Abstract
Oral diseases such as dental caries, gingivitis, and periodontal infections primarily result from microbial plaque accumulation and associated inflammatory responses in oral tissues [1,2]. Mouthwashes are widely used as adjuncts to mechanical plaque control for reducing microbial load [18]. Although chemical mouthwashes are effective, their long-term use is often limited by adverse effects including tooth staining, taste alteration, and mucosal irritation [18,20]. These limitations have increased research interest in herbal mouthwash formulations [17,20].
Medicinal plants such as Neem, Tulsi, and Clove have a long history of traditional oral use and are now supported by modern experimental research [3,4,7]. These botanicals contain diverse bioactive constituents including limonoids, triterpenoids, phenolic acids, flavonoids, and essential oil components such as eugenol [3,8,11]. Experimental evidence from in vitro, ex vivo, and in vivo studies demonstrates antimicrobial, anti-inflammatory, antioxidant, and anti-biofilm effects relevant to oral health [6,11,13,17]. The present review emphasizes the chemical constituents of these herbs and evaluates experimental evidence supporting their use in mouthwash formulations. Available findings indicate that these plant-based agents can significantly inhibit oral pathogens and reduce biofilm formation, supporting their role as effective adjuncts in preventive oral healthcare [1,6,20].
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1. Introduction
The oral cavity supports a diverse and dynamic microbial ecosystem [19]. Under healthy conditions, microbial populations remain balanced; however, disruption of this balance promotes the growth of pathogenic organisms and leads to plaque formation [19]. Dental plaque is a major etiological factor in caries, gingivitis, and periodontal disease [1,19]. Mechanical plaque control through brushing and flossing remains the primary preventive strategy, but mouthwashes are commonly recommended as adjunctive agents to enhance microbial control [18].
Conventional mouthwashes frequently contain chemical antiseptics and antimicrobial agents [18,20]. While clinically effective, prolonged use is associated with several undesirable effects, including tooth discoloration, taste disturbance, and mucosal irritation [18,20]. These drawbacks have encouraged investigation into herbal alternatives that may provide comparable antimicrobial benefits with improved tolerability [17,20].
Medicinal plants contain multiple bioactive secondary metabolites capable of acting on microbial and inflammatory pathways [22,23]. Neem, Tulsi, and Clove are among the most extensively investigated botanicals for oral applications [3,7,11]. Traditional usage is increasingly supported by laboratory and clinical evidence [4,8,20]. In particular, in vitro antimicrobial and anti-biofilm studies, along with in vivo animal and human investigations, provide scientific support for their incorporation into mouthwash formulations [1,6,17,20].

2. Phytochemical Composition and Relevance to Oral Activity
The biological effectiveness of herbal mouthwashes is largely dependent on their phytochemical profile [3,8]. Identification of active constituents is essential for mechanistic understanding and product standardization [10,14].
2.1Overview
The pharmacological potential of Neem, Tulsi, and Clove in oral health maintenance arises from their diverse bioactive compounds with synergistic biological activities. These plants exhibit broad-spectrum antimicrobial, anti-inflammatory, antioxidant, and tissue-repairing effects, which make them suitable candidates for inclusion in herbal mouthwash formulations. Their mechanisms of action are mediated through modulation of microbial enzymes, suppression of inflammatory cytokines, scavenging of free radicals, and enhancement of epithelial regeneration 
2.2 Neem Phytochemistry
Neem contains a complex mixture of bioactive compounds, predominantly limonoids and triterpenoids [3,4]. Major constituents include nimbidin, nimbin, azadirachtin, and salannin [3,4]. Additional components include flavonoids, tannins, and other polyphenolic substances [3].
Limonoids demonstrate antimicrobial and enzyme-modulating properties, while tannins and polyphenols can precipitate microbial proteins and interfere with enzymatic systems [3,22]. Due to the presence of multiple active groups, neem extracts often exhibit multi-target antimicrobial effects rather than single-pathway action [2,4].
2.3 Tulsi Phytochemistry
Tulsi is rich in phenolic and triterpenoid compounds such as eugenol, rosmarinic acid, ursolic acid, and oleanolic acid, along with flavonoids including apigenin and luteolin [7,8,9]. These compounds are associated with antimicrobial, antioxidant, and anti-inflammatory properties [7,8].
Rosmarinic acid contributes strong antioxidant effects, whereas ursolic and oleanolic acids are known to modulate inflammatory pathways and microbial growth [7,21]. Differences in extraction method significantly influence the phytochemical profile and biological activity of tulsi preparations [6,9].
2.4 Clove Phytochemistry
Clove is characterized by a high essential oil content, with eugenol as the principal active component [11,14]. Other constituents include eugenyl acetate and related terpenes [11]. Eugenol is widely recognized in dental practice for its antiseptic and analgesic properties [14].
Its lipophilic chemical nature enables penetration into microbial membranes, directly contributing to antimicrobial potency [12,13]. Because of its reproducible activity, eugenol is commonly used as a marker compound in clove-based formulations [11,14].
2.5 Comparative Phytochemical Summary
	Plant Name
	Major Constituents
	Chemical Class
	Pharmacological Relevance (Oral Health)
	Analytical Methods

