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Abstract: Objective To study the diuretic effect and mechanism of Gansui (Kansui Radix) and its prepared products on water-loaded
mice. Methods Diuretic effects of Kansui Radix was explored by network pharmacology. After ICR mice were given Kansui Radix
and its processed products, a large amount of normal saline was used to establish a water load model, water load difference and organ

index were measured; Duodenum and jejunum were taken to observe the pathological changes; ELISA method was used to measure
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levels of inflammatory factor indicators interleukin-1f (IL-1B), IL-18, IL-4, IL-10 in serum and oxidative stress indicators
malondialdehyde (MDA) and glutathione (GSH) in small intestinal tissue; Western blotting was used to measure protein expressions
of Toll-like receptor 4 (TLR4), nuclear factor-xB (NF-kB), NOD-like receptor protein 3 (NLRP3), phosphatidylinositol-3-kinase
(PI3K) and protein kinase B (Akt) in small intestinal tissue. Results Kansui Radix and its processed products mainly regulated edema
by participating in oxidative stress response and PI3K/Akt and other signaling pathways through the construction of “traditional
Chinese medicine-ingredient-disease-pathway-target” network and pathway enrichment analysis. The results of in vivo experiments
showed that compared with model group, water load difference of mice in each administration group was significantly increased at
each time period (P <0.01); Levels of IL-1p, IL-18 in serum and MDA in small intestinal tissue were significantly decreased (P <0.05,
0.01), levels of IL-4, IL-10 in serum and GSH in small intestinal tissue were significantly increased (P < 0.05, 0.01); TLR4, NLRP3,
p-NF-kB/NF-kB, p-PI3K/PI3K and p-Akt/Akt protein expressions in small intestinal tissue were significantly decreased (P < 0.01). In
each administration group, diuretic effect of Kansui Radix was the strongest at 1—6 h, and diuretic effect of vinegar Kansui Radix and
Glycyrrhizae Radix et Rhizoma processed Kansui Radix were relieved, indicating that processed Kansui Radix would ease its irritation
and balance its diuretic effect. Conclusion Kansui Radix and its prepared products can resist water load to different degrees and
produce diuretic effect on water-loaded mice, and inhibit IL-1f and IL-18 expressions through NF-xB/NLRP3 signaling pathway and
PI3K/Akt signaling pathway mediated by TLR4 channel.

Key words: Kansui Radix; Glycyrrhizae Radix et Rhizoma processed Kansui Radix; vinegar Kansui Radix; water-loaded model;

inflammatory cytokines; phosphatidylinositol-3-kinase/protein kinase B signaling pathway; NOD-like receptor protein 3
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Table1 Effect of different processed products of Kansui Radix on diuretic effect of water-loaded mice (X + s, n=38)

, ik
5 1 (mg-kg ) — — KA g Z A/ g - —

pagiict — 0.2240.02 0.2340.01 0.2740.05 0.3740.04
A — 0.814+0.12% 1.2340.05 1.234+0.05% 2.2040.09%
BRIEK 15 1.76 £0.05™* 2.77+0.50* 3.30+0.11" 3.75+0.09"
HiZ 300 1.73+£0.09** 2.86+0.74" 3.36+0.19* 3.71+0.10"
150 2464032 2.8540.34" 3.504+0.07" 3.9040.40*

75 0.5340.13 1.3440.11 1.4540.13 2.1240.33
Bt % 300 1.53+0.36" 1.95+1.52" 2.48+0.20" 3.31+£0.25"
150 1.46+0.12" 2354035 3.06+0.06" 3.42+0.15"

75 0.70+0.10 0.90+0.12 1.10£0.16 2.15+0.31
HE S H 300 1.844+0.10" 2.66+1.08** 3.154+0.03" 3.854+0.17"
150 1.554+0.13* 2.15+1.70" 3.00+0.17* 3.5740.14*

