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F A (BUN) (R (SCRO R R 145 43 F 1 (KIM-1) 7K ~F- 18 25 [ A%, B JUE 95 2460 45 ) 0 ol 3%, W 2 b A 3 M )
(ROS) \Fe*" \8-OHdG N [ (MDA) & & & % FEAK, 45 Bt H K (GSHD #1816 1 1% AL (SOD) 7K - 8 35 7t i
BT E2 A2 7 2(Nrf2) I 20 B A EE-1(HO-1) 35 AR KM% 7 S5t 11(SLCTALD) FI A e H K SR Ak 4
4(GPX4) 8 H R IA K TGN, Kelch FEF AN A H 1 (Keapl) 2R 357K FRAK. M ML385 T i % TR E R
XiF 3 Bl 8 R BB R BT T A AR AR AT Nref2/ HO-1 {5 538 B 1Y 52 w0 F 5 26 B 3R 75 2 0] sl 3 3% Nrf2/HO-1
15 5 3 I S 1 i 32 3h M i R LR IR AR BE T

KA 1B B Sy MR 285 U BRPE T s Keapl /Nri2 15 53 %

FESES:G804.2 XEKFRERD A X EHS :1000-2367(2026)02-0117-07

iz Bl 7 S A D e R I G L R A R L AR B BROIR AL BB A 2 AP A AR B R AL R S AU R
AL g e 3 Sy Ay 4 AR LAY ML A B R B0 TR R 2 U AN AR S O JUE TR U A B
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1 #H5FE

60 H 8 Jal% SD Atk KB A& BT i AT 210~230 g, W [ R M R 2 52 56 3 4 vl A BIF 5T 48300 R ARk K
Y BRI AR PR B S A ME (fE B . HNND2024111701).

MR R (BHEE =960, 585 A9241, Jb mt R E BHH A R 2 m)) s ML385 (Nrf2 # 4il 5)) (5% 5. HY-
100523, 26 [H MCE 2 ) ; JR R & (BUN, 85 C013-2-1) Fl Il 35 WLEF (SCR, 48 5 . Co11-2-1 ik ) & . B il i
A T RERE 5T T AT PR S 50D 5 R BV 450405 40 7 1 (KIM-1) il B¢ f 92 W BiF (ELISA) I 2 38 77 £ (1% 5 . CSB-
E08808r, Ay A=A RA A s K 8 BRI A S (8-OHAG) ELISA 5 I 7] & (5% % : SBJR0065 , 74
SRR DU AE M) BB A IR A s R A 4 B RR & L9 U (MDA i A Ak W I AR i (SOD) L A e H K
(GSH) KR F) & LA K 47, 6- — Jpk -2 08|t (DAPD B4 (5754 5124 . P0027,S0131S,S0101S,S0053
R A RAEYA A FD ; WRE F (Fe )k MK & (585 : G4323) (98 R R P40 (HE) Y2 38 1) £ (1%
5:G1040) .~ & L8 (DHE, P i 885 : G1706) Iy H iR ZE4E R AE YR A IR A wL A F E2 M CH F 2
(Nrf2) .Kelch # ECH fHCHE H 1(KeapD) (M £L & & G M- 1(HO-D) £ 2 & 1 Bl(Lamin BD) H il -3-
WERR I S B (GAPDHD A R A % 7 i 51 11(SLCTAL1D) A e H Bk it E AL W 4 (GPX4) —41 . HRP F7
WC RS RMAEYT R LA & Cy3 F1 FITC FRid 286 53 W A YLI58 E BHE Wt b A R A\ (185
4351k : BF8017 . AF5266 ,AF5393 . BF8009,AF7021 . DF12059 . DF6701,S0001,S0002,S0011,S0008).

