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Abstract

Objective: To explore the protective role and underlying molecular mechanism of tectorigenin
(TEC) against doxorubicin (DOX) - induced cardiotoxicity. Methods: A doxorubicin - induced
cardiomyopathy model was established by a single intraperitoneal injection of DOX (15 mgekg ') in
mice. Mice were randomly divided into four groups (=12 each): saline+vehicle, saline+TEC,
DOX+vehicle, and DOX+TEC. TEC (40 mgekg '-d ') was administered by intragastric gavage for
7 consecutive days starting on day 2 after model establishment; control groups received an equivalent
volume of vehicle. Cardiac function was assessed by echocardiography, and samples were subsequent-
ly collected. General condition and gross cardiac parameters were evaluated. Hematoxylin-eosin (HE)
staining was used to observe morphological changes in cardiomyocytes. Heart tissue and serum were
harvested for pathological and biochemical analyses. Myocardial injury markers and caspase-3 activity
were measured using commercial assay kits. DHE and 4-HNE staining were used to assess myocardi~
al oxidative stress. RT-PCR was used to detect mRNA levels of related genes. TUNEL staining was
used to evaluate cardiomyocyte apoptosis, and Western Blot was used to detect protein expression of
sirtuin 1 (SIRT1), acetylated forkhead box protein O1 (AC-FOXO1), and other related proteins.
Results: DOX significantly impaired cardiac function (P<C0.05), whereas TEC treatment markedly
improved cardiac function (P<C0. 05). Compared with the control group, DOX led to decreased body
mass and heart weight, and increased levels of myocardial injury markers (P<C0. 05); TEC administra-
tion significantly reduced myocardial injury marker levels and improved the general condition of mice
(P<C0.05). TEC also attenuated cardiac oxidative stress in DOX-treated mice (P<C0. 05). Compared
with controls, DOX increased cardiac caspase-3 activity (P<C0.05) and the proportion of TUNEL -
positive cells (P<C0. 05), while TEC treatment reduced caspase-3 activity and the TUNEL -positive
cell rate (P<C0. 05). Mechanistically, TEC upregulated cardiac SIRT1 protein expression, promoted
FOXO1 deacetylation, and activated FOXO1 to induce downstream antioxidant gene expression.
Conclusion: TEC attenuates doxorubicin-induced cardiac dysfunction, myocardial injury, oxidative
stress, and cardiomyocyte apoptosis via the SIRT1-FOXO1 signaling pathway.

Key Words
SIRT1

Tectorigenin; Doxorubicin -~ Induced Cardiotoxicity; Oxidative Stress; Apoptosis;

BN, 25 . &R Tl 0% SIRT1/FOXO1 15 538 B s 7% b 25 2.0 L EE 1 1311
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Gt B FE L2 PP CHBE BRI i O I A5 92 9
A 2 AR AT M 55 ) 1 & A kR bR G HEAE
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JIT A S 56 3 3R A5 IR K 2 N RS B sl 9 1 77 5
2 002 At o it ME S WDRM 3 (4R 5
20230806D 5 . @ LKA : TEC M b1 fil K B2 25
B & A R /A K (185 548-77-6) ,DOX I H
% E MCE A A (185 HY-15142) , 95 K Z 4L W (4=
IS C230704) BRLL YL (A Pt 5 C250602) A
PR DU A= W) B AT BR A W) W 3K, 4-F8 T 0 1 (4-
HNE) $i 4 g [ 287 Abclonal 23 7 (4585 A24456) ,
L ACBA B T AR R & [ A 2B (dihy-
droethidium, DHE) , %% % S0064S ] \ TUNEL i T~ 4
W3 & (5245 C1088) M I ifg 38 2 K /A /) W 3%
DAPI #| (%5 GDP1024) . RIPA 2L % W ( 1% =
G2002) BCA 1 & it A i i 551 5 (5245 G2026) )
I Servicebio 2 #) W 3£ , TRIzol ik 7| ( 52 %
11667165001) | Jz % s 1 7] & (4545 4897030001 ) A
4 5 Roche 72y 7 W4 3L

