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ABSTRACT

House-Dust-Mites (HDMs) are a major source of indaeroallergens for resulted in immune inflammatdrsease
such as asthma. To evaluate the possible effeatt@fiuated Escherichia coli (AEC) in a murine mooieHDM-
induced asthma. Intraperitoneal (100 pL) injectieitHDM on day O followed by intranasal challengé$0 pL of
HDM significantly induced AHR in Female BALB/c m{d8-20 g). Animals were treated with either ACB®(1
CFU/ml) or prednisolone (10 mg/kg) or vehicle oryda 7, 14 and 21 immediately before administratéiDM.
Various behavioral, biochemical, molecular and obisgical parameters were assessed. The HDM-induced
alteration in lung function test, bronchoalveolavhge cellular count, and hematological count waignificantly
restored by AEC treatment. Administration of AE@n#icantly increased SOD and GSH levels whereagatéd
MDA, MPO, and NO levels were decreased signifigalmyl AEC treatment. Elevated levels of serum HDBti$io

IgE and IgG1 levels, as well as TNEL-4, IL-5 and IL-8 levels in lung, were decredssgnificantly by AEC.
However, it failed to produce any significant dovegulation in HDM induced elevated TLR-4 mRNA esgian.
Administration of AEC reduced lung histological eadttions induced by HDM. Thus, findings of present
investigation demonstrated that oral administratiof attenuated E. coli inhibited HDM-induced AHRa vi
modulation of pro-inflammatory cytokines (TMFiL-4, IL-5, and IL-8), IgE and IgG responses toproved the
Th1/Th2 imbalance and attenuated lung injury.

Keywords: Attenuatedescherichia coli House-Dust-Mites, TNIles IL's, IgE, 1gG1

INTRODUCTION

Allergic asthma is a heterogeneous pulmonary inflatory disease with characteristics features inotud
increased airway hyperreactivity (AHR), inflammatianucus hypersecretion, goblet cell hyperplasiaval as

elevated Th2 cytokines and IgE production. Prevadesf asthma is about 8-10% of children and 3-5%efadult

population [1, 2]. In last 30 years morbidity andmality due to asthma have increased and the msasehind it
includes increased industrialization along withré@ased levels of indoor allergens (dust mite, coméhn, and pet
dander) [3, 4].

It has been documented that commonly inhaled amigecluding pollens, cats, and house dust mite NHID
stimulates T helper type 2 (Th2) immune responsasresulted in allergic asthma [5, 6]. Researchav® reported
that toll-like receptors (TLRs) which are transmearte proteins of the interleukin- (IL-) 1 recepsoperfamily has
an ability to induce innate and adaptive immunigponse via production of pathogen-derived antigensh as
cytokines and chemokines) in response to naive IIE @& the lymph nodes, airway dendritic cells (DG»
macrophages [7, 8]. TLR-4 has an ability to indueetivation and release of various proinflammatoyiokines
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such as TNFe, IL-1p, IL-4, and IL-8 along with inducible NO synthasH@S), CRP (C-reactive protein) and SAP
(Serum amyloid P-component) [7].

In asthma, exposure to allergen (such as pollenHDH) resulted in induction of inflammatory evenighich
induces symptoms including wheezing, breathlessrodmst tightness and cough [3, 9]. Animal modédser a
vital role in the development of new therapeutideties on the basis of characteristics of the dis¢40]. Allergic
asthma induced by using ovalbumin (OVA) is wellablished animal model that resemblance with many
clinicopathological characteristics of asthma, hesveit is not a naturally occurring allergen inmand repeated
exposure of OVA in the absence of systemic seiasitia leads to tolerance [11, 12]. Moreover, aingayctural
changes induced after OVA challenge also straipemigent [13, 14]. Clinically it has been provent thsthmatic
patients have been associated with increased tévdDM specific IgE antibodies when exposed to dergen.
Thus, development of chronic animal models usingroon environmental allergens such as HDM providéebe
understanding of the importance of airway remodgglirb].

HDMs are a major source of indoor aeroallergenshfonans, which induce asthma, rhinitis, dermatitisvell as
other allergic diseases and their symptoms imm@it@& more than 10% of the population [15]. Feadlgbs HDM
contains proteolytic enzymes that have an abilégwee epithelial tight junctions to increased eglitii permeability
to have an efficient delivery of allergen [16].dddition, they have an ability induce pro-inflamoratcytokine and
IgE release in airway epithelium [17]. FurthermoH)M also contains Lipopolysaccharides (LPS) whisha
pathogen-associated molecular pattern moleculeahaability to induce innate immunity via Toll-likeceptor 4
(TLR4) resulted in CHTH2-mediated allergic inflammation. It has beenorégd that LPS responsible for up-
regulating expression of TLR-4 in human macrophds@k

