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Abstract: Objective: The mechanism of action of Nelumbo nucifera leaf alkaloids in the treatment of hyperuricemia was
analyzed based on network pharmacology and molecular docking. Methods: The target of Nelumbo nucifera leaf alkaloids
and disease targets related to hyperuricemia were obtained through database search. The "component-disease-target"
network of Nelumbo nucifera leaf alkaloids was established through Cytoscape 3.8.0, and the gene ontology (GO) analysis
and Kyoto encyclopedia of genes and genome (KEGG) pathway analysis were carried out using the bioinformatics-based
platform. The core target and key components were verified by molecular docking. Results: The information of 27 kinds of
Nelumbo nucifera leaf alkaloids, including nuciferine, coclaurine, liensinine, was obtained by literature search, and 337
corresponding targets, 926 hyperuricemia-related targets and 57 key targets were piedicted. The mechanism of action of
Nelumbo nucifera leaf alkaloids in the treatment of hyperuricemia mainly involved GAPDH, STAT3, JUN, CASP3, PTGS2,
XDH, MAPK]I and other target genes. These genes mainly played a role in regulating protein expression through AGE-
RAGE signaling pathway, PD-L1 expression and PD-1 checkpoint pathway, TNF signaling pathway, IL-17 signaling
pathway and p53 signaling pathway. The results of molecular docking showed that the compound had good docking results
with the molecular target. Nuciferine, coclaurine and liensinine bound to the key targets spontaneously, among which
liensinine formed the most stable structure with PTGS2 and JUN, and the binding energy could reach —9.3 kcal/mol.
Conclusion: This study predicted that Nelumbo nucifera leaf alkaloids could ameliorate hyperuricemia by regulating
multiple targets and action multiple pathways, which could provide scientific basis for molecular research of Nelumbo

nucifera leaf alkaloids in the treatment of hyperuricemia.

Key words: network pharmacology; Nelumbo nucifera leaf alkaloids; hyperuricemia; molecular docking; mechanism of

action
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e, BRETIGIR b 2R FIHM ] pRER W WAL, 4/ 2 PR IR
HEAE 7 RIBYT m RER MUAE, 5 W2 A i | E
A w Al ARIR SRR DN REET S5, I RAFSY R AR S3 24
MAFEAN R R EE A EIVE S, anfa] PARSR = vh <3+
FRLe At HAEA B PRIR TS M AR 80853 R v PR
TR IMLAEAH G I T o

Ty A REERHMEYIE (Nelumbo nucifera Gaertn)
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Hb A S K RIS BV E YRR SN S 2E
W i AR A BN AT AR AR
PO EED . PO PRI B AR FET 5K i
B VR . B uE R A= ek g ey g Al L
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il AN B A

2 25 Pl e 1R T R G Y E L 2L )
22 GEETIRNUB A 2 B2 0 2R, AT LGE
A ZEASR BT < ) - L PR - B R -0 TR B AH B
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FORFT 25 58 A5 F SR, il T
USRS BCAA 5 SZ2 A4 2 (R TS, R LA S AV F D5 555
PATHFHTUT . RICASHIT TR I 28 25 B2 25 5 451
X2 5, TR HHE RS AL, 2R 501 i A 4
G W BAR = IR IRAE T i 42 Joa LAk A AL TR,

SRIRERTNEYT B PRER INUAE SR 2R3 .
1 #REE%E
1.1 fEHA s RAR R EE S ik

i# i PubChem( https://pubchem.ncbi.nlm.nih.
gov/) ZR B HIfr A S b -G 1 4414 (SDF A
=), Bk & &5 5355 A SwissTarget Prediction
P52 (http:// www.swisstargetprediction.ch/) , 541k
S SMILES £+ 7%, RIS FME-APRT 15 1
GRS MYl g Y S N SO L= At &7/ | [ O E23E )
FO5 A1 Z55, it UniProt 2038 % (https:/www.
uniprot.org/) ¥4ty Gene Symbol.
1.2 SRERMAEAE K HE m ik

L “ Hyperuricemia” “A 5 i 1d] , 7E GeneCards
( https://www.genecards.org/) . Drugbank( https://go.
drugbank.com/) . Disgenet(https://www.disgenet.org/)
52 OMIM ( http://www.ncbi.nlm.nih.gov/omim ) %¥ 3%
JERE R I A5 = PRR MUREAH SCHE A, K IS4 5 &
FF . R, ARG S AS 2 5 BRI M AEAH S
1.3 TRt

FAar i A= o2 k-5 5 Hyperuricemia 3K45
PR AH S B0 05 i A B4R 15 (http://www .bioinformatics.
com.cn/) FEL - 5421 Venn &, 15 ZBAZ LR L
14 #WEZES-ZEBMEEER (PPD MK