1.2 KWHE

1.2.1 %A LG LW bRfE R /N B L5
A (A 12 1) AP ER K R AL A K
+TECH . DOX+ 4 . DOX+TEC4 . My
DOX 0> JIE B PR AL, /N BEA R E JE VE SF DOX (Gl
15 mgekg ' H ) R UL BT 0 AR B AR KD
TR T m M E AR K, TECA /MRS
TSR IT, Fl & 40 mgekg 'ed ', ELSEREE 7 d(BE
A 5T B A /N BB R rp E S 22 PR ) S R 4 /)N
BT A SR I . A ST A /DR
o JUE R I 375 AR S BRI A= Ak 43 BT [R] R I S 4 2 /) B
AU JJE T 47 (heart weight, HW) | {& i & (body mass,
BM) £ K (tibia length, TL) .

1.2.2 #FczHE R 10 MHz 4 [ # 7H #e6e
%, 454 30 MHz % 3k (B 5 Vevo®3100, Visual-
Sonics) , il 13 28 8 75 O 3l B 4 R FRIIF I8 2 A~

> By i 30 RN 5 AR BEORE L 43 B /0N BRGS0 I TR
AE , 3 2O Al 48 b5 B 45 A2 0 & O I 53 3K (ejection
fraction, EF) . ¢ /0> % %5 % 47 J1 % (fractional shorten-
ing, FS) 720 % Wi 45 K 91 N 42 (left ventricular end-
systolic diameter, LVESd) A & > 3 (heart rate,
HR) .

1.2.3 ARFEE X/ L IR, B
D IEH L B 2 RIP B WD R G &K
ALHE YR i £ R B 29 5~6 pm (A7 IS Y] R
O ARE AL (HE) Y o X5 0 JELH U B U R AT
JUi B K AL AR B BE S AR AT IR R R R AL G A
S AT IROK S At BB MR A R . D45
F T/ 1 (4-hydroxynonenal , 4-HNE ) 5z 3 2 84k 2%
et O MEA U)K AL KB AR 5 RN A
WG il —4$t 4-HNE, fE4 C P I ® . 2K
AT PR I DAB B AW, B 6585 &
I 26 1k SR, Bl JS R AT 9 R 3R S G K g B Ak
R IR IR B R, AR T g4 R . @DHE 3
8 7E 37 ‘CF RGN, X0 Ik A I U0 e A7 i
g KAL R 2 pmol-L 7! DHE 34 (5
The Z5508 920 8 e (AR 3 DX5T, H AW
25 91 F F Image Pro Plus 6. 0 8K {4 i 47 22 & 43 1T o
DAL TUNEL B (4 % 138 7 K — 1% TUNEL #
T A I3t R R A 16 B I AR A T S

1.2.4 A4 A XF 4 4L/ BRUE AT HE & kR 1,
a0 1L v 0 LA 45 A O B AR AR L A AR O LIDL
B5 2 11 1 (cardiac troponin 1, ¢Tnl) Al L B2 it & il
(lactate dehydrogenase, LDH) . Ff j5 BU#T , 70 55 4
/N B 20 2 R A AT R TS AR 4R caspase-3
T P 0 ) P £l P 5 P S A R DG A

1.2.5 &G L R RIPA ZL AL L0
WL 2, 2 0T |l 75 22 i B2 CEE T 17 BCA WE
i, 20 TN W I e BE S (SDS-PAGE ) HL Uk R e, &
WEA Lh, P E SR, —hHE 1 h, /5@
ECL & W , 1 LI-COR-Odssey 7 #§ 1% i 5 B2 6 43
Pr SIRT1., Z Mt b Xk A2 8 H O1(AC-FOXO1) |
Catalase \MnSOD .GAPDH & F /K ¥ {fi F 1451
T#* 1

1.2.6 % 8 & % PCR # @l (RT-PCR) # H
TRIzol i 7 Bff & b P .0 JIE 20 21, $2 45 2k ] = &
Bt A B2, BE S R S8 B UUTE L O FH 75 & BE R
U, i 2] DEPC /K % ff JF 42 IUE RNA L $2 1)
Je B RNA G 5o 5 il 3k 7 6 30 % 5%, I R 52 i 2
i R A Bk =X RO & I & 4t (Roche, 04896866001)
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#1 Western Blot LI Hiik{E B3IE
EIIRES 2\ ) g2 T B 1L 4
SIRT1 Cell Signaling Technology 2028 1:1 000
FOXO1  Cell Signaling Technology 2880 1:1 000
AC-FOXO1 Thermo Fisher PA5-104560  1:1 000
Catalase Proteintech 21260-1-AP  1:3 000
MnSOD  Cell Signaling Technology 13141 1:1 000
GAPDH Servicebio GB15004 1:3 000

