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Shenqi Dihuang Decoction inhibits high-glucose induced ferroptosis of renal
tubular epithelial cells via Nrf2/HO-1/GPX4 pathway

WANG Zhi-bin'* | ZOU Xiao-ling', ZOU Yi-xian', WANG Li-huai'* , WU Yuan-tao' "
(1. Department of Endocrinology, the First Hospital of Hunan University of Chinese Medicine, Changsha 410007, China;
2. Graduate School, Hunan University of Chinese Medicine, Changsha 410208, China)

[ Abstract] This study aims to explore the effects of Shenqi Dihuang Decoction on high-glucose induced ferroptosis and the nuclear
factor erythroid 2-related factor 2 ( Nrf2)/heme oxygenase-1 ( HO-1)/glutathione peroxidase 4 ( GPX4) axis in human renal tubular
epithelial cells (HK-2) and to clarify the underlying mechanism. The cell injury model was established by exposing HK-2 to high
glucose, and the Shenqi Dihuang Decoction-medicated serum was prepared. The optimal concentration and intervention time of Shenqi
Dihuang Decoction were determined. HK-2 were divided into normal, high glucose, and low-, medium-, and high-dose Shenqi
Dihuang Decoction groups. After interventions, the cell proliferation rate in each group was determined and the cell morphology and
mitochondrial ultrastructure were observed. Then, the levels of intracellular reactive oxygen species ( ROS), ferrous ion (Fe™ ),

glutathione (GSH) , and malondialdehyde (MDA) and the protein levels of Nif2, HO-1, GPX4, and xCT were measured. The optimal
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concentration and intervention time of Shenqi Dihuang Decoction-medicated serum were determined to be 10% and 24 h, respectively.
Compared with the high glucose group, high-dose Shenqi Dihuang Decoction promoted the proliferation of HK-2. The cells in the low-,
medium-, and high-dose Shenqi Dihuang Decoction groups presented tight arrangement, an increased cell count, improved morphology
from a spindle-fiber shape to a cobblestone shape, and improved morphology and structure of mitochondrial membrane and cristae,
compared with those in the high glucose group. Meanwhile, all the doses of Shenqi Dihuang Decoction inhibited ROS elevation to
mitigate the peroxidation damage, lowered the Fe*™ and MDA levels and elevated the GSH level to inhibit lipid peroxidation, and
activated the antioxidant pathway to upregulate the protein levels of Nrf2, HO-1, xCT, and GPX4. In conclusion, Shenqi Dihuang
Decoction-medicated serum can inhibit high-glucose induced ferroptosis of HK-2 in witro, which involves the antioxidant effect and the
activation of the Nrf2/HO-1/GPX4 pathway.

diabetic kidney disease; Shenqi Dihuang Decoction; ferroptosis; Nrf2/HO-1/GPX4 pathway
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A WO BUE K IE R 5 SR HK-2 % 1]
2.5x10° /LB T 96 FLAR , BAL 100 wL, 5341 4n
TR S S R R A (2. 5% &
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R HK-2 FEAS, SR & 1% 8 A 61 570 19 RI-
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PP JE 4T SDS-PAGE HLJk 7% % PVDF )5 5%
JRE A W= IR B P 1 b, 20 BIEE Nef2(1 ¢ 10 000) |
HO-1(1 : 3 000) ,GPX4 (1 : 5 000) B-actin (1 :
5000) —Piidhe, TBST ¥Eik 3 WK (AR 10 min) 5
IOA AR (1 2 5 000) ¥ FH 60 min, TBST
PRk 3 KJE b 2E KGR B3, Tmage] B 1047 AR X
FETHT, DA SR E R 31K,

2,11 SEitsrdr KA SPSS 25. 0 #7481
0T, GEt IR LI B e hR v 25 (x2s) 3RoR A 1L
BAF A IEAS K7 2255 M, R B R J7 2243 #1 LSD
T L s AT A IE A A AN 2 7 25551, R
JH Welch FpL[R 2 07 22 5041 s ANl IR IEAS 3 A i, SR
Kruskal-Wallis JES 50K 5, P<0.05 B2 R A 41t
3 4R

