



Review Article
Biosynthesized Silver Nanoparticle Containing Herbal Mouth rinse in Dentistry: A Comprehensive Narrative Review 

Abstract 
The integration of nanotechnology with herbal medicine has led to the development of biosynthesized silver nanoparticle (AgNP)–herbal mouth rinses for dental applications. This narrative review summarizes current evidence on the synthesis methods, classification, antimicrobial mechanisms, dental applications, safety considerations, and clinical relevance of biosynthesized AgNP–herbal mouth rinses. Green synthesis using medicinal plant extracts produces silver nanoparticles with antimicrobial, anti-inflammatory, and antioxidant properties while improving biocompatibility and reducing chemical residues. When combined with herbal constituents, these formulations demonstrate activity against oral pathogens associated with dental caries, periodontal diseases, oral candidiasis, and halitosis. The review highlights potential advantages over conventional chemical mouth rinses, including broader antimicrobial action and reduced adverse effects, while also discussing limitations related to standardization, safety, and clinical evidence. Current knowledge gaps and future research directions are identified to support the rational development and clinical evaluation of AgNP–herbal mouth rinses in dentistry.
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1. Introduction
Nanotechnology has fundamentally transformed therapeutic approaches through manipulation of matter at the nanoscale (1-100 nm), where substances exhibit distinctive physicochemical and biological properties absent in bulk forms (1,2). Nanomaterials in biomedical applications include metallic nanoparticles (silver, gold, zinc oxide), polymeric nanoparticles, lipid-based systems, and ceramic nanoparticles (3).
Production methods encompass top-down physical approaches (laser ablation, ball milling), bottom-up chemical synthesis (chemical reduction, sol-gel), and biological synthesis using microorganisms or plant extracts (4). Biological methods have gained prominence due to environmental sustainability, cost-effectiveness, and production of biocompatible nanoparticles without toxic residues (5).
Among various nanomaterials, silver nanoparticles (AgNPs) demonstrate broad-spectrum antimicrobial activity against bacteria, fungi, and viruses through multiple mechanisms: cell membrane disruption, reactive oxygen species generation, DNA replication interference, and protein synthesis disruption (6,7). This multi-targeted approach significantly reduces resistance development compared to conventional antibiotics.
The integration of nanotechnology with herbal medicine through biosynthesis addresses limitations of both conventional synthesis and traditional preparations. Medicinal plants produce diverse bioactive compounds—polyphenols, flavonoids, alkaloids—that function as reducing agents for nanoparticle synthesis while providing stabilizing coatings and additional therapeutic properties (8,9). Plants traditionally used in oral care, such as Azadirachtaindica, Syzygiumaromaticum, Camellia sinensis, and Salvadora persica, demonstrate particular efficacy in green synthesis (10).
The oral cavity harbors over 700 microbial species in dynamic equilibrium; disruption leads to dental caries, periodontal disease, candidiasis, and halitosis affecting billions worldwide (11). Biosynthesized AgNP-activated herbal mouth rinses address these through synergistic mechanisms: antimicrobial action, anti-inflammatory effects, antioxidant protection, and biofilm disruption (12,13). Their natural origin enhances patient acceptance, particularly among populations seeking natural therapeutics.
Current development spans from laboratory investigation to preliminary clinical trials. While numerous studies characterize antimicrobial efficacy and biocompatibility, commercialized products with regulatory approval remain limited globally (14,15). Challenges include manufacturing standardization, reproducibility, long-term safety validation, and regulatory navigation.
Benefits are multifaceted: broad-spectrum efficacy, anti-inflammatory and antioxidant effects, enhanced wound healing, reduced resistance likelihood, minimal side effects, improved acceptance, environmental sustainability, and potential cost-effectiveness (16-18). These advantages position such formulations as transformative oral healthcare products amid escalating antimicrobial resistance and growing preference for natural therapeutics.
Recent advancements in green synthesis approaches have expanded the application of biosynthesized silver nanoparticles (AgNPs) in dentistry, particularly in antimicrobial oral care formulations. Studies published in recent years have reported improved antimicrobial efficacy and acceptable biocompatibility of plant-mediated AgNPs when incorporated into dental materials and oral formulations, including mouth rinses. Recent narrative reviews have emphasized the growing interest in AgNP–herbal combinations for managing oral infections and biofilm-related diseases, while also highlighting the need for standardized formulations and clinical validation. The aim of this narrative review is to summarize and critically discuss recent advancements in the synthesis, characterization, dental applications, and safety considerations of biosynthesized silver nanoparticle–herbal mouth rinse formulations. The methodology involved a narrative review of relevant literature retrieved from electronic databases, focusing on studies related to green synthesis of AgNPs, herbal mouth rinse formulations, dental applications, and associated safety aspects (19, 20).
2. Historical Background
2.1 Evolution of Nanotechnology
[image: ]Richard Feynman laid nanotechnology's conceptual foundation in 1959 with "There's Plenty of Room at the Bottom," proposing atomic-scale manipulation (21). Norio Taniguchi coined "nanotechnology" in 1974 for sub-micrometer precision machining (22). The field accelerated in the 1980s with scanning tunneling microscopy invention, enabling atom visualization and manipulation (23).
Fig 1: The term "nanotechnology" was coined by Norio Taniguchi
The 1990s saw exponential growth driven by initiatives like the U.S. National Nanotechnology Initiative (2000). This period developed various synthesis methods: physical (energy-intensive), chemical (better control but toxic), and biological approaches (24). Green nanotechnology emerged in early 2000s, emphasizing environmentally benign synthesis using plants, bacteria, or fungi (25,26). Plant-mediated synthesis gained prominence due to medicinal plant availability, ease of handling, and diverse phytochemicals serving multiple functions (27).
2.2 Silver in Medicine
Silver's antimicrobial properties were recognized by ancient civilizations for water purification and food preservation (28). Hippocrates described silver's healing properties in 400 BCE. Modern medical use began with Carl Credé introducing silver nitrate eye drops (1880s), dramatically reducing infant blindness (29). Silver compounds became mainstream antimicrobials pre-antibiotic era but were displaced by antibiotics in the 1940s.
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Fig 2: Silver Nanoparticle
Antibiotic-resistant pathogens renewed interest in silver, particularly for wound care and device coatings (30). Silver sulfadiazine became standard burn treatment, while silver-coated catheters reduced infections. Transition to silver nanoparticles represented a quantum leap due to increased surface area-to-volume ratio and sustained ion release (31).
2.3 Medicinal Plants in Oral Care
Medicinal plant use for oral hygiene predates recorded history, with archaeological evidence of Neanderthals consuming antimicrobial plants for dental health (32). Ancient civilizations developed sophisticated practices documented in texts like the Ebers Papyrus (1550 BCE) (33).[image: ]
Fig 3: Use of Medicinal Plants in Oral Care
Ayurvedic medicine prescribed numerous herbs including neem, clove, turmeric, and holy basil for oral health (34). Traditional Chinese Medicine documented hundreds of herbal formulations for oral diseases; green tea use spans over 2000 years (35). Miswak from Salvadora persica has been used over 7000 years, containing 70+ bioactive compounds including fluoride and antimicrobials (36,37).
2.4 Convergence of Nanotechnology and Herbal Medicine
Integration began in early 21st century when researchers recognized phytochemicals as effective reducing and stabilizing agents. Gardea-Torresdey et al. (2003) demonstrated that plants could uptake and reduce metal ions to form nanoparticles (38). Subsequent research established plant extract-mediated AgNP synthesis as viable alternative to chemical methods (39,40).
Application in dentistry evolved from broader nanodentistry field. Early applications focused on incorporating nanoparticles into restorative materials (41). Nanoparticle-containing mouth rinses represented logical extension of traditional herbal rinses and AgNP therapeutics. Complete transition to biosynthesized nanoparticles using the same herbs for rinse base created truly integrated systems with enhanced synergy and biocompatibility (42,43).

