
Chen et al. Journal of Nanobiotechnology          (2023) 21:445  
https://doi.org/10.1186/s12951-023-02193-7

REVIEW

Plant‑derived nanovesicles: harnessing 
nature’s power for tissue protection and repair
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Abstract 

Tissue damage and aging lead to dysfunction, disfigurement, and trauma, posing significant global challenges. 
Creating a regenerative microenvironment to resist external stimuli and induce stem cell differentiation is essential. 
Plant-derived nanovesicles (PDNVs) are naturally bioactive lipid bilayer nanovesicles that contain proteins, lipids, 
ribonucleic acid, and metabolites. They have shown potential in promoting cell growth, migration, and differentiation 
into various types of tissues. With immunomodulatory, microbiota regulatory, antioxidant, and anti-aging bioactivi-
ties, PDNVs are valuable in resisting external stimuli and facilitating tissue repair. The unique structure of PDNVs 
provides an optimal platform for drug encapsulation, and surface modifications enhance their stability and specificity. 
Moreover, by employing synergistic administration strategies, PDNVs can maximize their therapeutic potential. This 
review summarized the progress and prospects of PDNVs as regenerative tools, provided insights into their selection 
for repair activities based on existing studies, considered the key challenge for clinical application, and anticipated 
their continued prominent role in the field of biomedicine.

Highlights 

1. 	PDNVs, containing RNA, proteins, lipids, and metabolites, possess significant therapeutic bioactivity for tissue pro-
tection and repair.

2. 	Surface modification, drug loading, and optimal administration can enhance the therapeutic effects of PDNVs.
3. 	Exploring the relationship between the constituents and bioactivity of PDNVs holds potential for innovative ther-

apeutic strategies in tissue damage repair.
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Introduction
Amidst the dazzling progress of modern civilization, 
society now faces challenges such as the relentless 
growth of the aging population and the spiraling inci-
dence of diseases like obesity, and diabetes [1, 2]. These 
conditions lead to tissue aging, damage, and even loss, 
casting a shadow on the global economy and the well-
being of humanity [3]. The lingering concern over tissue 
injury is primarily attributed to three main factors: (1) 
Lack of intervention: There are no effective measures to 
prevent various risk factors causing tissue damage such 
as the prevalence of obesity (with 603.7 million adults 
globally in 2015 [4]) and diabetes (with a 6.1% inci-
dence rate in 2021 [5]), leading to chronic damage to 
multiple tissues; (2) Potential treatment risks: Although 
various conventional (such as organ transplantation) 
and novel treatment methods (such as tissue regenera-
tion) are available, they present numerous therapeutic 
risks, including surgical infections, bleeding, immune 
rejection, and undirected differentiation of stem cells 
[6]; (3) Low economic benefits: Current methods for 
repairing tissue damage after injury are often burdened 
with adverse side effects and high costs [7, 8].

In the face of these persistent and troubling issues, 
there is an urgent need arises for an effective and eco-
nomically viable treatment approach. Extracellular vesi-
cles derived from various mammalian cell sources serve 
as communication tools between cells, carrying RNA, 
proteins, lipids, and other cellular components. They 
demonstrate tremendous potential in various fields of tis-
sue repair and protection [9, 10]. A significant challenge 
they encounter is their low cost-effectiveness, as the iso-
lation of extracellular vesicles from cell culture super-
natant is typically time-consuming and laborious [11]. 
Conversely, extracellular vesicles sourced from plants, 
given their wide availability, may offer readily accessible, 
cost-effective, and low-risk solutions [12]. Plant-derived 
extracellular vesicles serve as essential intercellular com-
munication tools involved in plant growth, development, 
and combating external pathogen stimuli. In this review, 
we differentiate ‘‘plant-derived nanovesicles (PDNVs)’’ 
from plant-derived extracellular vesicles, as existing iso-
lation methods often co-isolate other vesicle-like struc-
tures, such as thylakoid [13].

PDNVs are widely sourced from the natural world, 
indicating higher economic benefits compared to ani-
mal-derived extracellular vesicles [14, 15]. Additionally, 
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similar to mammalian extracellular vesicles, PDNVs iso-
lated from plants consist of a lipid bilayer, containing 
proteins, lipids, and ribonucleic acid (RNA). However, 
due to their plant origin, PDNVs also contain various 
secondary metabolites not found in mammalian extracel-
lular vesicles [16]. These diverse constituents collectively 
confer distinct natural bioactivity to PDNVs. Although 
the composition of PDNVs may not be identical to that 
of their plant sources due to the potential sorting mecha-
nism of extracellular vesicles [17], extensive research on 
plants suggests that PDNVs may exhibit specific biologi-
cal activities and serve as natural delivery tools for drug 
delivery. For example, cucumber-derived nanovesicles 
may contain cucurbitacin B [18], while nanovesicles from 
lemons and apples may contain various flavonoids [16]. 
This indicates that PDNVs naturally carry specific com-
ponents found in plants and can exhibit corresponding 
natural bioactivity.

PDNVs are expected to become a promising strategy 
for tissue protection and repair due to their natural char-
acteristics. (1) Natural bioactivity: PDNVs could be easily 
absorbed, promoting cell proliferation [19], inducing cell 
differentiation [20], and resisting external stimuli [21]. 
These properties provide a favorable microenvironment 
for tissue protection and repair. (2) Natural drug deliv-
ery tools: PDNVs naturally encapsulate a wide range of 
natural drugs, imparting a "protective shield" effect that 
enhances their bioavailability [22]. Furthermore, unlike 
conventional synthetic drug delivery systems, PDNVs 
function as drug carriers without requiring complex 
preparation processes. They serve as natural drug car-
riers, offering both surface and internal compartments 
for drug loading [22, 23]. (3) Natural targeting proper-
ties and modifiability: Different PDNVs with distinct 
compositions are selectively absorbed by specific cells 
[24], bacteria [25], and tissues [25]. Moreover, based on 
their vesicular structure, the surface of PDNVs provides 
numerous sites for further targeted modifications [26]. 
(4) Natural penetrability: PDNVs can cross the cell bar-
rier, blood–brain barrier, and skin barrier to protect or 
repair the tissues [24, 27]. (5) Biocompatibility: PDNVs, 
derived from natural sources and even part of our daily 
diet, have low immunogenicity and exhibit good biocom-
patibility [28].

Based on the numerous advantages of PDNVs, their 
potential in tissue protection and repair is promising [19, 
25]. Notably, there are several aspects that require explo-
ration and summarization regarding PDNVs: (1) identi-
fying the specific components in PDNVs that contribute 
to tissue protective and repair effects, (2) understanding 
how PDNVs regulate cellular behavior for tissue protec-
tion and repair, (3) exploring the potential applications 
of PDNVs in specific organs and tissues, (4) developing 

strategies to maximize the utilization of PDNVs’ natu-
ral properties, including surface modification and drug 
loading, (5) selecting desired PDNVs from a wide range 
of plant species, and (6) presenting the challenges asso-
ciated with the clinical application of PDNVs. Therefore, 
we have conducted a comprehensive review around these 
six questions, with the aim of further establishing PDNVs 
as valuable tools for tissue protection and repair.

Active composition of PDNVs in tissue protection 
and repair
miRNAs
MicroRNAs(miRNAs), a class of non-coding RNA spe-
cies approximately 20–25 nucleotides in length, play a 
crucial role in various biological processes, including 
development, differentiation, proliferation, and apopto-
sis [29]. By binding with target messenger RNA (mRNA), 
miRNA can inhibit mRNA translation or promote mRNA 
degradation, thereby regulating gene expression [29]. 
Of particular interest is their presence in PDNVs, which 
are capable of intercellular communication for plants to 
resist external stimulation and maintain normal growth 
[30].

In the context of PDNVs, miRNAs have been dem-
onstrated to effectively penetrate human cells and exert 
functional effects. A comprehensive study focusing on 
miRNAs derived from 11 different PDNVs has revealed 
that their target genes primarily participate in the regu-
lation of inflammation-related pathways [31]. Notably, 
Peng and colleagues found that co-culturing bone mar-
row mesenchymal stem cells (BMSCs) with ginseng-
derived nanovesicles resulted in the internalization of 
numerous miRNAs from the PDNVs into the BMSCs. 
These specific miRNAs were found to target genes asso-
ciated with the regulation of neural differentiation. 
Furthermore, the researchers observed a remarkable 
enhancement of neural differentiation in BMSCs when 
exposed to ginseng-derived nanovesicles [20]. These 
cumulative findings strongly indicate that miRNAs pre-
sent in PDNVs could serve as crucial active components 
involved in tissue protection and repair.

During inflammation and infection processes, TNF-α 
and LPS serve as the primary culprits causing tissue 
damage, while PDNVs have the potential to protect cells 
from their detrimental effects. Blueberries-derived nan-
ovesicles containing miR-156a, miR-162, and miR-319d 
showed the potential as protector of human stabilized 
endothelial cell line (EA.hy926) for combating the exter-
nal stimuli of tumor necrosis factor-α (TNF-α) [32]. Sim-
ilarly, the miR-7972 in Rehmannia-derived nanovesicles 
could target G protein-coupled receptor 161 (GPR161), 
inhibiting the inflammatory factors secretion after 
lipopolysaccharide (LPS) stimulation and promoting the 
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transformation of macrophages from pro-inflammatory 
M1 to anti-inflammatory M2. These miRNAs, enriched 
in PDNVs, exert their protective effects by targeting spe-
cific cellular pathways involved in inflammation and pro-
moting cellular resilience.

The regulatory role of miRNA within PDNVs in main-
taining the homeostasis of the microbiota is equally 
important for tissue protection and repair. miR-7972 
derived from Rehmannia-derived nanovesicles could 
influence the balance of intestinal flora and inhibit the 
secretion amount of shiga toxin 2 -neutralizing factor 
(stx2), which plays a crucial role in the pathogenicity of 
enteric bacteria such as Escherichia coli (E. coli) [33]. 
Moreover, buckwheat-derived nanovesicles containing 
miR-6300 have shown the potential to promote the for-
mation of E.coli biofilms, which can have implications 
in both pathogenicity and antimicrobial resistance [34]. 
Additionally, ginger-derived nanovesicles, enriched with 
miRNAs such as aly-miR-159a and gma-miR-166, have 
been found to weaken the virulence of Porphyromonas 
gingivalis (P. gingivalis) and reduce its adhesion ability to 
gingival epithelial cells [35]. These findings highlight the 
diverse and profound effects of PDNVs and their asso-
ciated miRNAs in modulating inflammatory responses, 
cellular behavior, and microbial interactions. It is worth 
noting that there is still a need for further research on the 
effects of miRNA in PDNVs. Many studies have only pre-
dicted the tissue-protective and reparative potential of 
certain miRNAs, but direct evidence is lacking.

Lipids
As fundamental biomolecules, lipids play diverse and 
essential roles in the functioning of living organisms [36]. 
Lipids in PDNVs, which resemble liposomes in struc-
ture, contribute significantly to the bioactivity and bio-
compatibility of these nanovesicles, thereby influencing 
their therapeutic effects [30]. The lipid content in PDNVs 
varies according to their plant source. For example, gin-
ger-derived nanovesicles contain a significantly higher 
percentage of phosphatidic acid (PA) (47.2 ± 5.2%) com-
pared to grape-derived nanovesicles (18.2 ± 1.9%) [37]. 
Different lipid compositions confer distinct functionali-
ties and targeting capabilities to PDNVs.

On the one hand, lipids play crucial roles in the natu-
ral targeting and uptake of PDNVs by specific cells and 
bacteria. This targeting ability is exemplified by the 
diverse lipid compositions found in different types of 
PDNVs. For instance, grapefruit-derived nanovesicles 
utilize phosphatidylcholine (PC) to target the liver, while 
ginger-derived nanovesicles rich in PA tend to remain in 
the intestine [25]. Moreover, specific lipid components 
within PDNVs facilitate the selectively towards certain 
bacteria in a lipid-dependent manner [38]. For example, 

ginger and turmeric-derived nanovesicles, which are rich 
in PA, are preferentially taken up by Lactobacillus reuteri, 
whereas grapefruit and garlic-derived nanovesicles, rich 
in PC, are favored by Ruminococcus sp. [25]. However, 
the ratios of these lipids currently lack a systematic sum-
mary and explanatory principles.

On the other hand, the lipid components of PDNVs 
also exhibit tissue-protective and reparative effects. For 
instance, the PA present in ginger-derived nanovesicles 
can induce the phosphorylation and expression of fork-
head box protein A2b (Foxa2) in intestinal epithelial cells, 
thereby influencing the secretion of exosomes to prevent 
insulin resistance [39]. Intriguingly, certain lipids have 
been found to possess anti-inflammatory properties. 
Digalactosydiacylglycerol (DGDG) within oats-derived 
nanovesicles would reduce inflammation by preventing 
the binding of β-glucan to Dectin-1 [24]. Additionally, the 
sulforaphane lipid in broccoli-derived nanovesicles may 
activate the mitogen-activated protein kinase (MAPK) 
signaling pathway in dendritic cells, enhancing their tol-
erance and preventing excessive inflammatory responses, 
thus offering protection against ulcerative colitis [40]. 
Moreover, garlic chives-derived nanovesicles have 
shown the ability to inhibit the activation of the NOD-
like receptor family pyrin domain-containing protein 3 
(NLRP3) inflammasome, with 1,2-diacyl-sn-glycerol-
3-phosphate (DLPC) as the primary active substance 
[41]. These research findings suggest that the lipid com-
ponents within PDNVs play a significant role in regulat-
ing cellular function and recognition. However, there are 
still many mechanisms that remain unclear.

Metabolites
Plant metabolites constitute a significant portion of the 
components in PDNVs. Interestingly, these metabo-
lites are sometimes present in higher concentrations 
within PDNVs compared to the original plant sources. 
For instance, ginger-derived nanovesicles contain ele-
vated levels of lipophilic compounds such as 6-gingerol, 
8-gingerol, and 10-gingerol [42]. The enrichment of 
these metabolites played a vital role in the bioactivity of 
PDNVs, enabling them to recognize and bind to specific 
cells. For example, oats-derived nanovesicles contain 
β-glucan, which binds to hippocampal calcium-binding 
protein (HPCA) on microglia, facilitating targeted endo-
cytosis [24] (Fig.  1). Similarly, green tea-derived nan-
ovesicles with galactose were recognized by the galactose 
receptor on macrophages [43], promoting their internali-
zation (Fig. 1).

The interactions between specific active metabolites 
in PDNVs are also critical for their role in tissue protec-
tion and repair. For example, ginger-derived nanovesi-
cles, abundant in shogaol, can regulate the expression of 
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nuclear factor erythroid 2-related factor 2 (Nrf2) in pri-
mary hepatocytes, thereby modulating their antioxidant 
activity to protect against liver damage [44]. Meanwhile, 
lemon-derived nanovesicles enriched with pectic poly-
saccharides like rhamnogalacturonan enhance the stress 
survival of gut bacteria through RNase P-mediated deg-
radation of specific tRNAs. The mechanism provides sup-
port and protection for the gut microbiota [45]. While 
many studies have demonstrated the tissue regeneration 
and repair properties of metabolites in PDNVs, the inher-
itance relationship between these metabolites and natural 
plants is not yet known. It is also unclear which PDNVs 
contain a higher abundance of the metabolites we desire.

