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Abstract: Through network pharmacology and molecular docking technology, this study investigated the active compo-
nents and mechanism of mulberry leaves, a food-medicine homologous plant, in treatment of hyperuricemia. The primary
components, targets and pathways underwent systematic evaluation, moreover in vitro experiments were constructed to fur-
ther analyze. The results demonstrated that a total of 16 active components associated with hyperuricemia, including
Oxysanguinarine, Moricin D and Inophyllum E were identified through the screening of 269 active components derived
from mulberry leaves. Subsequently, 80 targets related to hyperuricemia were identified. Furthermore, 15 core targets were
screened out, respectively glyceraldehyde 3- phosphate dehydrogenase (GAPDH), tumor necrosis factor (TNF), estrogen re-
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ceptor 1 (ESR1), etc. A total of 321 biological process entries, 46 cell components entries and 108 molecular function en-
tries were received by conducting gene ontology (GO) analysis. Ninety-seven signal pathways related to hyperuricemia
were obtained through kyoto encyclopedia of genes and genomes (KEGG) analysis, among which metabolic pathways and
nucleic acid metabolic pathways played an anti-hyperuricemia role. Molecular docking indicated that the binding energies
of the key components of mulberry leaves to the top 6 core targets were less than or equal to —6 kcal/mol, and the binding
energies of Oxysanguinarine to the three core target proteins ESR1, CASP3 and PTGS2 were found to be the highest. Fur-
ther research on the mechanism of Oxysanguinarine in treating hyperuricemia in vitro presented that this substance could
reduce the activity of xanthine oxidase, and enhance the uric acid excretion ability of HK-2 and HEK-293T cells by regulat-
ing the proteins such as urate transporter 1 (URAT1) and adenosine triphosphate binding cassette transporter G2 (ABCG2).
In summary, present investigation reveals that mulberry leaves are efficacious in the treatment of hyperuricemia through a
multi-targets and multi-channels, which provides scientific basis for animal experiments and development of uric acid-re-

ducing foods from mulberry leaves.

Key words: mulberry (Morus alba L.) leaf; hyperuricemia; network pharmacology; molecular docking; cell experiment;
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mechanisms of action

5 R W& I AE (hyperuricemia, HUA) & —Fh i A
1A P EERS A S S AR N PR IR KT = 5 T 1Y
PRI, 1o PRI MR- S0 PRps v 1R S O
AR, HUA B AR T 2 BUBEPR I IS8 —H
TLACET B, IR Rk B A fE ks R 2R P, HUA
FETAFAEPFPRIRPLE], — 2RI sl i, PR
Tz HEMRE T BRAK, S BURNIRIRT S oAb, -G BE
FE W AN BTG 3 22 SORE SN 28 i v PR R IURE
AR AERD . HUA 255 | /KM IR R EL 10 FT, 3F
T BRI EAAAREAAT Y, 76 B NE T IE BB 45 A, £
KPR EREG IUAIEXM, 1Ak, HUA 5SiE . BEAR
05 PR B O I AEPER 19 & R B DIAH DG, J&—Fh
P R 2R 2RI I B 25t i PRIER ILAE
FAIYRYT 2459 T2 2L 43 SRy B NEE A S AL BRI A1) 591) . PR P 4
AEBEEISA ) FNIR PR ER A% 12 85 11 1 (URAT D) $ il 5]
X =22 B R R PR IR HE R REAIC AR 1 A=
WSKIEIT HUA, {HIXSe2 A e — 2 WRIWE, 7E
o = R = B AR T TH R FE R I 23R T B4 B
YAYT = PRIR IMUAE A 259 FITES i o

FM(Morus alba L.) &—FP 25 BRI, &
H=riEtmn, BAPUR . AR . FEIE. PUdSED)
27, SERFAE LAY SRIEFEE, inS-BEE IR
FUBLALAE YR, RFHAT TR ih . 24550 AR
T &G REZH . B0, AWy, B
AR EERAMEFRMNET, AR ER, FIFHSRL
WA 1% AR A RN S B3 S5 e e i T 5=
A A E ST, (AT SIS TIE T S s PRI
IMAE AP, A S50 T I AR SRR T 5 DRIR 15
I AIPLEN S, SRnt R R B A 2 A AU B
EIT P AR AR EUESE, (HCF G T = R
1 1M S R AIR PR IR A AR /. B B
AEUEE T MEE IR, B P E SRR TR &
P, P45 24 B2 AE T RE B & v Y R FH AL TR
Ao MIZELGIREAARFE R Ge A 2 HELE, Jl X0 2R 4
LR NEATAT, AR 2N L B T IS
JHHETRA . ARIRCEE ST sl it 2 meA, 2

B T2 Y OCE RS TR L AR
TETB, AROTEINR A . ARSI 5 45 245 32
HorFXEROR, M S iH1E YT s PRI UAE AR AL
i, FEEE GRS ML IO SRR PR IRAE FH B X PR TR
ARUHHE AR, DA REIR IR D RE £ o R e ik
T SHE, [T S SR iR 0 25 B E PSR LR B
1 MRI5REE
1.1 M5

