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[ Abstract] Objective: To explore the effect and mechanism of peanut skin extract in improving acute kidney injury. Methods
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Based on UPLC-Q TOF-MS technology, peanut skin extract and its blood components were analyzed. Target prediction was per-
formed on the blood components of peanut skin extract and acute kidney injury disease through a database. The intersection targets
were selected to construct a "drug-active ingredient-target-disease pathway" network. GO and KEGG functional enrichment analy-
sis were used to analyze the network pathways and screen for core active ingredients with high correlation. An acute kidney injury
model was established by intraperitoneal injection of gentamicin. Pathological tissue sections were used to detect the degree of re-
nal inflammatory cell infiltration. Microplate method was used to detect renal function indicators, inflammatory factor content, and
renal tissue oxidation indicators. Western blot was used to detect the expression levels of key proteins in the MAPK/PI3K/AKT
signaling pathway. Results: Based on UPLC-Q TOF-MS technology, 45 chemical components and 14 blood entering components
were identified from peanut skin extracts. A network was constructed to obtain 131 intersecting targets. GO and KEGG enrich-
ment analysis mainly involved the MAPK signaling pathway, PI3K signaling pathway, and AKT signaling pathway. The core
components are Arachidonic Acid Linoleic Acid, Esculetin, 7-Hexadecenoic acid, and Daidzein. Peanut skin extract can signifi-
cantly reduce the levels of BUN and CRE in rat serum induced by gentamicin, as well as decrease the levels of UP, LZM en-
zymes, and NAG in urine. Reduce the infiltration of inflammatory factors such as TNF-«, IL-13, and IL-6, lower the levels of
NO, NOS, and MDA, and increase the levels of GSH, SOD, and UA. Western blot validation showed that peanut skin extract
effectively inhibited apoptosis of renal tubular epithelial cells by downregulating the phosphorylation levels of key proteins in the
MAPK/PI3K/Akt pathway. Conclusion: Peanut skin extract alleviates acute kidney injury induced by gentamicin through the
MAPK/PI3K/AKT signaling pathway, providing theoretical support for the active ingredients and pharmacological mechanisms

of peanut skin in alleviating acute kidney injury.

[ Key words | Peanut skin; UPLC-Q TOF-MS; Acute kidney injury; MAPK/PI3K/AKT signaling pathway

2PE B Bt 55 (acute kidney injury, AKI) J2& — #
LI R 25 G A, HRRAE 2 B 4 21 45 40 TN ) e ek
AR R R KT T AR B Ak, &
PR 50 I B R S R A OGT
PR K % % (gentamicin, GM) # 1 2 Jhy & L b5 11 241
AR LB BEMEOA N R S X P AR R I
MR RN, BFFE R, 2tk B 005 5 40 M g R
SiE AL NPT A AR AT 2 1 R B A 2NN 25 1 R R
PIM Y, BATE &k TIFZE A KR =YW
o RO R P 24 ok e AKT RS2 . il , A2
Z2 W R AR EA PUA AL PR AR R R E A
4 5 T AR T T 0 3 TR SR B AR T AR AR N R A
X TR AR W) ) A BT AL TR AE R B AT
Vi Ry 5 B #h 38 500 AT DL G2 il 55 2 R B 0 A OC 1
BEEME . Bt AR s 1 X BA 25 AE 57
VXGNP Y7/ N e

A4 &K (peanut skin, PS)J& & B 9 48 4 (Ar-
achis hypogaea 1) S T I LLAZ RN 2 & & 2
G BRI G Y RS Y
P45 22 Rl M it A AR AR ) B AR R
4 B0 48 AL T T T DL AE % £ ) 1 SR R AR TR AR
Y Y IR BT A A A R e 52 AR
Do I £F 4 AT LAKG & 9 i £F 4 5 i, AL R b
f#ERE, s B B b FIRGE o B R s B Y4
BRI WL bR @@, SRR R
AERBA — RPN GHEAER, G5 E R A 5 41
AACRRME RO E Y . BER R I, A6 AR A P
675 % DPPH A % GBS & 7 A d 3 ADE A

AL H A AR 5 0 T BR AR 1. AR AR B R AT L
Vol B o 2 T R W i A 1 AR A X R U D
RS BN R R B R E T B
I, A6 AR AR — A BB 3R A2 (B R AR
it AT 0 5 T 25 T

AW 5T 25 G W 2 24 B A R AR P S 5 9 IE Y
B RS T AR A AR A 2t B 405 D 1 ) A W) 2
AL, S TR KRB 50 AKITE AL, iE W {E
Az A AT L o 9 T A I UL 3-U A (PI3K) /2K
W BOAKT) /A 225 24 5% A6 8 1 B (MAPK)
15538 1% A A% M B R 90 W20 B I 4H 2 Y LAk
N o A ST S5 R 25 W W T A6 AR AR YT R R B
FIEF S B E LR, 280 T A KR
S It R I 19 24 A4
1 MREFE
11 SRS

72 H SPF 4% Ift 4 Sprague-Dawley K B4 it =
(200£20) g, W4 3K ] w17 5 D13 A= BB A FR 2
A [YF A E S SCXK (1) 2020-0005] . K B A4A) 3% 4
A F R 22 B S s sh iy ol B (22+2) °C,
M RE(50£5) %, B KR . Mo, AR T K
1540 F R AP e B 22 51 2 0y IE =CHE 7 (2 L
WESm 5 A A2025-058.
1.2 2y 55|

A% S5 BT T 246 A6 AR A (3 20211125) I 38 F
WAL R E 250 T 3, ) F KPR AR S e o
HRMEYIAE A (Arachis hy Pogaea 1..) B R 7 .

Z B (500 mL, 250203) W4 & T HE T #2447 L T



AR IR A6 R ARG 1 JH A MAPK/PISK/AKT {5 53 6 2% i 8K 85 R A S 00 2 vk B i 1177

F RN T 2 (4 1.,22H0262010) Mg 3K T2 J.T.
Baker 23 7l s IR (1 kg, CAS64-18-6) I 3 F 5 [ A1 111
Ak 2R N W) S R PR K 25 3 T SR (8 T HAr, [l 24
¥ H37021973) W 3K T VL 95 52 AR il 25 2 A1 A FR 23 7 5
WL BT (sarcosine oxidase, CRE, C011-2-1) . JR & &
(urea assay kit, BUN,C013-2-1) bR & (uric acid, UA,
C012-2-1) . J® % 11 (urine protein, UP,C035-2-1) 3
T i (lysozyme assay, LZM, A050-1-1) \B-N-Z it &
J 4 45 M 4 B (B-N-acetyl-glucosaminidase, NAG,
A031-1-1) . § . ® (malondialdehyde, MDA,
A003-1-2) i 4 Ak ¥ 157 4L 1§ (superoxide dismutase,
SOD, A001-1-2) 4 bt H ik ik % 6 ¥ il (glutathione
peroxidase, GSH-PX, A006-2-1) ,— %4k & (nitric ox-
ide,NO,A012-1-2) . — % ft. & & M (nitric oxide syn-
thase, NOS, A014-2-2) . 1 4 g /v -6 (Interleukin
-6,1L-6,H007-1-2) . 1 4 il /¢ % -1 (Interleukin -1B,
IL-18, H002-1-2) . fif & 38 FE Al - (tumor necrosis
factor-a, TNF-o, H052-1-2){ 5 £ W 38 T v [# i3 sl
WA PR 7 5/ AT GAPDH LA (TA-08) 1l 2F 4
o 1gG /AR B b1 ic B &k (ZB-2301) A1 1l 2 Bt /N B
IgG /B A FRICHi A (ZB-2305) 3L T4t st P AZ 4 4
4 W) F R A BR 2 Al pERKL/2 it & (AF1015) |
ERK1/2 #i # (AF0155) . p-JNK1/2/3 #i 1k
(AF3318) \JNK1/2/3-4if& (AF6318) . p-PI3K #i 14
(AF3241) | PI3K #i & (AF6241) | p-AKT #t 4
(AFP0832) AKT HiM(AF0836) K% F Affinity.