	Azadirachta indica(Neem)
	Nimbidin,Nimbin,
Azadirachtin,Quercetin 
	Limonoids,Flavonoids,
Steroids
	Antimicrobial,Anti-inflammatory,Antioxidant
Anti-plaque
	HPLC,GC-MS

	Ocimum sanctum(Tulsi)
	Eugenol,Ursolic acid, Oleanolic acid, Rosmarinic acid, Apigenin
	Phenolics, Terpenoids, Flavonoids
	Antibacterial,Antioxidant, Anti-biofilm,Mucosal healing
	GC-MS,HPLC-DAD

	Syzygium aromaticum (Clove)
	Eugenol, Eugenyl acetate, β-caryophyllene, Tannins
	Phenylpropanoids, Volatile oils
	Antimicrobial, Analgesic, Anti-inflammatory, Antioxidant
	GC–MS, FTIR, UV–Vis



[bookmark: _Toc214198335]2.6 Summary
Collectively, these bioactives from Neem, Tulsi, and Clove offer complementary mechanisms of action for maintaining oral health. This synergistic presence of eugenol (Tulsi & Clove) and limonoids (Neem) guarantees broad-spectrum antimicrobial action, antioxidant protection, and mucosal healing, hence making them ideal candidates for polyherbal mouthwash formulations.
3. Mechanistic Basis of Antimicrobial and Anti-Biofilm Effects
Phytochemicals present in these herbs act through multiple complementary mechanisms [13,22]. Limonoids from neem interfere with bacterial enzymes and adhesion-related proteins, thereby reducing early colonization and plaque matrix formation [2,3]. Phenolic compounds from tulsi exhibit protein-binding and enzyme-inhibitory effects while also reducing oxidative stress in host tissues [7,23].
Eugenol demonstrates membrane-disruptive action, increasing permeability and causing leakage of intracellular contents [12,13]. It also interferes with energy-producing enzymatic pathways [12]. In polyherbal formulations, membrane disruption may enhance intracellular access of other phytochemicals, leading to additive or synergistic antimicrobial effects [13,22].
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4. In Vitro Antimicrobial Evidence

