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Abstract 

The pharmacological efficacy, low side effects, and affordability of herbal and natural remedies have made them popular alternative therapeutic agents for 

treating oral health concerns. The pharmacological qualities of popular herbal and natural remedies for oral illnesses, including neem (Azadirachtaindica), 
clove (Syzygiumaromaticum), aloe vera (Aloe barbadensis), and green tea (Camellia sinensis), are rigorously assessed in this article. These bioactive substances 

are useful in the prevention and treatment of diseases such dental caries, gingivitis, periodontitis, and oral mucositis because they have antibacterial, anti-

inflammatory, antioxidant, and analgesic qualities. The article also covers developments in the creation of herbal mouthwashes, toothpastes, and gels, as well 
as how they are incorporated into contemporary dentistry procedures. The review also stresses the necessity for thorough clinical trials to confirm the 

therapeutic potential of herbal preparations and points out the shortcomings of existing research, including inconsistent methodology and a lack of 

standardisation in these preparations. This article offers a thorough analysis of the function of herbal and natural products in advancing long-term oral healthcare 
solutions by fusing traditional knowledge with current pharmacological research. 
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1. Introduction 

1.1. Importance of oral health 

A fundamental part of overall health, dental health is crucial 

for maintaining physiological balance and quality of life. The 

oral cavity has a dynamic microbiota that, when imbalanced 

owing to poor hygiene, diet, or systemic disorders, can 

contribute to dental caries, gingivitis, periodontitis, and even 

oral malignancies. These problems not only disrupt 

fundamental activities like speech and mastication but also 

contribute to systemic diseases such as diabetes and 

cardiovascular disorders through microbial translocation and 

inflammation.1,2 Untreated oral disorders constitute a huge 

global health burden, disproportionately impacting 

impoverished communities. Conventional dental care 

products, despite their effectiveness, have limitations such 

toxicity, high costs, and antibiotic resistance. This has 

generated interest in herbal and natural products as safer, 

cost-effective, and eco-friendly alternatives.3,4 

Traditional medicine systems have long used herbal 

medicines for oral health, and scientific research has proven 

their pharmacological effects. Bioactive chemicals in herbs 

including neem, clove, turmeric, and green tea demonstrate 

antibacterial, anti-inflammatory, antioxidant, and wound-

healing activities. These chemicals help limit bacterial 

adhesion, neutralize free radicals, and control inflammation, 

improving oral health.5-7 Herbal products accord with holistic 

and preventative healthcare principles, offering 

biocompatibility and low adverse effects. Modern oral care 

includes natural products like essential oil rinses, propolis-
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based toothpaste, and aloevera gels, promoting safer, 

research-backed therapies.8 Advancing herbal pharmacology 

involves rigorous clinical trials, formulation standardization, 

and regulatory frameworks to ensure efficacy and safety. 

Research into herbal oral care not only solves traditional 

medicine’s shortcomings but also corresponds with the 

global shift toward integrative and sustainable healthcare.9,10 

1.2. Limitations of conventional treatments 

Traditional dentistry techniques, including invasive 

operations, drugs, and synthetic oral care products, have 

efficiently controlled oral disorders such periodontitis, 

gingivitis, and dental caries. However, chemical-based 

products like fluoride, triclosan, and chlorhexidine entail 

concerns such as tooth discolouration, mucosal irritation, 

dysbiosis, and systemic toxicity. Additionally, the abuse of 

chemical antimicrobials has lead to antimicrobial resistance 

(AMR), complicating the management of persistent oral 

infections.10,11 

Invasive procedures including scaling, root planing, and 

operations, though necessary in extreme situations, are 

costly, entail extensive recovery times, and may cause 

postoperative discomfort and infections. Synthetic materials 

in restorations can potentially elicit hypersensitivity and 

allergic reactions, further compromising treatment 

outcomes.13,14 

A fundamental shortcoming of conventional approaches 

is their reactive character, addressing symptoms rather than 

root causes. Fluoride treatments, for example, help 

remineralize enamel but do not cure microbial imbalances or 

inflammatory processes. Moreover, synthetic oral care 

products contribute to environmental degradation, with 

microplastics in toothpaste and alcohol-based compounds in 

mouthwashes generating sustainability issues.15 

These shortcomings underscore the need for safe, cost-

effective, and eco-friendly solutions. Herbal and natural 

remedies offer promise advantages with low side effects, 

utilizing bioactive components for excellent dental care. This 

transition enables an integrative, patient-centered approach to 

sustainable dental healthcare.16,17 

1.3. Role of herbal and natural products 

Because of their many pharmacological characteristics and 

compatibility with holistic healthcare methods, herbal and 

natural medicines have attracted a lot of interest in the field 

of managing oral health. These products, which are made 

from natural or plant-based ingredients, have a wide range of 

therapeutic advantages, such as antibacterial, anti-

inflammatory, antioxidant, and wound-healing properties. 

