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[Abstract] Objective: To clarify the repair effect of Mume Fructus on the intestinal mucosal epithelial barrier in the mouse

model of inflammatory bowel disease (IBD) and explore the repair mechanism. Methods: Thirty-six male C57BL/6 mice were
randomly assigned into six groups: normal, model, low-, medium-, and high-dose (200, 400, and 800 mg-kg"') Mume Fructus,
and sulfasalazine (300 mg-kg"'). Except the normal group, the rest groups had free access to 2% dextran sulfate sodium (DSS)
solution for seven days to establish the IBD model, followed by a seven-day drug intervention. The body weight change and disease
activity index (DAI) were recorded. After the last administration, spleen and colon tissue samples were collected to analyze the
differences in colon length and spleen index. Hematoxylin-eosin staining was used to observe the morphology of the colon tissue.
The level of diamine oxidase (DAO) in the serum was measured by the DAO assay kit. Immunohistochemistry was employed to
determine the expression of tight junction proteins such as Claudin-1, Occludin, and zonula occludens-1 (ZO-1) in the colon
tissue. Real-time PCR was performed to measure the mRNA levels of tumor necrosis factor-a (TNF-a) and interleukin-18 (IL-18)
in the colon tissue. Finally, Western blot was employed to determine the protein levels of mitogen-activated protein kinase kinase
(MEK) , extracellular signal-regulated kinase (ERK) , phosphorylated (p)-MEK, and phosphorylated ERK in the colon tissue.
Results: Compared with the normal group, the model group exhibited decreases in body weight and colon length (P<0.01) ,
increases in DAI, spleen index, and serum DAO level (P<0.01), damaged colonic epithelium and goblet cells, and obvious
infiltration of inflammatory cells. In addition, the model group exhibited higher positive expression of Claudin-1, Occludin, and
Z0-1 (P<0.01), higher mRNA levels of TNF-a and IL-18 (P<0.01), and higher protein levels of p-MEK and p-ERK (P<0.05, P<
0.01) than the normal group. However, sulfasalazine and three doses of Mume Fructus markedly decreased the body weight and
DAI (P<0.05), recovered the colon length and spleen index, alleviated colon tissue damage, lowered the level of DAO in the
serum (P<0.01), and down-regulated the mRNA levels of TNF-a and IL-18 (P<0.01) and the protein levels of p-MEK and p-ERK
(P<0.05). Sulfasalazine and low- and medium-dose Mume Fructus increased the positive expression of Occludin, Claudin-1, and
Z0-1 (P<0.05, P<0.01). Furthermore, high-dose Mume Fructus elevated the protein expression of Occludin (P<0.05).
Conclusion: Mume Fructus can restore the expression of intestinal epithelial tight junction proteins by inhibiting the
phosphorylation of proteins in the MEK/ERK signaling pathway and down-regulating the levels of TNF-a and IL-13, thus repairing
the intestinal mucosal barrier in the mouse model of IBD.

