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Abstract

In this study, we have investigated the anti-inflammatory effects of trilinolein (TL) using lipopolysaccharide (LPS)-stimulated mouse macrophage (RAW264.7) and carrageenan (Carr)-induced mouse paw edema model. When RAW264.7 macrophages were treated with different concentrations of TL together with LPS, a significant concentration-dependent inhibition of nitric oxide (NO), tumor necrosis factor (TNF-α), interleukin-1 (IL-1(), and IL-6 production was detected. Western blotting revealed that TL blocked protein expression of inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), nuclear factor-B (NF-(B), IB, and mitogen-activated protein kinases (MAPK). In the anti-inflammatory test, TL decreased the paw edema at the 5th h after (-carrageenan (Carr) administration in the paw edema. We also demonstrated TL significantly attenuated the malondialdehyde (MDA) level in the edema paw at the 5th h after Carr injection. TL decreased the NO and TNF-α levels on the serum level at the 5th h after Carr injection. Western blotting revealed that TL decreased Carr-induced iNOS and COX-2 expressions at the 5th h in the edema paw. The anti-inflammatory mechanisms of TL might be related to the decrease in the level of iNOS, COX-2, IB, and MAPK pathway through the suppression of TNF-( , IL-1(, and IL-6.
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Introduction
Trilinolein (TL), isolated from the traditional Chinese herb Sanchi (Panax notoginseng) (Chan, et al., 1995), has been used in treating circulatory disorders among the Chinese for hundreds of years. TL is a triacylglycerol with linoleic acid as the only fatty acid residue in all esterified positions of glycerol. TL has various beneficial effects, including reducing thrombogenicity, erythrocyte deformability and arrhythmias, and antioxidant effects (Chan, et al., 1999). The antioxidant effect of TL was similar to -tocopherol in dosage–response manners (Chan, et al., 1997). The myocardial protective effect of TL is proposed to be related to an antioxidant effect through potentiating of superoxide dismutase (Chan, et al., 1996). However, the cellular and molecular mechanisms of the protective effect of TL in the anti-inflammatory effect have not been elucidated.

