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[Abstract] Objective To explore the possible mechanism by which notoginsenoside Ft1 (NFtl) regulates the Nrf2/
HO-1/GPX4 pathway to induce ferroptosis and inhibit the progression of hepatocellular carcinoma (HCC). Methods Human
HCC cell line HepG2 was treated with different concentrations of NFtl (0, 0.5, 1, 2, 4, 6, 8, 10, and 20 pmol/L), and cell via—
bility was determined by CCK-8 assay. HepG2 cells were divided into six groups: control group; low= medium= and high—
dose NFtl groups (2, 4, and 6 pmol/L); Erastin group (10 pmol/L); and NFtl (6 pmol/L) + Fer-l (1 pmol/L) group. Colony
formation assay, scratch assay, and Transwell assay were used to detect cell proliferation, migration, and invasion. A FerroOr—
ange fluorescent probe was used to detect Fe** content. The dCFH-DA fluorescent probe was used to detect oxidative stress.
MDA and GSH levels were detected by commercial kits. Western blot was used to detect ferroptosis-related proteins and Nrf2/
HO-/GPX4 pathway-related protein expression. Subcellular localization and expression of Nrf2 were detected by immunoflu—
orescence. JC- fluorescent probe was used to evaluate mitochondrial membrane potential. Mitochondrial ultrastructure was de—
tected by transmission electron microscopy. Results NFt1 significantly inhibited the viability of HepG2 cells in a time—and

concentration-dependent manner (all P <0.05). Compared with the control group, the number of colonies formed, migration
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rate, and invasion rate of HepG2 cells in the NFtl low— medium~ and high-dose groups were decreased. Relative FerroOrange

fluorescence intensity, average ROS fluorescence intensity, and MDA levels gradually increased, while GSH levels, Nrf2, HO—-

1, GPX4, and xCT protein expression, and nuclear Nrf2 average fluorescence intensity gradually decreased in a concentration—

dependent manner (all P <0.05). The fluorescence ratio of JC- polymer/monomer in HepG2 cells in the high-dose NFtl group

and Erastin group decreased, showing decreased mitochondrial volume, increased doubleHayer membrane density, decreased mi—

tochondrial cristae, and mitochondrial outer membrane rupture (all P <0.05). Compared with the high-dose NFtl group, the JC-

polymer/monomer fluorescence ratio in HepG2 cells in the NFt1 + Fer-l group increased, and the mitochondrial damage charac—

teristics were reversed (P <0.05). There was no significant difference in the above indicators between the high-dose NFtl group

and the Erastin group >0.05). Conclusion NFtl may induce ferroptosis in HCC cells by inhibiting the activation of the Nrf2/

HO-/GPX4 pathway, which may be closely related to the damage of mitochondrial structure and function.
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4.6.8.10 20 pmol/L  NFtl HepG2 (e/P =8.144/0.001 17.439/<0.001 29.863/<
24 48 h 0.001;¢t/P,,, =8.097/0.001 10.516/<0.001 21.367/<

( F/P=136.825/<0.001 0.001; /P, =7.399/0.002 10.917/<0.001 14.697/<
168. 357/< 0. 001) ICy, 0.001; ¢:/P =23.205/<0.001 30.302/<0.001 32.402/<
6.22 pmol/L 2.91 pmol/L. 2.4 0.001) NFtl Erastin ~ HepG2
6 pmol/L  NFtl 1. .
2.2 NFtl  HepG2 N (/P = 1.201/0. 296; ¢/P,,, = 2.237/
NFtl . HepG2 0.089; t/P,, = 1. 551/0. 196; t/P = 0. 585/
N 0.590) 1. 2
1 NFtl HepG2 (xts %)
Tab.1 Survival rate of HepG2 cells treated with different concentrations of NFtl for different times
0 0.5 1 2 - ; e 6 8 10 20 d d
24h  99.28+1.62 88.36x1.11 75.33x1.17 62.18+1.33 44.65:£1.48 35.47+1.48 31.44+0.97 30.23+0.78 17.83+0.98 136.825 <0.001
48 h 100.37+1.52  77.35+1.78* 66.87+£1.94* 48.74+1.21* 38.76+1.45* 31.29+£1.23* 27.36+0.94* 18.36+1.11* 14.35+0.67* 168.357 <0.001
t 1.262 9.531 6.667 12.922 6.083 4.831 5.893 9.793 6.037
P 0.366 0.008 0.011 0.005 0.033 0.042 0.020 0.008 0.019
24 h *P<0.05,
1 (A x10) . (B x200) Transwell (G x200) .
Fig.1 Colony formation assay ( A x10) scratch assay ( B x200) and Transwell assay ( C x200) were used to detect the proliferation

migration and invasion of cells in each group
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2 HepG2 N (xxs)

