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ABSTRACT

Periodontal disease is a complex inflammatory disorder involving a dysbiotic microbiome
and an aberrant host-immune response. While Scaling and Root Planing (SRP) remains the
clinical gold standard, the persistent nature of pro-inflammatory cytokines often leads to
recurrence. Objective: This review provides a comprehensive molecular exploration of
Ayurvedic bioactives and their potential to modulate the periodontal inflammatory cascade,
specifically targeting Matrix Metalloproteinases (MMPs) and the NF-kB pathway. Methods:
A systematic multi-database search (PubMed, Scopus, DHARA, and Web of Science) was
conducted for literature published between 2015 and 2025. The review correlates ancient
'Dantamoola’ concepts with modern immunomodulatory findings. Results: Molecular
analysis reveals a synergistic multi-target effect of Ayurvedic phytochemicals. While
Curcumin (from Haridra) and chebulinic acid (from Triphala) act as potent inhibitors of
TNF-q, IL-1, and MMP-9, other bioactives like azadirachtin (from Neem) and Glycyrrhizin
(from Yashtimadhu) provide critical anti-adhesion and immunomodulatory support. Clinical
data suggests that integrative protocols, such as Gandusha (oil pulling), provide anti-biofilm
properties comparable to 0.2% chlorhexidine without associated cytotoxicity. Furthermore,
the emergence of 'Nano-Ayurveda' offers a novel sustained-release drug delivery model for
localized periodontal therapy. Conclusion: An integrative "Bio-Ayurvedic" approach offers
a superior, biocompatible, and sustainable therapeutic model. It addresses both the
microbial etiology and host susceptibility, bridging the gap between traditional wisdom and
modern "Green Periodontics.".

INTRODUCTION
The Global Landscape of Periodontal Health

Periodontal disease is a pervasive chronic
inflammatory condition that remains a formidable
challenge to global public health. According to the
World Health Organization (WHO) and the Global
Burden of Disease Study, severe periodontitis affects
approximately 11% to 15% of the global adult
population, making it the 6t most prevalent condition
worldwidel'l. It is characterized by the progressive
destruction of the tooth-supporting apparatus,
including the gingiva, periodontal ligament (PDL), and
alveolar bone.
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While historically viewed as a localized infection,
modern dental science now recognizes periodontitis as
a systemic inflammatory trigger2l. Substantial
evidence links periodontal health to systemic
comorbidities such as Type 2 Diabetes Mellitus,
Atherosclerotic Cardiovascular Disease (ACVD), and
Adverse Pregnancy Outcomes. The inflammatory
mediators- specifically C-reactive protein (CRP) and
Interleukin-6 (IL-6)- originate in the periodontal
pocket and enter the systemic circulation, exacerbating
chronic systemic inflammation.

Evolution of Periodontology: From Microbial to
Host-Centric Paradigm- For decades, the "Non-
specific Plaque Hypothesis" dominated periodontal
therapy, focusing solely on the mechanical removal of
bacterial biofilms. However, the shift to the "Dysbiosis
Hypothesis" has redefined our understanding. 31 We
now know that the disease is not caused by the mere
presence of bacteria, but by a shift in the microbial
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community (the "Red Complex" pathogens) and, more
importantly, an aberrant host immune response [4l.
Contemporary periodontology emphasizes Host
Modulation Therapy (HMT)BL While mechanical
Scaling and Root Planing (SRP) remain the "Gold
Standard,” they often fail to arrest the molecular
destruction caused by the host's own enzymes, such as
Matrix Metalloproteinases (MMPs)l6l. This limitation
has led researchers to explore biocompatible, non-
toxic, and multi-targeted therapeutic adjuncts found in
traditional medicinal systems [7],

Ayurveda: The Ancient Science of 'Dantamoola
Swasthya' - In Ayurveda, classification of oral diseases
under the branch of Shalakya-tantra. Dantamoola are
developed from Rakta Dhatul8. Acharya Sushruta,
described 15 distinct types of Dantamoola Rogas
(periodontal diseases) in the Sushruta Samhita 9. The
Ayurvedic perspective on gum health is deeply rooted
in the balance of Tridoshas (Vata, Pitta, Kapha) and the
purity of Sapta-dhatus  (tissues). Periodontal
destruction is primarily viewed as a vitiation of Rakta
(Blood) and Mansa (muscle/gingiva) Dhatus, leading to
conditions like  Sheetada (gingivitis) and
Dantapupputaka (periodontal abscess) [101.

