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ABSTRACT

Background: Chronic Kidney Disease (CKD) is a major disease that endangers public health around the world. The
urinary toxins produced in the disease can induce intestinal barrier damage and systemic inflammation, which
further aggravates the disease and creates a vicious circle. Therefore, this work carried out cell-level research to
determine the ability of Guben Xiezhuo Recipe for colon dialysis to repair the intestinal barrier and to interfere with
the entire process.

Methods: T84 cells were divided into six groups, one of which was a control group, and the experimental
components were divided into five groups according to the level of urinary toxin content and the different drugs
added. Perform a series of tests on six groups. Immunofluorescence technique was used to analyze the expression
characteristics of intestinal epithelial tight junction protein Occludin in intestinal epithelial cells in the intestinal
barrier injury model. Western Blot technology was used to analyze the expression of ZO-1 and Cluadin-1 in intestinal
epithelial cells in the intestinal barrier injury model. RT-PCR technology was used to analyze the expression changes
of Keap-1, Nrf2, ROS, and NF-xB mRNA in intestinal epithelial cells. ELISA was used to analyze the content of
inflammatory signal hypersensitive C-reactive protein and interleukin-6 (IL-6) in cell culture fluid.

Results: The results of immunofluorescence analysis and Western Blot analysis demonstrated the ability of urinary
toxins produced by CKD to destroy the intestinal barrier. The results of RT-PCR analysis explained the mechanism of
urinary toxins destroying the intestinal barrier from the molecular biology level. The results of ELISA analysis
indicate that the intestinal barrier damage will further induce systemic inflammation. Through the comparison of the
above analysis results in the six groups, it can be shown that Guben Xiezhuo Colon Dialysis Recipe has an excellent
therapeutic effect on intestinal epithelial injury.

Conclusion: Through the detection and comparison of the contents of intestinal barrierrelated proteins and
inflammatory signal factors in each group, it is proved that the Guben Xiezhuo Recipe colon dialysis has an excellent
therapeutic effect on the repair of intestinal barrier damage and further inhibits the deterioration of CKD, which
also provides an optional auxiliary strategy.
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INTRODUCTION development of various chronic kidney diseases, during which

the multissystem functions of the body will undergo undesirable
The incidence of Chronic Kidney Disease (CKD) has been  changes. Although with the development of medical technology,
increasing year by year, and it has become a serious disease that  the survival time and quality of life of ESRD patients have been
threatens the health of the public health throughout the world  greatly improved, there is still no specific method to delay the
[1]. End Stage Renal Disease (ESRD) is the final stage of the
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progression of renal failure before renal replacement therapy,
especially for patients with CKD. [2]

In patients with CKD chronic kidney disease, the intestinal
microecosystem will be disturbed during the progression of the
disease, resulting in imbalance of the intestinal flora, including
a decrease in probiotics and an increase in pathogenic bacteria
that can produce urinary toxins. [3] The result is aggravation of
the intestines urine-derived toxins accumulate in the blood and
cannot be cleared in time by the damaged kidneys, and renal
function further declines, eventually forming a vicious circle
between the intestines and kidneys. Disordered intestinal flora
can also destroy the intestinal epithelial barrier function,
causing intestinal urinary toxins and conditional pathogenic
bacteria to translocate and enter the blood circulation, activate
the intestinal mucosal immune system, induce systemic micro-
inflammatory reactions, and aggravate the kidneys damage [4].

Nuclear transcription factor E2-related factor (Nrf2) belongs to
the Capn-colar (CNC) leucine zipper transcription activator
family and is the main regulator of many genes encoding
antioxidants, antidote and cytoprotective molecules. [5] Nrf2
induces a series of antioxidant protective protein codes,
promotes the regulation of the redox environment in cells, and
becomes an important pathway for cells to resist oxidative stress.
Nrf2 stimulants such as lubusulfurin and watercress have been
used as Chinese herbal medicine for the treatment of
inflammatory and tumor diseases for hundreds of vyears.
Research in recent years has shown that activation of the Nrf2
signaling pathway can reduce organ ischemia and repeated
infusion injuries. CDDQO-9, 11-dihydrotrifluoroamide (Dh404)
is a synthetic triterpenoid. Studies have shown that, dh404
produces anti-inflammatory and anti-oxidative stress effects by
stimulating the Nrf2 signaling pathway. It has a protective effect
on chronic kidney disease in rats [6].

