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Abstract: Objective To explore the molecular mechanism of Wumei gargle in treating xerostomia due to uremia
based on network pharmacology and biological verification. Methods We screened 124 active components from
Wumei gargle by network pharmacology analysis, and used Genecards, OMIM, Disgenet, TTD, DrugBank and
other databases to search for disease target predictions of xerostomia due to uremic. The active ingredients—potential
target network was constructed by Cytoscape 3.8.0 software. The active ingredient and the predicted disease target
were verified by molecular docking. With the aid of the ggplot2 package and clusterProfiler of R 3.6.3 software, the
key target of Wumei gargle in treating xerostomia due to uremia was analyzed by GO and KEGG enrichment. Finally,

the rat model of xerostomia due to uremia was established by using atropine induced 5/6 nephrectomy. Low— and
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high— dose of Wumei gargle were used for intervention. Salivary secretion, histopathology of salivary gland and
expression of key target proteins in rats were used to verify the reliability of computer simulation. Results The
prediction results of computer simulation experiments showed that 124 active pharmacodynamic molecules act on
46 key targets, among which the core targets are EGFR, ESR1, TP53, MCM2, NTRK1, XPO1l, FN1, CDK2,
CUL3, APP. The results of molecular docking found that the active ingredients have good binding properties with
ESR1 and CDK2. The main role of the target was related to a variety of biological processes, such as inflammation,
oxidative stress, receptor activity and regulation of biochemical process. Moreover, 20 signal pathways including
inflammation, oxidative stress, apoptosis, signal transduction and others are involved. The results of biological
verification experiments showed that after the intervention of Wumei gargle, the average saliva flow of model rats was
significantly increased, the damage of submandibular gland tissue was reduced, and the expression of the target
protein ESR1 was increased. Conclusion The active components in Wumei gargle may mainly act on the core target

of ESR1 and regulate multiple signal pathways such as PI3K/Akt to exert pharmacological effects. The study provides

new ideas and new methods for further research on mechanism of Wumei gargle.

Keywords: Network pharmacology;

action; validation experiment; ESRI1; rats

PRBFAE HRESE S AR TN i T S
S A B B I AAE , BACER X A AL AT
R T, RIS RPLR S HHALNE, 6
BV EN PR I N 6 iU L e SO L R 9 A U G N T
RO MRS . REEH AR RN . 259 AR
M IRFAERE 2R S RFORP AT, M A
N Y0 A A By AR M B R R &
i A K g 2 S Soa s e, 310
IR LA O B RE e A2 AR AR T KBS, 3l T AR R Y BE
O,

TEALE B2, RPN R T R 5,
H A 2R AL N B R A o [ B R sk LA
N, RN, BSSOE T AR HEA R R R A
M, ZH TR . e mH s H
o, SRR AR . AR R B H LB IR
WA, IXBMERAAFRZ T . ZEBRTE IR RAT 5T &
B, E A R nT o R W i, A
R L H A RER R TR AT R o T LT A
FFRR o AWETTIz IR 45 24 By 1 J7 15 Ol LA A= )
AR YR UE AT, O e A RGR T K
S TR URC eV RS (R LY DRI S ] K
PEAT AT, LA R RS R RE B 25 380 S A A 1
PEHIL

1 M5 *
L1 S8 ah. k. P00 AR
111 SEEhy (AR AYEENE SD R 30 H, SPF

xerostomia due to uremia; Wumei gargle; saliva secretion; mechanism of

¢, 6~8 JANE, MR (200+20)g. WTRITERIK
AR L, SVFAIES . SCXK () 2016-
0041; zh¥) i A A& IES . 44002100019231, £
KA P ERER WIS E RSt e, HhESR S
J: 2017055,