75 0.7940.13 1.5440.22 2.3240.19" 2.5610.32

HxHRALLER: #P<0.01; HHAI4ILLE: "P<0.05 “P<0.01, % 2~4
#P <0.01 vs control group; "P<0.05 P <0.01 vs model group, same as tables 2—4
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Table 2 Effect of different processed products of Kansui Radix on organ index of water loaded mice (X +s,n =38)

L5 2=t |
5 1/ (mg ke ) 7 H’E%Mé(mgg ) N
PapiS — 22.52+1.69 9.36+0.31 43.55+2.98
A — 15.68+1.57 6.56+1.10" 2442+2.12%
R ZEK 15 17.474+1.71 8.1040.90 33324281
Hix 300 16.96+1.41 7.0040.55 31.54+1.88"
150 16364127 6.7610.92 32.004£2.23*
75 15.9441.31 7.1940.95 27.1743.90
it 1% 300 16.90+1.57 8.86+1.03" 38.984+1.55*
150 16.6941.91 7.3140.73 29.8743.24*
75 16.444+1.71 7.3440.92 32.77+2.62
B H 2 300 16.5941.16 9.134+1.45™ 39.96+2.46™
150 16.6241.40 7.7441.09 31.06+3.04*
75 16.9141.00 7.76+1.11 31.16+3.66"

e e R ) : BN
BE T 2% 75 mg-kg ! HHLHIH I 300 mg-kg ! HHLHIHZE 150 mg-kg ! H RS HZ 75 mg-kg™!

e S,
;

= -
s o
g

Hi% 150 mg-kg™!

H.i% 300 mg
= s
SELEIN

N

-

HHLHIH % 300 mgkg ™! HEHIHIZ 150 mgkg™ HHFHIHIE 75 mgkg™!
B 1 HEFRESHSIKAENR+2EE (A) F= B) FRIETLAFMW (HE, X200)

Fig. 1 Effect of different processed products of Kansui Radix on pathological changes of duodenum (A) and jejunum (B) of

water loaded mice (HE, x 200)

fit % 75 mg-kg™!

A
B H 2% 300 mgkg ! BEHIE 150 mgkg !
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ZM (X+s,n=8)

Table 3 Effect of different processed products of Kansui Radix on IL-1§, IL-18, IL-4 and IL-10 levels in serum of water loaded

mice (Xts,n=28)

A1) J%/(mg kg™ IL-1B/(pg-mL™1) IL-18/(pg-mL™) IL-4/(pg-mL™") IL-10/(pg-mL ™)
ot HE 244.10+12.82 256.20+29.14 157.00£8.71 162.00+7.43
i) — 351.00+25.62% 448.90+32.14% 114.20+4.41% 115.10£3.10%
BRIEK 15 313.10+18.92" 347.40+31.68" 137.80+£6.91* 130.30+3.47
Hix 300 334.20+20.27 385.00+18.96* 116.00+1.77 128.40+10.75*

150 278.20+£7.26* 333.10+£37.91* 131.10£9.18" 132.30£10.54*

75 262.10+£25.77" 300.80+45.15™ 124.00£2.56 130.90£5.04*
Bt H 2% 300 250.70+13.12* 262.10+28.81* 130.40+7.25 142.30+3.48"
150 254.50+24.18* 281.00+31.46 124.60+5.41 138.60+4.87*

75 279.60+21.56" 302.60+£29.13* 123.50+4.21 126.80+2.76*
H S H % 300 278.30+£20.36™ 264.00+36.47" 138.80+4.79** 150.20+8.28*
150 290.90+26.98"** 286.60+36.33** 136.10+4.74* 142.20+5.49™

75 299.70+23.96 302.40+38.28" 120.30+8.71 128.20+8.79"

® 4 HEAEES@IK AR NN HELR MDA F GSH 7K FHIF

M (X+s,n=8)

Table 4 Effect of different processed products of Kansui Radix on MDA and GSH levels in small intestinal of water loaded

mice (X+s,n=28)