1.3 X%

Mom R W M o3k B Ry B A X
(UPLC-Q-TOF-MS, % [H Waters 24 7] ) . ACQUI-
TY UPLC® BEH C, 834 (1.7 pm, 2.1 mm X 100
mm) {4354 B AL Thermo Fisher Scientific Inc) .
afi 7K AL (2 [ Millipore 23 7)) L HL Yk ¥ (Bio-Rad Lab-
oratories, Inc.) . BREE{L (GT200 |45 520 &
AR ) TR HE O B (AXiIOImaGer.
m2 b at G TR A BRA R A2 & R I R AR
Z 4 (UVP EC3510 3 [ UVP 2wl ) A7 4 1 ML
(DB-09 #1648 ) AR BB A BRAA W ) il 156 G 72 W B
i 52 4% ( Thermo Fisher Scientific Inc) .

1.4 2yl %

FREL 2.5 kg fE A R 25 44, B2 WA b, 10 4%
#70% SR 1 h, BB WA, DL 20 4% &= 702
CBEBWE , VSUE TS D, A5 A6 AR AR L), MR
R11%.,

1.5 S HrkEA &
1.5.1 AEAE AR B b2 iU BEAS il 4 BUIE A

AT 20 mg, F 1 mL Y 35 B0 i i, B 75 0
i, R TETR &), BOR WORR & 200 7% TR 40,44 0.22 pm
IR .
152 fEAKRA MR/ FEA S & KRS AL
K12 h, #EB AR (Ira 424 72 g/kg)
FARIMA )G 1 h, ZHRIEH KA R T 2 mL
F &, T4 °CF 3500 r/min & .0> 10 min, B F %
WHEAT —80 CF#&H .
1.6 AW FEAS 1 4b B

4°CTF,H100 pL ML2E F 2 mL & L& H, mA
300 pl. HYEs 98 i€ TR 2 30 s, 76 4 “CF 10 000 r/min
B0 5 min, BRI BH FIE .

B 96 FL AR =0 HLB # , 7 56 H 500 p L B BEE 4L,
500 pL 7K P 1, B b5 WRHE A 100 pL FAE W B
W YO, 500 pl 7K ¥ B 2 ¥k, 5 & vk W, 1R
500 pL F RSV 6 1Ok OB BRI Y 1, & 9F YO Fl—
KPR R Y1, R .
1.7 {045 5 5k A1
171 @IEEM CME-0.1% HBR K % W B0 R Uk
Ji 45 02 VLR 2%, 3 0.4 mL/min; AF IR £ 25 °C L BE 5y
MR 4 Cs b RE R 2 pl .

x1 BERREHE

Tab 1 Time program of the gradient elution

T(min) acetonitrile 0.1% formic acid water Curve
0 5 95
3 40 60 6
10 95 5 6
12 95 5 6
13 5 95 6
15 5 95 6

1.7.2 BUiG &M & F IRV m % IR (ESD,
K HIE B F 2 R R RN MSE, B 7 IR
T EE 110 °C 5 JBL¥ ) UM o 0, i 8 650 L/h i
JE 450 C. IEBFHRA T BAEHRE 3KV, E T
BN B4 K 2.5 KV, 4EFLHLE 50 V, 4 F &
FHE 5 Bl 50~1 500 Da. 1E 78 FH i aE 3 4
20~50 eV, i 5 i 54 H leucineenk ephalin (LE)
WA IE , ¥ BE A 200 pg/mL; IE B T T m/z H
556.277 1, i B FH 0 F 4 554.261 5, RER LN
FAHEARKIE, UPLC-Q-TOF-MS % 4t i £ /1 % 1
A MassLynx 4.1,
1.8 Kl ik

% H MassLynx V4.1 54 % MS %548 #F 47 2%
B A B 5 A & P R AT TR 5 AR A



1178 g BERLK2#44] Vol. 32 No. 15 Aug. 2026

1.9 AL 24 4 -1 P 40 - I8 a9 g 3 % O 4%
1.9.1  PSHY AL A A3 SR AT T ok AR A A HR
Yo AL 53 B 2D 45 8 18 B A Swiss Target Predic-
tion - 5 . Pubchem £ 45 J22 i 17 8 A F0I0 , o6 285 51 &
i A4S B 6 A A HE B A IR 1 000 A A

1.9.2 25 SR £ OMIM %L
P % . PharmGKDB 4% ) . Gene Cards £ 4% )& . Dis-
GeNET %4 2 v iy A O ##37] “ Acute kidney injury”
HEAT 2P B 000 0 A5 00 4 AR K DRSS v R A 1Y
P2 I A HE AT I B A A, A5 H ) 46 24 B 2
JIT T 1) S B 403 0 1 A DG H A

1.9.3 AKIY5 PSIL[EFE S 30 42 20t B 14
HH 5 2 95 4 5 5 PS A I B 4 1 A B L 2% B
Venny 2.1.0F & , 15 2] A I 545 2 B 0 i 52
R

1.9.4  #S7T A Ar BRI H0 s 2% Rl Excel
ST 53 5 B A A0 4 A DG B R el S G
R AFREE BT A, A Cytoscape 3.9.0F
BHE Mg KR R A B
Network Analyzer iz 8 i W 28 A1 OG0 ¥ 2 8k, LA
H OB P2 0 AR K A B RABL VT A A BT
SUTE T 46 B v R S

1.9.5 A w 4 SOl B A B B AR A A I A A3
F2ME B 05 L R 5 5 A DAVID F &, #£A
FEY RN, B o ) B A R AR A BT B KEGG
Pathway f1 GO Biological Processes Ij B i 1 , 43 %]
BEAT AR BT A A5 2R

1.10 sh¥sLsk

1101 @ 2k EE A A 72 H SPF 9
SD KB, 52 56 T b w0 R MR 1R, B AL 4 o X
TRZH R KB R, W IR 2K LS T I i i S 78 0
K EELL TG 7 d s B2 KRR 45 T I I T A IR R
% 100 mg-kg'-d", LTS 7 d5 55 8 K MR HE # Jhk M
Rl 2 mL, I B AR Pl 4R 24 h R R ICER Y
1LV F 3 500 r/min .0 10 min, JR ¥ F 3 000 r/min
250 10 min, 43 % 5 AT — 80 “Cl ki .

