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ABSTRACT

Allergic asthma is a chronic inflammatory airwayselase that is characterized by airway hyperresp@msss
(AHR), accumulation of eosinophils and goblet bglperplasia. The efficacy of attenuated E. coli CAEtrain has
been reported in various disease. To evaluatettext of AEC in mice model of Ovalbumin (OVA)-tetlAHR.
Materials and method: AHR was induced in Female B/&Lmice (18-20 g) by intraperitoneal injection@¥A (50
pL, emulsified in 0.8 mg aluminium hydroxide) oy a8, 9 and 20 followed by intranasal challengé©VA on
days 20, 23, 27, 30 and 34. OVA control mice veitlaive an equal volume of saline. Mice were treati¢d either
AEC (16 CFU/mI) or montelukast (10 mg/kg) or vehicle on @ay, 20 and 27 immediately before administration
of OVA. AHR to methacholine were assessed on dag436 after the last pulmonary challenge. Treatmeith
AEC caused significant restoration in OVA-inducétération in the cellular count of bronchoalveol@vage fluid,
hematological count, and pulmonary function tedevited levels of OVA-induced oxido-nitrosativeessr was
significantly decreased by AEC treatment. Total, I&/A-specific IgE and IgG1 in serum as well agldiNF«,
IL-4, IL-5, IL-8 and IL-10 levels was significanttgduced by AEC. Histological aberration induced ®yA was
reduced by AEC treatment. AEC inhibits OVA-indu&klR in mice via down-regulation of nitroso-oxidatistress,
cytokine, and chemokine, as well as IgE and Ig&ases supporting its anti-inflammatory and brorditedor role
during the allergic response.

Keywords: AttenuatedEscherichia coli Airway hyperresponsiveness, TNE1L's, IgE, 1gG1

INTRODUCTION

Asthma is one of the most common chronic inflammatairway disease which is characterized by airway
obstruction, airway inflammation, eosinophils andsi cells infiltration, goblet cell hyperplasia amitway
hyperreactivity (AHR). According to reports of WdrHealth Organization asthma is the most commoorsbr
disease among children and that affected aroundn80ion people worldwide moreover, in many indilized
countries its prevalence exceeds 10% of the pdpuoldt]. In India around 57,000 deaths were repbite 2004
which was considered as one of the leading causedbidity and mortality [2].

Various indoor allergens (such as pet dander amstl mhites in bedding, carpets, and stuffed furnjta®e well as
outdoor allergens (such as pollens and molds) ctmbamoke, chemical irritants, and air pollutiors baen reported
as trigger factors for asthma. However, developnoéndllergic disorders such as asthma can be infled by
various infectious diseases and there is an invesionship between the onset of allergic dismdend the
incidence of infections has been reported by adespiological survey [2, 3].
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Generation of allergen-specific Th-2 type (T helpefls type 2) response in asthma is the most pnedont

mechanisms for the development of AHR. In AHR, Tells produce Interleukin (IL-4, IL-5, and IL-13)dt are
important for development of Th-2 cells, regulatioshimmunoglobulin E (IgE) production and accumigdat of

eosinophils [4]. According to ‘hygiene hypothesisirvival in cleaner environments in childhood restliexposure
to infectious organisms, however, it may increabedprevalence of allergic disorders like asthnja [5

Animal models played a vital role in the developingina potential drug for treatment of allergicatiders [6]. One
of the most frequent food allergens is OvalbumivVAp that cause egg-induced anaphylaxis and atopiméltitis

in childhood. OVA-induced Th2 response is well-bBthed and reproducible animal model of AHR [7].
Intraperitoneal OVA administration followed by reped OVA aerosol challenge leads to recruitmemtosinophils
in bronchial airways that in turn caused elevasxdim IgE levels resulted in airway resistance [8].

Currently available therapies asthma includes &tsrf,-adrenergic blocker, leukotriene inhibitors, antidtergics
and mast cell stabilizers, however, they cannotpetaly control the symptoms of asthma, and eveensive
treatment shows little effect on healthcare utilaa[9]. Thus, efforts are required to identifyweemedies.

It has been reported that Thl immune responseliinti2-mediated diseases in a non-antigen-specifioner thus
protective effect from infectious organisms mayuseful to down-regulate allergic Th2 responses [1Q, Thus,

bacterial mediated Thl immune response can be asdthe nonspecific protective vaccines againstneatio

disorder. Previously it has been reported that adhitnation of attenuatedalmonella typhimuriunreduces
ovalbumin-induced AHR in mice via inhibition of Th2sponses [12]. Several reports have describechpts to
evaluate the efficacy of attenuatEdcoli strain against various disease in animals. Regesdiministration of live
attenuatedEscherichia colistrain has been showed effect against porciner&@otegenicE. coli (ETEC) diarrhea
[13]. Moreover, the efficacy of live attenuatéd coli vaccine has been proven against lipopolysacchdtiBs)

induced respiratory tract infection in broiler dteos [14, 15]. However, the efficacy of attenuakedcoli strain

against OVA-induced AHR has not been reported ience, the aim of the present investigation wasviduate
the efficacy of attenuate@. coli strain against OVA-induced AHR by assessing varitiochemical and
histological changes in laboratory mice.

