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BRONCHIAL ASTHMA: AN UNMET DISEASE
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Keywords: ABSTRACT: Asthma is a chronic obstructive disease of airways affecting
bronchi, resulting in bronchoconstriction, tightening of chest and airway
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inflammation. Asthma remains a disease with clearly unsatisfactory therapeutics.

Phosphodiesterase, Adenosine

With the mounting evidence in support of asthma being an inflammatory illness,
anti-inflammatory agents have now become prerequisite for the long-term
management of asthma. Along with anti-inflammatory agents, there is a need to
search for other effective therapies to treat every aspect of the disease. The
present review gives an insight of various approaches available for the
management of asthma. A number of drugs are available with chemical diversity
as on date for the treatment of bronchospasmolytic conditions. The different sites
or receptor involved in this intervention is adrenoceptor, steroid receptor,
phosphodiesterase and many more. The agents such as [-agonist,
antihistaminics, anticholinergics and inhalation steroids, only treat symptoms
and do not cure the underlying inflammation. On the other hand, adenosine
receptor modulators, selective PDE4 inhibitors, leukotriene modifiers and
lipoxygenase inhibitors represents other therapeutic interventions with more
targeted control by acting on different parts of immune system and the
inflammatory processes. A combination of both of these approaches has been
found to improve asthma control with a reduced dose of steroids. With many
representative agents of each of these potential therapeutic targets, undergoing
clinical studies, successful development of novel therapeutic agents in this field,
is not remote. There is a need to understand completely about the phenotype of
asthmatic patients so that each patient will receive proper therapy.
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INTRODUCTION: Health as given by WHO
(1946) is “a state of complete physical, mental and
social well-being, not merely the absence of disease
or infirmity.” The ability to make logical and
effective interventions into people’s health is a new
ethical responsibility too as health care resources
are limited and distributed appropriately. The
literature reveals that the new clinical diagnoses are
often welcomed as opportunities for the growth of
pharmaceutical market. *
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Asthma and the complications due to it, have great
impact on the quality of life. 2 There are no specific
strategies and realistic options available to
completely cure asthma so the main emphasis is to
control the manifestations of the disease. * *

According to recent GINA (Global Initiative for
Asthma) strategy, asthma control is based on
assessing the symptom control and the risk factors
associated with its poor outcome. ® Global Asthma
Report 2014 reported about 334 million people
suffered from asthma and this figure was projected
to escalate to 400 million by the year 2025. Asthma
is reported as the 14™ most important disease in the
world according to statistics and it affects about
14%, 8.6% and 4.5% of world children, young
adults and world population, respectively.
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Among the total asthma cases globally, about 5%
to 10% account for severe uncontrolled asthma.”™®
The cost of direct and indirect asthma in controlled
and uncontrolled asthma patients between the age
group 15-64, was estimated to be €19
billion/annum.**

Asthma: Asthma is described as a chronic
obstructive inflammatory disease consisting of a
cellular component which results in the
inflammation of airways and hyper-responsiveness
in response to some direct or indirect stimuli. *2
The symptoms include recurrent episodes of
wheezing, breathlessness, chest tightening and
coughing, particularly at night or in the early
morning.

The airflow limitation due to smooth muscle
contractions, edema and hypersecretion, is
responsible for airway tissue reactions. ** The
various drug management groups such as the
National Institutes of Health (USA), the Global
Initiative for Asthma (GINA) and the Japanese
Society of Allergology (JSA) have published
several asthma prevention and management
guidelines. ***8

Epidemiology: Asthma is a common medical
condition that affects 300 million people worldwide
and 25 million people in United States with that
number expected to rise. *° It is considered as one
of the costlier chronic condition, with an estimated
15 million daily-adjusted life years (DALYS) lost
annually and results in one of every 250 deaths
worldwide. The survey on disease is defined as
current episodes of wheezing or a physician’s
diagnosis shows that asthma usually affects 5-16%
of the people worldwide. * The rate of disease
varies in different countries depending upon the
diagnostic standards. %

The documented increase in asthma in last 25 years
is due to the changes in our lifestyle and
environment as genetic changes take place in years.
22 As asthma rates are increasing almost 50% every
decade, it is found to be the third leading cause of
death by 2020 according to World Health
Organization (WHO). The rates of asthma are
higher among developed countries, 2° most of the
people acquire them before 10 years of age while
others acquire by the age of 30 (Table 1).24%
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TABLE 1: PREVALENCE OF ASTHMA IN
DIFFERENT COUNTRIES
Country Prevalence/1000
Scotland 184
U.K. 153
New Zealand 151
Australia 147
Canada 141
U.S.A. 130
Brazil 114
Pakistan 108
Turkey 74
France 68
Japan 67
Thailand 65
Germany 63
Iran 55
Nigeria 54
Malaysia 48
Italy 45
India 24
Russia 22
China 21
Macau 07

