
Volume 10, Issue 7, July – 2025                                             International Journal of Innovative Science and Research Technology 

ISSN No: 2456-2165                                                                                                                        https://doi.org/10.38124/ijisrt/25jul1158 

 

 

IJISRT25JUL1158                                                                        www.ijisrt.com                                                                                            1856 

Nano Technology Meets Herbal Dentistry: A New 

Frontier 
 

 

Dr. Snehal Vegda1; Dhruvi Vegda2 
 

1PharmD PB, 2BDS-4th Year 
 

1SAL Institute of Pharmacy, Ahmedabad, India 
2Goenka Research Institute of Dental College, Gandhinagar, India 

 

Publication Date: 2025/07/24 
 

 

Abstract: The convergence of nanotechnology and herbal medicine is revolutionizing modern dental care, offering 

innovative, safe, and biocompatible treatment strategies. This review explores the integration of nanoscale technology with 

plant-based therapeutics to enhance oral health outcomes. Nanotechnology enables precise drug delivery, improved 

bioavailability, and regenerative potential, while herbal medicine offers antimicrobial, anti-inflammatory, and healing 

properties through time-tested natural remedies. Key applications include nano-formulated toothpastes, mouthwashes, and 

regenerative materials using herbs such as neem, turmeric, clove, and aloe vera. Additionally, nanocomposites, nano-

scaffolds, and nanorobotics represent transformative advancements in restorative and preventive dentistry. Despite 

challenges like toxicity concerns, lack of standardization, and high costs, the future holds promise for personalized, eco-

friendly, and sustainable oral therapies. This interdisciplinary synergy paves the way for a holistic approach to dentistry 

that blends traditional knowledge with scientific innovation. 
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I. INTRODUCTION 

 

What is nano technology: The prefix "nano" originates 

from Greek, meaning "dwarf" or something extremely small. 

It represents a measurement equivalent to one-billionth of 

a meter (10⁻⁹ m)(1). Nanotechnology is the field of science and 
engineering that focuses on designing, producing, and 

manipulating materials at the nanoscale, typically between 1 

to 100 nanometers. It involves working with atoms and 

molecules to develop new materials, devices, and systems with 

enhanced properties, such as improved strength, lighter 

weight, or increased reactivity. This technology is widely used 

in medicine, electronics, energy, and 

environmental applications. The four primary categories of 

intentionally engineered nanomaterials include carbon-based, 

metal-based, dendrimers, and nanocomposites. 

 

II. HISTORY OF NANO TECHNOLOGY 
 

In 1959, Nobel Prize-winning physicist Richard 

Feynman introduced the foundational idea of nanotechnology 

during a lecture titled "There’s Plenty of Room at the Bottom" 

at Caltech, during the annual meeting of the American 

Physical Society. In his speech, Feynman envisioned the 

possibility of manipulating atoms and molecules to create 

extremely small machines and circuits. Although he did not 

use the term "nanotechnology," his ideas laid the groundwork 

for the field. He discussed the potential for writing entire 

books on a tiny surface, constructing microscopic devices, and 

even developing atomic-scale manufacturing methods. 
Feynman’s vision later inspired researchers like Eric Drexler, 

who formalized nanotechnology in the 1980s. Today, this field 

plays a crucial role in medicine, electronics, and materials 

science. (1) 

 

III. WHAT IS HERBAL MEDICINE: 
 

Herbal medicine is a form of treatment that uses plant-

based substances, including leaves, roots, flowers, and seeds, 

to promote health and treat various ailments. These natural 

remedies have been a part of traditional healing practices for 

centuries and are often used to support the body's healing 
processes. Herbal medicine can be consumed in different 

forms, such as teas, extracts, capsules, or topical applications. 

Herbal medicine has been used for centuries across different 

cultures for treating various ailments, including oral health 

issues. In recent years, there has been a growing interest in 

integrating herbal remedies into modern dentistry due to their 

antimicrobial, anti-inflammatory, and analgesic properties. 

