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BE BN RVEEZFIMGCENARBREFRRFMEBEKRIEIN AR (JZYGT-Exo) X358 X BE ih 14 I 7%
(MAFLD) MIEREHKE TN REEENS. 5% XAREZM228METRARBRBEZRRETFMEFFREEI
Wik, BEEFRBEFREHIE (TEM) RICKFMAIRIRDTHITLETE. RAMEK (0A) fIIRMEE (PA) BEES
HepG2 #HBE#EZ MAFLD {R/MERY, SCISIREIERIA. JZYGT-Exo B. JZYGT-Exo+Erastin B8 JZYGT-Exo+Fer-1
H, BITHLI O . ARAER=E (TG) RESESENUITEERNASE; XA CCK-8 ZNMAREEER, &
NEE Y LEE (SOD) . RZTE (MDA) . FME (ROS) . TEMWEE (CAT) REKHUIELHE
(GSH-Px) 7K¥E; JC-1 K& Mito-Tracker HRENFAZRINIREB I SHZ, TEM MRENABRMEHLIRERRZEENE
EH GPX4, Nrf2 BRFRIR, ER RINEINFEEY JZYGT-Exo, HAI#H MAFLD HEMBEWIRN. JZYGT-
Exo FHia] B RDABAIERIAE (P<0.01) , B TG REFIEKFE (P<0.01) , MHIEFETHTHIREREA,
JZYGT-Exo AJf5HMEHEHL Erastin I SRIKIET. EIRFLTIERIEIRF, JZYGT-Exo AI#E/E SOD. CAT. GSH-Px i&
tE (P<0.01) , P& MDA 5 ROS /K¥, IBFALMKRIEEE{ (P<0.05) , MEBSNASS@EMENS, RMOLRIRE
R, FHEW GPX4 5 Nif2 BEHFRIX (P<0.01) , BRI A4 Erastin BP0 %%, 4K Fer-1 H—SihEIERE. &
1© FEREEZTGCERE B R THEEINUARRT B AT RS KR KRBERRIR, HE MAFLD 1HEH
FERORE R RELFHDHISATE T, HIERLEIRTaE S RUE Nif2/GPX4 (FSBERE XK.

Xigia EREmATZ; RERhEZ T4, ShedR; REEXAERMEATRE, RItT

hES#ES  R575.5; R285.5; R363.2 XEMRER A

Protective effects of exosomes from adipose-derived mesenchymal stem cells
preconditioned with Jiangzhi Yigan Decoction against ferroptosis in Metabolic
dysfunction-associated fatty liver disease

PENG Jianjun', DENG Fang? ™

(1. Department of Spleen and Stomach Diseases, Cili County Hospital of Traditional Chinese Medicine, Zhangjiajie City, Hunan Province, Zhangjiajie
427200, China. 2. Department of Gastroenterology, Hunan Provincial Hospital of Integrated Traditional Chinese and Western Med icine (Affiliated
Hospital of Hunan Academy of Traditional Chinese Medicine), Changsha 410006)

Abstract  Objective To investigate the effect of exosomes derived from human adipose-derived mesenchymal stem cells
preconditioned with Jiangzhi Yigan Decoction (JZYGT-Exo) on ferroptosis in a metabolic dysfunction-associated fatty liver
disease (MAFLD) cell model and the underlying mechanisms involved. Methods Human adipose-derived mesenchymal stem
cells were treated with serum containing JZYGT to obtain JZYGT-Exo, which were characterized using transmission electron
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microscopy (TEM) and nanoparticle tracking. An in vitro MAFLD model was established by inducing human hepatoblastoma
HepG2 cells with a mixture of oleic acid and palmitic acid. Model, JZYGT-Exo, JZYGT-Exo + Era group, and JZYGT-Exo +
Fer-1 groups were created. Lipid metabolism was assessed by Oil Red O staining, and intracellular triglyceride (TG) and
glucose levels were measured. The cell viability was detected by the CCK-8 method. Levels of superoxide dismutase (SOD),
malondialdehyde (MDA), reactive oxygen species (ROS), catalase (CAT), and glutathione peroxidase (GSH-Px) were
detected. Mitochondrial membrane potential and morphology were evaluated using JC-1 and Mito-Tracker probes,
respectively. Mitochondrial ultrastructure was observed by TEM, and glutathione peroxidase 4 (GPX4) and nuclear factor
erythroid 2-related factor 2 (Nrf2) protein expression were detected by western blot analysis. Results JZYGT-Exo were
isolated and identified, and were effectively taken up by MAFLD model cells. JZYGT-Exo intervention significantly reduced
intracellular lipid deposition as well as TG and glucose levels. Cell death mode screening indicated that JZYGT-Exo
antagonized erastin-induced ferroptosis. JZYGT-Exo increased SOD, CAT, and GSH-Px activities, decreased MDA and ROS
levels, enhanced mitochondrial membrane potential, improved mitochondrial morphology and ultrastructure, reduced
mitochondrial iron deposition, and up-regulated GPX4 and Nrf2 protein expression; these effects were partially reversed by
erastin and were enhanced by Fer-1. Conclusions JZYGT-Exo ameliorated lipid metabolism disorders and inhibited
ferroptosis in MAFLD model cells by regulating key oxidative stress and ferroptosis proteins. Their mechanism of action may
be related to Nrf2/GPX4 signaling activation.