In vitro antimicrobial testing represents the primary screening approach for herbal mouthwash candidates [1,6,17]. Common methods include agar diffusion assays, broth dilution techniques, and minimum inhibitory concentration determination [15,17].
Neem extracts frequently demonstrate strong inhibitory activity against major oral pathogens [1,2] and may inhibit carbohydrate-metabolizing enzymes involved in plaque matrix production [2].
Tulsi extracts show measurable antimicrobial effects, with phenolic-rich fractions often producing greater inhibition than crude extracts [6,9]. Time-dependent killing has also been reported [6].
Clove oil and purified eugenol consistently show strong in vitro antimicrobial activity, often at relatively low inhibitory concentrations. Structural and biochemical analyses confirm membrane damage and metabolic inhibition in treated microorganisms [11,12,13].
5. In Vitro Anti-Biofilm Studies
Because dental plaque exists as a structured biofilm, anti-biofilm testing is highly relevant. Laboratory biofilm models demonstrate that neem extracts significantly reduce biofilm formation, bacterial adhesion, and extracellular matrix production [2,24].
Tulsi extracts show moderate to strong inhibition of biofilm development and may interfere with microbial signaling pathways involved in coordinated biofilm growth. Clove oil and eugenol are effective against both developing and established biofilms, with imaging studies showing disruption of mature biofilm architecture [6,7].
Combination studies frequently report enhanced anti-biofilm activity when neem, tulsi, and clove extracts are used together, supporting the rationale for polyherbal formulations [17,20].
5.1Neem (Azadirachta indica)
Aqueous, methanolic, ethanolic, and hydroalcoholic neem extracts exhibited wide spectrum antimicrobial activity against cariogenic, periodontopathic, and opportunistic oral microorganisms.
The reported MICs for Streptococcus mutans range from 12.5–100 µg/mL for ethanolic and methanolic extracts [1].
Both P. gingivalis and A. actinomycetemcomitans show MIC values of 50–200 µg/mL for pure fractions of nimbidin and azadirachtin [2].
Neem mouthwash formulations (2–5% w/v) decreased the S. mutans biofilm mass within 24 h by 50–70% in microtiter plate assays [3].
Antimicrobial actions of neem are mediated through disruption of membranes by azadirachtin, suppression of glucosyltransferase activity, and inhibition of bacterial adhesion to hydroxyapatite surfaces.
5.2 Tulsi (Ocimum sanctum)
In fact, tulsi is very rich in eugenol, ursolic acid, and rosmarinic acid, which provide its well-defined antimicrobial action
The ethanol extracts exhibit MICs of 62.5–250 µg/mL against S. mutans, Lactobacillus acidophilus, and Actinomyces viscosus [4].
Time-kill studies have demonstrated complete bactericidal activity within 6–8 hours at concentrations ≥ 2× MIC [5].
The extracts of Tulsi inhibit the formation of 40-60% S. mutans biofilm by suppressing quorum sensing-related genes
5.3 Clove (Syzygium aromaticum)
Clove essential oil is highly active against oral streptococci and fungal pathogens.
Eugenol exhibits MICs of 125–500 µg/mL against S. mutans and C. albicans [7].
Clove oil disrupts biofilms by reducing extracellular polymeric substances, achieving 70-90% biofilm reduction at 0.1-0.25% v/v [8].
Exposure to eugenol results in morphological distortions, cytoplasmic leakage, and inhibition of ATPase activity in bacterial cells.
6. ADVANCED IN VITRO AND EX VIVO MODELS
Recent investigations employ multi-species biofilm systems and saliva-coated mineral surfaces to better simulate oral conditions. These models suggest that herbal extracts may influence microbial composition as well as total biomass.
Gene expression studies indicate reduced expression of virulence and adhesion genes following exposure to selected plant compounds. Cytotoxicity assays on oral cell lines show acceptable safety profiles at antimicrobial concentrations, provided essential oils are appropriately diluted.
Ex vivo tooth and enamel models demonstrate reduced bacterial attachment and thinner biofilm layers following herbal treatment, providing practical relevance beyond simple culture systems [17,19,24].
6.1 Synergistic Studies
Various studies report synergistic antimicrobial activity upon combination of plant extracts:
Neem + Clove: Enhanced bactericidal effect against S. mutans with FICI value of 0.5, indicating synergy [13].
The tulsi and clove combination demonstrated a much better disruption of biofilms than either extract alone.
Triherbal mixtures (Neem + Tulsi + Clove): Exhibited a biofilm inhibition of up to 80–90% in vitro plaque models. These findings support multi-herbal formulations in mouthwash development.
7. In Vivo Animal Studies
Animal models enable evaluation of antimicrobial and anti-inflammatory effects within living tissues. Experimental gingivitis and periodontitis models show reduced inflammatory infiltration and tissue destruction following treatment with neem and tulsi extracts.
Oral wound-healing studies report improved epithelial repair and collagen organization with herbal treatment. Toxicological assessments indicate good tolerability at mouthwash-level concentrations, although higher essential oil concentrations may produce irritation [3,7,21].
8. Human Clinical Evidence
Clinical studies, though often short in duration, provide applied evidence. Neem-based mouthwashes commonly produce significant reductions in plaque and gingival indices after regular use. Several trials report outcomes comparable to conventional antiseptic rinses over short periods.
Tulsi mouthwash studies show moderate but consistent improvements and favorable user acceptability. Clove-containing rinses provide antimicrobial benefits along with mild analgesic effects.
Polyherbal mouthwash formulations frequently demonstrate superior outcomes compared with single-herb products. However, many trials are limited by small sample size and short follow-up, indicating the need for larger and longer studies [5,20].
8.1 Single-Herb Trials
Neem (Azadirachta Indica)
Several RCTs examined neem leaf extract mouthwash, usually 2–5% w/v aqueous or hydroalcoholic extract, vs placebo or 0.12–0.2% CHX. Short-term studies, typically 7–21 days, often report significant reductions in PI and GI versus placebo and non-inferior reductions versus CHX in some trials, although CHX sometimes resulted in marginally greater plaque control at 7–14 days. In general, subjects reported fewer staining or taste disturbances with the neem formulations.
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	NEEM LEAF POWDER
Tulsi (Ocimum sanctum)
Studies using 2–3% Tulsi aqueous/ethanolic rinses have generally reported modest reductions in PI and salivary S. mutans counts over baseline and against placebo; in direct comparisons, Tulsi tended to perform less well than CHX in plaque reduction but was better tolerated and produced fewer side-effects.
Clove (Syzygium aromaticum)
Clove oil or eugenol-containing rinses, at 0.05–0.2% v/v essential oil, showed significant antifungal effects-reduction in Candida counts-and analgesic benefit for oral mucosal discomfort. Clove rinses reduced plaque indices vs baseline; comparisons to CHX show mixed results, with clove often better tolerated but sometimes less potent in absolute plaque reduction
METHOD OF PREPARATION OF HERBAL MOUTHWASH
Ingredients and Their Role
· Neem Extract: Antibacterial, antifungal, anti-inflammatory agent. Helps reduce plaque and gingivitis.
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fig :NEEM EXTRACT 
· Tulsi Extract: Natural antioxidant and antimicrobial that prevents microbial growth.
[image: ]
Fig : Tulsi extract






