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Abstract 

Background: Bone tissue engineering aims to regenerate bone defects using biocompatible 

materials and bioactive agents. Nanoparticles offer significant advantages by enhancing cell-

material interactions, delivering therapeutic molecules, and modulating biological responses. 

Methods: In this study, scaffolds were fabricated using a blend of hyaluronic acid, 

carrageenan, and gelatin. Rutin-doped copper oxide nanoparticles were incorporated into the 

scaffold matrix. The osteogenic potential of these scaffolds was evaluated by assessing cell 

proliferation, differentiation, and gene expression of osteogenic markers (osteocalcin and 

collagen type I). 

Results: The results demonstrated enhanced osteogenic gene expression in cells cultured on 

the copper oxide-containing scaffolds compared to controls. This suggests that copper oxide 

nanoparticles facilitated cell adhesion, proliferation, and promoted osteogenic differentiation. 

Conclusion: The findings indicate that the incorporation of rutin-doped copper oxide 

nanoparticles into the scaffolds significantly improved their osteogenic properties. These 

results suggest the potential of these novel scaffolds for bone tissue regeneration applications.  

Keywords: Bone tissue engineering, Nanoparticles, Copper oxide, Scaffolds, Osteogenesis, 

Regeneration 
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INTRODUCTION: 

The initiation of nanoparticles into bone tissue engineering strategies is advantageous to preside 

cell fate into osteogenesis and the regeneration of large bone defects. Being multifunctional 

compounds, nanoparticles contribute to scaffold-free and scaffold-based tissue engineering 

strategies to improve osteogenesis and bone regeneration[1].They stabilize the inflammatory 

responses and osteo/angio/osteoclastic signaling pathways to generate an osteogenic niche. As 

well, nanoparticles interact with biomolecules, enhancing their half-life and bioavailability. 

Nanoparticles are promising technology to promote osteogenesis. Nevertheless, the interaction of 

nanoparticles with the biological milieu is complicated, and more considerations need to be 

provided on the employment of nanoparticles in clinical applications because of Nanoparticles-

induced toxicities.[2] 

The tissue and organ transplantation has few drawbacks such as limited donor availability, the 

need for immunosuppression and insufficient success rate (rejection of the transplant), has 

developed the space for an increasing demand in tissue engineering and regenerative medicine 

(TERM) solutions, a rapidly growing multidisciplinary field. The merging of the biological, 

material and engineering sciences to develop and manufacture artificial structures that resemble 

the native tissue/organ not only as implantable systems but also as model, miniaturized organs. 

Impersonating the natural extracellular matrix (ECM) composition of a tissue through 

constructing a three dimensional (3D) scaffold for cells with appropriate mechanical strength, 

ease of monitoring cellular activities and delivering of bioactive agents require a nanoscale 

approach rather than a macroscopic one to obtain satisfactory results. Nanoparticles (NPs) are 

considered to provide high control over properties of scaffolds such as tuning their mechanical 

strength and providing controlled release of bioactive agents. In Addition, drawbacks and 

limition factors such as low solubility, unstable bioactivity and short circulation half-life of 

bioactive molecules (growth factors, cytokines, inhibitors, genes, drugs etc.) and contrast agents 

have made the NPs as one of the most suitable candidates for bioactive agent delivery and 

monitoring for applications.[3] 

https://paperpile.com/c/GPyX3N/BBSy
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Nanotechnology viewing as a processing technology includes synthesizing NPs and using them 

for a wide range of applications. NPs with sizes ranging between ~ 10 to 1,000 nm can be 

prepared in solid and colloidal forms. [4]NPs has a vast area of applications in the production of 

sensors, photovoltaic devices, and biomedical field such as drugs delivery and vaccine adjuvants. 