S8 AK I AR B ( Oxysanguinarine, Oxy, 4fi & K+
97%) . BLIE AL . JRIR (Uric acid, UA) | 1] I
B . KR L [ (Benzbromarone, Ben) . MEME 5 (thia-
zolyl blue tetrazolium bromide, MTT) . I W5k
VIR R BR A H] s — 1 BN (dimethy]
sulfoxide, DMSO)  JtatESK ERHA R F]; HK-
2. HEK-293T 4iififg iR IRHAT IR 5
DMEM il g3t iR /R A YR A R A
"l IR & ek a de &R TR RA
Hl; GAPDH Puif . Pt ZZBRE 1 . PLiRfpzeskE
5| Affinity Biosciences; URAT1. ABCG2., OAT4.
OCT1. OCT2 #iti& Cell Signaling Technology

HF90 b ARG FEAR  JIRAEM BEITRE
F P AT RN 75 SW-CI-1FD-11 o5 5
LR IFARA PR E]; xMark KU LARBFFR 2
AL A SRA AT BE2A 75 (i) 7 BR 2 F]; Tanon-
ESP 600 I E1 FiL 7k {% . Tanon-5200Multi 4= [ 81k
RIAL iR MRIEA R AT,
1.2 EFE
1.2.1 RMALG YT S S0t 7 TCMSP °F
75 (https://www.tcmsp-e.com/) # 2 “ 0" 45 UK 5T,
LA IRF I (OB) =30, 25254E(DL) =0.18 2%
1T 7 % o P PubChem(https://pubchem.ncbi.
nlm.nih.gov/) 3K BL fb & ¥ SMILES 5, ¥ 1k & ¥
SMILES 55 A SwissADME (http://www.swissadme.
ch/index.php )5 #47 B I7E I (GI absorption) Fil
5214 (Druglikeness) ¥Fiti, LI GI #9434 “high” 3 H.
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“Druglikeness” il id 2 1~ “Yes” M EhrvEL, K0
#E S5 1 S fb & P38 i PubChem 3K HUAbL & 97 14
2D %544 SDF #2314 A HER SR I -G 3 A5
5B, HAik5 % SMILES 5 43Il ‘5t A SwissTarget
Prediction Zi %, FRIBUIE A PUHE 2545 S, EHX Proba-
bility*=0.1 BY#EAENY RS HE AT A UniProt
B5 )22 (https://www.uniprot.org/) , £5- %I A I 2 K (Y
Gene Symbol.

1.2.2 5 PR R ML SE AH OG5 077 12
mia” FEHIE, ¥E GeneCards (https://www.genecards.
org/) . OMIM (http://www.ncbi.nlm.nih.gov/omim) .
Disgenet(https://www.disgenet.org/) 5 )ZE AR LS
1= PRER MAEAHSC RO BE A, B4 537 55, 15305
DRI ML AE SR B 2 o

1.2.3 R0 R 0 28 K 3 1 -3 AR ELAE T (PP
it A R1EE S hyperuricemia 9 FHSC
B A A TS F & (http://www . bioinformatics.
com.cn/), £l Venn EIEIEAS 2 S M LN . ¥
VI A2 IR 52 A STRING (https://string-db.org/ ) %L
YEE, L) “Homo sapiens” ik 5514, 1445 ARAT R
TSV L3 F A Cytoscape 3.8.0, Fl| F CentiScape
2.2 T B #4740 M 0 e 23 1] PPI B 4%, DL Degree.
Closeness #ll Betweenness 4 [B{E A ik S5 4F15 242
O B8ORS, B fE 43 S S 14.8101265822784.
0.00640848075585291 ., 82.759493670886. FH 7 45,
(Node) K 7N Fl i 8 2 e B H ( Degree) K /)N, i1
(Edge ) HHAN S BRES G 53BOR/ IS, 4531 PPT 45 A
1.2.4 SRR GO BT S KEGG il g w4
S3PT K SRAG G R E PRER NLAE A A SR A A
DAVID 3%} (http://david.nciferf.gov/) , BRI F Ky
“Homo sapiens” #F473% [l 444 (Gene ontology, GO)
[ A= FE (Biological process, BP) . 4lfifiZH 43 (Cellu-
lar component, CC) 143+ LJHE (Molecular function,
MF)] & 85T LA AR R R R 2H | B (Ky-
oto encyclopedia of genes and genomes, KEGG )il i
B ARST, B A E T S R T AT A R

1.2.5  “BOr-H AP -1m S LS A SRt
B RSy . A SRR | e A e A R DR T
20 A48 LR S5 A Cytoscape 3.8.0, f4 3R S AIGYT
1o PRIR ILE (19 50 5 -5 o -3 1 P 285 [, 1) FH
Network Analyzer T B0 H 595055 ¥ 05 AH 5 AFE FH
&Y

1.2.6 SFFXFTH200UE R 22 AR H A P A0 B A
Vi M 324k, & ] Autodock Vina(v 1.5.7) %} &1k
G FIVR YT B PRI MURE 1Y) S B oS A 7 4 X 2
K F . 18 RCSB %4 %2 (RCSB PDB, http://ww
w.resb.org/) T Z &K (1 9 PDB 304, 7 Autodock
Tools 1.5.7(ADT) HXF a8 FBt#EA T 257K L I, il &
PDBQT 3f%. 7E PubChem ¥i#EZE F 2k Z&m-1b-&59

