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Abstract

:

Inflammation is a protective response of the innate immune system. However, aberrant inflammatory responses lead to various diseases. Lotus root, the edible rhizome of Nelumbo nucifera, is a popular traditional herbal medicine in East Asia. In a previous study, we reported that fermented lotus root (FLR) alleviated ethanol/HCl-induced gastric ulcers in rats by modulating inflammation-related genes. However, the mechanisms underlying the anti-inflammatory effects of FLR and its major constituent, linoleic acid (LA), are still largely unknown. In this study, we investigated the anti-inflammatory effects of FLR and LA on lipopolysaccharide (LPS)-induced inflammation in RAW 264.7 murine macrophages. We found that FLR inhibited LPS-induced expression of inflammatory mediators through down-regulation of NF-κB activity. Similarly, LA also attenuated LPS-induced inflammatory responses and reduced LPS-induced phosphorylation of proteins associated with NF-κB signaling, such as ERK, JNK, and p38. Overall, our results suggested that FLR and LA may effectively ameliorate inflammatory diseases.
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1. Introduction


Inflammation is an essential biological response against harmful stimuli including microbial infection and physical injury [1,2]. However, an aberrant inflammatory response can lead to various diseases, such as oral mucositis [3], acute pancreatitis [4], and gastric ulcers [5]. Macrophages recruit other immune cells for resolving inflammation [6], and therefore play an important role in controlling aberrant inflammatory responses. On activation with lipopolysaccharide (LPS), a major component of the outer membrane of gram-negative bacteria, macrophages secrete pro-inflammatory cytokines, such as interleukin-1 beta (IL-1β) and tumor necrosis factor-alpha (TNF-α) [7,8]. LPS is widely used to stimulate macrophages and induce nuclear factor-kappa B (NF-κB), an important regulatory factor of inflammatory responses [9]. Among the transcription factors of the NF-κB family, the NF-κB p50/p65 heterodimer is bound with the inhibitor of kappa B (IκBα) and exists as an inert form in the cytoplasm of unstimulated cells. However, on stimulation by LPS, NF-κB is released and translocated into the nucleus, due to the phosphorylation and degradation of IκBα [10,11].



LPS-induced NF-κB signaling leads to the transcription of inflammation-related enzymes, such as inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) [12,13,14,15]. Similarly, mitogen-activated protein kinases (MAPKs) are also important in regulating the expression of inflammatory mediators [16].



Nelumbo nucifera, commonly known as lotus, is cultivated widely in East Asia and used in traditional herbal medicine, food, and beverages. Recent studies have reported that all parts of the lotus plant, flowers, leaves, seeds, and rhizomes, have medicinal value [17,18,19]. For instance, lotus leaves have anti-oxidative [20], anti-viral [21], and anti-obesity properties [22]. Furthermore, lotus seeds have anti-tumor [23] and anti-oxidative effects [19,24], while the embryos of seeds are used as a sedative and antipyretic [25]. Moreover, accumulated experimental evidences demonstrate that the lotus root (the edible rhizome of N. nucifera) has many beneficial effects including anti-oxidant activity [26], hypoglycemic effects [27], prevention of non-alcoholic fatty liver disease [18], alleviating hepatic steatosis [28], immune-enhancing effects [29], and anti-inflammatory activity [30]. In the food processing industry, fermentation by microorganisms is widely used to enhance the nutritional value as well as organoleptic quality of food, including flavor and aroma [31]. Recent studies have reported that biological effects of plant-based foods, such as antioxidant or anti-obesity effects were enhanced through fermentation [32,33].



In an earlier study, we demonstrated the anti-inflammatory effects of fermented lotus root (FLR) on ethanol/HCl-induced gastric ulcers in rats [34], suggesting that FLR can be used as a functional food for attenuating inflammatory diseases. Notably, one the major constituents of N. nucifera, linoleic acid (LA), is a polyunsaturated ω-6 essential fatty acid, which humans obtain from foods or supplements. However, the role of LA in inflammation remains controversial [35]. To the best of our knowledge, the mechanisms underlying the anti-inflammatory effects of FLR and LA have not yet been elucidated. Therefore, in this study, we investigated the mechanisms underlying the anti-inflammatory effects of FLR and LA in LPS-induced RAW 264.7 murine macrophages.




2. Materials and Methods


2.1. Preparation of FLR and LA


Fermented lotus root (FLR) was obtained in powder form from Hwashin Farming Corporation (Gyeongsangnam-do, Korea). The method used for the lotus root fermentation has been detailed in our previous study [34]. The FLR powder was dissolved in dimethyl sulfoxide (DMSO) and was then filtered with 0.20 μM syringe filter as a stock solution. Linoleic acid (LA, ≥99%; 9-cis, 12-cis-18:2) was purchased from Sigma-Aldrich (Saint Louis, MO, USA) and dissolved in absolute ethanol. The stock solution was stored at −20 °C.




2.2. LA Detection by Gas Chromatography with Flame Ionization Detector (GC-FID)


LA in FLR was detected by GC-FID using an Agilent 7890 GC system (Agilent Technologies, Inc., Santa Clara, CA, USA). The conditions of analysis were as follows: the column (HP-FFAP, 30 m × 0.25 mm × 0.25 μm, Agilent Technologies) was used to separate sample. The carrier gas was nitrogen and set at a flow rate of 1 mL/min. The injection temperature was 230 °C and detector temperature was 250 °C; the injection volume was 1 μL with 1:50 split ratio. The initial oven temperature was 120 °C (hold time 2 min) and raised at 4 °C/min to 240 °C (hold time 20 min).




2.3. Cell Culture


Murine macrophage RAW 264.7 cells were obtained from American Type Culture Collection (Manassas, VA, USA) and cultured in Dulbecco’s modified Eagle’s medium supplemented with 10% fetal bovine serum, penicillin (100 units/mL), and streptomycin (100 µg/mL). All cell culture reagents were purchased from GIBCO (Gaithersburg, MD, USA). Cells were maintained at 37 °C, in an incubator with a humidified atmosphere of 95% air and 5% CO2.




2.4. Cell Viability Assay


Cell viability assay was carried out using a CCK-8 (Dojindo Laboratories, Kumamoto, Japan) according to the manufacturer’s protocol. RAW 264.7 cells were plated in 96-well plate at a concentration of   1 ×   10  4    cells/well. After 24 h, the cells were treated with FLR (25, 50, 100, and 200 μg/mL) or LA (1, 10, and 100 μM) with or without 1 μg/mL lipopolysaccharide (LPS; from Escherichia coli O26:B6; Sigma-Aldrich, Saint Louis, MO, USA), and incubated for another 24 h. Finally, 10 μL of the CCK-8 solution was added to each well and incubated at 37 °C for 2 h in the dark. The absorbance was determined at 450 nm using an Epoch Microplate Spectrophotometer (BioTek Instruments, Inc., Winooski, VT, USA). The cell viability was calculated according to the following formula, and expressed as a percentage of the VC.


