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Abstract: Objective: The aim of the current study was to analyze the influence of glucagon-like peptide-2 (GLP-2) on
intestinal barrier function (IBF) and immune function (IF), as well as changes in TGF-B1 levels, in obstructive jaun-
dice (OJ) model rats. Methods: A total of 60 healthy SD rats were selected and divided into the observation group
(0Q), including 20 intraperitoneally injected with GLP-2 as OJ models, the surgical control group (SCG), including
20 intraperitoneally injected with phosphate buffered solution (PBS) as OJ models, and the control group (CG), in-
cluding 20 intraperitoneally injected with PBS and treated with laparotomy but not with common bile duct ligation
(CBDL). These rats were killed in batches at 1 day, 3 days, 7 days, and 14 days after surgery, evaluating IBF and IF
and measuring TGF-B1 levels. Results: (1) Proliferating cell nuclear antigen (PCNA) levels of CG were much higher
than those of OG and SCG at 1 day, 3 days, and 7 days after surgery (P<0.05); (2) Caspase-3 levels of SCG were
much higher than those of OG and CG at 3 days and 7 days after surgery (P<0.05); (3) Intestinal villus heights (IVH)
of SCG levels were much lower than those of OG and CG at 1 day, 3 days, and 7 days after surgery (P<0.05); (4) CD4*
and CD4*/CD8+ of OG and CG were higher than those of SCG and CD8* of OG and CG was lower than that of SCG at
1 day and 7 days after surgery (P<0.05); and (5) TGF-B1 levels of SCG were much higher than those of OG and CG at
7 days after surgery (P<0.05). Conclusion: GLP-2 can improve IBF and IF, enhancing TGF-B1 levels of OJ model rats.
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Introduction tant impact on OJ patient prognosis, with
preoperative endotoxin levels directly related to

With higher incidence rates found in the De- postoperative mortality [6]. Surgery will cause

partment of Hepatobiliary Surgery, OJ has been
mainly treated through surgery [1]. It has been
found, clinically, that OJ patients are easily
complicated with endotoxemia (ETM), infec-
tions, and even multiple organ dysfunction syn-
drome. They tend to produce many cell factors,
seriously affecting their IF levels. This leads to
severe and complicated pathological and physi-
ological changes [2, 3].

After 0J, the bile salt can neither inhibit the
intestinal bacteria normally nor degrade the
endotoxin effectively. Moreover, ETM and intes-
tinal bacterial translocation will be caused by
the gradual decline of intestinal mucosal barri-
er function (IMBF). This may lead to exacerba-
tion and even death [4, 5]. ETM has an impor-

severe trauma to OJ patients, with obvious
changes in levels of cell factors, seriously influ-
ence IF [7]. JunChen et al. found that IF was
improved, to a certain extent, through drug
treatment. They also found that GLP-2, as a
polypeptide, could accelerate the growth of in-
testinal mucosa and improve IMBF [8].

At present, there are relatively few studies con-
cerning the effects of GLP-2 on intestinal barri-
er function, immune function, and TGF-B1 after
treatment of obstructive jaundice at home and
abroad. Therefore, the current study is some-
what innovative. To this end, 60 rats were
selected for animal experimentation after gr-
ouping and modeling. The aim of the study was
to discuss the influence of GLP-2 on IBF and IF,
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as well as changes in TGF-B1 levels, in the treat-
ment of OJ rats, endeavoring to provide more
clinical methods.

Material and methods
Materials

A total of 60 healthy SD rats, with body masses
of 200 g-250 g, were selected and divided into
0G, SCG, and CG, with each group including 20
rats. They were raised under normal light at a
temperature of 18-25°C. They were provided
ample food and water. Humidity was controlled
at 60%-80%. They were raised and managed in
strict accordance with Animal Protection Ass-
ociation guidelines. Every procedure was app-
roved by the Animal Care and Use Committee of
the Third Affiliated Hospital of Nanchang Uni-
versity.

