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Abstract

Objective: To explore the potential mechanism of Honeysuckle in improving type 2 diabetes mel-
litus (T2DM) based on network pharmacology and molecular docking. Methods: The effective
components and active targets of Honeysuckle were obtained by using the traditional Chinese
medicine systems pharmacology database and analysis platform (TCMSP). By comparing with the
human gene database (GeneCards), the core targets with therapeutic effect in Honeysuckle were
summarized. And the String10.5 was used to construct target interaction network. Cytoscape3.6.1
software was used to plot the component-target network and protein interaction network. Gene
Ontology (GO) analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrich-
ment analysis of the core targets were performed by using the David6.8 database. AutoDock-
Tools1.5.6 conducted molecular docking to verify the binding activity between key components
and core targets. Result: 17 active components, 204 active targets and 68 targets related to type 2
diabetes were obtained from Honeysuckle. Quercetin, Kaempferol, Luteolin, f-sitosterol and
Stigmasterol may be the main active components of Honeysuckle in improving T2DM. TNF, AKT1,
IL6, MAPK1 and VEGFA may be the key targets of treatment. HIF-1, TNF, PI3K-AKT and FoXO signal-
ing pathways may be related to the improvement of T2DM. The results of molecular docking
showed that the main active components were well combined with the key targets. Conclusions:
Network pharmacology and molecular docking play roles in exploring the potential mechanism of
Honeysuckle in improving T2DM, and provide theoretical reference for further research.

Keywords

Honeysuckle, Type 2 Diabetes Mellitus, Network Pharmacology, Molecular Docking, Target
Prediction, Signal Pathway

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

B PR (diabetes mellitus) & DAEPE & iU > = ZERFAE (AR ZER , $2 AL mT LAy 1 B AN 2 A
[1]. 2 ZKE)RI (Type 2 diabetes mellitus, T2DM) B A 2181 HEATHE. Fiith. 2 ERSR S, R 2k
BRI A S R R W AL[2]. HmE R AORE AR R . PRI, M F S I AR S,
JE A NGRS, S AT AT . BRI 2y « —HXUI” & T 0UINSE259n, SR 125
HEE T3] A0 B IR AN - & B [E #2125 1 2 (Sodium glucose cotransporter 2, SGLT-2) il 712
(1 A B DR R TE S B R R B 7 —Fh R SR AN B - R AT R U R S5 18 B Ay T I B AT AR —— IR T
[4]o FREHACTHE R IICE B E (FEHNE) . (R - AW PaEIHE: “IEES AN,
HEAS N, WA RE, FONEE” , I CWET A Bk, R CTHEE 7 — ik
R MEIRFE[5]. BREXHETHIRBAFEE WAL, MUG (FHHHNE) (GEFIR) FXTIHRITHRIR
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AR, T H SR O T BRI T B R A R B R SR A R [6]. R RAR B
RBRE )G, RFICRT (BEMFR) « TSR R ZEPEIR . P, ¥
W RESETTI[7] [8] [9]- F AT R G HRAEXS FRIKE . 235 2 BUBE PRPTH A BUF IRCR[10], (HX TRk
BRI TEIREL D o 2% 2GRS N2 B2 AR 0 52, W] ORGP 8 MIZE I 6 B S AE S, RERS 4R
TERIRM IR, B2 TR R T[] AR SO T 4 2B NI AU VE, T ARG 2
RUBE PRI (B AR AL, B ANt — D0 TSR (R A AR T

2. MRER=E
2.1. SIREBVR S AR SNTEE

e 24 R G5 A BERE 5 0 H°F- 6 (TCMSP, https://www.tcmspw.com/)F, LA “ 44487 yefin]
KRG, B DARAEY)HR]FH EE (Oral bioavailability, OB) > 30%124 441 {b14: (Drug-likeness, DL) > 0.18
[12], fide A A S 1H I RAE AT 082y« R TCMSP B8 2 vh AL & W8 AR B ShRE, SREUE R824
ST L PR E TR A, Bk TE 6 R BE S 4y . R Uniprot 253 22 (http://iwww.uniprot.org/) Uniprot-KB 3
e, FROEDFHA “Homo sapiens” , A2 CLIF LR s xf BRI R Rl A4 HK, SRR R B MHE i, R 3 EH
TEIHE S R

