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Quercetin Alleviates Lipopolysaccharide-Induced Inflammatory Response in Bovine Mammary Epithelial Cells by Suppressing TLR4/NF-κB Signaling Pathway
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Bovine mastitis is one of the most common clinical diseases in dairy cows, causing huge economic losses to the dairy industry. Quercetin is an important flavonoid existing in many food resources, which has attracted widespread attention as a potential anti-inflammatory and antioxidant. However, the molecular mechanism of quercetin on inflammatory responses and oxidative stress in bovine mammary epithelial cells (BMECs) induced by lipopolysaccharide (LPS) remains unknown. The objective of this study was to investigate the effects of quercetin on inflammation responses, oxidative stress, and barrier function of BMEC induced by LPS. Our results showed that BMEC viability was not affected by treatment with 50 and 100 μg/ml of quercetin and 1 μg/ml of LPS compared with control group. The results of oxidative stress indicators and related genes of barrier function indicated that 100 μg/ml of quercetin effectively protected the BMECs from damage of oxidative and barrier induced by 1 μg/ml of LPS. Moreover, the messenger RNA (mRNA) expressions of pro-inflammatory cytokines TNF-α, IL-1β, IL-6, and chemokines CXCL2, CXCL5, CCL5, and CXCL8 were markedly decreased in the LPS-treated bovine retinal endothelial cells (BRECs) with 100 μg/ml of quercetin relatively to LPS alone. More importantly, the mRNA expressions of toll-like receptor 4 (TLR4), CD14, myeloid differential protein-2 (MD2), and myeloid differentiation primary response protein (MyD88) genes involved in TLR4 signal pathway were significantly attenuated by the addition of quercetin in LPS-treated BMEC, suggesting that quercetin can inhibit the TLR4 signal pathway. In addition, immunocytofluorescence showed that quercetin significantly inhibited the nuclear translocation of NF-κB p65 in BMEC induced by LPS. Therefore, the protective effects of quercetin on inflammatory responses in LPS-induced BMEC may be due to its ability to suppress the TLR4-mediated NF-κB signaling pathway. These findings suggest that quercetin can be used as an anti-inflammatory reagent to treat mastitis induced by exogenous or endogenous LPS release.
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INTRODUCTION

Bovine mastitis is a transmissible disease that decreases milk quality and yield (1). Furthermore, mastitis increases the culling rate, resulting in considerable economic losses to dairy farming worldwide (2). Mastitis has a direct negative impact on cow's health status and associated consequences on the productivity and welfare of the cow (3, 4). Regardless of Staphylococcus aureus and Escherichia coli both being considered major mastitis pathogens, the mammary environment is known to be a reservoir of Staphylococcus, while E. coli is mainly considered an environmental mastitis-causing bacteria (5). Lipopolysaccharide (LPS) is a major component of the outer membrane in gram-negative bacteria which induces a strong immune response in the mammary gland (6, 7). Innate immune responses initiated by LPS in bovine mammary epithelial cells (BMECs) have been widely used in the study of mastitis in vitro (8). In general, pattern recognition receptors such as the Toll-like receptors (TLRs) can recognize LPS and activate intracellular signaling pathways, leading to the pro-inflammatory responses (9). Previous research has shown that TLRs play a critical role in the induction of innate immune and inflammatory responses (10). The LPS-LBP-CD14-MD2 complex elicits a pro-inflammatory response by TLR4-mediated activation of NF-κB signal pathway to induce the expression of pro-inflammatory cytokines and chemokines (11). These inflammatory mediators are then involved in cellular homeostasis and have systemic effects (12). In the past decade, antibiotics is represented one of the major means of mastitis treatment (5). However, this treatment often leads to the presence of antibiotic residue (13) and bacterial drug resistance (14). Thus, the development of novel alternative drugs is essential for the prevention and treatment of mastitis.

