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Introduction
Tissue engineering is defined as the process of combining 
scaffolds, cells, and the appropriate biochemical elements 
to create functional tissues that enhance or sustain organ 
function [1-4]. Its aim is to lessen the negative effects 
of conventional clinical therapies related to autografting 
(donor site morbidity and insufficiency of donor etc.,) 
and allografting (immunogenic reaction, risk of diseases 
transmission, less consistence etc.,) [5,6]. When developing 
an artificial bone matrix, a tissue engineering scaffold 
is crucial for healing bone tissue and producing the best 
environment for tissue growth and regeneration [7,8]. 
In order to achieve adequate nutrient transport and cell 
proliferation, scaffolds must therefore have a few unique 
characteristics, such as nontoxicity, biodegradability, 
a suitable surface chemistry, an interconnected porous 
network, a suitable pore size, and a suitable shape [9,10]. 
In the application of bone tissue engineering, choosing the 
suitable material to create a scaffold is a crucial step [11]. 
Materials that are frequently utilized in tissue engineering 
include hydroxyapatite, b-TCP, collagen, gelatin, alginate, 
polycaprolactone, carboxy methyl cellulose, carbon 
nanotubes, agarose, montmorillonite, and so on as polymer 
sources [12-16].

Hydroxyapatite (HA) is a vital biomaterial for making 
scaffolds. It can be made from a variety of naturally 
occurring sources with calcium-based structures, including 
bone, mollusk shells, coral, etc., [17,18] and is similar 
in chemical composition to the mineral found in human 
bone tissue. It is also thought to be crucial for a number of 
biomedical applications [7,19-22].

Chitosan is another popular natural biopolymer utilized 
for bone tissue engineering. It is an N-acetyl glucosamine 
and glucosamine-based linear polysaccharide. Chitin 
is deacetylated to produce it. Chitosan is a sought-after 
substance for biomedical applications due to its tissue 
compatibility, antibacterial activity, bioresorbability, and 
hemostatic properties [23-25]. Furthermore, the degraded 
forms of chitosan are not poisonous, immune-stimulating, 
or carcinogenic [26].

Collagen, a fibrous protein that is widely distributed 
throughout the animal kingdom in the form of hides, skins, 
bones, and connective tissues, is the source of gelatin, a 
water-soluble, protein-based natural biopolymer [27]. It has 
been utilized for many years in pharmaceutical formulation 
because of its biocompatibility, biodegradability, and 
affordability. It has been employed for many years in 
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pharmaceutical formulation, cell culture, and tissue 
engineering applications due to its biocompatibility, 
biodegradability, and low cost of availability [28-30].

Agarose is a biocompatible linear polysaccharide 
that is produced from marine red algae. It has similar 
mechanical qualities to those needed for tissues and can 
be easily regulated by modifying its composition. Agarose 
has been regarded as a viable contender for usage in 
biomaterials due to its biodegradability, renewability, and 
strong gelling power [31,32]. Utilizing each individual 
component in material mixing is a successful strategy for 
obtaining materials with optimum functional qualities, 
and significant advancements have been made in the use 
of bone tissue engineering [33-35].

Crosslinking of scaffold is currently one of the most 
important fields in biomedical research. By creating a 
stable network in the polymeric matrix, crosslinking's 
main purpose is to enhance the biomechanical capabilities 
of scaffolds [36]. A crosslink is a covalent bond or supra-
molecular contact, such as an ionic bond or hydrogen 
bond, that joins the functional groups of a polymer chain 
to another one [37]. A crosslinker must not only have no 
cytotoxic effects but also enhance the mechanical properties 
of the polymer network in order to be considered ideal [38]. 
Crosslinking of scaffolds by irradiation-based methods 
is accomplished using high-energy ionizing radiation 
or photo initiator molecules. This method is frequently 
employed to crosslink collagen scaffolds [39,40]. During 
irradiation by Ultraviolet (UV) radiation, there are two 
opposite and competitive processes namely, UV-induced 
crosslinking and UV-induced denaturation, and the 
balance between them is essential for the fabrication of 
scaffolds. The mechanical performance and degrading 
behavior of irradiation scaffolds are ultimately affected by 
this balance [41,42]. This study's primary objective was to 
create a biomimetic scaffold using the Thermally Induced 
Phase Separation (TIPS) technique, cross-linked with 
various radiation dosages, and then assess its attributes for 
the effectiveness of bone tissue engineering.

Materials and Methods
Fabrication of scaffold

In this study, scaffolds were prepared by following our 
previous work [10]. In short, bovine derived HA was 
weighed into a flask and added deionized water. After 
being stirred for two hours at room temperature, mixture 
was ultrasonically treated to fully disperse the HA powder 
into the water.

