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Abstract: Rhein is an important component in traditional Chinese herbal medicine formulations 

for gastrointestinal disorders, including inflammatory bowel diseases such as ulcerative colitis. 

In  this study, we investigated the beneficial effects of rhein in inflammation models in the 

transgenic zebrafish line TG (corolla eGFP), in which both macrophages and neutrophils 

express eGFP and RAW264.7 macrophages. We found that the tail-cutting-induced migration 

of immune cells was significantly reduced in transgenic zebrafish treated with rhein. In addition, 

the production of proinflammatory cytokines, including IL-6, IL-1β, and tumor necrosis factor-α, 

were significantly reduced in lipopolysaccharide (LPS)-induced RAW264.7 macrophages 

treated with rhein. Parallel to the inhibition of proinflammatory cytokines, rhein significantly 

reduced phosphorylation levels of NF-κB p65 and inducible nitric oxide synthase, as well as 

COX-2 protein expression levels. Furthermore, rhein significantly reduced NALP3 and cleaved 

IL-1β expression in LPS + ATP-induced RAW264.7 macrophages. Thus, the present study 

demonstrates that rhein may exhibit its anti-inflammatory action via inhibition of NF-κB and 

NALP3 inflammasome pathways.
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Introduction
Ulcerative colitis (UC) is a chronic disease of the colon and rectum. Patients with 

UC present with abdominal pain, diarrhea, and rectal bleeding, and these symptoms 

often recur and relapse. In addition to symptoms in the gastrointestinal tract, many 

UC patients also have psychological problems, such as depression and anxiety, which 

further negatively affect their quality of life. Thus, UC imposes a significant socioeco-

nomic burden on society. Pathologically, inflammation, as evidenced by infiltration 

of neutrophils, macrophages, lymphocytes, and mast cells, occurs in the inner lining 

of the colon and rectum.1–6 Intestinal inflammation further disrupts mucosa and sub-

mucosa, eventually leading to intestinal ulcers. The infiltration of immune cells, such 

as neutrophils and macrophages, has been believed to be the key factor in the local 

immune response in UC. Once recruited to the colon and rectum, immune cells become 

activated and release proinflammatory cytokines, such as interleukin (IL)-1β, IL-6, 

and tumor necrosis factor (TNF)-α.7 Moreover, those proinflammatory cytokines can 

induce activation of nuclear factor (NF)-κB, a mastering transcription factor for the 

regulation of inflammatory genes. Activation of NF-κB further induces the expression 

of inflammatory genes, such as COX-2 and inducible nitric oxide synthase (iNOS), 

which in turn recruit more proinflammatory cells and release more proinflammatory 
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cytokines, thus amplifying and prolonging inflammation 

in a vicious cycle.8 In addition to NF-κB, NLRP3 inflam-

masome, a multiprotein complex that mediates activation 

of inflammatory caspases, has been recognized as an 

important component in UC. Physiologically, NLRP3 inflam-

masome is a key defense factor in the innate immune system 

against invading microorganisms. However, inappropriate 

activation of the inflammasome is linked to many inflam-

matory diseases. Once NLRP3 inflammasome is activated, 

it promotes caspase-1-mediated release of proinflammatory 

cytokine IL-1β, inducing inflammation.9,10 Collectively, 

these inflammatory events lead to inflammation cascade 

effects and tissue damage in the pathological progress of UC.

The zebrafish (Danio rerio) has been extensively used 

to study the pathogenesis of human diseases in the field of 

immunology (including UC), as the innate immune system 

is highly conserved from mammals to zebrafish. The other 

advantage of zebrafish is that innate and adaptive immune 

responses are separated during the development of zebrafish 

larvae. Furthermore, zebrafish larvae are transparent, which 

allows real-time visualization of the inflammatory response 

of fluorescent cells such as fluorescent neutrophils. Addi-

tionally, zebrafish inflammatory models have successfully 

recapitulated the inflammatory process in UC.11,12

Rhubarb (Rheum rhabarbarum) is an important herb in 

formulations of traditional Chinese herbal medicine for gas-

trointestinal disorders including gastrointestinal hemorrhage 

and ulcers. Rhein (4,5-dihydroxyanthraquinone-2-carboxylic 

acid), the active component of rhubarb, has been shown to 

have multiple functions, such as antibacterial, anti-oxidant, 

anticancer, antiangiogenic, and anti-inflammatory effects.13–16 

Given its anti-inflammatory properties, rhein has been 

increasingly used to treat inflammatory bowel diseases in 

China. However, the mechanism by which rhein attenuates 

inflammatory bowel diseases still remains elusive. In the pres-

ent study, we examined the direct inhibitory effect of rhein 

on inflammation, and its anti-inflammatory mechanism in 

zebrafish in vivo and macrophage RAW264.7 cells in vitro.