Inflammation leads to the up-regulation of a series of enzymes and signaling proteins in affected tissues and cells. Inducible nitric oxide synthase (iNOS), a member of the NOS protein family, catalyzes the formation of nitric oxide (NO) from L-arginine (Chang, et al., 2011). Low concentration of NO produced by iNOS are likely to contribute to the antimicrobial activity of macrophages against certain bacterial pathogens. However, high concentration of NO and its derivatives, such as nitrogen dioxide and peroxynitrite, are found to play important roles in inflammation and carcinogenesis. INOS can be induced by bacterial endotoxic LPS, interferon- (IFN-), and a variety of pro-inflammatory cytokines (Liao, et al., 2013a). In particular, the proinflammatory cytokines such as tumor necrosis factor (TNF)-α, interleukin (IL)-1, and IL-6 and the pro-inflammatory enzymes including iNOS and COX-2 have been widely accepted with involvement of promoting inflammatory processes (Huang et al., 2012a).
Papers have reported that inflammatory effect induced by Carr could be associated with free radical. Free radical, prostaglandin, and NO will be released when administrating with Carr for 1-5 h. MDA production can be a result of free radical attack on plasma membranes (Huang et al., 2012a). Thus, inflammatory effect would result in the accumulation of MDA. Therefore, in this paper we examined the anti-inflammatory effects of TL on LPS-induced in RAW264.7 cells and Carr-induced on paw edema in mice. And we detected the levels of iNOS and COX-2 in either RAW264.7 cell or paw edema. Also, the activities of CAT, SOD, and GPx in the paw edema at the 5th h after Carr injection were investigated to understand the relationship between the anti-inflammatory mechanism of TL and antioxidant enzymes. 
Results
Cell Viability
The effect of TL (Fig. 1A) on RAW264.7 cell viability was determined by a MTT assay. Cells cultured with TL at the concentrations (0, 3.12, 6.25, 12.5, 25, and 50 g/mL) used in the presence of 100 ng/mL LPS for 24 h did not change cell viability (Fig. 1B).
Effect of TL on LPS-induced NO, TNF-IL-1and IL-6 Productions in Macrophages
NO plays a role as neurotransmitter, vasodilator, and immune regulator in a variety of tissues at physiological concentration. High levels of NO produced by iNOS have been defined as a cytotoxic molecule in inflammation (Huang et al., 2011). In the present study, effects of TL on LPS-induced NO production in RAW 264.7 macrophages were investigated. Nitrite accumulated in the culture medium was estimated by the Griess reaction as an index for NO release from the cells. After treatment with LPS (100 ng/mL) for 24 h, the nitrite concentration increased in the medium. When RAW264.7 macrophages were treated with different concentrations of TL together with LPS for 24 h, TL inhibited nitrite production, significantly (Fig. 1C). TL did not interfere with the reaction between nitrite and Griess reagents at 50 g/mL (data not shown). Unstimulated macrophages, after 24 h of incubation in culture medium produced background levels of nitrite. When RAW264.7 macrophages were treated with different concentrations of TL (0, 3.12, 6.25, 12.5, 25, and 50 g/mL) together with LPS (100 ng/mL) for 24 h, a significant concentration-dependent inhibition of nitrite production was detected. There was either a significant decrease in the nitrite production of group treated with 3.12 g/mL TL (p < 0.05), or very or highly significant decrease of groups treated respectively with 6.25, 12.5, 25, and 50 g/mL of TL when compared with the LPS-alone group (p < 0.01 or p < 0.001). 
Inhibition of LPS-induced iNOS and COX-2 Protein by TL
In order to investigate whether the inhibition of NO production was due to a decreased iNOS and COX-2 protein level, the effect of TL on iNOS and COX-2 protein expression was studied by immunoblot. Equal amounts of protein were resolved by SDS-PAGE and then transferred to a nitrocellulose membrane and iNOS and COX-2 protein was detected using a specific antibody. The results showed that incubation with TL (0, 6.25, 12.5, and 25 g/mL) in the presence of LPS (100 ng/mL) for 24 h inhibited iNOS and COX-2 protein expressions in mouse macrophage RAW 264.7 cells in a dose-dependent manner (Fig. 2A). The detection of β-actin was also performed in the same blot as an internal control. The intensity of protein bands was analyzed using Kodak Quantity software in three independent experiments and showed an average of 83.9% and 86.2% down-regulation of iNOS and COX-2 proteins, respectively, after treatment with TL at 25 g/mL compared with the LPS-alone (Fig. 2B).

Inhibition of LPS-induced NF-B and MAPK proteins by TL
The transcription factor NF-κB plays a crucial role in regulating the expression of iNOS, COX-2, and cytokines. Upon LPS stimulation, macrophages are activated because of phosphorylation and subsequent degradation of IκB, which leads to the activation of NF-κB and its translocation to the nucleus (Huang et al., 2012a). To determine whether TL affects NF-κB activation, the levels of NF-κB and IκB-α were determined by western blot. As shown in Fig. 2B, TL significantly suppressed LPS-induced NF-κB and IκBα degradation in the RAW 264.7 cells. Together, these results demonstrate that TL inhibits LPS-induced NF-κB activation; we infer that this might be associated with the suppression of inflammatory pain mediators that are otherwise induced by LPS.
　During inflammation processes, the mitogen-activated protein kinases (MAPKs), are activated and mediate the signaling cascades leading to the expression of pro-inflammatory genes. LPS stimulation activates MAPKs, which participates in the signaling cascades leading to activation of various transcription factors, such as NF-κB, in the macrophages (Huang et al., 2012a). We, therefore, evaluated the regulatory effects of TL on LPS-induced MAPK activity by profiling the expression of phospho-MAPKs. This showed that TL markedly inhibits LPS-induced phosphorylation of ERK, JNK and p38 in a dose-dependent manner (Fig. 2C). Taken together, our results suggest that TL regulates the ERK, JNK, and p38 MAPK signaling pathways, which may contribute to the suppression of inflammatory responses.
Effects of TL on Carr-induced Mice Paw Edema
Carr-induced paw edema is shown in Fig. 3. TL (10 mg/kg) inhibited (p < 0.01) the development of paw edema induced by Carr after 4th h and 5th h of treatment, significantly. Indo (10 mg/kg) significantly decreased the Carr induced paw edema after 4th h and 5th h of treatment (p < 0.01).

