Lotus Leaf (Nelumbo nucifera) and Its Active Constituents Prevent Inflammatory Responses in Macrophages via a JNK/NF-κB Signaling Pathway
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Abstract
Inflammation is a serious health issue worldwide that induces many diseases, such as inflammatory bowel disease, sepsis, acute pancreatitis and lung injury. Thus, there is a great deal of interest in new methods of limiting inflammation. In this study, we investigated the leaves of Nelumbo nucifera Gaertn., an aquatic perennial plant cultivated in eastern Asia and India, in anti-inflammatory pharmacological effects in the murine macrophage cell line RAW264.7. Results showed that lipopolysaccharide (LPS) increased the protein expression of iNOS and COX-2, as well as the mRNA expression and level of IL-6 and TNF-, while NNE significantly reduced these effects of LPS. LPS also induced phospho-JNK protein expression. The JNK-specific inhibitor SP600125 decreased the proteins expression of phospho-JNK, iNOS, COX-2, and the mRNAs expression and levels of IL-6 and TNF-. Further, NNE reduced the protein expression of phospho-JNK. LPS was also found to promote the translocation of NF-B from the cytosol to the nucleus and to decrease the expression of cytosolic IB. NNE and SP600125 treatment recovered the LPS-induced expression of NF-B and IB. While phospho-ERK and phospho-p38 induced by LPS, could not be reversed by NNE. To further investigate the major components of NNE in anti-inflammatory effects, we determined the quercetin and catechin in inflammatory signals. Results showed that quercetin and catechin significantly decreased the proteins expression of iNOS, COX-2 and phospho-JNK. Besides, the mRNAs and levels of IL-6 and TNF- also decreased by quercetin and catechin treatment in LPS-induced RAW264.7 cells. These results showed that NNE and its major components quercetin and catechin exhibit anti-inflammatory activities by inhibiting the JNK- and NF-B-regulated pathways and could therefore be a useful anti-inflammatory agent. 
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Introduction
Inflammation is a major health problem worldwide and is a complex biological response characterized by redness, pain, swelling, and organ dysfunction (Conese et al., 2001). These phenomena may contribute to many diseases, such as cancer, diabetes, atherosclerosis and septic shock (Jung et al., 2012). Thus, the avoidance and inhibition of the inflammatory process are important research goals.
Many reports have demonstrated that lipopolysaccharide (LPS) is a powerful bacterial factor that can trigger inflammation, especially Gram-negative sepsis. Macrophages also play a key role in inflammation (Atabai and Matthay, 2002; Rubenfeld et al., 2005; Li et al., 2013). A previous study suggested that macrophages are the major source of many cytokines during inflammation and immune responses (Cavaillon, 1994). During inflammation, proinflammatory cytokines, including interleukin (IL)-1 and tumor necrosis factor (TNF)-, mediate both acute and chronic inflammation by triggering a cascade of inflammatory mediators (Cavaillon, 1994; Liu et al., 2012). Another study also showed that TNF- is the earliest, primary endogenous mediator in the inflammatory process. IL-6 has also been shown to mediate the acute inflammatory reaction (Li et al., 2013). Proinflammatory mediators, including reactive oxygen species (ROS), nitric oxide (NO), prostaglandin E-2, TNF-, IL-β, and IL-6, can also cause tissue damage and septic shock (Li et al., 2013).
NF-B is a transcriptional factor with a fundamental role in inflammation. In mammals, the NF-B family consists of p50 (NF-B1), p52 (NF-B2) and p65 (RELA). NF-B is sequestered in the cytoplasm by the IB proteins. The functional groups of IB include IB, IB and IB and are present in the cytoplasm of unstimulated cells. These molecules are degraded and resynthesized in stimulated cells (Ghosh and Hayden, 2008). NF-B has been shown to be necessary for the inflammatory effects of LPS (Xie et al., 1994). In addition, the NF-B promoter region encodes binding sites for a variety of pro-inflammatory genes including iNOS, COX-2 and TNF-. The binding of pro-inflammatory genes to the NF-B promoter region accelerates the expression of pro-inflammatory mediators (Ghosh and Hayden, 2008).
iNOS is not present in resting cells, but previous studies have shown that iNOS can be induced by immunostimulatory mediators, cytokines, bacterial products and infection in a number of cell types, including endothelial cells, hepatocytes, monocytes, mast cells, macrophages and smooth muscle cells. iNOS generates NO independently of intracellular calcium levels (Moncada et al., 1991; Mayer and Hemmens, 1997; Alderton et al., 2001; Aktan, 2004; Nomelini et al., 2008). COX-2 expression is regulated by serum in src-transformed chicken embryo fibroblasts, by LPS in macrophages of human and mouse origin, by growth factors and serum in mouse fibroblasts and rat epithelial cell lines, by human chorionic gonadotropin in rat granulosa cells, and by phorbol esters in human vascular endothelial cells and a rat tracheal epithelial cell line (Ristimaki et al., 1994). According to the reports mentioned above, the inflammatory mediators iNOS and COX-2 are important in the inflammatory process (Nomelini et al., 2008). iNOS and COX-2 are known to be overexpressed in many inflammatory diseases, such as bronchitis, pulmonary inflammation, arthritis, colitis, and myocarditis (Uto et al., 2010; Cho et al., 2011; Gokulakrisnan et al., 2011; Hsu et al., 2013). Thus, inhibition of iNOS and COX-2 may suppress inflammation.
The mitogen-activated protein kinase (MAPK) module consists of three kinases, including MAPK kinase kinase (MKKK), MAPK kinase (MKK), and MAPK (Kato et al., 2013). The MAPK are involved in many cellular processes, including cell growth, proliferation, differentiation, survival, innate immunity and development. Three major subfamilies have been identified, including extracellular signal-regulated kinase (ERK), c-Jun amino-terminal kinases (JNK), and p38 MAP kinases. JNK is activated by stress, differentiation, and growth factors (Krens et al., 2006). Recently, many studies have highlighted the anti-inflammatory effects of the JNK-regulated pathway (Cui et al., 2007; Johnson et al., 2007; Roy et al., 2008). A previous study has found that JNK can be activated by a variety of environmental stresses (Chen et al., 2010). Another study also showed that the stress-induced activation of JNK occurred through phosphorylation of c-Jun at the NH2-terminal Ser63 and 73 residues. Thus, suppression of JNK inhibits cytokine-induced cellular damage (Hao et al., 2012). Another study showed that JNK regulated the activity and maturation of T cells and the synthesis of pro-inflammatory cytokines (Roy et al., 2008). In endothelial cells, JNK is necessary for TNF--induced expression of E-selectin to promote leukocyte adhesion and infiltration (Hall et al., 2000). Furthermore, the use of a JNK inhibitor to inactivate NF-B was found to inhibit the expression of iNOS and COX-2 (Roy et al., 2008). Thus, JNK inhibition may constitute an effective strategy against inflammatory diseases such as rheumatoid arthritis, atherosclerosis and intestinal inflammatory disease.
    The herbal medicine Nelumbo nucifera Gaertn (Nymphaeaceae) is widely used in India, China, Japan and Korea. Many studies have discussed the therapeutic effects of the different parts of N. nucifera (Huang et al., 2011; Karki et al., 2012). Previous study has shown that N. nucifera possesses many pharmacologic and physiologic activities, with hepatoprotective, antioxidant, antidiarrheal, antiviral, immunomodulatory and antiobesity effects (Huang et al., 2011). Recently, we also found that N. nucifera can regulate blood glucose levels and improve postprandial hyperglycemia under diabetic conditions (Huang et al., 2011). N. nucifera has also been shown to suppress the expression of cytokine genes such as interleukin-2 (IL-2), IL-4, IL-10, and interferon-gamma (IFN-gamma) and to significantly suppress the proliferation of human peripheral blood mononuclear cells (Liu et al., 2004). However, the exact mechanisms of the anti-inflammatory effects of N. nucifera remain unclear. In the current study, we explored the role of JNK-regulated signaling in the suppression of LPS-induced RAW264.7 activation by N. nucifera. To accomplish this objective, we investigated the protein expression of iNOS, COX-2, NF-B and IB and the mRNA expression of IL-6 and TNF- in LPS-stimulated RAW264.7 cells. We also investigated the signaling of the phosphorylation of JNK in LPS-treated cells. In addition, we tested if N. nucifera inhibits the JNK-regulated signaling in RAW264.7 cells stimulated with LPS. These results may provide evidence that LPS induces macrophage activation through a JNK and KF-B-regulated pathway and that N. nucifera constitutes a possible therapy against inflammation.
Materials and Methods
Plant material and extraction
Lotus leaf (Nelumbo nucifera) extract (NNE) was obtained as described previously (Huang et al., 2011). After the lotus leaves of N. nucifera were purchased and obtained from Tainan, Taiwan, they were dried at ambient temperature. Then, the leaves were ground into powder and passed through a 20-mesh sieve. The powder was subsequently extracted with methanol at 100 °C for 1 h. The methanolic extract was dried under reduced pressure and stored at 4 °C before use. The pure compounds (t)-catechin and quercetin dehydrate were purchased from Sigma (St. Louis, MO, USA).

