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Mechanism of Kansui Radix-Glycyrrhizae Radix et Rhizoma herb
pair in treating malignant ascites based on network
pharmacology and animal experiment

HE Tian-tian, TANG Da-xuan,LIU Ya-ou,XIAO Yang,ZHANG Li"

Sichuan Academy of Chinese Medicine Sciences ,Chengdu 610041 ,China

Abstract: This study aims to explore the mechanism of Kansui Radix-Glycyrrhizae Radix et Rhizoma (KR-GRR) herb pair
on malignant ascites (MA) by using network pharmacology and animal experiment. Firstly, the active components of KR-GRR
herb pair and the corresponding targets were screened from the TCMSP database. The common targets and signaling pathways
of KR-GRR herb pair in treating MA were predicted by network pharmacology,and a protein-protein interaction network was
constructed to form a visualized map of Chinese Tradition medicine-components-diseases-targets. GO and KEGG analyses were
used to predict the underlying mechanism of KR-GRR herb pair in treating MA. Secondly , molecular docking was employed to
obtain the binding ability of the active components of KR-GRR herb pair to the core targets. Finally,the MA mice model was
developed using H22 liver cancer cells for the mechanism validation. As a result,network pharmacology results indicated that
13 core bioactive components and 51 potential targets of KR-GRR against MA, with key targets including serine/threonine-
protein kinase 1 (AKT1) ,tumor necrosis factor (TNF) ,interleukin- 6 (IL-6) ,tumor protein 53 (TP53) ,1L-18,and Matrix
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metallopeptidase 9 (MMP9). A total of 141 signaling pathways were screened out by KEGG analysis, and molecular docking
results suggested that the PI3K/AKT1/MMP9 signaling pathway played a pivotal role in the therapeutic effects of KR-GRR a-
gainst MA. The animal experiment demonstrated that KR-GRR herb pair significantly improved the general condition,survival
rate ,and peritoneal histopathological damage in MA mice. Additionally,2.5 g/kg of KR-GRR reduced abdominal circumfer-
ence and ascites volume,and suppressed the expression of AKT1 and MMP9 in ascitic fluid. Furthermore , KR-GRR downregu-
lated the mRNA levels of AKT1,TNF ,IL-6 ,TP53 ,IL-13,and MMP9 in peritoneal tissues,as well as the protein expression of
p-PI3K,PI3K, p-AKT1, AKT1, and MMP9, especially the ratios of p-PI3K/PI3K and p-AKT1/AKT1. Taken together, KR-
GRR herb pair may exert therapeutic effects against MA by inhibiting the activation of the PI3K/AKT1/MMP9 signaling path-
way.

Key words : Kansui Radix-Glycyrrhizae Radix et Rhizoma herb pair;malignant ascites ;network pharmacology ; molecular doc-

king; PI3K/AKT1/MMP9 signaling pathway

MEMERE /K (malignant ascites , MA ) Jg i 39 344 b
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RS R BRE B, 38 Y0 SRR YT MA
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AELIE] B2 2P AR I RAE AR, F MA I A Sk
PR SR, LIBGZ KR AR IE S 2R ],
LA R TEIR YT MA U R T 45 1Yk K
2o HIR A E 7 O IE S0 229 IR 5 | & 1) 3R T
BUREAT W78, 207 ik 2R AT AT R
4 WRrPZGLH B (B AR G BE S A S A Oy o -
#1 (Kansui Radix-Glycyrrhizae Radix et Rhizoma, KR-
GRR) 25X i g T+ /N5 A i Ak S 4 Il R
NiEEGR R ], PR, AR IE I T H R R E
Pror ot , 45 R 3B L Bk KR-GRR 25X i) BBk 5
PIBRZY , BOZ K AR B A S B 2 REAIG, $27R KR-
GRR 25X} fE H 1% 2 2 iz T 1 MA H B A %R 5
Hk'2 . HET, A ST ELHEEIE 92 KR-GRR 25 %) T 13
MA BERUR BUA W35 VR, rTsige MA K RUBK 2R
JCTR B BRI K ik, LA W5 3 B o 1k S
HIE AT L, KR-GRR 25X Bl /e MA IR)7 H HA
TER A, B 2506 T 70 MA B 23+ 4E FH AL
i, A i PR A A A5 fel P32 24 0 B kil e ik
FHARDR A SCE R) 2, DRI, A BIF 50 R ] IR0 5% 24 B o
fifi 126 KR-GRR 25Xt B3 1 1 735 1 FH L A, 9o o
PSR AT AR N B0IE B 7E B W 2 X0 (3%
PERLSI AR AL, S e PR L 5 AR TT & A
PSR 2R