112 i) BRERBTHE RS (1 mL:0.5 mg, [EZ;
HE H41020324) , 0] i A HI 25 e A IR A, 41t
5. 1709871; ESR1, ZE[ Santa Cruz A H, L% .
Lot#1.0319; B-Actin S £ 5ilE 1gG PiAk (4970S), 1
F £ [E Cell Signaling Technology 7y ®l , 4t %5 :
DI7F11; 3k, IikfEAamA A RAR, Mt
51 19028015 BCA & 1 ¥k B2 o 0] & (it 5 .
SJ266764) . RIPA %Lk (#t5 . SJ286784), K IH
Thermo AH);  HALHIY R E =044t
1.1.3 29 Jeifiles S SR 4l SRR 4.2 ¢
(B4 TR A 30 g, b5 1602071) , HHEERL 1 ¢
(FHYSFKH 6 g, L5 1603074), ¥ MFITHK
A RRA A . 3 E TIRIFK 200 mL, HCE
4 CrkFEEH

1.1.4 &% VMR ZiPRREEAL, 3¢ MATRX A A
cobas8000 4= H AL HT i, FtH% KA F; BT-
125D HL K, {4 Sartorius 23 5 RM2245 4121
YI R AL, H11210 {5 ) F AL, fEE Leica Al
BX61 W4, HZ OLYMPUS A6l b2k &k O6Hiig
Z45:, FE Bio-Rad 24 7] ; Histosta f1 i AL HAHL |
Excelsior™ ES 4 H sh 4 Bt K HL, £ Thermo
Fisher 7> Fl; BX45 )62 W4, H A OLYMPUS



PSR BE2021 12 A5 2 EF 128

- 1787 -

NG

1.2 U3 % ik 9 05 PR 7 B 8 1l 23 0 IS 4R X 1R
Mk KREDPAREGHEEBIEES TS
(Traditional Chinese Medicine Systems Pharmacology
Database and Analysis Platform, TCMSP)"', TCM-MESH
BOHE JE Y. ETCM %X #% /% (The Encyclopedia of
Traditional Chinese Medicine)™, §iik 554K 0 AR AE4)
FI B (oral bioavailability, OB) =30% . 2% 24 1%
(drug-likeness, DL)=0.18"; %X J5 #3 #a o [ 1) |
PubMed 544 22X R IO AFT & FRARAER B o1
PEAT AR, 255 SCHR A T 2 75 5 ZEA A X A
g3, R TR R R A v PR BEAE 11T I MR U
W B A RO 4 o FF ] TCMSP 540408 J& &2 Uniprot
B R AT S R B3 %o L A IR A

1.3 BREERE 11 0 1 i B8 B o bl 35 I 6 9 7 IR
B 110 T AE PR N B A Bk L1 “uremia” TY
“uremic” 1Y, “uraemia” 5 “xerostomia” A REHR]1E
Genecards” | 1R N R T8/ IEAL (N RTEL HTE/R
AL, OMIM)™M Disgenet””\ TTD"™, DrugBank[m%ﬁ(
i A IR TEAE L T4 B VE PR 0, JF 31T 0 3
KA IR BEAE H T AE LR IE s o ] R 36 5 46 1
VennDiagram Xif £ H 5 W P o (4 FHAE 552 5 0K
BEAE T RE A SCHE S T Wi s B, 32 Sty
EWOBIR YT PR EERE T IE A W TE AR R AR it
Cytoscape 3.8.0 F4 % Sy & WK V% PR 4r —1R YT IR
BRAE HTREVETEVE AR A 2%, SR N B
network analyzer 43 M1 T LT S SR 1E S50, DIBF
FEEG S WO A H o I i S Z B G 2R

1.4 A E b 5 BIBETR 7 R N 111 () 2 10T LA
DA % g et D DGR A DR RE O T R A 3 1) A R
WARYT IRBEAE H TAE A 7L S A STRING £ H i
HAEEAE A, A AR 1 5T E AR M 4% (protein—protein
interaction, PPI), JF#R4E Cytoscape 3.8.0 o 114 3 1R
Cytohubba LI BB 16 1 2 M &5 WA YT IREEAE H-T4E
MR R