Cell culture
The murine macrophage RAW264.7 cell line was purchased from the American Type Culture Collection (ATCC, TIB71). The cells were grown in RPMI 1640 (Gibco BRL, Life Technologies, Carlsbad, CA) supplemented with 10% heat-inactivated fetal bovine serum and 1% penicillin-streptomycin in a 37 °C humidified chamber with an atmosphere of 5% CO2 and 95% air. 

Cytotoxicity assay
Cells (2 x 104 cells/well) were seeded in 24-well plates. And then cells were incubated with fresh cell culture medium and various dose of LPS, or NNE, or quercetin, or catechin for 24 h. After, medium was aspirated and added fresh medium with 2 mg/mL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT). After 4 hours of incubation, medium was removed and added 1 mL of dimethyl sulfoxide to dissolve blue formazan crystal. The absorbance of 570 nm was measured by microplate ELISA reader (Bio-Rad, model 550, Hercules, CA, USA) (Lu et al., 2014).

Extraction of cytosolic and nuclear fractions
First, cells were cultured in 10 cm2 dishes and treated with the indicated drugs. The cells were then washed twice with ice-cold PBS and harvested with trypsin-EDTA. The cells were resuspended in 5 mL of ice-cold PBS and centrifuged for 5 min at 800 rpm twice to remove the trypsin. The cells were then incubated in a buffer containing 20 mM Tris, pH 7.6, 50 mM 2-mercaptoethanol, 0.1 mM EDTA, 2 mM MgCl2, and 1 mM PMSF supplemented with protease inhibitors (2 mg/ml of aprotinin, 2 mg/ml of leupeptin, 0.3 mg/ml of benzamidinchlorid, and 10 mg/ml of trypsin inhibitor) for 2 min at room temperature and then for another 10 min on ice. Then, 1% (v/v) NP-40 was added to the lysates, which were then homogenized three times with a 20 G needle. The lysates were then centrifuged at 600 ×g for 5 min. The supernatant containing cytoplasmic proteins was stored at -80 °C before use. The nucleic pellets were lysed by repeated freeze/thaw in a buffer containing 20 mM HEPES, pH 7.9, 0.4 M NaCl, 2.5% glycerol, 1 mM EDTA, 1 mM PMSF, 0.5 mM NaF, 0.5 mM Na3VO4, and 0.5 mM DTT supplemented with protease inhibitors. Then, the lysates were centrifuged at 20,000 ×g for 20 min. The supernatant containing nucleic proteins was stored at -80 °C before use.

NF-B (p65)/DNA binding activity
For determine the NF-B activity, the nuclear p65 binding activity to NF-B response element was determined by ELISA kit. Cells were incubated with LPS, and with or without specific phospho-JNK inhibitor (SP600125, 10 M). The nuclear extracts were prepared and the NF-B activity assay was according to the manufacturer’s instruction (Cayman, MI, USA). The absorbance of 450 nm was measured by microplate ELISA reader (Bio-Rad, model 550, Hercules, CA, USA). 

Western blot analysis
For each cell lysate, 50 g of protein was denatured and subjected to electrophoresis on 10% SDS-polyacrylamide gels. The samples were then subjected to electrophoresis on polyvinylidene difluoride membranes. The membrane was blocked for 1 h and then incubated for 1 h with antibodies specific for iNOS, COX-2, phospho-JNK, JNK, phospho-ERK, ERK, phospho-p38, p38, NF-B, PCNA and -tubulin in PBS containing 0.1% Tween 20. The membrane was washed twice with PBS containing 0.1% Tween and then incubated with horseradish peroxidase-conjugated secondary antibodies for 30 min. Enhanced chemiluminescence reagents were used to show the protein bands on the membranes.   

Detection of IL-6 and TNF- levels
Cells (2 x 104 cells/well) were seeded in 24-well plates. After incubation with LPS, and with or without NNE, quercetin, catechin 24 h, supernatants were collected. The enzyme-linked immunosorbent assay (ELISA) of IL-6 (BioLegend, CA, USA) and TNF- (eBioscience, CA, USA) were according to the manufacturer’s instruction. The levels of IL-6 and TNF- was measured by microplate ELISA reader (Bio-Rad, model 550, Hercules, CA, USA) at absorbance 450 nm.

Quantitative real-time polymerase chain reaction (qPCR) analysis
qPCR experiments were performed according to previously described methods (Lu et al., 2011). For the detection of cytokine mRNA, qPCR was performed using real-time Sybr Green PCR reagent (Applied Biosystems, Foster City CA). Total cDNA (100 ng) was extracted from each sample and added to 25 L reaction mixture containing sequence-specific primers and real-time Sybr Green PCR reagent. Primers for mouse IL-6 and TNF- were as follows: TNF- sense, 5’-ATG AGC ACA GAA AGC ATG ATC-3’; TNF- antisense, 5’-TAC AGG CTT GTC ACT CGA ATT-3’; IL-6 sense, 5’- GAC AAA GCC AGA GTC CTT CAG AGA G-3’; IL-6 antisense, 5’-CTA GGT TTG CCG AGTAGATCT C-3’ (Rego et al., 2011). -actin was used as a housekeeping gene for the internal control. The qPCR detection was performed in triplicate on a StepOnePlus sequence analysis system. The cycling conditions were as follows: 10 min of polymerase activation at 95 °C, followed by 40 cycles of 15 s at 95 °C and 60 s at 60 °C. All amplification curves were analyzed with a normalized reporter (Rn: the ratio of the fluorescence emission intensity to the fluorescence signal of the passive reference dye) threshold of 0.2 to obtain the CT (threshold cycle) values. The reference control genes were measured in quadruplicate in each PCR run, and their average CT was used for relative quantification (the relative quantification method utilizing the real-time PCR efficiencies). The TF expression data were normalized by subtracting the mean CT value of the reference gene from the CT value of the test sample (∆CT). The fold change was calculated using the formula 2−∆∆CT, where ∆∆CT represents ∆CT-condition of interest − ∆CT-control. Prior to conducting statistical analyses, the fold change from the mean of the control group was calculated for each individual sample.

