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ABSTRACT 

Oral diseases affect 3.5 billion people globally, with antimicrobial resistance and adverse effects of conventional treatments 

necessitating novel therapeutic approaches. Green synthesis of silver nanoparticles (AgNPs) using medicinal plants represents a 

promising strategy combining nanotechnology with traditional herbal medicine for oral healthcare applications. Comparative analysis 

of major herbal sources reveals substantial variations in AgNP synthesis parameters and therapeutic efficacy. Green tea (Camellia 

sinensis) demonstrates rapid synthesis (10-20 minutes), the smallest particle size (10-40 nm), and exceptional antimicrobial activity 

against Streptococcus mutans (MIC 2-8 μg/mL). Neem (Azadirachta indica) exhibits broad-spectrum antimicrobial efficacy with 

superior anti-inflammatory properties. Turmeric (Curcuma longa) shows outstanding anti-inflammatory and anticarcinogenic 

activities. Clove (Syzygium aromaticum) demonstrates exceptional antifungal activity against Candida albicans (MIC 4-10 μg/mL). 

Comparative evaluation reveals synergistic integration of AgNP antimicrobial effects with inherent phytochemical therapeutic 

properties, including antioxidant, anti-inflammatory, anticariogenic, and wound healing activities. These biosynthesized AgNPs 

demonstrate applications across preventive dentistry, periodontal therapy, endodontics, restorative dentistry, and oral medicine. 

Herbal-mediated AgNP synthesis offers sustainable, cost-effective production of biocompatible nanoparticles with multifaceted 

therapeutic advantages for oral care. Selection of optimal herbal sources depends on specific clinical applications, with 

standardization protocols and comprehensive clinical validation required for successful translation into commercial products. 
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ral diseases represent a significant global public 

health challenge affecting approximately 3.5 billion 

people worldwide, with dental caries being the most 

prevalent condition. The Global Burden of Disease Study 

2019 reported 23 million years lived with disability from oral 

conditions and a substantial economic burden estimated at 

$544.4 billion annually [1,2]. Severe periodontal disease 

affects approximately 10% of the global population. 

Antimicrobial resistance among oral pathogens and the 

adverse effects of conventional antimicrobials intensify the 

need for innovative therapeutic solutions [3,4]. Conventional 

antimicrobial mouth rinses present significant limitations, 

including tooth staining, taste alteration, mucosal irritation, 

and emergence of antimicrobial resistance through 

mechanisms such as efflux pump upregulation and biofilm-

mediated protection [5,6]. 

Nanotechnology offers revolutionary therapeutic 

approaches through the manipulation of matter at the 

nanoscale (1-100 nm), where materials exhibit distinctive 

properties. Silver nanoparticles (AgNPs) demonstrate  
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exceptional broad-spectrum antimicrobial activity through 

multiple synergistic mechanisms, including cell membrane 

disruption, reactive oxygen species generation, and 

interference with DNA replication and protein synthesis [7,8]. 

This multi-targeted approach significantly reduces resistance 

development compared to single-target conventional 

antibiotics [9].  

Green synthesis methodologies utilizing medicinal plants 

for AgNP production have gained prominence due to 

environmental sustainability, cost-effectiveness, scalability 

potential, and production of biocompatible nanoparticles 

without toxic chemical residues [10,11]. Medicinal plants 

produce diverse bioactive compounds, including polyphenols, 

flavonoids, alkaloids, terpenoids, and tannins, functioning as 

reducing agents, stabilizing agents, and capping agents, 

contributing additional therapeutic properties [12,13]. The 

integration of nanotechnology with traditional herbal medicine 

creates innovative therapeutic systems harnessing both AgNP 

antimicrobial potency and medicinal plants' biological 

activities. 
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Despite extensive research on biosynthesized AgNPs for 

dental applications, systematic comparative evaluations of 

different herbal sources remain limited. Each medicinal plant 

possesses unique phytochemical profiles that significantly 

influence nanoparticle synthesis parameters, particle 

characteristics, stability, and therapeutic efficacy [14,15]. This 

comprehensive review aims to systematically evaluate and 

compare the efficacy of major herbal sources in AgNP 

biosynthesis and analyze their therapeutic advantages in oral 

care applications, providing evidence-based comparative 

analysis to guide the selection of optimal herbal sources for 

specific dental therapeutic needs. 

2. GREEN SYNTHESIS METHODOLOGY 

2.1 Mechanisms of Phytochemical Reduction 

Biosynthesis of AgNPs using plant extracts involves complex 

biochemical processes where phytochemical constituents 

function as biological reducing agents converting silver ions 

(Ag⁺) to elemental silver (Ag⁰) atoms, which subsequently 

nucleate and aggregate to form nanoparticles [16].  The 

biosynthesis process involves three distinct phases: (1) 

Reduction phase where plant phytochemicals 

(NADH/NADPH) donate electrons to convert silver ions 

(Ag⁺) from AgNO₃ to elemental silver (Ag⁰), (2) Growth 

phase involving nucleation and aggregation of silver atoms to 

form nanoparticles, and (3) Stabilization phase where 

phytochemical compounds provide capping and stabilization 

preventing nanoparticle aggregation. The oxidation-reduction 

cycle ensures complete conversion of silver ions to stable 

nanoparticles (Figure 1) [17,18]. 