[Keywords] Mume Fructus; inflammatory bowel disease; mitogen-activated protein kinase kinase (MEK) ; extracellular
signal-regulated kinase (ERK) ; tight junction proteins
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DURRAE AR BR S A ) 5 T AL 5t b R 245 K 5 W)
SEge e SPF U R R B b E R E IR, H R ROK S
N PEMRSE T do AR 3 e b 5t rp s 24 K2 S0 B
YIE P 1 24t E(BUCM-2024062502-2208) .
1.2 259 500 R B B W2 44 (DSS, A X 4 F
Jfi & 36~50 kDa, 3% [§l MPBiomedicals 23 7 , #it 5
S0433) ; & A i 5 Jkr (b 5 FRE A 3 250 A BR S A
b5 24003643 ) ; 490 Ak 0k E 7 %5 R (B IEEAE ECROF
25\ A BR S L S H31020557) , 5% 1 #8 4l 7K 4% v
JE TG 5 A B a3 R & (BRI DR AW B AR A R A
A, 3t 5 BA-2020B) ; & RNA 2 BURA 5 & (Jb 5 KR
AR A RS LS DP419) ; SYBR-Green it 7]
&SSO B R A g A% 2 RN (Real-time PCR)
2 %% 53R ) £ (95 [ Qiagen 24 A, Mt 5 4 S K
208054 .205411) ; M & & 1 (Occludin) | % % % 45 45
F-1(Claudin-1) \ 4 /Nif7 25 11 -1(ZO-1) 5 58 B4t
M AR i E AL Y (HRP) bR L 240 s bt (ki
FEYE IR A= W) R A BR A 7] L LS 43 ) A ab216327
GB152543 .GB115686.GB23303) ; MEK .ERK ., B ik
1t MEK (p-MEK) . # /2 ft ERK (p-ERK) . H i i -3-
1 2 6 & B (GAPDH) $it & \HRP #5 i — 4t ( £ H
CST 72~ ®) , fit 5 70 5] iy 8727T. 4695T . 9154T .,
4370T 5174T . 7074S) ; 73 R ZK L (HE ) G 4, (X
I Servicebio 24 ) , 41t 5 CR2410015) ; IfiL i — i %A
LT (DAO ) I P Az I3 350 6 L — Mg b il s 00 3 5]
& (db st R 3w A AL S 0 S 2504002003
BC1285).
1.3 {¥#% Aperio VERSA B /> ¥ B i 2 21 i 4%
Z 4 (8 [F Leica Biosystems 2 7 ) ; Donatello %4 Jlii 7K
ML (K F DIPATH 24 A] ) , RM2016 #1355 # 5] F #L
(LR R A PR F] ) ; PowerPac # L 3k {2 K H,
AL .GelDoc Go I ¥ I8 115 & 4t (32 [ Bio-Rad /A
#] ) ; QuantStudio™6 Flex % Real-time PCR f¥ ( 3& [
Life Technologies 2\ F] ) ; SpectraMax QuickDrop 7
B E IR RS S TR A IRA D .
2 Ak
2.1 GRS ORI A A B AREIR R 2 600 g, fin
KR U IR A B (T RBERFEER
19%~29%) , I BHIE i, T4 M B, PRI RkE 1,
R4, R, I 1 000 g, & 1 g B 7 FURLAH 4 Ak
2.6 go
22 W52y 36 HUNEGE N PER SR 7 d IS BEAL
Pk 6 HAE Ny IE 4, 4 30 H/h BT L 2% DSS
AR A MK E S 7 diE AT 8L, AR 2
. 78 .
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FUBEAL S R S 4L, 4 B S BE Y20 B0 AU R Mk iE 4,
MEAI o A A SRS 4 2 D
W IRFLYY R 10 mL-kg!, A0 VRS M e 2 45 2
300 mg-kg'; M 45 245 MR 45 2020 47 R 4R N R G
FIEE 25 ) I R 25 4R 6~12 g, 377 2 5 B AN
S A 0T, /N B K 200,400,800 mg- kg Ay
A2 AH Y TN 65.147.130.293 .260.586 mg- kg
FIE S LI M R N AR 2 4 RN L ZA
2GR HE AR 77,154,308 mg kg, IF W 44 T 4%
A K ELSLA T d.
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(BS0BA2 12 em) , UM T -80 °CLRAF 45 o LI
Je X /0N BRLSE it 22 AR AT B RLNE S R T B B B
T 2 o R R R [ i AT S L T K o
AT TT 36 249 1~2 em 45 i 41 20 HCHS 38 20 41 21 1]
SER I E BB E T A R AL A,
JE 3~4 pwm; YI R S8R HE G 8, B R, 62 il s
TIPS I H LU AR A . Gl A 5 R R FE
H= (B I3 £ /0K o7 5 ) < 100 15

2.5 DAOGMER I >R JH DAO I £ 45 il i 5 &
D5 13 DAO 7K, # VR 48 3070 &5 vd B 5 1647, 1
B A 30 min DAL, 8797 3 1K 2 505 nm I & 1O
BE AL RYE U 115 DAO W&k

2.6 Ay 4 Ak R I /) B 20 2 Occludin, ZO-1 .
Claudin-17KF ¥ D) 7 A 04 78 JI58 05 9 v s o
Tk SRR, PURAE 5, 3% B4R /K BHL B P U5 3k
E ALY, 7 B, ¥ )i A —31 (Occludin, 1:
200;Z0-1,1:1 000; Claudin-1,1:500) , &% J5 i A
HRP f3ic B9 91, DAB W {5, & Y 20 i 4% , Jii /K &
Ao G B E 10x20, 55 F BEHLIEE 5 A
AW EF A Image JHE 50 #r B 08 71 A9 B4
W B 14 BOHS 34948 . B 0 B S B i
S €, 55 BH M S IR AR €, B S A4 o, 5 BH M
oLUIRTY 3 RGN

2.7 Real-time PCR #; U 45 I 4 21 TNF-« Fl
IL-18 ) mRNA # ik HU45 I 41 41 25 80 mg 16 A
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AT S E E 1.5 mL B LA iR &
Ui B A5 48 R RNA, I I 2 RNA 19 4li J3 F0 vk B
M AR TAEW TR C i) e A3 B2 Al s 3 & i
PCR 5|, 51915 8 W% 1. K JH Real-time PCR X
5 S 7] &6 RNA 354 5% o ¢cDNA |, 1K 1] SYBR-
Green i | & #E 4T PCR Y4 . §7 38 55 F Ky 95 °C Hi
305,95 °CAEE 5 5,60 °CiE 2k 30s, H & 40 M
o SR 2R H R JE B AR B KO .

