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B OE: B BEA0 NG SRIRESNBME (Salvia chinensis-derived nanoparticles, SDNPs) 55 SK-Hep-1 AT/ 40A0 & 2 R %
MREPIET AT RERNLE .. 735k 23R A EE S 07EFIE 2B (polyethylene glycol, PEG) JiiEi%32HL SDNPs,
I 9 K Fokr PRI 53 AT B AR A S BT U BE T SDNPs HEAT AL, BCA V:MI5E SDNPs & HIKFE; LA SK-Hep-1 41
M Z AR R, 4TSy S IR ZH AT SDNPs i+ F7E (15, 30 pg/mL) ALK ZEFAEE (100nmol/L) 4, R CCK-
8 V% EdU VEFIAETE SEIGAG I AT Yo 4 A A %5 050, 3 RIRSES6 . Transwell /NS SRIG MG ISR RS 12 28R8 77, Mgk
RN R T, 3 S B A AT AN B S S A A, TR AG I A P 75 P 450 (reactive oxygen species, ROS) 7KF,

BB A I 20 P P I 4k B 1 (Fet) e H K (glutathione, GSH) A7 % (malondialdehyde, MDA) 7K°F, Western blotting
RN R R EIZE A RS (systemxc™, xCT). B H KIS ALEG 4 (glutathione peroxidase 4, GPX4) FAMEILHENG A A FK
B KBER R 4 (acyl-CoA synthetase 4, ACSL4) ZRFRIE; L SK-Hep-1 FHE4IIL R B TR A A R B BRI A2, %
PR BENL S AT R A LEE (0.147 g/g) 4RI SDNPs ig 45241 (SDNPs-ig, 50 ng/g)~ ip 45%i%H (SDNPs-ip, 50 pg/g)-

