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Steroids work by binding to specific receptors inside or on the surface of cells. This binding
triggers various cellular responses, including changes in gene expression, activation of signaling
pathways, and modulation of physiological processes. Different types of steroids have different
effects, such as reducing inflammation and suppressing the immune system (e.g.,
glucocorticoids), or influencing growth, development, and reproduction (e.g., sex hormones).
Overall, steroids exert their effects by interacting with cellular receptors and regulating biological
pathways.



Revision
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**Leukotrienes are chemicals your body releases when you come into contact with something you're
allergic to. They can cause:

1-Coughing.

2-Extra mucus and fluid in your chest and throat.

3-Inflammation or swelling in your airway. 4-Tight muscles in your airway. 5-Tightness in your chest.
6-Wheezing or difficulty breathing.

**Leukotriene modifiers, also called leukotriene receptor antagonists or leukotriene synthesis inhibitors, are
medications that block the effect of leukotrienes or stop your body from producing them.

**Names of specific leukotriene modifiers include:

1-Montelukast

2-Zafirlukast

3-Zileuton

Leukotrienes (LT) 4 and the cysteinyl leukotrienes, LTC4 , LTD4 , and LTE4 , are products of the 5-
lipoxygenase pathway of arachidonic acid metabolism and part of the inflammatory cascade.
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>/ Agents used for Asthma: e
Alternative drugs i

leukotriene modifiers!

» Useful for treatment of asthma in patients who are poorly controlled by
conventional therapy or experience adverse effects secondary to corticosteroid

treatment.
» Should be used in conjunction with ICS therapy for most patients.
Leukotriene ((LT) modifiers (Zileuton, Zafirlukast, montelukast
Cromolyn
Cholinergic antagonists (1pratropium and Tiotropium)

. Theophylline

. Monoclonal antibodies (Omalizumab, mepolizumab, benralizumab and
reshzumab)

moowp
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Agents used for Asthma:
Leukotriene modifiers

»LTB4 and the cysteinyl leukotrienes (LTC4, LTD4,
and LTE4) are products of the 5-lipoxygenase
pathway of arachidonic acid metabolism and part
of the inflammatory cascade.

» 5-Lipoxygenase is found in cells of myeloid origin,

such as mast cells, basophils, eosinophils, and

n rophil ] we want to stop the process from the start
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»LTB4 is a potent chemoattractant for meutrophils
and monocytes, stimulates production of
proinflammatory cytokines.

> cysteinyl leukotrienes constrict bronchiolar
smooth muscle, Increase endothelial permeability,
promote mucus secretion, eosinophil recruitment
and airway remodeling in chronic asthma
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Agents used for Asthma:
Leukotriene modifiers

First drug

v/ Zileuton is a selective and specificiinhibitor of
5-lipoxygenase, preventing the formation of
both LTB4 and the cysteinyl leukotrienes.

v’ Zafirlukast and montelukast are selective
antagonists of the cysteinyl leukotriene-1
receptor (CysLT1), and they block the effects
of cysteinyl leukotrienes. (Approved for the

prevention of asthma symptoms).
5 ER— Tl il Gsh oS
v'Should not be used in situations where

immediate bronchodilation is required.

v'Leukotriene receptor antagonists have also
shown efficacy for the prevention of exercise-
induced bronchospasm.

They are Second time of drugs
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Pharmacokinetics @'
* These agents are orally active

* Undergo extensive hepatic
metabolism (zileuton and
zafirlukast reported with liver
toxicity).

* Montelukast 1s the most prescribed
(taken without regard toomeals+
once-daily treatment).

Agents used for Asthma:
Leukotriene modifiers

siysall LW Liagis
depression Jis
common :Léf L L

Adverse effects

* Elevations 1n serum hepatic
enzymes>> requiring periodic
monitoring and discontinuation
when enzymes exceed three to
five times the upper limit of
normal.

* Headache and dyspepsia.




