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Abstract

Ethnobotanical relevance: Myxopyrum serratulum (M.serratulum) is an important medicinal plant
traditionally used for the treatment of asthma aimligh, and many inflammatory diseases. In this
study, the protective effectd§ M.serratulum was investigated through airway inflammation m a
ovalbumin (OVA)-induced asthma murine model andopiplysaccharide (LPS)-stimulated
inflammation in RAW 264.7 murine macrophages anssgze mechanism were studied.

Method
Phytochemicals in the methanolic extract Mfserratulum (MEMS) were identified using RP-

HPLC analysis. For evaluatinign vitro anti inflammatory activity, LPS stimulated RAW 284
murine macrophage method was adopted and to estiima levels of nitric oxide (NO), reactive
oxygen species (ROS) and group of proinflammatoggokines by ELISA. Allergic asthma was
induced in Female BALB/c mice by intraperitonegkation of OVA on days 0 and 14 and then
challenged with OVA from days (21 to 23). The MEM# 200 & 400 mg/kg was administered by
oral gavage 1h before the OVA challenge. The airtwgyerresponsiveness (AHR) was measured
after 24h OVA challenge, bronchoalveolar lavag&@fiBBALF) & lung tissues were collected after
48h last OVA challenge. Total cell count, diffetiah cell eosinophil peroxidase assay, NO,
Prostoglandin (PGE2), ROS assay and the cytokélease (IL-4, IL-5 & IL-13), were performed
in BALF. Serum total IgE level and histopatholaichanges of lung tissues and cyclooxygenase-
2 (COX-2) and inducible nitric oxide synthase (iINQ&re detected by Western blot.

Results

From the chromatographic identification, the galicd, protocatechuic acid, catechin, ellagic
acid, rutin,p-coumaric acid, quercetin, naringenin, apigenimevmund in MEMS. In LPS
stimulated RAW 264.7 cells, MEMS (125,250 pg/mlgattment significantly reduced the levels of
NO, ROS and proinflammatory cytokines includingld, IL1p, IL-2, IL-4, IL-6, IL-10, IL-12, IL-

17A, IFN<, TNF-«, G-CSF and GM-CSF). MEMS (200 & 400 mg/kg) sigrahtly reduced the
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number of inflammatory cells, NO,PGE2, ROS and ILE45, IL-13 in BAL fluid, IgE in serum of
OVA-sensitized/challenged mice and also inhibit @@X-2 & INOS protein expression in lung

tissues of OVA-sensitized/challenged mice.

Conclusion

From this finding it was suggested that the MEMShikited significant effects on
airway inflammation by reducing the level of oxidat stress, pro-inflammatory cytokines and
inhibiting the COX-2, INOS protein expression.
Keywords: Myxopyrum serratulum; anti-inflammatory; anti-asthma; HPLC; COX-2.
1. Background

Bronchial asthma is a chronic inflammatory digeathe airway (bronchial tubes in the
lungs) that involves multiple components and ishestrated by several cell types, particularly
eosinophils, goblet cells, mast cells and CB#nphocytes. Activation of these cells due to raiém
exposure, releases the inflammatory and pro-inflatony mediators.The pathophysiology of
asthma involves activation and maturation of mamflammatory cells like mast cells,
macrophages/monocytes, eosinophils, dendritic,c&llselper type-2 lymphocytes (Th2), basophil
and neutrophils (Barnes et al., 2008). Macrophaiggs a central role during inflammation, upon
activation it elicit a variety of inflammatory reamns including the release of inflammatory &
proinflammatory mediators and cytokines such & NPGE2, ROS and Il IL1p5, IL-2, IL-4,
IL-6, IL-10, IL-12, IL-17A, IFN%, TNF-«, G-CSF and GM-CSF. The proinflammatory mediators
such as NO and PGE2 are fashioned by iINOS and C@§f2ectively. A huge amount of NO,
produces oxidative damage to the cells and inditcegen stress. ROS plays a pivotal role in the
pathogenesis of number of airway diseases, inajudystic fibrosis, chronic obstructive pulmonary
disorder (COPD) and asthma (Gillissen A et al.,89epine et al., 1997). Airway cells and
smooth muscles are exposed to oxidative stresgjupes increased levels of ROS, which
damage the bio molecules and may directly actittaeinflammatory pathways. In addition, the
elevatetd level of ROS leads to upregulation of 8\@nd COX-2 expression along with the
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induction of proinflammatory cytokines. It is wethown that cytokines play a crucial role in
orchestrating, propagating and amplifying the imilaatory response in asthma. (Adcock et al.,
2008). Cytokines regularly possess to overlappiranynbiological activities, exhibit different

effects at different concentrations, can eitheresgize or provoke the effects of other cytokined an
controlled in a complex manner and function (Pakisd& Targan., 2000). The analysis of the
function of the complete set of cytokines expresaethe site of inflammation is often of more

value than the analysis of a single isolated cyteki

Phytoconstituents such as phenolic compounds, rilsids and terpenoids are reported to
possess antioxidant, anti-proliferative, anti-inflaatory, anti-cancer, and neuroprotective actisitie
(Park et al 2011). In this view many scientific communitieosled interest in the protection of
oxidative stress induced disease by natural amizos.

The plantM. serratulum is an important medicinal plant belonging to thenily Oleaceae.

It is traditionally useful for cough, rheumatisnerme complaints, asthma, fever, and neuropathy,
the leaves paste taken with ghee as a good renoedgsthma (The Wealth of India., 2011). In
addition, the plant has been reported to possdssxaant, anti inflammatory, antimicrobial and
wound healing activity. The important phytocheahgdike ursolic acid and iridoid glycosides only
were reported from the leaves of the plant. SdéhHarantiasthmatic activity of this plant was net y
been reported byn vitro andin vivo model. Therefore, evaluate the ability of MEMSh o
antiasthmatic efficacy vie vitro andin vivo model using RAW 264.7 murine macrophages and a

mouse model of allergic lung inflammation.

2. Materialsand Methods
2.1. Plant material and extract preparation

The leaves oM. serratulum A. W. Hill was collected from Western ghats, Keral
the month of May-2013 and taxonomic identificatafrthe plant material was confirmed by Dr. V.

Chelladurai, Central Council of Research in Ayuveahd Siddha, Government Siddha Medical
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College, Palayamkottai, Tamilnadu, India. The varctpecimen (MS-0713/BIT) was deposited in
the Department of Pharmaceutical Technology, Annavéisity, Tiruchirappalli. The leaves were
freshly collected, shade dried and powdered, defatising petroleum ether (60-8) and then
extracted with methanol using hot extraction tegbai The solvents were removed under vacuum
yielding the concentrated green colour sticky matssyas dried and stored in a vial at low
temperature (€) prior to analysis, the percentage yield ofgkiact was 20.5%.
2.2. Quantification of bioactive compounds by RP-HPL C analysis
2.2.1. Sample preparation

For preparation of sample, 100 mg of methanolicaex of M.serratulum was dissolved in a
volumetric flask in methanol/water/TFA (50:50:0.02hd the volume was adjusted to 10 mL
accurately. The mixture was sonicated in a batlcator (Sonics, USA, 40 W, 20 KHZ) for 30 min
at room temperature and filtered (0.45 um PTFEodisc, 25 mm, Pall Gelman, USA) prior to
injection into the HPLC system.
2.2.2. Standard preparation

For standard mixture preparation 2.5 mg of edcthe nine phenolicsiz. naringenin,
rutin, quercetin, flavone, catechin, Ferulic ag@dytocatechic acidy-coumaric acid and Gallic acid
were weighed accurately and dissolved in 1:1 (nmetthaater) into a 50 mL volumetric flask to
obtain stock solutions (5@g/mL). The standard solution was filtered (0B PTFE, acrodisc, 25-
mm, Pall Gelman, USA) prior to HPLC analysis.
2.2.3. HPL C conditions

