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Abstract

AIM: To investigate the effects of rhein on intestinal
epithelial tight junction proteins in rats with IgA ne-
phropathy (IgAN).

METHODS: Twenty-eight female Sprague-Dawley
rats were randomly divided into four groups (7 per
group): Control, IgAN, Rhein-treated, and Rhein-
prevented. Bovine serum albumin, lipopolysaccharide
and CCls were used to establish the rat model of IgA
nephropathy. The Rhein-treated group was given rhein
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from week 7 until the rats were sacrificed. The Rhein-
prevented group was given rhein from week 1. Animals
were sacrificed at the end of week 10. We observed
the changes in the intestinal epithelial tight junctions
using transmission electron microscopy, and expres-
sion of intestinal epithelial tight junction proteins zona
occludens protein (Z0O)-1 and occludin by immunofluo-
rescence using laser confocal microscopy. Changes in
mRNA and protein expression of ZO-1 and occludin
were measured by reverse transcriptase polymerase
chain reaction and Western blotting. The ratio of uri-
nary lactulose/mannitol was measured by high perfor-
mance liquid chromatography (HPLC) for assessing the
intestinal permeability.

RESULTS: In the control group, the tight junctions lied
between epithelial cells on the top of the outer side of
the cell membrane, and appeared in dense dotted crys-
tal structures, the neighboring cells were binded tightly
with no significant gap, and the tight junction protein
Z0-1 and occludin were evenly distributed in the intesti-
nal epithelial cells at the top of the junction. Compared
with the control group, in the IgAN group, the structure
of the tight junction became obscured and the dotted
crystal structures had disappeared; the fluorescence of
Z0-1 and occludin was uneven and weaker (5.37 £ 1.27
vs 10.03 £ 1.96, £ < 0.01; 4.23 £ 0.85 15 12.35 £ 4.17,
P < 0.01); the mRNA expression of ZO-1 and occludin
decreased (0.42 + 0.19 vs 0.92 + 0.24, P < 0.01; 0.40
+ 0.15 5 0.97 £ 0.25, P < 0.01); protein expression of
Z0-1 and occludin was decreased (0.85 + 0.12 vs 1.98
+0.43,P<0.01;0.72 £+ 0.15 15 1.38 + 0.31, # < 0.01);
and the ratio of urinary lactulose/mannitol increased
(3.55 £ 0.68 vs 2.72 £ 0.21, P < 0.01). In the Rhein-
prevented and Rhein-treated groups, compared with
the IgAN group, the intestinal epithelial tight junctions
were repaired; fluorescence of ZO-1 and occludin was
stronger (11.16 + 3.52 and 8.81 + 2.30 s 5.37 + 1.27,
P < 0.01; 10.97 + 3.40 and 9.46 + 2.40 vs 4.23 + 0.85,
P < 0.01); mRNA of ZO-1 and occludin increased (0.81
+ 0.17 and 0.64 £ 0.16 v5s 0.42 £ 0.19, £ < 0.01; 0.82
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+ 0.22 and 0.76 + 0.31 vs 0.40 + 0.15, P < 0.01);
protein expression of Z0O-1 and occludin was increased
(2.07 £ 0.41 and 1.57 £ 0.23 s 0.85 £ 0.12, P < 0.01;
1.34 £ 0.21 and 1.15 £ 0.17 v5 0.72 £ 0.15, Z < 0.01);
and the ratio of urinary lactulose/mannitol decreased
(2.83 £ 0.43 and 2.87 + 0.18 s 3.55 + 0.68, P < 0.01).

CONCLUSION: Rhein can enhance the expression of
Z0-1 and occludin, repair damaged tight junctions, and
protect the intestinal barrier.