S Agents used for Asthma:
Cromolyn

va Erophylactic anti-inflammatory agent that
in

1ibits mast cell degranulation and release of

&hiStamine) iLrJlEl;?e”ryifi?s ,aiL nhaler or oral

v’An alternative (prophylaxis) therapy for mild
persistent asthma and 1s available as a
nebulized solution.

VIP
v'NOT a bronchodilator>> NOT useful in
managing an acute asthma attack.

o L Loan Lie Tusol o (g 5l (ol Bynladl e (gt el 71 Lo

NDC 0172-6406-49

Cromolyn Sodium
Inhalation Solution, USP

20 mg/2 mL

Steri-Neb™ brand of

Sterile Unit-Dose Vials

For Oral Inhalation Use Only

Not for Injection

Aqueous Solution for Nebulization

v'Short duration of action>>dosing three or four [ mmmene

times daily

v’ Adverse effects are minor and include cough,
irritation, diarrhea, and unpleasant taste.

Sofian Al Shboul ©

li only

12 pouches of five 2 mL vials each (60 unit-dose vials)
VA
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<~/ Agents used for Asthma:
muscarinic antagonist

»Inhaled ipratropium i1s NOT recommended for
the routine treatment of acute bronchospasm
1n asthma, Why‘7 its onset is much slower than that of inhaled SABAs

» Tiotropium (only FDA approved) can be used

LABA Jis

as an add-on treatment 1n adult patients with
severe asthma and a history of exacerbations.

» Adverse effects:

xerostomia and bitter taste are related to local

anticholinergic effects.

Sofian Al Shboul ©
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Agents used for Asthma:
Theophylline

* bronchodilator that relieves airflow obstruction ir s 4
chronic asthma and decreases asthma symptoms.

* It may also possess anti-inflammatory activity,
although the mechanism of action 1s unclear.

* Overdose may cause seizures or potentially fatal
arrhythmias.

* Theophylline 1s metabolized in the liver and 1s a

PDE=Phosphodiesterase

CYP1A2 and 3A4 substrate. PKA=Protein Kinase A

Drug that inhibit PDE 4
Reflumilast

Roflumilast: Used to treat severe COPD and reduce the risk of exacerbations.
Sofian Al Shboul © 28



S Agents used for Asthma:

* Omalizumab Bind to IgE

M f—*—) producei by, being, or cimposed of cells Bved from g single cell. and specific for this target o I\/Iepolizumab—

noclonal antibodies - Benvalizumab

Reslizumab) _ |
* Omalizumab: selectively binds to human immunoglobulin E (IgE)>> decreased
binding of IgE to its receptor on the surface of mast cells and basophils>>limits the
release of mediators of the allergic response.

* Mepolizumab, benralizumab and reslizumab: interleukin-5 (IL-5) (antagonists).

* IL-5 1s 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 conﬁﬁollggll vlviih agﬂcl)nventional therapy. infection /malignancy leis lew s
* Their use is limited by the high cost, route of administration (IV 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. - maignancy

* New malignancies have been reported.




Asthma classification

Asthma symptoms/lung function Therapy”

step 1 PRV Oliue &lagage 53680 N_Is axY Step 1

" All of the following: = SABA, as needed

= Daytime symptoms <2 days/week

= Nocturnal awakenings <£2/month or

= Normal FEV, = Low-dose ICS-formoterol as needed

Irreferrad)d
» Exacerbations <1/year (preferred)
8990 (580 suag aY (9o Step 2

. Any of the following: = Low-dose ICS daily and SABA as

= Daytime symptoms >2 but <7 needed

days/week or

Nocturnal awakenings up to 3 to 4
nights/month

Minor interference with activities
Exacerbations =2/year Alternative option(s)
= Daily LTRA and SABA as needed

= Low-dose ICS-formoterol as needed
(preferred)

Sofian Al Shboul ©

Guidelines for asthma
step JSI &ga¥ s 5 Stepd) s iyai ags

(g ) Jgandl age

Any of the following:

Daily symptoms

Nocturnal awakenings >1/week
Daily need for reliever

Some activity limitation

FEV, 60 to 80% predicted
Exacerbations =2/year

‘ Any of the following:

Symptoms all day

Nocturnal awakenings nightly
Need for SABA several times/day
Extreme limitation in activity
FEV, <60% predicted
Exacerbations =2/year

An acute exacerbation

Step 3

= Low-dose ICS-formoterol as
maintenance and reliever therapy ©
(preferred)
or

= Low-dose ICS-LABA combination daily
and SABA as needed

Alternative option(s)

= Medium-dose ICS daily and SABA
as needed

Step 4

= Medium-dose ICS-formoterol as
maintenance and reliever therapy
(preferred)
or
i = Medium dose ICS-LABA daily and
SABA ’

Alternative option(s)

Medium-dose ICS daily plus
anti-leukotriene
and SABA as needed”
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Asthma and moderate to COPD

Asthma-COPD overlap syndrome (ACOS) |

Start with corticosteroid with LABA
‘erSYx@_aAJLoL)S.A.A3|AMA ‘xq.a.o.s:x‘}laSJLcj
someways complicated dlsll ;yoa oY

* Approach similar asthma: ICS

* Inhaled bronchodilator with rapid onset of ot e

action (SABA, SAMA combination) for
as-needed symptom relief.

* Regular therapy ICS (low to moderate
doses) + LABA and/or LAMA may be
necessary to control symptoms.

[ ) LABA monotherapy Should be aVOided, Diego Jose Maselli, Nicola Alexander Hanania,

Management of asthma COPD overlap, Annals of
Allergy, Asthma & Immunology, Volume 123, Issue 4,

aS in asthma. 2019, Pages 335-344, ISSN 1081-1206,

https://doi.org/10.1016/j.anai.2019.07.021.

Sofian Al Shboul ©
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receptor, ST2.

https://pubmed.ncbi.nlm.nih.gov/33872652/.

'/T ozorakimab: mAb with a dual pharmacological profile that can inhibit
IL-33 activities through the ST2 and RAGE/EGFR signalling pathways. To
reduce excess inflammation and epithelial remodelling in IL-33-driven
disease.

* https://www.atsjournals.org/doi/abs/10.1164/ajrccm-
conference.2022.205.1 MeetingAbstracts.A2397

Sofian Al Shboul ©
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“Inhaler Techniques: i ol 1315
Metered-dose inhalers (MDIs) & dry powder inhalers (DPIs)
Exhale before using the inhaler, and then begin to inhale slowly as % |
they press the canister and continue inhaling slowly and deeply h@
throughout actuation.

A large fraction (typically 80% to 90%) of inhaled medication (for
example, corticosteroids) is either deposited in the mouth and
pharynx or swallowed. The remaining 10% to 20% of a dose of ole Lol a5 Dl oot o ,
inhaled glucocorticoids that is not swallowed reaches the site of iy
action in the airway. NG

«’5@5%% |
A

70 Gltract

DPIs require a different inhaler technique. Patients should be Tp/"*t i

instructed to inhale quickly and deeply to optimize drug delivery depials s

to the lungs. Patients using any type of inhaled corticosteroid -

device should be instructed to rinse the mouth after use to | [Fimstpassinactivation

prevent the development of oral candidiasis. err
Ny

Systemic
side effects

Sofian Al Shboul ©
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Inhaler Techniques: Spacers

A spacer is a large-volume chamber attached to an MDI. The
chamber reduces the velocity of the aerosol before entering the

mouth, allowing large drug particles to be deposited in the device.

The smaller, higher-velocity drug particles are less likely to be
deposited in the mouth and more likely to reach the target airway
tissue.

Patients should be advised to wash and/or rinse spacers to reduce
the risk of bacterial or fungal growth that may induce an asthma
attack.

Sofian Al Shboul ©

Large particles of aerosol are

deposited in the chamber
before the patient inhales.

