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1 E: BRY R EAERIESNASE A SR E) Al (Prunella vulgaris-derived exosomes loading orlistat, PVENs-Orl) i it
Jees A PR AR SO AR ) AT R I R R FEIBENLR . o3k SR B 504 B PVENS, 23541 i8R (transmission electron
microscopy, TEM) M 4K BR0E 223 #T (nanoparticle tracking analysis, NTA) F1EJ&, #)% PVENs-Orl #:24 £4;. i#iT CCK-
8. JikE. RIJR A Transwell SE56 P4 PVENSs-Orl X HepG2 4% 1L/ SR ZBHIIMHIER . AR IRITER (free fatty
acid, FFA) #%HL. JEWHlR & kil (fatty acid synthase, FASN) 5. =BEH M (triglyceride, TG) &&. il Eibighs &
RS 5 IEAS . SR qRT-PCR fr IR AU 5 B0 T AR DGR IR (MR IE G A & BB KR 1 0t 4 (acyl-CoA synthetase
long-chain family member 4, ACSL4). %t H KA 4 (glutathione peroxidase 4, GPX4). WBT#EMAZ I 7 st 11
(solute carrier family 7 member 11, SLC7A11). B 4HfE#k -2 AHHEA/EA S A 3 (Bcl-2 interacting protein 3, BNIP3L). #ifl
T NS MR NE Bk 4 72 3 (lysophosphatidylcholine acyltransferase 3, LPCAT3). ¥4k 1544 (transferrin receptor, TFRC) ]
Rk, &R RIIEBOGFERME T PVENs, #E A PVENs-Orl B HepG2 #iuA 2 P1k. PVENs & PVENs-Orl 25 &4
KAEHNH] HepG2 4Ufu i 3G5E . iIT# 51228 (P<<0.001). 7EARIREIZRA L, PVENs-Orl el FASN 5% (P<<0.01), [HKY
AN FFA 5 TG B (P<<0.01). PVENs-Orl & F- 40N TE LS (reactive oxygen species, ROS) FITA i
(malondialdehyde, MDA) 7K*F* (P<<0.01. 0.001), H¥4nFLELMLENE (lactate dehydrogenase, LDH) Bji (P<<0.001). PVENs-
Orl B2 FLRAIEAL N (P<0.01), 51 KLERIAIIRERS (P<0.001). 4-FHLd L, PVENs-Orl Fifigd & b
RBRFETARHEAR I IR L (P<<0.001), FIHTEA A BRFE M AH R BRI 328 (P<<0.001). 4518 PVENSs A X0Hi% K
FIF A, JEISH0H] FASN SRR ARES, RN D ReBRAS AR P Ak, JEV RIS BRI T G R R R IE, AT
BRI AR, DoEE T RAR MBI R A U AT [r) vE o7 St T SRRt
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(PVENSs-Orl) on lipid metabolism and malignant biological behaviors of hepatoma cells. Methods PVENs were extracted by
ultracentrifugation. After characterization by transmission electron microscopy (TEM) and nanoparticle tracking analysis (NTA), a
PVENSs-Orl drug delivery system was constructed. The inhibitory effects of PVENs-Orl on the proliferation, migration and invasion of
HepG2 cells were evaluated through CCK-8, cloning, scratch and Transwell assays. The free fatty acids (FFA) uptake, fatty acid
synthase (FASN) activity, triglyceride (TG) content, lipid peroxidation indicators and mitochondrial membrane potential and
morphology were detected. The expressions of genes related to lipid metabolism and ferroptosis [acyl-CoA synthetase long-chain
family member 4 (4ACSL4), glutathione peroxidase 4 (GPX4), solute carrier family 7 member 11 (SLC7411), B-cell lymphoma-2
interacting protein 3 (BNIP3L), lysophosphatidylcholine acyltransferase 3 (LPCAT3), transferrin receptor (TFRC)] was detected by
qRT-PCR. Results The PVENs were successfully extracted and characterized, and the constructed PVENs-Orl could be effectively
internalized by HepG2 cells. PVENs and PVENs-Orl exhibited dose-dependent inhibition of the proliferation, migration and invasion
of HepG2 cells (P < 0.001). In terms of lipid metabolism phenotype, PVENs-Orl could inhibit FASN activity (P < 0.01), and
simultaneously cause intracellular accumulation of FFA and TG (P <0.01). PVENs-Orl significantly increased the levels of intracellular
reactive oxygen species (ROS) and malondialdehyde (MDA) (P < 0.01, 0.001), and increased the release of lactate dehydrogenase
(LDH) (P < 0.001). PVENs-Orl significantly induced a decrease in mitochondrial membrane potential (P < 0.01) and triggered
mitochondrial dysfunction (P < 0.001). At the molecular mechanism level, PVENs-Orl upregulated the expressions of genes related to
lipid peroxidation and ferroptosis promotion (P < 0.001), and downregulated the expressions of genes related to antioxidant and
ferroptosis inhibition (P <0.001). Conclusion PVENSs could effectively deliver orlistat, disrupt lipid homeostasis by inhibiting FASN
activity, induce mitochondrial dysfunction and lipid peroxidation, and synergistically regulate the expressions of key genes involved
in ferroptosis, thereby inhibiting the growth of liver cancer cells. This provides experimental evidence for targeted lipid metabolism
therapy based on natural exosomes.
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JFF 98 A R H RS S B AE FH LS o T 4 L o 55 0
WIRTENRDTRR & i, iR IDTER & sl (fatty acid
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REAR U S B LR 22 AT N R S AEL A, A
T RAR AN (P IR AR R ] 76 7 R A S B0 AR 3
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1.1 4RAa

