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Rhein inhibits lipopolysaccharide-induced intestinal injury
during sepsis by blocking the toll-like receptor 4
nuclear factor-kB pathway
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Abstract. Sepsis is one of the leading causes of mortality
in severe systemic inflammatory syndrome. The endo-
toxin-induced inflammatory response has been linked to the
development of sepsis. Rhein is a lipophilic anthraquinone
isolated from Rheum rhabarbarum (rhubarb), which has a
protective effect on intestinal damage in vivo. However, the
underlying mechanism responsible for the protective effects
of rhein remains to be elucidated. In the present study, mice
were exposed to 20 mg/kg lipopolysaccharide (LPS), prior
to being treated with either 100 mg/kg rhein or 0.3 mg/kg
toll-like receptor 4 (TLR4) signaling inhibitor TAK-242. In
the rhein-treated mice, the colon length (cm) was extended
and colon injury was attenuated. In addition, treatment with
rhein significantly decreased the expression levels of the
LPS-induced inflammatory cytokines interleukin (IL)-1§,
IL-6, IL-8, and tumor necrosis factor-a, in both the plasma
and colon tissue. However, mice treated with TAK-242
exhibited increased expression levels of IL-10, as determined
by ELISA and western blot analysis. In addition, immuno-
histochemistry and western blot analyses demonstrated that
treatment with rhein was able to reduce TLR4 expression and
inhibit nuclear factor-kB (NF-xB) phosphorylation in colon
tissue. Furthermore, LPS induction was blocked by TAK-242.
These results demonstrate that the observed rhein-attenuated
inflammatory response during sepsis may be achieved via the
TLR4 NF-«B signaling pathway. In conclusion, the results of
the present study provide a novel insight into the protective
effects of rhein on LPS-induced intestinal inflammation, and
demonstrate that rhein may act as a beneficial therapeutic
agent in the treatment of sepsis-induced intestinal damage.
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Introduction

Sepsis is a severe systemic inflammatory response associ-
ated with infectious disease, which remains a leading cause
of mortality in clinical settings (1). Sepsis usually occurs
following a severe infection, and may be triggered by numerous
pathogenic microorganisms that release various toxins into the
bloodstream and tissues (2). It has been suggested that sepsis
is caused by an exaggerated inflammatory response, which
may develop into septic shock and multiple organ dysfunction
syndrome (3). During a severe infection, intestinal barrier
dysfunction may lead to ischemia and hypoxia, both of which
have an important role in the development of sepsis (4). In
addition, emerging evidence suggests that the intestinal tract is
not only a target of the inflammatory response, but may also be
the starting point for multiple organ dysfunction (5). Bacterial
endotoxins induce intestinal barrier dysfunction by regulating
the expression levels of various mediators (6).

Toll-like receptor 4 (TLR4) is a member of the sensor
protein family, which has been shown to have an important
role in the pathogenesis of inflammatory diseases, including
sepsis-associated mortality (7). The activation of TLR4 during
sepsis may be associated with the stimulation of the lipopoly-
saccharide (LPS) endotoxin (8). The development of a TLR4
inhibitor that prevents endotoxin and TLR4 interaction may
provide a promising therapeutic target for the treatment of
sepsis (9).

Rhein (Fig. 1) is a lipophilic anthraquinone isolated from
Rheum rhabarbarum (rhubarb) that exhibits a protective
effect on platelet-activated and factor-mediated intestinal
damage in rat colon (10). The mechanism underlying the
protective activity of rhein may be associated with the genera-
tion of nitric oxide, ion secretions and chemotaxis, and with
the apoptosis of human-derived Caco-2 colorectal cancer
cells (11). Notably, rhein has been shown to successfully repair
damaged intestinal tight junctions and protect the intestinal
barrier, by enhancing the expression of zona occludens-1 and
occludin (12). Furthermore, rhein significantly increased the
expression of interleukin (IL)-10, and decreased the expression
of tumor necrosis factor (TNF)-a (13). However, the mecha-
nism underlying the protective effects of rhein on LPS-induced
intestinal barrier dysfunction remains to be elucidated.

The aim of the present study was to investigate the innate
resistance of rhein to LPS-induced intestinal toxicity during
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sepsis in a murine model. Furthermore, the inhibition of rhein
in the TLR4 NF-«B signaling pathway was investigated.