 

Figure 1. Schematic representation of phytochemical-

mediated silver nanoparticle biosynthesis mechanism 

Polyphenolic compounds, particularly abundant in green 

tea and turmeric, serve as powerful reducing agents through 

hydroxyl groups that donate electrons to reduce Ag⁺ ions [19]. 

Epigallocatechin gallate (EGCG) from green tea exhibits 

exceptional reducing capacity due to its multiple hydroxyl 

groups [20]. Flavonoids, including quercetin, kaempferol, and 

rutin, contribute to metal ion reduction through ketone and 

hydroxyl functional groups [21]. Alkaloids found in neem 

participate in reduction reactions through nitrogen-containing 

heterocyclic structures [22]. Terpenoids in clove and 

eucalyptus contribute through isoprenoid structures [23]. 

Proteins and amino acids participate in both reduction and 

stabilization processes, with amino acids like cysteine and 

methionine containing sulfur groups that interact with silver 

surfaces [24]. 

2.2 Role of Biomolecules in Stabilization and Capping 

Following nanoparticle formation, phytochemicals prevent 

aggregation and provide colloidal stability through 

electrostatic repulsion and steric hindrance mechanisms [25]. 

Polyphenols form protective layers on nanoparticle surfaces 

through coordination bonds between hydroxyl groups and 

silver atoms, creating negative surface charges that prevent 

particle coalescence [26]. Proteins adsorb onto nanoparticle 

surfaces, forming protective coronas providing steric and 

electrostatic stabilization [27]. Polysaccharides present in aloe 

vera create thick hydration layers around nanoparticles, 

enhancing stability in aqueous media [28].  

The capping layer composition significantly influences 

nanoparticle properties, including dispersibility, stability, 

cellular interactions, and biological activities [29]. 

Phytochemical-capped nanoparticles demonstrate superior 

biocompatibility compared to chemically synthesized 

counterparts due to natural bioactive surface coatings that 

contribute additional therapeutic properties, including 

antioxidant, anti-inflammatory, and wound healing activities 

[30]. 

2.3 Comparative Synthesis Parameters by Plant Source 

Different medicinal plants exhibit substantial variations in 

synthesis efficiency, reflecting unique phytochemical 

compositions. Neem leaf extracts demonstrate rapid AgNP 

synthesis, typically completing within 5-30 minutes at room 

temperature, attributed to high terpenoid and flavonoid 

concentrations, producing predominantly spherical 

nanoparticles in the 5-50 nm range [31]. Green tea extracts 

enable extremely rapid synthesis within 10-20 minutes due to 

exceptionally high polyphenol content, particularly 

Epigallocatechin-3-gallate (EGCG), producing highly uniform 

spherical nanoparticles typically 10-40 nm with excellent 

long-term stability [20,32].  

Turmeric extracts produce AgNPs within 15-60 minutes 

with curcumin serving as the primary reducing agent, yielding 

predominantly spherical particles ranging 10-80 nm [33]. Aloe 

vera gel extracts demonstrate moderate synthesis rates 

typically requiring 30-120 minutes, producing spherical to 

irregular particles in the 15-100 nm range [28]. Clove extracts 

enable rapid synthesis within 10-40 minutes, attributed to high 

eugenol content, yielding predominantly spherical particles 5-

60 nm [23]. The synthesis parameters of the plant sources for 

AgNP biosynthesis thus differ from each herbal sources to 

other in terms of time, optimal AgNO₃ Concentration, pH, 

temperature, particle size, reducing agent, and the stability 

period. This is given in Table 1.  
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Table 1. Comparative Synthesis Parameters of Major Herbal Sources for AgNP Biosynthesis 

Herbal Source Synthesis 

Time 

Optimal AgNO₃ 

Concentration 

Optimal 

pH 

Temperature 

Range 

Particle Size 

Range 

Primary Reducing 

Agent 

Stability 

Period 

Neem (A. indica) 5-30 min 1-5 mM 7-9 25-60°C 5-50 nm Terpenoids, 

Flavonoids 

6-12 

months 

Green Tea (C. 

sinensis) 

10-20 min 1-3 mM 6-8 25-80°C 10-40 nm EGCG, Catechins 6-12 

months 

Turmeric (C. 

longa) 

15-60 min 1-10 mM 8-10 40-80°C 10-80 nm Curcumin 4-8 months 

Aloe vera 30-120 min 0.5-5 mM 6-9 30-70°C 15-100 nm Polysaccharides 6-12 

months 

Clove (S. 

aromaticum) 

10-40 min 1-5 mM 6-8 25-70°C 5-60 nm Eugenol 4-8 months 

 

Plant materials (neem leaves and other medicinal plants) 

are boiled for 20 minutes to extract phytochemicals, followed 

by filtration. The aqueous extract is mixed with AgNO₃ 

solution to synthesize silver nanoparticles, indicated by a 

color change from clear to brown. The biosynthesized AgNPs 

undergo comprehensive characterization, including 

antimicrobial activity testing against oral pathogens (disk 

diffusion assay), particle size and morphology analysis using 

various analytical techniques, and stability assessment. The 

green synthesis workflow of silver nanoparticles from plant 

extracts is shown in Figure 2. 

