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Shengqi Xiezhuo Decoction alleviates renal fibrosis in rats by ameliorating oxidative stress

and inflammation through the Rap1/MAPK/FoxO3a signaling pathway
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Abstract: Objective To explore the mechanism of Shengi Xiezhuo Decoction (SQXZD) for improving renal fibrosis (RF) in rats.
Methods The chemical components of SQXZD were identified using UPLC-Q Exactive/MS, and component-disease target
network and enrichment analyses were conducted to screen the key pathways and targets. In the animal experiment, 49 male
SD rats were randomized equally into blank control group, sham operation group, unilateral ureteral obstruction-induced
RF model group, losartan treatment (daily dose 4.6 mg/kg) group, and low-, medium-, and high-dose SQXZD (9.7, 19.4, and
38.8 g/kg, respectively) treatment groups. After 14 days' treatment, renal pathologies and collagen deposition of the rats were
examined with HE and Masson staining, and serum levels of BUN, Cr, SOD, MDA, GSH-px, IL-6, and TNF-a were detected.
Western blotting and qRT-PCR were used to detect renal protein and mRNA expressions of a-SMA, Col-I, NAKED2, Rapl, B-
raf, Raf-1, MEK3/6, p38MAPK, MEK, ERK1/2, p-ERK1/2, FoxO3a, p-FoxO3a, and MnSOD. Results A total of 263 chemical
components were identified in SQXZD. Network pharmacology revealed 170 intersecting targets between the components and
RF enriched in the MAPK, Rapl, and FoxO pathways. The rat models of RF showed abnormal renal structural changes,
increased fibrosis area, elevated serum BUN, Cr, MDA, IL-6, and TNF-a levels, reduced SOD and GSH-px levels, upregulated
renal expressions of a-SMA, Col-I, NAKED2, Rapl, B-raf, MEK, ERK1/2, p-ERK1/2, MEK3/6, and p38MAPK, and
downregulated Raf-1, FoxO3a, p-FoxO3a, and MnSOD

W #5 H #A: 2025-06-30 expressions. Treatment with losartan and SQXZD
E4WB - HE T ELEINEKEPEZESEREETA (especially at the medium dose) obviously lessened renal
(2yy2dxk-2023033 , zyyzdxk-2023036) ;11 744 B2 4% A%l i _E35 B pathologies, improved renal functions, alleviated

oxidative stress and inflammation, and ameliorated

(2024-MS-124) ;2022 4F- & FE H Z R 25 L R LR TAEZE#5m H

abnormal changes in the Rapl/MAPK/FoxO3a signaling
(e R 25 A\ #0e60 (2022]75 %)

pathway in the rat models. Conclusion SQXZD alleviates

fEE RS AR IR PRI, E-mail: dfs1107@163.com RF and improves renal function in rats possibly by
BIEER AL, EALERIN, LA 200, E-mail: Inzysnk@163.com; ameliorating renal oxidative stress and inflammation via

2O AL, AR, A A S0, E-mail: vivi_gling@163.com regulating the Rap1/MAPK/FoxO3a signaling pathway.



+ 2586

J South Med Univ, 2025, 45(12): 2585-2597

http://www.j-smu.com

Keywords: Shengi Xiezhuo Decoction; renal fibrosis; oxidative stress; inflammatory factors; Rapl/MAPK/FoxO3a signaling

