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T8 %0 (disease activity index, DAI) , SERFo¢ G E B 8 G BifE 2 S/ (real-time quantitative polymerasechain reaction, RT-
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i1 ;201 Claudin-1 1 Occludin ) mRNA 93353 F I8 JFE AST,ALT, AKP 1 LDH & &) F B&; fF I LPS,CRP,
PCT IL-6 L) f TNF-a & 45 F [ F i 7 JFE TLR4 MyD88 U K p-NF-xB & i3k, L 45K, PSO ] LUk
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Improvement effect of psoralen on intestinal barrier and
secondary liver injury in mice with ulcerative colitis
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Abstract : This study aims to investigate the potential of psoralen ( PSO) in ameliorating intestinal barrier dysfunction and
secondary liver injury in mice with ulcerative colitis (UC). Forty male C57BL/6] mice were randomly assigned into the fol-
lowing groups : control group ( Con) ,model group (Mod) , positive control group treated with sulfasalazine ( SASP,200 mg/
kg) ,low-dose PSO group ( PSO-L,20 mg/kg) ,and high-dose PSO group ( PSO-H,40 mg/kg) . Ulcerative colitis (UC) mod-
els were induced by freely drinking 2. 25% dextran sulfate sodium salt (DSS) for seven days. During the experiment, the
weight of mice and disease activity index ( DAI) were recorded. Real-time quantitative polymerasechain reaction( RT-qPCR)
was used to detect the expression of zonula occludens-1 (Z01) ,Claudin-1 and Occludin in the colon. Biochemical assay kits

were employed to measure the levels of aspartate aminotransferase ( AST) ,alanine transaminase ( ALT) ,alkaline phosphatase
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(AKP) and lactate dehydrogenase (LDH) in the liver. Enzyme-linked immunosorbent assay ( ELISA) was conducted to

quantify the levels of lipopolysaccharides (LPS) ,C-reactive protein ( CRP) ,procalcitonin ( PCT) ,interleukin-6 (IL-6) and

tumor necrosis factor-alpha (TNF-a) in the liver. Western blot analysis was performed to assess the expression of Toll-like re-

ceptor 4 (TLR4) ,myeloid differentiation primary response protein 88 ( MyD88) and phosphorylated nuclear factor kappa-B

(p-NF-kB) in the liver. The results showed that compared to the Mod group, after PSO treatment , the weight loss of UC mice

was alleviated , DAI scores decreased ,and colonic length shortening was relieved. The mRNA expression of ZO1, Claudin-1,
and Occludin was upregulated. The levels of AST,ALT,AKP and LDH in the liver decreased;the levels of LPS,CRP,PCT,
IL-6 and TNF-« in the liver decreased ;and the expression of TLR4,MyD88 and p-NF-«B proteins in the liver was downregu-

lated. The above results indicate that PSO can improve intestinal barrier function in DSS-induced mice and ameliorate second-

ary liver injury by inhibiting the TLR4/MyD88/NF-«B signaling pathway.

Key words: psoralen ;ulcerative colitis ;intestinal barrier;secondary liver injury ;inflammation

Bz 45 7 4 (ulcerative colitis, UC) 2 DL45 H
W RE NG Sk (ki M AR RE R SRR AR 1B PR R R
S PEITE SRE PRSI , Hos RS B i R IR 2 225k
BUNIETS R B A 2 AT, — S s
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Ho BRI TEM R 8 S fe rp | X S 5
EHMRLRERERERY

SR VERFBIOIE UC 3 IR fonE 2 — o %
SEMRAER N Z 5 T UC B &R ALE, FEad B =4
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54 ( enzyme-linked immunosorbent assay kit, ELISA
kit) : LPS ( #t+-:261230425) . C J v & 1 ( C-reac-
tiveprotein, CRP) (#t5-:232230823 ) | [441 2 J5i ( pro-
calcitonin, PCT) (It 5: 694203082 ) | IL-6 (It 5
385230408 ) Fll TNF-a (41b*5:569230408 ) ( K415
Ikl 2y &) ) 5 Trizol (it 5. 423710, 35 E Ambion ) ;
Takara Premix %Y [z % 5507 PrimeScriptTM RT Master
Mix ( Perfect Real Time) (35 : AM81836A , 5 H EEA:
Y AR N 7)) ; Takara € H PCR X7 £ TB Green®
Premix Ex Taq™ ( Tli RNaseH Plus) ( #t 5.
ANT1016A, 5 H BEAEYHAR A o