MATERIALS AND METHODS

2.1. Animals

Female BALB/c mice (18-20 g) were procured from teatral animal facility of the Institute. The aril® were
housed in standard polypropylene cages and maattahcontrolled room temperature (22 + 2°C) anahildity (55
+ 5%) with 12:12 h light and dark cycle. All thegriwere provided with commercially available micgmal pellet
diet (NPD) (Pranav Agro, Baroda) and waaer libitum The study was approved by the institutional ahiethics
committee, and procedures were followed accordinthé guidelines of the committee for the purposeomtrol
and supervision of experiments on animals (CPCSBAYt. of India.

2.2.Chemicals and kits

Ovalbumin (OVA, egg albumin grade Il), montelukaatd aluminum hydroxide was purchased from Sigma
Chemical Co. (St Louis, MO, USA). Sulphanilamidesphthylamine diamine HCI, and phosphoric acid were
obtained from Loba Chemie Pvt. Ltd., Mumbai, Ind¥. other chemicals were of analytical grade amnichased
from S.D. Fine Chemicals, Mumbai, India. The ausphic Escherichia coli(E. Coli) strain was procured and
grown in medium at 37 °C with vigorous shaking lithiey reached mid-log phase f1€olony forming units
(CFU)/ml). Albumin kits were purchased from Accumiomedical Pvt. Ltd., Mumbai, India. Mice TN&-IL-4,
IL-5, IL-8, IL-10, IL-13, IgE, IgG1 and IgG2a ELISAits were purchased from Bethyl Laboratories, IficX,
United States), MyBioSource, Inc. (CA, United Ssatend RayBiotech, Inc. (GA, United States).

2.3. Sensitization, drug treatment, and OVA challenge
Animals will be randomly divided into following gaps, each consisting of 10 animals

Group I: Normal group: Animals did not undergo any OVA allergen. They eveeated with vehicle (100 pul PBS
with 5% sodium bicarbonate, p.o.) on day 0, 7, 120 27.
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Group Il:  OVA Control group: Animals were received intraperitoneal (50 pL) atien of OVA on day 7, 8, 9
and 20 followed by intranasal challenges of OVAdays 20, 23, 27, 30 and 34. They were treated vétficle
(100 ul PBS with 5% sodium bicarbonate, p.o.) on@ar, 20 and 27 immediately before administrabdé@®VA.

Group IlIl: Montelukast treated group: (MLT): Animals were received intraperitoneal (50 pL) atjen of OVA
on day 7, 8, 9 and 20 followed by intranasal clmagjés of OVA on days 20, 23, 27, 30 and 34. Theyeviezated
with montelukast (10 mg/kg, p.o.) on day 0, 7, 8@ 87 immediately before administration of OVA.

Group IV: E. coli treated group: (AEC): Animals were received intraperitoneal (50 uL) atjen of OVA on day
7, 8, 9 and 20 followed by intranasal challenge©®A on days 20, 23, 27, 30 and 34. They were ¢cbatith
attenuatedE. coli (10° CFU/mlI, p.0.) on day 0, 7, 20 and 27 immediateifobe administration of OVA.

All mice (except normal) were sensitized by fouraperitoneal (i.p) injections of 5@ OVA which was emulsified
in 0.8 mg aluminium hydroxide in 20d saline on days 7, 8, 9 and 20. Normal mice wajected with 0.8 mg
aluminum hydroxide in 20@l saline alone. Mice were challenged on days 20,2723 30 and 34 by inhalation of
either normal saline or OVA aerosols in an exposinamber for 20 min. Aerosols were generated byliehg 2%
OVA solution in saline, or saline alone, with a nker [9, 12].E. coli treated group mice were treated witH 10
CFU bacteria in 10Ql PBS with 5% sodium bicarbonate whereas montetultasted group were treated with
montelukast (10 mg/kg, p.o.) on days 0, 7, 20 ahihmediately before the i.p. injection of OVA arceiving an
OVA aerosol.

2.4. Measurement of methacholine hyperresponsiveness

Whole-body flow-through plethysmography (EMKA Tecihogies, France) was used to measure airway hyper-
responsiveness (AHR) in response to aerosolizetylagenethylcholine (Mch, 50 mg/mL) in unrestrained and
conscious mice on day 35 (24 h after the last pobmpchallenge). Either aerosolized PBS or Mch nelsulized
through the inlet of the main chamber for 2 mirg &me response to each dose was subsequently raddeu min.
Recorded variables included Inspiratory time (TExpiratory time (Te), Peak inspiratory flow (PIHpeak
expiratory flow (PEF), tidal volume (TV), expiredlume (EV), frequency of breathing (f), enhancedsea(R
value [16].

