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[Abstract] Objective: To preliminarily predict the active components, targets, and signaling pathways
of modified Shengjiangsan in the treatment of immunoglobulin A nephropathy (IgAN) based on network
pharmacology, and to explore its underlying mechanism through molecular docking and experimental
verification on animals. Method: The active ingredients and related targets of modified Shengjiangsan were
obtained from Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP) ,
UniProt, SwissTargetPrediction, and literature review. IgAN-related targets were obtained from GeneCards and
Online Mendelian Inheritance in Man (OMIM ). Cytoscape 3.9.0 was used to construct the regulation network of
the related targets of Shengjiangsan and IgAN, and the protein-protein interaction (PPI) network was plotted by
STRING. The common genes were analyzed for gene ontology (GO) functional annotation and Kyoto
encyclopedia of genes and genomes (KEGG) pathway enrichment by Metascape. Key targets and main active
ingredients were selected for molecular docking by AutoDockTools 1.5.6. The experimental model of IgAN was
induced by bovine serum albumin(BSA, ig) combined with lipopolysaccharide (LPS, iv) and the complex of
CCl, and castor oil (sc) in rats. The model rats were treated with modified Shengjiangsan and benazepril
hydrochloride for four weeks. The rats were sacrificed after drug administration. The levels of transforming
growth factor-B, (TGF-B,) and interleukin-6 (IL-6) in the serum and kidney tissues were detected by enzyme-
linked immunosorbent assay (ELISA ), immunohistochemistry, Real-time quantitative polymerase chain reaction
(Real-time PCR), and Western blot. Result: A total of 105 active ingredients were obtained according to oral
bioavailability (OB) , drug-likeness(DL) , and literature screening. There were 124 common genes and 59 core
targets. Neurotrophic tyrosine receptor kinase 1 (NTRK1) , cullin-3 (CUL3) , tumor protein 53 (TP53) ,
epidermal growth factor receptor (EGFR) , exportin 1 (XPO1), and other targets might be closely related to
IgAN. As predicted by KEGG enrichment analysis, the treatment of IgAN with modified Shengjiangsan mainly
involved the phosphoinositide 3-kinase (PI3K)/protein kinase B (Akt) signaling pathway, nuclear transcription
factor-kappa B (NF-«B) signaling pathway, and cytokine-cytokine receptor interaction signaling pathway. As
revealed by molecular docking, the main active ingredients in modified Shengjiangsan showed stable binding
activities with NTRK1, CUL3, TP53, EGFR, and XPO1 in the core targets, indicating that it presumedly
regulated inflammatory responses by affecting NTRK1, CUL3, TP53, EGFR, and XPO1 target proteins. The
results of experimental verification on animals showed that the expression levels of cytokines TGF-8, and IL-6 in
the serum and kidney tissues of IgAN rats were significantly decreased by modified Shengjiangsan, suggesting
that Shengjiangsan might inhibit excessive fibrosis, and inflammatory and immune responses by regulating
signaling pathways such as cytokine-cytokine receptor interaction, PI3K/Akt, and NF- xkB. Conclusion:
Modified Shengjiangsan may treat IgAN through multiple targets and pathways. Its mechanism may be related to
the inhibition of excessive fibrosis, and inflammatory and immune responses by affecting the expression of
NTRK1, CUL3, TP53, EGFR, and XPOI1 and the regulation of the cytokine-cytokine receptor interaction,
PI3K/Akt, NF-«B, and other signaling pathways.