Rationale for Integration: The "Ayur-Genomic"

Approach- The need for an integrative approach

stems from the limitations of synthetic chemical

adjuncts. Long-term use of Chlorhexidine (CHX)- the
current gold standard mouthwash- is associated with
tooth staining, taste alteration, and mucosal
desquamationl!ll.  Similarly, systemic antibiotics
contribute to the global crisis of Antimicrobial

Resistance (AMR) [12l. Ayurvedic bioactives, such as

Curcumin, Nimbin, and Tannins, provide a "Synergistic

Multi-Target" effect. They do not just kill bacteria; they

modulate the host's inflammatory pathways, promote

tissue regeneration (Ropesana), and neutralize

oxidative stress [1314], This review aims to provide a

comprehensive molecular analysis of these Ayurvedic

interventions and their clinical integration with
modern periodontal protocols.

Scope and Objectives of the Review

1. A molecular exploration of phytochemicals in
Ayurvedic herbs and their interaction with the NF-
kB and MMP pathways.

2. A comparative analysis of traditional practices like
Gandusha (oil pulling) and modern chemical plaque
control.

3. Evidence-based clinical data supporting the use of
Ayurvedic adjuncts in Non-Surgical Periodontal
Therapy (NSPT).

4. A roadmap for "Green Periodontics," focusing on
sustainable and biocompatible oral healthcare.

Molecular Pathogenesis and Ayurvedic
Pharmacology
e The Biofilm Architecture and Microbial

Dysbiosis - Periodontal disease is initiated by the
formation of a complex, multi-species biofilm on the
tooth surface. Modern microbiological analysis,
utilizing 16S rRNA sequencing, indicates that the
transition from health to disease is driven by a
"Dysbiotic Shift" rather than the simple presence of
bacteria [151. In a symbiotic state the oral cavity is
dominated by commensal Gram-positive facultative
saprophytes, such as Streptococcus mitis. However,
environmental triggers- including poor hygiene,
smoking, and diabetes- precipitate a shift toward a
dysbiotic state characterized by the "Red
Complex"lt6l. This virulent consortium consists of
Porphyromonas gingivalis, a keystone pathogen that
subverts host immunity, Tannerella forsythia, which
exhibits potent proteolytic activity, and Treponema
denticola, a highly motile spirochete capable of deep
tissue invasion.

e The Inflammatory Cascade: Following the
establishment of the biofilm, the release of
Lipopolysaccharides (LPS) and gingipains serves as
the primary biochemical trigger for host tissue
destruction. These molecules function as ligands
that bind to Toll-Like Receptors (TLR-2 and TLR-4)
on gingival epithelial cells and macrophages,
initiating a destructive inflammatory cascade [171.
The central mechanism of this response is the
activation of the NF-xB pathway, the "master
switch" that translocates Nuclear Factor-kappa B
into the nucleus to induce the transcription of pro-
inflammatory cytokines, including TNF-q, IL-1f3, and
IL-6[18-19], This cytokine overproduction
subsequently stimulates the release of Matrix
Metalloproteinases (MMPs), particularly MMP-8
(collagenase) and MMP-9 (gelatinase), which
execute the enzymatic breakdown of collagen fibers
within the periodontal ligament (PDL), leading to
irreversible attachment loss [20],