2 FLWHIE

21 BuUEBSHMESHE

TR 7 d 2 50 HRBRIFATIE N MU 2k R B BB GE %8 1~3 K:10 m/min, 15 min; 5 4~
6 X:15 m/min, 20 min; %5 7 K:20 m/min, 25 min R J5 IF &I 4 Ji 19 g o8 I 5 S5 56, W 46 R B4 10 m/
min, [8] BB [ 28 5 min 00 5 m/min, B2 30 m/min, LU EE EEAE R 5o Kas sh it g b s i i A 3 50, 4
R1W BRI 6 da RS 1 d. 7y vl A5 AU ) g il ) 40 7 A o) R BRUFE H 33 (0.3 ~0.5 mA) F#%4E 10 s 6
AR 0] B R ) 9838 S5 R R BRI a0 R AR . B B R 57 R U A | IRKEE R E R OR R 2~
5 TGN 2 TG M 3 6 4 2 BE ALK RN A R TG B

[ X5 BRZH Ah 85 Al T 1 R B AR BRI 4H .25 mg/kg ¥R 24 .50 mg/kg ¥FHF R4 .100 mg/kg B FH
R M ML385+UFE 2K (100 mg/kg) 4 FF IR R i THON I oo 2170 8 X RRZH 55 458 70 21 D0) 3 5 55 ik i g
M, R 1 G HEE 4 S8 ML385 4+ MR 2% 2H K L oo 0 7 5 Nrf2 410 i 58] MIL385 , v I ] & 4 30 mg/
kg, H AN 4% 21 i s 25 B i AR BRER /K L B R 1R T8 4 .
22 M. BEFRORES NDFERUE

KRG ARG K BREE B ALK 12 hol o 18 I 0 98 296 (R BU80 50t He 28 i Jr X (g T s ik
Jig 1.6 mL)XJ 3l ¥ AT bR I 2R I 32 3 bk i 1) J =R R A5 1l W AE &, = iR B 30 min.3 000 r/min &
> 15 min, WCHE 1 )28 I3 4 SO B Uk 5 2 408 B0, 2 000 B J0E P 17 9 B2 4 TR DHE % €8, A il ' D R A7 T
— 80 C.4% IR A= AL 377 2 6B =B R 4G I 1L 7 BUN I SCR /K AR Y8 ELISA 3577 2 360 B 10 77 1 L I 5 1L 7
i KIM-1 7K F-.
23 SBEXE

SR PR 0 14 7 0K 181 2 J5 1 B 2L 2URE AR AT U0 R B S MR GHE A7 0 B B I /K L Y 2R ) R A i R T
A3 s 2 A A A AL T, V) R AL AT D) RN 5 pm) A W U) R 48 60 °C HEAR LIS i 115 . 4%
DU AR )P 4T HE e 60 Bl KA IR AR R QL o0k KGR B8 P20 68 B6 B K L W 3 L e e o
)5 Y 8 T U R R R T ER A R TAE.

Fa L KB OCT a5 MR ok H Tl & vk U1 B R A DHE 4 8 TR (20 pmol/L) 7t
IR (37 COWER 20 min; FEBERR £5 22 vl RIS VR J5 T 0 DAPT J% 68X 4 B A% 44 €4 5 min; A BT 2 K 3
RS B & T R B RS T AT B8 TAE AT Image J 304X 2 608 B HE 17 40 97
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2.4 'BALAd Fe’t ,8-OHdG,MDA,GSH #1 SOD 7k il &

BUE KR 2L, A 9 R BUT 19 A BEER K, B 7R VIR & F F it AT 21 A K e A 4L 4
10 000 r/min #5.0> 10 min, W HC F 3 843, 4% B0 & Ul B 45, 43 i A B E 4 2L iy Fe® ', 8-OHdG,
MDA ,GSH F1 SOD /K-,