Herbal and natural solutions work together to address the root 

causes of oral disorders while fostering the balance of the oral 

environment, in contrast to traditional oral care therapies that 

frequently target certain symptoms or pathogens. Its ability 

to prevent dental caries, manage gingivitis, reduce plaque 

formation, and alleviate halitosis is well known. Ingredients 

such as neem (Azadirachtaindica), clove 

(Syzygiumaromaticum), turmeric (Curcuma longa), green tea 

(Camellia sinensis), aloe vera (Aloe barbadensis), and 

liquorice (Glycyrrhizaglabra) support these benefits.18,19 

Numerous studies have examined the pharmacological 

mechanisms underlying these benefits, identifying bioactive 

substances as polyphenols, tannins, alkaloids, flavonoids, and 

essential oils. These substances have a wide range of effects, 

including as scavenging free radicals, modifying 

inflammatory pathways, inhibiting bacterial adhesion, and 

interfering with the formation of biofilms. For example, 

eugenol from clove oil is frequently utilised for its analgesic 

and antibacterial qualities in dental pain management, while 

green tea polyphenols such as epigallocatechingallate 

(EGCG) have shown extraordinary efficacy in suppressing 

Streptococcus mutans, a critical pathogen in dental caries. 

These processes demonstrate how natural and herbal items 

can be used as both therapeutic and preventative measures in 

oral healthcare.20  

Natural and herbal products are especially appealing in 

areas with limited access to traditional dental treatment and 

are consistent with the tenets of sustainable healthcare. By 

utilising locally accessible materials and traditional 

knowledge systems, these items frequently offer affordable 

alternatives to enhance oral health outcomes for marginalised 

communities. In addition to improving the accessibility of 

these goods, programs encouraging the production and sale 

of medicinal plants also support rural economic development. 

The market for herbal and natural oral care products faces 

difficulties with standardisation, quality control, and 

regulatory supervision despite their promising function. The 

consistency and effectiveness of these goods may be 

impacted by variations in the concentration of bioactive 

chemicals, a lack of thorough clinical trials, and poor 

labelling procedures. In order to firmly establish the place of 

herbal and natural medicines in mainstream oral healthcare, 

it will be essential to address these concerns through 

sophisticated extraction methods, thorough clinical research, 

and adherence to international regulatory requirements. 

Herbal and natural products have the potential to 

revolutionise oral health management by providing safer, 

more sustainable, and more effective answers to the world's 

oral health problems as the fusion of ancient knowledge with 

contemporary pharmacological insights continues to 

advance.21-23 

2. Pharmacological Properties of Herbal Products 

2.1. Antimicrobial activity. 

Herbal remedies play a key role in dental health due to their 

robust antibacterial effects. The oral cavity supports a 

complex microbial ecology, and imbalances can contribute to 

disorders like dental caries, gingivitis, and candidiasis. Rich 

in bioactive components, herbal treatments efficiently battle 



24 Mane et al / IP International Journal of Comprehensive and Advanced Pharmacology 2025;10(1):22–33 

pathogenic microorganisms while maintaining microbiome 

balance.24, Phytochemicals such as polyphenols, alkaloids, 

tannins, flavonoids, and essential oils contribute to 

antibacterial action. Green tea polyphenols disrupt bacterial 

communication and biofilms, while essential oils including 

eugenol (clove) and thymol (thyme) permeate microbial 

membranes, triggering cell death. Neem inhibits 

Streptococcus mutans adhesion, turmeric (curcumin) 

decreases oxidative stress, and aloe vera combats Candida 

infections. Herbal rinses using liquorice or tea tree oil 

significantly lower bacterial burden without changing the 

microbiome, often complementing conventional 

treatments.26-29 Unlike synthetic antimicrobials, herbal 

medicines have a lesser chance of resistance due to their 

multi-target mechanisms. Their antibacterial, anti-

inflammatory, and antioxidant capabilities give holistic oral 

health advantages. However, issues like formulation 

consistency and clinical validation must be overcome to 

enable widespread use. Integrating ancient wisdom with 

current research, herbal medications offer sustainable and 

effective solutions for oral healthcare.30-31 

2.2. Anti-inflammatory and antioxidant effects 

Herbal products have a key part in dental health by giving 

anti-inflammatory, antioxidant, and analgesic properties. 

