
Open Access, Volume 4

Review Article

www.jjgastro.com

Received: Dec 18, 2023
Accepted: Feb 07, 2024
Published: Feb 14, 2024
Archived: www.jjgastro.com
Copyright: © Yıldırım Canpolat, Koçak Denizci P (2024).

*Corresponding Author: Polen Koçak Denizci
Lecturer, Faculty of Engineering and Natural Sciences/
Biomedical Engineering, Istinye University, Turkey.
Cellestetix Genetic Consultant R&D and Biotechnology 
Inc, Turkey. 
Tel: +90 (532) 666 56 64;
Email: polen.kocak@istinye.edu.tr
Merve Yıldırım Canpolat
Cellestetix Genetic Consultancy R&D and Biotechnology 
Inc, Turkey. 
Tel: +90 (538) 421 61 21; Email: merve@genestetix.com

Plant-derived extracellular vesicles: A novel approach for  
gastrointestinal tract diseases
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Abstract

Exosomes, nanovesicles with diameters ranging from 30 to 150 
nm are crucial for intercellular communication. They are produced 
by mammalian and plant cells to transport bioactive components 
such as proteins, nucleic acids, metabolites, and lipids, which vary 
based on their origin. Although exosomes obtained from mam-
malian cells hold potential as therapeutic carriers, there are chal-
lenges in obtaining large quantities, and potential for triggering 
an immune response. Plant-derived extracellular vesicles (PDEVs) 
emerge as a potential solution, characterized by larger size and ad-
vantageous properties, including enhanced oral bioavailability, and 
resistance to degradation in high acidic conditions. Bioactive com-
ponents of PDEVs contribute to various therapeutic properties, in-
cluding anti-tumorigenic, anti-oxidative, anti-inflammatory effects, 
and the promotion of tissue regeneration. This review examines 
the formation, analysis, and new therapeutic possibilities of PDEVs 
in gastrointestinal tract (GIT) diseases, with a particular emphasis 
on their ability to regulate the immune system and maintain GI 
balance. It also discusses the future prospects and difficulties in 
developing nanotherapeutics for these diseases.

Introduction

Exosomes are small extracellular vesicles (EVs) that play 
a crucial role in intercellular communication within the body. 
These nanosized vesicles, ranging from 30 to 150 nanometers in 
diameter, are released by various cell types and carry a cargo of 
diverse molecules, including proteins, lipids, nucleic acids (such 
as RNA and DNA), and metabolites [1,2]. Exosomes are formed 
through the endocytic pathway, where intracellular vesicles are 
generated within multivesicular bodies (MVBs) and then re-
leased into the extracellular space when these MVBs fuse with 
the cell membrane [3]. This process allows exosomes to trans-
port their molecular cargo to recipient cells, influencing various 
physiological and pathological processes.

A variety of sources have been identified as sources of EVs. 
For instance, they are produced by bacteria and are present in 

the bodily fluids of mammals, such as blood, urine, and plasma 
[4]. Exosomes obtained from mammalian cells show significant 
promise as therapeutic carriers. Nonetheless, the separation 
and effective utilization of these exosomes pose challenges in 
delivering numerous molecules to the target cells [5,7]. Aside 
from their difficulty in obtaining large quantities, they have the 
potential to trigger an immune response in the host [8]. Plant-
derived exosomes offer a potential solution to address these 
difficulties [9]. In recent years, there has been increased rel-
evance to the potential functions of plant-derived extracellu-
lar vesicles (PDEVs) concerning health and disease. PDEVs are 
characterized by a larger particle size, ranging from 30 to 400 
nm [10]. These nano-sized membrane vesicles are extracted 
from fresh plants and contain a mix of lipids, proteins, nucleic 
acids, and other small molecular components [11]. PDEVs offer 
distinct advantages when compared to exosomal nanoparticles 
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derived from animal cells, including enhanced oral bioavailabil-
ity and heightened resistance to degradation in acidic environ-
ments [12]. In contrast to exosomes derived from animal cells, 
PDEVs can be conveniently administered orally, rendering them 
more readily available and practical for therapeutic applica-
tions. In addition, they offer several benefits as vehicles for dis-
ease treatment compared to synthetic nanocarriers, displaying 
higher internalization rates, lower biological toxicity and immu-
nogenicity, great targeting capacity and lower production costs 
for a large scale [13]. Also, they exhibit stability in the gastroin-
testinal tract and possess the capability to traverse the blood–
brain barrier [14].