The separation of bioactive compounds was accehmgdi in a SHIMADZU (Shimadzu
Corp., Japan) LC2010 CHT series equipped with oa-llegasser, quaternary pump (LC2010
AHT), Autosampler (LC2010 CHT), column oven and WS detector. Data was acquired three-
dimensionally (absorbance time-wavelength) usingsollitions software. A reversed-phase C-18
column Phenomenox Luna (4.6x250 mm, 5 uM partide, $§henomenox, USA) was used. Mobile

phase A was water containing 0.02% TFA and B washam®l containing 0.02% TFA. The
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gradient conditions were as mentioned below: O#, 25% B; 5-10 min, 25-30% B;10-16 min,
30-45% B, 16-18 min, 45% B; 18-25 min, 45-80% B;3bmin 80% B; 30-40 min, 80-25% B.
The column temperature was maintained aC2%lution was performed at a flow rate of 0.5
mL/min and detected at a wavelength of 280 nm.ctiga volume of 20 pL was used. Phenolic
compounds present in the extract were identifiedcbmparing chromatography peaks with the
retention time (RT) of reference standards. Thekpma@a of the chromatogram was used for
calculating the concentration of the compoundseextract (Wen et al., 2005).
2.3. Determination of Free radical scavenging activity
2.3.1. DPPH radical scavenging assay

MEMS of different concentrations (10, 20, 30,at 50 pg/mL) was mixed with 2 mL of
0.2 mm DPPH ethanolic solution and vortexes, thekisig vigorously and allowed to stand for 30
min at room temperature. The absorbance was mehstir8l7 nm, the decrease in absorbance
indicating the free radical scavenging ability loé textract. The synthetic antioxidant ascorbic acid
was used as standard and purified water was used camitrol (Liyana-pathiyana and Shahidi,
2005).
2.3.2. ABT S scavenging assay

One ml of the ABTS (2, 2-azino-bis (3-ethylbenzothiazoline- 6-sulfonic gadlution was
added into different concentrations of MEMS (5-28mL) and kept for 6 min at room temperature
and the absorbance was directly measured at 734Thm.percentage inhibition of scavenging
activity of the extract was calculated and the ltsswere compared with reference standard
ascorbic acid (Re et al., 1999).

2.4. invitro investigation of anti-inflammatory activity of MEM S using L PS-stimulated RAW
264.7 murine macr ophages

2.4.1. Cdl viability assay

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

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

concentration of DMSO was less than 0.02% for ewergtment which served as negative control.
6
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The cells were seeded in 96-well microtiter plaggsa density of 1Dcells/well in DMEM,
supplemented with 10% heat-inactivated FBS and gratn37C in a humidified atmosphere with
5%CG;. After 24h of incubation, the medium was discardad the cells were incubated separately
with different concentrations of MEMS (62.5,125,28®00 png/mL) for 24h. Untreated cells were
used as normal control and diclofenac sodiunpdbnlL), a standard anti-inflammatory drug was
used as positive control. The morphology of celéswbserved with an inverted microscope (TiE,
Nikon, Japan) and the phase-contrast images weqrired at 20X magnification (Park et al.,
2015).
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazotn  bromide (MTT) assay was

performed to determine the cell viability. The assepends on the reduction of MTT by
mitochondrial dehydrogenase, an enzyme presertienritochondria of viable cells to a purple
coloured formazan product. After 24h treatment, {10 of MTT (5 mg/mL) was added and
incubated for 4h at 3C, 5% CQ. The medium was discarded and add 100of DMSO to
dissolve the formazan crystals. The absorbancereas at 570 nm in a multimode microplate
reader (EnSpire, Perkin Elmer, Singapore) and étleviability were expressed as a percentage of
surviving cells over control cells.
2.4.2. Measurement of NO Production

The concentration of NO in the culture supernataas determined based on the
accumulation of nitrite, a major stable productN®D, using a Griess reagent-based colorimetric
assay. Equal volumes of the culture supernataoits fhe respective treatment groups and 1xGriess
reagent (1% sulfanilamide in 5% phosphoric acid @t? N-(1-Naphthyl) ethylene diamine
dihydrochloride in water) were incubated at roommperature for 15 min. The absorbance of the
mixture was measured at 540 nm using a Multimoderaplate reader (EnSpire, PerkinElmer,
Singapore). A standard curve with known concerdreti of sodium nitrite was plotted to

extrapolate the nitrite concentration of the unkn@amples (Lou et al., 2009).
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2.4.3. Measurement of intracellular ROS Production

The production of intracellular ROS was detectgdDICFH,-DA assay. Briefly, RAW
264.7 murine macrophages at a density 3fcills per well in a 24-well plate were incubateithw
MEMS (125 & 250ug/mL) with or without LPS (lig/mL) at 37C, 5% CQ for 24h. After 24h, the
cells were washed with PBS and i of DCFH,-DA was added and incubated at@7or further
30 min. After incubation, the cells were washedcthwith PBS and the fluorescence images were
captured at 20X magnification using an invertedféscence microscope (Nikon, Ti-E, Japan). The
levels of ROS was measured by the intensitiesuioréscence due to the intracellular production of
DCF caused by the oxidation of DCEH he fold increase of intracellular ROS was coragawith
the positive & negative controls and was quantibgdneasuring the intensity of DCF fluorescence
in the microscopic field (Yang et al., 2015).
2.4.4. M easurement of pro-inflammatory cytokines

Multi-analyte ELISArray kit (Qiagen, USA) was ustat the simultaneous detection of
mouse pro-inflammatory cytokines (l&lIL1p, IL-2, IL-4, IL-6, IL-10, IL-12, IL-17A, IFN-,
TNF-0, G-CSF and GM-CSF). Briefly, RAW 264.7 murine nugiitages at a density of ®1€ells
per well in a 6-well plate were incubated with MENIR5 & 250ug/mL) with or without LPS (1
ng/mL) at 37C, 5% CQ for 24h. After 24h, the concentrations of cytolsni the culture
supernatants were quantified as per manufactypestecol.
2.5. Evaluation of in vivo antiasthmatic activity
2.5.1. Experimental Animal

Pathogen free 7-8 weeks old female BALB/c micaghiag between 25-30g were obtained

from Sri Venkateshwara agencies, Bangalore. The migre maintained under standard laboratory
conditions of humidity (50-60%) and temperature Z&+ Animals were given an adequate pellet
diet and waterd libitum. The animal study was performed according to th€&IPA guidelines
and approved by an institutional animal ethical oottee of Bharathidasan Institute of

Technology, Anna University, Tiruchirappalli.
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(REF.NO: AUROT/ IAEC/NOV2013-003 dt. 21/11/2013)
2.5.2. Animal sensitization and treatment

Animals were randomly divided into five groupami@e/group). Asthma is induced by
ovalbumin (OVA) (Sigma Aldrich, USA). Group 1 reéxed only saline, served as a normal control
(untreated), group-2 OVA sensitized and challeng&dup 3&4 received different concentration
of text extract (200,400 mg/kg of MS extract). Qv was served as a positive control received
3mg/kg of dexamethasone. Animals of Group 2-5 ws#asitized on day 0 and 14 by intra
peritoneal injection of 20 pg/200 puL OVA adsorbed 000 mg/50 pL alum adjuvant. The mice
were then exposed with 1% OVA in PBS for 20 mimrirday 21 to 23 using ultrasonic nebulizer.
The test extracts were made suspension with CM@sodnd administered orally from day 18
once daily for 6 days. (King et al., 2004).

2.5.3. Measurement of Airway Hyper responsiveness (AHR)

After twenty-four hours of the final OVA challengbe AHR was assessed in conscious and
unrestrained mice through whole-body plethysmogyaflimka Technologies, France). Each
mouse was placed in a plastic chamber and expasecrosolized PBS followed by aerosol
containing methacholine at increasing concentnati®@.125-25 mg/mL in PBS) for 3 min (Kiet
al., 2008). After each methacholine challenge, thehRedues were recorded for 3 min, the Penh
value was expressed as a proportion of the Penie wditained in response to PBS challenge.

