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 30 

Abstract 31 

Ethnobotanical relevance:  Myxopyrum serratulum (M.serratulum) is an important medicinal plant 32 

traditionally used for the treatment of asthma and  cough, and many inflammatory diseases.  In this 33 

study, the protective effects of M.serratulum was  investigated through airway inflammation in an 34 

ovalbumin (OVA)-induced asthma murine model and lipopolysaccharide (LPS)-stimulated 35 

inflammation in RAW 264.7 murine macrophages and possible mechanism were studied. 36 

Method 37 

Phytochemicals in the methanolic extract of M.serratulum (MEMS) were identified using RP-38 

HPLC analysis. For evaluating in vitro anti inflammatory activity, LPS stimulated RAW 264.7 39 

murine macrophage method  was adopted and to estimate the levels of nitric oxide (NO), reactive 40 

oxygen species (ROS)  and group of proinflammatory  cytokines by ELISA. Allergic asthma was 41 

induced in Female BALB/c mice by intraperitoneal injection of OVA on days 0 and 14 and then 42 

challenged with OVA from days (21 to 23). The MEMS  at 200 & 400 mg/kg was administered by 43 

oral gavage 1h before the OVA challenge. The airway hyperresponsiveness (AHR) was measured 44 

after 24h OVA challenge, bronchoalveolar lavage fluid (BALF) & lung tissues were collected after 45 

48h last OVA  challenge. Total cell count, differential cell eosinophil peroxidase assay, NO, 46 

Prostoglandin (PGE2),  ROS assay and the cytokine  release (IL-4, IL-5 & IL-13), were performed 47 

in BALF. Serum total IgE level and  histopathological changes of lung tissues and  cyclooxygenase-48 

2 (COX-2) and inducible nitric oxide synthase (iNOS) were detected by Western blot. 49 

Results  50 

From the chromatographic identification, the gallic acid, protocatechuic acid,  catechin,  ellagic 51 

acid,  rutin, p-coumaric acid,  quercetin, naringenin, apigenin were found in MEMS. In  LPS 52 

stimulated RAW 264.7 cells, MEMS (125,250 µg/mL) treatment significantly reduced the levels of 53 

NO,  ROS and proinflammatory cytokines including  IL1α, IL1β, IL-2, IL-4, IL-6, IL-10, IL-12, IL-54 

17A, IFN-γ, TNF-α,  G-CSF and GM-CSF). MEMS (200 & 400 mg/kg) significantly reduced the 55 
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number of inflammatory cells, NO,PGE2, ROS and L-4, IL-5, IL-13 in BAL fluid, IgE in serum of 56 

OVA-sensitized/challenged mice and also inhibit the COX-2 & iNOS protein expression in lung 57 

tissues of OVA-sensitized/challenged mice. 58 

Conclusion 59 

From this finding it was suggested that the MEMS exhibited significant effects on                                                                          60 

airway inflammation by reducing the level of oxidative stress, pro-inflammatory cytokines and 61 

inhibiting the COX-2, iNOS protein expression. 62 

Keywords: Myxopyrum serratulum; anti-inflammatory; anti-asthma; HPLC; COX-2. 63 

1. Background 64 

  Bronchial asthma is a chronic inflammatory disease of the airway (bronchial tubes in the 65 

lungs) that involves multiple components and is orchestrated by several cell types, particularly 66 

eosinophils, goblet cells, mast cells and CD4+ lymphocytes. Activation of these cells due to allergen 67 

exposure, releases the inflammatory and pro-inflammatory mediators. The pathophysiology of 68 

asthma involves activation and maturation of many inflammatory cells like mast cells, 69 

macrophages/monocytes, eosinophils, dendritic cells, T-helper type-2 lymphocytes (Th2), basophil 70 

and neutrophils (Barnes et al., 2008). Macrophages plays a central role during inflammation, upon 71 

activation it elicit a variety of inflammatory reactions  including the release of inflammatory & 72 

proinflammatory  mediators and cytokines  such as NO,  PGE2,  ROS and IL1α,  IL1β,  IL-2, IL-4, 73 

IL-6, IL-10, IL-12, IL-17A, IFN-γ, TNF-α, G-CSF and GM-CSF. The proinflammatory mediators 74 

such as NO and PGE2 are fashioned by iNOS and COX-2 respectively. A huge amount of NO, 75 

produces oxidative damage to the cells and induce nitrogen stress. ROS plays a pivotal role in the 76 

pathogenesis of number of airway diseases, including cystic fibrosis, chronic obstructive pulmonary 77 

disorder (COPD) and asthma (Gillissen A et al., 1998; Repine et al., 1997). Airway cells and 78 

smooth muscles are exposed to oxidative  stress, produces  increased  levels of ROS, which  79 

damage the bio molecules and  may directly activate the inflammatory pathways. In addition, the 80 

elevatetd level of ROS leads to upregulation of iNOS and COX-2 expression along with the 81 
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induction of proinflammatory cytokines. It is well known that cytokines play a crucial role in 82 

orchestrating, propagating and amplifying the inflammatory response in asthma. (Adcock et al., 83 

2008). Cytokines regularly possess to overlapping many biological activities, exhibit different 84 

effects at different concentrations, can either synergize or provoke the effects of other cytokines and 85 

controlled in a complex manner and function (Papadakis & Targan., 2000). The analysis of the 86 

function of the complete set of cytokines expressed at the site of inflammation is often of more 87 

value than the analysis of a single isolated cytokine.  88 

Phytoconstituents such as phenolic compounds, flavonoids and terpenoids are reported to 89 

possess antioxidant, anti-proliferative, anti-inflammatory, anti-cancer, and neuroprotective activities 90 

(Park et al., 2011). In this view many scientific communities showed interest in the protection of 91 

oxidative stress induced disease by natural antioxidants.  92 

  The plant M. serratulum is an important medicinal plant belonging to the family Oleaceae. 93 

It is traditionally useful for cough, rheumatism, nerve complaints, asthma, fever, and neuropathy, 94 

the leaves paste taken with ghee as a good remedy for asthma (The Wealth of India., 2011). In 95 

addition, the plant has been reported to possess antioxidant, anti inflammatory, antimicrobial and 96 

wound healing activity. The  important  phytochemicals like ursolic acid and iridoid glycosides only  97 

were reported from the leaves of the plant.  So far the antiasthmatic activity of this plant was not yet 98 

been  reported by in vitro and in vivo model. Therefore, evaluate the ability of  MEMS  on 99 

antiasthmatic efficacy via in vitro and in vivo  model using RAW 264.7 murine macrophages and a 100 

mouse model of allergic lung inflammation.  101 

 102 

2. Materials and Methods 103 

2.1. Plant material and extract preparation 104 

 The leaves of M. serratulum A. W. Hill was collected from Western ghats, Kerala in 105 

the month of May-2013 and taxonomic identification of the plant material was confirmed by Dr. V. 106 

Chelladurai, Central Council of Research in Ayurveda and Siddha, Government Siddha Medical 107 
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College, Palayamkottai, Tamilnadu, India. The voucher specimen (MS-0713/BIT) was deposited in 108 

the Department of Pharmaceutical Technology, Anna University, Tiruchirappalli. The leaves were  109 

freshly collected, shade dried and powdered, defatted using petroleum ether (60-80ºC) and then 110 

extracted with methanol using hot extraction technique. The solvents were removed under vacuum 111 

yielding the concentrated green colour sticky mass, it was dried and stored in a vial at low 112 

temperature (4°C) prior to analysis, the  percentage yield  of the extract was 20.5%.   113 

2.2. Quantification of bioactive compounds by RP-HPLC analysis 114 

 2.2.1. Sample preparation 115 

 For preparation of sample, 100 mg of methanolic extract of M.serratulum was dissolved in a 116 

volumetric flask in methanol/water/TFA (50:50:0.02) and the volume was adjusted to 10 mL 117 

accurately. The mixture was sonicated in a bath sonicator (Sonics, USA, 40 W, 20 KHZ) for 30 min 118 

at room temperature and filtered (0.45 µm PTFE, acrodisc, 25 mm, Pall Gelman, USA) prior to 119 

injection into the HPLC system. 120 

2.2.2. Standard preparation  121 

  For standard mixture preparation 2.5 mg of each of the nine  phenolics viz. naringenin, 122 

rutin, quercetin, flavone, catechin, Ferulic acid, protocatechic acid, p-coumaric acid and Gallic acid 123 

were weighed accurately and dissolved in 1:1 (methanol/water)  into a 50 mL volumetric flask to 124 

obtain stock solutions (50 µg/mL). The standard solution was filtered (0.45 µm PTFE, acrodisc, 25-125 

mm, Pall Gelman, USA) prior to HPLC analysis.  126 

2.2.3. HPLC conditions 127 

 The separation of bioactive compounds was accomplished in a SHIMADZU (Shimadzu 128 