Methods

(1) Preparation of 20 model rats for OG: The
rats were intraperitoneally injected with 3 mL/
kg 10% chloral hydrate after preoperative fast-
ing for 12 hours. After successful anesthesia,
disinfection, and draping in sequence, an inci-
sion was made in the center of upper abdomen
to expose ligamentum hepatoduodenal. Diss-
ociation of the common bile duct was per-
formed in the first porta hepatis, followed by
double ligation. Next, the abdominal wall was
sutured in two layers. Upon the completion of
surgery, the rats were intraperitoneally injected
with GLP-2 phosphate buffered solution (PBS),
with a purity of over 95%, twice per day. The
volume dose of GLP-2 was controlled at 250
ug/(kg-d); (2) Preparation of 20 model rats for
SCG: After the same surgery applied with OG,
the rats were intraperitoneally injected with
0.01 mmol/L PBS every day; and (3) Preparation
of 20 model rats for CG: The rats were treated
with abbreviated laparotomy procedures, but
not with CBDL. They were then intraperitoneally
injected with 0.01 mmol/L PBS daily.

The rats ate freely after surgery and were killed
in batches at 1 day, 3 days, 7 days, and 14
days after surgery for evaluation of therapeutic
effects.

Observation targets
IBF: The three groups were measured with

respect to PCNA, Caspase-3, and IVH at 1 day,
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3 days, and 7 days after surgery. O PCNA
detection: The laparotomy procedure was per-
formed immediately after the rats were killed. A
2-cm-long jejunum was excised in the position
1 cm away from the distal end of Treitz liga-
ment. Contents in the enteric cavity were
washed thoroughly through isotonic saline and
fixed in 40 g/L formaldehyde solution for prepa-
ration of 3-um-thick slices. The ready-to-use
anti-PCNA mouse monoclonal antibody was
used as a primary antibody in immunohisto-
chemical (IHC) staining, while the biotin-labeled
rabbit anti-rat serum was used as a secondary
antibody. The IHC specimen was measured
through software. Mean optical density (MOD)
levels of positive cells were regarded as results;
(2 Caspase-3 detection: Slicing and measure-
ment were carried out according to the above
methods. The ready-to-use anti-caspase-3 mo-
use monoclonal antibody was used as a prima-
ry antibody and the secondary antibody was
the same as above; and 3 IVH measurement:
Paraffin-embedded intestinal tissues were
sliced and H&E staining was performed routine-
ly. IVH was measured through the CAST system
by measuring 10 villi for each slice, recording
results based on the mean value.

IF: The laparotomy procedure was performed
immediately after the rats were killed. A 2-cm-
long ileum was excised in the position 1.5 cm
away from the cecum. The enteric cavity was
washed using the above methods, with the
mucosal layer reserved. The ileum mucosa was
ground through a glass grinder and filtered
through a 200-mesh filter. The single-cell sus-
pension was adjusted to the cell number of
1*10%/mL. Flow cytometry was used to calcu-
late the T lymphocyte percentage of CD4* and
CD8" in intestinal mucosa, calculating the ratio
of CD4*/CD8".

TGF-B1 levels: The rats were intraperitoneally
injected with 3 mL/kg 10% chloral hydrate at 7
days and 14 days after surgery. After anesthe-
sia, the abdominal cavity was opened in a ster-
ile environment for decollement of portal vein.
A total of 1.5 mL of blood was drawn from por-
tal veins through sterile injector and placed into
the test tube. Centrifugation was then per-
formed at a speed of 3,000 rpm for 10 min-
utes, aiming to extract the serum. The serum
was then stored at a temperature of -70°C for
later measurement. DAS-ELISA was used to me-
asure TGF-B1 levels in strict accordance with
instructions.
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Table 1. Comparison of IBF between OG and CG at different time points after surgery (X = s)

Group Time PCNA Caspase-3 (ug/ml) IVH (um)

