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MEDICATION INDICATION

SHORT-ACTING B, ADRENERGIC AGONISTS (SABASs)
Albuterol

Levalburerol

LONG-ACTING B, ADRENERGIC AGONISTS (LABAS=)
Arformoterol

Formoterol

Indacaterol

Olodaterol

Salmeterod

INHALED CORTICOSTEROIDS

Beclomethasone
Budesonide
Ciclesonide
Fluticasone
Mometasone
Triamcinolfone

Asthma, COPD
Asthma, COPD

COrD
Asthma, COPD
COPrD
COrD
Asthma, COPD

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

LONG-ACTING 5, ADRENERGIC AGONIST/CORTICOSTEROID COMBINATION

Formoterol/budesonide
Formoterol/mometasone
Salmeterol/fTuticasone
Vilanterol/fluticasone
SHORT-ACTING ANTICHOLINERGIC
fpratropicumm
SHORT-ACTING
Albuterol/fipratrop it
LONG-ACTING ANTICHOLINERGIC (LAMA)
Aclidinium bromide

Glycopyrrolate

Tiotropium

Urmnmeclidiniumm

LABA/LAMA COMEBINATION
Formoterol/glycopyrrolfate
Indacaterol/glycopyrrolate
Vilanterol/umeclidinium
OJodaterol/tiotropium

LEUKOTRIENE MODIFIERS

AGONIST/SHORT-ACTING ANTICHOLINERGIC COMEBINAT

Asthma, COPD
Asthma, COPD
Asthma, COPD
COPD

Allergic rhinitis, COPD

COPD

COPrD
CcCOPrPD
Asthma, COPD
COrD

cCOPrD
COPrD
COPrD
COrD

Montelukast

Zafirlukast

Zileuton

ANTIHISTAMINES (H,-RECEPTOR ANTAGONISTS)

Asthma, Allergic rhinitis
Asthma
Asthma

Azelaostine
Cetirizine
Desioratadine
Fexofenadine
Loratadine

Cx-ADRENERGIC AGONISTS

Allergic rhinitis
Allergic rhinitis
Allergic rhinitis
Allergic rhinitis
Allergic rhinitis

Oxymetazoline
Phenylephrine
Pseudoephedrine

AGENTS FOR COUGH

Allergic rhinitis
Allergic rhinitis
Allergic rhinitis

Benzonatate

Codeine (with guaifenesin)
Dextromethorphan
Dextromethorphan (with guacifenesin)
Guaifenesin

OTHER AGENTS

Cough suppressant

Cough suppressant/expectorant
Cough suppressant

Cough suppressant/expectorant
Expectorant

Benralizamab
Cromolyn®
Mepolizumab
Omalizuamab
Reslizamab
Roflumilast
Theophylline

LABA = long-acting

Jonkst: LANA =

Inclicates intranasal fo

Figure 41.1

CTING rryusCarinic antagonist <

Asthma

Asthma, Allergic rhiniatis
Asthma

Asthma

Asthma

COPD

Asthma, COPD

orT-acting agomnist

Summary of drugs affecting the respiratory system. (For drug dosages, refer to Appendix at the end of the book.
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FEV,

Airway wall

. Cell infiltration

FIGURE 20-1 Conceptual model for the immunopathogenesis of asthma. Exposure to allergen causes synthesis of IgE, which binds to
mast cells in the airway mucosa. On reexposure to allergen, antigen-antibody interaction on mast cell surfaces triggers release of mediators of
anaphylaxis: histamine, tryptase, prostaglandin D, (PGD,), leukotriene C_, and platelet-activating factor (PAF). These agents provoke contraction
of airway smooth muscle, causing the immediate fall in FEV,. Reexposure to allergen also causes the synthesis and release of a variety of cyto-
kines: interleukins 4 and 5, granulocyte-macrophage colony-stimulating factor (GM-CSF), tumor necrosis factor (TNF), and tissue growth factor
(TGF) from T cells and mast cells. These cytokines in turn attract and activate eosinophils and neutrophils, whose products include eosinophil
cationic protein (ECP), major basic protein (MBP), proteases, and platelet-activating factor. These mediators cause the edema, mucus hyperse-
cretion, smooth muscle contraction, and increase in bronchial reactivity associated with the late asthmatic response, indicated by a second fall
in FEV, 3-6 hours after the exposure.



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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Flg 13.5 Major patterns of emphysema. (A) Diagram of normal structure of the acinus

e the fundamental u-wh»\umt of the lung. (B) Centriacinar emphysema e Fl&
Lﬁ),sf with dilation that initially affects the respiratory bronchioles. (C) Panacinar
emphysema <lyiall Jals C\Aa with initial distention of all the peripheral structures (i.e.,
the alveolus & and alveolar duct 4333l sUall); the disease later extends to affect the
respiratory bronchioles.



Table 13.1 Disorders Associated With Airflow Obstruction: The Spectrum of Chronic Obstructive Pulmonary Disease

Anatomic
Clinical Entity Site Major Pathologic Changes  Etiology Signs/Symptoms
Chronic bronchitis Bronchus Mucous gland hypertrophy and Tobacco smoke, air pollutants Cough, sputum production
hyperplasia, hypersacration
Bronchiectasis Bronchus Airway dilation and scarring Persistent or severe infections ~ Cough. purulent sputum, fever
Asthma Bronchus Smoaoth muscle hypertrophy and Immunologic or undefined Episodic wheezing, cough,
hyperplasia, excessive mucus, causes dyspnea
inflammation
Emphysema Acinus Air space enlargement, wall Tobacco smoke Dyspnea
destruction
Small airway disease,  Bronchiole Inflammatery scarring, partial Tobaceo smoke, air pollutants Cough, dyspnea
bronchiolitis* obliceration of bronchicles

*Can be present in all forms of obstructive lung disease or by itself.




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.

11. 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 f2-agonists (LABA), and relief therapy with short-
acting 2-agonists (SABA) for acute exacerbations
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A. Adrenergic agonists : 1. General characteristics .

a. Adrenergic agonists stimulate f2-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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Figure 36-5. Molecular actions of B, agonists to induce relaxation of airway smooth muscle cells. Activation of B, receptors (B,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 p2-adrenoceptor agonists (SABAS)
a. Albuterol, levalterol

(1) These agents have enhanced p2--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 -receptor down-regulation
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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be used to treat an acute attack.
(3) Salmeterol can cause arrhythmias.
4. Adverse effects of adrenergic agonists
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B. Methylxanthines . Theophylline u—‘ﬂ-‘ﬂj-‘-d ‘J M‘ HUSJ-A o=

Mechanism of action (Fig. 9.1) a. Theophylline is o«
adenosine-receptor antagonist (adenosine causes UAMJ“” "‘w 4"“"‘3‘1‘ du'“ M\
bronchoconstriction and promotes the release of histamine from . ( \ 9 Ss A )
mast cells). In addition, these drugs may decrease the * *
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antagonist activity maintain bronchodilator activity. b. RS L - < *
Theophylline inhibits phosphodiesterases, mostly PDE3 and - AT % =P TR \
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for airway effects
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Theophylline is a bronchodilator that relieves 2 2 sed) il sl & Hi Gluald a o (allid 520
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agent of choice for this therapy.



C. Cholinergic antagonists

Ipratropium and tiotropium are quaternary derivatives of atropine, and
glycopyrrolate and aclidinium are synthetic quaternary compounds. Ipratropium is
classified as a short-acting muscarinic antagonist (SAMA), while glycopyrrolate,
tiotropium, and aclidinium are classified as long-acting muscarinic antagonists
(LAMAS) based on the duration of action. These agents are approved as
bronchodilators for maintenance treatment of bronchospasm associated with chronic
obstructive pulmonary disease (COPD). Ipratropium and tiotropium are also used in
the acute management of bronchospasm in asthma and chronic management of
asthma, respectively (see Chapter 39). All of these agents are delivered via
inhalation. Because of the positive charge, these drugs do not enter the systemic
circulation or the CNS, restricting effects to the pulmonary system.
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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 (Flgure
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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COX-1 and COX-2

Other

» HPETEs =——> HETEs

inhibitors, aspirin, Pogoenasps
indomethacin \/ Lipoxygenase inhibitors

Prostaglandin G, (PGG3) 5-HPETE » S5-HETE
Prostaglandin H, (PGH,) Chemotaxis

Prostacyclin v

PGIl, Leukotnene A; (LTA;) —— Leukotriene B,
Causes
vasodilation,

Thromboxane A,
TXAz

-—

v
Leukotriene C; (LTCy)
Leukotriene D; (LTDy)

Leukotriene E; (LTE,)

Lipoxin A; (LXA,)
Lipoxin B4 (LXB.)

Inhibition of
- inflammation

Fig. 3.9 Production of AA metabolites and their roles in inflammation. Clinically useful antagonists of different enzymes and receptors are indicated in red.
While leukotriene receptor antagonists inhibit all actions of leukotrienes, they are used in the clinic to treat asthma, as shown. COX-/, COX-2, Cyclooxygenase
| and 2: HETE, hydroxyeicosatetraencic acid: HPETE, hydroperoxyeicosatetraencic acid.



FIGURE 16-2 Newly generated lipid mast cell mediators depicting the
sites of action of the LTMs. Zileuton® inhibits 5-lipoxygenase, thereby inhibiting
the synthesis of the leukotrienes, whereas zafirlukast and montelukast are
antagonists at the CysLT, receptor. The inhibitory actions of the [TMs are shown
in red.



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.
O zanl) e 5 pilie ABLEY) Sl gy S35 oSN i Y 2 AdY o Jladyy |y
Laaliily hadiinall () sed) ellunall Clgill 5 piilie Cangtins i ) sed) cllinall cLulall
Aaalaal) 4ad o)) At ¢(A0ED il slaalll ac )y by ll) gl JoL)
6433\ HUSMMM‘ KTQY L_m\_m)qjsjﬂ\ d)da\ A..L.u,qj u\JM\ MJ\A;M.\A}
Aald) e g dms AELEIY) il 5 piben oS5 oS (| JalRA]) L) il
A5l Cilgial) (e o puim alad ousdill) @lliaall elodal) Cidlimall dlain) Ja i daliiial
gl 5 3L e sell s cilaigal) 5 cla ELAN i eclutall
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Beclomethasone BECONASE AQ, QVAR Allergic rhinitis, Asthma, COPD
Budesonide PULMICORT, RHINOCORT Allergic rhinitis, Asthma, COPD
Fluticasone FLONASE, FLOVENT Allergic rhinitis, Asthma,
COPD Mometasone ASMANEX, 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.

______Inhalad alucncarticnide gre partial%@@g&@d;u) hoarseness 4341 A

&3 oral candidiasis sl

4 ) i) kel 5 izl eol )

| IV

BRI K e s pilall el il el

. 0steoporosis akall JAISS
ALY 45 R ) ) i

Figuwre <41 .2
Fharmacokinatics of imhalasd
glucooorticoids. Gl = gastrointaestinal.



E. Leukotriene inhibitors | eukotrienes <itiy s gSull) cillaiia o

1. Zafirlukast (Accolate) and — T
montelukast ((Singulaig) : Inhibitors
antagoniss of the leuKotriens receptor $ Zalirlukast (Accolate)® .|
LT1. This blocks the action of the cys- : ontelukast (Slngulal I")®

leukotrienes C4, D4, and E4 (LTC4, LT1 om0 S olll dlitieal liaalia oled gall 5lia |

LTD4, LTE4, respectively). = " &\ .
b. The drugs reduce “.2‘.2 ‘.J““.J“‘“—U\-‘.-.‘:’fjsjm COlsie peasy |8

bronchoconstriction and inflammatory A ) cys—Ileukotrienes C4, D4, and E4
cell infiltration. . ’ ’
ios with thi (sl e « LTE4 5 LTD4 s LTC4

c. Most studies with this class of drugs

have been done with mild persistent L) ~Las ) 3.49“ :”9“,.4.,“ le) all y)da )49_1_1
asthma, and they appear to be - e M\_@_‘m;ﬂ

moderately effective.
d. These drugs are recommended as an e 45 e Caiall 1 Jsa L_i\.u‘JJj\ abra G
alternative to medium-dose inhaled Alladl) Ll gie A3 gy g ¢ il o AR

glucocorticoids in moderate and
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f. Zafirlukast and montelukast are ¢laall zafirlukast 4 3_slzll b ) pacati o
administered orally, 1-2 times per day. S il 3 3L

. Zafirlukast inhibits the metabolism of Do, RIS
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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 symptoms: 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. Monoclonal antibodies

Omalizumab is a monoclonal antibody that selectively binds to human immunoglobulin
E (IgE). This leads to decreased binding of IgE to its receptor on the surface of mast cells
and basophils. Reduction in surface-bound IgE limits the release of mediators of the
allergic response. The monoclonal antibodies mepolizumab, benralizumab, and
reslizumab are interleukin-5 (IL-5) antagonists. IL-5 is the major cytokine involved in
recruitment, activation, and survival of eosinophils in eosinophilic asthma. These agents
are indicated for the treatment of severe persistent asthma in patients who are poorly
controlled with conventional therapy. Their use is limited by the high cost, route of
administration (1V for reslizumab and subcutaneous for others), and adverse effect
profile. Adverse effects include serious anaphylactic reactions (rare), arthralgias, fever,
rash, and increased risk of infections. New malignancies have been reported.
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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 is mast cell stabilizer . cromolyn is available as
a nasal spray.
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FIGURE 9.3. The mechanism of action of anti-lgE antibodies.



I11. 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 chlorphenlramlne 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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Beclomethason e 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

JiisY) (=24 ¢ jpratropium bromide (Atrovent)® Ji &) : 4Ly 4,503
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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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Benzonatate inhibits the activity of sensory receptors that elicit cough
Expectorants stimulate the production of watery, less-viscous mucus
Guaifenesin acts directly via the gastrointestinal tract to stimulate the vagal reflex.

(2) Dextromethorphan (Various)® Is the dextrorotatory—isomere of
methylated derivative of levorphanol.
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Large particles of aesrosol 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 41.9

Effect of a spacer on the delivery of
an inhaled aerosol.
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Sit in a comfortable, upright position . 7= < ~8 iy 8 (s

Remove the cap of the inhaler. 4adiidll (Uac & il

Shake the inhaler. 4adidl ~

Breathe out and then put the mouthpiece into your mouth and take a deep
inhalation, simultaneously pressing the inhaler, 33 5 flad (8 4, sadl] Aakail) in 5 ¢ 5¢]! Bth)
dsiid) e Jarall ae US) g lisae L

Hold your breath, then exhale slowly. sy 5 5 & eludy Jadta

Wipe the mouthpiece and replace the lid. stsall ac 5 4, sadl) dadaall o)

The inhaler should be stored in a cool dry place. 2, <ila 8. 8 dadiall Jads sy
The essential counselling points should be taken from the inhaler package insert bl Al g S
dadial) 3 e A8lal (jad g pall

If you are to take two puffs, wait half a minute before repeating the steps above. 331 slle \< 1)
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Mechanism of
tion

Clinical Applications

Pharmacokinetics, Toxicities

+ Salmeterol

~ Formoterol: Similar to salmeterol

Selective B, agonist

Selective B; agonist

Prompa, efficacious
bronchodilation

Siow onset, primarily
preventive action; potenti-
ates corticosteroid effects

Metaproterenol, terbutaline: Similar to alburerol; terbutaline availoble as an oral drug

Asthma, chronic obstructive

pulmonary disease (COPD)
- drug of choice in acute
asthmatic bronchospasm

Asthma prophylaxis

Aerosol inhalation - duration several
howurs - also available for nebulizer
and parenteral use - Toaxicity: Tremos,
tachycardia - overdose: arrhythmias
Aerosol inhalation - duration 12-24 h
= Toxicity: Tremor, tachycardia

= overdose: arrhythmias

- Epinepiwine

= Isoproterencl

Nonselective o« and
P agonist

B, and B, agonist

Bronchodilation plus all
other sympathomimetic
effects on cardiovascular and
other organ systems (see
Chapter 9)

Bronchodilation plus power-
ful cardiovascular effects

Anaphylaxis, asthma, octhers
(see Chapter 9) - rarely used
for asthma (B -selective
agents prefemred)

Asthma, but B -selective
agents prefemrred

Aerosol, nebulizer, or parenteral
- see Chapter 9

Aerosol, nebulizer, or parenteral
- see Chapter 9

CORTICOSTEROIDS, INHALED
* Fluticasone

Alters gene
expression

Reduces mediators of
inflammation = powerful
prophylaxis of exacerbations

* Beclomethasone. budesonide, funisolide, others: Similar to fluticasone

Asthma - adjunct in COPD
= hay fever (nasal)

Aerosol - duration howurs -~ Toxicity:
Limited by aerosol application

= candidal infection, vocal cord
changes

CORTICOSTEROIDS, SYSTEMIC
* Prednisone

Like fluticasone

= Methylprednisoione: Parenteral agent like prednisone

Like fluticasone

Asthma - adjunct in COPD

Oral - duration 12-24 hours
= Toxicity: Multiple - see Chapter 39

STABILIZERS OF MAST AND OTHER CELLS

= Cromolyn, nedocromil (no

Alter function of

Prevents acute bronchos-

Asthma (other routes used

Aevosol - duration 6-8 h - Toxidity:

longer available in the USA) delayed chloride pasm for ocular. nasal, and Cough - not absorbed so other
channels - inhibits gastrointestinal allergy) roxicities are minimal
inflammatory cell
activation
METHYLXANTHINES
= Theophyliline Uncertain Bronchodilation, cardiac Asthma, CCPD Oxal » duration 8-12 h but
- phosphodiesterase stimulation, increased extended-release preparations often
inhibition - adenos- skeletal muscle sawength used - Toxicity: Multiple {see text)
ine receptor {diaphragm)
antagonist
LEUKOTRIENE ANTAGONISTS
= Momtelukast, zafirlukast Block leukotriene D Block airway response to Prophylaxis of asthma, Oral - duration hours - Toxicity:
receplors exercise and antigen especially in children and in Minimal

challenge

= Zileuton: Inhibirs lipoxygenase, reduces synthesis of leukotrienes

aspirin-induced asthma

IGE ANTIBODY
+ Omalizumab

Humanized IgE anti-
body reduces circu-
lating IgE

Reduces frequency of
asthma exacerbations

Severe asthma inadequately
controlled by above agents

Parenteral - duration 2-4 d - Toxicity:
Injection site reactions {(anaphylaxis

extremely rare)




CYTOSOL

Arachidonic acid ]

o s-Lipoxygenase
Phospholipases
)

[Leukotriene A.H Leukotriene B, |

Montelukast
Zafiviukast

Eosinophil migration
Edema
(prevented by drugs)

Figure 41.6

Sites of action for various respiratory
medications. CyslLT, = cysteinyl
leukotriene-1.