2.5.4. Measurement of inflammatory cell countsin BALF

The mice were anesthetized through an intrapesébmjection of Pentobarbital (Sigma
Aldrich, USA) 48h after the last challenge, andcheostomies were performed. To obtain the
bronchoalveolar lavage fluid (BALF), ice-cold PB8.4 mL) was infused into the lung and
withdrawn via tracheal calculation three timesdtatolume of 1.2 mL). The obtained BALF was
centrifuged; the supernatant was collected ancedtat -86C for further biochemical analysis.
Total inflammatory cell counts were assessed byntog the cells in at least five squares of a

hemocytometer after the exclusion of dead cellsutin trypan blue staining. To determine the

9
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differential cell counts, 100 pL of BALF was cefuged (200g, 4, 10 min) and fixed the cells
onto slides. The slides were dried and stained WighGiemsa staining reagent according to the
manufacturer’s instructions. (Li et al., 2014; Khetral., 2015).
2.5.5. Eosinophil Peroxidase activity

EPO activity was determined by adding 100 pL of BAhto 100 pL of reaction mixture
containing 0.1mM-O-Phenylene-diamine-dihydrachleyi@.1 % Triton X-100 and 1mM hydrogen
peroxide in Tris-Hcl in microtitre plate. The platas incubated in dark for 30 min and the reaction
was blocked by adding 50 pL of 4M sulfuric acid pezll. The absorbance was measured at 490
nm using Perkin Elmer, Multimode Plate Reader, &nuge. (Kobayashi et al., 2006).
2.5.6. Determination of Prostoglandin (PGE,)

Commercially available enzyme-linked immunosorbassay antibodies were used to
determine the PGEconcentrationn BALF, according to the manufacturer’s instrant
25.7. NOreleasein BALF

NO was measured in BALF according to the methoctritesd by Feelisch and Noack
(1987). 100 pL of BALF was added to 10 pL Griesagent (1% sulfanilamide 0.1% naphthylene
diamine dihydrochloride and 2.5% phosphoric acldle plate was incubated in dark for 30 min at
37'C and the absorbance was read at 542 nm in a Eémen, Multimode Plate Reader, Singapore.
A standard curve of sodium nitrite was construeted used for quantification (Tiwari et al., 2014).

2.5.8. 2,7- Dichlorofluorescein (DCF) fluor escence assay

The intracellular ROS using 2,dichloro fluorescein diacetate (Sigma Aldrich, Gany)
which reacts with cellular peroxides such as hydrogeroxide and converted into the highly
fluorescent DCF. An aliquot of BALF was treatedtw25 um DCF-DA for 10 min at 3Z. To
determine the intracellular ROS activity, fluoresoce was read at 488 nm excitation and 525 nm
emission using a fluorescenglate reader (Perkin-Elmer, Singapore).

2.5.9. Measurement of Cytokinein BALF and IgE in serum (ELISA)

10
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The Enzyme-linked immunosorbent assay (ELISA) wesformed according to the
manufacturer's instruction (Ray Biotech, Norcr@s8). The concentration of IL-4, IL-5 and IL-13
in  BALF and IgE in serum was determined usingdsaoh ELISA kits. The absorbance was
measured at 450 nm using a micro plate reader.

2.5.10. Histopathological evaluation of lungs

After 48h of last OVA challenge, the mice werergar and lungs were taken out and fixed
at 10% solution of buffered formalin. After fixatipthe 5uM thick paraffin sections were cut and
stained with Haematoxylin and Eosin (H & E) for theasurement of inflammatory cell infiltration
and alveolar thickening. In addition, the lung tiss were stained with Periodic Acid-Schiff (PAS)
stain and used for the identification of goblet bgberplasia and mucus hyperproduction. (Myou et
al., 2003).

2.5.11. Western blot analysis

Lung protein was separated using SDS-PAGE anadygisthe protein were transferred to a
membrane and incubated a€4with suitable primary antibodies suchpaactin, COX-2 and iNOS.
The membrane was washed with Tris-buffered salomgaining Tween 20 (TBST) and incubated
with secondary antibody for 1h at room temperatAgain the membranes were washed thrice with
TBST and developed using a chemiluminesance ké.duantitative band densitometric band value
were determinedby chemi-Doc analysis (Jeon e2@l4).

2.6. Statistical analysis

All the experiments were performed in triplicatedathe results are represented as
Standard Error Mean (SEM) n=3. Statistical sigaifice using analysis of variance (ANOVA),
followed by a Dunnett's test for pairwise companswas analyzed with SPSS 11.0 software (SPSS
Inc., Chicago, IL, USA.

3. Results

3.1. Quantification of bioactive compoundsby HPLC

11



292

293

294

295

296

297

298

299

300

301

302

303

304
305
306

307

308

309

310

311

312

313

314

315

316

317

HPLC is an excellent tool for identification agdantification of phenolic compounds in
the plant extract. The phenolic compounds werentified from the MEMS and quantified by RP-
HPLC method. The present study is the first reparthis plant for the determination of gallic acid,
p-coumaric acid, ferulic acid, and five flavonoidatechin, rutin, quercetin, naringenin and flavone
using HPLC analysis. The concentration of the cammps was determined by comparing
chromatographies peak area obtained in the stam@ad sample (Table.1) and the chromatogram
was represented in (Fig.1). From the results it wlaserved that the amount of phytochemicals
present in the MEMS were fourid benaringenin(100.20+0.69 mg/g), rutin (57.66+£0.75 mg/qg),
ellagic acid (47.37£0.54 mg/g), quercetin (35.9820.mg/g), catechin (6.10£0.03 mg/q);
coumaric acid (3.05£0.04 mg/qg), apigenin (2.12+0r088/g) and gallic acid (1.34+0.05 mg/q).
Among the eight compounds, naringenin, rutin, feralcid and quercetin are found in higher
concentration when compared to others.

In vitro evaluation
3.2. Free Radical -Scavenging assay of MEM S
DPPH radical scavenging capacity of MEMS wasistidnd depicted in (Fig.2A).

The MEMS was particularly reduced the DPPH frekaal in the dose dependant manner, the
inhibition ability was in support with a goddsy values. The higher percentage inhibition and
lower ICsp value indicate the highest antioxidant potenfrabm the results it was found that the
percentage inhibition of MEMS exhibited radicalwmaging activity of about 95.51% at 50 pg/mL
with thelCs value was 15.75 pg/mL which was comparable todhatandard ascorbic acid (5.50
pg/mL). In similar to DPPH radical scavenging aityivABTS is also a protonated radical which
exhibit the maxima absorbance at 734nm. ABTS (2i@eabi's (3- ethylbenzthiazoline- 6- sulfonic
acid) assay was based on the principle that the gheen colored (ABTS radical) chromogen
reduces and decolorize into pale yellow color lby a&ddition of antioxidant compounds. ABTS
radical cation scavenging activity of MEMS extraes depicted in (Fig. 2B). The results showed

a high percentage inhibition in the methanolic&stt was 88.55%, even at low concentration (10

12
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pg/mL) with respect to theCsy of 3.87 pg/mL in a dose dependent manner whichawagyarable
to that of standard ascorbic acid (94.95 % atlnjLywith thelCspof 2.96 pg/mL.
3.3. Effectsof MEMSon LPSinduced inflammation in RAW 264.7 murine macr ophages

3.3.1. Effectsof MEM S on cell viability

The cell viability upto 25Qug/mL for 24h of incubation MEMS exhibited 95.97%lIce
viability. As shown in (Fig. 3), the morphology thie RAW 264.7 murine macrophages appeared as
small round and smooth surface. MEMS (125 & 2&0mL) treated at increasing concentration
does not significantly altered the morphology of ttells compared with normal control and DS
treated RAW 264.7 murine macrophages. Based ore tata, the non-cytotoxic concentrations
(i.e., IC5o values) were used to evaluate their anti-inflanamaeffects in RAW 264.7 murine
macrophages. Accordingly, the concentrations of MEMS & 250ug/mL and DS fug/mL used

for the subsequent experiments.