Current treatment regimens for asthma includesogioiticoids and bronchodilators, however, theseatiies can
able to produce symptomatic relief in the only fiaic of patients [19]. Moreover, their side efféntits their usage.
Hence, it is imperative to develop a new therapytfeatment of asthma. According to previous repofth2-
mediated diseases can be inhibited via inductiomtdf immune responses non-antigen-specific mar2gr 41].
Hence, the various infectious organism can bezetiito inhibit allergic Th2 responses induced bffedént
allergens. Previously attenuat&hlmonella typhimuriumhas been utilized for treatment of asthma where it
significantly inhibits elevated ILs and OVA-specifigGl levels thus reduced Th2 responses [22]. Mae
attenuatedEscherichia colialso showed its effectiveness against allergendeduespiratory tract infection [23,
24]. Previous research carried in our laboratoigynsdd attenuatel. coli strain has efficacy against OVA-induced
AHR via inhibition of cytokine, and chemokine, asliras IgE and IgG. Hence, the aim of the presergstigation
was to evaluate the efficacy of attenuateéd coli strain against HDM-induced AHR by assessing variou
biochemical, histological and molecular changesloratory mice.

MATERIALS AND METHODS

2.1. Animals

Female BALB/c mice (18-20 g) were procured from teatral animal facility of the Institute. The arils were
housed in standard polypropylene cages and magataihcontrolled room temperature (22 + 2°C) anditdity (55
+ 5%) with 12:12 h light and dark cycle. All thegriwere provided with commercially available micemal pellet
diet (NPD) (Pranav Agro, Baroda) and waaerlibitum 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 (CPCSEBEAYt. of India.

2.2.Chemicals and kits

Sulphanilamides, naphthylamine diamine HCI, andsphoric acid were obtained from Loba Chemie Pwi.,Lt
Mumbai, India. All other chemicals were of analgtigrade and purchased from S.D. Fine Chemicalsnibi,
India. The auxotrophi&€scherichia coli(E. Coli) strain was procured and grown in medium at 3@ vigorous
shaking until they reached mid-log phase®(@@lony forming units (CFU)/ml). Albumin kits weprchased from
Accurex Biomedical Pvt. Ltd., Mumbai, India. MiceNF-a, IL-4, IL-5, IL-8, IL-10, IL-13, IgE, IgG1 and Ig&a
ELISA kits were purchased from Bethyl Laboratoris;. (TX, United States), MyBioSource, Inc. (CAnited
States) and RayBiotech, Inc. (GA, United States).
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2.3.Household dust collection and extraction

Household dust was collected from 10 different lestia Ahmadabad. The dust samples were collected & 1-n
area by using an electric vacuum cleaner with & chitector. Sterile PBS (2 ml) was added to thetdwhich was
then mixed end-over-end on an orbital rotator & #5r 16 h. The resuspended dust was centrifuged@amin at
4°C, 1000 g, and the supernatant was collectedlfergen measurement by an ELISA. The householt shmple
used for all sensitizations and airway challenges wollected from a house that showed a high lefghe
cockroach allergen8lattella germanical (Bla g1) and 2 (Bla g2). A total 5.0 g of dusaswcollected and
resuspended in 30 ml of sterile PBS for extractsndescribed above. After extraction, the supentataere
aliquoted and stored at -20°C until use.

2.4, Sensitization, drug treatment, and HDM challenge

Animals will be randomly divided into following gups, each consisting of 10 animals

Group I:  Normal group: Animals did not undergo any HDM allergen. They evéreated with vehicle (100 pl
PBS with 5% sodium bicarbonate, p.o.) on day Q47and 21.

Group Il:  HDM Control group: Animals were received intraperitoneal (100 pLeatjon of HDM (mixed 1: 1
with an adjuvant) on day 0 followed by intranasahlienges of 50 uL of HDM on days 7, 14 and 21.yTwere
treated with vehicle (100 pl PBS with 5% sodiumabionate, p.o.) on day 0, 7, 14 and 21 immedidiefpre
administration of HDM.

Group lll: Prednisolone treated group: (Pred):Animals were received (100 uL) injection of HDMifed 1 : 1
with an adjuvant) on day 0 followed by intranasaaltenges of 50 pL of HDM on days 7, 14 and 21.yT\ere
treated with Prednisolor@&0 mg/kg, p.o.) on day 0, 7, 14 and 21 immedidbelfipre administration of HDM.
Group IV: E. coli treated group: (AEC): Animals were received intraperitoneal (100 pL)eatjon of HDM
(mixed 1: 1 with an adjuvant) on day O followedibtranasal challenges of 50 pL of HDM on days 7 ahd 21.
They were treated with attenuaté coli (10° CFU/mI, p.o.) on day 0, 7, 14 and 21 immediatefobe
administration of HDM.

All mice (except normal) were sensitized by foutraperitoneal (i.p) injections of 100 uL HDM whicm day O.
Normal mice were injected with 5@ saline alone. Mice were challenged on days 7andd 21 by inhalation of
either normal saline or HDM aerosols (50 pL) inexposure chamber for 20 min. Aerosols were gengraye
nebulizing HDM solution in saline, or saline alométh a nebulizer [25-27E. colitreated group mice were treated
with 10° CFU bacteria in 1091 PBS with 5% sodium bicarbonate whereas prednigoteeated group were treated
with prednisolone (10 mg/kg, p.o.) on days 0, 7,ab#l 21 immediately before the i.p. injection of MDor
receiving an HDM aerosol.