BAs should be used only in combination with an asthma
controller medication, such as an inhaled corticosteroid (ICS).
ICS remains the long-term controllers of choice in asthma, and
LABAs are considered to be useful adjunctive therapy for attain-
ing control in moderate-to-severe asthma. Some LABAs are
available as a combination product with an ICS (Figure 41.1).
Although both LABAs are usually used on a scheduled basis to
control asthma, adults and adolescents with moderate persistent
asthma can use the ICS/formoterol/ combination for relief of
acute symptoms. Adverse effects of LABAs are similar to quick-
acting P, agonists. Bambuterol is a prodrug of terbutaline. Upon
administration, it is slowly released over a period of 24 hours by
pseudocholinesterase.

Corticosteroids

ICS are the drugs of choice for long-term control (preventer) in patients
with persistent asthhma (Figure 41._4). Corticosteroids (see Chapter 26)
inhibit the release of arachidonic acid through inhibition of phospholi-
pase A,, thereby producing direct anti-inflammatory properties in the
airways (Figure 41.6). To be effective in controlling inflammation, these
agents must be used regularly. Treatment of exacerbations or severe
persistent asthma may require the addition of a short course of oral or
intravenous corticosteroids.

1. Actions on lung: ICS therapy directly targets underlying airway
inflammation by decreasing the inflammatory cascade (eosin-
ophils, macrophages, and T lymphocytes), reversing mucosal
edema, decreasing the permeability of capillaries, and inhibiting
the release of leukotrienes. After several months of regular use,
ICS reduce the hyper-responsiveness of the airway smooth mus-
cle to a variety of bronchoconstrictor stimuli, such as allergens,
irritants, cold air, and exercise.

2. Routes of administration:

a. Inhalation: The development of ICS has markedly reduced
the need for systemic corticosteroid treatment to achieve
control of asthma symptoms. However, as with all inhaled
medications, appropriate inhalation technique is critical to the
success of therapy (see section on Inhaler Technique).

b. Oral/systemic: Patients with a severe exacerbation of
asthma (status asthmaticus) may require intravenous meth-
viprednisolone or oral prednisone to reduce airway inflam-
mation. In most cases, suppression of the hypothalamic—
pituitary—adrenal cortex axis does not occur during the oral
prednisone “burst” (short course) typically prescribed for an
asthma exacerbation, Thus, a dose taper is unnecessary
prior to discontinuation.

c. Adverse effects: Oral or parenteral corticosteroids have a
variety of potentially serious adverse effects (see Chapter
26), whereas ICS, particularly if used with a spacer, have few
systemic effects. ICS deposition on the oral and laryngeal
mucosa can cause oropharyngeal candidiasis (due to local
immune suppression) and hoarseness. Patients should be
instructed to rinse the mouth in a “swish-and-spit” method



HMG CoA REDUCTASE INHIBITORS DRUGS THAT LOWER PLASMA LIPIDS

(STATINS)

Simvastatin A' Ove v | ew

Atorvastatin
Fluvastatin

Lovastatin 1. Dietary or pharmacologic reduction of

Rosuvastatin

e elevated plasma cholesterol (C) levels can
reduce the risk of atherosclerosis and
e subsequent cardiovascular disease.

The association between cardiovascular
—Lll ok disease and elevated plasma triglycerides

Cholestyramine

Colestipol (TGs) is less dramatic, although elevated

Colesevelam

CHOLESTEROL ABSORPTION TGs can cause pancreatitis .
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3. Hyperlipoproteinemias
Cholesterol is a nonpolar poorly water-soluble substance

(1) Itis transported in the plasma in particles that have a hydrophobic core of cholesteryl
esters and TGs surrounded by a coat of phospholipids, free C (non-esterified), and one
Or more apoproteins .

(2) These lipoproteins (LPs) particles vary in the ratio of TGs to colesteryl ester as well as
In the type of apoprotein, they are identified as follows :

(a) Very-low density lipoprotein (VLDL) particles

(b) Low-density lipoprotein (LDL) particles

(c) Intermediate-density lipoprotein (IDL) particles

(d) High-density lipoprotein (HDL) particles

b. Diseases of plasma lipids can be manifest as an elevated in TGs or as elevates in C . In

several of the complex or combined hyperlipoproteinemias, both TGs and C can be
elevated .
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chylomicrons (produced primarily
from dietary lipids); the liver secretes

TG-rich VLDL particles.
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Figure 22.3

Metabolism of plasma lipoproteins and related genetic diseases. Roman numerals in the white circles refer to specific
genetic types of hyperlipidemias summarized on the facing page. apo Cll = apolipoprotein CIll found in chylomicrons
and VLDL; CM = chylomicron; IDL = intermediate-density lipoprotein; LDL = low-density lipoprotein; PCKS9 = pro-
protein convertase subtilisin kexin type 9: TG = triglyceride: VLDL = very—-low-density lipoprotein. (Figure continues

on next page)
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B. Drugs useful in treating hyperlipidemias
1. Inhibitors of C biosynthesis (statins)

a. Specific agents include lovastatin, fluvastatin, simvastatin, pravastatin, atorvastatin,
and rosurvastatin.

b. Mechanism of action (Fig. 4 .6)

(1) These drugs function as competitive inhibitors of 3-hydroxy-3-methylglutarylcoenzyme
A reductase (HMG-CoA reductase), the rate-limiting enzyme in C biosynthesis.

(2) Reduced C synthesis result in a compensatory increase in hepatic uptake of plasma C
mediated by an increase in number of LDL-receptors.

(3) Drugs that inhibit C biosynthesis are quite effective at lowering LDL-C and total C .
They can reduce total C by as much as 30%--50% and LDL-C by as much as 60% .
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Inhibition of 3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase by the statin drugs. LDL = low-density
lipoprotein; VLDL = very-low-density lipoprotein.
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c. Indications

(1) These agents can be used for the management of familial and nonfamilial
hypercholesterolemia, including hyperlipedemia and mixed dyslipidemia. They
can also be used for hyperetriglyceremia .

(2) They are used in the prevention of CV disease .

d. Adverse effects include myopathy/rhabdomyolysis (increased creatin phosphokinase
{CPK}) , and elevations in aminotransferases, with the potential for
hepatotoxicity .

e. Drug interactions

(1) Caution must be used with other drugs that increase the risk for skeletal muscle
toxicity, such as daptomycin . The incidence of myopathy also increases with
concomitant use of certain drugs like niacin and fenofibrates

(2)  Fewer drug interactions occur with pravastatin, fluvastatin, and rosovastatin since
they are not metabolized through CYP3A4 .
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2. Niacin (nicotinic acid) (vitamin B3)
a. Mechanism of action (Fig. 4 .6)

1)Niacin reduces plasma VLDL by inhibiting the
synthesis and esterification of fatty acids in the
liver and reducing lipolysis in adipose tissue ; it
markedly decreases plasma TG levels 2) As the
substrate VLDL concentration is reduced, the
concentration of IDL and LDL, also decrease,
thereby reducing plasma C levels 3) HDL levels
increase significantly because of reduced
catabolism. . (In much smaller doses, nicotinic acid
can also be used as a vitamin supplement in the
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Figure 229
Nizcirn inhibits lipolysis in adipose
tissue, resulting IinNn decreased hepatic
very—low -density lipoprotein (VLIDL)
synthesis and production of iovw-
density lipoprotein (LDL) in the
plasma.

nicotinic acid, vitamin ) Niacin Csals ¥

:(B3

adadiy L Ul VLDL iy (V) @ Jadl) 447 |

LS i g 28l B Adaal) alaaly) aoieal
égmﬂ‘@mﬂ\gée;«ﬂ\dﬁ‘pmb
(V) . Lsale sni o L33 TG iy

5 IDL w3 38 1 VDL ) (e sy
2 (V) . LS C Jull wmiid ¢ LDL
Uaala Jani) | duzy 68 allily 5 HDL
Jaa Tas 81 cile yan Loagl eliag &Kl

N (B D N EEN PORR PRRTRt

¢1a / pellagra 1,63l ) B3 oeliadll / il joe 3y

5 dermatitis sl Gl (330 e alaie /3 )l
. ( 3Ds ) diarrhea J~Y! s dementia <Al

5 A La goad ¢ dankl o Al2e slaic) oo aals
"three M's": ): gl 5 aalll s meal (corn meal)
meat (pork fatback); molasses; and meal
.(3M 23D ) .((cornmeal).

o s e e 5 Aia yall A paSll e Bale LDl

5 el eall asalll 8 B3 (el aal sty | (aliaial]
.dairy products 5 Jbaslly zlaall 5 el




b. Indications . Niacin is used for the treatment of dyslipidemias, for patients
with elevated LDL-C (although it is not considered a first-line agent) . It can
also be used as a dietary supplement .

c. Adverse effects

(1) The use of niacin is limited due to its poor tolerability .

(2) It may cause flushing , itching , or a burning feeling of the skin ; these
effects are mediated by prostaglandins and histamine release and can be
diminished by taking aspirin or ipoprofen prior to taking niacin .

(3) Other adverse effects include gastrointestinal distress, including nausea,
and elevated liver enzymes .
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3. Fibric acid analogs
a. Fenifibrate (1) Mechanism of action (Fig. 4 .6)

(a) Fibrates stimulate the action of peroxisome proliferating activating receptor a., a class of nuclear
receptor . (b) Activating of these receptors alters the transcription of a number of genes involved in
TG metabolism, including lipoprotein lipase and apolipoprotein CIlI . (c) This increases the
peripheral catabolism of VLDL and chylomicrons, resulting in a reduction in the plasma
concentration of VLDL, most notably in TGs .

I. An increase in VLDL, metabolism can raise LDL-C, especially in patients with baseline

hypertriglyceridemia . (d) Fibrates reduce hepatic synthesis of C, which further reduces plasma
TGs.

Fibrates bind to PPARa and reduce triglycerides through PPARa-mediated
stimulation of fatty acid oxidation
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FIGURE 35-4 Hepatic and peripheral effects of fibrates. These effects are mediated by
activation of peroxisome proliferator-activated receptor-a, which decreases the
secretion of VLDL and increases its peripheral metabolism. LPL, lipoprotein lipase;

VLDL, very-low-density lipoproteins.



(2) Indications

(a) Fenofibrates is indicated as an adjunct agent for the management of hypertriglyceridemia . It is
also used to raise HDL .

(b) Itis approved for the management of hypercholesterolemia or mixed hyperlipidemia, although it
is not a first-line agent and should not be used in the absence of hypertriglyceridemia .

(3) Adverse effects and contraindications

(a) Acommon adverse effect is elevated serum transaminases .
(b) Fenofibrate may also cause Gl-distress, including dyspepsia .
(c) It can cause gallstones and myalgia .

(4) Drug interactions

(a) Fenofibrate can displace other aloumin-bound drugs, most notably the sulfonylureas and
warfarin ; this may increases their free fraction and augment their effects .

(b) It can increase the risk of myopathy when used with statins ; therefore, close monitoring is
recommended when used together .
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_ b. Gemfibrozil
Chylomicron (1) Mechanism of action (Fig. 4 .6)

(a) It decreases VLDL levels through inhibition of lipolysis and
decreases in hepatic fatty acid uptake, as well as inhibition of
hepatic secretion of VLDL .

(b) It also increases HDL-C .
(c) It may be more effective in reducing TGs than fenofibrate .

Capillary e 7 (2) Indications . It is used for the management of
ADIPOSE) hypertriglyceridemia .

(3) Adverse effects may include Gl-distress, including dyspepsia,
abdominal gain, and nausea .

(4) Drug interactions . It can increase thr risk of myopathy when
used with statins ; therefore, close monitoring is
recommended when used together .
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4. Ezetimibe
a. MOA (Fig. 4 .6)
(1) Ezetimibe acts within the intestine to reduce cholesterol absorption .

(a) C is absorbed from the small intestine by a process that includes specific
transporters including the Niemann-Pick C1—Like 1 (NPC1L1) protein,
which is important for sterol absorption in the gut .

(b) Ezetimibe binds to and inhibits the function of NPC1L1 thereby reducing
C absorption .

b. Indications . It is approved for primary hyperlopidemia and homozygous
familial hypercholesterolemia .

c. Adverse effects may include fatigue, abdominal pain, and diarrhea .
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5. Bile acid sequestrants
a. Specific agents include cholestyramine , colistipol , and colesevelam
b. Mechanism of action (Fig. 4 .6)

(1) Bile acid sequestrants are positively charged molecules that bind to
the negatively charged bile acids in the intestines .

(a) They are hydrophilic, but they are not absorbed across the intestine .

(b) In the intestine, the resins bind bile salts and prevent enterohepatic
reutilization of bile acids .

(c) In addition, they impair the absorption of dietary cholesterol .
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c. Indications . Bile acid sequestrants are effective in reducing plasma C
(10%--20%) in patients with some normal LDL-receptors . This excludes
patients who completely lack functional LDL-receptors because of a
genetic defect (homozygous familial hypercholesterolemia), they are
usually reserved for second-line therapy or in combination with statins .

d. Adverse effects
(1) Bile acid sequestrants produce Gl—distress , including constipation,

nausea, and abdominal discomfort . Colesevelam has fewer Gl—side
effects .

(2) Since they are not absorbed into the blood, they are unlikely to cause
systemic effects .

e. Drug interactions

(1) These agents interfere with the absorption of fat-soluble vitamins and
anionic drugs, such as digoxin and warfarin . BRS
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6. PCSK9 INHIBITION

'The PCSK9 protein binds the LDL receptor at the hepatic cell surface, conducting it to
destruction in the lysosome (Figure 35-2) . Humanized antibodies to PCSK9
(evolocumab, alirocumab) that block interaction with the LDL receptor, allowing the
receptor to recycle to the cell surface, are currently available. LDL reductions of up to
70% at the highest doses have been achieved with these agents when administered

subcutaneously every two weeks. Both can also be given monthly at a higher dose.
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Mechanism of action of PCSKS inhibitors. PCSKS binds to the LDL receptor on the surface of hepatocytes, leading
to degradation of LDL receptors. Inhibition of PCSKS prevents degradation of LDL receptors and promotes greater
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Triglycerides and apo B-100 are reduced (reduction in production of apo B-100 results
in reduced hepatic production of the atherogenic lipoproteins VLDL, IDL, LDL, and
lipoprotein (a)), and Lp(a) levels decrease by about 25% (Lpa “LDL” is risk factor
for atherosclerosis, coronary artery disease, stroke, thrombosis, and aortic
stenosis.Sep 2, 2022). Both of these agents have been shown to reduce the incidence
of new coronary events in the trials (see Murphy 2019 and Jukema 2019 references).
Rarely, hypersensitivity reactions have occurred. Local reactions at the injection site,
upper respiratory and flu-like symptoms have been observed more frequently. Use of
these agents is restricted to patients who have familial hypercholesterolemia or clinical
atherosclerotic cardiovascular disease who require additional reduction of LDL. They
are given with diet and maximal tolerated statin or ezetimibe. Studies of PCSK9
Inhibition should be approached with caution because of its established role in normal
cell biology. PCSK9 circulates in plasma and thus far has been found in kidney,
macrophages, and the central nervous system. These agents are very expensive.
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7. Omega-3 fatty acids. The effect of dietary fats on hypertriglyceridemia is dependent on
the disposition of double bonds in the fatty acids. Omega-3 fatty acids found in fish oils,
but not those from plant sources, activate peroxisome proliferator-activated receptor-
alpha (PPAR-a) and can induce profound reduction of triglycerides synthesis in some
patients. They also have anti-inflammatory and antithrombotic activities. Omega-3 fatty
acids are available as a prescription medication containing both docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA) from marine sources (Lovaza)®. An EPA-only
prescription preparation (icosapent ethyl, Vascepa)® is also available and has been
shown to reduce elevated triglycerides and remnant lipoproteins, and cardiovascular
events. It reduces levels of apolipoprotein C-lll, which is an inhibitor of lipoprotein

lipase. .
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TABLE 35-1

The primary hyperlipoproteinemias and their treatment.

Disorder
Primary chylomicronemia (familial lipoprotein

lipase, cofactor deficiency; others)

Familial hypertriglyceridemia

Familial combined hyperlipoproteinemia

Manifestations

Chylomicrons, VLDL

increased

VLDL increased;
chylomicrons may be

increased

VLDL predominantly

increased

LDL predominantly

increased

VLDL, LDL increased

Diet + Single Drug!

Dietary management, Omega-3 fatty acids,
fibrate, or niacin

(Apo C-1Il antisense]

Dietary management; Omega-3 fatty acids,
fibrate, niacin, or reductase inhibitor
Omega-3 fatty acids, fibrate, niacin

Reductase inhibitor or ezetimibe

Omega-3 fatty acids, niacin, reductase

inhibitor, or fibrate

Drug Combination

Fibrate plus niacin

Fibrate plus niacin

Two or three of the

single agents2

Reductase inhibitor

plus ezetimibe

Niacin or fibrate plus

reductase inhibitor2



Familial dysbetalipoproteinemia VLDL remnants,

chylomicron remnants

increased
Familial hypercholesterolemia
Heterozygous LDL increased
Homozygous LDL increased
Familial ligand-defective apo B-100 LDL increased
Lp(a) hyperlipoproteinemia Lp(a) increased

Fibrate, reductase inhibitor, niacin, Omega-3

fatty acids

Reductase inhibitor, ezetimibe, resin, niacin,

or PCSK9 MAB

Atorvastatin, rosuvastatin, ezetimibe,

lomitapide or PCSK9 MAB

Reductase inhibitor, niacin, or ezetimibe

Niacin, PCSK3 MAB (off [abel)

1Single-drug therapy with marine omega-3 dietary supplement should be evaluated before drug combinations are used.

2Select pharmacologically compatible reductase inhibitor (see text).

Reductase inhibitor

plus fibrate or niacin

Two or three of the

individual drugs

Combinations of some

of the single agents

Two or three of the

single agents



8. The US Food and Drug Administration has approved bempedoic acid
(Nexletol) an oral, once-daily, non-statin LDL cholesterol (LDL-C)-lowering
medicine for the treatment of adults with heterozygous familial
hypercholesterolemia (HeFH) or established atherosclerotic cardiovascular
disease (ASCVD) who require additional lowering of LDL-C.

MOA. Bempedoic acid acts by inhibiting adenosine triphosphate-citrate
lyase (ACL) and consequently cholesterol biosynthesis, leading to increased
expression of LDL receptors and increasing low-density lipoproteins (LDL-C)
plasma clearence. It is a prodrug for oral administration with intracellular
activation.

