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Abstract

To investigate the potential mechanism of licorice and sour jujube seed in treating insomnia characterized by
difficulty in initiating sleep, based on network pharmacology and molecular docking. Methods: Potential ac-
tive components of licorice and sour jujube seed and related targets were selected from TCMSP database. Sleep
disturbance, difficulty in initiating sleep, and insomnia-related targets were screened from the GeneCards,
TTD, and OMIM databases, with intersections derived as disease related targets. The Venn diagram of the
active component targets and disease related targets was drawn using the R language software to obtain
shared targets among traditional Chinese medicine active components and diseases. The “Medicine-Active
Component-Disease-Shared Target” network was built using Cytoscape and shared targets were uploaded to
the STRING database to obtain a PPI network interaction data. Key functional targets were analyzed by Cy-
toscape. GO functional and KEGG pathway enrichment analysis were conducted using the DAVID database
and R language. Molecular docking verification was performed for the core components and key targets. Fi-
nally,A total of 100 active components of licorice and sour jujube seed were found with 184 related targets.
There were 50 potential targets for the treatment of insomnia characterized by difficulty initiating sleep, in-
volving 336 biological processes, 39 cellular components, 54 molecular functions, and 128 signaling pathways.
Core active components such as eugenol, vestitol, naringenin, and 7-methoxy-2-methylisoflavone, and key tar-
gets such as TNF, TP53, IL6, AKT1, IL1B and multiple signaling pathways including lipid and atherosclerosis,
pathogenesis of cancer, and fluid shear stress and atherosclerosis were identified.By exploring the potential
mechanism of licorice and sour jujube seed in treating insomnia characterized by difficulty in initiating sleep

based on network pharmacology and molecular docking, this study provides a reference for further studies.

Keywords: initiating sleep insomnia; Licorice; Ziziphi Spinosae Semen; network pharmacology; molecular dock-

ing; mechanisms

155

SRHRR — iR 22 AR R IR BT B W AIREARFE RS 0R, T HRINE AT 20 e DANIERY,  FHRE DAZE R
R, rREESRIN N, MR HE R IR R AR K 2], 48 (2023 4F A E@ BERERR (1 2 B) Geit, ki
£ 60.4% HIAIRZZIMEIRFERF RN DL, KRR EER, EXMELEFFVOE, #52, SBEEET
R, WAL, SRR, BEPREHIMRESEORA L L, (BRI HREE—ERE ERMAIRER, K
WIS EVFZ R R, CIZIAARIKE RRE, REEHIES 3,

53


https://orcid.org/0000-0001-5910-8698
mailto:hanchi.ren@swansea.ac.uk

ACD
BAREFR ASF

HE, B2—MEAEY), BERMHERE, B THMZGIERIIR. iR, BEhEESHUmERE, =
W, FEZREEZMESY, BAWERI. s, RIFMGEETEER o, AR RARHEYIRE
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2.1 WARE TR SRR R

DL “HE” f1 “BREMZ” mkeRiE, FHE OARFIFHE (oral bioavailability, OB) >30%; 2X241% (drug-like
properties, DL) >0.18, {EFRZ5RGILFLAEIEES Hr°F5 (TCMSP, https://old.tcmsp-e.com/tcmsp.php) f
BATIER, KRG HEMRA ARSI FIEE S A,

2.2 PRI

53 HIPA “insomnia”, “sleep disorders” 1 “initiating sleep insomni” K& A, 16 N FREEKEHEZE (GeneCards,
https://www.genecards.org/) « 16J7 ¥E s EHEZE (TTD, https://db.idrblab.net/ttd/) FITELRe A\ 3 da fl/RIsE EIE
(OMIM, https://www.omim.org/) FGER5IHR, MERRFERS AT ARE R XEME SCHUBRIE R, TER NS IR RS
AR TR S, BRI IRGHE R R, XN RIRRISHIPREE RBER 8., DAZRTS A PRI XE A SRR A AH OB
m, HAIH R 24 Venn &,