Presently, Plant-derived Extracellular Vesicles (PDEVs) have 
demonstrated beneficial immunoregulatory effects on gastro-
intestinal (GI) homeostasis. Inflammation is well recognized as 
a part of the innate immune response. If not controlled, it can 
develop into acute or chronic inflammatory illnesses, which can 
act as a primary cause for different chronic diseases including 
inflammatory bowel disease [15,16]. PDEVs have been identi-
fied as contributors to anti-inflammatory effects through the 
regulation of host immunological processes. Additionally, the 
miRNAs found in PDEVs play a role in mediating interkingdom 
communication between the gut microbiota and the host im-
mune system, thereby contributing to the maintenance of a 
balanced state between immunity and gut microbiota [17,19]. 
Following internalization into recipient cells of the host, PDEVs 
activate various intracellular signaling pathways, modulating 
cellular responses and promoting tissue homeostasis [9,20].

PDEVs have been shown to have therapeutic effects on vari-
ous digestive tract diseases, such as Inflammatory Bowel Dis-
ease (IBD), Ulcerative Colitis (UC), Crohn’s Disease (CD), Coli-
tis Associated Cancer (CAC) and Colorectal Cancer [21]. PDEVs 
can modulate the immune system, regulate the gut microbiota, 
enhance the intestinal barrier function, and inhibit the prolif-
eration and invasion of cancer cells [20,21]. In this review, we 
summarize the current knowledge on the biogenesis, character-
ization, and therapeutic potential of PDEVs for gastrointestinal 
tract (GIT) diseases.

Biogenesis of PDEVs (Plant Derived Extracellular Vesicles)

Plant-Derived Extracellular Vesicles (PDEVs) are made up of 
a complex web of mechanisms and activities. Although PDEVs 
have been successfully isolated and identified through re-
search, the precise methods by which the biogenesis of these 
nanoscale membrane vesicles takes place are still unknown 
[22]. Three mechanisms have been hypothesized to release 
PDENs: the vacuolar pathway, the Exocyst Positive Organelle 
(EXPO) pathway, and the Multivesicular Body (MVB) pathway 
[23,24]. The Multivesicular Body (MVB) route, first identified in 
suspension culture cells of carrots in the 1960s, can be linked to 
the first pathway of PDEVs [25].

PDEV biogenesis usually starts with the cell’s perception of 
particular signals. Numerous times, pathogen infection, cellu-
lar stress, or other environmental variables can produce these 
signals. Furthermore, signals start the process of sending spe-
cific proteins and other cell components toward the MVB. The 
Multivesicular Body (MVB) pathway is one of these mecha-
nisms that is particularly crucial to the biogenesis of PDENs. 
By meticulously forming membrane vesicles inside the cell and 

releasing their contents in a regulated manner outside of it, the 
MVB route offers a sophisticated mechanism [12]. Exosomes 
are produced by the endocytic pathway, in which intraluminal 
vesicles (ILVs) within Multivesicular Bodies (MVBs) are formed 
through membrane invasion that takes place during late en-
docytosis, a difficult process inside the cell [26]. An endosome 
that has been prematurely sorted is formed when the plasma 
membrane sprouts inward. This is the point at which a late-sep-
arating endosome enters the maturation process [12]. At this 
stage, the endosome undergoes a transition into Multivesicular 
Bodies (MVB) due to interaction between the late-sorted en-
dosome and the trans-Golgi network [12]. Multivesicular bod-
ies are a crucial step of cell evolution that emerges from the 
Trans-Golgi network (TGN)/Early Endosomes (EE) during the 
maturation process [27]. The vesicles that bud from the limiting 
membrane into the lumen are the source of distinct Intralumi-
nal Vesicles (ILVs) of MVBs. This process is mediated by the pro-
tein complexes ESCRT-0, I, II, and III (endosomal sorting complex 
necessary for transport) [28]. ESCRT is made up of four com-
plexes called ESCRT-0, -I, -II, and -III, which are made up of dif-
ferent proteins. Plants include TOM1-like (TOL) proteins, which 
bind ubiquitin and are necessary for endocytosis and vacuolar 
sorting of the auxin efflux transporter component PIN2, even 
though they lack conventional ESCRT-0 subunits [29]. Addition-
ally, ESCRT-1 components recruit ESCRT-II and assemble widely 
occurring proteins. The assembly of ESCRT-III on the endosomal 
membrane for material sorting, concentration regulation, and 
vesicle formation is initiated by interactions between the Vps25 
subunit of ESCRT-II and the Vps20/CHMP6 subunit of ESCRT-III 
[28]. After every cycle, ESCRT-III momentarily gathers on the 
endosomal membrane before separating into the cytoplasm 
[30]. MVB associates with lysosomes or the plasma membrane 
during the subsequent stage of biogenesis. When nanoparticles 
fuse with the plasma membrane, they are liberated from the cell 
[31]. The Rab GTPase family, which is present in the outer Mul-
tivesicular Body (MVB) membrane, and the soluble NSF binding 
receptor (SNARE), which is present after fusion, form the two 
protein complexes that regulate this cycle [32,33]. Enzymatic 
breakdown of the contents of Multivesicular Body (MVBs) is ini-
tiated by fusion with lysosomes [34]. This phase permits the cell 
to break down different proteins and other substances. One of 
the fundamental systems of the cell for cleaning and recycling, 
lysosomes help break down MVB content and facilitate the con-
version of chemicals inside the cell into building blocks and en-
ergy [35]. This integration entails the lysosomal digestion of the 
exosomal contents and their subsequent fusing with the plasma 
membrane. The clearance, recycling, and release of chemicals 
within the cell are regulated by this mechanism. PDENs’ extra-
cellular release facilitates the network of interactions and com-
munication between these crucial cellular structures, which in 
turn supports a variety of biological functions [12].