Material and methods
Chemicals and reagents
Rhein is the main effective ingredient isolated from Rheum 

palmatum L. Radix et Rhizoma. It is the dried root and 

rhizome of R. palmatum L., R. tanguticum Maxim. ex Balf., or  

R. officinale Baill. of the family Polygonaceae, whose major 

active constituents are anthraquinone derivatives. The root bark of 

rhein belongs to the Ranunculaceae family. Rhein was purchased 

from the National Institute for the Control of Pharmaceutical and 

Biological Products (Beijing, China). The purity of the compound 

was .98%. It was dissolved in dimethyl sulfoxide (DMSO) and 

stored at -20°C until use. The stock solution of rhein was further 

diluted in phosphate-buffered saline to achieve desired concentra-

tions. All other reagents were obtained from Sigma-Aldrich Co. 

(St Louis, MO, USA) unless otherwise stated.

Measurement of the toxicity of rhein
The project was approved by the Ethics Committee of the 

First Affiliated Hospital of Sun Yat-sen University. Zebrafish 

embryos were used to evaluate the potential toxicity of 

rhein. Briefly, rhein was cultured in individual wells of 

12-well plates with the embryos (n=15) from approximately 

3–4 hours postfertilization (hpf) up to 24 hpf. The heart beat 

rate and survival rate of zebrafish embryos were measured at 

24 hpf and 5 days postfertilization (dpf). Heart beat rate was 

measured by counting and recording atrial and ventricular 

contractions for 3 minutes under the microscope. The data 

were expressed as the average heart beat rate per minute.17

Preparation of inflammation-induced 
zebrafish model by tail cutting and 
application of rhein
The transgenic zebrafish line TG (corolla: enhanced green 

fluorescent protein [eGFP]), which expresses eGFP in both 

macrophages and neutrophils, was kindly provided by the 

Key Laboratory of Zebrafish Modeling and Drug Screen-

ing for Human Diseases of Guangdong Higher Education 

Institutes, Department of Cell Biology, Southern Medical 

University, Guangzhou, China, and maintained as previously 

described.18,19 Natural pair-wise mating of fish between 3 and 

12 months of age was conducted to obtain zebrafish embryos. 

The tail-cutting-induced inflammation assay was performed as 

previously described.20,21 Briefly, we first anesthetized 3 dpf TG 

(corolla: eGFP) larvae with tricaine methanesulfonate solution 

(Sigma). With the help of a dissecting microscope, we then cut 

the tail of the anesthetized zebrafish larvae to remove 50% of 

the tail area using a blade. After tail cutting, the zebrafish larvae 

were placed into the wells containing different concentrations of 

rhein. A fluorescent inverted microscope and a couple-charged 

device camera were used to capture the images of zebrafish at 

100× magnification during the progression of inflammation.

Cell culture
RAW264.7 mouse macrophage cells were purchased from 

American Type Culture Collection (Manassas, VA, USA). 

RAW264.7 cells were cultured in Roswell Park Memorial 

Insti tute 1640 medium supplemented with 10% 

heat-inactivated fetal bovine serum, glutamine, and antibiot-

ics at 37°C under 5% CO
2
.
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Cell viability assay
An MTT colorimetric assay was used to assess whether 

rhein had a cytotoxic effect on RAW264.7 macrophage 

cells. Cells were first seeded into 96-well plates at a density 

of 1×106/mL cells per well. Various concentrations of rhein 

(1, 5, and 20 μM) were added into cultured cells. The medium 

was replaced by 100 μL of fresh media containing MTT 

(0.5  mg/mL) 24  hours after rhein treatment. Three hours 

later, the medium was discarded and DMSO was added to 

dissolve the formazan crystals. The absorbance was measured 

at 570 nm on a microplate reader.