Many herbal extracts have shown promising results in 

managing conditions such as dental caries, periodontal 

diseases, and oral infections. The use of herbal medicine in 

dentistry is based on the therapeutic properties of plant-based 
compounds. Various herbs like clove, aloe vera, neem, and 
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turmeric have been widely researched for their effectiveness 

in oral care. 

 

The growing interest in herbal medicine in dentistry is 

driven by its minimal side effects, cost-effectiveness, and 

biocompatibility. However, despite its benefits, further 

research and clinical trials are essential to ensure standardized 

formulations and dosages for safe and effective use in modern 

dental practice. By integrating herbal medicine with 

conventional treatments, dentistry can offer a more holistic 

approach to oral healthcare, benefiting patients seeking 

natural alternatives(2). 

 

Table 1 Antimicrobial Agent 

Antimicrobial agent Use 

Neem (azadirachta indica) Prevents cavities, plaque, and gum infection (3) 

Clove 

(syzygium aromaticum) 

Contains eugenol, which fights bacteria and relieves tooth pain (4). 

Tea tree oil (melaleuca alternifolia) Kills oral bacteria and reduces gum inflammation (5). 

Turmeric (curcuma longa) Antibacterial and anti-inflammatory properties (6). 

Guava leaves Helps to control bacterial infection in the mouth (7) 

 

Table 2 Pain Relieving Agent 

Pain relieving and anti-inflammatory herbs  

Peppermint (mentha piperita) Menthol soothes toothaches and freshens breath.(8) 

Aloe vera (Aloe barbadensis miller) Reduces gum inflammation and speeds up healing.(9) 

Licorice (glycyrrhiza glabra) Anti-inflammatory and prevent tooth decay. (10) 

Chamomile (matricaria chamomilla) Calms gum irritation and aids in healing.(11) 

 
Table 3 Herbs For Gum Health And Healing 

Herbs for gum health and healing  

Myrrh (commiphora myrrha) Used for gum infection and post extraction healing.(12) 

Holy Basil (ocmum sanctum) Strengthens gums and reduces inflammation.(13) 

Sage ( salvia officinalis) Fight gum disease and prevents plaque buildup.(14) 

 

Table 4 Breath Freshener and Plaque Prevention 

Breath fresheners and plaque prevention  

Green tea (camellia sinesis) Rich in catechins that reduce bad breath and plaque (15). 

Cardamom (Elettaria cardamum) Antimicrobial properties help freshen breath (16). 

Cinnamon (Cinnamomum verum) Kills oral bacterial and prevents bad breath (17). 

 

Table 5 Herbs for Toothpaste and Mouthwash 

Herbs for toothpaste and mouthwash  

Eucalyptus (eucalyptus globulus) Antiseptic and prevents oral infection (18). 

Ginger (zingiber officinale) Anti-inflammatory and promotes oral health  (19). 

Fennel (Foeniculum vulgare) Used in natural toothpaste for its cleansing effect (20). 

 

Table 6 Herbal Ingredient Use in Oral Cancer 

Herbal ingredient use in oral cancer  

Resverator (Found in grapes and berries) Has antioxidant and anti-cancer properties (21). 

Amla (Phyllanthus embilica) Rich in vitamin c, boosts immunity (22). 

 

IV. RARE HERBAL INGREDIENTS WITH 

POTENTIAL DENTAL BENEFITS 

 

While many herbs are well-known in oral care, some 

lesser-known botanicals offer promising benefits for dental 

health. Here are a few unique herbal ingredients that could be 
valuable in dentistry: 

 

 Chebulic Myrobalan (Terminalia chebula)  

Natural Astringent & Gum Protector. 

 

Exhibits strong antibacterial properties that help combat 

oral bacteria  

May reduce gum inflammation and bleeding when used 

in mouthwashes(23). 

 

 BAEL (Aegle MARMELOS)  

 Enamel Strengthener & Cavity Prevention 

 
Rich in tannins and flavonoids that help control plaque 

buildup. 

 

Strengthens tooth enamel and may inhibit bacterial 

growth.(24) 
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 False Daisy (ECLIPTA alba)  

 Herbal Support for Tooth Sensitivity 

 

Traditionally used in Ayurveda to fortify teeth and gums. 