—¥i:B-W3hEE 1 (B-actin) (Hit 5 : #12w2844) |
WEkESr 4k A T 88 (myeloid differentiation primary re-
sponse protein 88, MyD88) (L5 ; #51£361 ) . Toll #f
ZAK 4 (Toll-like receptor 4, TLR4) (it5 :#16c507) |
#%XT kB (nuclear factor kappa-B,NF-xB) (it 5. #
20k7668 ) (VLIRERHEDHEFE LA FRA ) s R
A AZ R F kB ( phosphorylated nuclear factor kappa-B,
p-NF-kB) (#t5:19, & [ Cell Signaling Technolo-
gy); LI FHT R IgC-HRP (#L5: 13, S¢ [ Cell
Signaling Technology 7\ 5] ) ; RIPA Z4f# Wk (it 5.
P00138) \BCA & [ ¥k i I 2 i 7 & (45 No.
111922230522 ) .SDS-PAGE 45 [ _FREZE vk (35 .
No. 101622231222 ) ; W ik 2% th £h %5 W ( phosphate
buffered saline,PBS) (#it5-: GA21110062244 ) ,PBST
vk 2% phi ( PBST washing buffered solution, PBST)
(H1£5:GC2305005) (5 = RAEWH AL T 5 K i
9 L R ( polyvinylidene fluoride, PVDF) (it 5.
0000213259 , 7 [= % FRIHA FRA F]) o
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CLIPSE , 45 Ti2-A ) ; PowerPac™ HC % H i B ik A
L8 ( Bio-Rad , K15 . HC) 5 A7 &6 R £ 4t ( Bio-
Rad, %15 ; ChemiDoc MP) ; CFX96 52 fif 2 ) 1 it
A it 2 7 ( Real-time PCR) 4% ( Z& [E Bio-Rad
AP
1.4 Fik
1.4.1 444

B 1 g R BL LT 2k Z 40 ( carboxymethyl cellulose
sodium,CMC-Na) 2] F 200 mL [z 18 7K v, e i
J8.0. 5% HJRIH W, ] 0. 5% iy CMC-Na Jig il

PSO 43 5] & 20 mg/kg 1 40 mg/kg FY IR 2, fH FH
0. 5% [t) CMC-Na Fic#] SASP >4 200 mg/ kg [HlEE -
1.4.2 syt ryik

1 40 H C57BL/6] Mt/ INERAZ AR F ML 731 5
2H, BF2H 8 H, B BB ZH ( control , Con) AEAIZH ( mod-
el,Mod) | BHPE 2540 Z R L BE 2H ( SASP,200 mg/kg) |
IR R ARG 4 (PSO-L,20 mg/kg) KME IR R H
FH4H (PSO-H,40 mg/kg) . & Con ZH45 T 7818k
G, A ¥ 457 2. 25% DSS W, B kA 7
A" [Rl i SASP £H  PSO-L 41 F1 PSO-H 41 /)~ Ui '
AR 259, Con 41 A1 Mod 21 /N EREE'S 0.2 mL
0.5% CMC-Na W, BERZ525 1 R, iESET do BER
WS /N BRPRDRG PRAS (R 3 ol i A B R R
TREIE L
1.4.3 mymEFHIEH

PIR TG B8 %X ( disease activity index, DAI) 343
KPR N R H 4 L (B 0% ~ 1% ,0 43, 4%
1% ~5% ,1 %%, Wi5% 5% ~10% ,2 43, 9§ 5% 10% ~
15% ,3 53 , 3 15% VI L= ,4 43 ) FEERE (1IEH 0
A B, 1 4 ISR, 2 4y, IBYE L3 4y, EIE IR
15,4 4r) MM (TE,0 4, B, 1 43, i 2,
2 4% AR, 3 4y, KB H 4 4) 1 DAL B4
H = FH VP WA, A A DAL = (KT %
Vo + 2R + 25 PE43) /3,
1.4.4 KL KE L BT IR 2 F A