P R A5 2 AR 0 5 5 N STRING (https://
string-db.org/) # 45 214 @ PPI M 4%, [ 2 # Fh
“Homo sapiens”, ¥ ARAH BB BI{E, T2k TSV
A, K PE S A Cytoscape 3.8.0 £ PPI W % 1
S3HT o T S (node) /N B €4 FH T e Bt BB
(degree) MK /)N, i (edge) HUFH AN FH T S gl &35
RN
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1.5 GO B KEGG BB EEN

BRI AUAZ 080 5 5 A Metascape EEZE, BRE
YyFh A “Homo sapiens”, e E BIME A P <0.05, #E4T
FL KA (Gene ontology, GO) A4 4= 971 2 ( Biolog-
ical process, BP) . 4 Jitd 241 43 ( Cellular component,
CC) M143TIhHE(Molecular function, MF ) 434, LAz
UER L PR3 R 4H B R} 4= 5 (Kyoto encyclopedia of
genes and genomes, KEGG) i ¢ & & 73 Mr. AR %
P1H, EEHEZ BT 20 19 GO &4 MMEERMAEGETE
222 FR & R Y% P {H . enrichment. count 18, 1/5HL
HEZ 11T 20 19 KEGG ¥ F L B EE a4t
A
L6 FXEE

K Autodock Vina X fof A= 982k & 40 Fil
VRYT 15 PRI IMUAE H OGS S A 143 X250 IE . 40
MUFE 1 CASP3. PTGS2, JUN. GAPDH. STAT3 %%
4 >k ¥ F RCSB PDB %4 #% J&£ ( www.resb.org, 1D
CODE: INMS, 5F19, 5T01. 6IQ6, 6QHD) . X JH
Autodock Tools1.5.7 X 85 FH fi 4% 25 #4 ] Bz 7K 437 .
B, Jﬂ: THNEALEE, $ AR HERR TP i 45 PDBQT 3C
. = FhEE IR s i A B (e B L AT £ 2
il 1_@117&) 14 2D 45#49  PubChem [ 3 3R 45 F-%

H 5 A Autodock Tools1.5.7 #AT NS AL, 155] =
Fifar AR 20800 PDBQT SC4F . BB X422 H 48K
SR AT TEN A S AR B, SR A, I
g A ae AR Y RAE N o3 FXT 45 R . il
Pymol Xf 53 FX 45 A 74347, SR IMBCIAAESZ AT
B A P AHXT . B AH BEAE GRS
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2.1 MRS SRS REE R T

AR Aoy it 25 W 9 B A 25 Al S g R A i 25 5
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IS, AnFes 2= mkm . X0 S B A S & BTFEESS, an
FET I . A TERET; R BA NSRS
FEFEHIX . Web of Science Fll Science Direct 2%
g rp e A R 4y, FEFRER 27 Fh A et S5
BB, 2B S S BT UL 1, FIJH SwissTarget
Prediction 2 2 TN Ak -G 4% B 8 S 337 >, il
Cytoscape A7 “ fuf i A= PR Ab & 1 - 7 )
KA G SR NOCHR ST, WnE 1 PN, W
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Wk, AP L 250 . SERR . AT AR S

Tl A YA G R 5 AT I
Table 1 Analysis sequence of network target of Nelumbo nucifera leaf alkaloids
=2 Y4 FR =2 IR AR 5 YRR
HY1 Y 5 BESE G, HY10 FH S 0ol HY19 N-25 P B -
HY2 A 2 25, HY11 FE TR HY20 [ 220,
HY3 SN 5 2450, HY12 i P HY21 AU Bk
HY4 N-FP L S A7 M 5 24 HY13 JED HY22 FEE
HY5 N-FP LA 2 24555 HY14 T HY23 KT 7 B
HY6 N-Z5 BT 36 AT HY15 LU HY24 W S
HY7 O-methylarmepavine HY16 LSRG S 5 HY25 T
HY8 FELE HY17 N-methylasimilobine HY26 Je A Pt
HY9 SR HY18 O- 2 TP BEAif - HY27 N-methylnuciferine
® B g
L] s
s o
~ BB B D D B B 1P T B P P
§ oomomoows‘ooow‘m‘ww
@@ : At SEC6A2 I FDEEA FRED DD TICRIRY i DVRKI e TR s e 2 00
TEKACHE PIGERI SLCOAS NCSTN TR ROCK2 K5 HTRIA NOSI JUN HIRID MAON €TSS DRAID
R TGED 7 CASPH MAPRIO PABRCIHDAGS \DRAYD CHRS CDK? BRAF \DEAZ INEDIE LRRK? 07RDI
@i NP TSI CHRYS GRS IS 5 CEAN TR ALOSIS AL RS RO 1 AN FIATR
S CES FTGERS RS STATS K> 1KEKI KOVA KCNIM STRT2 DS SN
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5 s DI D50 S A TN <55 AnRAS RO NP A
SABIGE oy AL KGNS KOVAB TSV \DORALH HIRIF CASY DS CORS W 1¥K2 TACH
i T e L R R S
S DRDS. DRy TS s HTRIN PARED €A ISGEASCCRY R0 T TS B ALDL 0B
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avi o siens SO cuns s SR o OIS CHRSAL o Pt S 1t <> KMt
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Fig.1