· Clove Oil: Provides antiseptic and analgesic effects; relieves oral pain and kills bacteria.
[image: ]
Fig : clove oil
· Peppermint Oil: Acts as a flavoring agent and mild antiseptic, providing a refreshing effect.
· Honey : Used as a humectant to maintain moisture.
· Sodium Benzoate: Used as a preservative.
· Distilled Water: Solvent base.

Collection of Plant Leaves:
· Leaves of Azadirachtaindica (Neem), were randomly collected from mature plants.
Extraction process:
· After being cleaned with sterile water, the leaves were ground up, shadow-dried, and sealed in airtight containers.
· The powdered leaves were soaked in sterile distilled water to create the aqueous extracts, which were then kept in an incubator at 37°C for 72 hours.
· Whattmann filter paper was used to filter the extracts, which were then utilized to identify the organisms.
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Fig : Extraction and filtration
Prepare Herbal Infusion
· Put cleansed water in a small pot and heat it until it boils.
· After bringing the water to a boil, lower the heat and stir in the tulsi and neem powders.
· Give the herbs ten to fifteen minutes to simmer in the water. This procedure aids in the extraction of the herbs' beneficial ingredients.
Strain the Infusion
· Once the herbal infusion has simmered, turn off the heat and let it to cool for a few minutes.
· After the infusion has slightly cooled, pour it into a fresh dish or container using cheesecloth or a fine mesh
· strainer. Any solid particles in the infusion will be eliminated as a result.
Combine Ingredients
· Put the strained herbal infusion, clove oil, peppermint oil, and base (water, glycerin, honey, sodium
· benzoate, and citric acid) in a different container. To make sure all the ingredients are well combined, give the mixture a good stir
7 Bottle and Store
· Pour the herbal mouthwash liquid into a sanitized bottle and cover it tightly. Because they preserve the
· herbal constituents' effectiveness, dark glass bottles are preferred.
· To keep the mouthwash fresh and effective, keep it out of direct sunlight and in a cool, dry environment.
· Shake Before Use
· Make sure all the contents are well combined by shaking the bottle thoroughly before each use.
Usage
· Just like you would with any other mouthwash, use this herbal one. A tiny bit should be put in your mouth,
· swirled around for 30 to 60 seconds, and then spat out. Do not swallow.
· Caution
· If you encounter any irritation or allergic reactions, stop using the product.
· Make sure kids can't get to the mouthwash.
· This mouthwash should only be applied externally.26
	Sr no
	Ingredients
	Function
	F1
	F2
	F3

