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Abstract

Objective: To explore the mechanism of action of peach kernel and rhubarb in the treatment of
diabetic retinopathy based on the network pharmacology approach. Methods: The optimisation of
the target drug was completed by using the NGO algorithm, and the active ingredients and pre-
dicted targets of peach kernel and rhubarb were obtained from the Traditional Chinese Medicine
Systematic Pharmacology Database and Platform (TCMSP) database; the genes related to diabetic
retinopathy were identified through the GeneCards and DisGeNET databases. After screening the
intersecting target genes, the STRING database was used to analyse the interactions of these genes
and further explore their potential mechanisms of action. Results: Thirty-nine active components
of peach kernel-rhubarb pairs were screened and 462 target genes were predicted. In diabetic
retinopathy, 1352 related genes were identified, of which 155 genes were drug-disease intersec-
tion target genes. These genes were mainly involved in molecular function, cellular composition,
and biological processes by Gene Ontology (GO) functional enrichment analysis. Kyoto Gene and
Genome Encyclopedia KEGG pathway enrichment analyses showed that peach kernel-rhubarb
drug pairs for the treatment of diabetic retinopathy acted mainly through the cancer pathway,
AGE-RAGE pathway, IL-17 pathway, and TNF pathway. Conclusion: Peach kernel-rhubarb exerts its
therapeutic effects on diabetic retinopathy mainly through multiple pathways and targets, such as
key targets of TNF, AKT1, IL1B, EGFR, and PPARG, as well as regulating the TNF signalling pathway,
AGE-RAGE signalling pathway in diabetic complications, and blood lipids and atherosclerosis.
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Hi PRI AL R 5 42 (Diabetic Retinopathy, DR)SJ& A 73 W HE iR 73 SC A}, BRI &5 22
FE s A2 AN AR MURE 7 5 MR A A3 O AR 9 RFALE S o2 — M LR R [1] [2]. FEAR G BE 2 A
. DR J&E THLHE B DAL R A (1, JERIXITIRIE) (=THiR) 4R “RMEE, 2REE. B,
e, BB IRAMAL, ABRARERIE T St o DR BRI R 2%, @HE IS IRE ., BHE
NERESER R A R o ALV B 225 T, g BEATL ) 2 B9 R Wl s SRS 0 vt IR« O s S AT L 7 3 25 3] o
fEfLgih 07T, DR Bmintife B, B Tk, HA S fmscR, Jf HBERAARR 0, BIE
FE, RATFEABIPIRE, BRRES T H. FEIEST DR RO FRHT . W& AL .

LGP ERIRYT DR HIARZAL G TT, WEE £ 5 AR BRI 2500, ER PR ik
FINLEEANBTA, SR ARGV RS B B B . A O O, 1 e & NGO UL LBk, Kk

DOI: 10.12677/acm.2024.1482387 1527 Il R 125 23k i


https://doi.org/10.12677/acm.2024.1482387
http://creativecommons.org/licenses/by/4.0/

ot

=

y IR

b i

Z

¥

AFTIFIN DR FEmECR 25, SR Ja T BE A4 AT Ry LR B, o AN SR 2R 1 90 S A5 5 T
Ho AT PEZ AL, 458 NGO MACTIEROR, TRZ B IR T HE R LR 5 A2 ) 7 L], 35
FURACTE G SR AR IS 5, B IR R o R X 25 W35 1 2 1 AR LB BEAT WY 7E 7347 »
DR YT RE PRI I 5973 A2 BRI AT A AR 3t S Bl P I FH A 5

2. E%
21 kFEEEZE

TR R R &, S IR Z, SIS A MR .
MR R UA R — IR, A BRI 2 2 A e, RETLH RO
By I AR A A LT = A0 0 1 RIS S HE S SRR T 1L
T I URE IR, 2. 035, TSI, A T AL A S A T,
AR B (DA RS 3. WS DT R SR 7 0 S0 - 450 TR 26 P08 L 0 S
£