Corp., Japan) LC2010 CHT series equipped with on-line degasser, quaternary pump (LC2010 129 

AHT), Autosampler (LC2010 CHT), column oven and UV-VIS detector. Data was acquired three-130 

dimensionally (absorbance time-wavelength) using LC solutions software. A reversed-phase C-18 131 

column Phenomenox Luna (4.6x250 mm, 5 µM particle size, Phenomenox, USA) was used. Mobile 132 

phase A was water containing 0.02% TFA and B was methanol containing 0.02% TFA. The 133 
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gradient conditions were as mentioned below:  0-5 min, 25% B; 5-10 min, 25-30% B;10-16 min, 134 

30-45% B, 16-18 min, 45% B; 18-25 min, 45-80% B, 25-30 min 80% B; 30-40 min, 80-25% B.  135 

The column temperature was maintained at 25ºC. Elution was performed at a flow rate of 0.5 136 

mL/min and detected at a wavelength of 280 nm. Injection volume of 20 µL was used. Phenolic 137 

compounds present in the extract were identified by comparing chromatography peaks with the 138 

retention time (RT) of reference standards. The peak area of the chromatogram was used for 139 

calculating the concentration of the compounds in the extract (Wen  et al., 2005). 140 

2.3.  Determination of Free radical scavenging activity  141 

2.3.1. DPPH  radical scavenging assay 142 

  MEMS of different concentrations (10, 20, 30, 40 and 50 µg/mL) was mixed with 2 mL of 143 

0.2 mm DPPH ethanolic solution and vortexes, then shaking vigorously and allowed to stand for 30 144 

min at room temperature. The absorbance was measured at 517 nm, the decrease in absorbance 145 

indicating the free radical scavenging ability of the extract. The synthetic antioxidant ascorbic acid 146 

was used as standard and purified water was used as a control (Liyana-pathiyana and Shahidi, 147 

2005). 148 

2.3.2. ABTS scavenging assay 149 

 One ml of the ABTS+ (2, 2′-azino-bis (3-ethylbenzothiazoline- 6-sulfonic acid) solution was 150 

added into different concentrations of MEMS (5-25 µg/mL) and kept for 6 min at room temperature 151 

and the absorbance was directly measured at 734 nm. The percentage inhibition of scavenging 152 

activity of the extract was calculated and the results were compared with reference standard 153 

ascorbic acid (Re et al., 1999).  154 

2.4.  in vitro investigation of anti-inflammatory activity of MEMS using LPS-stimulated RAW 155 

       264.7 murine macrophages  156 

2.4.1. Cell viability assay 157 

The effect of MEMS on cell viability was studied in RAW 264.7 murine macrophages. MEMS was 158 

dissolved in dimethyl sulfoxide (DMSO) at a stock concentration of 10 mg/mL. The final 159 

concentration of DMSO was less than 0.02% for every treatment which served as negative control. 160 
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The cells were seeded in 96-well microtiter plates at a density of 104 cells/well in DMEM, 161 

supplemented with 10% heat-inactivated FBS and grown at 37°C in a humidified atmosphere with 162 

5%CO₂. After 24h of incubation, the medium was discarded and the cells were incubated separately 163 

with different concentrations of MEMS (62.5,125,250 & 500 µg/mL) for 24h. Untreated cells were 164 

used as normal control and diclofenac sodium (5 µg/mL), a standard anti-inflammatory drug was 165 

used as positive control. The morphology of cells was observed with an inverted microscope (TiE, 166 

Nikon, Japan) and the phase-contrast images were captured at 20X magnification (Park et al., 167 

2015). 168 

 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was 169 

performed to determine the cell viability. The assay depends on the reduction of MTT by 170 

mitochondrial dehydrogenase, an enzyme present in the mitochondria of viable cells to a purple 171 

coloured formazan product. After 24h treatment, 10 µL of MTT (5 mg/mL) was added and 172 

incubated for 4h at 37°C, 5% CO2. The medium was discarded and add 100 µL of DMSO to 173 

dissolve the formazan crystals. The absorbance was read at 570 nm in a multimode microplate 174 

reader (EnSpire, Perkin Elmer, Singapore) and the cell viability  were expressed as a percentage of 175 

surviving cells over control cells. 176 

2.4.2.  Measurement of NO Production  177 

  The concentration of NO in the culture supernatant was determined based on the 178 

accumulation of nitrite, a major stable product of NO, using a Griess reagent-based colorimetric 179 

assay. Equal volumes of the culture supernatants from the respective treatment groups and 1×Griess 180 

reagent (1% sulfanilamide in 5% phosphoric acid and 0.1% N-(1-Naphthyl) ethylene diamine 181 

dihydrochloride in water) were incubated at room temperature for 15 min. The absorbance of the 182 

mixture was measured at 540 nm using a Multimode microplate reader (EnSpire, PerkinElmer, 183 

Singapore). A standard curve with known concentrations of sodium nitrite was plotted to 184 

extrapolate the nitrite concentration of the unknown samples (Lou et al., 2009). 185 

 186 
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2.4.3. Measurement of intracellular ROS Production 187 

 The production of intracellular ROS was detected by DCFH2-DA assay. Briefly, RAW 188 

264.7 murine macrophages at a density of 105 cells per well in a 24-well plate were incubated with 189 

MEMS (125 & 250 µg/mL) with or without LPS (1 µg/mL) at 37°C, 5% CO2 for 24h. After 24h, the 190 

cells were washed with PBS and 10 µM of DCFH2-DA was added and incubated at 37°C for further 191 

30 min. After incubation, the cells were washed thrice with PBS and the fluorescence images were 192 

captured at 20X magnification using an inverted fluorescence microscope (Nikon, Ti-E, Japan). The 193 

levels of ROS was measured by the intensities in fluorescence due to the intracellular production of 194 

DCF caused by the oxidation of DCFH2. The fold increase of intracellular ROS was compared with 195 

the positive & negative controls and was quantified by measuring the intensity of DCF fluorescence 196 

in the microscopic field (Yang et al., 2015). 197 

2.4.4. Measurement of pro-inflammatory cytokines  198 

 Multi-analyte ELISArray kit (Qiagen, USA) was used for the simultaneous detection of 199 

mouse pro-inflammatory cytokines (IL1α, IL1β, IL-2, IL-4, IL-6, IL-10, IL-12, IL-17A, IFN-γ, 200 

TNF-α, G-CSF and GM-CSF). Briefly, RAW 264.7 murine macrophages at a density of 106 cells 201 

per well in a 6-well plate were incubated with MEMS (125 & 250 µg/mL) with or without LPS (1 202 

µg/mL) at 37°C, 5% CO2 for 24h. After 24h, the concentrations of cytokines in the culture 203 

supernatants were quantified as per manufacturer’s protocol. 204 

2.5. Evaluation of in vivo antiasthmatic activity 205 

 2.5.1. Experimental Animal 206 

 Pathogen free 7-8 weeks old female BALB/c mice, weighing between 25-30g were obtained 207 

from Sri Venkateshwara agencies, Bangalore. The mice were maintained under standard laboratory 208 

conditions of humidity (50-60%) and temperature 25±2°C. Animals were given an adequate pellet 209 

diet and water ad libitum. The animal study was performed according to the CPCSEA guidelines 210 

and approved by an institutional animal ethical committee of Bharathidasan Institute of 211 

Technology, Anna University, Tiruchirappalli. 212 
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(REF.NO: AUROT/ IAEC/NOV2013-003 dt. 21/11/2013) 213 

2.5.2. Animal sensitization and treatment 214 

 Animals were randomly divided into five  groups (6mice/group). Asthma is induced by 215 

ovalbumin (OVA) (Sigma Aldrich, USA).  Group 1 received only saline, served as a normal control 216 

(untreated), group-2 OVA sensitized and challenged, Group 3&4  received different concentration 217 

of text extract (200,400 mg/kg of MS extract). Group-5 was served as a positive control received 218 

3mg/kg of dexamethasone. Animals of Group 2-5 were sensitized on day 0 and 14 by intra 219 

peritoneal injection of 20 µg/200 µL OVA adsorbed on 1.00 mg/50 µL alum adjuvant. The mice 220 

were then exposed with 1% OVA in PBS for 20 min from day 21 to 23 using ultrasonic nebulizer. 221 

The test extracts were made suspension with CMC sodium and administered orally from day 18 222 

once daily for 6 days.  (King et al., 2004). 223 

2.5.3.  Measurement of Airway Hyper responsiveness (AHR) 224 

 After twenty-four hours of the final OVA challenge, the AHR was assessed in conscious and 225 

unrestrained mice through whole-body plethysmography (Emka Technologies, France). Each 226 

mouse was placed in a plastic chamber and exposed to aerosolized PBS followed by  aerosol 227 

containing methacholine  at increasing concentrations (3.125-25 mg/mL in PBS) for 3 min (Kim et 228 

al., 2008). After each methacholine challenge, the Penh values were recorded for 3 min, the Penh 229 

value was expressed as a proportion of the Penh value obtained in response to PBS challenge. 230 