© 2013 Baishideng. All rights reserved.
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Core tip: It has been reported that the incidence and
aggravation of IgA nephropathy (IgAN) are often ac-
companied with intestinal mucosal damage. We specu-
late that various factors cause the destruction of the
intestinal mucosal barrier, food proteins activate the
mucosal immune system, and a large amount of secre-
tory IgA is deposited in kidney and causes IgAN. Rhu-
barb has a protective effect on the intestine. Rhein is
isolated from rhubarb and we speculate that it also has
a protective effect, although this has not been reported
to date. We used various biochemical approaches to
confirm this.
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INTRODUCTION

IgA nephropathy (IgAN) is the most common primary
glomerular disease worldwide!", Although the etiology
and pathogenesis of IgAN are still not clear, and it lacks
effective treatment, the incidence and aggravation of
IgAN are often accompanied with intestinal mucosal
damage[z]. We speculate that various virulence factors
cause destruction of the intestinal mucosal barrier, the
permeability of the intestinal mucosa increases, food pro-
teins activate the intestinal mucosal immune system, and
a large amount of secretory IgA is produced and depos-
ited in the kidney, which causes renal damage and IgAN.
We suggest that the protection of the intestinal mucosal
barrier can decrease the permeability of intestinal mucosa
and prevent or reduce the occurrence of IgAN.

It has been reported that rhubarb has a protective
effect on the intestinal mucosal bartier'”. Rhein (1.8-dihy-
droxy-3-carboxy-anthraquinone, CAS number: 478-43-3)
is an anthraquinone monomer isolated from rhubarb, and
we speculate that it may also have a protective effect on
the intestinal mucosal barrier and delay or prevent the
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course of IgAN. The function of the intestinal mucosal
barrier mainly depends on the integrity of the tight junc-
tion proteins in the intestinal epithelial cells. A decrease
in tight junction proteins increases intestinal permeability
and leads to dysfunction of the intestinal mucosal bat-
rier”. As far as we are aware, a protective effect of rhein
on the intestinal epithelial tight junction proteins in rats
with IgAN has not yet been reported. Therefore, we used
various biochemical approaches to determine how rhein
regulates the expression of intestinal epithelial tight junc-
tion proteins in IgAN.

MATERIALS AND METHODS

Materials

Rhein (> 95% purity) was extracted and identified by
Chengdu Mansite Pharmaceutical Co. Ltd. (batch num-
ber: MUST-11032801; China). Antibodies against oc-
cludin were purchased from Abcam (Cambridge, United
Kingdom). Antibodies against zonula occludens protein
(20O)-1 were purchased from Invitrogen (Carlsbad, CA).
Bovine serum albumin (BSA) was purchased from Roche
(Mannheim, Germany). Lipopolysaccharide (LPS), lactu-
lose and mannitol were purchased from Sigma (St Louis,
MO). Carbon tetrachloride and castor oil were purchased
from Shanghai Reagents (China). Antibodies against
B-actin, horseradish-peroxidase-conjugated secondary
antibodies and fluorescein isothiocyanate (FITC)-conju-
gated secondary antibodies were purchased from Beijing
Zhongshan (China). Trizol and reverse transcriptase poly-
merase chain reaction (RT-PCR) kit were purchased from
Transgen (Beijing, China).

Animal model

Twenty-eight female Sprague-Dawley rats weighing
180-220 g were obtained from the Animal Center of
Nanchang University. They were housed in the animal
facilities of the Nanchang University, with free access to
food and water. Animals were treated humanely by use
of protocols that were approved by the Institutional Ani-
mal Use and Care Committee of Nanchang University.
Rats were divided randomly into the control group, IgAN
group, Rhein-prevented group, and Rhein-treated group
(n = 7 each). The IgAN experimental animal model was
established by treatment with BSA, LPS and CClLY| and
specific implementation was as follows: BSA (400 mg/kg,
oral every other day) for 6 wk plus LPS (0.05 mg;, intrave-
nous injection at wk 6 and 8) and CCls (0.1 mL dissolved
in 0.5 mL castor oil, subcutaneous injection weekly for
9 wk). The Rhein-treated group was given rhein (100
mg/kg per day) ‘I from week 7 until sacrifice. The Rhein-
prevented group was given rhein (100 mg/kg per day)
from week 1. The control and IgAN groups were given
the same volume of normal saline. All the rats were sacri-
ficed at week 10.