Quercetin is a flavonoid, which is a secondary metabolite of plant synthesis, and found in many fruits and vegetables (15). Quercetin has antioxidant and anti-inflammatory properties and modulates cell apoptosis, properties potentially of value in the treatment or prevention of mastitis (16). A previous research has shown that quercetin has an anti-cancer ability by inhibiting of growth of cells (17). In some studies, quercetin has been shown to reduce oxidative damage induced by inflammatory cytokines, leading to improving the survival and function of cells (18). It has been reported that quercetin suppresses the expression of IL-1β, IL-6, and TNF-α in LPS-treated human gingival fibroblasts (15). In addition, quercetin not only possesses strong antioxidant properties through free radical scavenging but also reduces inflammation and inhibits cell proliferation and angiogenesis (19). However, it is not clear whether quercetin can protect BMECs from inflammatory damage.

We hypothesized that quercetin can influence the inflammatory response of LPS-induced BMEC through the negative regulation of TLR signaling pathway. Therefore, this study explored the improvement effects of quercetin on LPS-induced mammary epithelial cell inflammation in dairy cows, and explored its possible mechanism, so as to provide a theoretical basis for further research and development in treating mastitis using quercetin-based novel alternative drugs.



MATERIALS AND METHODS


Mammary Epithelial Cell Culture

The BMECs were sourced from the Institute of Animal Culture Collection and Application, Yangzhou University, China. The establishment was based on previous studies (20). The BMCEs were cultured in Dulbecco's modified Eagle medium (DMEM)/F12 medium (Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (Gibco), 100 U/ml of penicillin, and 100 μg/ml of streptomycin (Sigma, 85886, USA). The culture was incubated at 37°C under 5% CO2.



Effects of Quercetin and LPS on BMEC Viability

The BMEC viability was measured using the cell counting kit-8 (CCK-8; Vazyme, Nanjing, China). Quercetin (>95%) and LPS were purchased from Sigma-Aldrich (St. Louis, MO, USA). Quercetin was dissolved in dimethyl sulfoxide (DMSO) and DMEM/F12 medium to a stock solution of 200 μg/ml and subsequently passed through a.22-μm sterile filter. The BMECs were seeded into 96-well plates (1 × 104 cells per well) for 12 h, and then treated with 1 μg/ml of LPS and different concentrations of quercetin (50, 100, 150, or 200 μg/ml) for 6 h. Subsequently, 10 μl of CCK8 was added into all of the experimental groups and incubated at 37°C, 5% CO2 for 3 h. The optical density (OD) values were acquired at 450 nm using a microplate reader.



Antioxidant Analysis

The BMECs were added to 6-well culture plates and adjusted to 1 × 106 cells/ml. The cells proliferated to about 80–90% and treated with LPS and quercetin. After 6 h of culture, these cells were collected. Total antioxidant capacity (TAC), malondialdehyde (MDA), glutonium peroxidase (GSH-Px), superoxide dismutase (SOD), and catalase (CAT) were measured in cell samples using the antioxidant related assay kit (Jiancheng Bioengineering Institute, Nanjing, China) according to the manufacturer's protocol. The TAC, MDA, GSH-Px, SOD, and CAT levels are expressed as U/mg.protein (prot) in relation to the cellular protein concentration.



RNA Extraction, Reverse Transcription, and Real-Time PCR

Ribonucleic acid was extracted from BMEC using a TRIzol reagent (Takara, Code No. RR036A, China) according to the manufacturer's instructions, and the RNA concentrations were determined using an OD1000 instrument (One drop 1000, Nanjing, China). Then, RNA was reverse transcribed to complementary DNA (cDNA) using a standard reverse transcription kit (Takara, Tokyo, Japan) according to the instructions. The PCR reaction was performed with the SYBR® Premix Ex Taq™ II Kit (Takara, Dalian, China). The relative gene expression was normalized by GAPDH using the 2−ΔΔCt method (21). All primers used are listed in Table 1 (synthesized in GENEWIZ Bioscience Co., Ltd., Suzhou, China).


