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[ Abstract] Objective To investigate the effect and molecular mechanism of isolongifolene (ISO) on the
apoptosis of intestinal epithelial cells and 2,4,6-trinitrobenzenesulfonic acid (TNBS)-induced Crohn's disease (CD)-like
colitis in mice. Methods In the animal experiments, mice were randomly assigned to the wild type (WT) group, TNBS
group and TNBS+ISO group, with 8 mice in each group. Colitis models of mice were established in the TNBS group and
the TNBS+ISO group by rectal injection of TNBS. After modeling, the mice in the TNBS+ISO group were given ISO

intervention via intragastric gavage (10 mg/kg), and the other two groups were given the same amount of normal saline
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via intragastric gavage. The mice were sacrificed on the 7th day. The changes in body mass, disease activity scores (DAI),
and the colon length of mice were measured, and transepithelial electrical resistance (TEER) of the colon tissues was
determined. The score of colon inflammation was calculated according to HE staining. The levels of intestinal mucosal
inflammatory factors, including tumor necrosis factor alpha (TNF-a), interferon (IFN)-y, interleukin (IL)-1p, and IL-6,
were measured by RT-PCR and ELISA. The apoptosis of colon tissue cells was determined by TUNEL assay. The
expressions of apoptotic proteins (cleaved caspase-3/caspase-3 and Bax), an anti-apoptotic protein (Bcl-2), and tight
junction proteins (ZO-1 and claudin-1) were detected by Western blot and immunofluorescence. In the cell experiment,
TNF-a was used to induce intestinal epithelial cell Caco-2 apoptosis model, which was treated with ISO. Then,
intervention with the AMPK inhibitor Compound C was given. TUNEL assay, Western blot assay, and
immunofluorescence assay were performed to measure apoptosis and the expression of apoptosis proteins in the Caco-2
cells. Gene Ontology (GO) enrichment analysis was performed to predict the biological function of ISO. Then, the
mechanism involved was verified by examination of the mice and Caco-2 cells. Western blot was performed to determine
the expression levels of p-AMPK/AMPK and p-PGCla in the colon tissues from the mice of different groups and Caco-2
cells. The apoptosis of the cells was determined by TUNEL assay. Results According to the results of the animal
experiment, ISO could alleviate experimental colitis and intestinal barrier dysfunction, leading to improvements in body
mass loss, colon length shortening, DAI score, inflammatory rating, and TEER values (all P<0.05) in mice. Furthermore,
ISO decreased the expression of pro-inflammatory factors TNF-a, IFN-y, IL-1B, and IL-6 and increased the expression of
the tight junction proteins ZO-1 and claudin-1 (all P<0.05). In the cell experiment, in a TNF-a-induced intestinal
epithelial cell model, ISO was also found to protect intestinal barrier against damage. ISO reduced the proportion of
apoptotic intestinal epithelial cells, reduced the expression of cleaved-caspase-3/caspase-3 and Bax, and upregulated the
level of Bcl-2 (all P<0.05). GO enrichment predictive analysis showed that the role of ISO in improving CD-like enteritis
might be associated with the negative regulation of apoptosis. Verification of the mechanism showed that the expression
of p-AMPK and p-PGCla in the mice colon tissue was significantly upregulated after ISO intervention (P<0.05). In
contrast, the AMPK inhibitor Compound C increased the apoptosis rate of ISO-treated Caco-2 cells and decreased the
relative expression levels of ZO-1 and claudin-1 (P<0.05). Conclusion ISO reduces intestinal epithelial cell apoptosis at
least in part by activating AMPK/PGCla signaling pathway, thereby alleviating TNBS-induced intestinal barrier
dysfunction and CD-like colitis in mice.
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AGTCATTGA-3'; R: 5-TGCTGATGGCCTGATTGTCTT-
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2.2 ISOBE{RTNBSE S48 28/ N R AA RhRE vp R iE B F
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Fig 1 Effect of ISO on enteritis symptoms in TNBS mice

A, Body mass change in the mice (n=8); B, changes in diseaseactivity index (DAI) scores (n=8); C-D, changes in colon length (n=8); E, histopathological score of the

colon (n=8); F, HE stain results. * P<0.05, vs. WT; * P<0.05, vs. TNBS.
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Table1 Effect of ISO intervention on the expression of inflammatory

factors in the colon tissues of mice

Index WT TNBS TNBS+ISO

RT-PCR (relative mRNA TNF-¢ 1.00£0.14 593039 3.75:0.39""
expression) IL-1B  1.000.13 7.88+048 1.78+0.20""

IL-6  1.00£0.09 12.34%0.79  5.05+0.43""

IFN-y  1.00£0.13 6.72+0.48 2.64+0.40""

ELISA/(pg/mg protein) ~ TNF-a 11.08+1.67 60.22+3.44  30.34+237 "
IL-1p  15.9740.93 51.01+2.86 30.80+1.99"

IL-6  1870+1.54 42.84+221 29.63+2.26""