A5 il &/(mg-kg™") MDA/(nmol-L™) GSH/(ug'mL™")
Xt R — 142.50+15.85 2.7840.18
et — 452.30+29.42% 1.9440.11%
R FE K 15 388.50+28.26* 2.284+0.17"
Hix 300 424.80+33.13 2.0440.20
150 364.70+18.97* 2.1240.07*
75 357.804+22.25" 231+0.07"
Bt H iz 300 321.204+27.72* 2.4540.18*
150 368.60+£25.34™ 2.4440.11"
75 382.20+34.69* 2.0040.14*
O 300 342.30+33.41" 2.5440.05*
150 367.504+30.84"* 2.30+0.06™
75 372.30+20.52" 2.054+0.10*
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3.6 PEZIRFTN S

HIEAT 8 NEMERSY, 347 MRS HIRE
AGB G o A KB @B (euphol). £
MR 5 3L Bk (karacolidine) 2 H %[ (kanziol) & (&
5). LA “Edema” JJ<H#iA], 1 GeneCards ¥
NCBI £ A AT NS e R, 3595 1334
ANTKIHAR DCTE DR o 45 975 346 HH PR 5 3 S R T N
Venny 2.1 8, 53] 111 MU L, 1EA21E
FHT5m B0 EE & CE 20 25 Angems 3
HE N String HOifE FEHEAT PPI M4 R, A
YR8 5E N “Homo sapiens”, 331 PPI Mg (&
3-A. B), ZM&HEAH 111 AN, 1015 &34, °F
BIREAE A 18.3. % PPI MZ% 3 N Cystoscape 3.8.0,
i NetworkAnalyzer T HBATHiFN#T, DAEEAE
RNZFERrE, @A, IEEE R T
(R BE R g o B A, SRR HY 40 AN OB £, KT
20 N A A R3.6.3 AT B 2zl R AR N REA
RSB EEAE (B] 3-C)0 K409 s - m X 25 ]
A Cytoscape 3.8.0 FEAT b3 #7 , 4 1853347 FEAE
ey, PR U B 0 BR MR - e -
RMZE, T Cytoscape 3.8.0 47 /K 4% & (125 il
(B 4) o HV5E 7K IR IR R 5335 7 - st ) 2% P S 7

x5 HEEMMS
Table 5 Active ingredients in Kansui Radix

%5 a2 R OB/% DL
MOL002587 euphorbetin 35.89 0.54
MOL002588 (3S,5R,10S,13R,14R,17R)-17-[(1R)- 42.37 0.77

1,5-dimethyl-4-methylenehexyl]-4,
4,10,13,14-pentamethyl-2,3,5,6,7,
11,12,15,16,17-decahydro-1H-
cyclopenta[a]phenanthren-3-ol

MOL002590 karacolidine 60.53 0.71
MOL002593 kansuinin A 44.52 0.55
MOL002597 euphol 42.12 0.75
MOL002598 20-OD-ingenol Z 32.05 0.85
MOL002599 kanziol 41.65 0.75

MOL002603 3-0-(2,3-dimethylbutanoyl)-13-O-  30.82 0.65
dodecanoyl-20-deoxyingenol

Hix K
1223
(77.9%)