Pyrrolidine dithiocarbamate (PDTC), is a specific inhibitor of
NF«B, which can inhibit the activation of NF«B and reduce
inflammation. It is also an antioxidant, which can directly
eliminate free radicals and inhibit the generation of free radicals

(7].

Claudin is mainly located on the side of epithelial cells near the
lumen. Its function is to close the intercellular space and
prevent the free entry and exit of materials inside and outside
the epithelial layer of the lumen. It is the material basis for the
selection of permeabilization of epithelial cells [8]. Tight
junctions are a composite structure formed under the
interaction of multiple proteins, which are mainly composed of
two components, which are transmembrane protein and
cytoplasmic protein. The main transmembrane proteins are
occludin and claudin-1. Both occludin and claudin-1 are four-
pass transmembrane proteins, and the amino and carboxyl ends
are located in the cytoplasm [9]. Tight junctions can effectively
prevent the paracellular transport of bacteria, toxins and other
substances in the intestinal cavity through regulation under
physiological conditions, and maintain the integrity of the
intestinal mucosal epithelial barrier function.

Zonulaocludens-1 (ZO-1) is a protein that is related to tightly
connected. In recent years, it has been discovered that it is
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related to the maintenance and regulation of epithelial fence
and barrier function, and also participates in the regulation of
cell material transport, maintenance of epithelial polarity, cell
proliferation and differentiation, tumor cell metastasis and
other important processes [10]. Since the structure and function
of ZO-1 are closely related to other members of tight junctions,
in most cases, as long as ZO-1 is damaged, the functions of tight
junctions will change accordingly, so ZO-1 is often used to
observe the tight junctions of various tissues. Indicators of
barrier function and permeability function, such as blood-brain
barrier, intestinal epithelial cells, retinal pigment epithelial cells,

etc [11].

Nrf2 is a key factor in the cellular oxidative stress response. It is
regulated by kelch-like ECH-associated protein 1 (Keap-1) and
interacts with the antioxidant response element to regulate
antioxidant proteins and phase II detoxification enzymes
expression [12].

In this work, immunofluorescence was used to analyze the
expression characteristics of intestinal epithelial tight junction
protein occludin in the intestinal barrier injury model. This
work uses Western Blot technology to analyze the expression of
proteins ZO-1 and Cluadin-1 in intestinal epithelial cells of the
intestinal barrier injury model, and analyzes the mRNA of
Keap-1, Nrf2, ROS, and NF-kB in intestinal epithelial cells by
RT-PCR technology. The above test is used to evaluate the
destruction and repair effect of the intestinal epithelial barrier
function of CKD patients. In this work, Elisa was used to
analyze the inflammatory signal hypersensitive C-reactive protein
and interleukin-6 (IL-6) content in the cell culture medium to
evaluate the inflammatory response caused by CKD and the
reduction of inflammatory response by colon dialysis with
Guben Dialysis effect.

MATERIALS AND METHODS

Experiment design

Cultivate T84 cells at 37°C and 5% CQ@ywith DMEM/F12
medium containing 10% Fetal Calf Serum (FCS) and 50 U/L
penicillin-streptomycin in cell culture flasks, and replace the
medium every 1-2 days. Then induce and establish an intestinal
epithelial injury model with low and high doses of urea. We
divided the cells into six groups in the experiment. Only
DMEM/F12 and 10% FCS were added to the control group.
Compared with the control group, the low-dose urea model
group (low-urea group) added an extra 42 mg/dl of urea, while
the high-dose urea model group (high-urea group) increased the
added urea concentration to 72 mg/dl. On the basis of the high-
urea group, Nrf2 agonist dh404, NF-xB receptor blocker PDTC
and FSKL medicated serum were added to the Nrf2 agonist
group (Nrf2 activator group), NF-kB receptor blocker group (NF-
kB inhibitor group) and Guben Xiezhuo Colon Dialysis Recipe-
contained serum group (TCM+FSKL group).

