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PUHIRR LA 2%, %07 TRERHRA 5 IHFERM IR
iy, WS & A B R 08 AR R AE (chronic
low-grade inflammation) LA RS ZHEHT, AT
HZAE R ACHEEL P E R BUIE AT
TLEIERIR, XTI fdeR . T LAE,
Ji7 3 TR A -1 AR 0y B2 B A AR R TR TR
g B REIGIR S Sh P oE ik ss,  JEERE R /AU
W PR EERE TR (short-chain fatty acid,
SCFA) T8/ 55 TR BF 25 48 S i 0 42 T B A ik i
Tl B BRI R SR M A A,
WA RE A0 L i A DA P A A S O U R
A, ATDAEABR A B 00 8 2 PRI A A A
g, [FRCHRRERIER, SeRZeM . ARtkn
A G, SRR RE . €
B 23 S e R DR A BT 2 e RS A ) i
EPEHSRRE S, AR Z —ET
“BREARE, ], B —8HIZA,
JENPRRER I iz T, SEUKBE RN E
fg. dESE (leek, Allium tuberosum) , PEEAK -,
24 EMARET ZF, BE. JFs, BAWRER
UEANEFH . AR Z ok, HyR I MR R
LA, nEA I S, Ea (R E)
JrERE “BRE, R BHTIAILRTm, B
PRI YR SREEFHUARR SRR, R
JiE AR AOARAS R T BRAC 2 32 £
A, dERE S (@ A ) .
AL S Bt 1 CAMER, eI
YIReNS ok FIRFHEECEH 1 (uncoupling protein-1,
UCP-1) myKik, i1 e@fglitifit (browning
of white adipose tissue), M= HIEFE ", X5
xRS MBS G WA, HARA W
TP 1 i B 2 Pt R S HUE A ER
A BTG S E AR G2 P SRR A
BN, NERERREL =Y R 5
77 HIRMERH A, ERARM, s . B
* (konjac, Amorphophallus konjac) , EFEWEF-,
HA MR . fasahk. it 2o, &
RIT CREBRERT By, ISR s HER”
ARG . IARRLEIFICIESS, B s S
4 H #% BB (Konjac glucomannan, KGM), iX
PR RTA R R AT 1Y KGMAEE AR
T FREMOKIZRK, T8 R b BE R BE RS ARG H,
{SURE B Ml 25 A [ B H v =, FHT AR i
TR, IR BEVE ML 4 A2 TCHY 1 1 4 T A T ™

A2 TR SCFA M,

SR, B AER MR RS & T HfEE X
SO —Jrm, HIEMERY (e . KGM)
FR G 252 BRI . B REff, AR AR
Ti—J T, ARG NG RV, ELAEHEE
IR F 5 WS TR A A AR VAR
PRI, WRATR R RES DR AP TG PR . SR Zs I L )
126 3 PR BT R 265 24 SR

¥ 4 70 WA 1K 2 0 (plant derived exosome-like
vesicles, PDEVs) fEN KRB AKZRMA, H iz
miRNA | 5 SR S5 P, ARk gk
SEAEVE T AN R AR B v A G E T, B
AR T AT 5 T R
PHPEARLE , AR T T B R A 9IRR
SPRTEE L RIS . SRR SRS
FEOU S, Hokk b 1 oAk F i 245 sl 38 KO- 78 X
B, AR R AT SR T A
EE AN

O AE % kR I A 2 0 (leek-derived
extracellular vesicles, LEVs) 5 i 3% 3k i /b 4 i
(konjac-derived extracellular vesicles, KEVs) & &%
ERENS BRI, B HE A SR YT
GBI TN SN a2 D5 L oSN A 67
HORESE, (H IS MR R T B IR
PRI AN B e s, BRI 45 A il
L N miRNA SG P H A, DT K Hb
FEARA A EE 7 i HL, KA 0 o 1l RE
TERIA LS I R/ NI A, JCaRs Ve
T B R & AR

