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Caco—2 41 Jfi. F PI3K/AKUNF—«B & % % # 4 F (p—PI3K PI3K .p-Akt Akt .p-NF—kB p65 NF—kB p65) % % % % # & & (Claudin-3 .
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ulcerative colitis by inhibiting PI3K/Akt/NF-kB signaling pathway

YANG Zongliang', ZHAO Liang’, HE Yongheng™*
1. The Second Hospital of Hunan University of Chinese Medicine, Changsha, Hunan 410005, Chinas 2. Hunan Provincial
Hospital of Integrated Traditional Chinese and Western Medicine, Changsha, Hunan 410006, China: 3. Hunan University of
Chinese Medicine, Changsha, Hunan 410208, China

(Abstract] Objective To investigate the reparative effects of Baishao Qiwu Granule (BSQWG) on intestinal barrier in mice

with ulcerative colitis (UC), and to reveal its molecular mechanism by which it regulates the phosphatidylinositol 3—kinase (PI3K)
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protein kinase B (Akt/nuclear factor-kB (NF-kB) signaling pathway. Methods Sixty C57BL/6 mice were randomly divided into
normal group, model group, low—dose BSQWG group (LQ group) (70 mg/mL BSQWG solution), high—dose BSQWG group (HQ group)
(140 mg/mL. BSQWG solution), positive control group (26 mg/mlL mesalazine solution), and HQ+positive control group (140 mg/mL
BSQWG solution+26 mg/ml. mesalazine solution), with 10 mice in each group. Except for the normal group, the other groups were
given 3% dextran sodium sulfate (DSS) drinking water for 7 days to establish the UC model. Simultaneously with modeling, each
intervention group received the corresponding drug by gavage for 14 consecutive days. A successfully established Caco-2 cell
barrier model was randomly divided into blank group, model group, BSQWG containing serum group (YQ group), positive control
group, and YQ+positive control group, each receiving the corresponding medium intervention. Disease severity of mice was assessed
by disease activity index (DAI) score, colon length, and histopathological score. Transepithelial electrical resistance (TEER) of colonic
mucosa was measured using an Ussing Chamber system, and intestinal barrier permeability was quantified by fluorescein sodium
penetration assay. Levels of interleukin (IL)-1, monocyte chemoattractant protein—1 (MCP-1), and IL-22 in colon tissues were
determined by ELISA. Protein and mRNA levels of key molecules in the PI3K/Akt/NF—«B pathway (p-PI3K, PI3K, p-Akt, Akt, p—
NF-kB p65, NF-kB p65) and tight junction proteins (Claudin-3, JAM-A, Cingulin) in colon tissues and Caco-2 cells were
determined by Western blot and RT—qPCR. Results Compared with the model group, the 1.Q and HQ groups showed decreased
DALI scores, colonic mucosal pathological scores, fluorescein sodium permeability, and colonic IL-1B and MCP-1 levels (P<0.05),
increased colon length (P<0.05), elevated TEER values, and 1L-22 levels in colon tissues (P<0.05), upregulated protein and mRNA
expression of Claudin-3, JAM-A, and Cingulin in colon tissues (P<0.05), and downregulated protein and mRNA expression of p-
PI3K, p-Akt, and p-NF-kB p65 (P<0.05). Compared with the model group, the YQ group exhibited upregulated protein and mRNA
expression of Claudin-3, JAM-A, and Cingulin in Caco-2 cells (P<0.05), and downregulated protein and mRNA expression of p—
PI3K, p-Akt, and p-NF—«B p65 (P<0.05). Conclusion BSQWG may alleviate intestinal inflammation and repair intestinal injury by
inhibiting the PI3K/AkUNF-kB signaling pathway.

(Keywords] ulcerative colitis; Baishao Qiwu Granule; PI3K/Akt/NF-kB signaling pathway; intestinal barrier; barrier injury
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SEVAE UC Wb I A AE I - 5 B 453 4 X A 2
FIAZ% O™, PI3K/Akt 30 J5 , AL A Akt BEfAEIY
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al adhesion molecule—A, JAM-A) Cingulin 55 %5 5%
P T 8 K 122 SR RURAEIN -, JoEk G
132 245 ) 64 T3 A6 2 A [] R B B 25 1 % PIBKY/
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Akt/NF—«B {5538 s A% L, NS5 55 Zh e XA
AT e R S AL, 487 v 24 223 SRR B 1 ik
fift, 2 UC B 78 BE 45 53R Y7 SR AT Y BRI 5
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1.1 SEIezh¥

SPF 4 C57BL/6 /R 70 L, Itk , 4 & 18~
22 o, I [ R e A SR S YA BR A F) | L
AP ATIE S SCXK () 2024-0009 /) BRI 557
T T BE 2B s hol SPE KRB b, i
& 22~25 °C,{RE 50%~60% , A e, ARF5E5)
WS )5 SR A A8 T B 2T B SL s sh Y e 32
B AHHGE T, e H4 S SY2025-0037
1.2 SKIGZHAEAR