0G (n=20) 1 d after surgery 127.58+10.13 157.8949.63 435.26+58.31
3 d after surgery 125.66+15.24 159.83+8.64 432.56+55.27
7 d after surgery 119.89+12.34 160.27+10.21 420.16+40.28

SCG (n=20) 1 d after surgery 121.66+17.79 168.34+12.42 400.33+86.92
3 d after surgery 109.87+13.53 191.25+10.42 352.42+58.79
7 d after surgery 85.24+13.29 211.78+18.24 313.26+62.27

CG (n=20) 1 d after surgery 134.42+7.58 150.78+12.81 434.42+75.66
3 d after surgery 132.63+12.86 153.66+9.69 452.27+75.31
7 d after surgery 130.26+£19.35 155.57+9.31 457.89+70.86

P1 0.012 <0.001 0.001

P2 0.001 0.008 0.003

P3 0.015 0.003 0.005

Note: P1 represents the P value obtained by comparison of 1 d after surgery of the three groups; P2 represents the P value
obtained by comparison of 3 d after surgery of the three groups; and P3 represents the P value obtained by comparison of 7 d

after surgery of the three groups.

Statistical methods

SPSS22.0 was used for statistical analysis.
Measurement data are represented by mean +
standard deviation. Independent-samples t-
tests were used for data in conformity with nor-
mal distribution. Mann-Whitney U-tests were
used for data not in conformity with normal dis-
tribution. Comparisons within groups were con-
ducted through paired-samples t-tests. Enume-
ration data are represented by [n (%)] and was
compared through X? tests between groups.
P<0.05 indicates statistical significance.

Results
Comparison of IBF between OG and CG

PCNA levels of CG were much higher those that
of OG and SCG at 1 day, 3 days, and 7 days
after surgery (P<0.05). Levels of OG were much
higher than those of SCG at 1 day, 3 days, and
7 days after surgery (P<0.05). There was little
difference in PCNA levels of CG at 1 day, 3 days,
and 7 days after surgery (P>0.05). PCNA levels
at 3 days and 7 days after surgery were much
lower than those at 1 day after surgery, respec-
tively, in OG and SCG (P<0.05). There was little
difference in Caspase-3 levels at 1 day, 3 days,
and 7 days after surgery, respectively, in OG
and CG (P>0.05). There were obvious differ-
ences in Caspase-3 levels at 1 day, 3 days, and
7 days after surgery in SCG (P<0.05). Caspase-3
levels of SCG were much higher than those of
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OG and CG at 1 day after surgery and levels of
OG were higher than those of CG (P<0.05).
Caspase-3 levels of SCG were much higher
than those of OG and CG at 3 days and 7 days
after surgery (P<0.05). IVH at 7 days after sur-
gery was much lower than that at 1 day and 3
days after surgery in OG (P<0.05). There were
obvious changes in IVH at 1 day, 3 days, and 7
days after surgery in SCG (P<0.05). IVH at 1 day
after surgery was much lower than that at 3
days and 7 days after surgery in CG (P<0.05).
IVH of SCG was much lower than that of OG and
CG at 1 day, 3 days, and 7 days after surgery
(P<0.05) (Table 1; Figures 1-3).

Comparison of IF between OG and CG

CD4* and CD4*/CD8+ of OG and CG were high-
er than those of SCG and CD8* of OG and CG
was lower than that of SCG at 1 day and 7 days
after surgery (P<0.05). There were no statisti-
cal differences in CD4*, CD8* and CD4*/CD8+
at 1 day and 7 days after surgery, respectively,
in OG, CG, and SCG (P>0.05) (Table 2).

