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Abstract: Objective: To explore the potential active components, hub targets and action mechanism of Mongolian

medicine Ruda—6 (RD-6) in the treatment of gastric ulcer (GU) through network pharmacology and animal ex-

BT N DEE E 5 5 0 s FRlE 4101 B (SKLA02020001A19) 5 NSE T F 16 X B 2822 i AR RS A A %
JEITH (NJYT22048 ) ; e 5| 45 B & B H (N20212Y0015)

EE R AL, NS RIS 2y e o .

WS M, NS RIGR #5087, it 05T A S



258 N % 5 B K K 2% 2% i) 2023 4F

periments. Methods: The potential active components and therapeutic targets of Ruda—6 against gastric ulcer
were predicted and screened through TCMSP, SwissTargetPredition, BATMAN-TCM, GeneCards, OMIM , Pharma-
Gkb, TTD, and Drugbank databases. Protein— protein interaction (PPI) analysis was performed through the
STRING database, and GO functional annotation and KEGG pathway enrichment analysis were performed by
Metascape database. The PPI network and “component—target” network were mapped by Cytoscape3.8.0 soft-
ware. Then, the gastric ulcer rat model was established by indomethacin—induction, and the gastric protective ef-
fect of Ruda—6 on gastric ulcer rats was observed. In addition,the mRNA expression level of key targets was de-
tected by qRT-PCR. Results: A total of 58 potential active ingredients and 137 anti-gastric ulcer targets of Ru-
da— 6 were screened. PPl analysis revealed 10 hub targets including STAT3, PIK3CA, SRC, RELA, TP53,
MAPK1,AKT1,JUN,CTNNB1,and PTPN11. The “component—target” network analysis indicated 10 core compo-
nents including quercetin, luteolin, kaempferol , B—sitosterol, stigmasterol , isorhamnetin, kumatakenin, 5—hydroxy—
7-methoxy—2- (3, 4, 5—trimethoxy—phenyl) chromone, 3—Methyl camphor phenol, and N-(2, 5-dimethoxyphe-
nyl) —4—methoxybenzamide. Functional analysis showed that Ruda—6 may play an anti—gastric ulcer role through
pathways in cancer, human cytomegalovirus infection, PI3K/Akt signaling pathway, proteoglycans in cancer, lipids
and atherosclerosis, MAPK signaling pathway, etc. The experimental verification results showed that Ruda—=6 had
a preventive protective effect on indomethacin—induced gastric ulcer in rats, alleviated gastric histopathology inju-
ry,and increased the mRNA expression levels of PIK3CA,TP53, MAPK1 and AKTI in gastric tissue (P<0.05).
Conclusion: The network pharmacological analysis and experimental verification preliminarily reveal that Mongo-
lian medicine Ruda—6 exerts anti—gastric ulcer effects through multi-components and multi-targets.
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Tab. 1 Databases and platforms used in network pharmacological analysis

AR Zhil
P2l RGeS B R S - & (TCMSP) hitp://temspw.com/temsp.php
SwissTargetPredition Z(#f& 4 http://www.swisstargetprediction.ch/
BATMAN-TCM ##i& )% http://bionet.ncpsh.org.cn/batman—tem/

Uniprot 4l /%2 http://www.uniprot.org/

GeneCards 54 % https://www.genecards.org/
OMIM %#s 2 https://omim.org/
PharmGkb 4 % https://www.pharmgkb.org/
TTD %t http://db.idrblab.net/ttd/

Drughank ZH5 4 https://go.drugbank.com/
Venny v2.1.0° -5 https://bioinfogp.cnb.csic.es/tools/venny/index.html

STRING %itdis /22 https://cn.string—db.org/
Metascape HH 4 https://metascape.org/gp/index.html#/main/step 1

