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Scaffolds are replaced with newly formed bone over time through cell adhesion,
proliferation, and differentiation. Additionally, Hesperadin reduces osteoclast activity, preventing
the absorption of trabecular bone. This research aimed to investigate the therapeutic effects
of chitosan scaffolds enriched with various concentrations of hesperidin flavonoid on femur
fractures by evaluating the expression of Runx2 and OCN genes.

The experimental study employed 36 male Wistar rats, each weighing
between 220 and 260g, who were randomly assigned to one of six groups following the
establishment of a fracture line in the right leg; control (femur fracture model) and treatment
groups with scaffolds loaded with different percentages of hesperidin (0, 0.01, 0.1, 1, and 10%
by polymer weight). After 2 months, the bones were extracted and studied using histological
(Trichromasson stain) and real-time PCR methods.

Compared to the control group, the evaluation of Real-time PCR results demonstrated
asubstantial increase in Runx2 gene expression in Hesp1%. Also, there was a significant decrease
in the expression of this gene in the 0% and 10% groups compared to the 1% group. However,
no significant difference was observed between the groups in the expression of the OCN gene.
Histological evaluation of the Hesp1% group showed new bone replacement and collagen matrix,
compared to the control and the other treated groups.

A chitosan scaffold containing 1% hesperidin has a potential role in bone lesion
repair and is a suitable therapeutic strategy in tissue engineering.

Chitosan; Hesperidin; Bone Fracture; Tissue Engineering; Gene; Rat

CITATION LINKS

Custom-made composite scaffolds for segmental defect repair .. Chitosan based
biocomposite scaffolds for bone ... | % | Proliferation and differentiation of mesenchymal stem cells
on scaffolds containing chitosan ... |4| Chitosan hydrogels for chondroitin sulphate controlled
release... | 5 | Ectopic osteogenesis and scaffold biodegradation ... | 6| Chitosan and its potential use
as a scaffold for tissue engineering ... | 7| Chitosan as a bioactive polymer ... | 2| Scaffolds based
bone tissue engineering ... || Preparation of chitosan hydrogel and its ... Putative effects of
nutritive polyphenols on bone metabolism in ... Effect of hesperidin with and without a
calcium (Calcilock) supplement ... Hesperidin, a citrus flavonoid, inhibits bone loss and
decreases .. Molecular signaling mechanisms behind .. New method to induce
neurotrophin gene expression in ... Bone morphogenetic protein-6-loaded chitosan scaffolds
enhance the ... Preparation and evaluation of gelatin-chitosan-nanobioglass ... Sinusoidal
electromagnetic field decreases osteogenic differentiation .. Enhanced physical and
biological properties of chitosan scaffold by ... Application of chitosan in bone.... Chitosan-
based scaffolds .. Hesperidin inhibits ovariectomized-induced osteopenia and shows
differential effects on ... Selegiline induced differentiation of rat bone marrow mesenchymal

Differential effects of two citrus flavanones on bone quality in senescent ... The role of
hesperetin on osteogenesis ofhuman mesenchymal stem cellsand its.... Potential mechanisms
underlying the Runx2 induced .. Regulation of proliferation, differentiation and ..
Increase in bone metabolic markers and circulating ... Overexpression of Cbfal in osteoblasts
inhibits osteoblast maturation ... Cell cycle related modulations in Runx2 protein levels are
independent of ... Gene transfer of the Runx2 transcription factor enhances osteogenic
activity of bone marrow .. Kaempferol stimulates bone sialoprotein gene ... In vivo
ossification of a scaffold combining ... Role and regulation of RUNX2 ...

