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Abstract: This project aims to develop a novel bone cancer treatment using gadolinium nanoparticles in a 

scaffold. Integrating targeted therapy with bone regeneration, it offers a promising strategy. The first phase 

involves synthesizing gadolinium nanoparticles for efficient drug delivery and imaging. These will be 

incorporated into a biocompatible scaffold for cancer treatment and tissue regeneration. Characterization 

techniques such as SEM, TEM, FTIR, and XRD will analyze scaffold properties. In vitro and in vivo studies 

will evaluate efficacy against bone cancer cells and potential for bone regeneration. The project aims to 

demonstrate feasibility for enhanced treatment outcomes and personalized therapies. 
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1. Introduction: 
Polyvinyl alcohol (PVA) scaffolds are used to create flexible platforms for tissue regeneration and drug 

delivery. The scaffolds provide controlled drug release for the treatment of bone-related disorders. They are 

loaded with bio glass-gadolinium composites and therapeutic agents such as cytarabine. Scaffold properties are 

analyzed using characterization techniques like SEM, XRD, and FTIR, and drug release kinetics and 

biocompatibility are assessed. By offering insights into the design and construction of multifunctional scaffolds, 

addressing clinical issues with bone regeneration and therapeutic delivery, and eventually 

 

2. Literature Review: 
2.1 Because of their osteoconductive qualities, biocompatibility, and bioactivity, bio glasses made of silica-

based compounds have completely changed the field of regenerative medicine. When exposed to 

physiological fluids, they form a hydroxyapatite layer that aids in integration with surrounding tissues, 

thereby promoting tissue regeneration. For orthopedic and dental implantation to be successful, 

osseointegration and bone ingrowth are made possible by this bioactive bonding. 

2.2 A rare earth element called gadolinium has shown promise as an additive to improve the performance of 

bio glasses. Researchers have added magnetic properties to the bio glass matrix by mixing gadolinium 

ions. These properties can be used for magnetic resonance imaging (MRI) and magnetic hyperthermia 

therapy, among other biomedical uses. Furthermore, gadolinium-loaded bio glasses present prospects for 

targeted drug delivery systems, in which controlled release of therapeutic agents at specific body sites is 

made possible by precise localization of the agents using magnetic guidance. 

2.3 PVA, or polyvinyl alcohol, is a biocompatible polymer that has been thoroughly researched for tissue 

engineering scaffolds because of its biodegradability, mechanical strength, and adjustable porosity. PVA 

scaffolds with bio glass-gadolinium composites integrated provide a novel method for multifunctional 

biomaterial systems. With this combination, targeted drug delivery, tissue regeneration, and imaging are 

intended to be facilitated by the scaffold structure of PVA, the bioactivity of bio glass, and the magnetic 

responsiveness of gadolinium. 

 

3. Proposed System: 
This study focuses on synthesizing and characterizing bio glass-based scaffolds for potential biomedical 

applications, especially in bone tissue engineering. Bio glass offers excellent osteoconductive and bioactivity, 

while the incorporation of gadolinium introduces magnetic properties for MRI and targeted drug delivery. Using 

polyvinyl alcohol (PVA) as a scaffold material, versatile platforms for drug delivery and tissue regeneration are 
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developed. The scaffolds, loaded with bio glass-gadolinium composites and therapeutic agents like cytarabine, 

offer controlled drug release for treating bone-related disorders. Characterization techniques such as SEM, 

XRD, and FTIR are employed to analyze scaffold properties, while drug release kinetics and biocompatibility 

are evaluated. This research advances biomaterials science by providing insights into multifunctional scaffold 

design and fabrication, addressing clinical challenges in bone regeneration and therapeutic delivery, and 

ultimately improving patient outcomes in regenerative medicine. 

 

4. Materials and Methods: 
4.1 Materials Required:  

Tetraethyl orthosilicate (TEOS), Ethanol, Ammonium hydroxide (NH40H), Deionizer water, Calcium 

nitrate tetrahydrate (Ca (NO3)2.4H20), Gadolinium nitrate hydrate Gd (NO3)3, Formaldehyde (CH2O), Tween-

20, Sulphuric acid (H2SO4), were obtained from Sisco Research Laboratories Pvt. Ltd. (SRL). Cytarabine were 

obtained from sigma Aldrich. 

