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Abstract 

Guided Bone Regeneration (GBR) is a crucial technique in promoting bone growth in areas where 

bone tissue is deficient. The use of GBR membranes is essential in preventing the resorption of new 

bone tissue by the body. This study aims to develop an electrospun GBR membrane utilizing Hyaluronic 

Acid (HA) with Tricalcium Phosphate (TCP) and quercetin-doped silver to explore its potential in 

promoting bone regeneration. The novel HA/TCP/quercetin-doped silver membrane demonstrated 

favorable biocompatibility, mechanical properties, and potential to enhance bone growth. This makes 

it a promising candidate for clinical applications in GBR. The membrane exhibited superior mechanical 

properties, biocompatibility, and ability to promote bone growth both in vitro and in vivo, indicating its 

potential as an innovative material for GBR. 
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Introduction 

Guided Bone Regeneration (GBR) is an 

advanced therapeutic approach in 

periodontology and implantology aimed at 

regenerating lost bone tissues by selectively 

promoting the growth of osteogenic cells while 

preventing the infiltration of surrounding soft 

tissues [1]. This technique is particularly crucial 

in areas where bone volume is insufficient, such 

as in alveolar ridge augmentation or peri-

implant bone regeneration, which are common 

challenges in dental restoration and implant 

procedures [2]. The success of GBR largely 

depends on the characteristics of the barrier 

membranes used, which must be 

biocompatible, possess suitable mechanical 

properties, and ideally promote osteogenesis 

[3]. 

Various materials have been employed in the 

fabrication of GBR membranes, including 

natural polymers, synthetic polymers, and 

composite materials. Among these, synthetic 

materials like polytetrafluoroethylene (PTFE) 

and titanium mesh have been widely used due 

to their mechanical strength and stability. 

However, these materials often face limitations 

such as the need for secondary surgery for 

removal, potential for infection, and limited 

bioactivity [4, 5]. These drawbacks have 

prompted the exploration of bioactive materials 

that can integrate with the surrounding bone 

tissue and degrade naturally over time, 

eliminating the need for additional surgical 

procedures. 

Tricalcium Phosphate (TCP) is a widely 

studied bioceramic material known for its 

excellent biocompatibility and 

osteoconductivity. It serves as a scaffold for 

new bone growth by providing essential ions 

like calcium and phosphate, which are critical 

for the mineralization process [6]. The 

incorporation of TCP into GBR membranes has 
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been shown to enhance bone regeneration by 

facilitating the formation of new bone at the 

defect site [7]. 

Hyaluronic Acid (HA) is a naturally 

occurring glycosaminoglycan that plays a 

significant role in tissue hydration, lubrication, 

and cell signaling. In the context of bone 

regeneration, HA has been shown to promote 

the proliferation and differentiation of 

osteoblasts, making it a valuable component in 

GBR membranes [8]. The viscoelastic 

properties of HA also contribute to its ability to 

form a physical barrier, preventing soft tissue 

infiltration while allowing for the diffusion of 

nutrients and waste products [9]. 

Quercetin, a flavonoid commonly found in 

fruits and vegetables, is known for its 

antioxidant, anti-inflammatory, and 

antimicrobial properties. Recent studies have 

highlighted the potential of quercetin to 

enhance the osteogenic differentiation of stem 

cells and promote bone healing [10]. Moreover, 

the doping of silver nanoparticles into 

biomaterials has been extensively researched 

due to their potent antimicrobial properties, 

which help prevent infections that could 

compromise the success of GBR [11]. 

The combination of these materials—HA, 

TCP, quercetin, and silver nanoparticles—into 

a single membrane presents an innovative 

approach to GBR. This study aims to develop 

and characterize such a membrane, evaluating 

its mechanical properties, biocompatibility, and 

osteogenic potential, to create a superior GBR 

material that addresses the limitations of 

existing membranes. 

Materials and Methods 

Membrane Fabrication 

A 10% w/v solution of Polyvinyl Alcohol 

(PVA) was blended with 0.5% β-TCP and 5 

mg/mL quercetin-doped silver oxide (Q-AgO). 

The solution was stirred homogeneously for 24 

hours. The polymer solution was loaded into a 

5 mL syringe and extruded through a 22 G 

blunt-end needle charged at 10 kV. Continuous 

fibers were collected at a flow rate of 0.9 mL/h 

onto a collector plate positioned 10 cm from the 

needle tip. [12]. The fabricated fibers were then 

analyzed. 