BEXT IR, A E UK RS 5 BE R
SN HFAERE TR, IS M-
TE TR A1 FACHHT BT U RS . HAZ A
FRBAEWA T 1H . S—A T, ARSI R T
BFHLRAERE AL IR LR, AEmIRIRE (high fat diet,
HFD) 5 NERER IR a6 25 24, Bl Hils
s, DAPPARLAENE M A& AR A aR B Be BB E T 5 56
TIOTTH, ARG IR B, AR
R A v R 5 T AL BT S i 25 A IR
B R BEY DL e R T AN FL IR 45 W TR A o 4R Xk,
e R E SRR RLRE . A58 o HFD 55
PR RE/NERBE R, RGEVEAL T Emi$ ik LEVs 5
KEVs TR, JfwR128R 0T 1 Hal i 89 s 18
R TE ECE NS . AEh— IR R PEE
9%, AR EE FGUIC 25 VR A PR X |
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7 A B AR A PR SR A D 2 B BEAY T AT
Yo SRR R AT R SRt |, BE—2
SIATPEIEAT SRR R L HAh, R ARTRA
AN TR EAILERIR YT, AT G EEAH S
il g UE AL T REAR S WK T Y SE g B I
LEVs 5 KEVs ¥ & #2045 AL u it et Ay
it R IR . X SE TR AR AR TR, B
RimiE pHAE, MHDR IR AR, R ML o
DHUAT RER R BEMEI . AR SCR GG LEVs 55
KEVs XHAEIE I, RIRERER | is (s bs &
SN RER Ay i E A T = R WA k7R OA SR (EPES
4, TRFEEAYACIE L BT BRI R s, O
fEsh “Zy R R BEIRER R AR AL AL

1 #M#EFZE

1.1 SMEEEIREURIBILRAE
111 SRS

H F K F (METTLER TOLEDO, ME104)
HH L (Thermo Fisher Scientific, 75000100) .
FEFRAY (i Fil, MDspectramax id3) . K& =¥
HE LA (BEHMYER, LG-21M) . BB O L
5417R) . ® W ¥ (Eppendorf,
Research®plus) . % i & & #%+ (Kylin-Bell,
VORTEX-6) . flEERIEIHL (45 %18, MPBJO02
PL) . #B&IKAL (FFE, Milli-Q EQ 7000) . 3
6 B ¥ {¢  (Malvern Panalytical, Zetasizer
Advance) . 44 K ki B B EE X 4% (Malvern
Panalytical, NanoSight Pro) . % §f B F i f3f 5%
(transmission electron microscope, TEM) ( H 37,
HT7800) . HLIKHE% (BIO-RAD, PowerPac HC) .
B (W&, DxC 700 AU) . L
S GLAEAY), EchoMRI-170S) . . b
L AR . BRI R AR I A L R
IR AR ARA R A
1.1.2 SEsb R

dE3% . BEAEYR I T . H10060 /55 B iR}
WK FAb A B AE R A PR A . - MEmbk T iR
(bicinchoninic acid, BCA) & [ i i B & 3277 &
(CEFAITE, B5001) . SAALBATES R (DU, W2y
fE 7 H13022600) . % fR #h 2% #h ¥ (phosphate
buffered saline, PBS) (1#3) (FE4E/RK, G0002-
15). Mk (BRdbA:9, 0B11970) . £ DU, fR
4 (disodium ethylenediamine tetraacetic acid,
EDTA) (LHY, 0105). —FH I FEH b (Tris

(Eppendorf,

aminomethane, Tris) (Damas-beta, 82997J) . %k
ik (G, AR 500 ml) . S fboN (2% A
X190-500 g) . S bt (ImikflE, Hm2 W
44030005) . 1.5ml & 0 & (22 {6 F] £,
LXGO0153) . JoH Millex®-HV 41 X g g8 (53
8, SLHUR33RB). —KYEME IO [ 5 sl 51
(AT, EMIERE20173150338)  MEHE.LA (I
i, 344059),

