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Abstract 
Melaleuca alternifolia concentrate (MAC) is the refined essential oil of the Australian native plant Melaleuca alternifolia. MAC has been reported to suppress the production of pro-inflammatory cytokines in both murine RAW264.7 macrophages and human monocytes stimulated with lipopolysaccharide (LPS). However, the mechanisms involved in this effect remain unclear. This study aims to delineate the molecular mechanisms that drive the anti-inflammatory activity of MAC and its active component, terpinen-4-ol, in macrophages. The effects of MAC on RAW264.7 cells were studied using Western blotting, real-time PCR, an electrophoretic mobility shift assay (EMSA), and NF-κB luciferase reporter assays. Our results showed that MAC significantly increased both the mRNA and protein levels of heme oxygenase-1 (HO-1) via p38 and JNK activation. In addition, we showed that MAC significantly increased the activation and nuclear translocation of NF-E2-related factor 2 (Nrf2), a key transcription factor regulating HO-1 induction. MAC was also associated with significant inhibition of iNOS expression, NO production, and NF-κB activation. HO-1 was required for these anti-inflammatory effects as tin protoporphyrin IX (SnPPIX), an HO-1 inhibitor, abolished the effects of MAC on LPS-induced iNOS, NO and NF-κB activation. Our results indicate that MAC induces HO-1 expression in murine macrophages via the p38 MAPK and JNK pathways and that this induction is required for its anti-inflammatory activity.
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Introduction 
     Inflammation is a fundamental physiological defense process that is initiated and controlled by the immune system. Many diseases are associated with acute or chronic inflammatory processes, including sepsis, atherosclerosis, and cancer (Wang et al., 2016). Heme oxygenase-1 (HO-1), also called heat shock protein 32, is an inducible, rate-limiting enzyme of heme degradation, a process that is triggered by cellular stressors, e.g., hypoxia, nitric oxide (NO), cytokines, and ultraviolet radiation (Origassa et al., 2013). Once activated, HO-1 degrades heme into biliverdin/bilirubin, carbon monoxide (CO), and ferrous iron. These metabolized products are potent antioxidants that confer cellular protection against oxidative injury and inflammation (Ghattas et al., 2002; Paine et al., 2010). This connection between HO-1 and inflammation is illustrated by data from animal models in which Hmox1 deletion exacerbates and Hmox1 overexpression ameliorates inflammatory disorders (Soares et al., 2009). For example, in a carrageenan-induced pleurisy model, overexpression of HO-1 in macrophages eliminates inflammatory responses (Paine et al., 2010). These findings indicate that HO-1 is a potential therapeutic target for treatment of excessive inflammation.
The transcription factor nuclear factor E2-related factor 2 (Nrf2) plays a crucial role in endogenous antioxidant responses, including HO-1 expression, in macrophages (Li et al., 2004) via interaction with the antioxidant response element (ARE) (Kraft et al., 2006). Mitogen-activated protein kinase (MAPK) has also been reported to be closely involved in the regulation of HO-1 gene expression (Paine et al., 2010). Previous studies have indicated that activation of the Nrf2 pathway exerts protective effects against oxidative insults both in vitro (Li et al., 2014) and in vivo (He et al., 2014). Conversely, down-regulation of Nrf2 expression in macrophages is associated with inflammatory disease (Suzuki et al., 2008). These findings indicate that the Nrf2-ARE pathway plays an important role in the regulation of anti-inflammatory pathways including HO-1 gene expression. 
Tea tree oil (TTO), the essential oil extracted from the Australian native plant Melaleuca alternifolia, is a traditional Australian antiseptic and antifungal product used in the treatment of skin infections. It is widely available over the counter in Australia, Europe and North America (Carson et al., 2006). Australian Aborigines also traditionally used the leaves for many other medicinal purposes, including chewing the leaves to alleviate headache. In the laboratory, TTO has also been shown to possess antioxidant, anti-cancer and anti-inflammatory abilities, which may contribute to its beneficial effects on skin conditions and suggest other therapeutic potential (Carson et al., 2006). The anti-inflammatory effects of TTO can be modeled in vitro, where, for example, TTO and its major bioactive component, terpinen-4-ol (T4ol), reduce the production of inflammatory mediators by lipopolysaccharide (LPS)-treated THP-1 cells (Hart et al., 2000). Similarly, Melaleuca alternifolia concentrate (MAC), a refined TTO extract, has been shown to inhibit of NF-κB signaling activation and cytokine production in myeloid cell lines (Low et al., 2015). The precise mechanisms by which TTO and its derivatives exert their anti-inflammatory effects remain unclear; however, their profile of anti-inflammatory, antioxidant and anti-cancer potential suggests a possible role for the HO-1 pathway, which mediates a similar pattern of effects. In this study, we have tested the hypothesis that MAC, a refined TTO extract, mediates anti-inflammatory effects in isolated macrophages via induction of the HO-1 pathway. 