Copyright© 2025, the Authors | Publishing Rights, ASPI. This open-access article is published under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International License which permits Share (copy and redistribute the material in any medium or format)
and Adapt (remix, transform, and build upon the material) under the Attribution-NonCommercial terms.


https://pubmed.ncbi.nlm.nih.gov/21136053/
https://pubmed.ncbi.nlm.nih.gov/26845481/
https://pubmed.ncbi.nlm.nih.gov/29159895/
https://pubmed.ncbi.nlm.nih.gov/25614850/
https://pubmed.ncbi.nlm.nih.gov/26258851/
 https://pubmed.ncbi.nlm.nih.gov/26504833/
https://pubmed.ncbi.nlm.nih.gov/28735006/
https://pubmed.ncbi.nlm.nih.gov/21810029/
https://www.sciencedirect.com/science/article/abs/pii/S0141813016327027
https://pubmed.ncbi.nlm.nih.gov/31003431/
https://pubmed.ncbi.nlm.nih.gov/26751193/
https://pubmed.ncbi.nlm.nih.gov/12771335/
https://pubmed.ncbi.nlm.nih.gov/29200988/
https://pubmed.ncbi.nlm.nih.gov/39290551/
https://pubmed.ncbi.nlm.nih.gov/19821811/
https://pubmed.ncbi.nlm.nih.gov/26884764/
https://journals.innovareacademics.in/index.php/ijap/article/view/50382
https://www.sciencedirect.com/science/article/abs/pii/S014486171931197X
 https://pubmed.ncbi.nlm.nih.gov/31431001/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4078888/
https://pubmed.ncbi.nlm.nih.gov/18174393/
https://pharmacia.pensoft.net/article/107909/
https://pubmed.ncbi.nlm.nih.gov/21820093/
https://pubmed.ncbi.nlm.nih.gov/28423500/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4731654/
 https://pmc.ncbi.nlm.nih.gov/articles/PMC6480215/
https://www.nature.com/articles/s41598-019-56484-x
https://pmc.ncbi.nlm.nih.gov/articles/PMC2150799/
https://pubmed.ncbi.nlm.nih.gov/17885813/
https://pubmed.ncbi.nlm.nih.gov/16043096/
https://pubmed.ncbi.nlm.nih.gov/20564228/
 https://pubmed.ncbi.nlm.nih.gov/25289027/
https://pubmed.ncbi.nlm.nih.gov/25340806/
https://www.ncbi.nlm.nih.gov/mesh/68048271
https://www.ncbi.nlm.nih.gov/mesh/68006569
https://www.ncbi.nlm.nih.gov/mesh/68050723
https://www.ncbi.nlm.nih.gov/mesh/68023822
https://www.ncbi.nlm.nih.gov/mesh/68005796
https://www.ncbi.nlm.nih.gov/mesh/68051381
https://ijwph.ir/article-1-1524-en.html
http://crossmark.crossref.org/dilog/?doi=10.58209/ijwph.17.1.43


Effect of Osteogenic Genes Expression on Bone Tissue Treatment; an Engineered Animal Model 44