5 0 B ) fE 45 5 CRE.BUN ,UA ,UP . LZM
NAG H] Wi 72 75 ¢ 57 g e B K B3 o i R
(Con) 41, ¥ A5 7Y 38 57 B T 9 K BRL 43 R A5 288 (Mod)
ZH B A A B O AN £ (PST, 37 & 4 24 & 8 mg-
kg'«d" ) ALAEAHR Y P B (PS2, 9T G A 2 &
24 mg-kg'-d") A AL A ARSI m R R (PSS, T A
A2 72 mgekg «d ) A HBFER A (Pos) 4, AE4H 10
NI RS E 14 d, R IR G 2 ), a3 AR 28 b i 4
24 W R, FF WA T B L8NSR AE T — 80 (CUK A

R

1.10.2 KRB WEHE B0 e J B 8Um g &
K RE 3 3 Bk B 5, S50HE B AL B8, FR A A
B R BT A, E B ONE R B, B E R B = U
(g)/BUHt 24 K/ AR (kg) , AR 4L B LB 6 H K
RAEHLN BT AN ZRPEPEE 2405 %5
LUK B G2 AL YIRS i R IR AR A
AL (HEE) Y 8 U B 45 4L 6, PEAl & 41 5 21 2L 19 41
ZUE A

1.10.3 KRR H UA.UP.LZM NAG 1§ t5 ¥
W KRG 2y a, B e 24 h IR, BUR
W, LL 3000 r/min B0 10 min, B 598, 18 1 A
AR R 8 h UA \UP \LZM \NAG 1 & & .
1104 K BB 40 41 MDA . SOD . GSH-PX.NO.
NOS FEARAM B 10 %6 (4 B 41215 3% i 4 B3 7
& B Al AR ORI 441 MDA LSOD |
GSH-PX NO NOS ) & i .

1.10.5 KBl %5 1.6 . 1L-18. TNF-o, CRE . BUN
PR RS2, B 41 K BUE 3 3 Bk i,
L3 000 r/min &0 10 min, BC_E 3% %8, 8 FH B br A
W0 1fi 3 48 RE 48 bR 1L-6. IL-18. TNF-o. CRE,

BUN & . ELAR 5 vk 4238055 & v B 45 34
1.10.6 KB 4H 41 v MAPK/PI3SK/AKT {5 5 i

P A OCHE R RTI SR FH S g B AT R U
bR 1k B 2H 20T 2 B Ak 3 2ok AR 1 T S 02 oo 4
MEHR JPEREEA RS E, @il SDS-PAGER
P H oy 7 5oy B 8 A B, JF s L #8 B) PVDF B
o HSY% IR E W 2 hs , iIn A p-ERK1/2,
ERK1/2., p-JNK1/2/3, INK1/2/3. p-PI3K. PI3K,
p-AKT . AKT. GAPDH — #T ( & ¥t # ¥ 4
1:1000) ,fE4°C T E XK. WH G, HEA TR
20 19 Tris 2%t K VBRI 4 K, 54 W 1) ZHi e =
i N E 90 min. e, L B AR Ak 2 & O (ECL)
K W O WO 5 B T SRl L DA BE IR RS R G A
W, Image] B A58 A 0T 2%l K B (B R A7 0 1
G3HT o
111 Geifsaab

I GraphPad Prism7 ¥ AF 23 B 54 | i 12 4%
WL T £ s Rom, 2 41 8] F BRI ST FEAS (K 56, 3
R L bR AR #5297 (ANOVA) , P<<0.05
hESEAZITFE L.
2 H#R
2.1 3T UPLC-QTOF-MS X} #£ 4= A& 2 B ¥ 1
vl

WA [ SCHR X, IE B AT, A



AR IR A 6 AR A S A MAPK/PISK/AKT 15 5 3 B % fif R K8 £ S a2k B4 1179

R F 24 AN AEA AR Y , 7108 T RUT LA 4R R
2L B W o R AE A AR B U AT Al i o SR 2k
XM RTAL A AR A B B R I Y 45 Ak
HrbZmEAeaw 13D EMEASY 1D 21

RG24 MR EL S 84 BRI G4
N RBLRERGY 24 AW S Y 1A
R sA B EHoT. WE 1.

A B
100%
100%-
20
75%-] o
% 5 80%
40
60% 34 38
50% 6 15 2 35 139
710 16 2223
8 13 17 40%7 i
@] 211 |4 M
25% - 20% B 45
3 42
12 4 5 91|11 44
LJ“
0%-
0% T T T T T T T T T T T T T T T T T T T T
2 4 6 8 10 12 14 2 4 6 38 10 12 14
T(min) T(min)

A IE S FREAT B PR B: s PR B T
E1 EFUPLC-QTOF-MSHIEERBIRYUZERD S
Fig1 Chemical composition analysis of peanut skin extract based on UPLC-Q-TOF-MS

2.2 AELE AR A ML) 53 By
PRI BRI 2 1 73 v S Y 14 R A G 9, 430
Procyanidin A2, 4-Hydroxycinnamic acid, Behenic

Acid | Arachidic Acid . Proanthocyanidin A1, Stigmas-

A
100%

80%
60%

40% b 3

20% -

0% |

2 4 6 8 10 12 14
T(min)

terol, Daidzein ., Arachidonic Acid . Linoleic Acid.Es-
culetin, Ethyl palmitate . 7-Hexadecenoic acid. Leci-

thin, Luteolin 7-O-glucoside. VL& 2.

B
100%

75% 9

6
50%1 7 i
3 1011
25%7 13
14
0%‘J
T T T T T T T
0 2 4 6 8 10 12 14
T(min)

A TES RTS8 T AL B s TR SO T A
2 EFUPLC-QTOF-MSHXER AR ERRZE N MBS 53 7
Fig 2 Analysis of blood components of oral peanut skin extract in rats based on UPLC-Q-TOF-MS

2.3 AEA A 25 W1 1 Ry A R T R 4%

Hy s 25
2.3.1

B A A U I B o R S [R] B Y

FREC FFH Swiss Target Prediction ¥ £ , Pubchem
B R BRI PS AL 3 AH OG0 B AR, e B A
{65 15 2 325 M L 50 AL OMIM F S K R 2



1180  # g ERF K224 Vol. 32 No. 15 Aug. 2026

PR 05 B L, 15 B 20HE B 5 R S 128 A4 LT
DisGeNET ¥4 /% , 13 21 201k B 551 £ 48 51 1854 A
F Pharm GKB 846 J2 - 15 K6 3 Sk 40 0 4 L 75
) 20V B 05 48 64 201> R Gene Cards $dli 127
ER A=A RN P PN Sl RGN S
7 7224, Ll Relevance score=>10 A i ¥& 2% 14 , 15 3|
1 560 4™ 2Pk 5 0 1 AH DG HE . K 25 s B b A 3
B2 PE B R R E AR B 1 647 AN A B
PS A I B 43 0 15000 5 A5 R 0 8 A A Ven-
ny2.1.0 °F &, 3K 25 ¥ 9 0 3k [\ A8 A 131 4>,
LA 3.