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

macr ophages

To examine the effects of MEMS on the morpholabichanges related with LPS-
stimulated RAW 264.7 murine macrophages. The unsgétad (normal control) RAW 264.7
murine macrophages were observed as small, rowhd@wacuoles are present (Fig. 4). The LPS-
stimulated RAW 264.7 murine macrophages shown biggel their surface became crude and
rough; some projection was presented in outeréactil wall. In contrast, the MEMS (125 & 250
pg/mL) reduced the LPS-induced morphological changeRAW 264.7 murine macrophages,
somewhat similar to control. This study demonsttdteat the MEMS exhibited a little effect on

LPS-induced cell morphological changes as comp@arsthndard diclofenac sodium (5 pg/mL).

3.3.3. Effectsof MEM S on NO and ROS generation
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In order to examine the possibility of MEMS to iioilh LPS-induced NO production,
found that LPS 1 pg/mL treatment increased the d\@llto 49.50+1.022M. Pre-treatment with
MEMS at 125 & 250pg/mL decreased the NO level to 38.24+1.gBl, 31.25+1.00 uM
respectively (Fig.5). LPS-induced intracellular RCfgcumulation in RAW 264.7 murine
macrophages was examined using the oxidant-sensiiigprescent probe 2',7-
dichlorodihydrofluorescein diacetate (DC{BEA) fluorescence assay. This method is extensively
used to measure oxidative stress in cells attridetto the high sensitivity of fluorescence-based
assays. The non-fluorescent molecule D&BIA diffuses into cells and converts into a fluaest
molecule dichlorofluorescein (DCF) in the presewntdree radicals, signifying the intracellular
production of oxidative molecule having an excaativavelength of 485 nm and an emission band
between 500 and 600 nm (Marchesi et al. 1999).€lénvated level of ROS was observed in LPS-
stimulated RAW 264.7 murine macrophages. Treatmetit MEMS at different concentrations

(125&250 pg/mL) were significantly inhibits the etged ROS level (Fig. 6).

3.3.4. Effectsof MEMSon IL-1a, IL-1f, IL-2, TNF-a, IFN-p, IL-6, IL-12, IL-17A & GM-CSF

The effect of MEMS at different concentration (12250 pg/mL) on pro-inflammatory
cytokine IL-1a, IL-1p, IL-2, TNF-a, IFN-y, IL-6, IL-12, IL-17A and GM-CSHoroduction in LPS-
stimulated RAW 264.7 murine macrophages was studgdg ELISA analysis and presented
(Fig.7,8 & 9). The MEMS significantly suppressed theS-stimulated IL-&, IL-15 and IL-2
production on RAW 264.7 murine macrophages in & dependent manner. The concentration of
IL-1a, IL-1f and IL-2, TNFe, IFN-y, IL-6, IL-12, IL-17A and GM-CSF in LPS alone tredteells
was observed as 345.10+4.02 pg/mL, 397.03+2.95 Ipg/678.56+4.53, 3237.43+6.52,
987.00+5.82 pg/mL, 417.8315.64, 201.68+4.26, 4086485 and 289.49+4.63 pg/mL respectively.
Pre-treatment with 125 pg/mL of MEMS significantlcdeased the production of lles11L-14 and
IL-2, TNF-a, IFN-y, IL-6, IL-12, IL-17A and GM-CSF to 310.52+5.89 pd/nB62.57+3.54 pg/mL,

478.36+5.20 pg/mL, 3098.46+6.02 pg/mL, 849.57+6.83@1.26+5.31, 189.32+4.51, 387.90 +2.98
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366 and 271.27+3.19 pg/mL respectivelyp<0.01). The MEMS at 250 pg/mL exhibited a significan
367 reduction in the production of ILel IL-15 and IL-2, TNFe, IFN-y, IL-6, IL-12, IL-17A and GM-
368 CSF as 278.62+5.64 pg/mL, 314.62+4.08 pg/mL and.23881.91pg/mL, 2856.00+£5.34 pg/mL,
369 724.35x6.25pg/mL, 350.67+4.97, 168.92+3.05, 3373H2F and 235.69 +3.02 pg/mL respectively.
370 The increased production of IlxllL-15, IL-2, TNFw, IFN-y, IL-6, IL-12, IL-17A and GM-CSF
371  was observed in LPS-stimulated RAW 264.7 murinerofatages. In contrast, MEMS at 125 &
372 250 pg/mL significantly 0<0.05) reduced the production of these cytokinea ilpse dependent
373 manner.

374  3.3.5 Effectsof MEM S on anti-inflammatory cytokines (IL-4, IL-10 and G-CSF)

375 The anti-inflammatory effect of MEMS of differenbncentrations (125 & 250 pg/mL)
376  on the production of anti inflammatory cytokine<luding IL-4, IL-10 and G-CSF in LPS-
377 stimulated RAW 264.7 murine macrophages were ptedd(frig.10). The decreased concentration
378 of IL-4, IL-10 and G-CSF was observed in LPS-trda®AW 264.7 murine macrophages. These
379 cytokine levels were significantly increased in MEMand DS treated RAW 264.7 murine
380 macrophages when compared with LPS-stimulated. CEils concentration of IL-4, IL-10 and G-
381 CSF in the LPS-treated RAW 264.7 murine macrophagese observed as 249.77+6.52,
382 223.58%5.82 and 167.98+6.71 pg/mL respectivelpatdoncentration (125 pg/mL) The MEMS at
383  high concentration (250 pg/mL) exhibited that thereased concentration of IL-4, IL-10 and G-
384 CSF were 306.88+4.62, 324.57+6.13 and 232.78+5&8pectively when compared with LPS-
385 treated cells. These results clearly demonstrabted the MEMS exhibited the concentration
386 dependent anti-inflammatory activity in LPS-induc&dflammation in RAW 264.7 murine

387 macrophage.

388 3.4 1nvivoevaluation
389 3.4.1 Theeffect of MEMS on Airway hyper responsiveness (AHR)
390 The Airway hyper responsiveness is one of the itambrfeatures of asthma. The effect of

391  extract on AHR in response to increasing doses ethatholine (3.125 to 25 mg/mL) (Fig. 11).
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The data exhibited the AHR was significantly inaedl™” p<0.001) in the OVA induced asthmatic
mice when compared to normal PBS treated mice. MB&S (400 mg/kg) treated group have
significantly reduced (' p< 0.001) the AHR at all doses of methacholine ampared to OVA
treated group. The effect of extract on AHR alsmpared with positive control dexamethasone, it
was found that the similar effect was observed.s€heesults indicate that MEMS treatment
significantly reduced the OVA-induced AHR in a daependent manner.
3.4.2 Theeffect of MEM S on inflammatory cell count

The elevated level of total cell count in BALF o¥/@ sensitized and challenged mice were
(53.66+2.55x1fcells), MEMS at 200 & 400 mg/kg was significantgduced these elevated to
22.40+1.96 and 10.41+1.72 “€ells respectively. The results clearly demonstthat the elevated
level of the total leukocyte cell count was obsdrvim BALF of OVA sensitized and challenged
group when compared with the saline treated grobp. MEMS treated group exhibited significant
reduction (' p<0.01) of elevated total leukocyte cell count inosel dependent manner compared to
diseased group. Similarly, the data exhibitedellegated level of differential cell counts, inclngi
eosinophils macrophages in BALF of OVA treatedugrddiseased group) when compared with
normal PBS treated group. The MEMS (400 mg/kg) ifitantly ( p<0.01) reduced the
macrophage and eosinophils count from 11.50+0.64.46+0.56x16cells and 20.52+4.56 x10
cells respectively. (Fig. 12).