 

Figure 2. Green synthesis workflow of silver nanoparticles 

using plant extracts and their characterization. 

3. COMPARATIVE ANALYSIS OF HERBAL SOURCES 

3.1 Antimicrobial Efficacy Comparison 

Against Streptococcus mutans, the primary cariogenic 

pathogen, green tea-synthesized AgNPs demonstrate 

exceptional activity with minimum inhibitory concentrations 

(MIC) of 2-8 μg/mL and zones of inhibition (ZOI) of 18-25 

mm, attributed to synergistic effects of EGCG and 

nanoparticle action [34,35]. Neem-synthesized AgNPs exhibit 

strong activity with MIC values of 4-12 μg/mL and ZOI of 15-

22 mm [36]. Clove-synthesized particles show MIC of 3-10 

μg/mL and ZOI of 16-24 mm with eugenol providing 

additional antimicrobial synergy [23,37]. Against periodontal 

pathogens Porphyromonas gingivalis and Aggregatibacter 

actinomycetemcomitans, neem-synthesized AgNPs exhibit 

exceptional activity with an MIC of 3-8 μg/mL, attributed to 

azadirachtin's anti-inflammatory properties complementing 

antimicrobial action [38]. For antifungal activity against 

Candida albicans, clove-synthesized AgNPs demonstrate 

exceptional activity with MIC of 4-10 μg/mL and ZOI of 18-

26 mm, attributed to eugenol's membrane-disrupting 

properties [37,39]. Thus comparative antimicrobial studies 

reveal substantial efficacy variations across herbal sources 

(Table 2). 

Table 2. Comparative Antimicrobial Activity of Herbal-

Synthesized AgNPs Against Oral Pathogens 

Herbal 

Source 

S. 

mutans 

MIC 

(μg/mL) 

S. 

mutans 

ZOI 

(mm) 

P. 

gingivalis 

MIC 

(μg/mL) 

C. 

albicans 

MIC 

(μg/mL) 

C. 

albicans 

ZOI 

(mm) 

Green Tea 2-8 18-25 4-10 8-16 15-22 

Neem 4-12 15-22 3-8 5-12 16-23 

Turmeric 5-15 14-20 6-14 10-18 14-20 

Clove 3-10 16-24 5-12 4-10 18-26 

Aloe vera 8-20 12-18 8-16 12-20 10-16 

3.2 Anticariogenic Properties Comparison 

Beyond direct antimicrobial activity, different herbal AgNPs 

demonstrate varied anticariogenic mechanisms. Green tea-

synthesized AgNPs exhibit exceptional glucosyltransferase 

(GTF) enzyme inhibition, reducing polysaccharide synthesis 

by 60-85% at concentrations of 10-25 μg/mL, attributed to 

EGCG's specific enzyme-binding properties [40]. This 

prevents bacterial adhesion and biofilm formation on tooth 

surfaces. Additionally, green tea contains natural fluoride 

(0.3-1.5 ppm) that synergizes with AgNPs for enhanced 

remineralization [41]. Neem-synthesized AgNPs demonstrate 

strong acid neutralization capacity, maintaining pH above 5.5 

in acidogenic environments, protecting enamel from 

demineralization [42]. Miswak-synthesized particles provide 

dual anticariogenic mechanisms through AgNP antimicrobial 

action and naturally occurring fluoride (8-22 ppm), silica, and 
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calcium compounds promoting remineralization [43]. 

Pomegranate-synthesized nanoparticles demonstrate potent 

anti-biofilm activity disrupting S. mutans biofilm architecture 

by 70-90% through punicalagin's interaction with extracellular 

polysaccharide (EPS) matrix [44]. 

3.3 Anti-Inflammatory and Antioxidant Properties 

Comparison 

The anti-inflammatory properties of herbal AgNPs 

significantly influence efficacy in managing periodontal 

diseases. Turmeric-synthesized AgNPs exhibit exceptional 

anti-inflammatory activity through curcumin's potent 

inhibition of NF-κB pathway, reducing pro-inflammatory 

cytokines IL-1β, IL-6, and TNF-α by 60-85% at 

concentrations of 5-20 μg/mL [45,46]. Green tea-synthesized 

AgNPs demonstrate strong anti-inflammatory effects with 

EGCG reducing pro-inflammatory mediators by 50-75% 

while upregulating anti-inflammatory cytokine IL-10 [47]. 