W/ N BRURR I S5 S0UHE 0 1 AL B8, i) 235 i R
W24 2H /N R S5 I R BT IR E sk o K/ BB 43
SR AN B R AE 4% 117 Z2 5 H I b, foli ) R i
KA P LK, A IS YR, AR R LT (he-
matoxylin-eosin, HE ) 4L {8, , &5 F | I 76 0 505 ™ g
-/ INER S i N s B2 AR A
1.4.5 AKX A &m0 AT 4840 AST,AKP,
ALT % LDH K-

JFHZUEA ST IR R I FRHL 20 mg JIFZHEL A
200 pL PBS ¥k (% 1% S A B R | 1% URaE S
MUFES ;4 CHrE 2 h iEH 7 530% H 1 000 r/min, 2§
> 10 min, FRAF F 35 W5 BCA 17 & #1728
i, IR HE AST AKP ALT K LDH a5 & i3 B 45 1t
AR T
1.4.6 ELISA 3% 7 &4 s R AFJE F LPS.CRP.
PCT . IL-6 Fo TNF-a 7K

S BEAR S IR AR B FRHL 20 mg IFZHEL A
200 L PBS ¥ (7% 1% B ) | % URAE S
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PLOHIES .4 CHE 2 h kSR 3% 1 000 v/ min, 2§
> 10 min, ZR45 135 05 f F BCA 35050 & 47 &
£, 343 LPS .CRP .PCT . IL-6 Fll TNF-o i &1
W B AT A A AT
147 5md 0 B R & Bk X R R A M 45 M 28
2% 701 Occludin . Claudin-1 mRNA #j £ ik
PRIUES I 2020 30 mg TBIFBE 45 v, fdi ] Trizol
TEARE RNA 22 J5 HEA TR 1R V2 50 A4 Takara 10i%%
AR G U 45K RNA 30355 508 cDNA, i 5%
SR SN :37 C 15 min (U sk ;) ,85 C 5
s( LSRR RTE R) ,4 C o AR Takara & &
PCR 3050 & B 5 A B s R BT PCR BB
ICGHATIR J HEAfR ST, PCR R 4514:95 C 10
min FASPE 95 C 10 5,55 C 20 5,72 °C 40 5,40 4>
&R LA B-actin RPN Zs, 2R FH 27 vk Xt A ik A ik
FTARXSE Bt BIWIP AR LR 1,

x1 Sl4F75

Table 1 Primer sequences

FEA BIYIFF(5'—3")
Gene Primer sequence(5'—3")
701 F.TAAAGCTGTCCCTGTGAGTCCTTC
R:TCTATGGAACTCAACACACCACCA
Clandin.1 F:AGTCTTCGACTCCTTGCTGAATCT-3
audin- R:ATCCACATCTTCTGCACCTCATCA-3’
Oecluds F.5'-CTCCTCCAATGGCAAAGTGAATGG-3’
celudm R:CATCCACACTCAAGGTCAGAGGAA-3'
. F.5'-CAACGGCTCCGGCATGTG-3'
[B-actin

R:AGTCCTTCTGACCCATTCCCA-3’

1.4.8 Western blot ;%4 | A i 20 22 F TLR4/NF-
kB 135 @ AR K & G KL

FRIUNSRTFIEZHZR 20 mg T4 A, 4% 1210
IATIE (9 RIPA LA (55 1% 149 2 1 A ) 70
190 FORETR T 410 47 ) ) , ¥ R AE S A BIF S )i, oK - %R

-8~ Con
24
& Mod
B 22 —A— SASP
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5
= 20
ot - PSO-H
&

#it

i1 Time (d)

&1
Fig. 1

fi# 30 min, 10 000 r/min,4 °C .[>,10 min, BCA 45
M EIE W W, B REAS A PBS 1 SDS-
PAGE #E[1 FAEZE v B 2 [m) — R B2, TE 2 B IR
t 100 CHEHZEYE 10 min, Z8VEfE EMLFATE AR
Tk, LUK S HUR 0.30 A E K 2 (55 2 PVDF i
b, PBST YEAE =K (5 min/¥R) A FPRe sk 5 A i 4 4]
15 min, PBST & i =%, it A — ¥t ( NF-kB, p-NF-
kB .TLR4 , MyD88, B-actin) ,4 C WE L%, KH
PBST YRR =Y, A 5T, 55 1.5 h, PBST JEf =
U5 A E RO R R G0 (5 Tmag)
A AT 00 IR AR ST, i
1.4.9 “it5 o4

