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Abstract: The utilization of plant-derived vesicle-like nanoparticles (PDVLNs) has shown effectiveness in the prevention/treatment 
of inflammatory-mediated diseases, malignancies, and immune-related diseases, such as acute liver injury, allergic asthma, gastric 
cancer and so on. This highlights the promising potential of PDVLNs as biotherapeutics. Furthermore, it should be noted that PDVLNs 
possess the ability to function as both natural and engineered drug carriers, making them an appealing option. This review aims to 
present the appropriate extraction methods of PDVLNs, summarize the applications of PDVLNs in different diseases, and provide an 
outlook on the prospects of PDVLNs. At the same time, the authors also express their discussion on the current limitations of 
PDVLNs. 
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Introduction
Extracellular vesicles (EVs) are membranous structures located outside of cellular boundaries, exhibiting diameters 
ranging from 40–1000 nm.1 Furthermore, these substances are sourced from organic entities and cellular structures, 
encompassing plants, animals, and microorganisms.2 EVs were found to participate in the horizontal transfer of bioactive 
cargos, including proteins, nucleic acids (DNA, mRNA, and microRNA), as well as other molecules that include 
carbohydrates, lipids, and secondary metabolites.3–6 The investigation of EVs has resulted in an increase in scientific 
research in the discipline of zoological biology, and their capacity to facilitate intercellular communication and regulate 
pathological mechanisms has been progressively explicated.7 In contrast, the identification of plant-derived vesicle-like 
nanoparticles (PDVLNs) did not occur until 2009. Subsequently, research on PDVLNs has garnered significant interest 
and attention from numerous scientists and researchers.8

For PDVLNs, it is also called exosomes, EVs, as well as nanoparticles.9,10 In this article, the authors use a uniform 
definition of “PDVLNs” to refer to them.11 PDVLNs have been extensively studied as a means of pathogen defence, as 
plant cells have been observed to secrete PDVLNs through various mechanisms in response to pathogenic infection.12–14 

Several studies have revealed several ways of PDVLNs generation and summarized into the following three pathways: 
exocyst-positive organelle (EXPO), exocyst-positive organelle (MVBs), the most frequently documented PDVLN 
production route, and Vacuole pathways.15–17

PDVLNs share similar characteristics as mammalian cell-derived exosomes, such as size (a particle size between 10 
nm–1 μm), morphology (a spherical, oval or cup-shaped morphology), and Zeta potential (negative surface charge), as 
well as serving as tools for maintaining cellular homeostasis and intercellular communications, and all dependent on 
plant species and extraction procedure.1,18,19 Moreover, PDVLNs exhibit a significant degree of heterogeneity in origins 
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and physical features and can be distinguished by the primary methodologies employed for the evaluation of mammalian 
EVs biochemical constituents, including Western blot (WB) and enzyme-linked immunosorbent assay (ELISA).20,21

Unlike mammals, they are primarily derived from edible plants (medicinal plants and fruits), contain natural active 
ingredients, and are easily accessible on a large scale.22 Studies have demonstrated that dietary nanoparticles are capable 
of penetrating mammalian cells and modulating their corresponding functions.23 Furthermore, PDVLNs do not carry 
zoonotic or human pathogens, seem safer, and can avoid causing unnecessary ethical problems. In addition, it can be used 
as nanocarriers in its original form and transformed form further to make an effort in disease diagnosis and 
treatment.9,22,24 However, it remains a huge challenge for researchers to get PDVLNs from specific plants, as current 
methods cannot be uniformly applied to any plant.25 Prior research has primarily concentrated on investigating the potent 
biological properties of the subject in vitro and animal models. However, it has been impeded by various constraints and 
remains unfeasible for clinical implementation.

Therefore, this review aims to present the appropriate extraction methods of PDVLNs, summarize the applications of 
PDVLNs in different diseases, and provide an outlook on the prospects of PDVLNs.