The release of peroxisome-like organelles created inside the 
cell out of the cell by fusion with the plasma membrane is re-
ferred to as the “Exosome Positive Organelle” (EXPO) pathway 
in plant cells [36]. Because they include hydrolytic enzymes and 
defence proteins, vacuoles that react to infections by bacterial 
pathogens are able to fuse with the plasma membrane and re-
lease defence materials into the extracellular environment [37]. 
According to recent research, vesicles and central vacuoles are 
important for the production and release of PDENs during plant 
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defence activities. In this regard, it was found that MVB vesicles 
are the source of the central vacuole in plant cells. This discov-
ery represents a significant advancement in our knowledge of 
plants’ defensive mechanisms against infections [38].

Biological composition and function of PDEVs

Each plant has a different exosome composition, which af-
fects bioactivity and functions like uptake, targeting, and gene 
expression modification. Exosomes comprise a combination 
of lipids, proteins, and nucleic acids, and the characteristics of 
these constituents can vary between different cell types [39]. 
The exosome surface is enriched with tetraspanins like CD63, 
CD81, and CD9, heat shock proteins such as HSP70, and vari-
ous proteins involved in cell-cell communication, serving as 
key biomarkers for exosome characterization [40]. Both mam-
malian and plant exosomes contain nucleic acids, specifically 
mRNA and miRNAs, with mammalian exosomes typically con-
taining around 100-300 miRNAs compared to fewer than 100 in 
plant-derived vesicles [41]. While mammalian exosomes exhibit 
a lipid composition rich in cholesterol but lower in phospholip-
ids, plant-derived vesicles consist of up to 98% phospholipids, 
including plant-specific lipids like galactolipids [41]. Plant exo-
somes typically display a spherical structure with essential lipid 
bilayers [42]. Exosomes, owing to their natural properties and 
size, have the inherent ability to transport molecules such as 
drugs, chemotherapeutic agents, proteins, or siRNA to target 
cells [43]. In recent years, due to the capacity of exosomes de-
rived from plants’ ability to create cross-kingdom communica-
tion through dietary absorption the plant-derived nanovesicles 
are starting to receive a lot of attention from researchers [44]. 
They have numerous therapeutic qualities, including anti-tu-
morigenic, anti-oxidative, and anti-inflammatory effects, be-
cause of their bioactive components [45]. 

Recent research, particularly Wang et al. has demonstrated 
that nanoparticles derived from grapefruit can effectively de-
liver specific molecules to cells [46]. Nanovesicles, akin to plant 
exosomes, play a significant role in drug distribution [39]. Modi-
fying these molecules chemically enhances their ability to reach 
target tissues, minimizing biological distribution to non-target 
areas and subsequently increasing their immunogenicity. Sever-
al studies, including cytotoxicity assays, have been conducted to 
assess the toxicity of exosomes from edible plants [39]. For in-
stance, research on exosomes from ginger, wheat, and grapefruit 
revealed that they do not exhibit toxic properties. Q. Wang et al. 
found grapefruit nanoparticles to be more stable than cationic 
liposomes, while M. Zhang et al. observed that ginger nanopar-
ticles maintain stability in areas like the gut or stomach [46,47]. 