2.5. Measurement of peripheral blood oxygen content

To assess peripheral blood oxygen conitenivo, mice were monitored for the percentage of hentmogleaturated
with oxygen (pulse Ox). On day 36, mice were aretsthd with ether and a peripheral pulse Ox sensor
(ChoiceMMed, V1.0CF3, MD300CF3, China) was attacteethe tail. Pulse Ox readings were taken as timaal
regained consciousness [17].

2.6.Hematological analysis and serum biochemistry
On day 36, the blood was withdrawn by retro-orhtahcture for determination of hematological coamtd serum
parameters (IgG1, IgG2a, and IgE analysis).

2.7.Bronchoalveolar Lavage Fluid (BALF) analysis

On day 36 after blood collection, the BALF was eotkd for total cell count by placing polyethyleregheter into
the trachea. BALF was collected by washing with weparate aliquots of 1mL of Hank's balanced Saltit®n
through the trachea. The first wash was centrifugadd the BALF supernatant stored for biochemical
measurements. The second wash was centrifugedharol!l pellet from first wash were pooled witte ttell pellet
from the second. A total cell count was obtainedubing a Coulter counter mode. For differential rtng, cells
were prepared in a cytospin apparatus. Preparedmt slides were stained with Diff-Quick and ddifferentials
were performed after counting 300 cells. Deternimaiof various biochemical measurements viz. BAlEal
protein, Superoxide Dismutase (SOD), glutathioneSH{E malondialdehyde (MDA), Nitric Oxide (NO),
Myeloperoxidase (MPO) and albumin were carriedamaiording to earlier reported methods [9, 18-25].

2.8.Preparation of lung homogenates

After the BAL fluid had been collected, the lungse&veemoved and immediately homogenized in 3 mlcefdold
PBS buffer. Right lung supernatant were utilizeddobsequent measurement of SOD, GSH, MDA, NO, MR®
albumin according to earlier reported methods [6;32]. Left lung supernatant were utilized for sedpsent
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measurement of cytokine and chemokine analysis. (g tissue from each group was processed for
histopathological examination.

2.9. Determination of Cytokine and chemokine in Lung bgemate
Lung tissue homogenate levels of TMFH.-4, IL-5, IL-8, IL-10, and IL-13 were determideby using an enzyme-
linked immunosorbent assay (ELISA) according torttenufacturer's instructions.

2.10.Determination of OVA-specific IgG1, IgG2a, IgE anthl IgE
OVA-specific 1gG1, IgG2a, IgE and total IgE antilyoditers were determined by ELISA according to the
manufacturer's instructions.

2.11.Lung tissue histopathology:

After BAL fluid had been obtained, lung tissue waeed in 10% (v/v) neutral buffered formalin for 24 for
histopathological studies. It was processed foh 1&ing isopropyl alcohol, xylene and paraffin eddesd for light
microscopic study (Nikon E200, Japan). Paraffin-edded tissue sections cut ainbthickness were prepared and
stained after deparaffination using hematoxylin auwsin stain (H & E) to verify morphological assasst.
Photomicrographs were captured at a magnificatictOX.

2.12.Statistical analysis

Data are expressed as mean + standard error medf).(Data analysis was performed using GraphPashP8.0
software (GraphPad, San Diego, CA). Data were apdlyby using One-way repeated analysis of variance
(ANOVA) followed by Tukey’'s multiple comparisopost hoctests. A value op < 0.05 was considered to be
statistically significant.

RESULTS

3.1. Effect of attenuated E. coli treatment on OVA-irathalteration in body weight, lung weight, and Iungry
index of mice

There was significant decreasgd<(0.001) in the body weight and significant increagee 0.001) in the absolute
as well as relative lung weight of OVA control gpoas compared to normal control group. Treatmett WCE
(10® CFU/m) significantly inhibited ff < 0.05,p < 0.05 andp < 0.001) OVA-induced decreased body weight as
well as increased absolute as well as relative eight as compared to OVA control group. When caragd with
OVA control group, montelukast (10 mg/kg) treatmsimbwed significant increasep € 0.001) in the body weight
whereas it showed significant decreaspd<(0.01 andp < 0.001) in the absolute as well as relative lungghvei
(Figure 1).

3.2. Effect of attenuated E. coli treatment on OVA-iretlelteration in percent oxygen saturation of mice
Intraperitoneal administration of OVA significanttiecreasedp(< 0.001) the percent oxygen saturation of OVA
control group as compared to the normal group. Aistriation of ACE (18 CFU/mI) significantly increased (<
0.01) percent oxygen saturation as compared to ©M#rol group. Whereas montelukast (10 mg/kg) tnest also
showed significant increasegd € 0.001) in percent oxygen saturation as compargd\ta control group (Figure
1).