Inflammation-driven illnesses like gingivitis, periodontitis, 

and mucositis can lead to tissue damage and bone loss, while 

oxidative stress further exacerbates oral disorders. Herbal 

medicines provide a dual approach by lowering inflammation 

and oxidative damage, encouraging tissue healing and dental 

health.32 

Bioactive substances in herbal products reduce pro-

inflammatory mediators such COX-2, TNF-α, and 

interleukins. Curcumin (Curcuma longa) inhibits NF-κB 

pathways, aiding in periodontitis management, whereas 

glycyrrhizin (Glycyrrhiza glabra) lowers gingival 

inflammation. Antioxidants like EGCG in green tea 

(Camellia sinensis) scavenge ROS and protect against 

oxidative stress-related diseases like leukoplakia. Aloe vera 

(Aloe barbadensis) improves wound healing, while eugenol 

(Syzygium aromaticum) provides both anti-inflammatory 

and analgesic properties, making herbal formulations 

beneficial in oral care.33-36 Herbal analgesics work on 

neuronal pain pathways and inflammatory mediators. Clove 

oil (eugenol) inhibits COX enzymes, lowering pain, while 

curcumin downregulates nociceptive sensitivity, helping 

disorders like mucositis. Menthol in peppermint (Mentha 

piperita) gives cooling comfort, while aloe vera and 

chamomile (Matricaria chamomilla) soothe soft tissue 

injuries. Their complex effects make herbal analgesics safer 

alternatives to synthetic painkillers, decreasing negative 

effects like mucosal irritation and resistance development.37-

40 Herbal formulations such as gels, rinses, and lozenges are 

gaining popularity for their effectiveness in oral care. With 

increased demand for natural alternatives, continued research 

on formulation standardization and clinical validation will 

strengthen their role in evidence-based dentistry.41-43  

2.3. Anticariogenic effects 

Herbal medicines' anticariogenic qualities are gaining 

recognized for their capacity to prevent and treat dental caries 

through antibacterial, remineralization, and biofilm-

disrupting effects. Dental caries arises from acidogenic 

bacteria like Streptococcus mutans and Lactobacillus species, 

which demineralize enamel. Traditional therapies, such as 

fluoride and antibiotics, carry hazards such fluorosis and 

resistance, making herbal options safer and more 

sustainable.44 

Herbal extracts limit bacterial growth and metabolism. 

Green tea (Camellia sinensis), rich in catechins like EGCG, 

impairs bacterial adherence, biofilm development, and acid 

generation. Neem (Azadirachta indica), with bioactive 

components such as quercetin and nimbidin, inhibits bacterial 

colonization and improves oral tissue healing. Clove 

(Syzygium aromaticum), contains eugenol, inhibits S. 

mutans and offers analgesic effects.45,46 Herbal products also 

assist enamel remineralization. Liquorice (Glycyrrhiza 

glabra) components like glycyrrhizin increase calcium-

phosphate deposition, while propolis, rich in flavonoids, 

protects against acid demineralization. Essential oils from 

thyme (Thymus vulgaris) and oregano (Origanum vulgare), 

containing thymol and carvacrol, destroy bacterial biofilms 

and impede quorum sensing. Herbal formulations in 

toothpaste, mouthwash, and chewing gum are gaining in 

popularity due to customer demand for natural 

alternatives.47,48 Herbal anticariogenic drugs offer a holistic 

and sustainable approach to dental caries control. Further 

study is needed to standardize formulations, optimize 

delivery systems, and demonstrate clinical efficacy for 

greater incorporation into dental care.49 

3. Applications in Oral Healthcare 

3.1. Herbal formulations in dental products 

Herbal formulations in dental products provide natural, 

sustainable alternatives to synthetic treatments, leveraging 

antibacterial, anti-inflammatory, antioxidant, and 

anticariogenic qualities.50 Herbal toothpaste, containing 

miswak (Salvadora persica), clove (Syzygium aromaticum), 

and neem (Azadirachta indica), efficiently prevents 

Streptococcus mutans growth and decreases plaque. Herbal 

mouth rinses with Aloe vera (Aloe barbadensis), green tea 

(Camellia sinensis), and tea tree oil (Melaleuca alternifolia) 

offer antibacterial and relaxing properties without alcohol-

related adverse effects.51 Herbal gels comprising liquorice 

(Glycyrrhiza glabra), chamomile (Matricaria chamomilla), 

and turmeric (Curcuma longa) assist in treating gingivitis, 

periodontal pockets, and ulcers. Turmeric gels alleviate 

inflammation, while chamomile and licorice give pain relief 

and antimicrobial properties. Herbal chewing gums and 

lozenges with eucalyptus (Eucalyptus globulus), peppermint 
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(Mentha piperita), and cinnamon (Cinnamomum verum) can 

minimize plaque development and freshen breath.52,53 

Advanced uses include propolis-enriched dental varnishes 

that stimulate remineralization and inhibit enamel 

demineralization. The increased demand for herbal dental 

products is driven by consumer awareness and regulatory 

backing, driving innovation in formulation technology for 

enhanced bioavailability and stability.54 By blending ancient 

knowledge with current breakthroughs, herbal dental 

formulations offer safe, effective, and sustainable treatments, 

contributing to global efforts for eco-friendly oral healthcare. 

Ongoing research will further broaden their applications and 

influence in dentistry.  

3.2. Mouthwashes 

Herbal mouthwashes provide a safer, effective alternative to 

alcohol-based formulations, addressing halitosis, plaque, 

gingivitis, and microbiological infections while avoiding 

mucosal dryness and irritation. Their bioactive 

phytochemicals have antibacterial, anti-inflammatory, 

antioxidant, and calming actions, making them increasingly 

attractive due to their biocompatibility and sustainability.55 

Key components include tea tree oil (Melaleuca alternifolia), 

which breaks bacterial biofilms, and neem (Azadirachta 

indica), high in nimbidin and azadirachtin, targeting 

cariogenic germs. Aloe vera (Aloe barbadensis) helps wound 

healing and decreases inflammation, helping ailments 

including oral lichen planus and aphthous ulcers. Green tea 

(Camellia sinensis), including catechins like EGCG, reduces 

Streptococcus mutans growth and combats halitosis.56,57 

Essential oils including peppermint (Mentha piperita), 

eucalyptus (Eucalyptus globulus), and thyme (Thymus 

vulgaris) boost antibacterial action and freshness. 

Chamomile (Matricaria chamomilla) and liquorice 

(Glycyrrhiza glabra) can treat xerostomia by relaxing and 

moisturizing the mucosa.58 Driven by consumer demand, 

herbal mouthwashes now cater to specific demands such as 

cavity prevention, whitening, and sensitivity alleviation. 

