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(Abstract R

Purpose: The aim of this study was to observe the changes in structure and function of tight junction in
intestinal epithelial cells after Traditional medicine treatment. Methods: Models of chronic renal failure
were established, and then divided based on operation and Chinese medicine intervention. The levels
of BUN and Cr in blood samples, and urea nitrogen and creatinine in feces samples were determined by
automatic biochemical analyzer. RT-PCR, Western blot and Immunohistochemistry assay were processed
to detect the expression level of Claudin-1, Occludin and Z0-1. Hematoxylin-eosin staining assay, Periodic
Acid-Silver Metheramine (PASM) staining assay and Masson staining assay were processed to determine
the structure and function of tight junction in intestinal epithelial cells. Results: Compared with the sham
operation group, the expression of Claudin-1, Occludin and Z0O-1 in the ascending colon of the surgical group
model animals was significantly reduced. However, the expression of tight junction-associated genes in
the operation + Chinese medicine intervention group was increased. In operation group, more glomerular
volume was reduced, and some glomerular structures were destroyed and disappeared. Partially proximal
tubules were with severe vacuolar degeneration and epithelial atrophy, and brush-like edges were
disappeared. Unstructured protein tube type and more red blood cells were found in partial lumen. Renal
interstitial granules were infiltrated in more chronic inflammatory cells with fibrous tissue hyperplasia.
After Chinese medicine intervention, the lesion has a certain degree of improvement. Conclusion: Chinese

medicine intervention could increase the expression of Claudin-1 and Occludin, and also restored the

\histomorphological changes of CKD.
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Introduction

Chronic Kidney Disease (CKD) is one of the public health problems of concern worldwide [1]. The
incidence of CKD in Western countries has reached 11%-15%, and the situation in China is not optimistic
[2]. Alarge number of studies have confirmed that 5% of CKD patients will eventually enter Chronic Kidney
Failure (CRF) [3]. In the development of Phase 1 to Phase 5, there are fewer current clinical interventions
[4]. In the fifth phase of CRE it can only be treated by hemodialysis, peritoneal dialysis and kidney trans-
plantation [5].

At present, hemodialysis and peritoneal dialysis treatments are costly [6]. Especially in countries
and regions with underdeveloped economy, patients are unable to bear the economic burden. Moreover,
there are still many medical problems that are difficult to solve in dialysis treatment. In United States, the
dialysis patients have a 3-year mortality rate of 50% [7]. Due to legislative reasons in various countries, the

tight supply and demand of kidney source has brought great difficulties to kidney transplantation.

Therefore, it is particularly important to delay the development of Phase 1 of CRF patients to Phase
5. Contemporary Chinese medicine has made many beneficial attempts in clinical application of intestinal
tract, colon dialysis, anal sphincter, anal drip and other intestinal routes to delay the progression of CRF
[8]. In modern medical research, Traditional medicine is treated with intestinal tract CRF based on the
following theoretical basis. The concentration of solute in the body depends on the regulation between the
clearance and production of the solute [9]. As the glomerular filtration rate decreases, the solute removal in
the blood tends to decrease [10]. This adjustment is largely done in the intestines. There are more than one
hundred kinds of common uremic toxins. When the renal excretion function declines, most of the toxins
in the blood will spread directly into the intestine through the intestinal mucosa [11]. At the same time,
some toxins enter the body after being produced in the intestine, such as glycation end products, bismuth,
phenols, etc [12]. Studies have shown that Traditional medicine could reduce the levels of toxins such as
urea, creatinine and molecular substances in patients with CRF [8]. Traditional medicine shows a certain

effect on the progress of CRF, but its mechanism and therapeutic targets are not clear.