3.4.3 Theeffect of MEM S on EPO activity, PGE,,NO and ROS production in BALF of OVA
sensitized and

Significantly higher EPO activity was observed BALF of OVA sensitized and
challenged mice when compared to the normal PBSiwieg group, it clearly indicates that the
eosinophil infiltrate in the BALF of diseased growas increaed during inflammation (Fig.13A).
The data showed that the significant reductiop<(0.01) of EPO activity in MEMS treated group
was observed as 73.37+0.004% and 83.70+£0.011%eatepective concentration of 200 mg/kg,

400 mg/kg. The similar activity was observed ina®ethasone treated group (77.72+0.001%).
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The secretion of PGEwas significantly increased in BALF of OVA sdired and
challenged mice ( increase from 180.79+5.58 pg/mi478.50+9.88 pg/mL)"{p<0.01). MEMS
(200 & 400 mg/kg) treatment was significantly reeldche level of PGEin BALF was about
380.59+8.38 & 270.59+7.29 pg/mL respectively inase& dependent manner, this reduction might

alleviate the asthmatic airway inflammation (FigB).

Activity of MEMS against NO level in OVA-inducechouse model was shown in
Fig. 13C. The data showed the elevated level of fdl@ased in BALF of OVA-treated mice
(18.17+0.96 uM) as compared to normal control PB&ug (4.83+0.43uM) “{p<0.001). The
MEMS (200 & 400 mg/kg) treated groups exhibitechdigant reduction of NO released in BALF
was 6.94+0.75uM, and 4.04+0.68uM respectively caegao OVA treated mice, the standard

drug dexamethasone treated mice was pbserved as056a M.

The effect of MEMS on ROS generation in BALF of ®hduced asthmatic mice was
shown in Fig.13D. The ROS level was significantigher in BALF of asthmatic mice (3.99+£0.31
folds of control) compared to normal PBS treateden{iL.00+0.15)"p<0.01). Whereas the BALF
of MEMS (200 & 400 mg/kg) treated mice significantleduced the ROS level to 2.49+0.22,

1.04+0.22 folds of control (p<0.01) in a dose dependent manner when compareiséased

group

3.4.4 Effect of MEMSon Th2 cytokines (IL-4,IL-5&1L-13) and serum IgE level of OVA
sensitized and challenged mice
To establish the other possible mechanisms undgrtie inhibitory effect of MEMS in
airway inflammation, the Th2 cytokines (IL-4, IL& IL-13) levels were examined in BALF and
depicted in Fig. 14 A,B & C respectively, and Igivél in serum was also examined and shown in
Fig. 14D. The concentration of IL- 4, IL-5, and-113 in BALF were markedly increased in OVA -

sensitised/challenged mice, compared with thosBBS-treated mice”{p<0.001). The results
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clearly indicated that the MEMS exhibited a sigrafit and dose dependent reduction of IL-4
concentration in BALF. The MEMS was reduced the Gviduced IL-4 production in BALF was
about 57.03%+0.04 and 95.06+0.05% at the respectweentration of 200 & 400 mg/kg. The
reduction ability of MEMS at 400 mg/kg showed samileffect as that of normal control PBS
received group (95.26+0.03%). This is due to MEMSilgiting allergen specific immune response
in asthma. The concentration of IL-5 in BALF wasrkeally increased in OVA-induced mice
(84.41+0.52 pg/mL) compared with those in PBS-gdanice (26.66+0.40 pg/mLj*{p<0.001).
The MEMS (200 & 400 mg/kg) treated mice signifidgnteduced the concentration of IL-5 in
BALF to 60.44+0.69 and 27.14+0.40 pg/mL respectiveln in dose dependent manner
(""p<0.001). The concentration of IL-13 in BALF was medlky increased in OVA-induced mice
(118.32+2.18 pg/mL) as compared with those in PB&ted mice (51.82+1.42 pg/mL) The MEMS
(200 & 400 mg/kg) treated mice significantly reddcthe concentration of IL-13 in BALF of
asthmatic mice to 67.26x1.65 pg/mL and 51.66 pghedpectively in a dose dependent manner.
The effect of MEMS at higher concentration is samithat of positive control (p<0.001). The
concentrations of total IgE level in serum were stcally increased in OVA-treated mice
(19.58+0.82 ng/mL) compared with PBS-treated m&&4+0.45 ng/mL) {#p<0.001). Whereas,
the MEMS (200 & 400 mg/kg) treated mice exhibiteigngicant reduction in total IgE
concentration into 9.16+£0.40 ng/mL and 3.20+0.20mgrespectively when compared with OVA-
treated mice. The positive control dexamethasomad®g) also exhibited similar inhibitory effect

as MEMS (5.52 = 0.32 ng/mL).

3.4.6. Effect of MEM S on histological changes of OVA induced asthma model

The protective effect of the MEMS on inflammatiam lung tissue was further
established by histological examination. The luisgues were examined for inflammation due to
infiltration of leukocytes, mast cells and eosiniigphsing H&E staining. Micrographs are shown in
Fig.15 lung tissues of normal control mice (A) sleownormal histology with no significant

occurrence of inflammatory cells in peribronchiphse confirming the lower eosinophils count in
18
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BALF. The lung tissues of OVA-sensitized and challed mice (B) showed an increase
eosinophils infiltration in peribronchiolar and p@scular space and the erosion in peribronchiolar
region. The lung tissues of MEMS (200 & 400 mg/kglated mice Fig. (C) & (D) reduced the
indication of inflammation and infiltration of celrepresenting the protective effect of the extract
The positive control group, i.e. dexamethasonetd@teanice (E) also exhibited a protective effect
against inflammatory symptoms. The effect of MEM@&a&cts on mucus hyper-secretion caused by
goblet cell hyperplasia was measured by PAS stgiafrthe lung tissue (Fig. 16). The lung tissues
of OVA-challenged mice (B) showed an increase ia tbvels of goblet cell hyperplasia as
increased mucus production. The MEMS (200 & 400 kag/treated mice (C&D) and
dexamethasone treated group (D) also showed rede&8dstained airways as marked by slighter
violet colour stain in the airways. Hence, the timeant of MEMS exhibited a protective effect on

goblet cell hyperplasia and mucus over-production.

3.4.7 Effectsof MEMS on expression of iINOS and COX-2 in the lung tissues of OVA induced

asthma model
The western blot analysis of present study clesiigwed that the INOS expression in the

lung tissue was drastically up regulated in OVAsstred/challenged mice compared with the
normal control group. Whereas, the MEMS treatnmamatically decreased the iINOS protein
expression which is consistent with the result @ Nroduction observed in BALF of asthmatic

mice in this study. In addition, the level of CQXwas also evaluated in this study, it was
markedly increased in OVA-sensitized/challengedugrcompared to normal group and the
significant reduction of COX-2 protein expressioaswobserved by MEMS treated group compared
with the OVA sensitized/challenged mice (Fig. 17).

4. Discussion

In this study.,in vitro evaluation of anti-inflammatory activity of MEMS$d_PS-stimulated

inflammation in mouse RAW 264.7 murine macrophagas explored. Our results demonstrated
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that MEMS significantly inhibited the increased guction of IL-1x, IL-15, IL-6, IL-12, IL-2, IL-
17A, TNFw, IFN-y and GM-CSF in LPS-stimulated RAW 264.7 murine ropbages in a dose
dependent manner. The another findings, the MEM&Bbérd potent antiasthmatic property
through significantly reduced the AHR, inhibitiohioflammatory cells infiltration in the BALF of
asthmatic mice, decreased EPO activity, BGE & ROS generation in BALF and also reduced
goblet cell hyperplasia, mucus hyperproductionuingl tissues. This is the first report to evaluate
the antiasthmatic ability of the MEMS in OVA indutasthmatic mouse model and in RAW

murine macrophages.