Materials and methods

Chemicals andreagents.LPS (L-2880:B5) was purchased from
Sigma-Aldrich (St. Louis, MO, USA). Rhein (purity >98%)
was purchased from the National Institute for the Control
of Pharmaceutical and Biological Products (Beijing, China).
ELISA kits used to detect the inflammatory cytokines IL-1p,
IL-6,1L-8,1L-10,and TNF-a were purchased from the Nanjing
Jiancheng Bioengineering Institute (Nanjing, China). The
antibodies directed against IL-1p, IL-6, IL-8, IL-10, TNF-a,
TLR-4, and B-actin, as well as the 3,3'-diaminobenzidine
(DAB) reagent were purchased from Wuhan Boster Biological
Technology,Ltd.(Wuhan,China). The TLR4 inhibitor TAK-242
was purchased from EMD Millipore (Billerica, MA, USA).
SDS-PAGE and polyvinylidene fluoride (PVDF) membranes
were obtained from Bio-Rad Laboratories, Inc. (Hercules, CA,
USA). The Enhanced Chemiluminescence (ECL) Advanced
Western Blotting Detection kit was purchased from GE
Healthcare Life Sciences (Chalfont, UK). All other reagents
used in the present study were purchased from Sigma-Aldrich.
Anti-NF-kB p65 (phospho S536; cat.no. ab28856) and total
anti-NF-kB p65 antibody (cat. no. ab16502) were purchased
from Abcam Trading (Shanghai) Company Ltd. (Shanghai,
China).

Animal experiments. Four-week-old male BALB/c mice,
weighing 18-22 g, were provided by Shanghai Laboratory
Animals Center Co., Ltd. (Shanghai, China). The mice were
maintained in controlled conditions at 25+1°C, a relative
humidity of 45% with 12 h light/dark cycles, and were given
ad libitum access to food and water. The mice were randomly
assigned to five experimental groups, consisting of a normal
control group, an LPS-stimulated model group, a rhein
group, a TLR4 inhibitor group and a rhein + TLR4 inhibitor
TAK-242 group (n=10, each group). The mice in each group
were orally administered 100 mg/kg rhein (14), and 0.3 mg/kg
TAK-242 (15) for 1 h prior to being injected intraperitoneally
with 20 mg/kg LPS (16) for a further 18 h. The mice were
subsequently anesthetized with an intraperitoneal injection of
50 mg/kg pentobarbital (Merck KGaA, Darmstadt, Germany),
prior to having their blood samples taken from the retinal vein.
The mice were sacrificed under anesthesia with ketamine
at 65 mg/kg and xylazine at 6.5 mg/kg”', i.p. (Jiancheng
Bioengineering Institute) and 1 cm from the rectum and
1 cm from the cecum were harvested in order to evaluate the
changes in intestinal injury. The length of the colons were
measured and recorded. The present study was approved by the
Institutional Animal Care and Use Committee of Zhengzhou
People's Hospital, (Zhengzhou, China).

Intestinal mucosal pathology. The extent of intestinal mucosal
injury was graded following inspection under a microscope
(Olympus IX71; Olympus, Tokyo, Japan), according to the
standard classification described by Chiu et al (17). Intestinal
injury was graded as follows: 0, normal mucosal villi; 1, the
gap in the epithelium increased, and capillary congestion at
the tip of villi was observed; 2, the gap in the epithelium was
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expanded with moderate separation of the epithelium and
lamina propria; 3, severe separation of the epithelium and
lamina propria with damage to the villus tip; 4, villi were
damaged and the capillaries exposed in the lamina propria, an
increase in the cellular components of the lamina propria was
also observed; and 5, the intrinsic layer was damaged with
incomplete bleeding and ulcers.