Chitosan solution was prepared by mixing chitosan in 
1% acetic acid solution. Then gelatin was added to the 
chitosan solution at 1:2 ratio and the solution was agitated 
at 37°C to form a chitosan gelatin blend. After stirring this 
mixture was placed into water bath at 40°C temperature. 
Afterward, HA was added to the chitosan-gelatin mixture 
and stirred for 2 hours to disperse thoroughly. Finally, 

agarose solution was added separately into the prepared 
solution and stirred for 2 hours to disperse properly. The 
resulting solution was put into specific mold and pre-
frozen for 24 hours at -40°C followed by freeze-drying at 
(-50°C ~ -60°C) for 30 hours to obtain porous scaffolds.

Characterization of scaffold

Porosity: The liquid displacement method was used to 
determine the porosity of the constructed scaffolds. In 
this investigation, ethanol was used as solution. A sample 
of known Weight (W) was immersed in a graduated 
cylinder filled with a known volume of ethanol (V1) for 
5 minutes. The ethanol-soaked scaffold had a total in-
cylinder volume of V2. The ethanol-impregnated scaffold 
was removed from the cylinder and the amount of ethanol 
remaining was measured (V3). In triplicate, each sample 
was measured. The scaffolds' porosity (Є) is expressed as 
follows.

Swelling ratio evaluation: Swelling capacity was 
calculated using water absorption. The dry weight of the 
scaffold was taken as W0. The porous scaffolds were then 
soaked in pH 7.4 PBS buffer for 24 hours at 37°C. The 
scaffolds were then removed from the PBS buffer and their 
wet weight (Ww) recorded. Equation was used to compute 
the swelling ratio.

( ) 0

0

  %   100wW WSwelling ability
W
−

= ×

In-vitro biodegradability: The biodegradability of the 
scaffolds was evaluated by soaking the scaffolds in PBS 
medium containing lysozyme (10,000 U/ml) at 37°C for 
21 days at several intervals. The initial scaffold weight was 
represented as W0. After the particular days, the scaffolds 
were picked up from the solution and washed with 
deionized water to remove ions adsorbed on the surface 
and then freeze-dried. The dry weight of the scaffold was 
symbolized as Wt. The biodegradation of the fabricated 
scaffolds was evaluated using following equation.

( ) 0 %   100t

t

W WBiodegradability
W
−

= ×

Fourier Transform Infrared Spectroscopy (FTIR) 
analysis: FTIR Spectroscopy, is a systematic technique 
used to identify organic, polymeric, and in some cases, 
inorganic materials. This method uses infrared light to 
scan test samples and observe chemical properties. In 
this study, the scaffold samples were evaluated by FT-IR 
8400S spectrophotometer (Shimadzu, Japan) within 4000-
700cm-1 range at 4 cm-1 resolution.

Pore morphology: The morphology of the scaffolds were 
observed using light optical microscopy (Leica, Germany). 

Results and Discussion
General observation

In this study, HA-Chitosan-Gelatin-Agarose (HCGA) 
scaffolds were fabricated by thermally induced phase 
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In the spectrum for agarose film, the absorption band 
at 1641 cm-1 was ascribed to O-H bending, at 1075 
cm-1, attributed to the C-O stretching vibrations. The 
characteristic absorption bands of 3,6-anhydrogalactose 
and the C-H bending vibrations of anomeric carbon 
appeared at 931 and 890 cm-1, respectively [16].

Porosity of the scaffolds

This high degree of porosity would allow cells to migrate 
into and populate within the scaffold. Porosity of the 
prepared scaffolds was measured through the liquid 
displacement method using ethanol. The porosity of the 
HCGA scaffold was 89.6%. When it was cross-linked 
through radiation, the porosity was ranged from 80%-88% 
at different radiation doses (Figure 2A) while cancellous 
bone porosity ranges from 30% to 90 % (mostly in 
the range 75%-95%) [46]. This might be due to little 
crosslinking ability of lower doses which caused the 
porosity to decrease a little. 

Greater than 80% porosity changed into found for the 
polymeric scaffold, which could be an additional benefit 
for tissue engineering purposes [47]. High porosity with 
homogeneous, small cells replicates excessive nucleation 
charge whilst suppressing the impact of anisotropic boom 
of ice crystals [48]. This moderate porosity could permit 
cells to emigrate into and populate within the scaffold.