1.5 Sk % I I6G 9T IR R E 0 1A O 8 M ) -
RBERE R0y AL H e IR —IRYT IR
FEAE T AE W AEAE LS PSRRI “Degree” 17
RBBIENE NS %A, LA i R T (E
U IEVERUT, #EA TCMSP B 15, T 8UHHCHZ O
I PE A3 1 MOL2 SO, Z )5 A RSB £HiE 2
(https://www.resh.org) T 2R 252 111 3D 4544 3C
4(PDB #%2) , FIF Autodock B3 711 %} 32 Pk 4 2
RIS PE I /N 7 AT TR 3, A0 96 2K AL

PELAT . TR SRR TR A A R/INRIL
EHIFHIT S EOHE, TR R TR, S
FRAZ NG 15 1 B 5355 R A5 B 1 R A ) B
fEM %, JF R0 H 25 5 BB f 0T o B AL
Pymol JRAEXIA5 2 925 Rt A7 ] AL AL 2
1.6 WHSH M R 3.63 B ggplo2 £ 2
cluster Profiler % 505 55 ki — PR B24E 0 THRE-FE A
BAHGEITT GO K KEGG 43471, W HE P {H Cutoff =
0.05, Q fH Cutoff=0.05, # B EMHHIT, ¥ GO =¥
53 3 KEGG 14 FHT 10 455 AR LA B RR
1.7 BERAL R B b B R SPSS B 7= A= BE AL
M 28 HAR B BENLIMEL 6 HRAEMIE® XTI, Hiag
257 516 ‘B VIR ] . KRR 2.0% % B H %
BN S TR S AT RIS A K L TR, TEEEZETNE T
Z . BHESEIF 15 em AL RRIS— VI, BREEA
WA, /N B B R A R, B ke de Al A2
M o BYUIPEAEE b A 2/3 BAEET, A ki
Ja, BREEMAERE, Z2%46. 1 BEEL
B, RIS FAR S REARE], B R 5/6 B UIBR KRR
BRI 52 M8 Yanagi Y S5 FER R
ok SRR BTG (1 mg-kg ™), #ES7 R FEAE T T4E
KA S A K EUE SRR T T IR BRI J5 008 FH
T 14> 60 mg HY-THRICTR AR f 3k, 0 R B
(1) 5 min MEYR 7 i . DAL ROF LARIE i, MEW
b (mg) = ARERIE T E-T &, WML E T
R 22 1B KRB 50% 077 A4 H s bR ifE, DAULEFK
T 60 wmol - L', FREA KT 8 mmol - L', MEW 53k
/DT 24 mg-5 min” ARV R,
AR E HI D R 18 H; 2E1-4 H, nlfg
H5UIREHRA L Z . Rl 2 80K 5 73R4
£ Ko L SPSS FAf = A BEMLE R Y 52 il i 2D
1 18 R RBEHL AL 3 41, 43l Al | S
Wk A . S EORR AL, Rd e H.
2l 20 # FROR BRL (200 ) IR R TR 5 i AR SR 1T
(70 k)l P26, AR % 0.001 8, Al
SR 14 RIG @A S5 TR EZ, K
WAL T 1 mL IREMRECA FEER /K 3 mL B 25% i
FEZSUW, LA 10 mL-ke ' Z5WHEH ; BIAUAIHR G H
10 mL-kg ' ZEIRKHES . A H 11k, 182228 do &4
KEABRYOK, 8
1.8 bp AR KilAEE
1.8.1 IS NUEF . JRE A SR /- BT AR
0 1 R = 2 AN = ) 2 o s TR N 5 L D71
(Blood urea, Urea). IMJJLEF(Serum creatinine, Ser),



- 1788 -

Traditional Chinese Drug Research & Clinical Pharmacology, 2021 December, Vol. 32 No. 12

FEAE FH 20 R B DLE A T 5 JRURE AR BRI, S RUJoe vk
BER 2%, FSR N 0.6 Lomin's KRR LN
Ji, e KB 5 min MEW 0. 097 28 d e,
F B CR MAIN_ IR FEHR A2 5 min MEHR 53U
1.8.2 &l FARAIZUHE Qe ARz esmZn, T
RIRE 2 )5 IR H SR 5 BRIk A 78 K R (B4 7 44
AT e s oo T MR KA, hEBES—
AT IEEALALEL ), A B RUI A AR, A AR LA 4%
M2 R EEEE 24 h )5, 4 A S A 2B KPLE
WZEHMK, —HAREHEAEEE, YIS wum &
R R, HE WL, W T ISR a0 B
AL

