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Abstract: Objective To explore the main components and mechanism of iridoid glycosides in Gentiana straminea against
Through

literature review and TCMSP data collection, iridoid glycosides were screened using SwissADME database, and drug targets were

rheumatoid arthritis (RA) through network pharmacology, molecular docking and experimental verification. Methods

predicted using PharmMapper database; RA related targets was collected through databases such as OMIM, GeneCards and TTD,
potential anti-RA targets of iridoid glycosides were screened through Venn analysis, protein-protein interaction (PPI) network was
constructed to screen the core anti-RA targets of iridoid glycosides, and mechanism of iridoid glycosides anti-RA was predicted through
gene ontology (GO) function and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis. The key
components of iridoid glycosides were screened through molecular docking and molecular dynamics simulations using core targets as
receptors. In vitro experiments were conducted on human fibroblast-like synoviocytes in rheumatoid arthritis (HFLS-RA) to validate
the results. Results A total of 18 iridoid glycosides with drug-like properties, 300 drug-related targets and 1 641 RA related targets
were collected and obtained; Venn analysis screened 103 potential targets of iridoid glycosides for anti-RA; PPI network analysis
revealed that proto-oncogene tyrosine-protein kinase Src (SRC), mitogen-activated protein kinase 1 (MAPK1), non-receptor tyrosine
kinase lymphocyte cell-specific protein-tyrosine kinase (LCK), epidermal growth factor receptor (EGFR) and Ras homologous gene
family member A (RhoA) may be the core targets of iridoid glycosides against RA. GO and KEGG enrichment analysis results showed
that phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) pathway was closely related to the anti-RA effect of iridoid glycosides,
which also participated in regulating various biological processes such as neutrophil activation and degranulation, thereby regulating
the body’s immune response to exert anti-RA effects. Molecular docking identified SRC was the most central target, and gentiopicroside
may be a key component of iridoid glycosides; Molecular dynamics simulations showed that gentiopicroside binded tightly to the SRC
target, indicating its potential therapeutic effect on RA through targeted action on SRC. The in vitro experimental results confirmed
that gentiopicroside could significantly inhibit the proliferation of HFLS-RA (P < 0.01, 0.001), reduce the levels of inflammatory
factors in supernatant (P < 0.001), and inhibit the activation of PI3K/Akt and nuclear factor-kB (NF-kB) pathways (P < 0.05, 0.01,
0.001). Conclusion Iridoid glycosides are the main components that exert pharmacological effects in G. straminea, among which
gentiopicroside is the key component of iridoid glycosides anti-RA. It can exert anti-RA effects by inhibiting HFLS-RA proliferation,
reducing inflammatory reactions and regulating PI3K/Akt and NF-kB signaling pathways.

Key words: Gentiana straminea Maxim.; iridoid glycosides; rheumatoid arthritis; network pharmacology; molecular docking;

PI3K/Akt signaling pathway; NF-kB signaling pathway; human fibroblast-like synoviocytes in theumatoid arthritis; gentianoside
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Table1 Primer sequences

£ A EMHGIY (5°-3) EEIY (5°-3)
GAPDH GGGGAGCCAAAAGGGTCATCATCT GAGGGGCCATCCACAGTCTTCT
PI3K CAGAACAATGCCTCCACGA CTGAAATCTTACGGAGGCAC
Akt CACTTTCGGCAAGGTGATCC TTCAGTAGCACCGGTTCCTG
IL-174 ACCGGAATACCAATACCAATCC GGATATCTCTCAGGGTCCTCAT
TRAF6 AAAGCGAGAGATTCTTTCCCTG ACTGGGGAGACAATTCACTAGAGC
IKKB GAGCTCAGCCCAAAGAACAG AGGTTCTGCATCCCCTCTGG
NF-KB p65 ACCTTTGCTGGAAACACACC ATGGCCTCGGAAGTTTCTTT
IL-10 ATTTGAATTCCCTGGGTGAGAAG CACAGGGGAGAAATCGATGACA
IL-18 AGAGCCCATCCTCTGTGACT GCTCATATGGGTCCGACAGC
IL-6 TAGTCCTTCCTACCCCAATTTCC TTGGTCCTTAGCCACTCCTTC

Pk et i FEL K, 5 32 PVDF i, DN BEAE 2 41
MA—Ht 4 CHREELR, TBST BEHE 3 IMAT
PUEIREE 2 h, TBST ¥l 3 X, MM ECL A0t
WAT BRC RS . T Tmage T 3K A5 #1215 K &
B, FLL GAPDH NN S5 45 R AT I3 — L Ab B .
211 ZitFESH

KH GraphPad Prism #4347 7041, PHZLZ [H]
ILCECR ¢ A58 0, 2 IR LUK F R R 3
Zohr, SRMUX s ER.
3 HFR
31 IGEMEEI RA WABEERESS PPI W
A

j# 1L TCMSP 1 SwissTargetPrediction 4 /2 1]
AR AT ILISER 1 49 ANIRJAEGG R A AL,

T AT T . SCHERISCEE AT SwissADME 4 [ i
EHAE T 18 MNIEEENE R (R 2), i
PharmMapper (4 FETUM T 259 A% ks £ 51
Rio Venn 774 EIRAEIE TS RN 49 NIR
I ok 1 4 5 5 PharmMapper £ 22 Tl (1) 259 />
PRI TG R S 2.7% S, 5 P T il 1 5
EEH 16% (B 1-A) o REFAHIE T KT A28
13— L2 R B 29 OB B A PR B A, K EA AL
I ZGER R 4 2R, SR BT N4 2535
PAHELLR Sy “AE TR AR IR FERI S, Al
R A S5 AT FE . B, AWFFERH T —Fek
R IR 2% 2538 52 07 VE R M TG T RA A AL
HEAT 04T, ARKFRRE A1 9 28 24 B 7 Tl 1) 285
R NSRS

