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Compound Qinbai Granule relieving ulcerative colitis in mice by regulating

Claudin—-1 expression and JAK2/STAT3 signaling pathway
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(Abstract]) Objective To explore the mechanism of action of Compound Qinbai Granule (CQBG) in treating ulcerative colitis
(UC) and to study its regulatory effects on inflammatory response, oxidative stress, intestinal mucosal barrier function, and Janus
kinase 2 (JAK2)/signal transducer and activator of transcription 3 (STAT3) signaling pathway. Methods The UC model of C57B/L
mice was established by 2,4,6—trinitrobenzenesulfonic acid/ethanol enema method and the mice were randomly divided into
normal control, UC model, inhibitor, olsalazine, and CQBG groups. Mice in the normal control group received an enema of

saline of equal volume. Each group consisted of six mice. The pathological damage of colon tissue was observed by HE staining,
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the protein expression level of Claudin—-1 was determined by immunohistochemical staining, and the levels of oxidative stress—
related factors such as superoxide dismutase (SOD), catalase (CAT), and malondialdehyde (MDA), as well as inflammatory factors
including tumor necrosis factor-a (TNF-a), interleukin (IL)-6, 1L-10, IL-12, and transforming growth factor—B (TGF-B), were
measured by ELISA. The mRNA and protein expression of Claudin—1, JAK2, and STAT3 were determined by RT-qPCR and
Western blot, respectively. Results Compared with the normal control group, the CMDI and DAI scores, the levels of MDA,
TNF-a, IL-6, and IL-12, the relative expression levels of JAK2 and STAT3 mRNA, and the protein expression levels of p—
JAK2/JAK2 and p-STAT3/STAT3 in the UC model group increased (P<0.05), while the SOD activity, the levels of CAT, GSH,
IL-10, TGF-B, and IL-4, the protein and mRNA expression levels of Claudin—1, and the protein expression level of Claudin—
1 in the UC model group decreased (P<0.05). Compared with the UC model group, the CMDI and DAI scores, the levels of MDA,
TNF-a, IL-6, and IL-12, the relative expressions of JAK2 and STAT3 mRNA, and the protein expressions of p-JAK2/JAK2
and p—STAT3/STAT3 in the inhibitor, olsalazine, and CQBG groups decreased (P<0.05), while the SOD activity, the levels of CAT,
GSH, IL-10, TGF-B, and IL-4, and the protein and mRNA expression levels of Claudin-1 increased (P<0.05). Conclusion CQBG

can treat UC by regulating oxidative stress, inflammatory response and intestinal barrier function, and inhibiting the activation

of JAK2/STAT3 signaling pathway.

(Keywords] ulcerative colitis; Janus kinase 2/signal transducer and activator of transcription 3 signaling pathway; oxida-

tive stress; inflammation; intestinal mucosal barrier function
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Table 1 Premier sequences
Bk gl K /bp
GAPDH 1E 1] : 5'~ACTCCCATTCTTCCACCTTTG-3" 105
S 1] : 5°~-CCCTGTTGCTGTAGCCATATT-3
Claudin-1 IE[ :5-TGCAAAAGATGTGGATGGCT-3" 170
JZ 18] :5'~CCAGCCAGTAAAGAGAGCCT-3"
JAK2 1E 1] :5~-GGAGCTTTGGTGTGGTTCTG-3" 233
JZ 18] :5'~AGAGGGACGTTGGTTGACAT-3"
STAT3 1E11] :5~GGAAGGAGGGGTCACTTTCA-3" 227
JZ 18] :5'~TCTCGGGGCGACAATACTTT-3"
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A 1.5 h DABHIBrEERE LSS HBEE T Clau
din-1 $T1& p-JAK2 Hifk JAK2 Hifk p-STAT3 it
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Fig.1 Gross observation of colonic mucosa in each group of mice
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+R2 &4A/E CMDI #1 DAL S LEEE (n=6, %5, 47)
Table 2 Comparison of CMDI and DAI scores in

each group of mice (n=6, x+s, score)

215 CMDI DAI
1E % R 0.00+0.50 0.55+1.32
UC FiRIZH 3.20+1.50% 5.92+1.27%
T2 0.30+0.67** 4.03+1.56*
LR 0.32+0.96* 3.52+1.02%*
By ARk 20 0.29+0.84** 1.25+1.13%#4¢

