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            Abstract
          
        

        
          In this study, essential oils were extracted from the leaf of Chamaecyparis obtusa (CLEO), indigenous to Korea, CLEO constituents were analysed, and the effects of CLEO on airway hyperresponsiveness (AHR) and airway inflammation (AI) were investigated in Ovalbumin (OVA)-induced asthma mouse model. Terpenoid components among identified CLEO constituents made up more than 80%. The CLEO-treated group in comparison to the control group showed reduced AHR, the decrease of eosinophil number in the bronchoalveolar lavage fluid (BALF), reduced specific anti- OVA IgE level in the serum, and a significant reduction in Th2 cytokines levels in the BALF with concentration. We concluded that CLEO have an alleviating effect on asthma-like symptoms such as AHR and AI. Further studies about antiasthmatic effect are necessary on the focus of single component of CLEO.
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      INTRODUCTION
      Asthma is an allergic disease that affects approximately 300 million people worldwide, and it has become a global health concern as its social and economic burdens have risen with its prevalence in recent years (Bateman et al., 2008). Asthma is a chronic disease characterized by airway hyperresponsiveness (AHR), eosinophilic airway inflammation, and reversible airway obstruction, which involves many kinds of cells and various mediators. The chronic inflammation that is associated with AHR can lead to clinical symptoms, such as wheezing, breathlessness, chest tightness, and coughing (Miller, 2001; Holgate, 2008). In addition, unique asthma-induced histological and structural changes include hypertrophy and hyperplasia of airway smooth muscle cells, goblet cell hyperplasia, and subepithelial fibrosis, etc., which have been associated with airway inflammatory reactions (James et al., 1989; Nelson et al., 2003).

      Most of respiratory diseases such as asthma and chronic obstructive pulmonary disease (COPD) are a chronic disease that require continued treatment, which involves management of the environment and drug treatments. However, the medications have been reported to produce side effects such as hypertension, osteoporosis, headaches, and nausea with prolonged use (Bateman et al., 2008; Pyun, 2007). Reports indicate that long-acting β-agonist can worsen severe asthma cases and increase the risk of asthma-related death (Spitzer et al., 1992; Salpeter et al., 2006). Therefore, recent studies have actively explored natural substances that can reduce these side effects and increase the effectiveness of chronic respiratory diseases prevention and treatment (Kim et al., 2014; Kwak andLim, 2013; Lim and Kim, 2012; Lee et al., 2011).

      Chamaecyparis obtusa is an evergreen belonging to the Cupressaceae family. It is native to Japan, and in Korea, and it grows mostly on Jeju Island and in southern regions. C. obtusa can grow up to 40m high and 2m in diameter, and has ovate leaves that are 11.5mm in length and reddish brown bark that splits vertically. Previous studies on the use of C. obtusa essential oil have reported antibacterial effects in the gram-positive bacterium Staphylococcus epidermidis (the gram-negative bacteria Pseudomonas putida, Vibrio parahaemolicus) and Pseudomonas aeruginosa (the filamentous fungi Aspergillus nidulas, Alternaria mali) and Fusarium oxysporum and the yeast Candida albicans (Lee et al., 2001), deodorization effect (Kim et al., 2009), and whitening and anti-oxidant (Kim et al., 2011). In antiinflammatory research on C. obtusa, C. obtusa leaf extract had an effect on immune function in the skin of NC/Nga mice that were used as an atopic dermatitis model (Cho, 2012). Also, C. obtusa essential oil, acting through the cyclooxygenase-2 (COX-2) pathway, was able to control the gene expression of prostaglandin E2 (PGE2) and tumor necrosis factor-α (TNF-α) to produce anti-inflammatory effects on lipopolysaccharide (LPS)-induced inflammation in rats (An et al., 2013). These anti-inflammatory effects of C. obtusa essential oil suggest its potential to mitigate asthma through inhibition of the inflammatory response. Therefore, in this study, we extracted the essential oils from the leaf of Chamaecyparis obtusa, indigenous to Korea, and analyzed the components of its essential oils (CLEO), and investigated immunologically the effects of CLEO against airway hyperresponsiveness (AHR) and airway inflammation (AI) by using asthma mouse model.