e Ayurvedic Correlation: 'Doshic’ and 'Dhatugata’
Pathogenesis

From an Ayurvedic perspective, this molecular
destruction is elucidated through the concepts of
Srotas  (channels) and Dhatupaka  (tissue
suppuration). The Nidana (etiology) of periodontal
disease is primarily attributed to the excessive
consumption of Madhura (sweet) or Amla (sour)
substances combined with the neglect of
Dantadhavana (oral hygiene), which triggers the
vitiation of Kapha and Pitta and subsequent
contamination of Rakta (blood) [21l. The Samprapti
(pathogenesis) involves the intake of Kapha and
Rakta-prakopaka foods, leading to Agnimandhya
(impaired digestion) and the formation of Ama
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(metabolic toxins). This results in Dosha-Dushya
Sammurchna (pathological localization) at the
Dantmoola (periodontium), manifesting as clinical
symptoms [22], Ultimately, this process involves the
Mansa Dhatu (gingival tissue) and Asthi Dhatu
(alveolar bone); the molecular "collagenolysis"
identified in modern medicine corresponds to the
Ayurvedic concept of Mansa-Shithilata, or the
pathological loosening and degradation of soft
tissues [231,

e Phytochemical Interventions:
Molecular Pathways

Ayurvedic therapeutics represent a shift from
conventional mono-targeted antimicrobials to
multi-targeted ligands that modulate both microbial
virulence and host response. Curcumin (Curcuma
longa) serves as a selective inhibitor of the IKK
complex, effectively blocking NF-kB activation and
arresting the pro-inflammatory cascade at its
molecular source [24. Similarly, the tannins and
gallic acid found in Triphala exhibit Kashaya

Targeting the

(astringent) properties; at the molecular level, these
compounds cross-link with collagen fibers,
enhancing their structural resistance against
enzymatic degradation by MMPs [25]. To disrupt the
physical biofilm, Azadirachtin (Azadirachta indica)
inhibits bacterial glucosyltransferase, preventing
the synthesis of the extracellular polysaccharides
necessary for biofilm stabilityl2¢l. Furthermore,
Babbula (Acacia arabica) utilizes high
concentrations of condensed tannins and catechins
to act as a Stambhana (hemostatic) agent,
stabilizing capillary permeability and reducing
bleeding by inhibiting the arachidonic acid
pathwayl?7l.  Finally, Yashtimadhu (Glycyrrhiza
glabra) provides a sustained anti-inflammatory
effect through Glycyrrhizin, which functions as an
immunomodulator by  inhibiting 11-beta-
hydroxysteroid dehydrogenase, thereby prolonging
the local activity of cortisol within the periodontal
pocket (28],

Table 1: Molecular Comparison of Pathogenesis

Parameter Contemporary Ayurvedic . .
Periodontics Perspective Integrative Insight
: : Bacterial ~ Biofilm ! : .. | Dysbiosis of oral
Primary Etiology (Red Complex) Kaphaja/Raktaja Krimi microbiome
Cytokine Storm (IL- | . S Excessive inflammatory
Immune Response 1, TNF-alpha) Pitta-Rakta Vitiation cascade

. . MMP-8 and MMP-9 | Dhatu-Paka Proteolytic destruction of
Tissue Degradation . .
activity (Suppuration) collagen
Bone Involvement Alveolar. i, Asthi-Kshaya ChI:OHl.C osteoclastic
Resorption activation
Therapeutic Interventions and Phytochemical exponentially increasing the surface area of the lipid
Profiling phase. This enables the entrapment of lipid-soluble