1.1.3 s

JoHFE R R K (specific pathogen free, SPF)
9 8 JEIA e CSTBLO/T /N 12 H, WK Tk 5t i
DARARHEABRA . shim g TAb s rh B2y R
2RSSR B L . IR 22~25°C, HXHE
B 50%~70%, BAKEEW 12 h/12 h, A HREK,
FE I TR AR L R TR R 2 K2R B
L2 sl (dibiES . BUCM-2025031205-
1153),

1.2 LWHE
12,1 22 SR8 Bl B0 T - 4 B B 0 T R LA
P

W BT B 1 A S R BE e, 4 IR AR S T
PBS WA F=1 : 3, BEFET & + Kbl ikf=
1:5 (¥ 150 mmol/L NaCl, 10 mmol/L Tris-HCI
(pH 7.4) . 1 mmol/L EDTA IMAFILL 1 : 1 1{RE
BN PR) FRETTHLERE, ISR, BUORBRA
M2 min, 2555 min @&, FRRE M2 min.
TCRE DA L I RINE . R BIMIE TR . T8I
AT R VB OB, BT B O IIFE 4°C AR R i
17, 4000g. 45 min; 10 000g. 90 min, b ¥RE.CH
BT, FU00E. fHH 0.45 nm LT =X g s v
3o i8R L5 AE 4°C 100 000g 254 R 50
2h, BLESHEIE, UOTERA AR BRI A LEVs &
KEVs.

TR 2 R B S 0 1A 4l AL KEVs Bl . 8%,
15%. 40%. 60% MY REMHIA T . e HE% B fh/NEI R
WM A E0E . o ERG R KEVs T
A PBS H8, MMAMHEELE Y, 4°C 100 000g 25
2 he B0 45 oS W 40% T 60% JEE BE Hh ] (1)
KEVs & 84 . B alifbif 1) KEVs A 25 .00
Hi, 4°C 100 000g & .0> 1 h, 15 3 4l & % & i
KEVs, {RIFTE-80°CHKAfT 25,

1.2.2  ShJEHUR R

K H 8 B 6 # 4T (dynamic light scattering,

DLS) A LEVs Fl KEVs #4243 15 K 438
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PE o B 20 2l L J5 B9 LEVs A KEVs UL 3E H
0.22 pum JENETIE R PBS BB . A RE SR R AP
G, AT AP, fF FAH R ) PBS ZZ o
WAE RS UG ER i ORAS I PR TC Ok 5 G

FTJF DLS {4, BEOE#S 270 15 min,
PRAIERRAE o (AR HEZLIC IR HEA AR HE, B
PG HERRPE . BULEVs 1 KEVs & 4% 200 pl 43
DD [N O ST 8 o 11| R 57 e o P 9 o <A1
FOAFEAH, BROOCRETCHEPY . Ao IR B Lk B
25°C, WS A RE e R 1730, K mf a) . v
HE1a473~51k, 10~30 s/, BCEXIME. A8 A
118 Zeta i v (Zeta potential) F1 22 43 8 45 X
(polydispersity index, PDI)., PDI<0.3 37~ FE i H
YRR, >0.5#E R T BEAAAE R LS A . T
BRI, b 0
1.2.3 9Kk fiBER

KR 16 B7 731 (nanoparticle tracking
analysis, NTA) HARE LEVs #1 KEVs kL4253
A SRR EE . T AR MG, i
TEH . e R S el B S 1 PBS A
REANIE, ATy S Wk BRARAY T 5 AR B e
B Uk . (AR UE S 100 nm B 2R ok AT
LA UE, BRI kAR A R

BEh DRES R AR T 1 ml S O EOR B
WFIRERS , SRIBTEARE I, GRS 7REK
PR iR DB AR, E RPN AT, SN
B S 0 SR . BRI i 2 2B kAR o0 A1
LV R o K 2R /0 3 R D ) DR G N
W IR R T A B
1.2.4 BEHHET BB