1 #elEn7Ax
1.1 ¥

60 H SPF Zifitk Balb/c /NEL,3 ~4 JE#E K%
W15 ~ 17 g, g [ B DUAR (db ) AR A R A
wl B VR ATIE S - SCXK (32)2019-0010, T
SR FET )1 4 B 25 R4 e SPF Zesh ¥ o,
20 2 C 1 50% ~70% , 4% 12 h, H i
K, FrA shiE e SR 1 SRS TR e
AR SLIG 22 U148 v B 252 B sl 0l 548 2
2L HE ( DWSYLI-2023-018) .
1.2 #Y5RF

Pt H 2% (B . 1 g 30T 1 g AR 200 P H s
(FiAg .1 g 5580 T 1 g AE 254 B 5 UKL (41t 5
2305002C 23060208, 4 11d = JU B 25 % 15 A7 BR 2
Al

TR Z YL (LS. CR2305121 , i I ZE4E /R A=
PR A BRA D) s B ik (45 . YE2080, & AL 1#
FAURHLARTUE A A 5 2R TR/ 95 2R 5 1
fiff 1 ( serine/threonine-protein kinase 1, AKT1 ) F13E 5T
4 )@ 5 H ¥ 9 ( matrix metallopeptidase 9, MMP9 )
ELISA i & (41t 5 : E20240920-16048 , £20240920-
16032, [ MR AR Y B A BRA ) 5 TriQuick A
RNA $#BGR 7 (#E5:2500060003 , It 5T & 3 T RHL
ABRATIRA R s &7 (520220311, [F 254 1k
AR IR A ) B LB AR IR LES 3 -3 ( phos-
phorylated phosphoinositide 3-kinase, p-PI3K ) i
MMP9 40 A& (#t5-:7912914 5048880, 26 [# Affinity
Biosciences 23 A ) ; Bk B8 Bt WL B2 3-34 B ( phos-
phoinositide 3-kinase, PI3K ) . B & ft AKT1 ( p-
AKT1) (AKT1 FI GAPDH $i {4 (L5 . H681866012
H650607020 \HO1213 . H641513038 , 48 4 1k ¥ 45 A
ABRAF) o
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LEGEND Micro 17R & # ¥ ¥k £ 0 L (56
Thermo Fisher Scientific 23 F] ) ; Leica-2016 #4481
RHL(PEE Leica 23 ]) s BMI-A HUIEHL (AR
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7% EPSON /A1) ; Tanon 4800 BEYGAN ( _1ifF K BEA: fir
PR ATD)
1.4 MEAEESH
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3L AR TR A, SRJE S TCMSP s
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H e BRI HEY I WA B Z Rl OC R
1.4.4 #sf b EatniigmmsiE
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average connectivity-based method, LAC) | H1 4 H7.0»
4 ( betweenness centrality, BC) | '8 % H .0 P ( close-
ness centrality, CC) F1 % 4% Ff.0s 4 ( Network centrali-
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1.6.1 st numsssh
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c /N TR, B /N BRAEAT IR BB 41 0. 2 mL &
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RS 8 d, SR FHSHE I F IR AR B, S HCEL A E K
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WREE  FROCHEA TR N A AR AR, 122 2 Ik, HL60 H
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WAL 50 A Ry 5 R A A, Bt
2T 30 min W5EK, MEE 3 ~5 H,/NRIEH I &
A L2068 7 ARG A A B0 AS 0 0 9780 7 5 X B ] bl
MA /N ERAS B FA 2

HE 1SR /)N B B AR FE B ML 43 S BE R (- modeel
Mod ) 20 B ( endostar, End ) [HP4: %] B8 2H  KR-GRR
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(high-dose KR-GRR, KR-GRR-H) 4, &40 10 H
KR-GRR It 2 % (42 AR DY e i H
21 B0 R A I DR BC AL L 481 o, R4 R 1 1
FRECH % HHA RS o0 MR/ S AR R
FEXS FUAE AT SR s =, /N BRSO 1o A Y
12.5 £, KR-GRR-H #1525 7| H 2.5 g/kg, KR-
GRR-M #4145 2457 4 7 1.25 o¢/kg, KR-GRR-L 414524
A 0. 625 ¢/kg, End 4045255 5N 3 mg/ke,
Con F1 Mod 21 %5 745 71| 2 28 1 7K , B 10 mL/kg,
RR1IR,ELT d,
1.6.2 —HfHAIE

