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ABSTRACT

Background

Insulin-infused hydrogel represents a cutting-edge approach in the field of bone tissue engineering, offering a
platform for promoting bone regeneration and repair. Insulin has been shown to induce the formation of new
blood vessels, which is important in providing nutrients and oxygen to the developing bone tissue and supporting
its growth. For the product to be successful, it has to have a good osteogenic potential as well as biocompatibility.
Aim

We aim to develop a scaffold that can promote bone regeneration and improve outcomes in regenerative
medicine. The objective is to study the biocompatibility and osteogenic properties of the developed scaffold.
Methods

The study was carried out in BPG research laboratory of Saveetha Dental College, Chennai from March 2024 to
June 2024. The study included assessing the biocompatibility and osteogenic properties of the bioscaffold infused
with TCP and insulin.

To assess cell viability, MTT assay was performed. MG 63 cells were seeded in a 96-well plate at an appropriate
density, ensuring even distribution by gently rocking the plate back and forth, and incubated them for 18-24 hours
at 37°C with 5% CO2 to allow them to adhere and grow. Finally, they measured the absorbance of the solubilized
formazan product at 540-595 nm using a microplate reader, with absorbance values directly proportional to the
number of viable cells.

Quantitative PCR (qPCR) analysis was done to analyse the bone forming potential by quantifying the osteogenic
markers, which are critical indicators of bone formation and differentiation.

Results

Morphological evaluation of the Biocompatibility (Phase contrast) and cell proliferation levels (Live/Dead) with and without
insulin loaded CS+SA+BTC with control group for different time point of incubation, using phase contrast microscopy &
Fluorescent microscopy (20x objective) indicated that the number of dead cells are far lesser in the hydrogel scaffold with
insulin than there are in the bioscaffold without insulin. The expression of Osteogenic-specific mRNA and protein was
assessed by qRT-PCR, analysis of which indicated that

the prepared bioscaffold with insulin has the osteogenic property comparable to that of the time-tested Bio-0ss.

Conclusion
From the results obtained, it can be inferred that the developed hydrogel scaffold with insulin has a high
osteogenic potential. It maintains the cell viability which proves its property of biocompatibility.
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INTRODUCTION

The composite scaffold developed can only provide bone generation and improve patients’ outcomes
when it has antioxidant properties and hemocompatibility. Antioxidants play a crucial role in cell
proliferation by protecting cells from oxidative stress. Antioxidants protect cells from oxidative
damage, support DNA integrity, regulate cell signaling pathways, maintain mitochondrial function,
and control inflammation, all of which contribute to creating a conducive environment for cell
proliferation. Hemocompatibility refers to the compatibility of a material or product with blood and
the circulatory system. It is essential to assess the hemocompatibility of medical devices, implants,
and other products that come into contact with blood to ensure that they do not cause adverse effects
such as thrombosis, hemolysis, platelet activation, or inflammation [1].

MATERIALS AND METHODS

The study was carried out in BPG research laboratory of Saveetha Dental College, Chennai from
March 2024 to June 2024. The study included assessing the biocompatibility properties and
hemocompatibility of the bioscaffold infused with TCP and insulin.

Quantitative PCR (qPCR) analysis was done to quantify the expression levels of osteogenic markers,
which are critical indicators of bone formation and differentiation. The process began with the
extraction of total RNA from cells, which was followed by synthesis of complementary DNA (cDNA)
through reverse transcription. Specific primers were used for target osteogenic genes such as Runx2,
OCN, and COL1A1. The reaction involved amplifying the cDNA with these primers, which was
further detected in real-time through fluorescence detection.

To check cell morphology and viability using fluorescent microscopy in the presence of the prepared
bioscaffold, the cells were seeded onto the scaffold and were allowed to adhere and grow for a
specified period. The cells were stained using fluorescent dyes, such as Calcein-AM for live cells,
which showed green fluorescence. The cells were then fixed using paraformaldehyde. Following this,
the stained scaffold with cells was mounted onto a microscope. A fluorescent microscope to capture
images of the cells on the scaffold, adjusting the microscope settings to visualize the different
fluorescent signals. Finally, the images were analysed to assess cell morphology and viability, where
live cells exhibited green fluorescence.

RESULTS
CELL MORPHOLOGY STUDY USING PHASE CONTRAST MICROSCOPY

Control
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Morphological evaluation of the Biocompatibility (Phase contrast) and cell proliferation levels (Live/Dead) with
and without insulin loaded CS+SA+BTC with control group for different time point of incubation, using phase
contrast microscopy & Fluorescent microscopy (20x objective)

Number of dead cells are far lesser in the hydrogel scaffold with insulin than there are in the bioscaffold without
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Osteogenic markers levels by gPCR analysis
The expression of Osteogenic-specific mRNA and protein was assessed by qRT-PCR

From the graphs we can make out that the prepared bioscaffold with insulin has the osteogenic
property comparable to that of the time-tested Bio-0ss.

DISCUSSION

Quantitative PCR (qPCR) analysis is a vital technique in tissue engineering for measuring the levels
of osteogenic markers, which are key indicators of bone formation and differentiation. This method
allows for the precise quantification of gene expression, making it an essential tool in evaluating the
effectiveness of various materials and conditions used in bone tissue engineering [1]. The process of
qPCR analysis begins with the extraction of total RNA from the cells or tissues of interest. RNA
extraction is a crucial step, as it ensures the purity and integrity of the RNA, which is necessary for
accurate downstream analysis. Once the RNA is extracted, it is reverse transcribed into
complementary DNA (cDNA) using reverse transcriptase enzymes. This step is essential because
qPCR relies on the amplification of DNA, rather than RNA [2].

