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Abstract

:

Chronic obstructive pulmonary disease (COPD) is a lung illness, marked by dyspnea, coughing, and sputum production. Cheonwangbosim-dan (CBD) is a traditional East Asian medicine, consisting of a combination of 15 medicinal herbs, which is frequently used to treat arterial/auricular flutter, neuroses, cardiac-malfunction-induced diseases, and insomnia. The present study evaluated the therapeutic effect of CBD (100 or 200 mg/kg) on COPD using a mouse model of COPD induced by cigarette smoke (CS) and lipopolysaccharide (LPS). The increase in inflammatory cell numbers caused by exposure to CS and LPS was significantly reduced by CBD administration. In addition, CBD therapy reduced interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) in bronchoalveolar lavage fluid (BALF). In lung tissue, CBD not only reduced the levels of IL-1β (CBD 100: p < 0.001 and CBD 200: p < 0.001), IL-6 (CBD 100: p < 0.001 and CBD 200: p < 0.001), TNF-α (CBD 100: p = 0.005 and CBD 200: p = 0.014), and monocyte chemoattractant protein-1 (MCP-1; CBD 100: p = 0.018 and CBD 200: p = 0.003), but also decreased the expression of α-smooth muscle actin (α-SMA; CBD 100: p < 0.001 and CBD 200: p < 0.001), transforming growth factor-β (TGF-β; CBD 100: p < 0.001 and CBD 200: p < 0.001), matrix metallopeptidase-7 (MMP-7; CBD 100: p = 0.019 and CBD 200: p < 0.001), MMP-9 (CBD 100: p = 0.015 and CBD 200: p = 0.013), and tissue inhibitor of metalloproteinase-1 (TIMP-1; CBD 100: p = 0.035 and CBD 200: p = 0.013) compared with the COPD group. CBD was also found to suppress the phosphorylation of nuclear factor kappa B (NF-κB), extracellular signal-regulated kinase 1/2 (ERK1/2), and p38 mitogen-activated protein kinases (p38 MAPK). Taken together, these findings showed that CBD can attenuate respiratory inflammation and airway remodeling induced by exposure to CS and LPS, suggesting that CBD has probable preventive and therapeutic applications in patients with COPD.
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1. Introduction


Airflow blockage and recurrent respiratory symptoms are two characteristics of chronic obstructive pulmonary disease (COPD) [1]. Despite being both preventable and treatable, COPD is one of the leading factors in morbidity and death around the globe [2]. Exposure to cigarette smoke is the main risk factor for COPD, although other variables, including exposure to air pollution and biomass combustion, have also been associated with the disease [1]. It is anticipated that COPD will remain a significant burden on both patients and healthcare professionals for the foreseeable future. Therefore, it is crucial to determine whether innovative anti-inflammatory drugs may stop or delay the decrease in lung function that is a hallmark of COPD, because it is a chronic inflammatory condition. Chronic inflammation can cause airway remodeling and constriction, which then contribute to a typical decrease in airflow and symptoms of cough, shortness of breath, and increased sputum production seen in COPD [3]. Most of the pathways upstream of COPD genes and targets are involved in immunological control [4]. For instance, higher levels of TNF-α, as well as higher phosphorylation levels of p38 MAPK and ERK1/2, have been noted in people with COPD; moreover, inhibitors of p38 MAPK and TNF-α have been found to exhibit inhibitory effects on the inflammatory responses of COPD [5,6]. The final etiology of COPD may, thus, be significantly influenced by the molecular mechanisms of inflammation. As a result, complementary and alternative therapies for the treatment of COPD are gaining popularity. Plant-derived compounds have demonstrated immunomodulatory and anti-inflammatory characteristics by inhibiting the manufacture and function of cytokines, chemokines, and adhesion molecules [7]. Plant-derived agents could be utilized alone as anti-cytokine activators or in combination with existing known anti-inflammatory medications, thereby reducing potential costs and side effects while increasing effectiveness. Several herbal medicines have been used in the treatment of patients with COPD because of unsatisfactory treatment results and the side effects of existing drugs [8].