Preparation and Obligation of the PDVLNs
Medical and edible plants are closely associated with human life. More and more attention has been focused on the role 
of disease treatment and health management of PDVLNs. Compared to the mammalian cell-derived exosomes commonly 
used in current research and clinical use, it has a more readily available way of obtaining ingredients. However, it 
remains challenging to obtain PDVLNs industrially and specifically.

ISEV-2018 recommended that the purity and specialty of an EV preparation should depend on the experimental 
question and EV end-use.26 The updating of MISEV published in 2021 considered that ISEV-2018 effectively improves 
EV research’s quality and extraction methods.27 The critical aspect of PDVLNs is the maintenance of uniformity and 
control over product quality.28 As a result, the primary focus for the clinical application of PDVLNs is centered on the 
industrialization and efficient extraction of these substances. The following section provides further details on the 
commonly used techniques for isolating PDVLNs (Figure 1).

Pre-Processing and Collection of the Bulk Solution
First, prior to the isolation process, try to keep the state of raw materials consistent. Subsequently, the raw materials we 
selected need to be cleaned repeatedly. Then, juice the selected material. The procedure above has the potential to impact 
both the constitution and functionality of the product. In this step, the speed of juicing needs to be carefully selected 
according to the materials.

A Single Extraction Method
Ultracentrifugation
Ultracentrifugation is regarded as the most reliable methodology for EV isolation. Varying-size particles would be 
separated according to different sedimentation rates caused by centrifugal force. In actual application, a standardized 
procedure cannot suit different plants. Therefore, the centrifugation conditions and times must be established based on 
the sample.29 This low-cost method presents a reduced contamination risk, making it a viable option for processing large 
samples.30

Moreover, density gradient ultracentrifugation is always employed to help differential centrifugation achieve further 
purification. A density gradient can be created by layering liquids with a lower density in a centrifuge tube.31 Although 
gradient mediums, including sucrose and commercialized ones, are commonly used, this method is not recommended for 
industrial extraction because of the inevitable impurities.

Ultrafiltration
Ultrafiltration is also a common-used strategy in PDVLN extraction. The fluid pressure follows to cause smaller 
molecules (PDVLNs) to migrate through a polymeric membrane and block the passage of remaining 
macromolecules.32 Two primary modes of membrane filtration for ultrafiltration are direct flow filtration (DFF) and 
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constant flow filtration (TFF). DFF makes efforts by increasing pressure and may not increase separation due to the 
restrictive layer it forms.33 In contrast, the TFF mode facilitates the passage of components through the membrane holes. 
Moreover, the TFF mode separation velocity and efficacy made it capable of processing large samples.34,35

Efficiency and commercial availability are the main advantages of ultrafiltration. However, attention should still be 
paid to the complicated technology of ultrafiltration membranes.

Co-Precipitation
Unlike physical methods, co-precipitation depends on a special co-precipitator to combine and thus decrease the 
solubilities of plant-derived vesicles.36 EVs derived from ginger through PEG precipitation demonstrate biochemical 
properties almost identical to those obtained through the ultracentrifugation method.37 Imperfectly, the presence of 
residual co-precipitants may impede the execution of additional investigations. Currently, specific commercially available 
kits for EV precipitation have gained widespread usage. However, the limited level of purity and high costs associated 
with these preparations impose limitations on their practicality.

Size-Exclusion Chromatography (SEC)
SEC is a chromatographic technique employed to separate samples based on the size of their molecules. Isolation using SEC 
was revealed to produce EVs that exhibit higher intact biophysical features.38 Mol et al verified that EVs obtained from SEC 
have higher functionality than those obtained from ultracentrifugation.39 The uniformity of size and elevated purity of 
EVs were demonstrated through their separation via SEC and subsequent examination under an electron microscope. 
However, this approach still presents particular challenges. It requires specific equipment and costs a lot of time.