LJ “hyperurice-

f 2D 45Ky, A ADT &4t #s #55) PDBQT
. E ADT Wi B X 32 10 48, il 3 Autodock
Vina ¥ 8L 85 E N 50 UWGHATIBA T, RIS &6k
BRI RAE LS, T Pymol 2.6.0 HJXT4H245
SRATRRARN T

1.2.7 ARSMEFIGSCES DRI NI 28, £
58] SCRRAS S PR A TE 295 nm I KA B RO GRE, 4%
B SCHRA A AR S VAR R A TANGAOERE . AR AR
3 200 L, S350 H 10 U/L Y35 12044 AL B (Xan-
thine oxidase, XOD) . 0.1 mmol/L [ & I 14 ( Xan-
thine) . AN [R] ¥ BE (19 1k & 4 F1 pH7.6 119 PBS 2H il
A AR R 96 FLb IR A, LI XOD InAJS
SV o BESOVAARFRE T 37 °C F, #5220 20 min
(XOD 7£ 15 min W HA R & lEE ) SOV AR & 1456
B, LR BB TE(U) SR VAR ZE A 1 min
M XOD ffk 1 pmol BEREM LAY Ry PRI T AT 1Y) i e
R, g DL AIERE (Allopurinol) 228, A LITE
AL EPIXT XOD WG HERIFEIR . W75 HIVE PR BR7E
290 nm &b FRHERNZL, WA [R]3 B TR R R J A 00
W, A3 BN HE A (D), PR s REL
R°=0.9998 . g 1% S W A4 Z2 T A WO AR A 2K
(2) 15349 3] XOD W6 M, JE AR 35 25 2 (3) 15 5]
XOD #HF,,

Y =7.02X +0.66 = (D
A,—A, —-0.66
=2 L 2
7.02xt A @
E,-E,
I=—=—"x100 2 (3)

KA, Y NARAERRZRTE 295 nm BUWGEE, X R
FRIG YR BE, BA7 A mmol/L, 7.02 Fil 0.66 77 T2 K 1
FH0 E AU XOD BEEME, B U/L, A, IV T
MIMGAE, Ay AN S FROGAE, 1 A, WG ITXT
R FARSTE], BAA7 2R min; T AGFR XODRBHEINHIZE, B
N %, By ARAMFLATSHE, B, SHbRHEFLIIERE o
1.2.8 ARG S 208 Huang 85U 7538647
AR TS F7 IR, K HK2 AN HEK-293T 4 AL EE
SRy 2x10* /4L, FHICILTE 15 37 3220 F 96 FLA
37 °C fEIEXEFE 24 h, 24 h 57 L35, JH PBS &k
VEWUR, IIAEA 2500 eI g 7 373E 37 °C fHigss
% 24 h, BFFLINIA MTT(5 mg/mL)¥%UE 20 uL, 37 °C
EEHEIFE 4 h, 7 175, BFLINA 200 uL DMSO, =%
15 min {R4), 7€ 492 nm AN SCEE PP ARG ) o
1.2.9 PRERHEMAMIE S I IRIRHE A0 AR 75 2
HEPINAT RN A0S S 78550 . R TR HARxE
1248 3 /R 19 HK2 F1 HEK-293T 4 fift I %% 21 Jify
HeEE Ky 20 J54~/mL, [3] 60 mm FEFEML A2 A 5 mL
BY 100 J5A~/10L, 37 °C fH IR HE 3% 24 he K40 i 5y
g TE 2 . AR TRIZH (200 mg/L UA) | A 1 BH P %)
HE 2H (200 mg/L UA+5 pmol/L Ben) . &5 7] & [0 74
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X R 2H (200 mg/L UA+10 umol/L Ben) . {IK5] & 2H
(200 mg/L UA+1 pmol/L Oxy). A5 5&4H (200 mg/L
UA+5 pmol/L Oxy) . & 5fll & 20 (200 mg/L UA+
10 pumol/L Oxy), J%55% 24 h J5 W 4E IR PR R &
i, WA A P A T SR BRI S5
1.2.10 R FRHEMGE S 2 BRIMEE 1Y
SEUG T VR TAN M I PRIR S A . BEIRgE S
A HK2 41 375 &, 150 FH PR & E Al iaiv) ik
ATPRIG & EAN, PRI & H s Sr RIAI . SRR IESL S
HERE, A5G T FH AR 2805
1.2.11 B S ZEER ik (western blot) 3256 #£ M UE
£ BB LIE W AR, IEE 2 L FEAIZH (200 mg/L
UA) . =550 FHPEXT B8 2H (200 mg/L UA+10 pwmol/L
Ben) . *F5I|H4H (200 mg/L UA+5 pmol/L Oxy) . 1=
7 E 2 (200 mg/L UA+10 pmol/L Oxy) 45 . BT
PRERHERE 7000 BRG] S 2H PR HE R ) 4522,
Rl ige e | =7l g T western blot S256