2.3 WE-TTERRIT-BR- LA R PSS B PPT & A i

A R ARG H R AYTE M RCE T RS O R R AL SR HE 22 Venn Bl Al Cytoscape X
fF, A 2GRN AR Mg, FETRO LAY

N EILE R E A B AR PPI M2, RSB S A STRING #E/E (https://string-db.org/) , FRIEVIFIK
AN, BIEFHBIEN 0.900, HARSERFEONZE, & PPI MR T A Cytoscape Y, 18/ Network
Analysis ffFIRERAT MY, FETIRINZSECT SR AL EIE AT RERTSCHERE

2.4 HAHENK GO WRENL KEGG Jli & 470

X A TE TR - PR - B R ISR R U, EBGEMERL AT 5 25 PP 48 AT R R
i 5 A AR B RO T TN AR, 2R HENUIN D FAEYEEEGEE (PubChem, https://pubchem.ncbi.n
Im.nih.gov/) FIEHEFEZE (PDB, https://www.rcsb.org/) NEALEYIR 2D 545 DAL H Y 3D &84, FHH
HF A Discovery studio 2019 #1, A Libdock BT+ X 4%,

3 &5

3.1 HE RMRA I PERR 7 B H A RTHEAS

28 TCMSP Bila R Rt RE G RS 101 NEMERy, HAPFRETHE 21, KETRE 9 D, RFRARIL
FEEIAHSCHE A 7 Uniprot AR FEHTRIE R ESG, SRR IERNST 100 1, PEECEAESCE R
184 1
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Figurel. Intersection target Venn diagram
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Figure2. Network diagram of traditional Chinese medicine active ingredients diseases common targets

3.2 FEHOCHE K

HIF GeneCards, OMIM 1 TTD ¥IEFEK R, HE 5 HGE| MRS SCHE X 8810 1, A M PRI XfEAH SCHE i
1565 MFIFHRME ST £ 6598 1, RIS S 604 1, WE1 (A),

3.3 HE4-IG TR IS B s 2 A S B

Xof SRS 2 B H BB AT M A o0 1 R S O A S U 5., RIS H R RN IR T 7 A B [ 7
RURIRAITETEE R B 50 1, FEFIA R &4l Venn B, WE 1 (B). FIA Cytoscape ¥, i “Hrey-iEtk
JRIP-BIR-HAARE T WL, FERL oy, ZMEEIE 222 DR, 1115 5598, 1E 100 M e, 9
FRUEEEHERT 20 ALAYTEMER > A LR T (Kaempferol), 4EHTfAZR (Vestitol). filifZZ3R (Naringenin), 7-F$
B2-HER B (7-Methoxy-2-methyl isoflavone) %%, L% 1,

2 1. AR 5 2 e
Tablel. Top 20 active ingredients with node degree values in the “Traditional Chinese Medicine Active Ingredients

Disease Common Target Network” network

5+ 1D TEMER Y T REE
MOLO000422  Kaempferol (LLIZSH) 47
MOL000500  Vestitol (4EHT{KZ) 31
MOL004328  Naringenin (ffi{Z 3) 31
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MOL003896 7-Methoxy-2-methyl isoflavone (7- 30
PR S k- 2- FRRL S B )

MOL000392 Formononetin (TSAN{EER) 26

MOL000497  Licochalcone a (HE#A /R A) 25

MOL004978 2-[(3R)-8,8-dimethyl-3,4-dihydro- 23
2H-pyrano[6,5-f] chromen-3-yl]-5-
methoxyphenol (7&)

MOL004891 Shinpterocarpin (FrERH) 23

MOL004835  Glypallichalcone (H ¥ #id) 21

MOL005003 Licoagrocarpin (#jfE 1) 21

MOL004974  3’-Methoxyglabridin (3’ -F&EHE 20
HEE)

MOL004957 HMO (7t) 19

MOL004966 3’-Hydroxy-4"-O-Methylglabridin 19
(3'- ¥4 -O-FE M &R H)