W sE NQO1.Gpx 1 SOD2 45 4% i RNA(mRNA) i)
TRV MG B2,
1.3 it ZAE A SR 0 B o b R R R 2

£2 IR Gpr NQO1.SOD2 mRNA B RT-PCR 3| #1 5 51

il ¥ {d Fl GraphPad Prism 10 3k 4 #£47 . B W PR
A BB 2 LAk ST S50 O 3 0+ AR E 22 (et s) RoR o
FHEFEAR K-S EER 3 5 2 5 IE R i . 24 R4
it 1y b A Al SR 28 7 22 43t (two-way ANOVA)
5 Bonferroni FH /5 K55 . LI P<<0.05 W R BH S
eSS

2 R

2.1 TECHEEZDOXFES W /MR O INEEER
DOX 0> WUEE /Iy RSS2 1) 48 8 S TEC &b B i 37 i
UL A A OB E R, /N B DOX AR R s il
Iy fig Ju L2 0 4 Th e B B O fk, W0 EF R AR

L 31 (5—3")
- (r=10.99, P<<0.000 1) . FS [& % (/=16.02,
Gpa i GAGAATGGCAAGAATGAAGAG N
T GAAGGTAAAGAGCGGGTGA P<20.000 1), LVESd # K (/=6. 95, P<<0.000 1) ;
NQO1 i CCAATCAGCGTTCGGTATTA M TEC IR YT 3% 2% i DOX 5 3 1.0 Ik ) B8 F 4
T GTCTTCTCTGAATGGGCCAG W T A RO E S RE S AR (P<<0.05) ( 1B~1E) .
SOD2 i CAGACCTGCCTTACGACTATGG AANBIELR FIEREES 2 Y
T CTCGGTGGCGTTGAGATTGTT (P=0.05)(F IF).
DOX TEC
{, e (15mgkg’) W 40 mgkg .d ™, 7 d)
e — Rt
Cs7BL/6 € l O LA
Y ST AR
Birth 9JH YR ELAAA I
Days0 1 7 LAY A
AR ERK DOX
pagiil TEC Faail TEC
2
=
=
e T e e e
oy P<0.000 1 B
Rl TEC P<0.0001 P=0.004
1007 £=<0.0001 50 P<0.0001 4
80+ 9e 3 P=0.006 1 40 53 @
K60t o £30 ) =, '
5 40 = 20 F;J 2
20 wrl 1] 1] Al g
OAEK DOX Ak DOX N O Rk DOX L E Ok DOX )

AL BT 2RO LR /D BURCRL A A S TEC TR YT IR P 5 B 245 4/ B AR M M-Mode B 75 8115 . B TR i G 924 = 7 34
e Uk bt gl U 720 28 A BB AT 41 38 LA SE ik 43 A O ME ML 47 D RE 5 C~F . 43301 b 4% 21/ BRUC D REAH SE S HUE 120 H (n=6) .
El1l TECHKZEDOXFSH/MNROINEERER

2.2 TECHEZEDOXFER /MR OCAMBH HE
Y 25 F R, 5 A B ER K ALA H , DOX 4k BE 21 /)N
BLEYO L0 B 25 25 4% , T TEC 43 2 )5 3 o038
( B 2A) . DOX 4 # % /N B BM (/=11. 30,
P<<0.000 1) \HW (r=5.56,P=0.000 1) . HW/TL
(1=6.26,P<0.000 1) & W/, 4 TECIHIF W

ok 3% (P<<0.000 1) (Kl 2B~2D) . £t DOX 4b
B N B, O U B bR AR W e Tnl (1=16. 84,
P<C0.000 1) #1 LDH (/=26.19, P<C0.000 1) (% 7K
- B X RN T4 TECIRYT e, ol i 2
1 % DOX BT 512 19 /N BRLC WL 3 (P<<0. 05) (&
2E .2F).
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o0 30 %1)150 - P-0.0264 TE 8r T 00319 g 25 5 T, 600 P=<0.0001
) = b = & T 520 3 : o VF
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i = E g 3 nln | 3 nla
0 0 - 0 o ol 1 0
ALK DOX ALK DOX B K DOX AEFEK DOX LB K DOX
B C D E F