A e REERIE AR IR R FE IR E-BCA &
HE-FR PRI RE-FR VK-SR A2 R . R TR K 57
L Y 4 i R PR R 2% b R S MR (PBS) TIE Y 2 i,
S 150 uL #=5%% RIPA 24/ (55 2% 25 B
3] . 1%PMSF . 1%cocktail), yK_[-Z4f# 30 min, 4 °C
B0, AE B3 T80 °C VK415 47 . BCA &t
BCA & B 50 & 2, s e
FEEHIRE: B FAER 30 pg, IRIBE N 5x RS rh
WA 41 BEATRIARE . TRAT BRI 95 C &8
% 10 min, fREES R =AW _LAEZEF-80 °C ¥k
FEARTE o LUK BCH 8% 43 B8 IS F 4% M 475 IS il &
— 1, FRIT EAEUEITHLUK . FERE: Ko B S S
%) PVDF B0, AL BRI TR . fh2s 2.
P& E AN PYDF B 5% Bils w5kt b s
HREA 1 h, Al IxTBST BB 3 K. #i—PL, 4 C %
PRIEE 16 he M—%L, A 1<xTBST PEME 3 Ik, =
PUEEMFE 1 h, IxTBST BEAR 3 k. #H7fbs k0
52, LA GAPDH X R&, F Image J A1 T K
53T
1.3 B

SKH SPSS 17.0 FAFEAT 24T [ P (E+
FrufEZE (mean+SEM ), one-way ANOVA], *P<0.05 K
2 WA, **P<0.01 25U W I3, **+*P<0.001
A ZE S B3 . i) GraphPad Prism 8.0.2 X SZIG
Bym it s nl A ab B . f#TFH Adobe Illustrator #£47
KB G . B ESE 3 K.
2 HBRESH
2.1 RMBEY SRS RS MR R 8 m IFiE

ik TCMSP “F 5 & FJz ik &4, FLRHL
F| 269 4Tt pl oy, LAk i S MR AT A A
29 Aoy BEAT G 2 L (MR 1, 1 WA I E I
https://www.spgykj.com/SCE I L5 R , 38 1 Swis-
sADME - & fiffi & J5 £5- 3] 16 Fh S 075 24 il 43 Ino-

phyllum E(ZLJESE(FF) NHE) . Moracin B(ZR 2
B) . Moracin C(Z2£2 C) . Moracin D(FR¥% D).
Moracin E( 5 2 & E) . Moracin F(F& ¥ 2% F) .
Moracin G(Z& 3% G) . Moracin H(ZE¥E H) .| 4-
Prenylresveratrol. Oxysanguinarine( 5 1k 1L 43 §ii ) .
Quercetin(MpHZ 2 ) . Kaempferol (1LIZ3H}) | Iristectori-
genin A( B R ! ¥ & A) . Norartocarpetin, Tetram-
ethoxyluteolin, Skimmin(8CD) (/) . Bf 16 Fif
R S35 A SwissTarget Prediction %8 3 7 H: 3K 15
860 X N H A, K H A IFE1FE] 383 I EE . LU
“hyperuricemia” b IA]1E GeneCards 2522 H 3k
BRI 1384 -AH P #L AL, 7E OMIM s 22 Hh 3R
HZ A 3 AR R 25, 7E Disgenet 03 28 HH 3R HX
F| 16 DAHERH S . A 3 DER RS A
FHEFISF] 1387 LN .
2.2 RAM-SRERMELREFE ST PPI MLEHE
FEEE IR 2.1 v S RO 3 RSy DR R 11RE AH 2
S ARG, 26 Venn B (F 1A), 215
F| 80 A H S (M 2, TE LA PI'E M https://
www.spgykj.com/CFE YRR ) . ifiid CentiScape
2.2 T. H. L) Degree. Closeness Fll Betweenness FJ [
{HBETT ATHRAL 53T, PN 80 RS HE I o5 v i ade HE A% 0
S (E 1B), S 593 15 M0 (E 10), H
IR PPL IEI(B] 1D)RIHN, GAPDH . TNF . PPARG .
CASP3 . ESRI . PTGS2 Z5¥L {3 AEIR)Y 5 PRI ILAE
BCUPAETE G E R, A O S F B DLER 1, Hop 3-8k
1igs H I A S ( GAPDH ) JEHHTE R 1845 1Y) S B T
GAPDH 350 i 7 i A PR 55 e 5 il 41k
NSRS 55 RIE ICAE (HUA) 19 &R L™ o, fip

303 80 1307

Mulberry leaf
component target

Hyperuricemia
targets

DPP4 CASP3  PARPI LCK MA0A MDM?2

ESRI INF  PTGS2 GAPDH XDH INF PPARG ABCG2
GAPDH caspP3
HPRTI PPARG MDM2 AGTRI HPRTI DPP4
ESR1
XDH  ABCG2 MAOA gzesz LeK

AGTRI
P 1 SR BRI I M [ S A R A% O e 1
Fig.1 Screening of common targets and core targets
of mulberry leaves-hyperuricemia
TE: A F - R R MUAE S AR HE K3 Venn [&]; B: SEHIAYT
PRIR AT ) PP 26 1515 C: Z2 AT i R MLAE A AZ O
Fl; D: AT iR PRIR MLAE A% FL AT PP A



