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[Abstract] Objective; To investigate the feasibility of ethyl acetate fraction of Ipomoea muricatum (IM-
EA) in the prevention and treatment of alcoholic gastric ulcer (GU) and explore its mechanism of action based
on network pharmacology and experimental verification. Method: Forty SD rats were randomly divided into a
control group, a model group, a ranitidine group (2.7 mg-kg"), and low- and high-dose IM-EA groups (30,
60 mg-kg') after adaptive feeding for 7 days. The GU model was replicated by hydrochloric acid in absolute
ethanol (150 mmol-L") in rats after prophylactic administration for one week. Hematoxylin-cosin (HE) staining
and periodic acid-Schiff (PAS) staining were used to preliminarily evaluate the efficacy of IM-EA in the
prevention and treatment of GU. Lead compounds of IM-EA were screened out by ADMET, and the SwissTarget
platform was used to identify the potential targets for these compounds. GU-related targets were collected
through DisGeNET, OMIM, and GeneCards databases, which were mapped to potential IM-EA targets to
obtain the potential targets of IM-EA against GU. The STRING database was used to construct the protein-
protein interaction (PPI) network to screen the hub targets, and the DAVID platform was used to annotate the
biological functions of common targets to explore the underlying mechanism of IM-EA against GU. Autodock
Vina software was used for the preliminary verification of the computer simulation. The serum levels of tumor
necrosis factor (TNF) - @ and interleukin (IL) -6 and the content of prostaglandin E, (PGE,) , matrix
metalloproteinase-9 (MMP-9) , and superoxide dismutase (SOD) in the gastric tissues were determined by
enzyme-linked immunosorbent assay (ELISA). The relative expression levels of core proteins in the mitogen-
activated protein kinase (MAPK) signaling pathway, such as Jun oncoprotein, extracellular signal-regulated
kinase (ERK), and p38, in the gastric tissues were detected by Western blot. Result: As revealed by the results
of animal experiments, compared with the control group, the model group showed significantly damaged gastric
tissues and reduced secretion of gastric mucus. Compared with the model group, the groups with drug
intervention showed reduced ulcer areas in the gastric tissues (P<0.01) and improved gastric histopathological
status and gastric mucus secretion, suggesting that IM-EA was effective in the prevention and treatment of GU.
Sixteen lead compounds of IM-EA were screened out by ADMET, and 257 potential targets of IM-EA against
GU were obtained. The hub nodes in the PPI network included targets of TNF-«, protein kinase B1 (Aktl) ,
tumor protein 53 (TP53) , epidermal growth factor receptor (EGFR) , and ERK. Biological functional
annotation and molecular docking results suggested that the MAPK signaling pathway potentially played a key
role in the prevention and treatment of GU by IM-EA, which was synergistic with the vascular endothelial
growth factor (VEGF) signaling pathway, phosphoinositide 3-kinase (PI3K)/Akt signaling pathway, and
nuclear factor (NF) - kB signaling pathway in anti-inflammation, anti-oxidation, and damage repair. The
pharmacological experiment results showed that compared with the control group, the model group showed
increased serum IL-6 content (P<0.01), an increasing trend of TNF-« content, increased MMP-9 content in the
gastric tissues (P<0.01), and decreased SOD content (P<0.05). Compared with the model group, the IM-EA
groups showed decreased TNF-a and IL-6 levels in the serum and PGE, and MMP-9 levels in the gastric tissues
(P<0.01), and increased SOD content in the gastric tissues (P<0.01). Compared with the control group, the
model group showed up-regulated expression of p-p38, p-Jun, and p-ERK in the gastric tissues (P<0.01) and
up-regulated p38 and Jun (P<0.01). Compared with the model group, the IM-EA groups showed down-regulated
p-p38, p-Jun, p-ERK, and p38 in the gastric tissues (P<0.01) and up-regulated relative expression of Jun and
ERK (P<0.05). Conclusion: IM-EA has a remarkable effect in the prevention and treatment of alcoholic gastric
injury, which may be achieved through the mechanisms of anti-inflammation, anti-oxidation, and wound repair
mediated by the MAPK signaling pathway.