2.3.2 ST PS A AL A3 PR A A B A 2% OC
% FI B AF Cytoscape 3.9.0 2 i 14 4~ 1fiL 3% A IfiL
B3 AT 13T A S (R HE RO 56 R 9 2% 1], 453 81 PS Ak
- AEE B A N O R . R AR

Do LCNANSPAIA

ACE

AKI

1516
(82.3%)

3 PSANMA S AKIEFRFEE
Fig 3 Venn diagram of PS blood binding components and
AKI diseases

S, =ML SR E PSSt sy, Hod, 2% ¢
%@ﬁmﬂ\*ﬁﬁ\,a:ﬂ%b amﬁ?%ﬁi@ﬁﬁzl.ﬁs
2 W A8 A A 3 B T e i 1+ Arachidonic Ac-

id. Linoleic Acid. Esculetin., 7-Hexadecenoic acid .

Daidzein i 53 %F AKIEIGIFEAH . WK 4,

PDGFRB
B2

22A12
MCL1ADORA1  CCNAI
PTP

N6 BRAF

TOP1 CCND1
NOX4

MMP3 VDR CA9 pyN PTGS2

NR3Cl pcyg  MMP1

INSR 4-Hydroxy
PPARG KDMSC. i amic

PTK2B
ABCG2 NGFR Ethyl palmltate
TNNI3

TLRY9 VEGFA

SLC6A3

OTsG SLC6A4

TYR

A A FGFR1

MAPK3 HSD1 1%2
ICAM1

K1
GSK3B
ACP{TGBI%TKZ

stigmasterd " Ligllleic
acid 7-O-glucoside

Arachidic Acid P mm;hoc
RARB anidin

IGFIR Arafi D*m

F10
ormy onetm Lecithi Esq i
CDK2 MmpEorone 7 e ‘“PTGSI R

ALDH2 FABP3
FTH ABP2
4y - OmmPF

SRC XPHoNr1  MAOA
MMPs8 NRTH2

ALOX5 ~ EPHX2

PTGER4
pLay F2R

MET

RBP4
CA2

ESR1 pgrRoA
MIF e CDK4
sLc2246 EMGCRAKT!

ABCB1 PSEN1 KL
Pi'ocyamdm A2 HNF4A
TPMP FABP1

Behenic PTAFR
A PTPRC

S GRIN2B

Luteolin

F3
AKR1B1 mpm2 KDR
TERT TOP2A
PLGL2 SNCA
PLAT TEK

ITGAL
PTPN11

SEL§D3 8

B4 PSAMBH-AKIEIMEX R
Fig4 PS blood binding components-AKI target network relationship

2.3.3  PPI [ 2% Fy i 15 4% 0 80 0 10 i 1l o
STRING 4 [ , %) 25 4 -9 14 A7 88 55 2 AT
AT, 3R 15 PPT M 2% 15 Bl Cytoscape 3.7.1 43 B 81k
X B A AT b BEAG PP 2%, I 2% o 4 45 131 4
WA 1 772 4530 o d o Cytoscape 3.7.1 i 4 Cen-
tiScaPe2.2 i1 & H % W 4% ) Betweenness ., Close-
ness . Degree . 43 7l & 115.30,0.004 . 27.05, 18 & %%
PE b5 U O 1€t PPT I 2% (19 OC B0 68 25 >, B 4%
TNF. AKTI1. EGFR. TP53. MMP9. SRC,.

PPARG. PTGS2. ESRI. MAPK3. ERBB2.
GSK3B.KDR.TLR4 MMP2.1L2 MAPK1 . ACE,
NR3C1. PPARA. ABCBI1, FYN, PLG. XDH.,
ABCG2, WK 5.

2.3.4 FEAEKBBYIELE GO MKEGG 5 518 % 1Y
T 697 AKL - R GO fl KEGG #2018 H
B 5 AT 43 M AT AR 4 M B I A ) T =2 1A Y 6
N HAR G . GO & 853 B 322490 M 20 i 04 2 3k
T B0 | TR L i IR W 1R Ak L 6T A YR R



ASATRE A A6 AR A S P MAPK/PISK/AKT 15 5 3 B 2% it R K8 24 i 2k 564 1181

N CERKT FI ERK2 2 Bk /) E I8 #2247 % . KEGG
T B R AR 0 TR 240 A 7 PISK-AKT 3 %
MAPK 3 # , X 35 5 #F 52 45 K £ W, PS 0T fiE 38 i
2 PISK-AKT 15 5 18 % \MAPK {5 5 18 #% M i ok %
TRKREZBEFMWAKL, WE 6,
2.3.5 AKI KB MLE IR A AL 8 5 K D i 45 R
o7 FH PR K 5 3% 37 KBRS R i e T
FE B A K BRI T h BUN L CRE B & &, K BRI
1 UP UA (LZM \NAG H] Wr #5571 2 15 5 Bl 2 .
5 BRALAE L, AKTALR B BUN . CRE \UP \LZM ,
NAG 5 &&= bt B2 B B 3 5 (P<<0.01) , UA & &
B 8 B AIC (P<<0.01) , S 06 &5 S U8 I 32 2 14 5 K K %%
R7dE,KEMERem R MR, WE 7,
2.3.6 AEA A HE B R AKT K BUR W L I3 v A 4k
FEAR S T P UUEF IR 2 EUR TR B AR Y
w AR bR PRI R R L DR R 11 K AR B R
B IUE B /INER SR INE B I bR A . S R IR A L
AKI#H 7 K B CRE .BUN,UP & & ¥ & I+ & (P<<
0.01), UA % ] i R AR (P<<0.01) s SR M 1L,
AR LY 2 2 X P 25 41 CRE . BUN \UP &% &
¥ B R AR (P<<0.01) , UA & &2 3 8 I+ & (P<
0.01) 5 15 B A6 A= A< 42 B mT A B o 3 R BRUEF /DN Bk
IR TIRE R E i . LIRS,
2.3.7 B4 AR B AT AKT K B 4 20 b 48 A
WA R THRERRKERHSHAME
B5 PPIM&XAHE B 005 BB 20 4 o h ST L8R O B 7 A, AR BT ST
Fig 5 PPI network relationship diagram 5T BT A3 SOD MDA .GSH-PX .NOS HI NO
B & . MDA NO Fl NOS 2 fz i 1L 1A Py 42 4k 7