Comparison of changes in TGF-B1 levels be-
tween OG and CG

There were no obvious differences in TGF-B1
levels between OG and CG at 7 days and 14
days after surgery (P>0.05). TGF-B1 levels of
SCG were much higher than those of OG and
CG at 7 days after surgery (P<0.05). There was
little difference in TGF-B1 levels at 7 days and
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Figure 1. PCNA levels of the three groups at differ-
ent time points after surgery. PCNA levels of CG were
much lower than those of OG and SCG at 1 day, 3
days, and 7 days after surgery (P<0.05). PCNA levels
of OG were much higher than those of SCG at 1 day,
3 days, and 7 days after surgery (P<0.05). There was
little difference in PCNA levels of CG at 1 day, 3 day,
and 7 day after surgery (P>0.05). PCNA levels at 3
day and 7 days after surgery were much lower than
those at 1 day after surgery, respectively, in OG and
SCG (P<0.05).
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Figure 2. Caspase-3 levels of the three groups at dif-
ferent time points after surgery. There were unobvi-
ous changes in Caspase-3 levels at 1 day, 3 days,
and 7 days after surgery, respectively, in OG and CG
(P>0.05) and obvious changes in SCG (P<0.05). Cas-
pase-3 levels of SCG were much higher than those of
0G and CG at 1 day, 3 days, and 7 days after surgery
(P<0.05).
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Figure 3. IVH of the three groups at different time
points after surgery. IVH at 7 days after surgery was
much lower than that 1 day and 3 days after surgery
in OG (P<0.05). There were obvious changes in IVH
at 1 day, 3 days, and 7 days after surgery in SCG
(P<0.05). IVH at 1 day after surgery was much high-
er than that 3 days and 7 days after surgery in CG
(P<0.05). IVH of SCG was much lower than that of
0G and CG at 1 day, 3 days, and 7 days after surgery
(P<0.05).

14 days after surgery, respectively, in OG and
CG (P>0.05). TGF-B1 levels at 14 days after sur-
gery were much higher than those at 7 days
after surgery in SCG (P<0.05) (Table 3 and
Figure 4).

Discussion

0OJ occurs when the bile in intestinal tract can-
not enter the biliary system due to partial or
complete obstruction. This may be caused by
different reasons [9]. Biliary calculus is an
important cause for OJ. It is also affected by
inflammation, congenital biliary obstruction,
biliary stricture, iatrogenic bile duct injury, bili-
ary tumors, ampullary carcinoma, and para-
sites [10, 11]. Surgery can achieve good effects
on 0J. However, there is a higher risk of postop-
erative complications and case fatality rate.
This is closely related to intestinal endotoxemia
(IETM), mainly caused by microecological disor-
ders of intestinal flora, cell dysfunction, lack of
bile salt, and intestinal mucosal damage [12,
13]. Thus, it is of great significance to improve
IMBF and IF levels for OJ patients through effec-
tive treatment methods.
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Table 2. Comparison of IF between OG and CG at different time points after surgery (X = s)

Group Time CD4* (%) CD8* (%) Ccb4*/CcD8*
0G (n=20) 1 d after surgery 49.06+15.27 7.52+2.38 5.89+1.37
7 d after surgery 51.23+16.37 7.21+1.96 6.32+1.42
SCG (n=20) 1 d after surgery 33.62+13.28 10.85+3.27 2.68+1.06
7 d after surgery 35.69+14.22 9.98+4.23 2.74+1.23
CG (n=20) 1 d after surgery 48.27+13.65 7.55+2.78 5.79+2.30
7 d after surgery 45.36+£15.37 7.20+£1.96 5.82+1.63
P1 0.001 0.007 0.001
P2 <0.001 0.001 <0.001

Note: P41 represents the P value obtained by comparison of 1 d after surgery of the three groups; P1 represents the P value

obtained by comparison of 7 d after surgery of the three groups.

Table 3. Comparison of changes in TGF-B1
levels at different time points after surgery
(X £s,ng/L)

Group 7 d after surgery 14 d after surgery
0G (n=20) 535.62+150.28 579.52+138.72
SCG (n=20) 775.62+168.49 923.57+118.27
CG (n=20) 546.39+138.52 559.62+105.41

P 0.001 0.013
1500+ mm Observation group
B Surgical control group
= I control group
E’ 10004
=
L
'12 5004
0_

7 day after surgery 14day after surgery

Figure 4. TGF-B1 levels of the three groups at differ-
ent time points after surgery. TGF-B1 levels of SCG
were much higher than those of OG and CG at 7 days
after surgery (P<0.05). There was little difference in
TGF-B1 levels between OG and CG at 7 days and 14
days after surgery (P>0.05). TGF-B1 levels at 7 days
after surgery were much lower than those at 14 days
after surgery in SCG (P<0.05).