Neem-synthesized particles exhibit potent anti-inflammatory 

activity through nimbidin's inhibition of inflammatory 

pathways, reducing gingival inflammation by 55-70% in 

experimental models [48]. 

Antioxidant properties protect oral tissues from oxidative 

stress implicated in periodontal disease and oral cancer [49]. 

Pomegranate-synthesized AgNPs demonstrate exceptional 

antioxidant capacity with DPPH radical scavenging activity of 

80-95% at concentrations of 25-50 μg/mL, attributed to high 

punicalagin and ellagic acid content [50]. Green tea-

synthesized particles exhibit strong antioxidant activity with 

DPPH scavenging of 75-90% due to EGCG and catechin 

content [47]. Turmeric-synthesized AgNPs show potent 

antioxidant properties with DPPH scavenging of 70-85% 

through curcumin's phenolic structure [51]. These properties 

are compared in Table 3. 

Table 3. Comparative Anti-inflammatory and Antioxidant 

Activities of Herbal-Synthesized AgNPs 

Herbal 

Source 

Anti-

inflammato

ry Activity 

(% 

Cytokine 

Reduction) 

DPPH 

Scavengi

ng 

Activity 

(%) 

Primary 

Active 

Compound 

Optimal 

Concentrati

on (μg/mL) 

Turmeric 60-85 70-85 Curcumin 5-20 

Green Tea 50-75 75-90 EGCG 10-25 

Pomegrana
te 

45-60 80-95 Punicalagin 15-30 

Neem 55-70 60-75 Nimbidin, 
Quercetin 

10-25 

Aloe vera 40-55 50-65 Polysacchari

des 

20-40 

3.4 Anticarcinogenic Properties and Remineralization 

Emerging evidence suggests that herbal AgNPs possess 

anticarcinogenic properties relevant to oral cancer prevention. 

Turmeric-synthesized AgNPs demonstrate exceptional 

anticarcinogenic activity against oral squamous cell carcinoma 

cell lines with IC₅₀ values of 8-25 μg/mL, significantly lower 

than normal keratinocyte cytotoxicity (IC₅₀ 40-80 μg/mL), 

indicating a good selectivity index of 3-6 [52]. Green tea-

synthesized AgNPs exhibit potent anticarcinogenic effects 

with IC₅₀ values of 10-30 μg/mL against oral cancer cells 

while showing minimal toxicity to normal cells [53]. 

Pomegranate-synthesized AgNPs show promising 

anticarcinogenic properties with IC₅₀ values of 12-35 μg/mL 

[54]. 

Dental remineralization represents a critical therapeutic 

property for early caries management. Miswak-synthesized 

AgNPs demonstrate exceptional remineralization potential 

attributed to naturally occurring fluoride, silica, calcium 

compounds, and chloride that promote hydroxyapatite 

deposition, with studies showing increased enamel 

microhardness by 25-40% after 14-day treatment regimens 

[43]. Green tea-synthesized AgNPs provide moderate 

remineralization through natural fluoride content and 

catechin's ability to promote calcium phosphate precipitation, 

increasing enamel microhardness by 15-30% [41]. 

3.5 Biofilm Disruption Capacity Comparison 

Oral biofilms represent complex microbial communities that 

resist conventional antimicrobials [55]. Pomegranate-

synthesized AgNPs exhibit exceptional biofilm disruption, 

reducing S. mutans biofilm biomass by 75-92% and EPS 

production by 65-85% at concentrations of 20-50 μg/mL [44]. 

Green tea-synthesized particles demonstrate strong biofilm 

disruption, reducing biofilm formation by 70-88% through 

EGCG's inhibition of quorum-sensing molecules and GTF 

enzymes [40]. Neem-synthesized AgNPs show potent anti-

biofilm activity by reducing biofilm biomass by 65-82% 

through azadirachtin's interference with bacterial 

communication systems [36]. 

4. ADVANTAGES OVER CHEMICAL SYNTHESIS 

Biosynthesis using plant extracts offers substantial advantages 

over chemical and physical synthesis methods. Chemical 

synthesis requires expensive reducing agents like sodium 

borohydride and toxic stabilizers, increasing production costs. 

In contrast, plant-mediated synthesis utilizes inexpensive, 

readily available medicinal plants requiring minimal 

processing and operates at ambient conditions, reducing 

energy requirements by 60-80% [56]. Cost analysis reveals 

biosynthesis production costs of approximately $5-15 per 

gram of AgNPs compared to $25-50 per gram for chemical 

synthesis. Green synthesis aligns with sustainable chemistry 

principles, minimizing environmental impact, eliminating 

toxic chemicals, and generating biodegradable byproducts 

[10]. Phytochemical surface coatings significantly improve 

biocompatibility compared to chemically synthesized AgNPs, 

with comparative cytotoxicity studies demonstrating 

biosynthesized AgNPs exhibiting 30-60% lower toxicity 

toward mammalian cells [57]. The integration of AgNP’s 
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antimicrobial activity with inherent herbal therapeutic 

compounds creates synergistic multifunctional formulations 

[11,13]. 