Key words  Jiangzhi Yigan Decoction; adipose-derived mesenchymal stem cells; exosomes; metabolic dysfunction-
associated fatty liver disease; ferroptosis
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AR AH 5% I 105 1 F% - (metabolic dysfunction-associated fatty liver disease, MAFLD ) &4 Bkt [l 4
B LISV R, O R LR 2 BURE RO B RAT T SR BT, CRON MR E R A 3 AR T
A2, MAFLD YR 0SS 0Z, AT BRI 97 2 PR R A AH SR AR M I 28 . T difl, B
LA AL S5 40 B B4, H AT, MAFLD UAOmNLEI R A%, MR e 2 0], Ea il v 5%
B Akpt. MEpA AL SRR RAESE 2 M R R B VI G, SR, 2BKEEN MICH 16
ST MAFLD [HER025%0, i R 15 LA ARG J7 2% 2 & A R AR & 3o 32, B ARIE T BUR R
GBS, I, RAHRE MAFLD B ARIEALH T T8 22 4 R0 8L £, o 24 5 HH9 AT 52 50 )
SR

BRAET: (Ferroptosis) it F R A B — RSk MR 1« DU 5t S84k 7 3 AR D9 s Ak 1) 3 9 1k 4
MgETT7 A, AR PG RAT VRS R UL P 988 V3 451 405 B e e 4 I 2% 32 OV E Y B OR B 22 IR 4
B, BRIETSTE MAFLD (3 e vh it 7 oR s cl8l, JFFAm it bk 2 M AR S O fR ml 45 J B o o 464k, JF
T AR B AT HUR AL BT A T RE B A DEH R, DT ) O B T AL e A e IO A AL s 4 (glutathione
peroxidase 4, GPX4) [FiEh, F& i RRIETION, BRACT: I KA Sk — B B AT 40 L i B2 4% < AR 0E
A YL, TERCBEIEIER . Bk, RS20 LR TS, FIRE T Tl MAFLD 3 F& 8T 0% .

IR ZTER G MAFLD J7 TH B AT e 38 LRl R 428 IR R 25 . MAFLD AT 5 J& T+ R ff
e R ETuE, KA ORI 2 5T 2 T MBI . R ELAE . PRI & 2 IR KR T MAFLD A
MAWTT, 77 UARMRAGIR « WG AR . ATIIIG PR SAIESE , 1207 Re A A & I Dh e . Il
JFF R R W i Y, SR, R T R s A ALy Bk, HEARPE RIALE] M AN B, JCHZ D5 e 5 i i
PERRBE T R AR R A R Y, 2 7 LA 5 [ PR A 2 H

I) 76 J5f T2 o Sk V5 4k 4 (mesenchymal stem cell-derived exosomes, MSC-Exos) 1 —Fft K 4R £
PRI, RIHEAM R i M R e, SRohRge Gy e AR TR, Bt
F W, MSC-Exos RIiITi# 1% 4% 1 miRNA. mRNA K& A RS AEYE DR, 752k 4i i b R 4T
K PUEMNSAEHALMEEEL EEAL, EHATEE, T40ME 0 DR IRA AT & 2 52 i A MR R
BRI 597 8. AR HEN, R b 2 507 AL B IR 78 5 T A0 I AT RE S — A BCRE SR, BENE DU AL L A A AR
BTl e 1k, AT A B ) B 5 R T ROR .

ETUERF, AU SR A B R &7 AL 210 N IR 157 18] 78 57— 40 i ok U5 41 3k 1k
(Jiangzhi Yigan Decoction-pretreated adipose-derived mesenchymal stem cell-derived exosomes, JZYGT-
Exo) , W REMEL MR IE T2 MAFLD JifE. NIIEM R U, Al E MAFLD 40
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B, RGVPAL JZYGT-Exo W HFEAHME MG B BRAE M G TR br . SRk Th e oot i H RIA Y
Wi, M BR BE T35 3 AR A A ) SRR AT S a1 90 AIE B AE A AN AR -BRAE TR — LA, R AR
PG S 2 iR MAFLD IOEREALEL, O B 25 I DA AL BIE T4 018 (10 S 98 4k 4

1 THEMIEE

1.1 Cyutsd
1.1.1 SCIenn#)

SPF Ziifit: SD KR 20 K, 6~8 F#y, 1A E (2004200 g, 1 H i Rg 38 v Sk sLi6 sh ) A &
[SCXK () 2025-0004]. sh¥F T#irEE H R4 & & SPF K31 P5 [SYXK () 2023-
0003]. Fr A sh¥) s i e /E 3 S0 /e 44 P TE B2 45 A R B sh 18 B 25 03 2> il (IACUC-KY2024023)
H A% S 3R JE
1.1.2 4Hpe

ANNEWI ) FE B T4 A HepG2 ( NJH BRIy 4 e, P55 : CP-H202Y. CL-0103) ¥ = B & i
FAEMBIHEAERAT . MY 10%E4MiE (SRAMBEIRAME) & 1% 5 % -5 5 R I
DMEM #5783, 7€ 37 T. 5% CO1F F 55 5%,

