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% (hydroxyproline, HYP) 7K°F; R Western blotting Kl /)N B 2H 2343 Bt H K i E ALY 4 (glutathione peroxidase 4,
GPX4). o-FHENIAEhEH (a-smooth muscle actin, a-SMA)D. I i al (collagen type lal, Collal) FHHEFIZEK. fRibs
36 PL HSC-T6 M AR50 %, FIAFEIRRE (100, 200, 300, 400, 500, 600 pmol/L) 7 By Bk AL - #0417 Ferrostatin-
1 (Fer-1) B(HAA 55K F-1a (hypoxia inducible factor-la, HIF-1a) F&&E7f DMOG (1 mmol/L) H#ATFTil, CCK-8 taill4H
HOIE F7: RF G HSC-T6 dffirh Fe2. 45t H Ak (glutathione, GSH)+ 75 - (malondialdehyde, MDA) F35 {44 (reactive
oxygen species, ROS) & &; Western blotting #ll HSC-T6 4fiffi+ GPX4. a-SMA. Collal. HIF-la. ¥B#AZIE 7 B
11 (solute carrier family 7 member 11, SLC7AI1) FEAKIE. 4R SEAALLE, FFma/RIES ALT. AST i& 1/
HYP /K@ FEK (P<0.05. 0.01), FFARMAK. 2 M4 g i R piaRmb, FFH4R o-SMA. COLlal F1 GPX4 H R
B R RFE (P<0.05. 0.01). & A Fy TR HSC-T6 4iffdHh GSH /KT (P<<0.05. 0.01), JF#&# Fe**. MDA, ROS )
B (P<0.05. 0.01), HXF HSC-T6 A0S/ i (AT 4% Fer-1 3% (P<<0.05. 0.01); ZF/7Myx%f HSC-T6 i HIF-
lo SEAKFLEELM, (HA]FRMEZ TR HIF-1a /KPR SLCTAL MEEKF (P<0.01); HIF-la FEH]
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Abstract: Objective To explore the effect of carvacrol on ferroptosis in hepatic stellate cell (HSC) and its mechanism against liver
fibrosis. Methods In vivo experiment was conducted on a mouse liver fibrosis model induced by carbon tetrachloride. The control
group, model group, and carvacrol low-, medium-, high-dose (25, 50, 100 mg/kg) groups were set up, hematoxylin-cosin (HE) and
Masson staining were used to observe the pathological changes of liver tissue in each group of mice; Kits were used to detect the activities
of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and hydroxyproline (HYP) level in serum of mice; Western blotting
was used to detect the protein expressions of glutathione peroxidase 4 (GPX4), a-smooth muscle actin (a-SMA) and collagen type lal
(Collal) in liver tissue of mice. In vitro experiments were conducted on HSC-T6 cells, and different concentrations (100, 200, 300, 400,
500, 600 umol/L) of carvacrol or ferroptosis inhibitor ferrostatin-1 (Fer-1) or hypoxia inducible factor-1a (HIF-1a) stabilizer DMOG (1
mmol/L) were used for intervention. Cell viability was detected by CCK-8; The reagent kits were used to detect the levels of Fe?”,
glutathione (GSH), malondialdehyde (MDA) and reactive oxygen species (ROS) in HSC-T6 cells; Western blotting was used to detect
the protein expressions of GPX4, a-SMA, Collal, HIF-1a and solute carrier family 7 member 11 (SLC7A11) in HSC-T6 cells. Results
Compared with model group, the activities of ALT, AST and level of HYP in serum of mice in carvacrol group were significantly reduced
(P <0.05,0.01), while liver swelling, inflammatory cell infiltration and collagen deposition were reduced; The protein expression levels
of a-SMA, COL1al and GPX4 in liver tissue were significantly reduced (P < 0.05, 0.01). Carvacrol could reduce GSH level in HSC-T6
cells (P < 0.05, 0.01) and increase the contents of Fe?", MDA and ROS (P < 0.05, 0.01); Its inhibitory effect on HSC-T6 cell viability
could be reversed by Fer-1 (P <0.05, 0.01); Carvacrol had no significant effect on the total protein level of HIF-1a in HSC-T6 cells, but
could reduce the HIF-1a level in nucleus and the total protein level of SLC7A11 in HSC-T6 cells (P < 0.01); The HIF-1a stabilizer
DMOG could block the induction effect of carvacrol on ferroptosis in HSC-T6 cells (P <0.05, 0.01). Conclusion Carvacrol can induce
ferroptosis in HSC through HIF-1a/SLC7A11 axis, thereby exerting an anti-liver fibrosis effect.