T S5 IE W XTI F A, *P<0.05; 5 UC BRI F i, "P<0.05; 5
P LA, 4P<0.05 3 5 VPRI A, $P<0.05

23 BANREHFIEFEFR LR

1E X R AL/ R &5 I L 2R s iy e % | B2
RS R E B R, TOE i SRR
W B EEAIEIR . UC #ERIZH /N R 45 B 1 4L mT
KRRz , R R 4l K &k
PREERETE IS ARRAN MG B D I PEA G5 4 41 4L
A BB RN R, AR R BEA R T )2, T 7E
R ZE SRR T IR SR B K S 2 v, A1k
FILH/INER IS5 A 2 2 BRI 2 32 408, R B
SER R AR S5 4R 21 A H 58 RE 40 if 132 e B
WD, HAS B AR LR T E, BUbhigEd
FAZ T A TUREZH ) /)N BRE Bn H R s wy S 4 | S
2 AR iR s HHES B % IR S
IEH, TCB B A SRE R N SR EE R IR . TEULIEL 2,
2.4 FHEINRIE RN HEXETFLE
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UC HEiiZH
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CAT 1 GSH & 5 &1L (P<0.05) , i MDA & & 75
(P<0.05), 5 UC FEILLAH L, BYD-RIR L AR 5 4-
HIBURLZH 1 SOD % 1 .CAT 1 GSH & & T+HE (P<
0.05) , MDA & AR (P<0.05) . SHHIFRIZAAA L, 52
TS AARURIZH SOD J6 % CAT F1 GSH &5 T+ (P<
0.05) ,MDA & &AL (P<0.05) , WL 3,
2.5 HHPMRKRERETFKFELLE

5 IEH X AL A L, UC B4 TNF-o IL-6,
IL-12 &8 THE (P<0.05),IL-10 TGF-B .IL-4 & &
AR (P<0.05) ;5 UC BERIZH AR Eb , il 57 4 v
Fr R LH A 7 A FIBORL 4 TNF-o IL-6 IL-12 & F
FEAIK (P<0.05) ,11-10 TGF-B JL—4 & THE (P<0.05) ;
550 700 4L A B, B VDR 4L RN R 5 A ORE 20
TNF-a I1~6 1112 & F#K(P<0.05),1L-10 TGF-B ,
IL-4 &5 TR (P<0.05) 5 5 BRI A AR LL 507 %
HIFRLZH TNF-o IL-6 IL-12 & f#A (P<0.05) ,
IL-10  TGF-B 114 T (P<0.05), LR 4,
2.6 &4H/MNR Claudin-1 FTiEKF LB

HIEF XA, UC B4 Claudin-1 I ZE
H M mRNA R KFREAR (P<0.05) ;5 UC A4
FHEE 405 500 4 SR 2 R AR 5 bR 20
Claudin-1 A9 & mRNA Fik/KFTHE (P<0.05)
5530 00 A Bl B VDR R RN AR 5 A Ok 20
Claudin—1 8 (KK THE (P<0.05) , )7 541
Wik Claudin-1 mRNA Fk/KFTHE (P<0.05)
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Fig.2 Effects of CQBG on pathological HE staining changes in colonic mucosa of mice in each group (x200)

®3 BHENMRIME R ELEHEXEFKRFLER (n=6,x45)

Table 3 Comparison of the levels of oxidative stress—related factors in serum of mice in each group (n=6, x+s)

2157 SOD 7% /1/(U/mlL) CAT/(U/mL) GSH/(pg/mL) MDA/(nmol/mL)
IEH U IR 233.04+12.27 17.10£0.85 28.68+1.40 3.3420.21
UC HiAIZH 158.67+2.99* 5.50+0.38* 17.93+1.70% 8.64+0.18*
kR 194.63+4.58* 9.710.40% 20.61+1.51% 7.37£0.47%
BYPRIEA 215.87+11.50% 11.98+0.77+ 22.35+1.48% 5.94+0.37%
ST B RRURLZE 221.44£12.09%* 15.7540.63+% 25.75+1.33% 4.08+0.447%+

L SIEF X R, *P<0.05 ;5 UC AL 3, *P<0.05 ; SHIHIFRI4L HL 8%, 2P<0.05,



422 TR B 25 K222 4L hitp://hnzyydxxb.hnuem.edu.cn

2025 455 45 4%

x4 BHNBRRIERTFKFLLE (n=6,x+5,pg/mL)

Table 4 Comparison of the levels of inflammatory factors of in each group mice (n=6, x+s, pg/mL)

