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(FSP1) . #E A EEE 1 (FTHL) A4 H K Sk 4 (GPX4) FE 1A /KF, Western blotting
PRI 25 A1 /N R AL B A R F E2 MG F 2 (Nrf2) FmZr Z4A A8 1 (HO-1) HHEIKRK
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ABSTRACT Obijective: To discuss the protective effect of polygonatum odoratum polysaccharide (POP)
on the mice with cisplatin-induced acute kidney injury(AKI), and to clarify its possible mechanism.
Methods : Forty male C57BL/6 mice were randomly divided into control group, model group, POP group,
and ferroptosis inducer Erastin combined with POP (Erastin+POP) group, and there were 10 mice in each
group. The mice in POP group and Erastin+-POP group were given intragastric administration of POP
(400 mg-kg™"), and on the 7th day, the mice in model group, POP group, and Erastin+POP group were
intraperitoneally injected with cisplatin (20 mgekg™") to establish the AKI models, the mice in control group
were injected with the same volume of normal saline, and the mice in Erastin+POP group were
intraperitoneally injected with Erastin (40 mgekg ') one day in advance (on the 6th day of the experiment).
After 9 d, the mice were killed and the serum and kidney tissue were collected, and the levels of serum
creatinine (Scr) and blood urea nitrogen (BUN) and the levels of malondialdehyde (MDA) and
glutathione (GSH) in kidney tissue of the mice in various groups were detected by kit; HE staining was
used to observe the pathomorphology of kidney tissue of the mice in various groups; the expression levels of
ferroptosis suppressor protein 1 (FSP1), ferritin heavy chain 1 (FTH1), and glutathione peroxidase 4
(GPX4) proteins in kidney tissue of the mice in various groups were detected by immunohistochemistry ;
Western blotting method was used to detect the expression levels of nuclear factor-E2-related factor 2
(Nrf2) and heme oxygenase-1 (HO-1) proteins in kidney tissue of the mice in various groups.
Results: Compared with control group, the levels of Scr and BUN of the mice in model group were
significantly increased (P<C0.01), the level of MDA in kidney tissue was significantly increased (P<C
0.01), and the level of GSH was significantly decreased (P<C0.01); most kidney tubules were dilated, the
epithelial cells were swollen, the vacuolar degeneration and epithelial cells fell off, and the protein-like
tubules could be seen in the lumen; the expression levels of FSP1, FTH1, GPX4, Nrf2, and HO-1
proteins in kidney tissue were decreased significantly (P<C0.05 or P<C0.01). Compared with model
group, the levels of Scr and BUN of the mice in POP group were significantly decreased (P<C0.01), the
level of MDA in kidney tissue was significantly decreased (P<C0.01), and the level of GSH was
significantly increased (P<C0.01); the dilatation of kidney tubular lumen, epithelial cell swelling,
vacuolar degeneration, and epithelial cell exfoliation were decreased; the expression levels of FSPI1,
FTH1, GPX4, Nrf2, and HO-1 proteins in kidney tissue of the mice in POP group were significantly
increased (P<C0.05 or P<C0.01). Compared with POP group, the levels of Scr and BUN of the mice in
Erastin +POP group were significantly increased (P<C0.01), the level of MDA in kidney tissue was
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increased (P<C0.05), and the level of GSH was significantly decreased (P<C0.01) ; the pathological
injury of kidney tissue was aggravated obviously; the expression levels of FSP1, FTH1, GPX4, Nrf2, and

HO-1 proteins in kidney tissue were significantly decreased (P<C0. 05 or P<C0.01). Conclusion: POP can

reduce the AKI in the mice induced by cisplatin, and its mechanism may be related to the inhibitory effect of

POP on the ferroptosis induced by cisplatin.
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Nuclear factor-E2-related factor 2