   Cell   viability     ( % )   =       the   absorbance   of   the   treated   group     the   absorbance   of   the   vehicle   control   group       ×   100   



(1)








2.5. Nitric Oxide (NO) Production


Cells were plated in a 6-well plate at a concentration of   4 ×   10  5    cells/well. After 24 h, cells were co-treated with LPS and different concentrations of either FLR or LA. The culture medium was collected after 24 h, and NO production in the culture medium was measured using Griess Reagent System (Promega, Madison, WI, USA) based on the Griess reaction. The absorbance was determined at 520 nm.




2.6. RNA Isolation and cDNA Synthesis


Cells treated with LPS and FLR or LA were harvested, and total RNA from cells was extracted and purified using Total RNA Extraction Kit (iNtRON Biotechnology, Gyeonggi-do, Korea) according to the manufacturer’s instructions. Purity and concentration of extracted RNA were quantified by measuring the absorbance ratio at 260/280 nm using a Take3 Micro-Volume Plate (BioTek Instruments, Inc.). First-strand complementary DNA (cDNA) was synthesized using GoScript™ Reverse Transcriptase (Promega, Madison, WI, USA) according to the manufacturer’s instructions.




2.7. Immune Gene Expression Analysis by Quantitative Reverse Transcription PCR (qRT-PCR)


Immune gene expressions of RAW 264.7 including Nos2, Ptgs2, Tnf-α, Il1b, and Il6 were quantified using Actb as a housekeeping gene by QuantStudio 3 Real-Time PCR Instrument (Thermo Fisher Scientific, Waltham, MA, USA). Total volume of real-time RT-PCR reaction mixture was 20 μL with a 96-well format, included 5.5 μL cDNA template, 2 μL primer mixture (10 μM, 1 μL forward and reverse primer each), 2.5 μL DEPC-treated water, 10 μL TB Green® Premix Ex Taq™ II (Takara Bio Inc., Kusatsu, Shiga, Japan). All primers were obtained from Macrogen (Seoul, Korea), and sequences were referenced from Chaiwat Monmai et al. [36]. The primer sequences used are shown in Table 1.




2.8. Luciferase Assay


The details of the luciferase assay were described in our previous study [37]. In brief, cells were transfected with NF-κB promoter for 24 h, and then incubated with LPS (1 μg/mL) and either FLR (25 to 200 μg/mL) or LA (1 to 100 μM) for another 24 h. After incubation, the culture medium was replaced with Nano-Glo® Dual-Luciferase® Reporter Assay System (Promega, Madison, WI, USA) according to the manufacturer’s instructions. Luciferase activity was determined using a GloMax® Discover Microplate Reader (Promega, Madison, WI, USA).




2.9. Western Blot Analysis


The effects of FLR and LA on NF-κB and MAPK signaling in LPS-induced RAW 264.7 cells were examined by western blot analysis. The details of the western blot analysis have been described in our previous study [37]. Antibodies against NF-κB p65, phospho-NF-κB p65 (Ser536), IκBα, phospho-IκBα (Ser32), ERK, phospho-ERK (Thr202/Tyr204), p38, phospho-p38 (Thr180/Tyr182), JNK, phospho-JNK (Thr183/Tyr185) were obtained from Cell Signaling Technology (Danvers, MA, USA), and β-actin was obtained from Abcam (Cambridge, MA, USA). Horseradish peroxidase (HRP)-conjugated secondary antibodies were purchased from Promega (Madison, WI, USA).




2.10. Immunofluorescence Staining


Cells cultured on glass coverslips in 6 well plate and treated with LPS and FLR or LA were fixed with 3.7% para-formaldehyde for 10 min. Next, cells were washed three times with phosphate-buffered saline containing 0.1% Triton X-100 (Sigma-Aldrich, Saint Louis, MO, USA) for 10 min, each time. Cells were then permeabilized with 0.5% Triton X-100 for 5 min. Following permeabilization, cells were washed three times and blocked with 5% Bovine Serum Albumin (Sigma-Aldrich, Saint Louis, MO, USA) for 1 h. Cells were incubated with a NF-κB p65 antibody (1:400, Cell Signaling Technology) for 1 h. After washing three times again, cells were incubated with Alexa 555-conjugated anti-rabbit IgG secondary antibody (Thermo Fisher Scientific, Waltham, MA, USA) for 1 h under the dark conditions. Nuclei were stained with 1 μg/mL of 4′,6-Diamidino-2-phenylindole dihydrochloride (DAPI, Sigma-Aldrich, Saint Louis, MO, USA). Finally, after mounting the coverslips, immunofluorescence was observed using a fluorescence microscope (Korea Lab Tech., Gyeonggi-do, Korea).




2.11. Statistical Analysis


The experiments were carried out in triplicates, and statistical data from experiments were obtained using GraphPad Prism 5 software (GraphPad Software, La Jolla, CA, USA) one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test. Data were expressed as the mean ± standard error of the mean (SEM). * p < 0.05, ** p < 0.01, *** p < 0.001 represent comparisons between the LPS only-treated group versus the treated group.





3. Results


3.1. Effects of FLR on Cell Viability


Cell viability was measured using the cell counting kit-8 (CCK-8) assay, following exposure to different concentrations of FLR, to investigate the cytotoxic effects of FLR on RAW 264.7 cells. As shown in Figure 1a, cell viability of unstimulated cells was not significantly affected at FLR concentrations of 25, 50, 100, and 200 μg/mL. In contrast, proliferation in LPS-stimulated group significantly reduced in a dose-dependent manner in the presence of FLR (Figure 1b). Therefore, the FLR concentration of 200 μg/mL was selected as the highest experimental concentration for this study, as no significant cytotoxicity was observed for any of the tested concentrations.