205 TNF-a 1L-6 IL-12 IL-10 TGF-B IL-4
1EH A IRZH 93.07£24.00 51.4516.00 66.13+6.00 347.92+28.00 311.34+5.00 245.23+18.00
UC Bz 552.71£24.00% 246.66+16.00* 285.04+20.00% 76.97+8.00% 71.80+5.00% 104.74+8.00%
b Bl 258.25+4.00%+ 168.83+16.00% 209.35+20.00** 200.93+28.00%* 154.67+15.00% 187.02+18.00**
YYD RIRA 190.40+24.00%%  13479£16.00%  163.37220.00%"  228.21+28.00%"  229.05£15.00%  204.67+18.00*"
ST A RSB 140.40£14.00%¢  106.41£16.00%48  15]1.86+15.00%%%  227.14+22.00%%¢  273.29+22.00%*¢  216.65+21.00%¢

T S B AR, #P<0.05 ;5 UC BIRIZH HAE, *P<0.05 3 SHRIFRILL LA, 2P<0.05 ;5 By bR BR2H 4 oA, $P<0.05,,

TEH X B A

R L
i

UC I

Ll

LU= | 7% v 2

'

3 REBHAUFZSTEENREBREALAF Claudin-1 Rix

Fig.3 Immunohistochemical analysis of Claudin—1 expression in colon mucosal tissue of mice in each group

x5 HHMR Claudin-1 EERK mRNA FRikKFE
b8 (n=6,%+s)
Table 5 Comparison of the protein and mRNA expression
levels of Claudin—1 in colon mucosal tissue in each group

of mice (n=6, xts)

£ 6 KBLANMR JAK2/STAT3 mRNA H3RIZE
EL#E (n=6,x+s)
Table 6 Comparison of relative JAK2/STAT3
mRNA expression levels among different groups

of mice (n=6, xts)

4151 HIC 4 Claudin-1 mRNA #IX} ik 51 JAK2 mRNA STAT3 mRNA
1E X R 1.117+0.167 1.002+0.077 1 X IR 1.007£0.151 1.002+0.081
UC 72 0.329+0.034* 0.233+0.038* UC BRI 2.193+0.076* 1.837+0.070%

Bk PAlE 0.577+0.033* 0.44020.025*" IR 1.701£0.043* 1.590+0.100%*

RS 0.834+0.0242 0.56520.082*" RS 1.512+0.085%" 1.413+0.068*

SHEMBRIA  1.002+0.103% 0.724+0.029*% 575 RAURL - 1.1700.058"4¢ 1.17020.013%2¢
T SRR IRALHL B, *P<0.05; 55 UC BURALILEL, 'P<0.05; 5 S IEH X IR LA, #P<0.05; 5 UC BRI L 4K, *P<0.05; 5

P4 e, 2P<0.05

27 HLHMNR JAK2/STAT3 mRNA 83} KLk F
723

SEH X BB A e, UC #E AU 2H JAK2 STAT3
mRNA A XF 3 18 1 7+ 5 (P<0.05) ; 5 UC #EAIZH A1
E, A2 B VbR 2 AN A SR ZHIAK2
STAT3 mRNA X 25 i FE A% (P<0.05) ; 5 951
AR L, BYDRIRLE AR T S AR ZH JAK2 mRNA
AT 35 1 FEAIK (P<0.05) , 5 J7 2 AR50k 4H STAT3
mRNA HXF 2 55 B A (P<0.05) ; 5 YRR 4 A0
L, AR 2H JAK2 STAT3 mRNA AHXF A
R (P<0.05), HEILE 6,
28 HH/NR Claudin-1,p-JAK2/JAK2 ,p-STAT3/
STAT3 EHFRIEKFELLE

SIEH X BRA A H, UC B4 Claudin-1 25 14
FIR PR (P<0.05) , p-JAK2/JAK2 .p-STAT3/STAT3

IR AR, 4P<0.05 3 5 DRI HLAR, “P<0.05

HHEIRE TR (P<0.05); 5 UC BEBRIZHAR L, i
AL YD RLGRLH FE 7 S AR 2 Claudin-1 2
23k H T8 (P<0.05) , p—JAK2/JAK2 .p—STAT3/
STAT3 £ 1R IA 5 AL (P<0.05) ; S AR 4LAH L
YD RIGRA NG I S BRI Claudin-1 2 (1 3R35
T THE (P<0.05) , p-JAK2/JAK2 .p—STAT3/STAT3 7%
H R IA RFEIR(P<0.05) ; 5 BID R A L, & 5%
IR 2 Claudin-1 2 FH #3525 (P<0.05) , p-
JAK2JAK2 p-STAT3ISTAT3 H A EFEIK(P<0.05)
TEILE 4 %7,

3 itig

S5 %5 FARURL EL AT ¥ AR A7 L Lk I
ToA 238, e PR R S B BIF M 52 T A R 22 i UC A
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Fig4 Key molecule expressions of Claudin—1 and

p-STAT3

JAK2/STAT3 in each group of mice measured
by Western blot

£7 &BHMR Claudin-1,p-JAK2/JAK2 p-STAT3/
STAT3 BB FRIAKFLLE (n=6,x5)