Advancements in extraction technologies, nanoparticle 

incorporation, and bioavailability enhancement will further 

improve their efficacy. By merging ancient wisdom with 

modern science, these formulations offer a sustainable, side-

effect-free approach to oral healthcare and preventive 

dentistry.59 

3.3. Toothpastes 

Herbal toothpastes integrate natural components with 

sophisticated formulation techniques, delivering safe, 

biocompatible, and effective oral hygiene treatments. They 

address gum disease, plaque, poor breath, and dental cavities 

while matching with sustainable oral healthcare trends.60 Key 

components include neem (Azadirachta indica), which 

combats Streptococcus mutans, decreasing plaque and 

gingival irritation. Clove oil (Syzygium aromaticum), high in 

eugenol, provides antibacterial, analgesic, and anti-

inflammatory properties. Miswak (Salvadora persica) 

increases gum health, reduces plaque, and lowers microbial 

burden. Turmeric (Curcuma longa), containing curcumin, 

offers antibacterial, anti-inflammatory, and whitening 

effects. Liquorice (Glycyrrhiza glabra) prevents bacterial 

adhesion and decreases plaque, while aloe vera (Aloe 

barbadensis) soothes and improves post-surgical healing. 

Essential oils like peppermint (Mentha piperita) and 

spearmint (Mentha spicata) give breath freshness and 

antibacterial action.61,62 Multi-herb preparations including 

neem, clove, and turmeric have synergistic effects, improving 

gum repair and bacterial control. Growing worries over 

synthetic chemicals like sodium lauryl sulfate and triclosan 

have fuelled the emergence of herbal alternatives, which are 

safer for delicate oral tissues. Innovations like nano-herbal 

compositions boost bioavailability and efficacy, while eco-

friendly packaging matches with sustainability aims. As 

research improves, herbal toothpastes will continue 

improving, giving tailored, effective, and natural oral 

healthcare solutions.8,38,60  

3.4. Gels 

Herbal gels provide an efficient, focused strategy for treating 

oral diseases by combining plant extracts with easy-to-apply 

formulations. Their semi-solid structure ensures extended 

contact and continuous release of bioactive components, 

making them appropriate for disorders like oral ulcers, 

periodontitis, and post-surgical wound care.63 Key 

constituents include aloe vera (Aloe barbadensis), which 

relieves inflammation and promotes tissue regeneration, and 

turmeric (Curcuma longa), whose curcumin content 

decreases oxidative stress and gingival inflammation. 

Liquorice (Glycyrrhiza glabra) suppresses bacterial 

development and promotes ulcer healing, while neem 

(Azadirachta indica) decreases plaque formation and 

supports gum health. Clove oil (Syzygium aromaticum), high 

in eugenol, gives pain relief and antimicrobial action. Honey 

contains antibacterial and wound-healing qualities, notably 

good for mucositis. Essential oils like peppermint (Mentha 

piperita) and tea tree oil (Melaleuca alternifolia) aid in breath 

freshness and fungal infection control.64,65 Natural polymers 

such as pectin and xanthan gum promote gel adhesion and 

controlled release. With increased demand for chemical-free 

oral care, herbal gels accord with holistic and sustainable 

healthcare. Continued research will broaden their function in 

addressing complex oral health conditions.66  

3.5. Herbal chewing gums 

Herbal chewing gums have both mechanical and therapeutic 

benefits, aiding in the prevention of tooth cavities, 

periodontal disorders, and halitosis. By boosting salivary 

flow, they help neutralize acids, wash away microorganisms, 

and enhance oral defense mechanisms.67 Key ingredients 

include neem (Azadirachta indica), which inhibits 

Streptococcus mutans and prevents plaque formation, clove 

(Syzygium aromaticum), rich in eugenol for pain relief and 

antimicrobial action, and licorice (Glycyrrhiza glabra), which 
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combats cariogenic bacteria and supports gum health. Herbal 

chewing gums give a handy, everyday oral care solution 

while supporting natural and sustainable dental health.  

Herbal chewing gums combine therapeutic benefits with 

sensory appeal, aiding in dental hygiene and disease 

prevention. Licorice (Glycyrrhiza glabra) gives a slight 

sweetness, while cinnamon (Cinnamomum verum) combats 

oral malodor by lowering volatile sulfur compounds (VSCs). 

Tea tree oil (Melaleuca alternifolia) provides antifungal and 

antibacterial protection, making it excellent for dental 

infections and orthodontic care. Green tea (Camellia 

sinensis), rich in catechins, offers antioxidant and 

antibacterial effects, decreasing gum inflammation.68 Natural 

sweeteners like xylitol further boost tooth health by blocking 

bacterial metabolism and biofilm formation. With increasing 

customer preference for natural mouth care, the global market 

for herbal gums is expanding. These formulations correspond 

with sustainable healthcare trends and continue to evolve 

with research advancements. Table 1 enlists marketed 

formulations.43,69 

4. Clinical Applications 

4.1. Dental caries 

Dental caries develops from enamel demineralization due to 

acidic metabolites of Streptococcus mutans and Lactobacillus 

metabolism. While fluoride therapies remain key treatments, 

herbal alternatives offer antibacterial, remineralizing, and 

protective effects.70 Neem (Azadirachta indica) reduces 

bacterial adhesion and biofilm development, lowering plaque 

and caries risk. Clove (Syzygium aromaticum), rich in 

eugenol, exerts antibacterial and analgesic properties, 

breaking bacterial cell walls and alleviating pain.28,71 

Propolis, including flavonoids and phenolic acids, reduces 

bacterial growth and enamel demineralization, while its 

antioxidants minimize oral oxidative stress. Green tea 

(Camellia sinensis), particularly EGCG, inhibits S. mutans 

growth and acid generation, increasing remineralization due 

to its fluoride concentration.73  

 