A negative regulation of apoptotic process ° B
peptidyl-tyrosine phosphorylation { °
response to xenobiotic stimulus ®
positive regulation of ERK1 and ERK2 cascade _
positive regulation of MAPK cascade ° o Glioma °
phosphorylation ™ ] Human cytomegalovirus infection
positve regulation of protein kinase B signaling Adherens junction o
transmembrane receptor protein tyrosine kinase signaling pathway- Y _Log10(Pvaluc) o
response to hypoxia ° Calcium signaling pathway PY
protein autophosphorylation | ° i VO signaling pellivay o
-log10(Pvalue)
plasma membrane | © Non-small cell lung cancer{ @ & 17.5
i ® 10 i
exlraceli\lx‘l.lar region- o isinomad | & 150
extracellular space: © | -
cytoplasm] @ 5 Central carbon metabolism in cancer{ ¢ 125
—
cytosol o Lipid and atherosclerosis-{ ¢ 100
extracellular exosome (< s dan & ) ||
mitochondrion{ count SIENEinG PAKVRY.M
nucleoplasm { ® 20 Focal adhesion{ @ ot
““s“’“s ® @ 40 MAPK signaling pathway | @ ® 15
membrane ()
@ 60 Endocrine resistance { @ @® 20
teis ine kinase activi 5
meesesivmee Sasse o © @ 80 GER tyrosine kinase inhibitor resistance.| @ @25
enzyme binding ® ® 10 @30
RNA polymerase Il transcription factor activity ® Bladder cancer { ® g
transmembrane receptor protein tyrosin kinase activity{ o PI3K-Akt signaling pathway { @)
identical protein binding: ° g prostat °
zinc ion binding > oneteicancer
ATP binding ° Rapl signaling pathway { @
o '°°(‘f§:" b":‘_"f‘; » Pathways in cancer {@)
endopeptidase activit °
serine-type endopeptidase activity- o Proteoglycans in cancer | @
5 10 15 0.06+00  5.0¢-08 1.0-07 1.5¢-07 2.0e:07

A:GO LY IIBE W TR B KEGG i # 5 4R 23 #r 18]
6 GOFMKEGGEEDH
Fig6 GO and KEGG enrichment analyses



1182 iy dg BERL K 2##4R Vol. 32 No. 15 Aug. 2026

A 600 = B 60
#
S 4004 S 404
° £
- £
g 2004 2 20
0- o -
Con Mod
D 1000~ E 400
800
o 300
S
S 600 5
g =
3 ## S 200
2 4 g
g 400 g
23
£ 100
S 200
0= 0=
Con Mod

C
3000
# ##
£ 20004
g
2
2
=%
2 1000
£
g
=}
0 -
Con Mod Con Mod
F 400m
#h
# 300
7
S 200
= 100
0
Con Mod Con Mod

AL CRE & BB BUN B 45 Co IR UP &5 5 DRI UA &5 E R NAG & 5 F R LZM 935 55 50 B

L, 7" P<<0.01

B 7 AKIXRIMEFR

ik B T BE 4R AR AR T

Fig7 Detection of renal function indicators in serum and urine of AKI rats

A
150
=
a #
S 100
]
£
2
g *%
8 s e
E - -
g | |
w2
0 T ] T
Con Mod PS1 PS2 PS3 Pos
c
2000
5 #
5 1500
E
1000
'g %
g 500 5
g 0
B
D i
T T T

Con Mod PS1 PS2 PS3 Pos

w

50 #H
S
3 40
]
5 30
2
= **
% 20
% %
m *
g 10
3
0 T T T
Con Mod PS1 PS2 PS3 Pos
D
1500
S 1000
=]
E- * *%
-1
& 500
2 i
) mll
0 T T T

Con Mod PS1 PS2 PS3 Pos

A P CRE 975 B LG P BUN (5 ik C R P UP 4k s DRI P UA 9 97 k5 5 X BREEAR 1L, 7 P<<0.01, S BTRIAAR 1L, " P<C0.01,"P<C0.05

B HEHXRE

Ih e fE A ad il

Fig 8 Detection of renal function indicators in each group of rats

W) E BB — A WA Y AR R B A R
£ 45 F B A £ SOD #1 GSH-PX., Mod 41+ SOD .
GSH-PX {fi 4 B & B L (P<<0.05) , MDA . NO #l
NOS 1% P 8] & 7 (P<<0.01) , 5 Mod 44 Lt , AN [l
R A8 A A HE B 4 MDA NO FT NOS 336 4 B
TR, SOD it GSH-PX {1 P W 5 38 Jin , 156 W 46 4=
A2 WU e 6% 20t B DE S Ak I B 5 AR 6 O e A%
B RER . WLIE 9,

2.3.8 BB R AKT K B 7 4 5E I T
FEAR Y RE I ARAE B AE SV B K A i

T o K P B AR, G AR 55 BE A T TNF-a.
IL-18.IL-6 RN 71 & & o 5 Con 414H [ , Mod
4 TNF-o, IL-18. IL-6 B9 & & B I 3 & (P<<
0.05) , 5 Mod 41 AH Ho , A [ 31 45 48 A= 4§ iy 2 v
TNF-o IL-1B.IL-6 /% & & W1 1 T %, R W 1E A4 A 42
i/ BB uN o= T e et B S e (0 N AN e
B NESAE SN . WL 10,

2.3.9  EAE A EUC X AKT K BUE 4140 &R BOR %
ML AR E N @8 HRE Y (0 & 30, xF 1R 20 K
B /NER B INE S5 N 20 B A R L S R



ASETRRAE B AR K 3T MAPK/PISK/AKT 15 Sl I i KB R A S Atk B 1183

B

a

- 10= 1000 =
k% %\ *k ok
* % - HH# = -
_ e o 8 S 800
5 P & *
& # g 6+ 2 6004 .
2 1001 ] g
3 £ - sy B g 400
A a sk o]
50 = &
24 2 2004
v
6]
0= T T T 0= T T T 0= T T T
Con Mod PS1 PS2 PS3 Pos Con Mod PS1 PS2 PS3 Pos Con Mod PSI1 PS2 PS3 Pos
D E
0.8 7 s 0.5 4
0.6 ,g 0.44 %
et *% *% = **
’g ok %‘) 03-
g; 0.4 g
g = 0.27
7 o
Z 024 z
4 0.1+
0- T T T 0= T T T
Con Mod PS1 PS2 PS3 Pos Con Mod PS1 PS2 PS3 Pos

A:SOD Y& it ; B: MDA M & it 5 C: GSH-PX 1 % i s D: NOS ) & i s E: NO [ % 5 5 6 BALA 1, "P<<0.05, 7 P<C0.01; S BRI ALA [,

"P<<0.05,"P<<0.01

E3 |
L‘E\.Iﬁz

B9 ‘AKX

CERAL =R AR €t ol

Fig 9 Detection of oxidative stress indicators in renal tissues of rats in each group

A B
80 " 150 "
2 T = 1004
= ok Sl
5 20
£ 404 =]
g 2
Z = 504
= 904
0= T T T 0=
Con Mod PS1 PS2 PS3 Pos Con Mod

c 801
#
60 =
&l
£ *
Y
& 404 o wk
= T
k% k% »—I]
EE EE - 20+ ' i
0= T T T
PS1I PS2 PS3 Pos Con Mod PS1 PS2 PS3 Pos