Types of Asthma: Asthma may be triggered by a
number of factors such as mold, dust, pets,
cockroach, certain chemical odors, smoke, grass,
weeds etc. Depending on the age and the factors
involved, asthma can be classified as:

1. Childhood Asthma

2. Adult onset Asthma

3. Exercise induced Asthma
4. Cough induced Asthma
5. Occupational Asthma

6. Nocturnal Asthma

7. Steroid resistant Asthma

In certain cases, the first symptoms of asthma are
usually seen during the preschool years and even
those who develop chronic symptoms at young age,
episodic  wheezing and  bronchial  hyper-
responsiveness were detected early in life. *° The
strongest predictor of continued and increasingly
severe symptoms is chronic airflow limitation and
includes three phases:

31-34

A Prenatal phase
33,35

A Preschool phase
A Phase lasting throughout the lifetime 3

The postnatally acquired airflow obstruction is
usually seen in patients with recurrent
exacerbations. The lung function impairment is
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also associated with occupational asthma and
exposure to air pollution. * ** Some children show
only mild, transient and sporadic episodes of
airway obstruction that does not lead to chronic
asthma. Depending upon the severity of asthmatic
episodes, it can be further classified as in Table 2.

TABLE 2: CLASSIFICATION OF ASTHMA

Classification of Asthma

Mild Intermittent Attacks not more than twice a week
and night time attacks not more than
twice a month. Attacks last for few
hours and severity of attack varies.
Attacks more than twice a week and
night time symptoms more than twice a
month. Sometimes attacks are severe
enough to interrupt regular activities.
Daily attacks, Night time symptoms
more than once in a week. Severe
attacks at least twice a week lasting for
days. Attacks require daily use of
rescue medication and changes in daily
activities.

Frequent severe attacks, continual
daytime symptoms and frequent night
time symptoms. Symptoms require
limits on daily activity.

Mild Persistent

Moderate Persistent

Severe Persistent

Signs and Symptoms: The susceptibility to asthma
seems to be associated with microbial colonization
of airways. The infants who have been detected
with increased amounts of pathogenic bacteria in
upper airways, found to develop symptoms of
asthma in preschool years. *° The various signs and
symptoms associated with asthmatic attacks are:

Coughing, especially at night, during exercise and
laughing

Wheezing (whistling or squeaky sound in chest
while breathing, especially when exhaling)
Shortness of breath

Tightness in chest

Pain and pressure in chest

The symptoms of asthma may be triggered by
exposure to certain allergens such as weeds, pollen,
pets, dust, mites etc. or due to the presence of some
irritants in air such as smoke, chemical irritants or
certain odors or due to some extreme weather
conditions or the presence of sulfites in certain food
stuffs. Certain conditions like respiratory illness,
exercise and flu makes a person more susceptible to
asthmatic attack. A strong display of certain
emotions such as shouting, crying, laughing may
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sometime also contributes towards asthmatic
attack. The researchers have found that breathing
pattern associated with strong emotions can lead to
the constriction of bronchial tubes, provoking or
worsening of an attack. Asthma, like other chronic
conditions lead to emotional stress. The inability to
work and school absences affects the livelihood,
educational and emotional well-being, resulting in
depression.

All the asthmatic patients do not show above
mentioned symptoms and similarly, the presence of
above symptoms does not indicates that a person is
suffering from asthma. The diagnosis of asthma is
done by the medical history of person, physical
examination, lung function test and positive
methacholine challenge test.

Pathophysiology of Asthma:

Cells and Cytokines: Bronchial Asthma (BA) is a
typical allergic disease and the mechanism
involved is being searched widely. The previous
studies concluded that asthma is T-helper-type-2
(Th2)-cell dependent IgE mediated allergic disease
as most of asthmatics are sensitive to aeroallergens.
* The characterization of pathological basis of
asthma includes mucus cell hyperplasia and
infiltration of inflammatory cells that includes
CD4+ T cells, eosinophils and mast cells. The
classical model of asthma is a complex web of cells
and the cell signaling molecules interact with each
other to elicit an inflammatory response. The
Allergen/Antigen  presentation by  antigen
presenting cells (APC) to T-helper-type-0 cells
(ThO) leads to the differentiation of Th2 cells. The
antigen stimulation results in the production of
thymic stromal lymphopoietin (TSLP) in the
epithelial cells of airways.