Transmission electron microscopy
Seven rats per group were analyzed by transmission elec-
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TEM, magnification x 30000

Figure 1 Electron micrograph of intestinal epithelial cells showing tight junction. A: In the control group, the tight junction appeared as an electron-dense belt
at the apex of the intestinal epithelial cells (arrow), indicating an intact intestinal mucosal barrie; B: In the IgA nephropathy (IgAN) group group, the intercellular space
was widened, the tight junction was indistinct, and the density was reduced (arrow); C and D: In the Rhein-treated and Rhein-prevented groups, the density of the tight
junctions was increased compared with that in the IgAN group (arrows). TEM: Transmission electron microscopy.

tron microscopy (TEM) (H-600). Pieces of ileum, 2 mm
X 2 mm, were fixed in 2.5% glutaraldehyde overnight at 4°
C. The fixed tissues were then post-fixed in 1% osmium
tetroxide for 2 h and then rinsed and stored in 0.1 mol/L
sodium cacodylate buffer containing 6% sucrose for 12
h. The pieces of ileum were dehydrated through a graded
acetone series and embedded in epoxy resin. Semi-thin
sections (1.5 um) were cut and stained with toluidine
blue. Ultra-thin sections were stained with 4% uranyl
acetate solution in 50% ethanol and lead citrate and then
the intestinal epithelial tight junctions were examined by
TEM.

Immunofluorescence analysis of occludin and ZO-1

Seven rats per group were analyzed by immunofluo-
rescence. Pieces of ileum, 5 mm X 5 mm, were frozen
in liquid nitrogen and 10-um frozen sections were cut.
The frozen sections were fixed with cold acetone for
10 min at 4 C. After extensive washing three times (5
min per wash) with cold PBS, the frozen sections were
blocked with 10% normal sheep serum in PBS and then
incubated with the antibodies against occludin (1:200,
Abcam) and ZO-1 (1:100, Invitrogen) at 4 ‘C overnight,
followed by staining with FITC-conjugated secondary
antibodies. Stained frozen sections were examined with a
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laser confocal microscope equipped with a digital camera,
identifying occludin and ZO-1 by light green color (exci-
tation light wave length of 490 nm). Stained frozen sec-
tions were analyzed by a morphological analysis system to
determine semi-quantitatively the expression of occludin
and ZO-1. Five visual fields were randomly observed
under high magnification, with two sections selected
from each specimen. The integrated optical density of
the positive material in each visual field and its area were
measured by morphological analysis system; the ratio of
which showed the relative content of occludin and ZO-1.

RT-PCR

Five rats per group were analyzed by RT-PCR. RT-PCR
was used for mRNA detection and semi-quantitative
assessment. Total RNA was extracted from the small
intestine using Trizol reagent (Transgen), measured and
verified with a UV spectrophotometer. cDNA was syn-
thesized using an One-Step RT-PCR kit (Transgen) from
1 pg total RNA. Primers were designed by the Primer
Premier 5.0 software (Premier Biosoft International, Palo
Alto, CA) according to mRNA sequences (by GenBank)
of occludin, ZO-1 and B-actin (as control). The sequenc-
es of primers were as follows: forward primer of B-actin
gene was 5-TCAGGTCATCACTATCGGCAAT-3’
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Occludin IFC, magnification x 600

Figure 2 Location of tight junction protein occludin in rat ileum. Laser confocal microscope immunofluorescence staining of ileum from all four groups of rats. A:
Cross-section of a normal intestinal villus. Imnmunoreactive occludin was localized at the apex of intestinal epithelial cells, consistent with the site of the intestinal mu-
cosal barrier (arrow); B: Cross-section of an intestinal villus in the IgA nephropathy (IgAN) group. Occludin immunofluorescence staining became weak and discontinu-
ous (arrow); C and D: Cross-section of an intestinal villus in the Rhein-treated group and cross-section of an intestinal villus in the Rhein-prevented group. Compared
with the IgAN group, occludin immunofluorescence staining became stronger and continuous (arrows). Scale bars = 10 um. IFC: Integrated fluidic circuit.

and its reverse primer was 5-~AAAGAAAGGGTGT
AAAACGCA-3’. The forward primer of the occludin
gene was 5-TGCGTGGCTTCCACACTT GCT-3’ and
its reverse primer was 5-TTTGCCGCTCTGGGGTCT-
GT-3’. The forward primer of the ZO-1 gene was
5-TGCCCGGCCATTTGAACGCA-3 and its reverse
primer was 5-TCAGG CGGCTGTGTGGAACT-3".
The PCR products were separated by electrophoresis on
a 2% agarose gel stained with ethidium bromide to con-
firm that products of the expected size were detected.
The electrophoretic bands were analyzed using a gel im-
age analysis system. The results were normalized to the
respective f-actin expression. RT-PCR experiments were
repeated twice.