1.2 FERFSYEE

PR 2Tz (B WRAH 9 g (b5 : 240701) . “EilifE 6 g (k5 : 25060613) . fi[ % 3 g (it
5. 25071104) . F}Z= 6 g (k5. 20250701) . £I4¢ 1 g (it'5: 25040208) . MM 9 g (5
20250501) . MK 9 g (k5. 251201) . FHE 6 g (#t'5: 260203100 . FRKEZ 3 g (Hk5:
25050508) . A% 9 g (Hit'5: 24062502) Al |7 3 g (#t5: 241115060 ZHik) TR & iR
SEEbET A . WEKR (5 HY-N1446) . fRAEER (#t'5: HY-N0830) . Erastin (fit5: HY-
15763 ) . Ferrostatin-1 (it 5 : HY-100579) g H 3 E MedChemExpress 2 w5 . W Ik H iR
(bicinchoninic acid, BCA) & HWKE M wifl& (#t5: P0012) . 4 O Ftailila (s
C0157S) . Kl EILH IR S 1 dUTP K 4xic (terminal deoxynucleotidyl transferase-
mediated dUTP nick-end labeling, TUNEL) 4 -7 & (fit's: C1086) . 4t sE-d A
MR & Ccell counting kit-8, CCK-8) jfl& (t5: C0041) W H L3~ KAEMH KRB AT HIRA
Al H =88 Ctriglyceride, TG) & &AM A & (5. BC0625) W HILEREERFLHMRA
Al; W% (reactive oxygen species, ROS) Ml il & (ft'5: E004-1-1) . AWt H K H i
(glutathione peroxidase, GSH-Px) 7 ikifl& (tt'5: A005-1-1) W H FE & BEY) TREW 7L BT A R
NT); DMEM EBiRE I (k5. C11995500BT) . 10%fa4- 1Mk (£S5 . 10099141) . 1%% 7 %-
WEERWW (185 15140122) W HEEE Gibco A #; DIO PWa#Rer (HitS . Vv22886) I H % [
Thermo Fisher A #; DAPI Ytk (b5 . C1005) W H FilE A RAEVE ARG AR AT &b
MR & (5. BC2505) . R (bS5 : G1102) WHIL R EERRF AR AT : DCFH-DA
ARG & (5 E004-1-1) | i LEEE (catalase, CAT) Wl il & (fit'5: A007-1-
1 WEMEEEREY LR RIARAT, JC-1 Bl (#t5:. C2006) . Mito-Tracker Green %
e (k5. C1048) | HisEfk 2=kt (enhanced chemiluminescence, ECL) fh22 kG (L5 :
P0018S) W H i = RAEMHEARKM AR AR AWM (#5: 45345) W HEE Sigma-Aldrich
AT HRIR GtS: Z)Z-01) . ERERRAN (S Z2)0Z-02) . FMEEEY (5. Z3Z-03) WE bRt
BIRMU B ARG R AT Blw 4% LM (polyvinylidene fluoride, PVDF) i (Hfit5: IPVH00010) 4 H
ZI[H Millipore A% ; GPX4 Hiifk (Hit5: abl125066, #FLL 1:1 0000 . #KF E2 #KKF 2
(nuclear factor erythroid 2-related factor 2, Nrf2) #ifk (fit'5: ab137550, FiktlLt 1:1 000) W4 H 3 [H
Abcam A #); BRI EILYIEE (horseradish peroxidase, HRP) #ric ¥t (#t5: 7074, Fikelt 1:5
000) ¥ H £ [® Cell Signaling Technology 2
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FEHF B4 (HITACHI HT7800, HA HITACHI AW ; #E#EE 0L (Beckman Coulter
Optima XPN-100, 3%[E Beckman Coulter A &) ; ZetaView 44K EURIE EZ{X (Particle Metrix ZetaView
TWIN, f&[E Particle Metrix A#]) ; %G EHMEE (Leica DMi8, fE[E Leica AF) ; diMulEFHRH
(Thermo Fisher Forma Steri-Cycle i160, 35 Thermo Fisher A &) ; KR 24 (CLINX
6100, H EHEHFRIEMBEARAFD
1.3 EWEE
131 94H

NIGAE R BT, WENRA . #A (MAFLD) #4, Hrpxd I AR /E AL, FER4 DL
OA+PA HI % HepG2 #fifi 24 h ¥ 3 MAFLD 4t . J5 22 DABERYZH g xd R, 43 ol 5 AS [ A B2 A I 2t
Wz 34T X EE . JZYGT-5%. JZYGT-10%. JZYGT-15%4 %> 5% FH 5%. 10%. 15% % fig 25 T3 T 1
40H0 24 h; JZYGT-Ex0-10. JZYGT-Ex0-20. JZYGT-Ex0-30 41437 LA 10. 20, 30 pg/mL JZYGT-Exo
T-1i 24 h; JZYGT-Exo+%Zfiliv] (JZYGT-Exo+Era) 44 F 20 ug/mL JZYGT-Exo X4 5 pumol/L %
FLTVT (CBRAETS S 7)) AR 24 h, JZYGT-Exo+Zk#12-1 (JZYGT-Exo+Fer-1) 44 ¥ 20 pg/mL
JZYGT-Exo Bk& 1 pmol/L BRHMER -1 (BRIET-HIHIH) ALFE 24 h, Nk JZYGT-Exo 4% MAFLD 1%
R A6 T2 27, 43 I IS [F) 28 R R 7 PR B0 T (O R S S SR AT T T M EE K A
(Dexamethasone, Dex, #T-#%F5) H. ZHWyT (Erastin, Era, ZIET-H T 4. Je H R HE
ZEEE (Nigericin sodium salt, Nss, T SH) A, 48525 (Verteporfin, Ver, HBEHIH]7])
. thERZR4 % & (Daunorubicinhydrochloride, Dau, YRAEIESH]) 25 5 LLAH R 75 -5 57 kb BH 40
F-FH ] 359 24 he
1.3.2 R A ERIBERG B e R T4 IM AT &