Introduction

Tissue engineering is recognized as a significant
approach in bone reconstruction. Functional
scaffolds must initially meet the necessary
mechanical strength to replace the mechanical
function lost in damaged tissues in tissue
engineering. The scaffold's strength is crucial for
providing adequate structural support and
transferring reinforcing forces to the host tissue site.
Tissue reconstruction and cell function are important
for achieving angiogenesis and stable biomechanical
conditions at the host site. Thus, the three-
dimensional structure of the scaffold must maintain
sufficient structural integrity under both in Vitro and
Vivo conditions and preserve the process of growth
and reconstruction [l An effective alternative to
conventional grafting strategies is bone tissue
engineering. The utilization of chitosan-based
biocomposite  scaffolds to accelerate the
development of new bone tissue has been extensively
studied among polymers [2l. Chitosan is a natural
biopolymer acting as a scaffold in bone tissue
engineering Bl It is the deacetylated form of chitin, a
structural element found in the exoskeleton of
crustaceans like shrimp and crabs, insect cuticles,
and the cell walls of fungi [4-6l. Chitosan is a natural
linear polymer composed of repetitive units of N-
acetyl-D-glucosamine and D-glucosamine. These
units are connected by 3 (1-4) glycosidic bonds [7-91.
Due to its cationic nature, Chitosan is extensively
employed to accelerate wound healing and exhibit
antimicrobial properties. This polymer is used in
tissue engineering to differentiate or repair tissues
such as cartilage, bone, skin, nerve, liver, and muscles
[6.8,9], Chitosan is also referred to as a wound-healing
accelerator because it activates and regulates
inflammatory cells, thereby promoting the growth of
granular tissue. It also plays a protective role in cell
proliferation, osteoblast differentiation, and
mineralization [2. Numerous studies have shown that
consuming many vegetables and fruits daily (240-
400 g) is associated with higher Bone Mineral Density
(BMD) and reduced risk of bone fractures. Recent
research indicates that the risk of hip fractures and
osteoporosis in postmenopausal women is inversely
correlated with the consumption of soy isoflavonoids.
The risk of degenerative diseases, including
cardiovascular diseases, cancer, diabetes, and
osteoporosis, is reduced by polyphenols' antioxidant
potential, which protects cells from oxidative
damage. Polyphenols influence bone metabolism by
suppressing osteoclastogenesis, activating
osteoblastogenesis, and suppressing
osteoclastogenesis, in addition to their antioxidant
properties. One of the beneficial subgroups of
polyphenols, flavonoids, are found in various fruits,
vegetables, and plants [0 11 Flavonoids are
predominantly found in citrus fruits. The
predominant flavonoid in lemons, oranges, and sweet
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oranges is hesperidin rutinoside [19. Among natural
citrus flavonoids, hesperidin is a potent anticoagulant
due to its pharmacological determination. Hesperidin
is effective on both cortical and trabecular bone by
reducing osteoclasts and preventing the absorption
of trabecular bone. Hesperidin enhances the
inhibition of bone absorption and increases the
concentration of minerals like calcium in the bone.
Hesperidin's inhibitory effects on bone absorption
are associated with an unclear molecular mechanism.
Known for its antioxidant activity, hesperidin is
recognized as an anticancer drug. Since osteoclast
inhibition reduces bone absorption, hesperidin may
inhibit bone absorption through its antioxidant
activity.

In contrast to other flavonoids, hesperidin's
antioxidant capacity is not as high. Another
hypothesis is that hesperidin affects bone cells by
activating estrogen receptors (ER). ERs have been
found in bone marrow stromal cells and osteoblasts.
Although there is no information on hesperidin's
binding affinity for ERs. Statins increase bone
formation by inducing bone morphogenic proteins.
Hesperidin's mechanism on bone seems to be like
that of statins. Additional research is required to
determine the mechanism of action of hesperidin on
bone. Hesperidin reduces serum and liver cholesterol
and inhibits bone absorption by inhibiting
osteoclasts [121. Hesperidin enhances the expression
of Runx2 and Osx by stimulating the BMP pathway
and downregulating Noggin signaling, thereby
regulating the expression of mineralization genes
such as OCN and Opn [13,14],

Therefore, considering the mentioned aspects, this
research aimed to investigate the effects of
expressing Runx2 and OCN genes after treating femur
fractures with chitosan scaffolds enriched with
various concentrations of Hesperadin flavonoids.

Materials and Methods

This experimental study examined 36 twelve-week-
old male Wistar rats weighing between 220 and 260g.
The samples (Pasteur Institute; Iran) were
maintained at 20-24°C, with a 12-hour light/dark
cycle and unrestricted access to food and water. The
animals underwent intramuscular
ketamine/xylazine injection for anesthesia, and a
2x6mm fracture groove was made on the right femur.
The rats were assigned to 6 groups (each n=6). The
experiments were conducted following the Helsinki
guidelines and regulations.