Materials and Methods 
Materials
MAC, a refined product from Melaleuca alternifolia oil, was purchased from Australian Botanical Bioscience Pty Ltd, Australia (Low et al., 2015). Terpinen-4-ol (T4ol), a known bioactive component of TTO, accounts for over 60% of the total composition of MAC. T4ol, LPS (L 2880), LY294002, SB203580, U0126, SP600125, co-protoporphyrin (CoPP), and tin protoporphyrin IX (SnPP) were obtained from Sigma (St. Louis, USA).  

Cell lines
Murine macrophage RAW264.7 cells, a widely used model system for studies of macrophages (Zhai et al., 2016), were originally obtained from the American Type Culture Collection (Manassas, VA, USA). The cells were maintained at 37°C in DMEM supplemented with 10% fetal bovine serum. 

Griess assay
Nitrite, the decomposition product of NO, was measured using a colorimetric nitrite assay (Wei et al., 2015). In brief, RAW264.7 cells (105/well) were seeded in 96-well plates overnight and then stimulated with LPS (1 μg/mL) for 24 h. Fifty microliters of each sample was collected and reacted with 50 μL of Griess reagent. The absorbance was measured at 570 nm in an EIA Reader (Molecular Devices, Sunnyvale, CA, USA).

Cell viability assay
The assay was carried out as previously described (Lee et al., 2015). RAW264.7 cells (105/well) were seeded into 96-well plates overnight, and the cells were then treated with the indicated concentrations of MAC. At the indicated time point, cell viability was determined using Cell Counting Kit-8 reagents (Dojindo, Japan) diluted 1:20 in media. After 2 h of incubation, the absorbance was measured at 450 nm using a spectrophotometer.

Western blotting
Western blotting was carried out as we have previously described (Lin et al., 2016). Briefly, RAW264.7 cells (5×106/well) were seeded in 6-well plates overnight and then treated with the indicated concentrations of MAC and LPS. Next, the cells were lysed in 0.2 ml of RIPA buffer. The protein concentration was normalized using a bicinchoninic acid-based protein assay (Pierce BCA kit, Rockford, lL USA). Immunoblotting was performed using antibodies against the target proteins, including IκBα, p-IκBα, p65, iNOS, Nrf2, HO-1 (Santa Cruz, CA, USA), TBP, COX2 (Abcam, Cambridge, MA, USA), Erk1/2, p-Erk1/2 (Thr202/Tyr204), p38 MAPK, p-p38 MAPK (Thr180/Tyr182), SAPK/JNK, and p-SAPK/JNK (Thr183/Tyr185) (Cell Signaling Tech, Danvers, MA, USA). The blots were developed with an enhanced chemiluminescence kit (GE Healthcare, Piscataway, NJ) and measured with a luminescent image analyzer (LAS-3000, Fuji Photo Film Co., Ltd., Japan).

Nuclear extracts and electrophoretic mobility shift assay (EMSA).
Nuclear extracts were prepared from MAC-treated or untreated RAW264.7 cells as previously described (Hsu et al., 2012). 32P-labeled consensus ARE-containing oligonucleotides (5′-TTTTCTGCTGAGTCAAGGGTCCG-3′) or NF-kB-containing oligonucleotides (5’-AGTTGAGGGGACTTTCCCAGGCAAC-3’) were used as the specific binding probes (10 fmol). For the competition assay, nuclear extracts containing equal amounts of total protein were preincubated with an excess of unlabeled DNA probe.

Transfection and reporter gene assay
RAW264.7 cells were transiently transfected with the NF-B-luciferase reporter using jetPEITM transfection reagent (Polyplus Transfection SA, Illkirch, France) and treated with test compounds as above before being harvested for analysis. The luciferase activity was expressed as relative luminescence units (RLU) per microgram and was normalized to a constant transfection efficiency by cotransfection of the pCMV galactosidase reporter. 