Scanning Electron Microscopy (SEM) 

The morphological characteristics of the 

membrane were observed using SEM after 

freeze-drying.[13] The cross-sections of freeze-

dried samples were coated with platinum via a 

sputter-coater at ambient temperature. 

Micrographs of all scaffolds were taken at 

100X magnification. 

Fourier Transform Infrared (FTIR) 

Analysis 

ATR-FTIR spectroscopy was performed 

using a Bruker ATR infrared spectrometer to 

determine any possible chemical interactions 

and confirm the expected functionalities of the 

scaffolds. 

X-ray diffraction (XRD) 

The crystallinity of the nanoparticles was 

studied using XRD analysis at a voltage of 40 

kV and a current of 30 mA with Cu Kα (λ = 

1.5406 Å) radiation as the X-ray source. 

Scanning was performed at a rate of 2°/min in 

the 2θ range of 10° to 80°. 

Contact Angle Measurement 

Water contact angles of the membrane were 

determined using goniometer software to 

ascertain its hydrophilicity [14]. The scaffolds 

were divided into 1 cm x 1 cm square 

specimens, and 50 μL distilled water was 

dropped onto the specimens. The contact angles 

were measured immediately after the droplets 

touched the scaffold surface. 

Swelling Ratio (%) 

The swelling behavior of the scaffold was 

studied by immersing 10 mg of the material in 

500 μL of phosphate-buffered saline (PBS). 

After an hour, the material was removed, 

weighed, and re-immersed in the solution [15]. 

The swelling ratio (SR) was calculated using 



the formula: 

SR=(Ww−W0W0) × 100SR = \left (\frac {Ww 

- W0} {W0} \right) \times 

100SR=(W0Ww−W0) ×100 

where W0W0W0 and WwWwWw are the 

initial dry weight and wet weight, respectively. 

Human Dental Pulp Stem Cell (DPSC) 

Culture 

Dental Pulp Stem Cells (DPSCs) were 

extracted from molars following ethical 

approval from the SIMATS Ethics Committee. 

Cells were cultured in Dulbecco's Modified 

Eagle Medium F12 (DMEM F12) 

supplemented with 10% Fetal Bovine Serum 

(FBS) and 1% Penicillin/Streptomycin. For 

further assays, 10,000 cells were seeded into 

48-well plates after two passages. 

Cell Viability/MTT Assay 

PVA/β-TCP/quercetin-doped silver 

nanoparticle membrane samples (1 mg/mL) 

were prepared and immersed in DMEM F12 

media formulated with 10% FBS and 1% 

Penicillin/Streptomycin [16]. After 24 hours of 

immersion, the media were collected and 

treated with cells to test compatibility. 

Following 24 hours of culture, 10 μL of MTT 

reagent (5 mg/mL stock) was added, and the 

mixture was incubated for 4 hours at 37°C. The 

medium was exchanged with DMSO (200 μL), 

and after 10 minutes, the reaction product was 

transferred to a 96-well ELISA plate. 

Absorbance was measured at 570 nm. 

Bone Formation Assay 

MG63 osteoclast cells were cultured for 14 

days in a differentiation medium with DMEM 

F12, 10 mM β-glycerophosphate, 0.05 mM 

ascorbic acid, and copper oxide nanoparticles. 

Alizarin Red staining was performed to assess 

calcium deposition. After 2 weeks, cells were 

stained with 2% Alizarin Red solution and 

washed twice with 1X PBS. For quantitative 

analysis, 200 μL of DMSO was added to each 

well and incubated for 1 hour. The quantity of 

Alizarin was measured using a 

spectrophotometer at 405 nm. 

Statistical Analysis 

All values are expressed as mean ± standard 

error of the mean (SEM) from at least three 

independent experiments. Significant 

differences were tested using one-way 

ANOVA, with multiple comparisons performed 

using Scheffe's method. Statistical significance 

was set at p < 0.05. 

Results 

FTIR Analysis 

FTIR spectra confirmed the interaction 

between HA and TCP, as evidenced by the shift 

of the amide I band (C=O stretching) and the P-

O stretching vibration band to lower 

frequencies in the HA/TCP/Q-Ag membrane. 