3.2. Effects of FLR on NO Production and Expression of Pro-Inflammatory Mediators


Nitric oxide (NO) is an important molecular effector in the inflammatory response [38]. NO is also produced by LPS-stimulated macrophages, along with other pro-inflammatory mediators. We analyzed the effects of FLR on NO production and the expression of pro-inflammatory mediators in RAW 264.7 cells. As shown in Figure 2a, FLR suppressed LPS-induced NO production in RAW 264.7 cells. However, the decrease was significant only for higher concentrations of FLR (100, 200 μg/mL). At the highest concentration of FLR treatment, a two-fold decrease in LPS-induced NO production was observed as compared to the LPS-only treated group. Further, LPS induced the expression of inducible nitric oxide synthase (Nos2), prostaglandin-endoperoxide synthase 2 (Ptgs2), tumor necrosis factor-alpha (Tnf-α), interleukin-1 beta (Il1b), and interleukin-6 (Il6) genes. In contrast, FLR treatment significantly suppressed the LPS-induced expression of these genes in a dose-dependent manner (Figure 2b–f).



Inflammatory signaling is initiated by the phosphorylation and degradation of inhibitor of kappa B (IκBα), and subsequent release and translocation of nuclear factor kappa B (NF-κB) p65 from the cytoplasm into the nucleus. Therefore, we analyzed the inhibitory effects of FLR on NF-κB activation. We found that LPS increased NF-κB promoter activity in transfected RAW 264.7 cells whereas FLR treatment (100 and 200 μg/mL) significantly reduced the luciferase activity induced by LPS (Figure 3a). Further, western blot analysis confirmed that LPS increases the degradation of IκBα and phosphorylation of NF-κB p65 and IκBα and FLR treatment blocks the LPS-induced degradation of IκBα and phosphorylation of NF-κB p65 and IκBα (Figure 3b–d).



Furthermore, we analyzed the translocation of NF-κB p65 to the nucleus using immunofluorescence (Figure 3e). The translocation of NF-κB p65 from the cytoplasm to the nucleus was evident in LPS-only treated group as compared to the vehicle control (VC) group. However, nuclear translocation of NF-κB p65 was partially inhibited in the FLR-treated group. These results were in agreement with the FLR suppression of inflammatory mediators (Figure 2) and further suggested that FLR inhibits the activation of NF-κB in RAW 264.7 cells.




3.3. Detection of LA in FLR and Effects of LA on Cell Viability


In our previous study, we found that FLR contained LA [34] and the chromatogram of LA obtained by gas chromatography with flame ionization detector (GC-FID) is shown in Figure 4a. The amount of LA, deduced according to the formula offered by Ministry of Food and Drug Safety (Korea), was around 153 mg/100 g FLR. As shown in Figure 4b, significant cytotoxic effects were not observed in normal RAW 264.7 cells treated with LA at concentrations of 1, 10, and 100 μM. However, cell proliferation induced by LPS was significantly reduced in the 100 μM LA-treated group (Figure 4c). As lower concentrations of LA (1 to 100 μM) did not show cytotoxicity in both, the unstimulated as well as LPS-stimulated groups, we decided to carry out further analysis at concentrations of 1, 10, and 100 μM LA.




3.4. Effects of LA on NO Production and Expression of Pro-Inflammatory Mediators


The effects of LA on NO production and pro-inflammatory mediator expression were analyzed in LPS-induced cells (Figure 5). Lower concentrations of LA (1, 10 μM) were not effective in reducing NO production, whereas treatment with 100 μM LA reduced NO production significantly (Figure 5a). However, LA effectively decreased the expression of Nos2, Ptgs2, Tnf-α, Il1b, and Il6 genes at all concentrations in a dose-dependent manner (Figure 5b–f).




3.5. Effects of LA on the Activation and Translocation of NF-κB p65


The effects of LA on activation and nuclear translocation of NF-κB p65 were investigated in the same manner as those of FLR were investigated. We observed that LA treatment (1 to 100 μM) decreased LPS-induced luciferase activity in transfected cells, as shown in Figure 6a. Protein expression was visualized by western blot analysis. LPS-induced increase in phosphorylation of NF-κB p65 and IκBα was reduced, and degradation of IκBα was blocked when cells were treated with LA (Figure 6b–d). Nuclear translocation of NF-κB p65 was also observed by immunofluorescence (Figure 6e). The region stained with NF-κB p65 antibody (red color) was consistent with the region stained with 4′,6-Diamidino-2-phenylindole dihydrochloride (DAPI, blue color), indicating the translocation of NF-κB p65 from cytoplasm to the nucleus in LPS-induced group. In contrast, NF-κB p65 was not translocated from cytoplasm into the nucleus in LA-treated cells. These results were similar to the FLR-treated cells and suggested that LA inhibits NF-κB activation in LPS-induced RAW 264.7 cells.




3.6. Effects of LA on MAPK Activation


To evaluate whether LA affects mitogen-activated protein kinase (MAPK) signaling, we analyzed the effects of LA on the phosphorylation of extracellular signal-regulated kinases (ERK), p38, and c-Jun N-terminal kinase (JNK) in LPS-induced RAW 264.7 cells by western blot analysis. LPS increased the phosphorylation of ERK, p38, and JNK (Figure 7). Treatment with 1 and 10 μM LA had no effect on phosphorylation, whereas treatment with 100 μM LA decreased the phosphorylation of ERK, p38, and JNK proteins.





4. Discussion and Conclusions


Inflammation is an essential immune response to protect our body against harmful stimuli, such as infection, stress, and physical injury. As the inflammatory response is a defense mechanism of our body against tissue injury, the lack of a normal inflammatory response could lead to tissue damage. An acute inflammation phase initiates the inflammatory process, wherein immune cells are rapidly recruited to the injury site. However, a persistent acute inflammatory response may cause severe pain and develop into various acute inflammatory diseases including gastric ulcer, acute hepatitis, and autoimmune disorders [39,40,41].



The inflammatory response is accompanied by the secretion of NO and pro-inflammatory cytokines by immune cells. These are important inflammatory mediators involved in immune response processes, such as extracellular signaling and vasodilation. However, a high amount of NO, due to continuous activation of iNOS, could cause toxic effects, such as oxidative stress and aggravation of inflammation [38,42]. Cytokines released from immune cells also play a critical role in inflammation. Pro-inflammatory cytokines, including TNF-α, IL-1β, and IL-6, which are rapidly produced in the early stage of inflammation, could be harmful when overproduced, similar to NO [8,43]. We observed that FLR and LA reduce the expression of Nos2, Ptgs2, Tnf-α, Il1b, and Il6 genes as well as production of NO in LPS-induced RAW 264.7 cells, thus suggesting that FLR and LA may potentially regulate production of NO and cytokines in inflammatory responses. A total of 10 μM of LA reduced mRNA expression of Nos2 and Ptgs2 comparable to 10 μM, of the NF-κB inhibitor PDTC (Figure 5 and Figure S1).