 

Contains antioxidants that aid in tissue repair (25) 

 

 Balloon Vine (Cardiospermum halicacabum)  
Soothing & Anti-Inflammatory 

 

Possesses bioactive compounds that may ease gum pain. 

 

Could be formulated into dental gels for soothing 

inflamed gums (26) 

 

 Desert Date (Balanites aegyptiaca)  

Natural Tooth Cleanser 

 

Used in certain cultures as a natural alternative to 
toothbrushes. 

 

Its antibacterial properties may contribute to cavity 

prevention (27) 

 

 Chirata (Swertia chirata)  

 Herbal Defense Against Oral Infections. 

 

Recognized in traditional medicine for its antimicrobial 

potential. 

 

Could be beneficial in managing gum infections and 
ulcers (28). 

 

 Jivanti (Leptadenia reticulata)  

Gum Health & Antioxidant Support 

 

Helps in the regeneration of gum tissues. May be useful 

in herbal formulations for periodontal health (29). 

 

 Bakul (Mimusops elengi)  

Traditional Tooth Strengthener 

 
Historically used for maintaining strong teeth. 

 

May support overall oral hygiene when used in herbal 

formulations .(30) 

 

V. APPLICATION OF NANOTECHNOLOGY IN 

MODERN DENTISTRY 

 

Nanotechnology in dentistry, often referred to as "nano 

dentistry," applies innovative nanomaterials, biotechnology, 

and nanorobotics to enhance dental care. By manipulating 

materials at the nanoscale, various unique properties are 
introduced, such as improved strength, antibacterial activity, 

and biocompatibility(31). 

 

 Nanocomposite Artificial Teeth 

Nanocomposite materials are revolutionizing the 

development of artificial teeth by offering superior strength, 

durability, and aesthetics. These materials incorporate 

nanoscale particles, which enhance mechanical properties 

such as wear resistance and toughness while maintaining a 

natural appearance. Their biocompatibility and improved 

bonding capabilities make them a preferred choice for dental 

restorations and prosthetics. With advancements in 

nanotechnology, nanocomposite artificial teeth are becoming 

increasingly popular for their ability to mimic the functionality 

and aesthetics of natural teeth.(32) (33) (34) 

 

Nanomaterials have enhanced the mechanical properties 

of restorative materials, leading to improved durability and 

aesthetics in dental composite (34). Nanofillers incorporated 

into dental resins enhance wear resistance and polish ability, 

mimicking the natural enamel structure (33). 

 

 Antibacterial Applications: 

Several studies have demonstrated the potential of these 

formulations. For instance, silver nanoparticles synthesized 

using neem extract showed significant antibacterial activity 
against oral pathogens and were considered a viable 

alternative to conventional chemical antimicrobials in mouth 

rinses and dental pastes (35). Similarly, green-synthesized zinc 

oxide nanoparticles using Tulsi extract have exhibited 

excellent biofilm inhibition properties.(36) 

 

 Nanotechnology in Regenerative Dentistry 

Nanocomposite scaffolds and growth factor-loaded 

nanoparticles support bone and tissue regeneration in 

periodontics and implantology(37). These materials facilitate 

cellular interactions at the nanoscale, promoting faster healing 

and integration with the surrounding tissues (38). 
 

Regenerative dentistry aims to restore damaged oral 

tissues such as bone, dentin, periodontal ligament, and pulp by 

harnessing the body’s natural healing mechanisms. 

Nanotechnology significantly enhances this field by offering 

materials and techniques that interact at the cellular and 

molecular levels, mimicking the natural structure and function 

of tissues. 

 

 Nano-Scaffolds for Tissue Engineering: 

 Nanostructured scaffolds are engineered to replicate the 
extracellular matrix (ECM), supporting cell attachment, 

proliferation, and differentiation. Materials such as nano-

hydroxyapatite, nanofibrous polymers, and bioactive 

nanocomposites are used to guide bone regeneration and 

periodontal repair. 

 

 Growth Factor Delivery: 

 Nanoparticles can be loaded with bioactive molecules 

like Bone Morphogenetic Proteins (BMPs) or Vascular 

Endothelial Growth Factor (VEGF), allowing controlled, site-

specific release. This targeted delivery increases treatment 
efficiency while minimizing side effects. 

