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[(FWE] BRGS0 5 FA 5 2 (GEO ) R 45 24 $H 2 Ty I BRI DU K X0 /& IR B BB i A v e vh
SPVER L 0 o TG s, 3 AR N A1 S50 0 UE TUBE 1 T T80 B & M5 1K B (spontaneously hypertensive rats, SHR) ¥
IELHZUR I & 7K 2 1T (angiotensin 1T, Ang IT) FIEOR FUE AU INRK-52E8 T (520 SO A SGE BRI EEER . ik @
i GEOBUE I . P45 2325 A3 W DU BB VR YT e L B 006 19 DGAEIA YT 4 A, STRINGEUE PR /- iR Y7 8 5 AT A LR G
R, FEFARR(GO) BRI 4B A AW Dife, staR AR 5 A A B4 15 (KEGG) 8 R & S W e (5 Sl i . 0%
SHROA FRUBBHLA 553 BIHE B 45T L S50 (0.075. 0.75 1 7.5 mg/kg) ILEEAHE, -1 10/, 3 1 HEY (kG B
HAUE S, ELTS AR L7 Fh 48 AE K F 88 PR P8 K Fa( tumor necrosis factor o, TNF-a) . 4 ifi4 2 (interleukin,
IL)-1B. TL-6/ 33k, TUNELZL EAG I AN A T2, Western blothiliBax . Bcl-2. cleaved caspase-3. caspase-33%i%k & i g4
5587 4 (extracellular regulated protein kinases, ERK) | p3822 %4 i {1k 2 1 #4iff (mitogen-activated protein kinase,
MAPK) FUBERR AL RS R 5k . Mo Ang IT HIAONRK -52E40 oA 28, S FHR [R) I 3 %54 (25, 50, 100 pmol/L)
TN A24 h, 8t Annexin VY& R0 40 T3 DL & Western blotB il [ 3R I8 T AH SC 8 (A8 B AH G IR 18 .
HR EIEIEAEGSE4145350r, KIS WKY LA L, SHRALE WEL L PAT 1167343 1315 9024 JE K T i, 3 i
2B PEAR O BT 37 IV AEVE R A5, DT AR E O8N S8 FE L o, iF— 2B i BE A5 245 A% IR I A, P e i
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THE R IL-17{5 50 HFIMAPK (55 18 6 S5 B 2 4 o USSR T 300 AT A &0 i SHR K BB JIEZH 2R i 3433 4 K%
ML7E RAE K FTNF-a, IL-1B. IL-6/Y 1K (P<0.05), [RIAF IS/ SHR B IFLH 2 Al Ang T I35 NRK-52B40 i A PR TR LU K
Bax. cleaved caspase-3fi 33k, Ji- L i#Bcl-2f ik (P<0.05) . IHAb, IEEAFH T Wl i SHR S AEH 2L M Ang 1T 3%
NRK-52E4ffi HERK | p38 MAPKIBEIRIL(P<0.05), 4518 PR AEH i R4 M A PKGH J% 1) ) 4 8 52 RN 20 B o 7]
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[Abstract] Objective To investigate the potential therapeutic effects, targets, and pathways of wogonoside in
hypertension-induced renal injury using the Gene Expression Omnibus (GEO) database and network pharmacology, and
to validate the effects of wogonoside intervention on the renal tissues of spontaneously hypertensive rats (SHR),
angiotensin Il (Ang II)-stimulated NRK-52E cell apoptosis, and the regulation of relevant pathways through in vivo and
in vitro experiments. Methods ~ GEO dataset and network pharmacology analyses were performed to investigate the key
therapeutic targets of wogonoside for hypertensive nephropathy. The STRING database was used to analyze protein-
protein interactions. Biological functions were annotated via Gene Ontology (GO), and the potential signaling pathways
were enriched using the Kyoto Encyclopedia of Genes and Genomes (KEGG). SHR were randomly divided into groups

