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	 In managing dental health, Periodontitis is a chronic infectious oral disease marked 
by inflammation, tissue degeneration, and tooth loss, which poses significant challenges. 
Traditional therapies often fail to achieve complete tissue regeneration and inflammation 
control. Consequently, natural products have garnered attention due to their antimicrobial, anti-
inflammatory, antioxidant, and bone-protective qualities. Recently, plant-derived exosome-like 
nanoparticles (PELNs) have emerged as promising biocompatible and sustainable therapeutic 
agents. PELNs, which are naturally occurring extracellular nanovesicles (50-500 nm), contain 
bioactive substances such as proteins, lipids, and microRNAs derived from various plant 
parts, including fruits and roots, endowing them with regenerative, antioxidant, and anti-
inflammatory properties. Research indicates that PELNs can enhance tissue regeneration in 
periodontal contexts, inhibit harmful bacteria like Porphyromonas gingivalis, and modulate 
immune responses. This chapter provides a comprehensive exploration of PELNs' biogenesis, 
composition, and therapeutic applications in managing periodontitis. It further discusses the 
future challenges and opportunities for integrating PELNs into clinical practice, highlighting 
their potential as a novel green nanomedicine through mechanisms of immune regulation, 
antimicrobial action, osteogenesis, and periodontal tissue regeneration, thereby offering a 
sustainable approach for preventing and treating periodontitis.

Keywords: Anti-inflammatory; Green nanomedicine; Nanoparticles;
Periodontitis; Tissue regeneration.

Overview of periodontitis: prevalence, etiology, 
and current treatment limitations
	 One of the most common dysbiotic oral 
conditions, periodontitis affects approximately 
80% of adults worldwide, with at least one 
tooth.1 A thorough understanding of the etiology 
and pathophysiology of periodontal disease, 
with its inflammatory, infectious, and chronic 

characteristics, highlights its potential to negatively 
impact other body parts. Periodontitis is linked 
to loss of alveolar bone and clinical attachment. 
Emerging evidence indicates that periodontitis 
is a systemic inflammatory disease with wide-
ranging effects on general health. Its pathogenesis 
is initiated by a local immune response triggered 
by a polymicrobial biofilm, with connective tissue 
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destruction driven primarily by the dysregulated 
host response rather than by specific pathogens 
alone. Alveolar bone resorption, destruction, 
and systemic issues The pocket that had ulcers 
epithelium helps endotoxins and microorganisms 
move into the bloodstream, which can cause brief 
bouts of bacteremia that happen multiple times a 
day. Moreover, pro-inflammatory mediators like 
interleukin (IL)-1 (IL-1) that are generated locally 
IL-6, prostaglandin E2 (PGE2), and tumor necrosis 
factor (TNF) can spread throughout the circulation, 
intensifying inflammation in the system and 
possibly impacting distant organs.2,3 Periodontal 
disease results from a local accumulation .Bacterial 
growth (i.e., dental plaque next to the tooth) 
and the byproducts of their metabolism (such 
as endotoxin), which activates the junctional 
epithelium to multiply and generate tissue-
destructive enzymes that break down the membrane 
of the basement and permit the  junctional 
epithelium’s apical migration along the tooth’s 
root surface, so deep filling in the gingival fissure 
to  create periodontal pockets and the attachment 
that goes with them loss, the characteristic lesion 
of periodontal illness.4,5 Typically, these types of 
periodontitis impact young people, frequently 
during puberty, aged between 10 and 30, with 
a genetic susceptibility.6 Most frequently, the 
bacteria connected to severe periodontitis are 
the actinomycetemcomitans Aggregatibacter 
(Actinobacillus actinomycete) Cetylpyridinium, 
or CPC chloride; GI (gingival index); NSAIDs; 
EOMW (essential oil mouthwash), medications 
that don’t cause inflammation; PD, pocket 
depth; PI, plaque are also useful in lowering 
gingivitis, although not as well as Chlorhexidine 
and interdental cleaning.7 Robust evidence 
is not yet accessible to support flossing and 
other interventions, nutritional supplements, 
probiotics, and nonsteroidal anti-inflammatory 
drugs supplements.8,9 Naturally, even though 
other interventions could demonstrate efficacy in 
preventing periodontal diseases, adequate Evidence 
must be presented through powerful clinical trials.10