Statistical analysis
All results are presented as the mean ± SEM. Significant differences between group mean values were determined using one-way ANOVA followed by Bonferroni’s post hoc test. Analyses were performed using SPSS Statistics version 22 software (IBM, USA). Differences were considered statistically significant when their p-values were less than 0.05.

Results
MAC induces HO-1 mRNA and protein expression without significant cytotoxicity
The effects of MAC on HO-1 gene expression were studied using RT-PCR. As shown in Fig. 1A, HO-1 mRNA levels increased in MAC treated cells in a dose dependent manner (2.10, 4.80, 6.87, and 17.71 times the control value at 0.01, 0.05, 0.1, and 0.5% MAC, respectively). A Western blotting assay was carried out to confirm whether these effects of MAC on HO-1 were also apparent at the protein level. Regarding mRNA level data, HO-1 protein levels were increased by MAC (1.87 ± 0.04, 2.01± 0.06, and 2.46 ± 0.09 times the control value at 0.01, 0.05, and 0.1% MAC, respectively; p<0.05, Fig. 1B and C) and T4ol (1.04 ± 0.03, 1.48± 0.05, and 1.57 ± 0.03 times the control value at 0.1, 0.2, and 0.5% T4ol, respectively; Fig. 1B and C). The effects of MAC and T4ol were not due to cytotoxicity since neither treatment altered cell viability under the experimental concentrations (Fig. 1D). These data indicate that MAC can induce HO-1 expression at the mRNA and protein levels in RAW264.7 cells without cytotoxicity. 

SB203580 and SP600125 abolished induction of HO-1 by MAC
To investigate the signaling associated with HO-1 induction by MAC, we employed specific MAPK inhibitors. We found that U0126 (ERK inhibitor) exerted no significant effect on HO-1 expression (from 6.03 ± 1.16-fold to 5.43 ± 0.97-fold compared with the control, Fig. 2A and B). However, both the p38 inhibitor SB203580 (from 6.03 ± 1.16-fold to 2.45 ± 0.40-fold compared with the control; p < 0.05, Fig. 2A and B) and JNK inhibitor SP600125 (from 6.03 ± 1.16-fold to 1.75 ± 0.47-fold compared with the control; p < 0.05, Fig. 2A and B) significantly suppressed the effect of MAC on HO-1 protein levels. These results suggested that both the p38 and JNK pathways are closely involved in MAC-mediated HO-1 induction. 

MAC induced nuclear accumulation of Nrf2 and Nrf2-ARE complex formation
To further investigate the upstream regulatory mechanism of MAC on HO-1 expression, we examined nuclear Nrf2 accumulation. We found that MAC increased nuclear Nrf2 accumulation in a concentration-dependent manner (2.16, 2.35, and 3.51 times the control value; Fig. 3A and B). To determine whether MAC-induced nuclear Nrf2 accumulation was associated with Nrf2-ARE complex formation, we performed EMSA analysis. MAC increased Nrf2-ARE complex formation in a concentration-dependent manner (lane 3-6, Fig. 3C). The assay specificity was indicated by the ability of an ARE competitor to inhibit complex formation (lane 7, Fig. 3C). These findings indicate that MAC treatment is able to increase Nrf2 activation and signaling through ARE.

MAC inhibits LPS-induced iNOS and COX-2 activation and NF-κB activity
To investigate the anti-inflammatory activity of MAC, we studied its effect on the LPS-induced inflammatory iNOS and COX-2 pathways. As shown in Fig. 4A, MAC (14.25 ± 2.21, 8.87 ± 0.50, 4.35 ± 0.19, and 0.0370 ± 0.06 μM at 0.01, 0.05 0.1, and 0.5% MAC, respectively; Fig. 4A) and T4ol (7.52 ± 1.33 and 3.61 ±1.60 μM at 0.05 and 0.1% T4ol, respectively; Fig. 4B) significantly inhibited LPS-induced NO production in a dose-dependent manner. In addition, MAC suppressed the ability of LPS to increase iNOS mRNA (1.29, 1.18, and 1.01 times the control value at 0.01, 0.05, and 0.1% of MAC; Fig. 4C) and protein levels (Fig. 4D) as well as COX-2 protein levels (Fig. 4D). 
We further investigated whether these anti-inflammatory effects of MAC were associated with reduced NF-κB activation. MAC clearly inhibited nuclear translocation of p65 and increased the retention of p65 in the cytosol (Fig. 5A). In addition, MAC induced expression of the endogenous NF-κB inhibitor IκB (Fig. 5B). Using EMSA analysis, we were able to show that these effects on nuclear translocation and IκB expression resulted in a reduction in NF-κB-target sequence binding (Fig. 5C). These data were also confirmed through a luciferase reporter assay, in which MAC reduced LPS-induced NF-κB transcriptional activity (from 3.64 ± 0.43-fold to 1.37 ± 0.50-fold compared with the control at 0.5% MAC; p < 0.001; Fig. 5D). Overall, these findings confirmed the known anti-inflammatory effect of MAC in isolated monocyte/macrophage-like cells (Low et al., 2015) and provide endpoints against which to test the mechanistic contribution of HO-1 signaling.