pathway

B AP YL AL SRS B e P A 2 e T
P 1) L B AR SR A M R A M
JE Wt B, LRSI LT (ECM) i B R g BT
TP B S TN AR, 2630k B/ INE A 2% LT 440
JiL SR LA /NS T Rl ot A PO s A, e T 3L
SRS REREE . 2021 AEFR 18 1k B s A& 2% Ay
233.57/10 71, BB 29 1184421 o LT e 20 i 1 175 A 2
SHEECM DU R RN 22— %l B S R e
(0S) M AIEZEVIF ", OSJE i TR AL 54T
A I A, R EAL Y R R MR . TE M
(ROS) YR EHER AT 2B FEOS, G £F 4
20 M 5 G A AR SR AT L 4 e 2 LB ET A AR Y
Ak PN R -] FE AT U K /N T R AR R ) SR
B (EMT), IR & R 3 — 25 il 0S™ ', Bk
ROSA I SAES N, U IR R A SF i R AR K
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18 B2 4> B 504 PE (DAVID)"™ (¥ 41+ hitps://david.
nciferf.gov/) .
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1.2.1 ook A SR MR 2R (B
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JriVe BN FEAT 2504858 S TE 5 A6 2020 pid [ 24
BOPRIE,

AP IHAR F [ (50 mg/F ) , Organon Pharma (UK)
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7~ #l ) 3 NAKED2 $t & (Affinity) ; a-SMA 0 & |
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MEK #i& \MEK3/6 Hi{A& .p38MAPK Btk .ERK1/2 $ii
& . p-ERK1/2 $iL 1A | FoxO3a T {4 | p-FoxO3a i 1A .
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P AL RIPA Z4f# L . 50x Cocktail 2 B 15 |
PMSF (100 mmol/L) B2 LA IR 57] . BCA H
FE R A ) £ L SxSDS-PAGE £ 11 | FE 2% i
Prestained Protein Marker VI (8~195 000) ., RNA & H
W RNA ¥ fift W . SweScript All-in-One RT SuperMix
for qPCR (One-Step gDNA Remover) . 2xUniversal
Blue SYBR Green qPCR Master Mix il E ALY 1L
fit} (T-SOD) K I & N - (MDA) Rt & 4
JB H b %Ak 4 i (G SH-px) K6 3 57 £ . Rat TNF-
alpha ELISA Kit,Rat IL-6 ELISA Kit(Servicebio) .
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[ Thermo Fisher(China)Limited | ; fif#5{% (Rayto) ; Hi,
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(WAREIISL) s A YT R HL(Leica) ; 7 ELHLIKAN AL EIHE K
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UEE . PR 8K S SCK R, 30 min 2 HUE i
25 min B N AKEL 8 E Sl 22 4R 2L 3K BE 5 min
Sk, B 2 RIEROITRDE 225 1.94 g/mLAEZG N2y
T, %5520 “CIRAAT -

1.3.2 UPLC-Q Exactive/MS Ml & £ &, it i 4k 6940 52 1%,
2 ¥ 13164 25 W0R ST IR B 200 wL, fil A 800 puL
L, 3% €Y 2 10 min, 13 000 r/min 5.0 10 min, B |
5 LT

1.3.2.1 &3&%4 Thermo Fisher Scientific AQ-C18 {1
HEFE(150%2.1 mm, 1.8 pm, Welch) , 7K 404 0.1% H iR/
IRV, AT HLAR S F AR FR i & 0.3 mL/min; A3
35 °C, kR 5 pL, BAREIEREEE (R 1),

®1 BIEHE
Tab.1 Chromatographic gradient

Aqueous phase Organic phase

Time (min) proportion(%) proportion(%)
1 98 2
s 30 20
10 50 >0
s 20 80
20 5 95
. 5 95
28 98 2
30 98 2

1.3.2.2 Fak &t ESIE T, IEGUE 7 Ui T A6
I, 46z 7 20 Full mass/dd-MS2; [ & 355 100~
1500; HL M55 HE R +3.2 KV il 18R = 20 L BN
A, 40 Arbs BB ORI, 15 Arb, ITHGIRE 350 °C;
T 40 IR 300 °C 5 K dls ok S 1 (6] 30 min, i ]
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mzCloud $E A 2R LUXT
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FEVE SRR N YES B =21 B BE S T
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1 “Homo Sapiens” Il #2531 77 T £7 Probability>0
(AL BN , UniProt 8IS ZEARIEIL 25 BR 52 Jo i 7
1.3.4 B efeeAnstie s a9 KB £ OMIM Genecards,
DisGeNet £ 4 J& H ) “renal fibrosis” “kidney fibrosis”
R AR RS 1S B N, Venny 2.1 ZEZR ]
VERIE AR ) B 5 R AC SR ST AE