Field Flow Fractionation
The field flow fractionation methodology utilizes a force field that is applied perpendicularly to the direction of the 
sample flow to achieve separation based on size and molecular weight variations. The absence of a stationary phase, 

Figure 1 Summary of Extraction Methods of PDVLNs. Step 1 shows the preparation of plants before extraction, including washing and juicing. Step 2 visually shows several 
methods currently available to obtain PDVLNs. Created with BioRender.com.
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reduced system pressure, and minimal or no shear influence render this method less disruptive to samples. The use of 
asymmetric flow field flow fractionation technology (AF4) has been effective in separating various EVs originating from 
B16F10 cells. This technology has the potential to advance the production of superior molecular diagnostics and 
therapeutics based on exosomes and exomeres.40,41 This approach can become the preferred method for accurate 
isolation and functional analysis of PEVs in the future.

Immunoaffinity Enrichment Method
The process depends on the interaction between antibodies and distinct proteins on the PDVLN membrane. However, 
certain drawbacks include limited antibody availability, low yield, and small volume. The marker proteins of PDVLN 
remain uncertain and deficient in commercially available antibodies. Its high cost may limit its applicability to research 
studies involving a limited sample size, thereby hindering its potential therapeutic utilization.

Microfluidics
The process of exosome isolation involves the utilization of microfluidic devices that operate on conventional principles 
such as immunity, size, and density. Additionally, novel sorting mechanisms, including acoustic, electrophoretic, and 
electromagnetic manipulations, nanowire-based traps (NTs), nano-sized deterministic lateral displacement (nano-DLD), 
and viscoelastic flow, are employed in the isolation process.31,42,43 Microfluidic systems offer a variety of advantages, 
including simplified operations, rapid processing, reduced sample intake volume, increased sensitivity, and enhanced 
functional module integration.

Combination Extraction Method
Any single method appears to have shortcomings in some way. Recent studies demonstrate that a suitable combination 
extraction method can improve yield and specificity.

Cong et al developed an optimal methodology that creatively integrates the benefits of differential centrifugation and 
ultrafiltration on Houttuyniae herba.28 The resultant products produced through the combination approach exhibit 
equivalent purity levels to those obtained via ultracentrifugation and demonstrate complete morphology and favourable 
dispersity. The combined method exhibits promise as a viable alternative due to its good cost-efficiency and suitability 
for scale-up.

Woith et al44 employed a combination of differential centrifugation and agarose gel electrophoresis to obtain purified 
EVs from Nicotiana tabacum L., Vinca minor L., and Viscum album L. Furthermore, this approach exhibits specific 
attributes: 1) it represents a straightforward substitute technique to visualize simultaneously with purification, and 2) this 
methodology may prove less complex than density gradient centrifugation or SEC.

Yang et al45 employed an electrophoretic technique with a 300 kDa cut-off dialysis bag, called ELD, to isolate PDEVs 
from the lemon. The resulting intact vesicles were verified to have a size and quantity compared to those obtained 
through the standard ultracentrifugation method, as confirmed by nanoparticle tracking analysis and transmission electron 
microscopy. The isolation method was highly efficient and could be executed in a standard biological laboratory without 
requiring specialized equipment.

The Role of PDVLNs in Diseases
The Role of PDVLNs in Anti-Inflammatory Disease
The academic community is currently highly interested in the potential of natural compounds as anti-inflammatory agents 
due to the undesirable and harmful side effects associated with current therapies.46 PDVLNs show their powerful anti- 
inflammatory capacity in different ways (Figure 2). J.Y. You et al47 successfully isolated high-purity cabbage-derived vesicle- 
like nanoparticles (CDVLNs) and Rabex-derived vesicle-like nanoparticles (RDVLNs). It was shown that they only 
enhanced cell proliferation and did not harm human cells after different concentrations of EVs were added to HaCaT, 
HDF, and RAW264.7 cells. Notably, the pro-inflammatory transcripts, IL-6/1β and COX-2, were significantly attenuated in 
LPS-induced cells with increasing levels of CDVLN. Meanwhile, IL-6/1β showed the same trend in the RDVLNs added 
group. On pro-inflammatory protein expression, COX-2 was significantly reduced in LPS-induced cells with increasing 
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CDVLN levels. According to these findings, it is possible that Rabex may govern post-transcriptional events that occur 
throughout COX-2 expression in LPS-treated cells. In general, it was observed that Cabex and Rabex exhibited distinct anti- 
inflammatory properties and effectively inhibited the generation of pro-inflammatory molecules in cellular systems.