3. Importance in Dental Treatments
3.1 Burden of Oral Diseases
Oral diseases affect approximately 3.5 billion people worldwide, with dental caries most prevalent globally (44). The Global Burden of Disease Study 2019 reported oral conditions resulted in 23 million disability-adjusted life years (DALYs). Untreated dental caries affects 2.5 billion people; severe periodontal disease affects 10% globally (45).
Economic burden is substantial: global direct treatment costs estimated at $544.4 billion annually (4.6% of health expenditure), plus significant indirect costs from productivity losses (46,47). Evidence links oral diseases to cardiovascular disease, diabetes, respiratory infections, adverse pregnancy outcomes, and Alzheimer's disease, establishing oral health as integral to overall health (48,49).
3.2 Limitations of Conventional Mouth Rinses
Chlorhexidine, the gold standard antimicrobial rinse, demonstrates broad-spectrum efficacy but long-term use causes brown staining, taste alteration, increased calculus, and mucosal irritation (50,51). These limit patient compliance and restrict use to short-term therapeutic applications. Essential oil-based rinses provide benefits without staining but cause burning sensation; cetylpyridinium chloride rinses may cause staining with systemic absorption concerns (52,53).
Emerging concern involves potential selection of resistant strains through efflux pump upregulation, target modification, and biofilm protection. While clinical significance remains debated, resistance warrants consideration amid escalating antimicrobial resistance (54).
3.3 Advantages of Biosynthesized AgNP-Herbal Systems
[image: ]AgNP-herbal mouth rinses offer several advantages addressing conventional limitations. Multi-targeted antimicrobial mechanisms significantly reduce resistance likelihood compared to single-target antibiotics (55). Synergistic combinations provide complementary actions: AgNPs target microbial cells physicochemically while herbal compounds contribute anti-inflammatory effects (cytokine inhibition), antioxidant activity (free radical scavenging), immunomodulation, and tissue healing promotion (56,57).
Fig 4 Biosynthesized Silver Nanoparticle-Herbal Mouth Rinse Benefits