A TNF-o ik B TL-6 19 % 5k C TL-1B 19 3 Bk S % JEALAH EE L, 77P<C0.01,7P<C0.05; 54141 H , " P<<0.01, P<<0.05
B 10 HAXRIMIEHRERFIEIRE N

Fig 10 Detection of inflammatory factor indicators in the serum of rats in each group

ML A G, R R R UE A 2 N AR S Al
P LG O L TR] R R R AR I R T
A6 A2 A B U AR A Ak B A R B 2 N
K AR IR AR D N A AR D | 5% 1 A i
RAFI D o A8 AR B i TR B 4140 B

1% g

ARSI 2 1L 40 OB 0, Bl s TR i . BAYE

BB S T B AL AUK IS, AKTAH B 3B &
B B TR ZH (P<<0.01), 5 AKTAH A I, A A
T R A8 A A B O A RS AR B N AR

TR U BH A6 A A S U AT LA AKT 4/ BUGE S
Tifg. WE 11,32,

2.3.10 B ARAR B X AKT R BUE 240 400 MAPK
fF5 MM EARIINER KEGGEEMTE
B MAPK 5 20 B 805 19 & A & R % U oG,
MAPK 1k f2 1 2 8 45 Z2 Fi 240 M A 9 2 3 7, A0 466
BB oAk DR TR RN BT LA B SERIE S MAPK
RS S TRAREZASH2MEEH.
55X BRAAE F, KR R W5 T MAPK B R 16

®2 BEHBHERBMESER(=10,7+5)

Tab 2 Results of kidney coefficient measurement in each group (#n=10,7 + s)

US| Con Mod

PS1

PS2 PS3 Pos

B E R 0.78+0.06 1.12+0.14%

0.8940.14"

0.8240.07" 0.854+0.13" 1.1040.10

T 5B AR L, 7 P<<0.01, SHBILHAH L, P<<0.01,



1184 e BE Rl K24 244R Vol. 32 No. 15 Aug. 2026

Con Mod PS1 PS2 PS3 Pos

H&E Stining

11 EHARBHAHLELBER

Fig 11 H&E staining results of renal tissue in each group of rats

(P<<0.01) , [m] B} 48 4= A< £ U9 36 97 20 p-ERK1/2., KB AP HL D 8 1k Western blot #6317 K B
p-INK A 7K - B 2 BRI (P<<0.05) , X Sbgb LT H A R PISK/AKT 5 53 #% 19 Rk KF o 7B
EAEARIRIUYI ] B2 T MAPKGE %, NIk RERFESFOE A E 75, 5XFRAMIL, K
i WK 12, KEZW B T pPI3K. p-AKT (P<<0.01) . [dl
2.3.11 BRI T AKT R BUE 4209 PISK/ B, 464 AR B 3R 97 41 p-PI3K .p-AKT /K- B
AKT 55 B M1 56 B A R A M52 PISK/AKT  FRR(P<C0.01). X 4bgb LR, 16 A4 A48 By vl i
FoEMg RS ERG L RRWCHEY 2w T PIBK-AKT @ 8, Ao % B 8. W
BRI AT HE— 25 B0 A A A R U X K13,

A B C

PERK | i s S S SRl Sl | 42/44KDa

42/44 kDa

p-JNK 46/54 kDa

p-JNK/INK

. _|
: i ;
' Z ’ S| 46/54 kDa

Con Mod PS1 PS2 PS3 Pos Con Mod PS1 PS2 PS3 Pos

GAPDH

— | 36 kDa

Con  Mod PSI PS2  PS3  Pos
A& B S pERK ERK .p-INK  INK 2 [ R 35 19 i Uk 8 B: % 40 B 2 2L p-ERK  ERK & 1R 15 C: & 20 W4 41 p-INK  INK i 8 1 3%
5 A B He, TP<C0.05; SR ALAR 1L, P<C0.01,"P<C0.05
12 HERREYNAKIAREHRAFMAPKESEBHEXEARENZMG
Fig 12 [Effect of PS extract on the expression of MAPK signaling pathway related proteins in AKI rat kidney tissue

A B C
# #

2.0

E S 154
=
7 = 1.0 P =

ol & sk
0.5 0.5 B g
AKT 55 kDa 5 - 0.0
Con Mod PSI PS2 PS3 Pos Con Mod PSI PS2 PS3 Pos

|

GAPDH 36 kDa

Con  Mod PS1 PS2 PS3  Pos
A& H A p-PISK PISK .p-AKT AKT & [ &L M HLIK B 5 4 B 2 p-AKT \AKT & AR5 C: A H A pPIBK  PIBK N E H
FEIK 5 5 IRLELAH L, TTP<C0.01,7P<C0.05; SRR AR [t , " P<<0.01
10 ZEREZEEYTAKIKRBSALAFPBK-AKT ESEBHEXEARENEN
Fig 10 Effects of PS extract on the expression of PI3K/AKT signaling pathway related proteins in AKI rat kidney tissue



ZERTIEAE A6 AGHE 18 Y MAPK/PISK/AKT {5 530 6 22 i 8K 85 R A S 00 2 vk B i 1185

3 ittt

3 F UPLC-Q TOF-MS 43 M1 48 4= A< 3 Bty vh
14 A 2 B R BT IR 45 24 5 il 3R I B 4, R4S
W F 45 A4k 27 15 5 F 14 A AL R 4y, AR 3 3R 25 4%
BT 25 5 43 1m0 22 B 284k & 9 Ol A6 2B A B )
FEAEGY . MW 2P A AR IR R A 2 H R
I R R gy € S5 S i R o~ N e O 1 7 9 A
HEAT ) 265 2 B 24 BF 5% T BB 23 7 A 7 A R 0 1Y)
KB, i3t Cytoscape B4 2E 17 M 2% 4 $b 43 #r ,
S AG A 4 ) TE 0T B AR 1 G B R R
it STRING s FEAS & 7 PP 4%, AR 4l R 2 1y
e PEARIE N Pk B T 25 A G A 25 R R fE
A B = %5# 1o Arachidonic Acid . Linoleic Acid .
Esculetin ., 7-Hexadecenoic acid . Daidzein i 73 % AKI
FEAEVE I AE A, Hodp Daidzein 2 BA AR 975 T A B
B A &9, BA PR P AL 0 I I 4E f BE Bt
B 0TS DA B 0 AR ) 25 A AR SF & Rl AR B )
fig'"”"' . Esculetin A] 47 230 i 15 325 B 40 fd 98 786-O Al
SN12-PM6 4l il 33 5 , 175 5 ' 9 40 i 98 7~ ; Procy-
anidin A2 A3 85 (P8 Ab L& P A Bt
g2 O 7110 S O 713l 3 | DA | B Y VS TA R (2
™ RL g5 R £ 20 G W R] RE R AR AR AKX
W TE PR AL B R AE F 0 25 30 SR b
KEGG i #5341 W7 , & 42 (103 % 22 5 PISK/ Akt
{5 %538 J% A MAPK {5 5l I AH ¢ . Xk R B,
PI3K/AKT Fl MAPK {5 % il # 7] Be 7 46 £ AR 7
SYEBRG P REELEEMEM.