N2 e AR Caco—2 T A v BB
TFANARLE , 45 : TCHu130, i FHAR U O3S 3~10 18,
1.3 EEHY

AT R T AR — 5 25 B R C 5
WL (L5 :20230516) , 22 BR824l
HORK IS S A 2555300 70,140 mg/mL H%F
WA R AT ORLARR) B 20 (NSRRI ) B s 71
A E R, Bl E T 4 COKFRRAAS . 20
LR (ZEAE 25 AR AT RE R 25 A IR A
H), [ 245 7 H19980148 , 4t 5 20240915, MLH% .
0.25 gx36 Fr), HEliEoKECHIAYL 26 meg/mL W,
1.4 FEKF

B MEF R AN (dextran sulfate sodium, DSS) (3
[E] MP Biomedicals LLC 2~ H],#it*5:D8011); J§ £
B (lipopolysaccharide, LPS) (3£ [ Sigma—Aldrich 22
A, 5 :1.2630) ; p—PI3K PI3K .p—Akt Akt . p—-NF—
kB p65 NF-kB p65 . Claudin-3 JAM-A Cingulin,
HRP ARCIIFEP TR — P (R Abcam ple AW, 575
ab182651 ,ab191606 . ah38449 . ab179463 . abh86299 .
ab16502 ,ab15102 .ab216880 ,ab216327 ,ab205718) ;
IL-1B S 4 A #a AL 25 FH -1 (monocyte  chemotactic

protein—1, MCP-1) .1L-22 ELISA i3 £ (3¢ F R&D
Sysems 23], 525 :MLB002 MLBOOC MLB004); TR1Izol ,
Wik FHRF & SYBR Green qPCR 78 (35E Ther-
mo Fisher Scientific /A7), $25 ;15596026 4368814
4367659) ; DMEM it bt b s 555 5 -5
FEFABL(FEE Gibeo AT], 555:11965118,10099141 |
15140122) ; Transwell /NZE (£ E Corning Inc A ],
$25.3413),
1.5 FENSH

B A ( HARH PR St 7S JEM-
1400Plus ) ; JG B #E i & R 48 (32 [ Physiologic In-
struments /A, 45 VCC MC8) ; BiEHR1X (3£ Thermo
Fisher Scientific 3], %% . Multiskan FC) ; FEIKAX |
PCR ¥ ([ Bio-Rad Laboratories 2], 15 . Pow-
erPac HC ,CFX96) ; 1§ TAES (JrMiE b i 447 IR
AT B  SW-CJ-2FD ) ; iR V& VR B AL (R 3L
AfH Eppendorf AG /A ], 145 ; Centrifuge 5810R) .,
2 ik
2.1 SRS H AT

B 60 H CSTBL/6 /N, I 3%DSS I TR 5 il
UC shismy | iR vk K 45 25570 S 5 R A o,
B LA 2 b, BEHLIZE L 6 FU/NEL, #5 DAL 3
4y =2.0, HAEBEA T T B =5% 8 MRk 5w
(CBIAB/ETS ) B/ PR AR It A 285 B s BT B 366
IR 7 7K B | 4 i A A I T | e i 4, DU el )
BEALT . EAE HEER 50 HUNRR, RFIBEHLE 72k
43R5 LR 10 H B RORIZE 1LQ 4 HQA |
FEAEXT AR ZH  HQ+PHPEXT R AL, 55 8 10 2 C57BL/6
INEWERIE R A AT AT B A IE
WYUK, B H TSR FEER 7K (0.9%NaCl) i
(VE 'S AT 20 ml/kg P15 622 14 d; BERIALER
1~7 RIKH 3%DSS B UC BiR) 5 8~14 K
PRE IEHEYOK, 2R H 4 TSR RAEKES ;
LQ 4% 1~14 REHZ T 70 mg/mL HAT-LYEokL
RRE S s HQ 4156 1~14 KEHZAT 140 mg/mL [
ALY BRI RE E P IRALEE 1~14 KA H 4
T 26 mg/mL FEVPHLREIRHE H s HQ+ B R iR 41
5% 1~14 REEHAT 140 mg/mL FAAT-E Y BRI R
HEE +26 mg/mL FEVPRIRE RS |
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25 SZFIERIETh R
2.5.1 %5 [ Jz # B (trans—epithelial electrical resis-
tance, TEER)KGI  BCHT B 452, VI T em K
MIZE B, BT I, [ T 0 & A BRI 5 0 s
/N 2Z 8] I APIRE 37 CHY KRB 28 M, 18
A 95% 045% CO, IRASUA,37 CIEIRTF-H 30 min,

*1

i Ussing Chamber fl AR TEER {8, 5 5 min
Mt 1 LRI 3 UK O IE, B LL“ Q- em®”
F7R ., TEER=I 1t B B <A A5l T AR
252 POGRMNBETL 4 ik TEER K5 Y
LMLV Y HUNE  BBEOINA T 1 mg/mL
PECRENN KRB B, MM AR SR
KRB 220k, 37 CHHIEMFE 2 h, & 30 min 5
PESINE  WEEEE ARG BUREMZE iR 100 WL, i
BRI S B 2 i 5 G R AbnifEth 26, AR 4l b
HERh 2T IR BN SR Al B | E T8 i it
PR B E R g/ (em? h) J= CRAEINHR EE K AN
TR /(A R0 fa T R 7 B ] )
2.6 ZEBAA AR EE F KT