Proteins
Several studies have shed light on the significance of pro-
teins in PDNVs concerning cell recognition and func-
tionality, contributing to a deeper understanding of their 
mechanisms. For example, Song et al. conducted research 
on garlic-derived nanovesicles (GaNVs) and demon-
strated the elimination of surface proteins using trypsin 

resulted in a substantial decrease in cellular uptake effi-
ciency, highlighting their crucial role in endocytosis [46]. 
Additionally, it was observed that certain surface pro-
teins of GaNVs colocalized with CD98 during the endo-
cytosis process (Fig. 1). Furthermore, the blocking of the 
mannose-specific binding protein II lectin on GaNVs and 
the CD98 receptor hindered liver cell recognition [46]. 
Moreover, Sriwastva et  al., revealed that a member of 
the heat shock protein family A 8 (HSPA8) and HSP70, 
derived from mulberry bark-derived nanovesicles, exhib-
ited the ability to bind and activate the aryl hydrocarbon 
receptor (AhR) pathway, thereby preventing dextran sul-
fate sodium (DSS)-induced colitis. Remarkably, mulberry 
bark-derived HSPA8 displayed higher affinity for AhR 
compared to human-derived HSPA8 [47]. These findings 
highlight the necessity and tremendous prospects of pro-
teins in PDNVs.

In conclusion, PDNVs harbor diverse active compo-
nents with varying degrees of enrichment (Table 1). Due 
to variations in cell gene expression, the effects of PDNVs 
can differ across different cell types. The recognition 

Fig. 1  PDNVs composition and mechanism of action. The recognition and binding of β-glucan from oats-derived nanovesicles and HPCA 
from microglia [24]; galactose from tea-derived nanovesicles and the C-type galactose receptor from macrophages [43]; and Lectin II 
from garlic-derived nanovesicles and the CD98 receptor from liver cells [46]. (PDNVs, Plant-derived nanovesicles, ORF, open reading frame, HPCA, 
hippocampal calcium-binding protein, 3′UTR, 3′ untranslated region, CD98 receptor, cluster of differentiation 98 receptor.)
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mechanisms between cells and vesicles exhibit notable 
distinctions that warrant further investigation (Fig.  1). 
Unraveling these mechanisms holds immense potential 
in providing invaluable insights into precisely targeted 
delivery systems of natural origin. Moreover, it is impor-
tant to note that PDNVs likely encompass a rich diver-
sity of RNA species. While current research primarily 
focuses on exploring miRNA, other RNA molecules such 
as long non-coding RNA (lncRNA) and circular RNA 
(circRNA) remain largely unexplored. Intriguingly, some 
scholars have identified mitochondrial deoxyribonucleic 
acid (mtDNA) as a pivotal player within PDNVs, exert-
ing a profound influence on reshaping the tumor-related 
immune microenvironment. These findings underscore 
the untapped potential of discovering additional active 
constituents within PDNVs [48].

Bioactivity of PDNVs in tissue protection and repair
When tissues experience external stimuli such as trauma 
or infection, the body initiates a series of responses to 
maintain structure integrity and biological functions. 
This intricate process involves immune responses, 
defense against bacterial invasion, cell activation, pro-
liferation, and differentiation [49]. Creating a favora-
ble microenvironment for tissue protection and repair 
is vital, encompassing aspects such as ensuring blood 
supply, mitigating excessive inflammatory responses, 
preventing infections, and minimizing oxidative stress 
reactions [49].

In this context, PDNVs exhibit intriguing therapeutic 
potential for tissue damage by offering a multifaceted 
approach. They have the ability to combat pathogens, 
promote cell proliferation [50], facilitate cell migration 
[51], induce cellular differentiation [19], stimulate angio-
genesis [52], modulate immune responses [53], maintain 
microbial balance [35], and scavenge free radicals [54] 
(Fig. 2). The diverse range of these comprehensive prop-
erties in PDNVs makes them a promising tool in the field 
of tissue protection and repair.

Enhancing cell proliferation
Cell proliferation plays a pivotal role in tissue healing. 
For instance, Aloe vera-derived nanovesicles have been 
shown to triple the proliferation potential of human 
dermal fibroblast cells [52]. In another study, apple-
derived nanovesicles would significantly boost the pro-
liferation of MC3T3-E1 osteoblasts [50]. Furthermore, 
bitter melon-derived nanovesicles demonstrated a dose-
dependent promotion of cell proliferation, offering tissue 
protection during radiation exposure [55]. Studies have 
demonstrated that PDNVs possess the ability to enhance 
this process by activating specific cell signaling pathways. 
Similarly, ginger-derived nanovesicles have been found 

to stimulate the wingless/integrated-β-catenin (Wnt/β-
catenin) signaling pathway, thereby augmenting the pop-
ulation of intestinal epithelial stem cells [37]. However, 
the mechanisms underlying the pro-proliferative effects 
of many PDNVs remain unknown.

It is important to note that the impact of PDNVs on 
cell proliferation is influenced by the source of nanovesi-
cles [56]. Cabbage-derived nanovesicles were found to 
promote the proliferation of human adult epidermal 
keratinocyte cells (HaCaT) and mouse macrophage cell 
lines (RAW 264.7), but had no effect on HDFs. While red 
cabbage-derived nanovesicles exhibited a robust effect on 
proliferation regardless of the cell type [57]. Interestingly, 
certain PDNVs have demonstrated not only the ability to 
promote the proliferation of normal tissue cells but also 
to induce cell death in tumor cells [58]. For instance, gar-
lic-derived nanovesicles showed significant cytotoxicity 
on A498 renal cell carcinoma cells and A549 lung carci-
noma cells, while promoting the proliferation of normal 
fibroblasts at lower concentration [59, 60]. These find-
ings not only highlight the biocompatibility of PDNVs 
but also suggest the existence of a potential natural target 
recognition switch, which warrants further investigation.

Promoting cell migration
Cellular migration towards the site of injury plays a 
pivotal role in the process of tissue repair, represent-
ing a crucial step in the restoration of damaged tissues. 
On this context, the potential of PDNVs to positively 
influence cell migration have been observed through 
scratch assays, particularly utilizing aloe vera-derived 
nanovesicles [61, 62]. Notably, significant advance-
ments in the healing rates of human dermal fibroblast 
cells have been achieved through the administration 
of high doses of 109 aloe vera-derived nanovesicles, 
elevating the rates from 34 ± 4% and 48 ± 5% to 70 ± 8% 
and 100% respectively [52, 62]. Collagen I, as the main 
protein in the extracellular matrix, can provide sup-
port for cell migration. wheat-derived nanovesicles 
have demonstrated the ability to stimulate fibroblast 
migration and the secretion of type I collagen, with a 
notable effect observed at a concentration of 200  μg/
mL [51]. Nevertheless, further comprehensive inves-
tigations are imperative to explore the in  vivo effects 
of these nanovesicles and to elucidate the underlying 
mechanisms that contribute to their promotion of cell 
migration.

Inducing cell differentiation
Cell differentiation is a complex process involving 
the morphological and functional transformation of 
cells, leading to the development of various cell types 
[63]. While this process is primarily associated with 
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embryonic development, it also plays a crucial role in 
tissue repair and regeneration. Inducing directed cell 
differentiation is essential for organ injury repair.

Osteogenic differentiation
Certain active components derived from plants, such 
as diosgenin and dioscin from yam, and icariin from 
epimedium, have been shown to induce stem cell dif-
ferentiation into osteoblasts, and PDNVs exhibit simi-
lar effects. Yam-derived nanovesicles have been found 
to stimulate osteogenic cell differentiation and miner-
alization by activating the bone morphogenetic pro-
tein-2(BMP-2)/phosphorylated P38 (p-P38)-dependent 
runt-related transcription factor 2 (Runx2) pathway 
[19]. Similarly, apple-derived nanovesicles modulate 

the BMP-2/mothers against decapentaplegic homolog 1 
(Smad-1) pathway, enhancing the expression of osteo-
genic genes and proteins in MC3T3-E1 osteoblasts [50].

Chondrogenic differentiation
PDNVs have also demonstrated the ability to accelerate 
the chondrogenic differentiation process. For instance, 
tomato-derived nanovesicles have shown superior 
potential compared to the chondrogenic differentiation 
effects of lemon-derived nanovesicles in promoting 
stem cell chondrogenic differentiation. Tomato-derived 
nanovesicles significantly upregulate the expression 
of chondrogenic cell markers and critical proteins 
involved in the chondrogenic extracellular matrix of 
human adipose-derived mesenchymal stem cells [56].

Fig. 2  The bioactivity of PDNVs in tissue protection and repair. (PDNVs plant-derived nanovesicles, ROS reactive oxygen species.)
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Neural differentiation
Loss of sensation after injury healing can be dishearten-
ing. However, ginseng-derived nanovesicles have been 
found to stimulate neural differentiation in BMSCs 
by transferring miRNA that target genes enriched in 
neural-related signaling pathways. Treatment with gin-
seng-derived nanovesicles results in BMSCs displaying 
distinct electrophysiological characteristics and neuron-
like extensions, possibly through the regulation of the 
phosphatidylinositol3-kinase (PI3K) signaling transduc-
tion and transcription [20]. These findings suggest that 
PDNVs has the potential to promote tissue regenera-
tion through induced cell differentiation. However, fur-
ther research is needed to fully elucidate the underlying 
mechanisms of action. It is important to emphasize that 
the undirected differentiation of stem cells can introduce 
uncertainty into tissue regeneration. Although PDNVs 
have exhibited promising potential in regulating cell dif-
ferentiation, the lack of direct animal experimental evi-
dence and safety assessment pertaining to their role in 
cell differentiation should be duly noted.

Pro‑angiogenic effect
The formation of new blood vessels, known as angio-
genesis, is crucial for providing nutrients and removing 
waste during the possess of tissue healing [64]. Experi-
mental studies have provided evidence for the pro-angi-
ogenic effects of PDNVs. For instance, wheat-derived 
and beet juice-derived nanovesicles have been shown 
to support the formation of vascular-like networks by 
endothelial cells [65]. These nanovesicles demonstrated 
statistically significant improvements in both the length 
and number of branches in the network. Additionally, 
studies have revealed that the effect of aster yomena cal-
lus-derived nanovesicles on tube formation was concen-
tration-related [66]. At lower concentrations of 0.1 and 
1 × 109/mL, the number of tubes increased initially and 
then decreased, while at a higher dose of 5 × 109/mL, the 
number of tubes reduced [52]. Moreover, Peng’s team has 
validated that ginseng-derived nanovesicles significantly 
enhance blood vessel formation during the rat wound 
healing process [20]. These findings highlight the ability 
of PDNVs to promote angiogenesis, which plays a critical 
role in reestablishing proper blood supply to the injured 
tissues. However, further investigations are necessary to 
fully understand the underlying mechanisms and opti-
mize their therapeutic applications.

Immunoregulation
While the immune system plays a crucial role in elimi-
nating foreign pathogens and damaged cells, exces-
sive inflammation can delay tissue repair, highlighting 

the importance of immunomodulation [67]. Numerous 
studies have demonstrated the immunoregulatory func-
tions of PDNVs, particularly their ability to induce mac-
rophage polarization for tissue repair [68]. For instance, 
Pueraria lobata-derived nanovesicles have been shown to 
inhibit M1 pro-inflammatory macrophages and promote 
the transition to M2 anti-inflammatory macrophages 
[69]. Similarly, cabbage-derived nanovesicles have been 
found to reduce the expression level of pro-inflammatory 
cytokines such as interleukin-6 (IL-6) and cyclooxyge-
nase-2 (COX-2) [57], while garlic chives-derived nan-
ovesicles containing DLPC could impede the activation 
of the NLRP3 inflammasome [70]. Furthermore, ginger-
derived nanovesicles have the capacity to inhibit NLRP3 
inflammasome-mediated secretion of IL-1β and IL-18, as 
well as pyroptosis [33, 71].

In addition to their modulatory effects on mac-
rophages, petasites japonicus-derived nanovesicles could 
induce dendritic cell maturation through the activation 
of mitogen-activated protein kinase (MAPK) and nuclear 
factor-kappa B (NF-κB) pathway, while broccoli-derived 
nanovesicles could prevent dendritic cells activation 
by activating the adenosine monophosphate-activated 
protein kinase (AMPK) pathway [40, 53]. Furthermore, 
celery-derived nanovesicles have been shown to inhibit 
the activation of peripheral blood mononuclear cells 
(PBMC), and aster yomena callus-derived nanovesicles 
could dampen the immune-stimulating capacity of CD4+ 
and CD8+ T cell proliferation and activation, thereby 
improving various symptoms of asthma in a rat model 
[66]. Additionally, ginger-derived nanovesicles have 
been found to mitigate the impact of LPS levels in vivo, 
suggesting their potential for systematic regulation of 
inflammation [72]. These findings highlight the diverse 
immunoregulatory effects of PDNVs. As such, further 
research is needed to determine the specific selection of 
plant sources as immune-modulating tools.

Flora balance
Microbial communities are present in various parts of the 
human body, such as the gut, oral cavity, and skin, and 
their balance plays a crucial role in maintaining human 
health and preventing disease [73]. When there is a dis-
ruption in this balance, known as dysbacteriosis, it can 
lead to the development of various conditions including 
colitis, inflammatory bowel diseases, skin diseases, and 
oral inflammation. In this regard, PDNVs have emerged 
as a promising tool for defending against pathogen inva-
sion and restoring the balance of microbial communities 
[74].

PDNVs exhibit remarkable abilities in combating path-
ogens and maintaining microbial balance. They can enter 
microbes through lipid-dependent uptake and directly 
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eliminate pathogens, thereby exerting antibacterial 
effects. For example, ginger-derived nanovesicles have 
been shown to selectively endocytosed by the periodon-
tal pathogen P. gingivalis, reducing its virulence through 
the action of specific lipids (particularly PA (34:2)) and 
miRNA (such as aly-miR159a). This interaction between 
nanovesicles and pathogens, facilitated by surface inter-
actions with proteins like hemoglobin-binding protein 35 
(HBP 35), helps maintain microbial balance [35]. In addi-
tion, Rehmannia-derived nanovesicles could inhibit bio-
film formation and target the virulence gene sxt2 through 
the action of miR-7972 [33]. Similarly, bee pollen-derived 
nanovesicles have demonstrated significant inhibition of 
colony and biofilm formation of Staphylococcus aureus 
(S. aureus) [75].

PDNVs also show great potential in modulating gut 
microbiota and promoting tissue health and repair, par-
ticularly in the treatment of gastrointestinal diseases. 
Lemon-derived nanovesicles are capable of downregulat-
ing tRNAserUCC​, which limits the production of methyl-
ation-specific restriction endonuclease Msp1 and Msp3 
in lactobacillus rhamnosus GG (LGG). This, in turn, 
enhances the survival of beneficial gut bacteria [45]. 
Moreover, ginger-derived nanovesicles could significantly 
improve the abundance and diversity of gut microbiota. 
They can reverse the decreased abundance of specific 
beneficial bacteria, including Ackermania, Lactobacillus, 
Clostridium_UCG-014, and Bifidobacterium, in a colitis 
model induced by DSS [76]. These findings hold promise 
for the alleviation of gastrointestinal tract diseases. How-
ever, in practical applications, the ability of PDNVs to 
specifically regulate the microbiota in individual patients 
remains to be investigated due to variations in patients’ 
microbial compositions.