Statistical analysis
The data are presented as the means ± standard error of the mean (SEM). The statistical significance of the differences was evaluated by Student’s t-test. When more than one group was compared to one control, the significance was evaluated by one-way analysis of variance (ANOVA). The Duncan’s post hoc test was applied to identify group differences. Probability values below 0.05 were considered significant.











Results
Effect of LPS and NNE on iNOS and COX-2 expression in RAW264.7 cells
Through in vitro experiments, a previous study used LPS to induce the inflammatory effects of nitric oxide (NO) production and the gene expression of iNOS and COX-2 in RAW264.7 cells (Chen et al., 2000). In our experiments, we exposed RAW264.7 cells to LPS (1 g/ml) for 16, 18 or 24 h. The results showed that LPS significantly induced the protein expression of iNOS and COX-2 at 16 to 24 h (Fig. 1A). We then pretreated the cells with NNE (150 g/ml) for 30 min and cultured the cells with or without LPS for 24 h. The results showed that the LPS-induced protein expression of iNOS and COX-2 was inhibited by NNE pretreatment (Fig. 1B). These results suggested that NNE inhibited the inflammatory effects by decreasing the expression of iNOS and COX-2.

Effect of NNE on IL-6 and TNF- expression in RAW264.7 cells
To further understand the anti-inflammatory effects of NNE on RAW264.7 cells, the mRNA expression of IL-6 and TNF- was detected following treatment of the cells with LPS (1 g/ml), combined with or without NNE (150 g/ml), for 24 h. The results showed that LPS significantly increased the mRNA expression of both IL-6 and TNF-. In addition, the NNE pretreatment inhibited this LPS-induced mRNA expression of IL-6 and TNF- in the cells (Fig. 2A and 2B). Further, NNE inhibited the LPS increased IL-6 and TNF- concentration (Fig. 2C and 2D). 

Effects of LPS on phospho-JNK expression in RAW264.7 cells
Previous studies have proposed that the MAPK pathway may be involved in LPS-induced inflammation in RAW264.7 cells (Park, et al. 2012). To elucidate the role of the MAPK pathways in LPS-induced inflammation in RAW264.7 cells, we measured the phospho-JNK expression in LPS-treated RAW264.7 cells. The cells were treated with LPS (1 g/ml) for 5, 10, or 15 min, and the protein expression of phospho-JNK, phospho-ERK and phospho-p38 was determined. The results demonstrated that LPS induced the protein expression of phospho-JNK, phospho-ERK and phospho-p38 in the cells (Fig. 3A). We also treated the cells with LPS (1 g/ml), combined with or without a specific phospho-JNK inhibitor (SP600125, 10 M), for 10 min. The results showed that the LPS-induced expression of phospho-JNK was inhibited by SP600125 (Fig. 3B). Further, the specific phospho-ERK inhibitor (PD98059, 10 M) and specific phospho-p38 inhibitor (SB203580, 10 M) also inhibited the LPS-induced phosoho-ERK and phospho-p38 protein expression, respectively (Fig. 3C and 3D). These results indicate that LPS induces inflammation might through JNK, ERK and p38 phosphorylation. Next, we detected the mRNA expression of IL-6 and TNF- in LPS- and SP600125-treated cells. The results showed that the suppression of phospho-JNK decreased the LPS-induced mRNA expression of IL-6 and TNF- (Fig. 4A and 4B).
 
Effects of LPS (lipopolysaccharide) and NNE (Nelumbo nucifera Gaertn extract) on the protein expression of phospho-JNK, iNOS and COX-2 in RAW264.7 cells
To further investigate the anti-inflammatory effects and molecular mechanisms of NNE, the protein expression levels of phospho-JNK, iNOS and COX-2 were determined. The treatment of cells with LPS (1 g/ml) in combination with NNE (150 g/ml) resulted in lower protein expression levels of phospho-JNK. However, NNE could not decrease LPS-induced phosoho-ERK and phospho-p38 protein expression (Fig. 5A). Thus, the anti-inflammatory effects of NNE might through the phospho-JNK regulated pathways. We then further investigated the role of phospho-JNK in the LPS-induced expression of iNOS and COX-2. The protein expression of iNOS and COX-2 was detected following the treatment of cells with LPS (1 g/ml), combined with or without a specific phospho-JNK inhibitor (SP600125, 10 M), for 24 h. The results showed that the LPS-induced protein expression of iNOS and COX-2 was inhibited by SP600125 (Fig. 5B). These results suggested that NNE exerted its anti-inflammatory effect through phospho-JNK regulation. These results also showed that phospho-JNK regulated the expression of the inflammatory signals iNOS and COX-2. 