B iv 452540 (SDNPs-tiv, 50 pg/g) PLMRFLAEE (30ug/g) 4, &4 5 H, M SDNPs Xf SK-Hep-1 fHELAM R I FFHE
JEMIFEM, AR (hematoxylin-eosin, HE) et WLa g LA JOoy JFF A0S H L BLAR AL, S E 4 40k et
(immunohistochemistry, THC) il SK-Hep-1 FFE4NML R & T RARMANMIEHEE N . R @EE sk PEG JiEiEl
AEHZIN SDNPs, {HFFI[¥) SDNPs FiARIEFEAN G —, M OIEhAAETNTE (144.8479.7) nm, PEG JLigiARZ4EHTE 88
157 1202 nm; SDNPs g4 A MBI, SxIE4 EhEe, SDNPs At & s AR MM g5 (P<0.01). T (P<0.01)
FfEZ (P<0.001), FHIITmARELRIELEMEL, SEHMBAN ROS & Fe?t. MDA /KT &3 EFt (P<<0.05. 0.001), GSH
K RBE (P<0.01. 0.001), F FRZIET-HICE A xCT. GPX4 (P<<0.05. 0.01. 0.001) Fi%x, L ACSL4 EAMEIXL
(P<0.001), FSHRAIMEICT:; S IRAE:, AFH. RfiIER4l Ll K SDNPs-ip. SDNPs-tiv 2H (155 18 (R4 B i
J8/h (P<<0.05. 0.01), T SDNPs-ig 2R AR ARFANITE IR 25 THC 85 1R, S5xH4Lthi, SDNPs-ig 41 Ki-67 il
xCT EAXRELHEAN, HAd Dl EEAREYEZE TR (P<0.01. 0.001); F4U/NRC BF ATE 42000 B
A5, £5%  SDNPs RS AT NI, FHMEI AR . T2, IREIFTRMMR A FRAERAA K, HALHI AT
S5HCB A TiRE . SEM P E AR R . RIS TR T K.
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Abstract: Objective To investigate the mechanism of SK-Hep-1 hepatoma cells and their subcutaneous transplanted tumor
ferroptosis and apoptosis induced by Salvia chinensis - derived nanoparticles (SDNPs). Methods SDNPs were extracted by ultra-
high speed centrifugation and polyethylene glycol (PEG) precipitation, respectively. SDNPs were characterized and detected by
nanoparticle tracking analysis technology and transmission electron microscopy, and SDNPs protein concentration was determined by
BCA method. SK-Hep-1 hepatocellular carcinoma cells were divided into control group, SDNPs low-, high-dose (15, 30 pg/mL) groups
and sorafenib (100 nmol/L) group. The proliferation of hepatocellular carcinoma cells was detected by CCK-8 assay, EQU method and
colony experiment. Cell migration and invasion capacity were detected by scratch assay and Transwell assay. Cell apoptosis was
detected by flow cytometry. Ultrastructural changes in hepatocellular carcinoma cells were detected by transmission electron
microscopy. Intracellular reactive oxygen species were detected by fluorescence. Ferrous ion (Fe?*), glutathione (GSH) and
malondialdehyde (MDA) levels were detected by colorimetric assays, and the cystine transporter system (system xc~, XCT), glutathione
peroxidase 4 (GPX4) and acyl-CoA synthetase family member 4 (ACSL4) were detected by Western blotting. Nude mice were
randomly divided into control group, S. chinensis group (0.147 g/g), SDNPs intragastric administration group (SDNPs-ig, 50 pg/g),
intraperitoneal administration group (SDNPs-ip, 50 pg/g), tail intravenous administration group (SDNPs-tiv, 50 ng/g) and sorafenib
(30 pg/g) group, five mice in each group, to observe the effect of SDNPs on subcutaneous transplantation of SK-Hep-1 hepatocellular
carcinoma cell line, hematoxylin and eosin staining (HE) staining to detect tumors and pathological changes in heart, liver, lung and
kidney tissues, and immunohistochemistry (IHC) to detect the proliferation of subcutaneous transplantation of SK-Hep-1 hepatocellular
carcinoma cell line. Results Both ultracentrifugation and PEG precipitation methods can extract SDNPs, but the particle size kurtosis
of SDNPs obtained is not uniform. The kurtosis of ultracentrifugation method is concentrated at (144.8 £ 79.7) nm, and the kurtosis of
PEG precipitation method is concentrated at 88, 157 and 202 nm. SDNPs can be absorbed by hepatoma cells. Compared with the
control group, SDNPs can significantly inhibit the proliferation (P < 0.01, 0.001), migration (P < 0.01) and invasion (P < 0.001) of
hepatoma cells, induce mitochondrial structural changes in hepatoma cells, resulting in significant increase in intracellular ROS, Fe?*
and MDA levels (P <0.05, 0.001), decrease in GSH levels (P <0.01, 0.001), down-regulate ferroptosis-related proteins xCT and GPX4
(P <0.05, 0.01, 0.001), up-regulate the expression of ACSL4 (P < 0.001), and induce ferroptosis in hepatoma cells. Compared with
the control group, the transplanted tumors volume in the S. chinensis, sorafenib, SDNPs-ip and tiv group were significantly reduced (P
< 0.05, 0.01), while the transplanted tumor volume in the SDNPs-ig group was not significantly different; IHC results showed that
compared with the control group, the expression of Ki-67 and xCT proteins in the SDNPs-ig group did not change significantly, and
the expression of proteins in the other groups and above decreased significantly (P < 0.05, 0.01). There were no obvious pathological
changes in the heart, liver, lung and kidney tissues of mice in each group. Conclusion SDNPs can be internalized by hepatoma cells,
inhibit the proliferation, migration and invasion of hepatoma cells, and limit the growth of subcutaneous transplanted tumors of
hepatoma cells. The mechanism may be related to changes in mitochondrial function of hepatoma cells, accumulation of intracellular
peroxides, and induction of cell iron death and apoptosis.
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DNA i3 DL K 2 R ARSI R 0, BRAE T2 1)
FERHMEE TR TR ERS TS, B
Moy 2 BTG M4 (reactive oxygen species, ROS)
FRE P IS EA AR R . BB T 5 RIEAL RIS
TR0 M ) B AR S RE 7T, AT S 34 st T,
TEAFERINMMEE M, RRRSSE. %
JEE 38R LA B A ISR 23400,