Effects of TL on the MDA level
MDA levels in the edema paw induced by Carr were significantly high. However, MDA levels were lowered significantly upon treatment with TL, as well as 10 mg/kg Indo (Fig. 4A). TL treatment (2.5, 5, and 10 mg/kg) significantly inhibited the Carr-induced MDA level in comparison with the Carr group. The MDA levels were reduced in the Carr group by 22.22, 36.56, and 37.59%, respectively.
Effects of TL on the NO Level
In Fig. 4B, the NO level increased significantly in the edema serum at the 5th h after Carr injection (p < 0.001). TL (10 mg/kg) significantly decreased the serum NO level (p < 0.001). The inhibitory potency was similar to that of Indo (10 mg/kg) at the 5th h after induction. The NO levels were inhibited in TL extract group by 18.19, 43.71, and 61.20%, respectively, when compared to Carr group samples.

Effects of TL on the TNF-α Level
The TNF-α level increased significantly in serum at the 5th h post-Carr injection (p < 0.001). However, TL (10 mg/kg) decreased the TNF-α level in serum at the 5th h after Carr injection (p < 0.001), as well as 10 mg/kg Indo (Fig. 4C). The TNF- levels were reduced to compare with the Carr group was 11.38%, 33.53%, and 47.76%, respectively.
Effects of TL on Carr-induced iNOS and COX-2 protein expressions in Mice Paw Edema
To investigate whether the inhibition of NO production was due to a decreased iNOS and COX-2 protein level, the effect of TL on iNOS and COX-2 protein expression was studied by western blot. Equal amounts of protein (30 g/lane) were resolved by SDS-PAGE and then transferred to a nitrocellulose membrane and iNOS and COX-2 protein was detected using a specific antibody. The results showed that injection of TL (10 mg/kg) on Carr-induced for 5th h inhibited iNOS and COX-2 proteins expression in mouse paw edema (Fig. 5A). The detection of β-actin was also performed in the same blot as an internal control. The intensity of protein bands were analyzed by using Kodak Quantity software in three independent experiments and showed an average of 77.63% and 67.38 % down-regulation of iNOS and COX-2 protein, respectively, after the treatment with TL at 10 mg/kg compared with the Carr-induced alone (Fig. 5B). In addition, the protein expression showed an average of 68.34 % and 53.17 % down-regulation of iNOS and COX-2 protein after treatment with Indo at 10 mg/kg compared with the Carr-induced alone. The down-regulation of iNOS and COX-2 activity of TL (10 mg/kg) was better than Indo (10 mg/kg).
Histological examination
Paw biopsies of control animals showed marked cellular infiltration in the connective tissue. The infiltrates accumulated between collagen fibers and into intercellular spaces. Paw biopsies of animals treated with TL (10 mg/kg) showed a reduction in Carr-induced inflammatory response. Actually inflammatory cells were reduced in numbers and were confined to near the vascular areas. Intercellular spaces did not show any cellular infiltrations. Collagen fibers were regular in shape and showed a reduction of intercellular spaces. Moreover the hypodermal connective tissue was not damaged (Fig. 6). Neutrophil levels were significantly increased with Carr treatment (P < 0.001). Indo and TL (10 mg/kg) could decrease the neutrophils numbers as compared to the Carr-treated group (P < 0.001), significantly (Fig. 6D). No inflammation, tissue destruction, iNOS and COX-2 immunoreactive cells (Fig. 6E and 6I). At the 5th h after intraplantar Carr injection, numerous iNOS and COX-2 immunoreactive cells were observed in the brown site of paw tissue (Fig. 6F and 6J). Administration of Indo and TL (10 mg/kg) 30 min prior to the Carr injection markedly reduced the increase in iNOS and COX-2 immunoreactive cells in paws (Fig. 6G, 6H, 6K, and 6L).