TSLP acts upon its receptors (TSLPR) which are
expressed by dendritic cells (DCs) and promotes
the transcription of OX-40L, a member of TNF
(Tumor Necrosis Factor) family of cytokines. OX-
40L by the help of activated DCs induces
expression of Th2 cytokines resulting in
differentiation of inflammatory Th2 cells. * The
inflammatory Th2 cells then produce various types
of cytokines as IL-4, IL-5 and IL-13. These
cytokines activate B-cells resulting in the synthesis
and release of immunoglobulin IgE.
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The inhaled allergens bind to the receptors present
on the surface of mast cells where IgE also binds to
release various inflammatory mediators such as
histamine, prostaglandin and leukotrienes by
degranulation. These chemical inflammatory
mediators acts as cell signaling molecules to induce
bronchoconstriction of smooth muscles, airway
obstruction and  further  propagates the
inflammatory response (Fig. 1). Th2 lymphocytes
also produce another class of cytokines, IL-9 which
also stimulates the proliferation of mast cells in

E-ISSN: 0975-8232; P-ISSN: 2320-5148

airways ** and IL-5 which is associated with the
survival of eosinophils. Eosinophils also
participate in the inflammatory process by releasing
the inflammatory chemical mediators like
Leukotrienes and Reactive Oxygen Species (ROS)
resulting in bronchoconstriction, mucous secretion
and structural damage to airways. “>*® The patients
with Th2 cytokines and eosinophil predominant-
asthma responds well to Inhaled Corticosteroids
(ICS).The ones with high eosinophil-predominance
are responsive to treatment with anti-1L-5 antibody.
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FIG. 1: PROCESS OF ALLERGIC ASTHMA

Along with Th2 cytokines and eosinophils, asthma
is also related to neutrophil-predominant Th17
associated disease as Th17 and it is associated IL-
17 cytokines also play significant role in airway
inflammation. The presentation of antigen
presenting cells (APC) by IL-23 results in the
differentiation of Th17 cytokines. The expression
of IL-17 by Th17 cells augments in vitro
glucocorticoid beta (GR-B) expression by epithelial
cells of airways. GR-B acts by the competitive
inhibition of GR-o mediated anti-inflammatory
gene transcription at glucocorticoid response
element (GRE).*

IL-17 helps in the recruitment of neutrophils by
releasing IL-8 from epithelial cells of airways and
is also an activator of endothelial cells to promote
transmigration of neutrophils at the site of
inflammation.™®  Airway neutrophils produces
various lipid mediators like elastase, leukotriene-
B4 and matrix metalloproteinase-9 (MMP-9) and
platelet activating factors (PAF), all of which
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further propagates the process of inflammation and
also recruits eosinophils. ** Airway epithelial cells
also release IL-5 and a stem cell factor (SCF), a
cytokine supporting the survival of mast cell within
airways, and a macrophage chemo-attractant
protein-1 (MCP-1). MCP-1 also recruits alveolar
macrophages thus enhancing the inflammatory
process. On binding of allergen to IgE receptors,
these macrophages release certain cytokines such
as IL-1B, TNF-o and IL-6 and elastase (degrade
elastin in airway extracellular matrix) and
metalloproteinase. °> > These cytokines further act
on epithelial cells and releases Granulocyte-
macrophage colony-stimulating factor (GM-CSF),
IL-8 and regulated on activation, normal T cells
expressed and secreted (RANTES). GM-CSF and
RANTES recruits eosinophils and promote their
survival in airways.>* >

One more type of immune regulatory myeloid
derived cells also play a role as regulators of
allergic inflammation. During inflammation, the
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oxidative stress regulates expansion, activation,
recruitment and function of these myeloid cells.
The differential regulation by NO (nitric oxide)
produces immature myeloid cells which gives their
contribution in the balance of immune suppression
and exacerbation of the hyper-responsiveness of
airways (Fig. 2).°
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FIG. 2: PATHOGENESIS OF ASTHMA

Airway Remodeling: Inflammation results into a
number of structural changes in airways including
the thickening of basement  membrane,
subepithelial fibrosis, metaplasia of goblet cells,
neovascularization and increased smooth muscle
mass of airways. All asthmatic patients experience
serious effects on the structure and function of
airways, regardless of the duration of disease.
Airway remodeling is usually associated with an
irreversible decrease in forced expiratory volume
(FEV1), increase in the hyper-responsiveness of
airways, increase in the thickness of basement
membrane of airways and loss of bronchodilator
reversibility. >