Specific primers are designed for the target osteogenic markers, which include genes such as ALP
(Alkaline Phosphatase), BMP2 (Bone Morphogenetic Protein 2), Runx2 (Runt-related transcription
factor 2), OCN (Osteocalcin), and COL1A1 (Collagen Type I Alpha 1) [3]. These markers are critical
for bone formation and differentiation, and their expression levels provide valuable insights into the
osteogenic potential of various treatments and materials [4]. The qPCR reaction is set up by mixing
the cDNA with the primers and a qPCR master mix, which contains DNA polymerase, nucleotides,
and a fluorescent dye or probe. The gPCR machine then amplifies the cDNA through repeated cycles
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of heating and cooling, allowing the DNA polymerase to synthesize new DNA strands [5]. The
fluorescent dye or probe binds to the newly synthesized DNA, and the increase in fluorescence is
measured in real-time. This real-time measurement enables the quantification of gene expression
levels, with higher fluorescence indicating higher levels of gene expression [6].

Data analysis in qPCR involves comparing the amplification curves of the target genes to a standard
curve or using the AACt method for relative quantification. The standard curve method involves
creating a series of dilutions of a known quantity of DNA and plotting the resulting amplification
curves [7]. The unknown samples' amplification curves are then compared to the standard curve to
determine their concentration. The AACt method, on the other hand, involves normalizing the target
gene expression to a reference gene and comparing the expression levels between different samples or
treatments [8]. In tissue engineering, qPCR analysis of osteogenic markers is used to evaluate the
effectiveness of different scaffold materials, growth factors, and other treatments in promoting bone
formation. By measuring the expression levels of these markers, researchers can determine the
osteogenic potential of various materials and conditions [9]. For example, in bone tissue engineering,
the qPCR analysis can reveal how well osteoblasts (bone-forming cells) and other cell types involved
in bone regeneration respond to different scaffold materials. This information is vital for optimizing
scaffold properties to enhance bone tissue formation and integration with the host tissue [10].

Additionally, qPCR analysis is valuable in cytotoxicity testing of materials used in tissue engineering.
It helps in identifying any toxic effects that materials might have on cells, ensuring that only
biocompatible materials are used in the development of tissue-engineered products. This ensures the
safety and efficacy of the materials used in regenerative therapies [11]. Overall, gPCR analysis of
osteogenic markers is an indispensable tool in tissue engineering, providing essential data on gene
expression levels, cell viability, and cytotoxicity [12]. Its applications in evaluating scaffold materials,
growth factors, and bioactive molecules contribute significantly to the advancement of regenerative
medicine and the development of effective tissue-engineered products [13].

Fluorescent microscopy is an invaluable technique in cell biology for assessing cell viability, enabling
researchers to distinguish between live and dead cells with precision. This method utilizes fluorescent
dyes that target specific cellular components, allowing for clear visualization under a microscope.
Among the commonly used dyes is Ethidium Homodimer-2, which selectively enters cells with
compromised membranes, typically dead cells, and emits a bright red fluorescence. This characteristic
makes it an excellent choice for identifying non-viable cells in a sample [14]. On the other hand, dyes
like SYTO 10 permeate both live and dead cells but are eventually excluded from dead cells, resulting
in green fluorescence in viable cells [15]. Propidium lodide (PI) is another widely used dye that only
penetrates cells with damaged membranes, marking dead cells with a distinct red fluorescence.
Combining Acridine Orange (AO) with Propidium Iodide (PI) offers a comprehensive approach, as
AO stains all nucleated cells to emit green fluorescence, while PI stains only the dead cells red,
providing a clear distinction between live and dead cells [16].

The practical application of these dyes can be seen in the use of the LIVE/DEAD
Viability/Cytotoxicity Kit, a popular assay in cell viability studies [17]. This kit leverages the
differential staining properties of Calcein AM and Ethidium Homodimer-1 to provide a vivid contrast
between live and dead cells. Calcein AM penetrates live cells and is converted into green fluorescent
calcein by intracellular esterases, whereas Ethidium Homodimer-1 only enters dead cells and binds to
nucleic acids, producing a red fluorescence [18]. This dual-staining approach allows for a
straightforward and accurate assessment of cell viability under a fluorescence microscope.

Fluorescent microscopy, therefore, plays a critical role in various biological and medical research
fields, from cancer research to drug development. By enabling precise and reliable visualization of
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cell viability, it aids scientists in understanding cellular responses to different treatments and
conditions, ultimately contributing to advancements in healthcare and biotechnology [19]. The ability
to use multiple dyes and staining techniques provides flexibility and enhances the accuracy of cell
viability assessments, making fluorescent microscopy a cornerstone method in modern cell biology

research. Whether for routine lab assessments or sophisticated research studies, this technique offers a

robust and versatile solution for discerning cell health and viability, driving forward our
understanding of cellular processes and the development of new therapeutic strategies [20].

CONCLUSION

From the results obtained, it can be inferred that the developed hydrogel scaffold with insulin has a
high osteogenic potential. It maintains the cell viability which proves its property of biocompatibility.

This study conducted, will allow researchers to evaluate the osteogenic potential of various scaffold

materials and conditions, optimize bone tissue regeneration strategies, and ensure the biocompatibility

of materials used in regenerative therapies. By providing precise and quantitative insights into gene
expression, qPCR analysis significantly advances the development of effective tissue-engineered

products.
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