2.5.4.  Measurement of inflammatory cell counts in BALF 231 

 The mice were anesthetized through an intraperitoneal injection of Pentobarbital (Sigma 232 

Aldrich, USA) 48h after the last challenge, and tracheostomies were performed. To obtain the 233 

bronchoalveolar lavage fluid (BALF), ice-cold PBS (0.4 mL) was infused into the lung and 234 

withdrawn via tracheal calculation three times (total volume of 1.2 mL). The obtained BALF was 235 

centrifuged; the supernatant was collected and stored at -80oC for further biochemical analysis. 236 

Total inflammatory cell counts were assessed by counting the cells in at least five squares of a 237 

hemocytometer after the exclusion of dead cells through trypan blue staining. To determine the 238 
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differential cell counts, 100 µL of BALF was centrifuged (200g, 4°C, 10 min) and fixed the cells 239 

onto slides. The slides were dried and stained with the Giemsa staining reagent according to the 240 

manufacturer’s instructions. (Li et al., 2014; Khan et al., 2015). 241 

2.5.5.  Eosinophil Peroxidase activity 242 

EPO activity was determined by adding 100 µL of BALF into 100 µL of reaction mixture 243 

containing 0.1mM-O-Phenylene-diamine-dihydrachloride, 0.1 % Triton X-100 and 1mM hydrogen 244 

peroxide in Tris-Hcl in microtitre plate. The plate was incubated in dark for 30 min and the reaction 245 

was blocked by adding 50 µL of 4M sulfuric acid per well. The absorbance was measured at 490 246 

nm using Perkin Elmer, Multimode Plate Reader, Singapore. (Kobayashi et al., 2006). 247 

2.5.6.   Determination of Prostoglandin (PGE2) 248 

 249 

  Commercially available enzyme-linked immunosorbent assay antibodies were used to 250 

determine  the  PGE2  concentration  in  BALF,  according to the manufacturer’s instruction. 251 

 252 

2.5.7.  NO release in BALF 253 

NO was measured in BALF according to the method described by Feelisch and Noack 254 

(1987).  100 µL of BALF was added to 10 µL Griess reagent (1% sulfanilamide 0.1% naphthylene 255 

diamine dihydrochloride and 2.5% phosphoric acid). The plate was incubated in dark for 30 min at 256 

37°C and the absorbance was read at 542 nm in a PerkinElmer, Multimode Plate Reader, Singapore. 257 

A standard curve of sodium nitrite was constructed and used for quantification (Tiwari et al., 2014). 258 

2.5.8.  2,7- Dichlorofluorescein (DCF) fluorescence assay  259 

 260 

The intracellular ROS using 2,7- dichloro fluorescein diacetate (Sigma Aldrich, Germany)  261 

which reacts with cellular peroxides such as hydrogen peroxide and converted into the highly 262 

fluorescent DCF.  An aliquot of BALF was treated with 25 µm DCF-DA for 10 min at 37°C. To 263 

determine the intracellular ROS activity, fluorescence was read at 488 nm excitation and 525 nm 264 

emission using a fluorescence plate reader (Perkin-Elmer, Singapore). 265 

2.5.9.  Measurement of Cytokine in BALF and IgE in serum (ELISA) 266 
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 The Enzyme-linked immunosorbent assay (ELISA) was performed according to the 267 

manufacturer's instruction (Ray Biotech, Norcross, GA). The concentration of IL-4, IL-5 and IL-13 268 

in   BALF and IgE in serum was determined using sandwich ELISA kits. The absorbance was 269 

measured at 450 nm using  a micro plate reader.  270 

2.5.10. Histopathological evaluation of lungs 271 

 After 48h of last OVA challenge, the mice were sacrified and lungs were taken out and fixed 272 

at 10% solution of buffered formalin. After fixation, the 5 µM thick paraffin sections were cut and 273 

stained with Haematoxylin and Eosin (H & E) for the measurement of inflammatory cell infiltration 274 

and alveolar thickening. In addition, the lung tissues were stained with Periodic Acid-Schiff (PAS) 275 

stain and used for the identification of goblet cell hyperplasia and mucus hyperproduction. (Myou et 276 

al., 2003). 277 

2.5.11.  Western blot analysis 278 

Lung protein was separated using SDS-PAGE analysis and the protein were transferred to a 279 

membrane and incubated at 4°C with suitable primary antibodies such as β-actin, COX-2 and iNOS. 280 

The membrane was washed with Tris-buffered saline containing Tween 20 (TBST)  and incubated 281 

with secondary antibody for 1h at room temperature. Again the membranes were washed thrice with 282 

TBST and developed using a chemiluminesance kit. The quantitative band densitometric band value 283 

were determinedby chemi-Doc analysis (Jeon et al., 2014). 284 

2.6.   Statistical analysis 285 

 All the experiments were performed in triplicate and the results are represented as 286 

Standard Error Mean (SEM) n=3. Statistical significance using analysis of variance (ANOVA), 287 

followed by a Dunnett's test for pairwise comparisons was analyzed with SPSS 11.0 software (SPSS 288 

Inc., Chicago, IL, USA. 289 

3. Results 290 

3.1. Quantification of bioactive compounds by HPLC 291 
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  HPLC is an excellent tool for identification and quantification of phenolic compounds in 292 

the plant extract. The phenolic compounds were  identified from the  MEMS and quantified by RP- 293 

HPLC method. The present study is the first report on this plant for the determination of gallic acid, 294 

p-coumaric acid, ferulic acid, and five flavonoids, catechin,  rutin, quercetin, naringenin and flavone 295 

using HPLC analysis. The concentration of the compounds was determined by comparing 296 

chromatographies peak area obtained in the standards and sample (Table.1) and the chromatogram 297 

was represented in (Fig.1). From the results it was observed that the amount of  phytochemicals  298 

present in the MEMS were found to be naringenin (100.20±0.69 mg/g), rutin (57.66±0.75 mg/g), 299 

ellagic acid (47.37±0.54 mg/g), quercetin (35.91±0.42 mg/g), catechin (6.10±0.03 mg/g), p-300 

coumaric acid (3.05±0.04 mg/g), apigenin (2.12±0.02 mg/g) and gallic acid (1.34±0.05 mg/g). 301 

Among the eight compounds, naringenin, rutin, ferulic acid and quercetin are found in higher 302 

concentration when compared to others. 303 

In vitro evaluation  304 

3.2. Free Radical -Scavenging assay of MEMS 305 

  DPPH radical scavenging capacity of MEMS was studied and  depicted in (Fig.2A). 306 

The MEMS  was particularly reduced the DPPH free radical in the dose dependant manner, the  307 

inhibition ability was in support with a good IC50 values.  The higher percentage inhibition and 308 

lower IC50 value indicate the highest antioxidant potential. From the results it was found that the 309 

percentage inhibition of MEMS exhibited radical scavenging activity of about 95.51% at 50 µg/mL 310 

with the IC50 value was 15.75 µg/mL which was comparable to that of standard ascorbic  acid (5.50 311 

µg/mL). In similar to DPPH radical scavenging activity, ABTS is  also a protonated radical which 312 

exhibit the maxima absorbance at 734nm. ABTS (2,2-azino-bi's (3- ethylbenzthiazoline- 6- sulfonic 313 

acid) assay was based on the principle that the blue green colored (ABTS radical) chromogen  314 

reduces and decolorize  into pale yellow color by the addition of antioxidant compounds. ABTS 315 

radical cation scavenging activity of MEMS  extract was  depicted in (Fig. 2B). The results showed 316 

a high percentage inhibition in the  methanolic extract was 88.55%, even at low concentration (10 317 
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µg/mL) with respect to the IC50  of 3.87 µg/mL in a dose dependent manner which was comparable 318 

to that of standard ascorbic  acid (94.95 % at10 µg/mL) with the IC50 of 2.96 µg/mL. 319 

3.3.   Effects of MEMS on LPS induced inflammation in RAW 264.7 murine macrophages 320 

3.3.1. Effects of MEMS on cell viability   321 

 The cell viability upto 250 µg/mL for 24h of incubation MEMS exhibited 95.97% cell 322 

viability. As shown in (Fig. 3), the morphology of the RAW 264.7 murine macrophages appeared as 323 

small round and smooth surface. MEMS (125 & 250 µg/mL) treated at increasing concentration 324 

does not significantly altered the morphology of the cells compared with normal control and DS 325 

treated RAW 264.7 murine macrophages. Based on these data, the non-cytotoxic concentrations 326 