¥ 20 RRBUERMWIE 7 d J5, BENL ABEERITHAE (198 gf (kgd) ) HXRA (%&E
0.9%F AN , ELEHEE 7 do RIRGAEHE 12 h, KA 4% 75 WARKEE, 205 E 30k
I MKREEHE 2 h, 4 °C. 3000 r/min .0 15 min, 2% EiER, £ 56 °C/KBHCKIE 30 min, 0.22
pmol JEZFILJERRE , 7035 B T-80 °Cikfr. ANRNTIAI 78 T4 58 & 55 77 2 (89% DMEM+10%
FAMBAR TG A 5 +1%75 5 R -BE B R B 9%7E 37 T 5% COUMIEE R . 76 AR W7 8] 78 51 T 40 g
Ab TR EUE R IARE, NN 10%[% I8 25 T2 & 25 s T 9l 24 he T WG, B9 b AT 16 B B 0 3R
Y F% i 2 BT 9 A0 BRI 6 5 180 78 T4 i k4R (JZYGT-Exo) - #¥KLL 1 600 r/min. 4 200 r/min £1 9
500 r/min %40 K KR EENT, BEJS 32 800 r/min EIEE Oy 70 min YTIE AR, BEER £ 22 Pk
(phosphate-buffered saline, PBS) & /5 [F 2 MF HRBEs:, ®AK JZYGT-Exo H&E Ti&&E PBS, &
BCA J'E E AW G T-80 T & M. BUEE JZYGT-Exo LB 1 2 M4EiES (transmission
electron microscope, TEM) FIZK ik B E: /- (nanoparticle tracking analysis, NTA) 47 %5 fl
WL .

1.3.3 MAFLD #&EEHI & RiFG

HepG2 4iffi%t 56435775 (89% DMEM+10%/a4- M iE+1% T 5 &= -5E & R IE WD £ 37 T, 5%
COf¥A 8 FH59%, ik 0.5 mmol/L R Coleic acid, OA) Bt#A 0.25 mmol/L FEHEER (palmitic
acid, PA) 53 HepG2 4iiffl 24 h #%E MAFLD BRI, G40 O Jetafl TG & &K FITFAL B AL 1
AR .

1.3.4 R O . TG EEFN TUNEL &

HepG2 4T Fl4i i f5, SuifLEES B L5 7R T UL PBS 20k 1 Ik, BE/E NN 4%2% 58 H i [
€ 10 min, FA PBS IEHE 2 X [FIHIMAL O ¥ : WMiReili=3: 2 il AR, JRAIEE 10 min 5
F 0.45 pm JEZFEYEIET 2 h WA . BT ARG 26 H R (o BE B I 4l 20 s, FF2 /50 1 mL TAE
WGt 10 min, FEYR T VEGRERE 30s, PBS ¥k 20s 5, SR RAER F .

K TG A AN E HepG2 40 H i =He & &, Wk 4107 40, FEBFM, A 1 mL B
RA—, B TFUKESATESE R 1 min, FEJ5 4 °C. 8 500 r/min &0 10 min, X EE&H; iy
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JEOGEETE 30 min, WOEEK 420 nm, ZAWIKIEE, FIBCEKBHRTTRE 65 °C; A E thn ANl —
A EH IR =, RIZIRY 30s, FHEDEFIN EERAE 75 uL 2% EP &, T & & TG ME .

¥ HepG2 AEAP FAIMIC H LR %, MMM ELE RGN PBS BIEML, 4%% 5 I = iR [
E, BEJEIA 0.3% Triton X-100 FEiEHEAF, WEL G, EFREWNFZMmFEMN 50 uL TUNEL i
W, 37 CEEEHEHE 60 min. N 5EEEDL PBS VeSS, WMPLZ LB KE s, TROLEME
NS HREEME .
1.3.5 JZYGT-Exo {Afg 9IEsLIE

ik OA+PA %15 F HepG2 4 i #4 & MAFLD A f5, A 1 mg JZYGT-Exo 5 10 mmol DiO %
JCEREF B & S KRS RA, 4B 8 h 5 DAPI e anifui%, T ot B T RE R .
1.3.6 MEEEEKFEIMEIEIEERT

TR IE, WEENSEEAN M B 2024 F s 0 & BE RS I 22 039 (Glucose Assay Buffer) =
P ETIR ), B AT RERE IR (Glucose Assay Reagent) A. B MM (Enzyme Solution) Flifi# )5 &
TUKW, a3 R U B B ESR R A . L FL 160 pL TARWECH]: 154 pL Assay Buffert4 pL
Reagent A+1 pL Reagent B+1 puL Enzyme Solution. FrfESHECH]: J5HL 30 uL /) 4 mg/mL i %) B #E
(Glucose Standard) fin 270 uL 1] Assay Buffer #if ik 0.4 mg/mL, FFHL 0~40 uL T 96 fLAR, Assay
Buffer #h 2 4&F L 40 pL, FCH] 0~0.4 mg/mL BEFEFRAEMI S FEMILIIA 1~40 pL 7l 3G, Assay
Buffer @& % 40 pL, &AM E. LI 160 pL TAEWR, BFRIEE], 40 °CHEEYE M 10 min 5
MBI . [ CCK-8 vEIE 4 Mg P, WML 5><L0FLEEFI T 96 FLAR, Bl JEHR 48 7 44718
BT FAEFE . 235 F 4B 24 h AR FLINN CCK-8 X7, FIBEFRXAE 450 nm AL 5E WK . 21 i
WU AREE . TS 71/%=[(As-Ab)/(Ac-Ab)]x100% . H:f: As: SZIGFLWOGREE, 4.
Ri#R . CCK-8 R F M TTzi¥y; Ab: =FFLEGSE, UERFHREM CCK-8 kil; Ac: xJTHFLOL
FE, A, 8RN CCK-8 ikl .
1.3.7 BEMNYILLES (superoxide dismutase, SOD) FIAZEE (malondialdehyde, MDA) 7K3E4&