Clinical Efficacy of Gandusha (Oil Pulling) in
Periodontal Biofilm Control- Within the Ayurvedic
Dinacharya (daily regimen), the practices of Gandusha
(oral oil retention) and Kavala (gargling) are
emphasized as primary interventions for oral
detoxification. Unlike conventional mouthwashes that
utilize synthetic antimicrobials like Chlorhexidine,
Gandusha employs biological lipids- predominantly
Tila Taila (sesame oil) or Narikele Taila (coconut oil)-
to achieve mechanical and chemical debridement [29].
The therapeutic efficacy of this practice is explained by
the dual mechanisms of Saponification and
Emulsification. During the procedure, the alkali
present in saliva reacts with the fatty acids of the
vegetable oil, initiating a saponification process that
generates a soap-like biological surfactant. This
surfactant effectively reduces the surface tension on
the tooth enamel, facilitating the detachment and
"lifting" of the complex bacterial biofilm [301,
Simultaneously, the vigorous pulling of the oil through
the interdental spaces induces a fine emulsion,

toxins and hydrophobic pathogens that are typically
resistant to aqueous-based rinsing agents [311.

Clinical validation of this traditional practice is
supported by meta-analyses (e.g., Bhat et al.), which
demonstrate that 15 days of consistent Gandusha
results in a significant reduction in both the Plaque
Index (PI) and Gingival Index (GI) [32l. Microbiological
data further reveal that oil pulling reduces the Colony-
Forming Units (CFU) of S. mutans and P. gingivalis in
saliva by approximately 20-30%. This reduction
matches the clinical efficacy of 0.2% Chlorhexidine, but
offers a distinct advantage by avoiding the common
side effects of extrinsic tooth staining and mucosal
desquamation 331,

Phytochemical Analysis of Key Periodontal Herbs -

e Neem (Azadirachta indica): Traditionally
described as Krimighna (antimicrobial) and
Kushthaghna in Ayurvedic texts, Neem represents a
complex pharmacological entity containing over
140 bioactive compounds. Among these, the
terpenoids Nimbin, Nimbidin, and Azadirachtin
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have been extensively researched for their role in
disrupting oral dysbiosis. The molecular efficacy of
these compounds is primarily driven by the
inhibition of the Glucosyltransferase enzyme (34, By
halting this enzymatic activity, Neem prevents the
synthesis of water-insoluble glucans- the essential
structural framework of dental plaque- thereby
obstructing bacterial adhesion to the enamel.
Furthermore, its clinical utility extends to host
modulation; Neem significantly inhibits the
production of Prostaglandin E2 (PGE2), which
effectively mitigates localized gingival
inflammation, pain, and erythema 351,

Haridra (Curcuma longa): The Golden Healer-

In Ayurvedic clinical practice, Haridra is revered for
its Lekhaniya (scraping), Vishaghna (antitoxic), and
Kushthaghna properties, which translate to its
efficacy in biofilm debridement and mucosal
healing. While its volatile fraction contains
turmerone, its profound therapeutic impact is
primarily driven by Curcuminoids, with Curcumin
(diferuloylmethane) being the most biologically
active and widely investigated polyphenol 136l
Curcumin functions as a multi-target "Master
Regulator” by inhibiting the NF-kB (Nuclear Factor-
kappa B) pathway, thereby arresting the
transcription of pro-inflammatory genes at their
source. Unlike non-selective synthetic NSAIDs,
Curcumin exhibits a more targeted anti-
inflammatory  profile by inhibiting = COX-2
(Cyclooxygenase-2) and LOX (Lipoxygenase)
enzymes. This selective inhibition prevents the
synthesis of inflammatory prostaglandins, offering
an effective treatment for gingivitis and
periodontitis without the gastrointestinal adverse
effects typical of pharmaceutical analgesics [B71.
Furthermore, Curcumin’s unique molecular
structure enables it to directly neutralize reactive
oxygen species (ROS), providing an antioxidant
defense that accelerates rapid tissue regeneration
within the periodontal pocket.