Table 1. Primers for real-time quantitative PCR.
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Immunocytofluorescence Analysis

The cells were cultured on a 8-well chamber slide (Thermo Scientific, Lab-TekTMII, Code No. 154534, NY, USA) at a density of.5 × 104 cells/well. They were grown to ~80% confluency and treated with 100 μg/ml of quercetin and 5 μg/ml of LPS. The coverslips were then washed three times with PBS and fixed with acetone:methanol = 1:1 for 30 min at room temperature, washed three times with PBS for 3 min each time, and then subjected to antigen retrieval with EDTA-Na2 (95°C, 5 min), after which they were rewashed. Following treatment with.1% Triton X-100 (Sigma-Aldrich, St. Louis, MO) and washing with PBS three times, the cells were blocked with a 3% horse serum-containing blocking buffer. After further washes, ERK1/2 (p44/42) rabbit mAb (1:800; Cell Signaling Technology, Shanghai, China), phosphorylation-ERK1/2 (p-p44/42) rabbit mAb (1:1,000; Cell Signaling Technology, Shanghai, China), NF-κB (p65) rabbit mAb (1:500; Cell Signaling Technology, Shanghai, China), and phosphorylation-NF-κB (p-p65) rabbit mAb (1:500; Cell Signaling Technology, Shanghai, China) were then added and incubated overnight at 4°C, and then exposed to goat anti-rabbit IgG conjugated with Cy3 (Beyotime Biotechnology Inc.) for 30 min. The cultured cells were washed with PBS three times and then 4'6-diamidino-2-phenylindole (DAPI) staining solution was added for 7 min. Finally, an immunofluorescence microscopy was performed using a fluorescence microscopy (Olympus, Tokyo, Japan).



Statistical Analysis

The data are presented as the means and the SEM. The significant differences were determined by the one-way ANOVA and the Tukey's multiple comparison tests. The analysis was conducted using the SPSS Statistics software, version 20.0 (IBM Corp., Armonk, NY, USA). The statistical significance was defined at P < 0.05 with highly significant values at P < 0.01; trends were declared at 0.05 < P < 0.1.




RESULTS


Effects of Quercetin on Viability of BMECs

In this study, the BMEC viability was not altered after stimulation with 1 μg/ml of LPS (Figure 1). In addition, BMECs with 1 μg/ml of LPS treatment were subjected to 50, 100, 150, and 200 μg/ml of quercetin for 6 h. As was observed from Figure 1, BMEC viability was not affected by treatment with 50 and 100 μg/ml of quercetin and 1 μg/ml of LPS compared with the control group. However, 150 and 200 μg/ml of quercetin remarkably reduced the cell viability of LPS-treated BMECs (P < 0.05). Thus, 1 μg/ml of LPS and 100 μg/ml of quercetin were selected as the subsequent treatment concentrations.


[image: Figure 1]
FIGURE 1. Effects of quercetin on cell viability in lipopolysaccharide (LPS)-induced bovine mammary epithelial cells (BMECs). BMECs were treated with 1 μg/ml of LPS and different concentrations of quercetin (50, 100, 150, or 200 μg/ml) for 6 h. The data from the control group were used to normalize the data of each treatment group. Data presented are mean ± SEM (n = 4). Different lowercase letters in the bar chart indicate significant differences (P < 0.05).




Effects of Quercetin on Oxidative Properties of BMECs Stimulated by LPS

We also investigated the ability of quercetin to protect the BMECs induced by LPS from the oxidative stress. The TAOC, SOD, CAT, and GSH-Px contents were decreased in LPS-treated groups than the control group (P < 0.05, Figure 2). However, TAOC, SOD, CAT, and GSH-Px levels were increased in BMECs treated by quercetin alone compared with the control group (P < 0.05). More importantly, quercetin enhanced (P < 0.05) the level of TAOC, SOD, CAT, and GSH-Px in BMEC stimulated by LPS relatively to LPS alone. Furthermore, the MDA content in the BMECs after LPS treatment was significantly increased compared to that in the control, whereas treatment with quercetin significantly reduced the MDA content in LPS-treated BMCE (P < 0.05). These findings indicated that quercetin contributed to the ability of antioxidant in LPS-induced BMEC.