AgNPs demonstrate diverse therapeutic functions 

categorized into three main domains:  

(1) Antimicrobial functions, including antibacterial, 

antifungal, and antiviral activities through multiple 

simultaneous mechanisms.  

(2) Therapeutic functions encompassing anti-caries effects, 

antibiofilm activity, anti-inflammatory properties, tooth 

whitening, and tissue regeneration.  

(3) Property improvement functions providing reinforcement 

and protection to dental materials. The multi-targeted 

approach makes AgNPs suitable for comprehensive oral care 

formulations, as demonstrated in Figure 3. 

 

Figure 3. Multifunctional properties of AgNPs for oral 

healthcare applications 

5. MECHANISMS OF ACTION IN ORAL CARE 

Herbal AgNPs exert antimicrobial effects through multiple 

synergistic mechanisms [7,8]. Direct contact between 

nanoparticles and bacterial cell walls causes physical 

disruption. The released Ag⁺ ions interact with thiol groups in 

proteins, disrupting cellular metabolism, and represent the 

primary antimicrobial mechanism [58]. Reactive oxygen 

species generation causes oxidative stress, damaging proteins, 

lipids, and nucleic acids [59]. Nanoparticles disrupt the 

bacterial respiratory chain and interfere with ribosomal 

function [9]. These mechanisms are illustrated in Figure 4. 

This multi-targeted approach significantly reduces the 

likelihood of antimicrobial resistance development compared 

to conventional single-target antibiotics. 

 

Figure 4. Mechanisms of antimicrobial action of AgNPs 

against bacterial cells 

The phytochemicals contribute additional mechanisms: 

polyphenols disrupt membrane integrity, flavonoids chelate 

metal ions essential for bacterial metabolism, and terpenoids 

disrupt membrane lipid bilayers [12]. The anti-inflammatory 

properties operate through inhibition of NF-κB signaling 

pathway, cyclooxygenase enzyme inhibition, and matrix 

metalloproteinase inhibition [45]. Antioxidant activity 

functions through direct free radical scavenging, metal 

chelation, and enzyme activation [49]. The anticarcinogenic 

mechanisms include apoptosis induction, cell cycle arrest, and 

angiogenesis inhibition [52]. 

6. CLINICAL APPLICATIONS ACROSS DENTAL 

SPECIALTIES 

The broad-spectrum antimicrobial and therapeutic properties 

enable AgNPs integration across multiple dental disciplines, 

as shown in Table 4. 

Table 4. Applications of AgNPs in dentistry 

 1. Implant 

treatment  

Prevention of peri-implantitis and implant 

surface modification 

2. Periodontal 

treatment  

Management of periodontal pathogens and 

inflammation 

3. Orthodontic 

treatment  

Prevention of white spot lesions and bracket 

coating 

4. Endodontic 

treatment  

Root canal disinfection and biofilm 

elimination 

5. Restorative 

treatment  

Remineralization and caries prevention 

6. Prosthetic 

treatment  

Denture disinfection and stomatitis 

management 

In preventive dentistry, herbal AgNP mouth rinses serve as 

daily-use formulations for dental caries and gingivitis 

prevention [34]. Green tea-synthesized AgNPs demonstrate 

suitability for combining potent anti-S. mutans activity, GTF 
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enzyme inhibition, and an excellent safety profile enabling 

long-term use. School-based prevention programs utilizing 

herbal AgNP rinses demonstrate effectiveness by reducing 

caries incidence by 30-50% over 12-month periods [60]. 

Periodontal disease management represents a major 

application with neem-synthesized AgNP rinses 

demonstrating efficacy against periodontal pathogens 

combined with anti-inflammatory effects, reducing pocket 

depth by 1.5-2.5 mm [38].  

Endodontic therapy benefits from clove-synthesized 

AgNPs demonstrating exceptional efficacy against E. faecalis 

biofilms [37]. In restorative dentistry, remineralization 

protocols combining herbal AgNP rinses with calcium 

phosphate delivery systems demonstrate arrest of early caries 

in 60-75% of cases [61]. Denture-related stomatitis 

management shows clove-synthesized AgNP rinses reporting 

70-85% resolution within 14 days [39]. Orthodontic 

applications demonstrate a 45-65% reduction in white spot 

lesion incidence [62]. Oral medicine applications, including 

recurrent aphthous stomatitis and oral mucositis, show clinical 

promise [63]. Post-surgical applications demonstrate a 40-

60% reduction in surgical site infection rates [64]. 