Western blotting

Five rats per group were analyzed by Western blotting. For
Western blotting, the small intestines were frozen in liquid
nitrogen until further use. Protein extraction was car-
ried out using the RIPA lysate (Solarbio, Beijing, China).
Protein (20-50 ug per lane) was separated by SDS-PAGE.
Occludin was separated on 10% gel and ZO-1 on 8% gel.
Proteins were transblotted to polyvinylidene difluoride
membranes (Solarbio) in standard Tris-glycine transfer
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buffer, pH 8.3, containing 0.5% SDS. After transfer, mem-
branes were blocked for 1 h at room temperature in TBST
(10 mmol/L Tris-HCl, pH 8.0, 150 mmol/L. NaCl, 0.2%
Tween-20) containing 5% non-fat milk powder, and incu-
bated overnight at 4 C with either anti-occludin (Abcam)
or anti-Z0O-1 (Invitrogen) diluted 1:200 in TBST con-
taining 1% non-fat milk powder. Membranes were then
washed in TBST for 30 min, incubated with horseradish-
peroxidase-conjugated goat anti-rabbit IgG, diluted 1:5000
(Beijing Zhongshan, China) in TBST, washed in TBST
for 30 min, and resolved by chemiluminescence (Thermo,
Waltham, MA). All membranes were stripped and rep-
robed with anti-f-actin antibodies (Beijing Zhongshan)
as loading controls. Intensities of immunoreactive bands
were quantified by densitometry, and normalized to the
respective (-actin content. Western blotting experiments
were repeated twice.

Measurement of intestinal permeability

Intestinal permeability was determined using two non-
metabolized sugars. Three grams lactulose and 1.5 g
mannitol were dissolved in 60 mL distilled water. After
a fasting period of 12 h, all animals received 2 mL lactu-
lose/mannitol solution by orogastric tube. One hour
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Control IgAN

Rhein-treated Rhein-prevented

Z0-1 IFC, magnification x 600

Figure 3 Location of tight junction protein zona occludens protein-1 in rat ileum. Laser confocal microscope immunofluorescence staining of ileum from all
four groups of rats. A: Cross-section of a normal intestinal villus. Inmunoreactive zona occludens protein (ZO)-1 was localized at the apex of intestinal epithelial cells,
consistent with the site of the intestinal mucosal barrier (arrow); B: Cross-section of an intestinal villus in the IgA nephropathy (IgAN) group. ZO-1 immunofluorescence
staining became weak and discontinuous (arrow); C and D: Cross-section of an intestinal villus in the Rhein-treated group and cross-section of an intestinal villus in
the Rhein-prevented group. Compared with the IgAN group, ZO-1 immunofluorescence staining became stronger and continuous (arrows). Scale bars = 10 um. IFC:

Integrated fluidic circuit.

ble 1 Average optical density value of occludin and zona

ludens protein-1

Control IgAN group Rhein-treated Rhein-prevented
group group group

In immunofluorescence (x 107%)

Occludin  12.35+4.17 423+0.85° 946+240*  10.97 + 3.40°
ZO-1 10.03+196 537+127° 881+230° 1116 + 3.52*
In reverse transcriptase polymerase chain reaction

Occludin = 0974025 040+0.15° 0.76 +0.31* 0.82 +0.22¢
ZO-1 092+024 042+019° 0.64+0.16™ 0.81 £0.17%

The results were normalized to the respective B-actin expression. P < 0.05,
°P < 0.01 vs control group; “P < 0.01 vs IgA nephropathy (IgAN) group; °P
< 0.05 vs Rhein-treated group; ‘P < 0.01 vs Rhein-prevented group.

after feeding, the 6-h urine was collected using metabolic
cages before sactrifice. The ratio of utine concentrations
of lactulose and mannitol was measured to assess the in-
testinal permeability.

Statistical analysis

All measurement data were expressed as mean + SE. Sta-
tistical analysis was performed using SPSS 17.0 software.
Comparison between groups was made using one-way
analysis of vatiance followed by Student-Newman-Keuls
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test. P < 0.05 was considered to be statistically significant.