Effects of LPS (lipopolysaccharide) and NNE (Nelumbo nucifera Gaertn extract) on protein expression of NF-B and IB in RAW264.7 cells
In this study, we found that NNE produced its anti-inflammatory effect through phospho-JNK regulation. To determine whether NNE inhibits the LPS-induced NF-B activation in RAW264.7 cells, we investigated NF-B and IB expression in RAW264.7 cells. The cells were treated with LPS (1 g/ml), combined with or without NNE (150 g/ml), for 5, 10, or 15 min. The results showed that LPS increased the NF-B protein translocation from the cytosol to the nucleus. In addition, LPS increased the IB degradation in the cells (Fig. 6A). We next sought to determine whether NNE inhibits LPS-induced NF-B translocation and IB degradation in the cells. The cells were pretreated with NNE and then incubated with LPS for 10 min. The results showed that NNE inhibited the LPS-induced protein translocation of NF-B from the cytosol to the nucleus and also inhibited IB degradation in the cells (Fig. 6B). We further investigated if phospho-JNK regulated the nuclear NF-B activity in LPS treatment RAW264.7 cells. Cells were treated LPS (1 g/ml) and with or without specific phospho-JNK inhibitor (SP600125, 10 M), for 10 min. Results showed that SP600125 significantly reduced LPS-induced nuclear NF-B activity in cells (Fig. 6C).