FIrAS 8 41 SPSS 27. 0 3 A #4753 Hr , %K
P HFBE £ ARifEiR (Mean + SEM) IR, R
JH One-Way ANOVA 55 5 AE S 80K 40 . Y4 2 A
Air < 5 B R M AE S 80K %, H o 41 m R
Kruskal-Wallis #;56 , 95 4 22 [] 5% | Mann-Whitney U
FRAURS 505 M & A e A& > 5 B H Il R IE & A
I, & ] One-Way ANOVA, 75 R I AE S 80k 5, P
<0.05 Rxn 5 HA 52 & L, i H GraphPad
Prism 8 #{F2: 14
2 H#R
2.1 PSO X/NREER DAL ES B0

WE 1 FiR, 5 Con 4IAHEL, Mod 4/ ERUAACE M
FAdFFETRHTdEIADENEER (P <
0.001) . [AIMF, 55 4 d JF4R, DAT $Ford W] . F
H REARERT I, ERBEEES (P <
0.001) , PEIARE AR FE N7 WL . R WIGIT G, &5 4
/N E N BRI B ZZ A%, HAE 7 d PSO-H S f#
R TR (P <0.01) o MAh, & 2a 25 HTES 7
d () DAT ¥F-43AH Eb Mod 21 S BEBH B B, Horp PSO-
H 211 DAL ¥4 T b i 3 (P <0.01)

- Con
- Mod
—&— SASP
-¥ PSO-L
-

PSO-H

B ] Time (d)

PSO XF/MNRAE R DAL ¥4 89550 ( Mean = SEM,n =8)
Effect of PSO on mouse body weight and DAI score ( Mean + SEM,n =8)

.5 Con 4 1%L, #P <0.05,"P <0.01," P <0.001 ;5 Mod £H 148, * P<0.05,* * P<0.01,* * * P<0.001, F[d], Note:Compared
with Con group,*P <0.05,"P <0.01,™ P <0.001 ; Compared with Mod group, * P <0.05, * * P <0.01, * * * P <0.001 , the same below.
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2.2 PSO /MR KERBETLAIF M
wnE 2 R, Mod 417N B &5 174 BEAH XS T Con
H/NRES I & 475 (P <0.001) , 225697
Ja R/ NRE K ENEE ke, B
PSO-H 4 /N FRZ5 W K B R 52 55 Mod 41 T 1 35 (P <
0.001)
T a5 B2 W 8% & TR, Con 2H /)N B 435 i 26 I

Je ek AR LS Ky 52 % Mod 4H /)8 FLHT DSS 5 8 45
[ B B IR 7™ B, MR A 252, I H B K R TR
11, i B R . L 24 IRYT IR A AR 2
PR, BB ISR /N AR 20 AR B WK &, R AE 1=
T B R UC g3l 45 Mod 2175 31| B i il i |
H PSO-H 2l el 5 4y i 3% .

#5175 K ¥ Colon length ( cm)
n

2 PSO XF/NRZEBF K FE (Mean + SEM ,n =8 ) RIFERIL B B40E ( HE, x 100)
Fig.2 Effect of PSO on mouse colon length ( Mean + SEM ,n =8) and pathological changes ( HE, x100)

2.3 PSO X/INRE G s Z01 . Claudin-1 FA Occludin
mRNA ik B 200
701 .Claudin-1 Fi1 Occludin 7E 4& 5 i 18 5 &

o
°
1

s
n
1

*

mRNAA X ik
Relative expression of mRNA
o —_
i (=]
| 1
3=

o=
o
1

ZOo1 Claudin-1

A BN FE AR, A SCE A K mRNA 387K H)
Wi 1 o B ) 32 I O . Gl 3 i, SRRSO
B RAH#E N (real-timequantitativepolymerasechain

mmm  Con
m== Mod
== SASP
PSO-L
== PSO-H

Occludin

B 3 PSO Xt/MNREHFH 201 Claudin-1 #1 Occludin 4 mRNA RiEFIZME ( Mean = SEM,n = 3)
Fig. 3 Effect of PSO on the mRNA expression of ZO1,Claudin-1 and Occludin in the mouse colon ( Mean + SEM,n = 3)
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reaction, RT-qPCR ) 25 5 75, 5 Con 4 AH ., Mod
ZH 701 .Claudin-1 1 Occludin /) mRNA £k B E T
P (P <0.05) ,5iW] DSS Hiths 1 /N B I B e, 28
Z5WNE YT 5, PSO-L 1 PSO-H 0 /)N B 45 i 4l 4 vh
701 ,Occludin . Claudin-1 3545 F Mod 2H i 3
P ER(P<0.05),
2.4 PSOX/MNRAFHARRIEF IR