Key words: hepatic fibrosis; hepatic stellate cell; carvacrol; ferroptosis; hypoxia inducible factor-1a; solute carrier family 7 member 11
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M H &R (dimethyloxallyl glycine, DMOG, fit5
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JE (H'5 188490). =ML KILIRY) (it
WBKLS0050). 754 (reactive oxygen species,
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HYP) MR & (5 A030-2-1). 23 B H Ak
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SE MRS VIR, Bl /K 2 min JG AR R et 5~
10 min, JW/KMPE, BHFLEF 1~3 min, KM
Voo WHUBK, B, HE, FRAETFREIR
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JEL, P PEIEE , 0 B IN—Pt B-actin(1 © 1000
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KA -
2.2 {RHhEIE
2.2.1 YRR HSC-T6 4L & 10%06 245 ik
A 1%t DMEM #3757, T 37 C. 5% CO».
MRRE R R R R % . it e K, e
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300. 400. 500. 600 umol/L [ 7 /FMyAbFE 241, 7
WEANEAYPIIEA, FFLIIA 10 uL 1) CCK-8
TAEW, 37 “CH53% 2h, EEARCKIN 450 nm A1
JRE (4D 1H.

HSC-T6 ZHfILA 5X 103 N/FLEEFZE 96 LI
Rraf s A BE J , o FH At 7R R LI 40 MY 12 he
3NN 1004 300+ 500 pmol/L F 7 /- Moy B IR 254k
FET-HMAI7) Fer-1 (1.0 umol/L) Ab#E 24 h, HikE
NGB AL, LI 10 uL 1) CCK-8 T
W, 37 CHiFE 2h, BEARACRIIN 450 nm AL 4 15
223 4HMANE ROS. GSH. MDA /K )il &
HSC-T6 4Hfg LA 5X 105 NAFLEFI 2 6 FLAR . Fr2Hf
SEANGRESE, (TR FREYIRME 12h. BE
X B AN FEm (1004 300+ 500 umol/L) 2H, 435
TIINZGHIALEE 24 he PBS JiHE 2 I, WAL A 5
O DR IRG AN MR, B0, WEE B3
%1% ROS. GSH. MDA #i1 Fe {71 & ik B A& il
ROS. GSH. MDA Fl Fe* 7K*F.

2.24 Western blotting & Il GPX4. o-SMA F
Collal. HIF-la. SLC7A1l FHFKIA HSC-T6 41
JILL 5X105 NALEFE 6 FLIR. FR4NiE e 4l Bk
Jei, fF AR FEIEYLRANAR 12 he 3 B X IR 4LA
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B HSC-T6 4ifi (1) s 8, BCA 200 %€ 5 K,
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HIF-10/SLC7A11 {5 Sl AH S H RIS
23 BitESH

K H SPSS 22.0 3% #4147 7347 » GraphPad
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;344
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HE Hetsi IR, B8 &0 &AL E X
2 R PELN IR 8D, FFAH B B K AN 2 A
Masson Feta 45 IR, A M #5575 &4/ B A
RS U RE Pk 35 o A1 45 AR B Ay vl J i
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A 400 — 500 40 -
; 400 * .
300 o 30 b
= = = #
=) # 5 300 g
= 200 2 % 20
E " £ 200 i =
_ < # -
100 #t 100 s ; 10
0 0 — 0
g REA 25 50 100 SR BER 25 50 100 WHEE BEAY 25 0 50 100
i/ (mg-kg ™) T /(mg-kg™) FIT Y (mg-kg™)
B
HE et
Masson 44t

X i sl

SxtiR4L b "P<0.05
*P<0.05

25 50 100

FITWY/ (mg-kg™")

TP<0.01; SEAHELLE: *P<0.05 *P<<0.01, K 2~4[d,
**P <0.01 vs control group; *P < 0.05 **P<0.01 vs model group, same as Figs. 2—4.