ERLERL) HepG2 HMA H T TG, AR, H 4 °CHid PBS BT 1 Ik, &B%&
1< 10N 100 nLSOD ¥ it il 2 Y B EL I N AR, I B RFT R4l . AR T 4 °C. 32
800 r/min E5.0» 5 min, U EIEHAFN. T 96 FLARMK KM AR FIsm . 35550 e 255 AR NS 3l
TAREM, JRAJE 37 °CHFE 30 min, T 450 nm Ml EWOGEE, THE S SOD iEPE. &R 58T HepG2 4H
MIAE VKK 26 T EL 0.1 mL AR ZL MR, 4 <T. 32 800 r/min B.0» 10 min, B E3s MO IIRE S,
% 0.1 mL 25 AT R R BA FE At o 24 H 0.1 mL FE g, brvlES . AW, A 0.2 mL MDA T{E
WIRA], 100 T #/K# 15 min J5A /KB R =R, 3 000 r/min &0 10 min, B 200 pL biE#® T 96 4L
B, 532 nm &bk IOGEE, THE MDA & &
1.3.8 ROS. CAT 1 GSH-Px SE1&il

HepG2 4f fu sz T 338 IC J B3R5 7%, SBAE S A1, A 10 pmol DCFH-DA T 37 °C
WEEHFE 20 min, PBS 3#¥)5 B T RGBS P EFMBEILR. IE 110N F 15 HepG2 4i
Wi, A0 0.3 mL PBS, VK/KIBZ&HE TS 200 W B A BRE, FEJ5 4 000 r/min 250 10 min B |3
Mo it BRECH CAT R G, 4 EL 200 pL i 96 FLH, £ 405 nm &b B bR A B O6 BE,
HHHE CAT W& . WEETH)5 ) HepG2 4H/f2, 1 000 r/min B0 10 min, # EiEW: MMITE XA %2
ZEMRBE SR 2 Yk, ARRBESS 1000 r/min BS0 10 min JEFRR BIEW . DOETMN 0.3 mL A1,
VKK I HE 75 R ) A AR B AT, RS SR E B2 T GSH-PX i PERE I
1.3.9 JC-1 #0 Mito-Tracker #&3I

¥ HepG2 et T I f L3537, ST S HT W5 77 25 58 IR, IS RFUR
SR RE RIS JC-1 et il, 37 °CWEE 20 min; et ZZ b iliie RIEvE, w6 B NSt
il MMpE B, BESGA0HE, FEFREMA 110 MEMNEE T/ER, ZRPFE 10
min, PBSE¥L, ) )E9 LB TSR IAEES .
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1.3.10 TEM Wiz

HepG2 #fi i & 5 84 15 T A1 7 4 T, 40 1) 5 ) 8 S 8 A B, B O SR A PR s KR &
2.5% % . 1%HRERE 2, 30%~100% 2 RS K, FEZ T0%M: L ah AR S N e b BE 5, SR A 430
AW PRI, H& 70 nm BEED A, FrERRETAIESER g E G, TEM RO EEEORLIR S Tl 4t AR
1t
1.3.11 FEHARZEEDZE(Western blot)SLiG

K H SDS-PAGE MLk B fh i BB, ®IL MR 10 pgs HIKE R e K E O 2 B RS G
) PVDF . iR 2 K LL 5% is W5k 35 1 30 min, BfiJ5 4 °C— Pl E I . K H TBST % K e
3, FiRWEE MM P, WEEREEIR TBST ik 3 k. WX Z R, N ECL b2 &K 6,
ARG RS R, Imaged Version 1.54] B4 52 & 43 A 267 K FE1E
14 FiHFEFE

KR > W1 5 WAL SR ] SPSS 27.0 I GraphPad Prism 9.5.1 5Epli. 45 R EXEHREEE (X
+s) Fon, BIRAIESMHE T 2R, WANMERE t K, ZHANEBCRHBRE T Z00
(One-way ANOVA) . & RiEZEFEZ, WLL Tukey HSD E#i4TH )5 L m LR, 7 W40k 2
AN A IE A 255 YRR, AR B3 . Mann-Whitney U #6546 . Kolmogorov-Smirnov £ 56 5% JE 2 %
Jri%3EAT 0, DL P<0.05 #oRn B REMER.

2 #R

2.1 JZYGT-Exo BN &%

R I 2 T v i@ K BV AT SD K RE B, SREE 24 1y 5 T 70N I8 0 18] 78 52 T 40 A 5% 32 Bt
JZYGT-Exo (] 1A~1E) . JZYGT-Exo 1) TEM WE4 R ER, 2B JZYGT-Exo B EHAEN
30~300 nm [ EBELER), A ELMEFER. NTA WELE R E R, 28BN JZYGT-Exo “‘Fikiit N
129.2 nm (& 1F) .

W A BRIRZAE R 5 B: FBIRZATZA/KAIM: C: SD KREEAZ; D: #l%&2MiE; E: AW 75 T 40 ks
7% F: AMBELEE (100 000%) o
Pl 1 [ IR 2 JFF 7 Ak LA I s [ 78 1 400 0 A A A SR R K% 4 52
Note. A: Jiangzhi Yigan Decoction (crude herbs); B: Aqueous decoction of Jiangzhi Yigan Decoction; C: Administration by gavage in SD

rats; D: Preparation of drug-containing serum;E: Culture of human adipose-derived mesenchymal stem cells; F: Identification of
exosomes (100 000%) .

Figure 1 Extraction and identification of exosomes from adipose-derived stem cells treated with lipid-lowering and liver-benefiting decoction
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2.2 MAFLD tREHIFE RiTh

il OA+PA T-7il HepG2 4l 24 h #E4T MAFLD #7Ui% S, 4 O Yeta s BB R, A0
FEE B ALY . WA O Rk 5MMA T TG 46 Ul L yiiEdy (B 2A) . @it ELISA
EE— R HepG2 4 TG /K-F, #/RMAAN TG /K FEEm TX A (K 2B, P<0.01) . ff
A TUNEL 375 MAFLD BRI TG 0L, $RRBEAH BT IK R E S T 4 (& 2C. 2D,
P<0.01) .