A single-chain polypeptide, GLP-2 is composed
of 33 amino acids and is the product of proglu-
cagon (PG) gene expression [14]. Some schol-
ars found the promoting effects of GLP-2 on
growth of specific intestinal mucosa in the late
20th century [15]. With a high conservation in
mammals, GLP-2 is mainly secreted by intesti-
nal L-cells. It is further decomposed by dipepti-
dyl peptidase IV (DPP-1V), finally excreted th-
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rough the kidneys [16]. GLP-2 receptor can
bring the biological effects into play. This recep-
tor has a partial agonistic action on GLP-2, but
without any response to other proglucagon-
derived peptides [17]. GLP-2 receptor has a lot
of expression in the gastrointestinal tract,
which are distributed in jejunum, duodenum,
ileum, the colon, and stomach, in sequence
[18]. Matthew D J et al. verified that GLP-2 was
combined with GLP-2 receptors, respectively, in
intestinal mucosa, under mucosa, and on my-
enteric neuron. They also found that the neu-
rons had a specific effect on progenitor cells of
columnar epithelium through signal transduc-
tion. This could promote the proliferation of
columnar epithelial cells, absorption of nutri-
ents, and the growth, differentiation, and repair
of cell population in intestinal crypt. These fac-
tors would maintain the permeability of intesti-
nal mucosa [19].

PCNA levels are highly correlative with cell pro-
liferation. These levels can reflect cell prolifera-
tion activity during cell division cycle and accu-
rately judge cell proliferation [20]. With the
effect of an apoptotic actuator, Caspase-3 pro-
tein is a crucial enzyme protein in inducing cell
apoptosis in mammals [21]. OG was treated
with GLP-2 in the present study. PCNA levels,
Caspase-3 levels, and IVH of OG were better
than those of SCG and in accord with those of
CG. Results suggest that GLP-2 could protect
the intestinal villi, delay the damage process,
inhibit cell apoptosis in intestinal mucosa, and
effectively improve IMBF. As the core of cell
immunoregulation, such T lymphocytes as
CD4* and CD8* can accurately reflect intestinal
immune function by measuring the number and
ratio of T lymphocyte subsets [22]. Mosawi SH
et al. found the reduction of CD4* and increase
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of CD8* after OJ and also a reduced ratio of
CD4*/CD8* [23]. CD4*, CD8* and CD4*/CD8+ of
OG were better than those of SCG and in accord
with those of CG at 7 days after surgery. Results
suggest that GLP-2 effectively improved the IF
of OJ rats.

TGF-B is mainly secreted by blood platelets and
macrophages as a multifunctional cytokine for
cell growth and differentiation. It accounts for
the largest proportion in somatic cells with the
highest activity. It also has a variety of biologi-
cal functions, such as IF, inflammation, cell
growth and differentiation, tissue repair, and
regulation of embryonic development [24].
TGF-B levels of OG were much lower than those
of SCG and in accord with those of CG at 7 days
and 14 days after surgery. Results indicated
that GLP-2 could accelerate epithelial healing
after mucosal damage, quicken the neovascu-
larization of impaired wounds, enhance the
blood supply, and provide essential nutrients
for histocytes [25].

In conclusion, GLP-2 obviously improves IBF
and IF and reduces TGF-B1 levels in the treat-
ment of OJ model rats. Thus, it has good appli-
cation value. However, this was an animal
experiment study with fewer indexes. Results
may not be representative. More extensive and
intensive studies should be conducted based
on humans, aiming to provide more references
for clinical treatment of OJ.
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