid film, V, = w;
P
\Y , = volume of the synthesized hybrid film, V = w;
P

W4 = Weight of dry film;
W1 = Weight of the weight of vacuum tube full of ethanol;
W, = Weight of total weight of ethanol and the ethanol-soaked hybrid film;

W; = Weight of residual ethanol and vacuum tube after removing ethanol-
soaked hybrid film.

2.3.2. Swelling Test

Swelling tests of synthesized hybrid films were conducted by two media- distilled
water and phosphate buffer saline (pH: 7.4). The swelling ratio of films in distilled
water was also considered as both water absorption and water retention capacity.
To evaluate the swelling rate of the samples, each rectangular shaped sample film
(10 mm x 10 mm) was cut (Figure 2) and overnight dried in a dryer at 50°C. Then
the dried samples were immersed in deionized water and phosphate-buffered sa-
line for 12 h at room temperature. After immersion for a certain time interval (>
12 hours), the weight of the films was measured immediately after removing extra
liquid on the surface with filter paper [16] [19] [38].

Figure 2. Sample (10 mm x 10 mm) used for
swelling test.

Each such experiment was repeated three times individually. The average value
and standard deviation were taken to calculate percentage of films swelling. The

swelling ratio of hybrid films was calculated according to the following equation [5].
Wt _Wo

Swelling Ratio S (%)= x100%

0

Where, WA (9 is the water absorption at time #= Swelling ratio $(%);
W, is the initial weight of the sample;

W, is its weight at time ¢
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2.3.3. Mechanical Test

The mechanical test was done to identify the mechanical properties of the synthe-
sized hybrid film such as tensile strength (TS), elastic modulus (Em), elongation
to break % (Eb), elongation of maximum (Emax) were measured with a computer-
controlled Hounsfield H10ks Machine (UTM; H10ks-0572, ASTM D882). The
load range was 500 N with 100 mm/min crosshead speed and 25 mm gauge length.
The dimensions of the test specimen were 60 mm x 5 mm (Figure 3). The films
were secured at both ends using mechanical grips and their strength was deter-
mined. Mechanical properties for each type of insert were replicated for at least

three samples, and average values are reported as the results.

Figure 3. Equipment and sample (60 mm x 5 mm) used for mechanical test.

3. Results and Discussions

3.1. Porosity Test

180 4 [ Porosity

160 —

140

)
—
V]
(=}
|

Porosity (%
N [*)) [ele] 5
[} [« (=] (=]
1 1 | 1

N
(=}
1

(=]
|

S1 (5%HAP)  S2 (10% HAP)  S3 (5% HAP)  S4 (10% HAP)
HAP Concentratuon

Figure 4. Porosity test of HAP/PVA/Gel (S1 and S2) and HAP/PVA/Gel/Glycerin film
(S3 and S4).

Figure 4 clearly shows that there is more than 90% porosity represented by all
newly synthesized HAP/PVA/Gel hybrid films. However, with the increment of
HAP, the percentage of porosity slightly declined, which might be due to
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Swelling Index (%)

increasing crystallinity or molecular interaction. Alternatively, S3 and S4 show
more porosity 98.73% + 10.60% and 95.08% + 7.79% respectively which is more
than the porosity of S1 (93.13% + 10.50%) and S2 (91.77% = 9.06%) (Table 2). As
S3 and S4 have 10% gelatin, this could be the reason behind the higher porosity

than the other two samples.

3.2. Swelling Test

Phosphate Buffer Solution (PBS, pH 7.4) and Double Distilled Water were chosen
to perform the swelling test of synthesized samples and all the test was done at

room temperature.

welling Index DDW| 140 _ welling Index DDW|
400 120
100
300
80 -
200 60
40 -
100 —
20
0 . 0
S1 (5% HAP) S2 (10% HAP) S3 (5% HAP) S4 (10% HAP)
HAP Concentration (HPG) HAP Concentration (HPGGly)

Figure 5. Swelling index of HAP/PVA/Gel (S1 and S2) and HAP/PV A/Gel/Glycerin film (S3 and S4)
in PBS and DDW.

Figure 5 and Table 2 demonstrate clear evidence to decrease swelling with the
addition of 10% gelatin with glycerin in S3 and S4 [19]. Moreover, after increasing
HAP concentration in S2 and S4 the swelling index or water absorption was de-
creased, which also corresponds with the literature review [ 18]. The swelling index
of DDW was relatively more than the swelling index of samples in PBS as there

might be more crosslinking occurring [25].

Table 2. Swelling test and porosity results of synthesized hybrid film.