 

 Dental Stem Cell Support: 

 Nanomaterials provide a conducive environment for 

dental pulp stem cells and periodontal ligament stem cells. The 

nanoscale topography can influence stem cell behavior, 

enhancing differentiation into osteoblasts or odontoblasts for 

bone and dentin repair. 
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 Regeneration of Dental Pulp and Bone:  

Injectable nanogels and nanoparticle-laden hydrogels are 

being developed to treat necrotic pulp or bone defects. These 

materials not only fill tissue voids but also promote 

regeneration from within by stimulating native or transplanted 

cells. 

 

 Enhanced Implant Integration:  
Nanoscale surface modifications on dental implants 

improve osseointegration by increasing surface roughness and 

chemical reactivity. This promotes early bone bonding and 

reduces implant failure rates. 

 

 Nanorobotics in Dentistry 

The concept of "dentifrobots" has been proposed, where 

nanoscale robots can autonomously detect and repair early-

stage caries, enhancing preventive dentistry(39). These 

nanorobots can also aid in precision drug delivery for targeted 

treatment of oral diseases (40). 
 

 Fluoride and Remineralization Nanotechnology 

Nanoparticles of hydroxyapatite and bioactive glass 

contribute to enamel remineralization, offering an alternative 

to traditional fluoride treatments (41). These bioactive 

nanoparticles help restore demineralized enamel by depositing 

calcium and phosphate ions onto tooth surfaces (42). 

 

VI. NANO FORMULATIONS OF HERBAL 

EXTRACTS 

 

Nano formulations such as nanoparticles, nanogels, 
nanoliposomes, and nano emulsions are employed to deliver 

herbal compounds effectively into the oral cavity. 

 

Examples : Green Tea Nanoparticles: Epigallocatechin 

gallate (EGCG), a catechin from green tea, is encapsulated in 

nanoparticles for sustained release and enhanced antibacterial 

activity against Streptococcus mutans (43). 

 

Curcumin Nanoparticles: Curcumin-loaded 

nanoparticles demonstrate strong antibacterial and anti-

inflammatory activity, useful in treating periodontitis and oral 
mucositis (44) 

 

Neem (Azadirachta indica) Nano formulations: Neem-

loaded nanoparticles have shown significant antimicrobial 

action and are effective in plaque control and gingivitis (45) 

 

VII. CONCLUSION 

 

 The integration of herbal medicine and nanotechnology 

marks a progressive shift in modern dental therapeutics. By 

combining the natural efficacy of plant-based compounds 
with the precision and efficiency of nanoscale delivery 

systems, this approach overcomes longstanding challenges 

related to bioavailability, stability, and targeted action. 

Nano-herbal formulations not only enhance the therapeutic 

outcomes of traditional remedies but also offer safer, more 

patient-friendly alternatives to synthetic drugs. 

 

 This advancement supports the development of dental 

treatments that are both scientifically innovative and 

rooted in time-tested natural medicine. As research 

continues to evolve, this interdisciplinary synergy is 

expected to yield new, highly effective strategies for 

preventing and managing oral health conditions. 

Ultimately, the convergence of nanotechnology and herbal 

medicine represents a promising path toward personalized, 
sustainable, and holistic dental care for the future. 

 

 While numerous plants have demonstrated promising 

therapeutic potential when combined with 

nanotechnology, it is important to recognize that many 

ancient botanical treatments remain underexplored in this 

context. Traditional medicine systems, such as Ayurveda, 

Traditional Chinese Medicine, and Indigenous healing 

practices, offer a vast repository of medicinal plants that 

have been used for centuries to treat oral and systemic 

diseases. However, the potential of these time-honored 
remedies has not been fully realized within the framework 

of modern nano formulation techniques. 

 

 Revisiting and scientifically evaluating these ancient plant-

based therapies through the lens of nanotechnology could 

unlock new, highly effective dental treatments. By 

bridging traditional wisdom with cutting-edge innovation, 

researchers can rediscover and repurpose forgotten natural 

remedies, potentially leading to novel, sustainable, and 

culturally inclusive advancements in oral healthcare. 