2.5. Measurement of methacholine hyperresponsiveness

Whole-body flow-through plethysmography (EMKA Techogies, France) was used to measure airway hyper-
responsiveness (AHR) in response to aerosolizetylag@enethylcholine (Mch, 50 mg/mL) in unrestrained and
conscious mice on day 23 (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), enhancedsga(R
value [28].

2.6. Measurement of peripheral blood oxygen content

To assess peripheral blood oxygen conitenivo, mice were monitored for the percentage of hentogleaturated
with oxygen (pulse Ox). On day 23, mice were aretizhd with ether and a peripheral pulse Ox sensor
(ChoiceMMed, V1.0CF3, MD300CF3, China) was attactwethe tail. Pulse Ox readings were taken as tiiraal
regained consciousness [29].

2.7.Hematological analysis and serum biochemistry
On day 23, the blood was withdrawn by retro-orhtahcture for determination of hematological coamtd serum
parameters (IgG1, IgG2a, and IgE analysis).

2.8.Bronchoalveolar Lavage Fluid (BALF) analysis
On day 23 after blood collection, the BALF was eotkd for total cell count by placing polyethyleretheter into
the trachea. BALF was collected by washing with weparate aliquots of 1mL of Hank's balanced Saltit®n
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through the trachea. The first wash was centrifugadd the BALF supernatant stored for biochemical
measurements. The second wash was centrifugedharo!l pellet from first wash were pooled witle 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. BAlOEal
protein, Superoxide Dismutase (SOD), glutathioneSH{ malondialdehyde (MDA), Nitric Oxide (NO),
Myeloperoxidase (MPO) and albumin were carriedamtiording to earlier reported methods [19, 30-37].

2.9.Preparation of lung homogenates

After the BAL fluid had been collected, the lungs@&veemoved and immediately homogenized in 3 mlcefdold
PBS buffer. Right lung supernatant were utilizedsfabsequent measurement of SOD, GSH, MDA, NO, MR®
albumin according to earlier reported methods [3846]. Left lung supernatant were utilized for sedpuent
measurement of cytokine and chemokine analysisthmgart of tissue samples were stored ac7€r Reverse
Transcription Polymerase Chain Reaction (RT-PCR)yais of various markers. One lung tissue fromhegroup
was processed for histopathological examination.

2.10.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.

2.11.Determination of HDM-specific IgG1, 1gG2a, IgE atudal IgE
HDM-specific IgG1, 1gG2a, IgE and total IgE antilyoditers were determined by ELISA according to the
manufacturer's instructions.

2.12.Determination of TLR-4 mRNA expression by usingma/transcriptase PCR

The levels of TLR-4 mRNA were analyzed in lung uissusing a reverse transcription (RT)-PCR apprasch
described previously [47-50]. Briefly, single-std@a cDNA was synthesized from 5 g of total cetliR&lA using
reverse transcriptase (MP Biomedicals India Pritabeited, India) as described previously [47, 5The primer
sequence for TLR-4 was (Forward: TATCCACTGTAGCATTIGATATACC, Reverse:
TCTGCTGTTTGCTCAGGATTCGAGGC, bp: 322) and p-actin was (Forward:
GTCACCCACACTGTGCCCATCT, Reverse: ACAGAGTACTTGCGCTG&SAG, bp: 764) was provided by MP
Biomedicals India Private Limited, India. Amplifitan of B-actin served as a control for sample loading and
integrity. PCR products were detected by electrogdie on a 1.5 % agarose gel containing ethidiuomizte. The
size of amplicons was confirmed using a 100-bp éads a standard size marker. The amplicons westelzed,
and images were captured using a gel documentsgistem (Alpha Innotech Inc., San Leandro, CA, US3¢ne
expression was assessed by generating densitodettryfor band intensities in different sets of eipents, by
analyzing the gel images in the Image J progranrfge 1.33, Wayne Rasband, National Institutes e#lth,
Bethesda, MD, USA) semi-quantitatively. The bartésities were compared with constitutively expeegsactin.
The intensity of mMRNAs was standardized againdtdh#he f-actin mRNA from each sample, and the results were
expressed as PCR-produgtactin mRNA ratio.

2.13.Lung tissue histopathology:

After BAL fluid had been obtained, lung tissue wiased in 10% (v/v) neutral buffered formalin for 24 for
histopathological studies. It was processed foh 1&ing isopropyl alcohol, xylene and paraffin edded 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 magnificatfatOX.

