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MEDICATION INDICATION
SHORT-ACTING B, ADRENERGIC AGONISTS

Albuterol rroa
Levalbuterol x

PROVENTIL, VENTOLIN

NEX

PE

Asthma, COPD
Asthma, COPD

LONG-ACTING B, ADRENERGIC AGONISTS

Arformoterol srovana
Formoterol rOrRADIL,
Indacaterol Aru«
Salmeterol seReEvENT

PERFOROMIST

APTA

COPD
Asthma, COPD
COPD
Asthma, COPD

INHALED CORTICOSTEROIDS

Beclomethasone BcCONASE A
Budesonide vl MICORT,
Ciclesonide i vs
Fluticasone riL ONASE, FLOVENT
Mometasone Asias
Triamcinolone ra

LONG-ACTING B, ADRENERGIC AGONIST/CORTICOSTEROID C

Formoterol/budesonide svne
Formoterol/mometasone DULER
Salmeterol/fluticasone ADVAIR

Q,

RHINOC

QVAR
ORT

SCO, OMNARIS, ZETONNA

rhinitis, Asthma, COPD
rhinitis, Asthma, COPD
rhinitis

Allergic
Allergic
Allergic
Allergic rhinitis, Asthma, COPD
Allergic rhinitis, Asthma

Allergic rhinitis
Asthma, COPD
Asthma, COPD
Asthma, COPD

Vilanterol/fluticasone BREO ELLIPTA
SHORT-ACTING ANTICHOLINERGIC
Ipratropium ATROVENT
LONG-ACTING ANTICHOLINERGIC

COPD

Allergic rhinitis, COPD

Aclidinium bromide 11
Tiotropium SPIRIVA

JIDORZA PRESSAIR

COPD
COPD

LEUKOTRIENE MODIFIERS

Montelukast siNGULAIR
Zafirlukast ACCOLATE
Zileuton zyriL.O CR

Asthma, Allergic rhinitis
Asthma
Asthma

ANTIHISTAMINES (H,-RECEPTOR BLOCKERS)

Azelastine ASTELIN, ASTEPRO
Cetirizine ZYRTEC
Desloratadine CiLARINE>
Fexofenadine AlLLEGR
Loratadine ciLARITIN
O-ADRENERGIC AGONISTS
Oxymetazoline A;
Phenylephrine rHeosy
Pseudoephedrine sun

A

RIN, DRISTAN

NEPHRINE, SUDAFED PE

AFED

Benzonatate 15541
Codeine (with guaifenesin) vArRiOus
Dextromethorphan vaArRiOus
Dextromethorphan (with guaifenesin) vaARIOUS
Guaifenesin vARIOUS

ON PERLES

rhinitis
rhinitis
rhinitis
rhinitis
rhinitis

Allergic
Allergic
Allergic
Allergic

rhinitis
rhinitis
rhinitis

Allergic
Allergic
Allergic

AGENTS FOR COUGH

Cough suppressant

Cough suppressant/expectorant
Cough suppressant

Cough suppressant/expectorant
Expectorant

OTHER AGENTS

Cromolyn NASALCROM
Omalizumab xoL AR
Roflumilast oaAlLIRESP
Theophylline eL1xOPHYLL

IN. T

Asthma, Allergic rhinitis
Asthma

COPD

Asthma

Figure 29.1
Summary of drugs affecting the respiratory system.



|. INTRODUCTION TO PULMONARY DISORDERS

In asthma, chronic bronchitis, and rhinitis, the effective diameter of
the airways is decreased. The goal of therapy is to decrease airway
resistance by increasing the diameter of the bronchi and decreasing
mucus secretion or stagnation in the airways.
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A. Asthma

1. Asthma is characterized by acute episodes of bronchoconstriction
caused by underlying airway inflammation. A hallmark of asthma is
bronchial hyperreactivity to numerous kinds of endogenous or
exogenous stimuli.

2. Antigenic stimuli trigger the release of mediators (leukotrienes,
histamine, PGD2, and many others) that cause a bronchospastic
response, with smooth muscle contraction, mucus secretion, and
recruitment of inflammatory cells such as eosinophils, neutrophils,
and macrophages (early-phase response).
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3. Late-phase response (which may occur in hours or days) is an
inflammatory response; the levels of histamine and other mediators
released from inflammatory cells rise again and may induce
bronchospasm. Eventually, fibrin and collagen deposition and tissue

destruction occur. Smooth muscle hypertrophy occurs in chronic
asthma.