B 10 wl B9 LEVs 8% KEVs, 15 /il 22 4 /9 5 1
SR S B S ming FHUEACMUE I 171 2k /100 T B
ZARWR ., BEIS, 10 pl 2% (whv) RIBEE R
VSO S EA T R e e, e it i) 60 so PR ANE
ARADN ISR A I, R0 X T v R 5 2 iR
T, R AL

W T 2% G T A TR B AR ST, (AR
80 kV JimE Hy =~ HEAT X . 7E 10 000 %555 L
VEE Z AL, B ORI o A O s B S A
100 000 1545~ , WELHASLEVs M1 KEVs BIE A4,
FIEIER RIS
1.2.5 SR B oA R4

25 5k 2 AR 0 LA T S R R 0 A5 B Y
LEVs FIKEVs, HIA—7E Hfil i) & A 8 F s il 55

() 5 5 4 9% UL 3E U %E - (radio-immunoprecipitation
assay, RIPA) 2, 7EVK L 240# 15 min, Hf#
U 1) B i 428 3 B B R 1 96 FLAR P AT AU
iz B BCA R & a7, K aksn) A A7)
B LS50 = 1Ay RS BCA KN T AR, MR PabRifE
M2 AR B BRI, THEOZ LR B BRI (Y
LEVs FI KEVs 148 I B B, f i fifi 1 T PBS
PEA TR RE B B M 20 o/L T IR E2sh s s
1.2.6 = fIRAEREA AL ST K 45245 T T

12 FAERARBOH ] BLEEE e Y CSTBL/6T T
FREFTEARARIC . M RAND pR 1T 432 Bt HL
SYBL. MBS R IR R A A, 7RIS N kR R
o, PHATE R ERINE SR 48, JFRIF A Y, 24
YT HIR B3 d—k, L2591k, FFL4 H .
THFBEm L2, SR ARER TR, Hs
SRJE, BREERKELBEZEmA/NRATTTN G
3cem, ZZEIATIERSZ), B2 U BB E
1 min, BHPRZ9MATE . NCA . (I # 4R
B, AR AL T F-B . HFD4L: fii ]
FRTERETT H B WESR, IFEMY T 120 pl A PR
KAE R BATEXT IR . LEVs 2. H % 5 3% v i il
BT, 29T REM S 2, BT 120 Wl
LEVs, KEVs#l: H ¥ mFEHEamei# T, 2
Vw25, 457 120 pl A KEVs., 5250
BT R & AR I T i, RIZEIA AR
JREA 25 T F 1, LASEAS LEVS A KEVs X AR
RIS AEZAE, XS TFALGEREREIE B 1
BT
1.2.7  PREERGIN ., PRI A AR AT

BREMIPUNE FRF L, R
&, s/ N EUARTRAUE, KifE0.01 g, HUH/N
BRI AFR T, MR8 A/ MR PR = .
3 JE YN, BRI TS

fHFZREK ., Josk I R TR Rl 2 .
FAHUN R LRFFIPENE S, B REF . A7
LI RSN o T e ol e e 51 1935 €211 VAR 8=
FOUKSEALE A — A, B R AR S e af , S2ER
BT Z 0.1 om. B H/MREZ NG 2K, H
SEXMEME N LG E sk . MR SE RS, B/ U R R
FRGE, T T —Hmie, EELHEM. 543
JEE— N, xR T ET

it FH/ NS AR B A AT ASGEEA T AR R P D )
W, AERTARATEAE TAERE M e, K
Je F SR TR FE o R G . MR, R
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RER/NRFEREALHESA ARG ],
PREFEL B IAET R . B3, R TR A AR
Rl e o I shR I ER P e, SR TR LR BRI
T, ALES AR A MU B H /N B S 2 2
(lean mass) FIELIEWT & (fat mass) . SCHT L FE
T R RN 3, BOF AR A a5 R
HRAE B INAS A A R D i 5 R 20 il sk iR BT o, i —
HTEARREE  (body fat content, BFC), 115 /AZL
A: BFC (%) = (fat mass/body mass) x100%.
PR A ERAELEAR RIPAEE S5 o, DA KR s>
R ZE . SCOBAERE e T PPAl AN [ T T ()
TR AR 25 57
1.2.8 IR