1.3.5 AR R ER RS- ML hE EH
Cytoscape3.10.2 F A a g S FE b IR 1 13- A
T ZA M4 MFTER A N B T H Network Analyzer 71751
Z R IR A 80 P LA 8 I 28 DS A, TR iR
Degree {EL AR H/ N 1 S IR IESE i 7 4R AL 1Y)
SIS

1.3.6 &S0 itfeid s £50 1 1.3.450%
RYACEEFLIR4E 14 2= DAVID #dE % , Ll “homo sapiens”
W YIRRHEAT GO THAERI KEGG i #% & 5 0 1l
AL

1.3.7 shinmen B ss2h 49 Hifett SD K BUSENL M
2 HAH T ARH BRI E DI (4.6 mg-kg'-d") )
SRR P R (9.7.19.4 38,8 gokg - d )4,
7R/ SR 2 I A2 ARG R, T
ARG 24 hJTFHE2525 (1 mL/100 g) , ELE2525 14 d, 28
FIA AT AR T LAVE B SRR AlgoK

1.3.8 KA B4 g4 SHCHk[21],R—H
BRI PR 45 L1 (UUO) 2 il K B 41 e AL B Y
HAREAEW T BN SR 7 d )5 BRI I & 45 24
HKFATUUOFAR, RAiZEE12h, AROK, KEAK
HJ5 40 mg/kg MR EE S 1% R HCZA0 BRI 2 45
KA NI IHEE R E BT R Z L2 AT IE I
Y IEMER RS 5 4-0 4 S AUREEFLM A BTN, T
A LA U 5 A s DR A T AN T 25 L B BT WA
PMESSHRR BRI AN . R ARG =R
1 24~25 °C, RS540 FE AL 1 d e E A 259 T Ty
B, e RO AR 35 H .

1.3.9 & Fohaeml 2 BT H 53 12 h, B HK
Ko RH 1% G HZ AR RIE R BUS BY HFIERE , 2l iE
T B KB , 5 L E 10~15 min, 4 CE.OHLTS
3000 r/min 250> 15 min, B &5 W 00035 J5 2% T EP 4
4 [ Bl AA BT S0 45 21K BRI R 2 AU (BUN)
WUEF(Cr) K-

1.3.10 274 SOD MDA .GSH-px.IL-6 . TNF-0® ;2 ¥
1.3.9 ARG K BRI 17 ELISA Rl v 4%, I 52 I it
g, 7 e R G UL A TR BT S AL 100 wL
Bt i, AR AT 0L 45 45 2 AR DU AE & o 10 min
P TERREARAS 1 DAZS O BEFLTA RS D45 FL AL, 0 25761
Pl 2 , A B il A 2T RS AL ML 8 S AL AL it
(SOD) A —E(MDA) At H kit S A (GSH-px)
F A 22 -6(1L-6) KRR AL - o TNF-0) 7K
1.3.11 RAE2 2% IR 252K BRIBUMLS BUOR
A I, 31 2 5 O AT RS 20 v 0, A PR K gk
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B IS RS AL R e S o A I e . R4 1/2 B EE T EP
B ARG -80 CUKFERAT -
1.3.12 Western blotting #-i] B4 2H K BRI A% 1/2 AR A
B JIE L A 5 28 RIPA 22 i v LA 42 U 11, BCA YA T
FEMREE . T A FEAR DRI B, S K S
I3 A —4T a-SMA . Col- I \NAKED2 Rapl ,B-raf,
Raf-1 MEK3/6 .p38MAPK .MEK .ERK1/2 .p- ERK1/2,
FoxO3a,p-FoxO3a K& MnSOD (i B HL 1424 1:1000) ,
4 CHFE IR, A —HT(1:1000) , 95 F 1.5 hJ5 W5,
) B-actin A2, Image J TR FARXS ik it
1.3.13 qRT-PCR &M FRELASZH K L 20 mg AR 2
21, Trizol U RNA AR £ U B A5 1E 4 730 i 5
R, 27950 MT QRT-PCR ELHE . 519 il ik 4R
YRR A G R (F2) . PCRY BEREFUNT
95 °C,30 s i HFHAE M 95 “C. 15 s i HAE M, 60 °C 30 s
B WHAEFR 40 IR, PEGE it PCRALSERS 4 565 °C
—95 °C, BTHE 0.5 °C, 2R 1 IRIE S -
1.4 %t o