Anti‑oxidant activity
Certain diseases can impair the cellular antioxidant 
capacity, leading to an excessive generation of reactive 
oxygen species (ROS) and cellular damage [77]. Although 
nanovesicles derived from plant sources may exhibit 
lower antioxidant capacity compared to the original 
juice, their antioxidant effects remain a crucial aspect of 
their functionality [78, 79]. For example, grapefruit and 
carrots-derived nanovesicles could reduce ROS produc-
tion in human immortalized keratinocyte cell lines and 
H9C2 cardiomyocyte cell lines in a dose-related man-
ner, respectively [21, 80]. Additionally, green tea-derived 
nanovesicles have been found to significantly upregu-
late heme oxygenase-1 (HO-1) expression and reduce 
ROS levels [43]. This effect may primarily depend on the 
components present in PDNVs. For example, strawberry 
juice-derived nanovesicles, rich in vitamin C, could effec-
tively reduce ROS production [81].

Nrf2 is a crucial transcription factor involved in the 
regulation of antioxidant proteins, responsible for tran-
scribing genes such as HO-1, catalase (CAT), and super-
oxide dismutase (SOD). Several studies have shown that 
PDNVs could modulate the expression of Nrf2. Blueber-
ries-derived nanovesicles have been shown to alleviate 
oxidative stress induced by fisetin in hepatocellular carci-
noma G2 cells and high-fat diet (HFD)-fed C57BL/6 mice 
by facilitating the translocation of Nrf2 from the cyto-
plasm to the nucleus[54]. Similarly, ginger-derived nan-
ovesicles containing shogaol have been found to enhance 
Nrf2 nuclear translocation in liver cells [44]. However, 
further investigation is needed to determine the specific 
components of PDNVs that regulate Nrf2.

PDNVs can also protect cells from oxidative stress 
caused by external stimuli. Exposure to radiation causes 
cell damage via excessive production of ROS, with mito-
chondria being the primary source of ROS within cells. 
Bitter melon-derived nanovesicles have been shown to 
mitigate mitochondrial dysfunction in H9C2 cardiomyo-
cyte cell lines following radiation exposure [55]. In  vivo 
experiments have also demonstrated that orally adminis-
tered mixtures of PDNVs could restore the physiological 
condition of mice treated with hydrogen peroxide (H2O2) 
for 2 weeks, indicating their potent antioxidant capacity 
and the presence of various bioactive substances, includ-
ing hydrogen peroxide enzyme, glutathione (GSH), SOD, 
ascorbic acid, melatonin, phenolic compounds, and 
adenosine triphosphate (ATP) [82]. These findings high-
light the multifaceted role of PDNVs in combating oxi-
dative stress and their potential as therapeutic agents for 
oxidative stress-related disorders.

Anti‑aging effect
Mitigating cellular aging plays a crucial role in preserving 
normal cellular function, preventing tissue damage, and 
promoting tissue repair and regeneration [83]. Ginseng-
derived nanovesicles have shown the ability to alleviate 
replicative senescence in dermal fibroblasts and exhibit 
anti-aging effects on melanocytes exposed to ultraviolet 
radiation (UVR)-induced aging, along with anti-pigmen-
tation effects. Treatment with ginseng-derived nanovesi-
cles has been found to significantly and dose-dependently 
reduce melanin content and senescence-associated 
β-galactosidase activity in aged cells. Furthermore, the 
application of 5 μg/ml ginseng-derived nanovesicles has 
been shown to counteract UVB-induced melanocyte 
senescence, characterized by flattening and enlargement 
of cell bodies with an increase in spindle-shaped cells 
[84]. The prevention of UV-induced aging holds tremen-
dous potential in the beauty industry. However, current 
research lacks further mechanistic studies and animal 
experiments to confirm the anti-aging effects.
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The biological effects observed in the aforementioned 
PDNVs form the basis for their tissue protection and 
repair properties. However, some studies have only con-
ducted a superficial assessment of the PDNVs’ activity 
without delving into the specific underlying mechanisms. 
It remains unknown whether the components carried by 
the nanovesicles provide superior effects compared to 
individual components. Furthermore, it is worth investi-
gating which PDNVs with similar effects exhibit greater 
efficacy.

The potential application of PDNVs in tissue 
protection and repair
Brain
The brain serves as the command center of our body, 
and when it experiences damage, it often leads to irre-
versible consequences. Cerebral ischemia/reperfusion 
injury is a common type of damage that occurs when 
the blood supply to the brain is temporarily cut off and 
then restored, resulting in tissue damage and neurologi-
cal dysfunction [85]. Current treatments for this condi-
tion primarily focus on antioxidant, anti-inflammatory, 
and neuroprotective strategies. Other potential methods, 
such as photodynamic therapy, gene therapy, and stem 
cell therapy, are being explored. However, the effective-
ness, safety, and feasibility of these treatments are still 
not fully satisfactory.

Indeed, the majority of drugs, around 99%, encounter 
difficulties in traversing the blood–brain barrier to reach 
brain tissue and exert their therapeutic effects [86]. For-
tunately, there is encouraging evidence from multiple 
studies indicating that PDNVs have the capability to pen-
etrate the blood–brain barrier [23, 24]. Treatment with 
bitter melon-derived nanovesicles, for example, have 
been shown to effectively reach the ischemic brain area, 
strengthen the blood–brain barrier, reduce infarct size, 
and improve neurofunctional deficit scores in a rat model 
of cerebral arterial occlusion when administered intrave-
nously. Bitter melon-derived nanovesicles could upregu-
late the protein kinase B/glycogen synthase kinase-3 
beta (AKT/GSK3β) signaling pathway in hippocampal 
neuronal HT22 cells and reduce neuronal apoptosis. 
This may be attributed to miR-5266, which decreases the 
expression of matrix metalloproteinase-9 (MMP-9) while 
increasing the expression of zonula occludens-1 (ZO-1) 
and claudin-5, genes that play important roles in main-
taining the integrity and function of the blood–brain bar-
rier [87]. The regulation of these genes plays a crucial role 
in protecting neural tissues.

Systemic diseases or external stimuli can also affect 
brain tissue, such as brain inflammation caused by 
obesity or alcohol consumption. PDNVs can also pro-
vide beneficial effects in protecting brain tissue from 

external stimuli. Garlic-derived nanovesicles (GaNVs) 
could specifically target microglia and suppress brain 
inflammation in rat obese animal models. Moreover, the 
metabolites generated by microglia treated with GaNVs 
have been shown to promote neuronal differentiation 
and inhibit mitochondrial-mediated neuronal cell death. 
These findings contribute to enhanced memory function 
and improved glucose tolerance and insulin sensitivity, 
indicating that GaNVs hold promise as a potential strat-
egy to alleviate neuroinflammation in mice with diet-
induced obesity [72].

Additionally, ethanol triggers a pathway that induces 
brain inflammation, but oats-derived nanovesicles could 
inhibit inflammatory cytokine levels, reduce infiltrating 
cells in the brain regions (Fig. 3A, as shown by the white 
triangle in the figure), and enhance memory function 
in mice fed alcohol [24]. Oats-derived nanovesicles are 
taken up by microglia through a binding process involv-
ing β-glucan and HPCA. Subsequently, DGDG in oats-
derived nanovesicles prevents the binding of β-glucan 
to dectin-1, effectively inhibiting the inflammation path-
way. The β-glucan/HPCA complex is then transported 
to the endosomal recycling compartment (ERC) via Ras-
related protein Rab-11a, where it sequesters dectin-1, a 
key player in immune activation, and modifies its loca-
tion. This process leads to an increase of dectin-1 into 
exosomes, ultimately preventing ethanol-induced brain 
inflammation signaling pathways [24]. However, further 
applications of PDNVs still require long-term biosafety 
evaluations and more validation in animal models.

Skin
The skin, being the largest organ, serves as the primary 
defense against external factors like ultraviolet radia-
tion, oxidative stress, and physical injuries. However, 
when exposed to the external environment, the skin is 
vulnerable to harm. As mentioned earlier, PDNVs have 
the potential to combat aging when subjected to exter-
nal ultraviolet radiation. Apples-derived nanovesicles are 
capable of enhancing collagen synthesis and inhibiting 
its degradation by suppressing the production of met-
alloproteinases in dermal fibroblasts. As a result, they 
effectively alleviate signs of aging [90]. Similarly, gin-
seng cell culture supernatants or ginseng root-derived 
nanovesicles could ameliorate replicative senescence or 
aging-related pigment phenotype in human skin fibro-
blasts or UVB-irradiated human melanocytes. Extended 
usage is expected to further enhance their anti-aging 
effects [39]. Additionally, certain diseases such as diabe-
tes and obesity, can elicit immune responses in the skin. 
Ginger-derived nanovesicles possess anti-inflammatory 
properties that can prevent skin damage and the onset 
of gray hair caused by insulin resistance in a high-fat diet 
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induced mouse [39]. However, the underlying mecha-
nisms responsible for these effects are still not fully 
understood.

While the skin has the inherent ability to heal injuries 
independently, improving the healing process to reduce 
scarring and restore sensation function remains a signifi-
cant challenge. Wheat juice-derived nanovesicles actively 
promote angiogenesis and facilitate the in vitro prolifera-
tion and migration of epithelial and fibroblast cells, which 
are crucial for wound healing [51]. Furthermore, gin-
seng-derived nanovesicles not only facilitated the deliv-
ery of their miRNA to BMSCs, promoting the neuronal 
differentiation (Fig.  4A), but also enhance wound heal-
ing when synergistically incorporated with C-X-C motif 
chemokine ligand 12 (CXCL12) into a scaffold (Fig. 4B). 
These effects are attributed to the stimulation of new tis-
sue and regeneration of skin appendages, including hair 
follicles and sweat glands in a rat wound model (Fig. 4C). 
Moreover, they promote the regeneration of blood vessels 
(Fig. 4D), reduce inflammation [91], and restore sensory 
perception by facilitating nerve tissue regeneration and 
neuronal migration (Fig. 4E, F) [20]. From the results, we 
can observe that this effect requires the synergistic action 

of chemotactic factors, and this strategy does not signifi-
cantly enhance the healing efficiency (Fig.  4G). Regard-
less, it holds great promise for sensory restoration in skin 
repair, which could be a breakthrough for conditions like 
diabetic peripheral neuropathy.

In addition to the above effects, it is worth noting that 
external stimuli, such as ultraviolet radiation, can lead 
to the accumulation of melanin in the skin, resulting in 
skin darkening. Skin whitening, undoubtedly, holds sig-
nificant market potential. PDNVs also demonstrate sub-
stantial potential in skin whitening, surpassing even the 
efficacy of existing strategies in the market. Dendropanax 
morbifera leaves and stems-derived nanovesicles could 
reduce melanin content and inhibit tyrosinase (TYR) 
activity in melanoma cells in a concentration-depend-
ent manner. Their whitening effect might surpass that 
of the positive control arbutin, significantly reducing 
the formation of melanin, with leaf-derived nanovesi-
cles exhibiting a stronger impact in a human skin model 
(Fig. 3B, as shown by the black arrow in the figure) [88]. 
Similarly, ginseng-derived nanovesicles could reduce 
melanin levels, surpassing the representative whiten-
ing compound melasolv (3,4,5-trimethoxycinnamic acid 

Fig. 3  Potential applications of PDNVs in tissue injury repair. A Oats-derived nanovesicles could alleviate inflammation in mouse brain tissue caused 
by ethanol [24]. (CD control; Eth Ethanol, OatN Oat-derived nanovescicles) B Dendropanax morbifera-derived nanovesicles could reduce melanin 
formation in human skin tissue [88]. (LEVs, Dendropanax morbifera leaf-derived extracellular vesicles) C Blueberries-derived nanovesicles could 
alleviate nonalcoholic liver diseases in high-fat diet mouse [54]. (NCD normal chow diet, HFD high-fat diet, BELNs, Blueberries-derived exosomes 
like nanoparticles) (D) Some key miRNAs in PDNVs could alleviate lung inflammation in a rat model [89]. (Nsp12/13, nonstructural proteins 
of coronaviruses (including SARS-CoV-2)) E Mulberry bark-derived nanovesicles could alleviate mouse colitis induced by DSS [47]. (PBS, phosphate 
buffered saline, DSS, dextran sodium sulfate; MBELNs, Mulberry bark-derived exosomes like nanoparticles) F Yam-derived nanovesicles could 
enhance bone density in ovariectomy-induced osteoporotic mice [19]. (CON control; YNVs Yam-derived nanovesicles, OVX ovariectomy, E2 estradiol)
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4-hydroxyphenethyl ester) at the same protein concen-
tration in human skin cells [84]. These results suggest 
that PDNVs have the potential to become a rising star in 
the beauty industry with significant market prospects.

Heart
Patients undergoing thoracic radiotherapy face the risk 
of developing radiation-induced heart disease (RIHD) 
due to the excessive generation of ROS and subsequent 
oxidative stress [92]. Bitter melon, a plant renowned 
for its antioxidative properties, has shown promise in 
safeguarding patients from the detrimental effects of 
RIHD. Specifically, bitter melon-derived nanovesicles 
have demonstrated effectiveness in preventing RIHD 
[55]. These nanovesicles exhibit a time-dependent inter-
nalization into rat cardiomyocytes, stimulating cell pro-
liferation while inhibiting apoptosis. Moreover, they 
diminish deoxyribonucleic acid (DNA) damage and scav-
enge mitochondrial ROS, thereby preserving mitochon-
drial function. In irradiated cells, bitter melon-derived 
nanovesicles also restored the phosphorylation of pro-
teins associated with ROS, further alleviating oxidative 

stress. In a thoracic mice irradiation model, the adminis-
tration of bitter melon-derived nanovesicles significantly 
reduced radiation-induced myocardial injury and fibrosis 
[55]. These findings suggested that bitter melon-derived 
nanovesicles hold potential as a therapeutic strategy for 
preventing RIHD. Their ability to scavenge ROS and 
restore protein phosphorylation represents a promising 
mechanism of action. These nanovesicles offer valuable 
insights for the development of novel treatment options 
for RIHD, instilling hope for patients undergoing tho-
racic radiotherapy.

Liver
The treatment for acute liver injury remains challeng-
ing, requiring further investigation into the underly-
ing mechanisms and development of new therapeutic 
approaches, including those based on natural products, 
to overcome existing limitations. In a d-Galactosamine 
and lipopolysaccharide-induced acute liver injury in 
mice models, administration of mushroom-derived 
nanovesicles reduced pathological changes, including 
liver hemorrhage and cell death, while also decreasing 

Fig. 4  The dressing loaded with ginseng-derived nanovesicles promotes nerve regeneration and blood vessel formation in wounds. A The Venn 
diagram of miRNAs from bone marrow mesenchymal stem cells and G-E. B Scanning electron microscopy image of the dressing loaded with G–E 
(nanovesicles indicated by red arrows). C The dressing loaded with G–E promotes regeneration of skin appendages. Expression of D CD31 (red, 
associated with blood vessel formation); E CD90 (red, associated with neuronal migration and synaptogenesis); F Nestin (green, a marker for neural 
stem cells and neurodevelopment) in the different dressing group. G The wound healing rate among different dressing groups during the healing 
process. (The lowercase letters c, d, e, f followed by 1, 2, 3, 4 represent the blank group, G-E group, CLD-C group, and CLD-C-E group, respectively.) 
(G–E, ginseng-derived nanovesicles; CLD-C-E, CXCL12 and G-Exo-loaded cross-linked gel dressing; CXCL12, C-X-C motif chemokine ligand 12; CD 
cluster of differentiation) (Copyright [20])
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inflammation levels and mitigating liver damage [93]. 
Similarly, local application of chive-derived nanovesicles 
alleviated NLRP3-mediated inflammation in the same 
acute liver injury mice model [41]. Cannabis-derived 
nanovesicles demonstrated the ability to decrease ele-
vated alanine aminotransferase (ALT) and aspartate ami-
notransferase (AST) levels, reduce liver cell damage, and 
restore the levels of liver regeneration cell cycle protein 
D1 and endothelial nitric oxide synthase (eNOS) that 
were diminished by DSS-induced injury in mice [12]. 
All of these have significant implications for liver tissue 
protection.