(i.e., IC50 values) were used to evaluate their anti-inflammatory effects in RAW 264.7 murine 327 

macrophages. Accordingly, the concentrations of MEMS 125 & 250 µg/mL and DS 5 µg/mL used 328 

for the subsequent experiments.  329 

3.3.2. Effects of MEMS on the morphology of LPS-stimulated RAW 264.7 murine 330 

macrophages  331 

  To examine the effects of MEMS on the morphological changes related with LPS-332 

stimulated RAW 264.7 murine macrophages. The unstimulated (normal control) RAW 264.7 333 

murine macrophages were observed as small, round and no vacuoles are present (Fig. 4). The LPS-334 

stimulated RAW 264.7 murine macrophages shown bigger and their surface became crude and 335 

rough; some projection was presented in outer to the cell wall. In contrast, the MEMS (125 & 250 336 

µg/mL) reduced the LPS-induced morphological changes in RAW 264.7 murine macrophages, 337 

somewhat similar to control. This study demonstrated that the MEMS exhibited a little effect on 338 

LPS-induced cell morphological changes as compared to standard diclofenac sodium (5 µg/mL).  339 

3.3.3. Effects of MEMS on NO and ROS  generation  340 
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 In order to examine the possibility of MEMS to inhibit LPS-induced NO production, 341 

found that LPS 1 µg/mL treatment increased the NO level to 49.50±1.02 µM. Pre-treatment with 342 

MEMS at 125 & 250 µg/mL decreased the NO level to 38.24±1.26 µM, 31.25±1.00 µM 343 

respectively (Fig.5). LPS-induced intracellular ROS accumulation in RAW 264.7 murine 344 

macrophages was examined using the oxidant-sensing fluorescent probe 2',7-345 

dichlorodihydrofluorescein diacetate (DCFH2-DA) fluorescence assay. This method is extensively 346 

used to measure oxidative stress in cells attributable to the high sensitivity of fluorescence-based 347 

assays. The non-fluorescent molecule DCFH2-DA diffuses into cells and converts into a fluorescent 348 

molecule dichlorofluorescein (DCF) in the presence of free radicals, signifying the intracellular 349 

production of oxidative molecule having an excitation wavelength of 485 nm and an emission band 350 

between 500 and 600 nm (Marchesi et al. 1999). The elevated level of ROS was observed in LPS-351 

stimulated RAW 264.7 murine macrophages. Treatment with MEMS at different concentrations 352 

(125&250 µg/mL) were significantly inhibits the elevated ROS level (Fig. 6). 353 

3.3.4. Effects of MEMS on IL-1α, IL-1β, IL-2, TNF-α, IFN-γ, IL-6, IL-12, IL-17A & GM-CSF  354 

 The effect of MEMS at different concentration (125 & 250 µg/mL) on pro-inflammatory 355 

cytokine IL-1α, IL-1β, IL-2, TNF-α, IFN-γ, IL-6, IL-12, IL-17A and GM-CSF production in LPS-356 

stimulated RAW 264.7 murine macrophages was studied using ELISA analysis and presented 357 

(Fig.7,8 & 9). The MEMS significantly suppressed the LPS-stimulated IL-1α, IL-1β and IL-2 358 

production on RAW 264.7 murine macrophages in a dose dependent manner. The concentration of 359 

IL-1α, IL-1β and IL-2, TNF-α, IFN-γ, IL-6, IL-12, IL-17A and GM-CSF in LPS alone treated cells 360 

was observed as 345.10±4.02 pg/mL, 397.03±2.95 pg/mL, 678.56±4.53, 3237.43±6.52, 361 

987.00±5.82 pg/mL, 417.83±5.64, 201.68±4.26, 409.46±6.05 and 289.49±4.63 pg/mL respectively.  362 

Pre-treatment with 125 µg/mL of MEMS significantly decreased the production of IL-1α, IL-1β and 363 

IL-2, TNF-α, IFN-γ, IL-6, IL-12, IL-17A and GM-CSF to 310.52±5.89 pg/mL, 362.57±3.54 pg/mL, 364 

478.36±5.20 pg/mL, 3098.46±6.02 pg/mL, 849.57±6.00, 391.26±5.31, 189.32±4.51, 387.90 ±2.98 365 
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and 271.27±3.19 pg/mL respectively (**p<0.01). The MEMS at 250 µg/mL exhibited a significant 366 

reduction in the production of IL-1α, IL-1β and IL-2, TNF-α, IFN-γ, IL-6, IL-12, IL-17A and GM-367 

CSF as 278.62±5.64 pg/mL, 314.62±4.08 pg/mL and 388.21±4.91pg/mL, 2856.00±5.34 pg/mL, 368 

724.35±6.25pg/mL, 350.67±4.97, 168.92±3.05, 337.52±3.15 and 235.69 ±3.02 pg/mL  respectively.  369 

The increased production of IL-1α, IL-1β,  IL-2, TNF-α, IFN-γ, IL-6, IL-12, IL-17A and GM-CSF 370 

was observed in LPS-stimulated RAW 264.7 murine macrophages. In contrast, MEMS at 125 & 371 

250 µg/mL significantly (*p<0.05) reduced the production of these cytokines in a dose dependent 372 

manner. 373 

3.3.5 Effects of MEMS on anti-inflammatory cytokines (IL-4, IL-10 and G-CSF)  374 

 The anti-inflammatory effect of MEMS of different concentrations (125 & 250 µg/mL) 375 

on the production of anti inflammatory cytokines including  IL-4, IL-10 and G-CSF in LPS- 376 

stimulated RAW 264.7 murine macrophages were presented (Fig.10). The decreased concentration 377 

of IL-4, IL-10 and G-CSF was observed in LPS-treated RAW 264.7 murine macrophages. These 378 

cytokine levels were significantly increased in MEMS and DS treated RAW 264.7 murine 379 

macrophages when compared with LPS-stimulated cells. The concentration of IL-4, IL-10 and G-380 

CSF in the LPS-treated RAW 264.7 murine macrophages were observed as 249.77±6.52, 381 

223.58±5.82 and 167.98±6.71 pg/mL respectively at low concentration (125 µg/mL)  The MEMS at 382 

high concentration  (250 µg/mL) exhibited that the increased concentration of IL-4, IL-10 and G-383 

CSF were 306.88±4.62, 324.57±6.13 and 232.78±5.62 respectively when compared with LPS-384 

treated cells. These results clearly demonstrated that the MEMS exhibited the concentration 385 

dependent anti-inflammatory activity in LPS-induced inflammation in RAW 264.7 murine 386 

macrophage. 387 

3.4 In vivo evaluation 388 

3.4.1  The effect of MEMS on Airway hyper responsiveness (AHR)   389 

The Airway hyper responsiveness is one of the important features of asthma. The effect of 390 

extract on AHR in response to increasing doses of methacholine (3.125 to 25 mg/mL) (Fig. 11).  391 
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The data exhibited the AHR was significantly increased (***p<0.001) in the OVA induced asthmatic 392 

mice when compared to normal PBS treated mice.  The MEMS (400 mg/kg) treated group have 393 

significantly reduced (***p< 0.001) the AHR at all doses of methacholine as compared to OVA 394 

treated group.  The effect of extract on AHR also compared with positive control dexamethasone, it 395 

was found that the similar effect was observed. These results indicate that MEMS treatment 396 

significantly reduced the OVA-induced AHR in a dose dependent manner. 397 

3.4.2  The effect of MEMS on inflammatory cell count 398 

The elevated level of total cell count in BALF of OVA sensitized and challenged mice were 399 

(53.66±2.55x104cells),  MEMS at 200 & 400 mg/kg was significantly reduced these elevated to 400 

22.40±1.96 and 10.41±1.72 104 cells respectively. The results clearly demonstrate that the elevated 401 

level of the total leukocyte cell count was observed  in BALF of OVA sensitized and challenged 402 

group when compared with the saline treated group. The MEMS treated group exhibited significant 403 

reduction (**p<0.01) of elevated total leukocyte cell count in a dose dependent manner compared to 404 

diseased group. Similarly,  the data exhibited the elevated level of differential cell counts, including 405 

eosinophils macrophages  in BALF of OVA treated group (diseased group) when compared with 406 

normal PBS treated group. The MEMS (400 mg/kg) significantly (**p<0.01)  reduced the 407 

macrophage and eosinophils count from 11.50±0.64 to 4.45±0.56x104cells and 20.52±4.56 x104 
408 

cells respectively. (Fig. 12). 409 

3.4.3  The effect of MEMS on EPO activity, PGE2,NO and ROS production  in BALF of OVA  410 

          sensitized and    411 

          412 

   Significantly higher EPO activity was observed in BALF of OVA sensitized and 413 

challenged mice when compared to the normal PBS, receiving group, it clearly indicates that the 414 

eosinophil infiltrate in the BALF of diseased group was increaed during inflammation (Fig.13A). 415 

The data showed that the significant reduction (** p<0.01) of EPO activity in MEMS treated group 416 

was observed as 73.37±0.004% and 83.70±0.011% at the respective concentration of 200 mg/kg, 417 