The NLRP3 inflammasome is a multimeric cytosolic protein complex that assembles in response to cellular 
perturbations. The presence of inflammatory cytokines plays a role in the emergence of systemic low-grade inflam-
mation. Additionally, abnormal activation of NLRP3 can cause the establishment of a persistent inflammatory 
condition within the body, influencing the development of diseases related to inflammation.48 The study in the obesity 
model revealed that garlic chive(GC)-DVLNs exhibited a dose-dependent inhibition of all downstream events 
associated with activation of the NLRP3 inflammasome, including Casp1 autocleavage and IL-18/1β secretion. 
Interestingly, GC-DVLNs can also be found to reduce acute inflammatory responses and alleviate liver injury in 
GalN/LPS-challenged mice. It might make efforts by suppressing the NLRP3 inflammasome, thereby diminishing 
mature IL-1β, ultimately leading to a decrease in macrophage infiltration and detection of inflammatory gene 
expression in liver tissue.49

In line with the results of GC-DVLNs, honey (H)-DVLNs in bone marrow-derived macrophages (BMDMs) 
exhibited a dose-dependent inhibition of all the downstream events of NLRP3 inflammasome activation, including 
Casp1 autocleavage product Casp1 p10 generation, IL-1β/18 secretion, and pyroptotic cell death. The administra-
tion of nanoparticles to mice during in vitro experimentation reduced inflammation and liver damage in cases of 
experimentally induced acute liver injury. miR-4057 in H-DVLNs was observed to exhibit inhibitory effects on 
NLRP3 inflammasome. Vesicle-like nanoparticles derived from natural products have been identified as potential 
agents for treating diseases due to their anti-inflammatory properties.

Some fruit-DVLNs also show enormous potential in anti-inflammatory. Raimondo et al50 found that pretreat-
ment with lemon (L)-DVLNs suppressed gene and protein expression of pro-inflammatory cytokines, including IL- 
6/1-β and TNF- α. Furthermore, the authors showed that LEVs had anti-inflammatory properties in both vitro and 
in vivo by obstructing the ERK1/2-NF-κB cascade. NF-κB is considered to be a vital regulator of the inflammatory 
pathway. Therefore, modulation of the NF- κB pathway could offer advantages in regulating inflammatory stimuli.

Figure 2 Summary of anti-inflammatory effects and mechanisms of different PDVLNs.① refers to Cabbage, ② refers to Rabex, ③ refers to Garlic,④ refers to Honey, 
⑤refers to Lemon. Created with BioRender.com.
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The Role of PDVLNs in Immune Regulation
PDVLNs still have many potentials and unknowns waiting to be discovered by scholars in the field of immune 
regulation.51 The following part lists the role of immune regulation of PDVLNs in the current study (Figure 3). 
Dendritic cells (DCs) are recognized as proficient APCs and are integral in initiating and regulating innate and 
adaptive immune responses.52 Han et al53 first applied Petasites japonicus (PJ)-DVLNs to induce DC maturation 
through overexpressing surface molecules (CD80/86 and MHC-I/II), producing Th1-polarizing cytokines (TNF-α 
and IL-12p70), and achieving antigen-presenting capability via MAPK and NF-κB pathways. It may promote the 
initiation of Th1 polarization and CD8+ T cell activation in addition to being able to initiate anticancer immunity.