B 478 % 11

WRA 5 BT MG AAS N R IR ISR T SRS R AR IR IMUAE A AL - 437 -

F 1 RMIAYT 8 IRER IAEAZ O 5 R
Table 1 Information on core targets of mulberry leaves

in the treatment of hyperuricemia

LI 5] WEASK EX(EN
GAPDH 3-Mh AR H i NG St 59
TNF i Rg SR BE R 44
ESRI WM R Z 1R 1 41
CASP3 P bk 2 MR R 1 -3 40
PPARG Tt AL T A S B DG B2 Ay 33
PTGS2 LILERTA IR 2R G/H A 2 32
PARPI LR ADPEHER A Tl 32
MDM?2 BB A2 29
XDH B NS S 21
ABCG2 ATPA G AR I GRE IG5 2 18
AGTRI BR80T 16
MAOA H A AL A 16
HPRTI IR IS T A R SL L RS it 1 16
DPP4 IR fRG-4 15
LCK SreSR I s 2 Wt 15

JEIRTE N F (TNF) AE S SN AR IR 2 v &2 44 5
FAEH, TNF 18 ik NF-xB #0% 72 42 NLRP3 3L R %
SN 5 B T JORE FE3, 0 vEr PR IR IR P 2E AR
PTGS2 W [FIFEZ 5 0E I W, il 2 8 #5 KF-«B i@
. ROS/INK {551 TNF-a 3K 8 URAT1 FIGLUT9
eIk T ABCG2 Kk, i AR P R IR /K- T itk
T SFEGE PRIR IMAENS . CASP3 BFEHE A 4 Sy afhk
R EEILE, R AN T R, S 2R
HLHIAESE, FIA O A SR EIER] CASP3 ., BCL2 4%
JHTAH AR I REASHE 6] ERK /2 {5 518 B4l B /)N
A T AR IE T A BTG e PR IR IRE 55 5 1 B 403

ESR1 JLH 22 5 AR g A iR JEREAH ¢, ESRI
n[£ 5 MAPK DU PI3K/Akt {R&#EPY, PPARG
DR o B R G A 23 A AR PRI . HEFFAE | I8
GiE . SRR AERE AL A, A WFSRIR L PPARG
9 B R 7 08 PR HE SR 2 5 PRR IMURE™
2 B ATIR, B RS R RT 6 N AT S 5P
WAL SIS PR L . SORE RN L PR i iE
R R, VLR M E RO BT 20T 2R
YHIYI 75 PRIR INUAE o
23 REHD GO EENTE KEGG BEEE S
4 220G RO AR YT B PRER IMURE 1Y) 80 & AE
ST GO ST LA E IS TENLTI, 53] 475
2% GO Uik ¥, Hirb 321 455 BP HI K. 46 &5
CC FHK. 108 455 MF AHC, # L FEER LU 350451
(Enrichment) B P HEFFRBUE 24017 10 25 H k47
AIRARALER(E 2) . AN BP 34T, Sl 2 i 2 5%
HNJEAERIE Y 52 )% (response to xenobiotic stimulus) .
RNA R& Wi 5% 04 1IE 1 8 5 (positive regulation of
transcription by RNA polymerase Il 1 negative regu-
lation of transcription by RNA polymerase II ). #HT=
SRR N H A YT (apoptotic process Fll negative regula-
tion of apoptotic process) L M HE PN )z i 1E #1445 (posi-
tive regulation of gene expression) &4 WA FRIGY T i
PREZIMAE . M CC &4 HT AT & R HIEIT 5 IR IR
ITLE PR A 32 B 5 A FE 4 i B 3L 5T (cytosol) . 41
M5 (plasma membrane) . 4 L) (cytoplasm) . 4 g
1% (nucleus ) LA S 40 {1 71 3E i1 (extracellular exosome)
E. M MF E8500rn] DIE H R 0HEY T & PR R MURE
VETEST T D18 2 = FE AL 1 i 45 & (protein bind-

A response to xenobiotic stimulus e B cytosol{ @
chromatin remodeling 710g10(P va]ue) plasma membrane{ @ 710g]o(P Value)
positive regulation of transcription, . O P
by RNA polymerase 11 llg cytoplasm1 ® g
signal transduction 3 nucleus 1
posmve. regulat.lon ofcell 4 membrane 3
population proliferation 2
negative regulation of apoptotic process nucleoplasm o
to h; i Count t 1lul L) Count
response to hypoxia . extracellular exosome
P VP 10.0 20
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Fig.2 GO analysis and KEGG pathway enrichment analysis of mulberry leaf treatment for hyperuricemia
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Table 2 Information related to KEGG pathway enrichment analysis
A% AR AHICEEH [ZE 5
MGAM, AHCY, MAOA, GAA, ADK, AKRIB1, PYGL, COMT, TYMS, PTGS2,
hsa01100 Metabolic pathways PIK3CG, CYP17A1, DHFR, PNP, ALDH?2, CYP11B2, CA2, IMPDH2, CD38, HPRTI, 23