NI HepG2 4iiffl (155 CL-0103) I [ X
SR AR A .
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o A A R ORIR T R A R R A
Be2ips, ZIHIRE%4 T Ee 2h A e P B S R 0 L X
75 B B E NIETERHEY EAEE Prunella vulgaris
L. A e
1.3 w5l

I (HE5 H20023461) T H 55& #1254 PR A
F]; DMEM EfEss Rt (iS5 PM150210B). fiid:
Mif (k5 164220). HER-HEHERIBW (s
PB180120) Iy H B H S AE B A IR AR &R
PrEfe (185 HY-10201, Fi&Esr$h 99.84%). &k
TN RSL3 (185 HY-100218A, FiEnEH
99.85%). CCK-8 ikfllfx (185 HY-K0301) M H 3
MedChemExpress A #]; BAF|Ffh (T8-S5 CaX-
14994, Jii &5 $Ch 99%) 1 H B A BB A R
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FRAT; ZMiH M C(triglyceride, TG) 7 &
85 AL10-1-1) . FLER B A B C lactate
dehydrogenase, LDH) Mll5g & (£%5 A020-1).
i PE% (reactive oxygen species, ROS) & 7l &
15 E004-1-1) ) H e 5t E A=) TAEHIT 78 s
FASN i PEAG A7) & (B85 BCO550) W H AL at &
KEREARAF: WEBIER (free fatty acid,
FFA) fdlilsf & (525 KTB2230) W H % H
Abbkine A#]; % (malondialdehyde, MDA)
R (T8 S0131) i i F A AG I X771
& (1355 C2006) . kit (0 e e il fl & (1%
7 C1996) W B L8 = RAEMHARATIR A 7] ; DO
MM s LIRS (B9 40725ES10) W H 2%
LR (R KA RA A HotStart™
Universal 2X Green qPCR Master Mix (175 K1170)
Annexin V-FITC/PT #f g f T- 45 U w5 & (185
K2003) W E2EE APEXBIO A MLl A &
J R B 5% Al . 4 (acyl-CoA synthetase long-chain
family member 4, ACSL4). 23t H kit ALl 4
(glutathione peroxidase 4, GPX4). AR KIE 7
% 7% 11 Csolute carrier family 7 member 11,
SLC7A11). B 4tk -2 AHEAE & E 3 (Bel-2
interacting protein 3, BNIP3L)~ ¥ IfiLfif i B AF At 2
YW 3 (lysophosphatidylcholine acyltransferase 3,
LPCAT3) . %% 11 %k (transferrin receptor,
TFRC). H il -3-1 1% i Zf  (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH) 5|35 I FE
YEIR AR PR 2 7B
14 {X&F
Optima XE BYHEH EG.CML (GEE Vv 2 PR/R KA
FRAF]D; Q700 Y AHAHAFAX (SE[E Branson 2
H]); HT7800 A4 5 Fi ¥ 243855 (transmission electron
microscopy, TEM, HAH S HIRAT]); ZetaView &
YOKBRLE B3 HT4X (nanoparticle tracking analysis,
NTA, #[E Particle Metrix A 7]); 373528 Bk &
s (EEPRRAT]); Synergy H1 22 ThEEREFRX
(ZE[E BioTek 4 F]); Heracell VIOS T4 it 555548 (3%
Thermo Fisher Scientific 4] ); LightCycler® 480
SO E B PCR X (Bt Roche A 7] o
2 K
2.1 PVENs BURBUS RIE
A A R AR AN IR #h 22 PR (phosphate
buffered saline, PBS) ¥&ifd% 1 2 HYLLBIBNRILEE