[Keywords] Ipomoea muricatum; gastric ulcer; network pharmacology; mechanism of action; mitogen
activated protein kinase (MAPK) signaling pathway
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ML 72, I — 28 T PI3K/AKt A 3 1) 4 0 1
] fEJE IM-EA B A GU A9 EZ LT . 78 259 W43
J7 T, IM10 . IM 13 | IM 14 %5 i 43 5 25 #0865 32 6 B 4%
I, IM9 55 Jun .ERK . p38 Hl PI3K A # 5 1 45 B,
SRy R - A T B 4% A 4 SRR T B S
{7 L AVL o) L AL 348 8 B b e
3.6 XMARRMEHALIEE¥=MEN SHAKRE
FNELiiE e M L R R . S AA K,
[ EE N = R AN VBN T AN A R
P RE AR PR BT . SRR LA, KA A
41K B 2 24040 v AR S A DS L I RE R S
L B R B S R R(P<0.01) ., WER 1 1,
3.7 XPREREALURBE A HE Je (45
RWIR 2 KR B SSH 58 3%, IR HE 51
LU o N o | R R S R i SR SN
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&1 IM-EAX GUKXKR B HLR R &ZIEHMEZSE RN
(n=6)

Table 1 Effect of IM-EA on ulcer index and ulcer inhibition rate
in GU rats (n=6)

4151 AR e ey DR
/mg-kg 1%
S
H 700 2] 21.89+4.05" 100.00
HEHTH 2.7 6.08+4.46> 72.22
IM-EA %71 & 41 30 10.88+2.38% 50.30

IM-EA = 7 4 40 60 3.45+1.58 84.24

TS A VP<0.01; 5B A Y P<0.01(F 2 7))

I V40 i e S L JRa Rk R L, R E R )2 T AR UK

A B

C

i, JHC T) A B 8 ) £ A A Z0RD v MR 20 i 4 R R IR
LY Ak . SRR A R T A
FEE 25 46 58 3% JR S R R R K b R MR
T, B 40 P 5K ; IM-EA I 71 428 41 36 IR 4 i e 1k
BT K B, oA DL B A I A Tk Rn g8 P R
IM-EA & 7] 42t 21 2 B 245 4 58 88, s A 35 R, 43 26 I
BN G I N 1K= /A Q- S TR R
TRUZHGE AR A o3, Wl 2. PAS et R ok, 5
25 LA LB, BT A T R R A W S R e . S AR R
L, B e T 4R IM-EA IG5 2 20 B 540 W
R, E R AR R R )Z S IM-EA & R
B RSy BB R AL TG e AR . WAL 3,

A BRI C.5 8% T4, DIM-EA L7 4 4 ; EIM-EA /& 7 55 41 (18] 2-18 4 [))

E1 IM-EAXEREGUERARBEARNESHIN
Fig.1 Effect of IM-EA on gastric tissue morphological in GU rats

B2 IM-EAX GUERKRBEALREEFN (HE,*100)

Fig. 2 Effect of IM-EA on histopathological lesions in GU rats (HE, x100)

A B
B3 IM-EAXI GUIRBIX R B RS EIFMI (PAS,*200)
Fig.3 Effect of IM-EA on gastric mucus distribution in GU rats (PAS,x200)

3.8 KB H TNF-a IL-6 & B 1 528
FIA G A, AR 21 K BRI 3 IL-6 &5 it i 3 Tt i (P<
0.01); 51 RI 20 H A, IM-EA K | i 57 Ja 20 Bt v
H TNF-o IL-6 7 1 5l 3 BRI (P<0.01) . W3R 2.
3.9 XK E 44 PGE, MMP-9 Fil SOD /K *F-HY
M 52 (A A, B A R RUE 41200 MMP-9
o B E TE R (P<0.01) , SOD ¥ 4 B & B& 1K (P<
0.05) ; 5 BRI 4 b %5, IM-EA % ) - 41 H 4 4
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PGE, MMP-9 & & ¥ it & FE AL (P<0.01) , % 4 25 40
KELE 420 SOD I M 5 W 3 T+ & (P<0.01) .
WK3,