	1
	Neem extract
	Antimicrobial
	5 ML
	10 ML
	7 ML

	2
	Tulsi oil
	Anti-inflammatory,
antioxidant
	2 ML
	1 ML
	2 ML

	3
	Peppermint oil
	Freshner, antibacterial,
antifungal
	2 ML
	2 ML
	1ML

	4
	Clove oil
	Analgesic, anti
inflammatory
	1 ML
	2 ML
	1 ML

	5
	Honey
	combat harmful oral
bacteria, reduce plaque
formation, and promote
gum health
	4 ML
	5 ML
	4 ML

	6
	Sodium benzoate
	preservative
	1 ML
	1 ML
	1 ML

	7
	Citric acid
	For Ph, Solubility
Enhancer
	1
 DROP
	1 DROP
	1 DROP

	8
	Purified water
	vehicle
	85 ML
	79ML
	84 ML

	
	Total
	
	100ML
	100ML
	100ML



EVALUATION PARAMETERS

1) Physical evaluation:
Physical attributes like color, flavor, fragrance, and consistency were evaluated visually.1
Color and Odor: Visual inspection was used to assess physical characteristics like color and odor.(32)
PH:
Ph of prepared herbal mouthwash was measured by using digital ph meter. The ph meter was calibrated using standard buffer solution about 1 ml of mouthwash was weighed and dissolved in 50ml of distilled water and its ph was measured   = 6.30
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• Test for microbial growth in formulated mouthwash:
 The formulated mouthwash was inoculated in the plates of agar media by streak plate method and a control was prepared. The plates were placed in the incubator and are incubated at 37°C for 24 hours. After the incubation period plates were taken out and checked for microbial growth by comparing it with the control Quality Control 
[image: ]
• Tests for Selected Formulations:
 Quality control tests, including mouthwash ph, tannin content percentage, and essential oil yield were done on days 0 and 45, after preparation of formulations 
 • Stability Studies:
 The formulation and preparation of any pharmaceutical product is incomplete without proper stability studies of the prepared product. This is done in order to determine the physical and chemical stability of the prepared product and thus determine the safety of the product (27)

REVIEW OF LITERATURE
1. A review on herbal mouth wash a natural approach to oral care.
A mouthwash is also be recommended for an antiinflammatory, analgesics well as antimicrobial activity. In the current situation main objective of the mouthwash is reduces the plaque and improve the oral hygiene. The herbal mouth wash contains the ingredient which have the any pharmacological activity. The herbal mouth wash contains natural plant like tulsi, cinnamon, neem, etc. Mouth wash are helps to reduce plaque as well as improve the oral hygiene and help to reduces formation of bad cavities. Herbal mouthwash which has antimicrobial & antibacterial properties & useful for oral hygiene. This review attempts to provide an overview of natural ingredients that can be used as mouthwash. Keywords: - herbal mouth wash, natura (28)
2. “formulation and evaluation of antimicrobial herbal mouthwash
The formulated mouthwash was evaluated for parameters such as appearance, ph, stability, andantimicrobial activity. The antimicrobial efficacy was assessed against selected oral microorganismsusing standard laboratory methods. The formulation showed satisfactory physical characteristics and aph suitable for oral use. Significant inhibition of microbial growth was observed, indicating effectiveantimicrobial activity. Stability studies revealed no noticeable changes in physical appearance, ph, orantimicrobial efficacy during the study period, confirming the stability of the formulation.(29)
3. Preparation of neem and stevia mouthwash and its antimicrobial activity against oral pathogens
Poor  oral  hygiene  leads  to  dental  caries  gum  diseases  which  may  lead  to  systemic illness  also.  Overall  health  status  of  our  body  depends  on  maintaining  good  oral  hygiene.    Herbal mouthwash  which  contains    plants  and  their extracts  is  a  therapeutic  and  traditional method  to  treat oral    diseases.  Numerous  studies  have  strongly    proved  that  toothpaste  and  mouthrinse  with  herbal formulation are  successful in the treatment of various oral diseases like gingivitis, halitosis,  ulcers in the oral cavity and tooth decay (30)
4. Formulation and evaluation of herbal mouthwash
The results demonstrate that the optimized herbal mouthwash provides effective antimicrobial action and maintains suitable physicochemical properties, making it a potential natural alternative to commercially available synthetic mouthwashes. The study concludes that herbal mouthwash is safe, effective, and suitable for long-term oral care, although further clinical evaluations are recommended for large-scale applicability (31)
5.  formulation and evaluation of antibacterial herbal mouthwash against oral disorders
 objective of present work is to formulate and evaluate herbal mouthwash and to evaluate its effectiveness against microbial load of oral cavity. The plant materials were collected and extracted for water soluble ingredients. Prepared mouthwash was further evaluated for its physicochemical properties and antimicrobial activity. The present mouthwash possesses a good antibacterial property. The results of stability study also confirm the effectiveness of preparation. Present mouthwash is a liquid preparation which normally contains antibacterial and antiseptic agents(33)
6. Formulation evaluation and comparative study of herbal mouthwash with marketed preparation
Mouthwash  is  an  aqueous  solution  that  is  primarily  used  for controlling  plaque  or  for  its  deodorizing,  refreshing,  and antibacterial qualities. Alcohol, glycerin, artificial sweeteners,  flavorings,  colorings,  surface  active  agents,  and so forth may be present. To use mouthwashes effectively, the oral  condition  must  be  correctly  diagnosed,  and  the  product must  be  thoroughly  understood.1mouthwash  is  useful  for several diseases like gingivitis, halitosis, etc (34)
7.  Formulation, development, evaluation and optimization of herbal antibacterial mouthwash
Mouthwash is an aqueous solution which is most often used for its deodorant, refreshing and antiseptic properties or for control of plaque. It may contain alcohol, glycerin, synthetic sweetness, surface active agents, flavoring agents, colouring agents, etc. This can vary from breath fresheners to treatment of life threatening secondary infections such as oral mucositis in patients undergoing bone marrow transplant therapy (35)