B ENIEEFEYERREYE Salvia
chinensis Benth.[) &%, X% H R4, A%, B
A5 RS 35 AR BURALIE . BRSSP EETh
ROMBT R E Y L v PR 2, TR
I PR FF Va 97 o U T 384 17 202, kst
A1 0% 22 WE A A UE S ELA ) PR AR AR R DR,
AR 8 I — R R B T R SR AR A L 5 SRR
HIAMAA (Salvia chinensis-derived nanoparticles,
SDNPs), FHfF78 Xl SK-Hep-1 2 i - ek 5L
TSHVER, [RI PR SDNPs IA4E 224k, B1E
4 SDNPs E 7t i I8 185 7T 24 49 1) 24 38 2 5 A I
PRI RS2
1 #H
1.1 ZHRERShD

NHFHEAMIRE SK-Hep-1 (35 CL-0212) HE
DO FEAE AR A IR A ml k.

SPF It BALB/c #-E%, 6~8 &, A
18~22 g, HIWI I 0730 oo SIS LE MR AT BR 2 7] 2
fit, IWVFATHIES SCXK GHD 2021-0002. st
FETIRRE 24~25 C. HISHERE 50%~60%- BHRKE
TEIR 120 RS, fRFRIAE D Ew oK & . 3
SIS T SR R R 2R AE SRR B e R R
dttrE (HibvE S 1L2022101909).,

1.2 @5

FAWEMWAT KTz G WisEEHARAF,
2235 F 48 = 2 A B B T 2= B 24 0 B SR A
ENEEREYER BT S chinensis Benth. {4
L

i DMEM ZEAfiEE R4 (45 PM150210),
AR (S 1642100, F 5 R -5E 5 R IBA T Git
5 PBI80120) . 0.25% & A (Ll (5
PB180226) #1 PBS £z (45 PB180327) 4l
HEMNEEREDREAERAA; Ko
(polyethylene glycol, PEG) 6000 (#lt5 P8250) iy
AL R E R AR AR B (5 15700101)
T E PR RN B A PR A F] s TR (Z-VAD-

FMK, ZVF, fit'5 HY-16658B). 2k4L 13017
(Ferrostain-1, Fer-1, #t*5 HY-100579) F1 H Wi
7 (AR, #5 HY-B0240) ¥ H £ E Med
Chemexpress 27 ; BCA i7fl& (#5 E-BC-K318-
M) T AR S SR AE R R A TR A ] 48
Jf1 P — 1% (malondialdehyde, MDA ) il ig i £ (it
5 A003-4-1). TEIEJFRABHK (glutathione,
GSH) MRk & (IS A006-2-1) T’ 5t K
AW TR TR WARSS + (Fe?) &2l il &
(#t'5 BL1147B) I H G LB & AVRHH R A A
MEIRFIZE A RS (systemxc, xCT) A HAK
L4 LM 4 (glutathione peroxidase 4, GPX4) #l B-
actin JifA (L5 ab175186. ab125066. ab8226)
H£E Abcam A& ; HRP #nic i EPid =i,
HRP Frid il 229t/ R 90 (iS5 SA00001-2.
SA00001-1) ) H B =8 AEDE ARG R A A5 Bk
B A G R KEE XA 4 (acyl-CoA synthetase
4, ACSL4) itk (Hit'S DF12141) W HITHERAE
YL AR A
1.3 1%EE

ZetaView PMX 110 B GRFIOR ER ER AT (8
Particle Metrix /A %] ); Enspire % DJREREFRIX
(2 [ Perkin Elmer A7) ); Mini-PROTEAN Tetra %!
/NI HL KA . Cheemi Doc XRS +Imager 4t 2%
RIEG (E[H Bio-Rad A 7]); HT7700 BLE N H
FEME (HA Hitachi A7)

2 ik
2.1 BERSEILEM PEG STUEAIZEL SDNPs K&
RS

2.1.1 SDNPs [(iill# A WEZFEIRE, IIANEE 4 C
A PBS, BEHEELT, 4 'C. 1000X g Z:C» 30 min,
B _F3%: 10000 X g 250> 60 min, BX i, M 0.45 um
TR EMEERL, B IR SRR B0k, K B
T4 °C. 100000X g BL» 90 min, WEEDTIE. KH
PEG ViUiEl:, ¥ Fiss 4 CHiA I 20% PEG 6000
WFIMRL, 4 CULHE 24 h, 10 000X g B:C» 30 min
WCEEDTIE o SR FH TRE RS F5E 120 /Loy 20 Tl 8 v 3 2 v
A PEG UTLIEEFTIR43 /) SDNPs HEAT4lifk 4],