A B /N B IE AT S0 HE e (000 18 3 4t P15 5% 20 B 46 17T AEUE T 20 BT (=6, EL 1R - 20 pm) s B~D. 4331y 45 28/ LA Ak
O ER W ER/RE K (HW/TL) B E B (1=6) s E~F. ik F 2 M4 241/ BUO MR G5 FR 2590 ¢ Tnl Fl LDH K (n=6) .
2 TECHKZDOXFESH/NROABG

2.3 TECHEH#ZDOXE SH /R O E AL B i K F
i of DHE 4% 8 1 4-HNE 4% 8 52 56 97k A [5] 41 51 /)y
B JE o r) S AR I OK ST o S5 R, S 0 R 2 A
PR ER K A 3 N BRAE H, DOX &b #8637 B0 JiE rh
ROS /K °F & 3% 15 fn , 3 ¥ 2 DHE %¢ O 58 J&
(1=17.48,P<0.000 1) fl 4-HNE % ik (/=21. 37,
P<20.000 1) & 3 T+ s #:3%Z TECIAYT I /h L ROS
K 3 R, R B DHE 26 5% 38 ) (1=12. 72,
P<20.000 1) Al 4-HNE %3k (/=13. 74, P<C0. 000 1)

B AR (K 3A~3C) o RT-PCR A 4 4k 1 38+
56 PR e SR KT 245 1 R, B A AR R SR 3 TR Gpa
(1=14.88, P<<C0.000 1) . NQOI (t=14.68,
P<<0.000 1) fl SOD2 (1=25.92, P<0.000 1) 1&
DOX 4b ¥ J5 % s K ~F 2 2% 1 B, i TEC IR 7 )5
Gpr (1=7.22, P<<0.000 1) . NQOI (+=9.95,
P<<0.000 1) 1 SOD2(1=13.29, P<<0. 000 1) % 3
KPR 5Z (181 3D (3F ) .

o ¥l o TEC
P<0.0001
P<0.0001

4
279 e
E§°3
2
g§02 °
EE
A€
0
AEFEEK DOX B
P<0.000 1
P<0.0001
.@65 °
5483 .
EE 2
[=}
P<0.000 1 2 €
157 P<00001 o W S
S8 ° p<oo0l B E PRl EE EHEUK DOX C
2810 : £ S 10 0 2 g
E 2 3= 5 ES
5= o= a5
éugo.s géo,s a8z
2e

O EFETK DOX

0
AEFEERK DOX
E

0
AR DOX
F

A~C. &4/ BEAA V) B DHE % 6f1 4-HNE e 69 18 2 M BR 1 A& A 192 i/ B4l R (n=6, DHE 4% A [ H 3]
R :50 pm, 4-HNE e & & L5l R - 20 pm) s D~F. £ 41/ RGO BEPT SR 2L ( Gpa ZNQO1.SOD2) ) mRNA %Kik /KT (n=6) .
3 TECEEDOXFSH /R O BE S W M # ok F
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24 TECX DOXFESWOMAMEATH I
TUNEL %t (45 5 i 7%, DOX AL A% /)y B4 A B L
KAt BE TS K F B3 N (1=23.56, P<<
0.000 1) ;&3 TECIRYT Ja , DOX 5 H Ay /s B O
P T2 KF B 2 PR (1=16. 75, P<<0. 000 1) (& 4A |

B R K

TUNEL

DAPI

Merge

£
--

A B A3 A 4 21 N B JUE S B R TUNEL e Q3 1 R 2

4% 21 /N BLO IE P caspase-3 3% P K (n=6)

gl ezl

4B) o 5 xf HRZH A B K Ak B /N BUAR I, 42 DOX
Ak 38 /N B JIE P caspase-3 1Y I TE 3 R T (1=
18.34,P<20.000 1), 1 £ 3 TECIGITJG , Lok cas-
pase-3 Y I & ) W & B IR (/=13. 00, P<C0. 000 1)
(K 4C).