Effects of LPS (lipopolysaccharide) and pure compounds of NNE (Nelumbo nucifera Gaertn extract), quercetin and catechin, on the protein expression of iNOS, COX-2, phospho-JNK, and mRNAs of IL-6 and TNF- and cytotoxicity in RAW264.7 cells
To further investigate the major compounds of NNE on anti-inflammatory effects, we evaluated the effects of quercetin and catechin on iNOS, COX-2 and phospho-JNK protein expression, and IL-6, TNF- mRNA expression in RAW264.7 cells. Results showed that iNOS and COX-2 protein expression significantly decreased by quercetin and catechin in LPS-induced RAW264.7 cells (Fig. 7A and 7B). Besides, the phospho-JNK induced by LPS significantly reduced by quercetin and catechin in cells (Fig. 7C and 7D). Further, quercetin and catechin significantly decreased IL-6, TNF- mRNA expression in LPS-induced RAW264.7 cells (Figs. 7E-a, -b, -c, -d). Further, the IL-6 and TNF- concentration which increased by LPS, could be inhibited by quercetin or catechin treatment (Fig. 7F-a, -b, -c, -d). These results indicated that the anti-inflammatory effects of NNE might be due to its major components, quercetin and catechin. The quercetin and catechin inhibited the phospho-JNK regulated inflammatory signals in LPS-induced RAW264.7 cells. 
In these experiments, LPS (1 g/ml), NNE (150 g/ml) and it major component, quercetin and catechin, we used in cell, did not affect cell viability in RAW264.7 cells (Fig. 8A, 8B, 8C and 8D).
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Discussion
The immune system regulates a variety of human diseases. Alterations in immune regulation may contribute to many diseases associated with inflammation (Jung et al., 2012). In this study, we tested if NNE could block LPS-induced inflammatory effects through the JNK-regulated pathway in murine macrophage RAW264.7 cells.
    A previous study showed that macrophages are highly sensitive to LPS. In response to LPS, macrophages have been shown to produce inflammatory mediators, including TNF-, IL-1, IL-6, IL-8, nitric oxide (NO), NF-B, and activator protein-1 (AP-1), which are associated with the serious condition of Gram-negative sepsis (Qureshi et al., 2012). Another study also showed that macrophages play an important role in immune responses, immunity, host defense and tissue repair (Liu et al., 2012). IL-6 and TNF- have been shown to be the earliest and primary endogenous mediators of the acute phase of inflammation (Li et al., 2013). Another study revealed the complexity of inflammation by demonstrating the migration of immune cells from the vasculature into damaged tissues. During this process, IL-6 induces endothelial cells to secrete monocyte chemoattractant protein (MCP-1), which in turn increases monocyte recruitment. Thus, IL-6 is a chemokine that promotes the chemotaxis of monocytes (Clahsen and Schaper, 2008). TNF- has also been found to increase leukocyte accumulation, adherence and migration from capillaries to damaged tissues (Feuerstein et al., 1994). Therefore, the suppression of IL-6 and TNF- has great potential as a therapy for inflammation. In our experiments, we used qPCR to detect the LPS-induced mRNA expression of IL-6 and TNF-. The results showed that LPS treatment significantly increased the mRNA expression and concentration of IL-6 and TNF- in the macrophage cell line RAW264.7 (Fig. 2A, 2B, 2C and 2D).
    In response to inflammatory stimuli, activated macrophages release NO and proinflammatory cytokines (Liu et al., 2012). NO is an important biological messenger that is formed by the oxidation of L-arginine by NO synthases (NOSs). NOSs are involved in many homeostatic functions, such as vasodilation, neurotransmission, host defense against pathogens, sepsis, autoimmune diseases, asthma, and inflammatory diseases (Gilchrist et al., 2002). The inducible NOS (iNOS) is induced in macrophages, leukocytes, endothelial cells and other cell types after stimulation by bacterial endotoxins or cytokines, and its expression leads to NO secretion (Nomelini et al., 2008). Sustained iNOS expression and NO production contribute to persistent inflammation and tissue destruction (Hildebrandt et al., 2003). A previous study has demonstrated that the pharmacologic inhibition of NO production attenuates the symptoms of rheumatoid arthritis and osteoarthritis in a macrophage-driven experimental arthritis model. Furthermore, the expression of inflammatory signals, including collagenase 1 (MMP-1), stromelysin 1 (MMP-3), IL-1, peroxynitrate and COX-2, in macrophages is also reduced after NO decrease. Thus, the inhibition of the inducible nitric oxide synthase (iNOS) pathway in inflammatory macrophages may be expected to be therapeutic for inflammatory diseases (Zamora et al., 2000). On the other hand, COX-2 has emerged as a major player in inflammation of peripheral tissues. COX-2 is a subfamily involved in COX (cyclooxygenase). COX is an integral membrane glycoprotein that is also known as prostaglandin (PG) H synthase. COX-2 can catalyze the first committed step in the synthesis of prostanoids, which are a large family of arachidonic acid metabolites that include PGs, prostacyclin, and thromboxans. A previous report has shown that COX-2 is rapidly expressed by several cell types in response to multiple stimuli including growth factors, cytokines, and proinflammatory molecules. COX-2 is also considered responsible for prostanoid production during acute and chronic inflammatory conditions (Minghetti, 2004). COX-2 expression has also been shown to be induced by proinflammatory cytokines, including IL-1, TNF- and EGF, in inflammatory conditions. COX-2 can be inhibited by several compounds, including anti-inflammatory cytokines (IL-4, IL-10 and TGF-), dexamethasone and NSAIDs (Abdalla et al., 2005). In our study, we found that LPS significantly increased the expression of iNOS and COX-2, and the results suggested that LPS induced inflammatory effects in the RAW264.7 macrophage cell line (Fig. 1A). 