2.1.2 #EHH4E (transmission electron microscope,
TEM) MEAIMBAETEA K SDNPs LA 1110 HILL
Bl 5 H B [ s R A, B 10 L AEASTR T4 9
B 10min, 0 3%MEASIRAEW, Yt Smin, £f
WA TG, EH s T I RERE.
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213 Kiff K&K ¥ K E (nanoparticle tracking
analysis, NTA) £l HU PBS #if¢ /5 1) SDNPs &
W, T =R FiAT SDNPs Fif2 4T
2.1.4  EEEMREERTIN 4200 B R A B AR v
FHHCH BCA TAEW, 96 FLIR HRFLIIA BCA TAE
W 200 pL, BHJEANN 20 pL (8 A bR S E N AR
FEA, WY, 37 CHER 30 min, FFHEEbRCR &
IR
2.2 {mpEEEFE

SK-Hep-1 4B IR M T & 10%/5 45 i
()= % DMEM #5583k, BT 5% CO,. 37 ClH
TRIEFRFE TR TR, DO EUE K AR 4 PREAT SE5
2.3 SDNPs &

SK-Hep-1 ZHLA 5X 104 AN/FLEFN T 6 FLIR,
10 umol/L Dil TAEW 5 SDNPs 7873025, LI E
30min, 10000Xg B> 30 min, B EiE, EBREZ ARG
kL 100000X g 550> 30 min, HUYTHE, {8/ PBS &
J&, IRAFHNBARLRT A LA PBS &4 SDNPs #HT
DA_E-$ A i) 2% o) FRAEASINA o 45 2 Pl e o AN
B CUGEEA KA SK-Hep-1 41 6 FLAH, W5 24h,
PBS ifH¥EfE, TI/OLRMES P TIEE,
2.4 SDNPs Tk FE i 1%

SK-Hep-1 4HA LA 4 X 103 AN/FLEEFIT 96 FLIR
o, RS AL E 100 ul 4R TR 0 FL SN E
4, A 100 pL 40 PR 77 W FL B Xt A,
SDNPs 4LJIA% 100 uL AS[EF 2K E S SDNPs
(1.875. 3.750. 7.500. 15.000. 30.000 A1 60.000
ug/mL) [MAHEEE IR, B4 6 NEAL.

FHSHIMEE 24, 48, 72h, WHEH)GE,
FLINA 10 uL CCK-8 TAEWR, 7 37 CHiFRAa T4k
SEFE 1 he RABGHR OGN 450 nm ARG (4D
i, WHESHMBATER,

AT R = (A 2s— A w2)/(A w—A 21)
2.5 ¢MERIEGEASM
2.5.1 EdU:  SK-Hep-1 ZHf0LL 5X 104 AL T
6 FLBRH, FratpisEEfS, S Xt IR SDNPs ik,
FEfE (15, 30 ug/mL) ZHLL A ZEF7EE (100 nmol/L)
Ho Jettdi 2h I EAU FRicdiffe, 2 5P mE e,
{5 H Triton 100 AEERANMAEE, 4135 & A EH 30
min, %8 ECH] click reaction buffer, A4
Mos R, =EEEHE 30 min J5, Hoechest 4%
%, RHPOCEMBETHR.
252 YHMIEETESL  SK-Hep-1 4f1LL 500 ~/4L