[Keywords] modified Shengjiangsan; immunoglobulin A nephropathy (IgAN) ; network pharmacology;

molecular docking; animal experiments
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www.swisstargetprediction.ch/) , T ¥ 178 1 B 40 45,
fifi & 7] BE P (Probability )>0.93 [ I i KK 5 i ik
- 164 -

03 PR B A A R A A Cytoscape 3.9.0 3K
T, Ry 3 24 W -3 P A - A A R 25 1
1.2 IgAN % 95 8 &0 9 50 0 A ] GeneCards
(https://www.genecards.org/) , 7£ £k A\ 25 i 18 /K 1k 1%
5 4 P2 (OMIM, http : //omim. org/) , 48 28 5 it i7)
“IgA nephropathy” , 315 IgAN (¥ 85 HFE H . 30 i
Venny 2.1 (https://bioinfogp. cnb. csic. es/tools/venny/
index.html) 75 28 "1 H 2 il 5 RUEL, 4875 i ok T [ K
5 IgAN 58 S 40 s
1.3 2K 5 -2 A AR T (PPI) I 4% ) 1 e #%
O BB TR E O 1230 P AR R R SRR A
STRING 11.5 %4 % (https: //string-db.org/) #£ 4T PPI
O BT 5 5 0 R T e S K PR A Tg AN B B 1
419 5 A Cytoscape 3.9.0 ¥4 , iz F “BisoGenet”
FI“ CytoNCA ™ 4 4 i 1 19 £ 1 (18 2% 00 8 Ao
1.4 FEFEAEK(GO) M E 5 RA 5 R 25
(KEGG) 4 ¥ & % 4 1 1£ Metascape (http://
metascape.org/gp/index.html#/main/step1 ) B 3i& )3,
PL P<0.01 2y i 36 2% {1, X 28 £ 40 55 i AT GO T RE v
B A KEGG i % & % 70 i o R A B F &
(http : //www.bioinformatics.com.cn/) ¥ GO fll KEGG
i P AR A R 2 A
2 AYEEZFMEAD-ZOBRSFIERIE

M TCMSP , PubChem %% & /% (https://pubchem.
ncbi.nlm.nih.gov/) T 2R T [ il 3= 2 25 W) 3 PR AR
43 ) 2D Z5 44 (“MOL2” #% L5 “SDF" # 50 ) , iz
Open Babel £ - “SDF” #% X 54 4 4 “PDB” #% X 5
“MOL2” #% X K 7 &b ¥ . M RSCBPDB %% #i J2
(https://www.rcsb.org/) T # #% 0> #0453 26 H ) 3D 25
¥, - A7 “PDB” #% 2 . I H AutoDockTools 1.5.6
BOPE K A, R A2 AR B AR BE AT 4 4,
XF 45 3 BOE R PEAN LS5 5% M o SR 5 1)1 PyMOL
B X 25 AT T AR R OR .
3 YRR
3. 259 ek T R G BBURL (fR A 12 g R
12g FEfES g ARE 10 g . £ B 10g . KE 6 g FIH K
10 g) LA E25W e AR — 5 il 25 T $2 43t (L5 4000 hy
9112903, 9115203, 0061423, 0062763, 0042053,
0040293,0077393) . #k & V1R A A il WY 7
7% 25 By AR A\ A 7 (HE o S5 [ 2 o
H20054771,#L4% 5 mg/ ) .
3.2 ¥y At ut e A ARSI S W) B R AT BR 2 A
Wy 42 HOBEPE SD K B, SPF 2%, 7 il i , 4K J5
(200+20) g, Zh ¥ & 4% 3E5 110011200106395172, &



528 B 7 W HESSEFFFHRE Vol. 28,No. 7
20224F 4 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2022

¥ AT IE 5 SCXK (51)2016-0006, 4 37 T ) Jb H =
e S 5 Bl v O s E AR B ) B R R R BE 50%~
70%, ik & 23~25 °C, B & &), i ek (4t 5
202090812) , H HHAAIK o A SZ 50 ] b v B 22 B fe
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HH (cytokine-cytokine receptor interaction) 4§ {i5 5 i
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BRI A4 L. TGF-B, JIL-6 %5 4 55 S 22 A 3 [ AL [ 1F
FH R HE

4.5  EEIG TR A AR OB S B 4 T E B
TR TH F BLIA I7 Tg AN %0 $E 5 R i S 07 A4 56 4 40
A5 TR T R A S A A TR
S50 I H W3R 1, XSS A 7 18 8N 1 C AR R a2
R 25 A R EE e B PT BE & ZE A BAE . Herpol A
5 M 7 & 1 ps3 (TP53) 10 45 & 1 4 &% 1% .
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AR AL 348 8 R A R