and given low, medium, or high doses of wogonoside (0.075, 0.75, and 7.5 mg/kg) via gastric gavage for 10 weeks.
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Morphological changes in the kidney tissue were assessed by hematoxylin-eosin (HE) staining. Serum levels of
inflammatory cytokines, including tumor necrosis factor a (TNF-a), interleukin (IL)-1pB, and IL-6, were measured using
ELISA. Apoptosis rates were evaluated by TUNEL staining, and Western blot was performed to determine the expression
of Bax, Bcl-2, cleaved caspase-3, and caspase-3, and the expression of phosphorylated and total extracellular signal-
regulated kinases (ERK) and p38 mitogen-activated protein kinase (MAPK) proteins. An in vitro model of Ang II -
stimulated NRK-52E cells was constructed and was treated with wogonoside at different concentrations (25, 50, or
100 pmol/L) for 24 h. The apoptosis rates were then assessed by Annexin V staining, and Western blot was performed to
validate the expression of apoptosis-related and pathway-associated proteins. Results Analysis of dataset GSE41453
revealed 11673 upregulated and 5902 downregulated genes in the renal tissues of SHR compared to the Wistar Kyoto
(WKY) rats, or the WKY control group. Through the analysis of multiple databases, 371 potential targets of wogonoside
were identified, resulting in 98 overlapping targets. From these, 45 core therapeutic targets were identified through further
analysis, including TNF, CASP3, etc. GO analysis significantly enriched processes such as the negative regulation of
apoptosis. KEGG pathway enrichment analysis highlighted the apoptosis pathway, IL-17 signaling pathway, and MAPK
signaling pathway as being significantly enriched. Wogonoside treatment effectively mitigated pathological damage in
SHR kidney tissues and significantly inhibited the expression of inflammatory cytokines, including TNF-a, IL-1p, and IL-
6 (P < 0.05). It also decreased cell apoptosis rates in SHR kidney tissues and Ang Il -stimulated NRK-52E cells,
downregulated the expression of Bax and cleaved caspase-3, and upregulated Bcl-2 expression (P < 0.05). Furthermore,
wogonoside treatment inhibited the phosphorylation of ERK and p38 MAPK in SHR kidney tissues and Ang I -
stimulated NRK-52E cells (P < 0.05). Conclusion Wogonoside may exert its protective effects against hypertension-

induced renal injury by suppressing the inflammatory response and cell apoptosis, potentially through the regulation of
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the MAPK signaling pathway.
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Network pharmacology
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1, NH T 1 2 S RGN BRI i SERE RN e 5 g I
J 53 | R A B IO A5 4 %8 DDA DG e B 1R, O 25 T it e
38 T A 15 B R % (https://www.bioinformatics.com.
en/) 2 B 43 B Rk LL BT DL SR 7S 22 S e A 11 3k
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JEFIN TR AV E AR . # NGEOKUIE R4k A5
1Y) 2 S KR PR 5 D008 1 A TS TE AR R AU A T 28 5 40 T
SR 2P 5 )38 AR A U SRS 5 o v i i S8 At
TR R
1.1.2 &G R-& G A0 LA WG R K de & 547

W 32 A B 2530 5 A GeneMANTA FISTRIN G A
e, it s H - H A BAE ] (protein-protein
interaction, PPI) 4% [&], 1150 PPIM 2% 1y 3h Mg 1, JT4%
S5 %50 TSV O o B TSV I A Cytoscapek
8, FEATHE— L I FD o3BT, BRI T S TEPPTIN 2%
R LLT RN S5 degree (JEH.OME) | closeness
centrality (% H.00ME) | betweenness centrality (/50
%) Fltopological coefficient(#AFM R E) . X LS HH
TP AG 2% B SUTE PP 2% v (1% o B2 M 70 2E ) 2 D g
KHK

T AR 2 A AZ A HTHE AL ASBIEFEBE LA
i e 45 degree> M1 %44 . closeness centrality> H1{3/ %,
betweenness centrality> H{i; §{ Flltopological coefficient>
FOEE . T X S R0 R SO A O T A
FRFHAEPPIM 2% h A B 1 HE A R d i
113 ARAKRE Gl AB 5 AR AP
EE

FIHDAVIDY-15 (https://david.nciferf.gov) X} 2 HE#H
ST R AR (GO) T fig i B Rt ER I R 5 B 4 A
B (KEGG) il i & 4 70 o BE i E MK P<
0.05, HEPIE /N, FEIUHT104% b 25 & 5 A3 i, m i
AARBEE A SO EDE A T 45 R s .