BeR T 6 fLAR, AFLINA 2 mL R8Ik, 597
48h. A “2.5.17 TR, YR
Je, FEUMURE TR, B RN MRS IR 4k S R 10~
12d, FEEREE, Yt
2.5.3 CCK-8 7% SK-Hep-1 4Hiffalh 4X 103 /N/fL3%
BT 96 FLHR T, 4Hffs 2R “2.5.17 TR, S4H259
THERIG, FERRAMIER TR, N 100 L & 2541
B, A TIE ARSI 10 pL () CCK-8 TAf
W, 1537 CREFFFHLLEENFE 1h, KBRS
M 450 nm b A 18, THE &AM
2.6 HAEETHBFEEEN
26.1 KJESCES AR “2.517 TR, 18 6 fL
BRI D ve 28 3 2% PATIRELR, F SK-Hep-1
HHARLL 5X 105 AN/FLAEM T 6 FLAR T, firdti i FE 4%
T 90%, I 200 pL Ak B T AL H 5hRidZk
MEM 3 K PATE, HRRSRD T X, XA
PE 9l E il o5, BEEEAT A1, T Rt
TR, R Image J AL EHE, FF
FEX RIYR AR

RO Sl PR T AR = 5 £ Sl R T A/ A 6l e T A
2.6.2 Transwell Z/NE LN U4 “2.5.17 T
T, FER ST IMIEREFRAELL 1 ¢ 8 MIELEIRA,
IRAGALE Transwell F%; ToiMiEHEFRIEE E SK-Hep-
140, FEPL IX 10 ML EEM T L%, %
I 600 uL & 10%A64- MG A i 2. BE s
AR 25 a3 E = i, JR7E 37 Cy 5%
CO I FE 24 h, KBRARZENANE, e
REMM, Yett, TERMET T, THE, JHAE.
2.7 RINHHEAREN SK-Hep-1 ZHAAT

R AR “2.5.17 TR, 24T 240 )5,
A EDTA (iR H AL, PBS J5 b E I
Yifie, A 1100 FFER Annexin V-FITC/PI 44
WE BN, 37 CHE 20 min, KGN0
0 P e 40 0 15 0
2.8 SDNPs %S SK-Hep-1 4% T- R BUTFHik

SK-Hep-1 4HMfILL 4X 103 ANAFLERT 96 FLIK
W, BRI EE, o FEZE N\ 41015 77K, SDNPs 41
TIAE 30 pg/mL SDNPs U4l 9%, SDNPs+
ZVF #H. SDNPs+Fer-1 411 SDNPs+ XUfii¢ 20
A7 30 pg/mL SDNPs FIZR I F=,  [RIE 2 50 b
A ZVF (40 pmol/L)+ Fer-1 (1 pmol/L). X (1
mmol/L), #kELHFHE 24 h 5, FER4UBEE:FEML N
AN 10%CCK-8 FIgNu s 379, 76 37 CH: R4+
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GEEFEE 1h, KRB 450 nm 4k 4 {8, 1
S HANMIAT IR
2.9 ERILT-HRFEAEN
2.9.1 4fdN ROS /AKPAill - 4Hf 721 “2.5.17
TR o 4% 1 2 1000 F G JC L8 40 i 55 7= 2
& DCFH-DA, 353 DCFH-DA T.AE#, PBS ¥tk 3
WJa, MATAER, 37 CH#E 30min, PBS ¥ 3
R, AT MIEMMpEEE TR, ToRbRME TR
LB
2.9.2 ZHffiN GSH. MDA J Fe* /K FAal 41
SPARIE “2.5.17 BUR, WA, ARAE RGN & U
FATEAE, IR RO A A .
2.9.3 Western blotting & ll xCT. GPX4 1 ACSL4
HHKIE RIPA R AAN 30 min, 4 C.
12 000 r/min &.0> 10 min, HU L3, KA BCA kit
THEEWKRERN, 5 Loading buffer #% LIRS )5
100 C& BB MEAAN, B 25 ng EAFRE T
TGE BB IR A - SR N A I B s VK, #5 % PVDF
5, S%MiAE AW A 1h, InAN—#Ht (xCT. GPX4
PL 115000 LLIFGRE, ACSL4 LA 111000 LblFs
B, 4 CER, TBST ¥k 3 W, IAH
37 CH#E 1h, TBST ¥¥% 3 K, ECL LR MNIR
Y AT 5, Image J K47 K EEAE 43 M o
210 TSR, EENAT