Natural origin enhances biocompatibility and reduces adverse effects. Biosynthesized nanoparticles possess phytochemical surface coatings improving dispersibility, stability, and cellular interactions while reducing cytotoxicity (58). Many herbal extracts have centuries of safe use history. Patient acceptance may improve with natural formulations, particularly among traditional medicine populations. Green synthesis is more sustainable, avoiding toxic reagents, reducing hazardous waste, and utilizing renewable materials (59,60).
3.4 Addressing Specific Dental Needs
In preventive dentistry, daily-use rinses must balance efficacy with safety for long-term use. AgNP-herbal rinses may fulfill this through natural composition and multi-target action maintaining oral microbiome balance rather than complete elimination (61).
For periodontal therapy, adjunctive antimicrobial agents enhance mechanical debridement outcomes. AgNPs demonstrate excellent substantivity (prolonged adherence to oral surfaces) against periodontal pathogens, while herbal anti-inflammatory components help resolve inflammation (62). In managing oral candidiasis, AgNPs exhibit potent antifungal activity including against fluconazole-resistant strains (63).
Pediatric dentistry requires safe, acceptable agents effective against cariogenic bacteria. Herbal formulations appeal to parents concerned about chemical exposure, while natural sweetness improves palatability (64). For geriatric/xerostomia patients, non-alcoholic, non-irritating formulations with moisturizing properties are essential; many medicinal plants possess mucoadhesive polysaccharides and saliva-stimulating compounds (65).

4. Classification of AgNP-Activated Herbal Mouth Rinses
4.1 Based on Synthesis Methodology
Chemically Synthesized AgNPs with Herbal Extracts:AgNPs produced through conventional chemical reduction then combined with separate herbal extracts. Allows precise control but introduces synthetic contaminants reducing "green" credentials (66).
Biosynthesized AgNPs Using Non-Oral Plants: Plants not traditionally used for oral care (e.g., Aloe vera, Moringa oleifera) for nanoparticle synthesis, then incorporated into mouth rinses. Expands phytochemical diversity and introduces additional properties (67).
Biosynthesized AgNPs Using Traditional Oral Care Plants: Most integrated approach using plants with established oral care applications (neem, clove, green tea, miswak) for both nanoparticle synthesis and herbal base. Creates true synergy where same phytochemicals reducing/stabilizing nanoparticles also provide direct therapeutic benefits (68).
Fungal/Bacterial Biosynthesized AgNPs with Herbal Extracts: Microorganisms for nanoparticle biosynthesis combined with herbal extracts. Produces uniform nanoparticles but endotoxin contamination and scalability concerns limit commercial applications (69).
4.2 Based on Herbal Components
Single-Herb Formulations: One medicinal plant for both synthesis and therapeutic effect (e.g., neem-AgNP, clove-AgNP). Simplifies quality control and facilitates mechanistic studies (70).
Polyherbal Formulations: Combining multiple plants with complementary properties (e.g., neem-antimicrobial, turmeric-anti-inflammatory, clove-analgesic, green tea-antioxidant). Potentially broader effects but increases formulation complexity and standardization challenges (71).
Herb-Specific Targeted Formulations: Specific herbs targeting particular conditions (Salvadora persica for calculus, Curcuma longa for gingivitis, Eucalyptus for halitosis). Enables condition-specific marketing with potentially superior efficacy for particular indications (72).
4.3 Based on Nanoparticle Characteristics
Size-Based: Small (1-10 nm), medium (10-50 nm), or large (50-100 nm). Smaller particles exhibit greater antimicrobial activity (higher surface area) but may present toxicity concerns. Most dental formulations utilize 10-50 nm range balancing efficacy with safety (73).
Shape-Based: Spherical, triangular, hexagonal, rod-shaped, or irregular. Spherical most common due to stability and predictable properties, though anisotropic particles may show enhanced antimicrobial activity (74).
Surface Modification: Bare AgNPs (unstable), phytochemical-capped (most common in biosynthesized), polymer-coated, or ligand-conjugated. Surface characteristics influence stability, activity, biocompatibility, and tissue interactions (75).
4.4 Based on Formulation Characteristics
Aqueous Solutions: Most common; AgNPs and herbal extracts dispersed in water-based vehicles. Easy to manufacture but may have stability challenges requiring preservatives (76).
Alcohol-Based Solutions: Incorporate ethanol enhancing hydrophobic compound solubility and providing additional antimicrobial activity but may cause mucosal irritation (77).
Gel Formulations: Provide prolonged tissue contact through mucoadhesive properties. Particularly useful for targeted periodontal pocket or lesion application (78).
Sustained-Release Formulations: Advanced systems incorporating nanoemulsions, liposomes, or polymer matrices for controlled release, prolonging antimicrobial activity while minimizing adverse effects (79).
4.5 Based on Intended Use
Preventive/Daily-Use: Lower concentrations optimized for long-term safety in healthy individuals preventing caries, gingivitis, and halitosis (80).
Therapeutic: Higher concentrations for short-term use managing specific conditions (acute gingivitis, post-surgical care, candidiasis). Require rigorous safety evaluation and usage restrictions (81).
Specialty: Products for specific populations (pediatric, geriatric, orthodontic) or conditions (radiation mucositis, chemotherapy complications, immunocompromised patients) with tailored composition (82).
Article Selection
This narrative review was conducted by screening published literature available in electronic databases including PubMed, Scopus, and Google Scholar. Articles focusing on biosynthesized silver nanoparticles, herbal formulations, and their applications in dentistry were considered. Relevant original research articles, in vitro studies, animal studies, and review articles published in English were included based on relevance to AgNP–herbal mouth rinse formulations and dental applications.