Discussion
In the present study, we demonstrated anti-inflammatory activities of TL in both in vitro and in vivo experimental systems, using LPS-stimulated RAW264.7 macrophage and a mouse model of topical inflammation, respectively. Dual inhibitory activities against iNOS as shown in in vitro assays appear to confer on TL a potent efficacy in mouse in vivo, Carr-induced, paw edema, comparable with a potent and well known COX inhibitor, indomethacin, suggesting its potential therapeutic usage as a novel topical anti-inflammatory source of health food.
Excessive production of NO plays a critical role in the aggravation of circulatory shock and chronic inflammatory diseases, such as septic shock, inflammatory hepatic dysfunctions, inflammatory lung disease and colitis (Cuzzocrea, et al., 1997). As many of these conditions exhibit rapid onset and development, often resulting in the failure of conventional anti-inflammatory therapies and extremely high mortality rates, a simultaneous suppression of NO production pathways, as shown by TL, may satisfy the so far unmet need for control of the rapid progression of the inflammatory process.
Carr-induced paw edema, which is the most widely used primary test for the screening of new anti-inflammatory agents (Garcia, et al., 1996), is an experimental animal model for acute inflammation, and it is believed to be biphasic. The early phase (1–2 h) of this method is mainly mediated by histamine, serotonin, and an increasing synthesis of prostaglandins in the damaged tissue regions. The late phase is continuing release prostaglandin (Huang et al., 2010). Both histamine and serotonin release are characterized by the increase in vascular permeability. Prostaglandins mediate maximum vascular responses during the late phase of inflammation (Huang et al., 2010). In the Carr-induced model, TL was able to significantly reduce paw edema during the late phases of inflammation. These results may be due to the inhibition of cyclooxygenase enzymes that are involved in the formation of prostaglandins. 
During inflammation, the leukocytes and macrophages migrating to the site of injury are known to produce the superoxide radicals (O2−), which in turn mediates the generation of hydrogen peroxide (Busnardo, et al., 2010). Furthermore, in the presence of suitable transitional elements, hydrogen peroxide may be transformed to the highly reactive hydroxyl radicals. These radicals can also act as secondary messengers, thereby activating the production of other inflammatory mediators. TL has shown various beneficial effects and antioxidant effects in experimental models (Huang, et al., 2010). TL showed concentration dependent antioxidant activity with a maximal free radical reduction of 48.0%, whereas trolox, a water-soluble analogue of vitamin E, showed a maximal mean reduction of 39.2% (Chiu, et al., 1999). The antioxidant effect had a concentration–response curve similar to alpha-tocopherol (Chan and Tomlinson, 2000). 
The Carr test is highly sensitive to non-steroidal anti-inflammatory drugs, and has long been accepted as a useful phlogistic tool for investigating new drug therapies (Tohda, et al., 2006). Statistical analysis revealed that TL and Indo significantly inhibited the development of edema 5th h after treatment. They both showed anti-inflammatory effects in Carr-induced mice edema paw. It is well known that the third phase of the edema-induced by Carr, in which the edema reaches its highest volume, is characterized by the presence of prostaglandins and other compounds of slow reaction (Lin, et al., 1999) found that the injection of Carr into the rat paw induces the liberation of bradykinin, which later induces the biosynthesis of prostaglandin and other autacoids, which are responsible for the formation of the inflammatory exudates. 

In the studies of the mechanism on the inflammation, L-arginine–NO pathway has been proposed to play an important role in the Carr-induced inflammatory response (Huang, et al., 2012). Our present results also confirm that Carr-induced paw edema model results in the production of NO. The expression of the inducible isoform of NO synthase has been proposed as an important mediator of inflammation. In our study, the level of NO was decreased significantly by treatment with 2.5, 5, and 10 mg/kg TL. We suggest the anti-inflammatory mechanism of TL may be through the L-arginine–NO pathway because TL significantly inhibits the NO production.
TNF-α is a major mediator in inflammatory responses, inducing innate immune responses by activating T cells and macrophages, and stimulating secretion of other inflammatory cytokines (Liao, et al., 2013b). Also, TNF- is a mediator of Carr-induced inflammatory incapacitation, and it is able to induce the further release of kinins and leukotrienes, which is suggested to have an important role in the maintenance of long-lasting nociceptive response (Busnardo, et al., 2010). In this study, we found that TL decreased the TNF-α level in serum after Carr injection by treatment with 2.5, 5, and 10 mg/kg TL, significantly.
The Carr-induced inflammatory response has been linked to neutrophils infiltration and the production of neutrophils-derived free radicals, such as hydrogen peroxide, superoxide and hydroxyl radicals, as well as the release of other neutrophils-derived mediators (Huang et al., 2012b). In our previous paper, we elevated that TL inhibit neutrophil adhesion by scavenging free radicals. The inhibitory effect of TL on neutrophil adhesion may play a role in its myocardial protective activity (Chan, et al., 1999).

