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a b s t r a c t

Pro-inflammatory cytokines regulate the magnitude of allergic reactions during asthma. Tumor necrosis
factor e alpha (TNF-a), interleukin-6 (IL-6) and interleukin-13 (IL-13) play a crucial role in aggravating
the inflammatory conditions during allergic asthma. In addition, oxidative stress contributes to the
pathogenesis of asthma by altering the physiological condition resulting in the development of status
asthmaticus. Anti-inflammatory corticosteroids are being widely used for treating allergic asthma. In the
present study 5-aminosalicylic acid (5-ASA), a salicylic acid derivative, was evaluated, in vivo for its
potential to suppress TNF-a, IL-6 and IL-13 using ovalbumin (OVA) induced allergic asthma in Balb/C
mice. Oral administration of 65, 130 and 195 mg/kg 5-ASA significantly reduced the OVA induced total
and differential leucocyte count, TNF-a, IL-6, IL-13, nitrite, nitrate, MDA, MPO and TPL levels in the lung
lavage samples. Collectively, these findings suggest that 5-ASA is a potent immunomodulator and sup-
presses key Th2 cytokines production and oxidative stress in OVA-induced asthma.

© 2014 Elsevier Ltd. All rights reserved.
1. Introduction

According to the ‘Global Burden of Asthma’ report, the numbers
of asthmatics in central and southern Asia have reached over
50 million. Worldwide, currently, about 300 million people are
reported to be suffering from asthma. More alarmingly, by 2025,
the number of patients suffering from asthma is expected to in-
crease by an additional 100 million cases [1]. In addition, asthma
has been declared as the most common chronic disease among
children [2]. In India alone, about 57,000 deaths were reported in
2004 making this disease as one of the major health concerns
requiring an immediate development of potent therapies [3,4].
8333018151; fax: þ91 (0)423

il.com, rohithraju25@gmail.
Asthma is often characterized by episodic bronchoconstriction
due to airway inflammation, remodeling and hyper-responsiveness
[5]. The pathophysiological features of asthma include infiltration
of eosinophils [6], neutrophils [7], lymphocytes and monocytes [8],
activation of which results in excessive release of cytokines and
chemokines in the lung parenchyma. In addition, mast cells play a
predominant role in inflammation and immediate allergic reactions
[9]. The cytokines further aggravate the inflammation inducing
structural and functional changes in resident airway cells. Inflam-
matory mediators like histamine, [10] cytokines [11], leukotrienes,
prostaglandins, thromboxanes [12], and free radicals like reactive
oxidative species (ROS) [13] and reactive nitrogen species (RNS)
[14] derived from infiltrated inflammatory cells and airway struc-
tural cells (e.g. epithelial cells, mucous cells) have been implicated
in the pathophysiological changes in allergic asthma. Inflammatory
cytokines such as TNF-a, IL-6 and IL-13 play critical role in the
development and progression of airway inflammation.

Tumor necrosis factor-alpha (TNF-a) acts by binding to its re-
ceptors (p55), on cell membrane and induce a cascade of intracel-
lular signaling events ultimately resulting in the activation of
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transcription factor nucleus-factor-kappa B (NFkB) [15]. The acti-
vated NFkB is then trans-located into the nucleus, initiating the
coding of mRNA responsible for the synthesis of several key me-
diators including pro-inflammatory cytokines (TNF-a, IL-1b, GM-
CSF), adhesion molecules (ICAM-1, VCAM-1), chemokines (MIP-
1a, RANTES, eotaxin) and inflammatory enzymes (iNOS,
cyclooxygenase-2) [16]. Interleukin-6 (IL-6) released by multitude
of triggered cells including macrophages and epithelial cells in-
flates the magnitude of allergic responses during asthma by regu-
lating the fate of effecter CD4T cells, inhibiting Th1 differentiation
thereby promoting Th2 differentiation leading to the production of
IL-4. IL-13 released from T-helper 2 lymphocytes induces Stat-6
dependent signaling and transcription of several genes.