    

    

  
    
      MATERIALS AND METHODS
      
        1. Chamaecyparis obtusa leaf essential oil (CLEO) preparation
        C. obtusa leaves were collected in Yeongdong-gun Jagye-ri, Chungchoengbukdo, Korea and dried under shade at room temperature for 23 days after washing with distilled water. Essential oil was extracted using a simultaneous steam distillation and extraction (SDE) apparatus (Serkan and Gonca, 2009). One hundred grams of blended C. obtusa leaves was mixed with 1,000 mL of distilled water in a round bottom flask, and the flask was attached to the arm of the SDE apparatus. Pentane from Junsei (purity 99.0%, Japan) and diethyl ether from Merk (purity 99.7%, Germany) were used as solvents and mixed in a round bottom flask (1 : 1, v/v) that was attached to the other arm of the SDE apparatus. The distillationextraction was continued for 3 h. The extract was dried with Na2SO4 (Junsei, Japan) overnight and concentrated by N2 gas. By repeating this process, approximately 83 mL of essential oil was extracted from 4kg of C. obtusa leaves.

      

      
        2. Analysis of CLEO constitruents.
        The gas chromatography-mass spectrometry (GC-MS) analysis of CLEO was performed using an Agilent 6890N GC (Agilent Technologies, Santa Clara, CA, USA) interfaced with an Agilent 5975 (Agilent Technologies, Santa Clara, CA, USA) inert mass selective detector. The GC column was a HP-INOWAX (60 m × 0.25mm id, 0.25μm film thickness) capillary column (Agilent J&W, Agilent Technologies, Santa Clara, CA, USA). The carrier gas was helium with a flow rate of 1 mL/min and sample (0.2 μL) was injected. Inlet temperature was 250°C and oven temperature was programmed to rise from 40 to 240°C at rate of 8°C/min. MS were taken at 70 eV and electron scanning ranges was 15500 amu (Serkan and Gonca, 2009). The essential oil components were identified by matching their recorded mass spectra with the Wiley/7n mass spectral database (Hewlett-Packard CO., Palo Alto, CA, USA).

        Among the constituents of CLEO, quantitative analysis of components that were commercially available as reference materials (such as α-pinene, limonene, bornyl acetate, and terpinene-4-ol) was performed. The reference materials were purchased from Sigma Aldrich Co. (St Louis, MO, USA). The GC-MS analysis conditions were identical to those of the qualitative analysis, and the validation method verified the precision, accuracy, and linearity of the calibration curve. The standard material used to create the calibration curve was prepared by dilution in methanol.

      

      
        3. Animals and breeding condition
        Six-week-old female BALB mice (21 ± 1 g) were obtained from Daehan Biolink Co. of Seongnam, Korea. All animals were given solid feed (crude protein ≥ 22.1%, crude fat ≤ 8.0%, crude fiber ≤ 5.0%, crude ash ≤ 8.9%, calcium ≥ 0.6%, and phosphorus ≥ 0.4%) in the form of a standard laboratory diet (Samyang feed, Seoul, Korea) and tap water as libitum. The room was maintained at a temperature of 20 ± 2°C with relative humidity of 50 ± 10%, and a 12 h/12 h light/dark cycle. The experimental animal protocol was approved by the Institutional Animal Care and Use Committee of Deajeon University.

      

      
        4. OVA-induced asthma mouse model
        The OVA-induced asthma mouse model method was modified from Lim and Kim (2009). OVA (500μg/mL) in phosphate buffer saline (PBS) was mixed with an equal volume of 10% (w/v) aluminum potassium sulfate in distilled water, incubated for 60 min at room temperature after pH adjustment to 6.5 using 10 N NaOH, and centrifuged at 750 × g for 5 min. The OVA/alum pellet was re-suspended to the original volume in distilled water. All mice were immunized on 2 different days (e.g., on day 0 and on day 7) by intraperitoneal injection of 0.2 mL alumprecipitated antigen containing 100μg of OVA bound to 4 mg of aluminum hydroxide in PBS. Seven days after the second challenges, intratracheal injection of 100 μL (250μg/ mL) of OVA (on day 14) were administered in the back of the tongue. Starting from the 3rd week (on day 21), OVA solution was administered into the nasal cavity and the respiratory tract using a nebulizer every 30 minutes for 1 day, 3 times per week, for 3 weeks (1% OVA in normal saline for first 2 weeks and 2% OVA in normal saline for last 1 week) (Fig. 2).