Immunohistochemistry. Sections of 4 ym formalin-fixed,
paraffin-embedded colon tissue was cut for immunohisto-
chemistry. Following deparaffinization in xylene, the tissue
sections were hydrated using graded ethanol (100, 95 and
70%). The sections were subsequently washed three times in
deionized H,O for 1 min at room temperature, prior to being
incubated in 3% hydrogen peroxide for 10 min, in order to
block the endogenous peroxidase activity. Each section was
then sequentially washed with phosphate-buffered saline
(PBS) for 5 min prior to being blocked with 5% horse
serum (Gibco-Brl, Gaithersburg, MD, USA). The sections
were then incubated overnight at 4°C with 1:100 dilution of
primary rabbit anti-TLR4 antibody (cat. no. sc-16240; Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA). Following
3-5 min washes with PBS, the sections were treated with
biotin-conjugated goat anti-rabbit secondary antibody for
2 h at 37°C. The sections were then treated with an avidin
biotin enzyme reagent (Wuhan Boster Biological Technology,
Ltd.) for 30 min, prior to being washed three times with
PBS. The sections were subsequently stained with DAB and
DAB enhancer, prior to staining with hematoxylin for 5 sec.
Dehydration was performed using ethanol and xylene. Finally,
the sections were covered with a glass coverslip and observed
under an Olympus IX71 microscope.

Western blot analysis. The colon tissue samples were
harvested from the BALB/c mice of each group, prior to being
frozen and stored at -80°C until further use. The colon tissue
samples were homogenized in ice-cold radioimmunoprecipi-
tation lysing buffer (Sigma-Aldrich) and were centrifuged at
12,000 x g for 15 min at 4°C. The supernatant was subse-
quently collected in order to examine protein expression
levels using western blot analysis. Protein concentrations
were determined using a bicinchoninic acid protein assay
reagent kit (Pierce Biotechnology, Inc., Rockford, IL USA).
Equal amounts of supernatant protein (40 ug) were separated
by 10% SDS-PAGE, and transferred to PVDF membranes.
The membranes were blocked with 5% skimmed dry milk in
tris-buffered saline with 0.05% Tween® 20 for 1 h, and were
then co-incubated overnight at 4°C with the following primary
antibodies IL-1f (1:1,000; cat. no. sc-7884), IL-6 (1:1,000;
cat. no. sc-1265), IL-8 (1:1,000; cat. no. sc-8427), IL-10
(1:1,000; cat. no. sc-1783), TNF-a (1:500; cat. no. sc-65440),
TLR-4 (1:500; cat. no. BA1717), Phospho-NF-kB p65 (1:500),
total NF-kB p65 (1:500) and B-actin (1:400; cat. no. BM000S).
The membranes were subsequently washed with PBS supple-
mented with 0.05% Tween®™ 20 and incubated for 2 h at room
temperature with horseradish peroxidase-bound secondary
antibodies (1:1,000; Santa Cruz Biotechnology, Inc.). f-actin
was used as a loading control. Finally, the proteins were
visualized using ECL reagents, and the intensity of the
immunoreactive bands was quantified and normalized to the
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Figure 1. Chemical structure of rhein. Chemical formula, C,sHzO,4; molecular
weight=284.22.

respective 3-actin content using Image Pro Plus (IPP) software
(Media Cybernetics, Inc., Rockville, MD, USA).

ELISA for inflammatory cytokines. Following sacrifice, blood
samples of the mice were collected in heparinized tubes and
centrifuged at 10,000 x g for 10 min in order to obtain the
plasma. The colon tissue samples of the mice in each group
were subsequently harvested, weighed, and homogenized in
iced saline. The samples were then centrifuged at 10,000 x g
for 10 min in order to obtain the supernatant. The levels of
inflammatory cytokines IL-1f3, IL-6, IL-8, IL-10, and TNF-a
present in the supernatants were assayed by ELISA, according
to the manufacturer's instructions. The optical densities of the
samples were detected using a microplate reader (ELx800;
BioTek Instruments, Inc., Winooski, VT, USA) at a wavelength
of 450 nm.

Statistical analysis. The data from at least three experiments
were presented as the mean + standard deviation. The statis-
tical significance of the differences between the experimental
groups was analyzed using SPSS 16.0 (SPSS Inc., Chicago, IL,
USA). One-way analysis of variance and post hoc Tukey tests
were used to analyze the data. For all experiments, P<0.05 was
considered to indicate a statistically significant difference.

Results

Rhein extends the colon length and attenuates LPS-induced
damage. Following stimulation with 20 mg/kg LPS, the length
of the murine colon was markedly shortened, as compared with
that of the normal mice (P<0.01). However, following treatment
with 100 mg/kg rhein, the length of the colon was significantly
increased. Notably, treatment with either 0.3 mg/kg TLR4
inhibitor TAK-242 alone or together with rhein, also increased
the length of the damaged colon (P<0.05 and P<0.01, respec-
tively). However, no statistically significant difference was
observed between the mice treated with rhein alone, or the
mice co-treated with TAK-242 (Table I).