2.14 . Statistical analysis

Data are expressed as mean + standard error medf).(Bata 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.
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RESULTS

3.1. Effect of attenuated E. coli treatment on HDM-ineld@lteration in body weight, lung weight, and lungiry
index of mice

There was significant decreasgd<(0.01) in body weight and significant increaspd<(0.01 andp < 0.001) in the
absolute lung weight and relative lung weight of MBontrol group as compared to normal group. Treatmvith
AEC (1@ CFU) significantly increasecp(< 0.05) body weight and significantly decreaspd<(0.05) relative lung
weight as compared to HDM control mice. Administratof Prednisolone (10 mg/kg) showed significarmtreased
(p <0.01) in body weight and significant reductign< 0.05 ancb < 0.01) in the absolute lung weight and relative
lung weight as compared to HDM control mice. (Feyu)
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Figure 1.
Figure 2.Effect of attenuatedE. coli treatment on HDM-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 tedts. < 0.01,"%p < 0.001 as compared with
normal group and *p < 0.05, **p < 0.01, ***p < 0.00 as compared with HDM control group. HDM: HousesbMite, Pred: Prednisolone,
AEC: Attenuated E. coli. (n = 10).

3.2. Effect of attenuated E. coli treatment on HDM-ineédi@lteration in percent oxygen saturation of mice

HDM control group showed significant decreaspd<(0.001) in the percent oxygen saturation as compiareie
normal group. AEC (XOCFU) treatment showed a significant incregse (0.05) in the percent oxygen saturation
as compared to HDM control mice. When compared wibM control group, percent oxygen saturation was
significantly increasedp(< 0.001) in the Prednisolone (10 mg/kg) treated grékigure 1)

3.3. Effect of attenuated E. coli treatment on HDM-inedi@alteration in lung function test of mice

There was significant decreasqu<(0.001) in the PIF, PEF, Tidal volume, inspiratarge and expiratory timef
HDM control group as compared to the normal graMbereas, frequency of breathing and enhanced paese
increased significantlyp(< 0.001) in HDM control group as compared to the ralrgroup. Treatment with AEC
(10° CFU) significantly increasedp(< 0.05) in PIF, PEF, Tidal volume, inspiratory timedaexpiratory time
whereas frequency of breathing and enhanced paase increased significantly (< 0.05) in AEC (16 CFU)
treatment group as compared to HDM control micesalient with Prednisolone (10 mg/kg) also showed
significant restorationp( < 0.001) in lung function test when compared with HR@bhtrol mice. When compared
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with AEC (1¢ CFU) treatment group, Prednisolone (10 mg/kg)ttneat showed more significant restoratign<(
0.05) in PIF, PEF, and enhanced pause. (Table 1)

Table 1Effect of attenuatedE. coli treatment on HDM- induced alteration in lung function test of mice

Parameters Normal HDM control Pred AEC
Peak inspiratory flow (PIF) (mL/s)  6.23 +0.27 3.76 034 5.98+023**°  4.87+0.32*
Peak expiratory flow (PEF) (mL/s) 8.51+£0.25  4.69+0.%% 7.44+019**  6.33+0.19*
Tidal volume (TV) (mL) 0.69 +0.04 0.45+0.0% 0.65 + 0.04** 0.66 + 0.03**
Frequency of Breathing (f) (bpm)  327.8+10.17 440.0+8.48 368.6+14.13** 382.9 + 12.60*
Enhanced pause (Penh) 2.42+0.18 565+0.38 327+028**  445+0.20*
Inspiratory time (Ti) (s) 0.22 +0.01 0.08 +0.6% 0.19 £ 0.01*** 0.15+0.01*
Expiratory time (Te) (s) 0.28 +£0.02 0.09+0.0%  0.23+0.01%* 0.18 + 0.01*

Data was analyzed by One-Way ANOVA followed by Tyikemultiple comparisopost hoctests#*p < 0.001 as compared with normal group,
*p < 0.05, **p < 0.01, ***p < 0.001 as compared with HDM control group, &pc 0.05,%p < 0.01 as compared with one another group.
HDM: House Dust Mite, Pred: Prednisolone, AEC: AttatecE. coli. (n = 10).

3.4.Effect of attenuated E. coli treatment on HDM-ingdi@alteration in hematological parameters of mice

When compared with normal group, the Hb, RBC, HMCH and lymphocyte count were decreased signiflgant
(p <0.001) and PLT, WBC, neutrophils, monocytes andnemhils count were increased significanty< 0.001)

of HDM control mice. Administration of AEC (2GCFU) significantly increased (< 0.05) Hb, RBC, HCT, MCH
and lymphocyte count as compared to HDM controlemié/hereas, PLT, WBC, neutrophils, monocytes and
eosinophils count were increased significanply(0.05) in AEC (16 CFU) treatment as compared to HDM control
mice. When compared with HDM control mice, Predluse (10 mg/kg) also showed significant inhibitim <
0.01) in HDM induced alterations in hematologicatgmeterdevel as compared to HDM control mice. However,

Prednisolone (10 mg/kg) treatment more signifigaggl< 0.05) restored the altered hematological parametees
compared with AEC (0CFU) treated mice. (Table 2)