RESULTS
TEM results

Z0-1 and occludin are important components in tight
junctions, so we performed a morphological analysis of
the junctions (Figure 1). Tight junctions are belt-shaped
and expand around the apex of epithelial cells. TEM
indicated that the cell membrane was intact, and distinct
junction complexes were observed in the Control Group.
However, in the IgAN Group, the structure of the tight
junctions became obscured and the dotted crystal struc-
tures disappeared. The microvilli were sparse with ir-
regular length and arrangement. The situations in rhein-
treated group and rhein-prevented group were improved
compared with IgAN group. The intestinal epithelial tight
junctions were repaired with respect to structural integra-
tion, with close intercellular connection and high electron
density.

Laser confocal microscopy

Indirect immunofluorescence staining for occludin (Fig-
ure 2; intestinal epithelium by occludin immunofluores-
cence staining) and ZO-1 (Figure 3; intestinal epithelium
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Figure 4 Reverse transcriptase polymerase chain reaction analysis for zona occludens protein-1 and occludin mRNA in rat ileum. By reverse transcriptase
polymerase chain reaction, amplification products of expected size [150 bp for zona occludens protein (ZO)-1 and 170 bp for occludin] were obtained in the ileum
in all four groups of rats. B-actin was the housekeeping protein. The levels of occludin and ZO-1 expression in the IgA nephropathy (IgAN) group were lower than in
the control group. In the Rhein-treated and Rhein-prevented groups, the levels were higher than in the IgAN group. 1: Control; 2: IgAN; 3: Rhein-treated; 4: Rhein-

prevented.

by Z0O-1 immunofluorescence staining) was performed.
In the control group, occludin and ZO-1 staining was
found at the apical part of the lateral membranes of the
polar epithelial cells and distributed continuously, similar
to an intestinal mechanical barrier. In the IgAN Group,
the green signals were intermittent and markedly weaker
than those in the Control group (P < 0.01), and the in-
tegrity of the barrier was damaged. The condition of
the Rhein-treated and Rhein-prevented groups was ame-
liorated compared with the IgAN group (P < 0.01). The
green signals of ZO-1 in the Rhein-prevented group
were stronger than in the Rhein-treated group (P < 0.01).
In contrast, no change in the green signals of occludin
was observed between these two groups (Table 1).

Rhein upregulated expression of occludin and ZO-1
mRNA in the small intestine

Occludin, ZO-1 and B-actin RNAs were 170, 150 and
432 bp long, respectively. RT-PCR semi-quantitative
analyses showed that the levels of occludin and ZO-1 ex-
pression in the IgAN group were significantly lower than
in the control group (P < 0.01). In the Rhein-treated and
Rhein-prevented group, the levels were markedly higher
than in the IgAN Group (P < 0.01). The level of ZO-1
expression in the Rhein-prevented group was higher
than in the Rhein-treated group (P < 0.05). In contrast,
no change in occludin expression was observed between

these groups (Figure 4 and Table 1).

Rhein upregulated expression of occludin and ZO-1
protein in the small intestine
Western blotting analysis showed that occludin and
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Z0-1 protein expression decreased significantly in the
IgAN group compared with the control group (P < 0.01).
In the Rhein-treated and Rhein-prevented groups, occlu-
din and ZO-1 protein expression was higher than in the
IgAN group (P < 0.01). ZO-1 protein expression in the
Rhein-prevented group was higher than in the Rhein-
treated group (P < 0.01). However, no change in occlu-
din protein expression was observed between the groups
(Figure 5 and Table 2). These findings are consistent
with the immunofluorescence results.

Rhein decreased intestinal permeability

The intestinal permeability was assessed by differential
uptake of lactulose and mannitol in all four groups. Mea-
surement of mannitol and lactulose by HPLC showed
that the ratio of urinary lactulose/mannitol increased in
the IgAN group compared with the control group (P <
0.01), indicating an increase of intestinal permeability. In
the Rhein-treated and Rhein-prevented groups, the ratio
of urinaty lactulose/mannitol decreased compared with
the IgAN group (P < 0.05), indicating decreased intesti-
nal permeability. The decrease in intestinal permeability
in the Rhein-prevented group was more obvious than
that in the Rhein-treated group (P < 0.05) (Table 3).