2 HEEMAS SKHEESE) Venn
Fig. 2 Venn diagram of Kansui Radix active compound and

edema targets

KRR A FEAHE. FueaR b Eabns 3
(mitogen-activated protein kinase 3, MAPK3). -
FIRRAF IR E AW-3 (cystein-asparate protease-3,
CASP3). REAKHF 31k (epidermal growth
factor receptor, EGFR). MAPKI. MAPKS8 %5,
MAPK3. MAPK1. MAPKS J& T4 il S35 S AL ]
(I OGHEEE £, CASP3 5 NLRP3 % PE/IMAPIAHG.
R ST GO ThRer i, 51 A String il
JEAZIE PAE<0.05 55 H, HILELED] 1533 5%
VIR, 110 5650 T IIRE, 61 sR4ufd K, fEH
R 3.6.3 B IR E (B 5-A) . Bt S gk AT
KEGG il & 4504, M String B, ks
1E P H=<0.05 % H, S3LEER 134 XfF58
H, M R 3.6.3 LRI (& 5-B)o b2k
3P 9 -1 I - R X 4% S0 SN Cytoscape 3.8.0 i
1M 2] (B 6), HH& b BTE M sy 3 24
HIT PI3BK/Akt {5 5 il . Je A5 5l 8% . RAS 155
I, RAS #2X 5 1 (Ras related protein 1, RAP1)
& 5@ % L S5 3 ¥ Chypoxia inducible
factors, HIF) {55 i@ #%. PI3K/Akt {55 i# . RAS
M HIF 5 5@ FE R, RAS 55K YS
PI3K/Akt {5 5l B AT — € ARG, £ —ERRE
RS 59T PIBK/Akt {5 518 .

g LRTR, AT N 4 2520 B R I H %
V5 KB AR B T o3 6038 KR R A H iE e,
AN T HE K B 5 MAPK3. CASP3 %
EGFR %%, Ti@id GO Ujfe J KEGG 8% 73 Hr Fitill
H (5 5 B 32 0 PISK-Akt {5 5% ) RAS %5
55 EM . MAPK HBEXEAFE Janus i (Janus
kinase, JNK) /M¥EGEWE B (stress-activated
protein kinase, SAPK). K ZJHiEbE HEEE 1
(big mitogen-activated protein kinase 1, BMK1) /4
A0 & AP Cextracellular regulated protein
kinases 5, ERKS5) Al p38 MAPK %K jk. Hr
JNK/SAPK F1 p38 MAPK 3= L%} 4 i K| 11 £ Ff 4]
FLI REEAE S AT 48 5 . MAPK S 40 s AL
— Ry, TEANNRAE T AL Tl s R AR .
CASP3 7 4 M i T 1 AT By B 8 S B 1
EGFR Xf /MR . K. BEMIAEER
FHEEEM. RAS G5l TR 58I RA —E
IR . PIBK/AKt 155 i I A X LG HREAE pi ik PR
B 5 RIER TR, S ZE AR RVEH S5 R A
THIRIEH K.



<4014

PER 20224678 B53% B 138 Chinese Traditional and Herbal Drugs 2022 July Vol. 53 No. 13

o

AR
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ESR1
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&3 PPIMKE (A. B) FFRIMIHRE (C)
Fig.3 PPI network diagram (A, B) and topology analysis diagram (C)

KONy, sOONEYERY, WA TR, AT PIR

Purple is traditional Chinese medicine, green is active ingredient, lavender is target of drug on disease, red rectangle is disease

B4 ESY-FRIm-HL R 4%

Fig. 4 Component-disease-target network
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Fig. 5 GO function (A) and KEGG pathway (B) enrichment analysis
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Purple is traditional Chinese medicine, blue is compound, yellow is target of traditional Chinese medicine acting on disease, green is top 20 most significant

pathways, red is disease
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Fig. 6 Traditional Chinese medicine-component-disease-pathway-target network
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3.7 KIHIE

3.7.1 TLR4/NF-«B/NLRP3 {5 5B <5 HFRiL
WA 7-A~D Fiw, SxHRA L, AL/
J7p#H 41 TLR4.NLRP3 Al p-NF-kB p65/NF-«B p65 &
R RK T EE T (P<<0.01); S LA,
BB N 40 TLR4. NLRP3 A1 p-NF-«B
p65/NF-kB p65 #H HRKIAKIFIEEZERFML (P<
0.01), T B H IR A= i B AN JE ) i 359 1) AS [ A2 155
#0#] TLR4/NF-xB/NLRP3 15 5@ .