Adverse effects and monitoring: Gout, hyperuricemia, leukopenia,
thrombocytopenia, tendon rupture. Monitor for signs/symptoms of
hyperuricemia and tendon rupture.
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LDL: low-density lipoprotein; HMG CoA:
3-hydroxy-3-methylglutaryl coenzyme A;
NADPH: nicotinamide adenine
dinucleotide phosphate; ATP: adenosine
triphosphate; TCA: tricarboxylic acid.
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9. INHIBITION OF MICROSOMAL TRIGLYCERIDE TRANSFER PROTEIN _Microsomal triglyceride
transfer protein (MTP) plays an essential role in the addition of triglycerides to nascent VLDL in liver, and to
chylomicrons in the intestine. Its inhibition decreases VLDL secretion and consequently the accumulation of
LDL in plasma. An MTP inhibitor, lomitapide, is available but is restricted to patients with homozygous
familial hypercholesterolemia._ Mechanism of action. Lomitapide lowers cholesterol through a different

pathway, i.e. through the inhibition of the microsomal triglyceride transfer protein (MTP) (Figurel). MTP
is involved in the loading of triglyceride onto apolipoprotein B100, which is a part of the assembly process of
very low density lipoprotein (VLDL).
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It causes accumulation of triglycerides in the liver in some individuals. Elevations in
transaminases can occur. Patients must maintain a low-fat diet to avoid steatorrhea and
should take steps to minimize deficiency of essential fat-soluble nutrients. Lomitapide is
given orally in gradually increasing doses of 5- to 60-mg once daily 2 hours after the
evening meal. It is available only through a restricted risk evaluation and mitigation
strategy (REMS) program

Intestinal cell Lomitapide
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10. mipomersen Is approved by the FDA only as an orphan drug for
use in HoFH , a relatively rare genetic condition.

mipomersen is an antisense oligonucleotide that reduces the hepatic secretion
of VLDL by binding messenger RNA encoding ApoB and preventing its
transcription.

The drug may elevate serum hepatic transaminase levels, which must be monitored, and
many patients experience injection site reactions, flu-like symptoms, nausea, and

headache. s meaications aediscusse ingreatr et in Craper 6 under Genetic Prarmacology. .
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What is Antisense Technology?
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. ANTIEMETICS
. Pathophysiology of nausea and vomiting
Nausea and vomiting consists of three stages :

Stage 1. Nausea is a subjective, unpleasant feeling of the need to vomit. It may be
accompanied by tachycardia, diaphoresis, and salivation.

b. Stage 2. Retching g5, or dry heaving &1, is the reverse movement of the stomach and
esophagus without vomiting.

c. Stage 3. Vomiting is the forceful expulsion of gastric content due to powerful and sustained
contractions of muscles in the abdomen and thorax .
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2. Vomiting occurs when the vomiting centers (present in the lateral reticular formation of the medulla) are stimulated

a.

(1)
(2)
3)

(4)

There are four important sources of afferent input to the vomiting center :

The chemoreceptor trig%er zone (CTZ) (area postrema) is outside the BBB . Drugs such as chemotherapy agents, opioids, and anesthetics stimulate the CTZ, as
well as disease states such as uremia . It contains dopamine (D2), serotonin (5-HT3) opioid, and neurokinin (NK1)—receptors .

The vestibular center is important for sensory information about motion, equilibrium, and spatial orientation . It may play an important role in motion sickness .
It is rich in muscarinic (M1) and histamine a/—ll)-receptors :

The vagal and spinal afferent nerves from the Gl—tract are rich in 5-HT3-receptors . Irritation from chemotherapy, radiation
therapy, distention, or acute infectious gastroenteritis can lead to release of mucosal serotonin and activation of these receptors; this
stimulates vagal afferent input to the VC and CTZ .

T#e higher cortical centers play a role in vomiting due to smell, thought, or even anticipatory vomiting prior to
chemotherapy .

b. These afferent input will lesd to activation of the VC in the medulla, which has M1-, 5-HT3-, and H1-receptors .

, s‘-\_\ﬂ\ ﬁf&\b&)\j&hﬁwu@njd\.‘a;\@)\w\
Sl jadall g b g8 g AibasSl) Anllaall 4y 9ol axiti, BBB ) z ) (CTZ) Asilaansl) Aliiucal) 3 ) d8kaia (1)
"NKT 35-HT3 5 D2 S it Ll (5 find , du gl A sl Ta i o i ya c¥las 5

.H1 sM1
Aallaall (e gl G 3L 5-HT3 il dvie Gl—tract ) (e 33 sl A Al g dpagaal) cilas¥) (¥
ddalaall e i ¥ s e (3] () (g0 () saxdl elaa¥) g pamall gl ol ol gmjwuu\j@g@\ ()

CCTZ A5 VC I L) agaall a5 Jsdn 4nhy Laa ¢ COLEIall 028 oyt

. ‘\-‘3\:"“-35]\ ‘\AJ\"-AJ\ d—,‘-ﬁégﬂu‘w‘f&ji ¢ J.\SS..\MJ 2\“)\ G g(ﬁj‘iﬁ)}‘l w‘aﬂ‘ ’ 28l JS‘JAS‘ L..S'Jj" (2)
.H1 55-HT3 5 M1 &Oliie elliag 3 ¢ glall & \V/C ) dagisn ) 058 53,0 5l cdlaall sda oo




o = o L ‘\n’ ﬁ\
A% 7 =1

| g

)\ Vestlbulaﬁystem

-
-
1
p
r
/
7
y,

’

= ’(f
l’ -

Central nervous system| R 4 \ ¢
Cortex el g ,\:_rs
Thalamus N d
Hypothalamus 8 H, receptor? \
Meninges M, receptor Y
\ A\
Fourth ventricle J\_ Y Chemoreceptor trigger zone
- ~ (area postrema)
Chemoreceptors
D, receptor
NK, receptor?
(5-HT, receptor)
Vomiting center (nucleus of
3 tractus solitarius)
P H, receptor
{ N » M. receptor
\ N NK, receptor?
- (5-HT, receptor)
Mechanoreceptors
Chemoreceptors
BHT; recapey Parasympathetic and
motor efferent activity

FIGURE 62-6 Neurologic pathways involved in pathogenesis of nausea and vomiting (see text). (Modified and reproduced, with permission, from
Krakauer EL et al: Case records of the Massachusetts General Hospital. N Engl J Med 2005;352:817.)



B. Antiemetics
1. Muscarinic M1-receptor antagonists. Scopolamine

Mechanism of action (MOA) : these agents block the action of acetylcholine in the vestibular nuclei .
They reduce the excitability of labyrinthine receptors and depress conduction from the vestibular

apparatus to the VC .
Indications : Scopolamine can be used for motion sickness and recovery from anesthetics and surgery .

Administration . It is available as a transdermal patch programmed to deliver the medication over a 3-day
period . When used postoperatively, the patch should be removed 24 hours after surgery .

Adverse effects include drowsiness, dry mouth, and blurred vision .
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2. H1-receptor antagonists : meclizine and dimenhydrinate .

MOA : Inhibiting histamine and cholinergic pathways of the vestibular apparatus . They block the
CTZ, diminish vestibular stimulation, and depress labyrinthine function through central
anticholinergic activity .

Indications : to treat motion sickness and vertigo.
Adverse effects : sedation and dry mouth . They may also have other anticholinergic side effects .
meclizine and dimenhydrinate : H1 Adiicall cillaalia ¥
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3. Dopamine receptor antagonists : prochlorperazine , promethazine , droperidol , metoclopramide .
MOA : block D2-receptors in the brain, including the CTZ, and inhibit peripheral transmission to the VC
(1) Prochlorperazine and promethazine also block al adrenoceptors and have anticholinergic and antihistaminic activity .

(2) Metoclopramide also blocks serotonin receptors in CTZ . It enhances the response of Ach of tissue in upper Gl tract causing
enhanced motility and accelerated gastric emptying .

Indications :

(1) Promethazine is used to prevent and control nausea and vomiting associated with anesthesia and surgery, including postoperative
nausea and vomiting (PONV) . It also approved for motion sickness .

(2) Prochlorperazine is used for management of severe nausea and vomiting .
(3) Droperidol is approved for PONV .
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(4) Metoclopramide is used for the prevention of PONV and chemotherapy-induced nausea and

vomiting (CINV) . It also indicated for diabetes gastroparesis and gastroesophageal reflux due
to its ability to stimulate gastric emptying .

Adverse effects : anticholinergic effects such as drowsiness, dry mouth, and blurred vision (less
pronounced with droperidol), extrapyramidal effects (due to D2-receptor blockade), and

orthostatic hypotension (due to al-receptor blockade), droperidol use Is associated with QT
prolongation and torsade de points .

Contraindications include Parkinson disease, because of the potential for extrapyramidal effects
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4. Selective 5-HT3-receptor antagonists . Ondansetron, dolasetron, granisetron, palonosetron .
MOA : block 5-HT3-receptors periphery on vagal nerve terminals and centrally in the CTZ.

Indications : ver)ﬁleffectlve for CINV and PONYV . Some are also approved for radiation-induced nausea
and vomiting (RINV

Adverse effects : may include headache and constipation .

5. Canabinoids . Dronabinol and nabilone .

MOA : Both are preparations of delta-9-tetrahydrocannabinol, the active cannabinoid in marijuana .
They act by inhibiting the VVC through stimulation of a CB1 subtype of cannabinoid receptors .

Indications : for CINV . Dronabinol is also approved for anorexia in patients with AIDS .
Adverse effects include sedation, tachycardia, and hypotension .
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6. Benzodiazepines (see Chapter 5). Lorazepam .

MOA : Enhances the inhibitor effects of GABA . The antiemetic mechanism is related to a
combination of sedation, reduction in anxiety, and potential depression of the VC .

Indications : off-label as an adjunct with other agents for CINV or anticipatory nausea and
vomiting associated with chemothgerapy .

Adverse effects may include sedation and amnesia .
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7. Neurokinin 1 (NK1)-receptoir antagonists. Aprepitant and fosaprepitant (an 1V prodrug of aprepitant)

MOA : Aprepitant inhibits the substance P/neurokinin 1(NK1)-receptor . It augments the antiemetic
activity of 5-HT3-receptor antagonists and corticosteroids to inhibit acute and delayed phases of
chemotherapy-induced emesis .

Indications : They are used for management of CINV, both acute and delayed, usually in combination
with 5-HT3 antagonists and CSs . It is also approved for PONV .

Adverse effects include fatigue . Aprepitant can also cause hiccups .

Drug interactions : They are metabolized by CYP3A4 enzymes . They also moderately inhibit CYP3A4 .
Caution must be taken when used with other drugs that use the same pathway
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IV. AGENTS USED FOR UPER GI TRACT DISORDERS

A. Agents that neutralize acid (antamds? are weak bases that react with gastric hydrochloric acid to form salt and
water . They rapidly reduce intragastric acidity .

a. Sodium bicarbonate

(1) Adverse effects :

(a) Gastric distention and bleching 33 may occur due to carbon dioxide .
(b) Sodium chloride may cause fluid retention .

(c) Some unracting sodium bicarbonate is absorbed and can cause metabolic alkalosis . It should not be used for
long-term treatment .

(2) Contraindications include HT, HF, and renal failure .
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{J. Ctalciutm carbonate may cause nausea and belching . It is partially absorbed from Gl tract and may cause metabolic alkalosis . It should not be used for long-term
reatment .

c. Magnesium hydroxide is not absorbed from Gl tract and therefore produces no systemic effects . This agent can used for long-term therapy . It causes diarrhea .
d. Aluminum hydroxide may cause constipation .

{\r/I]ang prolducts have a combination of magnesium hydroxide and aluminum hydroxide to achieve a counteracting balance between each agent’s adverse effects on
e bowel .

Sodium bicarbonate and calcium carbonate have the potential to cause milk-alkali syndrome, which is characterized by high blood calcium and metabolic alkalosis .
Drug interactions : antacids alter the bioavailability of many drugs :

a. Theincrease in gastric pH produced by antacids decreases the absorption of acidic drugs and increases the absorption of basic drugs

b. The metal ion in some preparations can chelate other drugs (e.g., digoxin and tetracycline) and prevent their absorption .
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1. Histamine H2-receptor antagonists . Ranitidine, famotidine, nizatidine, and cimetidine .

MOA : act as competitive inhibitors of the H2-receptor on the parietal cell . This result in a decrease in histamine-stimulated gastric acid secretion . Although
gastrin and ACh may induce acid secretion, histamine is the predominant final mediator that stimulate parietal acid secretion .

Pharmacological properties : These drugs are rapidly absorbed, and effects are observed within a few minutes to hours .. They predominantly inhibit basal acid
secretion, which account for their efficacy in suppressing nocturnal acid secretion .

Indications include peptic ulcer disease (PUD) , GERD, stress-related gastritis (in intensive care settings), and non-ulcer-related dyspepsia .

Adverse effects : (1) drowsiness , confusion with IV administration, especially in elderly . Cimetidine is also an androgen-receptor antagonist and can induce
galactorrhea, gynecomastia, and impotence .

Drug interactions : Cymetidine is a cytochrome P-450 inhibitor . It affects several pathways, inclu_dinghthose catalyzed by CYP1A2, CYP2C9, CYP2D6, and
CYP3A4 . It can increase the half-life of drugs that are metabolized by this system, including warfarin, theophylline, phenytoin, and benzodiazepines .
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Dicyclomine blocks the Ranitidine blocks the Misoprostol stimulates the

cholinergic receptor. H;-histamine receptor. prostaglandin receptor.

Omeprazole blocks
proton pump.

+ 4 ,
Y H PARIETAL CELL
;Cffﬂgu R Proton pump ﬁﬁm i Lﬂﬂb
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k' H*
Gastric acid

Figure 42.5

Effects of acetylcholine, histamine, prostaglandin E,, and gastrin on gastric acid secretion by the parietal cells of

stomach. G; and G; are membrane proteins that mediate the stimulatory or inhibitory effect of receptor coupling to
adenylyl cyclase.
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FIGURE 62-1 Schematic model for physiologic control of hydrogen ion (acid) secretion by the parietal cells of the gastric fundic glands. Parietal cells are
stimulated to secrete acid (H+) by gastrin (acting on gastrin/CCK-B receptor), acetylcholine (M3 receptor), and histamine (H2 receptor). Acid is secreted across the

parietal cell canalicular membrane by the H+/K+-ATPase proton pump into the gastric lumen.
Within the gastric body, gastrin passes from the blood vessels into the submucosal tissue of the fundic glands, where it binds to gastrin-

CCK-B receptors on parietal cells and enterochromaffin-like (ECL) cells. The vagus nerve stimulates postganglionic neurons of the enteric nervous system to release
acetylcholine (ACh), which binds to M3 receptors on parietal cells and ECL cells. Stimulation of ECL cells by gastrin (CCK-B receptor) or acetylcholine (M3 receptor)

stimulates release of histamine. vagal stimulation of postganglionic enteric neurons enhances gastrin release directly by stimulation of

( Acid secretion must eventually be turned
off and by CCK that is released into the bloodstream by duodenal |
cells in response to proteins and fats (not shown). . ATPase, H+/K+-ATPase

proton pump; CCK, cholecystokinin; M3-R, muscarinic receptors. K.2018.



2. Proton pump inhibitors (PPIs). Omeprazole, lansoprazole, dexlansoprazole, esomeprazole,
pantoprazole, and rabeprazole .

MOA :

(1) They are covalent, irreversible inhibitors of the H+/K+_ATPase pump (proton pump) in
parietal cells .

(2) As lipophilic weak base, these agents are delayed-release prodrugs (to protect against their
destruction by gastric acid), activated in the acidic compartments of parietal cells .

(3) They are rapidly converted to an active cation, which forms a covalent disulfide linkagfe to
the H+/K+_ATPase pump ; this result in the inactivation, thereby blocking the transport of
acid from the cell into the lumen .
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Pharmacological properties
(1) These agents reduce both meal-stimulated and basal acid secretion .

(2) Not all PPs are inhibited with the first dose, therefore, complete symptom relief may take 3—
4 days .

(3) Acid secretion resumes only after new pump molecules are synthesized and inserted into
the luminal membrane, providing a prolonged (up to 24-to 48-hour) suppression of acid
secretion .

(4) Since they block the final step in acid production, PPIs are effective in acid suppression
regardless of other stimulating factors .

(5) Their bioavailability is decreased significantly by food; ideally, they should be administered
about 1 hour before a meal .
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Indications include GERD, PUD, Zollinger-Ellison syndrome, Helicobacter pylori-induced ulcers and NSAID-induced ulcers . They are more effective than H2-antagonists . PPIs
are used in combination with antibiotics, and in some Cases, bismuth subsalicyfate for the treatment of H. pylori-induced ulcers. Patiénts treatment regimens include the following :

(@  Triple therapy : clarithromycin, amoxicillin, and a PPI

(b)  Triple therapy : clarithromycin, metronidazole, and a PPI

(c)  Quadruple therapy : bismuth, metronidazole, tetracycline, and a PPI
Adverse effects include nausea, abdominal pain, headache, and hypomagnesemia .

Precautions include an increase risk for Clostridium difficile-associated diarrhea, especially in hospitalized patients (Reduced gastric acid might facilitate survival of these
bacteria in the upper Gl tract) .

Drug interactions :

(1) Some PPIs, like pantoprazole, inhibit the CYP2C19 enzyme and may prevent metabolism of clopidogrel to its active metabokite, therefore, decreasing its effectiveness .
2 They may decrease the bioavailability ov vitamin B12 and other drugs that require acidity for their GI absorption, such as digoxin and ketoconazole .
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(a) Triple therapy : clarithromycm, amoxicillin, and a PP
(b) Triple therapy : clarithromycin, metronidazole, and a PPI
(c) Quadruple therapy : bismuth, metronidazole, tetracycline, and a PPI
um\.; uasu) &W‘ UAAJA LA}».AA ¢ OM‘ M\—&A LA‘J.\A.“ dl-@-u'g\ J\.L.\A\ o.J\..\) G—l‘J.MA.m
(LS)M‘LSJ’-“MLSM‘M L:AHJ\J;J\"‘M’ o\AJJG_MJ
 4ilad alih dus\ s N J; e Jsss\ L) iay 38 cyp2c319 A J J\ HE yu\ x u\ A ¢ \ *u\
us
JJ



C. Agents that promote mucosal defense : 1.Sucralfate . a. MOA : Sucralfate is a complex salt of sucrose

sulfate and aluminum hydroxide . It forms a viscous glel that binds to {) sitively charged proteins and
adheres to gastrlc epithelial cells, including areas of ulceration. It protects the surface of the stomach
from degradation by acid and pepsin .

b. Indications include duodenal ulcer management .
c. Adverse effects may include constipation and nausea .

d. Dr_ug Interactions. It may bind and impair absorption of certain medications, including quinolone
antibiotics, phenytoin, and warfarin .

2. Misoprostol. a.MOA . Misoprostol is an analo? of prostaglandin E1, that acts in the Gl tract to
stimulate bicarbonate and mucus production . It replaces the protective PGs consumed with PG-
Inhibiting therapies, such as NSAIDs ..

a. Indication. It is used for the prevention of NSAID-induced gastric ulcers .
b. Adverse effects may include diarrhea and abdominal pain .

c. Precautions. It may cause abortion; therefore, it must be used with caution in women of child-bearing

age and is contraindicated In pregnant women .
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VII. AGENTS THAT ACT ON THE LOWER GI TRACT
A. Agents used for constipation
1.  General characteristics

a. Laxatives act primarily on the large intestine to promote an increase in the fluid accumulated in the bowel, decrease net absorption of fluid from the
bowel or alter bowel motility . These actions facilitate the evacuation of fecal material .

b They should not be used chronically as they may induce ““laxative dependence” .
C Many are contraindicated in bowel obstruction .