SR FH SPSS 30.0 AT BAR Lo b R EdE

x2 51455

Tab.2 Primer sequences

Fragment length

Gene Primer sequences (5'-3") (bp)

F:ACCATCGGGAATGAACGCTT
a-SMA 191
R:CTGTCAGCAATGCCTGGGTA

F:CGTGGAAACCTGATGTATGCTTG
Collal 169
R:CCTATGACTTCTGCGTCTGGTGA

F:CGCCTCTGTCAATCATTCCTC
NAKED2 205
R:ATCTGTGTTGGGCTTCCTGCTATA

. F:GGATTGAAGGCACCAACCAT 144
Ra
P R:AGTAATTGAAGTGCTCCTTGCCG

Raf F:GATGCTGTCTACTCGGATTGGC 16
af-
R:GAAGTTGCTCTGGAGTTGGGTC

Boraf F:CGCAAGATGTGGTGTAACGG 501
-ra;
R:AAGTTGTGGGTTGTCAGAGGAA

F:CGTGATGTCAAACCCTCCAAC
MEK 135
R:AGGAGCCATATAGGCAGCACAG

F:TGAAGATGTGCGACTTTGGC
MEK3 141
R:CATCAGACTTGACGTTGTAGCCC

F:ACCACGACCCTGATGATGAGC
p38MAPK 94
R:TAGGTCAGGCTCTTCCATTCGT

F:GAGACATCCTCAGAGCACCCA
ERK 216
R:TGTTGATAAGCAGATTGGAGGG

F:AACAGTACCGTGTTCGGACC
Foxo3a 119
R:AGTGTCTGGTTGCCGTAGTG

F:TCTGGACAAACCTGAGCCCTAA
MnSOD 133
R:GAACCTTGGACTCCCACAGACA

F:CTGGAGAAACCTGCCAAGTATG
GAPDH 138
R:GGTGGAAGAATGGGAGTTGCT

DATIRRUE S FOR AT IS0 A5 2 4 ] AR FH B
R R I 22T A5, AFFA IEA AR MR FHAES 5L
Kk, P<0.05 WESHEAGITHE XL,

2 #R
2.1 BE MR RS

¥ F UPLC-Q Exactive/MS Xif 2 F& it i ik 24 ik
m AT AN, BB TWRE(E D, i fEEss
mzCloud B8 2 FL X, S B AR 253000 i HP 2 1
263 M -
2.2 WL HIR M
22.1 W% % FEmie s AR s ik K21
T PR B A3 B 5 5 A AH G B8 1 0 L s, L4592
1283 A2 s K 819 /i L, BUSC B J5 #5811 170
AR (F2).
2.2.2 PPIM %M R AL I b5 54 K Cytoscape X
PR - s R PR 25 T (18] 3) s R A 5 g K
FELR LR AEALHE A ) PPTIZS I (1K 4)
2.2.3 GON#r SRS T LI 925 45 B 3%
EAERIE K, o BP A G 661 4%, CC AR 85 45, MF AH
K179 4% HEHUAS T HIET 10 20 {22 B E (5) .
Horh BP 7T, 2 EAFE AR (0 1 [y P45 A0 A
B IR IE T A 3R B A A R A2 AR o e 2R
A PR T 32 (A5 30 B B i PR ek 1) I ] 5 46 5 CC
Dy, EEW BT SRS A AR EORE A
ST 5 s MF J7 THT , 3 SR F5 2R 1 S R U 2 il
gha ATP 254 4l 1 H3Y41 SO G M A E G
H2AXY 142 St P
2.2.4 KEGG % #7 i@xt DAVID ¥4 FE #:47 KEGG &