Table 1: Applications of herbal formulations in oral healthcare with marketed formulations 

Product Type with Herbal 

Ingredients 
Key Benefits Marketed Formulations 

Toothpastes 

Neem (Azadirachtaindica), Clove 

(Syzygiumaromaticum), Miswak 

(Salvadorapersica), Turmeric 

(Curcuma longa), Licorice 

(Glycyrrhizaglabra), Aloe Vera (Aloe 

barbadensis) 

Antibacterial, anti-

inflammatory, antimicrobial, 

plaque control, gingivitis 

prevention, and gum health 

support. 

- Dabur Red Toothpaste (Neem, Clove, and 

Mint) 

- Patanjali Dant Kanti (Neem, Clove, and Mint) 

- Vicco Vajradanti (Basil, Turmeric, and Clove) 

- Himalaya Complete Care Toothpaste (Neem, 

Pomegranate) 

Mouthwashes 

Tea Tree Oil (Melaleucaalternifolia), 

Aloe Vera (Aloe barbadensis), Green 

Tea (Camellia sinensis), Eucalyptus 

(Eucalyptus globulus), Peppermint 

(Menthapiperita), Thyme (Thymus 

vulgaris) 

Antimicrobial, anti-

inflammatory, breath 

freshening, soothing, and 

plaque reduction. 

- Himalaya Herbal Mouthwash (Aloe Vera, 

Neem, and Clove) 

- The Natural Dentist Healthy Gums 

Mouthwash (Aloe Vera, Echinacea) 

- Listerine Natural Green Tea Mouthwash 

(Green Tea) 

Herbal Gels 

Turmeric (Curcuma longa), Aloe Vera 

(Aloe barbadensis), Licorice 

(Glycyrrhizaglabra), Chamomile 

(Matricariachamomilla) 

Soothing, anti-

inflammatory, wound 

healing, analgesic, 

antimicrobial, and tissue 

repair. 

- Dabur Red Tooth Gel (Clove, Aloe Vera) 

- Himalaya Gingel (Turmeric, Aloe Vera) 

- Burt's Bees Toothpaste with Fluoride 

(Chamomile, Peppermint) 

- Amway Glister Herbal Gel 

Chewing Gums 

Eucalyptus (Eucalyptus globulus), 

Peppermint (Menthapiperita), 

Cinnamon (Cinnamomumverum), 

Licorice (Glycyrrhizaglabra) 

Breathe freshening, 

antimicrobial, plaque 

reduction, and gum health. 

- Colgate Max Fresh Herbal (Peppermint, 

Eucalyptus) 

- Orbit Sugar-Free Chewing Gum (Spearmint, 

Peppermint) 

- Spry Xylitol Chewing Gum (Licorice, 

Peppermint) 

Varnishes and Coatings 

Propolis, Aloe Vera, Green Tea 

Extract, Neem 

Enamel remineralization, 

plaque reduction, 

antimicrobial protection, and 

caries prevention. 

- GC Tooth Mousse (Milk Protein, Fluoride) 

- Colgate ProRelief (Fluoride, Calcium) 

- MI Paste (Recaldent™ with Propolis and Aloe 

Vera) 
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4.2. Periodontal diseases 

Periodontal illnesses like gingivitis and periodontitis 

originate from microbial plaque biofilms, causing gum 

inflammation, tissue damage, and tooth loss. While standard 

therapies like scaling and antimicrobial drugs are helpful, 

herbal options offer anti-inflammatory, antibacterial, and 

wound-healing properties.74 Neem (Azadirachta indica) in 

toothpaste and mouthwash decreases gum irritation and 

plaque via azadirachtin and nimbidin, which prevent bacterial 

adhesion and biofilms. Tea tree oil (Melaleuca alternifolia), 

rich in terpinen-4-ol, displays high antibacterial activity 

against periodontal infections. Further research is needed for 

standardization and optimum distribution, although herbal 

formulations present a promising, sustainable approach to 

periodontal health Table 2 offers a summary of herbal items 

used in clinical settings for oral health.75,76  

4.3. Oral mucositis 

Oral mucositis, a painful illness connected to cancer therapy, 

hinders nutrition and communication while raising infection 

risk. Conventional treatments provide minimal alleviation, 

prompting curiosity in herbal alternatives. Coconut and 

sesame oil, used in oil pulling, establish a protective barrier, 

minimizing irritation and bacterial colonization. While 

promising, further clinical research are needed to standardize 

doses and delivery. Integrating herbal treatments into 

treatment strategies may boost patient outcomes and quality 

of life.78,79 

 

Table 2: Overview of herbal products in clinical oral health applications54-76 

Condition Herbal Product Active Compounds Mechanism of Action Clinical 

Applications 

Dental 

Caries 

Neem 

(Azadirachtaindica) 

Nimbidin, Azadirachtin Antimicrobial inhibits 

bacterial adhesion and 

biofilm formation. 