ol °TEC

P<<0.000 1
P<<0.000 1

—_ —
(=] W
T 1

TUNELPHM: /%

(=]

AEH K DOX

P<0.000 1
P<0.000 1

Caspase-3

TEEATRAT
B ok

=N HEFEERK DOX C

s BT 45 R (n=6, FL il )L : 200 pm) 5 C. 3550 & K

4 TEC 3 DOX % 5 190 BL 48 B = B9 2 i

2.5 TEC i& it $8 [@ SIRT1 - FOXO1 i# 8 & 12
DOX D AlE M SIRTI/FOXO1 {5 5 i ¥ 16 HLIK
A SR R A DG REE L RE A IS SR B
W% SIRT 1A AC-FOXO1 7K - K AR, AT I 3%
AL PR, FR AT — 2P R 5 TEC B DOX
O WL A i AL 2 A5 5 300% SIRT1/FOXO1 7 %
PR . Western Blot 5 SR 28, DOX 4L 5 o0
it H SIRT1 & B Kk F B #F F i (. =11.01,
P<20.000 1), 1fii TEC{# Y7 J5 SIRT1 & FH 7K V- W i

¥, AC-FOXO1 /K F 7€ DOX 4t F j5 i 2 - 4
(=10.00, P<C0.000 1), 1 TEC ¥&J7 )& fig B g %
B RS AL (1=4. 64, P=0.001 4) ., M4, 35 E 1k
JL P Catalase \MnSOD [ % i5 78 DOX 4b # J5 & 3
B TEC G Y7 5 AT & 25 33 7% (K] 5A~5E) .
5 Western Blot 45 3 —% ,RT-PCR /3 ¥ 45 W W,
DOX 4b # J5 SIRTI M % % K F & F T A
(+=11.95,P<C0.000 1), 1 TEC jA J7 BE B & 30 5%
kA fk (1=8. 08, P<C0. 000 1) (F 5F) .

A (1="7.55,P<<0.000 1), £~ SIRT1 Fiif55
4K DOX o%ifl  oTEC
¥l TEC ¥l TEC A5 5 =l 58 . s
© 1.5 _P<00001 X5 2515 !
SIRTL | 0SSP |120kU églo o oPﬁmlgg’“ 53 10 e
g3l 953 gg g
i i ] St
AC-FOXOT | 72kU ES, 532 =3 05
- e 5 | >
FOXO! | us e iy | 7 kU R4 EFEK DOX EFEK DOX
— —~ e
Catalase b-'b- 61 kU ggbl.s £=00001 PRE P<0.0001
28 %‘gj . P<00001
o 1.0 5 g
MnSODb—-— sw  EE £5
gg E%O.S
GAPDH | e e eup ams | 37 kU 52 =
s LB 7K DOX
A ° F

A. Western Blot #3420 /N B0 IE SIRT1,AC-FOXO01.FOXO1 . Catalase . MnSOD 4 2 111 ¢ 35 7K - 19 48 2 Pk &1 1% 5
B~E. %} Western Blot & {1 & & 2 Br &5 B (n="5) ;F. &4/ U0 IE SIRT T mRNA k7K F-(n=6) .

E5 TECHE

T #01E SIRT1-FOXO1 i@ BB EZE DOX L ALE
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3 i

T 9 i B AR 3% DOX LYY I P IE
PG 10 ) 5 08 T BOE TR R R ALY . B
AT, 38 [ B 5 RN 25 445 B R (FDA) i — 3tk o FH T3
7 DOX 51 % 10 JIE 25 1 S Rg 1% 25 9 J2 45 76 A 2
H LA S AU TR I R B 32 81 T — 2 KR
il B, 38 )T B S — R R IR IT
B2 Z 5RO BERETE . IARAFIE A, TEC
TE 22 Bl I8 CUBE DR O LS 2 g | &F 2 4 55 )
B T IR YT D) L W bR PR
PR AT EF dE R iR 12 %5 A TEC #E DOX WU IE 3
L R = N S T (ST e I N - N O -
TEC 7] DL 3% DOX 755 1.0 Yy g B i L0 LR 43
O W 8 7 S8 KT R0 LA B R T A A BE 5
%& B TEC nl b ¥4 .0 BE SIRT1 & A K F, 42 gF
FOXO1 & H 1 £ WAk, #iE FOXO1 Mg #F T
WA N FRL . B2, AW IESH TEC #
DOX O {ILEEVE b LA F 2 O R PE T, W PE
WERIRITAY .