1 FREX CCLIFSH/NRMIRG (A) FAFSAHNL B, X400) FIFZM (X+s,n=38)
Fig. 1 Effect of carvacrol on hepatic injury (A) and fibrosis (B, x 400) of CCls-induced mice (X £ s, n =38)

FlE AN R P ERIET S 1 5 1 GPX4 &
KB R (P<<0.01), FEINJETIREA o-
SMA Al Collal F7KF-H 53 F#K (P<<0.05. 0.01,
K 2-A), HAEMKHFIEA/NRFHLH GPX4 Fl
Collal HEHFRIEKTFREFMK (P<0.01). 4HMfIsL
R, XA, &AM (300, 500 pmol/L)
41 HSC-T6 4Hfifi ' GPX4. a-SMA F1 Collal EH#E
TEIKFH5 52 P (P<<0.01, 81 2-B), & Ay (100
umol/L) 41 HSC-T6 4ifiiirf Collal & HF kK&
ERL (P<0.01). DL ESERIERAE Ay rl DR &
CCly i3 /N ATAL4UR HSC-T6 20 i ik e T
K, PR RF A4
3.3 EHHFENES HSC-T6 ARk T

WK 3-A fion, SxPRA s, &% (3004
400~ 500. 600 pmol/L) W] & 24| HSC-T6 4 At
%71 (P<<0.05. 0.01), HEFEFIM; AL
T-HIHIF) Fer-1 J5, w340 HE7H & - B Xt HSC-T6 48
IS Fa s (P<<0.05. 0.01, & 3-B). #F—
HMELRICT AR R, W 3-C s, HXTH4
Fbds, FFE (100 pmol/L) 41 ROS /KF- i 2 T+
(P<<0.01); 7 7 (300+ 500 pmol/L) 2H Fe*"s MDA

Al ROS 7K F-¥) &2 THE (P<<0.05. 0.01), GSH /K
TR ZEET (P<0.05. 0.01), HEFIEMME. 17
INEF ARy A5 S HSC-T6 4H iR Bk e T,
3.4 FEMNF] HSC-T6 R HIF-1a/SLC7A11
ERcptilidoprpks

WK 4 fros, SHHBAE, & A5
HSC-T6 4jfif HIF-1o SE A K F LT 42N, &
FEHy (300, 500 pmol/L) 414 HIF-1o & A
FikKTBETHE (P<0.05. 0.01), T4 T
HIF-lo A M4 SLCTALL SE AR LK &
FIEL (P<0.01); FFJrEY (100 pmol/L) ZH4H NI
HE HIF-1o 88 H R B KB K (P<0.01). &
BH 2 7 By v] AR5 S IRl 1 HIF-1o (ONAZBE ST, U055
HIF-lo (AR ThEE, i #0H) HSC-T6 4
HIF-1o/SLCTA11 15 5B HG 1
35 HIF-la $2EF DMOG Xf HSC-T6 #Affh
HIF-10/SLC7A11 {5 S @R HU ST

WK s for, SxHiR4ibbds, H HIF-1a e 7
DMOG 43 HSC-T6 4Hifflf5, 7] m i i
W AE ) HIF-1a 8 AFKIEKTF (P<0.05. 0.01),
DMOG BtA &Iy Ab# HSC-T6 4iffl )5, wl &7t
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Fig. 2 Effect of carvacrol on expressions of GPX4, a-SMA and Collol proteins in liver tissue of CCls-induced mice (A) and
HSC-T6 cells B) (Xts,n=3)
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Fig. 3 Effect of carvacrol on cell viability (A, B) and ferroptosis (C) in HSC-T6 cells (X + s, n=3)