Macrophages play a crucial role in inflammationl @re main targets for the action of
lipopolysaccharides (LPS). LPS-treated RAW 264.7ineumacrophages have been widely used as
a model for studying the inflammatory responses rfiV Barron., 2010). When RAW 264.7
murine macrophages are activated by LPS, the imflatory mediators such as NO as well as pro-
inflammatory mediators such as iINOS were markeglyagulated (Blatteis et al. 2005). NO may
played a governing role at every stage of the agweéent of inflammation. As a result, its
embarrassment may be an important target in tla¢ntent for chronic inflammation (Guzik et al.,
2003). In this study, we found that the MEMS exteith a significant inhibitory activity upon LPS-

induced NO production in RAW 264.7 murine macropgsag

IL-1a, IL-18 and TNFa are prototypic pro-inflammatory cytokines exertiplgiotropic
effects on an assortment of cells and play sigaificroles in acute and chronic inflammatory
disorders (Dinarello., 2010). Therapeutic blockati@ NF-o is highly beneficial in the treatment of
chronic inflammatory conditions (Tracey et al. 200Bkerferon (IFN)» is another pleiotropic
nature of cytokines and is considered a pro-inflatony cytokine because it augments TiF-
activity and induces nitric oxide (NO) which pro@scdissue damage at the site of inflammation. In
addition to that the IL-1 and TNé&-acted synergistically in this process and initihie cascade of

inflammatory mediators by targeting the endotheli@ontrarily, the anti-inflammatory cytokines,
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519 including IL-4, IL-10 and IL-13 blocks this proceasd consequently, suppress the production of
520 IL-1, TNF-a and vascular adhesion molecules. IL-1 and EN#&e being readily produced at the
521  site of local inflammation and stimulate the sysikeof prostaglandin (PGEproduces the pain.
522  The important biological function of IL-1 is theduaction of phospholipid A2 (PLA2) and COX-2
523 gene expression (Charles & Dinarello., 2000). Iat@ments the differentiation of Th17, mainly
524  produces IL-17 and is responsible for the develogne¢ various autoimmune disorders in mice
525  (Nishihara et al., 2007). IL-6 antibody is undeiniclal development for the treatment of many
526 autoimmune diseases. So, the blockade of IL-6 &ntl7Isignalling is an important therapeutic
527 target for developing new anti-inflammatory druger{es et al., 2011, Miossec & Kaolls., 2012). IL-
528 12 is a heterodimeric cytokine mainly involved imagocytic mechanism and it promotes cytokine
529  production, particularly IFNs in T and NK cells, and many of biological effecfsIL-12 are, at
530 least in part, mediated through IEN@Manetti et al., 1993). Our data showed that thEM®

531 exhibited dose dependent reduction of IL-6, IL-12;17A and GM-CSF production in LPS-
532 induced RAW 264.7 murine macrophages. IL-4 is aopiepic cytokine that contributes in the
533 regulation of the immune system and it is a groatid survival factor for lymphocytes. The
534  significant biological function of IL- 4 is promaigy Th2 cell differentiation whereas inhibiting Thl
535 cell differentiation. In contrast to allergic disea, autoimmune diseases are mainly due to Thl and
536 monocytic cytokines. IL-4 can therefore act as atriaflammatory cytokine as evidenced by its
537  protective effect in murine models of rheumatoithatis and Diabetes. Therefore, IL-4 could be
538 considered a target for the treatment of allergseakes like asthma but is a potential tool for the
539 treatment of autoimmune diseases (Benedetti €2G00).

540 IL-10 is an anti-inflammatory cytokines which piet@lly inhibits itself the production of
541 IL-1@, IL-1p, IL-6, IL-10, IL-12, IL-18, GM-CSF, G-CSF, M-CSFINF-a by activated
542  monocytes/macrophages. The inhibitory effects et@Lon IL-1 and TNFx production are crucial
543 to its anti-inflammatory activities, because thegtokines often have synergistic activities on

544  inflammatory pathways and processes and amplifyethesponses by inducing secondary mediator
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such as chemokine, prostaglandins and PAF. Irstbidy, in contrast to pro-inflammatory cytokine,
this cytokines level was decreased in LPS-activd@dV 264.7 murine macrophages when
compared with normal control. These present finglirsgdirect evident that the anti-inflammatory

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

In the present study, MEMS inhibited the LPS-inethproduction of NO, ROS and several
proinflammatory cytokines. These cytokines havefqund effects on the regulation of immune
reactions, hematopoiesis, inflammation. In additiorthe in vitro results, in vivo results suggest
that MEMS suppressed the OVA-induced airway inflatony responses by inhibiting the
proinflammatory cytokine production and the expi@s®f COX- 2 and iINOS in the lung tissues.

The protective effect of several plant extracts aaht derived compounds on airway
inflammation have been previously reported (Tiwnedral., 2014; Kim et al., 2008). Traditionally,
the leaves oMyxopyrum serratulum taken with ghee are the best medicine to redueesiins of
asthma. Based on the traditional claim, the armaatic effect of MEMS was evaluated using the
OVA induced mouse model of allergic asthma. Lealgt2011, demonstrated that 80% ethanolic
extract ofPetasites japanicus (50, 250,500 mg/kg) significantly inhibited eosidpnfiltration and
mucus hyper production, reduced ROS production RS release in lung tissues in a dose

dependent manner which were support of our study.

Reactive oxygen species (ROS) play a major rolthénasthma pathogenesis through
direct contraction of airway smooth muscle produsiesay hyper responsiveness (Hulsmann et al.,
1994). The inflammatory cells, primarily eosinoghdctivated by external stimuli and produce
increased amounts of ROS and RNS. (Vachier el @82). An additional source of ROS for the
period of inflammation is the activation of eosihdpesulting the release of eosinophil peroxidase
(EPO) and oxidative damage to proteins via the bmation of tyrosine (Mitra et al., 2000).
Consequently the EPO release causes increasedcpioodof peroxynitrite by the interaction of

HOBr with NO leads to depletion of intracellular Nbrage can also induce hyper responsiveness
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(Foster et al., 2003). Similarly, reactive nitroggmecies (RNS) can also produce cellular injury
through nitrosative strestnducible nitric oxide synthase (INOS) is respofesibor nitrosative

stress, as it generates huge amounts of nitriceofh®D) in response to environmental stimuli. NO
is a gaseous signalling molecule involved in a eand biological processes. In response to
proinflammatory cytokines and lipopolysaccharidgsthelial cells and T lymphocytes produce NO
through INOS. NO reacts with superoxides to prodiheshighly reactive peroxynitrites that have

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

In this study, the OVA sensitized/challenged mikeveed the marked increasing number of
inflammatory cells, particularly eosinophils, inetBALF. However, the MEMS significantly
reduced the number of inflammatory cells compareith Whe OVA-sensitized/challenged mice.
These findings indicate that the treatment of MEM®presses the eosinophilia induced by OVA
challenge. In addition, the antiasthmatic effectMEMS strongly consistent with the results of
histological analysis of the lung tissues. Previatigdies evidenced that the asthmatic mice
exhibited the inflammation due to infiltration afflammatory cells into the airway and mucus
overproduction with goblet cell hyperplasia (Leeakt 2011). These important features of asthma
closely associated with Th2 cytokines, which plagnsgicant roles in expressing B-cell
development, differentiation and secretion of lghjch activates mucus hypersecretion and goblet
cell hyperplasia (Oh et al., 2006). Furthermore itteeeased level of serum OVA-specific IgE is
provided as a characteristic of the Th2-driven immuesponse (Bao et al., 2009). The present
study, the OVA-sensitized/challenged mice exhibitedrkedly increased inflammatory cell
infiltration in peribronchiolar and perivasculasiens and mucus overproduction with goblet cell
hyperplasia in epithelial lesions. In contrast, thEEMS treated mice exhibited a reduced
inflammatory response and mucus production comptaréde OVA-sensitized/challenged mice in
a dose dependent manner.

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

cells, they secrete interleukins 4, 5, and 13 (ILk45 and IL-13) which ultimately increased the
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production of IgE and eosinophilic inflammation. ersignificance of Th2 cells in the asthma
pathogenesis was direct evidence by murine modeSHR (Lee et al.,, 2011). After allergen
exposure into the airway, IL-4 is immediately proed from T cells and activation of B cells was
happen, ultimately leads to increased secretidgef this is a central pathway of allergen specific
immune response in asthma. IL-5 is significantlyoired in the proliferation, differentiation,
recruitment and prolonged survival of eosinophilse eosinophil has been recommended that it is
a key effector cell plays a vital role in chrondlammation of asthmatic airway. (Sakuishi et al.,
2007). Nowadays, IL-13 is an important therajetarget for the treatment of allergic asthma,
because it induces airway hyper responsiveness JAHIRd several structural alterations in
chronic asthma, including goblet cell hyperplasarway smooth muscle proliferation, and
subepithelial fibrosis (Wills-Karp, 2004). Thenmentration of these cytokines (IL-4, 5 and IL-13)
was observed as the elevated level in the OVA iedwasthmatic mice, whereas the MEMS treated

mice significantly reduced the concentration o#ILH -5, IL-13 and IgE in the BALF.