LPS, the main endotoxin present during sepsis in the case
of severe systemic inflammatory syndrome, has been shown to
induce colon damage. As demonstrated in Table I, significant
damage was observed in the LPS-induced mice, as compared
with the normal mice. However, this damage was notably atten-
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uated following treatment with rhein in the presence or absence
of TAK-242 (P<0.01). These results support the hypothesis that
rhein is able to attenuate LPS-induced colon injury.

Rhein attenuates the levels of LPS-induced inflammatory
cytokines. An LPS-induced inflammatory response was associ-
ated with damage to the mouse colon. ELISA was performed
in order to detect the expression levels of the following inflam-
matory cytokines: IL-1f3, IL-6, IL-8,IL-10, and TNF-q, in both
the plasma and colon tissue samples. As shown in Table II,
exposure to LPS markedly increased the concentration of the
inflammatory cytokines IL-1f3, IL-6,IL-8, and TNF-a, whereas
it markedly decreased the concentration of IL-10 in the plasma
and colon tissue samples, as compared with the control (P<0.01).
Notably, the rhein-treated animals exhibited reduced expression
levels of IL-1p3, IL-6, IL-8, and TNF-a, whereas they exhibited
increased expression levels of IL-10, as compared with the LPS
model group (P<0.05, P<0.01, respectively). Furthermore, treat-
ment with TLR4 inhibitor TAK-242 significantly attenuated the
LPS-induced inflammatory response, increasing IL-10 expres-
sion levels and decreasing IL-1f3, IL-6, IL-8, TNF-a expression
levels. These results were concordant with those of the western
blot analysis (Fig. 2). These results suggest that the mechanism
underlying the protective effects of rhein during LPS-induced
intestinal toxicity is similar to that of TAK-242.

Rhein-attenuates LPS-induced TLR4 expression. In order to
evaluate the effects of rhein on TLR4, immunohistochemistry
and western blot analyses were performed to determine the
expression levels of TLR4 in the colon. The results from the
immunohistochemical imaging of the sections demonstrated
the localization of TLR4 to the colon in the LPS-treated mice,
which in turn resulted in increased expression levels of TLR-4
(Fig. 3A-D). However, the expression levels of TLR4 were
significantly reduced following treatment with rhein, both in
the presence and absence of TAK-242 (P<0.01). Notably, the
expression levels of TLR4 in the rhein or TAK-242-treated
mice were close to normal. In addition, there was no statistically
significant difference between the expression levels of TLR4 in
the mice co-treated with rhein and TAK-242, as compared with
the mice treated with rhein alone.

Rhein reduces NF-xB phosphorylation via TLR4. To further
investigate the effects of the rhein signaling pathway on
LPS-induced intestinal toxicity during sepsis, the expression
levels of both phosphorylated and total NF-xB were analyzed.
Following treatment with LPS, the expression levels of the
phosphorylated NF-kB were notably increased, as compared
with the control. This upregulation was reduced following
treatment with 100 mg/kg rhein (P<0.05). However, the expres-
sion levels of total NF-kB were not significantly different in
any of the four groups, as compared with the control group.
Notably, LPS-mediated NF-kB phosphorylation was inhibited
by treatment with TAK-242 (Fig. 4).

Discussion
Sepsis is regarded as one of the leading causes of mortality

in critically ill patients exhibiting a systemic inflammatory
response caused by infection. The onset of sepsis usually
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Table I. Length of murine colon and level of intestinal mucosal injury in the various mouse groups.