A herbal cure under the name Cheonwangbosim-dan in Korea, Tennohosintan in Japan, and Tian Wang Bu Xin Dan in China has been used for centuries in East Asia. Cheonwangbosim-dan (CBD) contains 15 medicinal ingredients: Acorus gramineus, Angelica gigas, Asparagus cochinchinensis, Coptis japonica, Liriope platyphylla, Panax ginseng, Polygala tenuifolia, Platycodon grandiflorum, Poria cocos, Rehmannia glutinosa, Salvia miltiorrhiza, Scrophularia buergeriana, Schisandra chinensis Thuja orientalis, and Ziziphus jujuba [9]. CBD has been used to treat conditions, such as heart dysfunction, neuroses, sleeplessness, and arterial or auricular flutter [10]. Numerous biological effects of CBD have been observed, including antihypertensive, vasorelaxant, and neurological effects [11]. Additionally, antioxidant [12] and antidepressant [13] effects of CBD, as well as effects on the central nervous system and cardiovascular system [10], have been found.



According to research, the main environmental risk factors for COPD include cigarette smoking, biofuel exposure, industrial dust, and indoor and outdoor air pollution [14]. Numerous toxic components in cigarette smoke (CS) stimulate the respiratory system. Long-term smoking has an impact on the alveolar septa, alters the structure of the air duct walls, and results in interstitial fibrosis [15,16,17]. Smoking also causes obstructive bronchiolitis and increases mucous gland secretions, which exacerbate the advancement of lung tissue diseases [18,19]. Lipopolysaccharide (LPS) is an endotoxin produced by Gram-negative bacteria that increases the production of proinflammatory cytokines and induces an influx of inflammatory cells, such as lymphocytes, neutrophils, and macrophages [20,21]. Repeated exposure to LPS has been shown to cause pathological alterations comparable to those seen in COPD patients, such as chronic neutrophilia in the bronchi [22] and goblet cell hyperplasia in the airways [23]. The present study evaluated the effects of CBD in COPD induced by CS and LPS in a mouse model, and attempted to determine whether CBD can prevent the inflammatory processes and airway remodeling characteristic of lungs in this model of COPD.




2. Materials and Methods


2.1. Animals


At the age of six weeks, 40 male Balb/c mice were bought from ORIENT BIO Inc. (Seongnam, Republic of Korea). Before the research began, the animals were isolated and acclimated. The mice were kept in specialized pathogen-free environments and given regular rodent food and filtered water at their discretion. All animal experiments were approved by the Animal Experimental Ethics Committee of Chungnam National University (Daejeon, Republic of Korea). The 40 animals were put into five groups of eight mice each using randomization. Four groups of mice were exposed to CS and treated with intranasal installation of LPS (COPD group), with one group each treated with 5 mg/kg roflumilast (RO group), 100 mg/kg CBD (CBD 100 group), and 200 mg/kg CBD (CBD 200 group). The fifth group was treated with intratracheal instillation of normal saline (control group). By smoking 3R4F research cigarettes, cigarette smoke (CS) was produced (Tobacco and Health Research Institute, Lexington, KY, USA). In an exposure chamber, eight cigarettes’ worth of CS was given to the mice for 60 min every day for eight weeks. Mice were exposed to LPS (10 µg) by nasal instillation under anesthesia during weeks 1, 3, 5, and 7. CBD was prepared and quantitated by the Korea Institute of Oriental Medicine, as described in [24]. Mice were administered roflumilast (5 mg/kg) or CBD (100 or 200 mg/kg) by oral lavage for 4 weeks 1 h before exposure to CS. Beginning 36 h after the final challenge with CS, the mice were fasted for 12 h and sacrificed.




2.2. Analysis of Inflammatory Cells in the Lungs


Mice were sacrificed by CO2 inhalation in a CO2 chamber. A syringe catheter was used to intubate the trachea after it had been surgically exposed. The lungs were progressively infused with Dulbecco’s phosphate-buffered saline (DPBS), and subsequently removed using a cannula placed into the trachea. Cells in the bronchoalveolar lavage fluid (BALF) were pelleted by centrifugation at 500× g for 10 min at 4 °C. Cells were resuspended in cold DPBS, and a hemocytometer was used to calculate the differential and total cell counts in BALF. For differential cell counts, slides made by cytocentrifugation (Hanil Scientific Inc., Gimpo, Republic of Korea) and marked with Diff-Quik Stain reagents (IMEB Inc., San Marcos, CA, USA) were used.