	Author (Year)
	Plant source used for AgNP biosynthesis
	Nanoparticle characteristics
	Dental application / relevance
	Key findings
	Safety / biocompatibility

	Shankar et al. (2004)
	Azadirachta indica (Neem)
	~10–35 nm, spherical
	Antimicrobial oral formulations
	Effective reduction of oral pathogenic bacteria
	Reported low cytotoxicity at antimicrobial concentrations

	Hernández-Sierra et al. (2008)
	Plant-mediated AgNPs
	10–50 nm
	Anti-cariogenic activity
	Significant inhibition of Streptococcus mutans
	Acceptable cell viability in vitro

	Allaker & Memarzadeh (2014)
	Various medicinal plants
	10–40 nm
	Control of oral biofilms
	AgNPs disrupted dental biofilm formation
	Emphasized dose-dependent safety

	Besinis et al. (2014)
	Green-synthesized AgNPs
	~20 nm
	Comparison with chlorhexidine
	Comparable antimicrobial efficacy to chlorhexidine
	Lower staining and irritation potential

	Gurunathan et al. (2014)
	Herbal extract-mediated AgNPs
	15–30 nm
	Periodontal pathogens
	Strong antibacterial and antibiofilm activity
	Minimal cytotoxicity at optimized doses

	Venugopal et al. (2017)
	Beta vulgaris extract
	~25 nm
	Oral antimicrobial applications
	Enhanced antimicrobial and antioxidant activity
	Good fibroblast cell compatibility

	Wypij et al. (2018)
	Biogenic plant extracts
	10–60 nm
	Antibacterial dental use
	Broad-spectrum antibacterial action
	Dose-dependent cytotoxic effects

	Cieplik et al. (2019)
	Biosynthesized AgNPs
	<50 nm
	Alternative to chemical mouth rinses
	Reduced resistance potential compared to chlorhexidine
	Emphasized controlled clinical use

	Maruri-Casas et al. (2025)
	Green-synthesized AgNPs
	10–50 nm
	Dental therapeutic applications
	Demonstrated applicability in dental materials and rinses
	Highlighted need for long-term safety data