3.3. Effect of attenuated E. coli treatment on OVA-iretlalteration in lung function test of mice

OVA control group showed significant alteratioms< 0.001) in the lung function test as compared torthenal
group. This alteration in lung function test af@vA administration was significantly restorega € 0.001) by ACE
(10° CFU/m) treatment as compared to OVA control grolieatment with montelukast (10 mg/kg) also showed
significant restoredp(< 0.001) in lung function test as compared to OVAtoargroup. When compared with ACE
(10° CFU/mI) treated mice, montelukast (10 mg/kg) et showed significantly decreasenl € 0.01) in
enhanced pause and expiratory time. (Table 1)
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Figure 1.Effect of attenuatedE. coli treatment on Ovalbumin induced analteration in body weight (A), lung weight (B), lurg injury
index (C) and percent oxygen saturation (D) of mice
Data was analyzed by One-Way ANOVA followed byyTsikeultiple comparison post hoc tedtép < 0.001 as compared with normal group
and *p < 0.05, **p < 0.01, ***p < 0.001 as comparedith OVA control group. OVA: Ovalbumin, MTL: mdoteast, AEC: Attenuated E. coli.
(n=10).

Table 1Effect of attenuatedE. coli treatment on Ovalbumin inducedalteration in lung function test of mice

Parameters Normal OVA control MLT AEC
Peak inspiratory flow (PIF) (mL/s)  6.40 £0.22 3.82+0.79 5.97 £ 0.23%* 5.22 £ 0.28*
Peak expiratory flow (PEF) (mL/s) 7.57 £0.22 423+0.27 6.22 + 0.45%** 5.62 +0.27*
Tidal volume (TV) (mL) 0.58+0.02 0.44+0.062 0.57 £ 0.02** 0.55 + 0.02*

Frequency of Breathing (f) (bppm) 291.5+9.30 444.7+8.98 356.9+6.89** 383.5 % 12.33**
Enhanced pause (Penh) 1.83+0.13 5.96 +0.28 295+ 0.26%% 4.48 + 0.45*
Inspiratory time (Ti) (s) 0.21+0.02 0.06 +0.067 0.18 +0.01** 0.13 +0.01*
Expiratory time (Te) (s) 0.27+0.03 0.06+0.068 0.25+0.01*** .16 + 0.009**

Data was analyzed by One-Way ANOVA followed byyTsikeultiple comparison post hoc tedfg. < 0.01,%p < 0.001 as compared with
normal group, *p < 0.05, **p < 0.01, ***p < 0.001 s.compared with OVA control group, affd < 0.01 as compared with one another group.
OVA: Ovalbumin, MTL: montelukast, AEC: Attenuateddi. (n = 10).

3.4.Effect of attenuated E. coli treatment on OVA-iretlalteration in hematological parameters of mice

OVA control group showed significantly decreased<(0.001) in the Hb, RBC, HCT, MCH, lymphocyte count
whereas PLT, WBC, neutrophil, monocyte, eosinopbiint were increased significantly € 0.001) as compared
to normal group. When compared with OVA control gypthe Hb, RBC, HCT, MCH, lymphocyte count were
increased significantlyp( < 0.01) whereas PLT, WBC, neutrophil, monocyte, eqsiil count were decreased
significantly p < 0.01) in the ACE (1bCFU/ml) treated group. Montelukast (10 mg/kg) tmeent also showed
significant inhibition p < 0.001) in the OVA-induced alteration in hematol@giparameters as compared to OVA
control group. The altered HCT and WBC count wageargignificantly restoredp(< 0.01) by montelukast (10
mg/kg) treatment as compared to ACE¥OFU/mI) treatment. (Table 2)
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Table 2Effect of attenuatedE. coli treatment on Ovalbumin inducedalteration in hematological parameters and BALF diferential cell
count of mice

Table 3
Parameters Normal OVA control MLT AEC
Hb (g/dL) 1520+0.27 1255+0.87 14.88+0.38%* 1429+ 0.41*
RBC (X 10*/L) 10.84+0.24  8.08+0.29 10.59 + 0.34*+* 9.86 + 0.42**
HCT (%) 53.38+0.61 4299+0.784 51.19+0.79*% 4723 +1.02*
MCH (pg) 1494 +0.69 9.85+0.38 13.30 £ 0.57** 13.14 £ 0.67*
PLT (X 10%L) 797.5+17.7 945.8+34.0%  828.3+26.98 840.6 + 23.96
WBC (X 10%mL) 8.22+024 13.94+04% 9.72+029*% 11,71 +0.58*
Neutrophile (%) 30.80+0.75 36.80+13%7  31.70+1.31* 31.70 + 1.11*
Lymphocyte (%) 6340+1.0 5210+1.4"  59.90+1.70*  60.30 +0.84**
Monocyte (%) 2.50+0.40 5.60 +0.48 4.80+0.32 4.10 +0.37*
Eosinophile (%) 3.30+0.36 5.50 + 0.47 3.60 + 0.42** 3.90 +0.23*
BALF Total cells (X 10°/mL) 2.60+0.4  30.00 0.9  9.80+1.08*° 1420 +0.96*
BALF Neutrophile (X 10%/mL) 0.60 £ 0.40 4.40 + 0.8t 2.20 + 0.48* 1.80 + 0.37**
BALF Lymphocyte (X 10°/mL) 0.60 +0.40 3.40 + 0.8 1.00 + 0.31* 1.40 + 0.50*
BALF Eosinophile (X 1¢/mL) 0.80+0.20 10.20+0.9%  4.60+0.67** 6.60 + 0.40**