Emergence of nanotechnology in periodontal 
therapy
	 Certain molecules can be used to 
functionalize nanomaterials. (like peptides or 
antibodies) that attach to pathogens or disease 
indicators. The tumor vasculature overexpresses 

integrins, especially avb3 and avb5, which are 
selectively bound by peptides that target integrins. 
Through its high-affinity binding to avb3 integrins, 
the cyclic arginylglycylaspartic acid peptide 
(cRGD) has been widely used to functionalize 
nanoparticles, allowing for targeted tumor delivery. 
For tumor-targeting applications, its cyclic 
conformation outperforms its linear counterpart 
due to improvements in stability, specificity, and 
receptor-binding affinity. Because of its inherent 
affinity for integrins, the fibronectin-derived 
RGD peptide, another integrin-targeting peptide, 
has been studied for vascular graft integration 
and endothelial cell retention. Although it isn’t 
primarily utilized for drug delivery, its significance 
in specific vascular applications is highlighted 
by its role in fostering endothelialization and 
biomaterial integration.11 This makes it possible 
for highly focused imaging, which can significantly 
increase the precision of diagnosis, particularly 
to identify particular bacterial infections.12 
Nanomaterials are showing promise as  a solution 
to antibiotic resistance because they can circumvent 
the resistance mechanisms that are already 
in place. By microorganisms. Photodynamic 
treatment (PDT).13,14 A new method that uses 
light, molecular oxygen, and photosensitizers has 
demonstrated potential to combat periodontitis. 
Nanofillers are becoming increasingly recognized 
as essential Commercial composites incorporating 
dental nanomaterials for various dental uses.15 
The process of dental bone grafting is used to 
restore teeth. Bone lost after a severe case of 
periodontal disease, and  replacing the missing 
bone. Additionally, bone grafting could be used 
after tooth extraction to preserve bone structure.15,16 
The structural difference between healthy and 
diseased periodontal tissue is illustrated in (Figure 
1).
Introduction to plant-derived exosomes and 
their significance
	 Morphology and functional traits. 
Nanoparticles made from plants that can be eaten, 
like as carrots, ginger, grapes, and grapefruit 
possess anti-inflammatory qualities.18 Citrus 
fruits contain hesperidin, a flavanone and have 
a wide range of pharmacological characteristics. 
Hesperidin possess induced hepatoprotective 
qualities. Through various methods, like boosting 
the activity of nuclear factor-like 2/antioxidant 
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and heme oxygenase 1 both enzymatic and non-
enzymatic response elements antioxidants.19

Biogenesis and Composition of Plant-Derived 
Exosomes
Mechanisms of exosome formation in plants
	 The formation and release of plant-
derived exosomes occur through multiple pathways 
as shown in (Figure 2). Three routes could lead to 
the development of PELNs: The multivesicular 
body (MVB) pathway, vacuole pathway, and EXPO 
(exocyst-positive organelle) pathway  A type of 
late endosome known as MVBs is created by 
endocytosis, which takes place following Inward 
concavity of the cytoplasmic membrane. The 
lumen of MVBs has several Intraluminal vesicles, 
or ILVs, are tiny vesicles. MVBs merge with the 
membrane of the cytoplasm. And discharge their 
contents (ILVs) into the extracellular space; the 
vesicles that are released are known as PELNs.20 
The MVB pathway is thought to be the primary 
route for the phenomenon of PELNs. The EXPO 
pathway is another source of PELN occurrence 
discovered that Arabidopsis thaliana (A. thaliana) 
cells have a unique organelle that displays a double-
membrane structure that is spherical and resembles 
autophagosomes.21 This Single-membrane vesicles 
can be released when an organelle fuses with the 
plasma membrane.  Researchers now generally 
agree that the EXPO pathway could be mediated by 
the EXPO’s fusion with the cell’s plasma membrane 
following its formation, followed by the PELNs are 
released into the extracellular space.22 In recent 
years, an increasing number Researchers have 
discovered that vesicles in plant cells, in addition 
to the MVB and EXPO pathways, might also 
play a role in PELN formation.23 The production 
and release process of plant-derived exosomes, 
including vesicle formation and secretion into the 
extracellular environment, is illustrated in (Figure 
3).
Molecular constituents: proteins, lipids, RNAs, 
and other bioactives 
	 Typically, plant-derived exosome-like 
nanoparticles (PELNs) would include a number 
of components, including as lipids, proteins, and 
genetic components like microRNAs (mRNAs), 
as was evident .A portion of the exosome serves 
a purpose in the bioactivities ; the protein profile, 
for instance, will ascertain The lipid is essential for 
an effective uptake mechanism. Cell absorption, 