Exosome secretion and intake into the target cell

Exosomes may be involved in a wide range of biological pro-
cesses and cellular communication channels, according to this 
variety [48]. An alternate pathway of the endocytic recycling 
process is represented by exosomes. An early endosome is cre-
ated as the initial stage of the process. It buds inward from the 
plasma membrane and is then released into the cytoplasm of 
the cell. Subsequently, Intraluminal Vesicles (ILVs) sprout into 
the endosome by squeezing inward across the endosomal limit-
ing membrane. In the meantime, ILVs extract material from the 
cytoplasm, which causes the endosomal membrane to form in-
side out and the endosomal content to be enriched. Intralumi-
nal Vesicles (ILVs) congregate and compress inward, causing the 
endosome to transform into a Multivesicular Body (MVB). In 
order to maintain endosomal activities within the cell, the Mul-

tivesicular Body (MVB) typically merges with a lysosome. Be-
cause of this connection, lysosomal enzymes break down Intra-
luminal Vesicles (ILVs) that are housed within the MVB [49]. The 
fusion of MVBs with the plasma membrane is necessary for the 
last stage of exosome secretion. It is believed that a particular 
combination of soluble N-ethylmaleimide-sensitive factor bind-
ing protein receptors (SNAREs) is involved in this process. MVB-
resident vesicular SNAREs (v-SNAREs) engage with cell-resident 
target SNAREs (t-SNAREs) to start the fusion process with the 
plasma membrane. The release of exosomes from inside the 
cell to the outside of the cell occurs in a predictable manner 
as a result of this interaction [48]. Membrane fusion is caused 
by a SNARE complex, which is formed when a protein complex 
known as membrane bridging engages the plasma membrane 
[50]. Target SNAREs (t-SNAREs), located inside the cell, and ve-
sicular SNAREs (v-SNAREs), localized in MVBs, interact with the 
plasma membrane in this process by forming a particular com-
bination [51]. Exosomes are released from within the cell and 
onto the exterior of the cell as a result of this interaction, which 
starts the membrane fusion process [49]. The membrane-bridg-
ing SNARE complex is involved in cellular communication and 
helps to maintain a certain, controlled oscillation rhythm [49].
Research has shown that a few different factors influence the 
secretion of exosomes [49]. It was demonstrated by Fader and 
colleagues that the TI-VAMP/VAMP7 v-SNARE complex, which 
is present in the erythroleukemia cell line, actively contributes 
to the fusion of Multivesicular Bodies (MVBs) with the plasma 
membrane [51].

Exosome release is triggered by cell activation brought on by 
the cross-linking of receptors such as CD3 on T cells or IgE on 
mast cells [52]. Also, exosome membrane proteins can commu-
nicate with target cells through a variety of methods [49]. First, 
exosome membrane proteins can directly connect with target 
cell receptors to initiate intracellular signaling. A secondary 
mechanism involves the cleavage of exosome membrane pro-
teins by proteases, resulting in soluble fragments that have the 
ability to attach themselves to cell surface receptors and func-
tion as soluble ligands. Third, target cells have the ability to in-
gest exosomes and release the material therein, causing subse-
quent actions to occur in recipient cells. Exosomes are dynamic 
entities that can connect with target cells in a variety of ways, as 
evidenced by these various modes of contact [48]. When exo-
somal membrane ligands attach to target cell receptors, a vari-
ety of interactions can be started. The ligand-receptor contact is 
one of these interactions that causes the exosomal membrane 
to fuse with the cell’s plasma membrane, releasing the cargo 
into the cytosol. Simultaneously, a downstream signaling cas-
cade in the cell is started by receptor-ligand interaction, and this 
signaling cascade may help regulate the target cell’s biological 
responses. The exosome finally undergoes endocytosis, which 
is followed by fusion of the exosome with the endosome mem-
brane, releasing the cargo into the cytosol [49].