BALF Macrophages (X 10/mL)  0.60+0.24  12.00+1.78  2.00£0.77%*  4.40 + 0.74**

Data was analyzed by One-Way ANOVA followed byyTsikeultiple comparison post hoc tedfs. < 0.01,"p < 0.001 as compared with
normal group, *p < 0.05, **p < 0.01, ***p < 0.001 s.compared with OVA control group, afpi< 0.05,%p < 0.01 as compared with one
another group. OVA: Ovalbumin, MTL: montelukastCABttenuated E. coli, Hb: haemoglobin, RBC: reddd corpuscles, HCT: hematocrit,
MCH: mean corpuscular haemoglobin, PLT: plateleB@ white blood corpuscles (n = 6-10).

3.5. Effect of attenuated E. coli treatment on OVA-iretlalteration in BALF differential cell count of eei

BALF total cells, neutrophil, lymphocyte, eosindptand macrophages counts were increased signifjcanthe
OVA control group as compared to the normal grodgministration of ACE (18 CFU/mI) showed significantly
decreasedp(< 0.01) in the BALF total cells as well as differattcell count as compared to OVA control group.
Moreover, montelukast (10 mg/kg) treatment alsongtbsignificant reductionp(< 0.001) in the BALF total cells
as well as differential cell count as compared ¥AQontrol group. BALF total cells count was moiigrsficantly
decreasedp(< 0.05) in the montelukast (10 mg/kg) treated grosig@mpared to ACE ($eCFU/mI) treated group.
(Table 2)

Table 4Effect of attenuatedE. coli treatment on Ovalbumin inducedalteration in the levels of SOD, GSH, MDA, NO, MPQand albumin
in BLAF and lung of mice

Parameters Normal OVA control MLT AEC
SOD level in BALF (U/mg of protein’ 1.86+0.1; 0.72 +0.0™ 1.62 +0.22*% 1.46 +0.20
GSH level in BALF (ug/mg of protein) 1.18+0.11 0.29 +0.6% 0.93 £ 0.09*** 0.67 +£0.08*
MDA level in BALF (nM/ mg of protein) ~ 2.04 +0.24 5.68 +0.2% 3.17 £0.50**  3.62 + 0.23**

NO level in BALF (ug/mL) 1201 +1.04 60.40x3.74 44.82 + 3.62* 49.76 + 3.28
MPO level in BALF (U/mL) 4.09+0.31 13.17 + 1.6% 9.89 +0.38** 9.50 + 0.29**
Albumin level in BALF (g/dL) 0.34 +0.07 0.82 +0.66 0.48 + 0.06* 0.51 +0.08*
SOD level in Lung (U/mg of protein) 8.19+£0.53 3.34+£0.3% 7.18 £ 0.54** 5.86 + 0.60*

GSH level in Lung (ng/mg of protein) 4.37+0.30 0.85 +0.0Y 2.75 £ 0.32%* 1.84 £0.07*
MDA level in Lung (nM/ mg of protein) 3.54 +0.27 7.95+0.4%7 5.67 £0.27** 6.20 + 0.50*

NO level in Lung (ug/mL) 52.74+7.38 2054+1618 121.6+1547* 153.9+14.91
MPO level in Lung (U/mL) 1229+1.32 3986280 26.99+277* 26.85+2.17*
Albumin level in Lung (g/dL) 0.39 +0.09 2.38+0.28 1.03 + 0.14*+* 1.49 £0.17*

Data was analyzed by One-Way ANOVA followed byyTsikeultiple comparison post hoc tedfs. < 0.01,"%p < 0.001 as compared with
normal group and *p < 0.05, **p < 0.01, ***p < 0.00 as compared with OVA control group. SOD: supefexiismutase, GSH: glutathione,
MDA: malondialdehyde, NO: nitric oxide and MPO: Niyeroxidase, OVA: Ovalbumin, MTL: montelukast, AB&enuated E. coli (n = 5).