whereas the mRNAs would change the gene 
expression in the PDEN-absorbing cells has a 
unique content of mRNAs.24,26

Proteins
	 It was discovered that PELNs had a 
low concentration of the majority of which were 
cytosolic proteins, specifically membrane proteins, 
actin, and proteases that could serve as a transporter 
and channel inside the membrane itself, including 
chloride channels and aquaporins.
Lipids
	 PELNs’ lipid composition and structure 
were crucial. Crucial in supporting the intestinal 
system’s special absorption of it PELNs tended 
to have phospholipids in high concentration, 
but Choles had a lot of exosomes derived from 
mammals. Both sphingomyelin and Garlic 
and grapefruit nanoparticles are primarily had 
phosphatidylcholine (PC) as their primary lipid; 
nevertheless, turmeric and ginger nanoparticles 
primarily included phosphatidic acid (PA) as their 
primary component. 29

mRNA
	 MiRNAs are a type of small RNA that is 
approximately 22 nt, devoid of coding attributes 
whose primary purposes were to control cleavage 
in order to modify gene expression or preventing 
mRNA translation.25

	 The molecular composition of PELNs, 
including proteins, lipids, and RNAs, is depicted 
in (Figure 4). 
Comparison with mammalian-derived exosomes
	 Mammalian derived vesicles that are 
extracellular and derived from the mammalian 
cells Exosomes are also known as exovesicles, 
ectosomes, or exosome-like Vesicles are uniformly 
shaped structures covered in membranes. They 
are made up of a specific number of proteins, 
particularly the flotillin, TSG101, CD81, CD82, 
CD9, and CD63, and the tetraspanin family Heat-
shock proteins (HSP90, HSP70, HSPA5, CCT2, 
and HSP60) Sphingomyelin makes up exosomal 
membranes. Ceramide, phosphatidylethanolamine, 
phosphatidylinositol, cholesterol, such as 
phosphatidylserine Plant derived VEs derived from 
plants are diverse vesicle groups. Having a variety 
of roles, primarily multivesicular bodies (MVBs), 
vacuoles, autophagosomes, and exocyst positive 
organelles, or EXPOs. The nanovesicles made 
from plants have a size of typically ranges from 
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Fig. 1. Difference between normal and periodontal tooth

Fig. 2. Formation of exosomes

50 to 1,000 nm, though this varies by plant. source 
and method of isolation. Plant-based Extracellular 
vesicles carry a variety of cargos, including various 
biomolecules, including lipids, proteins, small 
RNAs, and nucleic acids, and are mostly made up 
of phosphatidic acid, Di-galactosyl diacylglycerol, 
phosphatidylcholine, and Phytosterols and 
monogalactosyldiacylglycerol.27,28

Therapeutic Properties of PELNs 
Anti-inflammatory effects: modulation of 
cytokines like IL-1b, IL-6, and TNF-a
	 An important part of the immune system is 
played by macrophages. The onset and progression 
of periodontitis are mediated by the M1 and M2 
polarization of macrophages. TNF-a is one of 
the anti-inflammatory substances produced by 