7. CHALLENGES AND FUTURE DIRECTIONS 

The inherent variability in plant phytochemical composition 

represents a significant challenge for product standardization 

[14]. Geographic origin, seasonal variation, plant age, soil 

conditions, and harvesting methods all influence 

phytochemical profiles. Establishing standardized sourcing 

protocols, including specific cultivar selection, defined 

growing conditions, and controlled post-harvest processing, is 

essential [15]. The development of international standards 

specific to phyto-synthesized nanomaterials would facilitate 

quality assurance. Determining optimal therapeutic 

concentrations balancing efficacy and safety requires 

extensive dose-response studies.  

Despite promising short-term safety data, long-term safety 

validation through extended clinical trials is essential. Large-

scale randomized controlled clinical trials (RCTs) with 

adequate sample sizes and extended follow-up periods are 

needed to establish clinical efficacy definitively. Regulatory 

classification of herbal AgNP products varies internationally, 

creating market access challenges. Future research should 

prioritize advanced synthesis optimization, mechanistic 

studies, oral microbiome modulation studies, personalized 

formulation development, combination therapy research, and 

clinical translation research [65]. 

CONCLUSION 

Different herbal sources demonstrate distinct advantages in 

AgNP biosynthesis with applications spanning preventive 

dentistry to oral cancer management. Successful clinical 

translation requires addressing standardization challenges, 

comprehensive safety validation, and rigorous clinical trials to 

establish these innovative formulations as mainstream oral 

healthcare products. 

REFERENCE 

1. Peres MA, Macpherson LMD, Weyant RJ, et al. Oral diseases: a 
global public health challenge. Lancet. 2019;394(10194):249-
260. 

2. Kassebaum NJ, Smith AGC, Bernabé E, et al. Global, regional, 
and national prevalence, incidence, and disability-adjusted life 
years for oral conditions. J Dent Res. 2017;96(4):380-387. 

3. Petersen PE, Ogawa H. The global burden of periodontal disease. 

Periodontol 2000. 2012;60(1):15-39. 
4. Cieplik F, Jakubovics NS, Buchalla W, et al. Resistance toward 

chlorhexidine in oral bacteria. Front Microbiol. 2019;10:587. 
5. Löe H, Schiøtt CR. The effect of mouth rinses and topical 

application of chlorhexidine. J Periodontal Res. 1970;5(2):79-83. 
6. Roberts AP, Mullany P. Oral biofilms: a reservoir of transferable, 

bacterial, antimicrobial resistance. Expert Rev Anti Infect Ther. 
2010;8(12):1441-1450. 

7. Morones JR, Elechiguerra JL, Camacho A, et al. The bactericidal 

effect of silver nanoparticles. Nanotechnology. 
2005;16(10):2346-2353. 

8. Dakal TC, Kumar A, Majumdar RS, Yadav V. Mechanistic basis 
of antimicrobial actions of silver nanoparticles. Front Microbiol. 
2016;7:1831. 

9. Gurunathan S, Han JW, Kwon DN, Kim JH. Enhanced 
antibacterial and anti-biofilm activities of silver nanoparticles. 
Nanoscale Res Lett. 2014;9(1):373. 

10. Mittal AK, Chisti Y, Banerjee UC. Synthesis of metallic 
nanoparticles using plant extracts. Biotechnol Adv. 
2013;31(2):346-356. 

11. Iravani S, Korbekandi H, Mirmohammadi SV, Zolfaghari B. 
Synthesis of silver nanoparticles: chemical, physical and 
biological methods. Res Pharm Sci. 2014;9(6):385-406. 

12. Makarov VV, Love AJ, Sinitsyna OV, et al. "Green" 
nanotechnologies: synthesis of metal nanoparticles using plants. 

Acta Naturae. 2014;6(1):35-44. 
13. Ovais M, Khalil AT, Raza A, et al. Green synthesis of silver 

nanoparticles via plant extracts. Nanomedicine. 
2016;11(23):3157-3177. 

14. Ahmad N, Sharma S, Alam MK, et al. Rapid synthesis of silver 
nanoparticles using dried medicinal plant of basil. Colloids Surf 
B Biointerfaces. 2010;81(1):81-86. 

15. Ahmed S, Ahmad M, Swami BL, Ikram S. A review on plants 

extract mediated synthesis of silver nanoparticles. J Adv Res. 
2016;7(1):17-28. 

16. Gardea-Torresdey JL, Parsons JG, Gomez E, et al. Formation and 
growth of Au nanoparticles inside live alfalfa plants. Nano Lett. 
2002;2(4):397-401. 

17. Shankar SS, Ahmad A, Sastry M. Geranium leaf assisted 
biosynthesis of silver nanoparticles. Biotechnol Prog. 
2003;19(6):1627-1631. 

18. Ankamwar B, Damle C, Ahmad A, Sastry M. Biosynthesis of 

gold and silver nanoparticles using Emblica officinalis fruit 
extract. J Nanosci Nanotechnol. 2005;5(10):1665-1671. 