53T, 1551 164 25 KEGG i 45 , BEET 20 2515 510 1%
2R (E6) .
2.3 Hh EEIIE
2.3.1 A k4R 3t UUO kX R o7& BUN.Cr 4 % a1
A d g, BFARH KR BUN & CrkK 2T+
&L ERG T X (P>0.05) s SR TARLH i f
R BUN K CrKF- T (P<0.01) . SHEARIZ AL,
B K R BUN K CroKF F R, 2 Bt ik e 75
AP 25 5 BA Gei 40 L (P<0.05) , S i
rpl e 22 5 B G L (P<0.01,%3),
2.3.2 AEMIBAKITUUO K RAAM LR T 567
23.2.1 HE$ & 75 A SERTFARAKREAMNEHLGS
PRI, Bk RS IEH IR 55 ST AR
BRI R AR R BRARME HEUE AR5 =N
SERRRNERL, B/ IVE AR B/ IV B AT D7 R
G YA AL NRIR R, SRRYA LA, £
SRR AR B L 254 S R A T, /N
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Fig.1 Total ion chromatogram of Shengi Xiezhuo Decoction (SQXZD) extract (Top: positive ion mode; Bottom: negative ion mode).
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B2 SRithHIREE BT ENRIERER
Venn

Fig.2 Venn diagram of the targets of SQXZD
for delaying RF.

AR I 51, T 4ELH 2 A A s (A7) o
2.3.2.2 Masson # & %5 14 5{RFARH KA 21
SN A L 8 i C e DR T AR IR T AR AR AR
AR I X, SR AR e, A2 45
SRR FRARN B 2 P AT DL e i A A R, e
REAIL O] DK s R R AP 4RI . SRR A, 4%
o5 25 21 R BRI 20 2 D R 0 B D 2T 4 T RO
(K8,

2.3.3 AR UUO K R 2% SOD MDA . GSH-
px.IL-6 . TNF-a#9%va 525 A2 A (BT AR R B
MDA . IL-6, TNF-«.SOD ,GSH-px 7K F- 22 F L4 2
BL(P>0.05) s SITFARYL AR FHRIZH A MDA IL-6
TNF-a /KT, SOD .GSH-px /K F FF&(P<0.01), 5
R ZH A, 4% 452 41 MDA . IL-6 . TNF-a 7K °F- R %,

SOD.GSH-px 7KF-Ft 5 , Herhr Z itk p AR AR fE 4
il E VP SOD 5 GSH-px Y 22 57 U S 1
Ity o ) S VP H 2 MDA (IL-6, TNF-a 1Y 22
SHA G E X (P<0.05) , 2 it ik b3 a2l 45
e 2R BAGHERE L (P<0.01,764.5),

234 AR R UUO KR RN E 204 a-SMA |
Col-I.NAKED2 £k 69 %m S5 HAL L, [RTFAR4
a-SMA .Col- | NAKED2 ik 54 it & L (P>
0.05) ; 5 F AR i, BEAI 2 o -SMA. Col- | .
NAKED2 %3k FI(P<0.01), -SRI HUES , 45402540
a-SMA .Col- I \NAKED2 %35 T J (P<0.05) , Z (it
R 22 S BA G4 L (P<0.01, 519).