However, increased stimulation of DC maturation will cause an excessive immune response, resulting in inevitable 
cytokine secretion, normal cell stimulation, cell apoptosis induction, immune cell secondary stimulation by dead cells, and 
ultimately leading to acute or chronic inflammatory disorders.54 Aster yomena Callus (AYC)-DVLNs have been identified as 
potential contributors to the reduction of excessive T cell responses in cases of Allergic Asthma. This is achieved by inhibiting 
DC maturation and infiltration.55 Furthermore, scientists identified the primary metabolites in AYC-DVLN comprising a range 
of omega-3/6/7 and omega-fatty acids and their derivatives, which were thought to inhibit DC maturation and contribute to 
macrophage activation.56 Apart from AYC-DVLNs, the regulation effect of Celery- derived vesicle-like nanoparticles (C- 
DVLNs) on T cells has also aroused the interest of scientific researchers.57 The inhibitory impact of C- DVLNs was observed 
by inducing an immune response in T cells and PBMC cells, which are critical players in the immune response.

These findings indicated that the materials above have the potential as substitutes for therapeutic agents derived from 
plants. Additionally, these systems have the potential to serve as an alternative technology that can address a range of issues.

The Role of PDVLNs in Anti-Tumor
PDVLNs have recently received significant attention due to their established therapeutic properties, particularly their 
anti-cancerous activities, which are attributed to bioactive metabolites and other endogenous molecules (Figure 4). Kim 

Figure 3 Summary of immune regulation effects and mechanisms of different PDVLNs. ① refers to Petasites japonicus, ② refers to Celery, ③ refers to Aster yomena 
Callus. Created with BioRender.com.
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et al58 identified VLNs from four cytotoxic effect plants and verified that VLNs from D. morbifera and P. densiflora sap 
exhibited significant cytotoxic influences on various neoplasms. The authors of the study have shown that the admin-
istration of DM-DVLNs and PD-DVLNs in combination is superior to the use of DM-DVLNs alone. This combined 
treatment resulted in a synergistic enhancement of cytotoxic effects, which was observed through the inhibition of growth 
and induction of apoptosis.

VLNs of cannabis were found to arrest the G0/G1 phase in the cell cycle and effectively trigger cell death through the 
activation of mitochondrial-dependent apoptosis signalling pathways in two HCC cell lines.59 The study revealed that 
Bitter melon (BM)-DVLNs have the potential to arrest the S-phase in the cell cycle, leading to apoptosis in OSCC cells. 
Furthermore, when combined with 5-fluorouracil (5-FU), BM-DVLNs were found to enhance OSCC apoptosis by 
increasing ROS generation. These findings offer a novel approach to overcoming cancer resistance.60 Furthermore, 
L-DVLNs were found to cause the arrest of the S phase in the cell cycle of gastric cancer cells and trigger cell apoptosis 
by the mediation of ROS generation.45 VLNs derived from garlic can decrease the anti-apoptotic Bcl-2 expression levels 
and increase pro-apoptotic Cas3 genes, including Bax, P53, and Cas9, causing S phase cell cycle arrest in A498/A549 
cells.61 In addition to vasculogenesis, it decreased VEGF secretion in A498/A549 cells.