H-80 CIAAFMIZE ALY, 72 1:10 INA & E A
M PBS, 2135 4 °C.12 000 r/min 5.0
15 min(BL2ER R 15 em) B EIEW . S8 ELISA
IR A U BRI S 2/ N RS A 2L 1L-18 MCP-1 |
1L-22 7K % H AR AL 2 B 450 nm WOGRE(E, 22
HlARE T 2T AR
2.7 Western blot #&illl

W5 40 2 5% 40 B A RIPA 21 W v vk I 24 i
30 min,4 °C.12 000 r/min &.0» 15 min(E.0¥42
15 em) B LIS, BCA B I, B S0 ng
T SDS-PAGE HiJk , %% E[1 2 PVDF i, 5%t

RAEWIENA] 2 h, % F — BT (p-PI3K PI3K ,p-Akt

Akt .p-NF-kB p65 NF-kB p65 . Claudin-3 JAM -
A Cingulin, 1:1 000 )4 Cid & , TBST P 3 ¥k
(FFYR 10 min), —H0(1:5 000 Fi k) EIRMEF 1 h,
ECL 5 , Image] #1430 7547 K (. (LA GAPDH
HNZ),
2.8 RT-gPCR #&il)

TRIzol 257 $2 B 2L 4 L RNA 4G i
(A260/A280=1.8~2.0) )7 , i % 5k A cDNA, qPCR

5145751

Table 1 Primer sequences

F N2 EMmFIH(5-3) RIa5191(5-37) TR B bp
PI3K GAGGGCTACGACATGGAGAA CAGGGTCATAGCGGAAGAGA 186
Akt TGGACGGCAACATCAAGAAG CAGAGGGAGCGATGAGAGTG 212
NF-kB p65 GGACGGACGACATCTACGAC GCTGCTGCTGTTCTTCTTGG 198
Claudin-3 TGGACGGCAACATCAAGAAG CAGAGGGAGCGATGAGAGTG 189
JAM-A GACGGCTACGACATGGAGAA CAGGGTCATAGCGGAAGAGA 205
Cingulin GGACGGACGACATCTACGAC GCTGCTGCTGTTCTTCTTGG 221
B-actin AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA 197
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VR Z . 2xSYBR Green Master Mix 10 plL,1EJ%
545 0.5 wL,cDNA 2 wL, XWZE/K 7 pL, R
251.95 CTAETE 30 5395 CAEM: 10 5,60 CiBk
30 5,40 MEF . L B-actin NS, 27080 it
mRNA X RIRAKF-, 51T 1,

2.9 Caco-2 HifIE 5 REERIE

29.1 4IMIHE LR Caco—2 ANMHEEFN T4 10%
JG4- T 1% B B R -5 R 1Y DMEM = i ik
th BT 37 °C 5% CO, BEFAf SR, B 2~3 d B
IREEFREL U ARl G B I8 80%~90% ), FH 0.25%
J AR B AL A AL AR R 1:3,

2.9.2  Caco-2 ZHM i A ALFY A ORI A 4 )
Caco-2 ZHfifd, %% 4 MUV JE 2 5x10° ~/mL, B LM
A 0.5 mL B AZRN T Transwell /NVE B2 T
FMA 1.5 mL 35353 REFRE] 4 H e 1 =
FrgR gL H55R 21 d, HE MR 3 d A MillicellERS-2
LB TEER {8, 24 TEER {H1%4: 3 d FaE1E>
500 Q- cm? B, 1A At A TR R A B T

210 BALYBANSZANERN&

Z: (b 24 24 PRSI Ty v ) v 2 5 24 i
TEARER AT BUNER 10 H @R SE 3 d s,
BREHET 70 mg/mL HAT-EY) ok A THE S R 1
WIS 14 d, RKUGEE S 1 h, WREE, 18 £ 8 kcR
i, ZEEEE 2 h,3 000 r/min &0 15 min(EL
AR5 em) BB, MIEL 56 C/KIE KIG
30 min,0.22 pm JEMETIERRTE , B HAT- L R0k
BN, 20 CHHEARAE
2.11 Caco-2 HRSHSFM

P I 1 Caco—2 40 M5 FEAS R BEAL 7N
541, 43RS AL BRI A -E e B 25 1
T (YQ)ZH BAPEXT BRZH  YQ+ PR IR | F4H 6
AL A A b R B EEE, 1555 24 hy B
BRI FEIMAS 1 pg/mL LPS (555 FEMA
IER AL 555 24 h YO H EEMAE 1 pg/mL
LPS+10% [ A5 L 9 Ok & 2 105 i 85 R 2, N =
ANIEFREFRIE K595 24 by BT B =M A&
1 pg/mL LPS+2 pg/mL RIPHiEEFRE, T =M
N TE W IR J95 24 hy YQ+ PPN AL 3 imA &
1 pg/ml LPS+10% % 25 MLiE+2 peg/mL FEVHiE I
B sk PEMAIE R 55758 1555 24 h,

2.12 Caco-2 YHRARFFEINBES A FH

IR H S 25 K222 3] hitp:/fhnzyydxxb.hnucm.edu.cn 1349
2.12.1 TEER G TS5 Hs , fo T e RS
TEER .,