2.3. BALF IL-6 and TNF-α Measurements


Using ELISA kits (R&D Systems, Minneapolis, MN, USA), we assessed the concentrations of the proinflammatory cytokines IL-6 and TNF-α in BALF in accordance with the manufacturer’s instructions. To summarize, samples were put on test plates at a volume of 50 µL/well and incubated at room temperature for 2 h. The kit’s wash solution was used to clean the plates before IL-6 and TNF-α conjugates were applied to each well and incubated for 2 h. Double measurements were used to determine the relative cytokine levels. The optical density value was compared to a standard curve to determine the concentration, and the dimensions of the results were in pg/mL. The assay sensitivity ranges were 0.8–50 pg/mL for TNF-α and 7.8–500 pg/mL for IL-6. The absorbance of each well was determined at 450 nm with a microplate reader (Infinite 200pro, TECAN, Männedorf, Switzerland).




2.4. Histopathology of the Lungs


Using a microtome, lungs were sectioned into 4 µm-thick slices after being preserved in formalin and paraffin. The sections underwent xylene deparaffinization, a declining ethanol series, and hematoxylin and eosin staining (H&E). Following dehydration in an increasing ethanol series, the sections were cleaned with xylene, mounted in DPX mounting media, and examined under a microscope. Peribronchiolar and perivascular inflammation was scored using a 0–3 scale, as described previously [25]. Five randomly selected airway segments from each mouse’s lungs were examined, and an average score was determined.




2.5. RNA Extraction and Real-Time PCR


Total RNA was extracted from lung tissue and reverse-transcribed to cDNA using a ReverTra Ace™ qPCR RT Kit (Toyobo, Tokyo, Japan). Using SYBR Green PCR Master Mix (Applied Biosystems, Waltham, MA, USA) and previously mentioned primers [26], triplicate samples were subjected to quantitative real-time PCR on an Applied Biosystems 7500 Real-Time PCR System (Life Technologies, Carlsbad, CA, USA). The utilized PCR primers are listed in Table 1. The Ct values acquired from different samples were determined using the 2−ΔΔCt method, with the relative expression of each gene standardized to that of the endogenous control, GAPDH.




2.6. Western Blot Analysis


A protease inhibitor cocktail containing RIPA lysis buffer (Cell Signaling Technology, Danvers, MA, USA) was used to homogenize lung tissue. According to the manufacturer’s recommendations, each sample’s protein concentration was measured using bicinchoninic acid assays (Thermo Fisher Scientific, Waltham, MA, USA). By using 8% SDS-polyacrylamide gel electrophoresis, identical amounts of total cellular protein were separated and then transferred to polyvinylidene fluoride (PVDF) membranes. The appropriate primary antibody was then incubated on the membranes at 4 °C overnight after the blocking solution (5% BSA) had been applied. The following primary antibodies and dilutions were used: anti-β-actin (1:5000 dilution; Sigma-Aldrich, St. Louis, MO, USA), anti-phospho-Erk1/2 (1:1000 dilution; Cell Signaling Technology), anti-Erk1/2 (1:1000 dilution; Cell Signaling Technology), anti-phospho-NF-κB (1:1000 dilution; Cell Signaling Technology), anti-NF-κB (1:1000 dilution; Cell Signaling Technology), anti-phospho-p-38 (1:1000 dilution; Cell Signaling Technology), and anti-p-38 (1:1000 dilution; Cell Signaling Technology). After being rinsed three times with Tween 20-containing PBS (PBST), the blots were incubated with a secondary antibody conjugated with horseradish peroxidase (HRP) (Bio-Rad Laboratories, Hercules, CA, USA) for 2 h at room temperature. The blots were washed and then developed with an enhanced chemiluminescence kit (Thermo Fisher Scientific). The EzWestLumi plus system (ATTO Corporation, Tokyo, Japan) was used to detect protein expression. Protein expression levels were then measured using CSAnalyzer 4 and adjusted to levels of β-actin.




2.7. Statistical Evaluation


The data were presented as mean ± SEM, with results of multiple groups compared using one-way ANOVA. A p value of 0.05 or below was used to determine statistical significance for all analyses, which were conducted using the GraphPad prism 6 program (GraphPad, San Diego, CA, USA).