3.10 XK B 4140% B MAPK {5 5 38 A S
FRM W 55 A ALK RS 414
p-p38.p-Jun.p-ERK ¥ I i I 3 (P<0.05, P<0.01),
p-p38/p38.p-Jun/Jun & F [ I (P<0.01) ; 55 A& A 24
I #, IM-EA #5 7 5t 240 K B 41 48 rh p-p38 . p-Jun,
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%2 IM-EAY GUKRIMFH TNF-a.IL-6 & &K F N (xts,n=6) 4 g
;l"able 2 6;§ffect of IM-EA on TNF-« and IL-6 in serum of GU ratf fﬂﬁ ﬁﬂ:%%% i ) {@*ﬁt‘ﬁ = TJ‘E\' ’fﬁ (0 % A B ﬁ?lj 5 =
X+s,n= ng-L’ e Ly . v e 3 N -
p b A 10 B L5 5 1 IR SAE L 2 AR R
'I ey > oy >N [ ~ N N -,
31 ek TV IL-6 ST T 0 A R A e R I 3 3 R
E- sl s Il e — e EE 207 48 Y
. setinos  srscosoays ML HORILEE (RO I ME— i S B AR L S K
- L TR 2 M 9 T A K A
mlesTH 2.7 43.80£2.21  224.40+11.60 . :
FHE— R AR S R R A TR
IM-EA fILH] & 41 30 41.10£1.59”  250.30+68.95” ST N b s o .
MR/ W R oy M, GE S R ERAED T A2
IM-EA & 7 5 41 60 41.77+1.03  239.60+22.827

] /0 50 R 1 b IX 285 W A0 , A D) oty 6 S ik &
B, T % i T 2 300 LA G BL 40 48 B0 18
p-ERK. p-p38/p38 Wl & N 4 (P<0.05, P<0.01) . gy okt b GU 93 15 B 45 W) 4 22 &b
p-ERK/ERK &% L3 (P<0.01) , IM-EA B AR AL g e e iy iy i IM-EA T 66 ELA 736 0066 B 1 450
p-Jun/Jun 3% [ (P<0.01). W34 FIE 4, 5 1 A T 6T S A 20 2 B

£3 IM-EAX GU#ER XRBAL S PGE2,MMP-971 SOD & EH I (¥+s,n=6)
Table 3 Effect of IM-EA on PGE2, MMP-9, and SOD in gastric tissue of GU rats (x+s,n=6)

21 5 g /mg kg PGE2/ng-L" MMP-9/pg-L"! SOD/U*mg’
S 72.71+5.31 20.58+0.58 10.92+0.43
IR 74.86+1.28 23.15+0.99% 9.67+0.34"
FRBETH 2.7 68.83+3.17% 22.2040.69 12.08+0.61*
IM-EA {5 241 30 68.75+1.04" 20.82+0.11% 17.79+0.93%
IM-EA 75574 21 60 73.43+3.00 23.98+0.34 11.47+0.63"

52 HA R VP<0.05,2P<0.01; SRR S P P<0.05,YP<0.01(FK 4[A])

®4 IM-EAXGUERARBALAH MAPKRAEARIXHHM (3+5,n1=6)
Table 4 Effect of IM-EA on activation of core targets of MAPK signalling pathway in gastric tissues (X+s,n=6)

brilhees

28 51 P p-p38/B-actin p-Jun/B-actin p-ERK/B-actin p-p38/p38 p-Jun/Jun p-ERK/ERK
mg-kg
LT 2] 1.53+0.11" 1.41+0.10” 1.21+0.11" 1.41+0.10” 1.43+0.00% 1.09+0.10
e T4 2.7 1.14£0.35 1.58+0.06 1.15£0.09 1.59+0.06 1.71£0.20% 1.25£0.10
IM-EA {5 - 41 30 0.79+0.09" 0.85+0.10" 0.88+0.75" 0.85+0.10" 1.51+0.00 1.74+0.15%
IM-EA &7l 41 60 0.69+0.04" 0.61+0.04% 0.93+0.07" 0.61+0.04" 1.85+0.01% 1.62+0.13"