3.1 MR 7% 25 1035 X HK-2 36 1 14 52 1
CCK-8 JEAS I 40 e 36 v, 5 0T B4 LA, 25 FT 4 K
2.5% 5% .7. 5% 10% 5 (&b 5 17 7 245 L35 41 T 1
24 48 h ¥} HK-2 3G M TC i, 20% Z b ¥ 17 &
25 IM3% T 24 48 h ¥4I HK-2 % #: (P<0.05)
LI 1, R SR B 10% S % T 24 h
SRyt fE T R ]

A. T 24 h;B. THi 48 h; 5 AL ™ P<0.05,

Bl 1 ZEMEZX HK-2 G0 (22s,n=6)

Fig. 1 Effects of Shenqi Dihuang Decoction on the viability of
HK-2 (x+s,n=6)

3.2 BHHLHE S 2 AR EREA S HK-2 30
PRI CCK-8 MM IINAY , 15 1E H ALILEL, # bl
U HK-2 34 (P<0.05) ; S P LA, B 1
B v ) A 4 e OE R B S B HK-2 B 9E (P <
0.05) L% 1.

5340

F 1 SEMEG AT HK-2 BRI (vs,n=6)
Table 1  Effects of Shengi Dihuang Decoction on the prolifera-

tion rate of HK-2 exposed to high glucose (x+s,n=6)

4151 Fiills HIFE 2R %
EH# 10%%5 F I 100. 000. 03
=i 30 mmol - L™ 4 2 48 52.7620. 08"
S 2. 5% & i NE 62. 42+0. 05
5% T 25 1T 73. 62+0. 03
10% & 2 1.3 80. 73+0. 047

I FIERWHE P<0. 05; 5@ k> P<0. 05,

3.3 SEHLE & 25 008 X R A S HK-2 B4
IREI B ¢ B I B AR & 4] HK-2 TEA, &
BIEH 4 HK-2 HE9 B %% B £, 2 1800 A AR
HMUL, A HK-2 HES A BB de K, 5 A8 K
BRIV LT AL 200 ; T 2 b B A MK = R Al
FE LASR SO PR i3 v 75 2 HK-2 % B B Al
B, WE 2,

A ER B W C. S R (R 2H (2. 5% & 25 13 ) 5 D.
SR PRI (5% S 25 ) s E. S B R L (10%
EMT) (K 3~7 1),

K2 SRS HE S HK-2 IS HR0E (x10)
Fig.2 Effects of Shenqi Dihuang Decoction on the morphology
of HK-2 exposed to high glucose (x10)

3.4 S 2 I X A S HK-2 ZkL
PRB TSR RS2 P B A W 2 ) T 240 e K AE T
A AnifE . 3 5 L 0 T K 45 4 HK-2 2k
BRI ASHE , J I m B75 5 HK-2 ) 2o (A A1
EIES RN e ) | IS TR LN T A = N 1
e, IS 1 L HE 37 1 24 00T A R LRk AR S 45
¥, WK 3,

3.5 S EHE S 25 S X & A S HK-2
ROS /K50 DCFH-DA ##4F 46 4% 24 HK-2
P ROS K-, WL 4, 5IEHR 4 4, M4l ROS
KT+ (P<0.05) , mibEA S HK-2 o A Ak KT
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K3 2B S HK-2 SR A RS 14 1Y 5
Fig.3 Effects of Shenqi Dihuang Decoction on the mitochond-

rial ultrastructure of HK-2 exposed to high glucose

s SR L S A P SR R AR
b A  A HK-2 5 A Ak (P<0.05) , 4505
W, 2 R b V837 % 24 003 e A R = B S R
HK-2 i S b 45, HHA it

HIEHH A P<0. 055 S HLAR * P<0. 05(1 5~7 ) .

K4 S R EE S HK-2 8 ROS K- (1452 1
(RIEDENE, x40;5+s,n=3)

Fig. 4  Effects of Shenqi Dihuang Decoction on intracellular
ROS levels in HK-2 exposed to high glucose ( immunofluore-

scence, X40;x+s,n=3)

3.6 S IEHLE & 20 0 X PSS HK-2 N
Fe® JKF-[REM FerroOrange V2K B T 5 Y HREH K6
M4 HK-2 N Fe™ K, WK 5, 5IE8 4 i,
B Fe* K- T (P<0.05) 5 5 s B4l b 8%, &
FEHB B R e 2 P 24 I E e B S
[ HK-2 Fe** /KF-(P<0.05) , 1K) 2 26 f 9K A e
KT Fe* K- (AEF G E L, S5RIR,
Z: B0 e A A R S 3 1Y HK-2 Fe?' 7KF-
AN