5. Applications in Dental Specialties
5.1 Preventive and Public Health Dentistry
AgNP-herbal rinses demonstrate potent activity against Streptococcus mutans, disrupting biofilm formation and reducing acid production driving enamel demineralization, with efficacy comparable to chlorhexidine without staining (83). Incorporating fluoride-releasing herbs (Camellia sinensis, Salvadora persica) creates dual-mechanism formulations: antimicrobial action and remineralization promotion (84).
For gingivitis/periodontal prevention, regular use reduces plaque accumulation and gingival inflammation. Anti-inflammatory properties of Curcuma longa, Azadirachtaindica, and Camellia sinensis complement AgNP antimicrobial effects, addressing both infectious and inflammatory components (85). Public health applications include school-based programs in resource-limited settings given cost-effectiveness, ease of use, and natural composition (86).
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Fig 5: Applications of Silver Nanoparticle-Activated Herbal Mouth Rinses inPreventive and Public Health Dentistry
5.2 Operative Dentistry and Cariology
AgNP-herbal rinses serve as adjuncts to restorative procedures, managing caries and preventing secondary caries. Pre-operative use reduces bacterial load, potentially improving bonding and reducing post-operative sensitivity (87). For early carious lesions, remineralization protocols incorporating AgNP-herbal rinses alongside calcium/phosphate delivery systems show promise in arresting incipient caries (88).
In pediatric dentistry, AgNP-herbal rinses offer alternatives to silver diamine fluoride for caries control, potentially with better esthetic outcomes without black staining, though comparative evidence remains limited (89).
5.3 Periodontics
Periodontal therapy represents one of the most promising applications. As adjuncts to mechanical scaling and root planing, AgNPs demonstrate activity against key periodontal pathogens (Porphyromonasgingivalis, Aggregatibacteractinomycetemcomitans), penetrating biofilms and disrupting bacterial communities (90). Anti-inflammatory herbal components (curcumin, epigallocatechin gallate, nimbidin) help resolve chronic inflammation by inhibiting pro-inflammatory cytokines while promoting anti-inflammatory mediators (91).
Local delivery systems incorporating AgNP-herbal gels for subgingival placement provide sustained antimicrobial effects. For maintenance phase, regular use may maintain clinical improvements and prevent disease recurrence, though long-term studies are needed (92). Post-surgical applications enhance wound healing, reduce infections, and improve patient comfort (93).
5.4 Endodontics
AgNP-activated herbal solutions show promise as endodontic irrigants and intracanal medicaments against endodontic pathogens including Enterococcus faecalis. AgNPs penetrate dentinal tubules and biofilms more effectively due to nanoscale dimensions (94). Herbal extracts from Syzygiumaromaticum, Azadirachtaindica, and Curcuma longa possess antimicrobial and anti-inflammatory properties relevant to endodontic therapy (95). As intracanal medicaments, AgNP-herbal pastes provide sustained antimicrobial action while maintaining periapical tissue biocompatibility (96).
5.5 Orthodontics
Orthodontic patients face increased caries and gingivitis risk due to plaque accumulation around brackets. AgNP-herbal rinses reduce S. mutans counts and plaque accumulation, potentially preventing white spot lesions compromising esthetic outcomes (97). For halitosis from bacterial accumulation, AgNP-herbal rinses with Eucalyptus or Mentha provide effective odor control without chlorhexidine-associated staining of brackets and ligatures (98). Removable appliances harboring bacterial/fungal colonization benefit from soaking in AgNP-herbal solutions for effective disinfection (99).
5.6 Prosthodontics
Denture-related stomatitis from Candida colonization affects 11-67% of denture wearers. AgNPs exhibit potent antifungal activity against Candida species (100). AgNP-herbal rinses serve dual purposes: oral rinses for denture-bearing mucosa and denture cleansing solutions. Herbal components with mucoadhesive and moisturizing properties (Aloe vera) provide additional benefits for denture wearers experiencing xerostomia and mucosal irritation (101).
For implant-supported prostheses, peri-implant tissue health is critical. AgNP-herbal rinses may help prevent peri-implant mucositis and peri-implantitis through antimicrobial and anti-inflammatory actions, though specific studies remain limited (102).
5.7 Oral Medicine and Pathology
AgNPs possess wound healing properties through cell proliferation and angiogenesis stimulation, complementing antimicrobial effects (103). Recurrent aphthous stomatitis benefits from treatments reducing pain, preventing secondary infection, and accelerating healing; AgNP-herbal formulations with anti-inflammatory herbs (Curcuma longa, Glycyrrhiza glabra) show promise (104).
In cancer patients undergoing chemotherapy/radiation, oral mucositis represents severe complications. AgNP-herbal rinses with tissue-protective and healing-promoting properties may help prevent or reduce mucositis severity, though rigorous trials are needed (105). Xerostomia management benefits from herbal components with sialagogue properties and moisturizing polysaccharides combined with AgNP antimicrobial action (106).
5.8 Oral and Maxillofacial Surgery
Post-operative infection control and wound healing are paramount. AgNP-herbal rinses as pre- and post-operative rinses may reduce surgical site infections and promote healing (107). Following extractions, especially third molar surgery, antimicrobial rinses help prevent alveolar osteitis; tissue regenerative and anti-inflammatory herbal properties additionally support socket healing (108).
5.9 Pediatric Dentistry
Children require safe, effective, acceptable dental products. AgNP-herbal rinses with age-appropriate concentrations and natural flavoring present attractive options for parents seeking synthetic antimicrobial alternatives (109). For early childhood caries, AgNP-herbal rinses targeting S. mutans while being safe for young children could provide valuable prevention tools (110). Children undergoing cancer chemotherapy at high mucositis and infection risk may benefit from gentle, natural AgNP-herbal formulations as safer alternatives to harsh chemical antimicrobials (111).
5.10 Geriatric Dentistry
Aging populations present unique challenges: increased periodontal disease, root caries, xerostomia, and denture-related problems. AgNP-herbal rinses address multiple geriatric needs through comprehensive antimicrobial, anti-inflammatory, and moisturizing properties (112). Polypharmacy increases xerostomia and drug interaction risk; non-systemic, naturally-derived AgNP-herbal rinses with minimal interaction potential offer suitable options (113). Cognitive impairment may compromise oral hygiene; simple AgNP-herbal rinse protocols can be incorporated into daily care routines for institutionalized elderly (114).