4. Nonantigenic stimuli (cool air, exercise, and nonoxidizing
pollutants) can trigger nonspecific bronchoconstriction after early-
phase sensitization..
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MAST CELL
SENSITIZATION

Farst exposure to antigen causes
the production of specific igtE
antibodies, which attach to the
suwrface of tissue Mmast celis and
bleod basophils. [Note: This
attachmentis imhibited by
omelrumab.)

r

MAST CELL
DEGRANULATION

Subseguent exposure to antigan
results in binding to surface-bound
I molecules. The sensitized mast
colls are stimulated to release
granules containing histamine,
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Immunological triggers

» Allergens
= Specific Igk

Direct triggers

* Opioids

» Vancomycin

= Contrast media

Mediators:
Preformed granule mediators: )
(5 min) Mewly generated mediators:
* Histamine Arachidonic acid Cytokines
* Heparin {530 min) (hours)
* Tryptase « Leukotriene-Dy  * TNF-

Prostaglandin-D,  » IL-4

FIGURE 16-1 Mast cells release prestored inflammatory mediators such as histamine, which act rapidly. Other mediators such as leukotrienes are newly
generated after their precursors are released and act more slowly. Some mediators are also produced by basophils. TNFw, Tumor necrosis factor-alpha; IL-4,
Intereukin-4.



the Dronchnial wall, and increasead secreuon Oof mucus (rigure =39.2).
The underlying inflammation of the airways contributes to airway
hyperresponsiveness, airflow limitation, respiratory symptoms, and
disease chronicity. Asthma attacks may be triggered by exposure to
allergens, exercise, stress, and respiratory infections. Unlike COPD,
cystic fibrosis, and bronchiectasis, asthma is usually not a progres-
sive disease (that is, it does not inevitably lead to incapacitated air-
ways). However, if untreated, asthma may cause airway remodeling,
resulting in increased severity and incidence of asthma exacerbations
and/or death.

Goals of therapy

The goals of asthma therapy are to decrease the intensity and fre-
quency of asthma symptoms and the degree to which the patient is
limited by these symptoms. All patients need to have a “quick-relief”
medication to treat acute asthma symptoms. Drug therapy for long-
term control of asthma is designed to reverse and prevent airway
inflammation. First-line treatment agents based on disease classifica-
tion are presented in Figure 29.3.

p-Adrenergic agonists

Inhaled g,-adrenergic agonists directly relax airway smooth muscle.
They are used for the quick relief of asthma symptoms, as well as
adjunctive therapy for long-term control of the disease.

1. Quick relief: Short-acting 3, agonists (SABAs) have a rapid onset
of action (5 to 30 minutes) and provide relief for 4 to 6 hours. They
are used for symptomatic treatment of bronchospasm, providing
quick relief of acute bronchoconstriction. All patients with asthma
should be prescribed a SABA inhaler. 3, agonists have no anti-
inflammatory effects, and they should never be used as the sole
therapeutic agents for patients with persistent asthma. However,
monotherapy with SABAs may be appropriate for patients with
intermittent asthma or exercise-induced bronchospasm. Direct-
acting [3,-selective agonists include albuterol [al-BYOO-ter-all]
and levalbuterol [leh-val-BYOO-ter-all]. These agents provide sig-
nificant bronchodilation with little of the undesired effect of « or 3,
stimulation (see Chapter 6). Adverse effects, such as tachycardia,
hyperglycemia, hypokalemia, and hypomagnesemia, are mini-
mized with inhaled delivery versus systemic administration. These
agents can cause [j,-mediated skeletal muscle tremors.

2. Long-term control: Saimetero!/ [sal-MEE-ter-all] and formoterol
[for-MOE-ter-all] are long-acting {3, agonists (LABAs) and chemical
analogs of albuterol. Salmeterol and formoterol have a long dura-
tion of action, providing bronchodilation for at least 12 hours. Neither
salmeterol nor formoterof should be used for quick relief of an acute
asthma attack. Use of LABA monotherapy is contraindicated, and
LABAs should be used only in combination with an asthma control-
ler medication. Inhaled corticosteroids (ICS) remain the long-term
controllers of choice in asthma, and LABAs are considered to be
useful adjunctive therapy for attaining asthma control. Some LABAs

Muscles of bronchi are
relaxed, allowing easy
airflow.

Normal bronchial
tube

'\‘ T
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~
Muscles of bronchi are
tight and thickened. The ‘

bronchi are inflamed and
filled with mucus, which
impedes airflow.