HO-1 inhibition abolishes the effects of MAC on LPS-induced NO production and iNOS protein level
Having shown that MAC induces HO-1 and produces anti-inflammatory effects, we wanted to determine whether HO-1 induction was required to mediate the anti-inflammatory action of MAC. To investigate, we used the HO-1 inhibitor SnPP. We found that pretreatment with SnPP (50 μM) abolished the inhibitory effects of MAC on LPS-induced nitrite production (from 4.35 ± 0.19 to 12.49 ± 2.61 μM; p < 0.05; Fig. 6A). In agreement with these results, SnPP treatment also abolished the inhibitory effect on both iNOS (Fig. 6B) and IκB (Fig. 6C) levels. To further implicate HO-1 in the anti-inflammatory activity of MAC, we tested the HO-1 products ferrous iron, CO (using the CO donor molecule RuCO, tricarbonyldichlororuthenium(II)), and bilirubin for their ability to mimic the effects of MAC on LPS-induced nitrite production. We found that RuCO (10.04 ±1.40 and 4.33 ±1.18 μM at 50 and 100 μM, respectively; p < 0.001; Fig. 6D) and bilirubin (22.08	± 0.81 and 13.67 ± 1.80 μM at 50 and 100 μM; p < 0.01 and p < 0.05, respectively; Fig. 6D) but not ferrous iron showed similar inhibitory effects to MAC on LPS-induced nitrite production. Therefore, HO-1 activity may play an important role in the anti-inflammatory activity of MAC, and this action may be mediated through increased production of biliverdin/bilirubin and CO. 