In our early study of Traditional medicine in the intestinal model of chronic renal failure, a significant
change occurred in the intestinal flora (Figure 1). From the perspective of Division, the distribution of thick-
walled bacteria, Bacteroidetes, Proteobacteria, and actinomycetes in intestinal flora were with meaningful
changes after the intervention of traditional Traditional medicine. In the renal failure group, the thick-
walled bacteria had an increasing trend after intervention, and even recovered to a level similar to or higher
than normal, while the Bacteroides, Proteobacteria, and actinomycetes were reduced to normal levels or
even lower. Studies have shown that thick-walled bacteria have a role in malnutrition in patients with
chronic renal failure, and actinomycetes have an effect on the nitrogen cycle. At the taxonomic level of the
genus, it can be seen that after the intervention of traditional Chinese medicine, the lactic acid bacteria, the

genus Streptococcus, the genus Bacteroides, the Bacteroides, the Bifidobacterium, the rumen bacteria have
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meaningful changes. These above genus have important effects on nutrient absorption, control of toxins in
the body, liver protection and immune regulation. The above results allow us to see a glimmer of light in
the intervention of traditional Chinese medicine in the intestinal intervention of chronic renal failure, but
whether this method has an impact on intestinal structure and function remains to be further studied and

explored.

In this study, traditional Chinese medicine intestine treatment was performed to CRF rat model,
Real-time PCR, Western blot, laser scanning and renal pathological examination were used to observe the
changes in structure and function of tight junction proteins in intestinal epithelial cells, and also changes
in renal pathology before and after treatment. In-depth study of Traditional medicine intervention in
intestinal epithelial cell tight junctions may provide new mechanisms of action and therapeutic targets for

delaying the progress of CRFE.
Materials and methods
Establishment of a model of chronic renal failure and grouping of experimental animals

Atotal of 40 Spragua-Dawley rats (6 weeks of age, male or female, weighted 200-220g) were provided
by Animal Laboratory of Xinjiang Medical University, and randomly divided into 4 groups: sham operation+
non- Chinese medicine intervention group (group 1), sham operation+ Chinese medicine intervention
group (group 2), operation+ non- Chinese medicine intervention group (group 3) and operation+ Chinese
medicine intervention group (group 4). Four groups of rats were fed normally, and the feeding methods and

food were consistent.

The surgical procedure is briefly introduced as follows: For sham operation, only anesthesia, renal
capsule peeling and exposure were processed, bilateral kidneys are not removed. The rats were anesthetized
by intraperitoneal injection of 10% chloral hydrate. A 2 cm longitudinal incision was cut on the lower third
of the left back, the left kidney was exposured, and the renal capsule was separated. The upper and lower
1/3 of the left kidney were ligated and removed, and the adrenal gland was reserved. Gelatin sponge was
used to stop bleeding, and layer suture was processed. After 4 weeks, the right kidney was excised and a
5/6 nephrectomized rat model was prepared. The excised kidney tissue was weighed, and the resection
rate was calculated by the ratio of the left kidney tissue to the right kidney weight. The average resection
rate of the kidney in this experimental group was about 70%. After operation, the rats were injected with
penicillin 2-3 million u/day for 3 days to prevent infection.

Traditional medicine intervention was produced as follows. The Chinese medicine contained Liquor
rhubarb (20 g), dandelion (15 g), calcined oyster (15 g) and blood charcoal (15 g). The above drugs were
decocted, filtered and concentrated to 2.6 g crude drug per ml, and stored in a refrigerator at 4°C. The
Traditional medicine was provided and uniformly decoctioned by Department of Pharmacy, Affiliated
Hospital of Xinjiang Medical University. Traditional medicine enema were processed, the amount of rats

was 10 g/kg and once/day for 4 weeks.
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Acquisition and measurement of blood and feces samples

After the intervention, blood and feces specimens of all rats were taken in the morning at 1, 2 and
4 weeks. Under sterile conditions, 1 g feces samples was weighted with an electronic weighing device,
dissolved and mixed well by 10 ml of distilled water, and centrifuged at 3000 rpm for 10 minutes at room
temperature. 0.4 ml of the supernatant were taken and stored in a refrigerator at -70°C for testing. 2 ml
of blood was collected from the tail vein at 1, 2 and 4 weeks, and divided into three tubes each time. Each
tube was centrifuged at 3000 rpm for 10 minutes at room temperature, and 1.0 ml of serum was taken and

placed in a refrigerator at -80°C for testing.
Determination the level of Blood Urea Nitrogen (BUN) and creatinine (Cr)