TE B FH A8 HF mRNA Rk 1

P33 ee— N —_— G, 1 kD2 R A v B2 R S By B B A R S B AR B
L A — R 9 WIS AR B 58 R TR PE 45 25 T 2 MBI Y
il - G — S—— e 48 kD2 J7 ARV IM-EA D&%, B 7 7 v 25 25 — ) I ok 3
T ——— 2 JC 7K & B 5 2 MRS P GU K BRUBE A LLIT Al

o e [ VEAWAE SRR K 4
- e oo SURTTBOLKH B € K R
[F] B f0UR B HE \PAS Bt (6 25 3 R B, B A1 K B

A | S 410 BB 037 5, eh S5 0 00 A 94 kT e
e e L SR AP B 4 A B 3T K I 5 5 % A SR 9 2
Fig. 4 Electrophoresis of MAPK pathway protein expression in 10 7 A VISE AT o I BUM AL LEAL , IM-BA 25 25 21 K
gastri tissues of rats n each group B 1 P B 000 4106 41 5L 05 16 090 2 o
< 111 -
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RV 43 W A5 31 b 35 1 % i, 2 B IM-EA Bl iR 2tk
WASPE GU IR A J7 2L 385 I\ 259 1L 43 1 v A
FH BB 5 95 975 8 s R IR 5 K B 22 4 B O BB 3 2
Y159 AR . AR SE 7 IM-EA Bl iR GU #i
AT BERE b, SR TR0 2% 24 B 22 SR 0 X IM-EA B
1A GU AL 24T T HIE WY . 248 ADMET M it i
PEIR1S 1 16 1~ IM-EA & 4L & ¥, B 257 4> IM-
EA B it GU MW 7E/E B bR . X5 A7 A= W D g
TR 25 S 3R B, MAPK 5 53 % Al fig 7€ IM-EA B
1A GU o B b i B S s PR A . i — 2R
1 43 F 6 H2 TSRO 56 GIE 25 Rl & 3, IM-EA A
X4y 5 MAPK {5 5 38 % 1% 19 25 8 11 ERK . p38.
Jun 3245 T R B L M SCHER R E TR AT O £
AR PG MAPK 5 53l . WS M GU Al 3l i i &
SAE G I 1 R B I AR E WA S A 473 T
¥ ¥ MAPK {5 538 %, W M Z Fa i 16 & i
PR 2 FE T T T AN A R
A 3 AT B R O R EOUR B OTE MAPK 5 5l
e TR I A T 3 ok 22 B oadk AR ) B IR R R
M), 5 T R ek A 45 T SRR T ) 4% 2 B A
S50 5 SCEAGE MW A ORI BESE N MAPK R 5
[ R 4R AE A T AT AL AR

WK PE GU AJ 38 2 15 & A E PRIK S5 I 128 1 1 4
i, TNF-a 1 IL-6 Ry H: oK wi & i B+, H Al 5 &
MMP-9 . PGE,.SOD %54 Jitl [+ () B il . MMP-9
FE 98 RE G I BN Hh 1 AR f 0 5 5 1) Jes 35 2R K i
1 40 M T B b R E SR Y PGE, 5 R E K
I P B 20 i 3 RS RN i A 5 40 08 A B A O
SOD I 5 BRE A% P GU It 7= A iy X LR A 55 114 4 46
B 1 R SE 005 . 25 B S 00 45 2R & B, T RS 1
GU K BB A Al | 8 TNF-a, IL-6 .MMP-9 fil PGE,,
[ Ik SOD & # ; [\ 45 7 41 H 4%, IM-EA 45 25 41 1)
TNF-a .IL-6 . MMP-9 #il PGE, & i i 3 &A%, ' 20 41
SOD 7 it fi & 14 i, $2 7% IM-EA R i 42 90 461l HL A&
iE N, 90 A E PR i A T BRI R
W, B HUR BRI TR, 4 2 A s
W 5% 45 A5 B UE S .

TAMAZATO %W 58 & B, p38 ] i i pS3 1%
5l 9T SERPINBS % & [ 19 3 35 , i
SERPINBS 2 J 55 A 9 11E S AT B 42 55 1] 42 40 ) 1
B A AR . p38 R R, AT I A R A AR
I A A1 2 2 i . KAWANAKA 454 5%
KBRS M BT 5 S B b p-ERK 1Y I
&, KB 5E I 52 ERK B9 A 9356 Pk ok 461 40 1k 1 28
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JEE 1 A& 52 A5 A B B9 IR 9 AR . LIU S8 5 K
B, Jun B335, A7 R TR 40 0 1) 22 ) 66 40 M G
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AR RE ALY p-38 . p-Tun . p-ERK 4 g 140,
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