1.1.2 Wnik-6 B MR it A o 245 R G0 20 B2 5000 72 5 43 T F 5 (Traditional Chinese Medicine
Systems Pharmacology Database and Analysis Platform , TCMSP) Z(H6 22", LL“ARE " “Ha 77 “ A8 i -
A SL5E R B R SR R AL A S . LA IRAE PRI HTEE (Oral bioavailability , OB)=30% #1224
(Drug-likeness, DL)=0.18 254 T 18 , FeJr MBRTCAR AT o 3 b, Al (e [ 245 80 ) (2020 fi) FRAH DGR
JE , BRI IR AN K SRR AR L OB A DLAE (R I, (H A ik —6 Y F= 225 B 43, DRt — 44
AARBITE o Fe B I N BRE 52 B 8000, A AN IR —6 RYTETETE LA

1.1.3  Gnik—6 s 080 S 350 ) TCMSP | SwissTargetPredition”” #1 BATMAN-TCM "™ ¥4 e , ¥y hik &
Homo sapiens "', 133t Q13K —6 B AN AN LA VR TERE £ . A Uniprot S5 i =, SCHR R A4 FR 5
FER AR, IMBRAVEBC R IR o fe 28 O I B o 52 A4 i, 2R A5- Ak -6 B 048 A

1.1.4 B EZERAHH ST DL gastric ulcer” Ay 8T, F] FH GeneCards'™' ,OMIM™'  PharmGkb'*’ |
TTD*/F1 Drugbank * $dJ 5 , 18 2% F itz AHOCHE a5, MR TUARHE

11,5 nik-6 iior Al e LA lad Venny v2.1.0°F &, R4 U1K -6 1505 B 155 Y s A2 #L
RISk fnik—6 Bt 15 Bt O B4 R . 22l =5 R

1.1.6 - PPIZRMAT I STRING 2 Bt e, %o 1.1.5 35T (Y S A #E s A7 2 11 5~ 8 11 SO ELAE T (protein—
protein interaction, PPI) 73 #7 . & B ¥ & Homo sapiens, 5 {iK B /F 43 %X (minimum required interaction
score) A 0.9 , BT 25 v W 3 22 09 15 0, S i TSV A8 2S04 B FH Cytoscape3.8.0 P B4 A T # $h 43
BT, W48 RN S5 2 8] )% B BSOFH EEL (degree ) 7R o BE(EHEAA FIT 10 MR8 SO0 I AZ O 65

1.1.7 GOIIEEYS KEGG Ml I & 081 FH Metascape E0 722, X anik—6 55 15 197 W2 SE 50 5 B A 7
Gene ontology(GO)ﬁ]ﬁEL‘I_$§ﬂt‘ﬂ Kyoto encyclopedia of genes and genomes(KEGG)@ﬂ%%ﬁ%ﬁ*ﬁ SR B
A Homo sapiens, XJ152] AOZE SR T e , O B8 P<0.05 A %h

1.1.8  “Hir—#A Mgt I Cytoscape3.8.0 F A4 , N7 ANk -6 W FEIG M A0 VA YT B Itz i 2
[ ) oy — " X 285 o 3 SD I A CytoNCA i AAREA T4 4 N BT, A0 3 B A T i