2. Bulk-forming laxatives include bran, psylium, methylcellulose, and polycarbophil .
a

MOA . Absorb water in the intestine to form a bulky emollient gel, which promotes peristalsis and reduce transit time . They produce laxative after 2-4 days;
adequate hydration is required .

b. Indications. These agents are the treatment of choice for chronic constipation .
c.  Adverse effects. They may cause abdominal cramps, bloating, and flatulence .
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3. Osmotic laxatives . (1) Salt-containing osmotic laxatives include magnesium citrate, magnesium
hydroxide, and sodium phosphate . (2) Salt-free osmotic laxatives include lactulose and polyethylene

glycol (PEG) electrolyte solutions .

a. MOA. They retain water in the lumen by osmosis. They distend the colon and cause a reflex increase
In peristalsis to promote bowel evacuation . (1) Onset of action typically occurs 3-4 hour after oral
agfmltnlstratlon and 5-15 minutes after rectal administration . (2) They require adequate hydration for
effect .

b. Indications. They are used for both acute and chronic constipation .(1) PEG solution may be used for
bowel cleaning prior to rectal examination . (2) Lactulose can be also be used for hepatic
encephalopathy . Bacterial degradation of lactulose result in an acidic pH . This causes NH3 to convert
to NH4+ , which is trapped in the colon for elimination, thereby reducing blood ammonia levels .

c. Adverse effects. (1) Abdominal cramping, bloating, flatulence, and diarrhea may occur . (2) Sodium
phosphate may cause hypernatremia and phosphatemia, especially in patients with renal dysfunction .
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4.

Irritant (stimulant) laxatives (cathartics). Bisacodyl and senna

MOA. They stimulate smooth muscle contractions resulting from their irritant actions on the bowel
mucosa . Local bowel inflammation also promote accumulation of water and electrolytes . The
Increased luminal contents stimulate reflex peristalsis, and the irritant action stimulates peristalsis
directly . (1) The onset of action occurs in 6—12 hours . (2) These agents require adequate hydration .

Indications. Both agents may be used for the temporary relief of occasional constipation . Bisacodyl is
also approved for bowel cleansing prior to rectal examination .

Adverse effects may include abdominal cramps and electrolyte disturbances .

Precautions . Chronic use may result in cathartic colon, a condition of colonic distention, and
development of laxative dependence .
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. Stool softener. Docusate sodium

a. MOA. Docusate has a detergent action that facilitates the mixing of water and fatty
substances to increase luminal mass. (a) it is an anionic surfactant that reduces surface
tension of the oil-water interface of stool, which result in enhanced incorporation of water and
fat, allowing for stool softening . (b) the onset of action is within 12—72 hours .

b. Indications. It is approved for occasional constipation with hard, dry stools. It may be used to
prevent straining during defecation .

Adverse effects may include abnormal taste, abdominal cramping, and diarrhea .
Precautions. Prolonged or frequent use may result in dependence .
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6. Lubricating agent. Mineral oil .

a. MOA. It coats fecal contents and thereby inhibits absorption of water, it softens and lupricates hard
stools, allowing for easier passage of stool without irritating the mucosa.

b. _Indica%jtions. It may be used for relief of occasional constipation. Rectal use may also help relieve fecal
Impaction .

c. Adverse effects may include abdominal cramps and rectal discharge .
d. Precautions and contraindications.
(1) Mineral oil decreases the absorption of fat-soluble vitamins (A, D, E, K) .

(2) Aspiration of mineral oil may lead to Ii||oid pneumonitis . For this reason , use Is contraindicated in
bedridden patients or those with difficulty swallowing .

. Mineral oil : 481 3t 4 g%, %
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7. opioid-receptor antagonists. Methylnaltrexone, naloxone, naldemedine, and alvimopan .

a. MOA. They block opioid binding at the mu-receptor in peripheral tissues, such as the GI tract. They inhibit the
decreased GI motility and delay in Gl transit time due to opioids . These agents do not affect opioid analgesic effects .

b. Indications. They are used for opioid-induced constipation. Alvimopan is only approved for postoperative ileus .
c. Adverse effects may include abdominal pain, flatulence, and nausea .
d. Precautions

1) G Ioerforatlons have been reported in patients with impaired structural integrity of the GI wall, such as PUD, or
Infiltrative Gl tract malignancies .

(2) They may be associated with opioid withdrawal symptoms, such as anxiety, chills, diarrhea, and yawning.
(3) Alvimopan has an increased incidence of Ml .
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B. Antidiareal agents
1. General characteristics.
a. Antidiarrheal agents may be used safely in patients with mild to moderate acute diarrhea.

b. They should not be used in patients with blood diarrhea, high fever, or systemic toxicity due to
the risk of worsening the underlying condition.

c. They should be discontinued in those whose diarrhea is worsening despite therapy .
2. Opioid agonists. Loperamide, diphenoxylate plus atropine, and difenoxin plus atropine .

a. MOA. They act on the opioid receptor in circular and longitudinal intestinal muscles They
Inhibit peristalsis and prolong transit time .
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a. Administration.
(1) Diphenoxylate and difenoxin are prescription opioid agonists.
(a) Difenoxin is the active metabolite of diphenoxilate.

(b) At standard doses, they do not have analgesic properties, but at higher doses they can cause CNS effects. 1. they
are combined with small amount of atropine to discourage overdose (due to potential for anticholinergic side
effects).

I. The anticholinergic properties of atropine may also contribute to the antidiarrheal action .
Il. Prolonged use can lead to opioid dependence .

(2) Loperamide is an OTC drug that does not cross the BBB . It has no analgesic properties or potential for
addiction .
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b. Indications.
(1) Diphenoxylate is approved for the adjunct management of diarrhea.

(2) Difenoxin is used for the treatment of acute nonspecific diarrhea and acute exacerbations of
chronic functional diarrhea.

(3) Loperamide is used for chronic diarrhea associated with inflammatory bowel disease (IBD) in
adults and acute nonspecific diarrhea and to reduce volume of ileostomy discharge . It may
also be used for traveler’s diarrhea .

d. Adverse effects may include dizziness, drowsiness, and abdominal discomfort .
e. precautions. At high doses they may cause severe constipation or paralytic ileus .
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3. Bismuth subsalicylate.

a. g{IOAﬂ:)t has antisecretory properties (due to salicylate moiety) and antimicrobial properties (due to
ismuth)..

(1) It may stimulate absorption of fluid and electrolytes across the intestinal wall .
(2) It may inhibit synthesis of a PG responsible for intestinal inflammation and hypermotility .

(3) It exhibits antimicrobial activity directly against bacterial and viral Gl pathogens (it binds to toxins
produced by different microbes, such as Escherichia coli .

b. Indications include diarrhea and dyspepsia . It is effective for the treatment and prophylaxis of
traveler’s diarrhea . It is used off-lable for H. pylori eradication .

c. Adverse effects include fecal discoloration (grayish black) and tongue discoloration (darkening).
Tinnitus may also occur .

Bismuth subsalicylate ! .¥
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4. Octredtide
a. MOA. It is an analogue of somatostatin. It decreases diarrhea by several mechanisms .

(1) Itacts directly on epithelial cells to reduce the secretion of a number of pancreatic and Gl hormones, including vasoactive intestinal polypeptide (VIP),
serotonin, gastrin, secretin, and pancreatic polypeptide .

(2) It may also prolong intestinal transit time, promote intestinal absorption, and decrease secretion of fluids and electrolytes .

b. indications.

(1) Itisused in case of severe diarrhea caused by carcinoid syndrome or by excessive release of Gl tract hormones, including gastrin and VIP .

(2) It may be used off-lable for the treatment of diarrhea caused by chemotherapy, graft versus host disease, short-gut syndrome, and dumping syndrome .
(3) It may be used in the treatment of neuroendocrine tumors of the Gl tract.

c. Abverse effects may include mild GI distress and headache. It may cause the formation of gallstones due to alteration of fat absorption .
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C. Agents used for antiflatulence. Simethicone

a. MOA. It has the ability to collapse gas bubbles by forming a thin layer on their surface. It
alters the surface tension of gas and mucus bubbles enabling them to coalesce, or form
together. This accelerates the passage of gas through the Gl tract through belching, passing of
flatus, or increased absorption of gas into the bloodstream .

b. Indications . It is indicated for the management of gas retention, including the relief of
pressure, bloating, fullness, and discomfort due to Gl gas .

c. Adverse effects are minimal but may include mild diarrhea, nausea, and regurgitation .
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D. Agents used in the treatment of irritable bowel syndrome (I1BS)
1. Antispasmodics (anticholinergic agents). Dicyclomine and hyosyamine .

a. MOA. These agents block the action of ACh in the enteric plexus and on smooth muscle to
relieve symptoms of intestinal spasms.

b. Indications. They may be used for the management of IBS or other functional Gl disorders.
Adverse effects may include dizziness, dry mouth and blurred vision .
: (IBS) 43 53¢ slasa¥ll da Pia dallaa  Laadall 450091
Dicyclomine and hyosyamine : (Cslssl 83Liaal) 455a31) c—w—d‘ AUV
cilalall Gl el g il sluld) <O laall e g & gral) 3 pudiall 8 ACH ) Jad 4 51 038 juaad ¢ Jadl) 437 |
4 sl
- Al ol 45 srall dazall Gl eVl (e W e 5 IBS ) dAalleal @ Jlaniald) o153

3

LAl and g adl) Cilia 44 g0 3 pilial) ) Bl (i N



2. Serotonin (5-HT3)—receptor antagonist. Alosetrone

a. MOA. Alosetrone blocks 5-HT3 receptors on enteric neurons in the Gl tract to reduce pain,
abdominal discomfort, urgency, and diarrhea.

b. Indications. It is approved for the treatment of women with severe IBS in whom diarrhea is
the predominant symptom. Due to the risk of Gl adverse reactions, it should only be used In
women who have not responded to conventional therapy.

c. Adverse effects may include headache and constipation.

d. Precautions. Due to the risk for ischemic colitis, it should be discontinued immediately In
patients who experience rectal bleeding, bloody diarrhea, or sudden worsening of abdominal
pain (until further evaluation).
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3. Chloride channel activators
a. Type 2 chloride channels (CIC-2) help maintain fluid balance in the bowels.
(1) Activation increases fluid in the bowel to help with the passage of stool.

b. Lubiprostone

(1) MOA. This agent stimulates CIC-2 in the small intestine, thereb?/ Increasing intestinal fluid secretion
and intestinal motility. It increases fluid in the bowels to help stool to pass.

(2) Indications. Itis agoprove_d for IBS with constipation (females only), chronic idiopathic constipation,
and opioid-induced constipation.

(3) Adverse effects may include headache and nausea. Dyspnea may also occur, which is often described
as chest tightness; it generally occurs shortly after takings the first dose and resolves within a few

hours.
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c. Linaclotide

(1) MOA. This agent increases cyclic guanosine monophosphate (cGMP) concentrations, which
results in chloride and bicarbonate secretion into the intestinal lumnen. Intestinal fluid
Increases, and GI transit time 1s decreased.

(2) Indications. It is approved for IBS with constipation and chronic idiopathic constipation.
(3) Advese effects may include diarrhea, headache, and upper respiratory tract infections.
Both agents are contraindicated with known suspected bowel obstruction.
. Linaclotide 2! .z
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E. Agents used in inflammatory bowel disease (IBD)

1.
a.
b.
C.

General characteristics for IBD

IBD is a spectrum of chronic, idiopathic, and inflammatory intestinal conditions.

It causes significant GI symptoms that may include diarrhea, abdominal pain, bleeding, anemia, and weight loss.
IBD compromises of two distinct disorders : Ulcerative colitis and Crohn disease.

(1) Ulcerative colitis is characterized by confluent mucosal inflammation of colon starting at anal verge and

extending proximally.

(2) Crohn disease is characterized by transmural inflammation of any part of the Gl tract, but most commonly

the area adjacent to the ileofluent valve (the inflammation is not necessarily confluent; therefore, area of
inflammation may be in-between areas of relatively normal mucosa) .
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Figure 42.17

Distribution patterns of dlSQQﬁ&nWIth‘Sklp lesions in ¢ Crohn’s disease (A) and conjﬁ'luous mvplvemqht of the colon
(B), beginning wnrl:%e rectum, in ulcerative colitis.

Figure 42.19
Sulfasalazine metabolism.



d. Since the etiology and pathogenesis of these disorders remain unknown, medications are used to dampen the
generalized inflammatory response (specific goals of pharmacotherapy include controlling acute exacerbations,
maintaining remission, and treating specific complications, such as fistulas) .

2. 5-Aminosalicylates (5-ASA). Sulfasalazine, olsalazine, balsalazide, and various forms of mesalamine.
a. MOA:
(1) The specific mechanism is unknown.

(2) They may decrease inflammation by inhibiting cyclooxygenase and lipoxygenase to decrease prostaglandin
and leukotriene synthesis.

(3) They may inhibit the functions of natural killer (NK) cells, mucosal lymphocytes, and macrophages.
(4) They may scavenge oxygen-derived free radicals .
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c. Formulations
(1) The effectiveness of therapy depends on achieving high drug concentration at the site of active disease.
(2) They are believed to work topically (not systemically) in areas of diseased gastrointestinal mucosa.

(3) To overcome the rapid absorption of 5-ASA from the proximal small intestine, a number of
formulations have been designed to deliver it to various distal segments of the small bowel or colon,
Including delayed-release capsules and pH-dependent release.

d. indications. These agents are most effective for the treatment of mild to moderate ulcerative colitis.
They may also be used in Crohn disease.

e. Adverse effects are mainly related to the sulfa moiety. They may include headache, dyspepsia, and skin
rash. Sulfasalazine may also cause oligospermia (reversible) and impair folate absorption.
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m BRAND(S) | ROUTE Fﬂggfllghﬁ:‘( FORMULATION DSEIITIEFEEY

Balsalazide Colazal Three times 5-ASA azo bonded to inert carrler molecule; Colon
daily release dependent on cleavage by colonic
bacteria
Mesalamine Apriso PO Once daily pH-dependent (= 6) delayed release with Colon
extended-release matrix core
Asacol, PO Three times pH-dependent (= 7) delayed release Distal ileum, colon
Asacol HD daily
Canasa Rectal Once daily Suppository Rectum
Lialda PO Once daily pH-dependent (= 7) delayed-release Distal ileum, colon
multimatrix system
Pentasa PO Four times daily Ethyl cellulose membrane controlled-release Entire small
micropellets intestine, colon
Rowasa Rectal Once dally Liquid enema Rectum, sigmoid
colon
Olasalazine Dipentum PO Twice daily 5-ASA azo bonded to another 5-ASA Colon
molecule; release dependent on cleavage
by colonic bacteria
Figure 42.20

5-Aminosalicylate formulations.




3. Many other agents can be used for the management of IBD, including glucocorticoids,
antimetabolites (azathioprine and methotrexate), and TNF-inhibitors (infliximab, adalimumab,
certolizumab, and natalizomab) . These agents are discussed in mor detail in other chapters . F
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B. Corticosteroids

Corticosteroids are used in IBD for their anti-inflammatory effects as
they are in other inflammatory conditions (see Chapter 26). Although
very effective at inducing remission in IBD, long-term maintenance
with corticosteroids should be avoided due to the deleterious effects of
chronic use. Rectal formulations (for example, hydrocortisone enema
and budesonide foam) have fewer adverse effects than systemic
steroids but use is limited to left-sided disease in UC.
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Enteric-release preparations of oral budesonide deliver corticosteroid
to a portion of inflamed intestine. This agent has minimal systemic
adverse effects due to low bioavailability resulting from extensive
firstpass hepatic metabolism. Delayed-release budesonide delivers
drug to the terminal ileum and proximal large bowel and is used in
Ileocecal CD. Extended-release budesonide delivers drug throughout
the colon and is used Iin UC patients with pancolitis. Although
systemic exposure is less than other corticosteroids, the use of
budesonide in extended maintenance of remission is limited due to
concerns with long-term use.
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D. Immunomodulators. 1. Methotrexate(MTX ).MTX is a structural analogue of folic acid that
inhibits the production of folinic acid. The exact mechanism of action in CD is unknown. Only
intramuscular or subcutaneous administration of MTX has efficacy in CD. MTX is a recommended
monotherapy option for maintenance of remission in CD, but is not recommended in maintenance
for UC. Common adverse effects of MTX are headache, nausea, vomiting, abdominal discomfort,
serum aminotransferase elevations, and rash. Daily administration of folic acid is effective at
reducing the incidence of Gl adverse effects and is recommended in patients receiving MTX.

2. Thiopurines. The thiopurines azathioprine and 6-mercaptopurine (6-MP) are oral medications that
have corticosteroid-sparing effects in patients with UC and CD. They are considered first line as
monotherapy for maintenance of remission. Use of thiopurines in IBD is limited by concerns of
toxicity, including bone marrow suppression and hepatotoxicity. Monitoring of complete blood
counts and liver function tests is recommended in all patients treated with a thiopurine.

azathioprine action : 1) - DNA synthesis; 2) Damage lymphoid & T- cells.
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TNF-a Inhibitors : TNF-a inhibitors are parenteral agents that are
effective for both induction and maintenance of remission in IBD.
Infliximab and adalimumab are indicated in both moderate—severe CD
and UC. Certolizumab is indicated for moderate—severe CD, and
golimumab is indicated for moderate—severe UC. The TNF-a inhibitors
are generally reserved as second-line agents in patients with UC who
have failed 5-ASAs, are unresponsive to or dependent on corticosteroids,
or who present with more severe disease. In CD, the TNF-a inhibitors
have a first-line role in patients with moderate—severe disease and those
at higher risk of progression and worse outcomes. These agents are
associated with the development of immunogenicity and antidrug
antibodies that can result in loss of response in a significant proportion of
patients.
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Mechanism of Action of Vedolizumab!!
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https://www.alpco.com/classes-of-biologics-for-the-treatment-of-ibd

Drugs Acting on the Pulmonary System

INTRODUCTION TO PULMONARY DISORDERS. Athsma

1. Asthma is characterized by acute episodes of bronchoconstriction
caused by underlying airway inflammation .

A hallmark of asthma is bronchial hypersensitivity to numerous kinds of
endogenous or exogenous stimuli . In asthmatic patients, the response to
various stimuli is amplified by persistant inflammation. 2. early-phase
response : 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 .
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3. late-phase response (may occur within hours or days) . An inflammatory response in which the
levels of H 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. Non-antigenic stimuli (cool air, exercise, and non-oxidizing pollutants) can trigger nonspecific
bronchoconstriction after early-phase sensitization.
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FIGURE 20-1 Conceptual model for the
immunopathogenesis of asthma. Exposure to allergen
causes synthesis of IgE, which binds to mast cells in the
airway mucosa. On re-exposure to allergen, antigen-
antibody interaction on mast cell surfaces triggers
release of mediators of anaphylaxis: histamine,
tryptase, prostaglandin D2 (PGD2), leukotriene (LT) C4,
and platelet-activating factor (PAF). These agents
provoke contraction of airway smooth muscle, causing
the immediate fall in forced expiratory volume in 1
second (FEV1). Re-exposure to allergen also causes the
synthesis and release of a variety of cytokines:
interleukins (IL) 4 and 5, granulocyte-macrophage
colony-stimulating factor (GM-CSF), tumor necrosis
factor (TNF), and tissue growth factor (TGF) from T
cells and mast cells. These cytokines in turnattract and
activate eosinophils and neutrophils, whose products
include eosinophil cationic protein (ECP), major basic
protein (MBP), proteases, and platelet-activating
factor. These mediators cause the edema, mucus
hypersecretion, smooth muscle contraction, and
increase in bronchial reactivity associated with the late
asthmatic response, indicated by a second fall in FEV1
3—6 hours after the exposure.