M1 macrophages and IL-6, to kill bacteria, cause 
inflammation, and activate osteoclasts, which will 
ultimately result in resorption of the alveolar ridge. 
However, M2 macrophages result in transforming 
growth. IL-10 and TGF-b, which have thrombotic 
and anti-inflammatory effects. Additionally, they 
stimulate the production of new bone tissue by 
osteoblasts. GELNs in macrophages inhibit the 
NLRP3 inflammasome from coming together. 
Additionally, ginseng-derived ELNs decrease 
M2-like IL-4 and IL-13-induced macrophage 
polarization and increased cytokine production 
TNF-a, IL-12, and IL-6 are among the substances 
connected to M1 macrophages. Several studies have 
shown that ELNs made from grapefruit, carrots, 
ginger, blueberries, and the anti-inflammatory 

qualities of grapefruit. As a component of the 
body’s innate immune system, inflammation occurs 
when exposed to external agents’ stimuli. The first 
line of defense is provided by macrophages through 
the release of pro-inflammatory cytokines (TNF-a, 
IFN-g, IL-1b, and cellular signaling molecules, 
and IL-6), and inflammatory mediators (NO, 
PGE2, and COX-2) Continuous inflammation 
can lead to chronic inflammatory diseases such as 
cancer, diabetes, and heart disease. One strategy 
for controlling chronic inflammation is the use of 
anti-inflammatory drugs.28 PELNs exhibit anti-
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Fig. 3. Production of exosomes

inflammatory activity by modulating cytokines 
such as IL-6 and TNF-a (Figure 5).
Antioxidant capabilities and redox balance 
restoration
	 Antioxidant defense mechanisms have 
evolved in plants to shield them from a variety 
of oxidative stressors in the environment and 
plants that contain therapeutic antioxidants 
Since ancient times, antioxidant properties have 
been used to treat a wide range of illnesses. 
Additional Several antioxidants that are directly 
extracted from therapeutic plants have recently 
been utilized to treat illnesses linked to oxidative 
stress, nutrients, especially vitamins C and E, 
Carotenoids and phenolic compounds are two 
of the main antioxidants derived from plants 
utilized to treat a number of illnesses. Antioxidants 
derived from plants can be extracted using a 
variety of techniques, such as Soxhlet extraction, 
hydrothermal extraction, sonication, as well 
as maceration. Aloe aponaria phytochemicals 
were extracted by which, through maceration in 
ethanol, has antioxidant and anti-inflammatory 
properties.30,31

Antimicrobial actions against periodontal 
pathogens
	 Consequences of herbal remedies to 
treat periodontal disease. One type of this is 

Curcuma longa, another name for turmeric, is a 
plant that belongs to the family Zingiberaceae. 
The function of curcumin in suppressing toll-like 
receptor activity has caused it to be recognized 
and expanded as a possible medicinal substance 
for regulating or halting periodontitis .This 
study’s goal was to examine the effectiveness of 
subgingival 1% extract (CLE) of Curcuma longa 
L. as a supplement to mechanical dental hygiene 
techniques and Compare it to a solution of 0.2% 
chlorhexidine (CHX). The best antiplaque agent 
available.32-34

Promotion of tissue regeneration and healing 
processes
	 The biological processes of tissue 
regeneration and repair are intricate and involve 
several PDVLNs) demonstrate a variety of 
biological processes, including encouraging 
cell migration, proliferation, Angiogenesis, 
immunomodulation, antioxidation, antiapoptosis, 
differentiation, and microbiota regulation—which 
supports their potential as a treatment for a variety of 
disease modes . These processes influence recipient 
cells and promote intercellular communication 
behavior, and establish a microenvironment that 
supports regeneration and repair. We examine in 
detail below how these mechanisms can be applied 
therapeutically, arranged according to particular 
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Fig. 4. Molecular constituents of PELNs

Fig. 5. Mechanism of anti-inflammatory action

tissue types and related illnesses.34,35 The role 
of plant-derived exosomes in promoting tissue 
regeneration and healing processes, including 
cell proliferation and angiogenesis, is depicted in 
(Figure 6).