DISCUSSION

IgAN is defined as the predominant deposition of IgA
in the glomerular mesangiumm. The etiology of IgAN
has not been completely clarified, but one hypothesis
involves the stimulation of antigen by an intestinal route
causing an increase in IgA production in the intestinal
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<« 70-1 (220 KD)

<—— Occludin (65 KD)

<—— B-actin (43 KD)

Figure 5 Western blotting analysis for zona occludens protein-1 and occludin of rat ileum. Western blotting analysis revealed zona occludens protein (ZO)-1
immunoreactivity by a band of 220 kDa in the control group and by a weaker band at the same level in the IgA nephropathy (IgAN) group. Compared with the IgAN
group, there were stronger bands at the same level in the Rhein-treated and Rhein-prevented groups. Occludin immunoreactivity was revealed by a band of 65 kDa
in the control group and by a weaker band at the same level in the IgAN group. Compared with the IgAN group, there were stronger bands at the same level in the

Rhein-treated and Rhein-prevented groups. B-Actin was the housekeeping protein. 1: Control; 2: IgAN; 3: Rhein-treated; 4: Rhein-prevented.

Table 2 Grey level of occludin and zona occludens protein-1

in Western blotting

Control IgAN Rhein-treated Rhein-prevented

group group group group
Occludin  1.38+0.31 0.72+0.15° 1.15+0.17° 1.34 +0.21°
ZO-1 1.98+043 0.85+0.12° 1.57+0.23" 2.07 +0.41%*

The results were normalized to the respective B-actin expression. P < 0.05,
°P < 0.01 vs control group; P < 0.01 vs IgA nephropathy (IgAN) group; ‘P
< 0.01 vs Rhein-treated group.

. .. . 89
mucosa, such as ulcerative colitis or Crohn’s disease™”. In

recent years, an IgAN animal model induced by oral im-
munization has supported this hypothesis"”

It has been reported that the permeability of the in-
testinal mucosa of IgAN patients is significantly higher
than normal". This is consistent with the experimental
results, but its mechanism is not yet clear. Intestinal mu-
cosal permeability is closely related to the integrity of
the intestinal barrier. Mucosal barrier plays an important
role in protecting the body from food antigens, microor-
ganisms and their harmful metabolites”. The mucosal
barrier includes mechanical, immune, chemical and bio-
logical barriers, among which, the mechanical barrier is
essential for maintaining the integrity of the intestinal
barrier. It is mainly composed of the intestinal epithelial
cells and cellular junctions among them. The function of
the intestinal barrier is affected by the morphology and
number of epithelial cells and cellular junctionsm]. The
cellular junctions include tight junctions, intermediate
junctions, desmosomes, and gap junctions, and tight junc-
tions are closely related to the mechanical barrier . Tight
junctions, or ZO, expand around the apex of epithelial
cells and form a semipermeable barrier in the paracel-
lular pathway in most vertebrate epithelia"”. Disruption
of the tight junctions can cause increased permeability
and leakiness''*"”. Three groups of macromolecules are
considered as integral components of the tight junctions:
occludins, claudins and junction adhesion molecules"?.
Z20-1 is the major tight junction protein that binds to the
intracellular domain of occludins'. The interaction be-
tween occludin and ZO-1 plays a crucial role in maintain-

(4 9
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Table 3 Ratio of urinary lactulose/mannitol

Concentration Concentration Ratio of them

of lactulose  of mannitol
Control 573+037  210+0.05 2.72+0.21
IgAN group 738+142° 208+011  3.55+0.68"
Rhein-treated group 6024031 210+005  2.87+0.18"
Rhein-prevented group  6.06 + 0.97° 2.15+0.07 2.83 +0.43"

°P < 0.01 vs control group; ‘P < 0.01 vs IgA nephropathy (IgAN) group; ‘P
< 0.05 vs Rhein-treated group.

ing the structure of tight junctions and epithelial barrier
function”". Therefore, detection of occludin and ZO-1
reflects the condition of the tight junctions and intestinal
mucosa barrier.