8.  Formulation and evaluation of herbal mouthwash containing natural ingredients for anti-microbial activity
Natural mouthwashes may offer significant advantages over the chemical ones. If such mouthwashes can be formulated which can be easily prepared and used safely by people at home using natural products, it may leads to improvement in the general dental health of the population. In this study the various natural ingredients and materials are used. Then the thin layer chromatography was done to check the quality of materials used.(36)
9.  Preparation and evaluation of herbal antibacterial mouthwash against oral pathogens
Dental caries are high in children and adolescents, because they do not take proper oral hygiene. Oral infections spread from the root of the contaminate tooth through the jaw bones and into spaces between the fascial planes of surrounding soft tissue (36)
9. Formulation and Standardization Considerations
Successful herbal mouthwash development requires attention to solubility, stability, and bioavailability. Essential oil components require suitable solubilizing systems. Formulation pH should remain near neutral to protect enamel and maintain compound stability.
Standardization using phytochemical markers such as eugenol or total limonoid content is necessary to ensure batch-to-batch consistency and reproducible clinical effect [10,14,22].
10. Limitations and Future Research Needs
Current evidence is promising but heterogeneous. Variations in extraction method, test protocols, and microbial strains limit direct comparison across studies. Clinical trials are often short and underpowered. Future research should include standardized extracts, microbiome-level assessments, dose–response analysis, and long-term randomized controlled trials [17,20].
11.Safety and Toxicity
Safety assessment is essential for any mouthwash intended for routine or long-term use. Though Neem, Tulsi, and Clove have long traditions of oral use and modern studies generally report good short-term tolerability, their phytochemicals are biologically active and may cause local irritation, sensitization, systemic effects, or medicine interactions. This section provides a summary of the data on acute and chronic toxicity, mucosal and dental safety, allergenicity, potential drug interactions, special populations, and recommended preclinical/clinical testing and labeling considera tions for herbal mouthwashes.


Results
 The formulated herbal mouthwash exhibited desirable physicochemical and antimicrobial properties. The pH was found to be 6.36 ± 0.1, compatible with the oral environment. The viscosity and specific gravity were within acceptable limits, ensuring smooth mouthfeel and easy rinsing. The color andodor remained stable throughout the study.
 Antimicrobial testing revealed significant zones of inhibition: Streptococcus mutans (22 mm),Lactobacillus acidophilus (18 mm), and Candida albicans (16 mm), comparable to commercialchlorhexidine mouthwash. MIC values confirmed the potency of the herbal extracts. Stability studiesindicated no phase separation or degradation, and the formulation retained >85% of its activity after3 months under accelerated conditions.

12. Conclusion
Herbal mouthwash formulations containing neem, tulsi, and clove are supported by substantial phytochemical and experimental evidence. Their major bioactive constituents explain observed antimicrobial, anti-inflammatory, antioxidant, and anti-biofilm effects. In vitro and ex vivo studies demonstrate inhibition of oral pathogens and biofilm development, while in vivo animal and human studies show reduced inflammation and improved clinical indices.
Polyherbal formulations appear particularly promising due to complementary mechanisms of action. With appropriate standardization and formulation control, these botanicals represent valuable adjuncts in preventive oral healthcare. Further well-designed clinical trials are required to confirm long-term benefits add vancouver style references in this file [1,4,11,20].
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