100

FEV,

75

Time (h)

Smooth muscle Blood vessel " .

| ===
$hd 5' Cell infiltration
.

@ @ @

/ Mast cell T lymphocyte Eosinophil Meutrophil

ALLERGEM

- sel) llual) Alalie 8 Al LN dasi s (3 ¢ o e liall (g shil) i 7 jlball (0 jatl) s g 5l i pal) e Liall Canall (g5 gl ) kel
Cw}}&mjd—wm)@m})ﬂ\j‘}_ﬁuﬂ\jw@@\ du\hujd).b\c_\u\.abbc.kuésM\—M\&EJWCJM@}A\M@\L;

CJLIMAM ua)d\ oJ\.ﬂ:\ L_u.u.\ ‘\-‘-’L‘SL’_LSJ"“QM

5830 anal Jale Ja g R i sel) cllacall slide cUime (palii Jal sall 538 333 cilagioall Loyt Jale

uM\wM\ﬁm&qu;\ﬁ&ujuw\_&ugm\w\d&bjaJi_qasgsﬂy\;uuqsyu\wg_,ﬁd&\}@uua\

M&Lcjjb))ﬂ\j GuLuY\uuj)J\ju_u_)jﬂ\u_\ju\ﬁ\uujﬂ\L@_\M y b_d\u_a\zfﬁaj\jg_\m_)jﬂ\@ju\_\ﬁﬁhd\o&tH\~ AHM‘\)M\J\
Leall LEAI A1aY) 4y 5o )1 Alaia) e Ay jiall dpeadl) Agleliil) 8500 5 5 slodall cidlianll alii g Jaliall 51580 Ja )8 5 e sll Jailus sl 038 Camasi | Cilsiial)

s omall day el V¥ ¢ Al gl 5 aaad U L gl



PC 20 FEV1 1.49 e PC 20 FEV1 -

Pre Fre
120 — 0s 1 2 Post 120 — UL 1 2 4 s 1% Post
- !
100“"'"<-‘,‘ 100 %4t r— = —_— 8
T — . hambhas PC20 FEV1
80 — ! [ e ‘ 80 —
60 — 60 —+ :
el 40 +
20 -
20 +
. 0
Post-BD
Pre-BD Post-8D
Pre Level1 Level 2 Leveld Leveld Level 5 Level6 Level7 Post B » . L '3 . oL '6 6 L I Soat
Dose mg/mi NS 05 10 20 re Level eve Level J Level eve Leve evel 7 os
FEV1Liters 243 238 2.13 1.81 248 Dose mg/mi pe NS 0.6 10 20 4.0 8.0 16.0
% Change -2 13 26 2 FEV1Liters 274 277 2.72 2.73 2.74 2.68 263 2.73
» Change 1 -1 -0 0 -2 - -0

Examples of methacholine challenge tests. Figure 1 indicates positive test results. The patient had a drop of FEV, greater than
20% from baseline at a 2 mg/mL dose of methacholine. Figure 2 indicates negative test results, with no significant change in
FEV, compared with baseline measurement.
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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 hyper-functioning of mucus-secreting goplet
cells; this causes a chronic (>2 month) cough.

b. Smoking or environment irritations often induce chronic bronchitis.

2. 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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1. AGENTS USED TO TREAT ASTHMAAND OTHER BRONCHIAL DESORDERS
A. Categories of pharmacologic agents
1. Pharmacologic agents used to treat asthma are often divided into two broad categories.

a. quick-relief medications (rescue medications; relievers) are taken as needed for rapid,
short-term relief of symptoms. (examples include short-acting 2-agonists).

b. Long-term control medications are taken regularly to control chronic symptoms and prevent
asthma attacks. (examples include long-acting f2-agonists and inhaled corticosteroids.
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B. Adrenergic agonists

1. Mechanism of actions (MOA) : Adrenergic agonists stimulate p2-adrenoceptors, causing
an increase In cyclic adenosine monophosphate (CAMP) levels, which leads to relaxation of

bronchial smooth muscle (Fig. ).

2. Short-acting B2-adrenoceptor agonists (SABAS) : albuterol, levalbuterol, terbutaline, and
metaproterenol .

(1) These agents have enhanced p2-receptor selectivity and are preferred because they produce
less cardiac stimulation (except metaproterenol, which is nonselsctive).

(2) They are generally administered by inhalation, in which their onset of action is 1—5 minutes.
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Fig. 27.3 Mechanisms of action of
bronchodilators.
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a. Indications : they are used for quick relief of acute asthma symptoms, such as shortness of
breath, wheezing and chest tightness.

b. SABA:s are prescribed for as needed use and should not be used routinely.
(1) Escalating use may be a sign that asthma is inadequately controlled.

(2) Long-term use of these agents for the treatment of chronic asthma is associated with
diminished control, perhaps due to p-receptor down-regulation.

L odall Gaadi s ¥ Getil) jual Jia ¢ Mad) g ) Gl oY ao pead) il s Jlaxiad) o g0
L) Lllaxiad) ase Aody g dalall (s SABA Jl caa i o
LS e e bgan je gl G e dadle Lellarind apeaai ()

Y5t ey ¢ gl Jayual il e (e el s pl) Asdlaal 501 03] 2a1—Jy shall Jlaaina¥) Jayl iy (Y)
‘ YUl OOl



3. long-acting p2-adrenoceptor agonists (LABAS)

a. salmeterol, formoterol, and vilametrol : These agents are administered as inhalants but have a
slower onset of action and a longer duration of action than the short-acting preparations. They
have very lipophilic side chains that slow diffusion out of the airway.

b. Indications. LABSs are used in combination with inhaled glucocorticoids for patients with
moderate to severe asthma.

(1) They should never be prescribed as monotherapy.

(2) They are very effective for long-term control of asthma but should not be used to treat an
acute attack.

c. Albuterol and terbutaline can be administered orally for long-term control.
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4. Adverse effects

a. The adverse effects of adrenergic agonists are based on receptor occupancy.
b. They are minimized by inhalant delivery directly to the airways.
(1) The most common adverse effects Is skeletal muscle tremor.

(2) Increased heart rate and palpitations may occure, especially with nonselective agents like
metaproterenol.

(3) P2-adrenoceptor agonists may decrease serum potassium levels.
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C. Methylxanthines. Theophylline . MOA : (Fig, ) :

a. Theophillin inhibits phosphidiesterase (PDE) enzymes (mostly PDE3 and PDE4); this prevents degradation of
cAMP, leading to bronchial smooth muscle relaxation.

b. Itisalso an adenosine-receptor antagonist. (adenosine causes bronchoconstriction and promotes the release of
H from mast cells).

c. It may enhance calcium uptake through adenosine-mediated channels, leading to an increase force of contraction
of diaphragmatic muscles.

3. Pharmacologic properties

a. ThethyIIine has a narrow therapeutic index; blood levels should be monitored to prevent drug intoxication.
The therapeutic range is 5—15 mg/L.

b. Clearance of theophylline has wide variability and is affected by diet, drugs, and liver function.
c. Itis metabolized in the liver and excreted by the kidney.
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. Indications

Theophylline can be used as add-on therapy when inhaled corticosteroids or B-adrenoceptors agonists inadequated control asthma symptoms.

It may be used treat chronic bronchitis and emphysema.

Caffeine, another methylxanthine, may be used to treat apnea in preterm infants (based on stimulation of the central respiratory center).
. Adverse effects and drug interactions

At therapeutic doses, theophylline may cause insomnia, restlessness, and worsening of dyspepsia.

Mild intoxication may cause nausea and vomiting (central emetic effect), headache, tachycardia, and tremors.

Severe intoxication may lead to arrhythmias and seizures.

It may interact with cytochrome P450-1A2 (CYP1A2) inducers and inhibitors.

Some macrolide and fluoroquinolone antibiotics may increase theophylline levels.
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D. Muscarinic antagonists
1. MOA

a. Muscarinic antagonists are competitive antagonists of ACh at the muscarinic receptor. They inhibit ACh- _
mediated constriction of bronchial airways. Anticholinergics also decrease vagal-stimulated mucus secretion (Fig.

b. Most agents act preferentially on the muscarinic M3 receptor.
2. Specific agents
a. Short-acting muscarinic antagonists include ipratropium bromide .
b. Long-acting muscarinic antagonists include tiotropium, umeclidinum, and glycopyronium .
3. Indications
a. All agents can be used for the maintenance therapy of COPD .
b. Ipratropium can be used (off-lable) for acute asthma excerbations .
c. Tiotropium can be used for asthma maintenance therapy .
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4. Adverse effects

a. These agents are given by inhalation. Systemic absorption is low, although some absorption
from the lung can occur.

b. Ipratropium bromide and tiotropioum are quaternary ammonium compounds; thereby, they

are poorly absorbed and do not cross the BBB . (for this reason , these agents have fewer
adverse effects) .

c. Dry mouth and abnormal taste may occur. Urinary retention may be seen in elderly patients.
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E. Glucocorticoids. beclomethasone , triamcinolone acetate , budesonide , flunisolide, and fluticasone
propionate . ( GCs are available as oral, topical, and inhaled agents) .

1. MOA (Fig.)

a. Glucocorticoids bind to intracellular glucocorticoid receptors. They form a steroid-receptor complex,
which translocates to the nucleus and binds to glucocorticoid response elements in DNA. This alters the
transcription of several genes, including those coding for the B-adrenergic receptor and anti-
Inflammatory proteins.

b. They can reduce the number of inflammatory cells and decrease vascular permeability and mucus
production . {While they do not directly affect contractile function of the airway smooth muscle, they can
produce a significant increase in airway diameter. (This effect is most likely from attenuating prostaglandln
and leukotriene syntheses via annexin 1a (ipocortin ) @nd inhibiting the immune response, including
production of cytokines and chemoattractants) }.
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2. indications.

a.  These are first-line agents for the treatment of persistent asthma.

(1) Inhaled GCs may be recommended for initial treatment of asthma, with additional agents added as needed.
(2) They are used prophylactically rather than to reverse an acute attack.

(3) Because of their systemic adverse effects, oral GCs are usually reserved for severe persistent asthma.

b. Inhaled GCs are poorly effective in COPD.

3. Adverse effects

a.  Systemic effects are decreased when administered by inhalation.

b.  Common adverse effects of inhaled GCs include hoarseness and oral candidiasis .patients should rinse their mouth with water (without swallowing)
after each use to prevent oral candidiasis.

c.  Serious adverse effects of systemic GCs include adrenal suppression and osteoporosis.
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F. Leukotriene pathway inhibitors. a. leukotriene-receptor antagonists. zafirlukast and montelukast. b. MOA (Fig. )

(1) Cysteinyl leukotrienes 1(Cys LTs) are synthesized by eosinophils and mast cells, which are prominent in asthmatic inflammation.
They are also released from the hasal mucosa following exposure to an allergen, leading to symptoms of allergic rhinitis.

(2) CysLTsinclude LTC4, LTD4, LTE4 .
(3) Montelukast and zafirlukast are cysteinyl leukotriene typ-1—receptor antagonists.
(4) They reduse airway edema, bronchoconstriction, and inflammatory cell infiltration.

c. Indications. Montelukast and zafirlukast may be used for the propréylaxjs and chronic treatment of asthma. Montelukast may also be
used to relieve symptoms associated with allergic rhinitis . Both are administered orally.

d. Adverse effects of zafirlukast include headache and elevation in liver enzymes.
e. Drug interaction. Zafirlukast may increase the serum concentration of warfarin.
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Fig. 3.9 Production of AA metabolites and their roles in inflammation. Clinically useful antagonists of different enzymes and receptors are indicated in red.
While leukotriene receptor antagonists inhibit all actions of leukotrienes, they are used in the clinic to treat asthma, as shown. COX-/, COX-2, Cyclooxygenase
I and 2: HETE, hydroxyeicosatetraencic acid: HPETE, hydroperoxyeicosatetraenoic acid.
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Fic. 27.2 Synthesis and effects of leukotrienes and sites of drug action. Asthmatic stimuli (antigens, cold air, exercise, cytokines, and others) activate
phospholipase A, (PLA, ), leading to formation of leukotriene A, (LTA,) by 5-lipoxygenase, which is inhibited by zileuton. LTA, is converted to leukotriene
B,, which activates B ]eukmnen& receptors, such as BLT . LTA 15 alsn converted to the cysteinyl leukotrienes C,, D,, and E,, whu:h activate cysteinyl leu-
otriene receptors, such as CysLT,. These receprors are blnckea by montelukast and zafirlukast. Leukotriene receptnrs are mupl&d with G_ and G, leading
to increased intracellular calcium, decreased c AMP, activation of protein kinases, and biologic effects.



2.
a.

C.

3.

5—lipoxygenase inhibitors. Zileuton

MOA . Zileuton inhibits 5—lipoxygenase, the rate-limiting enzyme in leukotriene biosynthesis.
Inhibiting leukotriene formation can help decrease the inflammation, mucous secretion, and
bronchoconstriction associated with astmma (Fig. )

Indications. Zileuton is approved for prophylaxis and chronic treatment of asthma in adults and
children >/=12 years of age. It is administered orally.

Adverse effects. Zileuton can cause headaches. It also has the potential to cause hepatotoxicity;
therefore, liver enzymes should be monitored; elderly women appear to be at highest risk.

It Is iImportant to note that the leukotriene pathway is one of many responsible for the inflammatory

symptoms associated with asthma. For this reason, leukotriene pathway inhibitors are less effective
than inhaled corticosteroids, which affect several processes involved with inflammation.
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G. Anti-IgE antibody . Omalizumab .

1. MOA. Omalizumab binds free IgE in the serum, forming trimers and hexamers. The drug binds to IgE at the same
sitﬁ tha’(cjtge hig#_iaffinity IgE receptor (Fc-epsilon-Rl) binds, so IgE bound to drug cannot bind its receptor on mast
cells and basophils.

a. Italso lowers free serum IgE concentrations by as much as 90%. Since it does not block the allergen—antibody reaction, it
leads to a reduction in allergen concentrations:

b. These activities reduce both early-phase degranulation reaction of mast cells and the late-phase release of mediators.

2. indications. Omalizumab is used as an adjunct treatment for asthma in patients over 6 yeaes old whose asthma is
madequate_I%/ controlled with inhaled GCs and LABA, as well as in asthmatic patients with allergies (by allergy skin
tests or in vitro measurements of allergen-specific IgE). It is administered by subcutaneous injection every 2—4 weeks.

3. Adverse effects include injection site reactions and arthralgia. It may also cause anaphylaxis; therefore, patients should

be monitored after administration.
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TABLE 20-1

Monoclonal antibodies for use in asthma.l

Antibody Name Isotype Target
Omalizumab Humanized IgG1 gk
Mepolizumab Humanized IgG1 IL-5
Benralizumab Humanized IgG1 IL-5 receptor
Reslizumab Humanized IgG4 IL-5
Dupilumab Humanized |gG4 IL-4 receptor

LApproved orin phase 2 or 3 clinical trials.



H. Phosphodiesterase—4 enzyme (PDE4) inhibitor . Roflumilast

1. MOA. Roflomilast is a PDE4 inhibitor; it leads to increase cCAMP levels and
bronchodilation. It may also have anti-inflammatory activity through inhibition of cytokine
release and decrease neutrophils.

2. Indications. It is approved to reduce the risk of COPD exacerbations.

3. Adverse effects include nausea, diarrhea, and weight loss. It may be associated with
neuropsychiatric reactions and should be used with caution in patients with a history of
depression or suicidal thought and behavior.
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I. Chromones (see chapter 6). Cromolyn sodium

1. MOA. Cromolyn sodium Is a mast cell stabilizer. It prevent the release of histamine and
slow-reacting substance of anaphylaxis (SRS—A) from sensitized mast cells. They do not
affect airway smooth muscle tone .

2. Indications. It can be given by nebulization for chronic control of asthma.
Adverse effects are rare but may include dry mouth, throat irritation, and cough.
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DRUGS USED TO TREAT RHINITIS AND COUGH

A. Rhinitis

1. Rhinitis is inflammation and swelling of the mucous membrane of nose, characterized by one
or more of the following : nasal congestion, rhinorrhea, nasal itching, and sneezing .

{inflammation mediators (H, LTs, PGs, Kinins) produce mucus production, vasodilation,
parasympathetic stimulation, and airway widening) } .

2. It may be caused by allergens, viruses, vasomotor abnormalities, or rhinitis medicamentosa
{rebound nasal congestion due to extended use of topical decongestion}.
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B. Agents used to treat rhinitis

1. antihistamines. First-generation agents include diphenhydramine, hydroxyzine, brompheniramine, and
chlorpheniramine. Second-generation agents include loratadine, cetirizine, and fexofenadine.

a. MOA. Antihistamines are histamine (Hl)-rec_eﬁto_r antagonists. They do not block the release of H.
they also decrease secretions through their anticholinergic activity.

b. Indications. Antihistamines can reduce sneesing, itching, and rhinorrhea. {compared to intranasal
GCs, they are less effective for nasal congestlon%.

c. Adverse effects. First-generation antihistamines cause sedation since they are lipophilic and cross
the BBB. They can also cause anticholinergic effects such as dry mouth and dry eyes. Second-

generation agents are less sedating.
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2. a-Adernoceptor agonists. Oxymetazoline and phenylephrine are available as intranasal sprays.
Phenylephrine and pseudoephedrine can be administered orally. (1) While intranasal administration
allows for rapid onset and has few systemic effects, it also has increased risk for rebound nasal
congestion. (2) oral administration allows for a longer duration of action but has an increased risk for
systemic effects.

a. MOA. a-Adernoceptor agonists reduce airway resistance by constricting dilated arterioles in the
nasal mucosa.

b. Indication. They are used for the treatment of nasal congestion.

c. Adverse effects may 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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3. Inhaled corticosteroids. Beclomethasone, budesonide, flunisolide, fluticasone, and
mometasone.

a. MOA. Inhaled GCs exert their anti-inflammatory action through a wide range of effects on
various inflammatory cells and mediators, including mast cells and histamine.

b. Indications. These agents are effective for management of nasal congestion and maintenance
therapy for allergic rhinitis. They require 1-2 weeks for full effect.