BALB/c # RBENL 2> Akt 4L A W57 (0.147 g/g)
H. RhidEe (30 pg/g) 4LLK SDNPs ig 4254
(SDNPs-ig, 50 pg/g) ip #5441 (SDNPs-ip, 50
ng/g). J& iv 45541 (SDNPs-tiv, 50 pg/g), HE4. S
. SDNPs #4 T-A WA I RSO & (LLAZE
TH) 1100 5 FTERIG AN AAR, A DL 5 kAR H)
PR S IR 45 RUS) . ¥ SK-Hep-1 41 i G 1L %5 48
85 FR R BCH A 5 X107 AN /mL (4B, T4
AT sc 100 pL 4B, F7% FRER)E %
2o HA A AR BRI oK, BEERE 1 d &
FHBR L TR/ R, THE R AR A
s R JEH 15 REARSEE, B TR, iHE
BRI A AR R, R B AR RO TS
Jiti A 2H 21

JHIRE AR = 1/2 X 4% X Bi4% 2

P sRE AR P A = 24 K PR AR 55 1 R R R
211 F/KZE-RZ (hematoxylin - eosin staining, HE)
3t

O S Il B AR LR AR T B TR 4% % 5

g, B ZBEBK, —HREH, Aiga
PR, Wik, 2K, PBS iEVE. B S 1% HE Y
AR B UL BT, FRBIK. B,
WS R JE, TR TSI .

212 & EKEE(immunohistochemistry, IHC)

il 2% iR AU IS D) s b . i B 2
BEMLA . PBS ¥k, —¥i Ki67 (1:2 0000, xCT
(1:200) F1 GPX4 (1:200) 4 CHEE®KR, —Hi
HELEE, DAB WOMAAREELE, Bk, EH.
WA TR S R e R, FAME, Tmage J B4
BT SR
213 GUtESH

K F SPSS 25.0 B A-#AT Gu it 2201, BAX LS
FoRo X T & IES A HI7 25 s, A
BRI 2R 5 2253 W LSD vEEEAT W LU, SRR A
BRSO ATEANTH 2 77 255 M 2, SR Welch
KR TT 20T BHImARFEIES N, R
Kruskal-Wallis -2 51656 .

3 4R
3.1 SDNPs K&

NTA fril g5 R Box, 8 e 5 O vk 4 B )
SDNPs KRR AN (144.8+£79.7) nm, kit h
Eb A 100% (B 1-A); PEG UITEVESRELK) SDNPs
K A2 B 5 50 88.14 157.9 F1202.0 nm, Hife 5
b2 N 49.8% 13.6%F1 18.1% (& 1-B). TEM
SEREIN, Sl s Ok, PEG YUIEIEIRS
"] SDNPs ¥ifg % ik, HAEmE % (E 1-C.
D).BCA & [ & 2 P72 410 5 (1) SDNPs,
WE 1-E fros, i el B 0923k 453 1) SDNPs
FEAFEAN 339.60 mg, 1M PEG JLIEIEIREH
SDNPs & [ Jii &} 36.58 mg, 2 Fh4ZH 7% SDNPs
REEAAEEZER (P<0.001), H PEG ITigk
FEHL[) SDNPs 24 i it 3 2 T =il B ik . 25 |k
Frid, B e B OV E SR U e A T PEG Uik,
AT b 5 458 ST 6 350 38 1ot s 9 /00 VA 2 B SDNPs
3.2 SDNPs AJ# SK-Hep-1 ZHAEIEEL

SDNPs FiEVER s EEANER . AR,
AT AR AN P R A AR R, DR, Al
fil /& A4 SDNPs 4B # . Dil Jekbe—MoEhR
PEGLRL, Ref A T T A M R B A T Y 0o,
WK 2 fros, SMBRZR) SK-Hep-1 41 & 3L BH
B ABRLIR 2T e, T e R ZE U A % B AR
=5, W SK-Hep-1 41l GEf% HEHL SDNPs.
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A B
400 o 400~
350 / 350 /
300 { 300
@ 2507 f = 2501 /
= 1 R
5 200 @ 200 /
1501 150
100 100 157/9
] 144.8 A 7 11202.0
50 J,\ 50 88.1
0 & ) d J s 0 m - 7_—21%"—7 - - ]
1 10 100 1000 10000 1 10 100 1000 10000
HEAf%/mm EAf%/mm
c D E 400 T
==
3001
on
£
ﬁ
200
i
&
Z
2 100
100 nm l%
0 _ _
EEEE 0L PEG JUIETE
A8 # 25,095 SDNPs Kife; B-PEG Yl ik SDNPs Fifs; C-i s 59075 SDNPs JE4S; D-PEG YiiEik SDNPs JE#A; E-2 PRI 3k