Our results showed that expression of intestinal epi-
thelial tight junction proteins occludin and ZO-1 was
significantly reduced in the IgAN Group. Therefore, we
hypothesized that increased intestinal permeability in that
group might be related to the decrease in expression of
intestinal epithelial tight junction proteins. This decrease
may be due to excess secretion of inflammatory cyto-
kines, such as tumor necrosis factor (INF)-q, interferon
(IFN)-y, NO, and oxygen free radicals, which is caused by
intestinal antigen stimulation in the modeling process™*”
It has been reported that TNF-q affects the interaction
of occludin and ZO-1 with components of the actin cy-
toskeleton™. Moreover, a seties of recent reports has in-
dicated that TNF-q disrupts tight junction assembly and
decreases expression of 70-1%% The synergy between
TNF-a and IFN-y can downregulate occludin expression
of the occludin promoter,

Increased expression of tight junction proteins im-
proves intestinal mucosal barrier function™”. It has been
reported that rhubarb can promote intestinal mucosal
barrier function recovery and alleviate intestinal bacterial
translocation in animal models of burns™. Therefore,
we speculated that rhein, as the main pharmacological
component of rhubarb, would also have a protective ef-
fect on the intestinal mucosal barrier and delay or prevent
progression of IgAN. Western blotting showed that oc-
cludin and ZO-1 protein expression in the Rhein-treated
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and Rhein-prevented Groups was higher than that in the
IgAN Group, which was consistent with the immunoflu-
orescence and RT-PCR results. The protective effect of
rhein on tight junction proteins may be associated with
the following aspects. First, thein lowers the activity of
macrophages and inhibits the secretion of TNF-a and
other inflammatory cytokines that damage the structure
and function of tight junctionsm. Second, rhein has a
positive effect on the peristaltic reflex of the small intes-
tine™, speeds up the excretion of intestinal bacteria and
LPS, and reduces LPS-induced secretion of inflammatory
cytokines. Third, reactive oxygen species destroy tight
junction proteins by affecting the signal transduction
pathwaym]. Rhein can remove reactive oxygen species and
alleviate oxidative damage[34]. Lastly, dysfunction of the
intestinal microcirculation results in structural damage of
tight junctions”. Rhein inhibits intestinal microvascular
endothelial cell secretion of NO, endothelin-1 and other
vasoconstrictor substances, which improves the intestinal
microcirculation”™.

In summary, rhein reduces intestinal permeability
by protecting intestinal epithelial tight junction proteins
Z0-1 and occludin, which alleviates the damage to the
intestinal mucosa in IgAN. In this regard, rhein may be
a potential therapeutic agent for protecting the intestinal
mucosa in IgAN.

COMMENTS

Background

IgA nephropathy (IgAN) is the most common primary glomerular disease world-
wide. The etiology and pathogenesis of IgAN are still not clear, and it lacks
effective treatment. The incidence and aggravation of IgAN are often accompa-
nied with damage to the intestinal mucosa. Rhein is an anthraquinone monomer
isolated from rhubarb. It has been reported that rhubarb has a protective effect
on the intestinal mucosal barrier in burns and pancreatitis, but a protective ef-
fect on the intestinal mucosal barrier in IgAN has not yet been reported.
Research frontiers

The intestinal mucosal barrier is an important area in research related to the
etiology and pathogenesis of IgAN. The research hotspot is how to protect the
intestinal mucosal barrier to prevent the occurrence of IgAN.

Innovations and breakthroughs

It has been reported previously that rhubarb has a protective effect on the
intestinal mucosal barrier in burns and pancreatitis. Rhein is one of the an-
thraquinone monomers isolated from rhubarb. The protective effect of rhein on
the intestinal mucosal barrier in IgAN has not yet been reported. The authors
observed the protective effect of rhein on the intestinal mucosa in a rat model of
IgAN; further demonstrated the pathogenesis of intestinal mucosal barrier injury
in IgAN; and showed that intestinal protection and repair play an important role
in the prevention and treatment of IgAN.

Applications

The results suggest that rhein is a potential therapeutic material that could be
used in protecting intestinal mucosa barrier and preventing and treating IgAN.
Terminology

Rhein (1.8-dihydroxy-3-carboxy-anthraquinone, CAS number: 478-43-3) is
a substance in the anthraguinone group obtained from rhubarb. Originally the
rhubarb plant was used as a laxative, and it was believed that rhein along
with other anthraquinone glycosides imparted this activity.

Peer review

This was a good descriptive study in which the authors analyzed the preventive
effect of rhein on the intestinal mucosa barrier in rats with IgAN. The results
are interesting and suggest that rhein is a potential therapeutic substance that
could be used in protecting the intestinal mucosa and preventing IgAN.
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