Length of Score of
Group n colon (cm) colon injury
Normal 10 10.25+0.78 0
Model 7 8.15£1.14%0 4.48+0.43°
Rhein (100 mg/kg) 10 9.53+0.62¢ 2.40+0.77¢
Rhein (100 mg/kg) + TAK-242 (0.3 mg/kg) 9 9.64+0.89¢ 1.97+0.51¢
TAK-242 (0.3 mg/kg) 9 9.43+0.93¢ 2.82+0.56¢
"P<0.05, *P<0.01, vs. the normal control group; °P<0.05, “P<0.01, vs. the model group. LPS, lipopolysaccharide.
Table II. Level of inflammatory cytokines in the plasma and colon tissue of LPS-induced septic mice.
Cytokine Rhein Rhein (100 mg/kg) + TAK-242
(pg/ml) Normal Model (100 mg/kg) TAK-242 (0.3 mg/kg) (0.3 mg/kg)
Plasma
IL-1B 38.44+5.22 55.41+4.17° 45.38+2.14¢ 44.66+3.07¢ 46.99+4 95¢
IL-6 21.45+3.73 38.33+4.56* 26.82+4.26° 24.32+3.92¢ 26.18+4.01¢
IL-8 44.52+5.24 62.49+8.74° 51.77+4.28° 49.51+4.54¢ 49.03+£2.90¢
IL-10 66.54+6.83 37.82+8.55° 52.54+6.77¢ 55.34+7.12¢ 53.11+6.03¢
TNF-a 7.73£1.56 11.95+£2.12¢ 8.51+1.33¢ 8.22+0.94¢ 8.75+1.17¢
Colon tissue
IL-1p 58.78+5.86 75.44+5.83° 65.49+4.72¢ 62.37+3.36¢ 66.91+4.64°
IL-6 44.27+4 .31 62.73£5.19° 52.25+3.22¢ 49.67+3.67¢ 54.74+3 88°
IL-8 77.10+8.59 100.42+7.66° 87.24+9.75¢ 84.22+6.51¢ 88.04+8.93¢
IL-10 108.44+11.43 67.48+8.41° 87.26+10.52¢ 93.79+9.68" 83.57+8.66"
TNF-a 21.46+5.37 37.27+£2.53* 28.11+£3.04¢ 25.18+4.74¢ 27.30+4.35¢
1P<0.05, °P<0.01, vs. normal control; °P<0.05, P<0.01, vs. model. LPS, lipopolysaccharide.
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Figure 2. Effects of rhein on LPS-induced inflammatory cytokine expression as determined by western blot analysis. (A) Western blot analysis. (B) The data
were normalized to B-actin. Mice were exposed to 20 mg/kg LPS prior to being treated with 100 mg/kg rhein, 0.3 mg/kg TAK-242, or both. The data are pre-
sented as the mean + standard deviation (n=3). “P<0.01, vs. the normal control group; P<0.01, vs. the model group. LPS, lipopolysaccharide, IL, interleukin;
TNF, tumor necrosis factor.
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Figure 3. Effects of rhein on TLR4 expression in colon tissue. (A and B) Immunohistochemistry of TLR4 expression; (a) normal, (b) 20 mg/kg LPS, (c) 20 mg/kg
LPS + 100 mg/kg rhein, (d) 20 mg/kg LPS + 100 mg/kg rhein + 0.3 mg/kg TAK-242, (e) 20 mg/kg LPS + 0.3 mg/kg TAK-242, (f) enlargement of (A)b image.
(C and D) Western blotting of TLR4 expression. The data are presented as the mean + standard deviation (n=3). “P<0.01, ““P<0.001, vs. the normal control
group; “P<0.01, vs. the model group (magnification, x400). Red arrows indicate positive expression. LPS, lipopolysaccharide; TLR, toll-like receptor.
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Figure 4. Effects of rhein on LPS-induced NF-kB phosphorylation. (A) Western blotting of phosphorylated-65 NF-kB and total NF-kB levels. (B) The data
were normalized to B-actin. The data are presented as the mean + standard deviation (n=3). “P<0.01, vs. the normal control group; “P<0.05, vs. the model group.

LPS, lipopolysaccharide; NF-«kB, nuclear factor kB.

occurs following an excessive or uncontrolled inflammatory
response (18). The causal relationship between intestinal
damage and sepsis indicates that the intestinal tract is not only
a target organ, but also the starting point of sepsis (5,19). The
LPS endotoxin is one of the most notable components of the
bacterial cell wall, and is released into the host during bacterial
growth, reproduction, lysis, or cell death (3). In addition, LPS
has been suggested as a major causative factor for the onset of
sepsis and septic shock caused by gram-negative bacilli (20).
The accumulation of LPS activates an inflammatory response
that leads to damage of the intestinal mucosal barrier, which in
turn causes an increase in intestinal mucosa permeability that
promotes endotoxin translocation. The present study demon-
strated the protective effect of rhein, a natural constituent of
Rheum rhabarbarum, on LPS-induced intestinal damage, and

determined that rhein acted via the TLR4 NF-kB signaling
pathway.