Oxidative stress contributes significantly to asthma pathogen-
esis. Activated inflammatory cells like eosinophils and neutrophils
produce reactive oxygen species which when combined with nitric
oxide form a potent peroxy nitryl radical that eventually results in
nitrosylation of proteins and lipid peroxidation. S-nitrosylation
(nitrosylation) involves the covalent incorporation of a nitric oxide
moiety into thiol groups to form S-nitrosothiol (SNO). S-nitro-
sylation is a form of post translational protein modification with
similarities to phosphorylation. They also activate T cells by
increasing the production of Th2 cytokines [17,18].

Anti-inflammatory corticosteroids are used as mainstay anti-
asthma medications. However, development of drug resistance
followed by non-responsiveness of patients to corticosteroids such
as dexamethasone on long term use pose a serious threat to clinical
management of asthma [19]. In this regard, it is necessary to explore
possible chemical moieties for their potential in suppressing
aggravated immunological responses in asthmatic airways [20]. 5-
ASA (mesalazine or mesalamine) is a derivative of salicylic acid
and is being used in the treatment of inflammatory bowel disease
(IBD) for over 30 years, primarily due to its immunomodulatory
effect. 5-ASA inhibits IkB kinase a-mediated phosphorylation of IkB
alpha inmouse intestinal epithelial cells where it was hypothesized
to inhibit the production of TNF-a and other Th2 cytokines [44].
Apart from this, 5-ASA is also a potent peroxy radical scavenger [45].

In this present study we evaluated the potential of 5-ASA in
suppressing the production of TNF-a, Th2 cytokines and oxidative
stress.

2. Materials and methods

2.1. Chemicals and reagents

Ovalbumin, Sodium potassium tartrate, FolineCiocateu's re-
agent and WBC diluting fluid were obtained from Loba Chemie,
India. Giemsa stain was obtained from Rankem, India. Tumor ne-
crosis factor e a (Cat#: K0331186) and interleukin e 6 (Cat#:
K0331230) kits were obtained from Koma Biotech, South Korea.
Interleukin e 13 kit (Cat#: ELM-IL13-001) was obtained from Ray
Bio, USA. FAD was obtained from Hi-media, India. Greiss Reagent
and Hexa-decyl-trimethyl ammonium bromide were obtained
from Fluka, Germany. Thiobarbituric acid, trichloroacetic acid,
NADPH, tetraethoxypropane, May-Grunwald stain, O-dianisdine
and eosin were obtained from Sigma Aldrich, Germany. Hematox-
ylin was obtained from SDFCL, India. Dexamethasone was obtained
as a gift sample from Ranbaxy, India. 5-aminosalicylic acid was
procured from Enzo Life Sciences, USA.

2.2. Animals and grouping

Male Balb/C mice (20e28 g) were obtained from the central
animal house facility of JSS College of Pharmacy, Udhagamandalam
and maintained under standard environmental conditions
(22e28 �C, 60e70% relative humidity, and 12/12 light and dark
cycle). Animals had access to standard laboratory feed (M/S Hin-
dustan Lever Ltd., Bangalore, India) and water ad libitum. The
experimental protocol was approved by the Committee for the
Purpose of Control and Supervision on Experimental Animals
(CPCSEA) recognized Institutional Animal Ethics Committee (IAEC).
The mice were divided randomly into six groups (n ¼ 6). Group A
served as control administered with normal saline. Group B served
as OVA control administered with ovalbumin as an aerosol (2.5% w/
v) using nebulizer (Smart care™ Ultrasonic Nebulizer, WH 2000).
Group C served as positive control administered with ovalbumin
followed by dexamethasone (30 mg/kg) from days 14 to 21. Groups
D, E and F served as treatment groups administered with 5-ASA at
65,130, and 195mg/kg respectively by oral gavage one hour prior to
airway challenge.

