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Notoginseng Total Saponins Ameliorate Doxorubicin-induced Cardiotoxicity by Inhibiting

Ferroptosis via Activation of Nrf2 Signaling Pathway
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[ Abstract] Objective;: To investigate the protective effect of Notoginseng total saponins (NTS) against doxorubicin
(DOX) -induced cardiotoxicity (DIC) and to explore the specific mechanism by which NTS inhibits ferroptosis via the nuclear
facor erythroid 2-related factor 2 (Nrf2) signaling pathway. Methods: C57BL/6 mice were assigned into control, DOX
(6 mg-kg"), low-dose (3 g-kg"') NTS + DOX (Low NTS+DOX), high-dose (6 g-kg"') NTS + DOX (High NTS+DOX), and
dexrazoxane (30 mg-kg') + DOX (DEX+DOX) groups (n=10 per group). On days 6 and 9, other groups except the control group
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received intravenous injections of DOX. The control group was injected with an equal volume of normal saline (0.9%NaCl) at the
same time points. Thirty minutes before each DOX injection, the DEX+DOX group was intravenously administered DEX. The NTS-
treated groups received daily oral gavage of NTS dissolved in ultrapure water for 12 days, starting 5 days before DOX
administration. The control and DOX groups were administered an equal volume of distilled water by gavage during the same
period. Cardiac function was assessed by echocardiography. The myocardial injury was evaluated by hematoxylin-eosin (HE)
staining and serum cardiac injury markers. The iron( II ) ion (Fe**) level and lipid peroxidation were measured via commercial Kits.
Apoptosis was observed by terminal deoxygenucleotidyl transferase dUTP nick-end labeling (TUNEL) staining. Nrf2 nuclear
translocation and the expression of downstream proteins including nuclear receptor coactivator 4 (NCOA4) , ferroportin (FPN) ,
glutathione peroxidase 4 (GPX4) and transferrin receptor 1 (TfR1) were examined by immunofluorescence and Western blot.
Results: Compared with the control group, the DOX group showed decreased left ventricular ejection fraction (LVEF) and left
ventricular fractional shortening (LVFS) (P<0.01), elevated levels of creatine kinase-MB (CK-MB) and lactate dehydrogenase
(LDH) (P<0.01), increased Fe*' and malondialdehyde (MDA ) (P<0.01), and reduced glutathione (GSH) (P<0.01). Western
blot analysis revealed downregulated expression of Nrf2, FPN, GPX4, and TfR1 (P<0.05, P<0.01), and upregulated expression
of NCOA4 (P<0.01). Compared with the DOX group, NTS improved LVFS and LVEF (P<0.05, P<0.01), decreased CK-MB and
LDH levels (P<0.01), lowered Fe’" and MDA levels (P<0.01), and increased the GSH level (P<0.05). At the protein level, NTS
enhanced the expression of Nrf2 and GPX4 (P<0.05, P<0.01) and showed a regulatory trend on the expression of FPN, TfR1, and
NCOA4, although these changes were not statistically significant. Conclusion: NTS can alleviate DOX-induced cardiotoxicity by

inhibiting ferroptosis through activation of the Nrf2 signaling pathway.
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Fig. 1 Effect of Notoginseng total saponins (NTS) on cardiac damage in mice induced by doxorubicin
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Fig. 2 Effect of NTS on pathological changes of myocardial tissue in DIC mice (HE, x400)

3.3 =L AVRE O B R 5 3 0 DIC /) BLG ILAH
AU E AR A Fer SRR 5 (4 A,
AL /N LD LA 2P 9 Fe™ & 2 18 3% T s (P<
0. m)-%@izﬂéﬂ FoA, =k R 2 R ARO L

AU Fe” & &8 (P<0.01), 5 HA i, f
Zﬂﬁﬁﬂ-% MDA 7K (P<0.01) , 8 3 B Il GSH /K
F(P<0.01); SHIAIZ L, — b B R4l 3 B
MDA 7K F(P<0.01) , B & F+ 5 GSH 7K F (P<0.05) .
3, TUNEL s R, 555 4l i, i