Immunofluorescence technique was used to analyze the
expression characteristics of intestinal epithelial tight junction
protein Occludin in intestinal epithelial cells in the intestinal
barrier injury model. Western Blot technology was used to
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analyze the expression of ZO-1 and Cluadin-1 in intestinal
epithelial cells in the intestinal barrier injury model. RT-PCR
technology was used to analyze the expression changes of
Keap-1, Nrf2, ROS, and NF-kB mRNA in intestinal epithelial
cells. ELISA was used to analyze the content of inflammatory
signal hypersensitive C-reactive protein and interleukin-6 (IL-6)
in cell culture fluid.

Immunofluorescence analysis

In each group of cells, 1% BSA was applied for blocking at room
temperature for 30 minutes to block non-specific epitopes. Incub-
ate the specific primary antibody according to the recommended
instructions for the antibody and let it stand overnight in a
humidified box at 4°C. Take out the slices the next day and
rewarm at room temperature for 30 minutes. Select the correspon-
ding immunofluorescence secondary antibody and then incubate
at 37°C for 30 minutes in the dark. Under dark conditions, stain
the nucleus with DAPI. Add antifluorescence quencher for
mounting. Finally, use a fluorescence microscope to observe and
take pictures.

Western blot analysis

Collect cells from each group, and add 200 pl of cell lysate to
each six-well plate. After sonication, the cells were lysed on ice
for 1 hour. The lysed cell sample was centrifuged at 12,500 rpm
for 15 minutes at 4°C. Then, transfer the supernatant in the
centrifuge tube to a clean centrifuge tube. GAPDH protein
quantification kit was used to quantify protein concentration.
The measured protein samples were stored at -80°C. In Western
blot electrophoresis, the protein loading concentration was 50
pg per well. After SDS-PAGE electrophoresis, the membrane was
transferred and blocked. ZO-1 and Cluadin-1 (1:500, anti-human,
Abcam, USA) primary antibody were diluted to use concentration.
The samples were incubated overnight on a shaker at4°C. After
washing with PBS, the samples were incubated with the secondary
antibody (1:1000, anti-human, Abcam, USA) for 30 minutes at
room temperature in the dark. Finally the developer was used for
development and photography.

RT-PCR analysis

The intestinal epithelial cells were treated with TRIzol reagent to
extract the total RNA in the cells. Revert Aid TW first Strand
cDNA Synthesis Kit was used to synthesize the first chain of
DNA. QuantiNova SyBr Green PCR Kit was used to perform
PCR analysis. Reaction conditions: pre-denaturation at 95°C for
1 minute, denaturation at 95°C for 30 seconds, annealing at
60°C for 30 seconds, and elongation at 72°C for 30 seconds,
running 40 cycles.

ELISA analysis

Five standard wells were set on the ELISA-coated plate. The
standard samples were added to the wells according to the
concentration requirements and serially diluted. The sample
volume in each well was 50 pl. Then a blank control well and
the sample well to be tested were set. The blank control well
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would not add sample and enzyme-labeled reagent; the other
steps were the same with the sample well. Add 40 pl of sample
diluent to the sample well, and then add 10 pl of the sample.
The final dilution of the sample is 5 times. Seal the plate with a
sealing film and incubate at 37°C for 30 minutes. After
incubation, wash the plate with washing solution and dry it.
After drying, add 50 pul of enzyme-labeled reagent to each well
except the blank well. Repeat the incubation and washing steps.
Then add 50 pl of developer A and 50 pl of developer B in each
well sequentially, and develop color at 37°C for 15 minutes in
the dark, and lastly add 50 pl of stop solution to stop the
reaction (the blue turns to yellow immediately). Set the blank
control well as zero, and measure the absorbance (OD value) of
each well in sequence at 450 nm wavelength.

Statistical analysis

The experimental results are expressed as mean + standard
deviation. Statistical analysis was performed using SPSS 22.0
software. The figures were produced with Origin 2020 software.