4.6 ZhY L RE

4.6.1 ELISA V&£ K B3 1 TGF-B, . IL-6 5
TE B 41 AH E A5 A 21 R BRI Y P TGF-B,  IL-6 7 &
¥ E TR (P<0.01) ; SR AL A g, 24 IG5
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20 K B 4% 41 1] I 35 TGE-B,  IL-6 /1 22 A K, 22 &
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Table 1 n=8)

Table 2

Prediction of binding energy between active component

sandkey targets of modified Shengjiangsan

25 66 it keal - mol”! Shengjiangsan (X+s,n=8)

F2 IMBRFBE BT K B E M IL-6. TGF-B, I RIZM W (¥+s,

Effect of expression of IL-6 and TGF-g, in modified

No. kUEHzy  fLad

NTRKI CUL3 TP53 EGFR XPOl £ 5 Fit/g-kg'  IL-6/mg-L"  TGF-8/pg-L"

PN B4 HEE -8.01  -6.93 -9.09 -8.64 -5.17 IEH 15.40£1.73 32.12+4.28
2 fRE WM -723  -556 -7.85 -825 -4.58 H IR 241 22.33+3.09% 41.20+6.54”

I r 245 (1% 0] ik 2 6.27 18.44+2.07" 36.15+£5.23
3OREHEERMEE 636 405 677 -6.56 -3.33 w24 e 0 2 12.54 18.17£2.99Y  33.65+4.65"
4 B MR -834  -5.68 -8.97 -7.74 -5.76 DU ) 21 0.01 17.16+1.98" 33.90+4.10%
5 faE ARER -653  -472 -694 -632 -4.12 VE 5 0F % 4 8V P<0.05,2P<0.01; 5 818 4 1 32 P<0.05,
6 FifE LSAWE 686 -4.64 -6.82 -6.92 -526 D p<0.01(F2-%4[7)
7 @& g -7.55 =549 -9.64 -7.70 -5.52

BB LB, v 24 A R0 2 v 24 v 3R o 1 DUIR %
H 4 TGF-B, \IL-6 75 Z8 5 DX | A2 40 i 2 ik i 553 (+)

2GR L 2 R A DL IR R A K R
o, TGF-B, . IL-6 1£ Z I [X.  7E /& 40 Jifg 2 15 38 )3 JC
B2ES. WA,

TE:A IR 4B, BB C. PG (RAI AL D. 2 AR AL B DUISE A 41 (181 2 17])

B fnwkFBE STk RIS AR TGF-B,.IL-6 KR i% (fhpgdlfk,=x400)

Fig. 1

4.6.3 KEUH 44 H IL-6 mRNA,TGF-3, mRNA
B 5 OE R 4R R, B AL 41 KRR IL-6
mRNA 235 B E 188 (P<0.01) ; 5 1E 4 41 K R &L,
R 2] K B TGF-B, mRNA 3 ik B g #4855 (P<0.05) ;
SRR R B B, v 24 e R L DUIR 3 ) 2H R
FLIL-6 mRNA ik i 3 Ik 55 (P<0.01) ; 5 RIRI 2] K
BRAH Eb 2 ) i Al DLIR A R 41 K B TGF-B,
mRNA 2 ik B & 8 55 (P<0.05) ; H 25 5 71 5 41 L DR
W F 4K Bl TGF-8, mRNA | IL-6 mRNA A /K - 22
SEGIEE L, RS,

4.6.4 KEFHLIL-6 TGF-BEHEIL HIEW
2R R, B A 2 K R TGF-B, . 1L-6 25 H K 18
F EW(P<0.01); SRR B HL A, b 245 (%550 o 41
KL TGF-B, .IL-6 & [ A W] W i D (P<0.05) ; 54
R ZH R BB A, b 24w ) 2 DLIR 5 R 2 R R
TGF-B, . IL-6 2 [1 %3k i 0> (P<0.01) ; Hh 25 Ik 571
dE AL 24 e R o L DU S R 4R B A A R A LG