Treatment strategies for alcohol-induced liver injury 
include abstinence, medication, nutritional support, 
and liver transplantation. However, these approaches 
have limitations and challenges, such as medication side 
effects and scarcity of liver donors for transplantation. 
Oat-derived nanovesicles mediate an inhibitory effect 
on IL-1β, IL-6, and TNF-α expression in the liver fol-
lowing alcohol intake, providing liver protection [24]. 
Ginger-derived nanovesicles triggered the expression 
of a group of detoxification/antioxidant genes in the 
mouse liver, including HO-1, NAD(P)H quinone dehy-
drogenase 1 (NQO1), glutamate-cysteine ligase modifier 
subunit (GCLM), and glutamate-cysteine ligase catalytic 
subunit (GCLC). This leads to lowered liver triglyceride 
levels, reduced liver weight, and decreased liver lipid 
droplet accumulation, effectively safeguarding mice from 
alcohol-induced liver injury. Moreover, shogaol pre-
sent in ginger-derived nanovesicles could induce Nrf2 
nuclear translocation through the toll-like receptor 4/
TIR domain-containing adapter-inducing interferon-β 
(TLR4/TRIF) pathway, activating antioxidants to pro-
tect liver cells from oxidative tissue damage [44]. In the 
presence of therapeutic efficacy demonstrated by many 
PDNVs, further comparative studies are needed to deter-
mine which type of vesicle is likely to exert the optimal 
hepatoprotective effects on liver tissue.

Non-alcoholic fatty liver disease (NAFLD) is closely 
associated with mitochondrial dysfunction and oxida-
tive stress [94]. Blueberries-derived nanovesicles could 
facilitate the translocation of Nrf2 into the nucleus, 
inhibiting fatty acid synthesis and lipid droplet accumu-
lation (Fig.  3C), thereby alleviating oxidative stress and 
disease progression in a high-fat diet mice model. These 
nanovesicles could decrease ROS levels in hepatocel-
lular carcinoma G2 cells, enhance mitochondrial mem-
brane potential, and reduce cell apoptosis by regulating 
the expression of B-cell lymphoma-2 (Bcl-2) and HO-1, 
while inhibiting the expression of Bcl-2-associated X pro-
tein (Bax) [54]. These findings highlight the potential of 
nanovesicles derived from various natural products as 
therapeutic strategies for liver diseases. They could offer 

valuable insights for the development of innovative treat-
ment options, instilling hope for patients grappling with 
liver diseases.

Lung
Current treatment approaches for acute lung injury pri-
marily involve mechanical ventilation, fluid manage-
ment, and nutritional support. However, these methods 
still present challenges, including the lack of specific 
therapies and effective prognostic tools [95]. Fresh 
rehmannia-derived nanovesicles have shown significant 
anti-inflammatory effects, effectively reducing LPS-
induced acute lung injury in mice. The nanovesicles could 
mitigate the production of pro-inflammatory cytokines, 
ROS, and nitric oxide (NO), promoting the polariza-
tion of anti-inflammatory M2 macrophages. These find-
ings provided innovative perspectives and directions 
for the research and development of novel therapies for 
acute lung injury [33]. Furthermore, aster yomena callus-
derived nanovesicles have demonstrated potential in alle-
viating allergic asthma symptoms mediated by ovalbumin 
in mouse models, possibly by inhibiting the activation 
and maturation of immune cells induced by LPS [66].

The treatment of Coronavirus Disease 2019 (COVID-
19) still faces multiple challenges, including the absence 
of effective specific drugs and vaccines, as well as uncer-
tainties in treatment protocols [10]. Fortunately, miRNAs 
in PDNVs hold the potential to target severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2). Kalarik-
kal et  al. predicted that ginger and grapefruit-derived 
nanovesicles, containing multiple miRNAs, could target 
different regions of the SARS-CoV-2 genome [96]. Non-
structural protein 12 (Nsp 12) and Nsp 13 are crucial 
components of the SARS-CoV-2 RNA polymerase com-
plex. Indeed, ginger-derived nanovesicles containing aly-
miR 396a-5p could inhibit the cytopathic effect triggered 
by SARS-CoV-2 by suppressing the expression of Nsp 12 
and spike genes. This effect holds the potential to reduce 
pulmonary fibrosis caused by SAR-CoV-2 (Fig. 3D) [89]. 
These findings hold paramount significance for the treat-
ment and prevention of COVID-19, offering potential 
methodologies and strategies for the development of new 
treatments targeting SARS-CoV-2.

Gastrointestinal tract
Functional disorders, inflammation, infections, or inju-
ries affecting the digestive system can result in indiges-
tion, pain, ulcers, bleeding, and even cancer. However, 
there are still challenges in terms of limited treatment 
options, drug resistance, and recurrence of chronic 
disease. Restoring the equilibrium of the gut micro-
biota plays a vital role in protecting and repairing gas-
trointestinal tissues. In this regard, PDNVs offer a 
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safe and natural alternative for modulating the gut 
microbiota. For example, a noticeable decrease in the 
Firmicutes/Bacteroidetes ratio may indicate remission 
in inflammatory bowel disease. Administration of tea-
derived nanovesicles have been shown to significantly 
reduce the Firmicutes/Bacteroidetes ratio and increase 
the abundance of beneficial bacteria like Bifidobacterium 
and Trichophytonaceae [43]. Moreover, tea-derived nan-
ovesicles exhibit potential in preventing colitis-related 
cancer, while tea flowers-derived nanovesicles may aid 
in regulating gut microbiota equilibrium and reducing 
tumor metastasis [43, 97].

Colitis stands as one of the most prevalent gastrointes-
tinal tract diseases, and the standard treatment primar-
ily relies on immunosuppressants and anti-inflammatory 
drugs, which come with their own limitations and side 
effects [98]. PDNVs show great promise in colitis treat-
ment, given that most food is ingested and reaches the 
intestine. In a mouse model of DSS-induced colitis, Sri-
wastva et  al., found that compared to the PBS-treated 
or control group, colon length was significantly reduced 
after treatment with mulberry bark-derived nanovesi-
cles, and the damage to crypts was markedly attenuated 
(Fig.  3E) [47]. In addition, administration of ginger-
derived nanovesicles resulted in significantly decreased 
mortality rates compared to untreated mice, while also 
exhibiting comparable villus height, increased numbers 
of intestinal stem cells, and the promotion of β-catenin 
nuclear translocation in the intestinal epithelium [12]. 
Different parts of the hemp (root, leaf, flower, and seed)-
derived nanovesicles have shown the ability to restore 
tight junction/adherens junction proteins, decrease 
NF-κB activation, and reduce markers of oxidative stress 
[12]. These food-derived nanovesicles naturally occur in 
food and if their oral administration can provide protec-
tive and reparative effects on the gastrointestinal tract, it 
holds promising prospects. However, the specific mech-
anisms of action and long-term biological safety still 
require evaluation.

Furthermore, gastrointestinal complications can also 
arise due to obesity and other systemic burdens. Oranges-
derived nanovesicles have been found to increase vil-
lus size in the duodenum, lower triglyceride levels, and 
regulate mRNA levels of genes involved in immune 
response, barrier permeability, fat absorption, and chy-
lomicron release. These nanovesicles target microsomal 
triglyceride transfer protein (MTP) and angiopoietin-
like protein-4 (ANGPTL 4) in the mitochondria, which 
are therapeutic targets for reducing plasma lipids and 
inflammation in gastrointestinal diseases caused by obe-
sity [99]. The utilization of PDNVs as a strategy to pro-
tect gastrointestinal tissues from damage and promote 
healing holds great potential for application, especially 

considering their abundant presence in our daily diet. 
Many PDNVs have demonstrated properties such as gut 
microbiota modulation and promotion of gastrointesti-
nal diseases repair. It is crucial to further investigate their 
efficacy and elucidate the underlying mechanisms to 
facilitate their future applications.

Bone
Osteoporosis is a chronic condition characterized by 
reduced bone mass and fragile bones, increasing the risk 
of fractures. Current treatments for osteoporosis include 
dietary modifications, exercise, medications, and surgery. 
However, these treatment strategies have limitations and 
challenges, such as side effects and surgical complica-
tions. Encouragingly, apple-derived nanovesicles have 
shown the ability to promote the osteogenic differentia-
tion of MT3T3 osteoblasts in vitro [50]. Similarly, yam-
derived nanovesicles have demonstrated the potential to 
enhance bone regeneration, bone volume density, and 
bone formation rate in vivo. At a dosage of 1 mg/kg, yam-
derived nanovesicles exhibited effects of increasing bone 
density in a mouse model of ovariectomized-induced 
osteoporosis comparable to those of estradiol (E2), a hor-
mone used for osteoporosis (Fig.  3F). Compared to the 
numerous side effects associated with hormone therapy, 
yam-derived nanovesicles hold promise for exhibiting 
a milder effect and possessing some degree of bone tis-
sue targeting. Their study also confirmed the favorable 
organ and blood biocompatibility of these nanovesicles 
[19]. Nevertheless, further investigation is needed to 
elucidate the underlying mechanisms of action and to 
evaluate their long-term safety and efficacy in treating 
osteoporosis.

Periodontitis, a prevalent disease affecting the alveolar 
bone, is triggered by dental plaque, particularly P. gin-
givalis, leading to inflammation and destruction of the 
supportive tissues surrounding the teeth [100]. Current 
treatments for periodontitis include mechanical debride-
ment and pharmacological therapy. However, they face 
challenges such as drug resistance, adverse reactions, and 
limited efficacy for intricate lesions. The PA (34:2) pre-
sent in ginger-derived nanovesicles can specifically bind 
to the HBP 35 in P. gingivalis, mitigating its pathogenic-
ity and reducing its adherence to gingival epithelial cells. 
Administration of ginger-derived nanovesicles in drink-
ing water has been shown to decrease gingival inflam-
mation and significantly increase alveolar bone density 
in a mouse periodontitis model [35]. These findings sug-
gested that PDNVs have the potential to be a promising 
therapeutic approach for periodontitis, offering addi-
tional options and optimism for managing this disease.

The examples mentioned above have demonstrated 
the potential applications of PDNVs in tissue protection 
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and repair (Fig. 3) (Table 2). PDNVs offer several advan-
tages in this field, including, but not limited to: (1) Some 
PDNVs exhibit natural targeting ability, as not all PDNVs 
will migrate to bone tissue after intravenous injection 
[19]; (2) PDNVs can traverse the blood–brain barrier, 
providing a potential treatment option for intracranial 
diseases [23, 24]. (3) PDNVs possess excellent biocom-
patibility, particularly certain nanovesicles derived from 
food sources that exhibit microbial modulation effects 
in gastrointestinal diseases [43]. (4) PDNVs can serve 
as a "protective umbrella" for preventing organ damage 
caused by various diseases and external stimuli, such as 
alcohol [24], ultraviolet radiation [39], and obesity [39].

Strategies to amplify the tissue protection 
and repair efficiency of PDNVs
As discussed earlier, PDNVs possess inherent properties 
that promote tissue repair and protection, such as cell 
proliferation, differentiation, and resistance to external 
stimuli. These characteristics make them promising for 
tissue and organ protection and facilitating injury repair. 
Given their vesicular structure, PDNVs have the potential 
to serve as effective platforms for drug delivery. Loading 
therapeutic agents can significantly enhance their thera-
peutic benefits. Exploiting the unique characteristics of 
different organs and tissues to inspire surface modifica-
tions of PDNVs holds promise for targeted delivery. The 
administration route of PDNVs also affects their distri-
bution within the body, highlighting the importance of 
selecting appropriate delivery methods. By implementing 
proper modifications, drug loading, and suitable admin-
istration approaches, the activities of PDNVs can be 
enhanced.

Surface functionalization
Enhancing circulatory stability
To ensure a larger number of PDNVs reach specific 
organs, it is crucial to extend their circulation stabil-
ity. Factors such as delivery methods can influence this 
stability. For example, oral administration significantly 
improves the in  vivo bioavailability of tea tree flower-
derived nanovesicles compared to intravenous injection 
[97]. Modifications of nanovesicles could also play a role. 
For instance, post-incubation with polyethylene gly-
col (PEG) preparations, aloe vera-derived nanovesicles 
demonstrated significantly improved blood circulatory 
stability [101]. Similarly, grapefruit-derived nanovesicles 
modified with heparin exhibited resistance to comple-
ment activation, thereby enhancing their in vivo bioavail-
ability. This increased stability allowed the nanovesicles 
to penetrate the blood–brain barrier and accumulate 
within intracranial gliomas [23].

Enhancing therapeutic efficacy
Modifying PDNVs is a highly promising strategy for 
significantly enhancing therapeutic efficacy. Research-
ers have successfully developed Pd–Pt nanosheets that 
possess both electrocatalytic and photothermal capabil-
ities. When co-incubated with ginger-derived nanovesi-
cles, the activated carboxyl groups on the nanosheets 
formed amide bonds with the surface amino groups of 
nanovesicles (Fig.  5a). The remarkable biocompatibility 
of ginger-derived nanovesicles enabled prolonged cir-
culation stability in the body (Fig.  5b–I) and accumula-
tion at infection sites. Simultaneously, these nanovesicles 
could be taken up by bacteria through lipid-dependent 
mechanisms (Fig. 5b–II). Through the synergistic effects 
of electric field and photothermal properties, the Pd–
Pt nanosheets could continually generate ROS within 
the bacteria, leading to robust anti-infection outcomes 
(Fig.  5b–III) [38]. Certainly, PDNVs have been demon-
strated to synergistically enhance therapeutic effects 
when co-administered with various drugs.

Enhancing targeted effects
Targeted modification of PDNVs represents a promising 
strategy for improving their therapeutic efficacy. Current 
research primarily focuses on anti-tumor applications, 
employing techniques such as co-incubation to attach 
antibodies that specifically target certain cells on the sur-
faces of PDNVs. For instance, in one study, white blood 
cell membranes were encapsulated on grapefruit-derived 
nanovesicles, resulting in increased accumulation in 
inflammatory tissues [102]. In another investigation, argi-
nine-glycine-aspartic acid (RGD) peptides were loaded 
onto the surface of nanovesicles, significantly enhancing 
their ability to penetrate brain tissue and target gliomas. 
These modifications enable PDNVs to more effectively 
target specific cells or tissues, thereby augmenting their 
therapeutic efficacy [23]. However, the application of 
such modifications in organ injury repair remains lim-
ited, underscoring the need for further exploration in this 
area.