2B i (acute kidney injury, AKI) £
WL AE . e REAE . & RSN L R L PR AR
BELRA U0 46 Z2 b s IH 5 RS B /N BR B R U AL 5
R P IS UUEF (serum creatinine, Scr) & & B,
WAEBE MR £ A (blood urea nitrogen, BUN) 7K
FhEr . AKOHL A TR A TR BT A 2 L R B 0
& — PR UL I R 25 A AE . AKT I 5 28 A= 2 Ry
T2 B T RE SR SR A L B /NS 20 L A45E 0 0 i A 2
AE AT, f 2 A 3 B002 1 B s R 2 SR I B JE 9
T 2 — b UL B AT B BT 259, ol R
Z 5 BB REVERBR G o TR HE A IE S O S T B AE
T v B /N R A M, R B A i R B A il
K3k . WA TR M AKT & S 8UF A8 R
PN =W A VAR G 1= 1 N o W T DIV QN1 I B2
BE . ANBEPH T RBRBE T . BRAE TSR — R R A R
e 2C 0 I T PR AR M AR T, SR I B A Ak
/R NS RN S AN RS P N
PR AL T2 SRR AL . MR B e . Ak
H K (glutathione, GSH) /4% b H it % 4k 4 il 4
(glutathione peroxidase 4, GPX4) i i 5 % FfZ% K
T E2HEH T 2 (nuclear factor-E2-related factor 2,
Nrf2) i@ gl © . oFog ) BoR . Il gkst T
REIRITEHSS M EE . EMER LS
thzl, FTBG IR . SRR E AR AE AT
% HBi  (polygonatum odoratum polysaccharide,
POP) J&HCHAEYIEMY Rz — ", g ™ B
7~ POPHAHUEA . FEWE . P00 G i 95
AR, (B POP 2 Al LU i Bt 48 b 2 fifk It
BAVE = B AKT R AN 2E o A BE TSR POP X I 5
P AKT/N BB AL I 52, DABR B8 T2 0% fR B2 #R 1)
HAEHALH, & A6~ POP 238 40 B 5 7 19 Ik IR
7 FH 4 pE B AR A0

1 MBR57FE

1.1 ZBHH . EZZ2RXANPNE 40 HHEPE TR
ENREAR G C57BL/6 /N U F K FAC W 52 56 sh )

HARABWRAFR, S Er=F kS . SCXK (#)
2020-0002, & H 18~22 g. /MR IR T K EF P
R R2ESLm Y, J6IR/REEE B 12 h,
W 23°C~25°C, MJE: 40%~70%, HHK
. A Y L E R ERG SR s e B 5 M,
Y LR G RAERKEDTEL KM E G S
(EHUtEAES . 2023058). POP (%N Ik 4F € W 4=
YRk HCA R A, At S WTLS221008),
BB T 15 A Erastin (3¢ [ MedChemExpress
A A, B 20230512), R 41 (3
MedChemExpress /A #], b5 278251), Scr. BUN,
N . (malondialdehyde, MDA) Alfif 8 GSH /K
R R & (R A AE Y TRRWESE BT, S
20230817, 20230817, 20230821 Hl 20230821) ,
HE Z ol il & (RIEFEAEYRHHRARAA,
"5 . B1001), & EBAEM (diaminobenzidine,
DAB) B & (VLI ZR LM A R A A,
1845 2005289), GPX4Hiik (H[E Abcam A #l,
H245 . abl25066), BRE M HEEE L (ferritin heavy
chain 1, FTHI1) #i &, % 12 # & & A 1
(ferroptosis suppressor protein 1, FSP1) #T & |
Nri2 HLiR F i 21 F A A i 1 (heme oxygenase-1,
HO-1) #ifk (R =AY HEARFRAF, 75
15146-1-AP ., 16396-1-AP #110701-1-AP) . H1 3k ¥
(£ E Bio-Rad A #H], #1%5: BE6085), ZJjReikiL
B AR (ZEE Thermo /A, M5 . Multiskan FC),
DG K EE I AR AL (B 1 Tecan 237,
Alliance Q9) .