W A A O B (400%) ; B: TG KINZ R, C: VT TUNEL {4558 (40%) ; D: HT: TUNEL M4 8. S R4
ML, “P<0.01.

2 MAFLD Z B2 ) 45 37
Note. A, Oil Red O staining results (400x) . B, TG detection results. C, Apoptosis TUNEL staining results (40=) . D, Apoptosis TUNEL
analysis results. Compared with Control group, “P<0.01.

Figure 2 Preparation and evaluation of MAFLD cell models

2.3 JZYGT-Exo &£ MAFLD ##EIRZIEN

K DIO % R4 Fric JZYGT-Exo, T-FALEE OA+PA % S 1 MAFLD %74 HepG2 4Hijitl (&
3A. 3B) . Qg BILIR, JZYGT-Exo REWHY MAFLD FEAIYH iR N . [R5 % 38 5 107 20 M 45 4%
7~y JZYGT-Exo A4 /G FEE4E T4 (& 3C. 3D) .
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W AL B: KRR JZYGT-Exo A (200%, £fh: DIiO bid ) JZYGT-Exo; #fh: DAPI Jeta 4% ) ; C. D: WHR4A
1 IZYGT-Exo 47 ) 3t & i [

P& 3 MAFLD #8341 f %t IZYGT-Exo [ U5 ) B
Note. A/B, Fluorescence image of the control group and the JZYGT-Exo group (200x, green: DiO-labeled JZYGT-Exo; blue: DAPI-stained
nuclei). C/D, Co-localization image of the control group and the JZYGT-Exo group.

Figure 3 Fluorescence images of JZYGT-Exo uptake by MAFLD model cells

2.4 JZYGT-Exo & MAFLD #&R4Rpa/ 5

K 5%. 10%-. 15% JZYGT & Z51MiE 5 10. 20. 30 pg/mL JZYGT-Exo 45T 7 MAFLD #& 7Y
HepG2 4Hffl. 454 Rl CCK-8 skt &t LR, 10% JZYGT-10%AF1 JZYGT-Exo-20 REMS I ith i 35
MAFLD RS yE 1 . SRAIVA O Yot TG A &) M /K T A I PF A MAFLD #5572 20 ffa fig 4K 15 A
RGBT L. WAL O Jetadh RikR, MR W) 2 A M £LUiiEdy, JZYGT il JZYGT-Exo
B W AL PTTE DI BRI FIFE B b (B 4A)

TG A& R AT ZE R EIR, SHEAAMEL, JZYGT-10%. JZYGT-15% 5 JZYGT-Exo0-10.
JZYGT-Ex0-20. JZYGT-Ex0-30 ¥JREFFME TG A & bE/KF, He JZYGT-10%F1 JZYGT-Ex0-10 4 %
R E (P<0.01) , JZYGT-15%#1 JZYGT-Ex0-20. JZYGT-Ex0-30 #4 % Hit H % (P<0.001) ; Ifj
JIZYGT-5%H ERHA AL Z R LG %2 L (P>0.05) . ESZIMEYS JZYGT-Exo &8 i
, TG /KFH M E R, JZYGT-5%5 JZYGT-Exo-10 #HiE L4 it# & L (P>0.05) , JZYGT-10%5
JZYGT-Ex0-20. JZYGT-15%1Y JZYGT-Ex0-30 4l[al# 2 7 B % (P<0.01) ; 7% bl /K VA &I,
JZYGT-5%5 JZYGT-Ex0-10. JZYGT-10%Y5 JZYGT-Ex0-20 46} %= 7 & & (P<0.05) , JZYGT-
15%%j JZYGT-Ex0-30 41 /H) % 7 &% (P<0.01, Kl 4B. 4C) .
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TE: A JHIZL O BetugE R (80> 5 B: HM=ERiaMEER; C. WHEMAKFRNES K. SHMAME, “P<0.01, ™P<0.001; 5
JZYGT-5%41AHLL, *P<0.05; 5 JZYGT-10%414HLL, #P<0.05, %#P<0.01; 5 JZYGT-15%41tHLk, @@P<0.01.

4 JZYGT-Exo %} MAFLD 45 54 41 J A 4 117 5% 1w
Note. A, Results of Oil Red O staining (80>) . B, Results of TG detection. C, Results of glucose level detection. Compared with MAFLD
group, ""P<0.01, ""P<0.001. Compared with the JZYGT-5% group, *P<0.05. Compared with the JZYGT-10% group, ¥P<0.05, 44P<0.01.
Compared with the JZYGT-15% group, ®@P<0.01.

Figure 4 Effect of JZYGT-Exo on the metabolism of MAFLD model cells

2.5 JZYGT-Exo XJ MAFLD t&REAESET A= THiskaIs20m

KH CCK-8 LI 40 M A7 & R, Wk 7 B i A R 2R B M AE T 104 s s S 57, ik
JZYGT-Exo #i#% MAFLD fA4Hpugb - 207 (B 5A) o S5XTHEAIAH L, A4 K Dex. Era.
Nss. Ver. Dau & ZH4HMIfE7E %3 R (P<0.05, P<0.01, P<0.001) . 4HfstT % SHEES JZYGT-
Exo T ilss RiE7~, Era 45 JZYGT-Exo+Era HAF{ESTH R L (P<0.001) ; 1At S 554 5H
A HANTFES T E L (P>0.05) . JZYGT-Exo BtA&Z R MITHAAES 222 X (P<0.001) ; ifi
JZYGT-Exo BrAHZEKRM . BRHRMEE XML, £BHF. EMRFLAEZAGAEG TR X
(P>0.05) .
2.6 JZYGT-Exo BZ MAFLD & B4R EAFET-