Figure 4 Summary of anti-tumor effects and mechanisms of different PDVLNs. It represents PDVLNs extracted from different plants (①-⑧). ① refers to D. morbifera sap, 
② refers to P.densiflora sap, ③ refers to Cannabis,④ refers to Bitter lemon, ⑤refers to lemon, ⑥refers to Garlic, ⑦ refers to Ginseng, ⑧ refers to Artemisia annua. 
Created with BioRender.com.
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Boccia et al62 found that HR-derived VLNs from S. dominica exhibited significant and selective pro-apoptotic effects 
on pancreatic and mammary cancer cells. A study on D. morbifera sap-derived extracellular vesicles (D-DVLNs) exhibits 
an inhibitory impact on cancer-associated fibroblasts (CAFs) in a dose-dependent manner. CAFs are recognized as crucial 
mediators of cancer metastasis.63 VLNs derived from Kaempferia parviflora (KP) were also found to be internalized by 
human gastric cells, exhibiting cytotoxicity against AGS cells in a dose-dependent manner.64 Ginseng (G)-DVLNs have 
an anti-tumor effect in another way. It was shown to achieve macrophage polarization that relies mainly on TLR4 and 
MyD88 signalling.65 Surprisingly, VLNs from Artemisia annua (ADVLNs) were found can inhibit tumor growth and 
boost anti-tumor immunity in lung cancer. It depends on the mitochondrial DNA (mtDNA), contained in ADVLNs, 
which was found can serve to induce the cGAS-STING pathway driving the shift of pro-tumor macrophages to anti- 
tumor phenotype. Further, ADNVs were found can greatly improve the efficacy of PD-L1 inhibitor.66

The Role of PDVLNs in Skin Diseases
A variety of natural compounds, specifically PDVLNs, have been synthesized for achieving skin regeneration. Moreover, 
VLNs obtained from multiple distinct cells were found to have anti-inflammatory influences and enhance cell prolifera-
tion and angiogenesis, both of which are crucial in the latter phases of wound healing.67 It indicates that VLNs represent 
a valuable biomaterial for skin regeneration. Kim et al68 found that AS-DVLNs can be a natural biomaterial for chronic 
skin wound healing by attenuating pro-inflammatory cytokine expression, promoting dermal fibroblast proliferation and 
migration, and promoting angiogenesis. Grapefruit (G)-DVLNs play a similar role in wound healing as AS-DVLNs.69 It 
achieves wound healing through increased cellular viability and migration, coupled with a decrease in intracellular ROS 
production in HaCaT cells.

Furthermore, treatment with G-DVLN resulted in an enhancement of the tube formation potential of treated HUVEC 
cells. In addition, PDVLNs have the potential to function as an anti-melanogenic agent, helping to advance natural 
cosmetics.70 Cucumber (C) DWLNs exhibited a significant improvement in the dermal penetration efficiency of 
a lipophilic AI surrogate, resulting in a 200% increase. This finding highlights the potential of C-DVLNs as a viable 
option for dermal drug delivery.71

The Role of PDVLNs in Other Diseases
Due to the considerable potential of PDVLNs, many researchers have conducted research on their relation to heart 
diseases, hoping to apply the results in clinics. Cui et al72 found the protective effects of Momordica.charantia (MC) - 
DVLNs in cardiomyocytes against radiation-induced injury have been observed to involve the mitigation of DNA 
damage and mitochondrial dysfunction. The efficacy of citraVesTM, a recently patented plant-based product that contains 
Citrus limon (L.)-sourced VLN, has been demonstrated in healthy individuals concerning two critical determinants of 
cardiometabolic risks, namely waist circumference and LDL-C.73

Similarly, in terms of metabolism, orange juice (O)-DVLNs protected both the intestine and the liver from fat 
overload associated with a high-fat, high-sucrose diet.20 More interestingly, watermelon (W)-DVLNs can regulate 
placental function avoiding fetal growth restriction by actively being taken up by human intestinal cells (Caco-2).74 

And Lemon-DVLNs were found can regulate homeostasis and restore subcellular function by suppressing the CaOx- 
induced endoplasmic reticulum stress response of tubule cells, thus indirectly inhibiting stone formation.75

PDVLNs have also attracted the attention of neurologists. Drynariae Rhizoma root (DRR) DVLNs were identified 
using proteomics and bioinformatics, and the result showed that DDVLNs could have applications in the treatment of 
neurological diseases and identified the possible molecular basis.76