1.2 £BsHHosra BBEHERLSE 40 /MR
BEHL 4> R Xt BB 4] . BER 4] . POP 41 Al Erastin+
POP 24 . POP 4 #il Erastin+POP 21 /)N [ B POP
(400 mg-kg™"), %7 KB, BEAL . POP 4 M
Erastin+POP 41/ U4 I i 3 S04 (20 mg-kg ™)
4 AKTBERY Xk B8 4 /0y BN s o A 2 R B A
#h 7K, Erastin+POP 4 /NREERT 1 d (HPS2 86 45
6 K) M F T Erastin (40 mg-kg™) . 9 d J5 AbFE

S



1238 TR 224 (BE 2 i)

¥(50% 5 202449 A

HH /N
1.3 RAEHN LK bF P Ser A2 BUN K F
BB AR P MDA f= GSHAF B4 41/ BRI T A1
B ZUbR A, 4 BT & 4R 0 BRI 4% 2 /D B
5 1 Ser F1 BUN /K °F K 5 20 21 v MDA F1 GSH
K
1.4 HE2ENEE AP AT AR BEBILA
FA/NRUE A RAE T 4% R [ 2 24 h,
B 5 AT A A B, AR 4 pm Y]
IR o . K, e IR HE K5 & i 0 45 ok A7 e
O, WA T AR A A/ U A 80 FUE S R
1.5 A FFRERAMNZALPIATAR P
FSP1.FTH1 # GPX4 & & & A KR F 44/ R
BHLbRAS, e . BKRA IS, §l&EE
o3 pum Yl R, B U)K BEIR ER 2% vh
%W (phosphate buffered saline, PBS) &),
BAHLEY R ETirERINEBEEZ W RERE &
(pH=6.0) i, FEME Y W7 H & E 15 min,
T 3% i A A A AL 15 min, 5% L3 i %=
i B P 30 min, 43 i FTHL Sk (1 : 400) .
FSP1HifR (1:800) Al GPX4Hrfk (1:200) F
4°Cit e, R PBSZE il 2 —Hu, 4350 A HR
i Atk (horseradish peroxidase, HRP) #xid
B E PR B (1: 500), 37 CHBEFH 1h,
DABIKFE R @25, ZZWKik, BRAEE Y,
R O WA, ZEOK ek, K S v PR R R
A, JeE T g, FTH1, FSP1 M GPX4 &
P B PR 2 3 S ' 4 A L 4 A PR e A N 1 48 €
sk A, R Image J 8R40 M7 U0 A 85 (4 PHME
KRR O B, HACE O % B (mean optical
density, MOD) f{f . MOD= 4y % & /i 1,
PAMOD ft 3 H & 1 &5 K F .
1.6 Western blotting 3 4 @ & 48 Z B4 8 P
Nrf2# HO-1Z & & A K-F  /DNEEIME, W44
ANERAEMN S 20, Bl U500, [ A0 M e
P& UL UE 7] {2 & (radio-immunoprecipitation assay,
RIPA) 2w, BEFIKLEWEO0.5h, BOR LW
L o B N R B O S 7 W £ 7 O
IR R 2 R AW R S B s TR A
The JAN2H & (1:2000), HO-1HTk
(1:1000) #GAPDH¥ii& (1:5000), 4 °Cili
BEE . RJERM TBST YRR . AL FEHT 4% IgG —
Pt (1:2500), FRWEHE 2h, Yok )5 i N sm

b2 &G R o R FH BRI RS AR R, L
GAPDHAWZ, A HMEAREKTE. HYE
H R Ik K= H i 8 [ &0 K EE {6 /GAPDH # 1
Sl K BEH

1.7 %t %4 # KA SPSS 22. 04 i 4kt 47
Gt 2E Mo A 4L/ BT o Ser M BUN K-,
B 41 41 th MDA fil GSH /K %, B 41 41 FSP1,
FTHIL. GPX4. Nrf2 #1HO-1%E 1%k K FE4 4 1F
B, UxtsE R, 240 BEA B R
PR R 2250 0T, AL IRV AR 35 5500 W B R LSD-
K. PAP<<0.05NZFHGIT¥E L.