Reduces plaque and 

caries risk in 

toothpaste and 

mouthwash. 

Clove 

(Syzygiumaromaticum) 

Eugenol Antimicrobial, analgesic, 

and disrupts bacterial cell 

walls. 

Used in clove oil 

and dental 

formulations for 

plaque control. 

Propolis Flavonoids, Phenolic 

acids 

Antimicrobial, inhibits 

demineralization, and 

offers antioxidant 

properties. 

Gels and varnishes 

reduce bacterial load 

and protect enamel. 

Periodontal 

Diseases 

Tea Tree Oil 

(Melaleucaalternifolia) 

Terpinen-4-ol Antimicrobial, reduces 

inflammation, and 

inhibits pocket depth. 

Used in gels and 

mouthwashes to 

improve gum health. 

Turmeric (Curcuma 

longa) 

Curcumin Anti-inflammatory, 

inhibits pro-inflammatory 

cytokines (IL-6, IL-8, 

TNF-α). 

Reduces bleeding, 

pocket depth, and 

plaque index with 

turmeric-based gels. 

Aloe Vera (Aloe 

barbadensis miller) 

Anthraquinones, 

Acemannan 

Promotes wound healing, 

collagen synthesis, and 

reduces inflammation. 

Adjunct to scaling 

and root planing to 

enhance tissue 

healing. 

Oral 

Mucositis 

Honey Flavonoids, Phenolic 

acids, Hydrogen peroxide 

Forms a protective 

barrier, prevents 

microbial invasion, and 

promotes epithelial 

regeneration. 

Manuka honey 

alleviates ulceration 

and severity in 

cancer patients. 

Chamomile 

(Matricariachamomilla) 

Chamazulene, Apigenin, 

Bisabolol 

Anti-inflammatory and 

soothing effects, inhibits 

pro-inflammatory 

mediators. 

Mouth rinses reduce 

erythema, pain, and 

ulceration in 

mucositis. 

Green Tea (Camellia 

sinensis) 

Epigallocatechingallate 

(EGCG) 

Antioxidant, reduces 

oxidative stress, and 

inhibits S. mutans 

growth. 

Mouthwashes 

alleviate symptoms 

and accelerate 

healing. 



28 Mane et al / IP International Journal of Comprehensive and Advanced Pharmacology 2025;10(1):22–33 

4.4. Tooth sensitivity 

Tooth sensitivity, induced by exposed dentinal tubules, leads 

to intense discomfort from diverse stimuli. Conventional 

therapies offer short relief, whilst herbal options provide 

long-term benefits with minimal adverse effects. Arginine 

creates calcium-arginine complexes to block tubules, while 

curcumin in turmeric has anti-inflammatory and tubule-

occluding effects. These natural remedies not only alleviate 

discomfort but also address underlying reasons including 

gingival irritation and enamel loss. Further study is needed to 

standardize formulations and increase administration for 

optimal inclusion into mainstream dental treatment.80,81 

4.5. Bad breath (halitosis) 

Bad breath, or halitosis, is a common ailment that can have a 

major impact on a person's social interactions and general 

quality of life. Poor oral hygiene, systemic disorders, and 

microbial imbalances in the oral ecosystem are some of the 

etiological causes that can lead to this condition, which is 

mostly characterised by an unpleasant odour coming from the 

mouth cavity. Pharmacologically, antimicrobials, 

mouthwashes, and toothpaste that contain chemicals like zinc 

compounds, essential oils, and chlorhexidine have long been 

used to treat halitosis. Recent clinical research, however, has 

shown more and more how successful herbal and natural 

remedies are in treating the underlying causes of halitosis, 

providing a more comprehensive, possibly safer, and 

frequently more affordable option than synthetic therapies.82 

Clinical success frequently depends on the 

concentration, formulation, and frequency of use, even 

though the pharmacological characteristics of these natural 

medicines are encouraging. When used in well planned 

therapeutic settings, herbal therapies can offer a safer 

substitute for synthetic medications, particularly for those 

who are chemically sensitive or are looking for long-term 

preventive measures. It is important to remember, though, 

that herbal and natural remedies shouldn't take the place of 

conventional medical and dental examinations, particularly 

when halitosis is a sign of more serious underlying illnesses 

like diabetes, liver disease, or gastrointestinal issues. A 

comprehensive strategy for treating halitosis is provided by 

the pharmacological use of herbal and natural medicines, 

with an emphasis on deodorisation, inflammatory reduction, 

and antibacterial action. These natural alternatives may be 

successfully included into oral health care routines, either as 

stand-alone treatments or as adjuncts, according to the 

growing corpus of clinical evidence in favour of them. Herbal 

treatments will be a useful tool in the comprehensive 

management of foul breath once future clinical trials and 

systematic reviews clarify the best formulations, doses, and 

application schedules.9,83 

5. Limitations and Challenges 

Although herbal and natural treatments have great potential 

for controlling oral health, there are many obstacles and 

restrictions to their broad use. For them to be successfully 

incorporated into general dental care, these problems need to 

be resolved.  