Mechanisms of Action in Periodontal Therapy
Interaction with host immune cells and 
modulation of immune responses
	 HMT’s objective is to control the immune 
response in an effort to stop or lessen tissue damage, 
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Fig. 6. Tissue regenerative action of plant-derived exosomes 

where hemostasis occurs between the community 
of polymicrobial organisms and the immune 
response of the host. As our understanding of the 
various inflammatory processes that contribute to 
periodontal tissue damage and inflammation, we 
may be able to determine therapeutic substitutes 
to be used in addition to mechanical debridement. 
The study on anti-cytokine medication use for the 
goal of the studies was to manage periodontitis 
by chance. Examining these medications’ effects 
in order to determine how effective they were 
on the results of rheumatoid arthritis (RA). RA 
and periodontitis have comparable inflammatory 
pathways, where an excess of TNF-a and IL-6, two 
pro-inflammatory cytokines, have been implicated 
in both conditions’ pathogenesis. Some studies 
even suggest a reciprocal relationship between 
these two long-term inflammatory diseases. Given 
this knowledge, it is reasonable to hypothesize that 
medications currently used for RA management 
might be applied as adjunct treatments for the 
control of periodontal disease.36,37

Inhibition of pathogenic bacterial adhesion and 
biofilm formation
	 Since bacteria are ubiquitous in nature, 
it is not surprising that the oral cavity contains 
hundreds of various microbe species. Numerous 
oral bacteria have evolved a distinct biofilm 
formation as a means of survival that emerge from 
the planktonic state and form a collective for the 
purpose of creating surface-bound “communities 

sometimes referred to as dental plaque. These 
additionally, microbial communities generate a 
matrix of extracellular polymeric substances (EPS), 
or cellular polymeric substances, are composed 
of nucleic acids, polysaccharides, and proteins, 
which creates protection and encourages bacterial 
adherence from outside sources like salivary glands 
and antibiotics. Flow 40 percent or more of the 
dry weight of Polysaccharides, which make up 
oral biofilms, are primarily glucans produced by 
microbial glucosyltransferases.38,39

Delivery of therapeutic molecules to periodontal 
tissues
	 A polymer typically forms polymeric 
microparticles. Matrix that allows for the 
immobilization of a smaller quantity of an active 
compound. Both natural and synthetic polymers 
can be used to create micro- and nanospheres, 
which can be Whether biodegradable or not. 
Biodegradable polymers are among the ones 
used for microencapsulation. Polymers like poly 
(lactide) (PLA), poly (d,l-lactide-coglycolide) 
(PLGA), and poly-hydroxyalkanoates.39

Preclinical and Clinical Evidence 
Summary of in vitro studies demonstrating 
PELNs’ efficacy
	 The anti-inflammatory properties of 
caffeic acid phenethyl were investigated in an in 
vitro study. CAPE on human gingival fibroblasts 
induced by lipopolysaccharide (cells found in 
soft tissue of the periodontal region). One of the 
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primary active ingredients in propolis is CAPE and 
possesses a number of well-known bioactivities, 
including antioxidant and immune regulation, 
antitumor and anti-inflammatory properties. CAPE 
suppressed the inducible Interleukin (IL-8 and IL-
6), cyclooxygenase 2 (COX-2), and nitric oxide 
synthase (iNOS) inhibition of protein kinase B 
(AKT) and phos-production in a dose-dependent 
manner phosphorylation of phosphatidylinositol 
3 kinase (PI3K). In vitro testing was done to see 
if purified bee venom could lower in-P. gingivalis 
causes inflammatory periodontitis, while receptor 
activator of nuclear factor-kappa B ligand signaling 
(RANKL) causes osteoclast differentiation. The 
outcomes demonstrated that administering 100 
µg/kg of bee venom decreased inflammatory bone 
loss-related P. gingivalis-induced periodontitis 
decreased IL-1b and tumor necrosis expression in 
vivo sis factor (TNF)-a.41-43