Expression of TGF-B,,IL-6 in renal tissue of modified Shengjiangsan (IHC, x400)

R3 BRFBEH T KRS HLA P IL-6 mRNA.TGF-B, mRNA &
EHIRM (i+s,n=8)
Table 3 Expression of IL-6 mRNA., TGF-B8, mRNA in modified

Shengjiangsan (X+s5,n=8)

215 /g ke IL-6 TGF-8,
IEH 4 0.879+0.141 0.898+0.171
Ji ] 1.309+0.343% 1.293+0.413"
LREE 1 i) 6.27 1.095+0.195 1.039+0.207
Fp 24 1 5 A 12.54 0.937+0.117" 0.936+0.183
DU 2% 7] 241 0.01 0.906+0.165* 0.934+0.112%

TGF-B, . IL-6 3 H &K KKV 2257 LGt 28 L. W

E2f#E4,
5 itig

IgAN R BB , 2 S5 KA R AW 57 15 AT

RN IR, 5 MU AR OG . TR IR b, A

RE VBT M DA R I AR S O BE SN T Y R

Pl o BB N IgAN B9 K F 22t TEH R
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Tk 23 kDa i P56 AL Pt 3- 384 ity /2 1 T B/VRT 7L 3 ) 7R IE R R R
—_ 4 H (PI3K/Akt/mTOR ) {5 5 i % 410 i A549 2 /i 3
-8y 50 kDa

B IE RS o H I AT D T ok T B 185 T 2% 24 R AT X

g 2u0s P48 A R

A B c D E

2 KRREBHELIL-6.TGF-B,EAH K
Fig. 2 Electrophoresis of 1L-6, TGF-B, protein in renal-tissue of

roots Shengjiangsan
R4 MMRFEHNKREAHALHRIL-6. TGF-B, EAMRIZE (35,

n=8)
Table 4 Expression of IL-6, TGF-B, in modified Shengjiangsan

(x+s,n=8)

21 51 FlH/g-kg!  IL-6/B-actin TGF-B,/B-actin
IEH A 0.218+0.045 0.289+0.050
H IR 241 0.580+0.091 0.719+0.097%
rp 2 R 6.27 0.455+0.074% 0.562+0.063>
rp 2l v R A 12.54 0.371%0.070" 0.462+0.074%
DUTR 5 ) 2 0.01 0.281+0.047" 0.398+0.062*