Figure 29.2

Comparison of bronchi of normal and
asthmatic individuals.



B. Chronic obstructive pulmonary disease (COPD)
1. Chronic bronchitis

a. Chronic bronchitis is characterized by pulmonary obstruction caused by
excessive production of mucus due to hyperplasia and hyperfunctioning of mucus-
secreting goblet cells; this causes a chronic ( >2 months) cough.

b. Chronic bronchitis is often induced by smoking or an environmental irritant.
2. Emphysema

a. Emphysema is a type of COPD characterized by irreversible loss of alveoli due to
destruction of cell walls. This decreases the surface area available for gas exchange.
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___C. Rhinitis .
1. Rhinitis is a decrease in nasal airways due to thickening of the
mucosa and increased mucus secretion.

2. Rhinitis may be caused by allergy, viruses, vasomotor abnormalities,
or rhinitis medicamentosa.
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Il. AGENTS USED TO TREAT ASTHMA AND OTHER BRONCHIAL
DISORDERS (TABLE 9.1)

Treatment of persistent asthma is a two-pronged approach: controller
therapy typically using inhaled corticosteroids and long-acting B2-
agonists, and relief therapy with short-acting f2-agonists for acute
exacerbations
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Short-acting B2 agonists (SABAs

BRONCHO- RESULTS OF PEAK LONG-TERM CONTROL | QUICK RELIEF OF
CLASSIFICATION | CONSTRICTIVE| FLOWOR SYMPTOMS
EPISODES SPIROMETRY
Intermittent Less than 2 days Near normal* No daily medication Short-acting p, agonist
per week
Mild persistent More than 2 Near normal* Low-dose ICS Short-acting i, agonist
days per week,
not daily

Low-dose ICS + LABA

Moderate persistent | Daily 60% to 80% of OR Short-acting fi, agonist
normal Medium-dose IC5
Medium-dose |CS + LABA . .
Severe persistent Continual Less than 60% of R 1 Aose Short-acting B, agonist
normal High-dose [CS + LABA

" .

ICS = inhaled corticosteroid. LABA = long-acting B, agonist.

Figure 29.3

Guidelines for the freatmant of asthma. In all asthmatic patients, quick relief is provided by a SABA as needed for
symptoms. *Eighty percent or more of predicted function.



PATIENT RECOMMENDED ALTERNATIVE

GROUP FIRST CHOICE CHOICE
A Short-acting anticholinergic when necessary Long-acting anticholinergic
ik g; ort-acting [}, agonist when necessary Elr:rng-acting fi; agonist
Less symptoms E;mrt-acting B, agonist and short-acting anticholinergic
B Long-acting anticholinergic Long-acting antichelinergic and long-acting i, agonist
I'f::; i::mpt oms E:mg—a cting B, agonist
c Inhaled corticosteroid + long-acting i, agonist Long-acting anticholinergic and long-acting fi; agonist
High risk E:mg—a-:ting anticholinergic Ef.:mg-a cting antichelinergic and PDE-4 inhibitor
Less symptoms Long-acting B, agonist and PDE-4 inhibitor
ICS + long-acting B; agonist ICS + long-acting fi; agonist and long-acting anticholinergic
Hih ri?k ?_:3;: st it EE:S + long-acting B; agonist and PDE-4 inhibitor
More symptoms Long-acting anticholinergic and long-acting fi; agonist
E:lng-a cting anticholinergic and PDE-4 inhibitor

COPD = chronic obstructive pulmonary disease, ICS = inhaled corticosteroid, PDE-4 = phosphodiesterase-4
Note: Risk denotes nisk of COPD exacerbations.

Figure 29.5
Guidelines for the pharmacologic therapy of stable COPD.



A. Adrenergic agonists : 1. General characteristics .

a. Adrenergic agonists stimulate B2-adrenoceptors, causing an
increase in cyclic adenosine monophosphate (cAMP) levels, which
leads to relaxation of bronchial smooth muscle. These agents also
inhibit the release of mediators and stimulate mucociliary clearance.

b. Adrenergic agonists are useful for the treatment of the acute
bronchoconstriction (exacerbations) of asthma.

c. Depending on biologic half-life of the drug, these agents are used
both for quick relief and for controller therapy. ..
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B, agonist
R, ¢—C—NH
HO—__~ OH R