The levels of BUN and Cr in blood samples, and urea nitrogen and creatinine in feces samples were

determined by Hitachi 7170A automatic biochemical analyzer.
RT-PCR detection for the expression level of Claudin-1, Occludin and ZO-1

The smallintestine was taken and total RNA was extracted according to the Trizol reagentinstructions.
Reverse transcription was performed with standard steps, and the obtained cDNA was subjected to real-
time quantitative PCR experiments. The total PCR reaction system was 25 pl, which included 9.5 ul of double
distilled water, 2 ul of cDNA, 12.5 ul of SYBR Green dye, and 0.5 ul of upstream and downstream primers.
Primer sequences are shown as follows: claudin-1, (upstream) 5’ATGGCAATAGAATCGTT3’, (downstream)
5 - TTGGTGTTGGGTAAGAG-3’;  Occludin, (upstream) 5’-AATAAAGAACTCTCCCG-3’, (downstream)
5’-CATAGTCTCCAACCATC-3’; ZO-1, (upstream) 5’- TGGTGTCCTACCTAATTCAACTCA-3’, (downstream)
5’-CGCCAGCTACAAATATTCCAACA-3’; B-actin, (upstream) 5’-ACTCTTCCAGCCTTCCTTCC-3’, (downstream)
5’-GAGGAGCAATGATCTTGATCTTC-3..

Western blot for protein levels of Claudin-1, Occludin and ZO-1

The small intestine was taken, total protein was extracted by RIPA lysis and protein concentration
was determined using the BCA protein assay kit. 20 pg denatured protein were added to each well, and
electrophoresed using 20% SDS-PAGE gel. The protein was transferred to PVDF membrane under constant
pressure, and 3% bovine serum albumin was used to block for 2 h. Primary antibodies (claudin-1, ccludin,
Z0-1, B-actin) were separately added and incubated at 37°C for 2 h or 4°C overnight. The membrane was
washed 3 times with PBST, and the corresponding HRP-labeled IgG was added and incubated for 1 hour.
The membrane was washed 3 times with PBST, developed with ECL solution, exposed and imaged, and the

results were analyzed. 3-actin was used as internal reference.
Immunohistochemistry assay

The intestine samples were taken to make paraffin specimens. Paraffin sections were dewaxed by
xylene, hydrated by gradient alcohol, and incubated at 3% H,0, for 5-10 minutes to eliminate endogenous
peroxidase activity. Then, the antigen was heat-immobilized by immersing in 0.01 M citrate buffer (pH

6.0). After cooled, normal goat serum was added and incubated at room temperature for 20 minutes.
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Immunohistochemical reaction was processed with avidin-biotin-peroxidase complex method, Claudin-1,
ccludin, Z0O-1 antibody were added. The corresponding biotin-labeled secondary antibody IgG was added
and incubated at 37°C for 30 min. Finally, the color was developed by glucose oxidase diaminobenzidine
(DAB) nickel sulfate amine method, and the degree of color development was grasped under the microscope.
Hematoxylin is mildly counterstained and rinsed with running water. It was sequentially dehydrated with
75%-80%-95%-100% alcohol, transparented by xylene, sealed by neutral gum, and observed by light
microscopy. Ten visual fields were randomly observed in each group. The image density of positive target
and the percentage of positive area in each field of view were analyzed by Image-Pro P1uS Version 6.0
image analysis system, and the average optical density (I0OD/area) was used to represent the expression

level.
Hematoxylin-Eosin (HE) staining assay

3 um thick paraffin section was routinely dewaxed and hydrated by ethanol with various
concentrations. Nucleus was stained by Hematoxylin for 7 minutes at room temperature, washed with tap
water for 30-60 seconds, and differentiated by 1% hydrochloric acid alcohol. After rinsed for 1 minute,
the sample was stained by eosin for 2 minutes at room temperature. Then, the sample was dehydrated
by gradient alcohol, transparent by xylene for 1 minute, and sealed by the neutral gum. The nuclear was
stained in blue and cytoplasm was stained in red.