2122 FOCERWMBETE  FEMAE 1 mgml %
HEMIRRGFHE 05 mL, FEMAEFEFRHLS mL,
37 CWE 2 h 5 BUF EIGFRE 100 L, BpniUR:
N7 CHR P (B K 485 nm, & SHEK 525 nm),
S5 2 AXITEIOCRMBE R,
2123 HEHYS mRNA KM TEERE, 2 R2.77
“2.87 AR U LS A 1 S R RNA R PIBK/
Akt/NF-«B i %43+ J Claudin-3 . JAM-A  Cingulin
E 5 mRNA #ik,
213 SitEFE

K SPSS 26.0 Gt it A kA7 £l 4 Hr,
GraphPad Prism 9.0 2Bl E SR, Frf i et
AT IE ST (Shapiro-Wilk test) 577 22 55E
K56 (Levene test) , A IE A 4340 H. 7 25 55 0 58 AL
Ph“xs"FR s A WECR FH R 207 22 5347 (One -
way ANOVA) 4118 LR LSD—t K96 (7 22
F5) B Dunnett’s T3 K% (J7 Z2A45F ), LA P<0.05 3%
RERBEAGIERE L,

3 #R

3.1 AAEEYERY UC /IR —IERR DALE
SHIFIm

IEE /NS R AT R BT R e B 280 i
W, Jelfif, AR/ NERINES 3 RIFUARHIZEEE 14
i R, 2 AR FETT LR I, 5 1E % 20
e 1A B AR (P<0.05) , DAT P43 T (P<
0.05), SHRI A, LQ 2 HQ 20  BAEXT B ZH 7
HOQ-+ FHH: % R /N FRORS MRS s | IR i i A8 fh e
THim (P<0.05) , ZEfE AR G5 458 1 B3R H % , DAL
PEAPB#AIK (P<0.05) ;5 LQ 4 b, HQ 4 . HQ+FHME:
X BE /)N BRURG #OIR A b3 | 1R It A8 Ak 6 8 (P<
0.05) , FEEPEAR AP | 8 1l 2638 LSS, DAL PFo R
i (P<0.05) , 5 BHPEXT HRLH Heds , HQ+BHM: X R 4144
it AR A A TH R (P<0.05) , DAT F 53 F# A% (P<0.05) .
W2,
32 BAELYHRN UCINREBKERKERN
=AU

IEHA/NREE ARG 528 T MK, 5
E A LA AR 2 238 i I B A e BT A T
(P<0.05) , ZhRE ST MK I BERL I , B lpke s, S
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x2 BHNMREREBEUER DALES LR (v2s,n=10)
Table 2 Comparison of body weight change rate and DAI

scores among different groups of mice (xxs, n=10)

215 IR BT E A % DAI ¥F43/453
IEH 8.5+1.2 0.0£0.0
FRIZ -10.2+1.8* 2.520.2%
LQ 4 -3.121.1% 1.2+0.2%
HQ #4 —1.2+0.8%+ 0.820. 17
ERepapiistl -2.8+1.0%* 1.3+0.2%*
HQ+FHPEXS FR2H 2.340.9#0A% 0.30. 1 #F04%

*3 BHNREHKERFREITES LB (v+5,n=10)
Table 3 Comparison of colon length and pathological

scores among different groups of mice (x+s, n=10)

415 4l e /em SRET A/ 53
IEHH 7.540.6 0.2+0.1
FEAIZH 4.3+0.3% 10.8+1.2%

LQ 4 5.6+0.4% 6.5+0.8%*
HQ 4 6.2+0.5% 4.220.6%

FEAE XS B2 5.9+0.3%* 6.8+0.7%%4
HOQ+FHMXT HR2H 6.5+0.5"44% 2.120.43#0A%

S IE R AL, #P<0.05; SRR LU#R, *P<0.05; 5 LQ 41 bR,
4P<0.05; 5 HQ 41 b5, 2P<0.05 ; 5 FHMEXT R ZH b %, #P<0.05,

RIAL AL, 25 TIAZE K AR K i BT 43 PRI
(P<0.05), 5 LQ A Hk# , HQ 4 Je HQ ZH +FHAEXT R
IR JEAS K I FRIK(P<0.05) . 5 HQ 41
ELAE , B X B 2R BT 43 T 55 (P<0.05) s HQ+PH
X RRZH 45 K AR K TP (P<0.05) . 5
FHAEXT BEZH b, HQ+ FH M X BRZH 25 I K AR K |
T EEPE P FEAIR (P<0.05) , TEILER 3 181 1,
3.3 BAEWERXT UC /NRIFIEREIIRER R0
SIER A A B TEER {4 F M 5K
BB T (P<0.05) , 1R i A s fin, S5
YRR, 4T TEER (T8 FOERMNB S BiF
i (P<0.05) ;55 LQ 41 H#¢ , HQ 41\ HQ+PFH X T HE 4
TEER {HF G RANB & R IR (P<0.05), 5
HQ 2H He#5 , BRPEXT BRZH TEER (E AL 28 E s
BT (P<0.05) s HQ+FHM: X} FE4H TEER {H T+ |

B 1

£RFER HE FBE R (x200)

T SIEH A HbE, #P<0.05; SRR LT, 'P<0.05; 5 1.Q 4t ,
AP<0.05; 5 HQ 41 L5, 4P<0.05 ; 5 FHMEXTHRZH b4, #P<0.05,

BB B R IIL (P<0.05) , 5 FAMEXT BRZH L4
HOQ+ XS M4 TEER (EF & (DO R ENE & 1t
R (P<0.05), TR 4,

F4 BHENRLEHFE TEER EREKXRMSESLE
(xxs,n=10)
Table 4 Comparison of colonic mucosal TEER values
and fluorescein sodium permeability among different

groups of mice (x+s, n=10)