To construct the chitosan scaffold, 1200mg of
chitosan powder is dissolved in 60cc of 1% acetic acid
solution. Subsequently, hesperidin powder was
added to the chitosan solution in 0.01%, 0.1%, 1%,
and 10% concentrations relative to the polymer
weight. A sterile scaffold was grafted onto the
fracture site using chitosan (0%), chitosan+0.01%
hesperidin, chitosan+0.1% hesperidin, chitosan+1%
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hesperidin, and chitosan+10% hesperidin. One group
has not received any treatment as the control.
Following surgery, each rat received intraperitoneal
injections of 200uL cefazolin (an antibiotic) and
intramuscular injections of 100ul ketoprofen (an
analgesic) for a maximum of five days. Following a 4-
month course of treatment, the animals were
slaughtered, and the femurs from the wounded legs
were removed for histology and Real-time PCR
analyses [15.16],

The osteogenic Runx2 (Accession number:
NM_001278483) and OCN (Accession number:
NM_013414) gene expression levels were
quantitatively analyzed using Real-Time PCR to
assess the treatment's biological impact on bone
healing (Table 1).

The bone samples were embedded in paraffin after
being fixed for 24 hours in 4% paraformaldehyde and
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then decalcified for 2-4 days using 10% EDTA.
Following sectioning, Trichromasson stain (MTC)
was used.

Table 1. The primers of the PCR process
Gene Primer Size (bp)
Runx2  F:5'AAGGACAGAGTCAGATTACAG-3' 118
R: 5'-GTGGTGGAATGGATGGAT-3'
OCN F: 5'-AGACCTAGCAGACACCAT-3' 120
R: 5'-ATGAAGGCTTTGTCAGACT-3'

Findings

The group treated with chitosan+Hesperadin
scaffolds at concentrations of 1% (Hesp 1%)
exhibited a significant increase in gene expression
compared to the control group. Additionally, the
group with 0% and 10% hesperidin showed a
significant decrease in expression compared to the
1% group (p<0.05).

5 -
<
Z
E %
8 4
x
=
=
S 3
(=]
=
S
A2 1 -
[
et
S
&
T - $
T
K| - -
z 0
D ) o o o o
& Qe\ Q\g\ Q,;\ ,@\ @e\
N ) Q* R Q
© < ) & < &
& & Q>

Figure 2. The levels of Runx2 gene expression across different treatment groups measured after 2 months (*: a significant difference versus
the control group at <0.05; $: a significant difference versus the Hesp 10% group at <0.05)

No significant differences existed between the groups
(p>0.05). This suggested that while hesperidin
concentrations influenced Runx2 expression, they did
not significantly affect OCN gene expression under

the conditions studied. This outcome highlighted the
variable impact of Hesperadin on different
osteogenic markers in the context of bone healing
and regeneration.
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Figure 3. OCN gene expression analysis after 2 months using Real-Time PCR Technique
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Histopathological assessment using MTC staining in
Figure 1 (A-]) revealed that the chitosan/1% Hes-
treated group (Figures A-D) displayed new bone and
connective tissue replacing the defect. The Hes-
treated group showed significant angiogenesis in the
periphery of newly formed bone and connective
tissues. The defect site in Figure 1 (E & F) displayed

an organized tissue structure consisting of new bone
and a cartilaginous region. In the regenerated area,
MTC staining in Figure 1 (G & H) showed signs of
collagen synthesis and a substantial amount of new
cartilage tissue. The MTC-stained control sample in
Figure 1 (I & ]J) did not exhibit bone fusion, which
resulted in the fracture site remaining open.

Discussion

Bone transfers or grafts, such as xenografts,
autografts, and allografts, are the only clinical
therapeutic approaches for long-term bone
reconstruction. Although these bone grafts are
stimulatory and osteoconductive, they are either
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Figure 1. Histological images of bone defect regions (Masson's Trichrome staining)

limited in associated with

availability or
complications such as bleeding, risk of infection,

inadequate integration, and graft deformation,
leading to reduced mechanical stability.
Consequently, recent research has focused on
developing alternative treatments [L17]. Tissue
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engineering is a significant therapeutic strategy for
current and future medicine, intending to restore,
regenerate, maintain, or enhance the function of
damaged or lost tissues due to various disease
conditions [6].