The impact of nanotechnology has altered traditional and simple approaches in TERM toward 

more complex and efficient systems. Together with NPs, other products of nanoscale technology 

such as nanofibers and nanopatterned surfaces have been used for directing cell behavior in the 

TERM field.[5] Utilization of simultaneous therapeutic and imaging systems, embedding novel 

biomaterials with superior spatiotemporal control within scaffolds, modulating release of 

multiple bioactive agents especially growth factors to direct fate of stem cells and 

morphogenesis, adjusting mechanical strength of scaffolds for hard tissue applications, and 

minimizing toxicity and increasing biocompatibility through tissue specific delivery are among 

various applications of NPs in TERM. Nanoparticles can be concoted with various types of 

materials such as ceramics, metals, natural and synthetic polymers. The compositions and 

characteristic advantages like high penetration ability, high surface area with tunable surface 

properties make them as one of the widely preferred candidates in TERM field for imaging, 

mechanical strength enhancement, as bioink supplements, antimicrobial, and bioactive agent 

carriers[6].Previously our department has published extensive research on various aspects  which 

inspired us to do this study.[7–10][11] 

Obtaining the planting material of the woody plants by clonal micropropagation is the modern 

intensive method of mass asexual reproduction in tissue and cell culture, where the resulting 

plants are genetically identical to the original specimen. Subsequently the culture media provide 

the ideal conditions for the growth of microorganisms, plant tissue cultures are to be produced 

and maintained under aseptic conditions.[12] Antibiotics are used widely to reduce the risk of 

contamination in plants propagated in vitro. However, beside the bactericidal effect, antibiotics 

can have a toxic effect on plant tissues and inhibit the growth and development of explants.  

Additionally, it is known that microorganisms can adapt to biocidal drugs by mutations, which 

leads to the resistance of phytopathogens. A promising alternative can be the use of nanoparticles 

(NPs) as sterilizing agents.[12,13] 

https://paperpile.com/c/GPyX3N/qcLc
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 MATERIALS & METHODS 

The Stock Solution of 1% HA, 1% Carageenan, 1% Gelatin are taken. The polysaccharides were 

mixed to a homogenous solution. Rutin doped copper oxide nanoparticles was added to the 

solution for the test group. Homogenous Solution transferred to six well plate, 100ml of 

crosslinking agent TPP (15%). Plates stored at             -20 0C for 24 hours, followed by -80 

0C overnight. Lyophilised for 24 hours and stored in dry Condition. 

 

Fig 1- Rutin solution  
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Fig 2 -Copper nitrate solution 
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Fig 3 - Rutin doped copper oxide nanoparticles solution  

 

RESULTS AND DISCUSSION: 

The Copper Oxide coated scaffold showed that the osteogenic gene expression of osteocalcin 

and collagen 1 in the copper oxide containing group was highest compared with that in the 
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control groups. The results indicated that the copper coating facilitated cell adhesion and 

enhanced growth and osteogenic inductive capacity. 

 

 

Fig 4- Copper oxide coated  scaffold  

 



Nivedha Valliammai 

Mahalingam 1 , *Nidhita 2, 

Karthikeyan Murthykumar 3 

Influence of green synthesized (Rutin) copper 

oxide nanoparticles impregnated scaffold on the 

expression of osteocalcin and type 1 collagen   

 
 
 

Cuest.fisioter.2025.54(2):2229-2243                                                                                         2236 

 
 

 

GROUP DAY 1 ( ng/μL) DAY 3 (ng/μL) DAY 5 (ng/μL) 

CONTROL 5.22 4.59 8.64 

CuO 13.59 5.85 0.63 

 

 

Graph 1:Osteocalcin  
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Graph 2: Collagen  

From the graphs below we can understand Copper oxide coated scaffold showed that the 

osteogenic gene expression of osteocalcin and collagen 1 in the copper oxide containing group 

was highest compared with that in the control groups.The results indicated that the Cu coatings 

facilitated cell adhesion and enhanced growth and osteogenic inductive capacity.From the 

previous articles copper is essential for the metabolism of the skeleton, and copper deficiency 

leads to bone abnormalities[14].Copper deficiency can reduce the activities of monoamine 

oxidase and LOX, leading to increases in the solubility of bone collagen and damage to the 

connection of peptide chains, which in turn damages the stability of bone collagen and reduces 

bone strength.Copper can promote the adhesion and proliferation of osteoblasts as well as 

osteogenic differentiation of MSCs, however the underlying mechanisms are not fully 

understood.In addition to promoting osteogenic differentiation, some studies have found that 

copper also promotes chondrogenic proliferation and differentiation. 