2.2. 2 BIPEPR AR s VT

FeF N KR $ ¥ 7 (GeneCards, https://www.genecards.org/), 521 “Type 2 diabetes” , 3kf5
2 BB ERGAE L, ARYE “Relevance score” MERIMEHER, 7k H 1570 0w O BE p o

2.3. &R - 2 BBERRB IR R

e G HRAEAT 2 RUBE PRI AL 520500 1 Venny T GREATHUN, B8] —F28k, HERIES 2 BRRm
(R0 AT P BE R

24. “ERIE - ARG - BHERR” MEEREBEEERAMEEPPI)IHE

FIF Cytoscape3.7.1 A4 “ SARIEHRZG - RN - IS PERE 7 W2 ], FIFEEF 1) “ Analyze
Network” 715 %51 il (1 2 (B (Degree) , FEEARARKAZ AR 22 AR EAEIEATHEA - K3k 13 1024
W - g SRR B 5 S N B String10.5 *F- 4 (https://string-db.org/)r, FREXIFI A “Homo sapiens” , %
B W E N 0.900, EBRIFE T SIS HCTSV U FIH Cytoscape3.7.1 4+ 1) AnalyzeNetwork ”
TS S (B (Degree), &R R /NE— B2 FERTIAL PPI X2, i it tH SCBEEHE 551

2.5.GO 1 KEGG E&E4#r

B BRI TN F G BIEREEE 6.8 (DAVID 6.8, https://david.ncifcrf.gov/), [RE¥IF A
“Homo sapiens” , AT KA (GO) 7 M ALK H B4 1 (KGEE) M B & 40 M. MR P (& K E &
He, e HHEAZ AT 10 1 GO 45 RAHEZ R 20 ) KEGG Z5 5%, FIF R iE K04 15 HONHIR
A,

2.6. DFXE

I Degree 18 HE4 BT = 259046 RUR A 1F LA, £E Pubchem %3 [ (https://pubchem.ncbi.nlm.nih.gov/)
FRSREUIN TECARR 2D 4544, F)F OpenBabel2.4.1 B4 3- 4Tk . E PP 4% FRi% X Degree HHE4
BT = (S48 25 324k, T RCSB PDB 4 % (https://www.rcsh.org/) F 3R BUEE 5 ) 3D 4544, 35
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AutoDockTools1.5.6 #4743 F5F4%, Pymol X a4t St AT a4k 047
3. #R
3.1. &REBHA S B iE = RIFREL

7E TCMSP H#fs i b i R 2 HRAE ) 236 Flp sy, it 5 315 2 17 FioA R (W42 1). 17 Fhfk sy
B3 0N 204 AMEFE AL, “ BB R - BER” WS 1 R . 1S LR 222 AN RN 428
il. N RARER S EEA R SO S TEERE i, IR R M BEAER G R BEETT 5 B it
J7 2 (Quercetin). 111 Z5 ) (Kaempferol) . /< 2 %2 (Luteolin) . p-75 £ ¥ (Beta-sitosterol) . . {S i (Stigmasterol) »
YA LA b 5 s T RE SR e HRAE 5 2 BRE R AH O I T2 2 BT .

Table 1. 17 active compounds information of Honeysuckle

=1 WP 17 MERHELESYNERER

%5 TELETGTE RS 1D D%y AR AE OB 2%kl DL
JYH1 MOL001494 Mandenol (.3HER Z. 1) 42 0.19
JYH2 MOL001495 Ethyl linolenate (I J#k % 2. Fi5) 46.1 0.20
JYH3 MOL002914 Eriodyctiol (flavanone) (/i) 41.35 0.24

(-)-(3R,8S,9aS,10aS)-9
-ethenyl-8-(beta-D-
glucopyranosyloxy)-
JYH4 MOL003006 2,3,9,92,10,10a-hexahydro-5- 87.47 0.23
0x0-5H,8H-pyrano[4,3-
d]oxazolo[3,2-a]pyridine-3-
carboxylic acid_qt