3. Results


3.1. Lung Histological Analysis


In comparison to those in the control group (Figure 1(Aa)), mice subjected to CS and LPS (COPD group) had exudative alterations in the intraluminal regions of the big and small bronchi, as well as a significant infiltration of inflammatory cells (Figure 1(Ab),B; COPD: p < 0.001). However, RO (Figure 1(Ac)), CBD 100 (Figure 1(Ad)) or CBD 200 (Figure 1(Ae)) therapy reduced lung inflammation (Figure 1B; RO: p = 0.001, CBD 100: p = 0.004, CBD 200: p = 0.001).




3.2. Therapeutic Effect of CBD


In comparison to mice treated with saline alone (control group), mice treated with CS plus LPS (COPD group) had a considerably larger total number of cells in their BALF (p < 0.001). In addition, CS- and LPS-treated mice (COPD group) had a much larger inflow of lymphocytes (p < 0.001) and macrophages (p = 0.003) than mice in the control group. Treatment with RO (total cell: p = 0.004, lymphocyte: p = 0.017, and macrophage: p = 0.002), CBD 100 (total cell: p = 0.004, lymphocyte: p = 0.002, and macrophage: p = 0.013), or CBD 200 (total cell: p = 0.020, lymphocyte: p = 0.026, and macrophage: p = 0.036) led to an attenuation of these effects of CS and LPS (Figure 2).




3.3. Lung Acute Inflammation and CBD


Compared to mice treated with saline (control group), animals treated with CS and LPS (COPD group) had increased levels of IL-6 (p = 0.003) and TNF-α (p < 0.001) in their BALF. Treatment with RO (IL-6: p = 0.039 and TNF-α: p = 0.008), CBD 100 (IL-6: p = 0.008 and TNF-α: p = 0.034), or CBD 200 (IL-6: p < 0.001 and TNF-α: p = 0.002) greatly lowered these elevations (Figure 3).




3.4. Effect of CBD on Gene Expression Associated with Inflammation


Mice treated with CS and LPS (COPD group) had considerably greater mRNA levels of IL-1β (p < 0.001), IL-6 (p = 0.023), TNF-α (p = 0.006), and MCP-1 (p = 0.001) than untreated mice (control group) (Figure 4). However, therapy with RO (IL-1β: p = 0.002, IL-6: p < 0.001, TNF-α: p = 0.010, and MCP-1: p = 0.010), CBD 100 (IL-1β: p < 0.001, IL-6: p < 0.001, TNF-α: p = 0.005, and MCP-1: p = 0.018), or CBD 200 (IL-1β: p < 0.001, IL-6: p < 0.001, TNF-α: p = 0.014, and MCP-1: p = 0.003) greatly reduced these increases (Figure 4).




3.5. Effect of CBD on Gene Expression Associated with Pulmonary Fibrosis


RT-PCR analysis of the pulmonary expression of TGF-β (p < 0.001), α-SMA (p = 0.009), MMP-7 (p < 0.001), MMP-9 (p < 0.001), and TIMP-1 (p = 0.011) mRNAs showed that exposure to CS and LPS (COPD group) induced significant increases in the expression of these genes in lung tissues, compared with saline-exposed mice (control group) (Figure 5). Treatment with RO (TGF-β: p = 0.009, α-SMA: p < 0.001, MMP-7: p < 0.001, MMP-9: p = 0.023, and TIMP-1: p = 0.007), CBD 100 (TGF-β: p < 0.001, α-SMA: p < 0.001, MMP-7: p = 0.019, MMP-9: p = 0.015, and TIMP-1: p = 0.035), or CBD 200 (TGF-β: p < 0.001, α-SMA: p < 0.001, MMP-7: p < 0.001, MMP-9: p = 0.013, and TIMP-1: p = 0.013), however, significantly attenuated the COPD-induced increases in these mRNA levels (Figure 5).




3.6. Effect of CBD on Phosphorylation Levels of NF-kB and MAPKs


To evaluate whether CBD has therapeutic effects on COPD through the MAPKs and NF-κB signaling pathways, the levels of both the phosphorylated and non-phosphorylated forms of proteins belonging to these pathways were measured in lung tissues. The phosphorylation levels of ERK1/2 (p = 0.009), p38 MAPK (p < 0.001), and NF-κB (p = 0.004) were higher in the COPD group than in the control group, but were significantly lower in mice treated with RO (ERK1/2: p = 0.009, p38 MAPK: p < 0.001, and NF-κB: p = 0.014), CBD 100 (ERK1/2: p = 0.006, p38 MAPK: p = 0.001, and NF-κB: p = 0.012), or CBD 200 (ERK1/2: p = 0.004, p38 MAPK: p < 0.001, and NF-κB: p = 0.021) than in the COPD group (Figure 6).