RESULTS

Immunofluorescence analysis

Tight junction protein Occludin can effectively prevent the
paracellular transport of bacteria, toxins and other substances in
the intestinal cavity through regulation under physiological
conditions, and maintain the integrity of the intestinal mucosal
epithelial barrier function. Figure 1 shows the results of
immunofluorescence analysis. From the results, as the dose of
urea increases, the expression of Occludin also decreases. Nrf2
agonists can inhibit the damage of intestinal epithelial cells, and
NF-kB receptor blockers can inhibit the inflammatory response.
Therefore, the expression of Occludin in these two groups
increased. Moreover, the expression level of Occludin in the
experimental group was higher than that in the Nrf2 activator
group and NF«B inhibitor group, which was close to the
control group. It showed that the therapeutic effect of the
prescription is better (Figure 1).

Low-urea Nrf2 activator NF-kB inhibitor TCM+FSKL

Control

High-urea

Figure 1: The results of immunofluorescence analysis of the

Occludin

DAPI

Merge

expression characteristics of tight junction protein Occludin in
intestinal epithelial cells. The first line is the staining result of
Occludin protein. The second line is the result of using DAPI to
stain the nucleus. The third line is the superimposed result of
the first two lines.
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Western blot analysis

The functions of tight junction protein Claadin-1 is similar to
Occludin. The structure and function of tight junction protein
ZO-1 are closely related to other similar proteins. In most cases,
as long as ZO-1 is damaged, the function of tight junctions will
change accordingly. Therefore, ZO-1 is often used as a reference
of tightly connect barrier function and permeability function of
difference tissues. Figure 2A shows the results of Western blot
analysis. Figures 2B and 2C shows the results of Western blot
analysis. From the results, the relative expression trend of
Claadin-1 and ZO-1 is consistent with that of Occludin in
immunofluorescence analysis, which is closely related to the
similar functions of this three. The results also proved the
excellent effect of the prescription treatment.

OPEN a ACCESS Freely available online

The more the expression of ROS and NF-kB mRNA, the more
severe the degree of inflammation and the damage of intestinal
epithelial cells. Therefore, as shown in Figure 3, there is an
obvious positive correlation between the expression of these two
mRNAs and the degree of intestinal epithelial damage. The
expression levels of each of the above mRNAs can all reflect the
inhibitory effect of the prescription on the intestinal barrier
injury induced by urinary toxin.
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Figure 2: The Western blot analysis results of protein ZO-1 and
Cluadin-1 in intestinal epithelial cells. (A) The data of control
group all meet the normal value. (B) Original gel electrophoresis
image. (C) The ratio of protein ZO-1 and Cluadin-1 expression
compared to control group. The symbol * means P<0.05, **

means P<0.01, *** means P<0.001 (compared to control group).
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Figure 3: The RT-PCR analysis results of the relative expression
of mRNA Keap-1, Nrf2, ROS and NF«B in intestinal epithelial
cells. The data of control group all meet the normal value. The
symbol * means P<0.05, ** means P<0.01, *** means P< 0.001

(compared to control group).

ELISA analysis

Both high-sensitivity C-Reactive Protein (CRP) and interleukin-6
(IL-6) are non-specific markers of the acute phase of systemic
inflammation synthesized by the liver. Figure 4 shows the results
of ELISA analysis. It can be seen from the results that the two
inflammatory positive
correlation with the degree of inflammation in each group,

signal factors have a significant
which is consistent with the protein expression trend related to
intestinal epithelial injury in the aforementioned experiment,

and jointly proves the therapeutic effect of the prescription.

RT-PCR analysis

Nrf2 is a key factor in the cellular oxidative stress response. It is
regulated by Keap 1 and regulates the expression of antioxidant
proteins and phase II detoxification enzymes by interacting with
the antioxidant response element (ARE). As is shown in Figure
3, since the intestinal epithelial cells of the control group were
not damaged, the mRNA expression of Keap-1 and Nrf2 related
to damage inhibition was very low. The expression of two
mRNAs in the other five groups was positively correlated with
the degree of intestinal epithelial damage determined in
previous experiments.
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Figure 4: The ELISA analysis results of the content of
inflammation signal CRP and IL-6 in cell culture fluid. The
data of control group all meet the normal value. The symbol *
means P<0.05, ** means P<0.01, *** means P<0.001 (compared
to control group).
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DISCUSSION

In this experiment, T84 cells were divided into six groups. In
addition to the control group, the low-urea group and the high-
urea group were used to compare the effect of the concentration
of urinary toxin on the ability of intestinal epithelial cell barrier
destruction. The result of the comparison between the two
groups is that the higher the urinary toxin concentration, the
greater the damage. In addition, the other three groups were
added with different drugs on the basis of the high-urea group
to further judge the therapeutic effect of Guben Xiezhuo Colon
Dialysis Recipe.