[—[1beriotoxin

Cyclic AMP
l *Ca®"-activated K* channel activation

é: ¥ PLC-IP;-Ca?" pathway activity
# PKA | — |4Na*/Ca®* exchange
§ *Na*,Ca®*-ATPase

vMLCK

Methylxanthines | ————

PDE

5 AMP

Figure 36-5. Molecular actions of B, agonists to induce relaxation of airway smooth muscle cells. Activation of B, receptors (8,AR)
results in activation of adenylyl cyclase (AC) via a stimulatory G protein (G,). leading to an increase in intracellular cyclic AMP and
activation of PKA. PKA phosphorylates a variety of target substrates, resulting in opening of Ca**-activated K* channels (K_.,), thereby
facilitating hyperpolarization, decreased phosphoinositide (PI) hydrolysis. increased Na*/Ca* exchange, increased Na*,Ca®*- ATPase
activity, and decreased myosin light chain kinase (MLCK) activity. 3, Receptors may also couple to K, via G_. PDE, cyclic nucleotide
phosphodiesterase.



2. Short-acting B2-adrenoceptor agonists (SABAs)
a. Albuterol, levalterol
(1) These agents have enhanced B2--receptor selectivity.

(2) These agents are generally administered by inhalation and their
onset of action is 5—30 minutes .

(3) Long-term use of these agents for the treatment of chronic

asthma is associated with diminished control, perhaps due to B-
receptor down-regulation.
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b. Nonselective agents

(1) Isoproterenol is a relatively nonselective B-receptor agonist and a
potent bronchodilator. Isoproterenol is most effective in asthmatic
patients when administered as an inhalant. During an acute attack,
dosing every 1-2 hours is typically required; oral preparations are
administered 4 times daily (qid) (quater in die).

(2) Epinephrine is available over-the-counter (OTC) and acts as a B1-,
B2-, and al-adrenoceptor agonist. Epinephrine can be administered
as an inhalant or subcutaneously (in emergency circumstances);
onset of action occurs within 5-10 minutes and duration is 60—90
minutes.
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3. Long-acting B2-adrenoceptor agonists (LABAs)
a. Salmeterol (Serevent) and formoterol (Foradil)

(1) These agents are administered as inhalants but have a slower onset of
action and a longer duration of action than the short-acting preparations.
Both have very lipophilic side chains that slow diffusion out of the airway.

(2) These agents are very effective for prophylaxis of asthma but should not
be used to treat an acute attack.

(3) Salmeterol can cause arrhythmias.
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4. Adverse effects of adrenergic agonists : These adverse effects are
minimized by inhalant delivery of the adrenergic agonists directly to
the airways. (1) Epinephrine and isoproterenol have significant p1-
receptor activity and can cause cardiac effects, including tachycardia
and arrhythmias, and the exacerbation of angina; (2) The most
common adverse effect of B2-adrenoreceptor agonists is skeletal
muscle tremor;(3) The adverse effects of a-adrenoceptor agonists
include vasoconstriction and hypertension;(4) Tachyphylaxis, a
blunting in the response to adrenergic agonists on repeated use, can
be countered by switching to a different agonist or by adding a
methylxanthine or corticosteroid to the regimen.
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B. Methylxanthines . Theophylline
Mechanism of action (Fig. 9.1)

a. Theophylline is adenosine-receptor antagonist (adenosine causes
bronchoconstriction and promotes the release of histamine from mast
cells). In addition, these drugs may decrease the intracellular Ca .

Theophylline analogs that lack adenosine-antagonist activity maintain
bronchodilator activity.

b. Theophylline inhibits phosphodiesterases, mostly PDE3 and PDE4
(leading to increased cAMP), but this effect requires rather high doses.
Inhibition of PDE4 seems to be the most important for airway effects.
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Theophylline is a bronchodilator that relieves airflow obstruction in
chronic asthma and decreases its symptoms. It may also possess anti-
inflammatory activity, although the mechanism of action is unclear.
Previously, the mainstay of asthma therapy, theophylline has been
largely replaced with B2 agonists and corticosteroids due to its
narrow therapeutic window, adverse effect profile, and potential for
drug interactions. Overdose may cause seizures or potentially fatal
arrhythmias. Theophylline is metabolized in the liver and is a CYP1A2
and 3A4 substrate. It is subject to numerous drug interactions. Serum
concentration monitoring should be performed when theophylline is
used chronically.
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Therefore, prednisone dose taper is unnecessary prior to dis-
continuation. Due to the increased incidence of adverse effects
with oral therapy, chronic maintenance with systemic adminis-
tration of corticosteroids should be reserved for patients who
are not controlled on an ICS.