19. Huang J, Li Q, Sun D, et al. Biosynthesis of silver and gold 
nanoparticles by novel sundried Cinnamomum camphora leaf. 
Nanotechnology. 2007;18(10):105104. 

20. Nadagouda MN, Varma RS. Green synthesis of silver and 
palladium nanoparticles at room temperature using coffee and tea 
extract. Green Chem. 2008;10(8):859-862. 

21. Vilchis-Nestor AR, Sánchez-Mendieta V, Camacho-López MA, 
et al. Solventless synthesis and optical properties of Au and Ag 
nanoparticles using Camellia sinensis extract. Mater Lett. 
2008;62(17-18):3103-3105. 



Nireeksha et al.                                                Herbal-Mediated Silver Nanoparticles for Oral Care Applications 

Online First                                                                                                                                      Indian J Integr Med | 7  

22. Shankar SS, Rai A, Ahmad A, Sastry M. Rapid synthesis of Au, 
Ag, and bimetallic nanoparticles using Neem leaf broth. J Colloid 
Interface Sci. 2004;275(2):496-502. 

23. Singh AK, Talat M, Singh DP, Srivastava ON. Biosynthesis of 
gold and silver nanoparticles by natural precursor clove. J 
Nanopart Res. 2010;12(5):1667-1675. 

24. Narayanan KB, Sakthivel N. Biological synthesis of metal 
nanoparticles by microbes. Adv Colloid Interface Sci. 
2010;156(1-2):1-13. 

25. Sharma VK, Yngard RA, Lin Y. Silver nanoparticles: green 
synthesis and their antimicrobial activities. Adv Colloid Interface 

Sci. 2009;145(1-2):83-96. 
26. Dubey SP, Lahtinen M, Sillanpää M. Tansy fruit mediated 

greener synthesis of silver and gold nanoparticles. Process 
Biochem. 2010;45(7):1065-1071. 

27. Gole A, Dash C, Ramakrishnan V, et al. Pepsin-gold colloid 
conjugates: preparation, characterization, and enzymatic activity. 
Langmuir. 2001;17(5):1674-1679. 

28. Chandran SP, Chaudhary M, Pasricha R, et al. Synthesis of gold 

nanotriangles and silver nanoparticles using Aloe vera plant 
extract. Biotechnol Prog. 2006;22(2):577-583. 

29. Bhattacharya R, Mukherjee P. Biological properties of "naked" 
metal nanoparticles. Adv Drug Deliv Rev. 2008;60(11):1289-
1300. 

30. Krishnaraj C, Jagan EG, Rajasekar S, et al. Synthesis of silver 
nanoparticles using Acalypha indica leaf extracts. Colloids Surf 
B Biointerfaces. 2010;76(1):50-56. 

31. Logeswari P, Silambarasan S, Abraham J. Synthesis of silver 
nanoparticles using plants extract. J Saudi Chem Soc. 
2015;19(3):311-317. 

32. Loo YY, Rukayadi Y, Nor-Khaizura MA, et al. In vitro 
antimicrobial activity of green synthesized silver nanoparticles. 
Front Microbiol. 2018;9:1555. 

33. Shameli K, Ahmad MB, Zamanian A, et al. Green biosynthesis 
of silver nanoparticles using Curcuma longa tuber powder. Int J 
Nanomedicine. 2012;7:5603-5610. 

34. Hernández-Sierra JF, Ruiz F, Pena DC, et al. The antimicrobial 
sensitivity of Streptococcus mutans to nanoparticles. 
Nanomedicine. 2008;4(3):237-240. 

35. Besinis A, De Peralta T, Handy RD. The antibacterial effects of 
silver nanoparticles compared to chlorhexidine. Nanotoxicology. 
2014;8(1):1-16. 

36. Lakshmi T, Krishnan V, Rajendran R, Madhusudhanan N. 
Azadirachta indica: A herbal panacea in dentistry. Pharmacogn 

Rev. 2015;9(17):41-44. 
37. Pinto E, Vale-Silva L, Cavaleiro C, Salgueiro L. Antifungal 

activity of clove essential oil. J Med Microbiol. 
2009;58(11):1454-1462. 

38. Kumar VS, Navaratnam V. Neem: prehistory to contemporary 
medicinal uses. Asian Pac J Trop Biomed. 2013;3(7):505-514. 

39. Agarwal V, Lal P, Pruthi V. Effect of plant oils on Candida 
albicans. J Microbiol Immunol Infect. 2010;43(6):447-451. 

40. Xu X, Zhou XD, Wu CD. The tea catechin epigallocatechin 
gallate suppresses cariogenic virulence factors. Antimicrob 
Agents Chemother. 2011;55(3):1229-1236. 

41. Rošin-Grget K, Peroš K, Sutej I, Bašić K. The cariostatic 
mechanisms of fluoride. Acta Med Acad. 2013;42(2):179-188. 