Copper-based Nanoparticles are particularly considered as a promising antimicrobial agent 

against a wide spectrum of pathogens. Being plant protection agents, Cu-based NPs displayed a 

greater fungicidal efficacy than a commercial preparation based on Cu(OH)2 and ionic forms of 

https://paperpile.com/c/GPyX3N/fvQW
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copper[15] It is familiar that copper-based NPs can have a positive effect on plant development 

both during traditional seed germination and in tissue culture. Nanoparticles are used as an 

elicitor for the synthesis of bioactive compounds, because they can affect the secondary 

metabolism in plants, as well as in culture systems. Metal Nanoparticles are generally believed to 

reduce stress by increasing photosynthetic activity, the formation of phenolates, which can act as 

antioxidants in cases of excessive production of ROS and by the up-regulation of stress-response 

genes encoding pathogenesis-related (PR) proteins and antioxidant enzymes, transcription factors 

(TFs), associated with water stress late embryogenesis abundant (LEA) proteins, dehydrins, and 

aquaporins. Iron, copper, cobalt, and zinc oxide nanoparticles can improve the relative water 

content, drought tolerance index, biomass reduction rate, and positively regulated resistance gene 

expression in drought-exposed soybean leaves and roots[16]. The combined use of elevated 

CO2- and Ni-based NPs improved growth and photosynthesis and mitigated nickel-induced 

oxidative stress in wheat. 

Among the other major vital metals, copper is noteworthy due to its significant physiological 

role in enzymatic reactions and electron transfer associated with energy generation. Copper 

nanoparticles (CuNPs) are biocompatible and possess enhanced antioxidant and antidiabetic 

activity that are advantageous for wound healing. [17]It can stimulate the migration and 

proliferation of endothelial cells and can also stimulate angiogenesis. Furthermore, copper 

treated wounds exhibited enhanced tissue regeneration, thereby facilitating the healing process. 

Therefore, copper is considered as a promising metal to be incorporated in nanoscaffolds for 

bone tissue regeneration applications.[18] 

The earlier studies  incorporated copper into chitosan scaffolds to enhance bone tissue 

regeneration. Initially, the chitosan sponges were prepared by dissolving chitosan in a 0.3 M 

acetate buffer at a concentration of 2% w/v which was then lyophilized. Furthermore, copper-

chitosan scaffolds were fabricated by reacting the chitosan solution with a 0.625 mM copper 

solution for 4 h. Pores 104 ± 5 µm in diameter in the chitosan scaffolds exhibited an 

interconnecting network, while the incorporation of copper in the scaffolds showed no change in 

such micro-structural aspects. Undeviating mineralized bone tissue formation was evident 4 

weeks after implantation of copper-chitosan scaffolds into critical-sized calvarial defects (5 mm 

https://paperpile.com/c/GPyX3N/Rugx
https://paperpile.com/c/GPyX3N/T8e7
https://paperpile.com/c/GPyX3N/4Jfu
https://paperpile.com/c/GPyX3N/0Wgb
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diameter) in Fischer 344 male rats.[19] This characterization enriched that the osteogenesis 

might be attributed to the macroporous nature of the scaffolds that facilitated the infiltration of 

cells to migrate to the site of injury. Furthermore, the walls of the porous matrix provided 

support for the attachment and anchoring of cells. Larger pore sizes permitted space for adequate 

space for cell growth, proliferation, differentiation, and angiogenesis, resulting in better bone 

tissue development. 

Functional HREs encode proteins involved in angiogenesis (VEGF, endothelin-1), maturation of 

red blood cells (erythropoietin and transferrin), energy metabolism (glucose transporter 1 and 3), 

and cell proliferation and viability (insulin-like growth factor 2, p21). This primes to an increase 

in the secretion of VEGF and BMP-2 proteins. Upon transplantation into critical-sized calvarial 

defects in rats, the GO-Cu-coated CPC scaffolds noteworthily promoted both angiogenesis and 

osteogenesis. Phagocytosis of the GO-Cu nanocomposites by multinucleated giant cells showed 

significant vascularized bone regeneration[20] Nanocomposites with a dual role of bone tissue 

regeneration as well as antimicrobial activity are more preferred biomaterials for orthopedics as 

they can promote bone healing as well as resist biofilm associated implant failure. Incorporated 

copper within mesoporous bioactive glasses (MBGs) to facilitate both osteogenesis and 

angiogenesis apart from inhibiting bacterial growth. 