JYH5 MOL003014 secologanicdibutylacetal_qt 53.65 0.29
JYH6 MOL002773 beta-carotene (6-#H2F &) 37.18 0.58
JYH7 MOL003036 ZINC03978781 43.83 0.76
JYHS MOL003044 Chryseriol (KB HLZ 3"- F Bk k) 35.85 0.27
IYH9 MOL003095 5t?ﬁ;?ﬁgép’ﬁg;@?ﬁégoﬁf 51.96 0.41
JYH10 MOL003111 Centauroside_qt 55.79 0.50
JYH11 MOL003117 oniceracetalidesB_qt 61.19 0.19
JYH12 MOL003128 dinethylsecologanoside 48.46 0.48
JYH13 MOL000358 beta-sitosterol (B-4+ & i) 36.91 0.75
JYH14 MOL000422 Kaempferol (Ll Z3/Y) 41.88 0.24
JYH15 MOL000449 Stigmasterol (7 { ) 43.83 0.76
JYH16 MOL000006 Luteolin (KRR H %) 36.16 0.25
JYH17 MOL000098 Quercetin (it 57 %) 46.43 0.28
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Figure 1. Honeysuckle-active component-target network

1. £R% - BHRS - B MWEE

3.2. 2 BIBEPRIRH 2 R 3T SR HL iR O IR AN

A3 2 386 MHFIERG B R AP RE Ao R IR H 1 204 A ZGMRE RS 2 386 PMRE AT, 3K
3 68 ML HHE R, BIOREARAEIRYT 2 RUBE RN T AE AL (WL 2)

3.3. &R-2 BRERFE B EEAME R X R SR it

i String A4 7 H AR A UM ELAE 28 R (L1 3). 68 ANEE i, 45 59 ANHT AR AR 8 1A AR B4R
R, PR 59 NN 245 400, CPHIEEECN 8.07. Hd K TP {H (Degree > 8)IHE A 27 AN
# 2), HEZEERIH TNF, AKT1, IL6. MAPK1. VEGFA FiA N2 &ARIEIAIT 2 FUWH IR W A8 70 S
B
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T2DM
Bl RECRAMIL R, CRARIRIE R, M IR A

Figure 2. Venn diagram of targets between Honeysuckle and T2DM
2. @IREABMELS T2DM EHRERFE
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Figure 3. Drug-disease target protein interaction network
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Table 2. Topological analysis of the active target of Honeysuckle

*® 2. SRELEERESNHRINE D

[ I RE H AN
Gene Name Betweenness Centrality Closeness Centrality Degree

TNF 0.123 0.580 23
AKT1 0.147 0.563 21
IL6 0.100 0.558 21
MAPK1 0.123 0.586 19
VEGFA 0.093 0.569 19
TP53 0.054 0.547 17
FOS 0.086 0.547 16
EGFR 0.039 0.532 14
ESR1 0.024 0.500 14
EGF 0.031 0.504 13
CTNNB1 0.031 0.513 12
MYC 0.019 0.513 12
TGFB1 0.026 0.496 12
APP 0.034 0.513 12
CXCL8 0.014 0.472 12
MAPKS 0.024 0.518 12
IL1B 0.014 0.472 12
L2 0.022 0.509 10
IGF2 0.019 0.453 10
CCL2 0.011 0.479 10
IL4 0.014 0.439 10
ERBB2 0.009 0.492 10
STAT1 0.020 0.496 10
CCND1 0.009 0.483 9
ALB 0.012 0.450 9
CASP8 0.073 0.504 9
IL10 0.001 0.433 9

3.4. GO 91 KEGG BEE 494

XF G ERAE-2 RORE PR AL R R AT GO 20 #fr, #RYE P AL H A4 AT 10 AV DIReskH, K4
W) 212 F2 (Biological process, BP). 43T Ihfit(Molecular function, MF). 4ffiu414)(Cellular component, CC)
SERHI R (LI 4). MBI LLE H, SR T BRidd 2 Fug iR iy 2 ZUBE IR, HA kR
VIR A B SRR 5 S B —F B AE V)G BO R R IE % . A T R R % . RNA G
1B BT M IE % . DNA BHR A 5 IR TR AL R R IA (1 IR IR 55 . X 4RAE-2 BURE PR 1 34 [F) $E A0
AT KEGG &AM, [FIREIRIE P AL H R I 5), WA AR EEE PR HIF-1 {5 51l TNF
{558 PISK-AKT {5 T i8H . FoXO {5 5l
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Figure 4. GO analysis of potential targets of Honeysuckle and T2DM
4. &5RT-T2DM BTEE AR GO 774
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Figure 5. KEGG pathway analysis of potential targets of Honeysuckle and T2DM
5. &$RIE-T2DM B7EFE K KEGG i@ 54
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35. NFIHELER