Triphala: Triphala, a cornerstone polyherbal
formulation in Ayurveda, comprises a synergistic
blend of Amalaki (Emblica officinalis), Bibhitaki
(Terminalia bellirica), and Haritaki (Terminalia
chebula). Its robust phytochemical profile is
characterized by high concentrations of gallic acid,
chebulagic acid, and hydrolyzable tannins [38l.
Beyond its antimicrobial properties, Triphala serves
as a potent Matrix Metalloproteinase (MMP)
Inhibitor, specifically targeting MMP-9. This
inhibition is clinically significant as MMP-9 is the
primary proteolytic enzyme responsible for the
degradation of collagen fibers within the

periodontal ligament [B9. Furthermore, Triphala
induces a localized "Antioxidant Burst" by
significantly elevating the levels of Superoxide
Dismutase (SOD) and Glutathione within the
Gingival Crevicular Fluid (GCF). This enzymatic
defense effectively neutralizes the oxidative stress
and reactive oxygen species (ROS) generated by
periodontal pathogens, thereby preserving the
structural integrity of the periodontium 401,

e Babbula(Acacia arabica): In Ayurveda as Kashaya

(astringent) and Stambhana (hemostatic), Babbula
serves as a therapeutic cornerstone for managing
gingival bleeding and oral lesions. Its bark and pods
possess a high concentration of complex
polyphenols, specifically catechins and tannins
(including gallic acid and Catechin) [41. At the
molecular level, these tannins operate through a
rapid protein precipitation mechanism, wherein
they bind to and cross-link proline-rich proteins
found in saliva and mucosal membranes. This
process creates a mechanical "protective shield"
that reduces mucosal permeability, effectively
preventing pathogens and bacterial toxins from
infiltrating deeper gingival layers [#2I. Furthermore,
its potent styptic action facilitates the aggregation of
red blood cells and precipitation of blood proteins
at the site of injury, which arrests minor gingival
bleeding and accelerates the healing of oral ulcers.
Beyond this physical barrier, Babbula exhibits
antimicrobial synergy by inhibiting bacterial
proteases, thereby neutralizing the virulence of
periodontopathogens responsible for tissue
degradation [431,

Yashthimadhu (Glycyrrhiza glabra): Yashtimadhu
is Rasayana (rejuvenative) and Kanthya (beneficial
for the throat), prized for its profound ability to
balance mucosal inflammation. The primary
bioactive constituent is Glycyrrhizin (glycyrrhizic
acid), a triterpenoid saponin approximately 50
times sweeter than sucrose, which possesses potent
anti-inflammatory properties [44l. At the molecular
level, Glycyrrhizin exerts its effect by suppressing
the production and activity of Interleukin-1 beta
(IL-1beta), a key pro-inflammatory cytokine
responsible for initiating the inflammatory cascade
in periodontal tissues. Beyond simple anti-
inflammation, Yashtimadhu functions as an
immunomodulator; it enhances the body’s natural
defense mechanisms by stimulating macrophage
activity and interferon production, while
simultaneously preventing the immune system from
an over-reactive response that could lead to host
tissue destruction [45].
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Table 2: Phytochemical Profiling & Pharmacological Targets

Botanical Name Bioactive Marker | Molecular Target Therapeutic Action
Azadirachta indica Nimbin & | Inhibits Anti-adhesion (Biofilm

Azadirachtin Glucosyltransferase disruption)

) Inhibits NF-kB & COX- | Selective Anti-
Curcuma longa Curcumin .
2 inflammatory

Terminalia chebula | Chebulinic Acid Blocks MMP-9 activity | Collagen Stabilization
Acacia arabica Catech ins & Protein Precipitation Astringent & Hemostatic