1 S5lMFE
Table 1 Primer sequences
5149 JFHI(5"-3") K /op
GAPDH  Lif TGTGTCCGTCGTGGATCTGA 150
T TTGCTGTTGAAGTCGCAGGAG
IL-18 it AATGCCACCTTTTGACAGTGATG 158
Fiif CCTGCCTGAAGCTCTTGTTG
TNF-a i GCCACCACGCTCTTCTGTCTAC 103

T it GGGTCTGGGCCATAGAACTGAT

2.8 2 S E B3 v (Western blot) £ i 4% iz 4H 21
1 p-MEK .MEK .p-ERK .ERK & £ ik FREUE &
AN B L 4T 1.5 mL G G S 0 B L i AT
¥4 11 RIPA 20 21 2 it i 0647 007 86 2 AR 1, B 7
BCA ¥ % 85 (M B2, in PBS I 15 8 H Wk ¥ — 28U
PEATAEME o 210 we/fL BRE R4 HL K, B VKOS L
% PVDF I I, 5% JIit i W5 43 00 & & b 414 2 b, 7]
J& TBST Pk 3 WK, 5K 5 min, Jil A —4i p-MEK .
MEK .p-ERK .ERK (Fi BEAEEL I 2 101 000) , 32 1% ¢
HLUEEEMA ZH(1:2000), 5 R H 2 h, BEIK

1% R SR SCHI IR R H Image T R G 4T IR EEE 5
B, L EE A& 5 NS5 K EEEZ L RR
A A R K

2.9 GiitoFkb B R GraphPad Prism 9 #0443 #r
Bl , VA x £ s 2R, 410 HECR FH R 2R O 25 0 0
(One-way ANOVA ), P<0.05 N3 H G5 X,
3 #R

3. Xt/ RS AR AL D ATIE 43 FIUIE 28 5 5000 5
M A 4 253 R OE R A/ ROE R R K W
S5, RIEUF S R EE R OIS R R A
AR R AROK IR A 3 S b B S A i 2
BN ERERY -EBRENKRE ., 5SEFAH
P A7 2 /)N BRUR 0T o 728 8 1 25 R B (P<0.01)
DAIPE ) 25 TH i (P<0.01) , 3 BB AR e 1 2h 5
R 2 LY A, A9 SR E RN S AR P R R R 4G 2
Je /I B J5 8 Ak R 4 B 1 TR (P<0.05,P<0.01)
DALV 43 B &8 F B (P<0.05, P<0.01) . /)&%

B 5 B AE DSS W5 5 0 1 A8 B Y v 2 i BEAS [
MBI, S 50as K, R gs s K
JEE AR Ak AT DL — AR R W B 3 g% RE R
5 IE 8 b AR A /N RS T K R I 4 e (P<
0.01) ; 54 ARY 20 L A, M Z&0RS I e 2 FN 2 Mg LG Lo
e R AL BB 25 g K R B R K (P<0.05, P<
0.01). WAh, DSS 755 Ay ALY 2 /)N BRI IE 46 it 3%
B (P<0.01) , 28 M ZURS Nk e F1 2 M5 7 5 /D B
I JUE Fi5 % 0 R B (P<0.05,P<0.01) . DL E455%
B, Mg 0] DL RLR /N B B T8 9 0E 5 09 S
MR, W2,

F2 SHEWIBD/MNREREEN DAIFES EHKEMBARBNZM (X+s,n=6)

Table 2 Effect of Mume Fructus on change of weight, DAI score, colonic length and spleen index in IBD mice (x+s,n=6)

451 ik /mg-kg! T AR A% % DATVESH /43 45K fem JVLIUE 5 %K
HH 111.54+£5.27 0.00:£0.00 6.78+0.17 0.34+0.03
TR 2] 84.47+9.94" 2.72+1.24" 5.42+0.64" 0.70+0.16"
A0 LA b i 241 300 98.53+4.74% 1.56£0.40% 6.38+0.69" 0.45+0.06’
1 MR i 21 200 101.57+4.63" 1.52+0.38” 6.17+0.16> 0.40+0.04>
1 i R AL 400 102.60+3.87" 1.38+0.36" 6.66+0.33% 0.44+0.08"
19 g ¥ AL 800 97.67+11.32% 1.58+0.74% 6.55+0.60" 0.46+0.09"

TS IE A LA VP<0.01; 5B 4 2 P<0.05,%P<0.01(3& 3-3% 5[])