215 TEER {H/(Q-em?)  ZOEENB B R [pe/ (em?-h)]

EH 385.6+25.3 0.8+0.2
A 152.318.5% 4.520.6%
LQ#A 248.5+20.1% 2.8+0.4%
HQ 41 312.6+22 4% 1.6£0.3%%
PR B 2H 235.8+19.7+% 3.0+0.5%"
HQ+PHMEXTIRZL  368.9+24.7#44% 1.020.2#04%
1 SIER A S, *P<0.05; SR ik, *P<0.05; 5 1L.Q 41 kb,
2P<0.05; 5 HQ 4L H.# , AP<0.05 ; 55 BT IE4H FL# , #P<0.05

Fig.1 HE staining results of colon tissues of mice in each group (x200)
TE: A IEH 20 BAEIZ ; C.LQ 4 D.HQ 20 ; BB IR ; FHQ-+ BHEXT FREH
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3.4 AFEWEK UC /MNREBARAKERF
KRR

SR e BERIZE TL-18 MCP-1 T, TL-
22 FEAR(P<0.05), SHEAIL] g, 45T HilZ 1L-1B
MCP-1 [ TL-22 T+ (P<0.05) ;5 LQ 2H 8, HQ
ZH HQ+PHMEXT B 4H 1L-18 MCP-1 &A%, 1L-22 J
1 (P<0.05) ;5 HQ 4 b, AT RZH 1L-18 . MCP-1
ThiE  IL-22 F#AIK (P<0.05) s HQ-+ XS BREH TL-18
MCP-1 F#A% , 1L-22 T (P<0.05) , S BAMEXT IR2H e
B HQ+FHMEXT FEZH IL-1B . MCP-1 F#AIL, 1L-22 Ft
#5(P<0.05), PRI 5,

x5 BHEHNMNREHEARERFKFELLR(pg/mg,x+s,n=10)
Table 5 Comparison of inflammatory cytokine levels in

colon tissues among different groups of mice

(pg/mg, x+s, n=10)

25 IL-1B8 MCP-1 IL-22
EHH 12.542.1 8.3+1.5 25.6+3.2
B 68.9+7.5% 45.245.3% 8.9+1.2%

LQ# 42.3+5.8%* 28.5+4.1% 16.8+2.5%
HQ 4 25,6425 16.3+3.2%4 21.52.8%"

BT BEZH 45.8+6.1+" 30.2+4.5%#4 15.6+2.3%
HOQ-+ PR X FRZH 15.843.1#04% 10.242.1%44% 24,343 Qo4

L SIEW A L, *P<0.05; 54 L 55, 'P<0.05; 5 1.Q 4 Lk
15, 2P<0.05; 5 HQ ZHH#R, AP<0.05 ;55 B IR 2H Fo 4t , #P<0.05

3.5 BAEYWEAX UC/NREMERBESF
REFTEBEEARIENZ M

3.5.1 SUA/NREBHLHGERRIOREIE 5
IEH AL AR 25 i 20 4N Claudin-3 . JAM-A |
Cingulin 5 4 23k 7K F#A , p—PI3K . p—Akt . p—NF-
KB p65 H FAFBACETFE (P<0.05) , SR g,
% T4 Claudin-3 JAM—-A Cingulin 357K T+
5, p-PI3K .p-Akt ,p-NF-kB p65 kK FFEAK (P<

0.05);5 LQ 4l LbA: , HQ 24 HQ+FHH:XT R4 Claudin-
3. JAM-A Cingulin 357K T+, p-PI3K .p-Akt,
p-NF—«B p65 Kik/KF-FEAL(P<0.05), 5 HQ 4Lt
B, FHPEXTREL] p-PI3K JAM-A  Cingulin 3k 7K
FEA% , p-NF-«B p65 ik /K-F T (P<0.05), SFH
X R He g, HQ+ PHAE XS R4 p—PI3K . p—Akt . p—
NF-kB p65 £ [k K FREAK, Claudin-3 JAM-A |
Cingulin & H KB K I8 (P<0.05) . HELE 6,
K2,

p-PI3K 110 kDa

PIK | s i s owm s |10 kDa

P-AKE | c— — S | 60 kDa

Akl [ — — — — —] 0 kD2
P-NF-cBp6s [ SN S s s s | 65 kDa
NF-«B p65 |- —— — G— emm— g 65 kDa
Claudin:3 | ———— —] 2! D2
TAM-A | S———————— 70 kD2

108 kDa

Cingulin |
Bractin [WENES S S S— S—— ] 2 LDa
B2 FHENREHARABELEBETE

Fig.2 Bands of related proteins in colon tissues in each

group of mice
T AE AL BAR YL ; C.LQ 41 D.HQ 2 B FHIE XS FR4L ; FHQ+
PR HREH

352 HA/NREEHA LU E mRNA FiE7KF L
B OSIEHW AR, AL 251 4140 NF-kB p65
mRNA ik 7K T+ |, Claudin-3 . JAM-A  Cingulin
mRNA FK/K AR (P<0.05) , SHRIZH oA, 4T
TiZH NF-kB p65 mRNA ik /K FFE{E, Claudin-3
JAM-A Cingulin mRNA ZRik/KF-F+ 5 (P<0.05); 5
LQ ZH Hb 5, HQ 41 \HQ+ BH 4 X FE 2 NF-kB p65
mRNA 2 K 7K FE A%, Claudin-3 . JAM -A | Cingulin
mRNA FiKFTHE (P<0.05) . 5 HQ 20 Heds, B