AR SCHES TR KB R T 0 200k B KR
B 3 — 25 DT 6 A A B2 B 1 X AKT ) 2l 3
JH o AE IR PRS2 B b, CRE A1 BUN Gl 1R DA B
T RE (8 A5, 0 UP 2 55 4 B B IR 5 0 AH 56 1 2E 1k
FEHRY o AR 2V 5 RN M R 05 1
LR UA KA —E BB BB, Ieoh,
LZM F NAG 3= B A I R 555 v B /NS 2 005 1 A
WL Has X R AL e, B 4] K R LZM AN
NAG 7K F 5 UESE T 2k B 350405 4 R0 ) B oy
ST B R B AR R AR B AR Y DG B AR A, £
5 B /NG 2 Ak B R R R ] P 4% T A 1Y
JTIZRE Y AR SY A5 R B R 2 K R R
BB N A A B T B A L 4 M A IR T
I BN . 45T 72 o/kg bR R SR S L 5 40
210 5 B AR Ik B Ok A S R o M
EREH BN, KKERXASHEALHG T
FROS AKF-Th 8, A B A KT 22 8] 11 - 4 )
T AKI ZRFE . MDA 2 H i #40 F 05

I 3o AR AR R 7 A R T A P AR AR R S A
WkrE Y . SOD Fl GSH-PX & 5 & i1 41 A 1L 7 .
AN, NO FNOS S E Ak I 3 B Z AR hR . 7EAR
W58, AKT 4119 SOD 1 GSH-PX 3 14 B 5 B AIC
M MDA \NO I NOS /K F- Bl i 7+ & . 5 AKI 414
Fb AN T 5 4 0 46 A A 4 BUY) S 30 MDA NO FI
NOS i 7 B i F& A% , SOD 1l GSH-PX % £ B i F+
oo X R B A A A B AT DA R A N
VIO DG 00 B 05, D8R B R . ARE SN SR AR
P05 A Rk SR i OGN 2L BFS R B 2 i
I R 2 3 sk R AR AR A L PR F, 4 TNF o,
TL-1B 1 TL-6 , fi i 4 A 20 B %) 8 16 RN 3 4k, DA T i
Jl g6 R R MR 4 KRR P TL-1B. 116 AN
TNF-o B IR R KGR BET T B HL RAE
JRL, AR A SR 2R YT 5 1A 9T AR BRI 42 40 i A
T B K WY RIS, R WA AR AR U A R0 R T
B JUE A E N o PISK & — i A T S il , 7 45 i 2 3
s P 2ok B A5 5 5 S POl A OCEEAE Y . AKT
SR IR A AR TR T I SR P LR, 2 PISK Y
FE W a2 — AR HKRE T A . PISK/
AKT i % 5 4 F 40 i 57 #0016 B 1 1945 5 L
B ER S A M I R AR — R, DN R O 2 4l i T g
(EAF RS R UR T A0 398 i R R s RS A 0
FEp i 2 SRR IS . R, PISK/AKT {5 5 i
M OE S G PRS2 R85 & IR 5L &1,
S B PIBK MBS MR Ak , B 5 G T e AKT JF i — 2
Hil MAPK 3 #55, Western blot B iiF 45 3 i 7~ P
KEZFFE, KR E 4 40% pERK. p-INK,
p~AKT .p-PI3K £ [1 3= 18 7K V- B W I iy , A6 AR A 4
) ar LABE AR ERK JINK  AKT . p-PI3K Z& 4 19 iR
T IR | 8 fift 55 J0E 5 i RT3 0, P-4 55 21 2 4 Ak
Yy Jo R R Ak A 2 A

g BTk, A6 A A B B 38 2 MAPK/PI3K/
AKT 55 A ks TR KB RBT WAt
Bif X EAEH SR SR MBI T 2R E A
T 1 5 U0 AH G, Ry 76 2R AR B 0 v 1 oL FH R T
PR a2 B IR A T & AR A TR L . (R
5% A AE 24 802 T R T T 46 A8 AR 20 B 46143 1) i
LVER R AEE R BLENRABEE , 1 MAPK {5 45
i RS iR R R AN RN IR S WA A L RAEe
TR BV AR AR L AT RR R AR ST . FE R
TR ST R A K ARl A AT A R A A
WO B R B PR B A S I RN ML
HEATIRAMIFGE , i — 25 4248 4 A A A B2 24 {7 4k 55 4
S50 s 4 Bl 4 AR A R = (B R o



1186 i ER} K254 Vol. 32 No. 15 Aug. 2026

Ve TR E BT«
PO 2 SOOI RNE SCIRE s S BRE . S

L5 R B BRI SO 5 VD TS AR - SR M BORER - 2 5 5
B BN BB S o A 5 5K BT A7 B - 2 5R SCBBUCS KOH  E
LT AN E 2 A SR IE .

T EE H AR G R R

S % Uk

1

10

11

Li ZL, Li XY, Zhou Y, et al. Renal tubular epithelial
cells response to injury in acute kidney injury [J]. EBio-
Medicine, 2024,107:105294.

Zhang T, Widdop RE, Ricardo SD, et al. Transition
from acute kidney injury to chronic kidney disease:
Mechanisms, models, and biomarkers[J]. Am J Physiol
Renal Physiol, 2024,327(5) : 788-805.

Ogundipe OJ, Ojetola AA, Akinpelu OF, et al. Aque-
ous leaf extract of Azadirachta indica protects against
gentamicin-induced kidney injury wvia decreases in renal
function[ J]. J Med Food, 2025,28(3): 272-280.

Ekinci Akdemir FN, Yildirim S, Kandemir FM, et al.
Protective effects of baicalein and bergenin against
gentamicin-induced hepatic and renal injuries in rats: An
immunohistochemical and biochemical study [J]. Basic
Clin Pharmacol Toxicol, 2025,136(1):14121.
Albukhari TA, Bagadood RM, Bokhari BT, et al. Chry-
sin attenuates gentamicin-induced renal injury in rats
through modulation of oxidative damage and inflamma-
tion wvia regulation of Nrf2/AKT and NF-«B/KIM-1
pathways[J]. Biomedicines, 2025,13(2):271.

Bahrami M, Abbaszadeh HA, Norouzian M, et al. En-
riched human embryonic stem cells-derived CDh133" ,
CD24™ renal progenitors engraft and restore function in a
gentamicin-induced kidney injury in mice [J].
Ther, 2024,27:506-518.

Lee YJ, Shin JS, Oh SM, et al. Changes in ginsenoside

composition, antioxidant activity and anti-inflammatory

Regen

activity of ginseng berry by puffing[ J]. Foods, 2024, 13
(24):4151.

Pinela J, Dias MI, Pereira C, et al. Antioxidant activity
of foods and natural products [J]. Molecules, 2024, 29
(8):1814.

Cordiano R, Gammeri L., Di Salvo E, et al. Pomegran-
ate (Punica granatum 1..) extract effects on inflammag-
ing[ J]. Molecules, 2024,29(17) :4174.