2.3. Ovalbumin (OVA) induced allergic asthma

All animals except vehicle control (Group A) were injected
intraperitoneally (i.p.) with a mixture of OVA (50 mg) and alum
(1 mg) in 0.2 ml of normal saline, on days 0 and 7. On days 14 and
21, the mice were challenged with 2.5% w/v OVA aerosol through a
nebulizer (Smart care™ Ultrasonic Nebulizer, WH 2000) delivering
particles of 0.5e5 mm size at a pressure range of 30e36 psi for
20 min. The saline control mice were exposed to saline aerosol for
20 min on day 14 and 21 (Fig. 1).

2.3.1. Treatment
5 ASA suspended in 1% carboxy methyl cellulose (CMC) was

administered by oral gavage from days 15 to 20. The dose of 5-ASA
was selected by converting human dose to a dose of 130 mg/kg (a
median of minimal and maximal dose levels of 65 and 195 mg/kg
were derived). The drug was prepared by suspending 0.65 g,
1.30 g and 1.95 g of 5-ASA in 10 ml of 1% CMC suspension respec-
tively. The drug suspensions were prepared fresh daily prior to
dosing and were administered according to individual body-
weights. Dexamethasone was also prepared in a similar manner by
suspending 100 mg in 10 ml of 1% CMC.

2.3.2. Collection of bronchoalveolar lavage fluid (BAL fluid)
After 24 h of final challenge, the mice were euthanized by

administering thiopentone (80 mg/kg) intraperitoneally. A tracheal
cannula was inserted via mid cervical incision and lavaged twice
with 1 ml of ice-cold phosphate buffered saline (PBS, pH ¼ 7.4).
After collecting the BAL fluid, the lungs of the mice were extracted
and a part of it was stored at �20 �C for the estimation of malo-
nyldialdehyde, myeloperoxidase and total protein [20], while the
remaining portion was stored in 10% formalin for histology studies.

2.3.3. Estimation of total and differential leucocyte count, enzyme-
linked immunosorbent assay (ELISA) of IL-6, IL-13 and TNF-a,
nitrate and nitrite levels in BALF

Estimation of total and differential leucocyte count was per-
formed according toThompson et al., 1996 [22]. IL-6, IL-13 and TNF-
a were determined in the BAL fluid using respective ELISA kits
according to the manufacturer's instructions. The levels of nitrate
and nitrite were estimated according to the method reported by
Toward et al., 2000 [23].

2.3.4. Estimation of malonyldialdehyde (MDA), myeloperoxidase
(MPO) and total protein in lung samples

Malonyldialdehyde activity was determined using the method
specified by Aruoma et al., 1989 [24]. Measurement of myeloper-
oxidase activity in lungs was performed by the method specified by



Fig. 1. Schematic depiction of the phase wise procedure of ovalbumin (OVA) induced allergic asthma model in Balb/C mice.
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Bradley et al., 1982 [25]. The total protein level in the lungs was
determined by using the method of Lowry et al., 1951 [26].

2.3.5. Histology study of lungs
The isolated lung tissuewas immediately stored in 10% formalin.

The paraffin embedded tissues were cut into 6 mm sections using
tissue microtome (Leica, UK; Model No. RM2135). The sections
were stained with hematoxylin and eosin stain for histological
observations and with periodic acid Schiff stain (PAS) for
morphological study of bronchi and goblet cells. The stained tissues
were then mounted onto a microscope (Motic, Japan) and exam-
ined [27].

2.4. Statistical analysis

The statistical analysis was performed using One-Way Analysis
of Variance (ANOVA) followed by Dunnet's multiple comparison
tests. p value <0.05 was considered statistically significant. The
analysis was carried out using Graph pad Prism software V.5.01 in
Microsoft Windows 7 workstation.