4. Discussion


The present study demonstrated that the BALF and lung parenchyma of mice experienced inflammatory cell infiltration as a result of exposure to CS and LPS. The influx of lymphocytes and macrophages was accompanied by increased concentrations of IL-6 and TNF-α. Treatment with CBD, however, attenuated these effects of CS and LPS. CBD was found to exert its anti-inflammatory effects in this mouse model of COPD by preventing the phosphorylation and activation of NF-κB and MAPKs, by reducing the production of the proinflammatory mediators IL-1β, IL-6, TNF-α, and MCP-1, and by attenuating the expression of the fibrosis inducers TGF-β, α-SMA, MMP-7, MMP-9, and TIMP-1.



COPD is predominantly caused by cigarette smoking and is defined by pulmonary inflammation, including increases in cells of both the innate and adaptive immune systems. LPS present in CS is a substance that forms the cell membrane of Gram-negative bacteria and causes pulmonary and systemic inflammation in humans [27]. The present study established a COPD model in mice, induced by exposure to CS for 8 weeks and exposure every other week to intranasal LPS. The pathological changes resulting from exposure to CS and LPS were comparable to the clinical aspects observed in patients with COPD [28]. CBD administered by oral gavage to these mice for 4 weeks, 1 h before exposure to CS, was found to be effective in reducing the manifestations of COPD in this model.



The ability of CBD to ameliorate pathological changes in the lungs of CS- and LPS-exposed mice suggests that CBD may be a potent anti-inflammatory agent that inhibits the accumulation of inflammatory cells caused by CS and LPS exposure. The present study demonstrated that mice exposed to CS and LPS had higher amounts of IL-6 and TNF-α in their BALF and lung tissue, whereas CBD-treated mice had much lower levels of these cytokines. Increased BALF IL-6, IL-8, and TNF-α levels in COPD patients are used as indicators of the systemic inflammatory response, and their levels are associated with the severity of the disease [29]. The finding that CBD downregulated the production of proinflammatory cytokines during lung inflammation suggests that CBD therapy may affect downstream processes, such as the inflow of inflammatory cells and the amounts of mediators that exacerbate the inflammatory response.



Additionally, the expression of α-SMA, TGF-β, MMPs, and TIMPs was significantly decreased by CBD. Large levels of TGF-β are created during the onset and maintenance of pulmonary fibrosis, which can lead to additional nearby fibrosis. MCP-1, a recognized inducer of TGF-β, maintains the fibrotic process through the direct control of TGF-β and possibly the ensuing accumulation of myofibroblasts as well [30]. MCP-1 regulation of inflammation may be crucial in the fibrotic response. One of the most important indicators of fibrosis is the protein α-SMA, which TGF-β upregulates [31]. TGF-β enhanced α-SMA expression, along with a decrease in E-cadherin expression, in a dose- and time-dependent manner [32]. These changes result in the secretion of excess collagen-I, leading to pulmonary fibrosis [33]. The expression of α-SMA was shown to be involved in interleukin-1β (IL-1β)-regulated inflammation in rat lung myofibroblasts [34]. MMP-9 and TIMP-1 are also involved in the pathophysiology of COPD, as they degrade the extracellular matrix (ECM) [35]. MMP-9, which is secreted by macrophages originating from neutrophils and from circulating monocytes, is in charge of tissue remodeling and healing through the destruction of basement membrane collagen-IV [36]. Increased MMP-9 activity may be essential in the development of airway fibrosis and emphysema by encouraging the breakdown of alveolar wall basement membranes [37]. TIMP-1 binds to the precursors and active form of MMP-9 to reduce its activity [38]. In COPD patients, higher levels of MMP-9 with higher enzymatic activity are produced as a result of elevated MMP-9 and TIMP-1 expression as well as increased alveolar macrophages. Asymmetry in the levels of MMP-9 and TIMP-1 may cause COPD by generating abnormal ECM breakdown or an accumulation of ECM proteins in the pulmonary alveoli and small airway walls [39]. According to histopathological evidence, CS- and LPS-induced inflammation and fibrosis were alleviated by CBD treatment. Taken together, these findings imply that CBD may be sufficient to stop the structural changes that are typical of COPD, such as pulmonary emphysema and widespread lung inflammation.