[image: Figure 2]
FIGURE 2. Effects of 100 μg/ml of quercetin on oxidative properties of 1 μg/ml of LPS-treated BMECs. BMECs were treated with 1 μg/ml of LPS and 100 μg/ml of quercetin. After 6 h of culture, the cells were collected. Catalase (CAT), superoxide dismutase (SOD), glutonium peroxidase (GSH-Px), total anti-oxidant capacity (TAC), and malondialdehyde (MDA) were measured in cell samples using the antioxidant related assay Kit. Data presented are mean ± SEM (n = 3). Different lowercase letters in the bar chart indicate significant differences (P < 0.05).




Effects of Quercetin on Barrier Function of BMECs Induced by LPS

To determine whether quercetin has the protective effects on barrier function for LPS-treated BMEC, we analyzed the messenger RNA (mRNA) expression of zo-1, occluding, claudin 1, and claudin 4 by a qRT-PCR analysis. As shown in Figure 3, the mRNA expressions of zo-1, occluding, claudin 1, and claudin 4 were significantly downregulated in all groups treated with LPS compared to the control group (P < 0.05). In contrast, the mRNA expressions of zo-1, occluding, claudin 1, and claudin 4 were considerably upregulated in BMEC induced by LPS and with 100 μg/ml of quercetin compared with the LPS-treated group (P < 0.05, Figure 3). These results demonstrated that quercetin has protective effects in LPS-induced BMEC barrier disruption.


[image: Figure 3]
FIGURE 3. Effects of quercetin on barrier function in LPS-induced BMECs. BMECs were treated with 100 μg/ml of quercetin in the presence of 1 μg/ml of LPS for 6 h; messenger RNA (mRNA) expressions of zo-1, occluding, claudin 1, and claudin 4 in BMECs were assayed by qRT-PCR. Data presented are mean ± SEM (n = 3). Different lowercase letters in the bar chart indicate significant differences (P < 0.05).




Effects of Quercetin on Pro-Inflammation Factors of BMECs Induced by LPS

To examine the effects of quercetin on the production of pro-inflammatory cytokines in LPS-stimulated BMECs, genes involved in the pro-inflammatory responses were analyzed by qRT-PCR (Figure 4). In comparison with the control group, the mRNA expressions of IL-1β, IL-6, and TNF-α were upregulated in BMECs stimulated with LPS. However, the mRNA expressions of TNF-α, IL-1β, and IL-6 were significantly decreased in LPS-treated BMECs with quercetin compared with the LPS-treated group (P < 0.05, Figure 4). These findings indicated that quercetin can inhibit the expression of pro-inflammatory cytokines in LPS-induced BMECs.


[image: Figure 4]
FIGURE 4. Effects of quercetin on the mRNA expression of pro-inflammatory cytokines (IL-1β, IL-6, and TNF-α) in LPS-induced BMECs. BMECs were treated with 100 μg/ml of quercetin in the presence of 1 μg/ml of LPS for 6 h. The mRNA expressions of IL-1β, IL-6, and TNF-α in BMEC were assayed by qRT-PCR. Data presented are mean ± SEM (n = 3). Different lowercase letters in the bar chart indicate significant differences (P < 0.05).




Effects of Quercetin on Immune Response of BMECs Induced by LPS

The BMECs with LPS treatment significantly enhanced the mRNA expressions of CCL2, CCL5, CXCL2, CXCL5, and CXCL8 genes compared with the unstimulated cells (P < 0.05, Figure 5). On the contrary, the expressions of CCL5, CXCL2, CXCL5, and CXCL8 genes involved in immune responses were markedly downregulated in the treatment group with 100 μg/ml of quercetin in the presence of 1 μg/ml of LPS, relative to BMECs treated with 1 μg/ml of LPS (P < 0.05, Figure 5). These results revealed that quercetin relieved LPS-induced immune responses of BMECs.
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FIGURE 5. Effects of quercetin on the mRNA expression of chemokines in LPS-induced BMECs. BMECs were treated with 100 μg/ml of quercetin in the presence of 1 μg/ml of LPS for 6 h. The mRNA expressions of CCL2, CCL5, CXCL2, CXCL5, and CXCL8 in BMEC were assayed by qRT-PCR. Data presented are mean ± SEM (n = 3). Different lowercase letters in the bar chart indicate significant differences (P < 0.05).