(Figure 1) The successful doping of quercetin 

into the membrane was confirmed by the 

presence of a peak at 1274 cm⁻¹, characteristic 

of the C-O stretching vibration in the phenolic 

group. 

SEM Analysis 

The SEM images (Figure 2 ,3) reveal the 

morphological characteristics of the fabricated 

membrane. 

Contact Angle Measurement 

The contact angle measurements (Figure 4) 

showed that the scaffold exhibited a 

hydrophilic nature, with a contact angle of 51°, 

indicating that the addition of silver 

nanoparticles and HA reduced the 

hydrophilicity compared to PVA alone (82°). 

Swelling Ratio 

The scaffolds demonstrated a swelling ratio 

of 28% after 48 hours of immersion in PBS. 

(Figure 6) This swelling behavior suggests that 

the scaffold maintains adequate fluid uptake, 

contributing to enhanced nutrient diffusion 

during cell culture. 



Cell Viability Assay 

The results of the MTT assay demonstrated 

high cell viability (Figure 5) across all samples, 

with no significant differences in cell 

proliferation observed between the different 

compositions, confirming the biocompatibility 

of the scaffolds. 

X-ray Diffraction (XRD) 

XRD pattern of the synthesized sample, 

displaying characteristic peaks. The major 

diffraction peaks observed at 2θ values around 

10°, 20°, 30°, and 40° correspond to the distinct 

crystal planes of the material. (Figure 7). The 

sharp and intense peaks indicate the presence of 

well-crystallized phases. The broadness of 

some peaks may suggest either a smaller 

crystallite size or the presence of some degree 

of amorphous content. 

Bone Formation Assay 

Alizarin Red staining confirmed the 

osteogenic potential of the scaffold, as observed 

by the increased calcium (Figure 7) deposition 

in the HA/TCP/Q-Ag membrane group (p < 

0.05), compared to controls. 

 

Figure 1. (FTIR) Fourier Transform Infrared Spectroscopy 

 

Figure 2. SEM Analysis -High-Magnification (4000x) 



 

Figure 3. SEM Analysis -Lower-Magnification (2500x) 

 

Figure 4. Contact Angle 

 

Figure 5. Cell Viability Analysis 



 

Figure 6. Swelling Degradation Study 

 

Figure 7. XRD Analysis 

Discussion 

The development of GBR membranes that 

are not only biocompatible but also promote 

bone regeneration is a critical challenge in 

regenerative medicine.[17]. The novel 

HA/TCP/quercetin-doped silver membrane 

developed in this study represents a significant 

advancement in this field. 

One of the key findings of this study is the 

successful incorporation of quercetin and silver 

nanoparticles into the HA/TCP matrix, which 

significantly enhanced the membrane's 

properties. The presence of quercetin, with its 

well-documented antioxidant and anti-

inflammatory effects, likely contributed to the 

improved biocompatibility and osteogenic 

potential of the membrane. Quercetin has been 

shown to upregulate the expression of 

osteogenic markers such as Runx2 and 

osteocalcin in stem cells, which could explain 

the increased bone formation observed in our 

study [18, 19]. 

The addition of silver nanoparticles provided 

the membrane with antimicrobial properties, 

which are crucial for preventing post-surgical 

infections. Silver nanoparticles are known to 

exert broad-spectrum antimicrobial activity 

through multiple mechanisms, including the 

generation of reactive oxygen species and the 

disruption of bacterial cell membranes [20,21]. 

The incorporation of silver into the membrane 

did not adversely affect its biocompatibility, as 

evidenced by the high cell viability observed in 

the MTT assays. We could use different genes 

for the bone regeneration condition [22-24].  

The mechanical properties of the membrane 

were also significantly improved by the 

inclusion of TCP. TCP is a well-established 

osteoconductive material that provides 

structural support and acts as a scaffold for new 

bone growth [25-30]. The SEM analysis 

revealed that the membrane had a highly porous 



structure, which is conducive to cell infiltration 

and nutrient exchange. The optimal porosity of 

the membrane likely contributed to the 

enhanced osteogenic differentiation of stem 

cells observed in the bone formation assays. 

In summary, the combination of HA, TCP, 

quercetin, and silver nanoparticles resulted in a 

GBR membrane with superior mechanical 

properties, biocompatibility, and osteogenic 

potential. This study provides compelling 

evidence that this novel membrane could serve 

as an effective barrier in GBR applications, 

promoting bone regeneration while preventing 

infection and soft tissue infiltration. Further, in 

vivo studies are needed to confirm these 

findings and assess the clinical efficacy of the 

membrane in human patients. 