Tight junction proteins are mainly located on the side of
epithelial cells near the lumen, whose functions are to close the
intercellular space and prevent the free entry and exit of
materials inside and outside the epithelial layer of the lumen.
They are the material basis for the selection of permeabilization
of epithelial cells [13]. Tight junctions are a composite structure
formed by the interaction of multiple proteins, which are mainly
composed of two components: transmembrane proteins and
cytoplasmic proteins. The main transmembrane proteins are
occludin and claudin-1. Both occludin and claudin-1 are four-
pass transmembrane proteins, and the amino and carboxyl ends
are located in the cytoplasm. Tight junctions can effectively
prevent the paracellular transport of bacteria and toxins in the
intestinal cavity through regulation under physiological
conditions, and maintain the integrity of the intestinal mucosal
epithelial barrier function [14]. ZO-1 is also an important tight
junction protein. In addition to maintaining the intestinal
barrier function, ZO-1 is also involved in important processes
such as regulating cell material transport, maintaining epithelial
polarity, cell proliferation and differentiation, and tumor cell
metastasis [15]. This project is to detect the content of
occluding, claudin-1 and ZO-1 through immunofluorescence
analysis and Western Blot analysis to determine the degree of
damage to the intestinal epithelial cell barrier.

The Reactive Oxygen Species (ROS) produced by oxidative stress
directly or indirectly damages the physiological functions of
lipids, other
macromolecular substances, which are the pathophysiological
basis of many diseases [16]. The body has formed a complex
oxidative stress response system. When exposed to electrophilic

intracellular  proteins, nucleic acids and

reagents or active oxygen stimulation, it can induce a series of
protective proteins to alleviate cell damage. Nrf2 is a key factor
in the cellular oxidative stress response. It is regulated by Keapl
and interacts with the antioxidant response element (ARE) to
regulate the expression of antioxidant proteins and phase II
detoxification enzymes [17]. This project is to detect the mRNA
content of Keap-1, Nrf2 and ROS through RT-PCR analysis to
determine the severity of the systemic inflammatory response
caused by intestinal epithelial cell barrier damage induced by
urinary toxin.

Hypersensitivity C-reactive protein is a non-specific marker
synthesized by the liver in the acute phase of systemic
inflammation. IL-6 plays a central role in the acute
inflammatory response. It can mediate the acute phase response

of the liver and stimulate the production of CRP and
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fibrinogen. A variety of infectious diseases can lead to increased
serum IL-6 levels, and IL-6 levels are also closely related to
patient prognosis [18]. NF-xB participates in the response of
cells to external stimuli, such as cytokines, radiation, heavy
metals, viruses and so on. NF«B plays a key role in the process
of cellular inflammation and immune response. Misregulation
of NF«xB can cause diseases,
inflammation, and many cancers [19]. This project is to detect
the content of NF-kB mRNA, CRP and IL-6 through RT-PCR
analysis and ELISA analysis to further determine the overall
situation of systemic inflammation.

autoimmune chronic

CONCLUSION

Through a series of tests and comparisons on the contents of
intestinal barrierrelated proteins and inflammatory signal
factors in each group, it is proved that the Guben Xiezhuo
Recipe colon dialysis has an excellent therapeutic effect on the
repair of intestinal barrier damage and further inhibits the
deterioration of CKD, which also provides an optional auxiliary
strategy. Nevertheless, whether Guben Xiezhuo Colon Dialysis
Recipe can further treat the chronic kidney disease as the root
cause of intestinal epithelial injury and systemic inflammation
has yet to be concluded by further research.
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