Therapeutic effects of PDEVs on digestive tract diseases

There has been an increase in the use of edible plants for the 
isolation of exosomes in different areas of research as well as di-
gestive tract disorders over the last few years (Figure1). A prev-
alent rationale for employing edible plant-derived exosomes 
in therapy lies in their ability to exert regulatory effects on a 
diverse array of anti-inflammatory cytokines within the intes-
tine, coupled with their demonstrated antitumor activities and 
regenerative effects. Investigated plants so far include grapes, 
ginger, grapefruit, broccoli, turmeric, tea and mulberry bark.
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Figure 1: Colonoscopy revealed mucosal diffuse congestion,oedema 
and scattered multiple irregular, deep chisel ulcers of the distal 
transverse colon, descending colon, sigmoid colon and rectum. 
The large mucosa of the sigmoid colon was absent and showed 
a mucosal island change. A: Descending colon; B and C: Sigmoid 
Colon; D: Rectum.

Grape Derived Extracellular Vesicles (GDEVs)

Studies directed by Ju et al. indicate that GDENs exhibit a 
diverse protein composition, encompassing heat shock protein 
70 (HSP70), aquaporin, and anti-inflammatory lipids [53]. Im-
pressively, GDENs demonstrate the ability to diffuse through 
the intestinal mucus barrier and undergo internalization by in-
testinal stem cells [53]. This process stimulates intestinal stem 
cell proliferation, facilitating the self-renewal of the intestinal 
epithelium through the activation of the Wnt/b-catenin signal-
ing pathway [53]. This, in turn, prevents Dextran Sulfate So-
dium (DSS)-induced colitis in mice, swiftly restoring the entire 
length of the intestinal architecture. Additionally, another study 
showed that grape derived extracellular vesicles, when admin-
istered orally, demonstrated resilience against degradation in 
saliva, the acidic stomach environment, and the potent proteo-
lytic enzymes in the intestinal tract [54]. Recent findings indi-
cate that these edible plant-based nanoparticles can effectively 
reach the intestine through oral delivery, potentially being ab-
sorbed by intestinal cells to perform functions like promoting 
intestinal regeneration [54]. This suggests that plant-derived 
edible nanoparticles, with a natural affinity for colonic tissues 
and anti-inflammatory properties, could serve as an innovative, 
safe, and scalable delivery system for addressing digestive tract 
diseases like Ulcerative Colitis (UC) and Inflammatory Bowel 
Disease (IBD) [53,54].

Ginger Derived Extracellular Vesicles (GDEVs)

Ginger, derived from the rhizome of Zingiber officinale, 
stands as one of the most extensively utilized natural products 
[55]. Therapeutic applications of ginger extend to the treat-
ment of nausea and various digestive tract issues such as colic, 
flatulence, diarrhea, and dyspepsia [56]. Historically, ginger has 
been employed to regulate intestinal microflora and maintain 
intestinal balance among individuals with gastrointestinal dis-
orders [57]. Notably, researchers indicate that ginger and its 
key components, such as 6-gingerol and 6-shogaol, show anti-
oxidative, anti-inflammatory, and anti-cancer properties [58].

The oral administration of GDEVs demonstrated a notable 
reduction in both acute and chronic inflammation, exhibiting 
efficacy in mitigating inflammatory bowel diseases, colitis, and 
colitis-associated cancer [59,60]. Moreover, GDEVs exhibited a 

capacity to facilitate the healing of the intestinal mucosa, indic-
ative of their potential in preventing chronic colitis and inhibit-
ing tumor development [61]. This effect was associated with a 
decrease in the expression levels of pro-inflammatory cytokines 
(TNF-α, IL-6, and IL-1β) and an increase in anti-inflammatory cy-
tokines (IL-10 and IL-22) [42,62]. These may indicate that EVs in-
hibit factors that damage the intestine and encourage intestine 
healing factors. Furthermore, GDEVs display a selective uptake 
by Lactobacillaceae and target specific genes of Lactobacillus 
rhamnosus (LGG) [12]. This interaction plays a role in changing 
the composition of gut microbiota and triggering the expression 
of IL-22, leading to the restoration of intestinal barrier function 
and the alleviation of colitis [12]. Notably, ginger extract itself 
exhibits the capacity to modulate dysbiosis in the intestinal mi-
crobiota, enhances intestinal barrier function, and suppresses 
the inflammatory response in Dextran Sulfate Sodium (DSS)-
induced colitis [59,63,64].