The TLR4 receptor detects foreign antigens and initiates
the innate immune response. The ability of TLR4 to rapidly
detect pathogens is key to the inflammatory response initi-
ated in patients with severe sepsis (21). The LPS-induced
overexpression of TLR4 is associated with changes in the
levels of inflammatory mediators. Accumulating evidence
has suggested that LPS-induced overactivation of the TLR4
signaling pathway leads to an increase in the production of
pro-inflammatory mediators, with fatal consequences to the
host (21-23). The results of the present study demonstrated that
exposure to 20 mg/kg LPS increased the expression levels of
TLR4 in mice colon tissue. These results support the hypoth-
esis that LPS activates the TLR4 signaling pathway, which in
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turn regulates the inflammatory response (23). Conversely, the
expression levels of TLR4 in the colon of LPS-treated mice
were inhibited by rhein and TAK-242. Notably, the action of
rhein on LPS-induced colon injury was similar to the action
of TAK-242. Gao et al (24) previously demonstrated that
rhein exhibited both pro- and anti-inflammatory activity on
LPS-activated macrophages, by inhibiting the IxB kinase.
However, little research has investigated the target of rhein in
vivo. The results of the present study provide a novel insight
into the protective effects of rhein on LPS-induced colon
injury in mice.

LPS-induced inflammatory responses may impair intes-
tinal integrity (25). During the initiation of the inflammatory
septic process, changes occur in the expression levels of
numerous inflammatory mediators, including an increase in
the expression levels of pro-inflammatory cytokines IL-8,
IL-6 and IL-1p, and anti-inflammatory cytokine IL-10 (26).
Sepsis and endotoxemia have been associated with increased
production of IL-1f, IL-6, IL-8, and TNF-a in the plasma
and colon tissue (26). The results of the present study showed
that the presence of LPS resulted in increased expression
of IL-1B, IL-6, IL-8, TNF-a in the plasma and colon tissue.
Wang et al (27) previously demonstrated that both TNF-a
and IL-1p may be involved in the regulation of gastrointes-
tinal IL-6 production during endotoxemia in mice.

IL-10 is an early mediator and pleiotropic cytokine of
the inflammatory signaling cascade that becomes elevated
within a few hours of injury (28). Numerous studies have
demonstrated that the anti-inflammatory cytokine IL-10 acts
as a key mediator for the maintenance of gut homeostasis,
by inhibiting selective elements within the inflammatory
signaling cascade (28,29). In immune modulator-impaired
IL-10(/) mice, LPS was shown to promote and exacer-
bate intestinal inflammation (30). In addition, a previous
study reported that TLR-4("**) mice exhibited markedly
increased mRNA expression levels of IL-10 (31). In the
present study, the expression levels of IL-10 in the colon
tissue and plasma of mice exposed to LPS were significantly
increased by rhein treatment in the presence or absence of
TAK-242. These results suggested that rhein was able to
attenuate LPS-induced intestinal inflammation, and empha-
size the activation of IL-10 in the pathogenesis of sepsis and
endotoxemia.

The NF-«B transcription factor mediates the inflamma-
tory response of sepsis and endotoxemia (32). LPS-induced
NF-kB activation associated with TLR4 caused colon
shortening and increased expression levels of IL-1§, IL-6,
and TNF-a in mice (33). In the present study, a marked
increase in NF-kB phosphorylation occurred following
LPS treatment. However, treatment with rhein significantly
inhibited LPS-induced NF-kB phosphorylation. The inhibi-
tion of TLR4 by TAK-242 also attenuated increased NF-kB
phosphorylation. No statistically significant difference was
detected in the total NF-xB levels between the various
groups. The results of the present study demonstrated that the
increase in LPS-induced NF-kB phosphorylation was mark-
edly inhibited by treatment with rhein and TLR4 inhibitor
TAK-242.

In conclusion, the present study demonstrated that rhein
significantly attenuated the LPS-induced inflammatory
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response involved in intestinal injury during sepsis. This
protection may be associated with the LPS/TLR4/NF-xB
signaling pathway. The results of the present study provide
a novel insight into the mechanism underlying the protective
effects of rhein on LPS-induced intestinal injury.
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