2.2. NGO H#HEHL TR

NGO AL SFIERIA T, KA F R B0 e BN AR &, gl RV FRERE RS . (EHIBENLYIaA 1L
WRRA RIS AT G RAZ IR R o1, AR A EILFE N T NGO kR AR . NGO
DUACSRL I P 128 Bl D3 AL AT A6 A0 (0 R A5 P (L) B E

Xl Xl,l Xi,j Xl,m
X = Xi — Xi,l Xi,j Xi,m (1)
XN N _XN,l XN,j XNvm_Nxm

BEAN AL 5 T 1R R B3 A A ST SR A, BIVR P RS AR R P 5 B0 A B BBCEAT VP o AR It SR I
A, EARBREUREEDN, TR RO R R, AR e BB, TR S RO DT R . TR R
UEAR A #R 22 3145 H b e BT, DR IR S R A A SE T A DU e (R A R 58 - AEBETFPTIR N
NGO LR B AR SIS, SR 1 A7 6 5 A5 3T 1] SRt R AL, . NGO LAk 5532 (1 SR (1 BAR R B
BRI BRI BRI BRI AT .

2.3. B—ME: BYSPERR

ALTT EE AL > HHR B M B AR R B, SRR ERNENER/RE. 1
Ti AL — B BURIAT R s 3 RO ik B AN By A B AR A DX 28— P BORIE & 3 )
(2) E () REAT K2 A

F)i:Xk’i:1121"'1N!k2112,"',i_1,i+1,"',N, (2)
X" PL _ Xivi+r(pi,j_lxi,j), FF‘. <F, o
i,j -
X +r(%;-p;) Fa>F,
Xinew,Pl, Finew,Pl<Fi,
Xi - X. Fnew,Pl >F (4)
[ i =T
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2.4. BHEL: BEMEIEMER

I AEEIZ A BT B, 2 R A o ey 77 VAR 07 0 A B2 b SR B A 1l fr 8 BT
S PR JR AR R A (A BE 7T o ABCREAS IR AL DT I TR AT 042 R, BB BRI B 45 1 R B i 500
(B)Z2(7):
X2 =% +R(2r-1)x; (5)

1]

t
R= 0.02(1—?J (6)

Xinew,PZ’Finew,PZ < Fi!
Xi= new,P2 (7)
X, ™" > F.

25 EFEEHE. (hRBMRER

FERRAE T3 ) NGO Sk 55— i BOM S — I BOE T T R 0 2 ), SEREARSE R, JFi
SE T REA R A RIHTE . F AR e B B AR TT 58 o AR BETT URIBAEE T J7 12 (2) 2 (7) 4k 8 1 57 A& SE 8, LA
BB . £ NGO e 2SI )i, £ FIEIAATRE IR AT 1 e HR o7 S 51 A D4 58 AL 19 A )
HERAUAR R TT 5 . NGO SIS Br Br DA B 1 s

Table 1. Pseudo-code for the NGO algorithm
& 1. NGO HiA{AKrL

A

. BN A B AR S

W EIEARIRE T FMMEEDAT N;

AL B AL B VIR B AR R EU VP4
.Fort=1: T Al Fori=1:N;

B BN AR RN B) - A X 3 B LI Y
.Forj=1:m;

CAEA 6 TR j 4ERIEDIRES
BB RRERE B ERAE;

CAEA 6 TR j 4ERTEDIRES

10. MR 9 BEHTEE | ANEEAAR R R

11, RAF B2t r &, FHHd
12. 45H

0N UTAWNRE O

©

2.6. NGO B &R

NGO ALFIEEF ] MATLAB #EAT 2 f8 , FRE R 532 il 20 47 e A 5 RO PRV AL 0 595 32 ) o
B=T577 o N NGO FEHEAT SR I 70 M, BEE AT IR 9 25 Wi AL SR B (R 16 7 R W A JB A
AR BARRESHON: 1 4MHIBERR T IS HU0 20%; 2. A 54BN, B 25448 i BLAI 8
/b7y 5%, NHEFRIEX N