5.1. Standardization issues 

The lack of uniformity in the composition, potency, and dose 

of herbal medications is one of the biggest obstacles to their 

use. Numerous bioactive chemicals are frequently found in 

herbal formulations, and their amounts can differ greatly 

based on a variety of factors, including plant species, growth 

circumstances, and extraction techniques. The constant 

therapeutic efficacy of these items is hampered by the lack of 

regular standards for production, quality control, and storage, 

which also makes results more difficult to repeat. The 

synergistic effects of several components further complicate 

standardisation, making it challenging to identify and 

measure the active compounds.9 

5.2. Variability in methodologies 

There is frequently a lack of consistency in the methods used 

to investigate and produce herbal products, which results in 

inconsistent findings in different clinical and research 

contexts. Variability in the products' bioactivity and 

effectiveness may arise from variations in the extraction 

processes, solvents employed, and analytical methodologies. 

Furthermore, it can be difficult to compare results or reach 

firm conclusions because in vitro and in vivo research usually 

employ different techniques. The scientific and medical 

societies' acceptance and confidence in herbal products are 

weakened by this heterogeneity.84 

5.3. Lack of large-scale clinical trials 

The lack of extensive, high-caliber clinical research assessing 

the effectiveness and safety of herbal medications in oral 

healthcare is another major drawback. Although numerous 

exploratory or small-scale studies have shown encouraging 

outcomes, their conclusions are sometimes constrained by 

insufficient controls, brief study periods, or small sample 

sizes. It is challenging to develop evidence-based 

recommendations for the use of herbal products in dental 

practice due to the lack of solid clinical data. This difficulty 

is made worse by the lack of resources and enthusiasm for 

carrying out extensive trials for herbal medicines in 

comparison to synthetic medications.85 

5.4. Regulatory challenges 

Since they are not technically categorised as either 

medications or dietary supplements in many places, herbal 

products frequently fall into a regulatory grey area. Standards 

for quality, safety, and labelling are inconsistent as a result of 

unclear legislative frameworks. Many nations lack proper 

testing and approval procedures for herbal items, which 

permits inferior or tainted goods to be sold. Furthermore, the 

worldwide trade and adoption of these items are hampered by 

the diversity of regulatory requirements around the globe. It 
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is still difficult to create comprehensive laws that strike a 

balance between accessibility, efficacy, and safety.86  

5.5. Consumer misconceptions 

Another obstacle is consumer attitudes and 

misunderstandings regarding herbal products. Many people 

assume that "natural" means "safe," which can result in the 

overuse or abuse of herbal therapies without the right 

supervision. Negative side effects, drug interactions, or 

decreased efficacy may arise from this. However, a wider 

audience cannot adopt herbal products because of scepticism 

regarding their effectiveness brought either by ignorance or 

false information. To successfully include these devices into 

oral healthcare, customers must be informed about their 

limitations and proper usage.87 Unlocking the full potential of 

herbal and natural products in the management of oral health 

requires addressing these restrictions and difficulties. Their 

scientific credibility must be established by rigorous clinical 

validation, standardisation, and methodological consistency. 

At the same time, consumer education and legislative 

changes can increase accessibility and trust, opening the door 

for these biocompatible and sustainable dental care options to 

become a standard component of contemporary dental 

treatment.86 

6. Future Directions 

The growing interest in natural and herbal products as oral 

health treatments emphasises the necessity of strategic 

developments to address current issues and maximise their 

potential. For these items to become dependable and efficient 

dental care solutions, future research and development must 

prioritise sustainability, technological integration, and 

scientific rigour.22 

6.1. Standardized protocols for herbal formulations 

Establishing standardised procedures for the creation, 

manufacturing, and quality assurance of herbal products is 

essential to guaranteeing their effectiveness and security. 

This entails defining consistent standards for the production, 

harvesting, and extraction of plants as well as figuring out 

constant levels of bioactive substances. To guarantee 

reproducibility and preserve product quality, sophisticated 

analytical methods like mass spectrometry and high-

performance liquid chromatography (HPLC) can be used. 

Standardised procedures will increase the legitimacy of 

herbal products, make regulatory clearance easier, and 

encourage consumer and dental professional adoption.9 

6.2. Multi-center randomized clinical trials 

To confirm the medicinal advantages of herbal products in 

oral healthcare, extensive, multi-center randomised clinical 

studies (RCTs) are necessary. To give thorough information 

on safety and efficacy, such studies should concentrate on a 

range of populations, dosages, and long-term results. The 

constraints of small-scale studies can be addressed and strong 

evidence for therapeutic applicability can be provided by 

carrying out well-designed RCTs using standardised 

protocols. In order to facilitate these trials and put research 

findings into practice, cooperation between academic 

institutions, industry stakeholders, and regulatory bodies will 

be essential.88 

6.3. Integration with modern technologies 

Combining contemporary technologies, especially 

nanotechnology, with herbal medicines presents intriguing 

prospects for improving their accuracy and efficacy. By 

improving the solubility, stability, and bioavailability of 

bioactive substances, nanoencapsulation allows for tailored 

administration to particular oral tissues. Novelties like herbal 

gels, mouthwashes, and toothpaste based on nanoparticles 

can offer prolonged release and enhanced medicinal benefits. 

