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Abstract

Hydrogels are the only bio-materialistic scaffolds that closely mimic the extracellular matrix
(ECM) due to their intrinsic properties. Thus, they can direct cell migration, adhesion, and
growth during tissue regeneration, which is crucial for damaged cartilage tissue regeneration.
It has been found that hydrogels have high patient acceptability since they promote moist
healing at the site of tissue defects, resulting in a reduction in pain at the target site. This
study aimed to produce an injectable scaffold for tissue regeneration using Rebaudioside A
loaded agar and Carbopol 971 P NF as an Injectable hydrogel. The hydrogels formed in situ
can be moulded, i.e. shaped at the target site to match its shape while not wrinkling or
fluting.
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1. INTRODUCTION regeneration of tissues, hydrogels have

In addition to aiding in site-specific drug
delivery, early detection, therapy, imaging,
and diagnosis of different diseases,
biomaterials provide unique advantages.
The diversity of these materials allows
them to be used in a wide variety of
potential biomedical applications due to
their unique biological and physiochemical
characteristics. Due to their potential
applications in tissue engineering and
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gained much attention in recent decades.
However among cartilage  healing
materials, hydrogel is widely used because
it absorbs and retains a lot of water and
biological fluids. Moreover, in Cartilage
tissue engineering studies, hydrogels are
commonly used because their physical and
mechanical properties can be tailored to
meet an individual's needs.!
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Hydrogels are the only bio-materialistic
scaffolds that closely mimic the
extracellular matrix (ECM) due to their
intrinsic properties. Thus, they can direct
cell migration, adhesion, and growth
during tissue regeneration, which is crucial
for damaged cartilage tissue regeneration.
It has been found that hydrogels have high
patient acceptability since they promote
moist healing at the site of tissue defects,
resulting in a reduction in pain at the target
site. A special characteristic of some
hydrogels is that they gel within specific
tissue or body cavities due to the
interaction  of  polymer  molecules.
Physiological conditions allow such in situ
systems to flow freely as injectable liquids
before administration and to gel under
those conditions once injected into the
body. It is especially appealing to use
systems that are temperature-sensitive and
gel at body temperature.?

Thermoreversiblegels formed from agar
are composed of 1,4-linked 3,6-anhydro--I-
galactose and 1,3-linked -d-galactose
derivatives extracted from marine algae.
Depending on the polymer concentration,
agar can be tailored to present mechanical
properties similar to tissues. It forms a
three-dimensional porous structure when
solubilized in water, resulting in a gel with
a rigid network, which is suitable for
cellular proliferation and differentiation.In
addition, agar hydrogels can Dbe
polymerized in situ, reducing surgical
invasiveness and providing the hydrogel
with the desired shape.®

An assortment of synthetic polymers
known as carbomers are created from
acrylic acids and crosslinked allyl sucrose
or allyl ethers of pentaerythritol. These
kinds of polymers are well-known
pharmaceutical components found in a
variety of biomedical applications. The
polymers are well defined and less likely
to include impurities than polymers
isolated from natural origin because of
their synthetic origin. Due to a number of
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appealing characteristics, including low
viscosity in  comparison to  other
carbomers, low toxicity, and high
transparency, and rather good ion
tolerance, carbopol 971P NF (Carbopol)
was selected as the thickening agent.
Furthermore, the ideal shear
thinning/pseudo plasticcharacteristics of
the carbopol 971P NF made it is as a right
choice for the development of the
injectable hydrogel scaffolds.*

As a result of polymer interactions
between Carbopol 971P NF and Agar,
hydrogels can be produced that can gel in
the desired location. A hydrogel was
produced by combining carbopol 971P NF
with agar in order to investigate the
polymeric interaction and
thermosensitivity of agar. The fabricated
hydrogel scaffold was characterized
through in vitro characterisation studies, in
order to evaluate its suitability for the
treatment of cartilage tissue defects.