Animal model studies showcasing periodontal 
regeneration
	 Effects of curcumin (100 mg/kg) on the 
development of experimental Parkinson’s disease 
in diabetic rats. cotton ligature was used to induce 
the PD model. In the second mandibular molar and 
around the first maxillary molar. A streptozotocin 
injection was administered given to the animals 
peritoneally to cause experimentation mental 
illness. Curcumin was taken orally every day 
gavage for 30 days. The findings showed that 
natural curcumin decreases the loss of alveolar 
bone and positively regulates the as the disease 
progresses, the osteoimmune inflammatory 
process. Remarkably, Zambrano et al30 look into 
the regional delivery of nanoparticles loaded with 
curcumin in an experimental model of Parkinson’s 
disease. An Escherichia coli bacterium model an 
injection of bacterial lipopolysaccharide (LPS) 
was utilized to cause PD. Two local injections of 
curcumin nanoparticles were made every week 
for four weeks, in the mucosa surrounding the 
maxillary first molar. Radiographic evaluation 
(micro-CT) revealed a notable decrease in alveolar 
bone loss caused by LPS in animals given curcumin 
nanoparticle treatment fragments.40,44-46

Current status of clinical trials and human 
studies
	 The quantity of clinical trials conducted 
in recent years has stayed comparatively steady, 
peaking in 2024, even though the decrease during 

the previous two years might be,because of the 
COVID19 pandemic’s effects. These clinical 
trials span various stages of the research process, 
including specifically Phase II and later , with 
Phase IV trials predominating, with 69 studies 
concentrating on post-market monitoring and 
security. Phase III trials consist of 66 trials (17.5%) 
confirming effectiveness, whereas Phase II trials 
additionally constitute a noteworthy percentage 
(50 studies, 20.1%). The smaller percentage of 
early-stage trials could suggest that the market is 
saturated or that early investigation. Phase I and 
Phase 0 trial proportions are 7.2% (18 studies) 
and 9.6% (24 studies), in that order. Fortunately, 
the majority of clinical trials are finished and 
will soon be used in clinical settings, signifying 
a new breakthrough through the treatment of 
periodontitis. Especially goods like aloe vera, 
resveratrol, curcumin, and so Continue. As studies 
on oral microbiota continue to expand,The gradual 
emergence of probiotics, prebiotics, and related 
products emphasizes their role in inflammation.47,48

Advantages of PELNs over Conventional 
Therapies 
Biocompatibility and reduced immunogenicity
	 Biological  act ivi t ies  focused on 
periodontitis prevention and Inflammation is part 
of the treatment and regeneration of periodontal 
tissues. Regulation, antibacterial, immune-
regulation, osteogenesis, Periodontal ligament 
regeneration and angiogenesis. Scaling and Root 
planing (SRP), the gold standard method for dental 
plaque removal, has a significant antibacterial 
effect, and inhibits the emergence of periodontal 
diseases . But the complex root the anatomy and 
recolonization of microbiota limit the efficacy 
of SRP. Regenerative surgeries were used to 
promote Osteogenesis and periodontal ligament 
regeneration.48

Sustainable and eco-friendly production
	 Because they come into direct contact 
with DDS, the surface of NMs integrated with 
DDS is crucial the organs and bodily fluids. The 
NMs coated with hydrophilic polymers remain in 
the blood for a long time circulation and carries out 
site-specific delivery when their interactions with 
medications break down by encircling the enzymes 
and pH. Generally speaking, naturally occurring 
polymers like polysaccharides, polypeptides, 
polyamino acids, starch, collagen, alginate, and 



639 Choudhari et al., Biosci., Biotech. Res. Asia,  Vol. 23(2), 631-642 (2026)

gelatin, Enzymatic conditions are known to degrade 
cellulose, chitosan, and elastin. Plants and animals 
are both good sources of these natural polymers. 
For instance, It is possible to obtain cellulose 
from both bacteria and plants. Bacteria or plant 
derivatives arthe primary sources of nanocellulose 
materials (nanocrystals or nano size cellulose 
fibres). Certain bacterial species, including Sarcina, 
Agrobacter, and Gluconacetobacter, are known 
to be able to produce cellulose that is extremely 
pure and retains water. Because of the challenges 
in these natural polymers were cross-linked at the 
surface of nanoparticle medications in order to 
prepare NMs  as well as imaging agents.49,50,51