 

LIMITATIONS OF NANOTECHNOLOGY IN 

HERBAL DENTISTRY 

 

Nanotechnology has shown immense potential in 

enhancing herbal dentistry by improving the delivery, 

stability, and efficacy of plant-based compounds. However, 

despite its promise, several limitations hinder its widespread 

clinical application. 

 

 Toxicity and Biocompatibility Issues 

While herbal agents are generally considered safe, their 

combination with certain nanomaterials may raise toxicity 
concerns. Some nanoparticles, especially metal-based ones 

like silver or zinc oxide, may exhibit cytotoxic effects 

depending on their size, concentration, and surface properties 

(Ishida et al., 2020). Ensuring complete biocompatibility 

remains a challenge. 

 

 Lack of Standardization 

 Herbal extracts often vary in composition depending on 

the plant source, extraction method,  

 

 Regulatory Challenges 
Currently, there is a lack of clear regulatory frameworks 

specific to nano-herbal formulations in dentistry. This creates 

uncertainty regarding their approval and acceptance in 

mainstream dental practice (Goyal et al., 2020). 

 

 Limited Long-term Data 

There is a scarcity of long-term clinical trials evaluating 

the safety and efficacy of nano-herbal dental products. Most 
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studies remain at the in vitro or early in vivo stages, limiting 

the evidence available for clinical translation (Kumari & 

Yadav, 2022).and storage conditions. This variability 

complicates the consistent formulation of nanoparticle-based 

herbal dental products (Souto et al., 2019). Standardization of 

both the nanocarrier and the herbal content is necessary for 

reproducible clinical outcomes. 

 
 High Cost and Technical Complexity 

The synthesis of nanocarriers—such as liposomes, 

dendrimers, or nano emulsions—is often expensive and 

requires advanced technology and expertise. This may limit 

accessibility and scalability in low-resource settings where 

herbal remedies are traditionally popular (Singh et al., 2021). 

 

FUTURE SCOPE 

 

The future of nanotechnology in herbal dentistry holds 

immense potential for transforming oral healthcare through 
safer, more effective, and patient-centered treatments. As 

scientific interest continues to grow, several promising 

directions are emerging: 

 

 Targeted Drug Delivery Systems:  

Nanocarriers such as liposomes, dendrimers, and 

metallic nanoparticles can be engineered to deliver herbal 

actives directly to specific sites in the oral cavity. This targeted 

approach reduces the required dosage and minimizes side 

effects, making treatments more efficient and patient-friendly. 

 

 Improved Bioavailability of Herbal Compounds:  
Many herbal extracts suffer from poor solubility and low 

bioavailability. Nanotechnology enhances the absorption and 

stability of these compounds, allowing them to exert their full 

therapeutic effect, even at lower concentrations. 

 

 Development of Nano-Herbal Oral Care Products:  

The formulation of advanced toothpaste, mouthwashes, 

gels, and varnishes infused with nano-herbal actives could 

revolutionize preventive dentistry. These products would offer 

long-lasting antimicrobial, anti-inflammatory, and 

demineralizing properties. 
 

 Regenerative Dentistry:  

Combining herbal compounds with nanomaterials may 

support tissue engineering and regeneration of damaged oral 

tissues. This can be particularly beneficial in periodontal 

therapy and pulp regeneration. 

 

 Smart Nanomaterials for Diagnostics and Therapy 

(Theragnostic):  

Future applications may include smart nanoparticles 

capable of detecting oral pathogens and releasing herbal drugs 

in response, offering a dual function of diagnosis and 
treatment. 

 

 Eco-Friendly and Sustainable Dental Treatments:  

With growing interest in green dentistry, nano-herbal 

formulations offer a sustainable alternative to synthetic 

chemicals, aligning with environmental and health-conscious 

practices. 

 Integration into Personalized Dentistry:  

Advances in nanomedicine and data-driven healthcare 

can allow for the development of personalized nano-herbal 

therapies based on individual oral microbiomes and genetic 

profiles. 
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