MAPK proteins are important in inflammation as well as cell proliferation and differentiation. MAPK proteins, such as ERK, p38, and JNK are activated by extracellular stimuli at the cell membrane. Phosphorylated ERK and p38 induce the transcriptional activity of NF-κB, and ultimately release inflammatory mediators, including NO, TNF-α, and IL-6 [44,45,46]. JNK is also involved in inflammatory response and phosphorylates c-Jun, which in turn induces the expression of the activator protein 1 transcription factor [47]. Besides, it is reported that JNK induces the degradation of IκBα [48].



NF-κB is one of the most important transcriptional factors involved in the inflammatory response. NF-κB is generally localized in the cytoplasm in an inactive form, as a heterodimer with IκB. Phosphorylation of IκB is essential for the release of NF-κB. When IκB kinase is activated by various extracellular signals, IκB is phosphorylated and detaches from NF-κB. Dissociated IκB is ultimately degraded following ubiquitination, whereas the liberated NF-κB is translocated from cytoplasm into the nucleus. In the nucleus, NF-κB binds to a specific site on the target gene and induces target gene expression. Thus, phosphorylation of NF-κB and IκB leads to the transcription of target gene such as iNOS, COX-2, and cytokines [49,50]. Therefore, excessive activation of NF-κB may result in an enhanced inflammatory response.



In this study, immunofluorescence evidence confirmed translocation of NF-κB p65 into the nucleus by LPS in contrast to the cytoplasmic localization of NF-κB p65 in unstimulated cells. However, treatment with FLR and LA apparently blocked the nuclear translocation of NF-κB p65. Thus, our results suggest that FLR and LA suppress the activation of NF-κB by blocking the phosphorylation of NF-κB and IκBα.



Both MAPK and NF-κB signaling are triggered when Toll-like receptor 4 (TLR4) recognize and bind LPS in macrophages. Phosphorylated MAPK and NF-κB induce transcription of inflammatory mediators, and thereby aggravate inflammation [51]. Therefore, MAPK/NF-κB signaling should be controlled against excessive activation. Recent accumulated evidences have demonstrated that inflammation is suppressed by the inhibition of MAPK/NF-κB signaling in LPS-induced macrophage cell lineage [52,53].



The role of dietary LA on inflammation remains controversial. Several in vitro and in vivo studies have demonstrated anti-inflammatory effects of LA [54,55]. LA reduced inflammatory responses in microglial cells [54] and decreased IL-1β, IL-6, and NF-κB activation in the wound healing rat model [55]. On the contrary, it has been reported that LA might accelerate inflammation. High levels of LA intake induced pro-inflammatory markers such as TNF-α, IL-1β, and IL-6 in rats [56] and elevated the risk of ulcerative colitis in a nested case–control study [57]. These effects have been attributed to arachidonic acid, which is synthesized from LA and produces pro-inflammatory mediators [58,59]. Despite this, dietary LA has not exhibited any portent of inflammation in mice models [60] and a high dietary ω-6 fatty acid did not evidently affect inflammation when it was provided instead of saturated fatty acids [61]. Furthermore, the tissue arachidonic acid content was not correlated with the increase of dietary LA [62].



In this study, LA decreased pro-inflammatory markers in RAW 264.7 cells. These results are similar to a previous report in which mRNA expression of Nos2, Tnf-α, Il1b, and Il6 induced by LPS in macrophages was decreased in the presence of 150 μM LA isolated from Agaricus brasiliensis [63]. Moreover, we observed that LA exhibited anti-inflammatory effects through the suppression of MAPK/NF-κB signaling and decreased phosphorylation of NF-κB, IκBα, ERK, p38, and JNK. Additionally, LA not only blocked nuclear translocation of NF-κB p65 but also prevented transcriptional activity of NF-κB. Overall, our results strongly support the anti-inflammatory effects of LA. Future studies with positive control are needed to confirm the results.



Our ultimate goal is to evaluate the potential of FLR as a novel health functional food which has anti-inflammatory effect. A total of 100 g of FLR powder contains 153 mg of linoleic acid. The amount of LA contained in the highest concentration, 200 μg/mL FLR, can be converted to around 1.08 μM. Additionally, in our previous study, it was found that the FLR powder 100 g contained 301 mg of total flavonoid, 1110 mg of total polyphenol. Although the amount of LA contained in FLR is not large, LA, which has not been studied much on anti-inflammatory effect compared to polyphenols or flavonoids, was used in the experiment. In addition, if FLR will be developed as a novel health functional food (as powder/tablet form), it is thought that we can intake not only linoleic acid but also a large amount of active ingredients and get anti-inflammatory effects.



Taken together, the results of this study provide mechanistic support to our previous study where we showed that gastroprotective effects of FLR in vivo [34]. To the best of our knowledge, this study is the first demonstration of the anti-inflammatory effects of FLR and its component LA in LPS-induced macrophages. Further clinical studies are needed to confirm the anti-inflammatory effects of FLR demonstrated in this study.
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Abbreviations




	FLR
	Fermented lotus root



	LA
	Linoleic acid



	LPS
	Lipopolysaccharide



	TLR4
	Toll-like receptor 4



	NF-κB
	Nuclear factor-kappa B



	IκBα
	Inhibitor of kappa B



	MAPK
	Mitogen-activated protein kinase



	NO
	Nitric oxide



	iNOS
	Inducible nitric oxide synthase



	COX-2
	Cyclooxygenase-2



	TNF-α
	Tumor necrosis factor-alpha



	IL-1β
	Interleukin-1 beta



	IL-6
	Interleukin-6



	Nos2
	Nitric oxide synthase 2



	Ptgs2
	Prostaglandin-endoperoxide synthase 2



	ERK
	Extracellular signal-regulated kinase



	JNK
	c-Jun N-terminal kinase



	GC-FID
	Gas chromatography with flame ionization detector



	VC
	Vehicle control



	CCK-8
	Cell counting kit-8



	DAPI
	4′,6-Diamidino-2-phenylindole dihydrochloride



	ANOVA
	Analysis of variance



	SEM
	Standard error of the mean







References


	



De Lavor, E.M.; Fernandes, A.W.C.; de Andrade Teles, R.B.; Leal, A.; de Oliveira Junior, R.G.; Gama, E.S.M.; de Oliveira, A.P.; Silva, J.C.; de Moura Fontes Araujo, M.T.; Coutinho, H.D.M.; et al. Essential Oils and Their Major Compounds in the Treatment of Chronic Inflammation: A Review of Antioxidant Potential in Preclinical Studies and Molecular Mechanisms. Oxid. Med. Cell. Longev. 2018, 2018, 6468593. [Google Scholar] [CrossRef]