1.8.3 Western Blot 4G ESR1 & i FARHLE
RIPA 24k . B8 B H0 0500 . Wl il 00 o R0V 5
%, T 4 °CLA 12 000 r-min™ (B L2ER 7 em) B
0 30 min JEHCETHW, ] BCA 8 ) & kil &
FIWRE . S BAE i (50 g) 5 3xSDS-PAGE £ 1 I
BEZE P RIR A 78 M I T 109% 58 TR 4 9k i B it 1
ik, HRFERA R RN W ORI, PR T %
i 2 h, 5 ESR1 (1:200) 8 B-actin (1:2 000)
£ 4 Cib, WA A HRP ARic i fe ok
/R TG (1:3 000) o F b2 KOG RS R GENHE
ST, I Image) MR H 8440 2
H Y 27 K BE(E, LA B A 25707 () BL SO B 5
B—actin &7 ELSLER E 1) HUAE I Y — 1k FUAEAE 1%

®1 BESREREERS

H B AT ek

1.9 Fil“#ePjiikE  SRA SPSS 17.0 Sl b fr
0T, TR BRI A B AR E R (v 2 5) R . 2411
LR B R 2 07 22430, I LL AR F LSD A
5o P<0.05 NZERAGIE L,

2 R

2.1 S4B 0T PR R 23 B IS M B 53 R N B A 1Y
JiE A TCMSP %48 24K B3 40 Sy, R
i OB Fll DL Z400 0] 20 545 8 A~ mlidr, IFAR#E 3¢
BRI B #D TR . AP . LSRR . SRECR
R, REIRIR™. K. SR . A ER . PR .
A AmAIAE . MR M, ik
5 21 NGRSy . RS OB 1 DL 28U\ TCMSP %)
e H R 93 ANy, BFR 3 AR A R A
BLAY, 38 I A B SCHER A SR R LSS IR R R
FEEORIRD . IS -3-0- =M . KA. HR
WERD REFNME. S/ oAeT . B
B SR . RO ER L A A L AR
HE R BEIRER . B, KA 107 NI
PERLSY . BT 4 4, kA5 124 D16
A3 (WL 1), Ff8 ] TCMSP 542 4 &2 Uniprot (4
JE G A5 2] 124 416 P A2 X R G 190 AN 1 1 Al 4
P 25,

Table 1 Active ingredients of Wumei gargle

¥ fi# 1 ¥ L%y

1 WML (2R)-5,7-dihydroxy—2-(4-hydroxyphenyl ) chroman—4-one 61 GC44  (E)-3-[3,4-dihydroxy—5-(3-methylbut-2-enyl ) phenyl]-

2 WM2  beta=sitosterol 1-(2,4-hydroxyphenyl )prop-2-en—1-one

3 WM3  Stigmasterol 62 GC45  liquiritin

4 WM4  campest—5-en—3beta—ol 63 GC46  licopyranocoumarin

5 WMS  Methyl arachidonate 64 GCAT  Glyzaglabrin

6 WM6 CLR 65 GC48  Glabridin

7 WM7 EIC 66 GC49  Glabranin

8 WM8  citric acid 67 GC50  Glabrene

9 WM9  MLT 68 GC51  Glabrone

10 WMIO Iva 69 GC52  1,3~dihydroxy=9-methoxy-6-benzofurano[3 , 2-c]chromenone
11 WMI1 WLN:QV4 70 GC53  1,3-dihydroxy-8, 9-dimethoxy—6-benzofurano[3,2—c|chromenone
12 WMI2 Guasol 71 GCS54  Eurycarpin A