3.6. Effect of attenuated E. coli treatment on OVA-ireth@lteration in the level of SOD, GSH, MDA, NO, ®1P
and albumin in BLAF of mice

There was significant decreaser{ 0.001) in the BALF SOD and GSH level whereas of MINMO, MPO and
albumin level in BALF were increased significanfly < 0.001) in OVA control group as compared to normal
group. Treatment with ACE (20CFU/mI) significantly increasedp(< 0.05) BALF SOD and GSH level as
compared to OVA control mice. Administration of ntelukast (10 mg/kg) also produce significant ineeghp <
0.01 andp < 0.001) in BALF SOD and GSH levels as compared taA@Wntrol mice. Administration of ACE (£0
CFU/mI) significantly inhibited § < 0.01,p < 0.01 andp < 0.05) OVA-induced increased in BALF MDA, MPO
and albumin levels as compared to OVA control miEeatment with montelukast (10 mg/kg) also showed
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significant decreaseg (< 0.001,p < 0.05,p < 0.01 andp < 0.05) in BALF MDA, NO, MPO and albumin levels
when compared with OVA control mice. (Table 4)

3.7.Effect of attenuated E. coli treatment on OVA-iretlalteration in the level of SOD, GSH, MDA, NO, MP
and albumin in lung of mice

OVA control group showed significant decreas@d<( 0.001) in the lung SOD and GSH levels whereas as
significant increasedp(< 0.001) in the lung MDA, NO, MPO and albumin levels compared to normal group.
ACE (1¢ CFU/ml) treatment showed a significant increase 0.05) in the lung SOD and GSH levels as compared
to OVA control mice. However, when compared with ®%ontrol group, lung MDA, MPO and albumin levelasv
significantly decreaseg (< 0.05,p < 0.01 andp < 0.05) in the ACE (1DCFU/ml) treated group. Montelukast (10
mg/kg) treatment also showed significant incregped 0.001) in the lung SOD and GSH levels whereas fogmit
decreasedp(< 0.01,p < 0.01,p < 0.01 andp < 0.001) in the MDA, NO, MPO and albumin levels ashpared to
OVA control group. (Table 4)

3.8. Effect of attenuated E. coli treatment on OVA-iretuelteration in level of lung TNE&; IL-4, IL-5, IL-8, IL-10
and IL-13 levels in mice

When compared with normal group, the lung T&JHL-4, IL-5, IL-8, IL-10 and IL-13 levels of OVA antrol mice
significantly increasedp(< 0.001) on day 36. Administration of ACE fLGFU/mI) significantly decreaseg
0.05,p <0.01,p <0.05,p < 0.05 andp < 0.01) lung TNFe, IL-4, IL-5, IL-8 and IL-10 levels as compared@®YA
control mice. Treatment with montelukast (10 mg/ktgo showed significant reductiop € 0.001) in the OVA-
induced increased lung TNE-IL-4, IL-5, IL-8, IL-10 and IL-13 levels as compal to OVA control mice. When
compared with ACE (10 CFU/mI) treated mice, montelukast (10 mg/kg) tmesit showed more significant
inhibition (p < 0.001) in OVA-induced increased in lung IL-10 leyEigure 2).

ung (pg/mL) [>]
»n w
b3 2

o
8 level in Lung (pg/mL) I— LL
B d g |l=

Figure 2.Effect of attenuatedE. coli treatment on Ovalbumin inducedalteration in level of lung TNF-u (A), IL-4 (B), IL-5 (C), IL-8 (D),
IL-10 (E) and IL-13 (F) levels in mice
Data was analyzed by One-Way ANOVA followed byyTsikeultiple comparison post hoc tedtép < 0.001 as compared with normal group,
*p < 0.05, **p < 0.01, ***p < 0.001 as compared WitOVA control group, ant* < 0.001 as compared with one another group. ThF-
tumor necrosis factor-alpha, IL: interleukin, OVAvalbumin, MTL: montelukast, AEC: Attenuated Ei, ¢ol= 5).

3.9. Effect of attenuated E. coli treatment on OVA-iretuelteration in the levels of serum total IgE, G¥zecific
IgE, OVA-specific IgG1 and OVA-specific IgG2a ofeni

OVA control group showed significant increased<(0.001) in the serum total IgE, OVA-specific IgE alg1
levels whereas significant decreas@d<( 0.001) OVA-specific IgG2a level as compared to tleemal group.
Treatment of ACE (1DCFU/ml) significantly reducedp(< 0.01,p < 0.05 andp < 0.05) serum total IgE, OVA-
specific IgE and 1gG1 levels as compared with O\Wtcol group. When compared with OVA control group,
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montelukast (10 mg/kg) treatment showed signifidahibition (p < 0.001) in the OVA-induced alterations in
serum total IgE, OVA-specific IgE, 1gG1 and IgG2veéls. However when compared with ACE {IDFU/mI)
treated group, serum total IgE and OVA-specific 1gévels were more significantly decreaspe(0.001) whereas
OVA-specific IgG2a level was more significantly irased by montelukast (10 mg/kg) treatment (Figlre
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Figure 3.Effect of attenuatedE. coli treatment on Ovalbumin inducedalteration in the levels of serum total IgE (A), O\A-specific IgE
(B), OVA-specific IgG1 (C) and OVA-specific IgG2a D) of mice
Data was analyzed by One-Way ANOVA followed byyTsikeultiple comparison post hoc tedtép < 0.001 as compared with normal group
and *p < 0.05, **p < 0.01, ***p < 0.001 as comparedith OVA control group antp < 0.05,**% < 0.001 as compared with one another group.