Inhaled aerosol is enriched in
small particles that more readily
travel to the small airways.
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=?|nhaler Techniques:

Metered-dose inhalers (MDIls) & dry powder inhalers (DPIs)

Sofian Al Shboul ©
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Quiz time &
Test bank =@ =

1)A 31-year-old man is brought to the emergency department complaining of dyspnea. He has a
history of asthma and has had multiple asthma attacks requiring intubation for airway maintenance. He
is noncompliant with his medications prescribed for this condition.Physical examination reveals a
young man in acute distress. His room air oxygen saturation is 87%. In addition to administration of
oxygen, immediate drug administration of albuterol should be administered by which of the following
routes?

(A) Inhalation

(B) Intranasal puff metered dose

(C) Subcutaneous

(D) Sublingual

(E) Topical

Answer = A

2)A 7-year-old boy is brought to the emergency department by his parents after being stung by a bee.
The parents say he is allergic to bee stings, and the patient is having great difficulty breathing.
Epinephrine is administered immediately. His symptoms improve as molecules of epinephrine bind to
beta 2- receptors in bronchiolar smooth muscle. Which of the following drugs also stimulates these
receptors?

(A) Acebutolol (B) Phenylephrine (C) Prazosin

(D) Salmeterol

(E) Timolol

Answer =D

3)A 23-year-old male college graduate student with a history of asthma presents to the ambulatory
care clinic for follow-up. He uses a beta 2-agonist via inhaler when he has an attack. The treating
physician should be alert to which of the following possible findings on examination and laboratory
studies?

(A) Bradycardia

(B) Hyperglycemia

(C) Hyperkalemia

(D) Hypermagnesemia (E) Hypertension

Answer =B

4)A 47-year-old man presents to the ambulatory care center with symptoms of hypoglycemia and is
found to have an insulinoma. His medical history is significant for occasional asthma to which he treats
using an albuterol inhaler, and an Ml for which he takes daily low-dose aspirin. Because he takes
aspirin, he is not able to immediately undergo surgery. The physician prescribes diazoxide for therapy
until the tumor can be removed. Diazoxide stimulates potassium channels leading to inhibition of
insulin release. Which of the following is most likely to occur in this patient as a result of diazoxide
therapy? (A) Bronchoconstriction

(B) Hypertension (C) Hypoglycemia (D) Hypotension (E) Seizures

D

5)A 42-year-old woman with a history of asthma has an attack and is brought to the emergency
department for evaluation and treatment. She is wheezing and is short of breath. What is the most
likely pathophysiology of this condition?

(A) Bronchodilation

(B) Increased secretion of mucus

(C) Inflammation of the bronchial serosa

(D) Relaxation of bronchial smooth muscle

Answer =B



6)A 5-year-old boy is brought to the clinic by his parents who say that he often has trouble catching his
breath when he has been playing hard outside. He is allergic to peanuts. At the moment, he is breathing
fine. Which of the following drugs would dilate his bronchioles in an acute asthma attack?

(A) Albuterol

(B) Methacholine (C) Neostigmine (D) Nicotine

(E) Pilocarpine

Answer = A

7)Five patients undergo surgery for various reasons. Each patient has a particular prior medical history.
Which of the following patients would be most problematic to the anesthesiologist if thiopental is used
during the surgery?

(A) A 5-year-old boy with recurrent otitis media

(B) A 7-year-old boy with recurrent sinusitis

(C) A 9-year-old boy with asthma

(D) A 12-year-old boy with anemia of chronic disease

(E) A 15-year-old boy who has never received anesthesia

Answer =C

8)A 4-year-old boy is hospitalized on the pediatric service with cough, runny nose, and chest pressure.
Concern for respiratory syncytial virus is brought up by the treating physician. Treatment with zanamivir
is undertaken. Which of the following underlying conditions can worsen bronchospasm in this patient?
(A) Adenoiditis