3.7 S RME G &AM A S HK-2
GSH MDA /K-F- (520 25 4 4l il + i f5 , GSH

K5 2% @ i S HK-2 A Fe® 2K F 952 1
(FIETFN, x40 745 ,n=3)

Fig. 5 Effects of Shenqgi Dihuang Decoction on the Fe*" levels
in HK-2 exposed to high glucose ( immunofluorescence, x40;

xts,n=3)

MDA 25 6, SIEH 44, mibigl GSH /K
TFE(P<0.05) MDA 7KF-Ft1& (P<0.05) ; 5 mi bl
W LER , 2 B = R i 4L RE T =5 GSH ZKF- (P<
0.05) F#{k MDA /K-F-(P<0.05) , 2 1l 25 17 )
T THE GSH 7K (P<0.05) , {HF#AK MDA /K324
SEGIT 22 L, S b K = 4% GSH
MDA {1 AR &,

El6 ZHHE A T HK-2 N GSH MDA JK-F- )5
M (x+s,n=3)

Fig. 6  Effects of Shenqi Dihuang Decoction on the GSH and
MDA levels in HK-2 exposed to high glucose (x+s,n=3)

3.8 S LTS & 25 L3S X & A S HK-2
Nrf2 HO-1 .GPX4 1 xCT ZEHFIAWIFEM  Western
blot Z5FULIE 7, 5 IE® 4 LA, mHE4L Nif2  HO-
1.GPX4 il xCT 8 £ 53 FFE (P<0.05) ; S b
ML, Z KBk T m F 4 Nef2 , HO-1,
GPX4 Fl xCT A L (P<0. 05) , WA & bifE
AN Nirf2/HO-1/GPX4 Pra L Hli i T RE , 1S b
B O 2 LT e 2 700 S RO M 5 = X Nief2/ HO-
1/ GPX4 38 E rm il i &38R E -
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K7 ZEHE A ERHES HK-2 N2 \HO-1 ,GPX4 & KRN (x2s,n=3)
Fig. 7 Effects of Shenqi Dihuang Decoction on the protein levels of Nrf2, HO-1, and GPX4 in HK-2 exposed to high glucose (x=s,

n=3)
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e e 2 ) B P A s el P A B T IR 9B B
GPX4 SETEM T iRt ad Ak (MDA 45 ) ASGEiE
it GPX4 AL A3 e H A il AR 1 e oz i B2
F3 ROS 1A TR Bt A Ak, 5 S A0 MR T R A
T KRR T BNV LR AN A [ R
05 FNEFZE AL | B /0N AR K L R AL IR YA B 43 1 g
REREAT, 3 DKD A4 KB, W5 &7 DKD i
B ISR A R BET A SC B 1 (SLCTALL .GPX4)
#4E DKD A G, Bk 5105 vl {2 i AMPK 4§19
Nrf2 S i AR A0 W5 ) HK-2 FRFET-, Nif2/
HO-1/GPX4 %5 ROS 12k /5 1 i i S Ak % V)
A, Nef2 15 AL R G B SRR R 8
ROS i 20 J5 #00E Nef2 A KA i 1 S8 AL i HO-1 7%
S, REPUEAC RS

IR I, Z ML B0 X697 DKD A — 8 I 3K,
FE/MEFZE XE 160 4] DKD H 2% 34T I RWLEE | 30
S E eI s DKD BE R R B R,
By ohhe, XIZ5 R R T M~ IV
1] DKD BT R0HAT Meta 20 M7, & IR 560 41 R &
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F1 R Z ZIM LB SE 8 AR 20 T X IR, Rk, A
WFFEEr T B S A HK-2 20 45 15 45 80 | A 42
DKD & B /NE#5, IF 5T Nef2/HO-1/GPX4 il
PRI B L 57 W HZ AR () S

WIS EEHL S 2 A5 I R S 350 i T K
HEH IR & 25 g AT T, & 245 i e
SR LI, 10% S LB S 25 5 T 10 HK-2 24 h
REAS K B A ) 200 6 0% M 00 e K M 25 L Rk,
WESEMB IR EA (2. 5% T2 ) S &
M7 R 2 (5% 75 25 103 ) F12: B 837 1 )
A (10% & 25 0355 ) 43 AN 172 1 .2 F5 I R SERL
FE, JF I B I AR S 2 X b HK-2 1Y 5 28
AL,