MOL004959 1-Methoxyphaseollidin (1-FF & & 19
KER)

MOL004908 Glabridin (OEHEE) 19

MOL004991 7-Acetoxy-2-methylisoflavone (7-& 17
it ek -2- FH L S T )

MOL004833 Phaseolinisoflavan (K. FH &) 17

MOL005007  Glyasperins M (FlEHHE M) 16

MOL004815 (E)-1-(2,4-dihydroxyphenyl)- 15
3-(2,2-dimethylchromen-6-yl)
prop-2-en-1-one (JC)

MOL004820 Kanzonols W (JERHEH W) 15

3.4 A PPI ML 5 b

HIH STRING #& %A1 Cytoscape #4% PPI W48, £55R WA 2, % PPIMZEHEA 36 19 L 100 5514, Hr, i
IR, TRV SO R ER AV, Cytoscape BAFHR, AT iiE S 21T SUEEM P AL
{BEHERT 10 A2 AR A, BFEIEIRSERF (Tumor necrosis factor). AR R p53 (Cellular tumor antigen
p53). HAMIT3R-6 (Interleukin-6). RAC-n Z% IR /73R FRE L (RAC-alpha serine/threonine-protein

kinase). HAfI/M3=R-1p (Interleukin-1 beta) =, FEIHULE 2,
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Table2. Top 10 common targets for node centrality and intermediary centrality values in PPI networks

PEREER R RRR TREE PAHOEE
TNF Tumor necrosis factor 15 0.3244
TP53 Cellular tumor antigen p53 13 0.2798
IL6 Interleukin-6 12 0.0616
AKT1 RAC-alpha serine/threonine-protein kinase 12 0.3115
IL1B Interleukin-1 beta 11 0.0419
CCL2 C-C motif chemokine 2 10 0.0608
CXCL8 Interleukin-8 9 0.0014
IFNG Interferon gamma 9 0.0014
BCL2 Apoptosis regulator Bcl-2 9 0.0872
MAPK3  Mitogen-activated protein kinase 3 9 0.0014

3.5 HAREMZN GO YIRENL KEGG il s 870

Xt 50 MHAHEFHT GO TREN KEGG B80T, AlSEIEYIdRE 336 1, diliEgHsr 39 D 73 FIhiE 54

MRASEIEM 128 2%, 7 HIBGET 10 NMFIET 20 MR E#TIL, SR E 4, B 5, GO YikE

BERITER

TR, AVEHETES RNA RE8 I B3 FHEFAERZE, ERFRANERSMNETERAER; 2706 E
BHEARSHAEARSG S, EHRERAEEER; MRHD E2FETREAER. IMIZRiAT,
KEGG M@ & RO R IR, HHEREEY MRS oL, BERZRIRE. AGE-RAGE 75

BB AERE PRIFH AE R BIERL. RS DI ) S EnpksAERE(e.,  Tanilim<E 2 /e S I8,

GO Enrich
]

GO term

20 3
Gene_Number

Bl 3. O GO BEE

Figure3. Core target GO enrichment map

3.6 7 AR IE

SrRINEE TR R - R R AT PPT MR T U EHERT 5 ORI A Y (LLEHE). 4
iR, MR E, 7-FEE-2-PERHEE, WNEE) S (TNF, TP53, IL6. AKT1, IL1B) #1715
T, WUFHAMAEEREYE, 4R0ERER 3, SGRER, 5 M RRIEAREARERS 5 0 A

B3, PR ETE Y A] REEIE VR T ik 5 NSRBI E
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Table3. Molecular docking of core components and key targets in traditional Chinese medicine

HEH PDB ID

EHELEY LibDockScore

TNF 7X9G

TP53 6MXY

IL6 7PHS

AKT1 7AP]