Quantification of NO production
Rhein at 1, 5, and 20 μM was cultured with RAW264.7 

macrophages (1×106/mL) receiving lipopolysaccharide 

(LPS) for 24 hours. The Griess reaction was used to detect 

NO production by measuring the accumulation of nitrite, a 

stable end product, in the culture supernatant.22 Briefly, 100 

μL of the Griess reagent was mixed with 100 μL of culture 

supernatant from each medium in a 96-well plate, and 

mixed media were further incubated for 15 minutes at room 

temperature. A multimode microplate reader (Molecular 

Devices LLC, Sunnyvale, CA, USA) was used to read the 

spectrophotometric absorbance at 550 nm wavelength. A 

cell-free medium without nitrite served as a blank control, 

and sodium nitrite was used as a standard for the calculation 

of nitrite concentration in the medium.

Measurement of proinflammatory 
cytokine (IL-6, IL-β, and TNF-α) 
production
A cytokine assay was conducted to examine the inhibitory 

action of rhein on proinflammatory cytokines (IL-6, IL-β, 

and TNF-α) as previously described.23 A mouse enzyme-

linked immunosorbent assay (ELISA) kit (R&D Systems, 

Inc., Minneapolis, MN, USA) was used to measure the 

proinflammatory cytokine production of supernatants from 

LPS- (1 μg/mL) treated RAW264.7 macrophages.

Western immunoblot analyses
Cell culture dishes of RAW264.7 macrophages receiving 

different treatments were placed on ice, washed with cold 

phosphate-buffered saline, and harvested with cell lysis. 

Bicinchoninic acid was used to determine the protein con-

centration of the lysate. Following addition of the sample 

loading buffer, protein samples were electrophoresed and 

then transferred to nitrocellulose membranes (Bio-Rad Labo-

ratories Inc., Hercules, CA, USA). Nonfat milk was used to 

block the membrane to reduce nonspecific background. After 

being blocked for 1.5 hours at room temperature, the mem-

brane was further incubated with specific primary antibodies 

(all obtained from Cell Signaling Technology, Danvers, MA, 

USA): anti-NF-kB p65 (1:1,000), iNOS (1:1,000), COX-2 

(1:1,000), NLRP3 (1:500), and IL-1β (1:500).

Statistics
All data are presented as the mean ± standard error of the 

mean (SEM). The Dunnett’s test was used to detect the dif-

ferences among test groups (Prism 4.0; GraphPad Software, 

Inc., La Jolla, CA, USA). A P-value of 0.05 was considered 

statistically significant.

Results
Effects of rhein on the viability of 
RAW264.7 cells
The potential cytotoxic effect of rhein on RAW264.7 

macrophage cells was assessed using an MTT assay. The 

relative MTT values were, expressed as mean ± SEM, 

100.00%±10.21% in the control, and 98.01%±14.56%, 

104.49%±11.53%, and 101.92%±12.69% in treatment 

groups with rhein at 1, 5 or 20 μM, respectively. The rela-

tive MTT values were not significantly different between the 

RAW264.7 macrophage cells receiving rhein at concentra-

tions between 1 and 20 μM and the control.

Effect of rhein on the developmental 
toxicity of zebrafish embryos
To evaluate the potential toxicity of rhein, we examined the 

survival rate and heart beat rate in zebrafish embryos with 

and without rhein. The changes in survival and heart beat 

rates in zebrafish embryos receiving rhein at concentrations 

of 1–20 μM were not significant compared with the controls. 

The results indicate that at tested concentrations, rhein did 

not induce any developmental toxicity on zebrafish embryos 

(Table 1). Thus, concentrations of 1–20 μM of rhein were 

selected for subsequent experiments.

Table 1 Effects of rhein on the survival rate and heart beat rate 
of zebrafish embryos

Group Survival rate (%) Heart beat rate (%)

Control 99.63±9.54 98.19±8.77

Rhein (1 μg/mL) 99.84±8.47 98.73±9.61
Rhein (5 μg/mL) 98.79±9.69 99.54±8.84
Rhein (20 μg/mL) 98.96±8.23 99.72±9.79

Notes: Data are presented as mean ± standard error of the mean. Statistical 
comparison of the data was performed by one-way analysis of variance followed by 
Newman–Keuls multiple comparison test.
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Rhein inhibited the migration of immune 
cells in zebrafish larvae in vivo
To investigate the anti-inflammatory action of rhein, we 

examined the migration of immune cells in a tail-cutting-

induced inflammation model in zebrafish. A transection of the 

tail in the zebrafish larvae was conducted to induce the migra-

tion of phagocytes to a site of injury. The zebrafish larvae 

were incubated with tested compounds for 6 hours following 

the transection. The mean number of fluorescent cells was 

41.3%±2.7% in tail-cutting-stimulated larvae treated with 

1 μg/mL LPS. In contrast, the mean number of fluorescent 

cells were 33.4%±3.2%, 25.1%±3.4%, and 15.8%±3.1% in 

tail-cutting-stimulated larvae treated simultaneously with 

both 1 μg/mL LPS and different concentrations (1, 5, and 

20 μM, respectively) of rhein (Figure 1). Collectively, treat-

ment with rhein at 1, 5, and 20 μM can dose-dependently 

inhibit the migration of immune cells toward the injured tail 

region in the larvae.