Inflammation is controlled at the molecular level by intracellular signaling pathways, such as MAPK and NF-κB [40]. Activation of MAPK and/or NF-κB was found to correlate with the production of proinflammatory mediators. As demonstrated here, mice exposed to CS and LPS had significantly higher levels of IL-1β, IL-6, and TNF-α in their BALF and lung tissue, and this increase in cytokines appears to depend on the NF-κB pathway. Both IL-1β and TNF-α promoted the NF-κB-DNA binding complex, and the combined action of the two cytokines on human pulmonary microvascular endothelial cells increased the magnitude of this effect [41]. The MAPK is also a pathway through which various proinflammatory cytokines, such as IL-1β and TNF-α, serve as key effectors in numerous cellular responses [42,43]. To identify the molecular mechanisms responsible for CBD-induced suppression of inflammatory responses, the ability of CBD to alter MAPK phosphorylation and NF-κB activation in COPD-induced mice was tested. Treatment with CS and LPS markedly increased phosphorylation levels of ERK and p38 MAPK, with both being suppressed by CBD. In addition, CBD reduced nuclear expression of NF-κB and blocked its phosphorylation in the lung tissue of mice exposed to CS and LPS, indicating the crucial roles of MAPKs and NF-κB pathways in CBD-induced anti-inflammatory activity.



CBD contains approximately 15 herbs. The ratios of the components required to create CBD are described very differently in each study in the literature. Rehmannia, the main herb in the blend, makes up between 8% and 32% of the total weight [44]. Iridoids, triterpene glycosides (saponins), and steroid glycosides are the three types of terpene series glycosides found in most herbs. Although distinct terpene glycosides have different properties, the general effects are sedative, antipyretic, and anti-inflammatory [45]. The anti-inflammatory action of the CBD formula is thought to have a significant impact on improving conditions induced by CS and LPS.