42. Vanka A, Tandon S, Rao SR, et al. The effect of indigenous 
Neem mouthrinse on Streptococcus mutans. Indian J Dent Res. 
2001;12(3):133-144. 

43. Sofrata AH, Claesson RL, Lingström PK, Gustafsson AK. Strong 
antibacterial effect of miswak against oral microorganisms. J 
Periodontol. 2008;79(8):1474-1479. 

44. Bhadbhade SJ, Acharya AB, Rodrigues SV, Thakur SL. The 
antiplaque efficacy of pomegranate mouthrinse. Quintessence Int. 
2011;42(1):29-36. 

45. Chainani-Wu N. Safety and anti-inflammatory activity of 
curcumin. J Altern Complement Med. 2003;9(1):161-168. 

46. Jurenka JS. Anti-inflammatory properties of curcumin. Altern 
Med Rev. 2009;14(2):141-153. 

47. Lambert JD, Elias RJ. The antioxidant and pro-oxidant activities 

of green tea polyphenols. J Am Coll Nutr. 2010;29(3 
Suppl):362S-9S. 

48. Biswas K, Chattopadhyay I, Banerjee RK, Bandyopadhyay U. 
Biological activities and medicinal properties of neem. Curr Sci. 
2002;82(11):1336-1345. 

49. Chapple IL. Reactive oxygen species and antioxidants in 
inflammatory diseases. J Clin Periodontol. 1997;24(5):287-296. 

50. Seeram NP, Aviram M, Zhang Y, et al. Comparison of 

antioxidant potency of commonly consumed polyphenol-rich 
beverages. J Agric Food Chem. 2008;56(4):1415-1422. 

51. Ruby AJ, Kuttan G, Babu KD, et al. Anti-tumour and antioxidant 
activity of natural curcuminoids. Cancer Lett. 1995;94(1):79-83. 

52. LoTempio MM, Veena MS, Steele HL, et al. Curcumin 
suppresses growth of head and neck squamous cell carcinoma. 
Clin Cancer Res. 2005;11(19 Pt 1):6994-7002. 

53. Pianetti S, Guo S, Kavanagh KT, Sonenshein GE. Green tea 

polyphenol epigallocatechin-3 gallate inhibits Her-2/neu 
signaling. Cancer Res. 2002;62(3):652-655. 

54. Lansky EP, Newman RA. Punica granatum and its potential for 
prevention and treatment of inflammation and cancer. J 
Ethnopharmacol. 2007;109(2):177-206. 

55. Costerton JW, Stewart PS, Greenberg EP. Bacterial biofilms: a 
common cause of persistent infections. Science. 
1999;284(5418):1318-1322. 

56. Iravani S. Green synthesis of metal nanoparticles using plants. 
Green Chem. 2011;13(10):2638-2650. 

57. Venugopal K, Ahmad H, Manikandan E, et al. The impact of 
anticancer activity upon beta vulgaris extract mediated 
biosynthesized silver nanoparticles. J Photochem Photobiol B. 
2017;173:99-107. 

58. Liao S, Zhang Y, Pan X, et al. Antibacterial activity and 
mechanism of silver nanoparticles. Int J Nanomedicine. 
2019;14:1469-1487. 

59. Panáček A, Kvítek L, Prucek R, et al. Silver colloid 
nanoparticles: synthesis, characterization, and their antibacterial 
activity. J Phys Chem B. 2006;110(33):16248-16253. 

60. Narotzki B, Reznick AZ, Aizenbud D, Levy Y. Green tea: a 
promising natural product in oral health. Arch Oral Biol. 
2012;57(5):429-435. 

61. Karlinsey RL, Mackey AC, Walker ER, Frederick KE. 
Preparation, characterization and in vitro efficacy of an acid-

modified beta-TCP. Acta Biomater. 2010;6(3):969-978. 
62. Al-Otaibi M. The miswak and oral health. Saudi Dent J. 

2003;15(2):71-74. 
63. Kolenbrander PE, Palmer RJ Jr, Periasamy S, Jakubovics NS. 

Oral multispecies biofilm development. Nat Rev Microbiol. 
2010;8(7):471-480. 

64. Menezes SM, Cordeiro LN, Viana GS. Punica granatum extract 
is active against dental plaque. J Herb Pharmacother. 

2006;6(2):79-92. 
65. Kharissova OV, Dias HR, Kharisov BI, et al. The greener 

synthesis of nanoparticles. Trends Biotechnol. 2013;31(4):240-
248. 

 

How to cite this article: Anna Nireeksha V, Chavadashetti 

SS, Fareed N, Suman B. Efficacy of Different Herbal Sources 

for Silver Nanoparticle Biosynthesis and its Advantages in 

Oral Care: A Comprehensive Narrative Review. Indian J 

Integr Med. 2026; Online First. 

Funding: None;                 Conflicts of Interest: None Stated 

 


	CONCLUSION