In models of chemically induced colorectal cancer, the oral 
administration of nanoparticles derived from ginger resulted 
in a substantial reduction in tumor size. This reduction can be 
attributed to the inhibition of apoptosis, the proliferation of in-
testinal epithelial cells, and the decrease in pro-inflammatory 
cytokines. The treatment with ginger exosomes was observed 
to potentially upregulate 14 proteins and downregulate 3 pro-
teins, including noteworthy molecular targets such as PKG and 
transgelin, which have previously been associated with colon 
cancer [26]. This signifies the promising impact of ginger-de-
rived nanoparticles in modulating key molecular pathways im-
plicated in colorectal cancer development.

Grapefruit Derived Extracellular Vesicles (GFDEVs)

Grapefruit-derived extracellular vesicles (GFDEVs) are rich 
in phosphatidylethanolamine and phosphatidylcholine, lipids 
known for their antioxidant, anti-inflammatory, and anti-colitic 
properties [65]. The primary flavonoid in grapefruit, naringin, 
undergoes hydrolysis by intestinal microflora to produce the ac-
tive compound naringenin [65]. Naringenin possesses diverse 
pharmacological benefits, like anticancer, anti-inflammatory, 
and antioxidant effects. The intake of GFDEVs by intestinal mac-
rophages stimulates the expression of the HO-1 and IL-10, while 
inhibiting the production of proinflammatory cytokines IL-1β 
and TNF-α [65,66]. Studies by Wang et al. demonstrated that 
Grapefruit-Derived Nanovesicles (GDNs) selectively target intes-
tinal macrophages, alleviating DSS-induced mouse colitis [65]. 
These anti-inflammatory actions of GDNs are caused by upregu-
lating HO-1 expression and IL-1β and TNF-α suppression in in-
testinal macrophages. Also, regarding the authors, GDNs were 
found to be biocompatible, biodegradable, and stable across 
varying pH levels, suggesting their potential as an innovative 
oral drug delivery system. Incorporating the anti-inflammatory 
drug Methotrexate (MTX) into GDNs resulted in reduced tox-
icity compared to free MTX, displaying significantly enhanced 
therapeutic effects against DSS-induced colitis in mice. These 
findings highlight the immune-modulating potential of GDNs 
in the intestine, offering promise as an oral delivery system for 
small molecule drugs targeting inflammatory responses in hu-
man diseases [65]. Hence, the substantial potential of grape-
fruit-derived extracellular vehicles (EVs) lies in their ability to 
modulate intestinal immune responses and potentially serve as 
a treatment for colitis in the future [21].

Broccoli Derived Extracellular Vesicles (BDEVs)

Boasting a wealth of vitamins, carotenoids, dietary fiber, 
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minerals, and flavonoids, broccoli (Brassica oleracea var. italica) 
stands as a prevalent cruciferous vegetable globally [67]. With 
its copious nutrients and phytochemicals, broccoli proves ad-
vantageous in modifying the gut microbiome population, there-
by contributing to the prevention and treatment of specific dis-
eases [68,69]. BDEVs that have elements characterized by low 
immunogenicity, high gastrointestinal stability, the capacity to 
overcome biological barriers, cost-effectiveness, and the abil-
ity for mass production—such as proteins, lipids, miRNAs, and 
other active components—play a pivotal role in the prevention 
of intestinal diseases like colitis [70,71]. 

Adenosine Monophosphate-Activated Protein Kinase 
(AMPK) is gaining prominence as a crucial enzyme and path-
way involved in regulating immune homeostatic networks [72]. 
Expressed in diverse immune cell types like macrophages, lym-
phocytes, neutrophils, and Dendritic Cells (DCs), AMPK governs 
various immune functions, including cytokine production, che-
motaxis, cytotoxicity, apoptosis, and proliferation [73,74]. A 
study delved into the effects of Broccoli-Derived Extracellular 
Vesicles (BDEVs) on the immune system, revealing that broccoli 
nanoparticles primarily target Dendritic Cells (DCs) [75]. This 
targeting leads to the induction of tolerogenic DCs, demonstrat-
ing a preventive effect against mouse colitis [75]. Moreover, 
the research highlighted the pivotal role of DC AMPK in the 
lipid-mediated induction of tolerogenic DCs by Broccoli-Derived 
nanoparticles (BDEVs) [75]. Additionally, it underscored the con-
tribution of Sulforaphane (SFN), carried by BDNs, in preventing 
mouse colitis through AMPK-mediated induction of tolerogenic 
DCs [75]. Collectively, these findings suggest that nanoparticles 
from broccoli play a crucial role in preserving intestinal immune 
homeostasis by engaging with gut DCs [75]. This understand-
ing could contribute to the development of healthier dietary 
recommendations aimed at preventing both acute and chronic 
inflammatory diseases such as IBD [76,77]. Importantly, this 
approach seeks to minimize potential adverse reactions asso-
ciated with the metabolic energy effects of AMPK. In another 
study, BDEVs were shown to alleviate LOP-induced constipation 
in mice by influencing gastrointestinal hormones, gut microbial 
structure, and intestinal metabolites [78]. These research find-
ings underscore the promising potential of developing BDEVs as 
safe and effective nano-therapies for the treatment of constipa-
tion [78].