400 mg/kg. The similar activity was observed in dexamethasone treated group (77.72±0.001%).  418 
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  The secretion of PGE2  was  significantly increased in  BALF of OVA sensitized and 419 

challenged mice ( increase from 180.79±5.58 pg/mL to 478.50±9.88 pg/mL) (##p<0.01). MEMS 420 

(200 & 400 mg/kg) treatment was significantly reduced the level of PGE2 in BALF was about 421 

380.59±8.38 & 270.59±7.29 pg/mL respectively in a dose dependent manner, this reduction might 422 

alleviate the asthmatic airway inflammation (Fig. 13B). 423 

  Activity of MEMS against NO level in OVA-induced mouse model was shown in 424 

Fig. 13C. The data showed the elevated level of NO released in BALF of OVA-treated mice 425 

(18.17±0.96 µM) as compared to normal control PBS group (4.83±0.43µM) (###p<0.001). The 426 

MEMS (200 & 400 mg/kg) treated groups exhibited significant reduction of NO released in BALF 427 

was 6.94±0.75µM, and 4.04±0.68µM respectively compared to OVA treated mice, the standard 428 

drug dexamethasone treated mice was pbserved as 4.01±0.54µM.  429 

 The effect of MEMS on ROS generation in BALF of OVA-induced asthmatic mice was 430 

shown in Fig.13D. The ROS level was significantly higher in BALF of asthmatic mice (3.99±0.31 431 

folds of control) compared to normal PBS treated mice (1.00±0.15) (##p<0.01). Whereas the BALF 432 

of MEMS (200 & 400 mg/kg) treated mice significantly reduced the ROS level to 2.49±0.22, 433 

1.04±0.22 folds of control (** p<0.01) in a dose dependent manner when compared to diseased 434 

group 435 

3.4.4  Effect of MEMS on Th2 cytokines (IL-4,IL-5&IL-13) and serum IgE level of OVA  436 

          sensitized and challenged mice 437 

 To establish the other possible mechanisms underlying the inhibitory effect of MEMS in 438 

airway inflammation, the Th2 cytokines (IL-4, IL-5 & IL-13) levels were examined in BALF and 439 

depicted in Fig. 14 A,B & C respectively, and IgE level in serum  was also examined and shown in 440 

Fig. 14D.  The concentration of IL- 4, IL-5, and IL-13 in BALF were markedly increased in OVA -441 

sensitised/challenged  mice, compared with those in PBS-treated mice (###p<0.001). The results 442 
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clearly indicated that the MEMS exhibited a significant and dose dependent reduction of IL-4 443 

concentration in BALF. The MEMS was reduced the OVA-induced IL-4 production in BALF  was 444 

about 57.03%±0.04 and 95.06±0.05% at the respective concentration of 200 & 400 mg/kg. The 445 

reduction ability of MEMS at 400 mg/kg showed similar effect as that of normal control PBS 446 

received group (95.26±0.03%). This is due to MEMS exhibiting allergen specific immune response 447 

in asthma. The concentration of IL-5 in BALF was markedly increased in OVA-induced mice 448 

(84.41±0.52 pg/mL) compared with those in PBS-treated mice (26.66±0.40 pg/mL) (###p<0.001). 449 

The MEMS (200 & 400 mg/kg) treated mice significantly reduced the concentration of IL-5 in 450 

BALF to 60.44±0.69 and 27.14±0.40 pg/mL respectively an in dose dependent manner 451 

(***p<0.001). The concentration of IL-13 in BALF was markedly increased in OVA-induced mice 452 

(118.32±2.18 pg/mL) as compared with those in PBS-treated mice (51.82±1.42 pg/mL) The MEMS 453 

(200 & 400 mg/kg) treated mice significantly reduced the concentration of IL-13 in BALF of 454 

asthmatic mice to 67.26±1.65 pg/mL and 51.66 pg/mL respectively in a dose dependent manner. 455 

The effect of MEMS at higher concentration is similar that of positive control (***p<0.001). The 456 

concentrations of total IgE level in serum were drastically increased in OVA-treated mice 457 

(19.58±0.82 ng/mL) compared with PBS-treated mice (3.34±0.45 ng/mL) (###p<0.001). Whereas, 458 

the MEMS (200 & 400 mg/kg) treated mice exhibited significant reduction in total IgE 459 

concentration into 9.16±0.40 ng/mL and 3.20±0.20 ng/mL respectively when compared with OVA-460 

treated mice. The positive control dexamethasone (3 mg/kg) also exhibited similar inhibitory effect 461 

as MEMS (5.52 ± 0.32 ng/mL). 462 

3.4.6. Effect of MEMS on histological changes of OVA induced asthma model 463 

 The protective effect of the MEMS on inflammation in lung tissue was further 464 

established by histological examination. The lung tissues were examined for inflammation due to 465 

infiltration of leukocytes, mast cells and eosinophils using H&E staining. Micrographs are shown in 466 

Fig.15 lung tissues of normal control mice (A) showed normal histology with no significant 467 

occurrence of inflammatory cells in peribronchial space confirming the lower eosinophils count in 468 
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BALF. The lung tissues of OVA-sensitized and challenged mice (B) showed an increase 469 

eosinophils infiltration in peribronchiolar and perivascular space and the erosion in peribronchiolar 470 

region. The lung tissues of MEMS (200 & 400 mg/kg) treated mice Fig. (C) & (D) reduced the 471 

indication of inflammation and infiltration of cells representing the protective effect of the extract. 472 

The positive control group, i.e. dexamethasone treated mice (E) also exhibited a protective effect 473 

against inflammatory symptoms. The effect of MEMS extracts on mucus hyper-secretion caused by 474 

goblet cell hyperplasia was measured by PAS staining of the lung tissue (Fig. 16). The lung tissues 475 

of OVA-challenged mice (B) showed an increase in the levels of goblet cell hyperplasia as 476 

increased mucus production. The MEMS (200 & 400 mg/kg) treated mice (C&D) and 477 

dexamethasone treated group (D) also showed reduced PAS stained airways as marked by slighter 478 

violet colour stain in the airways. Hence, the treatment of MEMS exhibited a protective effect on 479 

goblet cell hyperplasia and mucus over-production. 480 

3.4.7  Effects of MEMS on expression of iNOS and COX-2 in the lung tissues of OVA induced  481 

         asthma model 482 

The western blot analysis of present study clearly showed that the iNOS expression in the 483 

lung tissue was drastically up regulated in OVA-sensitized/challenged mice compared with the 484 

normal control group.  Whereas, the MEMS treatment dramatically decreased the iNOS protein 485 

expression which is consistent with the result of NO production observed in BALF of asthmatic 486 

mice in this study.  In addition, the level of COX-2 was also evaluated in this study, it was 487 

markedly increased in OVA-sensitized/challenged group compared to normal group and the 488 

significant reduction of COX-2 protein expression was observed by MEMS treated group compared 489 

with the OVA sensitized/challenged mice (Fig. 17).  490 

4. Discussion  491 

In this study, in vitro evaluation of anti-inflammatory activity of MEMS on LPS-stimulated 492 

inflammation in mouse RAW 264.7 murine macrophages was explored. Our results demonstrated 493 
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that MEMS significantly inhibited the increased production of IL-1α, IL-1β, IL-6, IL-12, IL-2, IL-494 

17A, TNF-α, IFN-γ and GM-CSF in LPS-stimulated RAW 264.7 murine macrophages in a dose 495 

dependent manner. The another findings, the MEMS exhibited potent  antiasthmatic property 496 

through significantly reduced the AHR, inhibition of inflammatory cells infiltration in the BALF of 497 

asthmatic mice,  decreased EPO activity, PGE2, NO & ROS  generation  in BALF and also reduced 498 

goblet cell hyperplasia, mucus hyperproduction in lung tissues. This is the first report to evaluate 499 

the antiasthmatic ability of the MEMS in OVA induced asthmatic mouse model and in RAW 500 

murine macrophages. 501 

  Macrophages play a crucial role in inflammation and are main targets for the action of 502 

lipopolysaccharides (LPS). LPS-treated RAW 264.7 murine macrophages have been widely used as 503 

a model for studying the inflammatory responses (Wynn & Barron., 2010). When RAW 264.7 504 

murine macrophages are activated by LPS, the inflammatory mediators such as NO as well as pro-505 

inflammatory mediators such as iNOS were markedly up-regulated (Blatteis et al. 2005). NO may 506 

played a governing role at every stage of the development of inflammation. As a result, its 507 

embarrassment may be an important target in the treatment for chronic inflammation (Guzik et al., 508 