2.5 Western blot ;£# il Nrf2 . Keapl #1 HO-1 & B X %

SR FH 240 M A% 2 1 43 2 a0 6 R B8 U I 40 2A% B8 1 A A0 B sk I A TRV 1Y RIPA 2R W ok 4 U 20 21
SR VKV R T A KA 4 °C L 12 000 r/min Z5/F T B0 15 min, T R WE WA ICE. R BCA A
JE ) X A R B R AT I E R AR AR S ARG B L BT A A 100 C & B 10 min /I T H
F 78 P AR R Al 8 12 V0 b e 0 TR 0 SR T M Tk B O H UK (SDS-PAGED B JiE LUK 43 15 B I K 2 1 e 7%
Z R I L B (PVDEF) b At & ot it 43850 5 06 W HG 5 %3 1) 38 A VR =5 R A5 0 R P 2 ho 3R IR R R L A
KIFHE Nri2 fl Lamin Bl $ii4 42 H) S E A E Keapl \HO-1 F1 GAPDH #4444 % F ik 19 PVDF i
BT 4 CHmE. MEAEZERSAM TE HRP frid i F5i e =450 1 hECL fb# &% W% )5 i | Image ]
BROE HEAT IR BE (B 43 #4391 L Lamin Bl #1 GAPDH 1E R N 2 #1755 AL AL 1.

2.6 HERANERE SLCTALL 71 GPX4 EH KR IX

U R AL 2] F et I RN T BB AT L B S TR 8 AV P X 4 i R AT O A A B AR B AR S A2
TN A, EIRACE 1 hs A LR S RL R SLCTALL Al GPXAR B EL B3 1 ¢ 200) —$iL . 7¢
AT RIEE (4 C) s BERRERZE Rk Ve i 3 WF . 43 B FITC 1 Cy3 pric M98 —dt . fE = R KT
WEE 1 h(IE R s DAPT G400 40 MU AZ 347 9 8 GREDY 5 min) 5 55 INA BTG K 3 7 M >k 3 Aok
BT O R 4 R Goxt R AT R A BT Tmage J 340X 28 60k B2 #4743 1
2.7 HIEMSWESIT

K H SPSS 28.0 #4758 1531, 22 41 18] 0 54l Lo ek F SR 3R O 22 40 A, L 18] be 3R T LSD— K 4. 11
OB IO £ AR 22 (7 £5) R,

3 & R
3.1 HAKXRKRIMBEDR BUNSCR F1 KIM-1 K ET
5% B 4H HEAT LR B 4 K BRI 7 P 9 BUNL SCR Fl KIM-1 /K TH i A B35 22 5% (p<<0.05) ; 55

RUAH UEAT S . 25 mg/kg SR 240 K BRUMLHE B BUNLSCR F1 KIM-1 7K - FE A, TC 8 3 25 5% (p<<0.05) 5 5
RUZH AT L5 .50 AT 100 mg/kg BF % 2 41 K Bl 7 o BUNLSCR fil KIM-1 /KRR, A #2257 (p <
0.05) ;5 100 mg/kg WF 7 2 447 b AL, ML385 -+ MR 75 2 2 K LI ¥ ' BUN,SCR A1l KIM-1 KF T+ . A
T 25 (p<T0.05) .45 F UL % S1.
32 EARREHAARERSENTL

Xof BEZH KRR D 2 2R 45 R T S T R BT 2 KRRV U /DN BR A2 R B N T R L e B R L 7 i
P25 mg/kg MR 2 4L BB WER05 15 B0 A& WL B 5 28 f# 550 1 100 mg/kg HF 75 F 24 A U JIE B /N KRS /)N
B 1R 20 A7 BI04 3 B G 2% A s MIL385 S T MR 38 XTI 2 7 v o R INE A 3 i AR A R L A5 SR LA 1.
33 SEAXREBHEALA ROSKFEELL

BRI T 45 40K B ROS KEARfb . 5 06 HE 40 k47 oA, SR AR A1 KRRV IDE 41 20 ROS ZK-F B 35 185 (p <<
0.05) ; SHERIZH 48, 25 mg/kg TFFF K40 K BUEIE ROS 7KEFEAR, JC 3% 2% 5 (p<<0.05) ; SRR 4 HE 17 [k
.50 A1 100 mg/kg HFE R4 K B IE ROS AKFREAL, A W 3% 22 5 (»p<<0.05) 3 5 100 mg/kg WFH R 4
1 # ML385 -+ HF 5 R 4 K B E ROS ZKF-Fh i A i 3525 57 (p<<0.05) 45 R WL 2 sk S2.
3.4 HAKR'SHE ROS.Fe't . 8-OHIG MDA GSH #1 SOD 7k F 25 4¢,