     In conclusion, these results suggested that TL possessed anti-inflammatory effects. The anti-inflammatory mechanism of TL may be related to iNOS, COX-2, NF-kB, and MAPK pathways. TL may be used as a pharmacological agent in the prevention or treatment of disease in which free radical was formation in a pathogenic factor.  
Acknowledgement

The authors want to thank the financial supports from the National Science Council (NSC101-2313-B-039-002-MY3 and NSC 103-2320-B-468-002-), China Medical University (CMU) (CMU100-ASIA-15, CMU101-N1-01, and CMU102-N1-06), and Taiwan Department of Heath Clinical Trial and Research Center of Excellence (DOH102-TD-B-111-004). 
References
Busnardo, T.C., C. Padoani, T.C. Mora, M.W. Biavatti, T.S. Fröde, C. Bürger, V.D. Claudino, E.M. Dalmarco, M.M. de Souza. Anti-inflammatory evaluation of Coronopus didymus in the pleurisy and paw oedema models in mice. J. Ethnopharmacol. 128: 519-525, 2010.

Chang, H.Y., M.J. Sheu, C.H. Yang, T.C. Lu, Y.S. Chang, W.H. Peng, S.S. Huang , and G.J. Huang. Analgesic effects and the mechanisms of anti-inflammation of hispolon in mice. Evid. Based Complement. Alternat. Med. 2011: 478246, 2011.
Chan, P.S., K. Tsai, B.N. Chiang, and C.Y. Hong. Trilinolein reduces infarctsize and suppresses ventricular arrhythmias in rats subjected to coronary ligation. Pharmacology, 51: 118-126, 1995.

Chan, P., C.S. Niu, J.T. Cheng, C.W. Tsao, S.K. Tsai, and C.Y. Hong. Trilinolein preserves mitochondria ultrastructure in isolated rat heart subjected to global ischemia through antioxidant activity as measured by chemiluminescence. Pharmacology, 52: 16-225, 1996.
Chan, P., C.Y. Hong, B. Tomlinson, N.C. Chang, J.P. Chen, S.T. Lee, and J.T. Cheng. Myocardial protective effect of trilinolein: an antioxidant isolated from the medicinal plant Panax pseudoginseng. Life Sci. 61: 1999-2006, 1997.
Chen, Y.J., S.A. Chen, C.T. Tai, C.E. Chiang, M.S. Chang, and C. Y. Hong. Effect of trilinolein on strophanthidin-induced ventricular tachycardia in guinea pigs. Pharmacology, 58: 15-23, 1999.

Chan, P. and B. Tomlinson. Antioxidant effects of Chinese traditional medicine: focus on trilinolein isolated from the Chinese herb sanchi (Panax pseudoginseng). J. Clin. Pharmacol. 40: 457-461, 2000.
Chang, T.N., Y.L. Ho, G.J. Huang, S.S. Huang, H.Y. Chang, Y.C. Chiang, P.C. Hsieh, and Y.S. Chang. Hepatoprotective effect of Crossostephium chinensis (L.) Makino in rats. Am. J. Chin. Med. 39: 503-521, 2011.
Chiu, W.T., P. Chan, S.S. Liao, J.R. Liou, and J.T, Cheng. Effect of trilinolein on the activity and gene express ion of superoxide dismutase in cultured rat brain astrocytes. Neuroscience Letters, 269:17-20, 1999.
Chiu, C.S., J.S. Deng, H.Y. Chang, Y.C. Chen, M.M. Lee, W.C. Hou, C.Y. Lee, S.S. Huang, and G.J. Huang. Antioxidant and anti-inflammatory properties of Taiwanese Yam (Dioscorea japonica Thunb. var. pseudojaponica (Hayata) Yamam.) and its reference compounds. Food Chem. 141: 1087–109, 2013.