3. Results

3.1. Effect of 5-ASA on total and differential leucocyte count in the
BALF

To determine the effect of 5-ASA on total and differential leu-
cocyte count in the BALF, mice were immunized with OVA and
challenged with two OVA aerosol sprays. Compared to vehicle
control, in OVA-treated mice a significant (p < 0.001) increase in
Table 1
Effect of 5-ASA on total and differential leucocyte counts in BALF of OVA sensitized Balb

Group no. Treatment Total cell count (103/ml) Perce

Eosin

1 Vehicle control 8.17 ± 1.42 0.73
2 OVA control 26.17 ± 2.64### 20.17
3 (Dexamethasone 30 mg/kg) 9.33 ± 1.33*** 6.50
4 5 ASA 65 mg/kg 17.83 ± 1.05** 13.50
5 5 ASA 130 mg/kg 11.33 ± 1.28*** 8.83
6 5 ASA 195 mg/kg 8.83 ± 1.19*** 5.67

Values expressed as mean ± SEM (n ¼ 6) Statistical significance: ###p < 0.001 vs. vehic
total cell count (from 8.17 to 26.17), eosinophils (from 0.73 to 20.17),
monocytes (1.77e10.17) and neutrophils (26.21e39.5) was
observed in the BAL fluid collected at 24th h after the last OVA
challenge, confirming the induction of inflammation in mice
(Table 1). Administration of 5-ASA through oral gavage reduced the
OVA-induced total cell count, eosinophils, monocytes and neutro-
phils level in a dose dependent manner. At a dose of 195 mg/kg 5-
ASA, the total leucocyte count and neutrophil number was found to
be similar to those of vehicle control treated mice. In addition, oral
administration of 195 mg/kg 5-ASA significantly (p < 0.05)
improved the number of lymphocytes from 30.17 ± 2.91 (in OVA
treated animals) to 63.17 ± 2.24 (which is very close to vehicle
control animals i.e., 71.29 ± 2.19). The efficacy of 195 mg/kg 5-ASA
was similar to 30 mg/kg dexamethasone, a known anti-
inflammatory agent and a potent drug for treating asthma.

3.2. Effect of 5-ASA on TNF-a, IL-6 and IL-13 in BAL fluid

TNF-a is a key cytokine which activates pro-inflammatory
transcription factors NFkB and AP-1 which then activate many in-
flammatory genes in asthmatic airway. Interleukin-6 (IL-6) is
another pro-inflammatory marker secreted by T-cells and macro-
phages in response to an antigenic challenge and Interleukin-13 (IL-
13) is a crucial cytokine which is responsible for the activation of B-
cells to produce IgE and is also necessary for the survival of mast
cells. We evaluated whether administration of 5-ASA reduces the
OVA induced production of TNF-a, IL-6 and IL-13 in BAL fluid. The
BAL fluid was collected from vehicle control treated mice, mice
challenged with OVA, and mice treated with 5-ASA. Analysis of the
levels of TNF- a, IL-6 and IL-13 in BAL fluid showed a significant
/C mice.

ntage of

ophils Monocytes Lymphocytes Neutrophils

± 0.19 1.77 ± 1.27 71.29 ± 2.19 26.21 ± 1.25
± 1.54### 10.17 ± 1.08### 30.17 ± 2.91### 39.50 ± 1.41###
± 1.12*** 3.50 ± 1.18** 61.83 ± 1.64*** 28.17 ± 1.38***
± 1.94** 9.17 ± 1.45 45.50 ± 2.86** 32.17 ± 1.70**
± 1.08*** 4.67 ± 1.56* 56.33 ± 2.26*** 29.83 ± 1.30***
± 1.20*** 3.17 ± 1.14** 63.17 ± 2.24*** 28.00 ± 1.59***

le control: *p < 0.05, **p < 0.01, ***p < 0.001 vs. OVA control.
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increase in OVA group compared to vehicle control administered
mice. Treating OVA administered mice with 5-ASA reduced the
TNF-a levels in BAL fluid in a dose dependent manner (Fig. 2a). At a
dose of 195 mg/kg 5-ASA, the TNF-a level was similar to that of
30 mg/kg dexamethasone treated mice. The data in case of IL-6
(Fig. 2b) showed a dose dependent reduction with increasing
concentration of 5-ASA. At 195 mg/kg dose, an approximate 4-fold
decrease in IL-6 compared to OVA control was observed. Similarly,
treating OVA administered mice with 5-ASA reduced the IL-13
levels in BAL fluid in a dose dependent manner (Fig. 2c). At a
dose of 195 mg/kg 5-ASA, the IL-13 level depicted a two-fold
decrease compared to OVA control. Moreover, at this dose, the
Fig. 2. Effect of 5-ASA on (a) TNF-a, (b) IL-6 and (c) IL-13 in BAL fluid of OVA sensitized
Balb/C mice respectively. Graph represents mean ± SEM (n ¼ 6). ###p < 0.001 vs.
vehicle control; *p < 0.05, **p < 0.01, ***p < 0.001 vs. OVA control.
level of IL-13 was significantly decreased compared to dexameth-
asone 30 mg/kg treated group.
3.3. Effect of 5-ASA on nitrates and nitrites in BAL fluid

