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Hypaphorine alleviates Crohn's disease-like colitis in mice by inhibiting intestinal

epithelial inflammatory response and protecting intestinal barrier function
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Abstract: Objective To investigate the effect of hypaphorine (HYP) on Crohn's disease (CD)-like colitis in mice and its
molecular mechanism. Methods Thirty male C57BL/6] mice were equally randomized into WT, TNBS, and HYP groups, and in
the latter two groups, mouse models of CD-like colitis were established using TNBS with daily gavage of 15 mg/kg HYP or an
equivalent volume of saline. The treatment efficacy was evaluated by assessing the disease activity index (DAI), body weight
changes, colon length and histopathology. The effect of HYP was also tested in a LPS-stimulated Caco-2 cell model mimicking
intestinal inflammation by evaluating inflammatory responses and barrier function of the cells using qRT-PCR and
immunofluorescence staining. GO and KEGG analyses were conducted to explore the therapeutic mechanism of HYP, which
was validated in both the cell and mouse models using Western blotting. Results In the mouse models of CD-like colitis, HYP
intervention obviously alleviated colitis as shown by significantly reduced body weight loss, colon shortening, DAI and
inflammation scores, and expressions of pro-inflammatory factors in the colon tissues. HYP treatment also significantly
increased the TEER values, reduced bacterial translocation to the mesenteric lymph nodes, liver, and spleen, lowered serum
levels of I-FABP and FITC-dextran, increased the number of colonic tissue cup cells, and upregulated colonic expressions of
MUC2 and tight junction proteins (claudin-1 and ZO-1) in the mouse models. In LPS-stimulated Caco-2 cells, HYP treatment
significantly inhibited the expressions of pro-inflammatory factors and increased the expressions of tight junction proteins.
Western blotting showed that HYP downregulated the expressions of the key proteins in the TLR4/MyD88 signaling pathway
in both the in vitro and in vivo models. Conclusion HYP alleviates CD-like colitis in mice possibly by suppressing intestinal
epithelial inflammation and improving gut barrier function.
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Tab.1 Primer sequences for qRT-PCR in this study

Gene name Primer sequences
Forward:5'-CAGGCGGTGCCTATGTCTC-3'
N Reverse:5'-CGATCACCCCGAAGTTCAGTAG-3'
Forward:5'-TCTATACCACTTCACAAGTCGGA-3'
6 Reverse:5-GAATTGCCATTGCACAACTCTTT-3'
Forward:5'-GAAATGCCACCTTTTGACAGTG-3'
1P Reverse:5-TGGATGCTCTCATCAGGACAG-3'
Forward:5'-AGGTCGGTGTGAACGGATTTG-3'
GAPDH

Reverse:5'-GGGGTCGTTGATGGCAACA-3'
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Fig.1 HYP treatment alleviates CD-like colitis in TNBS-treated mice. A: Body weight changes. B: DAI score. C:
Gross observation of the dissected colon from each groups. D: Colon length in each group. E: HE staining of
colonic sections of the mice from each group (scale bar=1 mm or 100 um). F: Colonic inflammation scores in each

group. *P<0.05 vs WT, “P<0.05 vs TNBS.
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Fig.2 HYP treatment reduces the levels of inflammatory mediators in the colonic mucosa of TNBS-treated mice.

A-C: Expression levels of TNF-¢, IL-6 and IL-18 mRNAs in mouse colonic mucosal tissue. D-F: Expression levels
of TNF-a, IL-6 and IL-13 proteins in mouse colonic mucosal tissue. *P<0.05 vs WT, *P<0.05 vs TNBS.

2.3 HYP % 25 7% & TNBS AR /s R B 1 14

55 TNBS ZHAH e, HYP T 7 ] 42 = /)8 B4t i 4 41
TEERA{E(P<0.05,E3A) , [RIEFREAIG I Z A5 T 45 HFE
FBE B AR A7 2 (P<0.05, 8] 3B~D) , LA K IfiL3i5 b
I-FABP # FITC-Dextran ¥ Ji (P<0.05, [§] 3E.F) . AB-
PAS YL 25 SR HY P T HnT 3 i TNBS AL/ NR 25
J 0 2 rPOMRR 20 B i, £ A 8 AR 1 325K (P<0.05,
K 3G.H) ., frsdifbye s Rgt—E %  HYP T
Al TNBS 755 19/ B 45 7 21 21 h MUC2 /) 3 3k
(P<0.05,K13G.D) . #fEs Y% (51 Western blotting
S5 BoR JHYPIRYT AT 4 TNBS AR/ N5 204
Claudin-1F1Z0-1 k7K (P<0.05, [ 3]~M).,
2.4 HYP FFREAKLPS #%-F 49 Caco-2 4a fiL P K Iz A~
K

qRT-PCR FIELISA Z55 /R, 5 LPS 4 AH L ,HYP
b B AT FEALC A A P AR 2R R F- (TNF-u IL-6 FTIL-18) B
JKF-(P<0.05, E 4A~F)
2.5 HYP TH## & LPS#F4%) Caco-2 2n L 5t [ 4 4