Table 2Effect of attenuatedE. coli treatment on HDM-induced alteration in hematological parameters and BALF diferential cell count

of mice
Parameters Normal HDM control Pred AEC
Hb (g/dL) 14.88 +£0.34 11.48 + 0.5% 14.44 + 0.49%+ 13.53 + 0.55*
RBC (X 1C*/L) 11.78 £0.5 8.43 + 0.5/ 11.50 + 0.58*  11.23 +0.52*
HCT (%) 52.07 + 1.43 39.86 + 1.46 51.21 +1.12%* 4504 + 0.88*
MCH (pg) 14.64 £ 0.41 10.02 + 0.4% 13.85 £ 0.46*** 12.38 £ 0.72*
PLT (X 10°L) 824.1+38.0 1164.00+60.9"* 914.8+4957*  959.3 +46.61
WBC (X 10%mL) 7.74£0.31 11.64 £0.24 8.84 + 0.35%*+° 9.80 + 0.38**
Neutrophils (%) 32.90+1.19 4330+ 0.88 35.60 + 0.97** 38.80 + 0.94*
Lymphocyte (%) 62.40+1.12 4420+08%  57.50+0.74*% 5270 + 0.80%**
Monocytes (%) 1.40+0.26 5.80 + 0.2% 3.00 + 0.25%+* 3.80 +0.20***
Eosinophile (%) 3.30+0.30 6.70 + 0.6% 3.90 + 0.48* 4.70 £ 0.53*
BALF Total cells (X 10°/mL) 4.20 +0.58 27.20 + 0.88 6.60 £ 0.81**% 12 60 + 0.74%*
BALF Neutrophils (X 10%mL) 0.80 £0.37 5.00 + 0.3% 1.60 + 0.24%+*% 3.20 £ 0.37*
BALF Lymphocyte (X 10°/mL) 0.80 +0.37 6.00 + 0.4% 1.40 £ 0.24%+* 2.40 % 0.50%**
BALF Eosinophile (X 1¢°/mL) 0.40 +0.24 9.20+0.37 1.20 + 0.37*** 2.20 +£0.37***
BALF Macrophages (X 10/mL)  2.20+0.73 7.00+0.70 2.40 + 0.67* 4.80 £ 0.86

Data was analyzed by One-Way ANOVA followed byyTsikeultiple comparison post hoc tedfp < 0.001 as compared with normal group,
*p < 0.05, **p < 0.01, ***p < 0.001 as compared witHDM control group, andp < 0.05,3% < 0.01,**% < 0.01 as compared with one another
group. HDM: House Dust Mite, Pred: Prednisolone GiRAttenuated 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 HDM-inedi@lteration in BALF differential cell count of cei

HDM control group showed significant increasqd < 0.001) in the BALF total and differential cell cduas
compared to the normal group. However, treatmemte®E (10 CFU) showed significant reductiop € 0.001) in
the HDM induced elevated BALF total and differehtizll count as compared to HDM control group. When
compared with HDM control group, BALF total andfdifential cell count was significantly decreaspd<(0.001)

by Prednisolone (10 mg/kg) treatment as compareHDM control group. Prednisolone (10 mg/kg) treatte
showed more significant inhibitiorp (< 0.001 ando < 0.01) in the HDM induced increased BALF total aaunt
and BALF Neutrophilgount as compared to AEC €10FU) treated group. (Table 2)
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3.6. Effect of attenuated E. coli treatment on HDM-ined@lteration in the level of SOD, GSH, MDA, NO, ®1P
and albumin in BLAF of mice

There was significant decreasgal € 0.001) in the BALF SOD and GSH levels of the HDMntol mice as
compared to the normal group. Whereas, the BALF MINMO, MPO and albumin levels were increased
significantly p < 0.001) in the HDM control group as compared torthemal group. However, decreased in BALF
SOD and GSH levels were significantly increased<(0.01 andp < 0.05) by treatment with AEC ($@CFU) as
compared to HDM control mice. When compared withNHPontrol mice, BALF MDA, MPO and albumin levels
were significantly decreasep € 0.01,p < 0.01 andp < 0.05) in AEC (16 CFU) treatment group. Prednisolone (10
mg/kg) treatment showed significant inhibitiom € 0.01) in the HDM induced decreased BALF SOD and GSH
levels as compared to HDM control group. Whereasl.BMDA, NO, MPO and albumin levels were increased
significantly ¢ < 0.001) in the Prednisolone (10 mg/kg) treatmentugras compared to HDM control group.
Administration of Prednisolone (10 mg/kg) showed-ensignificant reductionp(< 0.01 andp < 0.05) in BALF NO
and MPO levels as compared to AECYOFU) treatment group. (Table 3)

Table 3Effect of attenuatedE. coli treatment on HDM-induced alteration in the levels of SOD, GSH, MDA, NO, MPQand albumin in
BLAF and lung of mice

Parameters Normal HDM control Pred AEC
SOD level in BALF (U/mg of protein) 2.06 £0.19 0.85+0.14 1.96 + 0.15* 1.67 £ 0.15**
GSH level in BALF (pg/mg of protein) 1.23+0.12 0.40+0.1¥ 1.16 £0.11** 1.07 £0.13*
MDA level in BALF (nM/ mg of protein)  2.37 £0.20 5.65 +0.38 3.83 £ 0.15*** 4.06 + 0.28**