HE— 2 A I T BRFE T AH SC bR 75 4 10 B Ak, 25 5 R B, 5 0 R AL R AT A, AR AT K RUE 44U ROS,
Fe'' .8-OHdG fl MDA & & % JH &5 (p<<0.05) , GSH 1 SOD 7K V- i 2 F A% (p <<0.05) 5 546 %I 20 647 1
.25 mg/kg MR RHRKBREHL P ROS. Fe?' \8-OHAG Fl MDA & & &%, GSH #1 SOD /KF TF &, & W,
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B 2% 5 (p=>0.05) ; SRR 4T L4, 50 F1 100 mg/kg MFH R 4H KB A 404 ROS. Fe*™ ,8-OHIG HI
MDA % & i & FEAR (»<<0.05) , GSH Hl SOD /KF . % I+ s (p<<0.05) 3 5 100 mg/kg ¥R R A #H A7 AL,
ML385+ i ZAH KR F AL ROS. Fe?' .8-OHAG Fl MDA & & & 2 715 (»<<0.05) , GSH F1 SOD /K
S I PR (p<<0.05) .45 H L% S2.
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Fig.1 HE staining to observe the effect of astaxanthin on the histopathology of rat kidney tissue
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DHE

5 It

X ZH %t 25 mg/kgliFF R4 50 mg/kghbiF 4L 100 mg/kglFF &4l ML385+HF 7 & 41

B2 ALK R BEDIES e
Fig.2 DHE staining of kidneys in each group of rats

3.5 HAKXKRSHE Nrf2/HO-1 ES@BITK

K Western blot BT ERIRKITIFEHF ZX T Nrf2/HO-1 [E5 @B R0, Western blot 197 3k
WAUR T Z X T Nrf2/HO-1 5538 B A 52 . 5 5% B AL 17 Fe e AR 2 K BB IE 41 20 Y Keapl 2 %
IKIKFETH R (p<<0.05) , 8% Nrf2 DL HO-1 8 F R B K F AR (p<<0.05) s S AV #E 47 H 4%, 25 mg/kg HF
HRHARBEHL P Keapl R BAKFEEM, A Nef2 LK HO-1 EAXRXKFEAE. LRELER(p>
0.05) ; HHIARIZ HE 4T HLE .50 A1 100 mg/kg MR R4 R BUE 412U Keapl R IAKFFEAL, 8% Nef2 DL &%
HO-1 HH KRB Th i A R E S (p<<0.05) 35 100 mg/kg #F5 R A AT HLH . ML38S + #FH R4 K
BB 21 Keapl 8 HFAKFETHE 8 Nrf2 DL HO-1 & A F Ik KEFEIE, A B E 2 5% (p<<0.05).45#
UL 3 FRE SR S3.
3.6 HAKXRBHEALAD SLCTALL 1 GPX4 EHKRIE

KA DY A0 1 7 ik WS Nrf2 {553 B 7E P BRFE T-AH G B 1 SLCTALL 1 GPX4 ik iy AE
FH. 5 %0 B 4H AT P R 20 K RUE IEZH 23 b SLCTATLL Al GPX4 5 1 2 35 7K - AR (p<<0.05) 5 SR A 4
HEAT 85,25 mg/kg HF 7 Z 41K BB 4 40 SLCTALL M GPX4 B RBK TS LR EER(p=>0.05);
Ej R AT 3,50 M1 100 mg/kg TR H R A KR IF AL SLC7TALL fil GPX4 HHARBAKEF 5.6 B &
%5 (p<C0.05) ;5 100 mg/kg MR % 4 4T L8, ML385 -+ IR 4 K Bl 4141 h SLC7ALL 1 GPX4 &
H 235K T REAK A B35 22 53 (p<|0.05) . 55 S VLK) 4 Fiff sk & S4.
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4 T i
J7 15 BT A B I R T AR A S — 2B S L 2 BV D IR RE S 5k BUE ITE T fE 48 4% BUN A1

