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[ Abstract] Objective: To explore the active components, potential targets and signaling pathways of Rhei

Radix et Rhizoma in the treatment of renal fibrosis based on the network pharmacology method, and then to verify
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the target genes in vitro. Method: Traditional Chinese Medicine Systems Pharmacology Database and Analysis
Platform (TCMSP) and Traditional Chinese Medicine Integrated Database (TCMID) were retrieved to obtain the
main active ingredients of Rhei Radix et Rhizoma. The potential anti-renal fibrosis targets of Rhei Radix et Rhizoma
were predicted by similarity ensemble approach ( SEA), Swiss Institute of Bioinformatics ( SIB) and GeneCards
Database. Target protein-protein interaction ( PPI) network was constructed by using String Version 10. 5 database.
David 6. 8 software was used for gene ontology ( GO) enrichment analysis and the Kyoto Encyclopedia of genes and
genomes ( KEGG) pathway enrichment analysis of the key targets. Cytoscape Version 3. 6. 0 software was used for
visualized analysis of PPI network, active ingredient-key target network and the ingredient-target-signal pathway
network. In combination with Malachards database, the signal pathways with high correlation with renal fibrosis
were screened. Then, cell experiments were used for verification: HK-2 cells were selected to establish fibrosis
model by transforming growth factor-8, (TGF-B,) stimulation. The cells were treated with rhein for 48 hours.
Western blot assay was used to detect the protein expression level of hypoxia inducible factor-1 o (HIF-1 o),
vascular endothelial growth factor ( VEGF) , and platelet-derived growth factor receptor-a ( PDGFR-a). Protein
expression levels of E-cadherin and a smooth muscle actin ( -SMA ) were detected by immunofluorescence.
Apoptosis was detected with flow cytometry. Result: Totally 17 active ingredients of Rhei Radix et Rhizoma and
424 targets of anti-renal fibrosis effect were screened out, including five key targets: protein kinase B (Akt) 1,
interleukin (IL) -6

and VEGFA in turn. The biological process of GO enrichment mainly involved signal transduction, cell proliferation

mitogen activated protein kinases 3 ( MAPK3) , epidermal growth factor receptor ( EGFR),

and apoptotic process. The results of KEGG pathway enrichment showed that phosphatidylinositol 3-kinase
(PI3K) /Akt, HIF-1,
fibrosis mechanism of Rhei Radix et Rhizoma. Results of the in vitro experiment proved that rhein could inhibit the
expression of E-cadherin, o-SMA, HIF-low, VEGF and PDGFR-«. In addition, rhein inhibited apoptosis induced

by TGF-B, in HK-2 cells. Part of the prediction results of network pharmacology were verified. Conclusion: This

VEGF, and forkhead transcription factor ( FoxO) pathways were related to the anti-renal

study reflects the multi-component, multi-target and multi-pathway mechanism characteristics of Rhei Radix et
Rhizoma. The mechanisms of its anti-renal fibrosis effects may be related to inhibiting HIF-1 « / VEGF /PDGFR -«
signaling pathway, apoptosis and epithelial-mesenchymal transition ( EMT) of renal tubular epithelial cells.
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F1 KREMEHBH T ANBEEUGYER
Table 1 Information of 17 candidate compounds selected from Rhei

Radix et Rhizoma

MOL J A3 44 FR OB/% DL
MOL002281 toralactone 46.46 0.24
MOL000471 aloe-emodin 83.38 0.24
MOL000096 ( =) -catechin 49.68 0.24
MOL002268 rhein 47.07 0.28
MOL002260 procyanidin B-5,3'-0-gallate 31.99 0.32
MOL002235 EUPATIN 50.80 0.41
MOL002276 sennoside E_qt 50.69 0.61
MOL002293 sennoside D_qt 61.06 0.6l
MOL002251 mutatochrome 48.64 0.61
MOL002259 physciondiglucoside 41.65 0.63
MOL002303 palmidin A 32.45 0.65
MOL000554 gallic acid-3-0-( 6'-0O-galloyl )- 30.25 0.67

glucoside
MOL002297 daucosterol _qt 35.89 0.70
MOL002280 torachrysone-8-0-beta-D-( 6'- 43.02 0.74

oxayl) -glucoside

MOL000358 beta-sitosterol 36.91 0.75
MOL002288 emodin-1-0-beta-D-glucopyranoside 44.81 0.80
MOL000073 ent-epicatechin 48.96 0.24
3808
Ingredient targets
Disease targets