GAPDH, XDH, ADA

ALK, HDACI, PTGS2, ESRI, IGFIR, CCNA2, MAPKS, CDK6, CDK4, CASP3, MDM?2,

hsa05200 Pathways in cancer ABLI, AGTRI, BIRCS, MAPK1, PPARG, JAK2, JAK] 18
hsa05417 Lipid and atherosclerosis HSPAS, XBP1, MAPKS, VCAMI, CASP3, MMP3, MAPK1, PPARG, JAK2, SELE, TNF, ICAM]1 12
hsa05l67  aposisarcoma-associated MAPKS, CDK6, SYK, CDK4, CASP3, MAPK1, JAK2, PTGS2, PIK3CG, JAKI, ICAM] 11
herpesvirus infection
hsa05169  Epstein-Barr virus infection CCNA2, MAPKS, CDKG6, SYK, HDACI, CDK4, CASP3, MDM2, TNF, JAK1, ICAMI 11
hsa05203 Viral carcinogenesis CCNA2, CDK6, SYK, HDACI1, CDK4, CASP3, MDM?2, CDK1, MAPK1,JAKI, HDAC7 11
hsa04151  PI3K-Akt signaling pathway CDKG6, SYK, CDK4, MDM2, KDR, MAPK1, JAK2, PIK3CG, JAKI, IGFIR, MCL1 11
AGE-RAGE signaling path
hsa04933 ERALE SIgNATng patiway MAPKS, VCAMI, CDK4, CASP3, AGTRI, MAPK1, JAK2, SELE, TNF, ICAMI 10
in diabetic complications
H illomavi
hsa05165 umanir‘ffaepclﬁs;nawms CCNA2, CDKG6, HDAC1, CDK4, CASP3, MDM2, MAPK1, PTGS2, TNF, JAKI 10
hsa04668 TNF signaling pathway MAPKS, VCAMI, CASP3, MMP3, MAPK1, PTGS2, SELE, TNF, ICAM] 9
hsa04110 Cell cycle CCNA2, CDK7, CDK6, CCNH, HDAC1, CDK4, MDM2, CDK1, ABLI 9
hsa05145 Toxoplasmosis HSPAS, MAPKS, CASP3, MAPK1, JAK2, TNF, PIK3CG, JAK1 8
hsa05161 Hepatitis B CCNA2, MAPKS, CASP3, MAPK1, BIRCS, JAK2, TNF, JAK1 8
hsa05164 Influenza A CDKG6, CDK4, CASP3, MAPK1, JAK2, TNF, JAK1, ICAM1 3
hsa05152 Tuberculosis MAPKS, SYK, CASP3, TLR9, MAPK1, JAK2, TNF, JAK] 3
Human T-cell leukemia virus 1
hsa05166 infection CCNA2, MAPKS, CDK4, LCK, MAPK1, TNF, JAKI, ICAM1 3
Human cytomegalovirus

hsa05163 infection CDKG6, CDK4, CASP3, MDM2, MAPK1, PTGS2, TNF, JAK1 3
hsa05206 MicroRNAs in cancer CDK6, HDACI, CASP3, MDM?2, ABL1, MAPKI, PTGS2, MCL1 8
hsa01232 Nucleotide metabolism PNP, IMPDH2, ADK, HPRTI, TYMS, XDH, ADA 7
hsa04064 NF-«B signaling pathway VCAM1, SYK, PARPI, LCK, PTGS2, TNF, ICAM1
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Kaempferol hsa05163
Inophyllum E Moracin B 1205200 hsa01100
Moracin © Oxysanguinarine hsa05206 hsa05166
hsa05417 hsa05152
Moracin E Skimmin (8C1)
hsa01232 hsa05164
Moracin H Mulberry Moracin G hsa05167 4 hsa05161
leaves Hypefiifitemia
Tetramethoxyluteolin Moracin F hisad064 hsa05145
hsa05169 hsa04110
Iristectorigenin e
A ) hsa05203 hsa04668
quercetin  Norartocarpetin hsad151  hsa05165
Moracin D hsa04933