Prvte e s

Pﬁd\%ﬁd')!’lﬁ%ﬁ

221d NGO FIEIRALIEASE R, IRAHAYT DR e BAR L5 BBV AR #5E 1 ocs2 254, AT
LIJTRE T — 2 2B 22 0 7
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3. MEHEF SR
3.1. Bb= - KRIEMER S ik R0 = T

BAT = DRI i 4 0 20 B A e UM SR FH 6 44 1) v 2 2 435 24 B 25 400408 2 (TCMISP) [4]. BAAE#IRI I
(Oral bioavailability) k- 30%f12 24 14 (Drug likeness) K+ 0.18 Affiikai#e, Mk H LM ES - [F
B A LN 7 F A0 VS 2 (PubChem) [5], A3 BB AR BETE AL &) F1 SMILES 2544, SR ik
1T AR BAIE 5 N F1] Swiss Target Prediction WX 2854 ZE[6], 55 75 2k A AN K 35 11 I 42 A

3.2. DR & HmtE X # s 3K Y
TE NP5 93 25 R 04 22 (DisGeNE T) AN 2 K 4048 2 (GeneCards) ', 5845 2I=E & 1Y DR Hdi SR

BEPME E[7]. #iNFAEH “Diabetic Retinopathy” , itk 2y score > 7.14, BV aJ 45 214k FR 95 40 W 545
R PR L A

3.3. B{= - K®IRTT DR OB AR
f#H] Venny2.1.0 7E£8 T HREBEA™ - R 2580 s 50 HE RO BEAT A, 22455 RIS %€ DR 1

TS, ARG, AL “Network” K “Type” JEM 0, FriEik Cytoscape X AHICHE i B #a d 24
VSRS - BB AR 48]

3.4. $15FEH PPl MKZE

3 11 FLAE I 5000 P (STRING) [9]77 DALt 28 (15 4 T2 [W] MU ZHAEIE R, R MR~ K % DR
U2 HEHE, FEit % Homo Sapiens 738 (1 RISK, T DAk U £ 38 1115 28 1M TLAR FiI R 2

35 EMITNRE SR ER S

HHVEAKIE S DR B A S BE R B S8 ‘5 N DAVID #il 5, MBS T &
(https://www.bioinformatics.com.cn/) 7E £k T F[10]_E #4173 K 444 (Gene Ontology, GO)A:#id #2255 4
G3HT B R R S R R A R A TS S IEE E T, B p (H/NT 0.05 ATRESR M, AR AR
BLEIRTT DR HH AR R KA 5 il B

4, PIRAHIBE ISR
4.1, BH= - KERIEMR S R TN =

I AE TCMSP #d bk & “BA= - K307 2%, IFRHE DIRZEYDR] 2 OB Izt DL 2 ¥
T, A5, BT - KIS 39 Ri. BEJE, @id PubChem Al Swiss Target Prediction 4
JE A FRAX L 1 K 43 (K] SMILES S5 P IR SCHE ;T ekl . 45 AR EI, SR 462 MRS SIEH, Ht—
A HIBRAZFIOR B 3L [R5 HRTE VR -4 (S
4.2. = - KEFAXNETT DR REALER

iz H DisGeNET [ GeneCards ¥z 44 R Z#)Jm, Horfr GeneCards A Score KT 7.14 Jy &A1
PEPRBE 5, FRAFAH IR IF 4 A 22 EFRA5 0% DR 4 5L 1352 4. {8 Venny 7645 T B, ¥ 462 4
LY s R DR S 1352 AN FE AU R EEAT A SR T, SR A5 B T 155 ML R I 254 - i B BRI
AR AR - PO s 1 BTR .
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Figure 1. Component targets - disease targets
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4.3. HEE “Z549) - MRS - DR - fEREER” W%

TS A ) - TSRS - DR - AE s 8 AT LR B AT - K 2 iE R - 2R R R
BT DR IE, HhiE v s 4% 1 Degree (HIFATHEY « 45 R ER: MG O B & KEER, &
CWRER. R R Ry [FIR, MR - RBURFEIRYT DR MHEEE AN MEME
A REF(CYPL9AL). 2 R R B IE 4 A B JFEE(HMGCR). AR G/H & Al 2 (PTGS2)%%. #k
{= - K35 DR MEHBE S M 2 fiom. i BT SRR AT, RO SR, S SRE
BRAZ - REERISL RIS, 0 T ARG IS T 0 0] B (T TE A 5, T LR R TG PE R o) 5 VB 7E 0 AU (R AH
HAEHBIBER.