B S BB T SRR 3z XU BRORS B 5
PO B AN . LB ME TR, S ERPLA
I, 5 ) 1) LA B = R ) T A8 T 8 K O e A P
R Z A B I R AR S 22 R R . AR B R R
LMY KRB AR TgAN g3 T = UEAE 14 017 973 °F
2R TgAN fB 3 25 2 DR P | i 5% 0 A o ol 3
(31.6%.28.9%) o 2E75 Hij W 1lff K WL 58 F 55 1 4
AR5 11 B L P I B 2E T IgA B I K
AR REEA R R TR R B R
B BATHE I A E R N OB A E
e g A XL 2 R XU R L AT R AR A IR
et ML 0 LA ) b £ 18 I Sy B 24 A DA 22 B I
TS s A A R 2, 8020 147 B E LRI
G I THIE B vk, SE IR T T, AT B R B R N A
MG, = AR AR A B . AR
2y BB 5 B W) A AR R A3 A TR ek
AR EVIR AW B /INER FR AN A Y B A L D R
LB IR R A S MR B D RE A AR
PI3K/Akt {5 5 i P S H A 5 (1) NF-«B {5 5 3 % i1
28 2 O A0 L T, S ER DG B S IR R
T o R AZ ARG A A T R AZ AR 4R R
KR PRB W Z T, 22 v R A J7 W] e 3 o 4 i 41
A0 A A B R T A 7 Ak AR K R F--B/Smad
H (TGF-B/Smad ) il % K £ 4 1k A FH 52 B %} 2 B4
PRI R B IE () PR 4T, R I B A8 3% LPS 5 = 1
/IN LA E 5L TR v (1 9 BN, BRI S AT 0 1
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Oy TR R S5 F o I T R 32 P
53 55 8% 0 AV FH R A 9 bl 283 R T T TR T 2
& 1 % NTRK1) ¥z % ft % 4% i E3 & 11 (CUL3) .
TP53 . % & 4 K K+ 52 K (EGFR) &% % 3 25 11 1
(XPO) HAA B ARE A TH . NTRK1EJEAL
BREE A A2 AR WO A (TrkA) | o2& A6 B NTRK1 %
D] s B ) B P 0 2 ik DR o R b 2 5 1 K R R
it 27 1A (NTKR) G2 W5 10 B 03 o 1% 0 i 02 JBE 485 &5 =%
MK EREAS G EBRML A S (0 S8
21k ) Fl MAPK 3R 42 1) i 51 o 3 2 PI3K/Akt {5 538
% MAPK {5 5 1 % 18 45 20 I 38 58 | R KE 2 1% | 40 il
T, BRI AR AE JLE IgAN f 28 32
F(NTs) S H3Z R (ntr) B 3 R 4 5 19 PR IR 235
PE(SNP) 5 5y J vk g B E Jie | R 40 B A 28 7 2% LR
M BR B & AR A 6 CUL3 iz E A1k & B B3 &
M % & ¥ (BTB-CUL3-RBX1) i # .0 B 43, /- 5 #8
Mz FZ AR BE S 08 R R R i CUL3 /Y
LA AT HE LPS 5 S Y 40 M TR, TPS3 &
LA B S R, A0 0 3 IR b A AR 2240 5 40 MR T Bk
21 B ] 0 O L B A DG . DL A TPS3 L RE 5 i T
) B 41 Ltk 1988 -2 (Bel-2) R H & B AH BAE A,
i A5 2R AR A0 558 3 PR3 S 1A R AR T
A LL3E i PI3K/Akt .\ MAPK %5 {55 538 [ 4 2 41 ity 134
B A AE F N A0 ML E T . EGFR & — F 5 I b &
M, EREARKEFZEEG RN — R, 8 T2 g
i 2 PR T R I . EGFR AR by 40 it 36 1 2 1 T 5 i
R A K 7 (EGF) 45 & , EGFR 1] 8% T , th
BPRER AR R AR IT BRI R R AL, T
1% J5 1 EGFR 1T DL A 2 Ak T i 285 17, IR 45 40
A7 3% 9 PI3K/Akt/mTOR {5 538 #% . XPO17% &
20 ) A0 R 4 DR g 0 — R 1T, B A o 4
JitL JE 11 2 11 B \MAPK 34 1) 7 v, S 5 45— 2L 4
J ik B o 38 AT DLV Y TG Ak T 40 M 4% I F- (NFAT) Al
BTG E A -1(AP-1) . AP-1 20 P AY 1 A5 S 30T
PR, 38 o 8 4 35 PR 1Y) 3R 38 o N 0 22 R R, A
g1/ ON S R RN o N PN R e o I OR s D e =
P . H I T D v S R FRCRT RE SE S e NTRKL
CUL3.TP53 .EGFR . XPO1 # s 25 1 ¥ ifif 3 2 41 Jie
B BE R T, A0 S E BN L 2 TR YT IgAN