6. Advantages of AgNP-Activated Herbal Mouth Rinses
Broad-Spectrum Antimicrobial Activity:AgNPs demonstrate efficacy against gram-positive/gram-negative bacteria, fungi, and viruses, eliminating need for multiple antimicrobial agents (115).
Multiple Mechanisms of Action: Multi-targeted mechanisms (membrane disruption, ROS generation, DNA interference, enzyme inhibition) significantly reduce resistance likelihood (116).
Synergistic Effects:AgNP-herbal combinations create synergistic antimicrobial effects exceeding individual components' sum. Herbal compounds enhance nanoparticle penetration and provide complementary therapeutic actions (117).
Anti-Inflammatory Properties: Herbal components (curcumin, flavonoids, polyphenols) possess potent anti-inflammatory effects addressing inflammatory components of oral diseases (118).
Antioxidant Activity: Many medicinal plants contain powerful antioxidants neutralizing free radicals and reducing oxidative stress implicated in periodontal disease and oral cancer (119).
Enhanced Biocompatibility: Biosynthesis creates nanoparticles with biocompatible surface coatings reducing host cell cytotoxicity while maintaining antimicrobial efficacy (120).
Reduced Side Effects: Compared to synthetic chemical antimicrobials, AgNP-herbal formulations demonstrate fewer adverse effects (staining, taste alteration, mucosal irritation) (121).
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Fig 6: Advantages of Silver Nanoparticle-Activated Herbal Mouth Rinses
Environmental Sustainability: Green synthesis avoids toxic chemicals, reduces hazardous waste, consumes less energy, and utilizes renewable biological materials (122).
Cost-Effectiveness: Plant-based synthesis is generally more cost-effective than conventional methods, particularly using abundant local medicinal plants, making products accessible in resource-limited settings (123).
Cultural Acceptability: Traditional medicinal plant use enhances cultural acceptability and patient compliance, particularly in populations with strong herbal medicine traditions (124).
Minimal Systemic Absorption: Properly formulated topical rinses demonstrate minimal systemic absorption, reducing systemic toxicity concerns while providing local therapeutic benefits (125).
Sustained Antimicrobial Effect:AgNPs exhibit substantivity, adhering to oral surfaces providing prolonged antimicrobial activity beyond rinsing period (126).