1.2 SREIKH

DMEM; IR | i 1% (FBS ) | 0.25% /58 8 1 7l -
EDTA W LA K BCAZE 14657 £ (Bicinchoninic Acid
Protein Assay Kit) ¥4 [ 3€ E Thermo Fisher ScientificZy
Al I E5KE 1T (Ang 11 )W F 3¢ [FIMedChemExpress
val o SV (Valsartan) 14 F A6 st i A6 256 FRA F .
TUNELZH I8 7601857 £ (C1098) 14 F [ 28 = KA
Y ARAB R/, Annexin V-AbFluor™ 647 40 T-46:
MR & (2116) W B b [ R DOERHA A Y HARH RA
Ao KELELISAIRGI £ (1113, 14368, 3917) I (1 VT

it G Sl A PR R o 525 BT F I — B K AR
B AR S MR, 2 UL 26 BRI MR 3R 1
1.3 SLIRZEY) R L

P (475 B20488-20 mg) I [ i IE M4 1)
PHEABRAR] . A SE: SEHHT, PRI H R S
TR, L H LT (DMSO) ¥ i, B i sl ik
Ji£ 100 mmol/ LI A# & s it 45 W 53 %6 S5 A7 T —20 C
& s S S ARG B A R R TR B0 N,
TG TR AL ZE K 38 4 ik, e o) BB o 43450531 2R 0,075
0.75F017.5 mg/kg A ; 45 0T 12t 43 B0 WL 31 T T AN ) 52
B2 K BT T A B, A R B B KB U 1 mL
14 ZWHWERSHAE

AJEWE HEEWKY K e HRSHR A B30 R %R LA 7
143 WKY . SHR, SHR+Wogonoside ({7 #L) . SHR+
Wogonoside( 57| M) . SHR+Wogonoside (=7 & H) fll
SHR+Valsartan(Z5ivbIH ) 62H, 26 . K. H. &FIEH
43313 0.075. 0.75., 7.5 mg/(kg-d) A TIUE A
SHR+Valsartan#1#%7.5 mg/(kg-d)45 T4 VP H , HF)
S A OGS R R, ORGS0 3H Y I R R
FHF 80 ~ 160 mg/(70 kg-d), 5 FH A 3 1 FH 25 45505
BN A ARV H A VE R B . WKYZHRAISHRZL K R
VE Rt BRI LH , 34925 TSGR NS KR S |, S50
FREE108 . BT S gl 5 3t s 4 A A2 5255 3 )
HARFRRAT], IF T e b B2 25 K750 i sy oo AT
TFE . A3 RE AR E R (22 ~ 26 °C) | fHIE (40% ~
70%), IR 12 hWE RS IR . FTA sh el
F AR IR o S50 b R v BT 4 H A e A v
2y K2 S B ) s A48 BRI AN S 56 3h ) 10 B R
(e FEHE S 2022175)
1.5 HARE

SIEHT , R RE A A S A TR,
PRAL T DR BE R IR A IS, B K BRI I Sl T, 22 68 1 30
JMLAE, o FH A S 28 R T YRR AR, AR Tl as o,
BEAT LI 23 B 40 Bt A7 T — 20 b, TR 2:52e .
IMRCR AR S , A FH KGR) k  JRUe i A 7 AR A8, B DR T
IbFE

B FIEIBOR - 2 M R 2200 e AR U, s R Rl 2
REEARA L, FIHA A BEER K Sk LA 2K B 2 1 5% B3 1l
W W R VI, B A B TR B 4% 2 R H
A 48 h, TR 22505,
1.6 HEFBKNNEZHFTHXISHRK R & k% E §
=210