AR MMP7 IGFBPS PRKCE LIMKI ROCK2 PsmMBs YCAMI MAPKI  JAK2  COMT MAOA

KAT2B  ERBB2  INSR ~ DRD2 = CCNAI  MYLK = NUaki  SELE  MCLI . MDM2 CYPIIB2 | CASP3

ADORAI TNKS ~ TKI  CLKI IGFBP4 PSEN2 Hspi73  DHFR  INF  ESRI  ALDH2 HSPAS

HRH3 KDMSA . TYR - HKI  BACEl . CAPNI ' BRAF . PIK3CG HDACI "AKRIBI ' TYMS | ADA
HSP9OBI FNTB  MGLL  KIT  PIK3CB CCNTI  DRpl @44  XBPI  IGFIR (D38  PPARG
MIF  APHIA NOS2  HPGD FGFRI PSENI GABRp3 CYPI7Al  CA2 PYGL  CDK7 IMPDH2
DYRKIB  NAAA CAMK2B. MAPKY — GLOI ~CHRMI ADRA24 PARPI  KDR  LCK MMP3 _BIRCS
HCRTR? CMAI HSDI7B2 CASA ~ FUCAI MAPKI4 HDAcll GAPDH MGAM  CDK6  _ JAKI . PNP
GRIN2B HSDI7BI  AHR TEK  PGKI MMPI3  IL2 4BLI | AHCY  ADK . CCNH | TLR9
RPS6KBI TNKS? ESR2 ~ CA4  SCN9A PIK3CA IKBKB AGTRI HDAC7  PTGS2 | CDKI ALK
MPEGI HDAC6 IGFBP6 TUBBI  P2RX3 MAPKI0. DUSP3 ~ SYK  ICAMI  HPRTI CCNA2 MAPK$
CFTR  MAPT SLC541  MET CSNK241 NPYSR ACHE  CDK4  XDH
HIR7  IRAKS  PGR  SLC6A2 AKRICI PREP GPRI3 HDACS SLC9A1 MTOR DTYMK HK2
AKTI  CXCRI CCNB3 BACE2? ~ GRKI ~GABRA2 TGFBRI PPIA HSP90AAI SRC ~ CTSB  PTPN2
F2  EPHBS KDMSB EDNRA NEK2 KCNJ6 CCNE?  PIM3 ~ CDC25A CHRNA7 CYPIBI P2RX7
TBKI ~ TOPI ~ PIM? TRPVI CCNB2 PIK3CD ESRRB ~SCN4A CHEKI CCKBR ACVRLI AVPR2
GPR3S  CASB  AURKB HPGDS OPRDI PKNI  FLTI KCNJS SIPR3 PIK3RI CTSV  CDK9
RAFI  HDACY9 STKI7B CRHRI HSP90ABI ABCG2 PFKFB3 HIRG DAPKI ~TYMP  NQO2 PDE4D
PLG  DDAHI CDKSRI PIMI SREBF2? PTGSI PIPRC MAPKII ESRRA  CA7  TAOKI HCAR2
CHRM3 ~ CAI3  CHRM2 ADAMI7 SLC22412 PLA2G2A GRK2 ~ GRMI _HDAC4 ~NEK6 IGFBPI ROCKI
CYPI9AI PTK2 ARGl DRDY (DA GSK3B PIPRS  FAP ADORA3 ALOXI2MAPKAPK2 MKNK2
DAO  KCNAS NOX4 KCNH2 PLA2GIB HDAC3 CDK2  AXL  DPP{  CA9  PIPNI  CLK3
THRB  ALOXS ~PLKI SLC3341 AKRIAI MPO  MKNKI SLCIA3 PSENEN AMYIA MAOB HTR2A
KCNA3  MMPS ~ BMPI  AKRIC2 TBXASI PTAFR CYP26Al FNTA ELANE IDHI ~ CA3  CAl4
LIPG  ABCCI EGFR  CESI ~CCNC KDM4E  FI0  AKRIC/ QPCT — GRK6 AKRIBIO CSFIR
CCNBI  AKRIC3 NAEI ADORA2B HDACI0 CDC25B LTBIR PGGTIE MANBA KIFIl APHIB  CAI2
CLK2  CDC7  CA6  TERT MMPI GABRG2 PONI ~ MPG  HSPAS DUT  MMP2 MMPI2
ABCBI  VCP  TOP24 GCGR ~CASP7 CCNEI ~ STS  CBRI  JAK3 ~EPHX? GBA  TNK2
0GA  PDKI KCNJ3 NR3C2 NR3CI TRPAI APEXI ~CES?  FAAH  CLK4 UQCRB MTNRIB
NCOR?  DCK  MMP9 ALOXIS TTR  GRINI ~CDKS HSDIIBI WEEI ~TSPO  NEKI  APP
NCSIN €Al EzH?  EZR  GRMS PDESA ERNI AURKA IGFBP3 HDACS CDKs  SCD
FLT3  PDEICA IKBKE IGFBP? ADORA2A HTR2C CYPIIBI PRFI HCRTRI PDE4B  CTSL  EGLNI
PPARA  CCNDI
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Fig.3 Network diagram of "component-target-disease-path-
way" for mulberry leaf treatment of hyperuricemia

TE: E b =008 Ry F RN 24 95 2208 R & 2475
WG IR v PR ILAE & SE T 20 38 H; J5TE ig Aef e, 3
rhRS £ R B i B S R L G WSS SRR A

PR, =58 RIR MUAE 1 & P27 PTGS2 FEZFh 4R

AE S W P AAAEVRFEAE L, 8t pS3/SLCT7ALL {5548
A A AT R 2 A B T8, —Ihifroy ik

FRTE R PRIR MLRE /N B PTGS2 29, 2/ U
G5 & ) FZER R P, A AR Th R PTGS2 W
EE XA, i CASP8 Al CD274 1Y) mRNA ik
BEEMRTXTREZH ). KEGG &2/ HT 20 453,
S RE 14342 (Pathways in cancer) #1555 sl Jk s A A

AkiE % (Lipid and atherosclerosis ) &R# & PPARG (3
FALY BTG TS 24 p) FE A, B RV IR T
AT L %) ZR AU N e S N Y SRR L A, e S