Effects of Quercetin on MRNA Expression of the TLR4 Signaling Pathway of BMECs Induced by LPS

The expressions of TLR4, CD14, MD2, MyD88, interleukin 1 receptor associated kinase 1 (IRAK1), and IRF3 genes involved in TLR4 signaling pathway were measured by a qRT-PCR analysis. As shown in Figure 6, the mRNA levels of TLR4, CD14, MD2, MyD88, and IRF3 were significantly increased after treatment with LPS, but were significantly reduced in LPS-induced BMECs with 100 μg/ml of quercetin treatment (P < 0.05, Figure 6). The quercetin and LPS have no profound effects in the expression of TLR2 and IRAK1 (P > 0.05, Figure 6). These data demonstrated that quercetin alleviates LPS-induced pro-inflammatory responses in BMECs by suppressing the TLR4 signaling pathway.
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FIGURE 6. Effects of quercetin on the TLR4 signaling pathway in LPS-induced BMECs. BMECs were treated with 100 μg/ml of quercetin in the presence of 1 μg/ml of LPS for 6 h. The mRNA expressions of TLR4, TLR2, CD14, MD2, MyD88, IRF3, and IRAK1 in BMEC were assayed by qRT-PCR. Data presented are mean ± SEM (n = 3). Different lowercase letters in the bar chart indicate significant differences (P < 0.05).




Effects of Quercetin on NF-κB and ERK1/2 Signaling Pathway of BMECs Induced by LPS

The results of immunofluorescence indicated that LPS activates the ERK1/2 pathway through TLR4 in BMECs leading to increased levels of ERK1/2, but we did not detect any alteration in the phosphorylation level of ERK1/2 following quercetin treatment, compared with the level of ERK1/2 (Figure 7). Moreover, we also found that LPS treatment significantly increased the nuclear entry of p-p65 in BMEC, whereas quercetin treatment inhibitory effects on the nuclear entry of p-p65 (Figure 7).
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FIGURE 7. Effects of quercetin on NF-κB p65 and ERK1/2 signaling pathway in LPS-induced BMECs. BMECs were treated with 100 μg/ml of quercetin in the presence of 1 μg/ml of LPS for 6 h. The immunofluorescence for NF-κB p65 and ERK1/2 (red) was performed, and the nuclear dye 4′, 6-diamidino-2-phenylindole (DAPI; blue) was used. Scale bar = 50 μm.





DISCUSSION

The BMEC is thought to play an important role against invasion of pathogenic microorganisms (22). Previous studies suggest that the mammary gland suffered to large amounts of LPS stimulation with pathogenic microorganisms, and sustained LPS can exacerbate the mammary gland inflammatory responses (23). The LPS is a major component of the outer membrane in gram-negative bacteria, which induces a strong immune response in the mammary gland (7).

The presence of high concentrations of LPS can lead to oxidative stress caused by the imbalance of cell redox (24). Excessive oxidative stress activates immune cells to induce the inflammatory responses cascade. Available evidence suggests an interaction between inflammatory response and oxidative stress (25). On one hand, inflammatory cells produce reactive oxygen species (ROS) to participate in oxidative stress; on the other hand, ROS can lead to increasing expression of inflammatory cytokines (26). In addition, the BMEC was involved in the formation of the blood–milk barrier that plays an important role in protecting mammary gland function in mammals (5). A previous research showed that mastitis can alter blood-milk barrier permeability, and the composition of mastitic milk is considerably changed, such as the increased Somatic Cell Count (SCC) (27). This blood–milk barrier could be due to structural alterations in tight junction protein. Overuse of antibiotics causes antibiotics to lose effectiveness over time (28). Therefore, the development of alternative, non-toxic agents for the resolution LPS-induced pro-inflammatory responses and oxidative stress is an urgent need for improving the barrier function and mounting the innate immune responses to promote the resolution of LPS infection.