4. Anticholinergics might be more effective in rhinitis, but doses required produce systemic
adverse effects. Ipratropium, a poor absorbed ACh antagonist administered by nasal spray, is
approved for rhinorrhea associated with the common cold or with allergic or non-allergic
seasonal rhinitis.
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C. Cough.

Characteristic of cough. Cough is produced by the cough reflex, which is integrated in the
cough center in the medulla.

(1) The initial stimulus for cough probably arises in the bronchial mucosa, where irritation result
In bronchoconstriction.

(2) Cough receptors, specialized stretch receptors in the trachea and bronchial tree, send vagal
afferents to the cough center and trigger the cough reflex (Fig. ).
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Receptors (Sensory Sites)

“Cough Center"

Epiglottis (opening to the Windpipe)
~ Vagus Nerve



D. Agents used to treat cough.
1. Antitussive agents

a. opioids. Codeine, hydrocodone, and hydromorphone

(1) These agents decrease sensitivity of central cough center to peripheral stimuli and decrease mucosal secretions
(by suppressing the brainstem cough center through mu and kappa opioid receptor agonism. )

(2) Antitussive actions occur at doses lower than those required for analgesia.
(3) These agents produce constipation, nausea, and respiratory depression.
b. Dextromethorphan

(1) Dextromethorphan is the D-isomer of an opioid; it is active as an antitussive agent, but has less analgesic activity
or addictive liability than codeine.

(2) Dextromethorphan is less constipating than codeine.
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c. Benzonatate

(1) Benzonatate is glycerol derivative chemically similar to procaine and other ester-type
anesthetics.

(2) It reduce the activity of peripheral cough receptors and also appears to reduce the threshold of
the central cough center.

2. Expectorants stimulate the production of watery, less-viscous mucus; they include guaifenesin.
(1) Gualifenesin acts directly via the gastrointestinal tract to stimulate the vagal reflex.

(2) Near-emetic doses of guaifenesin are required for beneficial effect; these doses are not
attained in typical over-the-counter preparations.
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3. Mucolytics. N-Acetylcysteine
(1) N-Acetylcysteine reduces the viscosity of mucus and sputum by cleaving disulfide bonds.
(2) It is delivered as an inhalant and modestly reduces COPD exacerbation rates by roughly 30%.

(3) Intravenous N-Acetylcysteine is used as an antidote for acetaminophen toxicity (unrelated to
Its mucolytic activity). F
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Drugs Acting on the Pulmonary System

INTRODUCTION TO PULMONARY DISORDERS. Athsma

1. Asthma is characterized by acute episodes of bronchoconstriction
caused by underlying airway inflammation .

A hallmark of asthma is bronchial hypersensitivity to numerous kinds of
endogenous or exogenous stimuli . In asthmatic patients, the response to
various stimuli is amplified by persistant inflammation. 2. early-phase
response : 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 .
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3. late-phase response (may occur within hours or days) . An inflammatory response in which the
levels of H 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. Non-antigenic stimuli (cool air, exercise, and non-oxidizing pollutants) can trigger nonspecific
bronchoconstriction after early-phase sensitization.
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FIGURE 20-1 Conceptual model for the
immunopathogenesis of asthma. Exposure to allergen
causes synthesis of IgE, which binds to mast cells in the
airway mucosa. On re-exposure to allergen, antigen-
antibody interaction on mast cell surfaces triggers
release of mediators of anaphylaxis: histamine,
tryptase, prostaglandin D2 (PGD2), leukotriene (LT) C4,
and platelet-activating factor (PAF). These agents
provoke contraction of airway smooth muscle, causing
the immediate fall in forced expiratory volume in 1
second (FEV1). Re-exposure to allergen also causes the
synthesis and release of a variety of cytokines:
interleukins (IL) 4 and 5, granulocyte-macrophage
colony-stimulating factor (GM-CSF), tumor necrosis
factor (TNF), and tissue growth factor (TGF) from T
cells and mast cells. These cytokines in turnattract and
activate eosinophils and neutrophils, whose products
include eosinophil cationic protein (ECP), major basic
protein (MBP), proteases, and platelet-activating
factor. These mediators cause the edema, mucus
hypersecretion, smooth muscle contraction, and
increase in bronchial reactivity associated with the late
asthmatic response, indicated by a second fall in FEV1
3—6 hours after the exposure.
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Examples of methacholine challenge tests. Figure 1 indicates positive test results. The patient had a drop of FEV, greater than
20% from baseline at a 2 mg/mL dose of methacholine. Figure 2 indicates negative test results, with no significant change in
FEV, compared with baseline measurement.
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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 hyper-functioning of mucus-secreting goplet
cells; this causes a chronic (>2 month) cough.

b. Smoking or environment irritations often induce chronic bronchitis.

2. 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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1. AGENTS USED TO TREAT ASTHMAAND OTHER BRONCHIAL DESORDERS
A. Categories of pharmacologic agents
1. Pharmacologic agents used to treat asthma are often divided into two broad categories.

a. quick-relief medications (rescue medications; relievers) are taken as needed for rapid,
short-term relief of symptoms. (examples include short-acting 2-agonists).

b. Long-term control medications are taken regularly to control chronic symptoms and prevent
asthma attacks. (examples include long-acting f2-agonists and inhaled corticosteroids.
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B. Adrenergic agonists

1. Mechanism of actions (MOA) : Adrenergic agonists stimulate p2-adrenoceptors, causing
an increase In cyclic adenosine monophosphate (CAMP) levels, which leads to relaxation of

bronchial smooth muscle (Fig. ).

2. Short-acting B2-adrenoceptor agonists (SABAS) : albuterol, levalbuterol, terbutaline, and
metaproterenol .

(1) These agents have enhanced p2-receptor selectivity and are preferred because they produce
less cardiac stimulation (except metaproterenol, which is nonselsctive).

(2) They are generally administered by inhalation, in which their onset of action is 1—5 minutes.
s Al ) @

) cdldand) A& i) ) 505 s ¢ CAMP <ol gioe 2 3 ¢ ¥Uadl Ay oY) cdiiocal) 4l 3 Jadl) 4307 )
C(.Jsal)

albuterol, levalbuterol, terbutaline, : (SABAS) Jerdall 3_jualll YUl 4, ja¥) cdliiand) cillaali | Y
. and metaproterenol

(a8 2 metaproterenol sliuly) Gl L J81 L3 dliaia s ¥Ull AU 45071 o361 (V)
LGBy o) (DA la il o LU L gae aad ()



BRONCHODILATION

cAMP

s

PDE

?

Theophiline
Roflumilast




Fig. 27.3 Mechanisms of action of
bronchodilators.

Selective beta2-adrenoceptor
agonists activate beta2-receptors.
This Increases CAMP concentrations
in smooth muscle and causes the
muscle to relax.
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CAMP to 5’-AMP.
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a. Indications : they are used for quick relief of acute asthma symptoms, such as shortness of
breath, wheezing and chest tightness.

b. SABA:s are prescribed for as needed use and should not be used routinely.
(1) Escalating use may be a sign that asthma is inadequately controlled.

(2) Long-term use of these agents for the treatment of chronic asthma is associated with
diminished control, perhaps due to p-receptor down-regulation.
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3. long-acting p2-adrenoceptor agonists (LABAS)

a. salmeterol, formoterol, and vilametrol : These agents are administered as inhalants but have a
slower onset of action and a longer duration of action than the short-acting preparations. They
have very lipophilic side chains that slow diffusion out of the airway.

b. Indications. LABSs are used in combination with inhaled glucocorticoids for patients with
moderate to severe asthma.

(1) They should never be prescribed as monotherapy.

(2) They are very effective for long-term control of asthma but should not be used to treat an
acute attack.

c. Albuterol and terbutaline can be administered orally for long-term control.
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4. Adverse effects

a. The adverse effects of adrenergic agonists are based on receptor occupancy.
b. They are minimized by inhalant delivery directly to the airways.
(1) The most common adverse effects Is skeletal muscle tremor.

(2) Increased heart rate and palpitations may occure, especially with nonselective agents like
metaproterenol.

(3) P2-adrenoceptor agonists may decrease serum potassium levels.
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C. Methylxanthines. Theophylline . MOA : (Fig, ) :

a. Theophillin inhibits phosphidiesterase (PDE) enzymes (mostly PDE3 and PDE4); this prevents degradation of
cAMP, leading to bronchial smooth muscle relaxation.

b. Itisalso an adenosine-receptor antagonist. (adenosine causes bronchoconstriction and promotes the release of
H from mast cells).

c. It may enhance calcium uptake through adenosine-mediated channels, leading to an increase force of contraction
of diaphragmatic muscles.

3. Pharmacologic properties

a. ThethyIIine has a narrow therapeutic index; blood levels should be monitored to prevent drug intoxication.
The therapeutic range is 5—15 mg/L.

b. Clearance of theophylline has wide variability and is affected by diet, drugs, and liver function.
c. Itis metabolized in the liver and excreted by the kidney.
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. Indications

Theophylline can be used as add-on therapy when inhaled corticosteroids or B-adrenoceptors agonists inadequated control asthma symptoms.

It may be used treat chronic bronchitis and emphysema.

Caffeine, another methylxanthine, may be used to treat apnea in preterm infants (based on stimulation of the central respiratory center).
. Adverse effects and drug interactions

At therapeutic doses, theophylline may cause insomnia, restlessness, and worsening of dyspepsia.

Mild intoxication may cause nausea and vomiting (central emetic effect), headache, tachycardia, and tremors.

Severe intoxication may lead to arrhythmias and seizures.

It may interact with cytochrome P450-1A2 (CYP1A2) inducers and inhibitors.

Some macrolide and fluoroquinolone antibiotics may increase theophylline levels.
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D. Muscarinic antagonists
1. MOA

a. Muscarinic antagonists are competitive antagonists of ACh at the muscarinic receptor. They inhibit ACh- _
mediated constriction of bronchial airways. Anticholinergics also decrease vagal-stimulated mucus secretion (Fig.

b. Most agents act preferentially on the muscarinic M3 receptor.
2. Specific agents
a. Short-acting muscarinic antagonists include ipratropium bromide .
b. Long-acting muscarinic antagonists include tiotropium, umeclidinum, and glycopyronium .
3. Indications
a. All agents can be used for the maintenance therapy of COPD .
b. Ipratropium can be used (off-lable) for acute asthma excerbations .
c. Tiotropium can be used for asthma maintenance therapy .
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4. Adverse effects

a. These agents are given by inhalation. Systemic absorption is low, although some absorption
from the lung can occur.

b. Ipratropium bromide and tiotropioum are quaternary ammonium compounds; thereby, they

are poorly absorbed and do not cross the BBB . (for this reason , these agents have fewer
adverse effects) .

c. Dry mouth and abnormal taste may occur. Urinary retention may be seen in elderly patients.
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E. Glucocorticoids. beclomethasone , triamcinolone acetate , budesonide , flunisolide, and fluticasone
propionate . ( GCs are available as oral, topical, and inhaled agents) .

1. MOA (Fig.)

a. Glucocorticoids bind to intracellular glucocorticoid receptors. They form a steroid-receptor complex,
which translocates to the nucleus and binds to glucocorticoid response elements in DNA. This alters the
transcription of several genes, including those coding for the B-adrenergic receptor and anti-
Inflammatory proteins.

b. They can reduce the number of inflammatory cells and decrease vascular permeability and mucus
production . {While they do not directly affect contractile function of the airway smooth muscle, they can
produce a significant increase in airway diameter. (This effect is most likely from attenuating prostaglandln
and leukotriene syntheses via annexin 1a (ipocortin ) @nd inhibiting the immune response, including
production of cytokines and chemoattractants) }.
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2. indications.

a.  These are first-line agents for the treatment of persistent asthma.

(1) Inhaled GCs may be recommended for initial treatment of asthma, with additional agents added as needed.
(2) They are used prophylactically rather than to reverse an acute attack.

(3) Because of their systemic adverse effects, oral GCs are usually reserved for severe persistent asthma.

b. Inhaled GCs are poorly effective in COPD.

3. Adverse effects

a.  Systemic effects are decreased when administered by inhalation.

b.  Common adverse effects of inhaled GCs include hoarseness and oral candidiasis .patients should rinse their mouth with water (without swallowing)
after each use to prevent oral candidiasis.

c.  Serious adverse effects of systemic GCs include adrenal suppression and osteoporosis.
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F. Leukotriene pathway inhibitors. a. leukotriene-receptor antagonists. zafirlukast and montelukast. b. MOA (Fig. )

(1) Cysteinyl leukotrienes 1(Cys LTs) are synthesized by eosinophils and mast cells, which are prominent in asthmatic inflammation.
They are also released from the hasal mucosa following exposure to an allergen, leading to symptoms of allergic rhinitis.

(2) CysLTsinclude LTC4, LTD4, LTE4 .
(3) Montelukast and zafirlukast are cysteinyl leukotriene typ-1—receptor antagonists.
(4) They reduse airway edema, bronchoconstriction, and inflammatory cell infiltration.

c. Indications. Montelukast and zafirlukast may be used for the propréylaxjs and chronic treatment of asthma. Montelukast may also be
used to relieve symptoms associated with allergic rhinitis . Both are administered orally.

d. Adverse effects of zafirlukast include headache and elevation in liver enzymes.
e. Drug interaction. Zafirlukast may increase the serum concentration of warfarin.
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COX-1 and COX-2
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Prostaglandin G, (PGGy) » 5-HETE
Prostaglandin Hz (PGH3) L Chemotaxd
Prostacyclin v

Leukotnene A; (LTA;) —— Leukotriene B,
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Fig. 3.9 Production of AA metabolites and their roles in inflammation. Clinically useful antagonists of different enzymes and receptors are indicated in red.
While leukotriene receptor antagonists inhibit all actions of leukotrienes, they are used in the clinic to treat asthma, as shown. COX-/, COX-2, Cyclooxygenase
I and 2: HETE, hydroxyeicosatetraencic acid: HPETE, hydroperoxyeicosatetraenoic acid.
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Fic. 27.2 Synthesis and effects of leukotrienes and sites of drug action. Asthmatic stimuli (antigens, cold air, exercise, cytokines, and others) activate
phospholipase A, (PLA, ), leading to formation of leukotriene A, (LTA,) by 5-lipoxygenase, which is inhibited by zileuton. LTA, is converted to leukotriene
B,, which activates B ]eukmnen& receptors, such as BLT . LTA 15 alsn converted to the cysteinyl leukotrienes C,, D,, and E,, whu:h activate cysteinyl leu-
otriene receptors, such as CysLT,. These receprors are blnckea by montelukast and zafirlukast. Leukotriene receptnrs are mupl&d with G_ and G, leading
to increased intracellular calcium, decreased c AMP, activation of protein kinases, and biologic effects.



2.
a.

C.

3.

5—lipoxygenase inhibitors. Zileuton

MOA . Zileuton inhibits 5—lipoxygenase, the rate-limiting enzyme in leukotriene biosynthesis.
Inhibiting leukotriene formation can help decrease the inflammation, mucous secretion, and
bronchoconstriction associated with astmma (Fig. )

Indications. Zileuton is approved for prophylaxis and chronic treatment of asthma in adults and
children >/=12 years of age. It is administered orally.

Adverse effects. Zileuton can cause headaches. It also has the potential to cause hepatotoxicity;
therefore, liver enzymes should be monitored; elderly women appear to be at highest risk.

It Is iImportant to note that the leukotriene pathway is one of many responsible for the inflammatory

symptoms associated with asthma. For this reason, leukotriene pathway inhibitors are less effective
than inhaled corticosteroids, which affect several processes involved with inflammation.
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G. Anti-IgE antibody . Omalizumab .

1. MOA. Omalizumab binds free IgE in the serum, forming trimers and hexamers. The drug binds to IgE at the same
sitﬁ tha’(cjtge hig#_iaffinity IgE receptor (Fc-epsilon-Rl) binds, so IgE bound to drug cannot bind its receptor on mast
cells and basophils.

a. Italso lowers free serum IgE concentrations by as much as 90%. Since it does not block the allergen—antibody reaction, it
leads to a reduction in allergen concentrations:

b. These activities reduce both early-phase degranulation reaction of mast cells and the late-phase release of mediators.

2. indications. Omalizumab is used as an adjunct treatment for asthma in patients over 6 yeaes old whose asthma is
madequate_I%/ controlled with inhaled GCs and LABA, as well as in asthmatic patients with allergies (by allergy skin
tests or in vitro measurements of allergen-specific IgE). It is administered by subcutaneous injection every 2—4 weeks.

3. Adverse effects include injection site reactions and arthralgia. It may also cause anaphylaxis; therefore, patients should

be monitored after administration.
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TABLE 20-1

Monoclonal antibodies for use in asthma.l

Antibody Name Isotype Target
Omalizumab Humanized IgG1 gk
Mepolizumab Humanized IgG1 IL-5
Benralizumab Humanized IgG1 IL-5 receptor
Reslizumab Humanized IgG4 IL-5
Dupilumab Humanized |gG4 IL-4 receptor

LApproved orin phase 2 or 3 clinical trials.



H. Phosphodiesterase—4 enzyme (PDE4) inhibitor . Roflumilast

1. MOA. Roflomilast is a PDE4 inhibitor; it leads to increase cCAMP levels and
bronchodilation. It may also have anti-inflammatory activity through inhibition of cytokine
release and decrease neutrophils.

2. Indications. It is approved to reduce the risk of COPD exacerbations.

3. Adverse effects include nausea, diarrhea, and weight loss. It may be associated with
neuropsychiatric reactions and should be used with caution in patients with a history of
depression or suicidal thought and behavior.
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I. Chromones (see chapter 6). Cromolyn sodium

1. MOA. Cromolyn sodium Is a mast cell stabilizer. It prevent the release of histamine and
slow-reacting substance of anaphylaxis (SRS—A) from sensitized mast cells. They do not
affect airway smooth muscle tone .

2. Indications. It can be given by nebulization for chronic control of asthma.
Adverse effects are rare but may include dry mouth, throat irritation, and cough.
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DRUGS USED TO TREAT RHINITIS AND COUGH

A. Rhinitis

1. Rhinitis is inflammation and swelling of the mucous membrane of nose, characterized by one
or more of the following : nasal congestion, rhinorrhea, nasal itching, and sneezing .

{inflammation mediators (H, LTs, PGs, Kinins) produce mucus production, vasodilation,
parasympathetic stimulation, and airway widening) } .