SCR 7K -4 Tt 5 U&'%‘EE?E%Q%WTMJJ.KIM—I 1§ hy—Fh
TEE /NG R i Rk B L e IR R 5 B I B AR

\rl‘z'g'_'ﬁ. — e e - - ‘110 kDa

EW 2 — BB IR RUILT f KIVEL KW T g ey oin 7 | S -6
Z T WG M+ BUN,SCR K KIM-1 /K701 & B A%, 5 R ettt R
P B 473 155 00 S 5 A X S 2 SRR R L IR R R AR S kR [ P —— A
iz gV v 5 R A K B R 4. GAPDI W - e o 37 kDo

BB T S — B O 0 20 BE 79 3 3 B g 5 ¥ ¥ §
RS T IR B R 3 B0 M A g e A 5 AT 51 A = f EE EE
BT AR T 9 SR ) BT S 9 4 LR L T s s ¢
A DT Fe?™ A B TH R ROS K i34 i s I ok 41k S
FEIK B L K GSH AL SOD K - B B A1, 2o & B3 R ALK BB N £2/H0- 15 B4 AT 28 1 S s s
Fe’T i@ 1 Fenton W K S ROS 1o & 724, M N Fig.3 Western Blot analysis of Nrf2/HO-1 pathway-related
AU 3 AL 5. GSH AR GPX4 (22 1 proteins in the kidneys of xats in each o
IA\%%I? GPX4 w TLME‘L_ GSH WA 1 . HHE 5 B2 1) 55 40 i 0T B 07 5k 40 A0 9 09 3 BR g J1.SLC7 AL fE
Ok 2 - 6 40 5 2 R 0 AL R T B O SRR 6 DA DA B R B UL HE SLOT AT

x@wﬂﬁ%ﬂ%ﬁﬁ% GPX4 B4 , g1 1 i ROS AR LI K GSH (4 32 B, i 5 8k 58 T 19 & 26 5 19 1F
SR RIE T s s M B S R ML G A B DI e R R R B RAF M gSE TR O, —
7 T 'E RS G 48 e H K 12 2R G0 4w A M e S Ak B A BE T 1L Y — Ty T U R g a4 ) 2k R 1 A ok
REAI A0 L N T 25 Fe® ™ K OF 0 AR BIE 9 B 45 SR W L 32 sh i ol K BRI B A1 280 Fe®' \ROS IR B R AL 7=
MDA 7KL SR AR B B bR 9 8-OHAG ZKSF-¥ B3 38, i GSH A1 SOD 7K F- L K SLC7A1L Fl GPX4 &
1 2% 35 ) B S B AR, 3 7R 42 2l 1 ) 9 2 S BOKR BV IERRPE T R 75 28 T I 7% 14z sl M g ol oK BB R4k B
T2 AH SCH8 B 1Y 52 1Rl

DAPI
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poyicEiEN HERIZ 25 mg/kglib i £ 41 50 mg/kegliF i R4l 100 mg/kghFE &4l ML38H+EFT &4l

B4 4K BB AL ZESLCTALLRIGPXA 5% 5% 6 B

Fig.4 Immunofluorescence images of SLC7A11 and GPX4 in renal tissues of rats in each group
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RS R Nel2 FEIEH SO0 T L T AN BT b, 5 A 0998 95 ] 7 Keapl #4745 4 KR Z R
AT B PR T 3 . 24 e A SR A S S BT I S Nief2 RERS 5 Keapl 2 A= fiff B . #E A BI 20 I A% v 32 10 2 4% 4 L 19
Bk ib e HO-1 & Nri2 {55 B9 T U8 8 5L A0 50 A 3, £z sh M 7 3 R B FFEZH 21 P, Keapl 257K
Thi A% Nref2 DL HO-1 8 H R 38 K- W] FEAR R 3AE g — R e 9 Nef2 305 51 BB 05 5 & Nrf2 {5
SRS AR R T UG, iz dh M i R BB E 4L 40P Y Keapl 8 R KK P BERL % Nrf2, HO-1,
SLC7A11 il GPX4 i [ 2 E7KF- 5 . Nrf2 il 771 ML385 i %% 1 UF 5 2 X% B I Nrf2/HO-1 {553 % LA &
BRACT 1Y M)