12 SEIE

121 259500 525 k-6 i NS RGO I Jm BE B 52 24 50 = e ] o malwkse = (525 17378~
5G) I A Sigma—Aldrich A 7] L -J5 AKE (Hematoxylin—eosin , H&E ) Y (4% (125 G1120) 1 A K35 F)
FABRA W . RNA $2BGAH & (525 DP431) g B RARAE AL BRI BRA W o 305 4% 5% PrimeSeript™ 1st
strand ¢DNA synthesis kit 2 77| &5 15 6110A) . TB Green® Premix Ex TaqTM (Tli RNaseH Plus) ( 1§ 5
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RR420A) W H AW TRRAT FRA A
122 SEEREhY)  HErE Sprague—Dawley (SD) KB, SPF 2% (1t 5 C-NMG20210617) , A5 (200+20) g , 1K
AR A AL SR BTSRRI S RIGR 2= S e i bl 2348 5 T 3 T (1R 3
%5 NM-LL-202106-15-1) . sh¥I1aF= 30550 12 h 612 h ZARE [ AR T AR fe 9 (24.0£2.0) °C
KAHRTREE (50+5) %
123 ZWsrdH 54025 KREAEE PR IR — 85 BEPLS R 5 4 1E R 4 ARUZE ik -6 Ik b e )
L, B 6 Ho K nik-6 2583 HH 0.5%19 CMC—-Na FiL il i 27 mg-mL™" 135 mg-mL™".270 mg-mL™ (R
W B2y h=OEE o IE R AURBIRIZ 25T 0.5%1) CMC—Na; Wik-6 25 245 7554351k « Anik—6 AR50 =4
0.27 g-kg ' ANik-6 7 AL 1.35 g kg ANA-6 AR 2.7 g-kg'c HEH A 0.01 mL-g", B H 1K, i%
L3 o AR R BRI E AR A R A
1.2.4 SRS ERHT 24 h, LRSI EASK . TLZGREE 21 K, IEH 4K B 0.5% CMC-
Na, HiAx2H K B B I35 7 (30 mg-kg™', B PE T 0.5% CMC-Na /) ,iES B i% . 6 ha, KRBT
FEIE B B AL RS AN BT I PR B AW R S G 2 4 CA K TRy vEaR B IR TS B
Fok b, WEE RO, IR o BB B HLIE Tk, A 4% 22 58 F S [ T b A T 5E
TR B HLER ARAEE T IERA P RGER R, B T-80 “CIVKAR TP i -
125 BHHAZURIMEE X 4% 2 T RS R b 18 e 1 8 224 7 K R A 538, DAL S wm 1941
h, BT HE Y8 7 B T Mg gL/ iy B AHZUE R
12.6 gRT-PCRAGI  $2HUK B HLUERNA, LU wg S RNA WA 3055 5 cDNA 55 —55 [ , 7
LA cDNA AR 4 T qRT-PCR A . Actb FITENZ: o JUWFEFH:95 C 3 min; 95 °C 10 5,60 C 20 s,
72 °C 20 s LAWY SEIEIN . BT 3N Y H A e K R R S | 0 A AR A AR
(HE B, 51 F AR 2 R . R 272V AR XS kKT

%2 MFqRT-PCRE&HEIMFF

Tab. 2 Primer sequences used in qRT-PCR experiment

FEPH EmGIY (57 -39 RInB (57 -3
Pil3ca TTCCCAATGCTGTTCAGAC ACCCCAAGTCCATCGAA
Tp53 TCCGGTCAGTTGTTGGA GCAGAGTGGAGGAAATGG
Mapk1 CGGCGGTTAGTTCTCTCTT GACTTGTGCTGCGCTTC
Akt1 GCTGGAGAACCTCATGCTG GTGTCCCGCAGAACGTC
Actb CCTCACTGTCCACCTTCCA GGGTGTAAAACGCAGCTCA

1.2.7 BEAabPe By DL B bR 22 (meanzstandard error of mean,S.E.M.) /R, K
AR J5 22531 (one-way ANOVA ), P<0.05 1 22 A Ge it 7 L, P<0.01 FRon AW W12 5% . A
GraphPad Prism 8.0 K {4il4 143 HrFnZ: &l

2 H#HR

2.1 dek-6@yHAEEMWRS N T R AENTE-6 RS AR B T anik—6 6 IR 25 #17E TC-
MSP Z5 40 2 v 8 B0 2, L )t 22 1 ([ 24 ) (2020 Ji)  REE Y Tk -6 A 4R R Lo . HildfE OB=
30% H.DL=0.18 Z5 1, I\ TCMSP $icHis g rh A5 3] 43k -6 W AE TG M o3 56 4>, A d& I8 T AR 1y 6 1
JEFHE T 154 VR T AR 74 JEF R SEAER 94 R T 2809 120 LR FEER 15 a5
A, (P E 25 8 (2020 JROD ™ HEE B A -6 MR R N BRI L EARF RN —FHFAA . Lt HERE
ST T B0 e B Ak —6 T TE IS PRI A3 581, TEAF B L3R 3.