        
          
          

          Fig. 2. 
				
          

          
            The time schedule of asthma mouse model and treatment.
            I.p.; Intraperitoneal injection, I.t.; Intratracheal injection, OVA; Ovalbumin, CLEO; Chamaecyparis obusa leaf Essential Oil, CsA; Cyclosporin A (10mg/kg).

          
          

          

        

      

      
        5. Classification of experimental groups
        Animals were classified into 5 groups (n = 5 for each). 1. Normal group treated with PBS. 2. An OVA control group treated with OVA. 3. An OVA + Cyclosporine A (CsA) group treated with OVA and Cyclosporine A. 4. An OVA + CLEO (1%) group treated with OVA and 1% CLEO. 5. An OVA + CLEO (3%) group treated with OVA and 3% CLEO. Seven days after the sensitization by intratracheal injection with OVA, the normal group was exposed to aerosolized PBS and the OVA control group was exposed to aerosolized OVA for 30min/day, 3 days/week, for 3 weeks, in a polycarbonate chamber (40cm × 25cm × 27cm). The OVA + CLEO (1% or 3%) groups were exposed to CLEO for 30min/day, 3 days/week, for 3 weeks after OVA sensitization, in a polycarbonate chamber. Cyclosporin A (10mg/kg) was orally administered 3 times a week for the last 3 weeks as a positive control to the OVA-CsA group after OVA sensitization (Fig. 2).

      

      
        6. Determination of AHR
        AHR in the mice was estimated using the Buxco system. During the 3-week treatment period, CLEO was inhaled and the final aerosolized 2% OVA solution was sprayed. Then, 24 h later, MCH (bronchoconstrictor) aqueous solution (3.125, 6.25, 12.5, and 25mg/mL concentrations) was aerosolized and administered to 5 groups of mice, in which airway reactivity was observed for 15 minutes. Penh was calculated as follow :
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            =
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              IIF
            
            ×
            
              
                
                  Te
                  Rt
                
                -
                1
              
            
          
        
        Penh = Enhanced Pause, PEF = Peak Expiratory Flow, PIF = Peak Inspiratory Flow, Te = Expiratory Time, Rt = Time to expire 65% of volume (Lim and Kim, 2012)].

      

      
        7. Collection of blood and BALF
        After determination of AHR, the mice were anesthetized by 10% chloral hydrate with intraperitoneal injection, and blood was taken by the cardiac puncture method. Serum was obtained via centrifugation (3,000 rpm for 10 minutes) and stored at –70°C for use during the experiment.

        BALF was obtained by injecting 10% fetal bovine serum Dulbecco’s modified Eagle’s medium (DMEM) cultured solution at 37°C into the respiratory tract and then extracting it; this process was repeated 3 times. A hemocytometer (ThermoFisher Scientific, Ashevile, NC, USA) was used to investigate the total number of cells in the BALF, which was centrifuged (400 g for 4minutes) using a Cellspin cytospin centrifuge (Hanil, Incheon, Korea). BALF cells were placed on glass slides and stained with Diff-Quik to investigate the numbers of eosinophils present among the white blood cells. BALF supernatant was stored at –70°C until it was used during the experiment.