a, EE VI Smin, HAZARIE . 530
43 9% 1000 r/min 250> 10 min. 3 000 r/min 5> 20
min. 10 000 r/min 50> 40 min, 23K KREYIL4 R
FIHMRE Ao UCEE LB, 150 000 r/min 8 B0
2 h, JFTE PBS HEFIEF. KRBFWH M
15%- 30%- 45%F1 60%JEHEH, 150 000 r/min %
20 2 h, 93416 PVENSs,

HY 10 pL PVENs &3, T, 2%
figefa, TEM FUSRHTEALE . 5 U EFE
e, B NTA R Hoki42 4 i o
2.2 BEFIFMbAYEEE S PVENs-Orl AUHI&

K A - AR AT EZ . K 1 mg SRR ik
WTiEsE H I (dimethyl sulfoxide, DMSO)
1, 5 1mL % 10 mg PVENSs [¥) PBS EWIR S, £
DMSO AR BIRT 0.5%. KRR T 37 CHE
PRI E 2h, BfiJ5 B TUki s, 56 i 7 40 i a4
(ThE 200 W, i 2s, A% 3 s, K 2 min)
HATHIBI Y « 3255 B FHIRZ: 110000 X g
HEG 70min, PAEBRAGE P RAIE AR, Jiie
PBS H %, E75 PVENs-Orl. i8id NTA il %k 24 fif
JE ORI R 5 Zeta BIALARAL, DI IRIEE,
2.3 YHBEIEFE

HepG2 A & 10%/64F 3% 100 U/mL #
FHZ A 100 pg/mL #E 5 ZH K DMEM =ifliRs 72k,
BT 37 C. 5%CO, BAE R A R 7R, B
SRR AN T S S
2.4 CCK-8 JE#&NZmARE S

BB K HepG2 4R LA 5X 103 AN/AL4%
Bl 96 FLARHT, KiFE 24 h FR4UNbEE S, TN
ESHARFFRERE (0. 104 20 30, 40, 50 pg/mL)
PVENSs 8¢ PVENs-Orl K £5 75235, 7 ll35 5% 24,
48, 72 ho R EANEMAMAL T HH.
FLANA 10 pL CCK-8 ¥k, W E 2 hJG, HIBEEFRY
T5E 450 nm ARG (4) {8, AN IRAEIE R,
F-F|H GraphPad Prism 9.0 B4 H 5 - B4 i vk B
(half inhibitory concentration, ICso)o

M T =4 25—A 2e0)/(A wu—A 1)

2.5 YHAEIRENSCIS

K 2875 6 R4 DIO Axic PVENs & PVENGs-
Orl. ¥ DiO T.YE# 5 PVENs 8¢ PVENs-Orl &1k
4, 37 CE#YEIFE 30 min, 110 000X g 3 50
70 min %[ DiO, PBS HEJUE, RIS DiO-
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PVENSs 1 DiO-PVENSs-Orl. 4 X £ 4 KA ) HepG2
M LN 2X10° AL T ILRERFR I, 5557
24 h KBS, 23 AN N2 & 1) DiO-PVENSs il DiO-
PVENs-Orl, 37 CEEOUILIFE 4h. 52 B, PBS
ek 3 IR, 4%% SR P %€ 15 min, DAPI 344% )5,
TR AR NS IR,
2.6 YHRATNRESSCIN