3.7.2 PB3K/Akt {5 5EAMAHREDRE WE 7-
E~G iR, 55 AL L, BAYZH /N SR/ ZH 2R p-
PI3K/PI3K Al p-Akt/Akt 2 (A FRIE KT 55 B

A TLR4 [ TR T s s '—--‘7.50x104
pNFaB | W i L
NPB | g et . | 650 10°

| vt dde Show l
NLRP3 [* : 118X 10°

ﬁ-acnn|"?"' — e e — - -,,—-|4.20x104

XHE MR BRIEK 300 75

300 75 300 75

Wi EEHZ HRSH %
(mgkg™)

(mg-kg™") (mgkg™)

@]

0.8

0.6

0.4

0.2

p-NF-kB p65/NF-kB p65
AR R ILE

(=1

XTI BEA WRZEK 300 75 300 75 300 75
Hig EHE HESIHE
(mg'kg') (mgkg') (mgkg')
E
p—PI3K‘.¢' - e - - |1.0><105
PI3K s 1.0X10°
p-Akt’~ B ) T |6A5><104

At g T - w— s J60x10°

[i—actin|-'—' — -- e —— '—’|4.2><IO“

PR R mRkZEK 300 75 300 75 300 75
Hig  EHZ BRI
(mg'kg") (mgkg') (mgkg)

(P<0.01); SHERIALLE:, PRIEKH ., HixmiE
M. EEH RS EA R H S HE &R RN H
41 p-PI3K/PI3K Al p-Akt/Akt 2K [ Rk /KT8
Fim (P<0.01), U B H A i J &AMl i 3 ]
AN[FIFE B Hu 3] PI3K/Akt 15 5 88 o
4 g

HRYE PR 25 (M FE AR, H B T KB AR 1 2
7y, HRIT KB B R AT R EHE AT HZ
V5 IR ML M ANE 2 o AN FUm It [ 45 24 2 2
BT RGAIE, B AR R H S AR R AE LS,
S Ik A P K A7 A SIZBE 6 H IR AN [R) M) i PRV KB
AR FMLEEATIRAE . @i TCMSP $4 3L i

B 0.25 i

0.20
0.15
0.10

0.05 = l_'r_l 'll

0 T T T
X B mkFEK 300 75 300 75 300 75

HiZ EEHEE HE G
(mg'kg™) (mg-kg") (mgkg™)

TLR4 & AN RIA &

0.8

#H
0.6
0.4 *
0.2 . ﬂ PNy :
u™ PN 1Y

X B WRIFEKR 300 75 300 75 300 75
Hig % HEGIH
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e
W

NLRP3 & A R &
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R A I
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Hi% R HEGIHEE
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Fig. 7 Effect of different processed products of Kansui Radix on expressions of TLR4/NF-kB/NLRP3 signaling pathway (A—D)
and PI3K/Akt signaling pathway (E—G) related proteins in small intestine of water loaded mice
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HHZREKEROEER T FEG T & TR
(euphorbetin ). (3S,5R,108,13R,14R,17R)-17-[(1R)-1,5-
dimethyl-4-methylenehexyl]-4,4,10,13,14-pentamethyl-
2,3,5,6,7,11,12,15,16,17-decahydro-1H-cyclopenta[a]
phenanthren-3-ol. HiZhilE A (kansuininA). K5k
“JilE Ceuphol). AR 3LH (karacolidine) A1H
ZIE (kanziol). T 7 R & BB a6 2= A1iE 1
SERIHERL, I S B E R RS, T IEBENE A FER
WA BA B R /R RIS, KRR IR mEAE Ny —Fh
VPR =i, ] 55 0 o B2 e 400 i 0k, 0 b
FAMREA et 2 HZEPERGYUR
B R SR 4 2 1 1) 35 R0 P R o 017

RIE GO DIREE i iBon, B #E RUORHR Y
AR FAC U N . MAPK 5 % R 9
ML 2 N N AETHAE R KB - ARl KEGG
W E T s, HE R o EEAER T
PI3K/Akt {5 5 IH B JEAEAS 5 B RAS {5 5 IHER
RAP1 {5 5@ L& HIF (558, DL g
RAERSAHR, BEFEY, PIBK/Akt (5 5#EE 2™
AR Kb ) B SRR, I HL S A s R DA S8,
PI3K/Akt {5 538 B A% Lo i 3 PIBK Il Akt B
PI3K HEH 1 AMEATEIERT 1 AN A B
Akt HHZ 2K PH S5 ) L2 2R/ 75 2 IRV
TEANNIA S AZ 5 RO, e T . DS e Al
HE s Pk 43 AT gl PI3K/Akt/NLRP3/NF-kB
BUE BRI NLRP3 & ME/MA(E S IEER A3 RE,
T Caspase-1 #5H, il IL-1B &N IL-1B.