2003).  In this study, we found that the MEMS exhibited a significant inhibitory activity upon LPS-509 

induced NO production in RAW 264.7 murine macrophages.  510 

 IL-1α, IL-1β and TNF-α are prototypic pro-inflammatory cytokines exerting pleiotropic 511 

effects on an assortment of cells and play significant roles in acute and chronic inflammatory 512 

disorders (Dinarello., 2010). Therapeutic blockade of TNF-α is highly beneficial in the treatment of 513 

chronic inflammatory conditions (Tracey et al. 2008). Interferon (IFN)-γ is another pleiotropic 514 

nature of cytokines and is considered a pro-inflammatory cytokine because it augments TNF-α 515 

activity and induces nitric oxide (NO) which produces tissue damage at the site of inflammation. In 516 

addition to that the IL-1 and TNF-α acted synergistically in this process and initiate the cascade of 517 

inflammatory mediators by targeting the endothelium. Contrarily, the anti-inflammatory cytokines, 518 
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including IL-4, IL-10 and IL-13 blocks this process and consequently, suppress the production of 519 

IL-1, TNF-α and vascular adhesion molecules. IL-1 and TNF-α are being readily produced at the 520 

site of local inflammation and stimulate the synthesis of prostaglandin (PGE2) produces the pain. 521 

The important biological function of IL-1 is the induction of phospholipid A2 (PLA2) and COX-2 522 

gene expression (Charles & Dinarello.,  2000). IL-6 augments the differentiation of Th17, mainly 523 

produces IL-17 and is responsible for the development of various autoimmune disorders in mice 524 

(Nishihara et al., 2007). IL-6 antibody is under clinical development for the treatment of many 525 

autoimmune diseases. So, the blockade of IL-6 and IL-17 signalling is an important therapeutic 526 

target for developing new anti-inflammatory drugs (Jones et al., 2011, Miossec & Kolls., 2012). IL-527 

12 is a heterodimeric cytokine mainly involved in phagocytic mechanism and it promotes cytokine 528 

production, particularly IFN-γ, in T and NK cells, and many of biological effects of IL-12 are, at 529 

least in part, mediated through IFN-γ (Manetti et al., 1993). Our data showed that the MEMS 530 

exhibited dose dependent reduction of IL-6, IL-12, IL-17A and GM-CSF production in LPS-531 

induced RAW 264.7 murine macrophages. IL-4 is a pleiotropic cytokine that contributes in the 532 

regulation of the immune system and it is a growth and survival factor for lymphocytes. The 533 

significant biological function of IL- 4 is promoting Th2 cell differentiation whereas inhibiting Th1 534 

cell differentiation. In contrast to allergic diseases,  autoimmune diseases are mainly due to Th1 and 535 

monocytic cytokines. IL-4 can therefore act as an anti-inflammatory cytokine as evidenced by its 536 

protective effect in murine models of rheumatoid arthritis and Diabetes. Therefore, IL-4 could be 537 

considered a target for the treatment of allergic diseases like asthma but is a potential tool for the 538 

treatment of autoimmune diseases (Benedetti et al., 2000). 539 

 IL-10 is an anti-inflammatory cytokines which potentially inhibits itself the production of 540 

IL-1α, IL-1β, IL-6, IL-10, IL-12, IL-18, GM-CSF, G-CSF, M-CSF, TNF-α by activated 541 

monocytes/macrophages. The inhibitory effects of IL-10 on IL-1 and TNF-α production are crucial 542 

to its anti-inflammatory activities, because these cytokines often have synergistic activities on 543 

inflammatory pathways and processes and amplify these responses by inducing secondary mediator 544 
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such as chemokine, prostaglandins and PAF. In this study, in contrast to pro-inflammatory cytokine, 545 

this cytokines level was decreased in LPS-activated RAW 264.7 murine macrophages when 546 

compared with normal control. These present findings is direct evident that the anti-inflammatory 547 

property of these cytokines (IL-4, IL-10 and G-CSF).  548 

 549 

In the present study,  MEMS inhibited the LPS-induced production of NO, ROS and several 550 

proinflammatory cytokines.  These cytokines have profound effects on the regulation of immune 551 

reactions, hematopoiesis, inflammation. In addition to the in vitro results,  in vivo results suggest 552 

that MEMS suppressed the OVA-induced airway inflammatory responses by inhibiting the 553 

proinflammatory cytokine production and the expression of COX- 2 and iNOS in the lung tissues. 554 

The protective effect of several plant extracts and plant derived compounds on airway 555 

inflammation have been previously reported (Tiwari et al., 2014; Kim et al., 2008). Traditionally, 556 

the leaves of Myxopyrum serratulum taken with ghee are the best medicine to reduce the signs of 557 

asthma. Based on the traditional claim, the antiasthmatic effect of MEMS was evaluated using the 558 

OVA induced mouse model of allergic asthma. Lee et al., 2011, demonstrated that 80% ethanolic 559 

extract of Petasites japanicus (50, 250,500 mg/kg) significantly inhibited eosinophil infiltration and 560 

mucus hyper production, reduced ROS production and IL-5 release in lung tissues in a dose 561 

dependent manner which were support of our study. 562 

 Reactive oxygen species (ROS) play a major role in the asthma pathogenesis through 563 

direct contraction of airway smooth muscle produces airway hyper responsiveness (Hulsmann et al., 564 

1994). The inflammatory cells, primarily eosinophils activated by external stimuli and produce 565 

increased amounts of ROS and RNS. (Vachier et al., 1992).  An additional source of ROS for the 566 

period of inflammation is the activation of eosinophil resulting the release of eosinophil peroxidase 567 

(EPO) and oxidative damage to proteins via the bromination of tyrosine (Mitra et al., 2000). 568 

Consequently the EPO release  causes increased production of peroxynitrite by the interaction of 569 

HOBr with NO leads to depletion of intracellular NO storage  can also induce  hyper responsiveness 570 
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(Foster et al., 2003). Similarly, reactive nitrogen species (RNS) can also produce cellular injury 571 

through nitrosative stress. Inducible nitric oxide synthase (iNOS) is responsible for nitrosative 572 

stress, as it generates huge amounts of nitric oxide (NO) in response to environmental stimuli. NO 573 

is a gaseous signalling molecule involved in a range of biological processes. In  response to 574 

proinflammatory cytokines and lipopolysaccharides, epithelial cells and T lymphocytes produce NO 575 

through iNOS. NO reacts with superoxides to produce the highly reactive peroxynitrites that have 576 

been shown to produce airway inflammation  (Ricciardolo  et al., 2006). 577 

In this study, the OVA sensitized/challenged mice showed the marked increasing number of 578 

inflammatory cells, particularly eosinophils, in the BALF. However, the MEMS significantly 579 

reduced the number of inflammatory cells compared with the OVA-sensitized/challenged mice. 580 

These findings indicate that the treatment of MEMS suppresses the eosinophilia induced by OVA 581 

challenge. In addition, the antiasthmatic effect of MEMS strongly consistent with the results of 582 

histological analysis of the lung tissues. Previous studies evidenced that the asthmatic mice 583 

exhibited the inflammation due to infiltration of inflammatory cells into the airway and mucus 584 

overproduction with goblet cell hyperplasia (Lee et al., 2011). These important features of asthma 585 

closely associated with Th2 cytokines, which play significant roles in expressing B-cell 586 

development, differentiation and secretion of IgE, which activates mucus hypersecretion and goblet 587 

cell hyperplasia (Oh et al., 2006). Furthermore the increased level of serum OVA-specific IgE is 588 

provided as a characteristic of the Th2-driven immune response (Bao et al., 2009). The present 589 

study, the OVA-sensitized/challenged mice exhibited markedly increased inflammatory cell 590 

infiltration in peribronchiolar and perivascular lesions and mucus overproduction with goblet cell 591 

hyperplasia in epithelial lesions. In contrast, the MEMS treated mice exhibited a reduced 592 

inflammatory response and mucus production compared to the OVA-sensitized/challenged mice in 593 

a dose dependent manner. 594 

 The airway inflammation is mainly related with increased production of T-helper-2 (Th2) 595 

cells, they secrete interleukins 4, 5, and 13 (IL-4, IL-5 and IL-13) which ultimately increased the 596 
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production of IgE and eosinophilic inflammation. The significance of Th2 cells in the asthma 597 

pathogenesis was direct evidence by murine models of AHR (Lee et al., 2011).  After allergen 598 

exposure into the airway, IL-4 is immediately produced from T cells and activation of B cells was 599 

happen, ultimately leads to increased secretion of IgE, this is a central pathway of allergen specific 600 

immune response in asthma. IL-5 is significantly involved in the proliferation, differentiation, 601 

recruitment and prolonged survival of eosinophils. The eosinophil has been recommended that it is 602 

a key effector cell plays a vital role in chronic inflammation of asthmatic airway. (Sakuishi et al., 603 

2007). Nowadays, IL-13  is  an  important therapeutic target for the treatment of allergic asthma, 604 

because it induces airway hyper responsiveness (AHR)  and  several  structural alterations in 605 

chronic asthma, including goblet  cell  hyperplasia,  airway  smooth  muscle  proliferation, and  606 

subepithelial  fibrosis (Wills-Karp, 2004).  The concentration of these cytokines (IL-4, 5 and IL-13) 607 

was observed as the elevated level in the OVA induced asthmatic mice, whereas the MEMS treated 608 

mice significantly reduced the concentration of IL-4, IL-5, IL-13 and IgE in the BALF.  609 