Turmeric Derived Extracellular Vesicles (TDEVs)

Curcumin, a natural hydrophobic polyphenol extraction from 
turmeric’s rhizomes (Curcuma longa), is renowned for its diverse 
pharmacological effects [79]. Promising outcomes from preclin-
ical investigations highlight its antioxidant, anti-inflammatory, 
antitumor, immunomodulatory, wound healing, antiprolifera-
tive, and antimicrobial properties [80]. Due to its innocuous na-
ture, affordability, and availability, both in vitro and in vivo stud-
ies suggest curcumin’s potential as a therapeutic agent against 
chronic conditions such as inflammatory bowel disease, arthri-
tis, pancreatitis, chronic anterior uveitis, and cancers [80,81]. 
Notably, oral administration ensures an active curcumin level 
in the gastrointestinal tract, positioning it as a promising candi-
date for diseases affecting this anatomical site [82].

Research conducted by Liu et al. underscores the rich lipid 
and protein content of TDEVs, contributing to their impres-
sive anti-inflammatory and antioxidant attributes [83]. Their 
studies also demonstrate that TDEVs exhibit remarkable anti-
inflammatory and antioxidant potentials in LPS-induced acute 
inflammation. In mouse models of colitis, orally administered 

TDEVs selectively accumulate in the inflamed colon, primarily 
internalizing within colonic epithelial cells and macrophages 
[83]. TDEVs alleviate DSS-induced colitis in mice by mitigating 
damaging factors and enhancing protective elements, thereby 
promoting inflammation resolution in the colon [83]. The in-
activation of the NF-κB pathway by TDEVs provides a potential 
explanation for their protective effects against colitis [83]. In 
conclusion, the study results collectively propose TDEVs as a 
novel therapeutic approach for colitis, offering functions in both 
inflammation prevention and resolution.

Tea Leaf Derived Extracellular Vesicles (TLDEVs)

Tea stands out as one of the globally popular and extensively 
consumed beverages. Its appeal is not only due to its flavor but 
also stems from its health-enhancing attributes, including an-
tioxidant, antitumor, and hypolipidemic properties [84]. These 
benefits arise from the presence of beneficial compounds like 
polyphenols, flavones, lipids, and polysaccharides in tea leaves 
[85,86]. A prime example is the utilization of tea leaf extracts 
rich in EpiGallocatechin-3-Gallate (EGCG) to alleviate colitis by 
eliminating Reactive Oxygen Species (ROS), mitigating mast cell 
activation, and curtailing inflammatory responses [87]. Another 
noteworthy polyphenol found in tea leaves, Epicatechin Gal-
late (ECG), not only directly combats ROS but also elevates the 
levels of heme oxygenase-1 (HO-1) and glutathione (GSH), ex-
hibiting robust antioxidant activity [88]. Furthermore, research 
conducted by Zu et al. indicates that polysaccharides from tea 
leaves play a role in modulating the gut microbiota during coli-
tis, providing protection against Colitis-Associated Colon Cancer 
(CAC) by reducing inflammation [89]. In the scenario of mouse 
colitis, macrophages selectively internalize TLDENs following 
oral administration. Moreover, oral administration of tea leaf-
derived nanoparticles effectively suppresses inflammatory 
bowel responses, restores compromised colonic barriers, and 
enhances the diversity and overall abundance of the gut micro-
biota in mouse colitis [84].