At present, plant extracts containing anti-inflammatory and anti-inflammatory compounds are an effective and safe strategy to clinical treat bovine mastitis. Quercetin has been reported to have an anti-inflammatory and antioxidant effects (29, 30). Previous reports have shown that quercetin protects gastric epithelial cells from oxidative damage both in vitro and in vivo (31) and reduces paraquat-induced oxidative damage by regulating the expression of antioxidant genes in cells (32). Xiong et al. (15) reported that quercetin ameliorated LPS-induced inflammation in human gingival fibroblasts (HGFs) by activating PPAR-γ and suppressing the activation of NF-κB. Many studies showed promising therapeutic potential for quercetin in treating inflammatory diseases (33–36). Importantly, recent studies indicate that flavonoids exert protective effects on the health of humans and animals (37). However, the regulation mechanisms of quercetin on anti-inflammatory, antioxidant, and barrier function are still not clear in LPS-induced BMECs at present. Thus, in this study, we investigated the protective effects of quercetin on the anti-inflammatory, antioxidant, and barrier functions in LPS-induced BMECs in vitro. Previous studies have shown that LPS reacts with TLR4, triggering the activation of the NF-κB signal pathway and the production of ROS to regulate the expression of the activities of antioxidant enzymes (38). In this study, we further examined the SOD, GSH-Px, TAOC, MDA, and CAT contents in LPS-induced BMECs. The SOD, GSH-Px, TAOC, and CAT were significantly enhanced in LPS-induced BMECs with quercetin treatment relative to LPS alone. However, MDA was significantly reduced by addition of quercetin. As expected, these indicators of antioxidant enzymes were reduced by LPS treatment, which is consistent with the present results (39). Therefore, our results demonstrated that quercetin enhanced the content of SOD, CAT, GSH-Px, and TAOC in LPS-induced BMECs and reduced the MDA content, eventually alleviating the pro-inflammatory responses of BMECs.

We next sought to explore the function of quercetin in LPS-induced injury of barrier function in BMECs. The inflammatory cytokines produced by cells in response to LPS reduce epithelial barrier integrity, leading to exacerbating the epithelial damage and inflammation (40). Prior work has demonstrated that quercetin enhanced the intestinal barrier function through upregulation of Cldn4 in Caco-2 cells (41). Previous studies have shown that important determinants of epithelial barrier function and paracellular permeability are the maintenance of intercellular tight junction expression (42). We further analyzed the epithelial tight-junction protein marker (zo-1, occluding, claudin 1, and claudin 4) mRNA expression by qRT-PCR. The mRNA expressions of zo-1, occluding, claudin 1, and claudin 4 were significantly downregulated in all groups treated with LPS compared to the control group and indicated impairment of tight junction integrity. However, quercetin can promote the mRNA expression of tight junction protein. This result suggested that quercetin has protective effects against barrier disruption of LPS-induced BMECs.

To explore the anti-inflammatory activity of quercetin, we determined its action in LPS-treated BMECs. TLR4 is a pattern recognition receptor (43). TLR4 can recognize LPS and then activate the NF-κB signaling pathway, which stimulates p-p65 protein accumulation in the nucleus and the subsequent induction of inflammatory responses, promoting the secretion of inflammatory cytokines, such as TNF-α, IL-6, and IL-1β (44). Others similarly found that TLR4 activates MyD88 and then induces the activation of NF-κB and MAPK signaling pathways to increase the release of pro-inflammatory cytokines (45). When pathogens invade, BMECs can trigger the activation of the immune response through the induction of chemokines and adhesion molecules (46). Cytokines and chemokines play important roles in orchestrating LPS-mediated immune responses (47). The main role of chemokines is to recruit a large number of immune cells to the point of tissue localization, and these cells secrete various active products, which are involved in immune damage and inflammatory response of the tissue. Our results showed that chemokines CXCL2, CXCL5, CCL5, and CXCL8 were significantly upregulated in the LPS group compared to the control group. This suggests that LPS can promote the expression of chemokines, and the increased expression of chemokines can further chemotactic immune cells to the mammary gland immune layer to process the LPS. In contrast, the chemokine expression was significantly decreased in the quercetin and LPS + quercetin groups relative to the LPS group. In addition, LPS stimulation significantly increased the mRNA expression of pro-inflammatory cytokines (TNF-α, IL-6, and IL-1β) in BMECs, whereas treatment with quercetin reversed this trend, indicating that quercetin did have the capacity to suppress LPS-induced inflammation responses in the BMECs. Similarly, the result of related genes of TLR4 signaling pathway indicated that the mRNA levels of TLR4, CD14, MD2, MyD88, and IRF3 were significantly increased after treatment with LPS, but were significantly reduced in LPS-induced BMECs with quercetin treatment. In addition, the results of immunofluorescence indicated that LPS stimulation significantly increased the nuclear entry of p-p65 in BMEC, whereas quercetin treatment inhibited effects on the nuclear entry of p-p65 in LPS-induced BMECs. These results demonstrated that quercetin can alleviate the inflammatory responses of BMECs induced by LPS via inhibiting TLR4-NF-κB signaling pathway. Meanwhile, these results suggest that quercetin may be beneficial for the treatment of mastitis.