 610 

 The antioxidant (sheelarani et al., 2013) and anti-inflammatory (sheelarani et al., 2014) 611 

efficiency of the extract of Myxopyrum serratulum have also been reported previously. The 612 

medicinally important pentacyclic triterpenoid  ursolic acid was identified and reported  from the 613 

methanolic extract of Myxopyrum serratulum previously by (Sudharmini &  Nair., 2008). It 614 

exhibited potent antiasthmatic activity through the reduction of Th2 cytokines and eosinophil 615 

infiltration in BALF (Kim et al., 2013). These are consistent with our study, additionally, the 616 

determination of more phenolic compounds were also examined from MEMS by RP-HPLC 617 

method.  618 

The experimental data showed Naringenin, a predominant phenolic compound quantified in 619 

MEMS, which is known to possess excellent antiallergic property through the inhibition of iNOS 620 

and Th2 cytokine production in lung and thus, reduces airway hyper responsiveness against an OVA 621 

induced allergen model (Shi et al., 2009). Moreover, the plant is also found to possess higher 622 

concentration of quercetin, rutin, catechin  that are known to exhibit potent  antiasthmatic via 623 
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inhibition of the recruitment of eosinophills and neutrophils into the lung, the production of 624 

histamine, Phospholipase A2 and Eosinophil peroxidase (Jung et al., 2007; Prochazkov et al., 2011).  625 

Similarly, the higher concentration of ferulic acid and p- coumaric acid, gallic acid was identified 626 

and reported in MEMS possessing potent antioxidant properties, it exhibited an excellent protection 627 

against oxidative damage caused by ROS produced in biological system (Zheng et al., 2001). 628 

Moreover, a iridoid glycoside were isolated and reported from the plant M.serratulum (Franzyk et 629 

al., 2001), the several author reported that the iridoid glycoside exhibited wide pharmacological 630 

activities especially anti-inflammatory, neuroprotective, antioxidant and antiallergi (Tundis et al., 631 

2008). The presence of these bioactive compounds in the MEMS attributed the potent antioxidant 632 

and antiasthmatic property of the plant M. serratulum. 633 

 iNOS plays an central role in airway disease, including allergic asthma. Numerous studies 634 

have confirmed, iNOS expression was increased in the airway epithelium of asthmatic patients and 635 

releases toxic radical NO, which can cause tissue and cell damage. The increased production of NO 636 

might recruit eosinophils into the asthmatic airway following in the augmentation of airway 637 

inflammation. The amplified iNOS expression  may play an important role in inflammation of the 638 

upper and lower airways, and may contribute to asthma.  In addition, iNOS expression is closely 639 

associated with Th2 cytokines release in aggravating  the asthmatic response, including 640 

inflammatory cell infiltration, airway constriction, and remodeling processes (Ricciardolo et al., 641 

2006).  Therefore, suppression of NO production via inhibition of iNOS expression might be an 642 

attractive therapeutic target for the treatment of inflammation.  During asthma, COX-2 expression 643 

has also been increased by a number of stimuli including cytokines and is associated with 644 

inflammation. Accumulating evidence suggests that the stimulation and regulation of COX-2 may 645 

be key elements in the pathophysiological process of a number of inflammatory disorders and may 646 

play an important role in the pathogenesis of asthma (Redington et al., 2001).    COX-2 is markedly 647 

induced in airway smooth muscle cells in vitro by proinflammatory cytokines and other mediators 648 

that exist in asthmatic airways, it is reasonable to speculate that COX-2 expression in airway 649 



26 

 

smooth muscle is also up regulated in asthma.  PGE2, the foremost product of COX-2 stimulation, is 650 

a key anti-inflammatory mediator which has considerable bronchoprotective effects in the airways. 651 

 It is possible that PGE2 production as a result of COX-2 generation may reduce the inflammatory 652 

process in asthmatic airways. However, PGE2 at higher concentrations also causes contraction of 653 

airway smooth muscle via thromboxane receptors. Amplified COX-2 expression brings increased 654 

expression of PGE 2 which exacerbate inflammatory responses. In this study, MEMS significantly 655 

inhibited expression of iNOS and COX-2 in the lung tissue compared with the OVA-656 

sensitized/challenged mice. These results were seemed consistent with the histological examination. 657 

MEMS also reduced the inflammatory cell infiltration into the airway against OVA challenge. In 658 

addition, MEMS produced a significant reduction in NO,  and cytokine production in LPS-659 

stimulated RAW 264.7 murine macrophages.  Therefore, these results recommend that the 660 

reduction in iNOS and COX-2 expression is one possible mechanism by which MEMS attenuates 661 

the  airway inflammation in experimentally induced allergic asthma. 662 

5. Conclusion 663 

 This study has provided the first experimental evidence of the effect of MEMS on OVA 664 

induced airway inflammation in a mouse model of allergic asthma and the identification and 665 

quantification of phenolic compounds using RP-HPLC analysis. The data indicating that the MEMS 666 

containing a large amount of phenolic compounds could significantly reduced the characteristic 667 

features of asthmatic inflammation through  suppression of  EPO, NO, PGE2 & ROS  production 668 

and IL-4, IL-5 & IL-13 in BALF and IgE level in serum. These effects are deliberated to be 669 

concomitant with the down-regulation of iNOS and COX-2 expression. Therefore, MEMS plays 670 

numerous roles as an anti-inflammatory and anti-asthmatic activity via the regulation of several 671 

inflammatory & proinflammatory mediators. Therefore, Myxopyrum serratulum as a therapeutic  672 

alternative for treating inflammatory diseases, including asthma. Further studies may be desirable to 673 

describe the inhibitory mechanism of  MEMS. 674 
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 903 

 904 

 905 

Tables and figures 906 

Table. 1: Quantification of phenolic compounds in the methanolic extract of M.serratulum by RP-  HPLC analysis 907 

 908 

 909 

Peak 
no 

Rt of  
std (min) 

Rt of  
MEMS  

(min) 

Analyte Mol formula Concentration  
(mg/mL) 

Detection 
(ƛ) 

1 11.33 11.31 Gallic acid C7H6O5 1.34±0.05 280 

3 17.67 17.59 Catechin C14H14O6 6.10±0.03 280 

4 27.63 27.86 Ferulic acid C10H10O4 40.54±0.54 280 

5 28.66 28.66 Rutin C27H30O16 57.66±0.75 280 

6 30.02 30.02 p-coumaric acid C9H8O3 3.054±0.04 280 

7 31.77 31.59 Quercetin  C15H10O7 35.91±0.42 280 

8 32.07 31.92 Naringenin C15H12O5 100.20±0.69 280 

9 37.17 37.26 Apigenin C15H10O2 2.12±0.02 280 

Each value represents the mean ±SD (n=3) 910 

 911 

        912 

Figure. 1 (A); HPLC chromatogram of standard phenolic compounds. The peak number is indicated as follows: 1- 913 

 gallic acid, 2- protocatechuic acid, 3- catechin, 4- ellagic acid, 5- rutin, 6-p-coumaric acid, 7-quercetin,  914 
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 8- naringenin, 9-apigenin (B); HPLC chromatogram of MEMS. 915 

 916 

                                917 

 918 

         919 

Figure. 2  (A); Percentage inhibition of DPPH radical scavenging activity of methanolic extract of 920 

M.serratulum. (B); Percentage inhibition of ABTS radical scavenging activity of  methanolic extract 921 

of M.serratulum. Each value represent the mean ± SEM, n=3. 922 

 923 

 924 

 925 

 926 

                                                       927 

                 928 

Figure. 3 Effect of MEMS (62.5-500 µg/mL) on the viability of RAW 264.7 murine macrophages was 929 

determined by MTT assay after 24h incubation. Control-untreated cells, negative control-DMSO 930 

(0.02%) treated cells.  Each value represents mean ± SEM (n=3).          931 

 932 
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                                                      933 

 934 

 935 

Figure. 4 Effect of MEMS on the production of nitric oxide on LPS-induced RAW 264.7 murine macrophages 936 

  937 

  The control group was treated with media only. The LPS group was treated with  Lipopolysaccharide 938 

1µg/mL alone. DS (5 µg/mL). Values are mean ± SEM of the three independent  Experiments.  939 
##p<0.01 was considered statistically significant for LPS-stimulated cells when                       940 

compared to control cells; *p<0.05 for MEMS (125 µg/mL) & DS  vs  LPS group; **p<0.01 for LPS 941 

treated  vs MEMS (250 µg/mL).  942 

         943 

                           944 

                              945 

                                                                         946 

 947 

Figure. 5        Effects of MEMS on morphological changes of RAW 264.7 murine macrophages after LPS induction 948 