The antioxidant (sheelarani et al.,, 2013) and-iafiammatory (sheelarani et al., 2014)
efficiency of the extract oMyxopyrum serratulum have also been reported previously. The
medicinally important pentacyclic triterpenoid alfs acid was identified and reported from the
methanolic extract oMyxopyrum serratulum previously by (Sudharmini & Nair., 2008). It
exhibited potent antiasthmatic activity through tleeluction of Th2 cytokines and eosinophil
infiltration in BALF (Kim et al., 2013). These amonsistent with our study, additionally, the
determination of more phenolic compounds were agamined from MEMS by RP-HPLC
method.

The experimental data showed Naringenin, a predamiphenolic compound quantified in
MEMS, which is known to possess excellent antigiteproperty through the inhibition of INOS
and Thzytokine production in lung and thus, reduces ayrtwgper responsiveness against an OVA
induced allergen model (Shi et al.,, 2009). Morepybe plant is also found to possess higher

concentration of quercetin, rutin, catechin theg known to exhibit potent antiasthmatic via
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inhibition of the recruitment of eosinophills an@&utrophils into the lung, the production of
histamine, Phospholipase And Eosinophil peroxidase (Jung et al., 2007; Rxokbv et al., 2011).
Similarly, the higher concentration of ferulic a@ddp- coumaric acid, gallic acid was identified
and reported in MEMS possessing potent antioxigesperties, it exhibited an excellent protection
against oxidative damage caused by ROS producdaoingical system (Zheng et al., 2001).
Moreover, a iridoid glycoside were isolated andorégd from the planM.serratulum (Franzyk et
al., 2001), the several author reported that tlumiot glycoside exhibited wide pharmacological
activities especially anti-inflammatory, neuropibee, antioxidant and antiallergi (Tundis et al.,
2008). The presence of these bioactive compoundseifMEMS attributed the potent antioxidant
and antiasthmatic property of the pl&htserratulum.

INOS plays an central role in airway disease,uditlg allergic asthma. Numerous studies
have confirmed, INOS expression was increaseddrattway epithelium of asthmatic patients and
releases toxic radical NO, which can cause tisadecall damage. The increased production of NO
might recruit eosinophils into the asthmatic ainvfmjiowing in the augmentation of airway
inflammation. The amplified INOS expression magypan important role in inflammation of the
upper and lower airways, and may contribute toraath In addition, INOS expression is closely
associated with Th2 cytokines release in aggragatirthe asthmatic response, including
inflammatory cell infiltration, airway constrictiorand remodeling processes (Ricciardolo et al.,
2006). Therefore, suppression of NO productioninfabition of INOS expression might be an
attractive therapeutic target for the treatmeninbmmation. During asthma, COX-2 expression
has also been increased by a number of stimuludmat) cytokines and is associated with
inflammation. Accumulating evidence suggests thatgtimulation and regulation of COX-2 may
be key elements in the pathophysiological procéssrmimber of inflammatory disorders and may
play an important role in the pathogenesis of aatfiRedington et al., 2001). COX-2 is markedly
induced in airway smooth muscle cells in vitro bgipflammatory cytokines and other mediators

that exist in asthmatic airways, it is reasonalblespeculate that COX-2 expression in airway
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smooth muscle is also up regulated in asthma. ;P& foremost product of COX-2 stimulation, is
a key anti-inflammatory mediator which has consatéx bronchoprotective effects in the airways.
It is possible that PGEproduction as a result of COX-2 generation may cedine inflammatory
process in asthmatic airways. However, R@Ehigher concentrations also causes contraction o
airway smooth muscle via thromboxane receptors. | COX-2 expression brings increased
expression of PGE 2 which exacerbate inflammatesponses. In this study, MEMS significantly
inhibited expression of INOS and COX-2 in the lutigsue compared with the OVA-
sensitized/challenged mice. These results wereesgeonsistent with the histological examination.
MEMS also reduced the inflammatory cell infiltrationto the airway against OVA challenge. In
addition, MEMS produced a significant reduction NO, and cytokine production in LPS-
stimulated RAW 264.7 murine macrophages. Therefthhese results recommend that the
reduction in INOS and COX-2 expression is one fmssnechanism by which MEMS attenuates
the airway inflammation in experimentally inducatérgic asthma.
5. Conclusion

This study has provided the first experimentaldence of the effect of MEMS on OVA
induced airway inflammation in a mouse model okrglic asthma and the identification and
guantification of phenolic compounds using RP-HR@lysis. The data indicating that the MEMS
containing a large amount of phenolic compoundddcaignificantly reduced the characteristic
features of asthmatic inflammation through supgpesof EPO, NO, PGE2 & ROS production
and IL-4, IL-5 & IL-13 in BALF and IgE level in seam. These effects are deliberated to be
concomitant with the down-regulation of INOS and )G® expression. Therefore, MEMS plays
numerous roles as an anti-inflammatory and ankiraatic activity via the regulation of several
inflammatory & proinflammatory mediators. TherefoMyxopyrum serratulum as a therapeutic
alternative for treating inflammatory diseasesludig asthma. Further studies may be desirable to

describe the inhibitory mechanism of MEMS.
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906 Tablesand figures

907  Table. 1: Quantification of phenolic compounds in the metbie extract oM.serratulum by RP- HPLC analysis
908

909
Peak R, of R, Of Analyte Mol formula Concentration Detection
no stdmin) MEMS (mg/mL) *)
(min)

1 11.33 11.31 Gallic acid C7HeOs 1.3440.05 280
3 17.67 17.59 Catechin Ci14H1406 6.10+0.03 280
4 27.63 27.86 Ferulic acid C10H1004 40.54+0.54 280
5 28.66 28.66 Rutin CoHz016 57.66+0.75 280
6 30.02 30.02 p-coumaric acid CoHgO4 3.054+0.04 280
7 31.77 31.59 Quercetin CisH1007 35.91+0.42 280
8 32.07 31.92 Naringenin C15H1,05 100.20+0.69 280
9 37.17 37.26 Apigenin Ci1sH100, 2.12+0.02 280

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

911

mV
1250

]
30.014

1000

j2om

750

1.333
27628
®
KIATY]

16,791

‘.
17674

250

B

912 -

913 Figure.1  (A); HPLC chromatogram of standard phenolic compsumhe peak number is indicated as follows: 1-
914 gallic acid, 2- protocatechuic acid, 3- catechinellagic acid, 5- rutin, §-coumaric acid, 7-quercetin,
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8- naringenin, 9-apigenin (B); HPLC chromatogranVi&MS.
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Figure. 2 (A); Percentage inhibition of DPPH radical scavengiactivity of methanolic extract of
M.serratulum. (B); Percentage inhibition of ABTS radical scagigy activity of methanolic extract
of M.serratulum. Each value represent the mean + SEM, n=3.
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Figure. 3 Effect of MEMS (62.5-500 pg/mL) on the viabilityf RAW 264.7 murine macrophages was

determined by MTT assay after 24h incubation. Gonintreated cells, negative control-DMSO
(0.02%) treated cells. Each value represents me&M (n=3).
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Figure. 5
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il

Nitrite concentration (uM)

10+

Effect of MEM S on the production of nitric oxide on L PS-induced RAW 264.7 murine macr ophages

The control group was treated with media onlye TIPS group was treated with Lipopolysaccharide
lug/mL alone. DS (5ug/mL). Values are mean + SEM of the three indepehd&xperiments.
"p<0.01 was considered statistically significant folPS-stimulated cells when

compared to control cellsp<0.05 for MEMS (1251g/mL) & DS vs LPS group; p<0.01 for LPS
treatedvs MEMS (250pg/mL).