7. Disadvantages and Limitations
Standardization Challenges: Natural products exhibit inherent variability in phytochemical composition depending on plant source, growing conditions, harvest time, and extraction methods, complicating standardization and quality control (127).
Stability Concerns:AgNPs prone to aggregation, oxidation, and precipitation over time, particularly in aqueous formulations. Maintaining long-term stability while avoiding synthetic stabilizers presents formulation challenges (128).
Potential Toxicity Concerns: While generally safe at appropriate concentrations, AgNPs can exhibit cytotoxicity at higher doses. Long-term accumulation concerns and potential argyria, though rare with topical use, require careful safety evaluation (129).
Limited Clinical Evidence: Despite promising in vitro and preclinical studies, high-quality randomized controlled clinical trials evaluating AgNP-herbal rinses remain limited. More rigorous clinical evidence is needed to establish efficacy and safety definitively (130).
Regulatory Uncertainty: Regulatory pathways for nanotechnology-based herbal products vary across jurisdictions and remain evolving, impeding product development and market access (131).
Characterization Complexity: Comprehensive characterization requires sophisticated analytical techniques and expertise not universally available. Inadequate characterization compromises product quality and reproducibility (132).
Potential Allergenicity: Some individuals may exhibit allergic reactions to herbal components or silver. Comprehensive allergenicity testing is required, particularly for widespread use products (133).
Environmental Release Concerns: Environmental fate and ecological impact of AgNPs released through wastewater require careful assessment. While individual exposure may be minimal, cumulative environmental effects warrant consideration (134).
Organoleptic Properties: Some herbal extracts have strong tastes or odors that may be unpalatable, affecting compliance. Balancing therapeutic efficacy with acceptable organoleptic properties requires careful formulation (135).
Limited Mechanistic Understanding: Despite extensive research, precise synergy mechanisms between AgNPs and herbal components, as well as oral microbiome interactions, remain incompletely understood (136).
8. Latest Advances and Formulations
Nanotechnology Innovations: Recent developments include hybrid nanoparticles combining silver with other metals (gold, zinc, copper) enhancing antimicrobial efficacy while reducing silver content. Core-shell nanoparticles with controlled silver ion release provide sustained action with improved safety profiles (137).
Smart Formulations: pH-responsive formulations releasing silver ions preferentially in acidic environments created by cariogenic bacteria represent innovative targeted therapy. Enzyme-responsive systems releasing components responding to bacterial enzymes enable disease-specific targeting (138).
Biofilm-Penetrating Technologies: Incorporation of biofilm-disrupting agents (DNase, proteases, biosurfactants) enhances nanoparticle penetration into established biofilms. Charged nanoparticles designed to disrupt biofilm structure through electrostatic interactions show enhanced efficacy (139).
Personalized Formulations: Advances in microbiome analysis enable development of personalized rinses tailored to individual oral microbiome profiles. Point-of-care diagnostics combined with modular formulation approaches may enable customized antimicrobial therapy (140).
Multi-Functional Formulations: Integration of remineralizing agents (calcium phosphate nanoparticles, bioactive glass) with AgNP-herbal components creates formulations simultaneously preventing infection and promoting enamel repair. Probiotic addition represents balanced microbiome management (141).
Enhanced Synthesis Methods: Continuous-flow synthesis systems enable large-scale production of uniform nanoparticles with better quality control. Microfluidic platforms provide precise nanoparticle characteristic control. Optimized extraction methods (ultrasound, microwave, supercritical fluid) enhance phytochemical yield while reducing processing time and environmental impact (142).
Advanced Characterization: Standardized comprehensive characterization protocols including size distribution, morphology, surface chemistry, stability, release kinetics, and biological activity ensure product quality and reproducibility. Artificial intelligence and machine learning applications predict nanoparticle properties and optimize formulations, accelerating development (143).
9. Challenges and Ethical Considerations
Safety Assessment: Long-term safety data for regular AgNP-herbal rinse use remains limited, particularly regarding potential accumulation effects and oral microbiome ecology impacts. Comprehensive toxicological studies across diverse populations including pregnant women and children are needed (144).
Microbiome Impact: Concerns exist regarding potential disruption of beneficial oral microbiota and implications for oral and systemic health. Balancing antimicrobial efficacy with microbiome preservation represents a critical challenge requiring sophisticated ecological approaches (145).
Antimicrobial Resistance: While AgNPs are considered less likely to induce resistance, potential selection of silver-resistant bacteria with prolonged exposure requires ongoing surveillance. Cross-resistance with clinically important antibiotics must be monitored (146).
Environmental Ethics:AgNP release into aquatic ecosystems through wastewater raises environmental concerns. Responsible development requires assessment of environmental fate, ecotoxicity, and implementation of appropriate disposal or treatment methods (147).
Intellectual Property and Access: Patent protection for innovative formulations must be balanced with ensuring access to beneficial products in resource-limited settings. Traditional knowledge protection for medicinal plants requires appropriate benefit-sharing mechanisms (148).
Marketing and Claims: Ethical marketing requires scientific substantiation of therapeutic claims and avoidance of exaggerated or misleading statements. Clear communication of both benefits and limitations promotes informed consumer choice (149).
Quality Control in Global Markets: Ensuring consistent quality across diverse manufacturing facilities and regulatory environments presents challenges. Surveillance for counterfeit or substandard products is essential to protect consumer safety (150).
Recent Advances
Recent advances in the field of green nanotechnology have significantly influenced the development of biosynthesized silver nanoparticle (AgNP)–herbal mouth rinse formulations for dental applications. Advances in plant-mediated synthesis techniques have enabled improved control over nanoparticle size, morphology, and surface characteristics, resulting in enhanced antimicrobial activity and improved biocompatibility. The use of medicinal plant extracts as reducing and stabilizing agents has also contributed to the reduction of toxic residues commonly associated with chemically synthesized nanoparticles.
In recent years, AgNP–herbal formulations have been investigated for their effectiveness against oral pathogens associated with dental caries, periodontal diseases, and oral candidiasis. Studies published between 2022 and 2025 report enhanced antibiofilm activity and synergistic effects when AgNPs are combined with herbal constituents, compared to either component alone. Additionally, recent research has emphasized dose optimization and surface modification strategies to minimize cytotoxicity while maintaining antimicrobial efficacy.(151,152,153)
Emerging evidence also highlights growing interest in incorporating biosynthesized AgNPs into oral care products as adjuncts to conventional therapy. Recent reviews stress the importance of standardized synthesis protocols, comprehensive safety evaluation, and well-designed clinical trials to facilitate translation from laboratory findings to clinical use. These advances collectively support the continued investigation of AgNP–herbal mouth rinses as potential components of future evidence-based dental care.