NO level in BALF (ng/mL) 16.02£2.04 63.74+48% 32.08x4.05% 5299 +4.47
MPO level in BALF (U/mL) 5.00+0.44 1452+0.4% 9.78 £ 0.54*** 1281 + 0.83*
Albumin level in BALF (g/dL) 0.34 £0.05 0.73+0.07 0.41 +0.04** 0.48 +0.05*
SOD level in Lung (U/mg of protein) 8.03+0.43 4.46 +0.38 7.45 £ 0.44%* 6.73 £ 0.27**

GSH level in Lung (ng/mg of protein) 5.33+0.387 1.79+0.18 4.54 + 0.50%* 3.69 £ 0.31*
MDA level in Lung (nM/ mg of protein) 4.21+0.3 7.8€+ 0.56% 5.16 £ 0.37* 5.54 + 0.49*%

NO level in Lung (ug/mL) 52.74+7.03 238.0+21.87 110.0+11.62** 169.4+10.17*
MPO level in Lung (U/mL) 12.11+1.20 37.18+1.4%7 1891 +2.25%* 23,08 +3.53*
Albumin level in Lung (g/dL) 0.47 £ 0.0! 2.32 £ 0.2(% 0.86 +0.11*** 1,64 + 0,15

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 witHDM control group andp < 0.05,%p < 0.01 as compared with one another group..

SOD: superoxide dismutase, GSH: glutathione, MDAlomdialdehyde, NO: nitric oxide and MPO: Myeloperdase, HDM: House Dust Mite,
Pred: Prednisolone, AEC: Attenuated E. coli (n = 5)

3.7.Effect of attenuated E. coli treatment on HDM-ined@lteration in the level of SOD, GSH, MDA, NO,®1P
and albumin in lung of mice

There was significant decreasgd<0.001) in lung SOD and GSH level in HDM control gpoas compared normal
mice whereas HDM control group showed significamtréased < 0.001) in the lung MDA, NO, MPO and
albumin levels as compared to normal group. AEC (IBU) treatment significantly increasgui< 0.01) SOD and
GSH levels, whereas there was significant decre§sed 0.01) lung MDA, NO, MPO and albumin levels as
compared to HDM control mice. Administration of Bnésolone (10 mg/kg) also showed significant insezhfp <
0.001) SOD and GSH levels and significant decrépse 0.001) in lung MDA, NO, MPO and albumin levels as
compared to HDM control mice. Prednisolone (10 rgytkeatment showed more significant decreaged Q.05)

in the HDM induced increased lung NO and albumirele as compared with AEC (1GFU) group. (Table 3)

3.8. Effect of attenuated E. coli treatment on HDM-inedi@lteration in level of lung TNE; IL-4, IL-5, IL-8, IL-10
and IL-13 levels in mice

There was significant increaseg € 0.001) in the lung TNFe, IL-4, IL-5, IL-8, IL-10 and IL-13 levels of HDM
control group as compared to normal group. Treatmith AEC (16 CFU) significantly inhibited§ < 0.05) HDM
induced increased lung TNE-1L-4, IL-5 and IL-8 level as compared to HDM cooit group. Prednisolone (10
mg/kg) treatment showed significant reductipn<(0.001,p < 0.001,p < 0.001,p < 0.05 andp < 0.01, resp.) in
lung TNF, IL-4, IL-8, IL-10 and IL-13 levels as comparedHi®M control mice. Administration of Prednisolone
(10 mg/kg) produced more significamt € 0.05,p < 0.001 and < 0.01) inhibition in HDM induced increased lung
TNF-0, IL-4 and IL-8 levels as compared to AEC {IIFU) treated mice. (Figure 3)
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3.9. Effect of attenuated E. coli treatment on HDM-ingdi@lteration in the levels of serum total IgE, HBlgecific
IgE, HDM-specific IgG1 and HDM-specific IgG2a ofami

There was significant increasegd € 0.001) in the serum total IgE, HDM-specific IgE aR®M-specific IgG1
levels whereas HDM-specific 1gG2a level was de@dasignificantly in HDM control group as comparedthe
normal group. Treatment with AEC (LGFU) significantly decreaseg & 0.01,p < 0.05 andp < 0.05) serum total
IgE, HDM-specific IgE and HDM-specific IgG1 levelss compared to HDM control group. Prednisolone (10
mg/kg) treatment also showed significant reducf{jpr: 0.001) in serum total IgE and HDM-specific IgE lvas
compared to HDM control mice. (Figure 4)
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Figure 4.Effect of attenuatedE. coli treatment on HDM-induced alteration in the levelsof serum total IgE (A), HDM-specific IgE (B),
HDM-specific IgG1 (C) and HDM-specific IgG2a (D) ofmice
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 HDM control group andp < 0.05,**% < 0.001 as compared with one another
group. HDM: House Dust Mite, Pred: Prednisolone,@GiRttenuated E. coli, (n = 5).