2. It may be caused by allergens, viruses, vasomotor abnormalities, or rhinitis medicamentosa
{rebound nasal congestion due to extended use of topical decongestion}.
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B. Agents used to treat rhinitis

1. antihistamines. First-generation agents include diphenhydramine, hydroxyzine, brompheniramine, and
chlorpheniramine. Second-generation agents include loratadine, cetirizine, and fexofenadine.

a. MOA. Antihistamines are histamine (Hl)-rec_eﬁto_r antagonists. They do not block the release of H.
they also decrease secretions through their anticholinergic activity.

b. Indications. Antihistamines can reduce sneesing, itching, and rhinorrhea. {compared to intranasal
GCs, they are less effective for nasal congestlon%.

c. Adverse effects. First-generation antihistamines cause sedation since they are lipophilic and cross
the BBB. They can also cause anticholinergic effects such as dry mouth and dry eyes. Second-

generation agents are less sedating.
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2. a-Adernoceptor agonists. Oxymetazoline and phenylephrine are available as intranasal sprays.
Phenylephrine and pseudoephedrine can be administered orally. (1) While intranasal administration
allows for rapid onset and has few systemic effects, it also has increased risk for rebound nasal
congestion. (2) oral administration allows for a longer duration of action but has an increased risk for
systemic effects.

a. MOA. a-Adernoceptor agonists reduce airway resistance by constricting dilated arterioles in the
nasal mucosa.

b. Indication. They are used for the treatment of nasal congestion.

c. Adverse effects may 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).

, iyl Jaky lalay o) il sis phenylephrine U Oxymetazoline 4! : WY1 Al ;oY) cliiual) claali, ¥
. 28l pseudoephedrine A\ s Phenylephring AV eUac) (Say
Y Ay ) ) jUaial o3 4kl ¢ AL Ao ganall 4 i oy il can QY JA0S clac ) e (V)
. A glaall/ g 215 )Y
L0 Ao sanall <l il Uil oS3 J shal Jad ol s (5 sadll slac ) ans (Y)
LAY Adalial) 8 e gial) el i) (il ) sell cllsall A glae WIVECiliaals (i ¢ Jadl) 4307 ]
ceaty) e dadledd 3 Jlaaia) o) 98

. (Z:IL\AA‘)M} JLAI\.C\} c.\.m.i “&‘).\.u:j J}L&Auu.\;h‘);kic‘\ﬂ&aﬂ\ ‘\T}ij\ Q_\M“ ’ (JLA:AM \




3. Inhaled corticosteroids. Beclomethasone, budesonide, flunisolide, fluticasone, and
mometasone.

a. MOA. Inhaled GCs exert their anti-inflammatory action through a wide range of effects on
various inflammatory cells and mediators, including mast cells and histamine.

b. Indications. These agents are effective for management of nasal congestion and maintenance
therapy for allergic rhinitis. They require 1-2 weeks for full effect.

4. Anticholinergics might be more effective in rhinitis, but doses required produce systemic
adverse effects. Ipratropium, a poor absorbed ACh antagonist administered by nasal spray, is
approved for rhinorrhea associated with the common cold or with allergic or non-allergic
seasonal rhinitis.
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C. Cough.

Characteristic of cough. Cough is produced by the cough reflex, which is integrated in the
cough center in the medulla.

(1) The initial stimulus for cough probably arises in the bronchial mucosa, where irritation result
In bronchoconstriction.

(2) Cough receptors, specialized stretch receptors in the trachea and bronchial tree, send vagal
afferents to the cough center and trigger the cough reflex (Fig. ).
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D. Agents used to treat cough.
1. Antitussive agents

a. opioids. Codeine, hydrocodone, and hydromorphone

(1) These agents decrease sensitivity of central cough center to peripheral stimuli and decrease mucosal secretions
(by suppressing the brainstem cough center through mu and kappa opioid receptor agonism. )

(2) Antitussive actions occur at doses lower than those required for analgesia.
(3) These agents produce constipation, nausea, and respiratory depression.
b. Dextromethorphan

(1) Dextromethorphan is the D-isomer of an opioid; it is active as an antitussive agent, but has less analgesic activity
or addictive liability than codeine.

(2) Dextromethorphan is less constipating than codeine.
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c. Benzonatate

(1) Benzonatate is glycerol derivative chemically similar to procaine and other ester-type
anesthetics.

(2) It reduce the activity of peripheral cough receptors and also appears to reduce the threshold of
the central cough center.

2. Expectorants stimulate the production of watery, less-viscous mucus; they include guaifenesin.
(1) Gualifenesin acts directly via the gastrointestinal tract to stimulate the vagal reflex.

(2) Near-emetic doses of guaifenesin are required for beneficial effect; these doses are not
attained in typical over-the-counter preparations.
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3. Mucolytics. N-Acetylcysteine
(1) N-Acetylcysteine reduces the viscosity of mucus and sputum by cleaving disulfide bonds.
(2) It is delivered as an inhalant and modestly reduces COPD exacerbation rates by roughly 30%.

(3) Intravenous N-Acetylcysteine is used as an antidote for acetaminophen toxicity (unrelated to
Its mucolytic activity). F
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DRUGS USED IN HEMOSTATIC DISORDERS

PLATELET INHIBITORS
Thromboxane A, inhibitor ffgﬁlﬁgme
Aspirin (Oral) Alteplase (tPA)
Vasodilator and inhibitor of Reteplase
thromboxane A, synthesis Tenecteplase
Dipyridamole (Orc)
. A Protamine sulfate {IV)
AEIF‘rec-Eptur inhibitors Tranexamic acid (Oral, IV)
Clopidogrel (Oral) Vitamin K, (Phytonadione) (SC)
Ticlopidine (Oral) Idarucizumab (V)
Prasugrel (COral) Aminocaproic acid (TV)
Ticagrelor (Oral) L L 1
Cangrelor (IV) Figure 21.1
. . or Summary of drugs used in treating

gﬁmdllat;:tzjﬂ n:.:l PDE lll inhibitor dysfunctions of hemostasis and their route

Hostazol (Ural) of administration. (For drug dosages, refer
GP lib/Hla inhibitors to Appendix at the end of the book.)
Abciximab (IV)  Wall defect
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Heparin (IV, 5C)
Low molecular weight heparins
Enoxaparin (5C)
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Desirudin (V)
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release of granules containing
platelet aggregation agents
or Caz+.

Platelets act as vascular sentries, monitoring the integrity of the vas
cular endothelium. In the absence of injury., resting platelets circulat
freely, because the balance of chemical signals indicates that the vas
cular system is not damaged (Figure 21.2).

1. Chemical mediators synthesized by endothelial cells
Prostacyclin is synthesized by intact endothelial cells and acts a
an inhibitor of platelet aggregation. Prostacyclin (also known a
prostaglandin L) binds to platelet membrane receptors that ar
coupled to the synthesis of cyclic adenosine monophosphat
(cAMP), an intraceliular messenger (Figure 21.2). Elevated level
of intracelluiar cAMP are associated with a decrease in intracel
lular calcium. Decreased intracellular calcium prevents platele
activation and the subsequent release of platelet aggregatiol
agents. Damaged endothelial cells synthesize less prostacycli
than healthy cells. With less prostacyclin to bind platelet recep
tors, less intracellular cAMP is synthesized: this leads to platele
aggregation.

2. Roles of thrombin, thromboxanes, and collagen: The platele
membrane also contains receptors that can bind thrombin, throm
boxanes, and exposed collagen. In the intact, normal vessel, cir
culating levels of thrombin and thromboxane are low, and th
intact endothelium covers collagen in the subendothelial layers
The cormrresponding platelet receptors are, thus, unoccupied, an
as a result, platelet activation and aggregation are not initiatec
However, when occupied, each of these receptor types trigger
a series of reactions leading to the release into the circulation C
intracelluiar granules by the platelets. This ultimately stimuilate
platelet aggregation.

a Platelet activation

Platelet aggregation

MA:

B — : 2 q
Platelet adhesion Chemical mediators
@ Resti platelet released by
N = — S \\ =
e Yy el OCOED
x -

Activated telets cover Colilagen fibers
and adhere tio
subendothelial surface
totheli Activated platelets release
damaged an i chemical mediators.

Figure 21.2

Formation of a hemostatic plug. ATP = adenosine triphosphate; cAMP = cyclic adenosine monophosphate; GP = glycoprc

(Figure continues on next page)
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When the endothelium is injured, platelets adhere to and virtually (@ a Fibrinolysis

cover the exposed collagen of the subendothelium (Figure 21.2). This

triggers a complex series of chemical reactions, resulting in platelet “"“’m"‘

activation.

)
Plasminogen — Plasmin Fibrin

C. Pilatelet activation : JL - peptides

Receptors on the surface of the adhering platelets are activated by m,ﬂ;.}_\. PR 0 Lo = 3)

the collagen of the underilying connective tissue. This causes mor- X7 e e———————y

phologic changes in platelets (Figure 21.3) and the release of platelet
granules containing chemical mediators, such as adenosine diphos-
phate (ADP), thromboxane A, serotonin, platelet activation factor, and

thrombin (Figure 21.2). These signaling molecules bind to receptors .
in the outer membrane of resting platelets circulating nearby. These

receptors function as sensors that are activated by the signals sent B Formation of platelet-
from the adhering platelets. The previously dormant platelets become ﬁbﬂn plug

activated and start to aggregate. These actions are mediated by sev-

eral messenger systems that ultimately resulit in elevated levels of cal- ———% > Prothrombin
cium and a decreased concentration of cAMP within the platelet. /

D. Platelet aggregation

The increase in cytosolic calcium accompanying activation is due to
a release of sequestered stores within the platelet (Figure 21.2). This
leads to 1) the release of platelet granules containing mediators, such
as ADP and serotonin that activate other platelets; 2) activation of
thromboxane A, synthesis; and 3) activation of glycoprotein (GP) lib/llia
receptors that bind fibrinogen and, ultimately, regulate platelet—platelet
interaction and thrombus formation. Fibrinogen, a soluble plasma GP,
simultaneously binds to GP lib/illa receptors on two separate plateiets, Platelet-fibrin clot

L

2 =
m— Elevated Ca2+ causes:
* Release of platelet granules

® Activation of thromboxane A, synthesis
* Activation of the GP lIb/llla receptors

Active GP lib/llla
receptors

Thrombin, thromboxane A3, ADP, and
other mediators released from activated

platelets bound to collagen from the sub-
Thromboxane A endothelium cause an increase in Ca2* levels.

Fiovinogen

Figure 21.2 (Continued)
Formation of a hemostatic plug. ADP = adenosine diphosphate; PAF = platelet activation factor.



A. Antithrombotics (antiplatelet medications) 1, Aspirin ~ 33baall 4 50¥1) HES culabias |
(see Chapter 6). MOA . Low doses of aspirin (81 s (e Al
mg) produces a clinically relevant antiplatelet effect ) ool oD N
through irreversible inhibition of cyclooxygenase-1 Sle padl ¢ Jasll 4 Cromad] )
(COX-1), which is required for the production of the = Sbaa i s (Qla AY) alsl)
thromboxane-A2 (promoter of platelet aggregation) pSall ).Jm Lo, L_il\\&mﬂ

.(1) Irrevesible inhibition means its antiplatelet effect (COX 1) \ 1,,\, ,<\ N
: =
lasts for the life span of platelet (7—10 days) . The VI s gaa s ).d\ CL‘"Y o 1Ll

recovery of platelet function is usually 2—3 days .(2)
Higher doses (5325 mg) will also inhibit | (Saiall Gui ) jaall

cyclooxygenase-2 (COX-2) and block prostaglandin = 7 ey (uSall jiariall Jayfisll O)

synthesis for its analgesic and antipyretic effects .(4) A Cilasball slzaal) il
Other NSAIDs do not have comparable anti- Y N g
thrombotlc activity .

(AL V) dagiial) Bl 8 s
G yation dadall Ak ¢ 3alatil
AR .

(>325 mg) SV cle jall (V)

Prostaglandin Hy
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cyclooxygenase-1.



b. Indications . It has many indications, including coronary artery
disease, acute coronary syndrome (ACS), , stroke, venous
thromboembolism (VTE) prevention, revascularization procedures, and
stent placement .
c. Adverse effects . Its major adverse effect is bleeding. Most commonly
In the GI tract
Sl 3 ACS saladl Lalal) 45 300 5 alill Sl il elall : Jlexiad) o) 98 .0
[ Adedl) pua g9 dae gl Bale) Gililee 5 (VTE) ) ol g U slaat¥) (e 48 4l
vl

. g Jualdl 8 ST aals | ca ) il a il

Angioplasty

Artery

Catheter



2. Dipyridamole . a. MOA . Dipyridamole {[dye-peer-ID-a-mole]} promotes vasodilation and
Inhibition of platelet aggregation . It inhibits phosphodiesterase (PDE) breakdown of
cAMP and inhibits adenosine reuptake . But increase CAMP , which inhibits platelet
activation and aggregation (Fig) .

a. Indications. (1) It is used with warfarin to decrease thrombosis in patients after artificial
heart valve replacement .(2) With aspirin, it is used to reduce the risk of stroke in patients
who have had transient ischemia of the brain or complete ischemic stroke due to thrombosis

c. Adverse effects may include abdominal distress, headache, and dizzines . Similar to other
antiplatelet medications, it can increase the risk of bleeding

d. Cilostazol is also a PDE inhibitor that increase cAMP and leads to platelet inhibition and
vasodilation . It is used for management of intermittent claudication .

Liy | clagiall guaSi bl 54 ¥ aawsd ) e ¢ Jadll 4 : Dipyridamole .Y
L it CAMP 31330 5 (5 saN) Al il i s PDE JL cAMP I &l
L@_.»ASSJ Gladi Ll
Gc\_ual\
J\_\;j\ g 4 4, J\ss\J\ A5

b Jie ci 3l JURTAY & 5 AR 53 5 £ laia g (s 48U 3 LAl <l ) pacati o8 z
CAlaaall Gilalicag

Gladial) oy ) S35 9 CAMP ) 2 14 Leadl PDE U Laic Cilostazol A
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3. P2Y12-receptor inhibitors. Specific agents include clopidigrel, prasugrel, and
ticaglerol, which are available as oral medications, and cangrelor, which is available
for IV therapy . MOA (Fig. 7 .4) . The P2Y12-receptors are located on the surface of
platelets . Adenosine diphosphate (ADP) acts as an agonist on the P2Y 12-receptor,
which inhibits adenyl cyclase and allow for platelet activation .

These agents bind to the ADP P2Y12-receptor on the platelet surface, which
prevents ADP-mediated activation of GPI1b/Illa-receptor complex, thereby
reducing platelet aggregatlon

%.r E o .y ca2+

iy

R 'f'f*'r'r"r- TR e
Active Cangrelor

GP lib/llla Clopidogrel
receptors Prasugrel

Ticagrelor
Ticlopidine

»r =0
@m

Damaged endothelial cells

Cangrelor, clopidogrel, prasugrel,
ticagrelor, and ticloepidine inhibit
ADP-mediated platelet aggregation.

Figure 21.8

Mechanism of action of cangrelor,
clopidogrel, prasugrel, ticagrelor,
and ticlopidine. ADP = adenine
diphosphate; GP = glycoprotein.
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c. Indications. (1)Clopidogrel is approved to reduce the rate of MI and stroke in patients with ACS and in
patients with a recent M1, recent stroke or peripheral arterial disease . It is used off-label to prevent
coronary stent thrombosis . (2). Tigarelor is approved to reduce Ml and stroke in patients with ACS or a
history of Ml . It also reduces the rate of stent thrombaosis in patients who have been stented for the
treatment ACS . (3). Prasugrel is approved for ACS managed with PCI . Cangrelor is also used for PCI
(Percutaneous Coronary Intervention) .

d. Adverse effects . (1) these agents can increase the risk of bleeding and hemorrhage .

e. Drug interactions . (1) clopidogrel is a prodrug, and its effectiveness is dependent on its conversion to
an active metabolite by the cytochrome P450 CYP2C19 enzyme . (a) PPIs, like pantoprazole, inhibits
the CYP2C19 enzyme and may prevent metabolism of clopldogrel to its active metabolite .(b)
CYP2C19 poor metabolizers may also have decreased clopidogrel effectiveness .

e A g M A Jare alady (3 saas Clopidogrel AV (V) : Jlaxdia) S92 7
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4. GPI1Ib/111a inhibitors. Specific agents include abciximab, eptifibatide , and tirifiban .MOA
(Fig. 7 .4) (1) The abundant platelet glycoprotein GPIIb/Illa play a critical role in platelet aggregation
. GPIIb/Illa is an integrin that, when activated, binds to fibrinogen . There are two GPIIb/Illa-binding
sites on a fibrinogen, thus permitting fibrinogen-mediated platelet aggregation .(2) Abciximab is the Fab
fragment of a chimeric MAB that contains human and mouse IgG components . It bind to GPIIb/llla
and blocks fibrinogen binding . iaiso bindsto e vironectinreceptor . (3) Eptifibatide is a small synthetic peptide that
competes for fibrinogen binding to GPIIb/Illa . Tirofiban is a peptide mimetic of low molecular weight

that binds to the GPIIb/Il1a-receptor . (a) Both agents inhibit ligand binding to the GPIIb/llla-
receptor by their occupancy of the receptor ...

P eptifibatide; abciximab : GPIIb/I11a ) wUafia ¢
f:;'f;:],',': @asml\ GPIIb/IIIaJS( ) : dul\ U\ o tlroflban
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‘F )\ £
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1~;||'|-1I F‘& |
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Tirofiban
]
Fibrinogen —p=Q D

Uy, S S5 MAB 1 Fab 44é Abciximab I (Y)
o sasd GPIIb/IHa b ks . oty s i 196 FsSe
L O syl Jalss )

Lol ) g iy ariat s 2 Ebtifibatide ) ()
A alie/ Slaw Tirofiban 41 . GPID/1a b G sh sl
Ty cl sl e IS GPIHD/ A Adisiealls dasi 5 LB 5 (s 5
Mechanism of action of giycoprotein 3 1Ly&1al) 4153 GP I Ib/111a MU Cmadl) .ht,a Bl kﬁg

(GP) llb/llla receptor blockers.

Abciximab, eptifibatide and
tirofiban block the GP llb/1lla
receptor of platelets.




c. Administration . Due to their short half-lives they are given by a
continuous IV infusion .

d. Indications . These drugs have been approved for use in patients

undergoing percutaneous coronary intervention (PCI), for unstable

angina, and for post-MI . Use has decreased with newer antiplatelet

agents .

e. Adverse effects . The most common adverse effect is bleeding,
especially if used in combination with heparin .
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5. Thrombin receptor antagonists. Specific agent . \orapaxar . MOA (Fig. 7 .4) .
\orapaxar is an antagonist of the protease-activated receptor-1 (PAR-1) that is expressed
on platelets . It inhibits thrombin-induced platelet aggregation .

c. Indications . It is indicated in conjunction with aspirin or clopidogrel to reduce
cardiovascular events in those with history of MI or with peripheral artery disease

d. Adverse effects include bleeding .

e. Precaution and contraindications (1) Due to the very long half life, vorapaxar is
effectively irreversible, in which inhibition of platelet aggregation may last up to 4
weeks after discontinuation .(2) Due to high risk for bleeding, use is contraindicated in
patients with history of stroke, transient ischemic attack TIA , intracranial hemorrhage,
or with active pathological bleeding .