Effects of MEM S on morphological changesof RAW 264.7 murine macr ophages after LPSinduction

Morphological observation of MEMS on treated RA64.7 murine macrophages in the presence of
LPS (1 pg/mL) after 24h of incubation.(a) untreaf®s®\W 264.7 murine macrophages as control; (b)
LPS (1 pg/mL); (c) LPS+ DS (5 pg/mL); (d) LPS+MEMS$25 pg/mL); (e) LPS+MEMS (250
pg/mL) (). MEMS (250 pg/mL). All the images wereqaired at 40X magnification (Scale bar =
5uM).
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Figure. 6

Figure. 7

Effects of MEMS on ROS accumulation in RAW 264.7 murine macrophages examined by
DCFHZ—DA fluor escence assay

The green DCF fluorescence as a result of ROS ptimau (a) DCFH treated LPS unstimulated
RAW 264.7 murine macrophages as control; (b). LRSug¢/mL) treated cells; (c) LPS+ DS (5
pg/mL); (d) LPS+MEMS (125 pg/mL); (e) LPS+MEMS (2%®/mL) (f). MEMS (250 pg/mL).
Magnification 40X, (Scale bar =5uM).

ROS (Folds of control)

Quantification of intracellular ROS in fold increascompared to control by measuring DCF
fluorescence intensity assay. DS, diclofenac sodibimg/mL); LPS, Lipopolysaccharide (1pug/mL).
Values are the mean + SEM of the three indepen@eperiments.”p<0.01 was considered
statistically significant for LPS- stimulated celithen compared to control celig<0.05 for LPS-
stimulated DS and LPS-stimulated MEMS when comp&rddPS alone.

35



972

973
974
975
976

977

978
979
980
981

800+

600+

4004

=
e

T
0‘0‘.

Concentration (pg/mL)
%

2004 5

XIS
telatetelels

T

Effects of MEMS on pro-inflammatory cytokines (llxlIL-14 and IL-2). The Data presented are

mean + SD of three independent experiments. Sagmifi differences between i) non-stimulated
control vs LPS group o< 0.01); ii) significant difference between LRS MEMS treated group
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Effects of MEMS on pro-inflammatory cytokines (TNFand IFNy). The Data presented are mean +

SEM of three independent experiments. Significaffeirdnces between non-stimulated contvel
LPS group fP<0.01); LPSvs MEMS (125 pg/mL) treated grouppk0.05) and MEMS (250 pg/mL)
treated group, D8sLPS-treated group @ < 0.01) was observed.
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983 Figure. 10 Effects of MEMS on pro-inflammatory cytokm€IL-6, I1L-12, IL-17A and GM-CSF). The Data

984 presented are mean + SEM of three independent iexpats. Significant differences between non-
985 stimulated controvs LPS (*p<0.01) and LPSs MEMS treated group §<0.05, "p<0.01) and DS/s
986 LPS-treated group (< 0.01) was observed.
987
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988

989

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

991 RAW 264.7 murine macrophages were treated widicated concentrations of MEMS for 24h and
992 then stimulated with 1pg/mL of LPS for 12h. 1L-4,-10 and G-CSF levels in supernatants were
993 analysed by ELISA. The Data presented are mean M SE three independent experiments.
994 Significant differences between non-stimulated @anis LPS (*p<0.01) and LPSs MEMS treated
995 group {p<0.05) and DSs LPS-treated group’p < 0.01) was observed.
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Methacholine concentration (mg/mL)

Effect of MEMS on airway hyperresponsiveness (AHB)methacholine in OVA-induced mice
(n=6). Mice were given aerosolized saline and weri@loses of methacholine to evaluate the
enhanced pause (Penh). Control (PBS only); OVA, @kAsitized/challenged mice; Dex,
dexamethasone (3 mg/kg)+OVA sensitized/challengéde;MMEMS+OVA sensitized/challenged
mice. All data were expressed as mean+SEM. Samifi difference from PBS groups OVA
(*%<0.001); OVAvs MEMS (400 mg/kg) & Dex treated group§<0.01) and MEMS (200 mg/kg)
vs OVA-treated group p<0.05) was observed.
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Effect of MEMS on the recruitment of inflammatorglis in BALF obtained from the mice 48h after
the final OVA challenge (n=6). After staining wittypan blue, the total cell numbers were assessed
by counting with a haemocytometer. Control (PBSypnDVA, OVA sensitized/challenged mice;
Dex, dexamethasone (3 mg/k&jignificant difference from PBS grougs OVA (**p<0.001); OVA

vs MEMS (400 mg/kg) & Dex treated group @ < 0.001) and MEMS (200 mg/kgy OVA-treated
group'“p<0.01) was observed.
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1017 Figure. 14 (A): Inhibitory effect of MEMS (200 & 400 mg/kg) on Enephil peroxidase (EPO) activity in BALF,

1018 (B): The effect of MEMS (200 & 400 mg/kg) on inhiloiti PGE production in BALF. C): The effect of
1019 MEMS (200 & 400 mg/kg onibition NO production in BALF. "p<0.001. (D): The intracellular
1020 ROS in the BALF were deteredrbased on DCF fluorescence assay. Control (PBg ©VA, OVA
1021 sensitized/challenged miceA®Dex, Dexamethazone 3mg/kg treated mice. Eatleviepresented as
1022 mean * SEM, significant diface were observed from PBS grasgfDex treated (" p<0.001) andPBS
1023 vs OVA treated group”{p <0.001).("p<0.01); MEMS 200 mg/kgrs OVA & (" p<0.001); MEMS 400
1024 mg/kgrs OVA treated group.
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Figure. 15 BALF was collected 48h after the last OVA chadle. The effects of MEMS on (A) IL-4; (B) IL-5; (T)-
13 levels in BALF and (D); I¢&vels in serum samples were analyzed using EIKi8A Control (PBS
only); OVA, OVA-sensitized/chaiged mice; Dex, Dexamethasone (3 mg/kg); MEMS @00 mg/kg.

Each value represents as me®EM with n=6 in each group?{p<0.001), a significant differences
between OVA-treated and PB&ed group. (p<0.01) & ("p<0.001), significant differences between
OVAssdrug treated group.
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1039 Figure. 16 Effect of MEM S on histopathologic changesin the lung tissues (H& E Staining)

1040 The effect of MEMS on histopathological chamgelung tissues of OVA-challenged allergic mice
1041 was observed. Inflammation was evaluatetiénung tissues by analyzing inflammatory cell

1042 infiltration using H&E staining; A, PBS-chatiged mice; B, OVA-challenged mice; C, 200 mg/kg of
1043 MEMS treated mice; D, 400 mg/kg of MEMS teshinice and E, Dexamethasone 3 mg/kg treated
1044 mice. Magnification 20¢scale bar = 100uM).

1045
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1047 Figure. 17 The effect of MEMS on histopathological changeduing tissues of OVA-challenged allergic mice
1048 using PAS staining indicating the mucus productidnPBS-challenged mice; B, OVA-challenged
1049 mice; C, 200 mg/kg of MEMS treated mice; D, 400 kgglof MEMS treated mice and E,
1050 Dexamethasone (3 mg/kg) treated mice. Magnifioa20X, (scale bar = 100 puM).
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1052

1053

1054 Figure. 18 MEMS inhibits the expression of proinflantorg proteins in the lung tissue that induced bByAO
1055 challenge. (A), Expression of INOS and COX-2 in kineg tissue. (B), Relative protein expressed as
1056 the ratios of the densities of the proinflammatemgdiators tg-actin.”Significantly different from
1057 control vs OVA-sensitized/challenged mic€, P < 0.01); significantly different from the OVAs
1058 MEMS 250 pg/mL. ("P <0.001); significantly different from the OV¥s MEMS 500 pg/mL.
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