B1 “KRE-BREFHENLEEBS Venn
Fig.1 Rhubarb on kidney fibrosis gene mapping by Venn
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(STAT3) , e/ AT O o DG 1 ki (4 R 45 41 $1 2 8, WL
2

S.sc,ﬁ“““'q.;.
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MAgR4 2 2
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H‘ ARG1 PLG CASP1 MAPT CDK2 MMP1 CYP19A1 MMP3 LGALS3
M.2 PRKCB PTK28 PRKCA VDR ELANE MPO EDNRA CYP3A4 CCR1 .

DNMT1 PPP2CAMAPK10 G6PD SELL PIK3CB INSR MMP13 CHEK1

PIBR1  aR  PGR CFTR  PTK2 HSPGOABY ABLY SERPINE1TYMS CASR
PF.G PARP1 CNR1 PRKCD MAP2K7 RAF1 ADRB2  HK1 AGTR1 CDK4
M‘,'MMPN S1PR1 ABCG2 SELE RXRA HNF4A ADAM17 FASN um1'.1

|c.z:?: Hﬁ F2 HDAC2 SHH CDKS PGF FGF1 REN c.s
® @
PTBRC N‘

; o"..
ABP
CASP8
e 1

B2 “XE-BEHAENL"ZEEEER(PPI) NE
Fig.2 PPI network of rhubarb renal fibrosis

x2 PPINEZXBETRRERISH
Table 2 Key nodes and topological parameters of PPI network

Betweenness Closeness

& Degree Centrality Centrality
Aktl 119 0. 04 0.92
VEGFA 113 0.03 0. 88
TP53 110 0.03 0. 86
1L-6 110 0.03 0. 86
EGFR 106 0.03 0. 84
ALB 106 0.03 0. 84
SRC 105 0.02 0.83
MAPK3 105 0.02 0.83
STAT3 102 0.02 0.82

3.4 RBCTRMER ;- OCHEME S MK A
Cytoscape Version 3. 6. 0 %K {44 5 K 5 16 4 i 43 -5
RS R 2 R, LR 3,

I 25 (&1 73 e 46 2R s, il B R PPT 2% 45y Ui
i P iUP 2 YO0 A SN R (U 957 S B B B )
#% rhein, Physciondiglucoside, Toralactone, Eupatin,
beta-sitosterol , Daucosterol _qt, Mutatochrome , Palmidin
A S5 R B [R) 36 1R 123 7T LAVE T T 2 A B8 AR, ] —
B3 X R AN [R) 9 4k 2 1043, 8 40 R B T R B B T
LA Z M), 258 SR RS
3.5 GO Yifg s &4 #r Ml KEGG i #% & 4 73 i
HIH David 7E£8F 547 PPT M 2% o T 24 H i B
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B = IR AR KB HE IR ) 5 8 (L IRE AR 3R Degree fif > 1 HYHLAL;
02N Degree (0 1 B HE 55 30 ARG AR S 5 #0 bR 2 )
i 56 &

B3 KREFUERS-XBEOIME

Fig.3 Network of active components-key targets of rhubarb
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3.7  REFRXT HK-2 401G P f 2 m HK-2 4 g
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TAHEF 48 h J5,CCK-8 45 5 i /8,50 wmol - L ™" K LU
e T A8 5 o 41 S 4 (P < 0..01) ,50 wmol - L~
AT e B X6 40 B 355 P O B 5 o R A K R X
HK-2 40 i f8 4 75 ), 36 48 25 pmol - L™ 1 + 701
W, W3,

F3 KEHBEX HK2 @#ENNIM(xzs, n=3)
Table 3 Effect of rhein on HK-2 cells viability (x +s, n =3)