Conclusion 

This study successfully developed and 

characterized a novel HA/TCP/quercetin-

doped silver membrane for GBR, showcasing 

promising results in bone regeneration 

applications. Further, in vivo studies are 

warranted to evaluate its clinical efficacy and 

potential for widespread use in periodontal 

therapy. 

Acknowledgement 

The authors want to acknowledge Saveetha 

Dental College and Hospitals for the support 

rendered for the study. 

Conflict of Interest 

Nil. 

References 

[1]. Alqahtani, F., 2023, Periodontal tissue 

engineering and regeneration: A review of the 

current literature. J Periodontol, 94(4), 567-579. 

[2]. Buser, D., Dula, K., Belser, U. C., Hirt, H. P., 

Berthold, H., 1995, Localized ridge augmentation 

using guided bone regeneration. Clin Oral Implants 

Res, 6(3), 162-168. 

[3]. Dahlin, C., Sennerby, L., Lekholm, U., Linde, 

A., Nyman, S., 1989, Generation of new bone 

around titanium implants using a membrane 

technique: An experimental study in rabbits. Int J 

Oral Maxillofac Implants, 4(1), 19-25. 

[4]. Dave, P. H., Vishnupriya, V., Gayathri, R., 

2016, Herbal remedies for anxiety and depression—

A review. J Adv Pharm Technol Res, 9, 1253. 

[5]. Balaji, V., Priya, V. V., Gayathri, R., 2017, 

Awareness of risk factors for obesity among college 

students in Tamil Nadu: A questionnaire-based 

study. J Adv Pharm Technol Res, 10, 1367. 

[6]. Gayathri, R., Anuradha, V., 2015, 

Phytochemical screening and total phenolic content 

of aqueous and acetone extracts of seed, butter, 

mace of nutmeg (Myristica fragrans Houtt). Int J 

Pharm Sci Rev Res. 

[7]. Elgali, I., Omar, O., Dahlin, C., Thomsen, P., 

2017, Guided bone regeneration: Materials and 

biological mechanisms revisited. Eur J Oral Sci, 

125(5), 315-337. 

[8]. Hämmerle, C. H. F., Jung, R. E., Feloutzis, A., 

2002, A systematic review of the survival of 

implants in bone sites augmented with barrier 

membranes (guided bone regeneration) in partially 

edentulous patients. J Clin Periodontol, 29(Suppl. 

3), 226-231. 

[9]. Wang, H. L., Boyapati, L., 2006, "PASS" 

principles for predictable bone regeneration. 

Implant Dent, 15(1), 8-17. 

[10]. Jerusha, S. P., Gayathri, R., Vishnupriya, V., 

2016, Preliminary phytochemical analysis and 

cytotoxicity potential of Bacopa monnieri on oral 

cancer cell lines. Int J Pharm Sci Rev Res, 39, 4-8. 

[11]. Satyamoorthy, K., Gayathri, R., Bhat, K., 

Saadi, A., Bhat, S., 2011, Allele, genotype, and 

composite genotype effects of IL-1A +4845 and IL-

1B +3954 polymorphisms for chronic periodontitis 

in an Indian population. Indian J Dent Res, 22(4), 

612. 

[12]. Wikesjö, U. M., Polimeni, G., Qahash, M., 

Susin, C., Shanaman, R. H., Rohrer, M. D., Wozney, 

J. M., 2009, Alveolar ridge augmentation using 

implants coated with recombinant human bone 

morphogenetic protein-2: Histologic observations. J 

Clin Periodontol, 36(9), 759-766. 



[13]. Wang, H. L., Carroll, M. J., 2001, Guided bone 

regeneration using bone grafts and collagen 

membranes. Quintessence Int, 32(7), 504-515. 

[14]. Nevins, M., Mellonig, J. T., 1992, 

Enhancement of the damaged edentulous ridge to 

receive dental implants: A combination of allograft 

and the Gore-Tex membrane. Int J Periodontics 

Restorative Dent, 12(2), 96-111. 

[15]. Urban, I. A., Monje, A., Wang, H. L., 2019, 

Horizontal ridge augmentation with guided bone 

regeneration. Periodontol 2000, 80(1), 152-172. 