2.6.1JZYGT-Exo ¥ MAFLD #&HEIAAEAY SOD. MDA, ROS. CAT. GSH-Px /K&

F5E MAFLD BERVAN 0 5 B G 2 Py T . B ER-1 3 — D4R &K JZYGT-Exo i1 MAFLD &7 4f
MUBE TSI 520 ., SOD. MDA. ROS. CAT. GSH-Px 2 ¥F 440 M & 28 - 40 6 (1 L g b (&
5B~5G) . i Ex, SHEAHAMLE, JZYGT-Exo 4 ) SOD. CAT Ml GSH-Px /K F Tt &
(P<0.05) , MDA (P<0.05) 1 ROS (P<0.01) /KF[#{k. 5 JZYGT-Exo AL, JZYGT-Exo+Era
#Hff) SOD. CAT Al GSH-Px /KFP&f% (P<0.05) , MDA #1 ROS /KFFhE (P<0.01) . {H JZYGT-
Exo #AHL, JZYGT-Exo+ Fer-1 41 SOD (P<0.05) . CAT (P<0.05) 1 GSH-Px (P<0.01) /K~F7J}
%, MDA (P<0.05) 1 ROS (P<0.01) 7K-F-P#1%.
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E: A: CCK-8 4R, SXMAMIL, "P<0.05, "P<0.01, ""P<0.001; 5 Era AL, *#P<0.001. ; B: SOD 45i%; C: MDA %
H; D: ROSHIME (202 ; E: ROSEELR; F: CATHR; G: GSH-Px 45, SHMAM
., "P<0.05, “P<0.01, "*P<0.001: 5 JZYGT-Exo #l4fLL, *P<0.05, *P<0.01.

5 JZYGT-Exo % MAFLD #5741 i 4k 5E 12 ) FZ i
Note. A, CCK-8 results. Compared with the control group, "P<0.05, “"P<0.01, ""P<0.001. Compared with the Era group, **P<0.001. B, SOD
results. C, MDA results. D, ROS fluorescence image(20x%). E, ROS quantitative results. F, CAT results. G, GSH-Px results. Compared with
MAFLD group, "P<0.05, "P<0.01, *"P<0.001. Compared with JZYGT-Exo group, *P<0.05, #P<0.01.

Figure 5 Influence of JZYGT-Exo on ferroptosis in MAFLD model cells

2.6.2 JZYGT-Exo X4 MAFLD &840 YRR (18200

] IC-1 2 eiRE 04T JZYGT-Exo *f MAFLD #E R4 i iy S e A7 5 (B 6A) o £tk om
J5 3 vy Bk O AR R Al B i A T, 2 AR . SRR, SR AL, JZYGT-Exo 4
(P<0.05) f JZYGT-Exo+Fer-1 # (P<0.01) fEHA Ft. 5 JZYGT-Exo AL, JZYGT-Exo+Era
HE A T % (P<0.01) . JZYGT-Exo+Fer-1 A s A7 7+ (& 6B, P<0.05) .
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H: A JC-1RGE (40> ; B: JC-1 Wb wEELsR. SHAAMLE, "P<0.05, "P<0.01; 5 JZYGT-Exo 4i#
Ik, #*P<0.05, #P<0.01.

[& 6 JZYGT-Exo Xt MAFLD #5 72 41 ffd (1 i Hi, £ 5 i
Note. A, JC-1 fluorescence image(40>). B, Quantitative results of JC-1 fluorescence. Compared with MAFLD group, "P<0.05, "P<0.01.
Compared with JZYGT-Exo group, *P<0.05, #P<0.01.

Figure 6 Effect of JZYGT-Exo on the membrane potential of MAFLD model cells

2.6.3 JZYGT-Exo X MAFLD 5B R AI L IR Th RERZ N

{f ] Mito-Tracker Green %% JGHREMFRiCAIMLLRIIR, 23k TEM W 840 Mo 2k w8 i as ) (A
TA) o GERPR, BRI KRR O iR AL, RRA S EEL, RRRNGE KERBOSITR
DR JZYGT-Exo A2 et FEM iy, AR HE S RIER , MEMRLEMIEM . JZYGT-Exo+Era
HR S ERAR, LR EE D g EEL. PRI AR, FAEREAY TR, JZYGT-
Exo+Fer-1 2 Wk EAN fr, RRABER L. AR, L mEw el Whiks (H7B) .
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: A: Mito-Tracker Greeni< Y& (80%, 200%) ; B: TEMIE (2000%, 4000x) .

P& 7 JZYGT-Exo %t MAFLD #5241 ffd () 25 it 44 2 fit 5 i
Note. A, Mito-Tracker Green fluorescence figure(80x%, 200x). B, TEM figure(2 000, 4 000x).

Figure 7 Effect of JZYGT-Exo on the mitochondrial function of MAFLD model cells

2.6.4 JZYGT-Exo X MAFLD BRI T-EHEIA

RIS F K Bt — D1 B JZYGT-Exo #IHI LT HIMLE], ASH 7L I8 Western blot #& T %41
IR RZOPEIET B H GPX4 K H 8 BRI 7 Nrf2 FIREKT (B 8A) . R ER (B
8B) , SHMAMLL, JZYGT-Exo THilZ 3 Ll T MAFLD HA4Hfigh GPX4 A1 Nrf2 118 [ R iE/K
F (P<0.01) . fFEMAZRMIT G, #Haidt T JZYGT-Exo IR EH, JZYGT-Exo+Era 411
GPX4 Al Nrf2 & A F & /KT8 JZYGT-Exo IR % N (P<0.05) . 52 #&, 24 JZYGT-Exo 5
BRER-1 BRA AR, ERIE BENT R AER, GPX4 il Nrf2 & AREKF#—P Lif
(P<0.05) , X ZIATA AN 5 &K
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VE: A: Nrf2, GPX4 MINSEAMEARGIZEL &4 E; B. C: Nrf2 5 GPX4 EAREMEEESG T HTE. S5HA4M
[k, "P<0.05, "P<0.01, "P<0.001; 5 JZYGT-Exo 41#flk, #P<0.05.