Encapsulation of drugs
Compared to traditional drug therapies, nanomedicine 
delivery systems have demonstrated numerous advan-
tages such as drug protection, targeting and stability, 
enhanced drug solubility, crossing biological barriers, 
and reduced dosage and toxicity. In contrast to conven-
tional nanomedicine delivery systems, PDNVs possess 
several unique advantages as natural drug delivery sys-
tems. These advantages include, but are not limited to: (1) 
Natural drug carriers: Some drugs naturally exist within 
PDNVs, serving as innate drug carriers [18]. Concurrent 
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drug administration holds the potential to enhance thera-
peutic effects. (2) Natural drug delivery system: Due to 
their natural lipid bilayer vesicle-like structure, PDNVs 
can serve as natural drug delivery tools without requiring 
elaborate preparation processes. (3) Natural targeting: 
PDNVs exhibit inherent targeting potential due to the dif-
ferential molecular enrichment in their lipid bilayer. For 
instance, loading methotrexate into grapefruit-derived 
nanovesicles can selectively target intestinal lamina pro-
pria macrophages [103]. (4) Excellent biocompatibility: 
PDNVs possess favorable biocompatibility, causing mini-
mal immune reactions or toxic side effects. Additionally, 
when intravenously administered to pregnant mice, they 
do not cross the placental barrier [104]. (5) Sustainabil-
ity and environmental friendliness: Plants are commonly 
renewable resources, and their extraction process is rela-
tively simple and sustainable. Several reviews have sum-
marized the advantages of PDNVs as drug delivery tools 
[28, 105], we focus on the effects of PDNVs as drug deliv-
ery tools in tissue protection and repair.

Nucleic acid
Numerous PDNVs exhibit efficient loading and promis-
ing therapeutic efficacy for nucleic acid drugs. In one 
study, miRNA loaded onto cabbage-derived nanovesi-
cles increased miRNA levels by 667,000 times. After co-
cultivation with colon cancer cells for 72 h, miRNA levels 
were observed to increase over 246,000 times in the cells 
treated with cabbage-derived nanovesicles [57]. Ace-
rola-derived nanovesicles could also successfully deliver 
nucleic acid drugs to the digestive system through oral 
administration [106]. Ginger-derived nanovesicles carry-
ing siRNA-CD98, when orally administrated, could effec-
tively and specifically target colon tissue, reducing CD98 
expression. This holds the potential for enhancing the 
therapeutic efficacy of these nanovesicles in ulcerative 
colitis [107].

Compounds
Garlic chives-derived nanovesicles exhibited inherent 
anti-neuroinflammatory properties. By encapsulating 
the anti-inflammatory drug dexamethasone into these 
nanovesicles, inflammation in microglia cells could be 
further alleviated [108]. Another study involved loading 
astaxanthin into poly (lactic-co-glycolic acid) (PLGA) 
nanoparticles, which were then encapsulated into broc-
coli-derived nanovesicles. This approach significantly 

enhanced the bioavailability and therapeutic efficacy 
of the compound [109]. In addition, the side effects of 
chemotherapy drugs on organs such as the heart should 
not be overlooked. It has been demonstrated that encap-
sulating the chemotherapy drug Dox into nanovesicles 
derived from Beta vulgaris can significantly reduce the 
toxicity of chemotherapy drugs on organs such as the 
heart. This has significant potential for application [110].

When utilizing PDNVs as drug carriers, it’s crucial to 
consider the method of drug loading into nanovesicles. 
Studies have demonstrated that drugs can be loaded into 
nanovesicles through various techniques such as elec-
troporation, co-extrusion, co-incubation, and repeated 
freeze–thaw methods. For instance, one study attempted 
to load curcumin into tomato-derived nanovesicles using 
different methods (co-incubation, sonication, and extru-
sion), and found co-incubation yielded the most efficient 
loading rate of 15.36% [111]. Although this efficiency is 
suboptimal, strategies used for liposomes as drug deliv-
ery systems could provide inspiration for improvements. 
The ‘‘Sonication and Extrusion-assisted Active Loading 
(SEAL)’’ method, for example, has been employed to load 
compounds into milk-derived extracellular vesicles, sig-
nificantly enhancing drug loading efficiency [112]. Both 
Zhang et al. and Zeng et al. discovered that the ratio of 
nanovesicles to drugs affects drug encapsulation effi-
ciency [27, 113]. In their studies, when the concentration 
ratio of nanovesicles to dexamethasone was 1:2 or even 
1:4 using electroporation, the drug loading efficiency was 
reached 70% to 80% [113].

Optimization of administration
The choice administration route plays a critical role in 
the in vivo distribution of PDNVs, which directly impacts 
their effectiveness (Table 3). The primary administration 
routes include oral administration, intravenous adminis-
tration, and intraperitoneal administration. Oral admin-
istration is highly convenient, safe, and cost-effective. 
PDNVs can be directly added to food, water, or incorpo-
rated into capsules, although the utilization of capsules in 
this field is not yet common [114]. When employing this 
administration route, it is important to consider factors 
such as enzymatic degradation in the oral cavity and the 
ability to withstand harsh environments like gastric acid 
or bile [97, 115].

On the other hand, intraperitoneal administration 
of chrysanthemum and celery-derived nanovesicles 

Fig. 5  Engineered ginger-derived nanovesicles facilitate synergistic anti-infective therapy [38]. a. Extracellular vesicles (EVs) were obtained 
from fresh ginger juice through centrifugation, and Pt was conjugated onto Pb, followed by their covalent linkage through amide bonds to form 
EV-Pb-Pt. b. Intravenous injection of EV-Pb-Pt exhibited several advantages: I. Prolonged blood circulation stability; II. Lipid-dependent uptake; 
III. Synergistic effects of an electric field and near-infrared (NIR) light at 980 nm, resulting in the generation of reactive oxygen species (ROS) 
and exhibiting antibacterial effects. (NIR near-Infrared, ROS reactive oxygen species, PA photoacoustic, AC alternating current) (Copyright [38])

(See figure on next page.)
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Fig. 5  (See legend on previous page.)
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resulted in extensive distribution in immune organs [116, 
117]. Macrophages primarily absorb the vesicles follow-
ing intraperitoneal administration, as demonstrated by 
the significant reduction of vesicle signals in the spleen 
after macrophage elimination [68]. Furthermore, after 
intravenous administration, PDNVs predominantly 
accumulate in the liver and spleen, which are parts of 
the mononuclear phagocytic systems (MPS). This accu-
mulation is likely facilitated by the high expression of 
scavenger receptors on macrophage surfaces [101]. The 
distributions were also influenced by the composition 
and size of the vesicles. For example, Zhang et al. discov-
ered that grape and ginger-derived nanovesicles, when 
administered orally, targeted the liver and intestine, 
respectively, possibly due to their distinct contents of 
certain compounds, such as PA and PC, which conferred 
them with specific ‘‘natural targeting’’ properties.

Moreover, PDNVs possess the ability to penetrate skin 
tissue and can exert their effects through simple topi-
cal application, making them highly advantageous as 
a potential alternative treatment for skin-related dis-
orders [27, 91]. In cases of local tissue damage, such as 
skin defects, loading PDNVs into scaffolds (Fig.  4B) 
enables local sustained release and promotes wound 
healing capabilities [20]. PDNVs also exhibit excellent 
characteristics for crossing the blood–brain barrier. For 
example, in a cerebral ischemia model, bitter melon-
derived nanovesicles were found to effectively pen-
etrate brain tissue via the blood–brain barrier following 
tail vein injection [87]. Notably, intranasal delivery is a 
viable option for delivering nanovesicles to the brain. 
Wang et  al. found that after intranasal administration, 
grapefruit-derived nanovesicles were primarily localized 
in the lungs and brain, while they were mainly found in 
muscles after intramuscular injection [104]. Intramus-
cular administration is particularly suitable for vaccine 
development. Pomatto et  al. utilized PDNVs as carriers 

for SARS-CoV-2 S1 mRNA and observed that intramus-
cular administration triggered the production of specific 
antibodies, with IgA serving as the mucosal barrier in the 
adaptive immune response [118]. Therefore, to achieve 
satisfactory therapeutic outcomes in vivo, it is crucial to 
consider suitable administration routes that enhance the 
accumulation of PDNVs in the target organs.

Predicting the possible effects of PDNVs
The global existence of an estimated 300,000 to 400,000 
plant species highlights their importance as resources for 
human survival. With a growing interest in discovering 
novel medicinal properties from plants, researchers have 
turned their attention to exploring the characteristics of 
PDNVs in recent years [119]. These nanovesicles, encap-
sulating RNA, lipids, proteins, and various compounds, 
exhibit antibacterial, anticancer, antioxidant, and anti-
inflammatory effects, thereby holding potential advan-
tages in cancer therapy, tissue protection, and repair. 
However, the identification of PDNVs with desired activi-
ties requires extensive research.

Numerous plants traditionally used in medicine dem-
onstrate antioxidant, anti-inflammatory, and anti-cancer 
properties, primarily due to the presence of bioactive 
compounds [120]. Nonetheless, NVs derived from differ-
ent plants may not necessarily exhibit similar activities 
as their parent plants. For example, aside from ginger-
derived nanovesicles, the inhibitory effects of nanovesi-
cles derived from eight fruits and vegetables (coriander, 
aloe vera, grapefruit, garlic, turmeric, dandelion, laven-
der, and cactus) on NLRP3 inflammasomes activation in 
primary macrophages were minimal compared to their 
original plant sources [71]. On one hand, PDNVs do not 
inherit all the bioactive substances from their parent 
plants. For instance, yam-derived nanovesicles with oste-
ogenic activity, while lacked diosgenin and dioscin [19]. 
Moreover, catharanthus roseus-derived nanovesicles do 

Table 3  Advantages, disadvantages, and potential distribution of different administration routes

Methods Advantages Disadvantages Potential distribution

Oral administration Convenient, economical, easy to operate May be influenced by oral enzymes and gas-
trointestinal microenvironment, metabolized 
by the liver

Digestive system

Transdermal delivery PDNVs have skin permeability, economical, 
easy to operate, avoid first-pass elimination

Requires carriers such as patches, susceptible 
to influences like sweat

Skin tissue

Scaffold loading Local sustained release Potential side effects from the use of scaffold Localized tissue damage

Intraperitoneal injection Fast absorption, high bioavailability Invasive Mainly in immune organs

Intravenous injection High bioavailability Invasive, high level of difficulty in operation Lungs and liver

Intranasal administration Fast absorption, convenient, easy to operate Drug limitations, potential nasal irritation, possible 
passage into the throat

Lungs and brain

Intramuscular injection Fast absorption, relatively easy to operate Slow absorption rate, potential for pain and dis-
comfort

Muscular
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not contain well-known compounds such as chloram-
phenicol, chloramphenicolone, morphine, or codeine 
[117]. On the other hand, it appears that certain com-
pounds can be selectively enriched in PDNVs. Cucum-
bers-derived nanovesicles possess a high concentration 
of cucurbitacin B, which effectively inhibited tumor 
growth, surpassing the efficacy of using cucurbitacin B 
alone [18]. Similarity, lemons contain various flavonoids, 
grapefruits contain naringin, ginger contain curcumin 
and shogaol, apples contain flavonoids, and strawber-
ries contain ascorbic acid [16]. These findings suggest the 
presence of a potential sorting mechanism between the 
compounds found in PDNVs and their originating plants.

Interestingly, recent studies have put forward the 
notion of a mechanism responsible for the enrichment of 
lipophilic substances within PDNVs, adding to the depth 
of our understanding [79, 121]. For example, the propor-
tion of PA in whole grapes was found to be significantly 
lower (18.2 ± 1.9%) compared to nanovesicles isolated 
from the same batch of grapes (47.2 ± 5.2%) [37]. Simi-
larly, the predominant sterol lipids in arabidopsis leaves-
derived extracellular vesicles were sitosterol (62%) and 
campesterol (22%), whereas in tissues, the proportions 
were 47% and 13%. This phenomenon of differential dis-
tribution of lipids has been observed not only in plants 
but also in animals and fungi, suggesting its significance 
as a fundamental sorting mechanism for the contents of 
extracellular vesicles [17]. However, the precise nature 
of this sorting mechanism remains elusive, necessitating 
further investigation, and it is crucial to experimentally 
verify whether all lipophilic substances are encapsulated 
and their contents retained.

Gaining a deeper understanding of the intricate rela-
tionship between PDNVs and their parent plants is of 
paramount importance. While metabolites serve as 
key active components in the mechanism of action of 
PDNVs, lipids, miRNAs, and proteins in PDNVs also play 
crucial roles [117, 122]. However, the lack of compre-
hensive databases has hindered the comparison of lipids, 
miRNAs, and proteins with their corresponding source 
plants. By harnessing various high-throughput data with 
employing bioinformatics approaches, we can fully lev-
erage the available information to establish comprehen-
sive databases and enable the prediction of specific active 
functions. Identifying patterns and correlations in these 
datasets can significantly reduce unnecessary exploration 
in this field and propel research on the underlying sorting 
mechanisms that govern PDNVs composition.

Critical consideration on the clinical use of PDNVs
(1) Selection of plant sources and quality control. Cur-
rently, research on PDNVs is emerging, and these effects 
are highly anticipated. However, there are crucial issues 

regarding the selection of plant sources and quality 
control that may hinder their clinical applications and 
need early attention. As mentioned before, nanovesicles 
derived from different parts of various plants have shown 
different effects [12]. Moreover, the growth environment 
of plants, including geographical location, soil conditions, 
climate, and other factors, significantly influences their 
composition. Varieties, batches, seasons, and maturity 
of plants also play a role as influencing factors, affecting 
batch stability. For example, in terms of liver protection, 
many PDNVs have demonstrated corresponding effects, 
but the question remains: which one is more potent? 
Which ones hold more promise or have stronger advan-
tages to advance into clinical applications?

The isolation methods of PDNVs also impact their 
composition. The activity of nanovesicles obtained 
through differential centrifugation and density gradi-
ent centrifugation varies. The biological activity of nan-
ovesicles from different centrifugation methods has been 
confirmed to differ. However, PDNVs, being directly 
extracted from plant sources as a mixture, appear more 
complex. Currently, the characterization methods mainly 
rely on transmission electron microscopy to observe 
the morphology of vesicles, dynamic light scattering or 
nanoparticle tracking analysis to detect particle size and 
distribution. These methods are primarily focused on 
the physical aspects and cannot serve as quality control 
standards. Furthermore, due to the complex and diverse 
sources of PDNVs, there are currently no further charac-
teristic markers available as quality control standards.

(2) Safety considerations. Numerous studies have dem-
onstrated the good biocompatibility of PDNVs through 
in  vitro and in  vivo experiments. However, compre-
hensive preclinical experiments are still lacking, and 
the following issues need to be considered. The route 
of administration is one aspect to consider. Currently, 
PDNVs used in research are of dietary origin, which is 
reassuring as they are present in our daily food. How-
ever, it has been suggested that oral administration may 
avoid complement system activation, while intravenous 
administration may activate the complement system [97]. 
Biological metabolism and long-term safety are another 
significant concern. Biological metabolism is essential 
in drug research. Currently, the metabolism of vesicles 
mainly relies on tracking the fluorescent signals of vesi-
cles using small animal in vivo optical imaging systems. 
As mentioned earlier, PDNVs are complex compounds 
containing lipids, proteins, RNA, and secondary metabo-
lites. The specific metabolic processes of these substances 
in the body have not been extensively studied. Evalua-
tions of biological safety are often short-term, and many 
studies only focus on studying the active effects without 
elucidating the underlying mechanisms.
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In conclusion, there are still many unresolved ques-
tions. Therefore, in this promising stage with numerous 
emerging effects, more basic research is needed to fur-
ther investigate PDNVs, including elucidating sorting 
mechanisms, which will help discover specific mark-
ers for quality control. Furthermore, more studies are 
required to ensure the safety of PDNVs.