5 LPS 414 Lt , HYP + i A # & Caco-2 41 g
TEER {H (P<0.05, Kl 5A) . 2 S yie o Sty ta g L i
78, 1E Control 41 /' , Claudin-1 #11 ZO-1 ¥ 5] 43> 4 1F
Caco-2 2 U5 I, LPS i Claudin-1F1 ZO-19G(F
SRS A 2L, HY P Ab B AT A S v R R 1 1
iKFI43 7 (P<0.05, 5 5B) ., Western blotting 255 301 ,

HLPS#M I, LPS+HYP 4 Claudin-1 F1ZO-1 [ A
IR 134 (P<0.05,18 5C~E) .,

2.6 HYP4 @ CD MM X THe 5 X 2 R B A= TLR 125
WBIBH *

GO MKEGG B HEras iR, S EM S EET
“HRE SR TLR AR i %7, #2718 HYP 7] fig i i 34
5 TLR A5 538 i JAH S SE PR 258 R 3 HAT R AE T, DA
% CDATRITARR (P<0.05, 1 6A B).

2.7 HYP 7 T4 TLR4/MyD88 13 5 i# %

£ TNBS 5 5 89 /) B CD Ff 25 iz 4 #5578 vy |
Western blotting 255320 , 5 WT 414H L, TNBS 41/ il
25 I T TLR4 F MyD88 25 /K -1, i HYP T
FiA] A K (P<0.05, K TA~C) . 7E LPS Hili
A% Caco-2 41 g 2 SiE R 1 Western blotting 25 541 ,
HYP #bF AT [#{ LPS 41 Caco-2 4l TLR4 F1 MyD8S8
7K (P<0.05, 18] 7D~F) .,

3 g
AW F AR . HYP T ] %/ MR CD
BESE A SRR s HY P UM b Bz RAE SN AR
FRBEINAE s HY PAYT TNBS /N E8 7 4 A A E F T fig
T 43E PR TLR4/MyD88 {5 5l S0
ATHFE R FH TNBS 5 T 10/ SRS iy S AR 1274570
AMYBETE L CD B WARETE 8 il S A o i



http://www.j-smu.com J South Med Univ, 2025, 45(11): 2456-2465 + 2461 -

A B C
1000+ = 1207 wmPositivem Negative = 1207 wmPositive =Negative
3= * *H R * w4
~ 800 *§ _ 100 § 100
g *# S 80 2E 80
c 99 : £z 2
& 400 T =5 sz
[L-S =2 404 Sy 404
B S
= 200 8 ° 5l g7 90
5 ] 6.67
0- m 0- m 0-
WT TNBS HYP WT TNBS HYP WT TNBS HYP
D .. . E F
- 120+ =Positive =Negative 2.0 1000+
£ _ 100 P * .
52 ] S s 800 T
2 g0 E ! 3
Z = & E 6001 *4
g ;8 60- : 1'0_ *# éb T
= & 404 m T :; 400
5B £ 05 a
5 204 T ’ L = 2004
2 333 — .
M 0- 0.0- 0-
WT TNBS HYP WT TNBS HYP WT TNBS HYP
G H 20 -
s
> 15
S T .
& S #
n b 2 10 T
q s :
Mm g 'g 5 4 il
0
WT TNBS HYP
|
1.59
a
o
o =
8 é’ 1.0
5 -
= ?‘:; L
o~ 0.59
Q *
=) -
p=
J © WT TNBS HYP
5
= L 20-
E 2
'-% E 1.54
o = 0] = o
£ 1
— o *
% § 05' T
a O
S © WT TNBS HYP
N 100 prr
M 20-
K 1.54

WT TNBS HYP

M

Claudin-] eess ommm e «os e o s s s 23 000 . ’
ZO-1 @ ae - == e e 225000 0.51 "
B-actin D GHD GHD GND GND (I GND @D @ /2 000 0.0-

*#
T
WT  TNBS HYP

Z0O-1 intensity
=

B3 HYPLZ5igE TNBSEEVNR i FIER 0

Fig.3 HYP ameliorates intestinal barrier damage in TNBS-treated mice. A: TEER values of mouse colon tissues
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