B IUEZH 2 1% 72 48 h , 283 B S BB K | R B
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LA EE . Y)RJR R E 4 ume YRR IR G R
FIBERE CRE G 2K . WS, BEAT IR AR R Y 4,50 sLIbR
ICAN A%, PRer g2 sLAbRIC A ML . (i rh MR A
BER, G W AUEE T HEAT 4 20 2 4 17 L 5 N A
KA . AT R A E B PE AR E DN T 043, TEH s
0.5%%, B ML < 10%s; 143, 10% <5145 11 Bl < 25%; 257,
25% < Fi i I B < 50%; 343, 50% < #1473 1 Bl < 70%; 457,
3L =70%.
1.7 ELISA#IN & %3 T X SHRK 5 1M1 i A 2 iE B
FRIEWZ M

BB 152 BB ELISATRR & i 1 43, BB 3R
T PEBRE AR B R LA I bR v 2 o B bR AR 53 )
IMABRAE S FEARFNAS O OB, I FH BRI 5 . Ke il
bRk B T37 CHHIBFEME2 h, WHELHRE, FEILNR
R, (0 PR AR TR T PR WA AR 3 ~ YR, R A T 5% B A
B A BEFRIR) B, 37 CH¥ T 60 minfil ATMB 2
T, BT 2RO T 15 min, fJE, AL IR, ff
FHEGHRAE450 nmil 2B FLAIROGREAA, JFAR A7
HERT LRI A REAS By MR
1.8 TUNELZ &K NN EZSH T HASHRK R E AR
T RIS

B EH R ) Bk )E, H3%H,0,, = ik - H
10 min. ¥%JiM0.01 mol/L Proteinase K¥E37 °C T iHfk
10 min. JHHARICSE MR (& TATHIDIG-d-UTP)37 Chx
102 ho TN IR 30 min, CEERRREIS AR R
P B PR AE37 C R E 30 min. GBS Y
SABCYE37 C F##HE 30 min, DABR (A (130 s, /K
oo WOSEHIIARRBER YL, BKE F, IF8 THE T
] 18
1.9 ZREatEFEFI44A

KBS /INE |- B 40l ZNRK-52E(CL-0174) 14 [ H
E RGP R A R A F . 40535 T 15 10%FBS
1% 5 £ /455 Z MDMEM Sl i 32 b, K 3R 55
HM37 C AR BN 5%CO MR 74 . AIRAERKE
80% ~ 90%3I 45 FE I A AL AREH] T 52 5

U4y sd: W Controldl; QI Bk X 1T
(angiotensin 11, Ang Il )4; @Ang I+ # % 4(25 pmol/L)
4H; DAng T +FEAFF (50 umol/L)4H; ©Ang T+ #4:
1 (100 umol/L)4H . ControlZH i ifid¥ 57 T 7 10%FBSHY
FDMEMEFRHE T o A& 2 A I 7E 5230 I IR B 45 7
Ang II (1 umol/L) 3L, I 535 45T DMSOAE ¥ 77 %f
HR) B A 25, 50, 100 umol /LI 44 i 35 J5 HE HEA T Ik
ATk H24 h,

1.10 RGN EESFHF Rt Ang [ RIEEH
AT KRN

FHAE LA 1x10° mL ™' (%% B H2Fh T LR H, AL m
A2 mL & AR SC B A FRAG S IR 3L . 259 T FilkFSE24 h
J&, AN S EDT AR BRER 1 B AL 20, i i 2 2 ik
FI 0 O 200 i 2R o3 HiOME e Wi TR AU b i i el
1000 r/min.L>5 min/5, 32 L1, 40MIT0HE 100 uL
Annexin V Binding Buffer#i &k, /I A5 uL Annexin V-
Abflour™ 64775 Y6kRiC 1) Annexin VAR 12 L Propidium
Todide(PD) I, B25E1R 2], 703 #6444 T 730 min,
Bifi/5, JTA100 uL Annexin V Binding Bufferffi B4l i 2
7. BD FACSCanto™ Il Jii =X 4 if1{% (32 E BD Biosciences
8T T 647 nmil B Annexin V-Abflour™ 6477%¢
55, JFiiE 530 nmill E K PIZEGIE S . HdERES,
K HIBD FACSDiva™ {4 (hii48.0) #4734
1.11 Western bloti& ;X EEH T AT B
ERERERXEARENZM