 949 

  Morphological observation of MEMS on treated RAW 264.7 murine macrophages in the presence of 950 

LPS (1 µg/mL) after 24h of incubation.(a) untreated RAW 264.7 murine macrophages as control; (b) 951 

LPS (1 µg/mL); (c) LPS+ DS (5 µg/mL); (d) LPS+MEMS (125 µg/mL); (e) LPS+MEMS (250 952 

µg/mL) (f). MEMS (250 µg/mL). All the images were acquired at 40X magnification (Scale bar = 953 

5µM). 954 
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                      955 

    956 

Figure. 6        Effects of MEMS on ROS accumulation in RAW 264.7 murine macrophages examined by 957 

DCFH
2
-DA fluorescence assay 958 

The green DCF fluorescence as a result of ROS production. (a) DCFH treated LPS unstimulated 959 

RAW 264.7 murine macrophages as control; (b). LPS (1 µg/mL) treated cells; (c) LPS+ DS (5 960 

µg/mL); (d) LPS+MEMS (125 µg/mL); (e) LPS+MEMS (250 µg/mL) (f). MEMS (250 µg/mL).  961 

Magnification 40X, (Scale bar =5µM). 962 

 963 

                                                    964 

Figure. 7       Quantification of intracellular ROS in fold increase compared to control by measuring DCF 965 

fluorescence intensity assay. DS, diclofenac sodium (5 µg/mL); LPS, Lipopolysaccharide (1µg/mL). 966 

Values are the mean ± SEM of the three independent experiments. ##p<0.01 was considered 967 

statistically significant for LPS- stimulated cells when compared to control cells; *p<0.05 for LPS-968 

stimulated DS and LPS-stimulated MEMS when compared to LPS alone. 969 

     970 

                                  971 
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                                                  972 

Figure. 8        Effects of MEMS on pro-inflammatory cytokines (IL-1α, IL-1β and IL-2). The Data presented are 973 

mean ± SD of three independent experiments. Significant differences between i) non-stimulated 974 

control vs LPS group (##p< 0.01); ii) significant difference between LPS vs MEMS treated group 975 

(*p<0.05) and iii) significant differences between DS vs LPS-treated group (** p<0.01) were observed.  976 

                                               977 

    Figure. 9         Effects of MEMS on pro-inflammatory cytokines (TNF-α and IFN-γ). The Data presented are mean ± 978 

SEM of three independent experiments. Significant differences between non-stimulated control vs 979 

LPS group (##P<0.01); LPS vs MEMS (125 µg/mL) treated group  (*p<0.05) and MEMS (250 µg/mL) 980 

treated group,  DS vs LPS-treated group (** p < 0.01) was observed. 981 
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     982 

  Figure. 10        Effects of MEMS on pro-inflammatory cytokines (IL-6, IL-12, IL-17A and GM-CSF). The Data 983 

presented are mean ± SEM of three independent experiments. Significant differences between non-984 

stimulated control vs LPS (##p<0.01) and LPS vs MEMS treated group (*p<0.05, **p<0.01) and DS vs 985 

LPS-treated group (**p< 0.01) was observed. 986 

 987 

                                    988 

 989 

Figure. 11       Effects of MEMS on anti-inflammatory cytokines (IL-4, IL-10 and G-CSF)  990 

  RAW 264.7 murine macrophages were treated with indicated concentrations of MEMS for 24h and 991 

then stimulated with 1µg/mL of LPS for 12h. IL-4, IL-10 and G-CSF levels in supernatants were 992 

analysed by ELISA. The Data presented are mean ± SEM of three independent experiments. 993 

Significant differences between non-stimulated Control vs LPS (##p<0.01) and LPS vs MEMS treated 994 

group (*p<0.05) and DS vs LPS-treated group (**p < 0.01) was observed. 995 

 996 
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                                                 997 

Figure. 12     Effect of  MEMS on airway hyperresponsiveness (AHR) to methacholine in OVA-induced mice 998 

(n=6). Mice were given aerosolized saline and various doses of methacholine to evaluate the 999 

enhanced pause (Penh). Control (PBS only); OVA, OVA-sensitized/challenged mice; Dex, 1000 

dexamethasone (3 mg/kg)+OVA sensitized/challenged mice; MEMS+OVA sensitized/challenged 1001 

mice. All data were expressed as mean±SEM.  Significant difference from PBS group  vs OVA 1002 

(###p<0.001);   OVA vs MEMS (400 mg/kg) & Dex treated group (** p<0.01) and  MEMS (200 mg/kg) 1003 

vs OVA-treated group (*p<0.05)  was observed. 1004 

 1005 

                                 1006 

                                                1007 

Figure.  13    Effect of MEMS on the recruitment of inflammatory cells in BALF obtained from the mice 48h after 1008 

the final OVA challenge (n=6). After staining with trypan blue, the total cell numbers were assessed 1009 

by counting with a haemocytometer. Control (PBS only); OVA, OVA sensitized/challenged mice; 1010 

Dex, dexamethasone (3 mg/kg). Significant difference from PBS group  vs OVA (###p<0.001);  OVA 1011 

vs MEMS (400 mg/kg) & Dex treated group (***p < 0.001) and  MEMS (200 mg/kg) vs OVA-treated 1012 

group (**p<0.01)  was observed. 1013 
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     1014 

1015 

                  1016 

Figure. 14    (A): Inhibitory effect of  MEMS (200 & 400 mg/kg) on Eosinophil peroxidase (EPO) activity in BALF,  1017 

                     (B): The effect of  MEMS  (200 & 400 mg/kg) on inhibition PGE2  production in BALF. (C): The effect of   1018 

                      MEMS (200 & 400 mg/kg  on inhibition NO production in BALF. ***p<0.001.  (D): The  intracellular  1019 

                      ROS in the BALF were determined based on DCF fluorescence assay.  Control (PBS only); OVA, OVA  1020 

                      sensitized/challenged mice; OVA+Dex,  Dexamethazone 3mg/kg treated mice. Each value represented as       1021 

                      mean ± SEM, significant difference were observed  from PBS group vs Dex treated (***p<0.001) and  PBS  1022 

                      vs OVA treated group (###p <0.001). (**p<0.01);  MEMS 200 mg/kg  vs OVA  & (***p<0.001); MEMS 400             1023 

                      mg/kg  vs OVA treated group.  1024 

 1025 
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 1026 

Figure. 15   BALF was collected 48h after the last OVA challenge. The effects of MEMS on (A) IL-4; (B) IL-5; (C) IL- 1027 

                    13 levels in BALF and  (D); IgE levels in serum samples were analyzed using ELISA kits. Control (PBS  1028 

                    only); OVA, OVA-sensitized/challenged mice; Dex, Dexamethasone (3 mg/kg); MEMS 200 & 400 mg/kg.  1029 

                     Each value represents as mean ± SEM with n=6 in each group, (###p<0.001), a significant differences  1030 

                     between OVA-treated and PBS-treated group. (**p<0.01) & (***p<0.001), significant differences between  1031 

                     OVA vs drug treated group. 1032 

 1033 

 1034 

 1035 

 1036 

          1037 
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                     1038 

Figure. 16      Effect of MEMS on histopathologic changes in the lung tissues (H&E Staining) 1039 

     The effect of MEMS on histopathological changes in lung tissues of OVA-challenged allergic mice  1040 

      was observed. Inflammation was evaluated in the lung tissues by analyzing inflammatory cell  1041 

      infiltration using H&E staining; A, PBS-challenged mice; B, OVA-challenged mice; C, 200 mg/kg of  1042 

      MEMS treated mice; D, 400 mg/kg of MEMS treated mice and E, Dexamethasone 3 mg/kg treated  1043 

                           mice. Magnification  20X, (scale bar = 100µM). 1044 

 1045 

                        1046 

Figure. 17  The effect of MEMS on histopathological changes in lung tissues of OVA-challenged allergic mice 1047 

using PAS staining indicating the mucus production; A, PBS-challenged mice; B, OVA-challenged 1048 

mice; C, 200 mg/kg of MEMS treated mice; D, 400 mg/kg of MEMS treated mice and  E, 1049 

Dexamethasone (3 mg/kg)  treated mice. Magnification 20X, (scale bar = 100 µM). 1050 

 1051 
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 1052 

                                         1053 

Figure. 18        MEMS  inhibits the expression of proinflammatory proteins in the lung tissue that  induced by OVA 1054 

challenge. (A), Expression of iNOS and COX-2 in the lung tissue. (B), Relative protein  expressed as 1055 

the ratios of the densities of the proinflammatory  mediators to β-actin. ###Significantly different from 1056 

control vs OVA-sensitized/challenged mice, (**P ≤ 0.01); significantly different from the OVA vs 1057 

MEMS 250 µg/mL.  (***P ≤0.001); significantly different from the OVA vs MEMS 500 µg/mL. 1058 

 1059 

 1060 

 1061 

 1062 
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