H WL ER /N R —BOIRAS FIBE T B 0, #4524 K
S5 IRGZIE RN 3 d g%/ BUARE FiE Fl/ 4k
AR,
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KRG EEEAREEK 12 h, SHEB A
ABE S B, 568 2 RO K, ) K AR e
AT —240
1.6.4 HE #&MEBEIRALRRELF T

SIS , BT FFREER , 16 /)N B A2 ) — R o7 2
TTIE A SV ORI 2 sk I A O A s 3 S 46,
10% P T V5 181 7 2L 20, 28 B K A8 8T, A
WAL, U) R HE Je 0 )5 8 T 068 T, I dE
YA A LR ARSI A | 5 A0 AR TR i R I A AR R 4

a3 G T 4 s R s e VI T = G s o
JE2 4y B 3 43 TR 4 4 T v Sy, YRS Z FTRD
R ELPEAT
1.6.5 ELISA # Bk AKT1 A= MMP9 # & ik

Xof A ZH /N B P A R K s VR e 3 M I T
T, HAREAE QR B RS 5 mL 9% Jo R A4 B R
IR BRI, o A B R K T s 3 T A 7T
iy, R FRAT 2 2 mL B0 T, B4/ BUE
K, B S B0 3 000 r/min, B0 10 min, B
FIEW,-80 CUKAHARAE . 2 BRI & 150 W1 45 A6 I
AKT1 Fll MMP9 3R 35 , T A 50 FEE AR 4 7 = 1R
A5 30 min, B EARE A FLAVEEACTL , B PRE S
R EEAL, BANEAREAEY¥ERE A, N
fiff 37 CIEIRAATRE 60 min, FEVLEN, B0, o
INZ - W2 11 T, 7E 450 nm R4 fL OD {i,
AKTI FRifEIZE N ¥ =-0. 131 747 + 15. 074x-0. 510
9,R*=0.999 7,MMP9 #rifi £k N y =17. 53347 +
33.515x-0.816 1,R* =0.999 3, iy 758 45 240 K
AKT1 F1 MMP9 HS2Brife 2
1.6.6 RT-qPCR # i B 28 2% AKTI . TNF [ TP53 .
IL-6 IL-18 MMP9 # mRNA # ik K -F

B 50 mg Hﬁﬂﬁéﬂ%‘?ﬁ?ﬁki?@@, {#i FfJ Trizol
HEHRHL RNA  FHAG I RNA (9 B Fn2li s | % 1 — 25
AT I G SR OB, ] N %A 42 C/15 min, 85 °C/5
so KM PCR 47 1R 7 AT A0, B 1 %1
RTAEE 94 °C /120 s JEFR N 45 UK ,94 )C/5 5,60
C/30 s, L GAPDH RS K IE, Bdi R 244 ik
THE mRNA X R IR, HBYZEHE 5195 51 i
RIEMERBHARA ARG (WETD)

x1 5l4F75
Table 1  Primer sequences
FH Gene J¥31 Sequence £ JE Length(bp)
CAPDH F:TGCCCCCATGTTTGTGATG 151

R:TGTGGTCATGAGCCCTTCC

AKTI F:GGACTACTTGCACTCCGAGAAG 136
R:CATAGTGGCACCGTCCTTGATC :

TNF F:GCTGAGGTCAATCTGCCCAA 162
R:GGGGCTCTGAGGAGTAGACA

F:TAGGGGGCACCTAGCATTCA
P33 R:AGTCTTCGGAGAAGCGTGAC 0

L6 F:GGCTAAGGACCAAGACCATCC 39
R:GCACTAGGTTTGCCGAGTAGA

118 F:CAAATCTCGCAGCAGCACATC 118
) R:TGTCCTCATCCTGGAAGGTC
F:TTCACCGGCTAAACCACCTC

MMP9 R:TAACGCCCAGTAGAGAGCCT 270
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1.6.7 Western blot # | B8 B 20 27 PI3K/AKT1/
MMP9 1% 5 i %48 % & & & ik 09 Rk KF

BYHL 50 mg M BEZH 2T, IIEAFES , A RIPA 74 %4
AL IUER [, 28 BCA LA 8 ke Sk B 4%
10% SDS-PAGE BEJE, JINEE BLIK, 6l 5% WG
A4 41 30 min, ITA$LIAR PI3K(1:1 000) ,p-PI3K
(1:1 000) ,p-AKT1 (1:1 000) ,AKT1 (1:5 000) .
MMP9(1:1 000) .GAPDH(1:5 000) ,4 CM&E T,
FH TBST 7 %= T M58 R 10k 3 K, ik 5
min , FEE AT B JEF A9 —H0(1:5 000) , I 1E = TR
FIEE 30 min, 0 ECL % Y6 B 5%, i A MR
A, e HE A S 1 IR 5 A7 R4 , Alpha R4k 28
ARG b B AR e BEE.
1.7 SitEFR*E

i SPSS 25. 0 St B ik A7 g it ot , 45 1)