This study aimed to produce an injectable
scaffold for tissue regeneration using
Rebaudioside A loaded Agar and Carbopol
971 P NF as an Injectable hydrogel. The
hydrogels formed in situ can be moulded,
i.e. shaped at the target site to match its
shape while not wrinkling or fluting.

2. MATERIALS AND METHODS
Preparation of Rebaudioside A loaded
Carbopol 971P NF/ Agar hydrogel
Initially Carbopol 971P NF and Agar (in
the ratio of 1:2 % W/W) was dissolved for
an hour in water at 80 -90 °C. Later to the
above mixture 20 mg of the Rebaudioside
A was added slowly with continuous
stirring. Finally the developed hydrogel
scaffolds was stabilised at room
temperature for 48 hours before
undergoing the characterisation studies.
Organoleptic Properties
Hydrogel compositions have been visually
assessed for appearance, color, and texture.
When assessing the grittiness of hydrogels,
it was once done by rubbing a little
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amount of gel between the thumb and
index finger to see if there were any coarse
particles present.

Porosity Measurements of Hydrogel
Scaffolds

The solvent replacement method was
employed to determine porosity. Dried
hydrogels were submerged in 100%
ethanol for the entire night before being
weighed. Excess ethanol on the surface
was blotted off. The following equation
was used to compute the porosity.

Porosity = ((Mz2- M1)/pV) X 100

whereM1 is mass of the hydrogel before
immersion in absolute ethanol,M2 is mass
of the hydrogel after immersion in absolute
ethanol p is density of absolute ethanol,
and V is volume of the hydrogel.>®

Invitro Release

Dialysis bags were filled with a specific
quantity of Rebaudioside A loaded
hydrogels, which were then incubated with
constant agitation in 20 mL of PBS (pH =
6.3). At predetermined intervals, 2 mL of
buffer was removed and swapped out for
an equal volume of new media. The
absorbance was measured at 360nm by
using the UV-vis spectrophotometry and
the invitro drug release graph was plotted.
Three independent replicates were used to
compute the mean and standard deviation
at the predefined time intervals.”®

MTT Assay

5 X 10° cells were first seeded per Ts
flask for the purpose of cell culture. Every
four days, new media was added. Cells
were passaged using a 0.25% Trypsin-
EDTA solution when the cell density
reached 70%. In 96-well culture plates, the
scaffolds and the controls were put before
cell seeding. The hydrogel scaffolds' plates
were cleaned by submerging them three
times in a 70% ethanol solution (each for
20-30 min). The scaffolds were then
rinsed in PBS solution, air dried, and then
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incubated with the medium at 37°C for an
overnight period. Cells were re-suspended
in DMEM supplemented with 10% FBS
and 1% antibiotics to encourage
chondrocyte growth. The plates were
maintained in a humid environment with
5% CO3 at 37°C. Chondrocytes cells were
sub-cultured on the scaffolds at a density
of 40,000-50,000 cell/well at 96 well
culture plates and then incubated to allow
cell distribution and adhesion throughout
the scaffolds. This was done after
completely separating culture media from
the scaffolds. Every day, the medium was
changed. For each sample, cell-culturing
assays were performed three times. MTT
solution (5 mg/mL) was used to gauge the
cell survival rate. The supernatant was
taken out and 100 | of MTT solution (5
mg/ml) was added to each well at 3, 6, and
9 days after the seeding. The supernatant
was removed after 4 hours of incubation,
and DMSO (Merck) was applied to each
well to dissolve the blue formazan crystals.
The blue to purple solution was transferred
to a 96-well plate, and the optical density
was measured at 360 nm using an ELISA
plate reader (Dynex MRX). The
chondrocytes that were grown on tissue
culture plates (TCPs) were regarded as the
control group. The cell survival rate was
expressed as a percentage of control.®°

Statistical analysis

Origin pro software (Version 9) was used
to analyse the results obtained. In addition,
all the results obtained were evaluated
using the row statistics and a two-sample t-
test on rows, the data was expressed as a
mean * standard deviation. The results
showing P < 0.05, P <0.01, and P < 0.001
were also  considered  statistically
significant.