Bone tissue has a dynamic nature and it demonstrates the unique property of the continuous self- 

repair and renewal throughout the life. Nevertheless, the regeneration of the damaged bone tissue 

is a significant challenge in the medical field. The extensive bone loss in tumors, infections, 

critical size bone fractures, and metabolic bone diseases lead to impaired bone healing. In these 

situations, the surgical intervention and bone substitute for promoting bone regeneration are 

necessary. Bone substitutes should act as a proper template for the ingrowth of the new bone, and 

this means that they should have the osteoconductive property. Also, to support the cell 

migration and proliferation, it should be osteoinductive and it should be capable of inducting the 

stem cells/preosteocytes to osteogenic differentiation. Besides, such an ideal construct should be 

biocompatible, bioresorbable, and it should have proper osteointegration with the host tissue.[21] 

https://paperpile.com/c/GPyX3N/t6xN
https://paperpile.com/c/GPyX3N/RIUl
https://paperpile.com/c/GPyX3N/iSWv
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Bioactive factors are the significant part of the bone tissue engineering systems for native-

mimicking of the bone microenvironment and events during the bone self-healing. Complex 

molecular signaling pathways and a large number of the cytokines, hormones, and growth factors 

regulate these biological events . Among them, the growth factors (GFs) are the most potent and 

widely studied induction factors for bone reconstruction. These molecules have an intrinsically 

critical role in bone healing[22] . Nevertheless, GFs have some known drawbacks including the 

high cost, difficulty in handling, immunogenicity, and a short half-life. The other molecules that 

are able to promote bone formation by activating the particular signaling pathways related to the 

bone renewal, can be a good replacement for GFs. 

An increasing number of small molecules and drugs with the organic nature, also molecules such 

as the bioceramics and inorganic nanoparticles are suitable candidates for scaffold additives to 

facilitate bone repair. Some of them are capable of induce the osteogenic differentiation of 

progenitor cells and they lead to osteogenesis. Some others could improve the osteoconductivity, 

or they could enhance the osteointegrity by increasing the bone density[23]. Several small 

molecules can upregulate the VEGF expression, which consequently promote angiogenesis. 

Some of them can reduce the osteoclast differentiation to prevent the bone resorption, and 

enhance the osteoblast differentiation to increase the bone formation. 

CuO NPs had pronounced concentration-dependent antifungal effects on phytopathogens in 

culture. This is consistent with the results of a number of previous studies, where the authors 

demonstrated the suppression of the phytopathogenic fungi growth such as Botrytis cinerea, F. 

oxysporum, Aspergillus sp., A. alternata, Fusicladium oleagineum, and Colletotrichum sp. Both 

the diffusion of copper ions, which is an antimicrobial agent, and specific nanotoxic effects, such 

as the induction of oxidative stress or damage to the cell membrane, are considered as possible 

mechanisms.[24] 

Copper is essential for the metabolism pf the skeleton, and copper deficiency leads to bone 

abnormalities. Copper deficiency can reduce the activities of monoamine oxidase and LOX, 

leading to increase in the solubility of bone collagen and damage to the connection of peptide 

chains, which in turn damages the stability of bone collagen and reduces bone strength. Copper 

https://paperpile.com/c/GPyX3N/jLIxT
https://paperpile.com/c/GPyX3N/sZAr
https://paperpile.com/c/GPyX3N/pSU8


Nivedha Valliammai 

Mahalingam 1 , *Nidhita 2, 

Karthikeyan Murthykumar 3 

Influence of green synthesized (Rutin) copper 

oxide nanoparticles impregnated scaffold on the 

expression of osteocalcin and type 1 collagen   

 
 
 

Cuest.fisioter.2025.54(2):2229-2243                                                                                         2241 

 
 

can promote the adhesion and proliferation of osteoblasts as well as osteogenic differentiation of 

MSC, however the underlying mechanisms are not fully understandable [25]. Additionally, 

promoting osteogenic differentiation, some studies have identified that copper can also promote 

Chondrogenic Proliferation and differentiation.    

CONCLUSION: 

The Green Synthesised (Rutin) copper Oxide Nanoparticles impregnated Scaffolds has 

Osteoinductive Potential that Promotes the differentiation of Stem Cells. Further Studies are 

required implementing more Clinically relevant large animal modes to fully elucidate the effect 

of the Copper biomaterials on in situ bone and cartilage regeneration. 
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