Figure 2. Peach kernel-rhubarb and DR target network of action
B 2. B- - K#E5 DR {EA#E LML
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4.4. MEEBEEER(PPI)MEIGE

TE¥4 155 NZ5) - I S AR AT S L AN STRING %04 ), 195 1 BkA- - KETZ5 R /e 25 5 DR
PN A 2 A R AR - R AU AR (PP % . %48 A3 155 AN A, TEAECh 979, “FHR
R REH 0.605, PPI & ££ P EH/NT 1E-16. 45 , ¥4Ik PPI 25 5 N Cytoscape %, 1 F§ CytoNCA
F1 CytoHubba fdi i1 5% X 4% 1] Degree {8 (DC)EI1E v 32.09. Betweenness 1 (BC) /& A 143.61 Al Closeness
{E(CC)BI{H y 0.0034. 5 #& ik th (11T 74> HEFEARE 8 TNF. AKT1. IL1B. EGFR 1 PPARG, %
B 3 Fros.

Figure 3. PPI network key target protein action link

3. PPI M X o EREMEAR

45.GO EENHT

¥ 4.2 BATRIUK 155 MRS - KEARYT DR KIS /RS A0 A\ DAVID H¥ % 5 43 73K Biological
process, Cellular component, Molecular function =N A¥HE . M FMAGEFEEL T RLH GO =&
—IRe IR E LT E R E TR WA 4, K5 Fias. PLP /N T 0.05 Nk, A/NBIRHESIRT 11 1)
GO BNz H Wk 2 s

Table 2. GO enrichment analysis entries

% 2. GO &A% E

e LR BB TR
1 Xop AR I s B Response to xenobiotic stimulus
2 AR R Response to hypoxia
3 T T FR I A i 4% Negative regulation of apoptotic process
4 FEDR IR I 47 ) 4 Negative regulation of gene expression
5 ERK1 Fl ERK2 25 (1) 1E R #% Positive regulation of ERK1 and ERK2 cascade
6 EA BN B {F5HIE R T Positive regulation of protein kinase B signaling
7 IR AL Phosphorylation
8 DR IR IE A 4% Positive regulation of gene expression
9 R Protein phosphorylation
10 MAPK 2B 1F 1 4% Positive regulation of MAPK cascade
11 S P TR Plasma membrane
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Figure 4. Gene ontology function enrichment bubble map
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Figure 5. Function triad enrichment histogram of gene ontology
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4.6. #kI= - XEIATT DR By KEGG BRI

4 4.2 ZRAUY 155 MRS - KIEIRYT DR B 7ESE 555\ DAVID #¥E % f5 3K L KEGG PATHWAY
Hll, HBAEE T GEL T RS KEGG & &2 HTE, BAAn WL 6 Frn. LA p value < 0.05 ik 5%
£, LAIBIRHESIRT 15 1 KEGG & 2 Hank 3 Fom. UEH TARAS - BRI HE R 5 HL )
WA RIS HOR, BARE W NE S @ NIRRT AR T .