3. Adverse effects: Oral or parenteral glucocorticoids have a vari-
ety of potentially serious side effects (see Chapter 27), whereas
ICS, particularly if used with a spacer, have few systemic effects.
ICS deposition on the oral and laryngeal mucosa can cause
adverse effects, such as oropharyngeal candidiasis (due to
local immune suppression) and hoarseness. Patients should be
instructed to rinse the mouth in a “swish-and-spit” method with
water following use of the inhaler to decrease the chance of these
adverse events.

Ill. ALTERNATIVE DRUGS USED TO TREAT ASTHMA

These drugs are useful for treatment of asthma in patients who are poorly
controlled by conventional therapy or experience adverse effects second-
ary to corticosteroid treatment. These drugs should be used in conjunc-
tion with ICS therapy for most patients, not as monotherapy.

A. Leukotriene modifiers

Leukotrienes (LT) B, and the cysteinyl leukotrienes, LTC,_, LTD_,
and LTE,, are products of the 5-lipoxygenase pathway of ara-
chidonic acid metabolism and part of the inflammatory cascade.
5-Lipoxygenase is found in cells of myeloid origin, such as mast
cells, basophils, eosinophils, and neutrophils. LTB, is a potent che-
moattractant for neutrophils and eosinophils, whereas the cyste-
inyl leukotrienes constrict bronchiolar smooth muscle, increase
endothelial permeability, and promote mucus secretion. Zileuton
[zye-LOO-ton] is a selective and specific inhibitor of 5-lipoxygen-
ase, preventing the formation of both LTB, and the cysteinyl leu-
kotrienes. Because zafirlukast [za-FIR-loo-kast] and montelukast
[mon-te-LOO-kast] are selective antagonists of the cysteinyl leu-
kotriene-1 receptor, they block the effects of cysteinyl leukotrienes
(Figure 29.4). All three drugs are approved for the prevention of
asthma symptoms. They should not be used in situations where
immediate bronchodilation is required. Leukotriene receptor antag-
onists have also shown efficacy for the prevention of exercise-
induced bronchospasm.

1. Pharmacokinetics: All three drugs are orally active and highly
protein bound. Food impairs the absorption of zafirlukast. The
drugs are metabolized extensively by the liver. Zileuton and its
metabolites are excreted in urine, whereas zafirlukast, montelu-
kast, and their metabolites undergo biliary excretion.

2. Adverse effects: Elevations in serum hepatic enzymes have
occurred with all three agents, requiring periodic monitoring and
discontinuation when enzymes exceed three to five times the upper
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CYTOSOL
- ( Arachidonic acid |

) s-Lipoxygensse
Phospholipases
)

[ Leukotriene A‘H Leukotriene B‘]

(Leukotriene E, |

Montelukast
Zafirlukast

Eosinophil migration
Edema

(prevented by drugs)

Figure 29.4

Sites of action for various respiratory
medications. CysLT, = cysteinyl
leukotriene-1.
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FIGURE 9.1. &n overviews of the mechanism of action of antiasthma dnsgs.



Methylxanthines stimulate ciliary transport of mucus.

Methylxanthines improve respiratory performance by improving the contractility of
the diaphragm and by stimulating the medullary respiratory center.

Methylxanthines cause an increase in alertness and cortical arousal at low doses; at
high doses, this can proceed to severe nervousness and seizures due to medullary
stimulation.

These agents stimulate gastric acid and pepsinogen release.
Methylxanthines cause diuresis.
These agents are used to treat chronic bronchitis and emphysema.

These agents are used to treat apnea in preterm infants (based on stimulation of the
central respiratory center); usually, caffeine is the agent of choice for this therapy.
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C. Cholinergic antagonists

The anticholinergic agents block vagally mediated contraction of airway
smooth muscle and mucus secretion Inhaled ipratropium, a quaternary
derivative of atropine, is not recommended for the routine treatment of
acute bronchospasm in asthma, as its onset is much slower than inhaled
SABAs. However, it may be useful in patients who are unable to tolerate a
SABA or patients with concomitant COPD. Ipratropium also offers additional
benefit when used with a SABA for the treatment of acute asthma
exacerbations in the emergency department. Adverse effects such as
xerostomia and bitter taste are related to local anticholinergic effects.