Furthermore, by reducing problems associated with the 

deterioration of herbal compounds, nanotechnology might 

increase the usefulness and shelf life of these substances.89 

6.4. Personalized oral care 

The idea of customised dental treatment, which is fuelled by 

developments in precision medicine, has enormous potential 

to maximise the use of herbal products. Customised herbal 

formulations that target each person's unique oral health 

needs can be created by combining genetic, microbiome, and 

lifestyle data. This method guarantees the efficient use of 

specialised herbal treatments to treat certain illnesses like 

dental caries, periodontal disorders, or tooth sensitivity. 

Personalised oral care can be further improved by integrating 

biosensors and AI-driven diagnostic tools, which allow for 

real-time monitoring and flexible treatment plans.90 

6.5. Sustainable sourcing and production 

In order to preserve ecological balance and conserve 

biodiversity, it is crucial to ensure sustainable sourcing and 

production practices as the demand for herbal products rises. 

Fair trade and organic farming are two examples of ethical 

plant production methods that can lessen their negative 

effects on the environment and encourage sustainability. 

Additionally, using green chemistry techniques throughout 

the formulation and extraction operations minimises waste 

and the usage of hazardous solvents. In addition to 

guaranteeing the long-term availability of medicinal plants, 

sustainable practices also satisfy customer demands for 

goods that respect the environment. The combination of 

sustainability, innovation, and standardisation will determine 

the future of herbal and natural products used to manage oral 

health. Their scientific basis will be established by 

standardised procedures and stringent clinical trials, and their 

therapeutic potential will be enhanced by integration with 

contemporary technologies and individualised techniques. 

Adopting sustainable practices also guarantees these 

solutions' morality and environmental sustainability. When 

taken as a whole, these developments will make herbal 
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products a vital component of comprehensive and successful 

oral healthcare in the years to come.91 

7. Discussion 

The trend towards safer, more sustainable, and biocompatible 

treatment choices is reflected in the increased interest in 

herbal and natural solutions for oral health management. The 

important pharmacological characteristics of herbal 

products—such as their antibacterial, anti-inflammatory, 

antioxidant, analgesic, and anticariogenic effects—are 

highlighted in this study. Because of these qualities, herbal 

formulations are positioned as potential supplements or 

substitutes for traditional oral healthcare procedures. Dental 

caries, periodontal disorders, oral mucositis, and tooth 

sensitivity are just a few of the oral health issues that herbal 

products including mouthwashes, toothpastes, gels, and 

chewing gums have shown promise in treating. However, 

restrictions include lack of standardisation, inconsistent 

approaches, a dearth of large-scale clinical trials, and 

regulatory barriers impede their therapeutic uses. The 

bioactive substances found in herbal products, such as 

flavonoids, alkaloids, terpenoids, and polyphenols, are 

intimately related to their pharmacological potential. By 

interacting with biological mechanisms, these substances 

minimise side effects while producing therapeutic results. 

Nevertheless, there are still a lot of obstacles to overcome 

before these benefits may be applied in clinical settings. The 

incorporation of plant-derived bioactive substances into 

mainstream dentistry is complicated by their inconsistent 

formulation and fluctuating concentrations. Campaigns for 

education and awareness are also necessary to dispel 

consumer myths regarding the effectiveness and safety of 

herbal remedies. Precision medicine and nanotechnology are 

two examples of emerging technologies that provide creative 

answers to these problems. Herbal compounds' stability, 

bioavailability, and targeted distribution can all be improved 

via nanoencapsulation, which raises the medicinal 

effectiveness of these substances. Furthermore, herbal 

therapies can be customised to meet the needs of each 

individual through personalised dental care that is backed by 

genetic and microbiome data, improving results. As demand 

for herbal products grows worldwide, ethical production 

methods and sustainable sourcing are essential to ensuring 

their environmental sustainability.92-94 

8. Conclusion 

Herbal and natural products have emerged as viable solutions 

for controlling common oral health disorders such as dental 

caries, periodontal diseases, oral mucositis, and tooth 

sensitivity due to their antibacterial, anti-inflammatory, 

antioxidant, and analgesic qualities. Their biocompatibility 

and increased consumer enthusiasm for alternative therapies 

further boost their medicinal potential. However, various 

barriers, including limited large-scale clinical research, 

regulatory limits, standardization issues, and consumer 

misconceptions, must be overcome for their widespread 

implementation in dental treatment. Future research should 

focus on producing standardized formulations, optimizing 

delivery systems, and conducting rigorous clinical studies to 

verify their efficacy and safety. Advances in nanotechnology 

can enhance the stability, bioavailability, and targeted 

administration of herbal ingredients, increasing therapy 

outcomes. Additionally, incorporating individualized oral 

care treatments based on microbiome and genetic data could 

further optimize medication efficacy. Ethical and sustainable 

sourcing of herbal raw materials is also vital to address 

environmental concerns connected with increasing demand. 

A multidisciplinary approach combining scientific 

validation, regulatory developments, technology innovations, 

and public education will be vital to successfully 

incorporating herbal products into mainstream oral 

healthcare. By overcoming these issues, herbal and natural 

products can emerge into dependable, safe, and effective 

alternatives, complementing conventional dentistry 

treatments and contributing to worldwide oral health 

advancements. 
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