13 WMI3 lauric acid 72 GC55  (=)-Medicocarpin

14 WMI4 Rhamnetin
15 WMIS palmitic acid
16 WMI6 Thujin

17 WMI7 Amygdalin
18 GC1

Inermine

73 GC56
74 GCS7
75 GC58

Sigmoidin-B

(2R )-7-hydroxy—-2-(4-hydroxyphenyl ) chroman—4-one

(2S) - 7-hydroxy-2- (4-hydroxyphenyl ) - 8- (3- methylbut-2-enyl )
chroman—4-one

76 GCS9

Isoglycyrol




P AL

BRI 2021 12 A 5 3265 12

- 1789 -

(8% 1)
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19 GC2 DFV 71 GC60  Isolicoflavonol
20 GC3  Mairin 78 GC6l  HMO
21 GC4  Jaranol 79 GC62  1-Methoxyphaseollidin
22 GCS  Medicarpin 80 GC63  Quercetin der.
23 GC6  Pinocembrin 81 GC64  3"-Hydroxy—4~0-Methylglabridin
24 GC7  isorhamnetin 82 GC65  licochalcone a
25 GC8  sitosterol 83 GC66  3"-Methoxyglabridin
26 GC9  Lupiwighteone 84 GC67  2-[(3R)-8,8-dimethyl-3,4-dihydro-2H-pyrano[6, 5-f|chromen—3-
27 GC10  7-Methoxy—2-methyl isoflavone y1J-5-methoxyphenol
28 GCI1  formononetin 8 GC68  Inflacoumarin A
29 GC12  Calycosin 86 GC69  icos=5—enoic acid
30 GC13  naringenin 87 GC70  Kanzonol F
31 GCl14  (2S) - 2- [4- hydroxy- 3~ (3- methylbut- 2— enyl) phenyl]- 8, 8- 88 GCTL b-prenylated eriodictyol
dimethyl-2, 3-dihydropyrano[2 , 3-f]chromen—4-one 89 GC72  17,27,4~trihydroxy — 5-methoxy=3 — arylcoumarin
32 GC15  euchrenone 90 GC73  7-Acetoxy—2-methylisoflavone
33 GC16  glyasperin B 91 GC74  8-prenylated eriodictyol
34 GC17  glyasperin F 92 GC75  gadelaidic acid
35 GC18  Glyasperin C 93 GC76  Vestitol
36 GC19  Tsotrifoliol 94 GC77  Gancaonin H
37 GC20 (E)-1-(2,4- dihydroxypheny]) -3-(2,2- dimethylchromen-6- yl) 95 GC78  Licoagrocarpin
prop—2-en—1-one 96 GC79  Glyasperins M
38 GC21  kanzonols W 97 GC80  Glycyrrhiza flavonol A
39 GC22  (2S)-6-(2, 4-dihydroxyphenyl) - 2— (2- hydroxypropan—2-yl) —4- | | 98 GC81  Licoagroisoflavone
methoxy-2, 3-dihydrofuro 99 GC82  18a-hydroxyglycyrhetic acid
[3,2~g] chromen—7-one .
100 GC83  Odoratin
4 2 milicoisoflz - B
0 GC23  Semilicoisoflavone 101 GC84  Phaseol
41 0C24 Clepidotin A 102 GC85 Xambioona
2 GC25 Clepidotin B 103 GC86  dehydroglyasperins C
s 6C26 Phascolinisoflavan 104  GC87 protocatechuic acid
44 GC2T Clypallichalcone 105 GC88  isoliquiritigenin
45 GC28  8-(6-hydroxy-2-benzofuranyl )-2,2-dimethyl-5-chromenol 106 GC89 nicotiflorin
46 GC29  Licochalcone B 107 GC90  Narcissoside
47 GC30  licochalcone G 108 GO9I Scopoletol
48 GC31 3-(2, 4- dlhydroxypheny]) -8-(1, 1- dimethylprop- 2- eny]) -7- 109 CC92  rutin
hydroxy-5-methoxy-coumarin
110 GC93  Hirsutrin
49 GC32  Licoricone
111 GC94  18beta~glycyrrhetinic acid
50 GC33  Gancaonin A
112 GC95  naringin
51 GC34  Gancaonin B
113 GC96 Licoflavonol
52 GC35  3-(3,4-dihydroxyphenyl) -5, 7-dihydroxy-8-(3-methylbut-2-enyl )
114 GC97  Prunetin
chromone
S3 GC36 S, 7-dihydroxy-3- (4- methoxyphenyl) — 8- (3= methylbut-2-enyl) | | 117 GC98  Ononin
chromone 116 GC99 vitexin
54 GC37 2-(3,4-dihydroxyphenyl)=5, 7-dihydroxy-6-(3-methylbut-2-enyl) | | 117~ GC100  neoliquiritin
chromone 118  GCI01  Astragalin
55 GC38  Glyeyrin 119 GC102 Glycyrol
56 GC39  Licocoumarone 120 GC103 Gancaonin G
57 GC40  Licoisoflavone 121 A kaempferol
58 GC41  Licoisoflavone B 122 B quercetin
59 GC42  licoisoflavanone 123 C  oleanolic acid
60 GC43  shinpterocarpin 124 D ursolic acid
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Figure 1 Venn diagram of the relationship between the target of
effective components of Wumei gargle and the target of