Conclusion
In conclusion, the lipids, proteins, RNAs, and metabo-
lites present within PDNVs play a crucial role in cell 
recognition, uptake, and exert excellent capabilities in 
enhancing cell proliferation, migration, and differen-
tiation. The potential of PDNVs to modulate local tissue 
microenvironments, including promoting angiogenesis, 
antioxidation, anti-inflammation, anti-bacteria, and anti-
aging effects, makes them a compelling avenue for tis-
sue protection and repair. Leveraging these potentials, 
PDNVs have demonstrated significant protective effects 
on organs such as the liver, brain, and skin against exter-
nal stimuli, such as UV radiation, alcohol, and radiation. 
Moreover, they exhibit substantial reparative effects 
on conditions like skin defects-induced insulin resist-
ance, colitis, obesity, among others. Additionally, the 
unique lipid bilayer structure of PDNVs allows for sur-
face modifications and drug loading to further augment 
their therapeutic effects in tissue protection and repair. 
It is essential to underscore that appropriate drug deliv-
ery strategies are vital for realizing targeted therapeutic 
effects.

Although we have observed many promising therapeu-
tic impacts, the selection of PDNVs with substantial tis-
sue protection and repair effects remains an area worth 
exploring. Preliminary evidence from existing research 
suggests that plant-derived lipophilic compounds may 
have a role in selecting PDNVs with potent therapeutic 
effects. Nonetheless, it is paramount to acknowledge that 
not all efficacious components in PDNVs are compounds, 
necessitating further database establishment and stand-
ardization. Meanwhile, the sources of PDNVs and quality 
control, as well as the in vivo metabolism and long-term 
biosafety of PDNVs, are important issues that need to be 
carefully considered for further application. It is hearten-
ing to note that at least two clinical trials on PDNVs are 
currently in progress (https://​clini​caltr​ials.​gov/). Increas-
ing interest in these mini vesicles from researchers sug-
gests a promising future for PDNVs in the realm of tissue 
protection and repair.

Acknowledgements
Some of the schematic diagrams in the review article were created on 
the website https://​www.​biore​nder.​com/. We appreciate the platform’s 
contribution.

Author contributions
XC, SB, YL, and DZ selected the topic and guided the review, XC and XX wrote 
the manuscript, XC, XX, SL, LH, LH, YZ, XZ, and DZ searched the references and 
revised the manuscript. All authors read and approved the final manuscript.

Funding
This work was supported by Fujian Provincial Health Technology Project 
(grant number: 2020CXA049 and 2020CXB030), the research grant from Fujian 
Provicial Department of Finance (2021CZ01 and 2021CZ02), and the research 
funding for Fujian Medical Leading Innovation Talents (2018B035).

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or 
analyzed during the current study.

Declarations

Ethics approval and consent to participate
None.

Consent for publication
All authors have given consent for publication.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Fujian Key Laboratory of Oral Diseases, School and Hospital of Stomatology, 
Fujian Medical University, Fuzhou, China. 2 Department of Preventive Dentistry, 
School and Hospital of Stomatology, Fujian Medical University, Fuzhou, China. 
3 Department of Human Anatomy and Histology, and Embryology, School 
of Basic Medical Sciences, Fujian Medical University, Fuzhou, China. 

Received: 16 August 2023   Accepted: 3 November 2023

References
	 1.	 Childs BG, Durik M, Baker DJ, van Deursen JM. Cellular senescence in 

aging and age-related disease: from mechanisms to therapy. Nat Med. 
2015;21(12):1424–35.

	 2.	 Lobo RA, Gompel A. Management of menopause: a view towards 
prevention. Lancet Diabetes Endocrinol. 2022;10(6):457–70.

	 3.	 Kolb H. Obese visceral fat tissue inflammation: from protective to detri-
mental? BMC Med. 2022;20(1):494.

	 4.	 Feng X, Zhu J, Hua Z, Shi Q, Zhou J, Luo P. The prevalence and determi-
nant of overweight and obesity among residents aged 40–69 years in 
high-risk regions for upper gastrointestinal cancer in southeast China. 
Sci Rep. 2023;13(1):8172.

	 5.	 Global, regional, and national burden of diabetes from 1990 to 2021, 
with projections of prevalence to 2050: a systematic analysis for 
the Global Burden of Disease Study 2021. 2023. Lancet 402(10397) 
203–234.

	 6.	 Edgar L, Pu T, Porter B, Aziz JM, La Pointe C, Asthana A, Orlando G. 
Regenerative medicine, organ bioengineering and transplantation. Br J 
Surg. 2020;107(7):793–800.

	 7.	 Orlando G, Soker S, Stratta RJ. Organ bioengineering and regen-
eration as the new Holy Grail for organ transplantation. Ann Surg. 
2013;258(2):221–32.

	 8.	 Petrus-Reurer S, Romano M, Howlett S, Jones JL, Lombardi G, Saeb-
Parsy K. Immunological considerations and challenges for regenerative 
cellular therapies. Commun Biol. 2021;4(1):798.

	 9.	 Zou J, Yang W, Cui W, Li C, Ma C, Ji X, Hong J, Qu Z, Chen J, Liu A, Wu 
H. Therapeutic potential and mechanisms of mesenchymal stem 
cell-derived exosomes as bioactive materials in tendon-bone healing. J 
Nanobiotechnol. 2023;21(1):14.

	 10.	 Chen X, Li H, Song H, Wang J, Zhang X, Han P, Wang X. Meet changes 
with constancy: defence, antagonism, recovery, and immunity roles 

https://clinicaltrials.gov/
https://www.biorender.com/


Page 27 of 30Chen et al. Journal of Nanobiotechnology          (2023) 21:445 	

of extracellular vesicles in confronting SARS-CoV-2. J Extracell Vesicles. 
2022;11(12): e12288.

	 11.	 Hao Y, Song H, Zhou Z, Chen X, Li H, Zhang Y, Wang J, Ren X, Wang 
X. Promotion or inhibition of extracellular vesicle release: emerging 
therapeutic opportunities. J Controll Release Off J Controll Release Soc. 
2021;340:136–48.

	 12.	 Eom JY, Choi SH, Kim HJ, Kim DH, Bae JH, Kwon GS, Lee DH, Hwang JH, 
Kim DK, Baek MC, Cho YE. Hemp-derived nanovesicles protect leaky gut 
and liver injury in dextran sodium sulfate-induced colitis. Int J Mol Sci. 
2022. https://​doi.​org/​10.​3390/​ijms2​31799​55.

	 13.	 Pinedo M, de la Canal L, de Marcos Lousa C. A call for Rigor and stand-
ardization in plant extracellular vesicle research. J Extracell Vesicles. 
2021;10(6):e12048.

	 14.	 Xu Z, Xu Y, Zhang K, Liu Y, Liang Q, Thakur A, Liu W, Yan Y. Plant-derived 
extracellular vesicles (PDEVs) in nanomedicine for human disease and 
therapeutic modalities. J Nanobiotechnol. 2023;21(1):114.

	 15.	 Chen X, Ji S, Yan Y, Lin S, He L, Huang X, Chang L, Zheng D, Lu Y. Engi-
neered plant-derived nanovesicles facilitate tumor therapy: natural 
bioactivity plus drug controlled release platform. Int J Nanomed. 
2023;18:4779–804.

	 16.	 Nemati M, Singh B, Mir RA, Nemati M, Babaei A, Ahmadi M, Rasmi Y, 
Golezani AG, Rezaie J. Plant-derived extracellular vesicles: a novel nano-
medicine approach with advantages and challenges. Cell Commun 
Signal. 2022;20(1):69.

	 17.	 Liu NJ, Wang N, Bao JJ, Zhu HX, Wang LJ, Chen XY. Lipidomic analysis 
reveals the importance of GIPCs in arabidopsis leaf extracellular vesi-
cles. Mol Plant. 2020;13(10):1523–32.

	 18.	 Chen T, Ma B, Lu S, Zeng L, Wang H, Shi W, Zhou L, Xia Y, Zhang 
X, Zhang J, Chen J. Cucumber-derived nanovesicles containing 
cucurbitacin B for non-small cell lung cancer therapy. Int J Nanomed. 
2022;17:3583–99.

	 19.	 Hwang JH, Park YS, Kim HS, Kim DH, Lee SH, Lee CH, Lee SH, Kim JE, Lee 
S, Kim HM, Kim HW, Kim J, Seo W, Kwon HJ, Song BJ, Kim DK, Baek MC, 
Cho YE. Yam-derived exosome-like nanovesicles stimulate osteoblast 
formation and prevent osteoporosis in mice. J Controll Release Off J 
Controll Release Soc. 2023;355:184–98.

	 20.	 Xu XH, Yuan TJ, Dad HA, Shi MY, Huang YY, Jiang ZH, Peng LH. Plant 
exosomes as novel nanoplatforms for microrna transfer stimulate 
neural differentiation of stem cells in vitro and in vivo. Nano Lett. 
2021;21(19):8151–9.

	 21.	 Kim DK, Rhee WJ. Antioxidative effects of carrot-derived nanovesi-
cles in cardiomyoblast and neuroblastoma cells. Pharmaceutics. 
2021;13(8):1203.

	 22.	 Sun D, Zhuang X, Xiang X, Liu Y, Zhang S, Liu C, Barnes S, Grizzle W, 
Miller D, Zhang HG. A novel nanoparticle drug delivery system: the 
anti-inflammatory activity of curcumin is enhanced when encapsulated 
in exosomes. Mol Ther J Am Soc Gene Ther. 2010;18(9):1606–14.

	 23.	 Niu W, Xiao Q, Wang X, Zhu J, Li J, Liang X, Peng Y, Wu C, Lu R, Pan Y, Luo 
J, Zhong X, He H, Rong Z, Fan JB, Wang Y. A Biomimetic drug delivery 
system by integrating grapefruit extracellular vesicles and doxorubicin-
loaded heparin-based nanoparticles for glioma therapy. Nano Lett. 
2021;21(3):1484–92.

	 24.	 Xu F, Mu J, Teng Y, Zhang X, Sundaram K, Sriwastva MK, Kumar A, Lei C, 
Zhang L, Liu QM, Yan J, McClain CJ, Merchant ML, Zhang HG. Restoring 
oat nanoparticles mediated brain memory function of mice fed alcohol 
by sorting inflammatory dectin-1 complex into microglial exosomes. 
Small. 2022;18(6):e2105385.

	 25.	 Teng Y, Ren Y, Sayed M, Hu X, Lei C, Kumar A, Hutchins E, Mu J, Deng 
Z, Luo C, Sundaram K, Sriwastva MK, Zhang L, Hsieh M, Reiman R, 
Haribabu B, Yan J, Jala VR, Miller DM, Van Keuren-Jensen K, Mer-
chant ML, McClain CJ, Park JW, Egilmez NK, Zhang HG. Plant-derived 
exosomal microRNAs shape the gut microbiota. Cell Host Microbe. 
2018;24(5):637-652.e8.

	 26.	 Huang H, Yi X, Wei Q, Li M, Cai X, Lv Y, Weng L, Mao Y, Fan W, Zhao M, 
Weng Z, Zhao Q, Zhao K, Cao M, Chen J, Cao P. Edible and cation-free 
kiwi fruit derived vesicles mediated EGFR-targeted siRNA delivery to 
inhibit multidrug resistant lung cancer. J nanobiotechnol. 2023;21(1):41.

	 27.	 Zeng L, Wang H, Shi W, Chen L, Chen T, Chen G, Wang W, Lan J, Huang 
Z, Zhang J, Chen J. Aloe derived nanovesicle as a functional carrier for 
indocyanine green encapsulation and phototherapy. J Nanobiotechnol. 
2021;19(1):439.

	 28.	 Dad HA, Gu TW, Zhu AQ, Huang LQ, Peng LH. Plant exosome-like nan-
ovesicles: emerging therapeutics and drug delivery nanoplatforms. Mol 
Ther J Am Soc Gene Ther. 2021;29(1):13–31.

	 29.	 O’Brien J, Hayder H, Zayed Y, Peng C. Overview of microRNA biogenesis. 
Mechan Actions Circulation Front Endocrinol. 2018;9:402.

	 30.	 Di Gioia S, Hossain MN, Conese M. Biological properties and therapeutic 
effects of plant-derived nanovesicles. Open Med. 2020;15(1):1096–122.

	 31.	 Xiao J, Feng S, Wang X, Long K, Luo Y, Wang Y, Ma J, Tang Q, Jin L, Li X, Li 
M. Identification of exosome-like nanoparticle-derived microRNAs from 
11 edible fruits and vegetables. PeerJ. 2018;6: e5186.

	 32.	 De Robertis M, Sarra A, D’Oria V, Mura F, Bordi F, Postorino P, Fratantonio 
D. Blueberry-derived exosome-like nanoparticles counter the response 
to TNF-α-induced change on gene expression in EAhy926 cells. Biomol-
ecules. 2020. https://​doi.​org/​10.​3390/​biom1​00507​42.

	 33.	 Qiu FS, Wang JF, Guo MY, Li XJ, Shi CY, Wu F, Zhang HH, Ying HZ, Yu CH. 
Rgl-exomiR-7972, a novel plant exosomal microRNA derived from fresh 
Rehmanniae Radix, ameliorated lipopolysaccharide-induced acute lung 
injury and gut dysbiosis. Biomed Pharmacother Biomed Pharmacother. 
2023;165:115007.

	 34.	 Liu Y, Tan ML, Zhu WJ, Cao YN, Peng LX, Yan ZY, Zhao G. In vitro effects 
of tartary buckwheat-derived nanovesicles on gut microbiota. J Agric 
Food Chem. 2022;70(8):2616–29.

	 35.	 Sundaram K, Miller DP, Kumar A, Teng Y, Sayed M, Mu J, Lei C, Sriwastva 
MK, Zhang L, Yan J, Merchant ML, He L, Fang Y, Zhang S, Zhang X, Park 
JW, Lamont RJ, Zhang HG. Plant-derived exosomal nanoparticles inhibit 
pathogenicity of Porphyromonas gingivalis. IScience. 2019;21:308–27.

	 36.	 Guo R, Chen Y, Borgard H, Jijiwa M, Nasu M, He M, Deng Y. The function 
and mechanism of lipid molecules and their roles in the diagnosis and 
prognosis of breast cancer. Molecules. 2020;25(20):4864.

	 37.	 Ju S, Mu J, Dokland T, Zhuang X, Wang Q, Jiang H, Xiang X, Deng ZB, 
Wang B, Zhang L, Roth M, Welti R, Mobley J, Jun Y, Miller D, Zhang HG. 
Grape exosome-like nanoparticles induce intestinal stem cells and 
protect mice from DSS-induced colitis. Mol Ther J Am Soc Gene Ther. 
2013;21(7):1345–57.

	 38.	 Qiao Z, Zhang K, Liu J, Cheng D, Yu B, Zhao N, Xu FJ. Biomimetic electro-
dynamic nanoparticles comprising ginger-derived extracellular vesicles 
for synergistic anti-infective therapy. Nat Commun. 2022;13(1):7164.

	 39.	 Kumar A, Sundaram K, Teng Y, Mu J, Sriwastva MK, Zhang L, Hood JL, 
Yan J, Zhang X, Park JW, Merchant ML, Zhang HG. Ginger nanoparticles 
mediated induction of Foxa2 prevents high-fat diet-induced insulin 
resistance. Theranostics. 2022;12(3):1388–403.