Tiotropium (Spiriva) is a long-acting muscarinic antagonist approved for
maintenance in COPD.
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D. Corticosteroids

Inhaled corticosteroids (ICS) are the drugs of choice for long-term control in
patients with any degree of persistent asthma (Figure 29.3). Corticosteroids
inhibit the release of arachidonic acid through phospholipase A2 inhibition,
thereby producing direct anti-inflammatory properties in the airways
(Figure 29.4). A full discussion of the mechanism of action of corticosteroids
is found in Chapter 27. No other medications are as effective as ICS in the
long-term control of asthma in children and adults. To be effective in
controlling inflammation, glucocorticoids must be used regularly. Severe
persistent asthma may require the addition of a short course of oral
glucocorticoid treatment. Patients with a severe exacerbation of asthma
(status asthmaticus) may require intravenous methylprednisolone or oral
prednisone to reduce airway inflammation.
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1. Actions on lung: ICS do not directly affect the airway smooth

muscle. Instead, ICS therapy directly targets underlying airway
inflammation by decreasing the inflammatory cascade (eosinophils,
macrophages, and T lymphocytes), reversing mucosal edema,
decreasing the permeability of capillaries, and inhibiting the release
of leukotrienes. They increase responsiveness to sympathomimetics
and decrease mucus production. After several months of regular use,
ICS reduce the hyperresponsiveness of the airway smooth muscles to
a variety of bronchoconstrictor stimuli, such as allergens, irritants,
cold air, and exercise.
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INHALED CORTICOSTEROIDS

Beclomethasone BECONASE AQ, QVAR Allergic rhinitis, Asthma, COPD
Budesonide PULMICORT, RHINOCORT  Allergic rhinitis, Asthma, COPD
Fluticasone FLONASE, FLOVENT Allergic rhinitis, Asthma, COPD
Mometasone ASMIANEX, NASONEX  Allergic rhinitis, Asthma

The most common adverse effects of inhaled glucocorticoids are

hoarseness and oral candidiasis; the most serious adverse effects are
adrenal suppression and osteoporosis.

Inhaled glucocorticoids are partially absorbed.
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Large particles of aerosol are
deposited in the chamber
before the patient inhales.

Inhaled aerosol is enriched in
small particles that more readily

travel to the small airways.

Figure 29.7
Effect of a spacer on the delivery of
an inhaled asrosol.
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Figure 36-3. Schematic representation of the deposition of inhaled drugs (e.g., corticosteroids, B, agonists). Inhalation therapy
deposits drugs directly, but not exclusively, in the lungs. Distribution between lungs and oropharynx depends mostly on the particle
size and the efficiency of the delivery method. Most material will be swallowed and absorbed, entering systemic circulation after
undergoing the first-pass effect in the liver. Some drug will also be absorbed into the systemic circulation from the lungs. Use of a large-
volume spacer will reduce the amount of drug deposited on oropharynx, thereby reducing amount swallowed and absorbed from GI

tract, thus limiting systemic effects. MDI, metered-dose inhaler.



E. Leukotriene inhibitors
1. Zafirlukast (Accolate) and montelukast (Singulair)

a. Zafirlukast and montelukast are antagonists of the leukotriene
receptor LT1. This blocks the action of the cys-leukotrienes C4, D4,
and E4 (LTC4, LTDA4, LTEA4, respectively).

b. The drugs reduce bronchoconstriction and inflammatory cell
infiltration.

c. Most studies with this class of drugs have been done with mild
persistent asthma, and they appear to be moderately effective.
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Figure 36~11. Effects of cysteinyl-leukotrienes on the airways and their inhibition by anti-leukotrienes. AS, aspirin sensitive; 5-LO,
5'-lipoxygenase: LT, leukotriene; PAF, platelet-activating factor.



d. These drugs are recommended as an alternative to medium-dose
inhaled glucocorticoids in moderate and severe persistent asthma.

e. Adverse effects of zafirlukast include headache and elevation in
liver enzymes.

f. Zafirlukast and montelukast are administered orally, 1-2 times per
day.

g. Zafirlukast inhibits the metabolism of warfarin.
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2. Zileuton (Zyflo)
a. Zileuton inhibits 5-lipoxygenase, the rate-limiting enzyme in leukotriene biosynthesis.

b. Zileuton causes an immediate and sustained 15% improvement in forced expiratory
volume in patients with mild persistent asthma.

c. This agent relieves bronchoconstriction from exercise.
d. Zileuton is administered orally, usually 4 times per day.

e. Zileuton may cause liver toxicity; hepatic enzymes should be monitored; elderly
women appear to be at highest risk. Zileuton may cause flu-like symptomes: chills,
fatigue, and fever.