2 5 R

2.1 &K hF P SerA BUNKFE  HxfR4
Fbd, B2/ UM Ser AT BUN 7K SF ¥ B &
T (P<<0.01); SEEARI4] L, POP 41/ Rl
IH ' Ser f BUN ZK P ] B BE L (P<<0.01); 5
POP 4 It %, Erastin+POP 4 /) §Ifi i # Scr Fl
BUNZKFE¥ B A& (P<<0.01). W3 1.

#F1 KZ£HA/MFUMEF Scr f BUN KF

Tab. 1 Levels of Scr and BUN in serum of mice in various

groups (n=10, x+5)
Group Scrle,/ (pmoleL.™)] BUNIc¢,/ (mmolsL.”™") ]
Control 75.3248.63 14.36+3.62

Model 192.63+12.55 66.35+5.47"

POP 92.37+12.01° 25.21+4.37"
Erastin+POP 154.3849.56" 50.36+6.04"

"P<<0. 01 ws control group; “P<<0. 01 vs model group; "P<C0. 01
vs POP group.

2.2 B@ENREHELF MDA GSHAKF 5t
M2 A, BRI 4]/ BUE 4121k MDA K F- B & 7t
m (P<<0.01), GSHZKY-#] &AL (P<<0.01);
HERIA LR, POPA/NRE AL MDA KF-
AR (P<<0.01), GSH KW W 7t (P<
0.01); 5 POPHA L#, Erastint+POP 41/ F B 41
41 i MDA KEJH 5 (P<<0.05), GSH /K1 &
FEMt (P<<0.01). WL#2.

2.3 ZMIRBEARBEHLSERA HEROLE
R e 0T BTN U RS540 SE T BT, B /N ER IR
EE, RBERIN A, B/ bR 40048 5 4
BT, R e BN R Z BB NS S IR
ik, ERZARREAR K, RN, AR,
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®2 FANRBEALH MDA M GSHKF
Tab. 2 Levels of MDA and GSH in kidney tissue of mice

in various groups [n=10, +s,m,/(pmoleg )]

Group MDA GSH
Control 7.6442.41 32.74+4.81
Model 16.734-4.58" 16.384-2.46"
POP 11.68+2.19 27.61+3.57°
Erastin-+ POP 15.3543.47" 18.3642.42"*

"P<C0.01 vs control group; “P<20.01 vs model group; “P<0.05,
##P<20. 01 vs POP group.

JEE N T DL AR I REAS B POP 2 /)N BUE I 4 240 3
JE A AR B A R 2 B R 9 5 Erastin+POP 20/ R
B U PR A M B POP AW hm & . LI 1,
2.4 &Hm A FH%F FSPI.FTHL # GPX4 &
GARZAKRFE REALULFE RO RER: 5X R
R, R Al /N B 414U FSPL. FTHIL I
GPX4 & 1R IKAKFI BEEIL (P<<0.01); SHA
A, POPA/NR'E AL FSP1, FTH1 f
GPX4HEHERIAAFI B AR (P<<0.01); 5POPH
I # , Erastin + POP 41 /M & & 41 4 FSP1,
FTHIL fl GPX4 8 H %35 K F B B AL (P<<0.05
8¢ P<<0.01). ULIE 2 Fnk 3,

2.5 B@PRABEALEFE Nef2f HO-1 & @ R iZ K
P O GXFERA L, BORL AL/ BB 414U N2 F
HO-1 85 [ R k7KF B B (P<<0.01); SR
A HE, POP4L/NEUE 4 40%h Nrf2 f1 HO-1 & [ %
KAKEB B I E (P<<0.01); 5 POP 4 L #,

Control Model

FSP1

FTHI1

GPX4 ¢

A: Control group; B: Model group; C: POP group; D: Erastin+
POP group.