®6 BHNMNREHBLBRXEERIEKELE (x45,0=10)

Table 6 Comparison of expression levels of related proteins in colon tissues among different groups of mice (xxs, n=10)

4151 p-PI3K/PI3K  p-Akt/Akt p-NF—«B p65/NF-kB p65  Claudin-3/B-actin ~ JAM-A/B-actin  Cingulin/B-actin
IR 0.13+0.01 0.24+0.03 0.22+0.04 0.92+0.09 0.86+0.07 0.87+0.09
RRILH 1.25+0.09% 1.1620.10% 0.85+0.09% 0.42+0.05% 0.18+0.04* 0.25+0.04

LQ 0.83£0.05*" 0.76+0.05% 0.50+0.07% 0.58+0.07+ 0.52+0.09% 0.5120.06*
HQ #1 0.52+0.04%">  0.64+0.05%* 0.35+0.05%+ 0.75+0.08%+ 0.710.07% 0.71+0.045+

FHPAXoF R ZH 0.37+0.03**44  0.65+0.06*** 0.47+0.08*"4 0.65+0.06** 0.50+0.05%" 0.48+0.05%*4
HQ+FEPEXTIRZE  0.192£0.027°4%  0.37+0.03744% 0.27+0.01#24% 0.88+0.09%24% 0.84+0.08%24% 0.8520.09%°4%

S IEW A R, *P<0.05 ; SHZH HLAS , *P<0.05 5 5 LQ 4 HHE, 2P<0.05; 5 HQ 4 b4, AP<0.05 ; 5 FHE X IR 2H 3%, *P<0.05,
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R7 BANREFALHERX mRNA B3 RIEKFEELE (s ,n=10)
Table 7 Comparison of relative expression levels of related mRNAs in colon tissues among
different groups of mice (xxs, n=10)

2415 PI3K Akt NF-kB p65 Claudin-3 JAM-A Cingulin
IEHA 0.96+0.11 0.98+0.07 0.61£0.12 1.01+0.10 0.97+0.09 0.86+0.07
HiIZy 0.95+0.10 0.92+0.09 3.85+0.35* 0.35+0.05* 0.32+0.03* 0.28+0.02*
LQ # 0.98+0.11 0.95+0.10 2.52+0.28%*" 0.62+0.07** 0.58+0.06** 0.45+0.03*"
HQ 21 0.98+0.07 0.97+0.11 1.87£0.21%* 0.83£0.09%** 0.81+0.08+** 0.61£0.05+**

PP X AR 0.96+0.10 0.93£0.09 2.65+0.30%4 0.58+0.06%* 0.55£0.05+*4 0.59+0.04*
HOQ+BHMEXT R ZH 1.03+0.12 0.99+0.11 1.23£0.15#04% 0.98+0.10*24% 0.96+0.07#44% 0.82+0.06*"4*

T SIER AL, *P<0.05; SHERIZE F A, 'P<0.05; 5 LQ 4LHAEE, 2P<0.05; 5 HQ 4L HH , A4P<0.05; 55 B IE4H Fe# | #P<0.05,

XL NF-kB p65 mRNA £ ik/KF-FHE , Claudin-
3 JAM-A FiEIKFFEAK (P<0.05) s HQ+BH M XT f 41
NF-kB p65 mRNA Fik/KFEF#K, Claudin-3 JAM-
A Cingulin F3K/KFTHr (P<0.05), 5 BT IR ZH
Fe#  HQ+PHME X BB NF—kB p65 mRNA 357K
SEREAIK , Claudin-3  JAM-A  Cingulin &35 7K T+ &
(P<0.05), R 7,

3.6 BALWBFH S MET LPS S Caco-2 H
i o P AR B 19 2 M1

3.6.1 454l Caco-2 408 TEER {H K7 EMiBE
A 5 HA R A TEER {H T FE 950
RIB B LTH(P<0.05) , s 5 i, 54
RILH He# , 4T T4 TEER (TR PO R B isE
FEIR(P<0.05), 5 YQ A LLEL, YQ+FHEXT A TEER
HTHE DR INBIE R K (P<0.05) . 5 FHPEXT ]
HHAE  HQ+ FHEXT HRA] TEER {HT1R FOCR B
BERFEK(P<0.05), TEILE 8,

R 8 &L Caco-2 #HI TEER AR KK RNSERLL
By (x+s ,n=10)

Table 8 Comparison of TEER values and fluorescein

sodium permeability of Caco-2 cells among different

groups (xxs, n=10)

415 TEER fH/(Q-em?)  HHENB B R/[ng/(cm®h)]
EHH 585.6+35.2 0.5+0.1
FRIZ 212.3+25.6% 3.820.5%
YQ 4 385.6+32.4% 1.8+0.3%
BT BEZH 352.8+28.7+* 2.0+0.4%*
HOQ+FAMEXTIRAL  558.9+34.7%44 0.7+0.2%44