	 40.	 Deng Z, Rong Y, Teng Y, Mu J, Zhuang X, Tseng M, Samykutty A, Zhang 
L, Yan J, Miller D, Suttles J, Zhang HG. Broccoli-derived nanoparticle 
inhibits mouse colitis by activating dendritic cell AMP-activated protein 
kinase. Mol Ther J Am Soc Gene Ther. 2017;25(7):1641–54.

	 41.	 Liu B, Li X, Yu H, Shi X, Zhou Y, Alvarez S, Naldrett MJ, Kachman SD, Ro 
SH, Sun X, Chung S, Jing L, Yu J. Therapeutic potential of garlic chive-
derived vesicle-like nanoparticles in NLRP3 inflammasome-mediated 
inflammatory diseases. Theranostics. 2021;11(19):9311–30.

	 42.	 Man F, Meng C, Liu Y, Wang Y, Zhou Y, Ma J, Lu R. The study of ginger-
derived extracellular vesicles as a natural nanoscale drug carrier and 
their intestinal absorption in rats. AAPS PharmSciTech. 2021;22(6):206.

	 43.	 Zu M, Xie D, Canup BSB, Chen N, Wang Y, Sun R, Zhang Z, Fu Y, Dai F, 
Xiao B. “Green” nanotherapeutics from tea leaves for orally targeted 
prevention and alleviation of colon diseases. Biomaterials. 2021;279: 
121178.

	 44.	 Zhuang X, Deng ZB, Mu J, Zhang L, Yan J, Miller D, Feng W, McClain CJ, 
Zhang HG. Ginger-derived nanoparticles protect against alcohol-
induced liver damage. J Extracell Vesicles. 2015;4:28713.

	 45.	 Lei C, Teng Y, He L, Sayed M, Mu J, Xu F, Zhang X, Kumar A, Sundaram 
K, Sriwastva MK, Zhang L, Chen SY, Feng W, Zhang S, Yan J, Park JW, 
Merchant ML, Zhang X, Zhang HG. Lemon exosome-like nanoparticles 
enhance stress survival of gut bacteria by RNase P-mediated specific 
tRNA decay. IScience. 2021;24(6):102511.

	 46.	 Song H, Canup BSB, Ngo VL, Denning TL, Garg P, Laroui H. Internaliza-
tion of garlic-derived nanovesicles on liver cells is triggered by interac-
tion with CD98. ACS Omega. 2020;5(36):23118–28.

	 47.	 Sriwastva MK, Deng ZB, Wang B, Teng Y, Kumar A, Sundaram K, Mu J, 
Lei C, Dryden GW, Xu F, Zhang L, Yan J, Zhang X, Park JW, Merchant ML, 
Egilmez NK, Zhang HG. Exosome-like nanoparticles from Mulberry bark 

https://doi.org/10.3390/ijms23179955
https://doi.org/10.3390/biom10050742


Page 28 of 30Chen et al. Journal of Nanobiotechnology          (2023) 21:445 

prevent DSS-induced colitis via the AhR/COPS8 pathway. EMBO Rep. 
2022;23(3): e53365.

	 48.	 Liu J, Xiang J, Jin C, Ye L, Wang L, Gao Y, Lv N, Zhang J, You F, Qiao H, Shi 
L. Medicinal plant-derived mtDNA via nanovesicles induces the cGAS-
STING pathway to remold tumor-associated macrophages for tumor 
regression. J Nanobiotechnol. 2023;21(1):78.

	 49.	 Brennan M, Layrolle P, Mooney DJ. Biomaterials functionalized with MSC 
secreted extracellular vesicles and soluble factors for tissue regenera-
tion. Adv Function Mater. 2020. https://​doi.​org/​10.​1002/​adfm.​20190​
9125.

	 50.	 Sim Y, Seo HJ, Kim DH, Lee SH, Kwon J, Kwun IS, Jung C, Kim JI, Lim JH, 
Kim DK, Baek MC, Cho YE. The effect of apple-derived nanovesicles on 
the osteoblastogenesis of osteoblastic MC3T3-E1 cells. J Med Food. 
2023;26(1):49–58.

	 51.	 Şahin F, Koçak P, Güneş MY, Özkan İ, Yıldırım E, Kala EY. In vitro wound 
healing activity of wheat-derived nanovesicles. Appl Biochem Biotech-
nol. 2019;188(2):381–94.

	 52.	 Kim M, Park JH. Isolation of Aloe saponaria-derived extracellular vesicles 
and investigation of their potential for chronic wound healing. Pharma-
ceutics. 2022. https://​doi.​org/​10.​3390/​pharm​aceut​ics14​091905.

	 53.	 Han JM, Song HY, Lim ST, Kim KI, Seo HS, Byun EB. Immunostimulatory 
potential of extracellular vesicles isolated from an edible plant Petasites 
japonicas. Induct Murine Dendritic Cell Maturation Int J Mol Sci. 2021. 
https://​doi.​org/​10.​3390/​ijms2​21910​634.

	 54.	 Zhao WJ, Bian YP, Wang QH, Yin F, Yin L, Zhang YL, Liu JH. Blueberry-
derived exosomes-like nanoparticles ameliorate nonalcoholic fatty liver 
disease by attenuating mitochondrial oxidative stress. Acta Pharmacol 
Sin. 2022;43(3):645–58.

	 55.	 Cui WW, Ye C, Wang KX, Yang X, Zhu PY, Hu K, Lan T, Huang LY, Wang W, 
Gu B, Yan C, Ma P, Qi SH, Luo L. Momordica charantia-derived extracel-
lular vesicles-like nanovesicles protect cardiomyocytes against radiation 
injury via attenuating DNA damage and mitochondria dysfunction. 
Front Cardiovasc Med. 2022;9:864188.

	 56.	 Yıldırım M, Ünsal N, Kabataş B, Eren O, Şahin F. Effect of Solanum lycoper-
sicum and citrus limon-derived exosome-like vesicles on chondrogenic 
differentiation of adipose-derived stem cells. Appl Biochem Biotechnol. 
2023. https://​doi.​org/​10.​1007/​s12010-​023-​04491-0.

	 57.	 You JY, Kang SJ, Rhee WJ. Isolation of cabbage exosome-like nanovesi-
cles and investigation of their biological activities in human cells. Bioac-
tive Mater. 2021;6(12):4321–32.

	 58.	 Tajik T, Baghaei K, Moghadam VE, Farrokhi N, Salami SA. Extracellular 
vesicles of cannabis with high CBD content induce anticancer signaling 
in human hepatocellular carcinoma. Biomed Pharmacother Biomed 
Pharmacother. 2022;152:113209.

	 59.	 Sasaki D, Kusamori K, Takayama Y, Itakura S, Todo H, Nishikawa M. 
Development of nanoparticles derived from corn as mass producible 
bionanoparticles with anticancer activity. Sci Rep. 2021;11(1):22818.

	 60.	 Özkan İ, Koçak P, Yıldırım M, Ünsal N, Yılmaz H, Telci D, Şahin F. Garlic 
(Allium sativum)-derived SEVs inhibit cancer cell proliferation and 
induce caspase mediated apoptosis. Sci Rep. 2021;11(1):14773.

	 61.	 Sánchez-López CM, Manzaneque-López MC, Pérez-Bermúdez P, Soler 
C, Marcilla A. Characterization and bioactivity of extracellular vesicles 
isolated from pomegranate. Food Funct. 2022;13(24):12870–82.

	 62.	 Kim MK, Choi YC, Cho SH, Choi JS, Cho YW. The antioxidant effect of 
small extracellular vesicles derived from aloe vera peels for wound heal-
ing. Tissue Eng Regenerative Med. 2021;18(4):561–71.

	 63.	 Zakrzewski W, Dobrzyński M, Szymonowicz M, Rybak Z. Stem cells: past, 
present, and future. Stem Cell Res Ther. 2019;10(1):68.

	 64.	 Shi X, Zhang W, Yin L, Chilian WM, Krieger J, Zhang P. Vascular precur-
sor cells in tissue injury repair. Trans Res J Laboratory Clin Med. 
2017;184:77–100.

	 65.	 Mahdipour E. Beta vulgaris juice contains biologically active exosome-
like nanoparticles. Tissue Cell. 2022;76: 101800.

	 66.	 Kim WS, Ha JH, Jeong SH, Lee JI, Lee BW, Jeong YJ, Kim CY, Park JY, Ryu 
YB, Kwon HJ, Lee IC. Immunological effects of aster yomena callus-
derived extracellular vesicles as potential therapeutic agents against 
allergic asthma. Cells. 2022. https://​doi.​org/​10.​3390/​cells​11182​805.

	 67.	 Chen L, Deng H, Cui H, Fang J, Zuo Z, Deng J, Li Y, Wang X, Zhao L. 
Inflammatory responses and inflammation-associated diseases in 
organs. Oncotarget. 2018;9(6):7204–18.

	 68.	 Cao M, Yan H, Han X, Weng L, Wei Q, Sun X, Lu W, Wei Q, Ye J, Cai X, Hu C, 
Yin X, Cao P. Ginseng-derived nanoparticles alter macrophage polariza-
tion to inhibit melanoma growth. J Immunother Cancer. 2019;7(1):326.

	 69.	 Wu J, Ma X, Lu Y, Zhang T, Du Z, Xu J, You J, Chen N, Deng X, Wu J. Edible 
Pueraria lobata-derived exosomes promote M2 macrophage polariza-
tion. Molecules. 2022;27(23):8184.

	 70.	 Liu C, Yan X, Zhang Y, Yang M, Ma Y, Zhang Y, Xu Q, Tu K, Zhang M. Oral 
administration of turmeric-derived exosome-like nanovesicles with 
anti-inflammatory and pro-resolving bioactions for murine colitis 
therapy. J Nanobiotechnol. 2022;20(1):206.

	 71.	 Chen X, Zhou Y, Yu J. Exosome-like nanoparticles from ginger 
rhizomes inhibited NLRP3 inflammasome activation. Mol Pharm. 
2019;16(6):2690–9.

	 72.	 Sundaram K, Mu J, Kumar A, Behera J, Lei C, Sriwastva MK, Xu F, 
Dryden GW, Zhang L, Chen S, Yan J, Zhang X, Park JW, Merchant ML, 
Tyagi N, Teng Y, Zhang HG. Garlic exosome-like nanoparticles reverse 
high-fat diet induced obesity via the gut/brain axis. Theranostics. 
2022;12(3):1220–46.

	 73.	 Hou K, Wu ZX, Chen XY, Wang JQ, Zhang D, Xiao C, Zhu D, Koya JB, Wei 
L, Li J, Chen ZS. Microbiota in health and diseases. Signal Transduct 
Target Ther. 2022;7(1):135.

	 74.	 Manzaneque-López MC, Sánchez-López CM, Pérez-Bermúdez P, Soler 
C, Marcilla A. Dietary-derived exosome-like nanoparticles as bacterial 
modulators: beyond microRNAs. Nutrients. 2023. https://​doi.​org/​10.​
3390/​nu150​51265.

	 75.	 Schuh C, Aguayo S, Zavala G, Khoury M. Exosome-like vesicles in Apis 
mellifera bee pollen, honey and royal jelly contribute to their antibacte-
rial and pro-regenerative activity. J Experim Biol. 2019. https://​doi.​org/​
10.​1242/​jeb.​208702.

	 76.	 Gao C, Zhou Y, Chen Z, Li H, Xiao Y, Hao W, Zhu Y, Vong CT, Farag MA, 
Wang Y, Wang S. Turmeric-derived nanovesicles as novel nano-
biologics for targeted therapy of ulcerative colitis. Theranostics. 
2022;12(12):5596–614.

	 77.	 Sharifi-Rad M, Anil Kumar NV, Zucca P, Varoni EM, Dini L, Panzarini E, 
Rajkovic J, Tsouh Fokou PV, Azzini E, Peluso I, Prakash Mishra A, Nigam 
M, El Rayess Y, Beyrouthy ME, Polito L, Iriti M, Martins N, Martorell M, 
Docea AO, Setzer WN, Calina D, Cho WC, Sharifi-Rad J. Lifestyle oxida-
tive stress, and antioxidants: back and forth in the pathophysiology of 
chronic diseases. Front Physiol. 2020;11:694.

	 78.	 Kilasoniya A, Garaeva L, Shtam T, Spitsyna A, Putevich E, Moreno-
Chamba B, Salazar-Bermeo J, Komarova E, Malek A, Valero M, Saura D. 
Potential of plant exosome vesicles from grapefruit (Citrus × paradisi) 
and tomato (Solanum lycopersicum) juices as functional ingredients 
and targeted drug delivery vehicles. Antioxidants. 2023. https://​doi.​org/​
10.​3390/​antio​x1204​0943.

	 79.	 Viršilė A, Samuolienė G, Laužikė K, Šipailaitė E, Balion Z, Jekabsone 
A. Species-specific plant-derived nanoparticle characteristics. Plants. 
2022;11(22):3139.

	 80.	 Savcı Y, Kırbaş OK, Bozkurt BT, Abdik EA, Taşlı PN, Şahin F, Abdik H. 
Grapefruit-derived extracellular vesicles as a promising cell-free thera-
peutic tool for wound healing. Food Funct. 2021;12(11):5144–56.

	 81.	 Perut F, Roncuzzi L, Avnet S, Massa A, Zini N, Sabbadini S, Giampieri 
F, Mezzetti B. Baldini strawberry-derived exosome-like nanoparticles 
prevent oxidative stress in human mesenchymal stromal cells. Biomol-
ecules. 2021. https://​doi.​org/​10.​3390/​biom1​10100​87.

	 82.	 Di Raimo R, Mizzoni D, Spada M, Dolo V, Fais S, Logozzi M. Oral treat-
ment with plant-derived exosomes restores redox balance in H(2)O(2)-
treated mice. Antioxidants. 2016. https://​doi.​org/​10.​3390/​antio​x1206​
1169.

	 83.	 Di Micco R, Krizhanovsky V, Baker D, d’Adda di Fagagna F. Cellular senes-
cence in ageing: from mechanisms to therapeutic opportunities. Nat 
Rev Mol Cell Biol. 2021;22(2):75–95.

	 84.	 Cho EG, Choi SY, Kim H, Choi EJ, Lee EJ, Park PJ, Ko J, Kim KP, Baek HS. 
Panax ginseng-derived extracellular vesicles facilitate anti-senescence 
effects in human skin cells: an eco-friendly and sustainable way to use 
ginseng substances. Cells. 2021;10(3):486.

	 85.	 Lin L, Wang X. Ischemia-reperfusion injury in the brain: mechanisms 
and potential therapeutic strategies. Biochem Pharmacol Open Access. 
2016. https://​doi.​org/​10.​4172/​2167-​0501.​10002​13.

https://doi.org/10.1002/adfm.201909125
https://doi.org/10.1002/adfm.201909125
https://doi.org/10.3390/pharmaceutics14091905
https://doi.org/10.3390/ijms221910634
https://doi.org/10.1007/s12010-023-04491-0
https://doi.org/10.3390/cells11182805
https://doi.org/10.3390/nu15051265
https://doi.org/10.3390/nu15051265
https://doi.org/10.1242/jeb.208702
https://doi.org/10.1242/jeb.208702
https://doi.org/10.3390/antiox12040943
https://doi.org/10.3390/antiox12040943
https://doi.org/10.3390/biom11010087
https://doi.org/10.3390/antiox12061169
https://doi.org/10.3390/antiox12061169
https://doi.org/10.4172/2167-0501.1000213


Page 29 of 30Chen et al. Journal of Nanobiotechnology          (2023) 21:445 	

	 86.	 Song H, Chen X, Hao Y, Wang J, Xie Q, Wang X. Nanoengineering 
facilitating the target mission: targeted extracellular vesicles delivery 
systems design. J Nanobiotechnol. 2022;20(1):431.

