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Abstract: Objective To investigate the mechanisms of Shenkang Injection in treatment of chronic glomerulonephritis by using
network pharmacology, molecular docking and experimental validation. Methods The main chemical constituents of Shenkang
Injection were identified based on previously observed components, literature-reported quantitative components and pharmacopoeia-
determined content levels, and TCMSP database. The action targets of each active ingredient were obtained mainly through the Swiss

TargetPrediction online website and supplemented by the PharmMapper online website. They were compared with the targets related
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to chronic glomerulonephritis found through literature mining and multiple databases to obtain the key targets of Shenkang Injection
in treatment of chronic glomerulonephritis. The key targets obtained were subjected to GO enrichment analysis and KEGG pathway
annotation analysis through the Metascape online website, and molecular docking and animal experiments were conducted for
verification. Results A total of 17 main active ingredients (aloe emodin, hydroxysaftflower yellow pigment A, emodin methyl ether,
kaempferol, etc) of Shenkang Injection were screened out, corresponding to 568 targets. By taking the intersection of the active
ingredient targets and the disease targets, 112 key targets were obtained. These components mainly act on core targets such as Aktl,
ESR1, MMP-9, and IL-2, involving major signaling pathways such as PI3K/Akt and MAPK. The results of molecular docking showed
that the main active ingredients of Shenkang Injection all had good binding activity with the core targets. The results of animal
experiments showed that compared with the model group, each dose group of Shenkang Injection could improve the hair, body weight
and renal function of rats (P < 0.05), significantly reduced the values of urine protein and ACR in rat urine samples, the contents of
creatinine and urea nitrogen in blood samples, the contents of TNF-a, IL-6, IL-1p in rat renal tissues, and the protein expression levels
of Aktl, ESR1, MMP-9, and IL-2 (P <0.05,0.01,0.001). Conclusion Shenkang Injection in treatment of chronic glomerulonephritis
mainly acts on targets such as Aktl, ESR1, MMP-9, and IL-2, and participates in the regulation of signaling pathways such as PI3K/Akt,
MAPK, and TNF, demonstrating the collaborative characteristics of multi-component, multi-target, and multi-pathway effects of
traditional Chinese medicine.

Key words: Shenkang Injection; chronic glomerulonephritis; network pharmacology; aloe emodin; hydroxysafflower yellow pigment
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Table 1 Relevant parameters of the main active ingredients

LA FR JELAFR T MM TFRE Lipinski AU OB/% DL
BT gallic acid C7HsO0s 170.12 Yes 61.84 0.25
&% danshensu CoH1005 198.17 Yes 35.34 0.28
HEER rosmarinic acid CisH160s 360.30 Yes 31.38 0.35
FHIYERE A salvianolic acid A C26H22010 494.40 Yes 32.95 0.70
PERER aloe emodin C15H1005 270.24 Yes 83.37 0.24
KR rhein C15HsOs 284.22 Yes 47.06 0.27
REHR emodin C1sH100s 270.24 Yes 34.39 0.23
N chrysophanol C15H1004 254.24 Yes 38.63 0.20
KB F ik physcion C16H1205 284.26 Yes 32.28 0.26
ITES) kaempferol C1sH100s6 286.24 Yes 31.24 0.26
BRAETOER A hydroxysafflor yellow A C27H32016 612.50 No 32.54 0.35
FHIEZ B salvianolic acid B C3sH30016 718.60 No 43.01 0.40
TS astragaloside A Ca1HesO14 785.00 No 37.53 0.34
EERWEIM AP calycosin 7-O-glucoside C22H22010 446.40 Yes 36.54 0.37
FHZEAA tanshinone 11a C19H1803 294.30 Yes 49.88 0.39
k&t 2 cryptotanshinone C19H2003 296.40 Yes 52.34 0.39
P21 tanshinone | Ci18H1203 276.30 Yes 39.26 0.36
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Table 2 Information of top 10 core targets

4 £ PO BEROH degree
Aktl 0.0416 0.816 2 86
ESR1 0.0309 0.7708 78
MMP-9 0.038 8 0.7655 7
IL-2 0.044 6 0.7551 76
SRC 0.024 9 0.7500 74
CASP3 0.027 6 0.7450 73
JUN 0.021 3 0.730 3 70
EGFR 0.0417 0.720 8 69
STAT3 0.027 4 0.716 1 68
ICAM1 0.0217 0.7115 67
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Fig. 5 “Effective ingredient - intersection target - signal pathway” diagram
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Table 3 Docking binding energies of target and active ingredient molecules
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Aktl —6.8 —6.5 —6.6 -6.1
ESR1 —6.9 —6.4 -71.4 -6.7
MMP9 -5.9 -5.4 —6.0 -5.2
IL-2 -8.1 -8.4 -7.9 -8.5

™~ 1’))/) i ‘

4 = m:‘{”\
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6 SEMRSTSXRBESNREREEG
Fig. 6 Optimal conformation of active ingredients and key targets
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W 6 mL-kg ' LR &P<0.05. P <0.001 vs control group; *#P < 0.001 vs model group.

*P < 0.05 vs control group; *P < 0.05 vs model group; %P < 0.05 vs
Shenkang Injection 6 mL-kg ™' group.
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7 BHEHRKBREREBEMN ( x£s, n=10) Fig. 8 24 h Urinary protein content and ACR values in
Fig. 7 Body weight changes of rats in each group ( x=s, each group of rats ( x£s, =10 )

n=10)
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Fig. 9 Blood urea nitrogen and creatinine levels in each

group of rats ( x+s,n=10)
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Fig. 10 Pathological staining results of kidney tissues in each group of rats (x200)
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Fig. 11 Inflammatory cytokine levels in renal tissues of rats in each group ( x*s,n=10)
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Fig. 12 Protein expression levels in rat kidney tissue ( x %,

n=10)
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