Periodic Acid-Silver Metheramine (PASM) staining assay

3 um thick paraffin section was routinely dewaxed and hydrated by ethanol with various
concentrations. Then, the sample was processed as following steps: oxidated by 0.5% periodate for 30
minutes, oxidized by 10% chromic acid for 20 min, treated by 0.5% partial sodium sulfite for 30 s, and put
into the hexamine silver solution for 20-30 min. After washed by distilled water, microscopic examination
was processed. Then, the sample was toned by 0.1% gold chloride aqueous solution for 30 seconds, dyed
by hematoxylin for 3 minutes, dyed by 0.5% eosin was dyed for 3 minutes, and processed for conventional

dehydration and transparent sealing.
Masson staining assay

3 um thick paraffin section was routinely dewaxed and hydrated by ethanol in various concentrations.
The sample was dyed by hematoxylin, Xylidine Ponceau 2R, 1% phosphomolybdic acid and 2% aniline blue
in turn. The section was washed by water, dehydrated by gradient alcohol, transparented by xylene for 1

minute, and sealed with neutral gum. As a result, the collagen fibers were stained as blue.
Statistical Analysis

SPSS 11.0 software was used for statistical analysis. Values were expressed as mean * standard
deviation. Variance analysis was processed to determine the difference between two groups. P<0.05 was
considered statistically significant.
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Results
The level of blood urea nitrogen and creatinine

As shown in Figure 2, compared with the sham operation group, the serum levels of BUN and Cr
in the two operation group were significantly increased, indicating that the modeling was successful.
Compared with the operation + non- Chinese medicine intervention group, the serum levels of BUN and Cr
in the operation + Chinese medicine intervention group did not change, indicating that the model of chronic
renal failure was successfully established, but the drug did not play a significant role in the model. At the
same time, it could be seen that with the increase of time, the urea nitrogen level in the serum gradually

decreased, while there was no obvious rule of creatinine change.
The expression level of Claudin-1, Occludin and ZO-1

Compared with the sham operation group, the expression of tight junction-associated genes
(Claudin-1, Occludin and Z0-1) in the ascending colon of the surgical group model animals was significantly
reduced. However, the expression of tight junction-associated genes in the ascending colon of the operation
+ Chinese medicine intervention group was increased, but the different was not significant (Figure 3). It
also indicated that the chronic renal failure model was successfully established. However, the drug did not
play a significant role in the intestinal intervention model, and there was no significant difference in the
three genes among the four groups.

The protein level of Claudin-1, Occludin and Z0-1

The protein level of Claudin-1, Occludin and Z0O-1 was similarly with the results of RT-PCR. As shown
in figure 4, compared with the sham operation group, the expression of tight junction-associated proteins
(Claudin-1 and Occludin) in operation group was significantly decreased. Compared with the operation
group, the expression of Occludin in the ascending colon was significant elevated in the operation + Chinese

medicine intervention group. The other two proteins were elevated but without significant difference.
Immunohistochemistry assay

The immunohistochemistry assay was similarly with the results of RT-PCR and western blot (Figure
5). Compared with the sham operation group, the expression of tightjunction-associated proteins (Claudin-1
and Occludin) in operation group was significantly decreased. After Traditional medicine intervention, the
expression of Claudin-1 and Occludin in the ascending colon was significant elevated. However, The Z0-1

proteins were elevated but without significant difference.
HE staining assay

In two sham operation groups, the glomerular structure was normal, while some tubular epithelial
epithelium was mildly edematous and vacuolar degeneration. Part of the renal interstitial was scattered
in a small amount of chronic inflammatory cells. However, in operation group, more glomerular volume

was reduced, and some glomerular structures were destroyed and disappeared. Partially proximal tubules
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were with severe vacuolar degeneration and epithelial atrophy, and brush-like edges were disappeared.
Unstructured protein tube type and more red blood cells were found in partial lumen. Renal interstitial
granules were infiltrated in more chronic inflammatory cells with fibrous tissue hyperplasia. After
Traditional medicine intervention was processed, the lesion has a certain degree of improvement (Figure
6).