TFIRAURRBL, & A U3 0.4 L/min, 5298
BEs FUE 4%, W/ 5 SRR 2 AR
st G B AR, RS I 2 S R AR 4R 1.5%~
2%, Wt /NER, PR TR BRI, HROf 5E e ST 2
K FHETHEN AR/ N, BT A AR RS,
HAPEME A, Py B2k, HEEBCG m F2
G5, P GY T AR aR MG, FREINE e A [
REWGZHE, BB 15 20T o S TR M4k
B R AR S IR RE LA R EENE I, TRITERS, 2B IE
TR AR, AR . IRBL YA s Ak a2
LU, G, B EBRBHLOME ., Z
Ja, Re/NEE R, W R Y e
FRET AL, AR AR AN 2, s JE EZH
fi i, R RO AR A TR
1.2.9 ‘EALSERR T

B e AT MLV B0 = IR E 3 b, FRL
3 000 r/min 50> 10 min, 3250 I RIS 4> 2515
AT . R4 H S AE A G0 A 1R A AH
Keghr. HARBAEWT . WS4/ BUEREAS, ™
i SidissnwnlFosliL R e acw mall| S RS = G Y€ 3 &
HGEFEA S . KRN SR G, E37°ClE R
FAF N HEA TR SN o 38 G RE VA S AR FR 1
WO B AR A, AR A ol 2 A 3SR IE A
(cholesterol, CHOL) . H i =g (triglycerides,
TRIG) . 1k % B g &5 A H [ B (low-density
lipoprotein, LDL) . = % & 5 & A A B (high-
density lipoprotein, HDL) . H # H (albumin,
ALB). HJHZIZE (total bilirubin, TBIL). AP %%
Z(Mif# (alanine transaminase, ALT) . 4 & 5 & fif§
(aspartate transaminase, AST) . HLEF (creatinine,

CREA) . JR & (UREA) . Wl ¥ @i (creatine

kinase, CK) . JLFZ B 5] T ff (creatine kinase
muscle type and brain type, CKMB ).,
1.2.10 7B ERE16S rRNAJL P 5

i i O 1 7B A NI QR RES) T a7
FERUINE T 1.5 ml EP & HIF T -80°CHR A7 . Rt
A HEHUREAR JE ] DNA, I i B b e I e, ik
J Nanodrop fiM Fovk BE 54l . DLGH DNA
#, fd Al Barcode YRR 5 [ ) ET X 40 16S rRNA
S V3-VA X, 17 PCRY MY . 1A & 51635
SRR &N VY&, ExE,
PR R BR A, 7E Tllumina MiSeq - _EiE£7 XL
sl 7o PR T g, LRI R T
1) Kk Fe A s, fi1 DADA2 5 USEARCH %%
TREXT ST 0 P R ERRIR G, RS
WMEY I FipoLs. A, & T Siva 5
Greengenes £04I FEXHCRNE P HEA TR RN 028200
B AEWEB2E0 P QUIME2 V& 58, 1
Alpha ZHEPEFE % (W1 Chaol . Shannon) DATEALEE
“EEESYAE, @l ENS 2 (principal
components analysis, PCA) ZE F Bray-Curtis o
UniFrac 2 9744 2 6] Beta Z HE 4 22 5%, IF-FH
PERMANOVA #ATGE K56 o #E— 20 o3 A 20 6] 2
1. B JRSEKP BRI 4 22 5 RbRE YR
1.3 SZitESH

