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[ Abstract] Objective: To explore the potential mechanisms of Shensu IV in the treatment of diabetic kidney disease (DKD)
through a combination of network pharmacology, molecular docking, and animal experiments. Methods: Based on the core com-
ponents, target genes, and major pathways of Shensu IV predicted by network pharmacology, components, target genes, and
pathways related to DKD were selected. A diabetic kidney disease rat model was established, and the effects of Shensu IV on
DKD rats were observed, followed by mechanism verification of the network pharmacology results. Results: Network pharmacolo-
gy results showed that among the 53 components in Shensu IV, involved 38 related targets, 3 121 DKD-related target, 313 inter-
section targets. Key active components such as Tetraneurin A, Isoflavanone, Kaempferol, and Jaranol were identified, along with
core targets including AKT serine/threonine kinase 1, epidermal growth factor receptor, steroid receptor coactivator, estrogen re-

ceptor 1, and matrix metalloproteinases 9. KEGG analysis revealed that relevant pathways included the cancer pathways, metabol-
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ic pathways, PI3K-Akt signaling pathway, and MAPK signaling pathway. GO analysis indicated that key biological processes in-

volved responses to exogenous stimuli, regulation of protein phosphorylation, and positive regulation of gene expression. Animal

experiments showed that compared to the model group, the treatment group exhibited significantly reduced kidney damage under

both electron microscopy and light microscopy. qRT-PCR results indicated decreased expression of AKT1 and PI3K in the treat-

ment group (P<C0.05). Conclusion: This study reveals that Shensu IV may exert its therapeutic effects on DKD through a

multi-target, multi-pathway mechanism, providing a direction and reference for further research

[Key words ] Shensu IV ; Diabetic kidney disease; Network pharmacology; PI3K-AKT signaling pathway
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Fig 2 Schematic diagram of target screening for Shensu IV treatment of DKD
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Tab 2 Active ingredients of Huangqi, Danggui, Fangji, Qingfengteng, Zelan

% Mol ID iR OB(%) DL Herb
HQ1 MOL000211 Mairin 55.38  0.78 Huangqi
HQ2 MOL000239 Jaranol 50.83  0.29 Huangqi
HQ3 MOL000296 hederagenin 36.91  0.75 Huangqi
(35,8S,9S,10R, 13R, 14S,17R)-10, 13-dimethyl-17-[(2R, 5S)-5-propan-2-yloc-
HQ4 MOL000033 tan-2-yl}-2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-1H-cyclopentalaJphenan- 36.23  0.78 Huangqi
thren-3-ol
HQ5 MOL000354 isorhamnetin 49.60  0.31 Huangqi
HQ6 MOL000371 3,9-di-O-methylnissolin 53.74  0.48 Huangqi
HQ7 MOL000374 5"-hydroxyiso-muronulatol-2', 5'-di-O-glucoside 41.72  0.69 Huangqi
HQ8 MOL000378 7-O-methylisomucronulatol 74.69  0.30 Huangqi
HQY9 MOL000379 9,10-dimethoxypterocarpan-3-O-B-D-glucoside 36.74  0.92 Huangqi
HQ10 MOLO000380  (6aR,11aR)-9,10-dimethoxy-6a, 11a-dihydro-6H-benzofurano[3, 2-c Jchromen-3-ol 64.26  0.42 Huangqi
HQ11 MOL000387 Bifendate 31.10  0.67 Huangqi
HQ12 MOL000392 formononetin 69.67  0.21 Huangqi
HQ13 MOL000398 isoflavanone 109.99  0.30 Huangqi
HQ14 MOLO000417 Calycosin 47.75  0.24 Huangqi
HQ15 MOL000433 FA 68.96  0.71 Huangqi
HQ16 MOL000438 (3R)-3-(2-hydroxy-3, 4-dimethoxyphenyl)chroman-7-ol 67.67  0.26 Huangqi
HQ17 MOL000439 isomucronulatol-7, 2"-di-O-glucosiole 49.28  0.62 Huangqi
HQ18 MOL000442 1,7-Dihydroxy-3, 9-dimethoxy pterocarpene 39.05  0.48 Huangqi
DG1 MOL000449 Stigmasterol 43.83  0.76 Danggui
FG1 MOL002333 Tetraneurin A 3540  0.31 Fangji
FG2 MOL002341 Hesperetin 70.31  0.27 Fangji
QFT1 MOL000621 16-epi-Isositsirikine 49.52  0.59  Qingfengteng
QFT2 MOL000622 Magnograndiolide 63.71  0.19 Qingfengteng
QFT3 MOL000623 Michelenolide 47.54  0.25 Qingfengteng
QFT4 MOL000625 Sinomenine 46.09  0.53  Qingfengteng
QFT5 MOL000627 Stepholidine 33.11  0.54  Qingfengteng
7.1 MOL000296 hederagenin 36.91  0.75 Zelan
Danggui
A MOL000358 beta-sitosterol 36.91  0.75 Fangji.Qing-
fengteng
B MOL000422 kaemp/ferol 41.88  0.24 Hluangqi.Jiang-
can
C MOL000098 quercetin 46.43  0.28 Hluangqi.Jiang-