xerostomia due—to uremia
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Figure 2 Visual regulation network of “active ingredient—potential disease target” for the treatment of xerostomia due to uremia with

Wumei gargle
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Figure 3 PPI network of key targets related to the treatment of

xerostomia due to uremia with Wumei gargle
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x2 LaRRETREENTEETERSEXBEES
BT FIHEER

Table 2 Docking results of lateral reactivity components with
key target proteins for the treatment of Uremia xerostomia with

Wumei Gargle

ST WERY DM RSBID 454k (keal-mol )
g HE ursolicacid  CDK2 6q4g -14.87
5 H® ursolicacid  ESRI Tnfw -13.62
B HH ursolic acid TP53 425 -12.45
Ly HE quercetin CDK2 6q4g -8.41
B HHE quercetin EGFR 6di9 -8.86
Lyt H quercetin ESR1 Tnfw -8.27
Lty H quercetin TP53 4¢z5 -6.65
He naringenin CDK2 6qdg -9.58
H naringenin ESR1 Tnfw -9.65
g HH kaempferol  CDK2 6q4g -8.98
L HE kaempferol ESR1 Tnfw -7.41

¥E: A. CDK2-Ursolic acid; B. ESR1-Ursolic acid

B4 SHESBRATREENTEXRESSEERSTH
E&5HME

Figure 4 The composite structure diagram of key targets and
active ingredients for the treatment of xerostomia due to uremia

with Wumei gargle
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REASE AT T ) 5 AR - MO R A, 255
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Figure 5 Bubble diagram of target enrichment of Wumei gargle for the treatment of xerostomia due to uremia

3 SESEAMRSEOTERBEXRMEME. KRE
REER S WMHIRNE (x +5, n=6)

Table 3  Effects of Wumei gargle on Ser . Urea and saliva
secretion in rats with xerostomia due to uremia(x s, n=6)
a3 B 1) A G 1)1 B
Wy /mg
IEH X R 3342251 6.12£09 41.01 + 14.48
R 64.83 £9.15° 9.95+1.96°  20.82+549"
HFEHRIRN A 69.33£4.72 10.17 £ 3.6 3376 +6.01"
RN RA  65.67+9.14 977+3.02  41.63+1018"

T SIEHRA LS, P<0.05; SERMILE, P<005, P<
0.01

AGit2EE L (P<0.01), FERREME N TRERME
W . SRR A, SRS IORAR . S Al
SR S i W RN, ERA G EE L (P<
0.05, P<0.01), 15 IEH XA LR, D5k
1o 7] e 2 R MR A W i ) 25 S E SRR = R (P>
0.05) o X L5 BLHR IR LA VR ZH A 4G o v Y O o
FIFERT, HoERl 2 s

s AL IR R AL

I

Bl 6 &AXREENTFEKXRS TRARRBERSHZIT
(HE £, x400)

Figure 6 Effect of Wumei gargle on the pathological morphology

of submandibular gland tissue in rats with xerostomia due to

uremia( HE, x400)
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Figure 7 The expression of ESR1 proteins in submandibular gland tissue of rats with xerostomia due to uremia
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