PWENERZ . PVENs (1/21Cso~ ICson 2 ICs0)
“H J2 PVENs-Orl (1/21Csov ICson 21Cso) ZHANBHT
SR Z A A2 (10 pmol/L) 4, #%¢ PVENs-Orl %t
HepG2 AHAt85H . ITF8 FIZ 2B HFEM o
2.6.1 TEREIEACSEES R BUE K I HepG2 4H
FILL 500 N/ALERT 6 fLtR, 444724 h J5
BT e A IR, REEEE IR 10~14d, 45
SISO T 50 AN AR AR 7 R
2.6.2 RIJRSCEG  AHMKIEEZE S, F 200 pl A3k
filiERIIE, PBS E U5 4 v L MG 7R 45 7
FRIZEY T, T 0. 24 h £ s R, &
KRS R

QPR A2 =(0 h RIVRIIR—24 h KIEIHAL)/O h MR
2.6.3 Transwell (2285256 7F Transwell | =4H%E
Matrigel 2£ /5, B 2 X 10* /41 1) 8 Ly 1
FiHE, TEIMAE 10% FBS 35 5A0E v,
YT 240 5, B EEARBRERM, FE40H
2 4%% FEHIEREDE . iRt )s, TR NEE
WLIEHL 5 MLEFTHEL
2.7 BERMIRES

BEXTIEZH . PVENs (ICs0) 2H 5 PVENSs-Orl
(ICso) HAIZRFAEE (10 umol/L) 4H, 2525 T Fi)5,
#%% PVENs-Orl % HepG2 4 it <4 IR AR U5 b
AR
2.7.1 FFA #HU KM CheKine™ FFA & &AMk
A&, B S 45 A%, T 550 nm P A4
i FFA 5.
2.7.2 FASN iG] FAS iEMEA A &, @
IR 340 nm A ads J5E T AH I Frie FiR MR ey — R Y I
2 (nicotinamide adenine dinucleotide phosphate ,
NADPH) [HJVHFEIH =, St FASN fg it .
273 TG && KM GPO-PAP i TG ik &, T
500 nm K NIEGMLA TG & &
2.8 FERUTEHSHpME RN

BEEXTIZH . PVENs (ICso) 205 PVENs-Orl
(ICsp) 41A1 RSL (1 pumol/L) 41, 45T Hi)a, %

FEOAFRI S Ui 58 4E, I\ DCFH-DA %EHR%Er,
KA AR AK A A ROS K @i wAR
L L%/ (thiobarbituric acid, TBA) b faikilsE
MDA 7KF; WA 4R F iR, 3% 6 B Al
LDH V51, e B2 B i i) 58 B vk R A R
2.9 ZRRIRTHEER
WEXHEZL. PVENs (ICs)) #41% PVENs-Orl
(ICso) #HF1RSL (1pumol/L) #H, #4525+, #%
PRI UL 380, IO\ JC-1 ZedREr, T80
B T IR, DUER 2Rk (i)
5 ZR R (G050 B LU AR A S I R Ak
TR K. A2 TTE, 4% R alR o i i
Y€, I\ Mito-Tracker Green #841, T2t ME:
MR RIARGER TR, BT RRAR SR B 5RE .
2.10 RT-PCR $MAERET S #KIE THAXEREFRIX
WENEZA . PVENs (ICs)) 4% PVENs-Orl
(ICsp) ZHAIRSL (1 pumol/L) #, AT, 1
Fil TRIzol y2:FEHUAH 5 RNA, JE K E 546 s,
Wik 4 cDNA. LL cDNA N#EH, 1 SYBR
Green £7E QuantStudio 5 &4 4T qRT-PCR. LA
GAPDH NWZ, K] 278 i+ S8 FE R [ A %

K.