      

      
        8. Enzyme-linked immunosorbent assay (ELISA)
        8. Enzyme-linked immunosorbent assay (ELISA) The levels of Th2 cytokines (IL-4, IL-5 and IL-13) in the BALF and splenocyte culture supernatant, and OVAspecific IgE level in serum were measured using ELISA kits (R&D System, Minneapolis, MN, USA). Each antibody was diluted in coating buffer; then, 100 μL was added to each microwell and kept overnight at 4°C. After washing each well 3 times with 200 μL of washing buffer (0.05% Tween 20 in PBS), 100 μL of the cell culture supernatant was dispensed. After incubation at room temperature for 1 hour and washing twice with washing buffer, solution (100 μL) of streptavidin-HRP conjugated antibody was added; then, samples were left again for 1 hour at room temperature, followed by another wash. To this, 100 μL aliquots of TMB were added and left in darkness for 30 minutes. Finally, 50 μL of stop solution was prepared and added, and the absorbance was measured by the ELISA reader at 450nm.

      

      
        9. Statistical analysis
        Data are expressed as mean ± standard error of the mean (SEM). Statistical analysis of comparisons between groups was performed using the Student t-test. Significance was assessed as p < 0.05 or more (*p < 0.05, **p < 0.01).

      

    

    

  
    
      RESULTS AND DISCUSSION
      
        1. Analysis of CLEO constituents
        The constituents of CLEO were analyzed using GC-MS and the results are shown in Table 1 and Fig 1. Terpenoid components of identified constituents made up more than 80% as a relative ratio to the peak area percentage. Among the terpenes present, the sesquiterpenes represented 39.35%, the monoterpenes represented 37.10%, and the diterpenes represented 3.67%. These results were almost the same to a previous study (Yang et al., 2002).

        
          
          

          Fig. 1. 
				
          

          
            GC chromatograms of Chamaecyparis obtusa leaf essential oil (CLEO).
          
          

          

        

        
          Table 1. 
				
          

          
            Relative ratio of the Chamaecyparis obtusa leaf essential oil (CLEO) compounds.

          
          

        

        
          
            
              	Identified compound (n = 44)
              	80.35(%)
            

            
              	
                

              
            

          
          
            	Monoterpenes
            	37.10
          

          
            	Sesquiterpenes
            	39.35
          

          
            	Diterpenes
            	3.67
          

          
            	Miscellaneous
            	0.23
          

          
            	Other
            	19.65
          

        

        
          
            The components of CLEO were identified by matching their mass spectra against Wiley7n library data.
          

        

        

        Table 2 indicated the results of the contents of α- pinene, limonene, bornyl acetate, and terpinene-4-ol among CLEO constituents, and method validation. The α-pinene content was 39.7 ± 1.39mg/mL, limonene content was 40.9 ± 1.36mg/mL, bornyl acetate content was 57.1 ± 1.87mg/mL, and terpinene-4-ol content was 18.4 ± 0.95mg/mL. The calibration curve showed excellent linearity, with a correlation coefficients 0.995. The accuracy showed a high recovery rate of 97.7 to 103.9%, and precision (coefficient of variation (CV)) was less than 5%.

        
          Table 2. 
				
          

          
            Contents of α-pinene, limonen, bornyl acetate and terpinene- 4-ol in CLEO.

          
          

        

        
          
            
              	Compounds
              	Contents (mg/mL)
              	Standard curve (R2)
              	Precision (%)
              	Accuracy (%)
            

            
              	
                

              
            

          
          
            	α-Pinene
            	39.7 ± 1.4
            	0.995
            	4.6
            	103.9
          

          
            	Limonen
            	40.9 ± 1.4
            	0.996
            	0.9
            	97.9
          

          
            	Bornyl acetate
            	57.1 ± 1.9
            	0.996
            	1.7
            	105.3
          

          
            	Terpinene-4-ol
            	18.4 ± 1.0
            	0.996
            	2.7
            	97.7
          

        

        
          
            Contents of α-pinene, limonen, bornyl acetate and terpinene-4-ol in CLEO were measured using GC-MS. Values are expressed as mean ± SD (n = 5).
          