The levels of nitrate and nitrite in BAL fluid determine the in-
tensity of nitrogen radicals. Nitric Oxide Synthase (NOS) is an in-
flammatory enzyme released in response to allergens which
amplifies the inflammation by synthesizing Nitric Oxide (NO). BAL
fluid was collected from vehicle control treated mice and mice
exposed to OVA and treated with 65mg/kg, 130 mg/kg and 195 mg/
kg 5-ASA. The data showed a dose dependent reduction in both
nitrate and nitrite levels with increasing concentration of 5-ASA. At
195 mg/kg dose, an approximate four-fold decrease in nitrate level
and a near two-fold decrease in nitrite level compared to OVA
control were observed (Fig. 3a and b). Moreover at this dose, the
nitrate and nitrite levels were similar to those of untreated control
mice as well as the mice exposed to positive control dexametha-
sone 30 mg/kg.
3.4. Effect of 5-ASA on levels of malonyldialdehyde (MDA),
myeloperoxidase (MPO) and total protein (TLP)

Malonyldialdehyde is a biomarker for oxidative stress estimated
to quantify the degree of lipid peroxidation in lungs. MPO is a
Fig. 3. Effect of 5-ASA on (a) nitrate and (b) nitrite level in BAL fluid of OVA sensitized
Balb/C mice. Graph represents mean ± SEM (n ¼ 6). ###p < 0.001 vs. vehicle control;
*p < 0.05, **p < 0.01, ***p < 0.001 vs. OVA control.
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biomarker which reveals the extent of cell injury while total protein
level in lungs sheds light on the degree of protein degradation. To
evaluate the effect of 5-ASA on lipid peroxidation, myeloperoxidase
and total protein, the lungs were collected from vehicle control
treated mice, mice challenged with OVA and those treated with
dexamethasone and 5-ASA at test doses. Analysis of the levels of
MDA, MPO and TLP in lung homogenate showed a significant in-
crease (p < 0.05) compared to vehicle control mice. Treating OVA
administeredmicewith 5-ASA reduced the levels of MDA, MPO and
TLP in lung homogenate in a dose dependent manner (Figs. 4aec
respectively). At a dose of 195 mg/kg 5-ASA, the MDA levels were
similar to dexamethasone 30 mg/kg treated group; a threefold
decrease was observed in case of MPO levels compared to OVA
treated group and a twofold decrease in comparison to dexa-
methasone treated group. Similarly, at a dose of 195 mg/kg 5-ASA,
the total protein content was significantly decreased by a near
twofold and this was similar to that exhibited by dexamethasone
treated group compared to OVA control.
3.5. Histology of bronchi

The histology of bronchi stained with hematoxylin and eosin
(H&E) revealed normal architecture of sub-epithelial cells and sub-
mucosal mucus glands with a mild degree of peribronchial
inflammation and active goblet cells in mice treated with vehicle
control. The mice treated with OVA showed a severe increase in
peribronchial inflammation and active metaplastic goblet cells
which were confirmed in periodic acid Schiff (PAS) stained sections
(Figs. 5a and b). Among all tested doses, maximum structural
restoration in bronchi was observed in 5-ASA at 130 mg/kg, which
showed occasional areas of focal inflammation with functional
goblet cells in bronchi compared with OVA control. Similar findings
were observed in mice treated with dexamethasone. Whereas, 5-
ASA at 195 mg/kg showed mild peribronchial inflammation with
diffused pneumonia, severe congestion and highly active goblet
cells with a degree of sub epithelial fibrosis.
Fig. 4. Effect of 5-ASA on levels of (a) malonyldialdehyde, (b) myeloperoxidase and (c)
total protein in lungs of OVA sensitized Balb/C mice. Graph represents mean ± SEM
(n ¼ 6). ###p < 0.001 vs. vehicle control; *p < 0.05, **p < 0.01, ***p < 0.001 vs. OVA
control.
4. Discussion