 

4.2 METHODOLOGY: 

4.2.1 Synthesis of Bioglass: 

To prepare Solution A, 2.25 milliliters of tetraethyl orthosilicate were dissolved in 25 milliliters of 96% 

ethanol. 10 ml of ethanol, 15 ml of deionizer water, and 4.5 ml of ammonium hydroxide (28%) were combined 

to create Solution B. Solution A was then continuously stirred while solution B was added. 1.02g of calcium 

nitrate tetrahydrate (Ca (No3)2 H20) was added to the combined solution after it had been reacting for 30 

minutes. Following an additional 90 minutes of reaction time, the white suspension was centrifuged for 5 

minutes at 7830 rpm to extract the deposits, which were then twice more cleaned with water and once with 

ethanol. Following two hours of heating at a rate of two degrees Celsius per minute, the gathered deposits were 

calcined at 700°C and allowed to cool overnight. 

 

4.2.2 Synthesis of Gadolinium Bioactive Glass: 

Solution A was prepared by dissolving 2.25ml of tetraethyl orthosilicate (TEOS) in 2 ml of ethanol 96% 

Solution B was prepared by mixing 4.5ml of ammonium hydroxide (28%), 10ml of ethanol and 15ml of 

deionizer water Subsequently solution A was pouredinto solution Bunder continuous stirring After reacting for 

30 min, 1.02g of Gadolinium (3) nitrate hydrate was added to the mixed solution. After a further reaction time 

of 90 min, the whitish suspension was centrifuged at 7830 RPM for 5 min to obtain the deposits which were 

washed twice further using water and once using ethanol. The collected deposits were then calcined at 700 °C 

for 2 hat a heating rate of 2 °C min-1 and cooled overnight. 

 

4.2.3 Synthesis of PVF Gadolinium Scaffold: 

Generally, 10ml of deionized water and 1g of polyvinyl alcohol were thoroughly mixed with a magnetic 

stirring bar at 95 °C until the alcohol was dissolved. Next, vigorously add one milliliter of formaldehyde and 

one or two drops of Tween-20 to the PVA solution. After 5 minutes, the liquid froth was obtained. 3 milliliters 

of 50% H2SO4 were then added to the froth at room temperature. After pouring the froth into a mold at its 

maximum volume, it was allowed to cure for five hours at 60°C in an oven. To get rid of any leftover reactants, 

the raw sample was at least five times washed with water. At 60 °C, the sample was finally obtained after drying 

to a constant weight. 0.073g cm-3 is the apparent weight of the PVF (polyvinyl alcohol + formaldehyde + 

tween-20). 

 

4.2.4 Synthesis of PVF Gadolinium Scaffold With Drug: 

To dissolve 1g of polyvinyl alcohol, 10ml of deionized water and 10ml of water were combined at 95°C. 

Cytarabine 50 mg was then added. After adding a milliliter of formaldehyde and a drop or two of Tween-20 

with force, a liquid froth was produced. Three milliliters of room-temperature 50% H2SO4 were added after 

five minutes. After being put into a mold, the froth was heated to 60°C for five hours. After five water washes, 

the raw material was dried at 60°C to maintain its weight. 0.0073g/cm was the apparent PVF value that was 

found. 
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5. Result Analysis: 
I. (FTIR)  

 
Figure:  FTIR micrographs of bio glass and gadolinium doped bio glass 

 

II. Scanning Electron Microscopy: 

 
Figure: SEM image representing surface morphology of (A, B) bio glass in different range and (C, D) 

gadolinium doped bio glass in different range 

 
III.X-Ray Diffraction (XRD): 

 
 

6. Conclusion: 
In this work, we created bio glass scaffolds that are loaded with therapeutic agents and gadolinium for 

use in tissue engineering and drug delivery. These scaffolds show promise for biomedical applications because 

they provide controlled drug release and are biocompatible in vitro. Tissue regeneration and targeted delivery 

are made possible by the magnetic properties of the scaffolds. To assess their in vivo effectiveness and 

therapeutic efficacy in animal models and possibly advance the field of biomaterials science and patient 

outcomes, more research is required. 
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7. Future Plan: 
The future, this project aims to revolutionize biomedical materials through tailored synthesis and 

advanced characterization techniques. By optimizing bio glass production and exploring novel dopants, we seek 

to enhance biocompatibility and bioactivity. Characterization of gadolinium bioactive glass will provide insights 

into its structure and performance, paving the way for innovative biomedical applications. Improving the PVF 

gadolinium scaffold's mechanical properties and drug delivery capabilities will enhance its efficacy in tissue 

engineering. Additionally, the development of advanced biocompatible buffers will contribute to the refinement 

of biomedical procedures. Through interdisciplinary collaboration and cutting-edge research, this project 

envisions a future where customized biomaterials drive advancements in healthcare. 
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