TR HE A BT = A7 MR 2% iRy KRR EER, 20 A HE & A =07 1) OB A0 TNF, AKTL,
IL6 HEAT 10 MR-ZRMhExt e, JHorb 2 & Rl 4 ) 8 S R H 45 e 3. W45 ]S N Pymol 247
3D AL (L] 6). /NArFAt R ER . IR Ey . RBE R TNF, AKTL. IL6 EHMZ AR /NT -5
kcal-mol™t, FUIEATEA RUFMISE &I E, 100 & L1610 35 B 43 vl DASE ik 8 5 3 26 e B 4 o5 R ek
2 UM IR -

Table 3. Molecule docking results of small molecule and target

® 3 NS FRERD FIEER

waEw L= k& F i fig/keal-mol

TNF -9.89
il AKT1 -7.36

IL6 -6.69

TNF -9.30
Ll Z2 AKT1 —7.74

IL6 -8.07

TNF -10.17
KRBER AKT1 ~7.47

IL6 -6.52

Rik: AEROBIL, WHIRLIRS 2R as Glia e .

Kaempferol-TNF Kaempferol-AKT1 Kaempferol-IL6
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Luteolin-TNF Luteolin-AKT1 Luteolin-1L6
Bl X E Rk 3D SRR /N FRLAER, AT 3D SHNEE ST, FrE CF RISV AR -

Figure 6. 3D image of Quercetin, Kaempferol and Luteolin docking with TNF, AKT, IL6 target molecules
El 6 WEE. WEE. KEERS TNF, AKTL, IL6 $BESFIIEEAM=4HE

4. g

TR M R K ], W PR S R IR DA N T R I, FErh 2 ROWE PR £ o B PR N )
95%, 5L — REFERIEXF NIFfi e FORBR[13]. 2G0T LA )5 THi e 2 ROBE IR . B, o
2R L e A T TR S A PR R A SRR R IR I AR AR s A R R s BB va B
M[14]. SRALRIRE —RMES LM, HRESBRILHZAMErTIE S 3000 a7  (HOCIER) ik
REFE) (REHNE) i 7 SRR A E IR S REERRITR[15]. BURZEZEWIEN T &4R1
HAG W MBS vE . Xiangmei Zhao [16]55 A i i 2P 5256 50 11E £ SR AE DU M 2 0 i 70 35 B 35 e biAE
H o B2 B arxt a1 2 200 R AL A s

AR M 2% 27322 (1) J7 15, AE TCMSP 88 e, AR B S ARTE A R0 sy 17 Bl ARFE LI « 4
A - ARy - BT W, nlR B AR s B AT LT R i M R LD
RBRZE., B-AEEE. THEEE. W R DodEE K GRS 2w (RIS A ORI IR % 2 AR
BOR B 2 OB R K BRI R B . S AR [17]. FERE— SRR I, MAPK (2224 J55 10 3 1 1)
GEEES S TR RS IR R W[18]. (LR & — M T 2R R AR B E Y, B
BPEA Prs B PR VR FI[19],  FE R Do ik 1 1) R g 22 1 ol AR 7 267 - 6- ol IR TG 1100V 12 R )
1 R AR S A 5 ELOE AKT (B 1 I B 6 SO A R [20] o AR B 2 ] DTS I W0 e MR IR B MR 1) /1
B E 0 2 2R W 2 B R 1 AMPKL (R T8 V75 A B UG 1)15 5 SR AR IR PR AR DG IR JB 5 R KB [21], ik mT
DU I 0] NF-xB (7% F-xB) A3 1 SE S NSk o508 W PR s 0o LI [22] ] P DA e e i PR s ' 0
[23]. Shyamaladevi Babu [24]55 N T8I, B-45 S5 BEREWOE K SRUIR DT 41 23 Hh JBe i3 3 52 AR F GLUTA (Hii &
WERE ISR [ 4) R OGE I B R AP, M0 ELIX P & il ik 145 IRS (J 5 22 52 0 )/AKT {55 8 i ok sl
ff). Jialin Wang [25])44 N AMIF T SEER IUE D], &S EEREAE Y 9 GLUTA FRIE AN ) AR o ik & Z= 4891
B Fix R, SHRICH AT RERCNIETT T2DM 1A 225 .