22 Jeik—640F Stm¥e s TN R 58 VAR TE A R A, 53 D SwissTargetPredition . BATMAN-
TCM I TCMSP £t A 3545 688 4~ . 557 11207 ML, B E R P 1 1824 Aih-6 M/ s (K11A)
L) “ gastric ulcer” A BRI AG 2GRS, , 73 B M GeneCards ,OMIM . PharmGkb . TTD FI Drugbank B e b
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AL 3114254 19 8 FI 514 &, 5153 359 4~ B vtz A e # S (KB ) o SR g Kb il 4080 2 A
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Tab. 3 Potential active ingredients of Ruda—6

Py WA FR TCMSP £ 40 % iy OB/% DL b/ S/

Cl I [a]MRmE MOLO010813 CisHuN 3522 022 AR

2 SRR MOL010828 CioHx05 67.50  0.38 KRAF

C3 - MOL010839 CoHis06 38.56  0.73 A

C4 FIHEARIR MOL000211 CyoHis0s 5538  0.78 VN

Cs A MOL000359 CaooHs,0 3691 075 ARAF

C6 [FAH] L MOL000449 CaooHisO 4383  0.76 A HeF

c7 LTI MOL001406 CaoH:0, 3530  0.26 BE¥

(4aS,6aR,6aS,6bR,8aR, 10R, 12aR, 14hS)-10-}%
C8  }£-2,2,6a,6b,9,9,12a—LH %-1,3,4,5,6,6a, MOL001663 CaoHus0s 3203 0.76 BE¥
7,8,8a,10,11,12,13, 14b-P- A M ki-4-H iR

€9 HGIEZES MOL001941 Ci6H 0, 3455 022 BEF
C10 AR E 2250 MOL004561 CH oNJO 84.07 059 T
Cl1 i = MOL000098 CisH 100 46.43 0.8 ﬁ% E*ﬁjﬂi il

BN 4
CI12 B4+ il MOL000358 CasHs50 3691  0.75 HE+ A
Cl13 IS MOL000422 CisHioOs 4188 024 e Efgﬁ 1
FAE
Cl4 +/\Bk-9, 12— JiiiR 2. g MOL001494 CaoHi0: 4200  0.19 He+
C15 it MOL001506 CaoHso 3355 042 He¥
Cl6 SERRETH R MOL001942 Ci6H 10, 4546 023 He+
c17 TR 2 B MOL002883 CaoH02 3240  0.19 He+
CI8  S5HL-7-HEH-2-(3,4,5- = EIHIL) (A MOL003095 CioH 50 51.96  0.41 BEF
C19 IR MOL007245 CieH 1206 60.16  0.26 BE¥
€20 PRVER S ARG e MOL009038 CHx015 4558  0.83 W+
c21 BEAERR MOL001002 CiHeOs 4306 043 Patii): e
C22 (+)-JLE#E MOL000492 CisH 1.0, 5483 0.24 Vet
€23 RIEBHZR MOL000006 CisH 1006 36.16  0.25 Ve ) NEK
C24 SRV MOL009274 CaH5Cl0 55.05 034 Vayi)a
€25 SRER MOL000354 CiH 1,0, 49.60 031 I - 4E
€26 BRATER MOLO005136 CoHi0; 5597  0.61 H=fEAE
27 JE& UG MOLO005137 CisHxN, 68.35 021 ey A
28 WP iFe R MOL005138 CosH0; 6843  0.63 RS2
€29 AREE PR MOL005141 CaoHa0, 47.01 048 I - 4E
€30 AL 3 1T MOL005142 CaoH05 6497  0.56 I 1€
C31 Ll H R MOL005144 CaoHiOs 61.61  0.50 I - 4E
€32 (4K, 6E)-L, 7R3, 4-— R EAE) MOL000224 CiHisO0s 33.06 031 EL5
P-4, 6- 53~