B2 UREAS . R BB A SR AR FE UK B A
Western & IPAH I & i 2% vhif (15 85 (1 e 1 5%, It
FH A ZUBIE I AN 20 21 58 43 I I 224 A o A LR AS 2
NRK-52EZ0 /it LA 1x10° mL ™ ) 85 BE 45 R0 TefLAR T, f52Y
YT BEs G, WA IR, i FHWestern & TP ifl 417
TE PR SRR . LRI, AU B R SRR AR T4 C L
12 000xg 4%/ T 850220 min, BT EAE R, B
S R URE AL (54150 pg) , 10%SDS-PAGEREZ HET T HL K
IY S, S IR R S A % 2 PVDFIK B (FL K100 V,
90 min) . 5% MR TR eI T B2 he B PSS
W5, PVDFIRTES C A 1F T 0 & AR A B — Tl 1
fd FHTBSTZE MR VERR 31X, £ 5 min, JRAEZE IR T S HR
Fefi21 : 5000 HRPHRCH) —HIMEH 1 he RAIHE TR A
5 %06 (ECL) iR & A il B AR 1 i K38 K- i
27 & R A (Bio-Rad ) X JEEHEA THE G, I Image]
AR S5 IR BEAR A T2 B30T . EARER AR R 3R
Ik S NS B-actinY R BE (B LB TRRE AL 2,
L12 FitEFHE

ARG 53 M R HISPSS 26084 (SPSS/PC+) o R HH
Shapiro-Willeh 3o X B8 F-A T IEAS PR 3. #57 BHRAT &
RS, WA+ s8R . YEHRAT& B0 10 Hr %
FEisE, SR LR 5 227041 (One-way ANOVA), i
LSD: AT 4 J5 K 30 LA LA 21 ] 1) 2 55 B AF &
IERS A H 7 228 550F, R Games-HowellZk i1 7 )5
K o B ARG S50, WK JH Kruskal-Wallis
HRG AT 2 ) LhE . P<0.05 A 2Z S A it2=E L.
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2.1 SNEFRBEERGERESRNESTEEERE
FRHYFREL

BT FEEIRGEO R % ) GSE41453 U SEAF A%
CBAERIR . WKYZH FISHRZH NAEASAE R R A 7KK T
Bl RAF A —4, Hh e QR m Rk &L, e
RFARFELIER (I 1A) o SWKYLA L, SHRE LA
17 575N S N R B2 50K, (11 6734 LR IA (40
) A159024 T LN () (B 1B ) o AnfR E1CRTR,
DU (CAS: 51059-44-0) 1) 53T 3N C,.H,,00,,0 IS
PharmMapper#liSwissTargetPredictionZ{ 4 72 484 22 F 4k
S, FPRA 371 DU A IO E RS AL (B IED) o BTy
W ] AL o0 24 BT
22 NEZHEFSLEFRBERGERERSITR
PPI [ %332

QB2 AR, B S H 37 M EAE TR A S
GSE41453 % 4 T 42 194 0551 22 5 RIKSE AT 158
BEO 0T, FEAAF O8N WM L, SR BU B A X i 1l i 2
BRI AY THE R . KSR S S ASTRING
BRI, UASEEPPINGS . At E2BII/R, iXPPIMIZS A &%
87T A FI558 5% i o i BEAE FA T 8 4% Pt — 2 ok
4 OIRTT RS R o, BEARHEAA BT = A58 55301
JTNF, CASP3FIMMPY(FfEI2C) . MtE2DJRAR T 1%L
Y7 LA PPTIM 2% 50 AR K, 2% M 45 40 75 45471 1L Al
3985510
23 GOE&HITSKEGGEEST