SLE AR ST 31 SPSS 29.0 #4704
BTG RS 1) Z2 21 8] He R SR 3R 5 2297
Mr (one-way ANOVA) . P<0.05 H2FA0 5=
X GiiHE FH GraphPad Prism 10 244 HI1E

2 HRE5HM

2.1 MINIREXLEVs 5SKEVsH I8 F H 81 8 4 5k 58
FEEFAE

TR P 2 U T 5 U 2 B i B R B B0, IR
Iy PO it AR 5% 5 B e 25 rh 432 LEVs F1KEVs
(Kl 1a) ™. DLSZ553 8/~ , LEVs Rif2 51
(284.31x167.49) nm ([& 1b), KEVskiitor4i N
(223.42+69.97) nm (& 1c), FFAIMERIILIAK
A2, Zeta AL Z T AR AR E PRI FHELAE A
LG AR R R B, LEVs B Zeta HL . & —16.47 mV,
KEVs [ Zeta B0/ H-26.40 mV (J& 1d), NTA S5
WoR, LEVsHkif24r ik (203.31431.15) nm (/&
le), AR 2.1x10°/ml, KEVsRifR5r4i K
(223.42+69.97) nm (& 1f) , 44 K ki $t 24 2.4
10°/~/ml, 383 TEM 8 &3, LEVs #lKEVs
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HA RSG5, W RS L RE A SR BOR RIS al . B iyl
e (E1g, h)o DlERAELERIEN, AR KEEAHIER LEVs fIKEVs,

(a) LEVs KEVs

100 000g

100 000g

e e aal® T —n—n

4000¢g 10 000g Sample 10 000g Sample Sample

(b) ©) (d) (e)
LEVs
1.5x10°F
LEVs KEVs 30k E 203.11+31.14
> 5 Median (x50)+SD
10 284.31+167.49 20 223.424+69.07 g N 5|
= o 1.0x10
2 = —20f 3]
g8 S5 £ £
26 z g g
5 4 g 10 s -0t 5 5.0410°
g, z s N z
N T P o @ N T e o o 0
S S S &S LEVs KEVs 100 200 300 400
Diameter/nm Diameter/nm Diameter/nm
® (€3] (h)
LEVs KEVs
KEVs
40x10°L 255.64+24.12
=z Median (x50)+SD
8 3.0x10*F
2 3.
L
2
5 2.0x10*
=8
G
=]
8 "l
2 1.0x10
500 nm" 500 nm
0 1 1 1 1 ~,
100 200 300 400
Diameter/nm

Fig. 1 Extraction and characterization of LEVs and KEVs
(a) Schematic diagram of the extraction process for LEVs and KEVs using differential ultracentrifugation combined with sucrose density gradient
centrifugation. The left panel represents LEVs samples, and the right panel represents KEVs samples. (b) Size distribution and dispersion of LEVs
analyzed by dynamic light scattering (DLS). The mean particle size is 284.31+£167.49 (mean+SD). (c) Size distribution and dispersion of KEVs
analyzed by DLS. The mean particle size is 223.42+69.07 (means+SD). (d) Zeta potential analysis of LEVs and KEVs. (e) Size distribution and
particle concentration of LEVs determined by nanoparticle tracking analysis (NTA). The median diameter (x50) is (203.11£31.14) nm (median+SD).
Samples were diluted 10 000-fold before measurement. (f) Size distribution and particle concentration of KEVs determined by NTA. The median

diameter (x50) is (255.64+24.12) nm (median+SD). Samples were diluted 10 000-fold before measurement. (g) Transmission electron microscopy
(TEM) image of LEVs. (h) TEM image of KEVs.