Network diagram of "alkaloids of Nelumbo nucifera leat-target"
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A I S kA 30 A4, SR 2E S tb 54
] BEIE LA E T 2l R AT
2.2 SRERMERXESEER

il i K %% GeneCards. Drugbank. Disgenet &
OMIM S5 ¥R 2, #66 . LE, HFRAT 5 FRIE 1 5E AH
KA AL 926 1~ LA EFASAL G P o3 FE AR A5 05
5 B RS 4, 3l i3 A 15 (http://www . bioinformatics.
com.cn/) FEZR - & 21 Venn E (K 2), 1834
YIS YA YT = BRI IMUAE A4 E FH S 60 4,
W 2,

277
23.0%

AT R

PRI R
B2 s SR R s R

Fig.2 Venn diagram of component target and disease target

F 2 AR A S X IO s PR TR M L
Table 2 Targets of alkaloids of Nelumbo nucifera leaf for
hyperuricemia

e HERS ps EERAS PSR
1 KCNJ1 21 CCND2 41 RXRA
2 DRDS5 22 CYP17A1 42 ABCG2
3 GCK 23 JUN 43 ADRA2A
4 CCR2 24 PIK3CG 44 ADRB2
5 PIK3C2A 25 CDK1 45 ADRB3
6 PARP1 26 CCND3 46 FBP1
7 MAPKI1 27 CCNH 47 GSR
8 SELE 28 CYP11B2 48 HPRT1
9 ACE 29 HTRI1A 49 HTR2A
10 CDK4 30 HTR3A 50 MAOA
11 STAT3 31 KCNIJ11 51 NCOA2
12 JAK2 32 TLR9 52 P2RX7
13 HDACI1 33 AGPAT2 53 PTGS2
14 ICAM1 34 CCR1 54 SLC22A12
15 MAPKS 35 CDK7 55 SLC6A3
16 CASP3 36 PARP2 56 TGFBI
17 DRD2 37 COMT 57 XDH
18 HDAC3 38 VCAMI 58 SLC47A1
19 PLAT 39 GAPDH 59 MTOR

20 CASP6 40 PLA2G7 60 AR

2.3 EH-EZEHHEEIER (PP W%

Wi P AR RS BE T S i STRING $4s /22 F1 Cyto-
scape HAFHEATSIHT, PPL L8 4nIEl 3 o, 24593 5¢
BEFL S 57 S 341 SRAHE G HR . W5 B (R R
FEIAH R FEVE RN, b HENT GAPDH. STAT3,
JUN. CASP3. PTGS2 %L 25 v GEXE VR YT i IR 2 1ML

SE T R FESCHEWER . Hih, GAPDH TEMMELHZURNIE
W AN I 2H 2R 36 38 AN — B0 AT A S iy A A B AR R
Py, JUN Jiis 2L R 90 T N0 hgg S v AR Je
AL AR X I -2 5 IR i i i A R U2, s
BRI ILE A4 I35 FRIR K- 5988 RE IR R AE TR
A AELR PR R, Itk GAPDH Fil JUN ik %
S I 37 PR IR & e nT REH B 8 . CASP3 7EZMi)d T
R S EEE FHPY, 2 CASP3 FRIA/KSFETFHE BT, KR
"B /NEIK YT B L R g RS, BRI R, 4
LR IR S5 B/ INVE Y KU S, B AR A P e 2,
NIt CASP3 9K IK 5 WHEDIREH VIMHIC . STAT3
A 4 B P 7 40 A o AR A A0 Bt A R A T o il S e
YERIRO, BB e g fbidt e b it Q5 52—, HAmil
7] S31-201 AT LAREAR i PR P 1 /) B I35 PRI 7K
SF-, 4l PR 1 /]S BUEF IE TGF-/Smads . JAK/
STAT 1 NF-«xB £FAEA0A5 530 4%, WE 2% ' £F 4 b &
JEPT ., PTGS2 e DRI A5 8 455 98 iE 52 . v 2 4% o A
JHES, 40 PN PR IR 7K V- = i, PRIR 0% NADPH
AL, P AR TR RS, AR B = L P MDA IL-6,
TNF-o F1 TL-8 7K, 355 G 5 i S i 1l 4 453
175, Btk PTGS2 3R3i8 2 5 5 B I f% 18 PRIR RE
UM, &7 R, iREe S 5 an i i 38 5E . 5>
1. TR LT, B BT IR b, HE8UERE FRAE R
R EEAHDE, LB 2 E mdss tb 54 T R i it 224
ML 2238 B LA AR R R FEIG T e DR R ILAE
HIYERT S
24 GO igesth R KEGG BB ESE D