DISEISE + 4525 (x +) B8 . BT A 1E A5 i
Ky 22570k, R H LSD e 5a E AT B LL e, 7 548
FENEF Dunnett’s T3 256, P <0.05 2R HA
giit 2= X, R H GraphPad Prism10. 1. 2 # {4

KR-GRR

fEE,
2 #R
2.1 KR-GRR ZGXFiE MR 43 R AE 4B s 0 1k 45 3R

KR-GRR 24X} 2 b 8 & 3 MRl o I, 159 31 2 22
TS 100 4>, o H % 8 A, H R 92 4>, i
TCMSP %54 J22 i 156 24 250 o3 #0461, I8 g A
UniProt 045 2 , 15 2| ¥ L B[R 186 4~ ; 7E PubChem
s P rh R 2 TCMSP £ 408 4 1 36 3] 1) 25 38R 43
SMILES %5#4 , 74 A 5| SwissTargetPrediction "5 ]
A5 FE R 294 A 5 K b 1 G 2R I A A 3 PR HR
FFEE I M Bk T A 101, 645 3] 279 259 W #E 5,
2.2 MA #E$ SR KR-GRR #xt 5 MA H[F4E
BT IE

il if GeneCards, DrugBank, DisGeNET .

PharmGKB ,OMIM %4 25 1) 75 3] MA AH 5 HE 5 3%
o 285 .6 .86 .7 .66 1, A T AR HE 22 R H 4 i
1950 408 NHE L, AT Venny 2. 1.0 £ 279
A~ KR-GRR 25X 16 14 5434 55 55 408 /1> MA P55 i
S REL AR P SR S R 51 AN (LB 1)

MA

BEl1 KR-GRR #4315 MA ZEMAFRE
Fig. 1 Venn diagram of comment targets between compounds of KR-GRR drug pair and MA

2.3 3% KR-GRR AXF-E MR 57 -MA-1E AR
=M &

B KR-GRR 255 FR A2 00 36 1 1 43, LA R et oy A0
M5 MA BYFE[EHE S S A Cytoscape 3. 10. 0 %144, BH
Wl T ARZXHAYT MA BT 7ENG M 3 13 AN (W3
2) o FELAIE R AL < 2 K36 e i - - i
KE(WE2) , B Mgk R RS MA
BAe i UN S N VA SRR )0 e Y AV 23D I o 13
BT RS MA LR, SR a3 pm
W 2% vh g FE A HEA AT 4 7 A P 2 A K 1
Xl T E& TR R, EES R 24 .10 8.7,
FH LRI LA 4 S35 1 8 4 7T BB & KR-GRR 25 %
IRIT MA Y SEEY) T4

2.4 EAHEERMERERINHT

L STRING ¥ & 4815 KR-GRR Zj X6 )7
MA ¥ 5 PPI 2% (WLIEl 3 FIIKI 4A) . AP 40 5
51 AT 587 Skl P R 23 TUHA 4E
160 SEHRIEREIE R %0 0. 757, FIFIEF: CytoN-
CA HATHiHN T, M8 A % 4 DC EC \LAC \BC |
CC F1 NC 6 MNEHn ) A AL E AT I 22 , (8K 5 B2 7
T R AE EEIIRER AT BB, Zad TS H 6
AMZOER S 43 92 AKTL TNF IL-6 . TP53 . IL-183.
MMP9 ( LK 4B)
2.5 GOFMKEGC BEEENTER

AT 1 Metascape Z04E ZEXT 51 345 40 45,
17 GO S5 KEGG & ££ 73 #r , 3/15 i 3 & £ 199971~
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2 KR-GRR 3G MA MBEE R S
Table 2 Potential active components of KR-GRR herb pair for treating MA

oD s 2L/

e s o soagenen o) oL
KR MO1002587 T-4:F% Euphorbetin 35.89 0.54
GRR MOL000098 it fz Z Quercetin 46.43 0.28