f. Zileuton inhibits microsomal P-450s and thereby decreases the metabolism of
terfenadine, warfarin, and theophylline.
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F. Anti-IgE antibody (Fig. 9.3) ; 1. Omalizumab binds to human IgE’s high-affinity Fc
receptor (Fce8RI), blocking the binding of IgE to mast cells, basophils, and other
cells associated with the allergic response. It also lowers free serum IgE
concentrations by as much as 90% and, since it does not block the allergen—
antibody reaction, leads to a reduction in allergen concentrations ; 2. These
activities reduce both the early-phase degranulation reaction of mast cells and the
late-phase release of mediators ; 3. Omalizumab is approved for the treatment of
asthma in patients over 12 years old who are refractory to inhaled glucocorticoids
and those asthmatic patients with allergies ; 4. The drug is administered by
subcutaneous injection every 2—4 weeks.
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G. Roflumilast (Daliresp)

1. Roflumilast is a phosphodiesterase Type 4 inhibitor but may have
additional mechanisms of action including anti-inflammatory activity. It is
approved for use in COPD but not asthma. The most common adverse
effects are nausea, weight loss, and mental health problems, including
suicidal thoughts and behavior.

H. Chromones

1. Cromolyn sodium and nedocromil sodium are mast cell stabilizers and
inhalers were used as adjuncts in the treatment of asthma. Nedocromil has
been removed from the US market; cromolyn is available as a nasal spray.
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FIGURE 9.3. The mechanism of action of anti-IgE antibodies.



l1l. DRUGS USED TO TREAT RHINITIS AND COUGH
A. Rhinitis.

Rhinitis is an inflammation of the mucous membranes of the nose
and is characterized by sneezing, itching nose/eyes, watery
rhinorrhea, nasal congestion, and sometimes, a nonproductive cough
. An attack may be precipitated by inhalation of an allergen (dust,
pollen, animal dander)..Antihistamines and/or intranasal
corticosteroids are preferred for allergic rhinitis .
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a. Antihistamines.

First generation antihistamines, such as diphenhydramine
(Benadryl,Compose)® and chlorpheniramine, brompheniramine, are usually
not preferred due to adverse effects, such as sedation, performance
impairment, and other anticholinergic effects.

Azelastine (Astelin, Astepro)®, cetirizine (Zyrtec)®, desloratadine
(Clarinex)®, loratadine (Claritin)®, fexofenadine (Allergra)® are second

generation (non sedating) antihistamines , which are preferred for
rhinitis now.

Combination of antihistamines with decongestants are effective
when congestion is a feature of rhinitis .
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b. -Adrenoceptor agonists : (1) a-Adrenoceptor agonists act as nasal
decongestants ; (2) These agents include epinephrine and oxymetazoline, which are
administered as nasal aerosols; pseudoephedrine, which is administered orally; and
phenylephrine, which may be administered orally or as a nasal aerosol ; (3)
Administration as an aerosol is characterized by rapid onset, few systemic effects,
and an increased tendency to produce rebound nasal congestion. Oral
administration results in longer duration of action, increased systemic effects, and
less potential for rebound congestion and dependence ; (4) These agents reduce
airway resistance by constricting dilated arterioles in the nasal mucosa.
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(5) a-Adrenoceptor agonists produce adverse effects that include
nervousness, tremor, insomnia, dizziness, and rhinitis
medicamentosa (chronic mucosal inflammation due to prolonged use
of topical vasoconstrictors, characterized by rebound congestion,
tachyphylaxis, dependence, and eventual mucosal necrosis).
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c. Inhaled corticosteroids

Topical corticosteroids are administered as nasal sprays to reduce
systemic absorption and adverse effects.

These agents require 1-2 weeks for full effect.
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INHALED CORTICOSTEROIDS

Beclomethasone BECONASE AQ, QVAR Allergic rhinitis, Asthma,COPD
Budesonide PULMICORT, RHINOCORT  Allergic rhinitis, Asthma, COPD
Ciclesonide ALVESCO, OMNARIS, ZETONNA Allergic rhinitis
Fluticasone FLONASE, FLOVENT Allergic rhinitis, Asthma, COPD
Mometasone ASMANEX, NASONEX Allergic rhinitis, Asthma
Triamcinolone NASACORT AQ Allergic rhinitis



d. Other drugs.