Tannins
Glycyrrhiza glabra | Glycyrrhizin Suppresses IL-1beta Immunomodulatory

Dant Dhavana and Pratisarana: Mechanical and
Chemical Synergy- The Ayurvedic protocols of Dant
Dhavana (brushing with herbal sticks or Datun) and
Pratisarana (gum massage with herbal powders)
represent a sophisticated dual-action therapeutic
approach that combines mechanical debridement with
chemical host modulation. The mechanical stimulation
achieved by massaging the gingiva with a combination
of Saindhava Lavana (rock salt) and Sarshapa Taila
induces localized hyperemia. This targeted
vasodilation enhances micro-circulation within the
gingival tissues, ensuring an optimal supply of oxygen
and essential nutrients required for the repair of the
periodontal ligament [“6]. Complementing this physical
stimulation, the fine particles of polyherbal powders-
such as Trikatu (Sunthi, Maricha, Pippali)- serve as

mild biological abrasives that physically disrupt the

dental pellicle and calculus. Simultaneously, the potent

alkaloid constituents of these herbs penetrate the
gingival sulcus, providing deep-seated  anti-
inflammatory and antimicrobial relief directly at the

site of the infection 471,

Recent Advances, Clinical Evidence, and Future

Perspectives

Evidence-Based Clinical Analysis: A Comparative

Review

In the last decade, the shift toward "Evidence-

Based Complementary and Alternative Medicine"

(eBCAM) has led to rigorous Randomized Controlled

Trials (RCTs) evaluating Ayurvedic interventions

against the current "Gold Standard,” Chlorhexidine

(CHX).

e Comparative Analysis of Curcumin vs.
Chlorhexidine: Recent longitudinal studies (e.g,
Behal et al.) utilized a 2% curcumin gel as a local
drug delivery (LDD) agent into periodontal pockets.
The molecular data revealed that Curcumin was
equally effective as CHX in reducing the Probing
Pocket Depth (PPD) and improving the Clinical
Attachment Level (CAL) 8. However, a significant
advantage of curcumin was its superior
biocompatibility. Unlike CHX, which exhibits
cytotoxic effects on human gingival fibroblasts at
certain  concentrations, curcumin promoted

fibroblast proliferation, thereby accelerating tissue
regeneration.

e Triphala in Plaque Control: Clinical research
conducted by Mishra et al. (2022) demonstrated
that a 6% Triphala mouthwash significantly
reduced the Quigley-Hein Plaque Index and the
Gingival Index in chronic periodontitis patients [49].
The phytochemical analysis suggests that the
polyphenols in Triphala inhibit the DNA polymerase
activity of periodontopathogens, preventing
microbial replication without disrupting the healthy
oral flora balance.

e A study by Prakash et al. (2024) evaluated the
efficacy of Nano-Curcumin as an adjunct to standard
Scaling and Root Planing (SRP). The results
demonstrated that the Nano-Curcumin group
showed a superior gain in Clinical Attachment Level
(CAL) and significantly enhanced tissue healing
compared to the group receiving SRP alone [5%. This
indicates that the nano-formulation overcomes the
solubility issues of traditional curcumin, allowing it
to act as a potent regenerative agent that promotes
the reattachment of periodontal fibers.

The Paradigm of 'Green Periodontics' and
Sustainability

As the global scientific community transitions
toward sustainable healthcare, the paradigm of Green
Periodontics has emerged, positioning Ayurvedic
principles as a viable, eco-friendly alternative to
conventional dental models. Modern oral hygiene
interventions, primarily reliant on plastic toothbrushes
and synthetic surfactants such as triclosan and sodium
lauryl sulfate, contribute significantly to environmental
microplastic pollution and chemical toxicity. In
contrast, the Ayurvedic practice of Dantadhavana,
which utilizes herbal sticks from Azadirachta indica or
Acacia arabica, provides a fully biodegradable
mechanical interface with inherent antimicrobial
properties that synthetic bristles lack. Furthermore,
while broad-spectrum synthetic antimicrobials often
precipitate oral dysbiosis and opportunistic infections
like oral candidiasis, ayurvedic protocols such as
Gandusha (oil pulling) utilize mechanisms of physical
entrapment and selective inhibition. This targeted
approach facilitates the reduction of "Red Complex"
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pathogens while preserving the protective commensal
microbiome, thereby aligning clinical efficacy with
biological and ecological preservation.