Tissue engineering has emerged as a crucial
approach in bone reconstruction. Initially, functional
scaffolds in tissue engineering must provide
sufficient mechanical strength to replace the lost
mechanical function in diseased or injured tissues.
The structural support provided by the scaffold
strength allows the transfer of reinforcing forces to
the host tissue site. Cellular function and tissue
reconstruction are essential for achieving stable
biomechanical conditions and angiogenesis at the
host site. Therefore, the three-dimensional structure
of the scaffold must maintain sufficient structural
integrity under both in vivo and in vitro conditions to
preserve the growth and reconstruction process 1.
An ideal three-dimensional scaffold requires
appropriate mechanical properties for cell adhesion,
a porosity of 80-90%, and interconnected pore sizes
of 50-250um to facilitate the adequate transfer of
nutrients, gases, and regulatory factors necessary for
cell survival, differentiation, and proliferation [8l.
Hydroxyapatite scaffolds, a material used in bone
tissue engineering, are limited by their brittleness,
which prevents their use in bone repair and
replacement. In contrast, chitosan is an excellent
candidate for bone repair due to its biodegradability,
biocompatibility, antimicrobial activity, non-toxic
nature, excellent pore structure, and minimal foreign
body reaction [51.

Moreover, chitosan's role in enhancing cell adhesion,
proliferation, differentiation of osteoblasts, and
mineralization has been reported [2]. Experiments by
He et al on rat femur fractures with nano-
hydroxyapatite-chitosan scaffolds loaded with
BMSCs showed significant increases in bone and
collagen formation and degradation compared to
scaffolds without BMSCs [5l. In this study, the
implanted scaffold did not elicit inflammatory
responses or foreign body reactions. Both control and
chitosan/1% Hes-treated groups facilitated new
bone growth, but the Chitosan/1% Hes-treated group
showed superior outcomes at the defect site
compared to the control group. Histomorphometric
analysis pointed to a higher count of osteoblasts,
fibroblasts, and osteons in the Chitosan/1% Hes-
treated group, whereas the control group had more
chondrocytes and osteoclasts. An in vivo study in a
mouse model evaluated a chitosan hydrogel infused
with a natural compound with naringin, angiogenic,
and anti-inflammatory properties. In the contraction
phase, they illustrated the intriguing properties of
chitosan by injecting it at the lesion site with a
combination of active substances, which exhibited an
anti-inflammatory effect on periodontal tissues [1°].
Levengood & Zhang [201 used a chitosan/alginate
scaffold in a rat cranial defect model, showing
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significant improvements in the experimental groups
compared to the control after 16 weeks. Therefore,
chitosan scaffolds were used in this research.
Additionally, we employed the flavonoid hesperidin
as an osteogenic factor during the in vivo bone repair
process [17.20], Hesperidin is an affordable option with
excellent performance in inhibiting bone resorption,
making it suitable for osteogenesis. In Horcajada et
al., three-month-old rodents consumed a diet that
contained hesperidin supplements, increasing bone
mass. It also prevented bone degradation caused by
ovariectomy in six-month-old rodents [21.22],
Furthermore, in experiments by Habauzit,
Hesperidin supplementation of the diet of 20-month-
old male rodents resulted in a substantial increase in
trabecular bone volume and femur bone density over
three months [23]. Xue et al observed increased
fracture healing in rats with human mesenchymal
stem cells loaded in a gelatin/hesperidin scaffold,
concluding that hesperidin could be used as a growth
factor for fracture repair surgeries or bone tissue
engineering [?4. Studies indicate that Runx2 is a
transcription factor specific to osteogenesis that can
affect the expression of genes related to osteogenesis
and regulate the cell cycle, impacting the function of
chondrocytes and osteoclasts. Runx2 is crucial for
maintaining function, differentiation, and maturation
of osteoblasts. It stimulates angiogenesis and induces
bone formation and growth. Mutations and
deficiencies in the Runx2 gene may cause abnormal
bone growth and development [25]. The mechanism of
Runx2 action involves weak expression in
undifferentiated mesenchymal cells (with high
differentiation potential), increased expression in
osteoblast precursors, maximum expression in
immature osteoblasts, and decreased expression in
mature osteoblasts [26l. Runx2 also regulates
chondrocyte and osteoclast generation, stimulating
angiogenesis and inducing bone formation [251.
Significant increases in Runx2 gene expression in the
1% Hesp group compared to the control group
demonstrate the stimulatory effect of this treatment
on osteoblast differentiation. No significant
difference was observed in the hesperidin groups
(0.01,0.1,10, and 0%) compared to the control. Given
that the 1% Hesp group showed a significant increase
in Runx2 expression compared to the 10% Hesp
group, this treatment method's effective role in
osteoblast differentiation at the fracture site can be
discerned. The absence of significant differences in
the expression of the OCN gene among treatment
groups suggests that the treatment stimulates
osteoblast differentiation up to the point of bone
formation without playing a role in osteoblast
mineralization activity. OCN is significantly increased
in human peripheral blood during maturity and in
adult patients with fractures. Its primary role in
mineral deposition in both in vivo and in vitro
conditions has been established and is expected to
play an important role in the healing process of
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fractures [271, The findings are consistent with those
of Liu et al, who discovered that overexpression of
the Runx2 gene in the later stages of osteoblast
differentiation  prevents the maturation of
osteoblasts and reduces bone mass [28l. Additionally,
Galindo et al found that Runx2 expression
significantly increases during slow cellular
proliferation (such as the GO phase) but decreases
during rapid cell proliferation [29. Furthermore, a
study by Zhao et al. showed that scaffolds carrying
mesenchymal stem cells induced with the Runx2
gene in vivo could form more bone cells than
uninduced cells [301.