22 HEERE (HFD) FERHEEUNRIGE h¥) (K2b) mfEFR. 9sLBot] . /N
Tl JERF R A AR GRRE (B 2a) I TSE8 %2y, JATA® rEm TR (K2c), iz
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5 em KRR EETES 8 1o anfEl 2d frs ik
PN A 25 T Wit , R /NR, #E,
BRR R mANRAL I 3 em &£ 47, 218
¥ LEVs 1 KEVs i E S i A NRIBIE , 5Esh
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Fig.2 Schematic diagram of animal experiment design and intervention process
(a) Experimental diets (left:normal diet,right:high-fat diet). (b) Male C57BL/6J mice used in the experiment. (c) Self-made gavage tool(the silicone

tube was inserted approximately 3 cm into the mouse during administration). (d) Schematic diagram of drug administration. (e) Schematic diagram of

waistline measurement. (f) Line chart of waist circumference statistical results.
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Fig. 3 Effects of LEVs and KEVs on body mass, body composition, fat distribution and lipid metabolism in mice

(a) Line plot of body mass measured during the experiment, taken as a point every 3 weeks, and the abscissa represents the number of measurements.
(b) Analysis of fat difference measured by body composition. HFD vs LEVs P=0.016 7, HFD vs KEVs P=0.006 7, KEVs vs LEVs P=0.025 7.
(c) Analysis of lean difference measured by body composition. (d) Analysis of body mass difference before sampling. HFD vs KEVs P=0.000 2.
(e) Differential analysis of body fat mass percentage, BFC (% )=fat mass/body mass, HFD vs LEVs P=0.021 2, HFD vs KEVs P=0.007 7. (f) Difference
analysis of harvested white fat mass. HFD vs LEVs P=0.014 5, HFD vs KEVs P=0.031 9. (g) Difference analysis of harvested epididymal fat mass.
HFD vs LEVs P=0.008 5, HFD vs KEVs P=0.001 6. (h) Difference analysis of harvested brown fat mass. NC vs KEVs P=0.024 4, HFD vs KEVs
P=0.023 1. (i-1) The results of blood lipid were the four differences in lipid metabolism, which were high density lipoprotein cholesterol (HDL), low
density lipoprotein cholesterol (LDL), triglyceride (TRIG) and total cholesterol (CHOL). HDL NC vs HFD P=0.014 3, NC vs LEVs P=0.001 7, NC
vs KEVs P=0.005 4, HFD vs LEVs P=0.007 1; LDL NC vs HFD P=0.004 2, NC vs LEVs P<0.000 1, NC vs KEVs P=0.007 1, HFD vs LEVs
P=0.003 1; CHOL NC vs HFD P=0.006 2, NC vs LEVs P=0.000 4, NC vs KEVs P=0.006 4, HFD vs LEVs P=0.003 4. *P<0.05, **P<0.01, ***P<
0.001, ****P<0.000 1.
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Fig. 4 Integrated analysis of gut microbiota composition, diversity, and function

(a) Venn diagram, each circle represents a group, the numbers of circles and circles overlapping part represent the number of feature sequences
common between groups, and the numbers without overlapping part represent the number of characteristic sequences unique to the group. (b) The box
plot on observed features and Chaol index intuitively reflects the median,dispersion, maximum, minimum and outlier of species diversity within the
group. The horizontal axis represents the grouping, and the vertical axis represents the corresponding alpha diversity index value. (c¢) Principal
component analysis (PCA), the horizontal and vertical coordinates represent the first and second principal components, respectively, and the
percentages indicate their contributions to the sample variance.(d—i) Based on the phylum, family, and genus levels, for each sample or each group,
select the top 10 species with the highest relative abundance and classify the remaining as “Others”, then draw relative abundance bar charts.
(j-1) Based on PICRUSt prediction, a clustering heatmap was constructed to visualize the relative abundance of Level 1, 2 and 3 metabolic pathways.
The top 35 pathways with the highest relative abundance were clustered at the functional level. The vertical axis corresponds to samples, and the
horizontal axis represents functional annotations. The phylogenetic clustering tree of pathways is displayed on the left, and color intensity denotes the
normalized Z-score of relative abundance.
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Fig. 5 Effects of LEVs and KEVs on kidney, cardiac, and liver function in mice