SDNPs & [, Sl Rid e ok ™ P<0.001.
A-particle size of SDNPs by ultracentrifugation; B-particle size of SDNPs by PEG precipitation; C-morphology of SDNPs by ultracentrifugation; D-

wkk

morphology of SDNPs by PEG precipitation; E-protein content of SDNPs from both extraction methods, ™ P < 0.001 vs ultracentrifugation.

1 SDNPs IBURFMEE (X+s5,n=3)
Fig. 1 Extraction and characterization of SDNPs (X + s, n=3)

Hoechst Merge

HEE - - -
R - - -

B2 SK-Hep-1 #HA@1EE SDNPs (X 400)
Fig. 2 Uptake of SDNPs by SK-Hep-1 cells (x 400)

3.3 AERERE SDNPs % SK-Hep-1 fHiTEE
B4

W 3 fiw, SXRAte, HE 1.875.
3.750. 7.500 pg/mL SDNPs [ 41 1 % 3% W 53 5
T ¥ SK-Hep-1 #H il 24. 48 A1 72 h 3 & %t &1 Jfg

R ERERW . 24 SDNPs i &k 1% 3
15 pg/mL B, 3 FfF 700 6] R 40 B A7 36 R 3
MEZETHE (P<0.05. 0.001), H 417 iE %
b6 SDNPs Jii 2 ¥ & 34 i iy &2 5% F % (P<<0.05.
0.001).
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Fig. 3 Viability of SK-Hep-1 cells after 24, 48, and 72 h intervention with different concentrations of SDNPs (X = s, n = 6)
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“P<0.01 ""P<0.001.

A-EdU assay for cell proliferation (x 200), EAU labels proliferating cells (red), while DAPI marks living cells (blue); B, C-colony formation assay for cell

ok

proliferation evaluation, “*P < 0.01 P <0.001 vs control group.

4 SDNPs %t SK-Hep-1 fAfIEFERIZM (X+s,n=3)
Fig. 4 Effect of SDNPs on SK-Hep-1 proliferation (X £ s, n=3)
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Fig. 5 Effects of SDNPs on cell migration and invasion of SK-Hep-1 cells (X + s, n=23)
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A-SDNPs %f T4 4H il % T2 1 5% W ; B-SDNPs 55 SK-Hep-1 AU FET- I8 AY, 5344 : ™" P<<0.001; 5 SDNPs 4lLb%: #P<<0.05

#p<0.01.

A-effect of SDNPs on apoptosis of hepatocellular carcinoma cells; B-types of SK-Hep-1 cells death induced by SDNPs, **P <0.001 vs control group;

#P<0.05 *P<0.01 vs SDNPs group.

& 6 A [REIKE SDNPs ¥ SK-Hep-1 ZHBAFELT-BISNET (Xt S, n=6)
Fig. 6 Effect of different concentrations of SDNPs on SK-Hep-1 cell death (X £ s, n=6)
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A-mitochondrial morphology in each group; B-fluorescence of ROS (x 200); C-levels of Fe?*, GSH and MDA; "P<0.05 *P<0.01 P <0.001 vs control group.

7 SDNPs %} SK-Hep-1 ZBBfI$XFE T-HIZZM (X £5,n=3)
Fig. 7 Effect of SDNPs on ferroptosis of SK-Hep-1 cells (X £ 5, n=3)
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Fig. 8 Effect of SDNPs on ferroptosis-related protein expressions in SK-Hep-1 cells (X £ s, n =3)
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Fig. 9 Effect of SDNPs on subcutaneous hepatocellular carcinoma tumors in nude mice (X s, n =4)
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Fig. 10 Inhibitory proliferation of subcutaneous hepatocellular carcinoma implantation tumors by SDNPs (X s, n =3)
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