TS, BT N B B4R O 4 HK-2 B,
RIL R HK-2 HEg g b H [ BRECK, 548
“PICLTYERE” 40, BEJS , BT S AR I W 4]
I MR 2L ) 2R 1A B S 5 48, & B o A5 5 HK -2
Jei , SRR SN 24 | SR A B2 B 1A T, 2k ARk Ui
WD RIS, Uk, M B R R A T HK-2 #kFE
To, AT RATEIEX — iR, 7550 FJZ AT T IE
B ULR F B AN P9 ROS \Fe™ | GSH il MDA 7K,
R EHEALRR GSH IR ART IE# 414h , Hox % Wi 4
FRYTEA W TR A (P<0.05) o SEEZ T, K
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WL R AETAH G HE 11 xCT , GPX4 ¥# 1 4 = &
5, AT RURRE EolE T HK-2 24 h sl sz 1715/
YRR IE TR | Ry B6 I 2 1 b 7 X
AU, il FH 2 M B3 i A& 0 7 24 1l
T HUZ AR 24 h, K IS 1B 17 BEAS L 57
U FE S S HK-2 95 Ol 40 i IR 24
KRR , BB S EEHL B 25 135 Wk
FE RGN, B RHA S HK-2 ) ROS &2 i I, 40
L Fe** K MDA 7K-F-FEAIK, GSH 7KF-F &, S 1 Ef
TEEEARG I xCT A1 GPX4 B 7 24 I 7 1 5 14
MR LR, DRIAE | 2 1h 907 e A% 38 1o (2
FHHE A0 HK-2 1 system xe” 164k, T GSH 7%
i, GPX4 AR A, DT SR A M T ) MDA, R
£ Fe® 1 ROS R/ BRI 41 kA= R AE T I
J&, AT BUE S L R R AL S N2/
HO-1/GPX4 JE A 5, W IEH 4 R S i
A o E AR Nef2/HO-1/GPX4 18 [ AH 6 5 1
FIRFEATAGM | Western blot £5 3R Wn, 554 1L
i B A RE R N2 \HO-1,GPX4 il xCT &
H 33k, Uk B 2 & #8837 38 i B0 Nief2/HO-1/
GPX4 P (b, #0112 s 5 09 HK-2 BR3ET,
HUANG D %50 ifF 53 2% P 35 16 2 BEBHIKT = b5 5 S
HK-2 P GSH, GPX4 1Y B# Ik, LDH, ROS, MDA ,
NCOA4 W Ty, U2 1 v WE 75 3 10 400 3% 0 A
TEFME 5 S /) DKD iR 4E . WANG Y H
VRGN 85 491 DKD B3 BB TG R PR AL ZURE AR
K IL GPX4 7E DKD ¥ HK-2 gk, 5EHIR
[MHXRE(r)=-0.42] JREAE A/ WUEF LLAE (r=
-0.40) MLEF (r=-0.59) /R I & (r =
-0.66) FEAL'E /INER E 20 b (r=-0.42) MK, 2
DKD ™ F2 B ik e () sy s 7. miis S
HK-2 $A55080% Nef2/HO-1 Hi bl Nef2 B 3201
HO-1 J3 3 716k, HO-1 235 T = i Ak i £ 2 43 fift
R Fe™ NO HZRE 1 BR ROS AR S {45
Bio JIN T 20220 ds % B Nef2 b 38 ] LA )4 PR 955
FSEBRIET - &

ZE LT, 205 1L H 7 T R RS S HK-2
i, FoAE F AL T A8 2 S 5 M 50 B0 N2/
HO-1/GPX4 $it & fb #l, I 9% Nef2, HO-1, xCT FI
GPX4 IR, EALLI MM Fe* MDA 7KF, FH &
GSH 7K, 235 ROS i3 Ak 30147 , DI Ak A 4% JiEE Al
IS AB IR EE M, PR D B BEA S HK-2 #RIET- i, &

Z B TE R S RE I ] S R 5 S HK-2 BRAE

T2, HALH 5 HT AL/ AN Nef2/HO-1/GPX4
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