[16]. Sculean, A., Gruber, R., Bosshardt, D. D., 

2014, Soft tissue wound healing around teeth and 

dental implants. J Clin Periodontol, 41(Suppl. 15). 

[17]. Kumar, J. K., Surendranath, P., 

Eswaramoorthy, R., 2023, Regeneration of 

immature incisor using platelet-rich fibrin: Report of 

a novel clinical application. BMC Oral Health, 23, 

69. 

[18]. Kishen, A., Cecil, A., Chitra, S., 2023, 

Fabrication of hydroxyapatite-reinforced polymeric 

hydrogel membrane for regeneration. Saudi Dent J, 

35, 678-683. 

[19]. Ramamurthy, J., Bajpai, D., 2024, Role of 

alginate-based scaffolds for periodontal 

regeneration of intrabony defects: A systematic 

review. World J Dent, 15, 181-187. 

[20]. Tirupathi, S., Afnan, L., 2024, Dental pulp-

derived stem cells for facial nerve regeneration and 

functional repair: A systematic review of animal 

studies. Curr Oral Health Rep, 11, 198-214. 

[21]. Keziah, V. S., Gayathri, R., Priya, V. V., 2018, 

Biodegradable plastic production from corn starch. 

Drug Invention Today, 10(7), 1315-1317. 

[22]. Hirshasri, A.G., Renu, K., Priya, V.V., 

Gayathri, R. and Kavitha, S., The Effect of 

Aspalathin on SMAD2, SMAD3, TGF-β-A Major 

Contributor of Inflammation–An In-silico 

Approach. 

[23]. Priya, V., Keerthivasan, S. and Kaviyarasi, R., 

Determining the Dual Effect of Mirabegron on 

Anticancer Mechanism and Brown Adipose Tissue 

Activation-An in-silico Approach. 

[24]. Juvairiya Fathima, A., Renu, K., Priya, V.V., 

Gayathri, R. and Kavitha, S., Determining the Role 

of Caffeic Acid on Lipogenic Regulators: An In-

Silico Approach. 

[25]. Manoharan, S. A. D., Vishnupriya, V. A. D., 

Gayathri, R., 2015, Phytochemical analysis and in 

vitro antioxidant activity of jojoba oil. Int J Pharm 

Sci Rev Res, 8(6), 512-516. 

[26]. Miron, R. J., Bosshardt, D. D., 2018, 

OsteoMacs: Key players around bone biomaterials. 

Biomaterials, 195, 176-184. 

[27]. Retzepi, M., Donos, N., 2010, Guided bone 

regeneration: Biological principle and therapeutic 

applications. Clin Oral Implants Res, 21(6), 567-

576. 

[28]. Echhpal, U., Shah, K.K., Maiti, S., Raju, L., 

Eswaramoorthy, R. and Nallaswamy, D., 2024. An 

In Vitro Study to Evaluate the Cell Viability, 

Surface Characteristics, and Osteoconductive 

Potential of Ovine Bone Graft Modified with L-

Glutamine Compared to Commercial Bone 

Graft. International Journal of Prosthodontics and 

Restorative Dentistry, 14(3), pp.185-193. 

[29]. Shankar, P., Arumugam, P. and Kannan, S., 

2024. Development, Characterisation and 

Biocompatibility Analysis of a Collagen-Gelatin-

Hydroxyapatite Scaffold for Guided Bone 

Regeneration. Odovtos-International Journal of 

Dental Sciences, pp.235-248. 

[30]. Franco, R., Cervino, G., Vazzana, G., Della 

Rocca, F., Ferrari, G., Cicciù, M. and Minervini, G., 

2024. Use of Concentrated Growth Factor (CGF) in 

Prosthetic-Guided Reconstruction on Two-Wall 

Bone Defect after Cystectomy: An Alternative to 

Traditional Regeneration. European Journal of 

Dentistry, 18(01), pp.392-396. 

[31]. Awate, S., Bhate, K., Contractor, M.M., 

Londhe, U., Samuel, S. and Tirupathi, S., 2024. 

Comparison of Activated PRF and Standard PRF in 

Terms of Evaluation of Quality Bone Regeneration 

in Extraction Sockets of Impacted Third Molar: A 

Split-Mouth Double-Blind Control Trial. Journal of 

Maxillofacial and Oral Surgery, pp.1-9. 

 