5500 »

FED 20244E8 7 $55% H 168  Chinese Traditional and Herbal Drugs 2024 August Vol. 55 No. 16

fiiop5i HIF-la‘ — -‘ 1.20X10°
B-actin | ee— — — — ‘ 4.20X10*
*ZHIF-laF |1izo><105 .
hiSt0n€H3|_—__| 1.50X10* ""E
=<
o
# HIF-la‘— — — -‘ 120X10° =
e

SLC7A11|_— — — |5A50><104

B-actinl- -— — —| 420X 104

X 100 300 500
A/ (umol- L)

RUIILT B

3 - = Xt

¥ = /) 100 umol L
== 7 /% 300 pmol-L™!
* w75 T 500 pmol-L!

Hk

Ia

SLC7Al11

*k g

it HIF-1o.  #% HIF-lo. & HIF-la

4 FFET HSC-T6 4R+ HIF-1a/SLCTALl ESEHHEXEARIENEN (X +s,n=3)
Fig. 4 Effect of carvacrol on expressions of HIF-1a/SLC7A11 signaling pathway related proteins in HSC-T6 cells

(Xxs,n=3)

H@DﬁHIF-lal—' — - —|1‘20><105

B-actin ‘- _— —‘4.2ox104

% HIF—la‘m - - """‘l 120X 10° ﬂ
) ®

histone H3 1.50X10* &
=

8 HIF- 1o |——— —-{ 120X 105 ;‘g{

SLC7ALl )—- o ‘ 5.5010*

B-actin’—- — — —‘4.20><104

FHF (300 pmol- L7 — +
DMOG (1 mmol-L™") - - + +

"P<<0.05
"P<0.05

o
1

—_

o = X
ok = F
Kk
== DMOG
- == )+ DMOG
. 1 DM
*
Kk
|
* *k
r,-‘—‘ ; I.[
T | T
/it HIF-1o. ¥ HIF-lo. & HIF-lo SLC7A11

“P<0.01, 6 [,
**P<0.01, same as below Fig. 6.

E5 DMOG %} HSC-T6 £Rffith HIF-1a/SLCTA11 {5 S BIREETEARENENE (X£s,n=3)
Fig.5 Effect of DMOG on expressions of HIF-10/SLC7A11 signaling pathway related proteins in HSC-T6 cells

(Xts,n=3)

EF . MEZFMEE HIF-la EEARIEKT (P<
0.01), JFEZF Eif SLCTAIl EAKIE (P<0.01).
DA &5 B R Aa e HIF-1a0 (K35 P AT 30 56 5 ey o
HIF-1a/SLCTA11 {5530 B 14 1F FH o

3.6 DMOG X&FIFFH HSC-T6 ML T

WK 6-A Fizx, el #0] HSC-T6 41 i
71, 1 DMOG I 73 185 545 v oy (R 40t A FH o« G ]
6-B fizn, EITEY S HSC-T6 41 H BLEksET:
M4, BEAKEIIN Fe**. MDA Al ROS /K V&% T+
& (P<<0.05. 0.01), GSH /K&K (P<<0.05). 5
T b, DMOG Be& 7 frliy Ab 22 HSC-T6 4l
)5, ATFAAE MDA #1 ROS /KF (P<<0.05. 0.01),
4N GSH /K°F (P<<0.05), {HX} Fe? /K FTR3#E5

Wi o A1 25 SR 22 B R 58 HIE-1oo FR3E VAT BHIST S
Xf HSC-T6 4Bk Fb - 115 S/EH
4 g

JHF 8 44X 2 o 2 PR I 0 1 S A B AR
HSC &b 2 T A 4T B BIAZ OIS o TR 52 45
HSC iGtk, HACANRE AT 441, Rk o-SMA,
A R 2r i ECM 3501, 230 ECM 16 5 B ff 2k
5o Rk, 0] HSC ik Bid S H AR 2 B va I &F
PEALIIOCEE . BT 2 — P o5 & W s R G1,
HAEVHE. BUFB. Pik. PSS REam .
R FTEAE T DRSS F T B kR CCL 531
AN AR 4EALD, fE IRt b, AR 5Tt — B4R
THANENE], BIE TS HSC 46T,