Y Alaiaall aalia s Jadl) 43 Vorapaxar Oa g AN AL cilaalia 0

— Al k_\\A_\SmM wa&.im.u t_m\a_\s.;aj\ e Bl (PAR-1) Juj)dh_w\
. O s AL

ua\sq‘y d.u.cjd.ujﬁ j\ u.u.w}!\ & aJ.c\.u.dh Aj\.uu.u\_m 2 5 . dLM.w.tY\ 4,9\3.4
Gla.\;.d\ cf\-’J‘A\ ¢l j\ MiI J\_\ u.uha.qﬂ 4\_1.1\.::)5\ 4_\.1]3]\ L_\\J;Y\

C e 3 B _ilal) el ilal) panats

¢ Jlaxiiy) &) 94 ilaluial

48l

j\u;sj\d;\JLJJ.UTlAo}Ld\Z\SJ\&SY\MJJ\jM\@A)deY\?}uu(\')
ol yul) JLL.\AY‘L_\MM\“F;A\‘)AY‘LJ‘)A\




B. Parenteral anticoagulants

1. Heparin (UFR, unfractionated heparin)

Structure

Heparin is a large sulfated polysaccharide polymer that isolated from
porcine or bovine intestines .

2. Each batch is a mixture of different—Ilength polysaccharides, with an
average molecular weight of 15,000—20,000 daltons .
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b. MOA (Fig. 7 .2) Mizae J=d g slugd) i (V) 3 Jadl) AT

(1) Heparin potentiates the action of e da s i 2|
antithrombin 11 (ATI1) . It binds to e ans . (AT a5 )
ATIII via a key pentasaccharige 12 Jaladl Jany 5 IS Aled Ll

sequences and irreversibly inactivates “ . . . %
factor 1la (thrombin) and factor Xa . odia gl e Xa daladl g (Gpag Al
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Figure 21.11
Heparin accelerates inactivation of coagulation factors by antithrombin.



(2) It provides anticoagulant immediately after administration .
(3) It cannot inhibit clot-bound factor Ila or Xa .
c. Indications .

(1) It is used for treatment of acute coronary syndrome (ACS), Deep vein
thrombosis (DVT), or pulmonary embolism (PE) .

(2) Heparin can be given to prevent stroke or systemic arterial embolism in
patients with atrial fibrillation or mechanical or prosthetic heart valves .

(3) It provides preoperative prophylaxis against deep vein thrombosis (DVT)
al?d reguc_es pulmonary embolism (PE) risk in patients with established
thrombosis .

(4) It prevents clotting in extracorporeal circulation devices .
c4dlac) ey Va3l aliae J2d i 5 (Y)
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d. Administration and monitoring

(1) Heparin must be given by IV
Infusion or deep SubQ injection .

(a) Bioavailability is less with SubQ
Injection compared to IV .

(2) Itis not injected IM due to the
potentiatial for hematoma .

(3) Activated partial thromboplastin
time (aPTT) is commonly used to
monitor heparin therapy . Achieving
and maintaining a therapeutic level
may be difficult .
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e. Adverse effects Loy g adld a3l (V) 5 3 ikl <) o

1) Bleeding is a common and potentially dangerous . . .
Y verse effect " i Protamine slac] (Sa) laa
(a) Protaminle sulfate can be given for heparin umbjj.d\} Crolgd) (ulSieY sylfate
reversal . . . . » o e
I. Protamine is a positively charged alkaline protein . MLLC‘ y sl Same éjh St
e T gt el el 2025
y acidi ively ; [ - . . uge . *
formed and stop the anticoagulant activity of ATAM\ =5 9 Cl“ UJSJT’ €= UM |
heparin . A oobuell Al Baliadll
(2) Moderate thrombocytopenia may el - .
occur : d“"‘.“’ # U""“. e Q)
(3) Rarely, heparin-induced Clasial) gali Saag 1A (T)
thrombocytopenia (HIT) can occur . C(HIT) Solste—oa el
(a) HIT is prothrombotic disorder caused  ajadaf 4a HEAN 290 ol shaal HIT A (i)
by antibodies to complexes of ¢ adall talad) ¢ilaieal
platelet factor 4 (PF4) and heparin . (PF4) # (2 da s el
(b) It is a potentially like-threatening ) J . UU ‘j
complication in which the antibodies Bliall 53¢ dde Liaal 4lS4) A4l ()
cause thrombocytopenia (by am@;“g) JlA alaca) Lead (s
preipheral pletelet consumption) and 19.,,:;3",.,) LB (w\ Cilandall
thrombosis (by platelt activation) . ' ' (< R

(4) Long-term use may be associated with . i o
0Steoporosis . e 2y shall Jlaain¥) Loyl iy 38 ()

.ag’j‘ !.S...



9 N Mechanism

PF4 ® - s PF4 release
T 3 S s =8
1 3 £ Sy
Lua &
l L Procoagulant
IgG antibody PF4-heparin V microparticles
;/( & complexes l
zZ )
7 (e
Thrombosis
/ Platelet
Immune complexes il act;:t:on
PF4-heparin-IgG = =< oe
= Ne, e
- / y FCyRIIA receptor

2 Platelet



f. Precaution and contraindications

(1) Heparin is contraindicated in patients with active bleeding and in
patients with hemophilia, thrombocytopenia, hypertension, or
purpura

(2) It should not be used before or after brain, spinal cord, or eye surgery
(3) Extreme caution is advised in the treatment of pregnant women.
g . Drug interactions

(1) Heparin should not be used in combination with other drugs that
Interferes with platelet aggregation .
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2. Low molecular weight heparin (LMWH). A. Specific agents includes anoxaparin and daltaparin
b.MOA (Fig. 7 ,2) (1)LI\/IWH acts by increasing AT IHl—mediated inhibition of the formation
of factor Xa . They have a higher ratio of antifactor Xa to antifactor Ila activity . Similar to
UFH, it decreases thrombin-mediated events in coagulation, including the conversion of
fibrinogen to fibrin; therefore fibrin-mediated clot formation is inhibited . (a) they donot have
anticoagulant activity on their own; binding to ATII is requiered . They cause a conformation

change, which convers ATIII from a slow to rapid inhibitor of coagulation .
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Figure 21.12
Heparin- and low molecular weight heparin (LMWH)—mediated inactivation of thrombin or factor Xa.



c. Indications

(1) Enoxaparin is approved for the management of ACS and for DVT prophylaxis
and treatment .

(2) Daltaparin is approved for DVT prophylaxis, extended treatment of venous
thromboembolism for cancer patients, and unstable angina .

d. Administration and monitoring

(1) LMWH offers a greater pharmacokinetic predictability than UFH, which allows
for once—or twice-a-day SubQ dosing without the need for a PTT monitoring .

(2) Similar to UFH, they should not be given IM .

e. Adverse effects, precautions, contraindications, and drug interactions are similar to
those of heparln

(1) Protamine will only partially reverse the anticoagulant effect of LMWH .
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3. Indirect factor Xa inhibitor
a.  Specific agent fondaparinux
b. MOA (Fig. 7 .2)

(1) It causes AT II1-mediated selective inhibition of factor Xa, which interupts the coagulation cascade and
inhibits thrombin formation and thrombus development .

(a) It does not have anticoagulant activity on its own; binding to ATIII is required . It causes a
conformational change, which converts ATIII from a slow to rapid inhibitor of coagulation .

c. Indications

(1) Fondaparinux is approved for prophylaxis of thrombus formation in patients undergoing hip or knee
surgery, treatment of PE, and DVT .

(2) Off-label, it may be used for the management of HIT .

d. Administreation and monitoring

(1) It has a long half-life, allowing for once daily dosing by SubQ administreation .

e. Adverse effects, precautions, contraindications, and drug interactions are similar to those of heparin .
(1) Propamine will not reverse the activity of fondaparinux .
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4. Parenteral direct thrombin inhibitors (DTIs)
a. Specific agents include bivalirudin, desirudin, and argatroban .

b. MOA (Fig. 7.2) . (1) These agents directly bind to the active site of thrombin and
inhibiting its downstream effects .

c. Indications

(1) Bivalirudin is approved for percutaneous coronary intervention (PCI) and percutaneous
transluminal coronary angioplasty, in conjunction with aspirin . It may also be used in
Heparin-induced thrombocytopenia (HIT) .

(2) Desirudin is approved for DVT prophylaxis in patients undergoing hip replacement surgery .

(3) Argatroban is approved for prophylaxis or treatment of thrombosis in adults with HIT . It
can also be used for PCI in adults who have or are at risk for HIT .

d. Adverse effects : Like other anticoagulants, DTIs can cause bleeding . There is no available

reversal agent .
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C. Oral anticoagulants

o

(2)

Direct factor Xa inhibitors

Specific agents include rivaroxaban, apixaban, edoxaban, and betrixaban .

MOA . these agents inhibit factor Xa in both the intrinsic and extrinsic coagulant
pathways (Fig. 7 .2) . .

Indications

Rivaroxaban is approved for the prevention of embolic stroke in patients with atrial
fibrillation with nonvalvular heart disease, for the prevention of venous
thromboembolism following hip or knee surgery, and for the treatment of venous
thromboembolic disease (VTE) .

Apixaban is approved for the prevention of stroke in nonvalvular atrial fibrillation,
for the prevention of VTE following hip or knee surgery, and for the treatment and

long-term prevention of VTE .
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(3) Edoxaban is approved for the prevention of stroke in nonvalvular atrial
fibrillation and to treat VTE following treatment with UFH or LMWH .

(4) Betrixaban is approved for prophylaxis of VTE in adults hospitalized for
an acute medical iliness who are at risk for thromboembolic complication
due to moderate or severe restricted mobility or other risk factors .

Administration and monitoring

(1) Compared to warfarin, these agents have a rapid onset of action and shorter
half-lives .

(2) They can be given as a fixed oral dose and do not require close monitoring
of therapeutic effect .
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Adverse effects include bleeding . Andexanet alfa is a catalytically inactive form of
factor Xa that acts as a “decoy” to bind and sequester the antithrombin . It was
approved to reverse anticoagulation for apixaban and rivaroxaban .

Precautions and contraindications are similar to those of other anticoagulants .
Drug interactions.

Drugs that inhibit CYP3A4 enzymes can increase the effect of apixaban .
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2. Oral direct thrombin inhibitor. Specific agent dabigatran . MOA . This agent is an oral DTI . Similar to
the parenteral DTls it inhibits both free and fibrin-bound thrombin, therefore inhibiting coagulation .
Inhibition is reversible (Fig. 7 .2)

(1) It prevents cleavage of fibrinogen to fibrin, and inhibits thrombin-induced platelet agrevation .

c. Indications . It is approved for prophylaxis and treatment of DVT amd PE . It can also be used to
reduce the risk of stroke and systemic embolism in patients with nonvalvular atrial fibrillation .

d. Adverse effects . The primary side effect of dabigatran is bleeding .idarucizumab is a humanized
monoclonal antibody Fab fragment that binds to dabigatran to reverse its anticoagulant effect ..

e. Precaution and contraindications are similar to those of other anticoagulants . It should be used in
with caution in renal impairment, as it can lead to prolonged clearance .
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Mechanism of action of warfarn.
NADP+ = oxidized form of nicotina-
mide adenine dinucleotide phos-
phate; NADPH = reduced form of
nicotinamide adenine dinucleotide
phosphate.

| 3. Warfarin

a. MOA
(1) Vitamin K is required for the synthesis of clotting factors in
the liver

(2) Warfarin is a vitamine K antagonist . It blocks the
regeneration of vitamine K epoxide, thus inhibiting
synthesis of the vitamin K-dependent clotting factors 11, VII,
IX, and X, as well as the anticoagulant proteins Cand S .

(a) The clotting factors require carboxylation of a glutamate
residue to become activated . Carboxylation requires the
reduced form of vitamine K, but warfarin inhibits the
enzyme vitamine K epoxide reductase .
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(3) Clotting factors produced before warfarin therapy decline in concentration as a function of
factor half-life .

(a) Factor V11 has the shortest half-life of 4—6 hours . Factor Il has the longest haklf-life
ranging from 42—72 hours . Similar to factor VII, protein C also a has a short, half-life .

(b) Warfarin initially decreases protein C levels (an anticoagulant) faster than the coagulation
factors . This may create a transient hypercoagulation state .

(c) It does not affect established thrombi .

b. Indications. Warfarin is used for the prevention and treatment of venous and pulmonary
thromboembolism, as well as embolic complications due to atrial fibrillation or cardiac
valve replacement . It may also be used as an adjunct to reduce systemic embolism, such as
a recurrent Ml or stroke, after a Ml .
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c. Administration and monitoring

(1) Due to the initial potential of a hypercoagulable state, bridging therapy with UFH or
LMWH may be used to activate immediate anticoagulation . (a) Overlapping therapy is
often used for 5-7 days (to be sure warfarin has adequately depleted the clotting factors) .

(2) The international normalized ratio (INR), a standardized measurement of prothrombin
time (PT), is used to monitor warfarin therapy . (a) Warfarin must be monitored regularly
since it has a narrow therapeutic range . Levels can be affected by numerous drug or food
interactions, as well as different disease state, such as hepatic dysfunction

INR = Patient PT = Control PT

d. Adverse effects

(1) Bleeding is a common and potentially dangerous adverse effect . (a) in some cases of
bleeding, phytonadion (vitamine K) can be given to reverse warfarin’s anticoagulant effect
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e. Precautions and contraindications
(1) Many of the precautions and contraindications are similar to those of UFH and LMWH .

(2) Inaddition, warfarin is contraindicated in pregnancy since it can readily cross the placenta
and cause hemorrhage in fetus .

f. Drug interactions

(1) Drugs that inhibit CYP2C9 (amiodarone, fluconazole, and trimethoprim-

sulfamethoixazole) and CYP3A4 (clarithromycin and ketoconazolke) may increase INR
and increase the risk of bleeding .

(2) Drugs that induce CYP2C9 (refampin, carbamazepine, and phenobarbital) and CYP3A4

(refampin, carbamazepine, and phenytoin) can decrease INR and decrease efficacy of
warfarin therapy .
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(3) Aspirin and salicylates increase warfarin action by inhibiting platelet function and
displacement of warfarin from plasma-binding sites .

(4) Certain antibiotics can decrease microbial vitamin K production in the intestine (inhibit
micribes responsible for production of vitamin K precursors) . (a) This may results in
hypoprothrombinemia, even without warfarin .

(5) Oral contraceptives decrease the effectiveness of warfarin by increasing plasma-clotting
factors and decreasing ATIII .

g. Food interactions

(1) Vitamine K-containing foods, such as green leafy vegetables like spinach, can decrease the
efficacy of warfarin . A balanced diet with consistent vitamin K intake is essential .

(2) Acute ingestion of alcohol can inhibit CYP2C9 and increase INR . Chronic ingestion may
induce CYP2C9 and decrease INR .
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D. Hemostatic agents
1. Vitamine K1 (phytonadione)

a. Vitamine K1 is found in certain foods and is available for oral or parenteral

use . It is required for posttranslational modification of clotting factors I,
VII, IX, and X..

b. Administration of vitamin K to newborns reduces the incidence of
hypoprothrombinemia, which is especially common in premature infants .

c. IV administration is typical for patient with dietary deficiences and for
replenishment of normal levels reduced by antimicrobial therapy or surgery

d. It is effective in reversing bleeding episodes induced by warfarin .
: aﬂ\ t_m\_m.u\ 4_153\ -
. vitamin K1 (phytonadione) .}
Sl sad dan jill amy o saill o gllan | Ui g adlly Jlaniadl) A gia g 3381 8 250 50 ]
X 5 IX VI 511 alaal
o ) die L pad L3l ¢ pall (paag g @bl g 8 g i BN 5 Aaat o gllac |
CCpaaadld)
Lo sital) dgmlal) oy ginsall iy 32l (g 538 5 pal) um sl 235 [V el Y1z
Aal el sl g Sall Balial) dadleally
(Rt ol GaDAAN i il g e b Jlad




2. Plasma protein preparations include the

a.

1)
2)
3)
(4)
()

(6)
(7)

following :

Specific agents

Lyophilized factor VIII concentrate and
recombinant factor VIII .

Cryoprecipitate (plasma protein fraction
obtained from whole blood)

Concentrates of plasma (variable
amounts of factors I, IX, X, and VIII)

Lyophilized factor 1X concentrate,
recombinant factor 1X

Recombinant factor Vlla
Recombinant thrombin
Antithrombin ..

b. Indications

(1)
(2)

(3)
(4)

Hemophilia A (classic hemophilia, due

to a deficiency in factor VIII)

Hemophilia B (Christmas disease, due

to a deficiency in factor 1X)
Hereditary ATII1 deficiency

In some cases, human plasma can be
lifesaving (trauma, massive

transfusion, disseminated intravascular

coagulation) .
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3. Desmopressin acetate increases factor V111 synthesis and can be used before minor
surgery in patients with mild hemophilia A

4. Inhibitors of fibrinolysis

a. Aminocaproic acid is a synthetic agent similar in structure to lysine . It
competitively inhibits plasminogen activation (Fig. 7 .3) .

(1) Itis used as an adjunct in the treatment of hemophilia, for postsurgical bleeding,
and in patients with hyperfibrinolysis .

(2) Tranexamic acid is a more potent analog of aminocaproic acid .
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E Thrombolytlcs (fibrinolytic drugs)

Tissue plasminogen activator (tPA)
a. Specific agents include alteplase and tenecteplase .
b. MOA (Fig. 7 .3)
1) tPA is an endogenous protease that causes local fibrinolysis by binding to fibrin in a thrombus and converting plasminogen to plasmin .
2 These drugs rapidly lyse thrombi by catalyzing the formation of the protease plasmin from its precursor, plasminogen .
c. Pharmacological properties
1) Alteplase is a recombinant human protein produced in cultured cells .

(2 Tenecteplase is a genetically engineered form of human tPA that has a longer half-life, higher specificity for fibrin, and greater resistance
to plasminogen activator inhibitor-1 than native tPA .

(a) The increase in half-life permits administration as a bolus rather than by continuous infusion . » \ )
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d. Indications
(1) Antithrombotics are used in patients with acute arterial thrombosis including acute myocardial

(a)
(b)

infarction (AMI) and stroke .

The use of thrombolytics has reduced morbidity and mortality associates with acute Ml and
ischemic stroke .

Outcomes following are improved if administration occurs promptly after the event (within
3—6h).

(2) tPA has also been used in the treatment of PE and for DVT .
e. Adverse effects

1)
(a)

The most common adverse effect of all thrombolytics is bleeding .

Bleeding sites include both internal (intracranial, retroperitoneal, Gl, genitourinary, respiratory)
and superficial sites (venous cutdowns (venous cutdown (=venostomy)) , aterial punctures, sites of

recent surgical intervention) .
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