PPI M 5 B 7R, S 4RAENGE 2 BUNE IR A S0E TR SR f A4S TNF, AKTL, IL6. MAPK1,
VEGFA. TNF (MRRFE )2 —Fh 2 PR A7, HonT DUl PR IRS BS U ER A1 AKT B R L T BUHE & 4K
$5[26], [ TNF B3] LLE0E 2 A s Sl s i1 NF-xB. c-Jun N- K R . MAPK 15 53 % M T fi & 412 R A
P, A% 4 BE SR B2 1 B 4 S BURE B R ARHT[27]. IL-6 (B2 6) THa & T2DM (0 S 5 28 i R 1
IL-6 ] LLidd fik/b IRS B2 R B ER AL« 4] PIBK (W M IR JULRE-3- Ul ) s v . (23t g A -5 2 55
FHPL[28]. MAPK FRjik MRR 22 24 SR G A0 B I oK e, mT DA 2 PP B AME S 30s, S50k FE R
R MAPK #5330 5 7T A2 56 e R 7 B B e Ak, 338 1 o 19 e B AL R R IA[29] . RIS A AL
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KIL, MAPK FRJ 2 15 A J 15 AP AZ 0 A 0L, 3 Gty 5 A e ANOBRE PR 1) K R A R [30]. G
MAPKL W] LA AR 7 73 fid« S0HIAFRE A 15 S 00 R 8 R ARHT[31], (HIRIN MAPKL 0] LA SARHH R 15 5
FR R By R ARHT[32]. VEGFA R IE W AR R T, Z25ME AR 51252 . Henrik Wagner [33]% 3 VEGFA
TR PR U T SO R 2 MU I FLE U, X P RES VEGFA Rk L4 AR i %

GO ZrHrH g gl s B AN A X o MR BEAE . RIS, fAERLE & BEMAS& . UM Fis vk
kR TFEE50 IR, WABIAYIRN . —FEEY G BSOS PR ERE . T R R T . RNA
AW | 53w i) IR R S AR YRR .

KEGG 73 #T K3, SARTEE 2 BUBE R WA EFE FIRK) TNF (55188, HIF-1 {55188 . PI3K-AKT
{550 FoXO 55 MMt R EEAEM . RS R RN ME— RN, F2iEid PISK-AKT i K%
FEbifEH .. B R SRS ZFZAEE G5, IRS BRI K BRI, FEMBREGE PISK-AKT #EK[34], &
1) AKT {233 GLUTA #47, Af GLUTA Mt 7 ZE30 55 o7 21 Ji I 108 177 4 45 B AR FH[35] [36]. AM LA X fi%
5 3R AR PR, R & AR JR B T, P80 2 AR IR . R0ER 1. H B, IRS H B RERS . GLUTA
KA IR/ AT B8 5 18 B HRP U R[37]. HIF-1 (BYEE SR 1-1) 15 Sl B4 19507 il 58 5 I ER
JEEZFACHIA K38 AHUARLE T Ml AANECIRESET, HIF-1 A¥eE SOCS3 (41 MK 115 5-1%
SHNHIE T 3), SOCS3 it M| 1RS Fi 22 i e 22 A 00 1) gt B0 2 9 AT 44 ol Jok & 315 5L % [39] . FoXO
(L& O) & — PR RAEFE KA 1, FoXO 1B JEHIE AT 33 IL-6. TNF-a 77 AL W35 180, i 5
Ji 5 ZAPL[40]. FRIRNFE R R, FFAEH FoXO [k mT DAt il i 22 52 PR RN g B 31 S AR ) U
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