        

        

        It was reported that α-pinene, a component of CLEO, can dose-dependently suppress the nuclear translocation of the LPS-induced inflammatory signaling molecule NF-κB and partially control its expression in the human monocytic THP-1 cell line (Zhou et al., 2004), and limonene suppresses LPS-induced inflammatory mediators NO and PGE2 in RAW 264.7 cells (Yoon et al., 2009). In addition, in a study of the anti-inflammatory effect of tea tree essential oil, it was reported that terpinene-4-ol suppressed the production of LPS-induced tumor necrosis factor-α (TNF-α), IL-1β, IL-8, IL-10, and PGE2 (Hart et al., 2000). Theophyllin, a component of CLEO, have been reported to stimulate the regulation of the Na+-K+ pump current and cystic fibrosis transmembrane conductance regulator current by protein kinase A and B (Kottra & Vank, 2003), to be able to decrease AHR effectively (Aaronson et al., 1998), and to treat anaphylactic reactions induced by the liberation of different inflammatory mediators (Klimek, 2008). These components of CLEO are thought to possess the potential to alleviate airway inflammatory symptoms in asthma.

      

      
        2. Effect of AHR by CLEO
        AHR is a characteristic of asthma and indicates the degree of airflow limitation caused by hypersensitive reactions to stimuli that cause airway constriction (Kim, 2009). To measure AHR in this study, the Buxco system was used to administer varying concentrations of the airway constrictor methacholine (MCH) via spraying to each of the treatment groups, which was followed by measurement of the Penh value, which indicates the degree of airway constriction. A comparison of the measured values is shown in Fig. 3.

        
          
          

          Fig. 3. 
				
          

          
            Effect of CLEO on airway hyperresponsiveness after treating methacholine.
            Values are expressed as mean ± SE (n = 5). Statistical analysis of data was analyzed using Student's t-test. #p < 0.05 and ##p < 0.01 compared with normal group. *p < 0.05 compared with control group. Normal; Balb/c mice, OVA-CT; OVA inhalation, OVA-CsA; OVA + cyclosporine A (10mg/kg), OVA-CLEO (3%, 1%); OVA + Chamaecyparis obusa leaf essential oil (3%, 1%), MCH; Methacholine.

          
          

          

        

        The Penh value of the OVA-CT group was increased in a dose-dependent manner at MCH spray concentrations of 3.125, 6.25, 12.5, and 25.0mg/mL, and at concentrations of 3.125, 12.5, and 25mg/mL the Penh value was significantly increased in comparison to the control group (p < 0.05, p < 0.05, p < 0.01). The Penh value of the OVA-CLEO (1%) group was not significantly different from that of the OVA-CT group, but did show a decrease of approximately 11 ~ 41%. The Penh value of the OVA-CLEO (3%) group was significantly decreased by MCH spray at concentrations of 12.5 and 25mg/mL, compared to the OVA-CT group (p < 0.05). In addition, the OVA-CLEO (3%) group was compared to a group treated with the asthma medication cyclosporin A and the normal group; at all concentrations, the Penh values of the groups were similar. Therefore, according to the results of this study, 3% CLEO was determined to be effective in MCH-induced increases in AHR.

      

      
        3. Effects of inflammatory cells in BALF by CLEO
        In the airway of an asthma patient, the shedding of epithelial cells and infiltration of inflammatory cells (Kay, 2005; Lu et al., 2010; Possa et al., 2013), along with eosinophils with inflammatory proteins and leukotrienes, can accelerate direct damage to the airway epithelial cells, as well as cause bronchial spasms, vascular permeability, and edema. In addition, the number of eosinophils in the BALF is reported to be directly correlated with the severity of asthma (Cho et al., 1991). In this study, the total number of cells and eosinophils in mouse BALF was analyzed, and the results are shown in Table 3.

        
          Table 3. 
				
          

          
            Effects of CLEO on the inflammatory cells in BALF of OVA-induced asthma mouse model.