Discussion
Some studies show that monitoring exosome biogenesis can predict the occurrence and intensity of immunological 
response in the asthmatic niche and the duality of animal-derived exosomes in disease treatment has led people to turn 
their attention to natural plant-derived exosomes.77,78 Recently, related research on natural products has been in full 
swing, especially that of PDVLNs. Research on PDVLNs in medicine focuses mainly on the following two aspects: 1) 
how to gain high-quality PDVLNs; and 2) explore the underlying mechanism and expand the application of PDVLNs.
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Some effective extraction methods for PDVLNs and their current basic or clinical exploration and applications are 
summarized in this review. The enhancement and update of the isolation method for PDVLNs undoubtedly enhance the 
quantity and quality of PDVLNs. However, there are many updated methods to obtain relatively pure and effective 
PDVLNs; it remains difficult for researchers to choose a suitable method. Due to the various characteristics, the part of 
the plant chosen for gaining VLNs is different for each plant, which leads to the specificity of a suitable method, as well 
as some other factors. For example, plants, whether wet or dry, might all offer vesicles to varying degrees.76 To some 
extent, this discovery has dramatically solved the problem that its use is restricted by origin, traffic, seasonal, and 
regional factors. This advantage further increases the possibility of its clinical application. Thus, researchers must 
consider all factors and choose a suitable extraction method.

This review reveals that PDVLNs can make numerous efforts to treat human diseases. First, itself, the lipids, proteins, 
and nucleic acids present in them have the potential to improve our understanding of their physiological functions and 
contribute to the advancement of human disease research.79–81 Second, although they possess exceptional intrinsic 
properties, natural vectors are intentionally altered to confer multiple functionalities, including increased permeability, 
loading capacity, and specificity. Utilizing structural alteration and vector transformation, PDVLNs are widely used as 
superior vehicles for conveying contrast agents, chemotherapy drugs, nucleic acids, and genes to specific locations for the 
treatment of recalcitrant diseases.82,83 At the same time, based on the drug resistance of current therapies and the multi- 
target characteristics of diseases, plant-derived vesicles can be used as therapeutic agents and Multidrug co-delivery 
vectors for some diseases, which can make up for certain disadvantages in these two aspects.28 Combined with 
nanozymes, artificial intelligence, and other fields, it may be able to explore its scope of application.84,85 For example, 
developing a new artificial intelligence system that, combined with engineered PDVLNs, can be used in diagnosing and 
treating diseases will be a significant breakthrough for the application of PDVLNs. Lastly, PDVLNs are derived from 
agricultural products.86 Undoubtedly, PDVLNs are more economical due to more scalable sources.

How far PDVLNs from the clinical application? At least these problems should be resolved. According to steps the 
authors tend to divide it into three steps: production, modification, and application. First, in production, the authors think 
the critical point is unifying the industry standard, ensuring isolation, purification, physicochemical characterization, and 
quality control. As mentioned above, the research in this area still needs further exploration. Second, there have been 
more studies on the modification of exosomes derived from animal cells but few studies on plants. The prospect is 
believed to be infinite, but it also takes a long time to explore and verify. Finally, in the application, oral, injection, or 
inhalation administration is determined by further study. Furthermore, the dose, safety, and efficacy of the drug still need 
a large number of preclinical studies to provide evidence and support.

There is still a long way to go between the research and clinical application of plant vesicles. However, from relevant 
clinical trials of mesenchymal stem cell-derived exosomes, we have reason to believe that the clinical application of 
plant-derived exosomes is full of promise.85,87 The clinical benefits of biotherapeutics have gained prominence, leading 
to a growing market share and industry recognition. As such, we maintain a positive outlook on this trend. The above is 
believed to significantly influence the degree of consciousness and trends in healthcare practices for humans.

Totally, we introduce in detail the characteristics of plant exosome vesicles, their extraction methods, and their current 
research and applications in diseases such as inflammation, immune regulation, tumours, and other diseases. However, 
due to the relative lack of current research, more potentials and applications of PDVLNS have not yet been explored, we 
cannot fully summarize the role of PDVLNS and this article can only summarize and discuss the current research.
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