F . 5 A4, *P<0.05; SHEBIA AL, *P<0.05; 5 YQ 4t
B, 2P<0.05 ;5 BT PR 14, 4P<0.05

3.6.2  #4 Caco-2 AMEAHCHE H & mRNA FikK
FHe S AR, BRI Caco-2 4 p-

PI3K ,p-Akt p-NF—kB p65 # 15 NF-kB p65 mRNA
kKT (P<0.05) , Claudin-3 . JAM—A  Cingulin
S mRNA FR7KFFEAL(P<0.05) . SR H
BE,YQ L PEVERTBRZH Y Q-+ PHAE X HE 2H p-PI3K p-
Akt .p-NF-kB p65 FE &% NF-kB p65 mRNA #ik/K
S [AAR (P<0.05) , Claudin-3 JAM-A  Cingulin 2K 4
mRNA Z357KFTHE (P<0.05) . 5 YQ ZHEHLH:, YO+
PP X B 2H p—PI3K .p—Akt . p-NF—kB p65 & 11
NF-«kB p65 mRNA FKik/KF-FEAL (P<005),Claudin-
3 JAM-A  Cingulin 2 4} mRNA FikKFEF+8 (P<
0.05), 55 BAHEXT HRAT AL, Y Q+FHPEXT IRZH p-PI3K
p—Akt ,p-NF-«kB p65 FH 4 K NF-kB p65 mRNA %
K 7K - FEAK (P<0.05) , Claudin—3 . JAM —A  Cingulin
H & mRNA FIKKFEFHE (P<0.05), LK 3,
% 9—10,

110 kDa

PoK [ — N — — 0 D]

p-Akt

Akt [ — —— —

p-NF-xB p65

60 kDa

60 kDa

65 kDa
NE-xB p65 65 kDa
Claudin [ — —— ]
1AM [ S R — 7 D),
Cingutin [N S | 108 kDa
Pactin | EEE en— G G S | 2 kDa

3 & Caco-2 HRAEXERETE

Fig.3 Bands of related proteins in Caco-2 cells in each

21 kDa

group
T AAS AL BARRIAL; C.YQ 215 D FHAERT RZH s E.Y Q-+ BH M Xof B4
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FR9 KA Caco-2 HRIEXERHRIEKFELLE (v+s5,n=10)

Table 9 Comparison of expression levels of related proteins of Caco-2 cells among different groups (x+s, n=10)

ikl p-PI3K/PI3K  p-Aki/Akt p-NF-kB p65/NF-kB p65  Claudin-3/B-actin ~ JAM-A/B-actin  Cingulin/B—actin
EH 0.25+0.04 0.74+0.06 0.23+0.03 0.95+0.10 0.90+0.09 0.92+0.10
FRAIZH 0.88+0.09* 1.43+0.10%* 0.88+0.10% 0.33+0.05% 0.29+0.02* 0.28+0.05%*
YQ4H 0.62+0.07** 1.12+0.09%* 0.61+0.05%* 0.72+0.06*" 0.68+0.07*" 0.70+0.08**
FH X BB 20 0.58+0.06** 0.95+0.07** 0.43+0.04742 0.68+0.07+ 0.65+0.06** 0.66+0.07**
HQ+PHPEXTHRZH  0.32+0.07*44  0.77+0.06*4 0.3420.06* 0.91+0.06*24 0.87+0.09%24 0.89+0.10%4

0 SIEW A L, *P<0.05 ; SHAIZH AT, *P<0.05; 5 YQ 4 HL# , 2P<0.05; 5 FHYENS B 20 &k, 4P<0.05,

R 10 F4H Caco-2 ZHAEHERX mRNA FKiXKFELLE (v+s,n=10)

Table 10 Comparison of expression levels of related mRNAs of Caco—2 cells among different groups (x+s, n=10)

205 PI3K Akt NF-«kB p65 Claudin-3 JAM-A Cingulin
IR 0.97+0.08 0.97+0.06 0.7620.05 1.0420.11 0.99+0.08 0.94+0.06
R 0.98+0.09 0.95+0.07 3.92+0.21%* 0.38+0.06* 0.34+0.04* 0.31+0.04*
YQ #4 1.01+0.08 0.98+0.06 2.1520.17% 0.81+0.05% 0.77+0.06% 0.700.08*

FHPAE T HEZH 0.99+0.11 0.96+0.09 2.32+0.15%* 0.78+0.08** 0.75+0.07** 0.68+0.05%*
HOQ-+FH X Bt 2 1.02+0.09 1.04+0.10 1.35+0.09%4 0.97+0.09"4 0.95+0.09%4 0.81+0.03"24

T SIEW AL A, *P<0.05; S FA , *P<0.05; 5 YQ A HAR, 2P<0.05 ;5 FEAME S PR LS, 4P<0.05

VAT 55 e A B 2 DG B A 1, = BRI

\‘ \A
4 Wig A] SIS 18 5 B D REI B 5 RO 3P 800,
UC HJE T B2 tys < falie IR BRI 45 MR TE JAEJ7 T, AW 578 T30 7RG S Aty L
W WSS DL — AT Bk IR RAE M A . NF-kB AF S e i 1