Rhein reduced the production of IL-6,  
IL-β, and TNF-α in LPS-stimulated 
macrophages in vitro
To determine whether rhein suppressed the production of 

proinflammatory cytokines such as IL-6, IL-1β, and TNF-α, 

RAW264.7 macrophages were incubated with different 

concentrations of rhein (1, 5, and 20 μM) in the presence 

or absence of LPS (1 μg/mL) for 24 hours. As shown in 

Figure 2, compared with vehicle treatment, LPS induced a 

significant increase in IL-6, IL-1β, and TNF-α. In contrast, 

rhein at 5 and 20 μM significantly reduced LPS-induced 

production of IL-6, IL-1β, and TNF-α.

Rhein inhibited NO production in 
LPS-stimulated macrophages in vitro
We further examined whether rhein could attenuate LPS-

induced NO production in RAW264.7 macrophages. As 

shown in Figure 3, the level of NO production was signifi-

cantly increased in the LPS-treated cells compared with the 

untreated cells. However, NO production was significantly 

reduced in the cells pretreated with rhein in a concentration-

dependent manner.

Rhein inhibited phosphorylation of NF-κB 
p65 and expression of iNOS and COX-2 
in LPS-stimulated macrophages in vitro
NF-κB is considered as a master switch in the regulation of 

inflammation and immunity. As a transcription factor, NF-κB 

controls an array of proinflammatory genes involved in the 

Figure 1 Effect of rhein on immune cell migration in tail-cutting-induced inflammation in zebrafish.
Notes: The zebrafish larvae were incubated with different concentrations of rhein following tail cutting. Representative photographs showing the fluorescence images of 
tail-cutting-induced immune cell migration of zebrafish larvae, 100× magnification (A) and a bar graph showing quantitative data analysis (B). Experiments were performed in 
triplicate, and the data are expressed as mean ± SEM. (*P,0.01 vs LPS; analysis of variance).
Abbreviations: SEM, standard error of the mean; LPS, lipopolysaccharide.
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inflammatory signaling cascade. NF-κB phosphorylation has 

a key role in the activation of NF-κB. Phosphorylation of 

p65 has been shown to promote NF-κB activation in inflam-

matory conditions. Therefore, we examined whether rhein 

attenuated LPS-induced inflammation through inhibition of 

NF-κB activation. As shown in Figure 4A, treatment with 

1 µg/mL LPS significantly increased the phosphorylation 

of NF-κB p65. In contrast, pretreatment with 5 and 20 μM 

rhein reduced phosphor-p65 levels in LPS-stimulated mac-

rophages. iNOS and COX-2 are the major inflammatory 

mediators. We further examined whether rhein inhibited 

LPS-induced iNOS and COX-2 activation in macrophages. 

As shown in Figure 4B, the protein expression levels of 

iNOS and COX-2 were significantly increased in LPS-treated 

macrophages (1 μg/mL). In contrast, rhein significantly sup-

pressed the protein expression levels of iNOS and COX-2 in 

a concentration-dependent manner.

Rhein inhibited the expression levels of 
NLRP3 and IL-1β in LPS + ATP-
stimulated macrophages in vitro
NLRP3 inflammasomes regulate the maturation of IL-1β. 

IL-1β is a potent inflammatory mediator. During the activa-

tion of IL-1β, pro-IL-1β has to be processed into cleaved 

IL-1β, the active form of IL-1β. The activation of NLRP3 

inflammasomes is responsible for this process. To examine 

the effect of rhein on NLRP3 inflammasomes, we stimulated 

macrophages with LPS  +  ATP for 24 hours. Cells were 

treated with or without rhein (5 and 20 μM) for 1 hour prior 

to stimulation. As shown in Figure 5, NLRP3 and cleaved 

IL-1β protein levels were significantly increased in LPS + 
ATP-stimulated macrophages. In contrast, expression levels 

β

α

Figure 2 Effect of rhein on production of IL-6, IL-1β, and TNF-α in LPS-stimulated macrophages.
Notes: Macrophages were stimulated with LPS (1 μg/mL) for 24 hours in the absence or presence of rhein (1, 5 or 20 μM). Production of IL-6, IL-1β, and TNF-α was assayed 
in the culture media using an ELISA kit (A–C). Each value represents the mean ± SEM from three independent experiments. (*P,0.05 vs LPS; analysis of variance).
Abbreviations: ELISA, enzyme-linked immunosorbent assay; SEM, standard error of the mean; LPS, lipopolysaccharide.

