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Abstract

e AIM.: To explore the mechanism of fructus lycii in
treating dry eye based on network pharmacology and
experimental verification.

e METHODS. Taking “fructus lycii” as key words, the
active ingredients and target of fructus lycii were searched
by using Traditional Chinese Medicine Systems
Pharmacology Database and Analysis Platform (TCMSP).
Gene targets related to dry eye (DE) were searched by
GeneCards and OMIM databases. The target genes of
fructus lycii and DE were imported into Venn software to
obtain the intersection target map of them. After that, the
data were imported into the String database to obtain the
PPI protein - protein interaction network diagram. Using
Cytoscape3. 7. 2 software, the PPl protein - protein
interaction network diagram was constructed for active
ingredients, target sites and related diseases of fructus
lycii. The Bioconductor platform and R language were
used for gene ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes ( KEGG) enrichment analysis. And
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the key targets in the pathogenesis of DE were verified by
experiments.

e RESULTS: Through TCMSP, 45 types of effective
chemical components of fructus lycii, 174 target genes
corresponding to active components and 131 common
target genes with DE were screenedout. In accordance with
the network topology of “drug - composition - disease -
target”, 27 main effective components of fructus lycii
were found in the treatment of DE. The PPl network was
analyzed according to the high degree value, which is the
key targets of fructus lycii for DE treatment, mainly
including AKT1, VEGFA, CASP3, IL1B, JUN, PTGS2,
CXCL8, etc. According to GO enrichment analysis, 166
biological functions and processes of fructus lycii for DE
treatment were obtained. KEGG enrichment analysis
showed that 31 signaling pathways were involved.
Additionally, experimental verification displayed that the
protein expressions of AKT1, interleukin-6(IL-6), tumor
necrosis factor(TNF-a) and IL-17 in conjunctiva tissue of
the DE model group were significantly increased.

e CONCLUSIONS.: Through network pharmacology, this
study confirmed that the treatment of DE by fructus lycii is
a complex process involving multi-components, multi-
targets and multi-pathways, and that the treatment of DE
by fructus lycii is mainly regulated by anti-inflammatory
and apoptosis-related molecules.

e KEYWORDS: Fructus Lycii; dry eye; network
pharmacology; AKT1; IL-6; tumor necrosis factor-o

Citation:Mu YX, Hu MZ, Wei DY, et al. Mechanism of Fructus
Lycii against dry eye: an analysis based on network pharmacology
and experimental verification. Guoji Yanke Zazhi(Int Eye Sci) 2023
23(5) .738-746

03l&

THR (dry eye, DE) & BA HRBHE % 24 th BR JE D' AN IE
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1.1 MEHBEHR

111 IR FREMER S REMES #ilrh2y R
F BRI 5 408 F 6 (Traditional Chinese Medicine Systems
Pharmacology Database and Analysis Platform, TCMSP ) ##48
o2 KRR T, O % W O R B R E ( oral
bioavailability,OB) = 30% 125 214 ( drug likeness, DL) =
0.18 fE i 458, 48 AR ARAL - HH DG A4 25 4305 1 1 o S
HEE,

112 MR FESERMNTN K DE BB ERHMFE (4
B F Uniprot B e ( http : //www. Uniprot. org/ ) ¥ TCMSP
B P v O A 0 A M A DG B 2 A3 R R 4 AR
WY D A5, AR 5 B T GeneCards ZU#0E % ( https://www.
Genecards.org/ ) #1 OMIM B 2 ( https ;//www.omim.org/ )
85 Dry eye(DE) " MISCHER , JF 5 1 “ DE” HIOCIE R
1.1.3 #f2F#0 DE A REMIHIE o IR Ml 17
5 DE” I [a] 8 g B PR A B T R 1 5 R T AR AT O
1, AT B IE A RS