	



Freigang, S. The regulation of inflammation by oxidized phospholipids. Eur. J. Immunol. 2016, 46, 1818–1825. [Google Scholar] [CrossRef]

	



Ara, T.; Nakatani, S.; Kobata, K.; Sogawa, N.; Sogawa, C. The Biological Efficacy of Natural Products against Acute and Chronic Inflammatory Diseases in the Oral Region. Medicines 2018, 5. [Google Scholar] [CrossRef]

	



Zerem, E. Treatment of severe acute pancreatitis and its complications. World J. Gastroenterol. 2014, 20, 13879–13892. [Google Scholar] [CrossRef]

	



Lu, S.; Wu, D.; Sun, G.; Geng, F.; Shen, Y.; Tan, J.; Sun, X.; Luo, Y. Gastroprotective effects of Kangfuxin against water-immersion and restraint stress-induced gastric ulcer in rats: Roles of antioxidation, anti-inflammation, and pro-survival. Pharm. Biol. 2019, 57, 770–777. [Google Scholar] [CrossRef] [PubMed]

	



Han, H.I.; Skvarca, L.B.; Espiritu, E.B.; Davidson, A.J.; Hukriede, N.A. The role of macrophages during acute kidney injury: Destruction and repair. Pediatr. Nephrol. 2019, 34, 561–569. [Google Scholar] [CrossRef] [PubMed]

	



Islam, S.U.; Lee, J.H.; Shehzad, A.; Ahn, E.M.; Lee, Y.M.; Lee, Y.S. Decursinol Angelate Inhibits LPS-Induced Macrophage Polarization through Modulation of the NFkappaB and MAPK Signaling Pathways. Molecules 2018, 23. [Google Scholar] [CrossRef] [PubMed]

	



Kim, K.S.; Cui, X.; Lee, D.S.; Sohn, J.H.; Yim, J.H.; Kim, Y.C.; Oh, H. Anti-inflammatory effect of neoechinulin a from the marine fungus Eurotium sp. SF-5989 through the suppression of NF-small ka, CyrillicB and p38 MAPK Pathways in lipopolysaccharide-stimulated RAW264.7 macrophages. Molecules 2013, 18, 13245–13259. [Google Scholar] [CrossRef]

	



Duan, Y.; An, W.; Wu, H.; Wu, Y. Salvianolic Acid C Attenuates LPS-Induced Inflammation and Apoptosis in Human Periodontal Ligament Stem Cells via Toll-Like Receptors 4 (TLR4)/Nuclear Factor kappa B (NF-kappaB) Pathway. Med. Sci. Monit. 2019, 25, 9499–9508. [Google Scholar] [CrossRef]

	



Du, L.; Li, J.; Zhang, X.; Wang, L.; Zhang, W.; Yang, M.; Hou, C. Pomegranate peel polyphenols inhibits inflammation in LPS-induced RAW264.7 macrophages via the suppression of TLR4/NF-kappaB pathway activation. Food Nutr. Res. 2019, 63. [Google Scholar] [CrossRef]

	



Yuan, F.; Chen, J.; Sun, P.P.; Guan, S.; Xu, J. Wedelolactone inhibits LPS-induced pro-inflammation via NF-kappaB pathway in RAW 264.7 cells. J. Biomed. Sci. 2013, 20, 84. [Google Scholar] [CrossRef] [PubMed]

	



Dong, J.; Li, J.; Cui, L.; Wang, Y.; Lin, J.; Qu, Y.; Wang, H. Cortisol modulates inflammatory responses in LPS-stimulated RAW264.7 cells via the NF-kappaB and MAPK pathways. BMC Vet. Res. 2018, 14, 30. [Google Scholar] [CrossRef] [PubMed]

	



Hayden, M.S.; Ghosh, S. Signaling to NF-kappaB. Genes Dev. 2004, 18, 2195–2224. [Google Scholar] [CrossRef] [PubMed]

	



Newton, K.; Dixit, V.M. Signaling in innate immunity and inflammation. Cold Spring Harb. Perspect. Biol. 2012, 4. [Google Scholar] [CrossRef]

	



Kim, D.H.; Chung, J.H.; Yoon, J.S.; Ha, Y.M.; Bae, S.; Lee, E.K.; Jung, K.J.; Kim, M.S.; Kim, Y.J.; Kim, M.K.; et al. Ginsenoside Rd inhibits the expressions of iNOS and COX-2 by suppressing NF-kappaB in LPS-stimulated RAW264.7 cells and mouse liver. J. Ginseng Res. 2013, 37, 54–63. [Google Scholar] [CrossRef]

	



Vallabhapurapu, S.; Karin, M. Regulation and Function of NF-kappa B Transcription Factors in the Immune System. Annu. Rev. Immunol. 2009, 27, 693–733. [Google Scholar] [CrossRef]

	



Kim, D.H.; Cho, W.Y.; Yeon, S.J.; Choi, S.H.; Lee, C.H. Effects of Lotus (Nelumbo nucifera) Leaf on Quality and Antioxidant Activity of Yogurt during Refrigerated Storage. Food Sci. Anim. Resour. 2019, 39, 792–803. [Google Scholar] [CrossRef]

	



Tsuruta, Y.; Nagao, K.; Shirouchi, B.; Nomura, S.; Tsuge, K.; Koganemaru, K.; Yanagita, T. Effects of lotus root (the edible rhizome of Nelumbo nucifera) on the deveolopment of non-alcoholic fatty liver disease in obese diabetic db/db mice. Biosci. Biotechnol. Biochem. 2012, 76, 462–466. [Google Scholar] [CrossRef]

	



Jiang, X.L.; Wang, L.; Wang, E.J.; Zhang, G.L.; Chen, B.; Wang, M.K.; Li, F. Flavonoid glycosides and alkaloids from the embryos of Nelumbo nucifera seeds and their antioxidant activity. Fitoterapia 2018, 125, 184–190. [Google Scholar] [CrossRef]

	



Yang, M.Y.; Hung, T.W.; Wang, C.J.; Tseng, T.H. Inhibitory Effect of Nelumbo nucifera Leaf Extract on 2-Acetylaminofluorene-induced Hepatocarcinogenesis Through Enhancing Antioxidative Potential and Alleviating Inflammation in Rats. Antioxidants 2019, 8. [Google Scholar] [CrossRef]

	