Gambrill Y, Commins P, Schramm S, et al. Natural
product isolation of the extract of cleome rupicola fruits
exhibiting antioxidant activity [J]. Chem Biodivers,
2024,21(4):202301382.

B . IR A LD A JRAE T 3R A SR IAL Ak B H AR I
WFEID ], B /R B AR, 2021,

12

13

14

15

16

17

18

19

Huang  W. Extraction  and  purification  of
proanthocyanidins from peanut skinsand its biological
activity[ D ]. Alaer: Tarim University, 2021.

A, AR, BB, S AR AR Z W) I 5
dERRELT] MR 5ihAg, 2021,34(10) - 14

Du L, Gu LB, You XY, et al. Research progress on
peanut skins polyphenols [J]. Cereals Oils, 2021, 34
(10):1-4.

WOWED, KR e, B, SF OB A B R IOIE A 20K
T eyt A A RE AT 5[], & 5 A B L
Mk, 2023,49(20) :66-72.

Dai QY, Lu YL, Huang Q, et al. Optimization of
ultrasonic assisted extraction of peanut red skin and its
antibacterial and antioxidant properties [J]. Food
Ferment Ind, 2023,49(20):66-72.

RO B AR AR RIS TR CACO-2
55 1l 98 A0 N A s B HEALRIE S (D . A - T R A
AR, 2023.

Gao EG. The combined anti-cancer of peanut skin
procyanidins and resveratrol to CACO-2 colorectal
cells [D].
University, 2023.
s, B, R, AR A LA /N R AT E AL RE
TIEt5ELT]. &k, 2024,35(8):7-11.

Li CH, Zhao N, Zhu LY, et al. Study on antioxidant

cancer Zhengzhou: Henan Agricultural

capacity of peanut red coating in mice [J]. Livest Poult
Ind, 2024,35(8):7-11.

FEORTE , VIO, fF2E5E, 5 JRAET H B SIRT1/
AMPK {5 53 % % PE R 85 3R R B M B 450 0 1o ek 3
BLILT]. s E 255, 2024,35(7) :807-812.
Fu ML, Fu SL, et al
mechanism of proanthocyanidins on gentamicin-induceda-
cute kidney injury of rats through SIRT1/AMPK
signaling pathway [J]. China Pharm, 2024, 35 (7) :
807-812.

El-Hashash SA, Gaballah WA, Faramawy AA, et al.
Mitigating acetaminophen-induced kidney injury: The

Jiang Q, Improvement

protective role of grape seed and peanut skin extracts
through the iNOS/CYP2E1 pathway[J]. ACS Omega,
2024,9(32) :35154-35169.

Yang Y, YulJ, HuoJ, et al. Protective effects of peanut
skin extract on high-fat and high-fructose diet-induced
kidney injury in rats[J]. Food Sci Biotechnol, 2023, 32
(8):1091-1099.

Salama RM, Darwish SF, Yehia R, et al. Lactoferrin al-
leviates gentamicin-induced acute kidney injury in rats by
suppressing ferroptosis: Highlight on ACSL4, SLC7A11,
NCOA4, FSP1 pathways and miR-378a-3p, LINC00618
expression[ J]. Food Chem Toxicol, 2024,193:115027.



ASETRRAE B AR R 3T MAPK/PISK/AKT 15 5l I it X K B R A S ark B 1187

20

21

22

23

24

25

26

Gao J, Xu E, Wang H, et al. Integrated serum pharma-
cochemistry, network pharmacology, and pharmacoki-
netics to clarify the effective components and pharmaco-
logical mechanisms of the proprietary Chinese medicine
Jinkui Shenqi Pill in treating kidney yang deficiency syn-
drome[ J]. J Pharm Biomed Anal, 2024,247:116251.
Laddha AP, Kulkarni YA. Pharmacokinetics, pharmaco-
dynamics, toxicity, and formulations of daidzein: An im-
portant isoflavone [J]. Phytother Res, 2023, 37 (6) :
2578-2604.
Pulipaka S,

Mitochondria-targeted esculetin and metformin delay en-

Chempon H, Singuru G, et al
dothelial senescence by promoting fatty acid g-oxidation:
Relevance in age-associated atherosclerosis [J]. Mech
Ageing Dev, 2024,219:111931.

He L, Yang G, Li T, et al. Metabolic profile of procyan-
idin A2 by human intestinal microbiota and their antioxi-
dant and hypolipidemic potential in HepG2 cells[J]. Eur
J Nutr, 2025,64(3):113.

Chen W, Zhang K, Cut H, et al. Baicalin-2-ethoxyethyl
ester alleviates gentamicin-induced acute kidney injury
via NF-kB signaling pathway [ J]. Biomed Pharmacoth-
er, 2024,172:116276.

Lafargue MC, Bobot M, Rennke HG, et al. Chronic
myelomonocytic leukemia patients with lysozyme ne-
phropathy and renal infiltration display markers of severe
disease[ J]. Kidney Int Rep, 2023,8(12) :2733-2741.
Akila AA, Gad RA, Ewees MGE, et al. Clopidogrel
protects against gentamicin-induced nephrotoxicity
through targeting oxidative stress, apoptosis, and coagu-

lation pathways [J] Naunyn Schmiedebergs Arch Phar-

27

28

29

30

31

32

33

macol, 2025,398(3):2609-2625.

Akcakavak G, Kazak F, Karatas O, et al. Eucalyptol
regulates Nrf2 and NF-kB signaling and alleviates
gentamicin-induced kidney injury in rats by downregulat-
ing oxidative stress, oxidative DNA damage, inflamma-
tion, and apoptosis[J]. Toxicol Mech Methods, 2024,
34(4): 413-422.

Tain YL, Hsu CN. The NOS/NO system in renal pro-
gramming and reprogramming [J]. Antioxidants (Ba-
sel), 2023,12(8):1629.

Ha S, Kim HW, Kim KM, et al. PAR2-mediated cellu-
lar senescence promotes inflammation and fibrosis in ag-
ing and chronic kidney disease[J]. Aging Cell, 2024, 23
(8):14184.

Wang Y, Han Y, Shang K, et al. Kokusaginine attenu-
ates renal fibrosis by inhibiting the PI3K/AKT signaling
pathway[J]. Biomed Pharmacother, 2024,175:116695.
Yang C, Huang F, Fang H, et al. Jiawei Shengjiang-
san's effect on renal injury in diabetic nephropathy mice is
investigated via the PI3K/Akt/NF-kB signaling pathway
[J]. Diabetes Metab Syndr Obes, 2024,17:1687-1698.
Wang Y, Cui C, Zhao W, et al. WIP1-mediated regula-
tion of p38 MAPK signaling attenuates pyroptosis in
sepsis-associated acute kidney injury [J]. Immunobiolo-
gy, 2024,229(5) :152832.

Jiang FW, Guo JY, LinJ, et al. MAPK/NF-«B signal-
ing mediates atrazine-induced cardiorenal syndrome and
antagonism of lycopene [J]. Sci Total Environ, 2024,
922:171015.

[(AxHmiE] K&H