Table 3. KEGG enrichment analysis entries
7 3. KEGG BE& 7% H

i oA BB
1 e i 3 Pathways in cancer
2 W PRI & 0E ) AGE-RAGE {5 518 % AGE-RAGE signaling pathway in diabetic complications
3 I -5 BNk R AL Lipid and atherosclerosis
4 T 1 e Prostate cancer
5 WARBYY) 775 B kR FETREAL Fluid shear stress and atherosclerosis
6 R VG PR AE DGR R Kaposi sarcoma-associated herpesvirus infection
7 W i kT Endocrine resistance
8 Jer i I B SRR R Proteoglycans in cancer
9 I 5 Hepatitis B
10 JEER AL Focal adhesion
11 C BBHEZ 25 5% C-type lectin receptor signaling pathway
12 TNF {5518 % TNF signaling pathway
13 N B2 s 25 e e Human cytomegalovirus infection
14 EGFR % 2 & W g 400 1) 71 i 24 EGFR tyrosine kinase inhibitor resistance
15 HIF-1 155 i % HIF-1 signaling pathway

15+

101

Enrichment score

Biological process

¥ Molecular function

RN,
M pory,

Figure 6. KEGG-enriched bubble map of the DR signalling pathway in peach kernel-rhubarb therapy
6. #k1= - KEIATT DR 5 SRk KEGG E&SRE
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5. BEENHT

BACAR S B R T (MRARTE) o BMCBATE ML G EE8: KB ERE K.
BB, WAHEMERS, BAERNIFE. RIZIFFMR A, &% H i mbss . MHomE s
FI[11]e IXPEURZPAALE TR St S 2 TR SIA R 245, I6FE (980 T TIR97 & ERJ7
FHE M7 HS R BUARZGEL 22 ST R W[12]-[16], RT3 G M o N R ISAT A, BFE T EER
ES NN NN L NN VSO N s 1< N e e i R e 2
o A R 38 35 AT MRS Sl g . P SOR R R R DhRe, A BGE RAEES R . 25K
WRIBISIERAE E AL, FEAA R AR R RS EAE A, RS R LR . s fUAE K 30 ks A R4,
SRR R N IZ R T O L AN It AR R R R LR R . Wb AT 3 R i
BFTEWIE o AR RIS PR R4 T 3 PR ApoE i DRI B /0N BRI E B (TC) . HH it = BB (TG) AR %
FENREL A (LDL) /KPR A2 e SRR AN NG o e ok, WRAZ R TE PR B 23 72 B = LA G2 70 A1) 9 i Jse I T T A
AHRIRIE . BRI E S H S p-A S BN —FEY) 0, BAPIR . St rfE
. B, #2377 DR J7TH, BTANR S BB AR AT LSS R AN g, S0 20 R R, B8 LR AR R,
TR B Ak 5538 2% 11 i fr 2R

PPI X2 I & 42 40 M FiTAs B EE bR 2R 15 B S S8 5 RIE RN . IS S5 A A0 R ES
AR[L7]. BEFRRE, TNF 2 50 R SR 1 R, A P R 4 e i 28 5388 22 AR R AR A k) TNF
i OB, GRS A RREVESIR o T AORE S N DR AW X IR T fi B A 114 W 455G R 00 B 8100 19 O I A 4534
SR A (T e BRAZ - R g P B nl a1 TNF S S0 RE, s R 0E B, X DR YAIT A
AR [18] o B2 A KA1 EGFR S H: 50 i SR IE S 2 YR 97 e i A7 FH ) A Wb B A A 1 [19]
EGFR JK-FAEH XA B4 KRG h A RS, 2 58500 5 AP EIRAT IR IR IT . BM- - KE
PP IS PR RO P BRI EGFR 155K, 2 S E 50 518 SR B ARAN N 24t e PRy S8 s 1%, AT
U DR IR ARTEE . b, MhiT3525940 55 HMGCR 78 fE 2805 AR g PR b 2634 07 1 B Dk, s
KT 5 2 BB PRI & AR R IEA S5 . RAGE F1 AGEs HIAH HAE FIAE 20« S A N IORT i LB R 1 b
IR, S EOL G I T BE B RS AN 2 KO . BT - KB HE TR 2> 81 AGE-RAGE 15 Sifii#, w4l
il DR HJER. 534h, AKTL. IL1B. PPARG &2 RSt E IR Z WL i, S RAERMN.. JRIITIR
R BRI REY), fREZE . MG SZKEFEAE 2 DR EE AR, Wiy K
F, SCES K AR RE S HE— D AELSE DR KRR