Bl W) A5 G I 25 SR R ek T R HRE S B
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R A TgAN K BUIML 3% & B 20 40 b 40 i I F TGF-B, .
IL-6 & ik /KF . TGF-B, . IL-6 1 > 41 it K 7] LA @
i cytokine-cytokine receptor interaction 3 i PI3K/
Akt NF-«kB . MAPK %15 5 % , & 5 5 KM FLE b
PE SE i 3 By A, U8 40 B G A L AR A e
T=. TGF-B, X Gy 40 i i) & 5 AN Al o B %8, 75
PENT g R HE R T 7 A A . M
L5, TGF-B,/E At v i =2 1y
T, oS 5 i — R g2, N R
¥ il TGF-B, 23k , il an iy Jsk g B0 45 5 | ke i 1 1
2 W BAE R A R Y A 1) A B R AR R . X
Tl £ 2k b 14 55 a7 2 B ORI 41 201 B SR R AL | 451
ENE R E W UF Y kB i T
TGF-B, & [ F kK F 3l PI3K/Akt/mTOR {5 5 i
BT R YU LR AR AR IL-6 AN H T 40 A
A, E A A M 2 A 2 PN R A A —
RYVAML = A . IL-6 Rkt Z RO E 755, 0
5 A0 M A Z= -1 (IL-1) b8 IR 88 X 7 (TNF) # I
INKR AT A A2 K R F (PDGF) S5 40 i I 7o 40 B ARG
B Y UL B AR W 43 an LPS Al 2 TL-6 19 44015
ST IL-6/FEH MR AN AR £, 4045 F W 40 3%
R 1) B 41 i 25 5 TL-6 BE 87 B 40 MG i 4 18 A 72 A ik
4 4 L, A R] R Y 2 R R AR K S A, A A
T PE NG I AE AL 1 B IR e g N R
PER™ BFFE & R IL-6 fig TG 22 4 R 15 AL 2 i
fitt (MAPK)/40 Mg &k 4 %5 & 1 ¥ B (ERK1/2) #l
PI3K/Akt {5 5 38 B , b9 1 40 L A 2 -15(IL-15) /Y
Fik, gl H B gk . I T PI3KY/
Akt Fl MAPK 1 & ik, 38 /b 1L-6 & K 3% 35, 41 4l
NF-«B (175 Ak, 3 1 40 g K A 7= A= ] LS ol 46 1k
KRS R Y TGF-B, IL-6 3 J& 1k nl il i bk
I 51 R A AT AR Ak L A M RN R B 8 N T
JUE s B4 . BF SR & B i) 8 4% PI3K/AKt/NF-«B
15 538 [ T 2 TgAN KB B 4 840 3 AR O, A
% TgAN 19 J2 2 J 7 i A il NF-wB {5 5 3 [ J
HHH G 9 PR 1 2o B 6 38 b m] B IS IgAN K R
EE R, I H W ) PISK/AKt/NE- kB il MAPK/
NF-«B i & 0] DL/ 40 i rp 98 5 A By = A
PR IH 3 Ao i A T B R T, B IG Tg AN KRRl v
K 4 2 TGF-B,  IL-6 23k , Al DL il i B 2 4
b A e B L N B g8 o 27, DT D O B
U R PR R AR BB WE A A T 3k B 4E 28 TgAN
HEIEIE I .

25 L RTIR kT R T AR E o 2 8N K £ 5

FEIRIT IgAN, H 4536 97 1E F i AL 7] B8 5 52
NTRK1,CUL3,TP53 . EGFR . XPO1 % ! £ % [1 1Y
% ik K 8 ¥ cytokine-cytokine receptor interaction
PI3K/Akt NF-«B 2 {5 5 i 5 2 1 10 il i 18 2 2 1L |
HEAE LIV 38 07 2B K o

A 58 LR X B A3 A% U B A R0 A ) S 2 AT
B9 UE , 76 S5 BRIG T o B b A v S bR A0 B8 AN
T AT 1 E— 0 B 2l W) S0 A0 i S 5 B . P
250 A 52 A FEATOE LR vh 25 52 07 3 i BT B
P 4l 5 o 0 SR A B S Ak o T R 2% 2Y B 2 HO )
H 25 R84 v i ob 245 By R AT R A ME & B
) S R AR A AR R DA R4 A R P R st e 4
PRl 2% B 25 52 ) 45 S 0 B M, 8] O S AE S T 8 £ b
Fo LAl bR R — 2L ST, LA Wk T R OA
7 IgAN 19 B ARBLE] , A R IA T7 TgAN $2 41 B 4 2
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