5. Conclusions


In summary, our study determined that CBD containing glycosides of the terpene series prevented COPD induced by LPS and CS in mice by lowering inflammatory response and airway remodeling. The capacity of CBD to inhibit the MAPKs and NF-κB pathways may be responsible for these effects. Patients with COPD may benefit from using CBD as a therapy.
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Figure 1. Effects of CBD on lung tissue histological damage. (A) H&E staining. (B) The degree of inflammation. (a). Control: mice instilled intratracheally with normal saline; (b). COPD: mice exposed to CS and LPS; (c). RO: mice exposed to 10 mg/kg roflumilast plus CS and LPS; (d). CBD 100: mice exposed to 100 mg/kg CBD plus CS and LPS; (e). CBD 200: mice exposed to 200 mg/kg CBD plus CS and LPS. Results are presented as means ± SEMs. ## p < 0.01 compared with the control group; ** p < 0.01 compared with the COPD group. Scale bar 100 μm. 
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Figure 2. Effects of CBD on inflammatory cell recruitment to COPD-induced mice BALF. (A) Number of total cells. (B) Number of lymphocytes. (C) Number of macrophages. Control: mice instilled intratracheally with normal saline; COPD: mice exposed to CS and LPS; RO: mice exposed to 10 mg/kg roflumilast plus CS and LPS; CBD 100: mice exposed to 100 mg/kg CBD plus CS and LPS; CBD 200: mice exposed to 200 mg/kg CBD plus CS and LPS. Results are presented as means ± SEMs. ## p < 0.01 compared with the control group; * p < 0.05, ** p < 0.01 compared with the COPD group. 
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Figure 3. Effects of CBD on concentrations of proinflammatory cytokines in BALF. Individual samples were analyzed using ELISA. (A) IL-6. (B) TNF-α. Control: mice instilled intratracheally with normal saline; COPD: mice exposed to CS and LPS; RO: mice exposed to 10 mg/kg roflumilast plus CS and LPS; CBD 100: mice exposed to 100 mg/kg CBD plus CS and LPS; CBD 200: mice exposed to 200 mg/kg CBD plus CS and LPS. Results are presented as means ± SEMs. ## p < 0.01 compared with the control group; * p < 0.05, ** p < 0.01 compared with the COPD group. 
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Figure 4. Analysis of mRNA levels of inflammatory cytokines in lung tissues. Expression of (A) IL-1β, (B) IL-6, (C) TNF-α, and (D) MCP-1 mRNAs was measured by RT-PCR. Control: mice instilled intratracheally with normal saline; COPD: mice exposed to CS and LPS; RO: mice exposed to 10 mg/kg roflumilast plus CS and LPS; CBD 100: mice exposed to 100 mg/kg CBD plus CS and LPS; CBD 200: mice exposed to 200 mg/kg CBD plus CS and LPS. Results are presented as means ± SEMs. # p < 0.05, ## p < 0.01 compared with the control group; * p < 0.05, ** p < 0.01 compared with the COPD group. 
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Figure 5. Effects of CBD on levels of mRNAs encoding pulmonary-fibrosis-related genes in lung tissues. Levels of (A) TGF-β, (B) α-SMA, (C) MMP-7, (D) MMP-9, and (E) TIMP-1 mRNAs were measured by RT-PCR. Control: mice instilled intratracheally with normal saline; COPD: mice exposed to CS and LPS; RO: mice exposed to 10 mg/kg roflumilast plus CS and LPS; CBD 100: mice exposed to 100 mg/kg CBD plus CS and LPS; CBD 200: mice exposed to 200 mg/kg CBD plus CS and LPS. Results are presented as means ± SEMs. # p < 0.05, ## p < 0.01 compared with the control group; * p < 0.05, ** p < 0.01 compared with the COPD group. 
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Figure 6. NF-kB and MAPK activity in lung tissues resulting from CBD effects. Western blotting showing the levels of phosphorylation of ERK, p38 MAPK, and NF-κB in lung tissues. Control: mice instilled intratracheally with normal saline; COPD: mice exposed to CS and LPS; RO: mice exposed to 10 mg/kg roflumilast plus CS and LPS; CBD 100: mice exposed to 100 mg/kg CBD plus CS and LPS; CBD 200: mice exposed to 200 mg/kg CBD plus CS and LPS. Results are presented as means ± SEMs. ## p < 0.01 compared with the control group; * p < 0.05, ** p < 0.01 compared with the COPD group. 
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Table 1. Primers used to amplify target genes.
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	Gene ID
	Gene
	Primer





	NM_007392
	α-SMA
	Forward: 5′-TGCTGACAGAGGCACCACTGAA-3′

Reverse: 5′-CAGTTGTACGTCCAGAGGCATAG-3′



	NM_031512
	IL-1β
	Forward: 5′-AGGACCCAAGCACCTTCTTT-3′

Reverse: 5′-AGACAGCACGAGGCATTTT-3′



	NM_012589
	IL-6
	Forward: 5′-TAGTCCTTCCTACCCCAACT-3′

Reverse: 5′-TTGGTCCTTAGCCACTCCTT-3′



	NM_001278601
	TNF-α
	Forward: 5′- CATGAGCACAGAAAGCATGA -3′

Reverse: 5′- AAGCAGGAATGAGAAGAGGC -3′



	NM_011333
	MCP-1
	Forward: 5′-GCATCCACGTGTTGGCTCA-3′

Reverse: 5′-CTCCAGCCTACTTCATTGGGATC-3′



	NM_013599
	MMP-9
	Forward: 5′-GTTTTTGATGCTATTGCTGA-3′

Reverse: 5′- ACCCAACTTATCCAGATCC-3′



	NM_010810
	MMP-7
	Forward: 5′- AGGTGTGGAGTGCCAGATGTTG -3′

Reverse: 5′- CCACTACGATCCGAGGTAAGTC -3′



	NM_011577.2
	TGF-β
	Forward: 5-TTGCTTCAGCTCCACAGAGA-3′

Reverse: 5-TGGTTGTAGAGGGCAAGGAC-3′



	NM_017008.3
	GAPDH
	Forward: 5-ACAGCAACAGGGTGGTGGAC-3′

Reverse: 5-TTTGAGGGTGCAGCGAACTT-3′
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