3.10.Effect of attenuated E. coli treatment on HDM-ined@alteration in the mRNA levels of TLR-4 of mice

HDM control group showed significant up-regulatign< 0.001) in the TLR-4 m-RNA expressi@s compared to
the normal group. AEC (£@CFU) and Prednisolone (10 mg/kg) treatment faitedroduce any down-regulation of
TLR-4 m-RNA expression as compared to HDM contraten(Figure 5)
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Figure 5.Effect of attenuatedE. coli treatment on HDM-induced alteration in the TLR-4 mRNA expression of mice
Data was analyzed by One-Way ANOVA followed byyTsikeultiple comparison post hoc tedtép < 0.001 as compared with normal group.
HDM: House Dust Mite, Pred: Prednisolone, AEC: Atiated E. coli, (n = 4).

3.11.Effect of attenuated E. coli treatment on HDM-ineldipathological alteration in mice lungs

Lungs tissue from normal group revealed normal rolggies with thin lined alveolar septa with wetlyanized
alveolar space (Figure 6A). Administration of HDMduced severe inflammatory changes in lungs (reawar
grade 4) and there were distorted lung morpholo@ieBow arrow, grade 4). There was a severe ahreioljury
with thickened intra-alveolar septa, collapsed alae spaces, huge inflammatory exudates and oedbtask
arrow, grade 3) (Figure 6B). Treatment of Predwoisel (10 mg/kg) markedly reduced lung injury however
showed moderate inflammatory cell infiltration (redow, grade 1), vascular congestion and oedetaak(larrow,
grade 1) (Figure 6C). Lung tissue from AEC Y{10OFU) treated mice showed presence of moderatéesipit
degeneration (yellow arrow, grade 2), inflammatoeyl infiltration (red arrow, grade 3), vasculamgestion and
oedema (black arrow, grade 2) (Figure 6D). (Table 4

Figure 6.Effect of attenuatedE. coli treatment on HDM-induced pathological alteration h mice lungs
Photomicrograph of sections of lungs of normal (APM control (B), Prednisolone (10 mg/kg) treat€?) Gnd Attenuated E. coli (1CFU)
treated (D) mice. Lung H&E staining at 40 X.
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Table 4Effect of attenuatedE. coli treatment on HDM-induced pathological alteration n mice lungs

Parameter Goblet cell hyperplasia  Inflammation  Eogiophils Infiltration of leukocytes Oedema Hemorrhage

Normal - - - - +
HDM Control +4+++ +4+++ ++++ ++++ +++ ++
Pred - + + + +
AEC ++ +++ ++ ++ ++ ++
HDM: House Dust Mite, Pred: Prednisolone, AEC: Atiated E. coli.
Note:

-: no abnormality detected, +: damage/active changp to < 25%, ++: damage/active changes up to #506-++: damage/active changes up
to < 75%, ++++: damage/active changes up to > 75%

DISCUSSION

Allergic asthma is an immune-inflammatory disordearacterized by AHR, mucus hypersecretion, meséplaf
goblet cell along with elevated Th2 cytokines ané llevels. HDM induced mouse model of asthma pexyid
insight into disease status for better understandfrsymptoms that clinically resemblance with hanagthma thus
increases confidence in the outcome of studiesuatiab novel anti-asthmatic treatments. Researttzere
administered corticosteroid therapy such as dexsesene and prednisolone for treatment of allergithiraa
induced by HDM extract where it modulates inflamangtcell infiltration to ameliorate HDM induced hsta [52].
In present investigation, we also evaluate thecefté administration of attenuatdgscherichia coli(AEC) (10°
CFU) on HDM induced asthma by evaluation its effentrelease of inflammatory cell, cytokine, IgEGI@nd
TLR-4.

Macrophages played a vital role in the inductionmimune responses via host defense mechanism touetec
allergens [53]. A phenotype of M1 macrophages mssg®tential for induction and release of pro-imitaatory
cytokines such as Tumor necrosis faatofTNFa) and interferory (IFNy) [54], whereas M2 macrophages played
important role in tissue repair and they releaseegponse with IL-4 or IL-13 activation [55, 56Jogtnophils also
release in response with inhaled allergens like HBIMich caused activation of inflammatory dendrit@dls (DCs)
resulted in release of innate pro-Th2 cytokinesclisas IL-25 and IL-33) thus resulted in Th2 immurb7].
Basophils serves as antigen-presenting cells whleys vital role in amplification FRI+ DCs in the lung against
inhaled HDM to initiate Th2 immunity [58]. Furtheare, activation of basophils has been reportedefzedd on
activation of the innate adaptor protein MyD88 tbagnaling via TLR4 and the IL-33 receptor [59]. present
investigation level of macrophages and eosinophdseased in BALF indicating induction of Th2 ineammunity
however, administration of AEC showed reductiothefse elevated BALF total cells count.

Clinically pulse fingertip pulse oxymeter probe Hasen utilized routinely to monitor respiratory ddions of
respiratory distress patients. The principle behinds to determine oxygen saturation (Sp@f the arterial
hemoglobin [60]. Pulse oxymeter provide an advamtafgdetermination of respiratory condition in affie infected
mice without sacrificing it. In the present studiyere was significant decreased in the level otgmr oxygen
saturation which was significantly restored by Att&atment.