H 1 2% 538 A 0, DOX 3 & O I 3 19 e 3
FEAL R A AL, B R S R R G R A
AR 2 0P 580 R ROS i ad 2 7= A4 ] S 80k
15 A DNA S5 AR ) K 4 7 19 Ak 58 403 , O 6 4 it
T 52 B Ve AT REZ 1. LN, DOX B i S 1k 1
AT A P R R AR R AR B S R = O L
MR B AT RO T W AR A R R
B, TEC J& 3 38 K i bt B AL R L BB i 4 DOX b
B /N B R e e AT I 1 36 M 35 R Ol
O P A AR KO 3 B AR, Bl AL S b ALk

KEBFEP LY, DOX 2 B E %S 41 i A
T2, DOX-Top28-DNA & & ¥ i JE i & DOX if5 &
MR TR S — b, B S X S A A ) 2o 42 F p53
W2 1k 3 B DNA B4 , I 15 5 p53 MK i 1% caspase
Wi, FERONLA R T . RS UE W A 2
DOX Ab PR /N B BE L 2 | caspase-3 141 4 I 3
B, 1] B 3l TUNEL %% 2000 88 210 UL 40 i 97 17
KRG 8 T TEC i .0 JJE 7 caspase-3 B 36
P, TUNEL FH 40 i f4 b4 o 0 58 T Fe .

SIRT1 & —FpHH NAD Y i 2 Bt , 15 1k 1Y
SIRT1 fe g 8 4% 2 Fh i S I T 1y D g, k1 = 5 4
P 2 B AR Wy ok ok AR a0 AR N B L R RE R DL &
DNA &4 45, e & R A O M E . Horpr,

FOXO1 & — 2K fig % # SIRT1 % 2 Bt Ak i %% 5% A
Fo AW EBIR AE R S S 518 Rk
T i SR IR T, & 2B A FOXOT fE % 5k
&R BB Ty o [FIE, TEC 2 #uE W 7E
BV-2/Ng B4 e, 38 i SIRT1/SLC7A1L {5 %538
B R FEPUR BURARIER . ARBESR KB TEC 7]
B DOX .0 I o ik 2 19 ROS, W8 5% 204k W 30K F .
A, Western Blot 45 2 2 B} DOX Ab 2 4 /)N B0 fiE
SIRT1 K T, i £ B4k 1) FOXO1 2 [ K
SFFik B, TEC Al 7% DOX 4 ¥R SIRT1 Y
ik 2e3h , T4 SIRT 1 K 2 FOXO1 & Y
2 S WEAR , DT Ui Bt ALk ik R Catalase . Min-
SOD 856 s, & AEdt S A AEH .

AW T TEC i it SIRT1/FOXO1 %l k&
PEdT & ATy Ak, (A i ok 5 4 W B TEC 3#3% SIRT1
EOINE e Uyt i I o A P 7 it I
AMPK/SIRT 115 5 fili & K88 7™ W & #5 0 WE LR 97 4
W EZENS 2 — . BRI UE S TEC o] 38 i
WO AMPK 38 i ok 35 0 PR s /s B O D) e B A o
P 0t FRATTHEI TEC 7T 8 38 i 300G AMPK {5 % i
B, VA IE R SIRTL A 3£ 35, 0 2 o F JiF
FOXO1 Yy % S BEAb K BT E AT . A k7 T e
AFELE ARSI TEC 55 SIRT 1A E 4 L]

Zi L, TEC# i % SIRT1-FOXO1 {5 %
i A0 DOX S B0 0 WU 5, BG4 R 80K
S U0 LA LR T, B A D T RE . AR ST
£ TEC Rk DOX D LEE M, A IR DOX 0 L
BEMEMTRIT R T .
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