8 JZYGT-Exo %I MAFLD 7 41 3 4k 46 12 AH 56 8 1 3R IA 11 5
Note. A, Protein immunoblotting band diagrams of Nrf2, GPX4 and reference protein. B. C, Semi-quantitative statistical analysis diagrams
of Nrf2 and GPX4 protein expressions. Compared with MAFLD group, “P<0.05, “P<0.01, "P<0.001. Compared with JZYGT-Exo
group, *P<0.05.

Figure 8 Effect of JZYGT-Exo on the expression of iron death-related proteins in MAFLD model cells
N, \A
3 i

MAFLD [P ALEI S 4%, B ATk = 2248 W Rya 7 25908, KRR E IRk, @R 5T
B g 2 T 32 TRLA HE N IR 037 18] 78 J52 T 40 B BT 20 e PO A AR, BE 6 B2 25 0% MAFLD 455 784 401 B 1) Jig o £ C i
KL, il 2R A AL BB R AR A, AT A S MR R TS, N ERZGB iR MAFLD FFRE T
3T B A - A - R DT R AR, R R T AR AR LA .

BRICT AR N — PP KB AN AE T 7 3, HAZ O IR B 772 40 A o8 i 5 3 S8 Ak 9 (A 3 B BB DL R
AP 1 R G B R A 18T, AR T s A B AR TS U7 SN S A WL S B JZYGT-Exo Re ey e MEHE Bk ot
T-HSRZ R S BN ENE, HEESMFAT . BT MHEESFE R ARG, ¥R
JZYGT-Exo MR EH SEIET BB UM G, b5, AWkl 726 T R s A g br, 45 R
KI, IZYGT-Exo RE &35 $2 T+ 40 M P S B S8 ARG IR 1, IR B AR TG o 28 A 28 7= ) MDA Fil{ie
BRIETREER 7 ROS MRIAIKF . X — RIVENIEIRIIE, R IZYGT-Exo i 14 5w 41 i 1) b A
TR 77 IR M s S A A A Sk A A iR RSB T .

HRL AR 2 41 A e B AU A 2R T AT B S B4R M 28 71, B Fiadad JC-1 A1 Mito-Tracker 4efigh
SESREMNE, NIRESEEFWANEIESE T JZYGT-Exo % MAFLD #5574 41 i £ % 44 i 547 E
o g5RE/R, JZYGT-Exo f8H KR Z WAL R AR, SBLPRIESEMm B, il
LRRIR N RS . $R7R JZYGT-Exo 8 ik 4 e 28 bar A4 5t FL A7 PR A s RN IE 5 BB RSt 4, IR BRAE T
R ) 45 R B

E9 FHLEZ T, Nrf2/GPX4 55 2 W g A0 T % O A 4L, 45 3 28 FL A e-1e,
Nrf2 fENEE W RE 7, o] IR GPX4 N Z R AME HMRIE. GPX4 Reffs 1L
5 e IR AR 5 1 g B B IR R, A S 2R AE TS Y sk 4 1200, AKHIF T Western blot 45 R UK,
JZYGT-Exo it % Fif MAFLD FAI4H Mo Nrf2 K H FIFEEE E GPX4 M#Rik, HEENZ, A
FZ BT AT TR, Nrf2 5 GPX4 HREH: T E MM, A HS Mz -1 N aedt— b4 0%
JZYGT-Exo ) AR08 P 4E 0 fm) ot HEE Sy 25 BRAIE 52, #9E Nrf2/GPX4 {55 1@ % /& JZYGT-Exo &%
PUERAE T AR H B9 R% 0 4 FHLE

AT FEBIHT 2 AL AE T, b R 2 B B AR U T L 3 S AR IR R I VR T RR AR SE B R R T Y
B E %, BHEEREEAE . AW F0R o 25 T0Ab 38 - 240 Mo - 70 A4 IR iF 98 SR ms, T5 20 bt
B HE 35 Iz (B N SE B ThRE R J7 T T-40 0, (84 b () A AR 30 T R 5 I 25 38006 1« 12 SR AR
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BT E T Z oy ZREAERINLEERGE TR AT &, WO R T R A R 9K 2 R 4
BUE TSI Al . AW BB R AT, B AT Al RALIR L i AR RS, S PR s
AR LRI DR ZORR T BE 1 AR R B 32 o R TE DLBRSE T4 9 VI i, Dy e A Ji A
PR~ I AR L D I RS Ot 1 DA P~ Rk 22 4K 3

KR FAAAFE—ERRRME. F—, N JZYGT-Exo KRIEEFCT RN RS ES T, M E
BT ThEEE I L ERIF S i B AT RN S8« SR, H AT 5 R T4 41 B AL, JZYGT-Exo
FEZND R N BIIR TT BOR KAk WA 8l 71 s e AT il — 2B BRIk

ZiLPTIR, AWTCUESE T JZYGT-Exo @ #UE Nrf2/GPX4 B, Il A N5 2ok /R 45
P3, Wi MAFLD BEBRLHIERAET . 245 Rtk — 25583 MAFLD RImHLAIAHSCHE 7T, [F I D9 B fig
a2 Wi PR S P 2 (3t 4 24 B A4, 3l o B2 25 B0 3R AR O O WL AR F E IR N 22 4R 73 7 R 1
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