PASM staining assay

As shown in Figure 7, there were no clear abnormalities in the glomerular capsule basement
membrane, capillary basal membrane, renal tubular epithelial basement membrane and mesangium in two
sham- operation groups. However, after operation, partial glomerular basement membrane was uneven
thickening companying with mesangial proliferation. In addition, the number of cells in some glomeruli
decreased, the local renal capillary basal membrane was broken, and the tubular structure was disordered.
Traditional medicine intervention restored the above damage, but the difference was not significant
compared with surgery group.

Masson staining assay

Microscopic examination results displayed that a small proportion of renal interstitial fibrous
tissue was slightly hyperplasia in two sham-operation group. However, a large number of fibrous tissue
hyperplasia were observed in some renal interstitial companying with some glomeruli and renal tubules
atrophy and disappear in operation + Chinese medicine intervention group and operation+ non- Chinese

medicine intervention group (Figure 8).
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Figure 1: The distribution of thick-walled bacteria, Bacteroidetes, Proteobacteria, and actino-

mycetes in intestinal flora. J
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Figure 2: The serum levels of BUN and Cr in four groups.
Note: A. The serum levels of BUN, B. The serum levels of Cr

Sham operation+ non- Chinese medicine intervention group (group 1), sham operation+ Chinese
medicine intervention group (group 2), operation+ non- Chinese medicine intervention group (group 3)

and operation+ Chinese medicine intervention group (group 4).
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Figure 3: The expression level of Claudin-1, Occludin and ZO-1.

Note: The expression of Claudin-1, Occludin and ZO-1 in ascending and descending colon were determined by RT-PCR. sham
operation+ non- Chinese medicine intervention group (group 1), sham operation+ Chinese medicine intervention group
(group 2), operation+ non- Chinese medicine intervention group (group 3) and operation+ Chinese medicine intervention
group (group 4). *compared with group 1, p<0.05, # compared with group 2, p<0.05.

H

€8 Cludin-i €5 Occludin

Claudin-1 | =———

=

OcCiUdin | S——— —

zo1

rolative cxprossion kevels
=

relative expression levels
s

relative expression levels

s

GAPDH | - ca—— S a—

ascending colon

€ Claudin-1 B3 Cechudin

Claudin-1 | = —

Ooclugin | ——— —

Z01

g
relative expression levels

£
co
gﬂl
H
%D
€

00

relative expression levels
e 2 2 2 1

g

GAPDH | S——— — —

descending colon

Figure 4: The protein level of Claudin-1, Occludin and ZO-1.

Note: The protein of Claudin-1, Occludin and Z0O-1 in ascending and descending colon were determined by western blot. sham
operation+ non- Chinese medicine intervention group (group 1), sham operation+ Chinese medicine intervention group
(group 2), operation+ non- Chinese medicine intervention group (group 3) and operation+ Chinese medicine intervention
group (group 4). *compared with group 1, p<0.05, # compared with group 2, p<0.05, & compared with group 3, p<0.05.
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Figure 5: The immunohistochemistry assay level of Claudin-1, Occludin and ZO-1 (x400).
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Figure 7: PASM staining assay for kidney sample.

Note: sham operation+ non- Chinese medicine intervention group (group 1), sham operation+
Chinese medicine intervention group (group 2), operation+ non- Chinese medicine intervention
group (group 3) and operation+ Chinese medicine intervention group (group 4). )

s A
Figure 8: Masson staining assay for kidney sample.
Note: sham operation+ non- Chinese medicine intervention group (group 1), sham operation+
Chinese medicine intervention group (group 2), operation+ non- Chinese medicine intervention
group (group 3) and operation+ Chinese medicine intervention group (group 4). D
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Discussion