LLZR
MR 2R
HEHTAR
TEARAEER

109.637
103.026
93.0405
87.9114

7-FHEFL-2-F L 83.1675

i
LLZR
i
HEHTAR
TEARAEER

7-F S FE-2-FH 3

FEHA
LLZ=
il
HEHTAR
TEANAEER

80.1807
107.991
125.684

106.234
105.299
100.992
100.992

7-HEF-2-FHE  78.6778

FERA
Lz
L&
AEHTAR

84.8934
103.026
93.0405

Continued on next page
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WEH PDB ID EHEED LibDockScore
TEAE R 87.9114
7-F | H-2-F L 83.1675
S fi

IL1B 4X37 IS 84.7208
Tl B2 22 95.3359
YEHTA R 91.2248
TR 81.0472
7-H & H-2-F A 69.0159
B

4 g

FHRAE Ny — i WURASZ M0 52 B NTE R IME Z FHR R0, B AT\ R R R 5 2 B ) A AT v R S 42 R BA,
A RES MNP R, MNP IR EREL AR — 23R 58, DR REE R, AFFARIE “H-I81E s -1%
- AL” 28 HR T U (M B RNER R A R 2 5 MMETERIROTE MRS - (IR, MR, 4EHTA
R, TSR 7-HE & 2-F AR, LRTEMER S FRAERTRESN, BHE TR EY, KPR mh
AR EY); MREN _SERRNEY); 7-RAE2-FERET N REIMEY), MAETARE IR
P, TSWEEE THEEXYR, FETUTMEM—SEY T, (IR, MR, 40AE, SWMIERM
7-FEE-2-FEREY B AR, FiR. PiE. PURSBIER, MEESPRIMEAREIIE. R
R MR S 25 BRRUR . B R BN, (L2 AT DAE I #1) B WA S A SRR R I K SR I S b &ty IR
/NGB EEA T (18], Al Bz 25 [RIFE B A 01 S AL S AT AT B IR NF-xB/ BDNF 335K SLER A2 I 380/ N LA
TR N AR FEAA T VR (4], k4, Az ZE R DARIE GLIL, Ptch 3Rk, 0% SHH-GLI1 @RS &, 2
it BDNF, CREB fURIE, [KIATREEAS GRS g ROREMITh R 15,

PPI (2% Eor, HE-FRA(ZRIGEIEIE TNF, TP53, IL6. AKT1. IL1B 5§ 36 MNMETEAE A HE AU AR R MER S AR
RAFME . 254 10 S5ia e sy SR N U R IR AR R /N B PR 20 4 5 - 8 T X i I A g 4
T MBS, KM BT AKH A AH, AKT1 RERS(EHESS Rl T B MO TE A e AR 18, X
AL ORI MAP3SKS SEHE MR IEAMA T 2 5 2 Mg f2 17181, 241 [9] S RBICHR B
) AKTmRNA RIEEZE L, SEAKT fl p-AKT EERE & LT, RASHCTNF EIMEH S M,
WIZEMEESIEIS N E TNF f1_ETE AKT1 R35, O SeaiaiET:, (edkmeaR 2022, TP53 n] DA T K4
Prf, @I HIH] CLOCK-ARNTL/BMALI /S PER2 %62 80E KT, RN, A HFFRIESLHEIR R & 5 S
M I ARECR 2 AR 2], TL-6 fSERRRGFIER EXEE, 1L-6 RE IR SZ MM /b 85, #)
W= 28 C IR A P4, 7R, Al B SR TR L IR N TL-6, I S8RE i b (25271,

GO 1 KEGG BHE A& REMH, HE- RS CREL ZMAEYRENZ AESmBERSS R1EERN, W
FAYI AR E E RS A, AEFIENE. BREYE, BRI T, RN ATRES BRI S shiioRie
itk FERERIARIRTE, AGE-RAGE {5 SIEMIERE IRIG I ZEHIER . mRBTTIN )15 shkisremsifb., 15m
Wi 2 MG S B A R, 7 FARREERER, AMBTEROTEE R 5 5 NBTE OIS B ERIFNEE &
TEME, REALAEY., MR, AR, TOREEMN 7-H S IE-2- L B W n] GE 2 B 5B VA7 N IR
TR AR OGP 53
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