Sample Swelling index (DDW) %  Swelling index (PBS) % Porosity %

S1/5 HPG 287.72 £ 19.07 287.37 £ 13.72 93.13 +£10.50
S2/10 HPG 260.55 + 55.37 254.78 + 61.65 91.77 £9.06
$3/5 HPGGly 127.27 £ 10.53 91.13 +3.23 98.73 £10.60
$4/10 HPGGly 76.65 + 3.52 72.41 £2.27 95.08 +7.79
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3.3. Mechanical Test
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Figure 6. (a) Tensile strength; (b) E modulus of S1, S2, S3, S4; (c) Elongation at maximum; (d) Elongation at break of S1, S2,

S3, 4.

Figure 6 and Table 3 depict that S1 and S2 tensile strength, elongation of maxi-
mum, and elongation of break were reduced but E-modulus increased with the
increase of HAP concentration whereas S3 and S4 figure depicts that TS, E-mod-
ulus all were elevated but Emax and Eb were reduced with the increased of HAP
concentration. Based on this experiment, HAP/PVA/Gel hybrid film TS, Emax,
and Eb were decreased with an increment of HAP percentage concentration due
to the reduced crosslinking density in the samples [29]. In contrast, TS and E
modulus was increased with the increment HAP in HAP/PV A/Gel/Glycerin Hy-
brid film. Emax and Eb were relatively higher at S3 and S4 than at S1 and S2 be-
cause of adding 10% gelatin along with glycerin [39]. However, in both cases,
when the HAP concentration was increased, Emax and Eb was decreased. The
factor related to this might be the crystallinity of HAP. On the other hand, the
incorporation of HAP and PV A in highly oriented gelatin structures significantly
increases the tensile strength and E modulus of S3 and S4 [31]. Different research

suggests that the higher the PVA concentration, the higher the tensile strength
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and Eb, however in this study amount of PVA was constant for all samples was
5%, so the variation between the TS or Eb was all dependent on the other materials
used such as HAP, Gelatin and glycerin [40]. TS deteriorated in S2 than in S1 due
to the presence of high surface energy that causes easy agglomeration for the con-
centration of HAP in S2 but on S4 10% gelatin with glycerin with 10% HAP shows
improved TS and E modulus then S3 [35].

Table 3. Mechanical test results of synthesized hybrid film.

Tensile Strength ~ Elongation of ~ Elongation of

Sample MPa maximum % Break % E-modulus MPa
S1/5 HPG 28.66 + 2.80 7.54 +0.86 8.77 £1.81 555.67 £ 39.31
S2/10 HPG 14.79 £ 0.82 3.78 £0.83 3.78 £0.83 618.53 £13.23
$3/5 HPGGly 0.93+£0.15 312.50 £79.49  330.90 + 85.54 1.02 £ 0.05
$4/10 HPGGly 1.07 £ 0.09 259.30 £ 86.13  268.60 = 87.41 1.54 + 041

4. Statistical Analysis

Each experiment was performed in triplicate if without a particular explanation,
and the results are expressed as means + SDs. Statistical analyses were performed
using the OriginPro 2018 68bit software package.

5. Conclusion

In the present research, HAP/PVA/Gel and HAP/PVA/Gel/Gly films containing
different HAP percentages (5% and 10%) were developed by the solution casting
method. All sample shows more than 90% of porosity in the fluid displacement
method. Swelling index experimented on both PBS and DDW to perceive the
compatibility of synthesized film during both internal and external wound healing
which might be helpful for different tissue engineering applications. Though the
increment of HAP, porosity, and swelling percentage was reduced in this study,
the percentage is compatible with biomedical applications. The mechanical test
reveals that the elastic modulus was raised with the increased HAP percentage but
TS was decreased in HAP/PVA/Gel. In bone tissue engineering specially in tra-
becular bone repair, these synthesized films could be used as grafting in orthope-
dic surgery. In contrast, the addition of glycerin and gelatin reduced the tensile
strength prominently and e modulus but the elongation of break and elongation
of maximum was relatively higher than HAP/PVA/Gel film. This relatively low
tensile strength and high elongation are essential for proper wound tissue cover-
age and healing for the grafting in skin, tendon, and cartilage tissue engineering
in various medical conditions. However, it is recommended to do SEM for under-
standing of actual pore size and morphology of the synthesized films as well as
biocompatibility tests are also suggested for future medical applications to see the
cell proliferation and antibiotic resistance. Lastly, it could be said that in this
study, newly developed HAP/PVA/Gel and HAP/PV A/Gel/Gly are demonstrated
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as a new opportunity for drug delivery, wound healing, and grafting in different

tissue engineering sectors. There is wide scope in the future to experiment with

these synthesized hybrid films for the proper biomedical applications.
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