2.3.5 A sk UUO X SR B 48 2% a-SMA.,
Collal NAKED2 mRNA %% ZK-F ey % Sa54
Fe A BT AR 2H o-SMA . Collal NAKED2 mRNA #%5%
K23 TG F 3 L (P>0.05) s S F AR He i, A
2 oa-SMA . Collal NAKED2 mRNA %% 5 /K V- T} &5
(P<0.01)., SEIRIALLE, & 42540 o-SMA Collal
NAKED2 mRNA % 35%/K - T [ (P<0.05) , 2 EE itk
T2 25 S AT ge P L(P<0.01, 51 10) .

2.3.6 AE skt UUO X A ARM B4848 Rapl \B-raf,
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3 SRR UUO KR MiEBUN.Criy#Im
Tab.3 Effects of SQXZD on serum BUN and Cr levels in rats
with unilateral ureteral obstruction (UUO) (Mean+SD, n=5)

Group BUN (mmol/L) Cr (umol/L)
Control 4.94+0.29 47.48+2.62
Sham 7.18+0.32 55.48+1.10
Model 28.08+2.35%* 196.11+12.88%*
Losartan 18.97+1.01% 166.99+4.07*
SQXZD low-dose 23.49+1.09 178.97£6.42
SQXZD medium-dose 16.79+0.55* 149.92+2.574
SQXZD high-dose 19.03+1.01* 171.3243.68"

#*P<0.01 vs Sham group; *P<0.01, "P<0.05 vs Model group.

CDK2,CA2,CYPI9AI % 169 NI AEHE 5, I &
MAPK HIF-1,TNF Rap1.FoxO % OS X AIEM A5 5
Wik, 6-ZM BA N PR A e b 55 2
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LSRR B P 2 GABRB3 1] 5304 41 N 1 A5 55
B RS AT A R A5 A5 i s A
He ALt ED . CDK2 78 P74k sh Wi i v 5 i e ik
R, 25T R AT R 8 CDK2 &3k, #E il a-SMA
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Fig.7 HE staining of the surgical-side kidney in each group of the rats (Original magnification: x400).
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Fig.8 Masson staining of the surgical-side kidney in each group of rats (x400).
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F4 SRR UUOXRIMIESODMDAGSH-px HIFAE
Tab.4 Effects of SQXZD on serum SOD, MDA and GSH-px levels in UUO rats (Mean+SD, n=5)

Group SOD (U/mL) MDA (umol/L) GSH-px (U/mL)
Control 325.42+6.59 2.03+0.14 2582.35+54.22

Sham 257.27+16.71 2.36+0.05 2238.14+105.60
Model 87.012.08%* 8.92:£0.94%%* 668.21+6.81%*
Losartan 212.38+5.19" 4.26+0.38" 2048.18+45.04"
SQXZD low-dose 183.70+5.04" 7.50+£0.52 1516.04466.02°
SQXZD medium-dose 270.46+5.874 2.90+0.11* 2218.58+51.314
SQXZD high-dose 209.35+5.60" 5.42+0.20" 1684.99+52.96"

*P<0.01 vs Sham group; *P<0.01, “P<0.05 vs Model group.

x5 SEMMIKNT UUO XRMFE IL-6. TNF-u FIST
Tab.5 Effects of SQXZD on serum IL-6 and TNF-a levels in
UUO rats (Mean+SD, n=5)

Group IL-6 TNF-a
Control 0.159+0.001 0.038+0.0003
Sham 0.177+0.005 0.040=0.0004
Model 0.309:+0.010%* 0.056+0.0011%*
Losartan 0.243+0.004" 0.051+0.0004"
SQXZD low-dose 0.273+0.006 0.053+0.0006
SQXZD medium-dose 0.228+0.002*4 0.049+0.0003*
SQXZD high-dose 0.252+0.005" 0.051+0.0005"

#%P<0.01 vs Sham group; 4 P<0.01, “P<0.05 vs Model group.
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Fig.9 Effects of SQXZD on expressions of a-SMA, Col-I and NAKED?2 in the surgical-side kidneys of
UUO rats. **P<0.01 vs Sham group; ““P<0.01, *P<0.05 vs Model group.
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