JEIRYT UC A RO RN, AR 5E o i A A 52 5
WESE, AT L W 0k AT 5 28 0 UC /N R B Yy —
ROIRAS (BRI DAL W3 SERKZE K B8 bk
HA A, 6] I £ T 7 18 B B TEER {8 | FEAIRIE 35
PR, WSS R e B % % 4 M Claudin-3  JAM -
A Cingulin 5&4EH T IL-1g MCP-1 IL-22, M4k
¥ TR RAE 2 4B RE T FAAT-EY Bk X UCH:
B B B A AE 28O0, B AT -E Y Uk AT [R] A0 R 4
RAE 2% 5 45 i Fe etk B R, 2 S R
Ve, 38 3 37 PI3K/AKtUNF—«B 38 % , Sc b4 5
Jt R S RN, , 32 UC I AR BRREE

TR BB R )Z T, FAT- B OR T Fil /5 UC
/NI L B2 TEER (E T, JF5 Claudin-3 JAM-
A Cingulin [YZR3K_FI[FZD, Claudin 244 0 5K %1%
By EEERE A, K Claudin-3 EA FEER I
fie M DI RE G 5% ST hE B E R A i 42
1) 32 42 R AR U JAM 2 —Fh 2 B IR
AT 1 Bz 4H RN PN B2 240 ) 4 ) i 2 A | RS A
RUBH I A B N R R e R R W 45 K o) o ik
RS B = JAM-A AT BE N R 40 KT
)38 325 U018 S LB AR E 5 S AR SR A R T
Ae e Ry A 2 X, M Cingulin J&—Fja]

A% O i s R HE AL 25 155 TL- 18 S5 (2 48 4
Ji R B 238 , BRI HESh UC /Y & A4 & ™, UC
BAAZ AN R LA B P9 R A0 A RE PR R RIS 25
AR MCP-1, {2 F 5922 240 i 3R 4 T W 26 i 41
21, B B P TL-22 159 T e W3 2o S0
STAT3 3 B A s b Bz A I 345, #b 7 R 9 & 2K
1Y b Bz 4R, Sy TIAE S S B Am MLm=, <4t -
IR B " 1 = BRI UR AT UC %
i IR - B 45345 " S R G IR A B, X 5 AT £
Yy UKL V8 PARIR LR B AT R I LA AR 1 2 7
MERERE,

TG R IR, AL UL B 24 10035 FT i 2
2 LPS 15 S4Bt i 0, H 5 36 VbR i A fift
FHBSCR B, $2 7 HOG B B 5 98 0 B4 PR 428 5508 mT
REMI T PI3K/AKt {5538 1, AT ok ] i ad
BERR AL AB MG I ] PISK/ Akt 15 538 5 V8 25 55 %% 346 %
B L RAEH F M4, T 5 p-PI3K p-Akt [
ik 5 Claudin-3 JAM-A ,Cingulin #9335 5 7456
ML 1-22 ACE BT, S5 hmei G S,
ML IL-22 7K — 20T B e Sk T H &
1L-22 Al e R HE UC BB IRIE S i 5 AL, NF-
B 3l e BT AL SR UC I I 98 0 5 B e 453 40 1)
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BB S K7, AR WF 5 A4 p-NF-«B p65 [
HHY5 mRNA R BEF, Y IL-1g . MCP-1
IR B TE ARG IS NF-kB 7E “ 40 - Fh i 56
SR . AT RN PIBK/AKYNF—«B 5538
) 90 ) A FH AT RE 3 S o P AR AR S B — X
PI3K/Akt (1[I, 38T 98 PI3K , Akt AO#ERR
K, 3 PIBK/AkY/NF—kB {5538 [ 1) 9 B I
T, FEM A0 IL-18 \MCP-1 {2 48 K (% 5, &
FEHURAE T ; — 23 5 Cingulin 45 9 [R] 356400 11 4
JH, Cingulin 235 5 p-NF-kB p65 /K2 fiAHR, H
Cingulin [} mRNA 25 FIFSNF-kB p65 ) mRNA
FERTFIRFEM #8278 Cingulin EA MR IIAE, HE—
HAESE T ALY EoR 2 8 SAE R R T . M
TGS — R0 S VG 2, AT L W e ] i i i 4%
PI3K/AkUNF-«B {5 53 i & AEVEH , 18/ R K F
RO BB R s, I R A i 5 R
WESE, VRAN T R EARIFFE %S 1 Ui 4 1 3 B AL il
BRI 2, ok UC 138 BRI g 3y T AR T8
Jisyic

2 LRk, AT B ORE iT 38 1 0 i) PI3K/Aky
NF-kB {550 1% , 22 I 18 J0E &2 Wi 10, 47
T UC AAE MR - Bt it 4" (B AETE 38, o UC 1Y
P B 25 G ) VR T SR AR S Ak i 5 T ) i o R
% AH AR FEACR /N B A 7 5255, R 7% S
2 ST Rk B PIBK/AKUNF—«B 38 J& 545 1 7
FERZR 5 (5 B AR A, R iE— 2 b i
BRI, M L 4T 19 BH 25 9 i 50006 2R M e R TR
PRSI T S A SR, Bz UC B
I ARAEASBIE , oG R AN EA 7 5 S8 & T
TR RS
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