SCHHN S Y GO TRESFAT ULIE 4. AW R
(BP) 4347, fap A= 92 A& 7R Y7 e PRI MUAE 32
FIPE K 4 Ml Az B4 1E 1] 94 777 (positive regulation of
cell motility) . 25 FH J5i B 18 £k B9 1E 7] 81 715 (positive
regulation of protein phosphorylation) P4 X 4 Jid #7 Ff.
JE F B T iz % U8 #2 (regulation of monoatomic ion
transport) %55 AHAILH 53 (CC) 5 SR, fof A= msias
TG R AR F 229 BRI AR O 2 R
4=t 5 5 (cyclin-dependent protein kinase holoen-
zyme complex) . £ 1 I fif & & 4 ( protein kinase
complex) FIl RNA &0 11 4% s 835 2 69 (RNA
polymerase Il transcription regulator complex)%§; 43
UGB (MF ) F I far A= M A 5 36 7 v PRI 1fi
SE B AR T R B IR E 455 (norepinephrine
binding) . G & [ B 1K 32 /A& 1% 74 (G protein-coupled
amine receptor activity ) F14H I & 2 H AR R
4 1 15 PE (cyclin-dependent protein kinase activity)
4o DL g RFHm AR G YiE S 5 £
Fib A= PR AR v PRIGSEER o

KEEAN A KEGG il i 5 AR 0 A i3 31 124 2%

S I, IR SRS EAT 20 I ERAEIR], WIEl 5. 4

SRRy A RS A S AT i PRIER NUAE A5 5
1 2 2E P KR PRI I & AE P ) AGE-RAGE 5%
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Fig.3 PPI network of Nelumbo nucifera leaf alkaloids for treatment of hyperuricemia

il % ( AGE-RAGE signaling pathway in diabetic
complications) . J#iEH PD-L1 [JFRAFT PD-1 i #%
(PD-L1 expression and PD-1 checkpoint pathway in
cancer) . TNF {5 5 ifi % ( TNF signaling pathway) .
IL-17 {5 % i@ % ( IL-17 signaling pathway) DA &
p53 {55 (p53 signaling pathway) %, JREZ ==
Jab A F ) S i BIR T P 2 RN SR A i (X OR ) R
A R IR T ROS, 252 Rl anfGgHHELR G AL
(Cr IMAE IS FIVERIE S5 A A A S B L oA, SR A Ay -
A WIS S TR T R IRIR INLAE A5 38 i B A
AMFEEERY KEGG 18 i 5 A2 0 A SRR WLk 3, 4
JHAE R S5 iE R 28 53 AT DL 6.

Zha e 3 MKl 6 nl g, BEPRINFH AAE ) AGE-
RAGE 15 51 % ( AGE-RAGE signaling pathway in
diabetic complications) = % ¥ X CASP3. CDK4.
1ICAM1. JAK2. JUN. MAPKI. MAPKS. SELE.
STAT3, TGFBI ., VCAMI 3 11 NHEH, Hirfr CASP3 .,
MAPKI . JAK2 SR 73 58, Y an i
BEARAE RN T2 A7 R0l 434 1 1 UM
BRI 1 v PRI A A B IR 53-AR R iE B 5 M 28 11
fERE N 2, Bk T B A3 IS I IR IR TR BIE,

It R 2 B 11 200 TR o £F v PR IR INURE A8 35 oA Qi 2
HLEE T i, EG e T R SEAESR P, TNF {5538 %
(TNF signaling pathway) =235 & CASP3. ICAMI .
JUN. MAPKI. MAPKS. PTGS2. SELE. VCAMI 3
8 NEEH, ICAMI VI MM IR AL B RAETBNL, =5
AE S5 S 5T TeRENAE | SORE N A TR
HI RO PTGS2 W AR R N5 e fheg DA 55 i 3
5T, SINRAE N . 41 ML I8 145 Z2 Fh A B #E P8,
MAPKS R]J3 3] JUN JOE G P AN AR 1 22 008 . IR %
Wi | P2 PR TG, VR T2l B EUER . R
ST A T AR S R AEC A S 7 T U v PR ML
JiE, Chen S50% 3@ b /N BRI G0 TE B 22 30 2% AT LA/ ifin
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