BRAET R — o B AR P AR TR, LR



FED 20244E8 7 $55% H 168  Chinese Traditional and Herbal Drugs 2024 August Vol. 55 No. 16 * 5501 »

B
300 * ~ 15 P
= A —T:D ] o .
B 7 )+ DMOG 5 200 g 10
A g 2
= 100 M5
®
1.5= ! % 0 0
: 1, W FEm DMOG 7 Em+ X & DMOG &)+
DMOG DMOG
E 1.0 ]
2
EE\[ Kk sk
. L _ 6 o 1
T?b i
0 - g 4 f? 4
AEE 100300 500 S =
7 7B/ (umol- L) g 2 2 2
= &

X FAEW DMOG &5+

(=]

W FEE DMOG T+

DMOG DMOG

6 DMOG X HSC-T6 #fiE ] (A) FEKFET (B) MIFNT (X +s,n=3)
Fig. 6 Effect of DMOG on cell viability (A) and ferroptosis (B) in HSC-T6 cells (X £ s, n =3)

i Fe 3 IR A A, S350
ML k. ROS RIS S HERR , A2 i
AR PR S IS 1, Al R PR AET-0S), G
K, ARURRHFIE N A2 U TR, SRS
T (RBAEE . ARBTT AT DR BRI i )
A1 N HSC-T6 Al LX-2 4+ Fe**. ROS /KT,
F#% GSH &, &k HSC #IETs, #mmb o-
SMA Fl Collal 45 ECM [y& o118, Hilk, 5
HSC IV S HSC BRIET- vl BERC BT IA 44
THIRTHT HERE o

I UESE, el b 25 AR TT 15§ HSC K AEERIE
T2 S H R B Y 20 3N A mE-1 L R
R adfEgEn . BREaZA. SREaHEEN
BREEH, 55 HSC BAUT- I F Ak 4 friol, A
Z B Rhy 3/ HSC N Fe?*. ROS. MDA 7K F-Ail
GSH H#E, 5 T 4HMIBRFE T AT PRk JIF £ 4 A7
AR BT IR AR I, DU AR HSC S5,
FHL B R IR R R R 40 45 LA R R AR IR 1 2%, 4 Y
GSH & & N Fe? & s A pud A =g in,
Y R A BRAE T 04, AR RS RO, & A (300
umol/L) FF HSC P Fe**. ROS. MDA, B#{&
GSH, & ZE | HSC 3 77, MEIET %7 Fer-
1 BERH WM MEH . RIE vl 755 HSC #kIE
T, P> ECM G, AT At Uk 2 4

BRACT AL e 2 55185, BRESRESET IS
1 IEZ R A U S ) A 1 AR i A7 R fL AR i 12k 19

BIEIE. Hrh GSH SR> AL GPX4 E A
i, BEANNERIET 03RS . FE(IC HSC 40/ A
System XC-I % SLC7A11 & A KI/KF, AT FHAS GSH
AR IR 2, 55 GSH 1 GPX4 #E
%, MIMES HSC BRAET:, JARATET4EfLns-14,
SLCTAI fE N — KA IR i A, HEEIREZ
Y anpusbt E R 2N, ¥ ET E2 A
KEF 2 (nuclear factor erythroid 2-related factor 2,
Nrf2) 81 FHRZR AT 1 (interferon regulatory
factor 1, IRF1) U7 p53U4, HIF-1al'71%% % fhit 5
Rl .