PR T T A DavidBIE B, AT TE R A DR
B2 0T . GOMHTEs R R, Jffg 84 i Wyt fe . JL
b, FEE R A Y RS T R T Tl A
(positive regulation of neuron apoptotic process) . & FH7K
fif% (proteolysis ) FYH 132 & 1 17 [7] 4% (negative regulation
of apoptotic process) % (B EI3A ) ; 7E ML /3 1T, H3R
1323TUA OG5 H, ELAHE: 4 AP BT (extracellular
space) . 47X 35k (extracellular region) I (cytosol)
S5 (R 1&13B) ; 23T RE M AT LR 4525 A G 2 H , £ A
Fi: PIKTE 15 7 (endopeptidase activity) . BT 1
(peptidase activity) FIJH T-#47 B B (execution phase of
apoptosis) 5 (i EI3C)

KEGGI #% & 470 B (M 3D ) 7w, HF44 1T = Al
13 51 A R T3 % (apoptosis) . FAZH LA % (interleukin,
IL)-1715F 538 % (1L-17 signaling pathway) FI{{ 518 %

(metabolic pathways) . WA, & 85045 AT - 038
PR TR IL-1715 5 B R R SE B F (tumor
necrosis factor, TNF) {5510 % . 22 2455 10 5 H 3 i
(mitogen-activated protein kinase, MAPK) {5 il %
(MAPK signaling pathway) & Z¥)F i 1-38 #% (apoptosis-
multiple species) Y45 A T S AAE S BB VIAHDG . 2
DU 5 T R I e R A 5 e, R A I T
FCE R IRIER
2.4 NEZHTHUBESHRE IR AR SR G MK AE
RNz

S WKYZIAH L, SHRZL K BUE IEZH LRI B /Nek
WERIBRY K B/ INERZE G LK /N R B AN 1M A LT 4 R
FEIRFE, BB IS5 3 Tt 5 (P< 0.05) o AN[R] ] R BT
KT ARV T TS, A B 1 3] 8 ],
WER A7 743 52 SHRAL A (P< 0.05) 5 ey, o | w381 E
B BB RCRAL TR i 2H (P< 0.05) (1A 1B) .
WE1LIC ~ 1EfR, SWKY4 M b, SHRZ A R
TNF-a., IL-6 JZIL-1B7KF- T+ 5 (P< 0.05) , AN[R] 5] H 30 8
KA KAGYP I T WS TNF-a., IL-6. IL-1p7K P34 SHRZL
FEAR (P< 0.05), $&75 D08 5 1 T BB I A 800 v i Hs
7 R B R ZH OB 2590405 B R AE S o
2.5 NEZEHTFHINHISHRA R EAFA R hAIEMET

SWKYZHAH L, SHRZ K B L 2L (Y 4 i 0 1
KT (P< 0.05) o LSRN LU 54T A b 3115
Jei . B 20 i A0 B O T B SHR AL /> (P< 0.05)
(24, 2B) . @1E2C ~ 2HF7~, SWKY4AIA H, SHR4L
KEVE IEHZ {2 #4127 F1 BaxHllcleaved caspase-3fJ3&
KK EIH(P<0.05), LM T I Bcl-20 R LK T
JH(P<0.05) o ZAN[A] ) 08 4547 S # Vb 3 T 1)
Bax#licleaved caspase-3f A /K-F-ESHRA T i (P<
0.05), TMiBcl-2/Y 5K P4 SHRA i (P<0.05). o,
DU A 1) 2% cleaved caspase-32& 3K (3§ /E FHAE
TR ARG 4 (P< 0.05) .
2.6 NEZFHIMHISHRK R EAEE LA FMAPKIE BH R
g

WE3A ~3C, SWKYZ A L, SHRAL ' EZH 4 rbp-
ERKA /K- F i, ERKE F17KF T (P< 0.05) , N[5
DB AT AV T, 30 LR K R AR
(P<0.05), 4HKI3D ~ 3F, SWKYZHAHLL, SHRZA K JIEZH
Arfip-p38 MAPKZE 17K -3 (P< 0.05), AS[A) )1 3%
KAT S AU MU, R fp-p38 MAPKE /K- (P<
0.05) . Hirr, PUHE | L ZH X p-p38 MAPKZ A1
VR HIE T30 5 H IR s 21 (P< 0.05) o
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