*1 5189F%
Table 1 Primer sequences
A SIS (5°-37)

ACSL4 F: CCTGGAGCAGATACTCTGGA

R: TCACTCTGCGATTCACTTCA
GPX4 F: GCCAAAGTCCTAGGAAACGC

R: CCGGGTTGAAAGGTTCAGGA
SLC7A11 F: TGTGTGGGGTCCTGTCACTA

R: GCAGGGCGTATTATGAGGAG
BNIP3L F: CATCCTCATCCTCCATCCAC

R: GATCTGCCCATCTTCTTGTG
LPCAT3 F: CAGGGAGAGCTGATTGCACATAC

R: TGTGTAGCCCACTAGGTAGAA
TFRC F: AGCCAGATCAGCATTTCTTAACCT

R: GCCTTTCATGTTATTGTGGGCAT
GAPDH F: CCTCGTCCCGTAGACAAAATG

R: TGAGGTCAATGAAGGGGTCGT

211 GeitE g

K:H GraphPad Prism 9.0 #4745 br, £
HIA LR R R T 2 7341 (One-way ANOVAD,
2 ALK Student’s ¢ k5. BdELAX £ 5 R
3 #R
3.1 PVENs B9{2EN. FRIEMEFIT)fthicE

SR FH R T 0 V2 1 ) AN A B K 2 M v oy 1
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i PVENs. TEM 455 (& 1-C) 7R, PVENs £
BIIAREGRTE DS 1), TR T8 . NTA 4558
(B 1-A) KB, s B 0vE 4B PVENS fifg
N (154.1+76.2) nm, Hifz 5N 100.0%. 2EEHE
FEMBE, Frf3 PVENs-Orl [4i4% 5 PVENs ML
AR R ERERN, HASERIRAE (E
1-B. D), RV LR IR .
3.2 HepG2 #ipaREN PVENs £53R

NEGUE PVENs K AR RAETE NG M)
2y L AR SR A BRI, SR FH (RO IR A

A B

400 —100  400- v
e 3501 / 350 /
300- / 300 /
R 250 / 250- |
= 200, ; 50 200 "
= 0 100
& 5o 50
04 — >~ 0 0 —_ 8
110 100 1000 10000 110 100 1000 1000
i 4%/nm Hi 1% /nm

DiO %3 5%} PVENs 5 PVENs-Orl #4T/EARIC. K
% & /) DiO-PVENs 5 DIiO-PVENs-Orl 43 5l 5
HepG2 At G 5, Eid IR e RMEIE. W
Kl 2 Frax, S5XTEZHAREE, DIO-PVENs 4#1 DiO-
PVENSs-Orl 440 )it 35 B 1 2 35 (M 2R 0 65
5o R BRI E )R I R U PVENs A5
HepG2 4 g WAL ) RE /), ik /2 PVENs ik &
PVENSs-Orl 4 88H 4 HepG2 4Hu4HL, HAE
BRI IR R G KA SR A e et T A

R .
C D
= L
N P B

A-NTA %5 PVENs fif%; B-NTA %% PVENs-Orl #if5; C-TEM #%% PVENs 2 (X200 000); D-TEM M % PVENs-Orl JEZS (X200 000).
A-NTA identification of PVENS particle size; B-NTA identification of PVENs-Orl particle size; C-morphology of PVENs observed by TEM (x 200 000);

D-morphology of PVENs-Orl observed by TEM (x 200 000).

El 1 PVENs IZELR BF R EE

Fig. 1 PVENSs extraction and orlistat loading identification

Merge DiO

Xof

PVENs

PVENs-Orl

DAPI 3D Surface Plot

2 HepG2 ZRAEIZEY PVENs 2JE (X 400)
Fig.2 Fluorescence map of PVENs uptake by HepG2 cells (x 400)
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3.3 PVENs-Orl #il#|] HepG2 ZHAAIE5E

il 3 Fisn, PVENs Al PVENs-Orl 3 fg6% 41
il HepG2 ZM A5, H 57 &FII [AAH S o % A4H
7)ot B IR . AR [R]F- TR [A] N PVENSs 415 PVENs-
Orl MG R T A b, SRER, T
24, 48, 72h, PVENs-Orl (10, 20. 30 pg/mL) 4
FA 4 B 5 PR B 25K T PVENSs 2H (P<<0.05. 0.01).
PVENSs -7l HepG2 4l 24. 48. 72h [ ICso 53 5
49 25.04 23.0. 10.0 pg/mL, PVENs-Orl T HepG2
Y 24, 48+ 72 h [¥] ICso 4374 22.0. 13.0+ 4.0