HIF-1ou 5 24 i 5o UK 4 0 A0 ) 3 7 42 e 7
RIRBEVE R SRR T W4T, HIF-1o 25 2 5 eg 4
I AR, B2 R E AR, g A
HIF-lo ZKPEAR. THREAEME T, 2 REEMIEILE
R HH], N HIF-1a BRIESE N, #E 0%
55 HIF-1B &5& ¥ B HIF-1 #5561, 2B
RN ik . IF A4 #2  HSC i =4 K
ECM, S2IRMEIPE ECM SRR, HEN KA
(B B LI 2R, it O 5 IR 2 TR R 47 Joi 52 #
ZARAMER B ECIRASTOL, Rl 7 2 Pl 4F 4
M, HIF-la RIABIRETHE, HItm e S AT
L YL ™ RS B AR SCR022), HIF-1o SRR T 5
/NEFFIE ECM [F7KF R, iR A 4 AL RE 230
BB ORI, HIF-1a FI0E HSC, {2k fiF£F4
B R AE R P4, HIF-1a /B AR T, R



» 5502 «

FED 20244E8 7 $55% H 168  Chinese Traditional and Herbal Drugs 2024 August Vol. 55 No. 16

RETBALAE AN A%, ATt SLCTALL [ FI3, ATt
RRIAE FEEy T HSC T HIF-1o M EKTFLEE
SR, H AR A% TR HIF-1a K°F, BHAS HIF-lo
A%, 50 SLCTALL #5%, 1IX 327K HIF-10/SLCTA11
RTINS HSC AU — AN JEE (1 R A i 4

gL, BRAETS HSC IS RIAT A 4EL 2 A
Koo AT TR FH AR A M 272 S 56 R0/ ) B2 4 A A
RUSEES, UESE A Ay RE S K HSC RAE T 328 1 0 f1) H
W1, > ECM STV R AT 4T didk, eI FRAK
#i HIF-10/SLCTA11 38 142 . AHE T AGHT AL
AR T B Ty I A 4R B AR LA, BT
ik HIF-10/SLC7A11 #1555 HSC 4Hfekstrs,
BET R AFEPUIT L 4EAL A

RBAR AR ERNRAEF B R

SE R

[1] Asrani S K, Devarbhavi H, Eaton J, et al. Burden of liver
diseases in the world [J]. J Hepatol, 2019, 70(1): 151-171.

[2] Xiao J, Wang F, Wong N K, ef al. Global liver disease
burdens and research trends: Analysis from a Chinese
perspective [J]. J Hepatol, 2019, 71(1): 212-221.

[3] Suo L D, Kang K, Wang X, et al. Carvacrol alleviates
ischemia reperfusion injury by regulating the PI3K-Akt
pathway in rats [J]. PLoS One, 2014, 9(8): €104043.

[4] Khan I, Bhardwaj M, Shukla S, et al. Carvacrol inhibits
cytochrome P450 and protects against binge alcohol-
induced liver toxicity [J]. Food Chem Toxicol, 2019, 131:
110582.

[5] Khalil M, Serale N, Diab F, et al. Beneficial effects of
carvacrol on in vitro models of metabolically-associated
liver steatosis and endothelial dysfunction: A role for fatty
acids in interfering with carvacrol binding to serum
albumin [J]. Curr Med Chem, 2022, 29(30): 5113-5129.

[6] Zhao W, Chen L, Zhou H, et al. Protective effect of
carvacrol on liver injury in type 2 diabetic db/db mice [J].
Mol Med Rep, 2021, 24(5): 741.

[71 Gursul C, Ozcicek A, Ozkaraca M, et al. Amelioration of
oxidative damage parameters by carvacrol on methanol-
induced liver injury in rats [J]. Exp Anim, 2022, 71(2): 224-
230.

[8] El-GendyZ A, Ramadan A, El-Batran S A, et al. Carvacrol
hinders the progression of hepatic fibrosis via targeting
autotaxin and thioredoxin in thioacetamide-induced liver
fibrosis in rat [J]. Hum Exp Toxicol, 2021, 40(12): 2188-
2201.