Mulberry Bark Derived Extracellular Vesicles (MBDEVs)

A recent study revealed that mulberry bark-derived ELNs 
(MBELNs) can boost mucosal barrier function, preventing 
DSS-induced colitis by activating the AhR signaling pathway 
through plant heat shock protein family A (Hsp70) member 8 
(HSPA8) [90]. AhR pathway activation in intestinal epithelial 
cells prompts the expression of COP9 signalosome subunit 8 
(COPS8), a key regulator of proteasome degradation and ned-
dylation [90]. Neddylation is a post-translational modification 
analogous to ubiquitination in which the ubiquitin-like protein 
neural precursor cell expressed developmentally downregu-
lated protein 8 (NEDD8) attaches to its substrate proteins [91]. 
The COP9 signalosome suppresses Cullin–RING E3 ligase activ-
ity by enhancing NEDD8–Cullin 1 conjugate cleavage, leading to 
increased Cullin 1 de-neddylation following MBELN treatment 
[92]. Induction of COPS8/COP9 through MBEAN-mediated AhR 
pathway activation results in the production of Antimicrobial 
Peptides (AMPs), which hinder intestinal inflammation and pre-
vent DSS-induced colitis [90]. AMPs combat infections through 
direct antimicrobial activity and/or by influencing the host im-
mune response [90]. Additionally, AMPs exhibit anti-inflam-
matory, antitumor, immunoregulatory, and various biological 
effects. They selectively inhibit pro-inflammatory responses, 
such as TNF and ROS production, by inhibiting toll-like recep-
tor 4 (TLR4)-activated TLR signaling pathway and downstream 
pathways like NF-κB and MAPK [93]. The immunomodulatory 
roles of AMPs encompass recruitment of leukocytes to infec-
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tion sites, modulation of neutrophil responses, enhancement of 
phagocytosis, differentiation of dendritic cells, and recruitment 
and polarization of T cells [94]. Furthermore, the crosstalk be-
tween COPS8/COP9 and the proteasome degradation pathway 
modulates MBELN-mediated AhR signaling homeostasis [90].

Momordica Charantia-Derived Extracellular Vesicles 
(MCDEVs)

Bitter melon, scientifically known as Momordica Charantia 
(MC), is a rich source of carbohydrates, crude protein, dietary 
fiber, and vitamin C [95]. Extensive research has highlighted its 
diverse health benefits, including anti-oxidative, anti-inflamma-
tory, anti-cancer, and hypoglycemic effects, positioning it as a 
potential remedy for inflammation and cancer [96,97]. Semiz 
et al.’s studies revealed that MC-homogenized jam effectively 
reduced inflammation in the colon tissue of rats [98]. Further-
more, MC polysaccharides were found to enhance intestinal 
permeability while suppressing intestinal inflammation through 
the inactivation of NF-κB signaling [98]. Notably, proteins de-
rived from MC seeds demonstrated antioxidant properties, 
regulating oxidative stress and mitigating inflammatory factors 
in vitro, though exhibiting contrasting effects in vivo, potentially 
attributed to the method of intraperitoneal administration [98]. 
Researchers have investigated the lipid composition and pro-
teomics analysis of MC extracellular vesicles (MCEVs), revealing 
their promising antioxidant capabilities [99]. This suggests their 
potential as a natural therapeutic agent for conditions such as 
obesity, diabetes, inflammation, and cancer [99]. Subsequent 
experiments involving mice with Ulcerative Colitis (UC) dem-
onstrated that MCEVs could safeguard the colonic mucosa by 
modulating oxidation and inflammation indexes in the blood-
stream, alleviating symptoms of colonic ulceration [99]. Concur-
rently, MCEVs significantly suppressed levels of pro-inflamma-
tory cytokines (IL-1β, IL-6, and TNF-α) and elevated the level 
of the anti-inflammatory cytokine IL-10 in mouse serum [99]. 
These findings underscore the crucial role of antioxidant pro-
tection in MCEVs’ impact on UC, suggesting their potential as a 
therapeutic drug or carrier for various oxidative stress-induced 
diseases [99].

Conclusion

Plant derived extracellular vesicles have attracted quite a lot 
of attention as a trendy study recently. Thanks to its advanta-
ges such as low toxicity, low production cost, low immunoge-
nicity and high stability of plant -derived extracellular vesicles, 
promising studies are revealed in the field of medicine and he-
alth. Since the content and surface markers of plant based ext-
racellular vesicles are not fully known, more studies are nee-
ded in these topics. However, in the studies conducted so far, 
plant-derived extracellular vesicles are seen as high potential 
for use and application in the field of biotechnology and medici-
ne. Due to their benefits, plant based extracellular vesicles de-
serve more studies for revealing their unknown potential and 
existing therapeutic effects.
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