L5 LTIk R 2K AR AL 1 iz s 8 5 | A R BRI 2 2Bk At T, ] el 0 Nref2/ HO-1 {5
T R S B BR Nef2/HO-1 Gl B& ob  BRFE T8 7] REW p53 KA 5 38 %, R ok 5 HE— A0 WF 57 i 46 1 %
TESRH 2 T 10T B2 4k, LIS 4 b 45 7 R 7 3% A9 45 T BIL).

Bt 5% B F R (DOT:10.16366/j.cnki.1000-2367.2025.08.16.0001).
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Study on the effects and mechanisms of astaxanthin on ferroptosis

in the kidneys of exercise-induced exhaustion rats

Wang Zhiguang', Bu Yanli', Yang Xiaodong®, Li Haiting®

(1. College of Physical Education, Henan Agricultural University, Zhengzhou 450046, China; 2. Beijing Politics and Law
Vocational College, Physical Education Research Office, Beijing 102628, China; 3. Department of Physical Education,
Henan University of Animal Husbandry and Economy, Zhengzhou 450046, China)

Abstract: To investigate the effects of astaxanthin on renal ferroptosis in exercise-induced exhausted rats and its poten-
tial regulatory mechanisms, sixty 8-week-old male Sprague Dawley(SD) rats were selected for a 4-week exhaustion training ex-
periment to establish the exhaustion rat model. Except for the control group. the successfully modelled rats were randomly di-
vided into a model group, 25 mg/kg astaxanthin group, 50 mg/kg astaxanthin group, 100 mg/kg astaxanthin group, and
MIL385(Nrf2 inhibitor) plus astaxanthin(100 mg/kg) group. After 4 weeks, blood and kidney samples were collected to exam-
ine relevant indicators. The results showed that treatments with 50 and 100 mg/kg astaxanthin significantly reduced serum
blood urea nitrogen(BUN), creatinine(SCR) , and kidney injury molecule 1(KIM-1) levels in exercise-induced exhausted rats,
markedly improved kidney pathological damage, significantly decreased reactive oxygen species (ROS), Fe*™, 8-OHdG and
MDA contents in renal tissue, and significantly increased glutathione(GSH) and superoxide dismutase(SOD) levels. Addition-
ally, protein expression levels of nuclear factor E2-related factor 2(Nrf2), haem oxygenase-1(HO-1), solute carrier family
7 member 11(SLC7A11), and glutathione peroxidase 4(GPX4) increased., while Kelch-like ECH-associated protein 1(Keapl)
expression decreased. ML385 intervention reversed the effects of astaxanthin on renal ferroptosis-related indicators and the
Nrf2/HO-1 signalling pathway in exercise-induced exhausted rats. The study indicates that astaxanthin may inhibit renal fer-

roptosis in exercise-induced exhausted rats by activating the Nrf2/HO-1 signalling pathway.

Keywords: exercise-induced exhaustion; astaxanthin; kidney; ferroptosis; keapl / Nrf2 signaling pathway
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£ S1 IREZEXIE M /18K KM% BUN.SCR #1 KIM-1 7k E &I &0 (n=10)
Tab. S1  The effect of astaxanthin on the levels of serum BUN,SCR,and KIM-1

in exercise-induced exhaustion rats(n =10)

Bl BUN/(mmol « L) SCR/(pmol « L™ 1) KIM-1/(pg * mL™ D)
Xt B 4 5.98 + 0.29 50.13 + 3.52 1.76 & 0.28
R 20 7.94 + 041" 95.93 +11.06" 10.48 + 0.74"
25 mg/kg IFH FE 4 7.61 £ 0.40 89.47 + 9.11 9.03 + 1.05
50 mg/kg WFT5 £ 4 7.19 & 0.32% 77.67 & 8.36% 6.54 & 0.47%
100 mg/kg HF35 Z 41 6.83 4 0.33% 62.43 + 18.60% 4.42 4 0.32%
ML385 -+ iF 5 E 4 7.66 + 0.48% 80.74 + 11.39% 8.19 + 0.53%