Furthermore, all these structural changes in the
airways of asthmatics help in the development and
progression of disease. It is unclear whether the
inflammation precedes or coexists with airway
remodeling but remodeling can occur early in the
disease even in the absence of inflammation. There
is a direct relationship between mechanical stress
and airway remodeling in asthma.*

Methods for the treatment of asthma: The
previous studies about the pathophysiology of
asthma suggests various available targets whose
activation or blockade will be beneficial to treat
asthma. The various available approaches are:
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Prevention of antigen-antibody reaction:

Antigen avoidance, hyposensitization

Neutralization of
Omalizumab

IgE (reaginic antibody):

Prevention of the release of mediators: Mast cell
stabilizers

Suppression of inflammation and bronchial
hyper-reactivity: Corticosteroids

Antagonism of released mediators: Leukotriene
antagonist, Antihistamines, PAF antagonists.

Blockade of
Anticholinergics

constrictor  neurotransmitter:

Mimicking dilator neurotransmitter:

Sympathomimetics
Directly acting bronchodilators: Methylxanthines

Adenosine  modulators: Based on above
approaches, antiasthmatics can be classified
pharmacologically into various classes, broadly as
bronchodilators and corticosteroids which can be
classified further. The chemical structures of
various antiasthmatic drugs available in market are
given in Fig. 3

Bronchodilators:

1. Bo-sympathomimetics (Salbutamol, Terbutaline,
Bambutarol, Salmeterol, Formoterol, Ephedrine)

2. Methylxanthines (Theophylline, Aminophylline,
Choline theophyllinate, Hydroxyethyl theophylline,
Doxophylline)
3.Anticholinergics
Tiotropium bromide)

(Ipratropium bromide,

Leukotriene
Zafirlukast)

Antagonist (Montelukast,

Mast cell
Ketotifen)

stabilizers (Sodium Cromoglycate,

Corticosteroids:

1. Systemic Corticosteroids
Prednisolone)

2. Inhalational Corticosteroids (Beclomethasone,
Budesonide, Fluticasone propionate, Flunisolide,
Ciclesonide)

(Hydrocortisone,
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FIG. 3: VARIOUS ANTIASTHMATIC DRUGS

RESULTS AND DISCUSSION: There is no
strategy to prevent primary asthma and to prevent
the limitation of airflow in asthmatics. The
avoidance of allergens even during pregnancy and
early infancy has no effect on outcomes of asthma.
The two important aspects to treat asthma are:
Environmental Control and Pharmacological
Therapy. The under developed countries face
troubles in terms of under diagnosis, availability
and affordability to therapy which in turn is
associated with increased rate of mortality and
morbidity associated with asthma and requires
extensive care.

The main causative agent is environmental
exposure but still the treatment in terms of allergen
avoidance is controversial. The pharmacological
therapy includes the use of inhaled corticosteroids
with or without long acting beta agonists,
leukotriene receptor antagonists, anti IgE antibody,
antibodies against chemokines and cytokines,
phosphodiesterase inhibitors, antihistamines and
thermoplasty.
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a-adrenoceptor  blockers decreases histamine
induced bronchoconstriction but they also have
antihistaminic activity or direct smooth muscle
relaxing activity so the exact observation is hard to
interpret. The p-adrenoceptor stimulation of
bronchial muscles releases bronchial spasm and
inhibits the liberation of inflammatory mediators.
Xanthines act by inhibiting the enzyme
phosphodiesterase (PDE) resulting in
bronchodilation by relaxing the smooth muscles.
Thus, there is a need for the introduction of novel
therapies which are targeted specifically against
components of inflammatory pathway. The three
major approaches for the development of newer
anti-asthmatic drugs are: improvement of existing
class of effective drugs (ICs and LABAS but have
systemic side effects), development of novel
compounds and serendipity development. The anti-
allergy drugs also acts as another approach to
inhibit allergen induced diseases.

CONCLUSION: Currently, a number of
approaches are available for asthma but still from
past 30 years only few drugs are able to make their
way till market. Thus, there is a need to understand
completely the exact phenotype of asthmatic
patients so that each patient will receive proper
therapy and also maximize the pathway for the
development of newer drugs. A number of sites or
receptors are involved in the progression of disease
so the complete understanding of each receptor and
the mechanism involved will give a clear view
about the therapy to be followed whether alone or
in combination with one or more class of drugs.
Thus, there is a need to broaden the area of
research and to focus on other potential therapeutic
agents for the treatment of asthma which not only
gives symptomatic relief but also cure the disease.
The increased knowledge and complete
understanding of the disease will hopefully lead to
still more effective remedies for asthma. The
present demand is to spread the knowledge of
existing therapeutic possibilities.
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