Bl F4/hREHASURBEE SRR (HE, X400)
Fig. 1 Pathomorphology of kidney tissue of mice in various
groups (HE, X400)

Erastin+POP 2 /)N iR ' 21 21 p Nrf2 #1 HO-1 8 H 3%

SEAKCEB B (P<<0.01), WL 3,
3 i i
NG AE I PR b B I6 )7 I, o] saoph a5

FA e bR 25065 fE e AR S TR BT B9

%%ﬁﬁmom?@%%%aﬁ\ﬂﬂﬁﬂﬁﬁ
TEPERR, e R H 32 B BRI o A6 S 36 7 9

(], I /DN I 8 e T I 25 R BE 24, /D
AN A6 T A O R R R A R T R
PARB WU E A ISR, K 2> T HUREUR T
T ROK & MR o 7K BUEA AT 9 5 [ % i 3 1 9 3Rk

POP Erastin+POP

PN

A 2 ﬁéﬂ/J\ﬁ'ﬁ'éﬂf‘Rq‘ FSPL.FTH17 GPX4EEI%3$‘F‘%(%§,EZR4{:$¥&@ X 200)

Fig. 2 Expressions of FSP1, FTH1, and GPX4 proteins in kidney tissue of mice in various groups (Immunohistochemistry,

X200)
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#£3 RANRBFHEFFSPL.FTHIFM GPX4FEHAFELXKF

Tab. 3 Expression levels of FSP1, FTH1, and GPX4
proteins in kidney tissue of mice in various groups
(n=10, x+s)
Group FSP1 FTH1 GPX4
Control 24.4541.86 21.164+1.51 37.13+2.14
Model 12.6541.05 8.620.47" 25.10+1.82"
POP 21.45+1.64%  16.97+1.42°  32.59+2.08"
Erastin+POP 16.8441.43""  12.08+0.75" 28.66+1.93"

"P<<0.01 ws control group; “P<C0.01 vs model group; “P<C0.05,
#*P<0.01 vs POP group.

1 2 3 4 Mr

N2 - 68 000

HO-1 33 000
0 — — —

GAPDH oo “SS S S 56 000
A
19 Il Control
=
3 =1 Model
o
E = poP
° [ Erastin+POP
2
=
2
g
o
><
o

Lane 1: Control group; Lane 2: Model group; Lane 3: POP group;
Lane 4: Erastin-++POP group. P<C0.01 vs control group; “P<C0.01 vs
model group; “P<<0.01 vs POP group.

A3 FAMRFHLATNR2ZAHO-1FEARBHEKE(A)
MEKE(B)

Fig. 3 Electrophoregram (A) and histogram (B) of

expressions of Nrf2 and HO-1 proteins in kidney tissue of

mice in various groups

HE A0 LR 1A D) R, K R PE 4 (reactive
oxygen species, ROS) j74, MIfi i % 1k W 4
MARAR O, TIEAMMpEIE T, AR W1,
TORAERFE TS ", H R TC A X 0 IR i
EATVE GG b2y B Z R 2 IR, H 225
1843 POP T I 55 HA B AR 0 AW oe 2%

R POP L BEA] DLFEAR AKI /) B3 Hr Ser
BUNJKY, M WAL R, R POP Al LA
U G BT B AKT,

AR, AN WoR . SRR ORI
S5 B A LS 2 — o A B ARk
R, WHEbUA S SR, SECEIEMR
P, HAFAEE MDA K- Thim, 4 A B AL A
i AL S KBRS . A S AKT B A 45
AL . LORR T RE R AT . DNA 45 . 40 )4
ToHRAET- 45 . BRI, 3 1 0T B R RN B 48 A 70 xF
I AT f) M T RE LA R VE . BFSE Y R .
HHEERRT (ngEERCMgEAEZES) aTUA
50 b T B 4R BT 2L AKT, ALMAGHRABI M7 3535}
Ak Bz 2R X8 ML 155 52 D Bl B I3 403 1100 52 e & 30 - A B
3T A BRI E H K R 3 i G AT 0 B g
J1o ARWFFEEEF B8 . POP AT LU i AKT /) §UE