Ipratropium bromide (Atrovent), a poorly absorbed ACh
antagonist administered by nasal spray, is approved for
rhinorrhea associated with the common cold or with allergic
or nonallergic seasonal rhinitis.
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B. Cough : 1. Characteristics of cough. Cough is produced by the cough reflex, which is
integrated in the cough center in the medulla. The initial stimulus for cough probably
arises in the bronchial mucosa, where irritation results in bronchoconstriction. “Cough”
receptors, specialized stretch receptors in the trachea and bronchial tree, send vagal
afferents to the cough center and trigger the cough reflex.

2. Selected drugs :
a. Antitussive agents :
(1) Opioids: Codeine( with guifenesin )
decrease sensitivity of central cough center to peripheral stimuli and decrease mucosal

secretions.
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@® Receptors (Sensory Sites)

#® “Cough Center”

A Epiglottis (opening to the Windpipe)
VN Vagus Nerve

Trachea (Windpipe)

Upper Bronchi {Airways)



(2) Dextromethorphan (Various)® is the dextrorotatory—isomere of
methylated derivative of levorphanol.
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MEOCSCATION - INDICATION
SHORT-ACTING [, ADRENERGIC AGONISTS (SABAS)

. ' Aszbtema, COPO
Asthena, COFD

Arformoterol ASLA COFD
Formoserol - ' . Asthena, COFD
| Indacaterod v COSD
Oéodarercd . <TOFD
| Sabtmetercd ! Asthena, COPD
ANMHAL ED CORTI OS TEROADS
Seclomethasone 5.2 v Allergic rhinites, Asthwna, COFD
| Sudteronide - O . Allergic rhinits, Asthurma, COFD
Cichesonide ». . A ANergic rhinitis, Asthuns
| Fluticasone ' .~ Allergic rhunites. Asthwmns, COPD
AACTIETOTONIE » L 0r i w N ANergec rininites, AstPuna
Yriaowncimnolomne » X Allergic rhinites,. AstPuna
LONG-ACTING ' ;, ADRENERGIC AGONIST/CORTICOSTEROID COMBINATION
FormoterolDudesomnide . Asthona, COFPO
Formoterol/mometasone Asshena, COPD
| SelmetevroldMuticasome »orah Aszhena, COPD
| VilomterolMuticasone _ A COFD
SHORYT -ACTING ANTH MHMOUINERGIC
Aprotropiverr » - Allergic rhunites, Asthuria, COFD
SHORT-ACTING 52 AGONIST/SMORT-ACTING ANTIC HOLINE RGO COMBINA TION
| ARSwurerolApeatropiuem AT . A » COFD
LONG-ACTING ANTICOHOULINE RGAC (LAMA)
Achictivvicrmm - TA - COFD
| Giycopyrrofate 2 COPD
Tiotropiurm o Asthma, COFD
Umeckhdaniom . : . COPD
LABASLAMA COMBINATION
Formoterol/glycopyrrolate v s ’ COPD
| ndocaterol/giycopyrrolate - . COPD
Vilcoterol/umechdindcsn - cCOPR
OVodaterOl/Tiotropiurm J=r . COPD
LEUKOTRIEENE MOOWF IERS
| Momtefukaosr . Asthena, ABcrgic rhinitis
Zafriukast » Asthena
APt Oy Iy Aszhvrma
ANTIMISTAMINES (M, RECEPTOR ANTAGONISTS)
| Azelastine » L ALY A rgic rhinitis
| Cetiricine X AL T
| Desforotaciine . " AN
Fexofenodine : . AlerGic rhinitis
Lorarodine A - Allergic rhinstin
(- ADRENENRGHI AGOMNISTS
Oyrmetaroline » . s n ANlergic rhinites
; Phenyfepbeioe ~ . . , Allergic rhinitis
| Freuvdoephedrine . ARer g rhinites
Benronoctate AL Cowgh suppressant
| Codeine (with guaifeonesin) Cough P Eresiant/ expeciorant
! Oexntroomethorphan - Cowgh P Eeassant
Oexzrooeethovphan (with guaifernesing Cough suppressant/espectocant
Guovferncan Expeciorant
| Bencafiremab Aszhena
Crormolyn riass s Aszheria, Allcogec rhanitls
| MepoSirumaob LA Asshima
Ormalizemod » Aszhena
Reslirvmot - Aszhena
Ro@Pwum&aoss . » COFD

Theoptytfime N " A Aszhena, COPD
. -

Figure 39.1 Summary of drugs affecting the respiratory system. *Indicates intranasal
formulation. SABA = short-acting B> agonist; LABA = long-acting B, agonist; LAMA =

long-acting muscarinic antagonist.