Zx LA S A NGO AR AT R ¥2 98 , S8 5 SR X 28 24 B 2 75 16 3 i R AZ RN B0 VE 97 B SR s
PRI B A8 (A FIAL 0 AT, (046 -1 S . RSB mEER . FI2s KB ER. RIE RS R Rk R
HZGRHGYT DR BB 25 %y, 8t TNF. AKT1. IL1B. EGFR. PPARG Z55cH40 A2 5 TNF 13
i, AGE-RAGE {55 M. MARSshkEFEELL, XF DR VAT AR L. 45 7KW, PfK
TN 2 A 2 IR BN R R IR TTRE R LI IS0 A8 B ARARAE S Db BRI R X L0 A8 ()96 T
PR TR K .

SE 3k

[1] Duh, E.J., Sun, J.K. and Stitt, A.W. (2017) Diabetic Retinopathy: Current Understanding, Mechanisms, and Treatment
Strategies. JCI Insight, 2, €93751. https://doi.org/10.1172/jci.insight.93751

[21 1&RFH, EZ, s, BRIz R R ORI 2T 48538 Toll #£32 Mo Bk 1E IR 7L [0]. KRR 2y, 2016,
33(5): 299-302.

[3] Oduro, P.K., Fang, J., Niu, L., Li, Y., Li, L., Zhao, X, et al. (2020) Pharmacological Management of Vascular Endo-

DOI: 10.12677/acm.2024.1482387 1535 I IR 2= =23t e


https://doi.org/10.12677/acm.2024.1482387
https://doi.org/10.1172/jci.insight.93751

i
=t
&
¥

(4]

(5]

(6]

(7]
(8]

(9]

[10]

[11]

[12]
[13]
[14]
[15]

[16]
[17]

(18]

[19]

thelial Dysfunction in Diabetes: TCM and Western Medicine Compared Based on Biomarkers and Biochemical Pa-
rameters. Pharmacological Research, 158, Article 104893. https://doi.org/10.1016/j.phrs.2020.104893

Ru, J., Li, P., Wang, J., Zhou, W., Li, B., Huang, C,, et al. (2014) TCMSP: A Database of Systems Pharmacology for
Drug Discovery from Herbal Medicines. Journal of Cheminformatics, 6, Article No. 13.
https://doi.org/10.1186/1758-2946-6-13

EHMETF, b, 4195, . HT UHPLC-Q-Exactive Orbitrap MS F k¥ £% 265 31 2248457 I R Lt B2 sE A F W LA D).
HR B AR, FH 2442, 2023, 40(1): 25-37.
Daina, A., Michielin, O. and Zoete, V. (2019) Swiss Target Prediction: Updated Data and New Features for Efficient

Prediction of Protein Targets of Small Molecules. Nucleic Acids Research, 47, W357-W364.
https://doi.org/10.1093/nar/gkz382

Gabler, F., Nam, S., Till, S., Mirdita, M., Steinegger, M., S6ding, J., et al. (2020) Protein Sequence Analysis Using the
MPI Bioinformatics Toolkit. Current Protocols in Bioinformatics, 72, e108. https://doi.org/10.1002/cpbi.108

Shannon, P., Markiel, A., Ozier, O., Baliga, N.S., Wang, J.T., Ramage, D., et al. (2003) Cytoscape: A Software Envi-
ronment for Integrated Models of Biomolecular Interaction Networks. Genome Research, 13, 2498-2504.
https://doi.org/10.1101/gr.1239303

Szklarczyk, D., Morris, J.H., Cook, H., Kuhn, M., Wyder, S., Simonovic, M., et al. (2016) The STRING Database in
2017: Quality-Controlled Protein-Protein Association Networks, Made Broadly Accessible. Nucleic Acids Research,
45, D362-D368. https://doi.org/10.1093/nar/gkw937