The inhibition of iNOS and COX-2 expression might constitute a strategy for ameliorating the symptoms of inflammation. We used NNE, an herbal medicine widely found and used in India, China, Japan and Korea (Huang et al., 2011), to treat LPS-stimulated RAW264.7 cells. NNE has been reported to decrease the expression of inflammatory cytokines such as IL-2, IL-4, IL-10, and IFN-gamma (Liu et al., 2004), although the underlying mechanism was still unknown. In our study, we found that the pretreatment of RAW264.7 cells with NNE significantly decreased the expression of iNOS and COX-2 (Fig. 1B). NNE treatment of LPS-stimulated cells also reduced the mRNA expression and concentration of IL-6 and TNF-  (Fig. 2A, 2B, 2C and 2D). Thus, these results suggest that NNE may be able to suppress inflammation.
    The MAPK module, including ERK, JNK, and p38, is known to be activated by the transcription factor NF-B. The activation of MAPK mediates the transcription and translation of pro-inflammatory mediators (Mercer and D'Armiento, 2006). NF-B has binding sites for the pro-inflammatory genes iNOS and COX-2. Thus, NF-B activation can accelerate the expression of pro-inflammatory mediators (Ghosh and Hayden, 2008). NF-B exists in an inactive form in the cytosol, where it forms a complex with IB. When IB is phosphorylated and degraded, NF-B translocates to the nucleus and becomes active (Huo et al., 2013). The MAPK/NF-B pathway has been reported to mediate airway inflammation (Mercer and D'Armiento, 2006). Another study has also shown that exposure of the airway to LPS activates the NF-B pathway (Bachar et al., 2004). High glucose levels have been shown to enhance the expression of the inflammatory molecule resistin through the MAPK/NF-B pathway (Stan et al., 2011). In tracheal smooth muscle cells, the suppression of ERK1/2 MAPK decreased the expression of inflammatory cytokines (Hsu et al., 2001). These reports suggest that MAPK/NF-B mediates inflammation. Thus, we hypothesized that the inhibition of LPS-induced inflammatory effects by NNE might occur through the MAPK/NF-B pathway in RAW264.7 cells. Recently, the JNK-driven pathway has been associated with inflammatory diseases such as inflammatory bowel disease (IBD) (Hao et al., 2012), sepsis (Morse et al., 2003), and acute pancreatitis (Michler et al., 2013). The inhibition of JNK expression may therefore improve the symptoms of inflammatory diseases. In our study, we detected the expression of the MAPK pathways in LPS-treated cells. Our results also showed that LPS significantly induced the expression of phospho-JNK, phospho-ERK and phospho-p38 (Fig. 3A). The JNK inhibitor SP600125 significantly reduced the LPS-induced expression of phospho-JNK (Fig. 3B). Further, SP600125 significantly reduced the mRNA expression of the inflammatory cytokines IL-6 and TNF- (Fig. 4A and 4B). Besides, we found that PD98059 and SB203580 decreased LPS-induced protein expression of phospho-ERK and phospho-p38 (Fig. 3C and 3D). We also investigated whether NNE inhibits inflammation through the JNK pathway. Our results showed that NNE significantly decreased the protein expression of phospho-JNK. However, NNE could not reduce LPS-induced phospho-ERK and phospho-p38 protein expression (Fig. 5A). NNE also reduced the protein expression of iNOS, COX-2 (Fig. 5B) in LPS-treated cells. To clarify the role of NF-B in the NNE treatment of LPS-induced RAW264.7 cells, we measured NF-B translocation and IB degradation. The results showed that LPS significantly induced the translocation of NF-B from the cytosol to the nucleus as well as the degradation of cytosolic IB (Fig. 6A). NNE pretreatment inhibited the NF-B translocation and IB degradation (Fig. 6B). Besides, specific phospho-JNK inhibitor SP600125 decreased LPS-induced nuclear NF-B activity in cells (Fig. 6C). These results indicated that NNE inhibited LPS-induced inflammatory effects through the MAPK/NF-B pathway. 
    Precious study has showed that quercetin and catechin are the major compounds in NNE. Besides, quercetin and cathechin have antioxidant activity in reducing low-density lipoprotein (LDL) oxidation (Lin et al., 2009). Therefore, we investigated the quercetin and catechin anti-inflammatory effect on LPS-induced RAW264.7 cells. Results showed that quercetin and catechin significantly decreased LPS-induced iNOS and COX-2 protein expression in cells (Fig. 7A and 7B). Besides, we found that phospho-JNK protein expression also reduced by quercetin and catechin in LPS treatment cells (Fig. 7C and 7D). Further, the quercetin and catechin decreased mRNAs (Fig. 7E-a, -b, -c, -d) and concentration (Fig. 7F-a, -b, -c, -d) of inflammatory cytokine-IL-6 and TNF- in cells. Thus, the major compounds of NNE, including quercetin and catechin, against inflammatory effects in LPS-induced cells. In these experiments, LPS (1 g/ml), NNE (150 g/ml) and it major component, quercetin and catechin, we used in cell, did not affect cell viability in RAW264.7 cells (Fig. 8A, 8B, 8C and 8D). 
    In this study, NNE prevented inflammation from JNK/NF-κB regulated pathway in LPS-induced RAW264.7 cells. However, whether NNE can further reduce the happened inflammation induced by LPS is still unclear. Thus, our future works will to investigate the NNE inhibitory effects and clinical use after inflammation. In conclusion, the results of this study found that NNE inhibited the LPS-induced mRNA expression and levels of the inflammatory cytokines IL-6 and TNF-. NNE also decreased the protein expression of iNOS and COX-2. Further, NNE decreased the protein expression of phospho-JNK and inhibited both NF-B translocation and IB degradation. These results indicate that NNE has preventive inflammatory properties and may be a useful preventive therapeutic reagent for inflammatory diseases.
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Figure legends
Fig. 1. Effects of LPS (lipopolysaccharide) and NNE (Nelumbo nucifera Gaertn extract) on the protein expression of iNOS and COX-2 in RAW264.7 cells. (A) Cells were treated with LPS (1 g/ml) for 16, 18 or 24 h. (B) Cells were treated with or without LPS (1 g/ml), and combined with or without NNE (150 g/ml), for 24 h. The protein expression of iNOS and COX-2 was detected by Western blot analysis in (A) and (B). All data are representative of three independent experiments.