MOLO000422 1125 #) Kaempferol 41.88 0.24
MOL000392 TEARTEZ Formononetin 69.67 0.21
MOLO000497 H R A /REA A Licochalcone A 40.79 0.29
MOL004961 Wit lz %-3,3"- - H1 ¥ Quercetin 3 ,3'-dimethyl ether 46.45 0.33
MOL004945 SAME I Z A B Isobavachin 36.57 0.32
MOLO004328 HhH2 & Naringenin 59.29 0.21
MOL002311 HE® Glycyrol 90.78 0.67
MOLO004941 TRILHEER (2R) -7-Hydroxy-2-( 4-hydroxyphenyl ) chroman-4-one 71.12 0.18
MOL004835 R H A HRE Glypallichalcone 90.78 0.67
MOL004910 Y HF T Glabranin 52.9 0.31
MOL001792 HHZ Liquiritigenin 32.76 0.18

B2 KR-GRR ZX$AF MA BIZ54-H 53 -8 2 ) 4%
Fig. 2 Drug-compounds-target network of KR-GRR herb pair for MA treatment

0 4 H, 74 BP 920 4~ MF 57 4~ .CC 20 > Fil
KEGG 141 4>, &5 BHCE R TR 5 53 5l s HE 44
Hi 10 B GO 45 B, A IE R /R T 20 4% KEGG i
BEEPIE O, GO /T4 s, BP 2 &
2 LS AL R R YT T i 220 %) SN | 2 L A
il 200 CRDRG BR | 200 R 3 G O 4 S % RN R b
b AR RTINSy i DR RO S NS
() B AR T 5 Sl B oy, CC E2Ev g
TS B S | 20 AL T | A S A% ] DX

B A MM N IKEEE S MR, MF
BEPE KM DR S T | R T P S T T
M B E SR SRS IR S 2 E R
LN )N o SV APS RN EE e N LB A PN R g N ]
KL A NADP 254 (MBI 5SA) . KEGG 15 5
B M B KR-GRR 25 XHAYT MA £ 55100
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B3 KR-GRR Z5X$iafT MA RY$E PP R4 [
Fig. 3 PPI network diagram of targets for KR-GRR herb pair against MA
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Fig. 4 Topological network of the PPI (A) and core target (B) for KR-GRR herb pair against MA
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Fig.5 GO (A) and KEGG (B) enrichment analysis of comment targets for KR-GRR herb pair against MA

&3 KR-GRR AXEZEHM T 5 RBEANEER

Table 3 Molecular docking results between the main active component of KR-GRR and key targets
LILYSY 45 hE

Binding energy ( kcal/mol)

RS
Active compound Target
AKT1 9.3
5.9
9.7

TNF

MMP9
1.6
TP53
.18

11251 Kaempferol
6.6
7.6

Mt 2 F Quercetin
-7.3




2054 KIRF=WEIE I K Vol. 38

TYR423 ARG-424

GLY-186 qu

LEu-188 W3 o

ALA-189

Hii Bz 2 -MMP9 1L ZM)-AKT1
Quercetin-MMP9 Kaempferol-AKT1

6 KR-GRR 2531 500 EB A i 43 Fafiiast
Fig. 6 Molecular docking pattern of KR-GRR herb pair with key targets
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IR, it 2R TG E L, 258 124,55 7).
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Fig. 7 Effects of KR-GRR herb pair on body weight in mice(x £5,n=8 ~10)
.5 Con HILE, * P <0.05,* " P<0.01;5 Mod 415 ,#P <0.05,%P <0.01, F[A], Note:Compared with Con group,
P <0.05," * P <0.01 ; Compared with Mod group,*P <0.05 P <0.01 ,the same below.
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Fig. 8 Effects of KR-GRR herb pair on the abdominal circumference/body weight ratio in mice(x +s,n=8 ~10)
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Fig. 9 Effect of KR-GRR herb pair on
ascites volume in mice(; +s5,n=8~10)
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Fig. 10 Effect of KR-GRR herb pair on the histopathological structure of the peritoneum in mice( HE staining, x 100)
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Blue arrow indicates fibrous tissue hyperplasia ; Black arrow indicates neovascularization.
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Fig. 11  Effect of KR-GRR herb pair on the histopathological

score of the peritoneum in MA mice(x +s,n=6)
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Fig. 12 Effects of KR-GRR herb pair on the expression of AKT1 and MMP9 in mice ascites(; +s,n=8~10)
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Fig. 13 Effects of KR-GRR herb pair on the mRNA expression of AKT1,TNF ,IL-6 ,TP53,IL-183,
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Fig. 14  Effect of KR-GRR herb pair on the protein expression levels of the PI3K/AKT1/MMP9

signaling pathway in mice peritoneal tissue(x +s,n=3)
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