WE 4 7R, Con 27N IS, 218 204 52

Con Mo

SASP | PSO-L | ,

PEELT (4, 28 DSS 355 B9 Mod 2H /1N B, BT JUE 2 1
BUE KB IG IR , 22 PSO YR YT J5 I SR K &2 i 21
0. 38 5 A I, Con 2 T4 M HES ) % 5, JiT- 4
JHT H SR B SR IR RS 20 i 30 S O, A
SE%E, AIEMI A WHTER . 5 Con MHHL, Mod ZH/)NEUIT
AN ARSI ZEAL, HhBUAR B A, A M R . 22
SASP i1 PSO A7 )5 , 40l 2= i/, JTF20 i HE 51
¥

PSOi E

4 PSO M/NRFHARKREZH NG (HE, x200)
Fig. 4 Effect of PSO mouse liver tissues and pathology ( HE, x200)

2.5 PSO /R AFIR{GHEHR AST,ALT,AKP,LDH
SENRIT

Wil s iR, 5 Con HAH L, Mod ZH/)N FRUFZHAR
fl) AST (P <0.01) ALT (P <0.01) AKP (P <
0.001) FI LDH(P <0.01) & i 3 LT} 2251
1BI7 )5, 5 Mod 4 AH L, PSO-L 41 /I BT 2H 21

7Y
1

—
=]
1

25 956 G W§ ALT (U/gprot)
o
1

0~

Con Mod SASP PSO-LPSO-H
2[4 5( Continued Fig.5)

AST(P <0.01) ALT(P <0.01) ,AKP(P <0.001)
1 LDH(P <0.01) ¥ i3 27 F [, PSO-H 28 /) FUIT
ZH4H  AST(P <0.001) ALT(P <0.001) ,AKP(P
<0.001) F LDH(P <0.01) ¥ i & F %, H. PSO-
H 2 A fb el 3%

1§ AST (U/gprot )
ToT T 7
¥

=]
|

Con Mod SASP PSO-LPSO-H
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Con Mod SASP PSO-LPSO-H

B 5 PSO /MR BFR{aF54R AST.ALT,AKP LDH HJ&%01 ( Mean + SEM,n
Fig. 5 Effect of PSO on liver damage indicators AST,ALT,AKP and LDH in mice ( Mean *

2.6 PSO XtAFA LR LPS, CRP,PCT,IL-6 LK
TNF-a ik 7K F B 2200

WK 6 frzn, 5 Con ZHAHLE , Mod 2H /N FRUHZHZR
% LPS(P <0.01) .CRP(P <0.001) .PCT(P <
0.001) IL-6(P <0.001) A S TNF-a( P <0.001) 7Kk
P T £ YIEYT IR, 5 Mod ZHAH L,

#ih

0.8
uid

fiF £ ¥ LPS ( EU/mg prot)
[#45 %[5 PCT( pg/mg prot)

Con Mod SASP PSO-LPSO-H

150

100 i

FI4M Ar %6 1L-6 ( pg/mg prot)
3
1

Con Mod SASP PSO-LPSO-H

B 6 PSO XtAFZELA H LPS CRP PCT IL-6 LA K TNF-o FRiEKFHIZMM(Mean + SEM,n =
Fig. 6 Effect of PSO on the expression levels of LPS,CRP,PCT,IL-6 and TNF-« in liver tissues ( Mean =+

2.7 PSO /IR BFHZL F TLR4/NF-«B £ =18 1§
HXEFEARIEHFNT

WK 7 Frs, Western blot 2558 75, 5 Con 24
HHLE, Mod 2 TLR4 \MyD88 [ #Y # ik 1 35 1k - 3]
(P <0.05) ,NF-kB (R LHE £ , 3 H. p-NF-xB/-
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