FEAPTERE FAIH PPARG 1 PERE M5 EAPT
I vk 2D B /N A5 PR 1 B R WAL, 2 T A ALK I YR PR R UK

SEBU L PI3K-Akt 1558 % (PI3K-Akt signaling path-
way ) TEARHE B /NE - B2 a9 ot ¥ [R1 R, I8 58
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FHAPT, 08 50 80843 % B D A RN Bl A AH BLAE
FHE & WL E 4 AR 13 WA 1B M https:/
www.spgykj.com/3C B [ [ 2% il ) o« EL A7 Quercetin
5 GAPDH B 454 fig 15 #]—10.2 kcal/mol, Moracin
D 5 TNF 145 & fE ik | —8.4 kcal/mol, Inophyllum
E 5 PPARG W44 HEiAH)-9.7 keal/mol. TEL5HLSF
Mt & B, Oxysanguinarine 435154204085 H HH AY
ESR1, CASP3., PTGS2 1 H J1 s, REIE it SVt
YEFI ), 454 HEIAF-8.9. —9.8 F1-10.3 keal/mol., X
FPEEAE 1045 & 1EFHJ& B T Oxysanguinarine FY¥5%
HANR AL S ESR1 BB A 45 5 Bl P i 5k 2k ARG-
515 Fll LYS-520 JE il S8, 55 ¥R 5 ESR1 Z [AlAF
FE pi-pi fEFH. Oxysanguinarine fJ¥3£3E M5 CASP3
A1 PTGS2 43 5 7E TYR-197 1 GLN-327 J& iy & ikt
FaE g5+, H Oxysanguinarine 5 PTGS2 JE il &
Ja e IR A VRTR I ES &« IR TFIEIfE
JH 77, %T4EFF Oxysanguinarine S5 #0845 & AU E
FEL OB E o

K3 RHEAYS LS A 7T XHESS 5 BE (keal/mol)
Table 3 Molecular docking binding energy of mulberry leaf
compounds with key targets (kcal/mol)

&Y GAPDH TNF ESR1 CASP3 PPARG PTGS2

Inophyllum E -10.1 -83 88 9.7 -9.7 —-10.2
Moracin B =77 —-6.0 -7.0 -7.0 —6.6 -8.9
Moracin C -97 -74 -74 8.0 =72  -10.1
Moracin D -93 -84 -82 -84 -8.3 -9.4
Moracin E -82 76 -79 85 -8.1 -9.1
Moracin F -86 7.1 -73 75 -7.1 -85
Moracin G =77 -714 -84 85 -7.8 —8.6
Moracin H =17 -15 -18 -7.6 1.6 -9.3

4-Prenylresveratrol -89 =70 -76 75 -6.9 -9.0
Oxysanguinarine -9.1 -8.1 -89 -9.8 -8.4 -10.3
Quercetin -102 -7.7 -75 78 -7.8 -8.7
Kaempferol 92 -76 -76 74 7.6 -9.1
Iristectorigenin A -88 7.1 -78 78 —6.8 -8.6
Norartocarpetin -100 -74 -73 75 —7.6 -9.2
Tetramethoxyluteolin  —8.8 7.5 -74 82 -7.0 -8.7
Skimmin (8CI) -9.7 -70 -83 74 -7.3 -8.6
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Fig.4 Molecular docking pattern diagram of mulberry leaf
compounds and key target
7E: A. Quercetin 5 GAPDH #fE: % #: ¥4 ; B. Moracin D 5
TNF LT 344 ; C. Oxysanguinarine 5 ESR1 ffE X} 44
2. D. Oxysanguinarine 5 CASP3 s fEXT % E. Inophyl-
lum E 5 PPARG fxfEXT #:#4; F. Oxysanguinarine 5 PT-
GS2 FefEn et 4.
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il XOD W& M i BE J7, 36T i IRER IAE 1 P TE
25
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PR HEMAS B J2 5 PRI IUAE A9 3222 R R AL,
PR A Oxy Xt 4 s R IR i HEME BE 77, FH UA 5=
HK-2 40 gE1 7 PRI HEME . o HERR 259X 41 j i 5
PEVER, SR MTT dEA I 40 MG 71 A&l 6 AT,
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Fig.5 Oxysangnanine inhibits XOD activity in vitro
: A. Oxy X XOD 1 H5ZM; B. Oxy X XOD [yl #; C.
Allopurinol Xf XOD i1 (%1 ; D. Allopurinol % XOD f17
il *5 Con A, *P<0.05, **P<0.01, ***P<0.001

5 DMSO HAH b, A87R T [ F Oxy FEHLEE 0.5, 1.
2.5.5. 10 umol/L B, Xt HK-2 4H fifg Jo &4, DA b vk
$£ 5. 10 pmoVL HFA TS L2550 . Wl 7A iR, Oxy
HEXG N HK-2 4 FI i UA &L, H YRR
F] 10 pmol/L B 4H e _[ i v UA SR AATERK i
Z 225 (P<0.001) . [EIF Ben /&4 BEE X B8 A [H]
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Fig.6 Effects of different concentrations of Ben and Oxy
on the activity of HK-2 cells
1 *5 DMSO #f L, *P<0.05, **P<0.01, ***P<0.001
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Fig.8 Effects of different concentrations of Ben and Oxy
on the activity of HEK-293T cells
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