Yang et al. observed that injection of the flavonoid
Kaempferol into the upper periosteum of rat parietal
bones over 12 days increased calcification in new
bone formation and raised the expression of the
Runx2 antibody compared to the control group B1l.
According to the experiment by Zhong et al, the
expression of genes OCN, ALP, and type I collagen in
an animal model with fractures, treated with tri-
calcium phosphate (TCP) scaffolds loaded with PRP,
was significantly increased compared to the scaffold
without PRP group, 8 and 12 weeks after scaffold
implantation [32],

Hesperidin can regulate the expression of
mineralization genes, such as OCN and OPN, by
activating the BMP pathway and inhibiting Noggin
signaling. Consequently, the expression of Runx-2 is
increased [13]. Various research groups have reported
on the function of Runx-2 in in vivo conditions. Otto et
al. illustrated the critical role of Runx2 in bone
formation and  osteoblasts’ differentiation.
Additionally, they observed that mice with a
homozygous mutation in Runx-2 died shortly after
birth and exhibited incomplete bone formation, while
cartilage development was nearly normal. Other
studies also presented the essential role of Runx-2 in
intramembranous and endochondral ossification.
The expression of numerous genes associated with
osteoblast differentiation is regulated by Runx-2,
which is essential for osteoblast differentiation.
Additionally, it was found that Runx2, apart from
OCN, regulates the expression of several osteoblast
marker genes B3l Understanding the complete
process of fracture healing, especially the molecular
events, can accelerate recovery rates. The clinical
evidence increasingly indicates that artificial
scaffolds may be a new gold standard for treating
specific fractures. Moreover, studies suggest that
implants from artificial scaffolds offer superior
functional potential in the future compared to
autografts. Thus, the ultimate objective is to develop
an artificial bone graft that provides compressive
resistance superior to natural bone grafts.

Conclusion

Increasing the expression of the Runx2 gene following
the application of chitosan scaffolds containing 1%
Hesperadin improves bone fracture treatment.
Iranian Journal of War and Public Health
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