1.1.4 MR FEER S -EBREE-DE MEFEHE &
P BIT perl B2 ¥ 3K A4, 3KAF DE 5 M Ad - 3 [F) 7 42
M RJE I8 3T Cytoscape 3.7.2 B A K 22 Tl My AL F 35 4 A
41— G FE R -DE AT AL R 45 A

115 E85E0HEERAMKME @M/
DE & [R)§0 15 55 A 21 String £ % ( hitps : //stringdb.org/ ) ,
Yy Fh % % “ Homo sapiens” , 13 21 FE A 5 & A H ZA4EH
(PPL) £ 5], I H o 1 58 oot b 3R 45 2504 o B 45 21,
I R B B AT 4 = 0.4 O Bau I 4% [ v i B i R
BT, HAR S E N BN B S A AS R DE AH
YEFI R 25 151, 4% String ZCHE FE -5 H 9 45 2R3 e 6 45 1 PPI
FILEL,

1.1.6 GO IhgE 5 KEGG BB EE 4 #
Bioconductor ( http : //bioconductor. org/bioc Lite.R) £ %,
fEBh T R #BA4 ( colorspace | stringi , DOSE | clusterprofiler
pathviwew ) 2341 R MIAL TR YT DE A9 GRS &0, JH R
AT 3 A1 31T GO (gene ontology ) B HE & 4 A1 KEGG
(Kyoto Encyclopedia of Genesand Genomes ) I ACE
JFERE P<0.05,0<0.05, fe 24 25 B 2L R 1B R Rk
JETR

1.2 XL

1.2.1 R ERKA  EAMM(AKT) Z R ETUR A
IR -6(1L-6) ZrifEbiiA AN R -17(1L-17)
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PUAR (AL R AW ARARA A TR A 3£
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1.22 B AfEE Y 57 /MR (20+2¢,8 JHIR)
M2 A E RS s oo B SE8 3 Y 4R 3R A
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BEAIL A A %) R RIS 6 2, X6 BB 2 A T AT b B, 5206 2
INREERES T 2% AFLE NI 5K 2 W, IR 5L,
AU AR (] [R] B 8 ~ 10h , 424524 1 ~4wk , B4l 6 H
123 BN WNERBIEEFERAEEWEE HIRSW
DUZE A3 M AERE R 1,23 dwk B AG I /I BRUVH Y 49 6 &, /)N
BRI s 1 33 10/ L 130 B Ll 22 4 foff FLJRR I [ 2, FH IR B
TR IR AR 4R W 8 TN 25 e rh 4 1/3 Ak,
1588 60s B, FHE AR = RO 22 A 2 1 T 4 B, R 0 VH ¥
Gy, FANE bR POCR NG DO R BN 2 /)
Sl AT IR 45 JE A0 PN R AT AR IO R s €, T EBUAT (2 S 7
B HE G WSS RS AL, , AR RS 4 5 T DL 65,5 €5
BRIy b R S R GL fA
1.2.4 EERBEEINTHRNLEZEHLA R AKT1,IL-6, TNF-«
BIL-17 ZAKRE OB bS] S a5 i), 245/ EUIE
HETEST 10g/L L L 2 AR FEAT BRI, A 46/ B, B0/ BRLAS
FRZH 2T, B T HE B, BCA JE I & vk B, 9 i h
SN 50uL 5% Loading Buffer, 100°C Z i 15min , {# &
FASPE . $2 B8 SDS - PAGE 8 i it ik i B 45 1 47 HL 3k,
PVDF $4J 90min , 7535 AR 28 IR #2247
A9—$t AKT1(1:1000) .JL-6(1:1000) . TNF-a( 1:800) K
IL-17(1:1000)4°C & i3 7% , Tween—PBS ¥k 3 iti —¥t , &
W 10min, A Z$0 , FEE IS T #3501 ~2h, Tween—PBS
398 1, B K 10min, 4, Quantity one At
AT AT 0 E 25 245 1 - 0% BE{H (OD {H)) |, K 17 U 2
M #A 5 5N 2R GAPDH ik & #E47 X% e, I DL R
B TR A A Rk K