25531 W BE/ pmol - L~ il 0 A7 3 2R/ %
N 0 98.57 £1.49
12.5 97.24 = 0. 84

25 99.13 0. 26

50 66.33 £0.98"

100 42.18 £0.76"

200 28.07 £1.21"

B VALAEIE R 100% , 575 AL P <0.01,

3.8 KM /N b B A0 A E] FE T Ak 1 5 iR

525 4L R, BT 2 A M AE A T Y E-
cadherin 4 i} 259k 55 2= 5 (P <0.01) ,a-SMA
RKikWFE B (P <0.01) ; 5L LT, RETR T
TG a-SMA ik B 2 ik 55 , 1] E-cadherin 3R 3K B g

Mg (P <0.05), WE7,% 4,

E-cadherin

a-SMA

A B C

AL B BRI CORE R (K 8 [7])

B7 X#EEX TGF-8, i S HK2 41 1 7 E-cadherin,a-SMA )
B0 (SIEH, x400)

Fig.7 Effect of rhein on E-cadherin and «-SMA in HK-2 cells
induced by TGF-8, (IF, x400)

x4 KEHX TGF-B, F5 HK2 Hih E-cadherin,a-SMA 3%
KBEHFM(Z+s, n=3)
Table 4 Effect of rhein on fluorescence intensity of E-cadherin and

a-SMA in HK-2 cells induced by TGF-8,(x +s, n=3)

2 5 hE , E-cadherin a-SMA
/pmol - L~
25 - 0.034 2 £0.002 1 0.016 3 £0. 002 0
FoL Y - 0.023 6 £0.001 7" 0.032 7 £0.002 2"
KER 25 0.028 7 £0.001 97 0.025 9 +0.001 32

E: 52 A kB P <0.01; 58 84 &> P <0.05
(£5,6),

3.9 K#ERX HIF-la, VEGF, PDGFR-a & [ ¢35
R 525 (1A g, B AL 4 4 ile HIF-le,
VEGF,PDGFR-a KR BE B EFFH (P <0.01); 5
BLRIZH e, K2 T Wi J5 HIF-la, VEGF, PDGFR-
a HARIKWEREML(P <0.05), WK 8,ES5,

HIF-1 120 kDa

VEGF 24 kDa

PDGFR-&

24 kDa

GAPDH 37 kDa

A B C

E 8 HIF-la, VEGF,PDGFR-a & H ) F ik B ik

Fig. 8  Electrophoresis of HIF-la, VEGF and PDGFR-a protein

expression
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x5 KEBX TGFB, F 5K HK2 4 fg 7 HIF-1a, VEGF,
PDGFR-«a EARIEHEM(x s, n=3)

Table 5  Effect of rhein on expression of HIF-1 «, VEGF and
PDGFR-a in HK-2 cells induced by TGF-8, (x s, n=3)

15 W/ HIF-1a/ VEGF/ PDFGR-a/
pmol - L~ GAPDH GAPDH GAPDH
EH - 0.26£0.05  0.23£0.04  0.25+0.02
G - 0.68 £0.07"  0.61=0.03" 0.83=0.04"
KR#m® 25 0.44 £0.04%  0.40 £0.02%  0.53 £0.02%

3.10  REMRME/NE LRMMHAT R 5=
1AL H R, MR 2 0 08 T2 R 35 T (P < 0.01) 5
5N P B, R B R T TS 40 i O T AR ] R R AR
(P<0.05), W¥Ee6,

Fz6 XEHI TGFB, F5M HK2 ARBATHHMW (x +5,
n=3)
Table 6 Effect of Rhein on apoptosis of HK-2 cells induced by

TGF-B,(x+s, n=3)

2531 e BE/ pmol - L™ 0L PR T2/ %
EH - 5.86 £0.73
oA - 19.28 +0.59"
KE# R 25 14.26 0. 52%

4 itig
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SEBES5ZME. AU I H Ak 1 ERK,
DL KT R 4 B - Y EGFR R &1 EGFR {545,
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