Cuzzocrea, S., B. Zingarelli, G. Calapai, F. Nava, and A. P. Caputi. Zymosan-activated plasma induces paw oedema by nitric oxide and prostaglandin production. Life Sci. 60: 215–220, 1997.
Garcia, F.P., E. Marin, S. Canigueral, and T. Adzet. Anti-inflammatory action of Pluchea sagitalis: involvement of an antioxidant mechanism. Life Sci. 59: 2033–2040, 1996.
Hong, C.Y., S.S. Huang, R. Wang, Y.J. Sung, and C.F. Kwok. Trilinolein inhibits the adhesion of neutrophils to endothelial cells. Clin. Exp. Pharmacol. Physiol.25: 99-103, 1998.
Huang, G.J., S.S. Huang, S.S. Lin, Y.Y. Shao, C.C. Chen, W.C. Hou, and Y.H. Kuo. Analgesic effects and the mechanisms of anti-inflammation of ergostatrien-3-ol from Antrodia camphorata submerged whole broth in mice. J. Agri. Food Chem. 58: 7445-7452, 2010.
Huang, G.J. S.S. Huang, S.S. Lin, I.C. Hsieh, W.C. Hou, and Y.H. Kuo. Anti-inflammatory activities of 6beta-acetoxy-7alpha-hydroxyroyleanone from Taiwania cryptomerioides Hayata ex vivo and in vivo. J. Agri. Food Chem. 59: 11211-11218, 2011.
Huang G.J., S.S. Huang, and J.S. Deng. Anti-inflammatory activities of from Phellinus linteus through the inhibition of MMP-9, NF-B, and MAPK activation in vitro and in vivo. PLoS One. 7: e35922, 2012a. 
Huang, G.J. J.S. Deng, J.C. Liao, W.C. Hou, S.Y. Wang, P.J. Sung, and Y.H. Kuo. Inducible nitric oxide synthase and cyclooxygenase-2 participate in anti-inflammatory activity of imperatorin from Glehnia littoralis. J. Agri. Food Chem. 60:1673-1681, 2012b.
Huang, G.J., J.S. Deng, S.S. Huang, S.Y. Wang, Y.S. Chang, and Y.H. Kuo. Bioassay guided isolation and identification of anti-inflammatory active compounds from the root of Ficus formosana. J. Agric. Food Chem. 61:11008-11015, 2013.
Liao, J.C. S.S. Huang, J.S. Deng, C.Y. Lee, Y.C. Lin, and G.J. Huang. Chemical characterization and in vivo anti-Inflammatory activities of Actinidia callosa var. ephippioides via suppression of proinflammatory cytokines. Am. J. Chin. Med. 41: 405-423, 2013a.
Liao, J.C. J.S. Deng, C.S. Chiu, S.S. Huang, W.C. Hou, W.C. Lin, and G.J. Huang. Chemical compositions, anti-inflammatory, antiproliferative and radical-scavenging activities of the methanol extracts of Actinidia callosa var. ephippioides. Am. J. Chin. Med. 41: 405-423, 2013b.
Lin, C.C., Y.F. Hsu, and T.C. Lin. Effects of punicalagin and punicalin on carrageenan-induced inflammation in rats. Am. J. Chin. Med. 27: 371-376, 1999.
Sheu, M.J., J.S. Deng, M.H. Huang, C.H. Wu, S.S. Huang, and G.J. Huang. Antioxidant and anti-inflammatory properties of Dichondra repens Forst. and its reference compounds. Food Chem. 132: 1010-1018, 2012.
Tohda, C., N. Nakayama, F. Hatanaka, and K. Komatsu. Comparison of anti-inflammatory activities of six Curcuma rhizomes: a possible curcuminoid-independent pathway mediated by Curcuma phaeocaulis extract. Evid. Based Complement. Alternat. Med. 3: 255-260, 2006.
Zimmermann, M. Ethical guidelines for investigations of experimental pain in conscious animals. Pain, 16: 109-110, 1983.
6