24h

mm PVENs PVENs-Orl

YHHLIE 1/%
b
MHTE 71/%

0
XHE 10 20 30 4050 X 1020 30 4050

pg/mL. R¥E 48 h (1) ICso f, WHE 1/21Cso ICson
21Cso T JE 2525 . A0t sa . i K AR 285105038
KSR ERLAT 1T, PVENs-Orl (104 205
30 pg/mL) ARG 555 R A i, 5 PVENSs
(20, 30+ 40 pg/mL) NEWFEFENE, Mot
b, il 4 pos, S5XTRA L, PVENs (30,
40 pg/mL) 21} PVENs-Orl (10, 20 30 pg/mL)
iRl DA IS ERERA LR S 3 NN & e T =
(P<<0.001), H PVENs-Orl 4 40MIsETE KN, %
S /NT PVENs 41 (P<<0.001).

48 h 150 72h
= PVENs-Orl _ PVENs-Orl
=X
T 100
=
* i
T Esengoracmosoonn = LONT S — cyeeeas
¥ ¥
T’l= % T ok

- -

O T T T T T T T
X 1020 30 4050 XHE 1020 30 4050

0 T T T T T T L]
X 1020 30 4050 *IHE 1020 30 4050

SRR/ (ugmL ) BRI/ (ugmL )

150

e 24h
- = 48h
< 100
= 72h
g
50
g
0 T T 1
0 20 40 60

PVENSs/(ug'mL™)

SR EZ R PVENs 41H5: *P<<0.05

*P<0.05

IR/ (ugmL ™)

SRR (ng mL) R (ugmL )RR (g mL ™)

150 e 24h
-= 48 h
=X
< 1004 72h
R
E-;ﬂj\ 50
0 T T 1
0 20 40 60

PVENSs-Orl/(pugmL™)

*P<0.01.

**P<0.01 vs PVENSs group at same concentration.

B3 PVENSs #1 PVENs-Orl %I HepG2 4HBEE IS (X +5,n=3)
Fig.3 Effects of PVENs and PVENSs-Orl on viability of HepG2 cells (X £ s, n=3)

PVENS 20 pg-mL™!

PVENs-Orl 10 pg'mL™' PVENs-Orl 20 pg-mL™!' PVENs-Orl 30 pg-mL™!
: B N P

CoR //-/ o '.'
.‘ - :" ‘V‘
I
S BA g "P<0.05 "P<0.01

"P<0.05 "P<0.01

L

P<0.001; 5EAGRIEM PVENs 48 *P<<0.05 #P<<0.01
***P < 0.001 vs control group; *P<0.05 *P<0.01

PVENS 30 pg'mL™" PVENSs 40 pg'mL™!

=,

S S ) )
SR eTen oA LY
Lo ; 1.5
. .~“ . |
. 9y %
) B ~1.04
N9 H#Hitt
= 4 ) . phnd
®®
N , — 0.5 HH
FTEI
NV
) ,‘.~ 2 kK -
N [ =

T T T
AU 20 30 40 1020 30 HfudEfe
PVENs/(ug'mL ™) PVENs-Orl/(ug'mL ™)

#p<0.001, FEH-.

##P <0.001 vs PVENS group at equivalent dose, same as below figures.

4 PVENs 1 PVENs-Orl X} HepG2 AR XM AIENT (X£s,n=3)
Fig. 4 Effects of PVENs and PVENs-Orl on colony formation of HepG2 cells (X = s, n=3)
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3.4 PVENs-Orl %t HepG2 AT AR RS20
Wk 5 Fron, SxiE4 LR, PVENs (30, 40
ug/mL) ZH %% PVENs-Orl (10. 20. 30 ug/mL) Z1F
RERAMBIYIRESFHEZERMIK (P<
0.001); HEHGHERM N, PVENs-Orl ZHA4H A
RIJR & &R AT PVENs 41 (P<<0.05. 0.01),
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