GeiteF e M R A SPSS22.0 48 it 2f Bk kA7 B d b
PSSR DA S4B e bn o 25 3RO 2 ] Bl R T ST A
At Ky, ZH NS [RS8 B3R 7 28 938, itE— 20
LR 1LSD— K35, P<0.05 M ERH G2 X,
28R
21 MWIRFHFEER S RS @i TCMSP $i 4
PAFHIRC TA AN 188 4>, % OB=30% & DL=
0.18 T EARTT 45 Fh A ROE P, F B4, BB . fn
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LAN[ 4,4 14a-—H H-5a-HEEE-9(11) ,24- "W L3
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%) .24 — ethylcholest — 22 —enol (24 - Z, & H §§§ - 22 — 45
) . campesterol ( ZZ{H {$§ B%) .24 —ethylcholesta—5 ,22~dienol
(24— FERHES 5,22- " J& B¢ ) . 24—methyl 31 —norlanost—9
(11) —enol (24 - 2 FE 0§ 5,22 - — Jf ) | 24 -
methylenelanost— 8 — enol (24 — . F# 3& — 8 — W EE) 31 -
Norcyclolaudenol (31-25 1 %) .31-norlanost—9( 11) —enol
(31-Z H § ) 31 —norlanosterol (31 -2 H %) . 6-
Fluoroindole—7—Dehydrocholesterol ( 6 — 3§, "5| k-7 —Ji & AH [
fi Obtusifoliol £ HE ) 45, 2435 . Physcion—8-0-beta—
D—gentiobioside ( KEE-8-B-D-H _HiH).7-0-
Methylluteolin—6—C—beta — glucoside _qt ( 7—0 — B & A Jig ¥
%’*‘?—6—(:—8—%%*%%) & H AELY/R T R atropine ( TH e B
) 5F, WA 1K AE T 45 N IEPERL S Uniport 2085
PEHATEERIR X, MW o i 52, 8 A %o o7 B0 05 AT 174 4, UL
Bl 1,

740

131

B1 #MiEFRSERIERT DEBAFRE,

22WEFE5 DEREEFE A il id Genecards 1 OMIM
B PEE R DE R RS JF Hi EA IR KT 5,
2453 DE (988 S L E 4t 4080 4, AL T 5 DE $8 5
S E SR RO e A A a4 35 DT e S5, 45 3 ) A
5 DE L RS 131 4~ (E 1)
23AYEMR T 1ERBR-HXERMEHE FH
Cytoscape3.7.2 3R AL+ 1b 2% A S A8 B2 30 i iy i Ak
G- A AR A LI, B A 154 A AL T
1GYT DE TGRS 27 A4, UhRVE R T DE B3 547 131
AR5 A ZEAER KR, B (edge) 570 4%
(K2).

2.4 PPI M4 N 1 H ik — L A fd F36 97 DE
HIVE AL, 7€ String £ 22 iy A 48 AL R & 5L
ST 1) P 3% % 4 “ Homo sapiens ™, ¥ i ¥E 15 4 1% B 4
=0.4 38 1 BB 25 097 05, 15 2 PPT WS IE ILE 3, &
O A 120 4,308 2119 25,3l ad PPT 2% 3R ATT T LA
FHIALF X DE IR YT R i 2 s 40 2 0 O =
FIHT R A% String £l e rh AR BOCHE 1 7 HEF , 15
BB 2 1 30 /> CEE Y A, RIS, 224 k1A
FHE I 5% SEH 5 AT RESEMUAL THIRYT DE [ SCHER0 2, IR p
ATLVE S AKT1 #EZ A 95 45,5 IL-6 HL A 87
2% MUK JE VEGFA [CASP3 . JUN ,PTGS2 .CXCLS . IL1B %,
FH OH AT DA B S 2 B S SC B A A O T HAS R
AR DI R L 4,