	 87.	 Cai H, Huang LY, Hong R, Song JX, Guo XJ, Zhou W, Hu ZL, Wang W, 
Wang YL, Shen JG, Qi SH. Momordica charantia exosome-like nanopar-
ticles exert neuroprotective effects against ischemic brain injury via 
inhibiting matrix metalloproteinase 9 and activating the AKT/GSK3β 
signaling pathway. Front Pharmacol. 2022;13: 908830.

	 88.	 Lee R, Ko HJ, Kim K, Sohn Y, Min SY, Kim JA, Na D, Yeon JH. Anti-mela-
nogenic effects of extracellular vesicles derived from plant leaves and 
stems in mouse melanoma cells and human healthy skin. J Extracell 
Vesicles. 2020;9(1):1703480.

	 89.	 Teng Y, Xu F, Zhang X, Mu J, Sayed M, Hu X, Lei C, Sriwastva M, Kumar A, 
Sundaram K, Zhang L, Park JW, Chen SY, Zhang S, Yan J, Merchant ML, 
Zhang X, McClain CJ, Wolfe JK, Adcock RS, Chung D, Palmer KE, Zhang 
HG. Plant-derived exosomal microRNAs inhibit lung inflammation 
induced by exosomes SARS-CoV-2 Nsp12. Mol Ther J Am Soc Gene 
Ther. 2021;29(8):2424–40.

	 90.	 Trentini M, Zanolla I, Zanotti F, Tiengo E, Licastro D, Dal Monego S, 
Lovatti L, Zavan B. Apple derived exosomes improve collagen type 
I production and decrease MMPs during aging of the skin through 
downregulation of the NF-κB pathway as mode of action. Cells. 2022. 
https://​doi.​org/​10.​3390/​cells​11243​950.

	 91.	 Yang S, Lu S, Ren L, Bian S, Zhao D, Liu M, Wang J. Ginseng-derived 
nanoparticles induce skin cell proliferation and promote wound heal-
ing. J Ginseng Res. 2023;47(1):133–43.

	 92.	 Wang H, Wei J, Zheng Q, Meng L, Xin Y, Yin X, Jiang X. Radiation-
induced heart disease: a review of classification, mechanism and 
prevention. Int J Biol Sci. 2019;15(10):2128–38.

	 93.	 Liu B, Lu Y, Chen X, Muthuraj PG, Li X, Pattabiraman M, Zempleni J, 
Kachman SD, Natarajan SK, Yu J. Protective role of shiitake mush-
room-derived exosome-like nanoparticles in D-galactosamine and 
lipopolysaccharide-induced acute liver injury in mice. Nutrients. 2020. 
https://​doi.​org/​10.​3390/​nu120​20477.

	 94.	 Prasun P, Ginevic I, Oishi K. Mitochondrial dysfunction in nonalcoholic 
fatty liver disease and alcohol related liver disease. Trans Gastroenterol 
Hepatol. 2021;6:4.

	 95.	 Johnson ER, Matthay MA. Acute lung injury: epidemiology, pathogen-
esis, and treatment. J Aerosol Med Pulm Drug Deliv. 2010;23(4):243–52.

	 96.	 Kalarikkal SP, Sundaram GM. Edible plant-derived exosomal microRNAs: 
Exploiting a cross-kingdom regulatory mechanism for targeting SARS-
CoV-2. Toxicol Appl Pharmacol. 2021;414: 115425.

	 97.	 Chen Q, Li Q, Liang Y, Zu M, Chen N, Canup BSB, Luo L, Wang C, Zeng 
L, Xiao B. Natural exosome-like nanovesicles from edible tea flowers 
suppress metastatic breast cancer via ROS generation and microbiota 
modulation. Acta pharmaceutica Sinica B. 2022;12(2):907–23.

	 98.	 Triantafillidis JK, Merikas E, Georgopoulos F. Current and emerging 
drugs for the treatment of inflammatory bowel disease. Drug Des Dev 
Ther. 2011;5:185–210.

	 99.	 Berger E, Colosetti P, Jalabert A, Meugnier E, Wiklander OPB, Jouhet 
J, Errazurig-Cerda E, Chanon S, Gupta D, Rautureau GJP, Geloen A, 
El-Andaloussi S, Panthu B, Rieusset J, Rome S. Use of nanovesicles from 
orange juice to reverse diet-induced gut modifications in diet-induced 
obese mice. Mol Ther Methods Clin Development. 2020;18:880–92.

	100.	 Könönen E, Gursoy M, Gursoy UK. Periodontitis: a multifaceted disease 
of tooth-supporting tissues. J Clin Med. 2019;8(8):1135.

	101.	 Zhang L, He F, Gao L, Cong M, Sun J, Xu J, Wang Y, Hu Y, Asghar S, Hu L, 
Qiao H. Engineering exosome-like nanovesicles derived from asparagus 
cochinchinensis can inhibit the proliferation of hepatocellular carci-
noma cells with better safety profile. Int J Nanomed. 2021;16:1575–86.

	102.	 Wang Q, Ren Y, Mu J, Egilmez NK, Zhuang X, Deng Z, Zhang L, Yan J, 
Miller D, Zhang HG. Grapefruit-derived nanovectors use an activated 
leukocyte trafficking pathway to deliver therapeutic agents to inflam-
matory tumor sites. Can Res. 2015;75(12):2520–9.

	103.	 Wang B, Zhuang X, Deng ZB, Jiang H, Mu J, Wang Q, Xiang X, Guo H, 
Zhang L, Dryden G, Yan J, Miller D, Zhang HG. Targeted drug delivery 
to intestinal macrophages by bioactive nanovesicles released from 
grapefruit. Mol Ther J Am Soc Gene Ther. 2014;22(3):522–34.

	104.	 Wang Q, Zhuang X, Mu J, Deng ZB, Jiang H, Zhang L, Xiang X, Wang B, 
Yan J, Miller D, Zhang HG. Delivery of therapeutic agents by nanoparti-
cles made of grapefruit-derived lipids. Nat Commun. 2013;4:1867.

	105.	 Fang Z, Liu K. Plant-derived extracellular vesicles as oral drug delivery 
carriers. J Controll Release Off J Controll Release Soc. 2022;350:389–400.

	106.	 Umezu T, Takanashi M, Murakami Y, Ohno SI, Kanekura K, Sudo K, 
Nagamine K, Takeuchi S, Ochiya T, Kuroda M. Acerola exosome-like 
nanovesicles to systemically deliver nucleic acid medicine via oral 
administration. Mol Ther Methods Clin Develop. 2021;21:199–208.

	107.	 Zhang M, Wang X, Han MK, Collins JF, Merlin D. Oral administration of 
ginger-derived nanolipids loaded with siRNA as a novel approach for 
efficient siRNA drug delivery to treat ulcerative colitis. Nanomedicine. 
2017;12(16):1927–43.

	108.	 Ishida T, Kawada K, Jobu K, Morisawa S, Kawazoe T, Nishimura S, Akagaki 
K, Yoshioka S, Miyamura M. Exosome-like nanoparticles derived from 
Allium tuberosum prevent neuroinflammation in microglia-like cells. J 
Pharm Pharmacol. 2023. https://​doi.​org/​10.​1093/​jpp/​rgad0​62.

	109.	 Li C, Song Q, Yin X, Song R, Chen G. Preparation, characterization, and 
in vitro anticancer activity evaluation of broccoli-derived extracellular 
vesicle-coated astaxanthin nanoparticles. Molecules. 2022. https://​doi.​
org/​10.​3390/​molec​ules2​71239​55.

	110.	 Cai J, Pan J. Beta vulgaris-derived exosome-like nanovesicles alleviate 
chronic doxorubicin-induced cardiotoxicity by inhibiting ferroptosis. J 
Biochem Mol Toxicol. 2023. https://​doi.​org/​10.​1002/​jbt.​23540.

	111.	 Mammadova R, Maggio S, Fiume I, Bokka R, Moubarak M, Gellén G, 
Schlosser G, Adamo G, Bongiovanni A, Trepiccione F, Guescini M, 
Pocsfalvi G. Protein biocargo and anti-inflammatory effect of tomato 
fruit-derived nanovesicles separated by density gradient ultracentrifu-
gation and loaded with curcumin. Pharmaceutics. 2023;15(2):333.

	112.	 Chen C, Sun M, Wang J, Su L, Lin J, Yan X. Active cargo loading into 
extracellular vesicles: highlights the heterogeneous encapsulation 
behaviour. J Extracell Vesicl. 2021;10(13): e12163.

	113.	 Zhang W, Yuan Y, Li X, Luo J, Zhou Z, Yu L, Wang G. Orange-derived and 
dexamethasone-encapsulated extracellular vesicles reduced proteinu-
ria and alleviated pathological lesions in IgA nephropathy by targeting 
intestinal lymphocytes. Front Immunol. 2022;13: 900963.

	114.	 Kim SQ, Kim KH. Emergence of edible plant-derived nanovesicles as 
functional food components and nanocarriers for therapeutics delivery: 
potentials in human health and disease. Cells. 2022. https://​doi.​org/​10.​
3390/​cells​11142​232.

	115.	 Qin X, Wang X, Xu K, Zhang Y, Ren X, Qi B, Liang Q, Yang X, Li L, Li S. 
Digestion of plant dietary mirnas starts in the mouth under the protec-
tion of coingested food components and plant-derived exosome-like 
nanoparticles. J Agric Food Chem. 2022;70(14):4316–27.

	116.	 Lu X, Han Q, Chen J, Wu T, Cheng Y, Li F, Xia W. Celery (Apium graveolens 
L) exosome-like nanovesicles as a new-generation chemotherapy 
drug delivery platform against tumor proliferation. J Agric Food Chem. 
2023;71(22):8413–24.

	117.	 Ou X, Wang H, Tie H, Liao J, Luo Y, Huang W, Yu R, Song L, Zhu J. Novel 
plant-derived exosome-like nanovesicles from Catharanthus roseus: 
preparation, characterization, and immunostimulatory effect via TNF-α/
NF-κB/PU1 axis. J Nanobiotechnol. 2023;21(1):160.

	118.	 Pomatto MAC, Gai C, Negro F, Massari L, Deregibus MC, Grange C, De 
Rosa FG, Camussi G. Plant-derived extracellular vesicles as a delivery 
platform for RNA-based vaccine: feasibility study of an oral and intrana-
sal SARS-CoV-2 vaccine. Pharmaceutics. 2023;15(3):974.

	119.	 Palhares RM, Gonçalves Drummond M, Dos Santos Alves B, Figue-
iredo Brasil G, Pereira Cosenza M. Medicinal plants recommended by 
the world health organization: DNA barcode identification associ-
ated with chemical analyses guarantees their quality. PLOS ONE. 
2015;10(5):e0127866.

	120.	 Parham S, Kharazi AZ, Bakhsheshi-Rad HR, Nur H, Ismail AF, Sharif S, 
RamaKrishna S, Berto F. Antioxidant, antimicrobial and antiviral proper-
ties of herbal materials. Antioxidants. 2020;9(12):1309.

	121.	 Woith E, Guerriero G, Hausman JF, Renaut J, Leclercq CC, Weise C, Legay 
S, Weng A, Melzig MF. Plant extracellular vesicles and nanovesicles: 
focus on secondary metabolites proteins and lipids with perspectives 
on their potential and sources. Int J Mol Sci. 2021;22(7):3719.

	122.	 Boccia E, Alfieri M, Belvedere R, Santoro V, Colella M, Del Gaudio P, 
Moros M, Dal Piaz F, Petrella A, Leone A, Ambrosone A. Plant hairy roots 
for the production of extracellular vesicles with antitumor bioactivity. 
Commun Biol. 2022;5(1):848.

	123.	 Fujita D, Arai T, Komori H, Shirasaki Y, Wakayama T, Nakanishi T, 
Tamai I. Apple-derived nanoparticles modulate expression of 

https://doi.org/10.3390/cells11243950
https://doi.org/10.3390/nu12020477
https://doi.org/10.1093/jpp/rgad062
https://doi.org/10.3390/molecules27123955
https://doi.org/10.3390/molecules27123955
https://doi.org/10.1002/jbt.23540
https://doi.org/10.3390/cells11142232
https://doi.org/10.3390/cells11142232


Page 30 of 30Chen et al. Journal of Nanobiotechnology          (2023) 21:445 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

organic-anion-transporting polypeptide (OATP) 2B1 in Caco-2 cells. Mol 
Pharm. 2018;15(12):5772–80.

	124.	 Usui S, Zhu Q, Komori H, Iwamoto Y, Nishiuchi T, Shirasaka Y, Tamai I. 
Apple-derived extracellular vesicles modulate the expression of human 
intestinal bile acid transporter ASBT/SLC10A2 via downregulation of 
transcription factor RARα. Drug Metab Pharmacokinet. 2023;52: 100512.

	125.	 Zhang M, Viennois E, Prasad M, Zhang Y, Wang L, Zhang Z, Han MK, 
Xiao B, Xu C, Srinivasan S, Merlin D. Edible ginger-derived nanoparticles: 
A novel therapeutic approach for the prevention and treatment of 
inflammatory bowel disease and colitis-associated cancer. Biomaterials. 
2016;101:321–40.

	126.	 Choi SH, Eom JY, Kim HJ, Seo W, Kwun HJ, Kim DK, Kim J, Cho YE. 
Aloe-derived nanovesicles attenuate inflammation and enhance 
tight junction proteins for acute colitis treatment. Biomater Sci. 
2023;11(16):5490–501.

	127.	 Mu J, Zhuang X, Wang Q, Jiang H, Deng ZB, Wang B, Zhang L, Kakar S, 
Jun Y, Miller D, Zhang HG. Interspecies communication between plant 
and mouse gut host cells through edible plant derived exosome-like 
nanoparticles. Mol Nutr Food Res. 2014;58(7):1561–73.

	128.	 Rahimi Ghiasi M, Rahimi E, Amirkhani Z, R. Salehi, leucine-rich repeat-
containing G-protein coupled receptor 5 gene overexpression of the 
rat small intestinal progenitor cells in response to orally administered 
grape exosome-like nanovesicles. Adv Biomed Res. 2018;7:125.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Plant-derived nanovesicles: harnessing nature’s power for tissue protection and repair
	Abstract 
	Highlights 
	Introduction
	Active composition of PDNVs in tissue protection and repair
	miRNAs
	Lipids
	Metabolites
	Proteins

	Bioactivity of PDNVs in tissue protection and repair
	Enhancing cell proliferation
	Promoting cell migration
	Inducing cell differentiation
	Osteogenic differentiation
	Chondrogenic differentiation
	Neural differentiation

	Pro-angiogenic effect
	Immunoregulation
	Flora balance
	Anti-oxidant activity
	Anti-aging effect

	The potential application of PDNVs in tissue protection and repair
	Brain
	Skin
	Heart
	Liver
	Lung
	Gastrointestinal tract
	Bone

	Strategies to amplify the tissue protection and repair efficiency of PDNVs
	Surface functionalization
	Enhancing circulatory stability
	Enhancing therapeutic efficacy
	Enhancing targeted effects

	Encapsulation of drugs
	Nucleic acid
	Compounds

	Optimization of administration

	Predicting the possible effects of PDNVs
	Critical consideration on the clinical use of PDNVs
	Conclusion
	Acknowledgements
	References