Allergic asthma, one of the most prevalent pulmonary diseases,
has affected humanswith diverse manifestations and is responsible
for significant morbidity and economic impact [28]. Some of the
epochal causes are increase in environmental pollution and pre-
disposition of individuals producing excessive IgE because of a
major change in the gene pool. A variety of drugs have been syn-
thesized and tested individually as well as in combination for the
treatment of asthma [20]. Even though initial success has been
reported with combination therapies, recent studies have reported
the development of resistance to long-term use of corticosteroids.
Therefore, studies of late are exploring the possibility of replacing
corticosteroids [20].

In this report, we present a preclinical evaluation of 5-ASA as a
potential candidate to suppress inflammatory responses in allergic
asthma. We carried out a detailed pharmacological assessment of 5
ASA against OVA induced allergic asthma in Balb/C mice. OVA
model is best known for its significance in depicting the mecha-
nism of allergic responses and immunological responsiveness
creating a platform for scientists to understand the etiology of
allergic asthma [30]. The cytokine secretion by activated T-lym-
phocytes, mast cells and injured airway epithelial cells confer to the
pathogenesis of airway hyper reactivity and other features of
asthma [31]. The regulatory role of CD4

þ T-lymphocytes in asthmatic
inflammation and the importance of Th2 cytokines have been
highlighted by numerous studies in mice. The adjuvant (alum) used
in sensitization phase is known to promote Th2 cells on coming in
contact with the allergen [32].

One of the characteristic features of allergic inflammation is
eosinophil infiltration, which is associated with the development of
airway hyper responsiveness (AHR) by releasing basic proteins and
oxygen derived free radicals [33,34]. Experimentally activated



Fig. 5. Histological examination of lung tissues was performed 48 h after the final OVA challenge. Lung tissues were fixed, sectioned at 4 mm thicknesses, and stained with (A)
hematoxylin and eosin (H&E) solution and (B) periodic acid Schiff solution (PAS), scale bars equal 50 mM. Vehicle control (VC), OVA control, DEXA 30 mg/kg, 5-ASA 65 mg/kg, 5-ASA
130 mg/kg and 5-ASA 195 mg/kg. Red, green, gray, violet and blue arrows denote active goblet cell, rupture of bronchi, epithelial regeneration, metaplastic goblet cells and sub
epithelial fibrosis respectively. Treatment of DEXA or 5-ASAwas performed 1 h before the airway challenge. (Br) Bronchi. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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eosinophils have been shown to induce airway epithelial damage,
which is a characteristic of patients with asthma [35]. Neutrophils
are not a predominant cell type observed in the airways of patients
with mild-to-moderate chronic asthma. They appear to be a more
prominent cell type in airways and induced sputum of patients
with more severe asthma [12,36,37]. Lymphocytes play a crucial
role in coordinating inflammatory response in asthma. T-lympho-
cytes are coded to express a distinctive pattern of cytokines, which
are similar to that described in the murine Th2 type of T-lympho-
cytes, which characteristically express IL-4, IL-5, IL-9 and IL-13 [38].
While, in allergic diseases B-lymphocytes secrete IgE and the fac-
tors regulating IgE secretion are nowmuch better understood [39].
In this study, we found a significant increase in total and differential
leucocyte count in BAL fluid of mice treated with OVA. There was a
progressive decrease in total leucocytes count in mice treated with
5 ASA with a remarkable decrease at dose level of 195 mg/kg.
Similar findings were observed in cases of neutrophil, eosinophil
and monocyte count but vice versa in case of lymphocyte count
when compared to OVA control.