Potential for targeted delivery and controlled 
release
	 The composition of plant ELNs is 
delicate and complex, with a lipid bilayer encasing 
a wide variety of bioactive substances. These 
nanoparticles (NPs) are made up of metabolites, 
proteins, lipids, and nucleic acids. Using a size 
They exhibit remarkable versatility within the 
range of 30 to 150 nanometers, making them 
perfect for intercellular transport.17 Plant ELNs can 
encapsulate and transport a variety of cargoes due 
to their diverse composition, which facilitates their 
participation in a variety of biological functions.51

Challenges and Future Perspectives 
	 Standardizing isolation and purification 
methods is one of the main obstacles. Presently, 
various research teams employ disparate techniques 
like filtration, precipitation, and ultracentrifugation, 
which results in variations in biological activity, 
yield, and purity. The development of cost-
effective, scalable, and reproducible techniques 
is crucial for clinical translation. Storage and 
stability present yet another significant obstacle. 
Biologically derived nanostructures known 
as PELNs may be sensitive to changes in pH, 
temperature, and storage conditions. It takes the 
best preservation methods to keep them bioactive 
and structurally sound over time. Plant-derived 
exosome-like nanoparticles (PELNs) are a 
relatively new field with enormous potential to 
transform periodontal therapy. For PELNs to 
have consistent quality, stability, and bioactivity, 
future studies should concentrate on standardizing 
the techniques for isolation, purification, and 
characterization. Developing precise procedures 
will be necessary to convert lab results into 

products that are clinically trustworthy. Advanced 
delivery systems that can improve PELNs’ ability 
to target particular periodontal tissues are another 
crucial avenue. A controlled and sustained release 
of therapeutic molecules may be achievable by 
modifying the surface characteristics of PELNs or 
by combining them with biomaterials and scaffolds, 
which would maximize the clinical benefits. 
To assess long-term safety, immunogenicity, 
pharmacokinetics, and therapeutic efficacy in 
humans, extensive preclinical and clinical research 
is necessary. To speed up clinical translation, 
cooperation between researchers, physicians, 
regulatory agencies, and the pharmaceutical sector 
will be essential. Further understanding of the 
molecular mechanisms behind PELN-mediated 
effects can also be gained by combining omics 
technologies (such as proteomics, genomics, and 
metabolomics). This information will help with the 
development of precise and tailored periodontal 
treatments. Last but not least, the environmentally 
responsible and sustainable manufacturing of 
PELNs presents chances to match advancements 
in oral healthcare with international environmental 
objectives. PELNs have the potential to become 
a common, all-natural, and successful treatment 
approach for periodontitis and other inflammatory 
oral diseases with further interdisciplinary research 
and technological developments.

Conclusion 

	 Exosome-like nanoparticles derived 
from plants (PELNs) offer a viable, long-lasting, 
and biocompatible therapeutic option for the 
treatment of periodontitis. Proteins, lipids, and 
regulatory RNAs make up their distinct biological 
makeup, which allows them to have a variety of 
effects such as promoting tissue regeneration, 
modifying inflammatory pathways, promoting 
antimicrobial activity, and exhibiting antioxidant 
activity. PELNs overcome a number of the 
drawbacks of traditional periodontal treatments 
by reducing the formation of harmful biofilms, 
regulating the immune system, and delivering 
bioactive molecules precisely. Their effectiveness 
in lowering inflammation, encouraging bone 
regeneration, and enhancing periodontal healing 
results is supported by preclinical research and 
new clinical studies. Furthermore, the fact that 
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they are derived from plants guarantees low 
immunogenicity, economical, and environmentally 
friendly widespread production. Notwithstanding 
these benefits, there are still issues with regulatory 
approval, large-scale production, dosage 
optimization, and standardization of isolation 
techniques. In order to apply these findings to 
standard clinical practice, future research should 
concentrate on clarifying specific mechanisms 
of action, developing standardized therapeutic 
protocols, and carrying out thorough clinical trials. 
All things considered, PELNs present a fresh 
approach to green nanomedicine that combines the 
advantages of conventional natural products with 
cutting-edge nanotechnology, and they have great 
potential for the prevention and management of 
periodontitis.
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