Figure 3 Effect of rhein on NO production in LPS-stimulated macrophages.
Notes: Macrophages were stimulated with LPS (1 μg/mL) for 24 hours in the 
absence or presence of rhein (1, 5 or 20 μM). The production of NO was assayed in 
the culture media. Each value represents the mean ± SEM (*P,0.01 vs LPS; analysis 
of variance).
Abbreviation: SEM, standard error of the mean.
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Figure 5 Effect of rhein on the expression levels of NLRP3 and IL-1β in LPS + ATP-stimulated macrophages.
Notes: Representative Western blot images of NLRP3 (A) and IL-1β (B) over β-actin in LPS + ATP-stimulated macrophages with or without rhein. The bar graph shows the 
quantitative analysis of densitometric data of NLRP3 and IL-1β. Each value represents the mean ± SEM (*P,0.01 vs LPS; analysis of variance).
Abbreviations: SEM, standard error of the mean; LPS, lipopolysaccharide; IL-1β, interleukin-1β.

β

β β

β

κ

β

Figure 4 Effect of rhein on the expression levels of NF-κB p65, iNOS, and COX-2 in LPS-stimulated macrophages.
Notes: Representative Western blot images of NF-κB p65 (A), iNOS (B), and COX-2 (B) over β-actin in LPS-stimulated macrophages with or without different 
concentrations of rhein. The bar graph shows the quantitative analysis of densitometric data of NF-κB, iNOS, and COX-2. Each value represents the mean ± SEM (*P,0.01 
vs LPS; analysis of variance).
Abbreviations: SEM, standard error of the mean; iNOS, inducible nitric oxide synthase; NF-κB, nuclear factor-κB; LPS, lipopolysaccharide.
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of NLRP3 and IL-1β were significantly suppressed in mac-

rophages receiving rhein pretreatment in a concentration-

dependent manner.

Discussion
UC is a multifactorial inflammatory disease with an unknown 

etiology. Inflammation plays a major role in the pathophysi-

ology of UC, while inhibition of inflammation can reduce 

the severity of UC. In the present study, administration of 

rhein reduced the tail-cutting-induced migration of immune 

cells in transgenic zebrafish in vivo. Rhein also reduced 

LPS-induced NF-κB protein levels, iNOS and COX-2, 

NALP3, and cleaved IL-1β expression in LPS  +  ATP-

induced RAW264.7 macrophages in vitro. This suggests that 

rhein may exhibit its anti-inflammatory action via inhibition 

of NF-κB and NALP3 inflammasome.

The immune cells are involved in the mucosal injury 

during the active stage of UC. Massive infiltration of 

immune cells into the colorectal mucosa is a key pathologi-

cal feature of UC. Once immune cells migrate into the gut, 

they can be primed by stimulators such as LPS of intesti-

nal bacteria. Given that the innate and acquired immune 

systems are conserved between zebrafish and humans, 

zebrafish are good in  vivo models for the assessment of 

anti-inflammatory effects. In  the present study, we exam-

ined the anti-inflammatory action of rhein in transgenic TG 

(corolla: eGFP) zebrafish. In these transgenic animals, their 

macrophages and neutrophils are labeled with eGFP, which 

permitted noninvasive live imaging of the inflammation in 

transparent embryos and larvae.

The infiltrated immune cells are the major producers of 

proinflammatory cytokines in the colon. In addition, proin-

flammatory cytokines further promote activation and accu-

mulation of immune cells, thus leading to a vicious cycle of 

inflammation. Therefore, interrupting this cycle might attenu-

ate the inflammation and relieve the symptoms of UC. In the 

present study, administration of rhein significantly attenuated 

inflammation-induced infiltration of immune cells, such as 

macrophages and neutrophils in zebrafish, suggesting that 

rhein can directly inhibit the activity of immune cells. Several 

proinflammatory cytokines such as IL-6, IL-1β, and TNF-α 

are believed to be the key mediators of intestinal inflam-

mation in UC. Once those proinflammatory cytokines are 

released from immune cells, they further amplify inflamma-

tion, leading to cascade effects and mucosal tissue damage. 