3.10.Effect of attenuated E. coli treatment on OVA-iretlpathological alteration in mice lungs

Figure 4A depicted the normal architecture of ltisgue from a normal group which is devoid of amplgt cell
hyperplasia, inflammatory infiltration, and hemagde. However, it showed the presence of mild oedgnzale 1)
(black arrow). The lung histology of OVA control eei showed the presence of intense inflammatory cell
infiltration in the peribronchiolar region (grade4y (red arrow). The airway perimeter was increased®VA
control mice as compared to normal mice (gradeydlldw arrow) (Figure 4B). Montelukast (10 mg/kggdtment
attenuated the inflammatory cell infiltration inetung tissue (grade 2) (Figure 4C) as well aseased airway
perimeter (grade 2) after OVA challenge. Lung tis$tom ACE (18 CFU/ml) showed presence of moderate
infiltration of inflammatory cells (grade 3) (redraw), oedema (grade 3) in peribronchiolar regiériuog tissue
(black arrow) (Figure 4D) (Table 5Table 5).
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Figure 4.Effect of attenuatedE. coli treatment on Ovalbumin induced pathological alteréion in mice lungs
Photomicrograph of sections of lungs of normal @Y,A control (B), montelukast (10 mg/kg) treatelid@d Attenuated E. coli (3CFU)
treated (D) mice. Lung H&E staining at 40 X.

Table 5Effect of attenuatedE. coli treatment on Ovalbumin induced pathological altersion in mice lungs

Parameter Goblet cell hyperplasia  Inflammation  Eosgiophils Infiltration of leukocytes Oedema Hemorrhage

Normal - - - + + R
OVA Control ++++ +++ +++ -+ . .
MTL ++ ++ + ++ + -
AEC ++ ++ ++ +++ ++ ++

OVA: Ovalbumin, MTL: montelukast, AEC: Attenuatedddi.
Note: -: no abnormality detected, +: damage/actibanges up to < 25%, ++: damage/active changesoup 50%, +++: damage/active
changes up to < 75%, ++++: damage/active changedap 75%

DISCUSSION

Asthma is an immune-mediated disease characterigechyperresponsiveness of airway, accumulation of
eosinophilia in lung, formation of edema, elevataacus production, inflammation in bronchi alonghniihicreased

in cytokine, chemokine as well as ImmunoglobulifigE) and 1gG levels [35]. In the initiate and dmgeof asthma
mast cells, T helper type-2 (PHand eosinophils played a vital role [36].

It has been well documented that immune inflamnyatiisorder like AHR is associated with the decrdasedy
weight and elevated relative lung weight [9]. Ire thresent investigation, intraperitoneal adminigtraof OVA
caused significant reduction body weight whereag lweight was increased significantly. The restilpaesent
study corroborates the findings of previous ingztirs [9, 37]. Administration of AEC significantiphibited
OVA-induced alterations in body weight as well asd weight of mice.

In OVA-sensitized animals, airways hyperreactiéippeared after the 24 hr of antigen challenge naied levels
of total and differential cell count in the BALF tlse consequence of AHR [38]. This symptom of AKRliosely
associated with the clinicopathological featuresasthma in human. This symptom can be classifi¢éol iwo

distinct phases viz. early or acute phase wheemasel of histamine and leukotrienes occurred wistmirhour of
allergen exposure resulted in bronchoconstrictibictvwas followed by late phase response wheraselef mast
cell, as well as inflammatory infiltration, causelévated cytokines and chemokines levels led t@agirobstruction
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and inflammatory reaction [39]. Induction of allergnflammation has been carried out by eosinopMigration of
this eosinophils into airways caused the releasgytokines such as IL-5 and IL-13 [40, 41]. Simifeadings were
reported in the clinical settings where the releafseosinophils has been associated with elevataakines levels
[42]. Neutrophils are another inflammatory cellsatthhave been released along with eosinophils aflergen
exposure [43, 44]. This is also associated withvatkxl airway hypersensitivity via induction andesse of
cytokines (IL-B and IL-6), reactive oxygen species (ROS) andmixide [45]. In the present investigation, OVA
exposure caused significantly elevated in the o@hits and eosinophils in BALF of OVA control middoreover,
histological findings of lung tissue from OVA cooltrmice also showed the presence of prominentrmfiatory
infiltration in peribronchiolar region. However, mdhistration of ACE showed significantly decreasadBALF
total cells as well as differential cell count sagting its role in minimizing tissue damage.

Inhalation of allergen like OVA is associated waheration in the breathing pattern which can beessed by
determined by measuring pulmonary function tesiTjPFor a diagnosis of the nature and severitjuog§ injury,
whole body plethysmography is very useful non-imvesechnique in the determination of PFT [46].asthmatic
condition, there was bronchoconstriction due tcekavated level of mucous production that resultedecreased
tidal volume along with increased breathing rafd.[4 is also caused significant alterations ifr, APEF, Ti and Te.
Moreover, enhanced pause (Penh) is an importahih&ik of the airway obstruction, and it is stronglyrrelated
with the bronchoconstriction in animal [48]. Treamh with ACE caused significant inhibition in th&/@-induced
alteration in PFT depicting its bronchodilatoryesft.