AU G JfL R TR AR L2 O 5 4 5 (P<0.01) 11 =
LB BEIRIT S A0 T g > B
FEAR (P<0.01) , 45 75 44 A= 20 40 B 8 7 ) R 8 3 o /0>
(P<0.01). UL 4 F 3458 H B B It Ak

3.4 =LA RH X R PSR DIC /) RO LA
ZURHENM2 BB S AR 2R BN, %

F 20 A Nrf2 77 78 4% N & BUR 00, 100 78 Bn] & 2 40 B
Ja  Nrf2 38 T IH % N & L E k4> (P<0.01) , H

T 5 A T AN M B 4 24 ) =B R e A
+ 155 -



432 55 16 10 HESSEFFFHRE Vol. 32,No. 16
202648 H Chinese Journal of Experimental Traditional Medical Formulae Aug. ,2026

*2 ZtEE2EFHXDIC/NRIMEH CK-MB F LDH 7K F §9 % g
(X+s,n=6)

Table 2 Effect of NTS on levels of CK-MB and LDH in serum of

£3 ZEREEXMDIC/HAROHALS MDA GSHEEHIF
M (x+s,n=3)
Table 3 Effect of NTS on myocardial Fe?*, MDA, GSH content

DIC mice (x+s,n=6) U-L! in DIC mice (x+s,n=3)
. . 2
2159 /jjlfgé" CK-MB LDH 21 5 /;J; a /InF; o /nx(i:l /fgS.Z,I

2 H4l 300.02+48.83 643.85+82.90 S 14.02+1.68 31.18+15.83  225.78+64.32
TR 20 605.06+57.78% 1336.16+217.33% TR 20 36.45+4.67° 89.77+5.53%  30.77+2.16”
R o NS & 551 2 561.28£96.84 1 108.14+87.45 S PP NS & i 15.69+4.22" 26.89+18.52% 141.55+6.96"
“hbARTEAEHd 6 191.44+75.44Y  998.46+89.47" A e A= 4 0.03  16.95+4.72" 43.04+18.15> 135.04+6.127
A 2 0.03  407.83+58.72% 1047.54+172.15%

Nrf2 (9 8% % L F A% 9 & BL(P<0.05) A B A AR 4 3R
P AL R T (P<0.01), WIEI3 £ 5,

3.5 =L BRI B EE R 355 A DIC /) B0 LR
ZUNrf2 3 P A COCHE R R IA M 5 A
Fb B, B 4] Nrf2 ,FPN . GPX4 Il TfR1 & 1 £ iA 7K
- B 5 B (P<0.05, P<0.01) ,NCOA4 % [ £ ik ik
ETHRE(P<0.01); 5HIAI g, = L R a4l
Tt s Nrf2 Fl GPX4 2 1 & 3k 7K F- (P<0.05, P<0.01) .

DAPI

TUNEL

Merge

>l.l

WAL 4B AR C. =M

3 ZEREHEXDICHRONAANNHNERSZEMNE

VYLD A E A AL (4 TH)
M (49 58, x400)

F4 ZEREFEWDIC/HROCMABRMDIFETHZM (xs,n=3)
Table 4 Effect of NTS on apoptosis of myocardial tissue cells in
DIC mice (x+s5,n=3)

415 /g ke 21 B 1%
sk 3.99+0.43
AR 4] 41.28+3.01%

=L EEHd 6 4.11+0.81"
fid A 0.03 4.92+0.29"

= MR Al E 5 FPN LU TIR1 I NCOA4 1Y %15
K HER TG E L., WE4FE6,

Fig. 3 Effect of NTS on accumulation and nuclear translocation of Nrf2 in myocardial tissue of DIC mice (IF, x400)
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