Knipping, K.; Garssen, J.; van’t Land, B. An evaluation of the inhibitory effects against rotavirus infection of edible plant extracts. Virol. J. 2012, 9, 137. [Google Scholar] [CrossRef] [PubMed]

	



Ono, Y.; Hattori, E.; Fukaya, Y.; Imai, S.; Ohizumi, Y. Anti-obesity effect of Nelumbo nucifera leaves extract in mice and rats. J. Ethnopharmacol. 2006, 106, 238–244. [Google Scholar] [CrossRef] [PubMed]

	



Poornima, P.; Weng, C.F.; Padma, V.V. Neferine, an alkaloid from lotus seed embryo, inhibits human lung cancer cell growth by MAPK activation and cell cycle arrest. Biofactors 2014, 40, 121–131. [Google Scholar] [CrossRef] [PubMed]

	



Rai, S.; Wahile, A.; Mukherjee, K.; Saha, B.P.; Mukherjee, P.K. Antioxidant activity of Nelumbo nucifera (sacred lotus) seeds. J. Ethnopharmacol. 2006, 104, 322–327. [Google Scholar] [CrossRef] [PubMed]

	



Sugimoto, Y.; Nishimura, K.; Itoh, A.; Tanahashi, T.; Nakajima, H.; Oshiro, H.; Sun, S.; Toda, T.; Yamada, J. Serotonergic mechanisms are involved in antidepressant-like effects of bisbenzylisoquinolines liensinine and its analogs isolated from the embryo of Nelumbo nucifera Gaertner seeds in mice. J. Pharm. Pharmacol. 2015, 67, 1716–1722. [Google Scholar] [CrossRef] [PubMed]

	



You, J.S.; Lee, Y.J.; Kim, K.S.; Kim, S.H.; Chang, K.J. Ethanol extract of lotus (Nelumbo nucifera) root exhibits an anti-adipogenic effect in human pre-adipocytes and anti-obesity and anti-oxidant effects in rats fed a high-fat diet. Nutr. Res. 2014, 34, 258–267. [Google Scholar] [CrossRef]

	



Mukherjee, P.K.; Saha, K.; Pal, M.; Saha, B.P. Effect of Nelumbo nucifera rhizome extract on blood sugar level in rats. J. Ethnopharmacol. 1997, 58, 207–213. [Google Scholar] [CrossRef]

	



Tsuruta, Y.; Nagao, K.; Kai, S.; Tsuge, K.; Yoshimura, T.; Koganemaru, K.; Yanagita, T. Polyphenolic extract of lotus root (edible rhizome of Nelumbo nucifera) alleviates hepatic steatosis in obese diabetic db/db mice. Lipids Health Dis. 2011, 10, 202. [Google Scholar] [CrossRef]

	



Mukherjee, D.; Khatua, T.N.; Venkatesh, P.; Saha, B.P.; Mukherjee, P.K. Immunomodulatory potential of rhizome and seed extracts of Nelumbo nucifera Gaertn. J. Ethnopharmacol. 2010, 128, 490–494. [Google Scholar] [CrossRef]

	



Mukherjee, P.K.; Saha, K.; Das, J.; Pal, M.; Saha, B.P. Studies on the anti-inflammatory activity of rhizomes of Nelumbo nucifera. Planta Med. 1997, 63, 367–369. [Google Scholar] [CrossRef]

	



Yong, C.C.; Yoon, Y.; Yoo, H.S.; Oh, S. Effect of Lactobacillus Fermentation on the Anti-Inflammatory Potential of Turmeric. J. Microbiol. Biotechnol. 2019, 29, 1561–1569. [Google Scholar] [CrossRef] [PubMed]

	



Sanchez-Villavicencio, M.L.; Vinqvist-Tymchuk, M.; Kalt, W.; Matar, C.; Alarcon Aguilar, F.J.; Escobar Villanueva, M.D.; Haddad, P.S. Fermented blueberry juice extract and its specific fractions have an anti-adipogenic effect in 3 T3-L1 cells. BMC Complement. Altern. Med. 2017, 17, 24. [Google Scholar] [CrossRef] [PubMed]

	



Liu, Y.; Cheng, H.; Liu, H.; Ma, R.; Ma, J.; Fang, H. Fermentation by Multiple Bacterial Strains Improves the Production of Bioactive Compounds and Antioxidant Activity of Goji Juice. Molecules 2019, 24. [Google Scholar] [CrossRef] [PubMed]

	



Yoo, J.H.; Park, E.J.; Kim, S.H.; Lee, H.J. Gastroprotective Effects of Fermented Lotus Root against Ethanol/HCl-Induced Gastric Mucosal Acute Toxicity in Rats. Nutrients 2020, 12. [Google Scholar] [CrossRef] [PubMed]

	



Fritsche, K.L. The science of fatty acids and inflammation. Adv. Nutr. 2015, 6, 293S–301S. [Google Scholar] [CrossRef] [PubMed]

	



Monmai, C.; Go, S.H.; Shin, I.S.; You, S.G.; Lee, H.; Kang, S.B.; Park, W.J. Immune-Enhancement and Anti-Inflammatory Activities of Fatty Acids Extracted from Halocynthia aurantium Tunic in RAW264.7 Cells. Mar. Drugs 2018, 16. [Google Scholar] [CrossRef]

	



Park, E.-J.; Lee, Y.-S.; Kim, S.M.; Jung, A.J.; Yoo, J.-H.; Lee, S.-H.; Jeong, H.C.; Lee, H.-J. Immune-Enhancing Effects of Red Platycodon grandiflorus Root Extract via p38 MAPK-Mediated NF-κB Activation. Appl. Sci. 2020, 10. [Google Scholar] [CrossRef]

	



Guzik, T.J.; Korbut, R.; Adamek-Guzik, T. Nitric oxide and superoxide in inflammation and immune regulation. J. Physiol. Pharmacol. 2003, 54, 469–487. [Google Scholar]

	



Zhang, H.; Ren, Q.C.; Ren, Y.; Zhao, L.; Yang, F.; Zhang, Y.; Zhao, W.J.; Tan, Y.Z.; Shen, X.F. Ajudecumin A from Ajuga ovalifolia var. calantha exhibits anti-inflammatory activity in lipopolysaccharide-activated RAW264.7 murine macrophages and animal models of acute inflammation. Pharm. Biol. 2018, 56, 649–657. [Google Scholar] [CrossRef]

	



Rogero, M.M.; Calder, P.C. Obesity, Inflammation, Toll-Like Receptor 4 and Fatty Acids. Nutrients 2018, 10. [Google Scholar] [CrossRef]