Fig. 2. Effects of LPS (lipopolysaccharide) and NNE (Nelumbo nucifera Gaertn extract) on the mRNA expression of interleukin-6 (IL-6) and tumor necrosis factor  (TNF-) in RAW264.7 cells. In (A) and (B), cells were treated with or without LPS (1 g/ml), combined with or without NNE (150 g/ml), for 24 h. The mRNA of IL-6 (A) and TNF- (B) was detected by quantitative real-time PCR. In (C) and (D), cells were treated with or without LPS (1 g/ml), combined with or without NNE (150 g/ml), for 24 h. The concentration of IL-6 (C) and TNF- (D) was detected by enzyme-linked immunosorbent assay (ELISA) kit. Data are presented as means ± S.E. for four independent experiments with triplicate determinations. *p < 0.05 as compared to control.

Fig. 3. Effects of LPS (lipopolysaccharide) on phospho-JNK, phospho-ERK and phospho-p38 protein expression in RAW264.7 cells. (A) Cells were treated with LPS (1 g/ml) for 5, 10 or 15 minutes. (B) Cells were treated with or without LPS (1 g/ml), combined with or without a specific phospho-JNK inhibitor (SP600125, 10 M), for 10 min. (C) Cells were treated with or without LPS (1 g/ml), combined with or without a specific phospho-ERK inhibitor (PD98059, 10 M), for 10 min. (D) Cells were treated with or without LPS (1 g/ml), combined with or without a specific phospho-p38 inhibitor (SB203580, 10 M), for 10 min. Data in (A), (B), (C) and (D), the phospho-JNK, phospho-ERK and phospho-p38 protein expression was detected by Western blot analysis. All data are representative of three independent experiments.