The levels of TNF-a reveal the extent of sensitization of in-
flammatory cells to further amplify immune responses [40]. TNF-a
acts as an amplifying mediator in asthma produced in increased
amounts in the airways of asthmatics. It activates the pro-
inflammatory transcription factors, nuclear factor-kappa B (NFkB)
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and activator protein-1 (AP-1) which then switch on many in-
flammatory genes [41]. The findings show that heightened levels of
TNF-a and IL-6 were significantly reduced by 5-ASA at test doses,
suggesting that 5-ASA could potentially be used in clinical practice.
The elevated levels of IL-13 were significantly reduced in mice
treated with 5-ASA at test doses. IL-13 mainly helps in determining
the isotype switching in B-cells that result in IgE formation [42].
Reports have suggested that IL-13 was found in elevated levels in
established disease rather than in the initial phase of the disease
[43]. The maximum inhibition was observed at 195 mg/kg dose
level for all three cytokines. This effect of the drug on cytokine
levels might be due to its inhibitory property of IkB degradation,
which leads to NFkB activation. NFkB is a transcription factor pre-
sent in the cytoplasm bound to IkB in inactive state. Various cyto-
kines and allergens cause ubiquitination of IkB leading to activation
of NFkB, which is then displaced into nucleus and helps in pro-
duction of mRNA. This mRNA then binds to ribosomes and various
cytokines and inflammatory enzymes are synthesized [44].

In case of nitrate and nitrite levels, there was a significant
decrease in the animals treated with 5-ASA at tested doses when
compared to OVA control. This suggests a hypothesis that 5-ASA
might possess inhibitory activity towards nitric oxide synthase
(NOS). Increase in levels of nitrate and nitrite leads to development
of oxidative stress contributing to the formation of peroxy nitrite
radical which causes nitrosylation of proteins [45]. The levels of
MDA and MPO were significantly reduced in mice treated with 5-
ASA at tested doses. However, maximum reduction was observed
in 195 mg/kg treated mice. Similar observations were recorded in
case of total protein content. 5-ASA was effective in inhibiting the
lipid peroxidation on the outer surface of membrane vesicles. It also
inhibits oxidation of lipidmembranes from both outside andwithin
the cell which may be an important mechanism of cellular pro-
tection from oxidative stress [45]. 5-ASA acts as a reactive oxygen
scavenger and also prevents xanthine oxidase e induced loss of
DNA [46]. It was also found to be a strong peroxy radical scavenger
in rabbit sarcoplasmic reticulum (SR) membrane [47]. 5-ASA was
oxidized by the products of oxidative burst of the white blood cells,
and protects CHO cells from damage caused by free radicals [48].

The above findings were further strengthened by histology
studies. The tissues were stained with two types of stains, H&E and
PAS. H&E staining was done for studying the morphological
changes in the tissues, whereas PAS staining was done to study the
detailed morphological changes of goblet cells. The airways of mice
treated with OVA demonstrated structural changes which included
goblet cell hyperplasia, goblet cell metaplasia, enlarged submucosal
mucus glands, increased matrix deposition in the airway wall,
increased airway smooth muscle mass, wall thickening and ab-
normalities in elastin. These changes were significantly reduced in
the mice treated with 5-ASA at all three tested doses. However,
there was a mild degree of sub-epithelial fibrosis observed in
195 mg/kg group which might be due to the acidic nature of the
drug.

5. Conclusion

The findings from the present study demonstrate the anti-
asthmatic effect of 5-ASA at a molecular level in ovalbumin
induced allergic asthma in murine model. The results clearly indi-
cate the regulatory effect of 5-ASA on inflammatory cells, cytokines
(TNF-a, IL-6 and IL-13), nitrate and nitrite levels in the BAL fluid of
mice. It also suggests the effect of 5-ASA on oxidative markers such
as MDA, MPO and TLP by reducing their levels in the lung tissue of
treated mice. Overall, the results suggest 5-ASA as a potent lead for
regulating airway inflammation and can be a promising component
of therapy for asthma patients.
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