0.001 13.506/<0.001 18.001/<0.001) . NFtl

Tab.2 Comparison of proliferation migration and invasion levels Erastin HepG2 ROS
of HepG2 cells in each group MDA GSH (1/
(%) hos = 0.173/0.871; t/Py,, = 2.204/0.092; 1/
() 24 h 48 h (%) ) )
513.26+27.36  100.06+3.17 100.35+2.53 100.36+3.42 PGSH :0792/0473) 3. 30
NFt1 372.35+£12.23"  81.36+2.44" 88.12+1.34" 46.38+2.13°
NFt1 192.35£16.35" 68.45+4.13" 83.36+0.93" 33.62+1.69* 3 HepG2 Fe?* ROS.MDA.GSH
NFtl 38.26+3.23"  48.93+2.67" 78.12+0.68" 21.44+2.47° (xts)
Erasti 35.26+2.88"  44.37+2.31" 77.38+0.47" 20.37+1.98* 24
men 296+352 178 ;53 126 ;85 15 ;479 Tab.3 Comparison of Fe”" content ROS MDA and GSH levels
P <0.001 <0.001 <0.001  <0.001 of HepG2 cells in each group
1P<0.05. FerroOrange ROS MDA GSH
( pmol/mg)  ( wmol/g)
5 1.02+0.13 0.73+0.04 2.13+0.32 148.73+5.33
.
2.3 NFtl  HepG2 Fe NFtl 1.53£0.09°  0.99£0.03* 3.97+0.26" 111.34x1.26"
NFi1 HepG2 NFt1 1.93+0.15°  1.61x0.05" 7.24x0.44" 100.05+3.25"
> P
FerroOrange ( /P = NFtl 2.29+0.08"  2.09+0.06" 8.37+0.39" 77.36+4.33"
8 Erastin 2.11+0.17% 2.08+0.08" 9.09+0.41" 74.29+5.13°
5.587/0.005 7.941/0.001 14.411/<0.001) , NFtl F 189.643 203.576 246.832 198.745
Erastin HepG2 P <0.001 <0.001 <0.001 <0.001
FerroOrange (e/P= P<0.05.
1.659/0.172) 2. 3.
2.4 NFtl  HepG2 2.5 NFtl  HepG2 Nrf2 /HO-1/GPX4
NFtl . HepG2 NFtl s
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(/P s =9.007/0.001 (t/Pyy, =3.146/

21.804/<0.001 32.666/<0.001 t/Py;,, =7.730/0.002
16.268/<0.001 21.424/<0.001; ¢t/P., = 11.824/<

2 FerroOrange

0.035 7.709/<0.002 16.267/<0.001; t/P\o, =3.674/
0.021 5.628/0.005 12.031/<0.001; t/Pgpy, =13.880/<

Fe** ( x200)

Fig.2 Detection of Fe’* content in cells of each group by FerroOrange fluorescence staining

3 DCFH-DA

ROS (%200

Fig.3 Detection of ROS levels in cells of each group by DCFH-DA staining( x200)
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0.001 19.053/<0.001 40.352/<0.001; t/P .. =9.738/ 4 HepG2 Nrf2/HO-/GPX4
0.001 13.166/<0.001 12.031/<0.001) . NFtl (x45)
Erastin HepG2 Nrf2. HO-1 . GPX4 Tab.4 Comparison of ferroptosis and Nrf2/HO-/GPX4 pathway—
«CT (1/Py, = related protein expression levels of HepG2 cells in
Nif2
h
1.331/0.254; /Py, = 0.188/0.860; t/Popy, = 1. 608/ cach st
f2 0-] GPX4 xC
0.183; 1/P ¢y = 1.504/0.207) 4. 4. X o2 = <
1.62+0.10 0.79+0.04 1.16+0.03 1.14+0.04
NFtl 1.35+0.11*  0.67+0.04"  0.82+0.03* 0.78+0.05"
NFtl1 0.89+0.13*  0.47+0.09"  0.61+0.04" 0.71+0.04"
NFtl 0.57+£0.05*  0.23+0.07"  0.32+0.02* 0.58+0.07*
Erastin 0.51£0.06*  0.24+0.06"  0.27+0.05* 0.51+0.04"
F 176.352 158.473 196.582 142.635
P <0.001 <0.001 <0.001 <0.001
*P<0.05,
2.6 NFtl  HepG2 Nrf2
(71.35£1.72) AU NFtl .
HepG2 Nrf2 (65.17+1.25) AU,
(58.16+1.31) AU ,(48.57+£2.35) AU
(t/P=5.034/0.007 10.567/<0.001 13.549/<
4 Western-blot HepG2 Nef2/HO-/ " 0.001) .  NFtl Erastin  (45.37+2.53)
CPX4 AU HepG2 Nif2
Fig.4 Western-blot detection of ferroptosis and Nrf2/HO-1/GPX4 (1/P=1.605/0.184) 5.
pathway-related proteins in HepG2 cells of each group
5 HepG2 Nrf2 ( x100)

Fig.5 Detection of Nrf2 nuclear translocation in HepG2 cells of each group by immunofluorescence staining( X 100)
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18% 5 7 HepG2 ( x10 000)
L HCC Fig.7 Ultrastructure of mitochondria in HepG2 cells of each group
( x10 000)
6 Jcd HepG2 (R :G.  ;x100)

Fig.6 Detection of mitochondrial membrane potential in HepG2 cells of each group by JC- fluorescence probe( x100)
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