(a, b) Analysis of differences in renal function indicators including urea (UREA) and creatinine (CREA). (c, d) Analysis of differences in cardiac

function indicators including creatine kinase (CK) and creatine kinase isoenzymes (CKMB). (e-h) Analysis of differences in liver function indicators
including alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin (ALB), and total bilirubin (TBIL). AST HFD vs KEVs P=
0.009 8; ALB HFD vs LEVs P=0.042 6, HFD vs KEVs P=0.039 6. *P<0.05, **P<0.01.
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(b) Schematic diagram of the animal experimental design
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Abstract Objective Obesity, a global chronic metabolic disease, is closely associated with disruptions in lipid
metabolism and gut microbiota. Current intervention strategies still have limitations in terms of safety and
microecological regulation, necessitating the exploration of novel natural regulatory approaches. Based on the
early pathological characteristics of obesity, this study innovatively employs a rectal delivery method alongside a
high-fat diet (HFD) -induced obesity model to systematically evaluate the inhibitory effects, safety, and gut
microbiota regulation mechanisms of leek-derived and konjac-derived extracellular vesicles on obesity
development. By simulating early clinical intervention scenarios, this study aims to explore the preventive
potential of plant-derived extracellular vesicles during the initial stages of obesity onset. Methods Extracellular
vesicles from leek and konjac were isolated using ultracentrifugation combined with density gradient
centrifugation. Their nanoscale properties were characterized by dynamic light scattering (DLS), transmission
electron microscopy (TEM), and nanoparticle tracking analysis (NTA). Male C57BL/6J mice were randomly
divided into four groups: normal control (NC), high-fat diet (HFD), leek-derived extracellular vesicles (LEVs),
and konjac-derived extracellular vesicles (KEVs). Beginning simultaneously with HFD feeding, mice in the
intervention groups received 20 g/L vesicles rectally every 3 d for 4 weeks. Body mass and body composition
were monitored throughout. At endpoint, mouse serum, adipose tissue, and colonic contents were collected.
Serum biochemical indices (lipid profile, liver and kidney function, cardiac markers) were assessed to evaluate
safety and metabolic efficacy, while 16S rRNA sequencing was employed to analyze gut microbial structure and
diversity. Results DLS, NTA, and TEM confirmed that both LEVs and KEVs exhibited typical cup-shaped
nanostructures with average particle sizes of approximately 284 nm and 223 nm, respectively. LEVs and KEVs
treatment significantly suppressed HFD-induced weight gain and elevation of body-fat percentage (P<0.05), and
reduced accumulation of abdominal white and epididymal adipose tissue. Serological analyses showed that both
vesicles lowered total cholesterol, triglycerides and LDL-cholesterol, and ameliorated liver enzyme profiles (ALT,
AST), demonstrating lipid-metabolic regulation and hepatoprotective effects. No hepatic, renal or cardiac
dysfunction was observed, indicating favorable safety. Gut microbiota analyses revealed that vesicle intervention
partially restored HFD-depleted microbial diversity and reshaped community structure. Notably, LEVs markedly
increased the relative abundance of the beneficial taxon Lachnospiraceae at the family level, which is known for
producing short-chain fatty acids and enhancing intestinal barrier function. Furthermore, Phylogenetic
Investigation of Communities by Reconstruction of Unobserved States (PICRUSt) functional prediction suggested
that LEVs and KEVs modulated gut microbial functions through distinct mechanisms: LEVs downregulated
pathways related to ribosomes and DNA replication while enhancing xenobiotic degradation, whereas KEVs
tended to upregulate energy metabolism and protein synthesis toward healthy levels. Conclusion Rectally
administered LEVs and KEVs exhibit excellent safety and pronounced metabolic benefits during the early phase
of obesity, suppressing weight gain, correcting lipid dysregulation, and exerting effects via modulation of gut
microbial composition and function. This study provides systematic experimental evidence supporting plant-

derived exosome-like vesicles as an early intervention strategy against obesity.
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