          
          

        

        
          
            
              	Group
              	BALF
            

            
              	
                

              
            

            
              	Total cells (× 105)
              	Eosinophils (× 400)
            

            
              	
                

              
            

          
          
            	Normal
            	14.0 ± 3.5
            	2.3 ± 0.8
          

          
            	OVA-CT
            	35.5 ± 4.6#
            	121.5 ± 14.1###
          

          
            	OVA-CsA
            	17.0 ± 1.6*
            	037.5 ± 6.2***
          

          
            	OVA-CLEO (3%)
            	19.3 ± 3.3*
            	088.8 ± 16.2
          

          
            	OVA-CLEO (1%)
            	31.0 ± 3.4
            	95.2 ± 9.6
          

        

        
          
            Values are expressed as mean ± SE (n = 5). Statistical analysis of data was analyzed using Student s t-test.
          

          
            p < 0.05 and ###p < 0.001 compared with normal group.
          

          
            p < 0.05 and ***p < 0.001 compared with control group. Normal; Balb/c mice, OVA-CT; OVA inhalation, OVA-CsA; OVA + cyclosporine A (10 ߲/kg), OVA-CLEO (3%, 1%); OVA + Chamaecyparis obusa leaf essential oil (3%, 1%)
          

        

        

        The total number of cells in the BALF of the OVA-CT group was significantly increased (p < 0.05) in comparison to the normal group, and the total number of cells in the BALF of the OVA-CsA group was significantly decreased (p < 0.05) in comparison to the OVA-CT group. The total number of cells in the BALF of the OVA-CLEO (1%) group was decreased approximately 10% in comparison to the OVA-CT group. The total number of cells in the BALF of the OVA-CLEO (3%) group was significantly decreased (p < 0.05) in comparison to the OVA-CT group. Thus, 3% CLEO effectively inhibited the proliferation of inflammatory cells that infiltrate the lung and the airway as an inflammatory response in OVA-challenged mice.

        The number of eosinophils in the BALF of the OVACT group was significantly increased (p < 0.001) in comparison to the normal group, and the number of eosinophils in the BALF of the OVA-CsA group was significantly decreased (p < 0.001) in comparison to the OVA-CT group. The number of eosinophils in the BALF of the OVA-CLEO (1%) group was decreased by approximately 22% in comparison to the OVA-CT group. The number of eosinophils in the BALF of the OVACLEO (3%) group was decreased approximately 27% in comparison to the OVA-CT group. These decreases in the numbers of eosinophils in the BALF are evidence that CLEO provided some level of relief against eosinophilic airway inflammation.

      

      
        4. Effect of a specific anti-OVA IgE in serum by CLEO
        IgE antibody is a type I hypersensitivity reactionmediating substance that is closely tied to allergic asthma. After IgE produced in the B cells binds with high-affinity IgE receptors on the surfaces of mast cells and basophils in the peripheral blood, attachment of allergic antigens to IgE causes mast cells to release various inflammatory mediators, such as histamine, prostaglandins, leukotrienes, and cytokines. These inflammatory mediators induce mucosal edema, mucus production, and smooth muscle cell contraction in the bronchial airway (Oettgen and Geha, 2001). In this study,the levels of specific anti-OVA IgE in serum of mice were measured, and the results are shown in Table 4.

        
          Table 4. 
				
          

          
            Effect of CLEO on serum specific anti-OVA IgE in OVAinduced asthma mouse model.

          
          

        

        
          
            
              	Group
              	anti-OVA IgE (U/mL)
            

            
              	
                

              
            

          
          
            	Normal
            	81.6 ± 2.2
          

          
            	OVA-CT
            	349.5 ± 39.9##
          

          
            	OVA-CsA
            	210.5 ± 12.1*
          

          
            	OVA-CLEO (3%)
            	177.6 ± 32.5*
          

          
            	OVA-CLEO (1%)
            	279.6 ± 24.1
          

        

        
          
            Values are expressed as mean ± SE (n = 5). Statistical analysis of data was analyzed using Student's t-test.
          

          
            p < 0.01 compared with normal group.
          

          
            p < 0.05 compared with control group. Normal; Balb/c mice, OVA-CT; OVA inhalation, OVA-CsA; OVA + cyclosporine A (10 mg/kg), OVA-CLEO (3%, 1%); OVA + Chamaecyparis obusa leaf essential oil (3%, 1%).
          

        

        

        The level of specific anti-OVA IgE in serum of the OVA-CT group was significantly increased (p < 0.01) in comparison to the level of specific anti-OVA IgE in serum of the normal group. and the level of specific anti- OVA IgE in serum of the OVA-CsA group was significantly decreased (p < 0.05) in comparison to that of the OVA-CT group. The level of specific anti-OVA IgE in serum of the OVA-CLEO (1%) group was 12% less than that of the OVA-CT group, and the level of specific anti-OVA IgE in serum of the OVA-CLEO (3%) group was significantly decreased (p < 0.05) in comparison to that of the OVA-CT group.