R2 FANGBIEE LMD

Table 2 TIridoid glycosides in Gentiana straminea

75 & A1 CAS & 551

1 N7 Ci7H26011 25406-64-8 PRIk

2 eustomorusside Ci16H24012 74213-77-7 IR IA I o s

3 Wr kR Ci6H22010 60077-46-5 SRR Tk

4 6'-O-B-D- ML 2 bl 5k ek B R C22H34015 176226-39-4 PRI Tk

5 6"-0- LB R HTE Ci16H24012 — A lok s

6 ORI Ci1sH22010 22255-40-9 IR Jf Bkt

7 (YA C16H20010 17388-39-5 FATRIR G B i £

8 21-0- L BRI F S CisH24O11 — ZAIR I T s

9 JeHE T C16H2009 20831-76-9 FATRIR G B s HF
10 Wi F KT C16H2209 14215-86-2 FATRIR G B s HF
11 secologanol Ci7H26010 72463-81-1 LTI ok i
12 A C17H24011 — ZAPR IR s ok s 7
13 8'-epikingisde/7-Fi % & C17H24010 16606-70-5 PRI Tk
14 olivieroside A C25sH26011 — IR IA I o s
15 FHIMIETIT C2H32015 — SAIRIR s ok s 7
16 saprosmoside H C34H42021S — EFISIN I TS
17 rindoside C35sH42021 128420-44-0 SR IR Bk
18 = C35Ha2020 53823-10-2 ZATRIA G i £
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$£T TCMSP Al SwissTargetPrediction
YR R WA B B TR HE

FET 254k 5> Al PharmMapper
SR R U 1 B P L

(MCODE |

197 103 1538

AN RA

HSPGOABT

, e . CTNNAT

ERBB4

PRKCA 1

A=A EFNEOE PRSI AR R T HE A5 2 B-IRMRBERS TR AL A5 RA SE UK Venn 2347 C-IETE(EFIREAK) PPI IS4

A-information of iridoid glycosides targets collected using different methods and databases; B-Venn analysis between iridoid glycosides targets and RA

targets; C-PPI network analysis of potential targets.

1 IFSHBTEE T RA BB R RIFES PPI ML
Fig. 1 Screening of potential targets of iridoid glycosides against RA and PPI network analysis

32 PPl SMTRAZLEE SFIRLE R

W PRI Wt A ATV B R H S A3 3] T 300
NS SRHE /L, AR B e T SRR
1 641 I RA HJMHRAE S Venn 7044 B IR 25Y)
B 5P A s I 103 N ACHERE AL, Ui B IX LR AR
RUA] RE SR MO RS H BT RA VS EME TR A0 (&) 1-
B), fiH STRING % A1 Cytoscape 3.9.1 R AFXT
103 MEAEVE AL S2E4T PPI W20, JFEH
MCODE X PPI RZ5REAT IR, 45 KRR WA
Bk 47T RA BI04 s E 20 SRC. MAPKI, JF
S A T TR A R 2 4 e A S 1P R T R
(non-receptor tyrosine kinase lymphocyte cell-specific
protein-tyrosine kinase, LCK). 3 4K K7 524k
(epidermal growth factor receptor, EGFR) #l Ras [f]
PRI R ZX R 1 A(Ras homolog gene family member
A, RhoA) % (] 1-C); Hrp SRC 711 N 20,
MAPKI 4 16, LCK #l EGFR & 15, RhoA A 13.
33 GO MKEGG BE&ENHER

IR ARG T 5T RA HOTEAEAE AL S E4T GO

BHESNT, BEIMKEARE 1853 MWL, 64
ANYHRIZH 730 146 ST IhRE. Hh R EAY) SR
(@R RE e dvadill ol b AN AR g A sl N LR ¥ vt o)
Ak MR L BRI N AN L A, i
FEEENE . B ficolin-1 FMURLAN 7 WARIRL IS 55, 73
TINREALHE A IRBEE I . 22 SRR Y P Ok Bl 3% Ik A 22
SRR RIS L (B 2-A). X EegE L0 W FRJ7 Tk
T T RA EZEWS K (1) A P R Dy v e 40 i ot 5
R R AT TS AL GO 5% K& R SRC. MAPKI
Al LCK 25 4% 08 S 1E R B A v 9 H & 4
(K 2-B).

KEGG & 407 45 B R PRI Bbis H 91 RA 1)
103 MBTEE LSS E R T 144 %15 588,
BROPTEEREIR 144 BB K 27 Mgtz
FEARGESERFMERSYE (H2-0). 457
WA R 5 S S RGBS T gt
% F BALFE PIBK/Akt 3@ . MAPK l IL-17 %55
W (] 2-D), FRUIXLLE K 5 ER TP RA
IR
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A neutrophil degranulation -
neutrophil activation involved in immune response -
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Fig. 4 Molecular docking results
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