CONCLUSIONS

This study has proved that quercetin alleviates the oxidative stress and the damage of barrier function of BMECs induced by LPS in vitro. In addition, quercetin can reduce the inflammatory response in LPS-induced BMECs by inhibiting TLR4-NF-κB signal pathway. In conclusion, quercetin can inhibit the LPS-induced oxidative stress and protect the normal physiological function of BMECs via TLR4-NF-κB signaling pathways.
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Gene  Primer sequence, 5-3'

GAPDH  F: GGGTCATCATCTCTGCACCT
R: GGTCATAAGTCCCTCCACGA

IL-1p F: CAGTGCCTACGCACATGTCT
R: AGAGGAGGTGGAGAGCCTTC

IL-6 F: CACCCCAGGCAGACTACTTC
R: TCCTTGCTGCTTTCACACTC

TNF-a  F: GCCCTCTGGTTCAGACACTC
R: AGATGAGGTAAAGCCCGTCA

CXCL5  F: TGAGACTGCTATCCAGCCG
R: AGATCACTGACCGTTTTGGG

CCL6  F: CTGCCTTCGCTGTCCTCCTGATG
R: TTCTCTGGGTTGGCGCACACCTG

CCL2  F: GCTCGCTCAGCCAGATGCAA
R: GGACACTTGCTGCTGGTGACTC

CXCL2 F: CCCGTGGTCAACGAACTGCGCTGC
R: CTAGTTTAGCATCTTATCGATGATT

CXCL8 F: TGGGCCACACTGTGAAAAT
R: TCATGGATCTTGCTTCTCAGC

201 F: TCTGCAGCAATAAAGCAGCATTTC
R: TTAGGGCACAGCATCGTATCACA

Occludin F: GAACGAGAAGCGACTGTATC
R: CACTGCTGCTGTAATGAGG

Claudin 1 F: CGTGCCTTGATGGTGAT
R: CTGTGCCTCGTCGTCTT

Claudin 4 F: CTTCATCGGCAGCAACATC
R: ACAACAGCACGCCAAACA

TLR2 F: CAGGCTTCTTCTCTGTCTTGT
R: CTGTTGCCGACATAGGTGATA

TLR4 F:GACCCTTGCGTACAGGTTGT
R:GGTCCAGCATCTTGGTTGAT

CD14  F: CAGTATGCTGACACAATCAA
R: AGTTCCTTGAGACGAGAGTA

MD2  F: GGAGAATCGTTGGGTCTGC
R: GCTCAGAACGTATTGAAACAGGA

MyD88  F: TCATTGAGAAGAGGTGCCGT
R: TGGCTTGTACTTGATGGGGAT

IRAKT  F: CCTCAGCGACTGGACATCCT
R: GGACGTTGGAACTCTTGACATCT

IRF3  F: TTGTGAACTCAGGAGTCAGG
R: TGGGCTCAAGTCCATGTCAC

F, forward: R, reverse.
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