Discussion
TTO is used as a traditional remedy for the common cold, sore throat, and skin ailments in east Australia (Carson et al., 2006). A growing body of evidence indicates that these actions are associated with anti-inflammatory effects that can be defined using in vitro models. For example, a recent study showed that MAC suppressed LPS-mediated NF-κB activation and production of inflammatory cytokines in RAW264.7 cells (Low et al., 2015). A key checkpoint in inflammation is the HO-1 pathway, which has a powerful ability to reduce pro-inflammatory signaling pathways such as COX-2, iNOS, and cytokine production in macrophages (Paine et al., 2010). In the present study, we have shown that MAC, a refined extract of TTO, induced HO-1 in RAW264.7 cells at the mRNA and protein levels and that this induction was associated with increased nuclear Nrf2 accumulation/activation and signaling through the p38 MAPK and JNK pathways (Fig. 7). We went on to show that HO-1 was mechanistically involved in the anti-inflammatory activity of MAC in LPS-treated macrophages as its inhibition prevented the effects of MAC on the iNOS and COX-2 pathways. These findings suggest that the Nrf2-HO-1 pathway plays a key role in the anti-inflammatory effects of TTO/MAC and therefore that TRO and its extracts may be a useful therapeutic option in the treatment of inflammation and other conditions wherein Nrf2 or HO-1 signaling is protective.
TTO treatment is generally very well tolerated, with a high oral LD50 of 2 ml/kg in rodent models (Carson et al., 2006). In man, excess consumption of essential oil may lead to toxic effects, such as dizziness and confusion, although no severe cases have been reported (Hammer et al., 2006). These ‘toxic’ effects of TTO can be limited by the use of refined products such as MAC from which most of the harmful components are removed through low-temperature, low-pressure extraction. In our study, we observed no significant cytotoxicity associated with MAC under the experimental conditions (Fig. 1D). These findings suggest that MAC might be a potential therapeutic agent with a wide therapeutic window and avoid the toxicities previously reported with unrefined TTO. 
A key achievement of our study was to define the anti-inflammatory effects of MAC. Work from others has recently demonstrated using immunofluorescence staining that MAC prevents LPS-induced nuclear translocation of NF-κB in macrophages (Low et al., 2015). Here, we have extended these observations to show that MAC not only prevented p65 translocation into the nucleus but also increased inhibitory IκB levels in the cytosol. This finding provides crucial validation and a mechanism whereby MAC inhibits NF-κB activation. This reduction in NF-κB explains the effect of MAC that we observed on inflammatory read-outs including iNOS expression and activity and the reports that MAC inhibits inflammatory cytokine production (Low et al., 2015; Nogueira et al., 2014). In this study, we showed that both MAC and T4ol strongly induced HO-1 protein levels. The effect of T4ol on HO-1 expression was weaker than that of MAC. This may imply that other bioactive components of MAC, such as α-terpineol and 1,8-cineole, might contribute to MAC’s inductive effect on HO-1 expression, either additively or synergistically with T4ol. We also showed that MAC significantly induced HO-1 expression via the Nrf2-ARE pathway. A previous study showed that Nrf2 nuclear translocation was regulated by the MAPK signaling pathways (Hsu et al., 2009). Our data indicate that both the p38 MAPK and JNK signaling pathways, but not the ERK pathway, are involved in MAC-induced HO-1 expression. These results contrast with previous findings that curcumin and H2S increased the expression of HO-1 by directly activating the ERK signaling pathway (Kim et al., 2008; Oh et al., 2006), suggesting stimulus-specific pathways for HO-1 induction. Treatment of macrophages with an HO-1 inhibitor abolished the anti-inflammatory effects of MAC (Fig. 6), indicating that HO-1 induction is mechanistically required for the anti-inflammatory effects of MAC. In addition, both CO and biliverdin, the bioactive byproducts of heme degradation, but not ferrous iron, exerted significant anti-inflammatory activity (Fig. 6). These findings are consistent with the idea that MAC induces HO-1 and the resulting increased production of the HO-1-products CO and biliverdin/bilirubin is capable of suppressing NF-κB activation. This, in turn, results in reduced iNOS expression and NO production in macrophages (Pae et al., 2009). A previous study reported that Melaleuca alternifolia extract inhibited oxidative stress in monocytes, but not in neutrophils, during inflammation (Brand et al., 2001), suggesting that Melaleuca alternifolia might exert its anti-inflammatory efficacy by suppressing the early phase, but not the late phase, of inflammatory progression. As such, in the future, it would be interesting to understand the effect of MAC on HO-1/NF-κB in other inflammatory cell types and during chronic inflammatory responses; however, this is beyond the scope of the current study.
The Kelch-like ECH-associated protein 1 (Keap1) Nrf2 pathway is reported as an important regulatory system for oxidative and electrophilic stress and a key up-stream regulator of HO-1 induction (Taguchi et al., 2011). Once activated, Nrf2 escapes from the complex either a with hinge-and-latch mechanism or the Keap1-Cul3 dissociation model (Kansanen et al., 2013). In the present study, we demonstrated that MAC increased the nuclear translocation of Nrf2 and that this was a functionally significant response since MAC also increased association of Nrf2 with its target, ARE. The detailed mechanisms by which MAC regulates nuclear Nrf2 translocation require further elucidation. The finding that MAC acts to increase the activity of Nrf2-ARE raises two important question. First, a second key effector of the Nrf-ARE pathway is NAD(P)H:quinone acceptor oxidoreductase 1 (NQO1), an important cytoprotective enzyme (Dinkova-Kostova et al., 2010). Given that MAC clearly increases Nrf2-ARE activity and HO-1 expression, it would be interesting to investigate whether NQO1 also contributes to the anti-inflammatory activity of MAC. Second, in addition to its well-known anti-inflammatory effects, Nrf2/NQO1/HO-1 signaling has been shown to be protective against other disorders, indicating that MAC or other TTO extracts may have a wider therapeutic indication than simple inflammation and wound healing. For example, activation of the Nrf2-ARE signal pathway is regarded as an effective strategy for epilepsy treatment (Wang et al., 2014). Excessive HO-1 activity is reported to reduce the invasiveness of breast cancer via inhibition of matrix metalloproteinase-9 (Lin et al., 2008), and interestingly, T4ol, a TTO extract, has been shown to exert synergistic effects with chemotherapeutic and biological agents in other malignancies (Shapira et al., 2016). 5-Aminosalicylic acid, a drug for inflammatory bowel disease, has also been shown to exert its cytoprotective effects partially by induction of HO-1 in a rodent model of colitis (Horvath et al., 2008). While intriguing, the effect of MAC in each of these settings must now be individually investigated. 