Oxidative stress has been reported to play a stgnif role in mediating allergic inflammatory diseaincluding
asthma [19]. Reactive oxygen species (ROS) relefisadactivated neutrophil NADPH oxidase that cautigsue
injury in the form of inflammation, ischemia, andttama [30, 61, 62]. The mechanism behind the indoobf

injury includes elevated lipid peroxidation, enzyimdnactivation, glutathione depletion, an incread vascular
permeability, cellular recruitment, and DNA damd§8-66]. Furthermore, researcher has reported ehe¢ssive
production in nitric oxide (NO) leads to cytotoxamd contributes to pathological alteration inclydiexcessive
mucous production, inflammatory infiltration andvedy remodeling [67]. Non-invasive monitoring of N&vel in

asthma patient correlates with the degree of brocmhstriction as well as it serves as the markargdsinophilic
infiltration in airway epithelium [68]. There wassagnificant rise in the level of nitroso-oxidatigtress in HDM
control mice whereas administration of AEC produsigghificant inhibition in HDM induced an increaigenitroso-

oxidative stress.

TNF-a and IL-18 are two important pro-inflammatory mediators thate been released by various cell (including
mast cells, macrophages, neutrophils, eosinopdild, epithelial cells) in response to allergic inflaation. This
pro-inflammatory mediator played a vital role innmnoregulation to induced bronchial hyperrespomsgs in
asthmatic condition [69]. Moreover, it caused tléease of neutrophils, myofibroblasts as well asirephils
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activation and alteration vascular permeability-fA). Significantly elevated levels of TNiand IL-13 also have
been documented in the airways of asthmatics gatigid]. Elevated level of TNEk-in the lung of HDM mice
reflected the activation of pro-inflammatory respenwhereas administration of AEC inhibits this rbayvirtue of
its anti-inflammatory potential. The results of theesent investigation corroborate the findingsoof previous
investigation where administration of AEC inhiktite release of TNle-in OVA-induced asthmatic mice.

Th2 cytokine, such as IL-4 played a significanterah the recruitment of mast cell that causes #ease of
histamine and leukotrienes [76-78]. Whereas IL-% db-13 responsible for the release of eosinoplitsl

macrophages into serum and BALF from asthmaticseriainating its differentiation within the bone m@aw [79].

IL-10 is another cytokine that has produced aftemune activation of a number of cells includingélls; B cells,
monocytes, and macrophages. It has been reporéeddtease of IL-4 inversely depends on the leelFd-y

which is a negative regulator of Th2 differentiatidt is also an important mediator of IgE classteng [27].

However, in allergic condition release of IL-4 iglependent of IL-13. In present study, level ofhbdt4 and IL-5

were elevated in lung of asthmatics and theserfgslis in line with the findings of previous invgsttors [80, 81].
Alteration induced in lung histology after releasé IL-4 included goblet cell hyperplasia, inflamrost

accumulation in peribronchial region which was atsafirmed in our study and it is accordance wigtthplogical
findings made by previous investigator [15]. Adrsimition of AEC significantly reduced elevated lsvef IL-4 as
well as IL-5 and thus reduced the inflammatoryurfin lung tissue reflected by reduced lung abemainduced by
HDM.

In allergic asthma, IgE and IgG played a decisble m allergen response. IL-4 and IL-fpomote IgE production
by normal peripheral blood mononuclear cell (PBNI&3]. The production of antigen-specific IgG2a antibodias
antagonize the allergic inflammatory cascades tiegufrom antigen recognition by IgE. Administraii@f AEC
caused significant inhibition in HDM induced elesdtIgE and IgG production in turn may decrease imgnu
response.

Research carried out over past decades evidenatsinthvarious pathological conditions such as sepsid
inflammation, Toll-like receptors (TLR) play a sifioant role in host cell responses to microbiathegens and
their products [82, 83]. TLR-4 serves as a crus@lisor in activation of macrophages by lipopolykadde (LPS)
[18]. A variety of cytosolic adaptor molecules (M§® mal, Trif and Tram) stimulated by TLR that mates
protein kinases (IRAK1, IRAK4, and IKK) resulted signal amplification for proinflammatory transdign
factors, which induce inflammatory response. TLiRghaling also caused maturation of alveolar macaggehvia
activation of NF«kB [84]. In the present study, HDM-induced mice skdwip-regulated expression of TLR4 and
this results corroborates the findings of the presiresearcher [84]. However, administration of A&@ not
produce any significant down-regulation in TLR-4 N¥R expression. The similar findings were reported b
previous investigators were P fimbriatédcoli administration did not produce any alteration LR¥4 mice [85].
Thus, findings of present investigation demonsttdtet oral administration of attenuat&d coli inhibited HDM-
induced AHR via modulation of pro-inflammatory ckitoes (TNFe, IL-4, IL-5 and IL-8), IgE and IgG responses
to improved the Th1/Th2 imbalance and attenuated Injury.
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