	



Arulselvan, P.; Fard, M.T.; Tan, W.S.; Gothai, S.; Fakurazi, S.; Norhaizan, M.E.; Kumar, S.S. Role of Antioxidants and Natural Products in Inflammation. Oxid. Med. Cell. Longev. 2016, 2016, 5276130. [Google Scholar] [CrossRef] [PubMed]

	



Kimbrough, C.W.; Lakshmanan, J.; Matheson, P.J.; Woeste, M.; Gentile, A.; Benns, M.V.; Zhang, B.; Smith, J.W.; Harbrecht, B.G. Resveratrol decreases nitric oxide production by hepatocytes during inflammation. Surgery 2015, 158, 1095–1101; discussion 1101. [Google Scholar] [CrossRef] [PubMed]

	



Javed, S.; Li, W.M.; Zeb, M.; Yaqoob, A.; Tackaberry, L.E.; Massicotte, H.B.; Egger, K.N.; Cheung, P.C.K.; Payne, G.W.; Lee, C.H. Anti-Inflammatory Activity of the Wild Mushroom, Echinodontium tinctorium, in RAW264.7 Macrophage Cells and Mouse Microcirculation. Molecules 2019, 24. [Google Scholar] [CrossRef] [PubMed]

	



Sabio, G.; Davis, R.J. TNF and MAP kinase signalling pathways. Semin. Immunol. 2014, 26, 237–245. [Google Scholar] [CrossRef]

	



Koistinaho, M.; Koistinaho, J. Role of p38 and p44/42 mitogen-activated protein kinases in microglia. Glia 2002, 40, 175–183. [Google Scholar] [CrossRef]

	



Saha, R.N.; Jana, M.; Pahan, K. MAPK p38 regulates transcriptional activity of NF-kappaB in primary human astrocytes via acetylation of p65. J. Immunol. 2007, 179, 7101–7109. [Google Scholar] [CrossRef]

	



Grynberg, K.; Ma, F.Y.; Nikolic-Paterson, D.J. The JNK Signaling Pathway in Renal Fibrosis. Front. Physiol. 2017, 8, 829. [Google Scholar] [CrossRef]

	



Ruan, J.; Qi, Z.; Shen, L.; Jiang, Y.; Xu, Y.; Lan, L.; Luo, L.; Yin, Z. Crosstalk between JNK and NF-kappaB signaling pathways via HSP27 phosphorylation in HepG2 cells. Biochem. Biophys. Res. Commun. 2015, 456, 122–128. [Google Scholar] [CrossRef]

	



Wan, F.; Lenardo, M.J. Specification of DNA binding activity of NF-kappaB proteins. Cold Spring Harb. Perspect. Biol. 2009, 1, a000067. [Google Scholar] [CrossRef]

	



Hinz, M.; Scheidereit, C. The IkappaB kinase complex in NF-kappaB regulation and beyond. EMBO Rep. 2014, 15, 46–61. [Google Scholar] [CrossRef]

	



Liu, F.; Zhang, X.; Li, Y.; Chen, Q.; Liu, F.; Zhu, X.; Mei, L.; Song, X.; Liu, X.; Song, Z.; et al. Anti-Inflammatory Effects of a Mytilus coruscus alpha-d-Glucan (MP-A) in Activated Macrophage Cells via TLR4/NF-kappaB/MAPK Pathway Inhibition. Mar. Drugs 2017, 15. [Google Scholar] [CrossRef] [PubMed]

	



Harikrishnan, H.; Jantan, I.; Haque, M.A.; Kumolosasi, E. Anti-inflammatory effects of Phyllanthus amarus Schum. & Thonn. through inhibition of NF-kappaB, MAPK, and PI3K-Akt signaling pathways in LPS-induced human macrophages. BMC Complement. Altern. Med. 2018, 18, 224. [Google Scholar] [CrossRef]

	



Akanda, M.R.; Kim, I.S.; Ahn, D.; Tae, H.J.; Nam, H.H.; Choo, B.K.; Kim, K.; Park, B.Y. Anti-Inflammatory and Gastroprotective Roles of Rabdosia inflexa through Downregulation of Pro-Inflammatory Cytokines and MAPK/NF-kappaB Signaling Pathways. Int. J. Mol. Sci. 2018, 19. [Google Scholar] [CrossRef] [PubMed]

	



Tu, T.H.; Kim, H.; Yang, S.; Kim, J.K.; Kim, J.G. Linoleic acid rescues microglia inflammation triggered by saturated fatty acid. Biochem. Biophys. Res. Commun. 2019, 513, 201–206. [Google Scholar] [CrossRef] [PubMed]

	



Rodrigues, H.G.; Vinolo, M.A.; Magdalon, J.; Vitzel, K.; Nachbar, R.T.; Pessoa, A.F.; dos Santos, M.F.; Hatanaka, E.; Calder, P.C.; Curi, R. Oral administration of oleic or linoleic acid accelerates the inflammatory phase of wound healing. J. Invest. Dermatol. 2012, 132, 208–215. [Google Scholar] [CrossRef]

	



Marchix, J.; Choque, B.; Kouba, M.; Fautrel, A.; Catheline, D.; Legrand, P. Excessive dietary linoleic acid induces proinflammatory markers in rats. J. Nutr. Biochem. 2015, 26, 1434–1441. [Google Scholar] [CrossRef]

	



Investigators, I.B.D.i.E.S.; Tjonneland, A.; Overvad, K.; Bergmann, M.M.; Nagel, G.; Linseisen, J.; Hallmans, G.; Palmqvist, R.; Sjodin, H.; Hagglund, G.; et al. Linoleic acid, a dietary n-6 polyunsaturated fatty acid, and the aetiology of ulcerative colitis: A nested case-control study within a European prospective cohort study. Gut 2009, 58, 1606–1611. [Google Scholar] [CrossRef]

	



Jandacek, R.J. Linoleic Acid: A Nutritional Quandary. Healthcare 2017, 5. [Google Scholar] [CrossRef]

	



Fritsche, K.L. Linoleic acid, vegetable oils & inflammation. Mo. Med. 2014, 111, 41–43. [Google Scholar]

	



Vaughan, R.A.; Garrison, R.L.; Stamatikos, A.D.; Kang, M.; Cooper, J.A.; Paton, C.M. A High Linoleic Acid Diet does not Induce Inflammation in Mouse Liver or Adipose Tissue. Lipids 2015, 50, 1115–1122. [Google Scholar] [CrossRef]

	