€33 (2R)-7-F3R3-5-H AL -2 R (0 S IR 4T MOL000228 CieH04 5523 0.20 ISR
C34 TN MOL000230 CisH04 5756  0.20 B
C35 1,7-" 2K 3H-3, 5-— - 1-Bls MOL000235 CisH20, 49.01  0.18 =X
€36 1,7- R -5 k-6 PRl -3 MOL000238 CioH0, 3265  0.18 ik
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&kR3
i B AR TCMSP #1545 R OB/% DL AU
C37 LAEE SN MOL000239 CiHuOs 50.83 029 ok
€38 T-0- L iy MO1.000242 CisH 106 56.56  0.27 [5X 4
€39 INEAR[suk=R 7] MOL000243 - 87.67  0.19 5K
C40 LAT R THE MOL000258 CaoH20s 56.84  0.29 T
5-[(2R,3R)-7-H 48 HF-3-H F—5-[ (E)-TN
C41  F-1-0mdk]-2,3- AR Rk -2-3E ]-1,3- MOL000260 CaoHa0, 65.55  0.40 T
HH T EE
C42 FeRE= MOL001555 Co2Has0s 5235 0.62 Y
C43 B MOL001558 CaoHisOs 5655  0.83 TER
C44 TESE I T MOL001559 CiHWNO; 3071 0.18 TR
€45 PEJ IR MOL001560 CoiHuNO, 5132 041 EER
C46 BERET AR IE MOL001561 C>HxNO, 4773 041 TEXE
C47  N-(2,5-HASIETL) -4-H UL H e MOL001586 CiHNO, 60.70  0.18 EER
€48 N-F TR +%-2(E),4(E),8(Z)- =Mt MOL001588 CoHNO 4448 032 PER
C49 N-5 T 3-2 4-5F —ibh% MOL001589 C2:HisNO 38.86  0.32 TER
€50 B MOL001592 CiHWNO; 4252 023 BER
Cs1 Bid % MOL001594 CiHu0s 88.05  0.64 BEYE
€52 1,2,5,6-PUE 2 MOLO001601 CisH 105 3875  0.36 ERE
€53 (3, 148,248 ) - f BE-5— -3 MOL001607 CxsHs50 3691  0.76 VERE
C54 AR HL MOLO001610 C2HNO, 4400 051 ERE
s (DEEU-USASISSR-S-TON-G- 61 CHaNO, 272 043 B
FH L HE) 2,4, 10~ — TR e
s TURASCARR_RERIESEE o oiels CHsNO, 4943 036 B
TR RE S
C57 AR NR MOL010825 Cis Ha O, 2007  0.11 KA
C58 FEREIE AN MOL001298 Cis His 05 5857  0.14 N

OB AR 2 IRA) B DLAR R K 25k R OF 1B 25 32 ) (2020 7R) WP ALE 69 7R T R A4 s o

(A) (B) (©)

PharmGKB
Swiss Target Predition B %
sl
b
Kl : I
OMIM k-6 K
Sl R B
TCMSP BATMAN
Bl Bl
Drugbank Gene Cards
sl HOE

El1 ik-6i81T B inmiE SN ER
Fig. 1 Target prediction results of Ruda—6 in treatment of gastric ulcer
E:(A)deik-6# ¥ 5 (B) B St mAn £ ¥e.5 5 (C)heik—6 1677 B ey B e de b,

23 RAEFEPPI S AA s e 5 Fm i STRING BiE 2 H AZ 42 #0519 PPT 204 5%, AL Cyto-
scape3.8.0 AT HLAL , AWFGR Wik -6 677 B 15032 (AW 7E M oS 25 SR LI 20 &1 2 1y S B R R de-
gree [ELBK, 7E R 285 v G 28 1 LA 22, Horp, degree {EL#5e KA AT 10 4S5 5 STAT3 . PIK3CA \SRC.,
RELA .TP53 MAPK1.AKT1.JUN.CTNNB1 1 PTPN11, i $65 &5 4 0] e 213k -6 K 3540 H vtz M n iz
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DEER(K4).