HHAH GSHIKF, FEME MDA K, #5 POPA]
DO A T 351 AK T,
W " Wk . MDA &g Bt & Ak 7 Y

Vi, WELBRIET . BRBE TR — ORI 4l B AR Y b
FET, LA Mk K T R R A AR PR B o
Tk PP AR A AT T R B R X 41 N R S i 2k
BF, 2338 O 2% 0 S S B4 M A K i ROS,
SR EMB G, B EAMEIET " FTHIER A
FKYE PR LA MRS, EEAE A oK
8 BIE LR G R, TR A Mk KT AR
FTHIL FEfi# . 3 a ek vl f Fe Ak Fe' JF
g AEA ok, AR e 25 0 s g, 982 ROS #9774
PIHIERFET: ™. GPX4ZERIET- KA K EN,
FEARFET h R AR EZ W IEIER . GPXABA N
B OCBE BY PU A A, AT U8 /b 4 ROS 1y R
B, By HAezE LN . GSHAE R GPX4 K
Y, RN RS I GPX4 M IRE, S8k
oo P i GSH /K HAR & cm«uﬁﬁﬂuﬁ
WA AET: . BERSUKER % ' F 2019 4F & Ik
R FSPL AL 5@ o 4 i A fh 251 0 B Tt 4 Ak
KNP S RIET:, 58RI Ry GSHAK# Y GPX4
WP AT KRR . AW 45 R WoR o A b B
NEUE ZH 2 FSP1. FTHI M GPX4 & 1 £ ik K
FREAL, ﬁ’ﬁPOPdLIETﬁiLi&%EIi’%iJK—TFﬂT%,
$ER POP [ M RITAR 75 S (4R FET- . BFSE ™ R
%%tfﬁ%%i%Am¢@E%¢%,m%%%
T AT A O AR T B AKT, ARFIE 245 3R o -
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F TR FE T2 5 7 Erastin &b B 7] LS 51 POP 19 15
TP VE T, N o5 — M 1w 5 7% POP BT #8388 s 3 il it
AR ERIE T, BRI T 30 AKT,

Nrf2/HO-1 {5 5 i #% 75 4 #il ROS #1 B 1E A 1k
05 0 2o A b R AR YL Nrf2 2 — Rl S
T, FEIEH ABAM T2 I A . 440
Z %) ROS My i, Nrf2 s 5 7 8] 40 f 42 rh, fike
KA S, REPURAIER ™. HO-1 /& Nrf2
PE P — P A B b BB TR, T BR ROS,
ARSI L BFSE Y R - Nrf2 B LU i AR
#EHO-1 | [ R R M G, ARG R D
N AR AL 3R /N BB AL 2 Nr[2 F HO-1 82 &
KACEREAR, 1 POP b B ] LT+ & b ik 8 1 A %
KK, R AR T 5 57 Erastin £ B 0] LR A
JNEUEZH 21 P Nref2 # HO-1 8 I Rk K F, #8R
POP 7] 8 1 o # 16 Nrf2/HO-1 15 538 %, 410 il &k
BT, RAEXS A AKTR PR AE R .

Zi LTk, POP W] & & Nrf2/HO-1 {7 %5
W, PN BB IE N SRR, R A R Y
/NEUAKI, HALE AT 58 5 POP #4051 i 2% 58
T-A K. ARG POP AT AKI ) 15 Bl F6 J7 52
BET RS S

PR R
A A A WA AR 2 ol
EE TR
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