Bjermo, H.; Iggman, D.; Kullberg, J.; Dahlman, I.; Johansson, L.; Persson, L.; Berglund, J.; Pulkki, K.; Basu, S.; Uusitupa, M.; et al. Effects of n-6 PUFAs compared with SFAs on liver fat, lipoproteins, and inflammation in abdominal obesity: A randomized controlled trial. Am. J. Clin. Nutr. 2012, 95, 1003–1012. [Google Scholar] [CrossRef] [PubMed]

	



Rett, B.S.; Whelan, J. Increasing dietary linoleic acid does not increase tissue arachidonic acid content in adults consuming Western-type diets: A systematic review. Nutr. Metab. 2011, 8, 36. [Google Scholar] [CrossRef] [PubMed]

	



Saiki, P.; Kawano, Y.; Van Griensven, L.; Miyazaki, K. The anti-inflammatory effect of Agaricus brasiliensis is partly due to its linoleic acid content. Food Funct. 2017, 8, 4150–4158. [Google Scholar] [CrossRef] [PubMed]








[image: Life 10 00293 g001 550] 





Figure 1. Effects of fermented lotus root (FLR) on cell viability. Cell viability in (a) RAW 264.7 murine macrophages treated with 25 to 200 μg/mL FLR for 24 h. (b) RAW 264.7 cells co-treated with FLR and lipopolysaccharide (LPS, 1 μg/mL) for 24 h. Cell viability is expressed as a percentage of the vehicle control (VC). The data represent mean ± SEM, n = 3. *** p < 0.001 compared to LPS-only treated group. 
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Figure 2. Effects of FLR on nitric oxide (NO) production and immune gene expression. RAW 264.7 cells were co-treated with LPS (1 μg/mL) and FLR (25 to 200 μg/mL) for 24 h. (a) NO production in culture medium (b–f) mRNA expression of (b) Nos2, (c) Ptgs2, (d) Tnf-α, (e) Il1b, and (f) Il6 quantified by RT-PCR. The data represent mean ± SEM, n = 3. * p < 0.05, ** p < 0.01, *** p < 0.001 compared to LPS-only treated group.3.3. Effects of FLR on the activation and nuclear translocation of NF-κB p65. 
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Figure 3. Effects of FLR on NF-κB signaling. (a) NF-κB promoter activity in transfected RAW 264.7 cells co-treated with LPS (1 µg/mL) and FLR (25 to 200 μg/mL) for 24 h. (b–d) Western blot analysis of phosphorylated and unphosphorylated NF-κB and IκBα extracted from cells co-treated with 1 μg/mL LPS and 100, 200 μg/mL FLR for 1 h. The data represent mean ± SEM, n = 3. * p < 0.05, *** p < 0.001 compared to LPS-only treated group. (e) Representative images from immunofluorescence. The nucleus (blue color) was stained with 4′,6-Diamidino-2-phenylindole dihydrochloride (DAPI) and NF-κB p65 (red color) was stained with appropriate antibodies. Images were captured at 400× magnification. The scale bar indicates 20 μm. The scale bar indicates 20 μm. The number of cells with p65 nuclear translocation were counted for the statistical analysis in three random fields of each group. 
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Figure 4. Chromatogram of linoleic acid (LA) and effects of LA on cell viability. (a) Chromatogram of LA was obtained using gas chromatography with flame ionization detector (GC-FID). (b) Cell viability in RAW 264.7 cells treated with different concentrations of LA (1, 10, and 100 μM) for 24 h. (c) Cell viability in RAW 264.7 cells co-treated with LPS (1 μg/mL) and LA for 24 h. Cell viability was measured by CCK-8 assay and expressed as a percentage compared to that of VC. The data represent mean ± SEM, n = 3, * p < 0.05 compared to LPS-only treated group. 
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Figure 5. Effects of LA on NO production and expression of immune genes. Cells were co-treated with LPS (1 μg/mL) and LA at the concentrations of 1, 10, and 100 μM for 24 h. (a) NO production in culture medium (b–f) mRNA levels of immune genes Nos2(b), Ptgs2 (c), Tnf-α (d), Il1b (e), and Il6 (f). The data represent mean ± SEM, n = 3. * p < 0.05, ** p < 0.01, *** p < 0.001 compared to LPS-only treated group. 
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Figure 6. Effects of LA on NF-κB signaling. (a) NF-κB promoter activity in transfected RAW 264.7 cells co-treated with LPS and LA (1 to 100 μM) for 24 h. (b–d) Western blot analysis of phosphorylated and unphosphorylated NF-κB and IκBα proteins extracted from cells co-treated with LPS (1 μg/mL) and LA (1 to 100 μM) for 1 h. The data represent mean ± SEM, n = 3. * p < 0.05, ** p < 0.01, *** p < 0.001 compared to LPS-only treated group. (e) Representative images from immunofluorescence. The nucleus (blue color) was stained with 4′,6-Diamidino-2-phenylindole dihydrochloride (DAPI) and NF-κB p65 (red color) was stained with appropriate antibodies. Images were captured at 400× magnification. The scale bar indicates 20 μm. The number of cells with p65 nuclear translocation were counted for the statistical analysis in three random fields of each group. 
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Figure 7. Effects of LA on phosphorylation of extracellular signal-regulated kinase (ERK), p38, and c-Jun N-terminal kinase (JNK). RAW 264.7 cells were co-treated with LPS (1 μg/mL) and 1 to 100 μM LA for 1 h. Western blot analysis of phosphorylated and unphosphorylated ERK, p38, and JNK proteins to evaluate MAPK activation The images above are representatives of triplicate experiments. The data represent mean ± SEM, n = 3. * p < 0.05, compared to LPS-only treated group. 
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Table 1. Primer sequences used for RT-PCR analysis.
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	Genes
	Forward Primer (5′–3′)
	Reverse Primer (5′–3′)
	Product Size (bp)





	Actb
	CCACAGCTGAGAGGAAATC
	AAGGAAGGCTGGAAAAGAGC
	193



	Nos2
	TTCCAGAATCCCTGGACAAG
	TGGTCAAACTCTTGGGGTTC
	180



	Ptgs2
	AGAAGGAAATGGCTGCAGAA
	GCTCGGCTTCCAGTATTGAG
	194



	Tnf-α
	ATGAGCACAGAAAGCATGATC
	TACAGGCTTGTCACTCGAATT
	276



	Il1b
	GGGCCTCAAAGGAAAGAA
	TACCAGTTGGGGAACTCTGC
	183



	Il6
	AGTTGCCTTCTTGGGACTGA
	CAGAATTGCCATTGCACAAC
	191
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