E2 fnix-6FE iRt RE PPISHT
Fig. 2 PPI analysis of common targets of Ruda—6 and gastric ulcer

E P EKADARE S L degree R ILH] . T EMK REAIR, ML TG ST R,

R4 WMiE-6RFrBiRmEEROER

Tab. 4 Potential core targets of Ruda—6 in treatment of gastric ulcer

%> Uniprot ID LR 2R BAEPA Degree {H
1 P40763 STAT3 Signal transducer and activator of transcription 3 51
2 P42336 PIK3CA Phosphatidylinositol 4,5-bisphosphate 3—kinase catalytic subunit alpha isoform 37
3 P12931 SRC Proto—oncogene tyrosine—protein kinase Src 36
4 Q04206 RELA Transcription factor p65 34
5 P04637 TP53 Cellular tumor antigen p53 33
6 P28482 MAPK1 Mitogen—activated protein kinase 1 33
7 P31749 AKTI RAC-alpha serine/threonine—protein kinase 31
8 P05412 JUN Transcription factor Jun 31
9 P35222 CTNNB1 Catenin beta—1 28
10 Q06124 PTPNI11 Tyrosine—protein phosphatase non—receptor type 11 26

2.4 HE¥E0 GO S ML KEGG T &4 N T B INA-6 76 5 Btz iay 7 h T REVE AL, T 137
AR SHET T GO TREIE R KEGG B & A2 /0. s GO TR R4S A, 24 277 1~ GO term i
FE A (P<0.05) , AR B RR L A I 1) VAT 0 AR RS B4 15 ) RS AR Bh 0 1 [ PR 38 B0 1 i R Y
BB ER AL 0 IE ) T 55 (B 3) o A, XSS 4RI 55 1 KEGG 3 i & 22 40 W 25 SR B, k-6 51 B 15t
P (R0 5P K 163 M5 518 I, AU i 42 L N 4R HE A 27 /8L | PI3K/Akt {5 538 [ JRAE H I B 1 3R
B RS sh KR AL DL e MAPK {5 538 45 . X S62s SRR | dnik—6 $1 B itz AE T HE S A 7E AR
[l A et R A S E b (B 4) .
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Fig. 3 GO functional annotation of Ruda—6 against gastric ulcer targets (Top 20)
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Fig. 4 KEGG signaling pathway of Ruda—6 against gastric ulcer targets (Top 20)

AR

2.5 Mg —¥e s MM DINTA-6 1 58 MR TEIE PR A 137 AT H 1t B R A -
24 , B AN -6 A U A AT BB B Hm A E R, DLIEL S . k-6 BNV E R F 2 A0 A, T st
N5 WMo AR o Mt R OREERER (LA B-A HRE . & SRR AR ER S5-I
T-FEIE-2-(3,4,5- = F AU ) i | 3— Y S i A B N— (2, 5—— F AU 2R 3 ) —4— AU B R ik
JRZE 4%, A I 844 (534 454 374 3441 294 294 274 27 I 26 N (36 5) L TETRY T B B
Gt B HAEEAEN . 734h, anik-6 TECH E 25 MO MUE BIFEPR L R R NER (CST) MBS AR TR N R
(C58) FIEFE 9N FN12 A4 o X BEHIHR AR, 4nik-6 3 i 2 -2 4 s R HEhT B s e



5534 JR 2255 - H T P 2% 24 B R SR B IE A 52 25 Ak ~6 167 T B Bt L 52 265

E5 wik-6mBinE Mo Mg
Fig. 5 The “component—target” network of Ruda—6 against gastric ulcer
E AN B HREI T deih-6; B BRF Ik -6 09 Mo (£ 3) s BB RAE 3t WA B R A

R5 WME-6MBRBEENEEEERS

Tab. 5 Potential active ingredients of Ruda—6 against gastric ulcer
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