Swelling evaluation

The swelling capacity of a scaffold is a vital characteristic 
that causes an explosion in pore sizes that compare its 
realistic use in facilitating the attachment and progression 
of cells and the following new tissue regeneration [49]. The 
excessive water uptake potential of the composite scaffold 
might be attributed to the hydroxyl, amino and carboxyl 
hydrophilic companies that exist within the polymer 
[50]. The outcomes confirmed that there are variations 
in the swelling conduct some of the scaffolds, in which 
the water uptake capacity of the non-cross-connected 
HCGA scaffold changed into better while as compared to 

separation technique and cross-linked by physical cross 
linkers (gamma radiation). This choice of manufacturing 
technique resulted in a scaffold with excellent porosity. 
This is brought about by the formation of ice crystals 
during freezing and their subsequent removal during 
freeze-drying. The fabricated HCGA scaffold turned out 
to be a rigid structure with a spongy appearance.

FTIR analysis 

FTIR analysis states us the chemical interactions among 
the constituents of scaffold. When diverse materials are 
mixed together, the variations in characteristic peaks 
of the infrared spectrum can reveal whether there are 
chemical interactions among them.  In HCGA scaffold, 
agarose was validated owing to the presence of peaks at 
930 cm-1 owing to 3,6-anhydrogalactose. Peak at 1075 
cm-1 is enriched in the blend, which is owing to the 
glycosidic linkages in the polymers [16]. A small number 
of other peaks are also overlapping that can be due to the 
analogous functional groups in the polymers (Figure 1). In 
the FTIR result, HA showed the presence of -OH group at 
around 3200-3429 cm-1 due to the water absorption ability, 
the presence of CO3

2- group was at around 1410-1450 cm-1 
and 873 cm-1 that matched with human bone analysis [43]. 
For phosphate group, it was appeared at 1029-1095 cm-1 
and 962 cm-1-560 cm-1. The phosphate group can be v4 
PO4

3- bend and v1 PO4
3- and v2 CO3

2- bend principally. 
The presence of standard v3 CO3

2- is at the wave number 
between 1460-1580 cm-1 and 800-871 cm-1; so the 
existence of v3 CO3

2- was found at 1452 cm-1 was desired. 
The spectrum of bone exhibits all the most intense bands 
observed in the spectrum of hydroxyapatite as the spectra 
herein showed. The broad absorption band of chitosan 
between 3600 and 3000 cm-1 could be attributed to the 
-OH and -NH stretching vibrations, the absorption bands 
at 1660, 1592, and 1385 cm-1 are respectively ascribed to 
the amide I, II and III bands, and the absorption band at 
1068 cm-1 was attributed to the C-O stretching vibrations. 
Gelatin bands were found differently due to its different 
amide group and lysine, proline side chains. The primary 
amide band A is found at around 3500 cm-1, N-H stretching 
band was distributed at 3535 cm-1, C-H stretching at 
~3327 cm-1 for the amide B, C=O stretching at 1637 cm-1 
for the primary amide I, N-H deformation at 1500-1550 
cm-1 for the amide II due to the physical cross-linking in 
the compound itself. Gelatin groups deformed at 1500-
1550 cm-1 due to their intra cross-linking [44]. There was 
an absent band in gelatin amide II at 1546 cm-1 because it 
involved in the cross-linking reaction. The carboxyl group 
from gelatin and the Ca+2 ions from HA were the evidence 
of bond formation. Complex reaction between Ca2+ ions of 
HA and gelatin molecules was responsible for the binding. 
The Ca2+ ions of complex gelatin molecules assembled 
with PO4

3- ions from HA. The -COOH and -NH2 groups 
in the gelatin molecule form chemical bonds with P-O 
and O-H groups of HA, resulting in gelatin chains firmly 
attaching to the surface of HA [45].

Figure 1. FTIR spectra of the irradiated cross-linked scaffolds.



Effect of radiation on Hydroxyapatite-Chitosan-Gelatin-Agarose scaffold for bone tissue regeneration.

Biomed Res 2022 Volume 33 Issue 9 267

The optimal pore size for bone tissue engineering remains 
unknown. However, a study aimed at determining the 
optimal pore size for bone tissue engineering showed that 
pore sizes in the range of 80-500 μm were feasible [52]. 
Due to the depicted pore size, the scaffolds allow cell 
attachment, proliferation, and nutrient delivery, allowing 
for proper bone tissue growth. Optical microscopy images 
revealed that the distribution of components within the 
scaffold network was uniform in the fabricated scaffolds.

Conclusion
The purpose of this study was to determine the ideal 
radiation dose for fabricating porous scaffolds using 
HA, chitosan, gelatin, and agarose materials that have 
desirable porosity, swelling ratio, biodegradability, and 
pore morphology for cell growth and proliferation. At 25 
kGy doses of scaffold, light microscopy revealed an open 
pore structure that was suitable for blood supply and cell 
adhesion. These irradiated porous scaffolds are promising 
candidates for bone tissue formation.
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