3. RESULTS AND DISCUSSION
Organoleptic Properties

The appearance, color, and homogeneity
of the hydrogel scaffold loaded with
Rebaudioside- A have all been evaluated.
Each gel composition used to be adequate
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in terms of both look and silky texture (as
mentioned in table 1). It used to be
extremely simple to determine a method's

organoleptic characteristics, nevertheless.
Therefore, for the produced hydrogel,
additional characterization studies were

superiority

merely  based

its also carried out.

Table 1. Depicts the organoleptic properties of the developed hydrogel scaffolds

S.No Organoleptic Carbopol 971P NF/ Agar Rebaudioside- A
properties hydrogel loaded hydrogel
1. Colour Clear and transparent Slightly yellow
2. Consistency Consistent Consistent
3. Homogeneity Homogenous Homogenous

Porosity of the developed hydrogel
formulation

In cartilage tissue engineering, cell
attachment and proliferation are also
correlated with scaffold porosity and
density in the opposite direction. The open
holes that make up the porosity feature are
affected by characteristics like
penetrability and surface area of the porous
structure. The mechanical strength and
penetrability of a permeable scaffold can
be impacted by the obvious density. A
scaffold's porosity and density must be
adjusted for the specific application
because while a scaffold's increased
density often results in greater mechanical
strength, its greater porosity offers a
promising biotic habitat. According to our
data, the porosities of Agar / Carbopol
971P NF hydrogeland Rebaudioside — A
loaded Agar / Carbopol 971P NF hydrogel
are 80% and 75%, respectively. Finally,
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the results of the current study
demonstrated that the scaffolds employed
in cartilage tissue engineering are
appropriately biocompatible, making them
ideal scaffolds for TE regeneration.

Invitrorelease studies

Figure 1 shows a continuous and sustained
release of Rebaudioside-A, with a
cumulative release rate of Rebaudioside-A
reaching almost 78.46 + 2.41% up to 14
days. While a burst Rebaudioside-A
release with a 3+ 0.81% cumulative
release was seen initially, it was noted that
this rapid release might meet the high
concentration demand in the early stages
of defect sites for immuno-regulation. This
finding showed that the hydrogel scaffold
successfully controlled the release of
Rebaudioside-A to meet both the early
need for high drug concentrations and the
subsequent long-term sustained release.
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Using the traditional MTT test, the effects
of Carbopol 971P NF/ Agar hydrogel and
Rebaudioside-A loaded Carbopol 971P
NF/ Agar hydrogel on human chondrocyte
cells were examined (Figure 2). The
created scaffolds may have caused human
chondrocyte cells to proliferate more than
they would have under control conditions.
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Figure 1: Cumulative drug release profile of the Rebaudioside loaded hydrogel at 37°C
Cell Viability Assay

Both scaffolds have the potential to
promote chondrocyte cell growth and
viability over time. It appears that the cell
survival rate in cells seeded on
Rebaudioside-A loaded Carbopol 971P
NF/ Agar hydrogel was much greater than
that of cells plated on Carbopol 971P NF/
Agar hydrogel scaffold and control group.
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Figure 2: MTT assay histogram of developed hydrogel scaffold after 24, 48 and 72 hours
post cell seeding. Where, mean = SD, n= 3, * p < 0.05, **p < 0.01, and ***p < 0.001

4. CONCLUSION
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In the present study Rebaudioside A
loaded Carbopol 971P NF / Agar hydrogel
was fabricated for cartilage regeneration.
Invitro characterisation studies, reveal
ideal porous swelling and mechanical
characteristics of the developed hydrogel
scaffolds. The ideal swelling potential of
the proposed scaffold allowed it to absorb
the secretions from the surrounding
extracellular matrix. Further, the hydrogel
does not show any toxicity towards the
human chondrocyte cell line, and it also
demonstrated a very effective function in
fastening the cellular proliferation. Finally
this will give beneficial basic support for
the further investigation on the application
of these hydrogel scaffolds for cartilage
tissue engineering concepts.
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