Examination of lung gas exchange provides a sligbta disease status. Determination of percengexysaturation
with the help of fingertip pulse oxymeter is aninedt technique for quantification of oxygenatecnioglobin [46].
Its gives an idea about the status of lung gasangd in a disease condition. Along with pulse dgmatological
studies also helpful for determination of tissug/gen level. The alteration in the hematological rtoias been
reported after allergen exposure explaining thedrafeoxygen to repair the injury [49]. Decreasedeleof oxygen
caused increased the turnover of collagen synthvésisicreased levels @ksubunit of proplyl-4-hydroxylase [50].
Administration of AEC resulted in significantly ireased the Hb and RBC count which may in turn ieeblood
flow and supply of oxygen to the lung tissue theduced hypoxia which was also further supportethbyelevated
level of pulse oxy.

The release of inflammatory mediators after allargkallenge is associated with the elevated leV&@S, which
in turn caused depletion of intracellular GSH, a4emzymatic biological antioxidant [26, 46, 51, 5&]SH played a
vital role in maintaining cell metabolism and intiég via detoxification of free radical species luding hydrogen
peroxide, superoxide, and alkoxy radicals [53-26]other important enzyme in the enzymatic antioriddefense
system are SOD. It is responsible for detoxificataf ROS via reduction of superoxide anion to fdmgurogen
peroxide [57-60]. In corroboration of the previacstsidy, administration of allergen like OVA causedngficant

depletion of SOD and GSH level [46]. Moreover, dvated level of MDA is an indicator of lipoperoxsitibn is

which caused rearrangement of the double bond énuthsaturated fatty acids leads to lipid cell membr
destruction [46, 55, 61, 62]. However, administnatiof AEC caused significantly increased in SOD &f6H

whereas decreased in MDA level suggesting its aidémt potential.

Furthermore, elevated ROS also associated withefease of pro-inflammatory mediators such asmirxide (NO)
which is an unconventional intracellular messerj§8r 64]. NO reacts with ROS to gives rise viciaygle that
leads to nonspecific tissue damage [65, 66]. Glilydt has been proven that elevated productioNOf has been
associated with increased mucus production antiraifon of inflammatory [67, 68]. Treatment withE& did not
show any reduction in elevated nitric oxide leveeither BALF or lung tissue.

It has been well documented that oxidative stré&ss@ayed a significant role in damaging albuntivg susceptible
amino acids of proteins. This damage caused elg\at®imin and protein level in lung and BALF thatlicated

injury in the bronchoalveolar-capillary barrier [69t leads to airway obstruction and progressiespiratory
insufficiency [69]. Elevated albumin levels alsosasiated with the elevated level of b and c glommilvia

production of IgG and IgE. In the present investigg OVA administration caused a significant eléwa in serum
albumin which is further supported by histologiealalysis of lung tissue where destruction of a bhoalveolar-
capillary barrier along with goblet cell hyperpkasiere observed. The result of present investigat@mroborates
with an earlier report [4]. However, administratiafi AEC caused significantly decreased in albunemel

reflecting its bronchoprotective potential.
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In an immune-mediated disease such as asthma,perh@h) cells played a very crucial role in indantand
maintenance of disease state. Amongst two difféFartells, Thl responsible for secretion of intekie (IL)-2 and
interferon (IFN)-c whereas Th2 is for IL-4, IL-18nd IL-5. Th2 also responsible for switching frog&lto IgE, an
important mediator of asthma and which is presénindantly on the cell surface of basophils. IgG2a heen
closely associated with Thl type response. Relefsarious cytokines such as IL-4 and IL-13 affé2 response
has important role in airway remodeling, inflammst@rocesses, AHR, goblet cell hyperplasia, eodiilop
infiltration and mucus hypersecretion whereas has role in the development, activation, migratiamg survival
of eosinophils. Thus, in present investigation O¥énsitization resulted in the elevated levels dbkipes and
chemokines (such as TNE-IL-4, IL-5, IL-8, IL-10 and IL-13) in lung alongvith serum IgE, IgG1 and IgG2a in
OVA control mice. However, administration of AE@sificantly inhibited this elevated levels of TNE4L-4, IL-
5, IL-8, IL-10, IgE and IgG1 thus explaining its Trhibitory potential.

Therefore, results of present study reveal thanattedEscherichia coliinhibits OVA-induced AHR in mice via
down-regulation of nitroso-oxidative stress, cytakiand chemokine as well as IgE and 1gG releasehwdécrease
the airway resistance thus supporting its antieimiinatory as well as bronchodilator role during #ilergic
response in the lung.
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