Conclusion
Here, we have demonstrated that MAC induces activity of the Nrf2/HO-1 pathway, identified the regulatory mechanisms by which this occurs and reported that this induction is functionally required for MAC to exert its anti-inflammatory effects. These data support a growing body of work suggesting that TTO and its extracts may have therapeutic potential as anti-inflammatory agents, with the possibility that it may have activity in a much broader range of conditions.
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Figure Legends 
Figure 1. Effects of MAC on HO-1 mRNA and protein expression. RAW264.7 cells were treated with the indicated concentrations of MAC or T4ol for 12 h. RT-PCR and Western blot analysis were carried out to determine the mRNA (A) and protein (B) levels of HO-1. Quantitation of HO-1 protein level was performed by densitometry (C). Caffeic acid phenyl ethyl ester (CAPE), a HO-1 inducer, was used as a positive control. β-actin was used as a loading control. The cytotoxicity under the experimental conditions was measured with a CCK-8 kit (D). The data are represented as mean ± SEM (n=3). *p < 0.05, vs. control was considered statistically significant.

Figure 2. Effects of MAC on MAPK signaling pathways. RAW264.7 cells were treated with 0.1% of MAC for 12 h in presence or absence of inhibitors prior to MAC-treatment for 1 h. Effects of UO126, SB203580, and SP600125 on HO-1 protein level (A) were quantified by densitometry (B). The data represent mean ± SEM (n=3). *p < 0.05 vs. control ; #p < 0.05 vs. the MAC-treated sample. 

Figure 3. Effects of MAC on Nrf2-ARE binding activity. RAW264.7 cells were incubated with the indicated concentration of MAC for 3 h. The levels of nuclear Nrf2 were analyzed by Western blotting (A) and quantified by densitometry (B). EMSA assay was conducted to measure Nrf2-ARE binding (C). 

Figure 4. Effects of MAC on LPS-induced iNOS and COX-2 expression. RAW264.7 cells were incubated with the indicated concentrations of MAC or T4ol for 12 h prior to the addition of the LPS (1 μg/ml) for 24 h. The supernatant was collected and nitrite levels determined by Griess assay (A and B). RT-PCR and Western blot analysis were carried out to determine the gene expression (C) and protein (D) levels of iNOS and COX-2. The data represent the mean ± SEM (n=6). ***p < 0.001 vs. control; #p < 0.05 and ###p < 0.001 vs. the LPS-treated sample.

Figure 5. Effects of MAC on LPS-induced NF-κB activation. 
RAW264.7 cells were incubated with MAC for 12 h prior to the addition of the LPS (1 μg/ml) for 30 min. The distribution across cytosolic and nuclear fractions of p65 (A) and IκB (B) were analyzed by Western blotting. TATA-binding protein (TBP) was used as the loading control of the nuclear proteins. EMSA (C) and luciferase assay (D) were used to determine the effects of MAC on NF-κB response element binding and activation. The data represent mean ± SEM (n=3). **p < 0.01 and ***p < 0.001 vs. control; ###p < 0.001 vs. the LPS-treated sample.
 
Figure 6. Effects of HO-1 inhibition on the anti-inflammatory effects of MAC
RAW264.7 cells were treated with MAC with or without SnPP (50 μM) for 12 h prior to the addition of the LPS (1 μg/ml) for 24 h. NO production (A), iNOS (B), and IκB expression (C) were analyzed. The effects of ferrous iron, CO, and bilirubin on nitrite production were also assayed (D). The data represent mean ± SEM (n=3). ***p < 0.001 vs. control; #p < 0.05, ##p < 0.01, and ###p < 0.001 vs. the LPS-treated sample.

Figure 7. The proposed regulatory mechanism of MAC on HO-1 expression. 
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