[9] CaiSY, WulLJ, Yuan S, et al. Carvacrol alleviates liver

fibrosis by inhibiting TRPM7 and modulating the MAPK

signaling pathway [J]. Eur J Pharmacol, 2021, 898:

173982.

Zhang Z L, Guo M, Li Y J, et al. RNA-binding protein

ZFP36/TTP protects against ferroptosis by regulating

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

autophagy signaling pathway in hepatic stellate cells [J].
Autophagy, 2020, 16(8): 1482-1505.

Zhang Z L, Yao Z, Wang L, er al. Activation of
ferritinophagy is required for the RNA-binding protein
ELAVLI/HuR to regulate ferroptosis in hepatic stellate
cells [J]. Autophagy, 2018, 14(12): 2083-2103.

Wang L, Zhang Z L, Li M M, et al. P53-dependent
induction of ferroptosis is required for artemether to
alleviate carbon tetrachloride-induced liver fibrosis and
hepatic stellate cell activation [J]. I[UBMB Life, 2019,
71(1): 45-56.

Yuan S 'Y, Wei C, Liu G F, et al. Sorafenib attenuates liver
fibrosis by triggering hepatic stellate cell ferroptosis via
HIF-10/SLC7A11 pathway [J]. Cell Prolif, 2022, 55(1):
el13158.

Liu G F, Wei C, Yuan SY, et al. Wogonoside attenuates
liver fibrosis by triggering hepatic stellate cell ferroptosis
through SOCS1/P53/SLC7A11 pathway [J]. Phytother
Res, 2022, 36(11): 4230-4243.

Stockwell B R, Friedmann Angeli J P, Bayir H, et al.
Ferroptosis:
metabolism, redox biology, and disease [J]. Cell, 2017,
171(2): 273-285.

Sui M, Jiang X F, Chen J,
isoglycyrrhizinate ameliorates liver fibrosis and hepatic
stellate cell activation by regulating ferroptosis signaling
pathway [J]. Biomed Pharmacother, 2018, 106: 125-133.
Lang Z C, Yu S H, Hu Y H, er al. Ginsenoside Rh2
promotes hepatic stellate cell ferroptosis and inactivation
via regulation of IRFl-inhibited SLC7AI11 [J].
Phytomedicine, 2023, 118: 154950.

DongH, Xia Y'Y, Jin S L, et al. Nrf2 attenuates ferroptosis-
mediated IIR-ALI by modulating TERT and SLC7A11 [J].
Cell Death Dis, 2021, 12(11): 1027.

Cannito S, Paternostro C, Busletta C, et al. Hypoxia,
hypoxia-inducible factors and fibrogenesis in chronic liver
diseases [J]. Histol Histopathol, 2014, 29(1): 33-44.
Bozova S, Elpek G O. Hypoxia-inducible factor-lalpha

A regulated cell death nexus linking

et al. Magnesium

expression in experimental cirrhosis: Correlation with
vascular endothelial growth factor expression and
angiogenesis [J]. APMIS, 2007, 115(7): 795-801.
Han J, He Y P, Zhao H, et al. Hypoxia inducible factor-1
promotes liver fibrosis in nonalcoholic fatty liver disease
by activating PTEN/p65 signaling pathway [J]. J Cell
Biochem, 2019, 120(9): 14735-14744.
Moczydlowska J, Miltyk W, Hermanowicz A, et al. HIF-1
o as a key factor in bile duct ligation-induced liver fibrosis
in rats [J]. J Invest Surg, 2017, 30(1): 41-46.
Copple B L, Kaska S, Wentling C. Hypoxia-inducible
factor activation in myeloid cells contributes to the
development of liver fibrosis in cholestatic mice [J]. J
Pharmacol Exp Ther, 2012, 341(2): 307-316.
Hong F, Wan L, Liu J, et al. Histone methylation regulates
HIF-1 signaling cascade in activation of hepatic stellate
cells [J]. FEBS Open Bio, 2018, 8(3): 406-415.
[Fitsmit F 4]