can

AP C WA s B B R A AT a0 5 C B R A AT 2

215 GO K KEGGHE K& LT K 3131284 W KB 4 D) e AL A O N M LSS S
B S A DAVID 348 E , 17 GO X KEGG &4 ATP 4 & EATRMEE RIS, WK 4A.
AT GO & LA W AESE S K i) A ) i KEGG 43 #7 i, 9 4iE i 1 (Pathways in cancer) , 181
A0 5 X S A W R SR B R L R B TR Ak 1Y # 1% (Metabolic pathways) , PI3K-Akt 15 5 il # .
P RN FRIA R IE R MRS A IE T o MAPK {5 508 . Ras 15 5 3@ 4% B R S A
TR R P 45 s W K B AN 4L AR A 0 AGE-RAGE {5 53 45 25 il o B 95 IV 33 97 DKD %
T A AR G R AR T 40 A A ) B 40 A XS K ETAF5 . WE 4B,
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Tab 3 The active ingredients of Jiangcan, Chonglou

. Canonical
i s Pubchem CID 2y
SMILES
> Quercetin 5280 343 Cl1=CC(=C(C=C1C2=C(C(=0)C3=C(C=C(C=C302)0)0)0)0)O HuangqJiJangcan
B Kaempferol 5280 863 C1=CC(=CC=C1C2=C(C(=0)C3=C(C=C(C=C302)0)0)0)O HuangqJiJangcan
o CC(C)CLIC(=0)N(C(C(=0)OC(C(=0)N(C(C(=0)OC(C(=0)N(C(C(=0)01)CC2 .
JC2 Beauvericin 3007 984 Jiangcan
=CC=CC=C2)C)C(C)C)CC3=CC=CC=C3)C)C(C)C)CCL=CC=CC=C4)C
JC3 Leucine 6106 CC(C)CCC(=0)ON Jiangcan
3-Hydroxykynuren- )
JC4 ) 89 C1=CC(=C(C(=C1ON)C(=0)CC(C(=0)O)N Jiangcan
ine
JC5 Aspartic acid 5960 C(C(C(=0)ON)C(=0)O Jiangcan
JC6 Cholesterol 5997 CC(C)CCCC(C)CICCC2CTCCC3C2CC=C4C3(CCC(CH)O)C)C Jiangcan
CL1 L-alaninne 5950 CC(C(=0)ON Chonglou
CL2 L-asparagine 6267 C(C(C(=0O)O)N)C(=0O)N Chonglou
CL3 diosgenin 99 474 CCLCCC2(C(C3C(O2)CCAC3(CCCECLCC=CHCHCCC(CH)0)C)C)C)OCT Chonglou
CL4 pennogenin 12314056  CC1CCC2(C(C3(C(O2)CCAC3(CCCHCACC=CHCH(CCC(CH)O)C)C)O)C)OCT Chonglou
CCLCCC2(C(C3C(O2)CCACI(CCCECALCC=CHCHCCC(CH)OCTC(CIC(COT)ICO)
CL5 trillin 11 827 970 Chonglou
0)0)0)C)C)C)OC1
CC12CCC3C(=CC(=0)CAC3(CC(C(CHO)O)C)CUCCC2CICNC(CCCCNC)O)O)
CL6 B-ecdysone 5459 840 Chonglou
0)O
CL7 y-aminobutyric acid 119 C(CC(=0)O)CN Chonglou
. CCLCCC2(C(C3C(O2)CCAC3(CCCECACC=CHCHCCC(CH)OCTC(C(CICOT)CO)
CL8 polyphyllin T 11 018 329 Chonglou
OC8C(C(C(O8)CO)O)0)O)OCIC(C(C(C(09)C)O)0)O)C)C)C)OCT
) CCLCCC2(C(C3C(O2)CCACI(CCCECALCC=CHCHCCC(CH)OCTC(C(C(COT)ICO
CL9 polyphyllin II 46 200 821 Chonglou
OC8C(C(C(O)CO)O)O)OCIC(C(C(C(09)C)O)0)O)0)C)C)C)OCT
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Tab 4 Top 5 basic information of core gene degree values

