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Abstract: Plant-derived extracellular vesicles (EVs) are membranous vesicles secreted by plants, which include
lipid bilayer as the basic framework and encapsulate various proteins, nucleic acid and other active substances.
They play an important role in plant growth and development, tissue repair and self-defense. In recent years, extra-
cellular vesicle-like nanoparticles (EVNSs) are prepared from plant samples referring to the separation method of
EVs and show unique functions. In this review, the above structures are collectively called plant-derived vesicles
(PDVs). The biogenesis, separation and characterization methods, in vivo and in vitro properties of PDVs have
been reviewed. The biomedical applications of PDVs as natural therapeutic agents and functional drug carriers are
described, and finally some opinions on the existing problems and future prospect in this field are put forward.
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Figure 1  Structure and biomedical application of plant-derived vesicles (PDVs)
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RAE B¢ T EVS BLAR M E 1) 7 v B Bh & S EU
(DLS) 4l K ks R 15 20 A AR (NTA) P2 K ] 17 e B =
kA S R e Ap i gl i 22, (H A
kg 45 RANE . DLS A& 5 TR0 A7 59 1 6 s s it
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NTA MR XF AL AR G T, B A% e B (1Y) 3L
SURA FHREIR ALK B R, LELE & Z M E KRN
AR AR EE NS . 5340, R NTA 26 2UAT DR R
R R EVS, A8 T HBR L = TR B FAFAX
FEAFAE BN ML b1 2 S, — MRHE R SR B 4G ML B A
W Z V6 T B IR EVs (45 (38 110209,
32 WHSMaE

PDV's 545 A — RO B FEL R B R SR AE, & F Y
A, 45 1 4 B ¥ 2 48 8% (scanning electron microscope,
SEM). i% 5 H ¥ & fi 8% (transmission electron micro-
scope, TEM). ¥ 4 H %% (cryo-electron microscopy,
Cyro-EM) 1 Ji 7 7 & 7 8% (atomic force microscopy,
AFM). AS[A] B85 3R 75 1) PDVs {5 B AR A [H] . SEM
FEHTIRBAE MR . TEM 1] LOY % 381
(14 P 50 45 R R TR A7, L) R B ) B K B8 A T RE 5
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Isolation, characterization and in vivo distribution of different PDVs. “Zeta potential of lemon-derived vesicles were measured by

our group; p.o.: Oral administration; i.p.: Intraperitoneal administration; i.v.: Intravenous administration

. Size Zeta Animal model and S
Plant Isolation method . . . Distribution Ref.
/nm  potential/mV administration route

Grape Differential ultracentrifugation and density gradient ~ ~380 ~-26 Healthy mice, p.o. Intestinal stem cells [26]
ultracentrifugation

Ginger Differential ultracentrifugation and density gradient 102-998 -29 - -24 Healthy mice, p.o. Liver, mesenteric, [27]
ultracentrifugation lymph nodes
Differential ultracentrifugation and density gradient ~ ~231 ~-12 Healthy mice, p.o. Colon [10]
ultracentrifugation

Ginseng  Differential ultracentrifugation and density gradient ~ ~344 ~-25 Healthy mice, i.p.; i.v. Liver, spleen [28]
ultracentrifugation healthy mice, p.o. Stomach, gut

Broccoli  Differential ultracentrifugation and density gradient  18-118 ~-39  Colitismice, p.o. Colon, mesenteric, [29]
ultracentrifugation lymph nodes, spleen

Grapefruit Differential ultracentrifugation and density gradient ~ ~210 ~-49 Healthy mice, p.o. Middle and distal part of [30]
ultracentrifugation small intestine, cecum, colon

Lemon Differential ultracentrifugation and density gradient ~ 50-70 ~=22*  Tumor-bearingmice,  Tumor, liver, spleen, kidney  [31]
ultracentrifugation i.p.