[FN-y 14.85+1.34 38.924250 20.29+2.62""

" P<0.05, vs. WT; * P<0.05, vs. TNBS. n=8.
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WE4, s Western blot & ¥, TNF-a+ISO%H
Caco-240 i 5 TNF-aZH A1 kb, ZO-1Hlclaudin- 11 FIE 7K
AN (P<0.05) .
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s, F20iR, TUNELY: 8 [ 7R, TNF-a4lCaco-
24 PR TSR R BN, M ISOT-FU ] T 4m A T
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=500 | * o 0.5 g8 05
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S pacin | - D: S
&S < S
@ o ® <
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7Z0O-1/DAPI

Claudin-1/DAPI

50 um

B 2 ISOATT B ETNBSHE R/ R i FE #5345

Fig 2 ISO treatment improves intestinal barrier injury in TNBS model mice

A, Tissue transepithelial electrical resistance (TEER) value of mice (n=8); B-D, Western blot of claudin-1 and ZO-1 in colon mucosa (n=_8); E, the expression of ZO-1

and claudin-1 in the colon tissue of mice was determined by immunofluorescence. * P<0.05, vs. WT group; * P<0.05, vs. TNBS group.
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Fig 3 ISO treatment reduces the apoptosis of intestinal epithelial cells in the colonic tissue of TNBS model mice

Relative Bax intensity
[’}
Relative Bcl-2 intensity

(=}
(=}

Relative C-Cas3/Cas3 intensity
N}

A, TUNEL assay was performed to detect apoptosis of colonic tissue in the mice; B, the expression levels of apoptosis proteins (C-Cas3, Cas3, and Bax) and anti-

apoptosis protein (Bcl-2) in the colonic mucosa of the mice (n=8). C-Cas3: cleaved caspase-3; Cas3: caspase-3.  P<0.05, vs. WT; * P<0.05, vs. TNBS.

Control

50:um

TNF-a
TNF-a

50 pm 50 um 50 um

TNF-a+ISO
TNF-a+ISO

50 pm

1.5 1.5 ¢
O
3 & g
&@ %Qﬁ é@x Z g
o S 2
¢ < < £ 10 £ 1.0
Z0-1 n £
e S [ 195kDa 3 |
N 2
i) —_—
Claudin-1 | sss— W (22 kDa '% 0.5 § 0.5
ol =
~ 3
B-actin m 42 kDa 27
0 A & Q 0
s &
(C/ &
<

B 4 ISOXYCaco- 24 i1 R ZEEE O HIER
Fig 4 Effect of ISO on tight junction proteins in Caco-2 cells
A-B, The expression of ZO-1 and claudin-1 in Caco-2 cells was determined by immunofluorescence; C, Western blot of ZO-1 and claudin-1 in Caco-2 cells (n=3).

" P<0.05, vs. control; © P<0.05, vs. TNF-a.
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Control TNF-a
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100 pm

TNF-a+ISO
751

Apoptosis rate/%

100 um

C-Cas3 S S (17 kDa

Cas3 | m— S S ) Do

Bax G S O] (D

Bel-2 | q— | 26 kDa

0 B-actin | S S | 42 kD2

5 ISOFHistCaco- 24 BLIE T- KIS
Fig 5 Effect of ISO intervention on the apoptosis of Caco-2 cells
A, TUNEL assay was conducted to assess the apoptosis of Caco-2 cells
(n=3); B, the expression levels of apoptosis proteins (C-Cas3, Cas3, and Bax) and

anti-apoptosis protein (Bcl-2) in Caco-2 cells. * P<0.05, vs. control; # P<0.05, vs.

TNF-a. a: control; b: TNF-a; ¢: TNF-a+ISO; C-Cas3: cleaved caspase-3; Cas3:
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Table 2 Effect of ISO on Caco-2 cell apoptosis protein (&= s)
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" P<0.05, vs. control; © P<0.05, vs. TNF-a. n=3. C-Cas3: cleaved caspase-3;
Cas3: caspase-3.
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Fig 6 Predictive analysis of the possible biological function and effect of ISO in CD was made by GO enrichment

A, Venn diagram; B, GO enrichment. BP: biological process; CC: cellular component; MF: molecular function.
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Fig 7 Western blot was conducted to assess the effect of ISO intervention

on the AMPK/PGCla pathway in vivo and in vitro
A, Mice; B, Caco-2 cells.
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Table 3 Effects of ISO on AMPK/PGCla signaling pathway (% +s)
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Fig 8 The effect of ISO on Caco-2 cell apoptosis and intestinal barrier by blocking AMPK/PGCla signaling pathway

A, Western blot was conducted to determine the expression of p-AMPK, p-PGCla, ZO-1, claudin-1, Bcl-2, Cas3, C-Cas3, and Bax proteins in Caco-2 cells (n=3); B,

Caco-2 cell apoptosis was determined by TUNEL assay (n=3). ~ P<0.05.
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