Table 7 Comparison of the protein expression levels

of Claudin-1, p-JAK2/JAK2, and p—STAT3/STAT3 in

each group of mice (n=6, x+s)

2157 Claudin-1 p-JAK2/JAK2  p-STAT3/STAT3
EH 1.00£0.07 1.00£0.02 1.00£0.03
UC 72 0.39+0.05% 1.900.12 3.68+0.03*
Bk PAIE 0.60+0.09°* 1.710.02%* 3.08+0.03*"
WYPRIEZ 0.7120.06%  1.66+0.02% 2.3120.03%
EHEMIBRIZL  0.86£0.10%4¢  1.40£0.02%#4¢  1.9020.03*"

1 S IEH X B LA, *P<0.05 ;5 UC BERUZH HhA%, #P<0.05 ; 541
T L, 2P<0.05 3 5 B U RrR gl 4 He g, “P<0.05

RO, FEARBITE A, S T7 A AR 2L A 35 UC A
T 7N B A e PAGE AR 205 Mg 286 I e B L g B A3
1377 T EAT RAFS 7280, ELOE T BLYb S s 20 A o 571
41, BERG S5"I& URBRUZ M2 R AE U P i A
Sy W& e L B A b TR AR s Rz, S5 %
FAURE P ) B2 ] A 8 il i T AR P AR A R i)
i 75 JRE K EEL 245 R BLATE £ B (5217, JHG ] B e o Dk 2 2
TR AR AL AL, DT A 25 e i 1 5 e DT R

MH B 2 A BE 3 A, UC I R A BRI T 1
MEAR ST A RS L SRR I 3 i TE b I, - B0
SN IR AL, 5 B EE S (8 S AE S S A A4
IV IR )V FAILA ARG BEST UG Rt v,
RAE SN MR AR TE S BB R 8%, INEE 1 UC i

ZAABURAM S T UC BN R P 2 - (TNF-a
1L-6 1L-12) B97KF, L EHT 9 I+ (1L-10 TGF-B
IL-4) Ik, M, BT BRI A B2 i T 71N
SR BRI T iEZH 2 Claudin—
1 MERIE . X558 T A RUBOR I PG AT I
b 0BRSS A — B, 2 R T HGE
i Z ML FVE S UC TR 208 T

JAK2/STAT3 {5718 R PR RAE R E BB AR,
Uil NS R R U e S5 SYNE ) e = U1
(IR AR A 5 12 % 8 VDA G JAK2/STAT3 3l i
AL A SRR D RE , T M1 RURD M2 B
YRR A4, A RZGE B A% O JR R R - ) B
PSR STAT3 AMUR SR R 358 | 1058 1 175
S 1L-6 A I T AU B E SSRGS , )08 1 S8 A
RER, FE UC 3 — R AL AT Bk — 20 1 i
JAK2/STAT3 {5 500 B, FEUUAE RS, FHIBTTAK2/
STAT3 38 B R AT S50 15 Gl S I Uk i A e
RAFERS, ABFFEEE R LI, 527 A Uk e 0838 11 1
5 JAK2/STAT3 {5538 22 it UC 51 ED I
b A v a e I Iy s (EF LY AR BT B U Y EA
Aok BB R 4 F/KEIEE A 8 KK, I
R IiE Bz, AN, B SR BE A% 45
22 4 JEFURO B 1 A I, DA T ik g 1 4R
AR EORT AR AE S, RIS, HEAB SRR UC R Rl
P TL-2R Fik M TG i, BGESRRE RN, X 2
BRI 30 T B S Ekife UCIRIT TR 2
B 5 Z ALV R RS, S LI R N 4 T B
A,

MEAER  JAK S350 (CAnFEaa8 A A 2 e )
YER UC GBI IR 1 25, SR BT R AR (HH L —
A S LA 20T B BN RO RS, an ey i g
SEE AR TE B, AT, 27 S A R T
ZHLHI P EIVE A AR R DL 35 REAI T JAK2/STAT3
T, SGE AP T 5 RS B LS SEEL T
STNATTRCR . 5 JAK JHRIRIAE L, 7 B
KL o) — A B AU HRAR A FE RIVE KU . A<
TS FBRAE R SR 4K R AR T B Rk 5 R AN R
JE (ARG sl R 2R L) o Hud ik 240 % 280 A
R R AR T LA SR e P el e A s 51
AIRE RN RGN RO, S JAK #5778
HEE UC B TP R B B 07 3%, (B T 5
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