Nano-Ayurveda: The Frontier of Targeted Drug
Delivery

To address the inherent pharmacological
limitations of herbal medicine, specifically
bioavailability and poor solubility, the integration of
advanced drug delivery systems has revolutionized
Ayurvedic periodontal therapy. Traditional natural
extracts often possess large molecular weights, which
prevent them from effectively penetrating the deeper
recesses of the periodontal pocket. Nano-
encapsulation techniques, employing polymeric
nanoparticles and liposomes, now protect bioactive

compounds like curcumin and neem from enzymatic
degradation in the saliva while simultaneously
enhancing their stability and cellular uptakel51l.
Furthermore, the development of sustained-release
systems, such as in-situ gels, ensures that these
therapeutic agents are released incrementally over 7
to 10 days. This mechanism maintains a consistent
therapeutic concentration within the Gingival
Crevicular Fluid (GCF), facilitating prolonged contact
time with the infected tissues. These technological
advancements not only maximize the antimicrobial
and regenerative potential of the herbs but also
improve patient compliance by significantly reducing
the frequency of clinical applications [52],

Table 3: Clinical Evidence Summary

Author & Year Intervention

Control Group

Key Findings

Behal et al. (2011) 2% Curcumin gel

0.2% chlorhexidine

Comparable reduction in pocket depth

Mishra et al. (2022) 6% Triphala rinse

Saline rinse

449% reduction in plaque Index

: . Chlorhexidine oo I
Asokan et al. (2009) 0il pulling (sesame) mouthwash Significant reduction in S. mutans
Prakash et al. (2024) | Nano-curcumin Standard SRP Superior CAL gain & tissue healing
Critical Discussion and Gap Analysis randomized controlled trials (RCTs) and the

The therapeutic efficacy of Ayurvedic
interventions in periodontology is fundamentally
rooted in a multi-target pharmacological strategy.
Unlike conventional monotherapies that often target
isolated enzymes or narrow microbial spectra,
Ayurvedic polyherbalism facilitates a synergistic
molecular interaction that simultaneously addresses
the microbial biofilm, oxidative stress, and the
aberrant host-immune response. This holistic
mechanism not only arrests the pro-inflammatory
cascade but also creates a biocompatible environment
conducive to tissue regeneration. From a global public
health perspective, such integrative models offer
significant socio-economic feasibility, providing cost-
effective and culturally accessible therapeutic
alternatives in resource-limited settings where
specialized surgical interventions remain inaccessible.

However, the transition of Ayurvedic
periodontics into mainstream clinical practice is
hindered by critical standardization challenges. The
concentration of bioactive marker compounds- such as
curcuminoids, tannins, and terpenoids- exhibits
significant intra-batch variability due to geo-climatic
factors (Desha), harvesting chronobiology (Kala), and
non-standardized extraction methodologies.
Furthermore, the inherent pharmacokinetic limitations
of herbal bioactives, specifically their poor aqueous
solubility and low bioavailability within the gingival
crevicular fluid (GCF), necessitate the integration of
advanced drug delivery systems. Addressing these
gaps requires a rigorous shift toward Evidence-Based
Medicine  through  longitudinal, = multi-centric

establishment of robust pharmacovigilance protocols
to ensure long-term safety and standardize therapeutic
outcomes.

CONCLUSION AND RECOMMENDATIONS

The future of periodontology depends on a
synergistic integration where Ayurvedic principles and
modern science coexist to provide comprehensive,
biocompatible care. To support this, policy
recommendations advocate for the inclusion of ethno-
pharmacology in dental curricula, equipping clinicians
with the expertise to utilize both traditional and
modern modalities. Emerging research outlooks are
now focused on nutri-genomics, investigating how
Ayurvedic dietary interventions and phytochemicals
modulate the gene expression of pro-inflammatory
cytokines. This molecular approach aims to provide a
high-precision, evidence-based foundation for
personalized periodontal therapy
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