K 4 EHA4 Degree Betweenness Closeness Uniprot ID Gene 1D
AKT1 AKT serine/threonine kinase 1 189 9 314.386 78 0.002 392 34 P31749 207
EGFR Epidermal growth factor receptor 150 3948.061 82 0.002 173 91 P00533 1956
SRC Proto-oncogene tyrosine-protein kinase Src 149 5511.425 89 0.002 164 50 P12931 83805
ESR1 Estrogen receptor 135 3849.043 82 0.002 105 26 P03372 2099
MMP9 Matrix metalloproteinase-9 119 1890.717 64 0.002 028 40 P14780 4318

3 B IV iEMHR 48T DKD 8 S £ B W 4% &
Fig 3 Network of target genes for the treatment of DKD by the active
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Tab 5 Top 5 basic information of active ingredient degree values of Shensu IV in the treatment of DKD

%% Mol ID 9T PubChem ID 7130 Degree
FG1 MOL002333 Tetraneurin A 174868 CpH,0, 20
HQ13 MOL000398 isoflavanone 160767 C.H,0, 17

B MOL000422 kaempferol 5280863 C:H,,Oq 17
HQ2 MOL000239 Jaranol 5318869 C.H,0, 16

HQ10MOL000380 (6aR,11aR)-9,10-dimethoxy-6a,11a-dihydro-6H-benzofurano[3, 2-cJchromen-3-ol 14077830 C,H;s05 16

benzofurano[ 3, 2-c ] chromen-3-ol , A& 47 & (Jaranol ) 2.2 W ILI IR LS R

YERZARIEAT X BRI R 6, L2 S A] A% 2R BUAE WEOIRAS RAF IR T AR
BT AR UL 5. H g A RE Y <0, Ul BH IC A g 1 SEIGIN, TCFE T SO RN &

HREE 52 E H A RS G, HE G Re /N R WX 221 KHATRAREFHNAL FRMBES R &
PRCR AL, HAAGY SO S S 4 SSPHLBEWLEE DN ZH BRI AN 1 S 1 B | 2% R DX 4 3
Pl UL IR 6. A BT B S 5 . o0 B /R R SRl OF
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Fig 4 Visualization results of GO functional enrichment analysis & Visualization of KEGG pathway enrichment analysis
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Fig 5 Schematic diagram of the core drug component structure

F 6 BHNIAYTT DKD DB 4 f %l #8 = 45 & B (kCal/mol)
Tab 6 Binding energy of core components and core targets of Shensu IV in the treatment of DKD (kCal/mol)

s s AKT1 EGFR SRC ESRlI MMP9

O 2R T A Tetraneurin A —6.6 —73 —68 —84 —55
AR isoflavanone —76 —80 —78 —80 —94
11125 kaempferol —81 —85 —81 —81 —85
WML (6aR,11aR)-9,10-dimethoxy-6a, 11a-dihydro-6H-benzofurano[3, 2-cJchromen-3-0l —7.4 —74 —7.3 —86 —7.6
R R Jaranol -73 —82 —73 —62 —81

PEREZR A AN, ABR/NE KBS DI AE AN 5 A EE DN+ SC AR FUR AT W sz . WK 7.
SR NEREEA AL RIEMMIRIEF ST, SDNA 222 HALKHKRAEFHAHERALR 5
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Fig 6 2D diagram of key drug components binding to key targets
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Fig 7 Pathological changes of renal tissues of rats in each

group under electron microscopy (20 000X)
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Fig 8 Pathological changesof renal tissue of rats in each

SCH

group under light microscopy (H&E,200X)

s AEA G E L (P<0.001) . WK 9,

NC 4UAH H , DN 41 AT SC 241 7] 0L 1 /INER R I 2, &2 o
Rb S A MWL W0 ONE BB R D
T2 RE S P S ) A AR A AL PR B ks e S : o

R . 5 DNZHAH F, SC 20 KB B I 2458 45 1
Enﬁ%o y—[LFé_I8O
223 HAKRKREHIRELGERNEZRKE &

U

%Qv‘? %v% 3 ég‘? %‘fﬁ* & é&;

" N 8 &l S ~ N 5

W, 46 LRI 20 T2 00 A, 2 5 LA 0 2
& §

X (P<<0.05) o qRT-PCR K il #8 o5 56 H 25 5L 8w,
@At B4 R AKT1 PISK % ik W & 7+
LSRG B X (P<<0.001) ; 5 188 21 4
b, SC 4 F1)E I ¥h 30 40 AKT1 . PISK 335 A%, 22

NC4 25 4L DN AL s SC 4L - B IR V4L DN JE DL Vb I 4 . B
YB3 LH 7 P<<0.005; " P<<0.000 1
9 HEKXRRBEEREKTE

Fig 9 Expression levels of target genes in rats of each group
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