2.5 GO THEEEE AT S KEGG BEE T

251 GO e EE S M R colorspace | stringi
DOSE | clusterprofiler , pathviwew A AN MRS T - DE 1
131 D IEFEHE ST GO A=W & & b, Horh Fr b & 166
FiAEY AR St B AR 4R p (S /MR 20 17 AL 3
TREAZ RIS M LRSS B S TS M DNA 2565 5
K456 .G 8 B 2 R TG P M 32 R 455
RNA R4 11 H 0 DNA 45 555 5 I8 454 3
245 AR 05 1 e s R 45 6 45 ULIAL S,
&R TR 20 7 GO Zrfrsh

2.5.2 KEGG BE&E##  XHafd FI5Y7 DE (19 131 >
HLS AT KEGG & 400, i ¥ P<0.05 M54, IL
B 154 A5 8B, 2 HIHEZA T 20 A2/ KEGG <A, &
B9 K TNF-a IL-17 & HIF-1 255 % WK 6.
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x1 MREFEERS

MoL 1D Ak oY OB(%) DL

MOLO001323 Sitosterol alphal 43.28 0.78
MOL003578 Cycloartenol 38.69 0.78
MOL001494 Mandenol 42 0.19
MOLO001495 Ethyl linolenate 46.1 0.2

MOL001979 LAN 42.12 0.75
MOL000449 Stigmasterol 43.83 0.76
MOLO000358 beta—sitosterol 36.91 0.75
MOL005406 atropine 45.97 0.19
MOLO005438 campesterol 37.58 0.71
MOL.006209 cyanin 47.42 0.76
MOLO007449 24-methylidenelophenol 44.19 0.75
MOLO008173 daucosterol_qt 36.91 0.75
MOL008400 glycitein 50.48 0.24
MOL010234 delta—Carotene 31.8 0.55
MOL000953 CLR 37.87 0.68
MOLO009604 14b—pregnane 34.78 0.34
MOL009612 (24R) —4alpha—Methyl-24-ethylcholesta—7 ,25—-dien—3beta—ylacetate 46.36 0.84
MOLO009615 24—Methylenecycloartan—3beta, 21 ~-diol 37.32 0.8

MOLO009617 24—ethylcholest—22-enol 37.09 0.75
MOLO009618 24—ethylcholesta—5,22~dienol 43.83 0.76
MOL009620 24—methyl-31-norlanost—=9( 11) —enol 38 0.75
MOL009621 24-methylenelanost—8—-enol 42.37 0.77
MOLO009622 Fucosterol 43.78 0.76
MOL009631 31-Norcyclolaudenol 38.68 0.81
MOL009633 31—-norlanost—9( 11) —enol 38.35 0.72
MOL009634 31-norlanosterol 42.2 0.73
MOLO009635 4 ,24-methyllophenol 37.83 0.75
MOL009639 Lophenol 38.13 0.71
MOLO009640 4alpha, 14alpha ,24~trimethylcholesta—8 ,24~dienol 38.91 0.76
MOL009641 4alpha ,24~dimethylcholesta—7,24~dienol 42.65 0.75
MOL009642 4alpha—methyl-24-ethylcholesta—7 ,24~dienol 42.3 0.78
MOL009644 6—Fluoroindole—7—-Dehydrocholesterol 43.73 0.72
MOLO009646 7-0~-Methylluteolin-6—C-beta—glucoside_qt 40.77 0.3