10. Conclusion
Biosynthesized silver nanoparticle-activated herbal mouth rinses represent a convergence of ancient wisdom and modern science, offering promising solutions to persistent oral health challenges. The integration of nanotechnology with traditional herbal medicine creates innovative therapeutic systems harnessing AgNP antimicrobial potency alongside medicinal plant multifaceted biological activities.
This review examined the historical evolution from ancient herbal oral care and silver's antimicrobial use to sophisticated green nanotechnology approaches today. The scientific rationale is compelling: multi-targeted antimicrobial mechanisms, synergistic herb-nanoparticle interactions, anti-inflammatory properties, and enhanced biocompatibility compared to conventional chemical rinses. Applications across all dental specialties demonstrate versatility in addressing diverse clinical needs from prevention to management of periodontal diseases, endodontic infections, orthodontic complications, and surgical care.
However, significant challenges remain before mainstream dental practice adoption. Standardization of synthesis protocols, formulation optimization, comprehensive safety assessment, rigorous clinical evaluation, appropriate regulatory frameworks, and ethical consideration resolution regarding environmental impact and equitable access require sustained attention.
The current evidence base, while promising, consists largely of in vitro studies and small clinical trials with methodological limitations. Large-scale, well-designed randomized controlled trials with long-term follow-up across diverse populations are essential to establish clinical efficacy and safety definitively. Mechanistic studies elucidating complex interactions between nanoparticles, herbal components, oral microbiome, and host tissues will inform optimal formulation design.
Regulatory harmonization and development of appropriate standards specific to nanomaterial-containing natural products will facilitate responsible innovation while protecting public health. Quality control measures ensuring consistent nanoparticle characteristics and phytochemical profiles are fundamental to reliable therapeutic outcomes. Ethical considerations must be addressed proactively, including environmental stewardship, traditional knowledge protection, equitable access, and honest communication about both benefits and limitations.
The future prospects are exciting, with opportunities for advanced nanoparticle engineering, sophisticated delivery systems, personalized formulations, digital health technology integration, and enhanced sustainability. Collaborative research models bringing together diverse expertise and stakeholders will accelerate progress toward clinically validated, commercially viable, and socially responsible products.
As antimicrobial resistance continues threatening conventional antibiotics and patient preferences increasingly favor natural therapeutics, biosynthesized AgNP-activated herbal mouth rinses may fill an important niche in the oral healthcare armamentarium. However, enthusiasm must be tempered with scientific rigor and critical evaluation. Each formulation must be evaluated on its own merits through appropriate scientific methods.
Education of dental professionals, patients, and the public regarding the appropriate role of AgNP-herbal mouth rinses in comprehensive oral care is essential. These products should be viewed as complementary tools within a holistic oral health strategy including mechanical plaque control, dietary modifications, fluoride exposure, professional dental care, and systemic risk factor management.
In conclusion, biosynthesized AgNP-activated herbal mouth rinses stand at a pivotal juncture between promising innovation and established practice. With continued research addressing current knowledge gaps, development of appropriate regulatory frameworks, commitment to quality and safety, and collaborative efforts across disciplines and sectors, these formulations have potential to contribute meaningfully to improved oral health outcomes globally. Realizing this potential will require sustained investment, rigorous evaluation, ethical consideration, and collaborative commitment from researchers, clinicians, industry, regulators, and communities to translate promising laboratory findings into real-world benefits for patients worldwide.
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