T S0t B LS.« R p<<0.05; SREALAE LS. # KO8 $<10.0555 100 mg/ke SR H 40 WL & IR p<C0.05. F %[

x£S2 HEHEXEHMENIB KRR S ROS,Fe*™ (8-OHIG MDA ,GSH #1 SOD 7k F By 80 (n =10)
Tab. S2 The effect of astaxanthin on the levels of ROS,Fe?" ,8-OHdG,MDA,GSH,and,SOD

in the kidneys of rats with exercise-induced exhaustion(n=10)

Fe?t/ MDA/ 8-OHdG/ GSH/ SOD/
eI ROS 7KF

(pmol + g~ ! prot) (nmol « mg™! prot) (ng+ L 1D (pmol » g ! prot) (U mg ! prot)

X AL 1.00 # 0.93 8.93 + 1.68 2.27 £ 0.38 24.72 £ 4.55 15.81 £2.17 158.52 &+ 11.46

TR 2] 3.15 + 0.34" 13.77 & 3.05* 3.81 4 0.38* 49.29 + 6.03" 10.14 # 1.30° 93.39 + 8.68*

25 mg/kg fFHFHEH  2.98 + 0.27 12.89 + 2.07 3.60 + 0.27 44.35 £+ 5.12 10.95 4+ 1.84 102.37 + 10.29
50 mg/kg MFH HA  2.03 + 0.16% 10.77 & 1.657 3.14 4 0.20% 37.08 & 4.467% 12.70 &= 2.05%  120.45 & 11.05%
100 mg/kg HFHFEA  1.72 £ 0.197 10.17 + 1.31% 2.29 4 0.367 30.95 + 4.61% 13.67 &= 1.77%  136.07 4 12.89%
ML385+HF#H Z4  2.54 + 0.22% 12.51 + 1.50% 3.35 & 0.24% 41.91 + 5.07% 11.03 + 1.29%  104.28 + 13.61%

R S3 HRBENIEFMESHIB KR B Nrf2 Keapl 1 HO-1 EERZEHZ M (n=6)

Tab. S3

the kidneys of exercise-induced exhaustion rats(n =6)

The effect of astaxanthin on the expression of nuclear Nrf2,Keapl,and HO-1 proteins in

45 ¥ Nrf2 2 A X R 5 Keapl & 141X} ik HO-1 & M X £ 5
Xf HR 20 1.00 £ 0.09 1.00 + 0.07 1.00 £ 0.10
LRI 20 0.43 & 0.05" 2.57 + 0.23" 0.36 & 0.03*
25 mg/kg IFF £ 4 0.49 + 0.06 2.40 + 0.31 0.39 + 0.05
50 mg/kg WFF ZE 4 0.81 & 0.087 1.82 £ 0.19% 0.67 & 0.06%
100 mg/kg HF 7 R 4l 0.90 £ 0.10% 1.54 + 0.167 0.78 4+ 0.08%
ML385+ IR 5 Z 41 0.55 £ 0.06% 2.27 £ 0.21% 0.45 £ 0.05%
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IR (n=06)

Tab. S4 The effect of astaxanthin on the protein expressions of SLC7A11 and GPX4

in the kidneys of exercise-induced exhaustion rats(n=26)

41531 SLC7ALL & [ Xt £k GPX4 I FI AR R 3k
X B4 1.00 £ 0.12 1.00 % 0.09
H TR 4 0.39+ 0.03" 0.41 + 0.05*
25 mg/kg R H KU 0.44 + 0.04 0.47 £ 0.03
50 mg/kg IFH &4 0.70 % 0.067 0.65 + 0.07%
100 mg/kg ¥R F 4 0.81 £ 0.09% 0.88 + 0.11%
ML385-+ IR FE 41 0.45 & 0.04% 0.56 & 0.06%