MOL009650 Atropine 42.16 0.19
MOL009651 Cryptoxanthin monoepoxide 46.95 0.56
MOLO009653 Cycloeucalenol 39.73 0.79
MOL009656 (E,E) —1-ethyl octadeca—3,13-dienoate 42 0.19
MOL009660 methyl (1R,4aS,7R,7aS)—4a,7—-dihydroxy—7-methyl-1-[ (2S,3R,4S,5S,6R)-3,4,5- 39.43 0.47

trihydroxy—6—( hydroxymethyl ) oxan—2-yl Joxy—1,5,6, 7a—tetrahydrocyclopenta[ d ] pyran—
4~-carboxylate
MOL009662 Lantadene A 38.68 0.57
MOL009664 Physalin A 91.71 0.27
MOL009665 Physcion—8-0-beta—D~gentiobioside 43.9 0.62
MOLO009677 lanost—8-en—3beta—ol 34.23 0.74
MOLO009678 lanost—8—enol 34.23 0.74
MOL009681 Obtusifoliol 42.55 0.76
MOL000098 quercetin 46.43 0.28
2.6 HhY LI GiF R L (1=19.083 ,16.485 .29.734, 14 P<0.05) , WL 2,

261 IEIRBESWWE FEER Iwk FPIAVNRIHB Y 262 AERARMRE SXf

A PR, AR AL

Wi 22 TG R L (P>0.05) s 50 MAL Ho e BERIZ IR VRTHIR 1wk Ji5 AU /DN B IR e bR B /Do 20 R 98

ANETH I AR TSR 2 3 dwk THIR /i s /b, 22 A

JER A O IR 2wk T BRI/ N O R G ]
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& 3 DE-#ftF PPIELHEEEAMEKHAE,

i IR A 3wk T AR A N BRAR I L R IR TR R 26.3 ZBEALEEHLAH AKTT1 IL-6 TNF-a K IL-17 I
BER SR R IR ST 4wk S5 BRI ZH /N B B Y BRIEKTE T ML LGHE P55, TRATERE AKTL
IR (E 7). IL-6 TNF-o } IL-17 {f DE %95 & H F A PR, LR
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5 i 20 {if GO et EES T EMFITIE,

Lipid and atherosclerosis 1

Fluid shear stress and atherosclerosis

AGE-RAGE signaling pathway in diabetic complications .

Kaposi sarcoma-associated | .
herpesvirus infection

Human cytomegalovirus infection 1 .
TNF signaling pathway 1 .

Count
Hepatitis B+ [ ] ® =

® =
[ ES
[ B

p.adjust

IL-17 signaling pathway +

Hepatitis C+
Prostate cancer- [ ]
Endocrine resistance -

Chagas disease 1
2e-11

HIF-1 signaling pathway +

de-11

Relaxin signaling pathway 1 o oot
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xof {20

i 13wk

B7 J|ANRKAERRREER,

g 4
A AL 1wk 2wk 3wk 4wk Bzo_ C 1.5+
AKTI lﬁ]
_— e ——
1.5 b
g a a2 B
o T a
& 104 S
= o ©
TNF- [ © $
x - 0.5+
< 0.5+ =
IL-17 |-
GAPDH |- “.I 0.0 -
- B &S

B8 HHE/MNRLEHRHALH AKT1,IL-6, TNF-a K IL-17 EE%LH:%Z

Hr.*P<0.05,"P<0.01 vs XJ B,

i Hi2wk

it 4wk

ILA7/GAPDH T
P <~
-] o -] o
A L AL J

ol
o
1

o
°
i

*2 WHNMNBRARAMEERD BELE (X%S ,mm)
20 51 TR Twk TR 2wk TR 3wk TR 4wk
X HEZH 6.05+0.35 6.11+0.33 6.05+0.21 6.23+0.23
FERIZH 5.89+0.25 3.87+0.31¢ 3.77+0.29¢ 3.2420.41%1

1" P<0.05 vs RTERL ;°P<0.05,"P<0.01 vs [FI413EHE 1wk,

FEMOCHF7E DE St B E LT . 5 X7 IR At Bl
I ) 3G AR 2 /)N BRLAS A DG B 11 118 2R 3K Bl o s A s [
RYFER: AKT1 IL-6 TNF-o M IL-17 ik w3, H
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