Carrot Differential ultracentrifugation and density gradient C57BL/6 mice or Small and large intestine [32]

ultracentrifugation

knockout mice, p.o.  macrophages, intestinal stem

cells
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M E B 407k EL T A R LB B 10 5k, 2R I AR R TRV
W fE BN LA . H RTSCT A A PDVS 44 P 43
AT R L HUEE B Z RGBT T, 283N NI — 40U
Al DL % N VR ZE AR S HIE . 1 Hoshino 2511 6 Fil
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IL-18, FF EiRHT A 1 1L-10 A 1L-22, {12 i3E 451455 26 i (1)
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-4 B G, 38 i Wint {5 58 % R 02 A 1 T 40 i Ak
IG5 (1 B TR (1 R 3, (IR 9T 4/ R BE TR 1 18
BAR, K e T IE %45, P9 2240k YR 3 v v) 2 35 1%
R AR H T E y (IFN-9) IL-17A F1 TNF-a () %
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SR T A0 B, $0 ) 25 i e I 3% %% . [RIFE, Zhuang
SRS TR R IR E R ER LG, R
AN ] BLFE = RNA 357 fg 71, HF BB TR 4R T
Jie 1155 1, KV Rl R VRS T R L miR17 R & S B
24, AT LLE ok 10 5 B, 4 GL-26 il 83 4 ff e B 1 1%
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L ST IS B O B, IX N PDVs R SR ER AL T A)
fEES I RN 71k . SR, MY 530 Ny e T4
[FEPFh, Horgoe RE0E, M A 3R 1) PDVs fE /7 7E
R ZE S, ¥R 5T PDVs 45 4 A0 T B8 1O B M 2 R R %
A3k T RN R I TAE . BLAh, MY A7 18 Hodsk o A5
MZE 2 R RN EH X R4 R 350 PDVs /& &

Table 2 Therapeutic efficacy and mechanism of several PDVs. IBD: Inflammatory bowel disease; TNF-«:Tumor necrosis factor-o; IL:

Interleukin; HBP: Hemin binding protein; Nrf2: Nuclear factor erythroid-2 related factor 2; ROS: Reactive oxygen species; LPS: Lipopoly-

saccharide; TLR: Toll-like receptor; IFN-y: Interferon-y; AMPK: Adenosine monophosphate-activated protein kinase; DC: Dendritic cell;

MyD88: Myeloid differentiation antigen 88; CCL5: Chemokine ligand 5; MCP-1: Monocyte chemoattractant protein-1; Lgr5: Leucine-rich

repeat-containing G-protein coupled receptor 5; TYR: Tyrosinase; TRP: Tyrosinase-related protein; TRAIL: TNF-related apoptosis-inducing
ligand; VEGF-A: Vascular endothelial growth factor-A; a-SMA: a-Smooth muscle actin; COL3AL: Collagen type Illal

Plant origin Functionality Mechanism Ref.
Ginger Treatment of IBD Itinhibits the expression of TNF-«, IL-6 and IL-14 and increases the expression of [10]
IL-10 and IL-22
Prevent chronicperiodontitis It binds to the HBP35 protein on the surface of Porphyromonas gingivalis, inhibits [51]
the expression of bacteria-related mRNA, inhibits the transfer of bacteria to normal
cells, and reduces the expression of protein and mRNA of FimA
Protect against alcohol- It induces the expression of Nrf2, inhibits the production of ROS and LPS-induced [27]
induced liver damage inflammation by TLRs mediated pathway
Broccoli Treatment of IBD It increases the expression of IL-10, reduces the IFN-y, IL-17A and TNF-a in colon ~ [29]
tissue; mediates activation of AMPK in DCs
Ginseng Inhibit melanoma growth It induces the polarization of M1-like macrophages by TLR-4 and MyD88 signaling  [28]
pathways, promotes the production of ROS and significantly increases M1-related
cytokines and chemokines (CCL5, IL-6, MCP-1, TNF-a, IL-1a, I1L-12)
Grape Treatment of colitis It targets Lgr5” intestinal stem cells, enables intestinal epithelial cell proliferation [26]

and directly promotes the generation of stem cell-like organs

Dendropanaxmor bifera Whitening

It reduces the activity of tyrosinase and inhibits the expression of melanin-producing [52]

related enzymes (TYR, TRP-1, TRP-2)

It increases the expression of pro-apoptotic gene, inhibits the expression of anti- [31]

apoptotic gene, activates a TRAIL-mediated apoptotic cell process, and inhibits
the secretion of pro-angiogenic factors (VEGF-A, IL-6, and IL-8)

Lemon Antitumor

Carrot Treatment of colitis

Rhodiolacrenulata Treatment of pulmonary
fibrosis

It increases nuclear translocation of Nrf2 and induces macrophage to produce 1L-10  [32]
Lipids facilitates cellular uptake of HIT-sSRNA-m7, HIT-sSRNA-m7 reduces the [53]
expression of a-SMA fibronectin and COL3A1
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