        In this study both 1% and 3% OVA-CLEO groups showed decreased level of specific anti-OVA IgE in serum, and the decrease was statistically significant for the OVA-CLEO (3%) group (p < 0.05). These results indicate that 3% CLEO has the capability to suppress airway constriction and inflammation, and although 1% CLEO did not produce a significant difference in these measurements, it is believed to be effective in alleviating airway constriction and airway inflammation by lowering the levels of specific anti-OVA IgE.

      

      
        5. Effect of IL-5 and IL-13 levels in BALF by CLEO
        IL-5 is responsible for differentiating immature eosinophils into mature cells and reportedly increases their intravascular release and survival (Yamaguchi et al., 1988), and IL-13 induces IgE production in B cells and is involved in eosinophilic airway inflammation (van der Pouw Kraan et al., 1998). In addition, it was reported that IL-13 plays an important role in causing airway tissue inflammation, mucus hypersecretion, bronchial fibrosis, metaplasia of goblet cells, and smooth muscle cell proliferation in mice (Zhu et al., 1999). In this study, the levels of IL-5 and IL-13 in BALF were measured, as shown in Table 5.

        
          Table 5. 
				
          

          
            Effect of CLEO on IL-5 and IL-13 levels in BALF of OVAinduced mouse model.

          
          

        

        
          
            
              	Group
              	IL-5 (pg/mL)
              	IL-13 (pg/mL)
            

            
              	
                

              
            

          
          
            	Normal
            	30.5 ± 4.6
            	32.6 ± 5.4
          

          
            	OVA-CT
            	97.6 ± 11.0##
            	197.5 ± 18.3##
          

          
            	OVA-CsA
            	45.0 ± 4.8*
            	89.8 ± 4.9*
          

          
            	OVA-CLEO (3%)
            	50.5 ± 3.6*
            	103.3 ± 8.2*
          

          
            	OVA-CLEO (1%)
            	64.8 ± 7.6*
            	134.6 ± 16.9*
          

        

        
          
            Values are expressed as mean ± SE (n = 5).
          

          
            p < 0.01 compared with normal group.
          

          
            p < 0.05 compared with the control group. Normal; Balb/c mice, OVA-CT; OVA inhalation, OVA-CsA; OVA + cyclosporine A (10 mg/kg), OVA-CLEO (3%, 1%); OVA + Chamaecyparis obusa leaf essential oil (3%, 1%).
          

        

        

        IL-5 in the BALF of the OVA-CT group was significantly increased (p < 0.01) in comparison to the normal group, and IL-5 in the BALF of the OVA-CsA group was significantly decreased (p < 0.05) in comparison to the OVA-CT group. IL-5 in the BALF of the OVACLEO (3%) group was significantly decreased (p < 0.05) in comparison to the OVA-CT group, and IL-5 in the BALF of the OVA-CLEO (1%) group was also significantly decreased (p < 0.05) in comparison to the OVA-CT group.

        IL-13 in the BALF of the OVA-CT group was significantly increased (p < 0.01) in comparison to the normal group, and IL-13 in the BALF of the OVA-CsA group was significant decreased (p < 0.05) in comparison to the OVA-CT group. IL-13 in the BALF of the OVACLEO (3%) and OVA-CLEO (1%) groups was significantly decreased (p < 0.05) in comparison to the OVA-CT group. In this study, decreased levels of IL-5 and IL-13 in the BALF of the OVA-CLEO (1%) group and OVA-CLEO (3%) group were verified, leading to the determination that CLEO effectively suppressed the inflammatory response, alleviating eosinophilic airway inflammation and mitigating the unique histological changes associated with asthma. In conclusion, CLEO have an alleviating effect on asthma-like symptoms such as AHR and AI. Further studies about antiasthmatic effect are necessary on the focus of single component of CLEO.
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