IL-6, IL-1β, and TNF-α are all pleiotropic cytokines that are 

responsible for the production of inflammatory eicosanoids, 

oxidative stress, and leukocyte activation and accumulation. 

Increased levels of those cytokines are closely linked to 

clinical and histological severity of UC, whereas inhibition 

of proinflammatory cytokines reduces inflammatory tissue 

damage. Thus, those cytokines are important therapeutic 

targets in the treatment of UC. In the present study, rhein 

treatment significantly reduced proinflammatory cytokines 

in addition to inhibition of the migration of immune cells. 

Thus, the protective effects of rhein treatment may be, at 

least, partially, due to its inhibitory action on the release 

of proinflammatory cytokines from activated neutrophils 

and macrophages.

NO has many important physiological roles in mammals. 

However, it is also a free radical, and excessive NO can serve 

as a direct inflammatory mediator, leading to inflammation 

and the development of autoimmune disorders. In chronic 

inflammatory processes, excessive NO is mainly generated 

from iNOS in the immune cells. COX-2 is also involved in 

NO production under inflammatory conditions. In the pres-

ent study, rhein significantly attenuated NO production in 

RAW264.7 cells. In parallel, the expression levels of iNOS 

and COX-2 were significantly reduced in rhein-treated 

RAW264.7 cells. These results suggest that rhein regulates 

NO production via suppression of the protein expression of 

iNOS and COX-2.

Physiologically, the inflammation process is tightly con-

trolled by transcriptional factor NF-κB, a critical transcrip-

tion factor for numerous proinflammatory genes, including 

iNOS, COX-2 and cytokines such as IL-6, IL-1β, and TNF-α. 

NF-κB exists as an inactive heterotrimer made up of p50, 

p65 (Rel A), and IκB subunits in the cytoplasm. Once IκB is 

phosphorylated, NF-κB is activated and is translocated to the 

nucleus, which turns on the expression of proinflammatory 

genes, producing proinflammatory mediators and initiating 

the inflammation process. The increased activation of NF-κB 

is linked to high levels of proinflammatory cytokines in 

human UC tissue.24 Thus, NF-κB is regarded as a therapeutic 

target for UC.25–27 NF-κB activation is tightly controlled by 

its p65 subunit; phosphorylation of p65 can significantly 

enhance the NF-κB transcriptional response.28 In the pres-

ent study, rhein significantly reduced the phosphorylation 

of p65 in cells treated with LPS. Collectively, these results 

demonstrate that rhein has a potent inhibitory action on the 

pathway of NF-κB-regulated cytokine expression.

Recent studies have suggested that activation of NLRP3 

inflammasome induces the production of proinflammatory 

cytokines in immune cells. Consistently, the expression of 

NLRP3 and cleaved IL-1β was significantly elevated in stim-

ulated RAW264.7 cells. In contrast, pretreatment with rhein 
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significantly attenuated the elevated expression of NLRP3  

and cleaved IL-1β in stimulated RAW264.7 cells. The matu-

ration of pro-IL-1β into its active form relies on activated 

NLRP3 inflammasome. Given that cleaved IL-1β is the active 

form of IL-1β, the present data suggest that rhein is able to 

inhibit the activation of NLRP3 inflammasome.

Conclusion
In summary, treatment with rhein significantly decreased 

the levels of IL-6, IL-1β, and TNF-α, and reduced the 

inflammation-associated migration of immune cells. 

In addition, rhein reduced NO production via suppression 

of the protein expression of iNOS and COX-2. Furthermore, 

the anti-inflammatory action of rhein is, at least partially, 

associated with its suppression of NF-κB and NLRP3. Given 

the modulatory action of rhein on inflammatory reactions at 

multiple levels, the present study demonstrates that rhein may 

exhibit its anti-inflammatory action via inhibition of NF-κB 

and NALP3 inflammasome pathways. It should be noted 

that inflammatory bowel disease also affects other intestinal 

cells although macrophages have a pivotal role in inflamma-

tory bowel disease. Thus, the present study is not specific to 

inflammatory bowel disease. Given that rhein has multiple 

functions, further studies are warranted to confirm our findings 

in inflammatory bowel disease at the intestinal level.
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