Sherman, B.T., Hao, M., Qiu, J., Jiao, X., Baseler, M.W., Lane, H.C., et al. (2022) DAVID: A Web Server for Func-
tional Enrichment Analysis and Functional Annotation of Gene Lists (2021 Update). Nucleic Acids Research, 50,
W216-W221. https://doi.org/10.1093/nar/gkac194

Liu, H. (2024) Traditional Chinese Medicine for Visceral Pain. In: Xia, M., Fan, B.F. and Jiang, H., Eds., Visceral
Pain, Springer Nature Singapore, 119-166. https://doi.org/10.1007/978-981-99-9167-9 8

BRI, SRR, BRGSR, & RERX I SOE MEm i R E R[], A vk, 2023, 43(3): 428-434.

AR, FRREL AR A B E R S R[], G PR 2 34 2R A, 2015, 31(9): 765-768.

BRI, AL, R, S BMC R IR IL]. T EE SR, 2015, 42(4): 888-890.

SO, AR, sEEAR, & R M 2% ApoE F: RIS R IMLAR A 3 KRR E AL B 5 RE S B g2 []. H E
PHRELE A2, 2005, 25(4): 345-349.

XIER, WS, 330 p-15 S BERIBE I RO Rk e [J]. RN L, 2019(1): 77-79+82.

Bradley, J. (2007) TNF-mediated Inflammatory Disease. The Journal of Pathology, 214, 149-160.
https://doi.org/10.1002/path.2287

Sarkar, F.H., Li, Y., Wang, Z. and Kong, D. (2008) NF-xb Signaling Pathway and Its Therapeutic Implications in Hu-
man Diseases. International Reviews of Immunology, 27, 293-319. https://doi.org/10.1080/08830180802276179

Seshacharyulu, P., Ponnusamy, M.P., Haridas, D., Jain, M., Ganti, A.K. and Batra, S.K. (2012) Targeting the EGFR
Signaling Pathway in Cancer Therapy. Expert Opinion on Therapeutic Targets, 16, 15-31.
https://doi.org/10.1517/14728222.2011.648617

DOI: 10.12677/acm.2024.1482387 1536 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2024.1482387
https://doi.org/10.1016/j.phrs.2020.104893
https://doi.org/10.1186/1758-2946-6-13
https://doi.org/10.1093/nar/gkz382
https://doi.org/10.1002/cpbi.108
https://doi.org/10.1101/gr.1239303
https://doi.org/10.1093/nar/gkw937
https://doi.org/10.1093/nar/gkac194
https://doi.org/10.1007/978-981-99-9167-9_8
https://doi.org/10.1002/path.2287
https://doi.org/10.1080/08830180802276179
https://doi.org/10.1517/14728222.2011.648617

	基于NGO算法和网络药理学的桃仁–大黄治疗糖尿病性视网膜病变作用机制分析
	摘  要
	关键词
	Analysis of the Mechanism of Action of Peach Kernel-Rhubarb in the Treatment of Diabetic Retinopathy Based on NGO Algorithm and Network Pharmacology
	Abstract
	Keywords
	1. 引言
	2. 优化算法
	2.1. 北方苍鹰算法
	2.2. NGO算法初始化过程
	2.3. 第一阶段：猎物分辨识别
	2.4. 第二阶段：追逐和逃跑阶段
	2.5. 算法重复过程、伪代码和流程图
	2.6. NGO算法结果

	3. 网络药理学分析
	3.1. 桃仁–大黄活性成分筛选及靶点预测
	3.2. DR疾病相关靶点获取
	3.3. 桃仁–大黄治疗DR的潜在靶点
	3.4. 靶点蛋白PPI网络构建
	3.5. 生物功能与通路富集分析

	4. 网络药理学分析结果
	4.1. 桃仁–大黄的活性成分及预测靶点
	4.2. 桃仁–大黄药对治疗DR的潜在靶点
	4.3. 构建“药物–活性成分–DR–作用靶点”网络
	4.4. 网络蛋白相互作用(PPI)网络构建
	4.5. GO富集分析
	4.6. 桃仁–大黄治疗DR的KEGG富集分析

	5. 总结分析
	参考文献