3.2 MWU/NRE B ALUE BN Ot BB
TOMLEE ] DL TE H 2H /0N A5 I S R i I R L A
R AA T A1 1 53 MUK 20 i o B L JE W SE I K
Jifr B 98 P 240 IR0 95 ) 5 R A /) UM 6k R S Bz 440 i
SR R A 2L B AR AR 4 e B o, B

i R 266 I J= & A A N 95 4 T 5 O L T R S

Ja B /N B T B B L Bz B BN A B B IR AR AR

o0 N R 28 SR HES B B S, R AR

B W > o AR B AN )R 4G 25 4 R /N BRI

PR ARIR 48 A A8 o315 B S (5285 1 I s 25 K A7)
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7 1 TR FE R R 90 4 0 i 2 M

DL T,

TE AR 2 s BN COMI AR ML BE 2 D-F. S A AIG , opr v 70 32 2 (181 2- 81 5 T

B1 L#ExIBD/MNREFHALESNEM (HE, x200)

Fig. 1 Effect of Mume Fructus on colonic tissue in morphology of IBD mice (HE, x200)

3.3 X/NER DAOK Ry 5IEH 4 i, i
7 dJ5 /N BRURY I T DAO ZK F i 2 T (P<0.01) 5
5 A R, MR e 4 S S A b
1M DAO K-k 3 B AIK , 22 A g it 2% i L (P<
0.01) , &7 5 g Xof /N B R I |- e o B A7 — o8 I
EF . W33,

34 XN BB CE B EZEA
Occludin ,Claudin-1 £l ZO-1 F ik 52 21 b 25 3
WoR, 5 OEE A bR, R R A /N RSS2
Occludin , Claudin-1 il ZO-1 2K [ & 35 B & ik /b (P<
0.05,P<0.01) ; 5B B2 Lb 45, M 260 It W &4 B 1% A
% R 21 /N BRUSS 40 21 Occludin, Claudin-1 1
ZO-1 % [ %5 1 B3 £ (P<0.05, P<0.01) , & i

%3 LM IBD/NE DAD FHEMFIE (X5,n=6)
Table 3 Effect of Mume Fructus on serum DAO activity in IBD

mice (X+s5,n=6)

4151 it /mg- kg DAO % /U mL"
IE 4l 2.31£0.95
A 2 5.10+1.07"
2R At Mt e 21 300 2.61+0.65>
L Mg AR 7 2L 200 1.42+0.45%
L M 7 i 2 400 2.30+1.66>
L # g5 77 2 2L 800 2.23+0.96>

S 4 /N BLES 1 40 4 Oceludin & [ 3554 B B 3 &
(P<0.05) , Claudin-1 f1 ZO-1 & H £k Z R L5 it
FE N, WHE2-F4 K4,

B2 St IBD/NRERHALEA Occludin RiEH M (FiEdifk, x200)
Fig.2 Effect of Mume Fructus on Occludin expression in colon of IBD mice (IHC, x200)

B3 Bigx IBD/MREFHAREA Claudin-1 RIEMFM (RAE4L1L,*200)
Fig.3 Effect of Mume Fructus on Claudin-1 expression in colon of IBD mice (IHC, x200)

B4 LigxtIBD/INREFALER 20-1 R ENEIE (4, *x200)

Fig.4 Effect of Mume Fructus on ZO-1 expression in colon of IBD mice (IHC, x200)

3.5 XF/NBL4E I 4H 41 TNF-« F1 IL-18 55 3K 1Y 5% I
Real-time PCRZ5 SR B8, S IEW A ILE , 4 T
. 80 .

DSS & 5 5 1Y/ B 45 W 41 21 TNF-o fil IL-18 1Y
mRNA £k 8 THE (P<0.01) ; SH A4 &, 1
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#4 B3 IBD/MNRLEIFAL Occludin, Claudin-1 1 ZO-1 RiEHF M (x+s5,n=3)
Table 4 Effect of Mume Fructus on expression of Occludin, Claudin-1 and ZO-1 in colon of IBD mice (x+s,n=3)
41 531 it /mg - kg Occludin(x107?) Claudin-1(x10?) Z0-1(x107)

L4l 23.41+0.73 17.55+2.50 18.37+0.61

IR 2] 13.69+1.52" 11.81+0.70" 10.74+1.22"

0 SRR M I 21 300 19.29+0.419 16.20+1.19% 16.51+0.85

) AR R 2k 4 200 17.91+0.75% 16.40+2.51% 14.42+2.49%

13 fg rpR i 2 400 19.58+2.15Y 15.75+0.79% 15.67+1.56>

3 H fa 59 800 16.77+0.85% 15.04+0.56 12.99+1.69

RUBH NI 0 2H 5 D g A 45 25 21N BLSS G A 21 TNF-a
FIL-18 mRNA [ AH Xf 3% 35 1 b 2 % Ik (P<0.01) .
WS,

*5 LSExIBD/INRLE

Mg (x+s,n=3)
Table 5§

F7 A 42 TNF-o F IL-18 B mRNA % i% 5

Effect of Mume Fructus on expression of TNF- «
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