Chronic kidney disease is one of the public health concerns of the world [13]. About 5% of patients
with chronic kidney disease will eventually enter CRF), but there is no effective intervention in the
progression of chronic kidney disease. Contemporary Traditional medicine has applied various traditional
Chinese medicines to delay the progression of CRF viaintestinal treatment [14]. Previous studies have shown
that except to reduce the levels of toxins such as urea, creatinine and molecular substances in patients with
CRE, the progress of this disease was still delayed [15]. However, the mechanism and therapeutic targets
were not clear. In this study, CRF rat model was treated by Traditional medicine through the intestine. In
addition, Realtime PCR, Western blot, laser scanning and renal pathology were processed to determine the
expressions of tight junction-associated genes and histomorphological changes. Interestingly, Traditional
medicine intervention via intestine was found to increase the expression of Claudin-1 and Occludin, and
also restored the histomorphological changes. However, the BUN and Cr levels were with significantly
difference.

The main components of the prescription in this study were rhubarb and dandelion. Rhubarb
had anti-inflammatory, anti-proliferative effects, which could also reduce the toxins in uremic patients
[16]. Other studies have confirmed that rhubarb could improve the degree of glomerular sclerosis in
chronic renal failure models [17]. Besides, dandelion was a traditional Chinese medicine widely used in
intestinal diseases [18]. It had the effect of promoting intestinal smooth muscle peristalsis and accelerating
intestinal emptying [19]. At the same time, dandelion also had the effect of reducing the expression of pro-
inflammatory factors [20]. Moreover, oral activated carbon could significantly alleviate the bismuth sulfate
and p-cresol sulfate in plasma, and these uremic toxins were produced by intestinal bacteria [21]. More
importantly, Traditional medicine was always tolerated by intestinal treatment [22]. Thereby, the above

information provided a sufficient theoretical basis for this study.

As a barrier, the intestine had the function of resisting microorganisms, bacterial toxins, digestive
enzymes, food degradation products, antigens and other harmful substances from the intestinal lumen into
the blood circulation [23]. In a patient with CRF, destruction of the intestinal epithelial barrier structure
and function might lead to local and systemic inflammation of the intestine, and increase permeability of
the intestinal mucosa, thereby causing the above harmful substances to enter the internal environment
[24]. Tight junctions were composed of transmembrane proteins, cellular matrix proteins, and pre-binding
proteins [25]. Among them, the transmembrane protein family included the occludin and claudin families,
which connected the plasma membranes of adjacent cells and formed a barrier against the dispersion of
liquids and solutes [26]. Cellular matrix proteins regulated the permeability of cell bypass by altering the
structure and function of tight junction [27]. The tight junction formed an effective barrier that prevents
bacteria, bacterial toxins, antigens, digestive enzymes, food degradation products and other toxic substances
from entering the bloodstream from the intestinal lumen [28]. Similarly results were also observed in this
study, Traditional medicine intervention via intestine increased the expression of Claudin-1 and Occludin,

and also restored the histomorphological changes. Normally.
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The gut was also the main channel for absorbing nutrients and removing waste [29]. Normally,
75% of the metabolite urea nitrogen should be excreted from the kidneys and 25% into the colon [30].
However, in CRF patients, the intestinal tract became an important way to remove toxins [31]. A large
amount of urea nitrogen was secreted into the intestine, which might cause the proliferation of bacteria in
the colon [32]. The urease in bacteria broke it into carbon dioxide and excess ammonia, and provided more
raw materials for the synthesis of urea [33]. As a result, the increased nitrogenous compounds in the gut
provided adequate nutrition for the growth and reproduction of various intestinal bacteria. However, the
BUN and Cr levels were not decreased after Traditional medicine intervention in this study [34]. This will

be one of the important indicators for us to improve our prescriptions in the future.

In conclusion, Traditional medicine intervention could increase the expression of Claudin-1 and
Occludin, and also restored the histomorphological changes of CKD. Though the efficacy needed to be
further improved, the study provided new ideas for delaying CRF.

Highlights
1. Traditional medicine intervention could increase the expression of Claudin-1 and Occludin.
2. Traditional medicine intervention restored the histomorphological changes of CKD.

3. BUN and Cr levels were not decreased after Traditional medicine intervention.
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