Fig. 4. Effects of LPS (lipopolysaccharide) on the phospho-JNK-regulated mRNA expression of interleukin-6 (IL-6) and tumor necrosis factor- (TNF-) in RAW264.7 cells. Cells were treated with or without LPS (1 g/ml), combined with or without a specific phospho-JNK inhibitor (SP600125, 10 M), for 24 h. The mRNA levels of IL-6 (A) and TNF- (B) were detected by quantitative real-time PCR. Data are presented as means ± S.E. for four independent experiments with triplicate determinations. *p < 0.05 as compared to control.

Fig. 5. Effects of LPS (lipopolysaccharide) and NNE (Nelumbo nucifera Gaertn extract) on the protein expression of phospho-JNK, phospho-ERK, phospho-p38, iNOS and COX-2 in RAW264.7 cells. (A) Cells were treated with or without LPS (1 g/ml), combined with or without NNE (150 g/ml), for 10 min. Phospho-JNK, phospho-ERK and phospho-p38 was detected by Western blot analysis. (B) Cells were treated with or without LPS (1 g/ml), and combined with or without a specific phospho-JNK inhibitor (SP600125, 10 M), for 24 h. The protein expression of iNOS and COX-2 was detected by Western blot analysis. All data are representative of three independent experiments. 

Fig. 6. Effects of LPS (lipopolysaccharide) and NNE (Nelumbo nucifera Gaertn extract) on the protein expression of NF-B and IB in RAW264.7 cells. (A) Cells were treated with LPS (1 g/ml) for 5, 10 or 15 minutes. The protein expression of cytosolic NF-B and IB and nuclear NF-B was determined by Western blot analysis. (B) Cells were treated with or without LPS (1 g/ml), and combined with or without NNE (150 g/ml), for 10 minutes. The protein expression of cytosolic NF-B and IB and nuclear NF-B was determined by Western blot analysis. (C) Cells were treated with or without LPS (1 g/ml), and combined with or without a specific phospho-JNK inhibitor (SP600125, 10 M), for 10 min. The nuclear NF-B activity was assay by NF-B (p65)/DNA binding activity ELISA kit. In (A) and (B), all data are representative of three independent experiments. In (C), data are presented as means ± S.E. for four independent experiments with triplicate determinations. *p < 0.05 as compared to control.

Fig. 7. Effects of LPS (lipopolysaccharide) and major components of NNE (Nelumbo nucifera Gaertn extract), quercetin and catechin, on the protein expression of iNOS, COX-2, phospho-JNK, and mRNAs of IL-6 and TNF- in RAW264.7 cells. In (A) and (B), cells were treated with LPS (1 g/ml) and combined with or without quercetin (10 M) (A), and combined with or without catechin (10 M) (B) for 24 h. The iNOS and COX-2 protein expression was analysis by Western blot analysis. In (C) and (D), cells were treated with LPS (1 g/ml) and combined with or without quercetin (10 M) (C), and combined with or without catechin (10 M) (D) for 10 min. The phospho-JNK protein expression was analysis by Western blot analysis. (E) Cells were treated with LPS (1 g/ml) and combined with or without quercetin (10 M), and/or combined with or without catechin (10 M) for 24 h. The mRNAs of IL-6 (a and c) and TNF- (b and d) were analysis by quantitative real-time PCR. (F) Cells were treated with or without LPS (1 g/ml), combined with or without quercetin (10 µM) and/or catechin (10 µM), for 24 h. The concentration of IL-6 (C) and TNF- (D) was detected by enzyme-linked immunosorbent assay (ELISA) kit. Data in (A), (B), (C) and (D), all data are representative of three independent experiments. Data in (E) and (F), all data are presented as means ± S.D. for four independent experiments with triplicate determinations. *p < 0.05 is increased as compared to control. #p < 0.05 as compared to LPS group.

Fig. 8. Effects of LPS (lipopolysaccharide) and major components of NNE (Nelumbo nucifera Gaertn extract), quercetin and catechin, on cytotoxicity in RAW264.7 cells. Cells were treated with (A) LPS (0, 0.05, 0.1, 0.5, 1, 2.5, 5 µM), (B) NNE (0, 5, 10, 50, 150, 200 µg/ml), (C) quercetin (0, 0.5, 1, 5, 10, 15, 20 µM), and (D) catechin (0, 0.5, 1, 5, 10, 15, 20 µM), for 24 h. The MTT assay was used to detect cytotoxicity of cells. All data are presented as means ± S.D. for three independent experiments with triplicate determinations. *p < 0.05 is increased as compared to control. 
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