KT REIR, MK GATZE 6 h A
T RA, mHZEeE. PR AR E . b
FIEHAH R 2R AR K 2 A
B BT S, TR R BRI E
S LR H B R A B 4K ffer ZE (B AE 1 ~2h
AL TS, TAE 2~4 h K g Z(E T
V2%, HAE 6 h N, HZMGHEA. BHZINE
A DL R H B BRI &K fmr ZE (A S AT 9 BT
Hi % 1~6h, HIERHRIE A HoR, BEHIZAH
B HOR BRI PR AE A 22/, TS H 2 A H
HBMEI L EE 2R

IL-1B A1 IL-18 J& T R AT, IL-4 A1 IL-10 J&
TH AT IL-1B Al IL-18 (IR 5 NLRP3 %
AN TRTECTS S B A DC200, NLRP3 %8 M /Mg —Fil K
ST ARG IL-18 A1 IL-18 MIREECH 2 Flug
WK, —Ft i NF«B % FfEE (% NLRP3

RMEAME, IWTIERE IL-18 A1 IL-18 REG —
FhE Ml NLRP3 #PE/MA, S Casepase-1 [
WAk, T IL-18 A IL-18 RURIEATOI%], B re
Az IL-1B AT IL-18. IL-4 A1 IL-10 =% H Th2 4AJif
STk, HAefEdE Th2 4ifryte2i, 1L-4 AT LA
7S B i Bk E H E (immunoglobulin
E, IgE), JFH AT EHIMEMNER S/ (major
histocompatibility complex, MHC) II [/, IL-
10 AT DL 3o 3% A4 1) 15 1 4 R 410 i) 48 e AT )
A2, BRI R A E AU SN, S8 A B 2
Yy MDA, £51#EHE A A& IF AR
£ MDA W] DU BRILAZ /N (R S8 A AR E, TR) 4
S B2 PR 0 R BE 2324 . GSH M UAAR 2 ZE P sA
WHEYIFL, X 2 NMEIRREDS SN 22
FAGIE AR A 25260,

A A S50 3 B H R R AN [RD AR o6 7K A7 AT /) B
BIEEGRRRIER, H&VE FER &, ICR
AR TH] ig KR AR EE ER K AT 5] /N i 1 =3 3 7K
FARHE SORE R (3R, DRIk — P IRk H s /K
BAE S ROE SN A oM. S5 R BoR, HIE
PIASFE MR A, HZ A A R PR TR IA & T H
A ] i, TR R B R PR R
RFF TR E R, H O S ] 35 8 0 )
TLR4/NF-kB/NLRP3 FI PI3K/Akt i EAH R )
FIE, Ui PR H IR e I T ) A B 3 s ) 5 1 R
HIE T sk M b LR MR R TR (& 8).

S o K
Q0 0o
0 ©

TLR4
000R Sretestttrefetetioesees eete
. K
/,// [ Pk |
i ) ()
. v N \ 4
AN QQ NLRP3
N el
(&) wp 0
pro-Caspasel D \j IL-18 D
DD proll-1B O]
Caspase-1 prolL-18 O]

B 8 HEAFHWEH @EZINGE TLR4 BEN FH NF-
«B/NLRP3 X PI3K/Akt {55182 \m4IIHI K M4 E 3Rk
Fig. 8 Different processed products of Kansui Radix inhibit
inflammatory factors expressions by inhibiting TLR4
channel-mediated NF-«kB/NLRP3 and PI3K/Akt signaling
pathways
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