(B) Asthma

(C) Floppy tongue syndrome

(D) Pharyngitis

(E) Tracheitis

Answer =B

9) 6-year-old boy presents to his pediatrician for follow-up of recurrent hay fever and asthma. He usually
has two to three attacks per week. For symptom control, he uses an albuterol inhaler, but his parents
would like to try something more. They would like him to take something that would lessen the amount of
attacks he has. Although corticosteroids would probably work best for prophylaxis, they are
contraindicated in children. Which of the following drugs would decrease the amount of asthma attacks
by preventing an arachidonic acid derivative from binding to its receptor? (A) Aspirin

(B) Celecoxib (C) Ipratropium (D) Montelukast (E) Zileuton

Answer =D

10) A 27-year-old man with recurrent asthma attacks is being considered for preventative therapy with
cromolyn sodium. This agent is not effective as an acute treatment of an asthma attack because of the
lack of which of the following properties?

(A) Anti-inflammatory
(B) Bronchodilator

(C) Immune modulator
(D) Mast cell stabilizer
(E) Neutrophil inhibitor
Answer =B



11) A 48-year-old man with a known history of asthma takes daily theophylline. He is found unconscious
in his bathroom with an open bottle of theophylline that is now empty nearby. He is found by EMS to be
apneic and pulseless. What is the most likely cause of death in this patient?

(A) Apnea

(B) Cardiac arrhythmia (C) Pulmonary embolism (D) Seizures

(E) Tetany

Answer =B

12) A 52-year-old man with asthma treated with a beta 2-agonist via inhaler has been having difficulty
with therapy because of persistent changes in blood pressure, nausea, vomiting, and hypomagnesemia.
Which of the following medications would be best for this patient? (A) beta 2-Agonist via inhaler every
other day

(B) beta 2-Agonist via inhaler every third day

(C) beta 2-Agonist via inhaler twice daily

(D) Change to ipratropium

(E) Change to epinephrine

Answer =D

13) A 13-year-old male has begun having spells of wheez-

ing and difficulty breathing while playing outside. He

is diagnosed with asthma and given an inhaler to treat

acute attacks. His medication is working well, but he

would also like something to prevent attacks from happening. Which of the following drugs would be
best to add to his regimen?

(A) Albuterol

(B) Epinephrine (C) Ipratropium (D) Isoproterenol (E) Salmeterol

Answer = E

14) A 13-year-old boy with moderate asthma presents to the clinic for follow-up. His symptoms appear to
be better controlled since adding salmeterol to his regimen. He has had to use his rescue inhaler once
over the past 2 weeks during exertion. His breathing at night has improved as well. How does salmeterol
exhibit its beneficial effects for asthma?

(A) Long-acting beta1-agonist

(B) Long-acting beta1-antagonist

(C) Long-acting beta1- and %2-agonist (D) Long-acting beta2-agonist

(E) Long-acting beta 2-antagonist

Answer =D

15) A 24-year-old man presents to the primary care clinic for follow-up of his asthma. He has had
asthma since he was 8 years old and requires daily treatment for his symptoms. He often has nighttime
awakenings with coughing spells. On physical exam, diffuse wheezing is heard bilaterally. He is willing
to try anything to improve his symptoms. The physician decides to add cromolyn to his regimen. What is
the mechanism of action of cromolyn?

(A) Blocks leukotriene receptors (B) Inhibits endothelin-1 receptors (C) Mast cell stabilizer

(D) Muscarinic antagonist

(E) Phosphodiesterase inhibitor

Answer =C



16) A 34-year-old man with exercised-induced asthma is searching for a bronchodilator that will allow him
to run in a marathon. The event will take him approximately

6 h and 30 min to complete. The following

diagram shows five bronchodilators. Which of the following agents will provide him with the most
efficacious therapy during his run? (A) Letter A
(B) Letter B

(C) Letter C B
(D) Letter D (E) Letter E

Answer =D %E\

Broncho- %
dilation

9
ppeis

17) A 6-year-old boy is brought to his primary care

physician with a history of hay fever and asthma.

He usually has two to three attacks per week.

For symptom control, he uses an albuterol inhaler,

but his parents would like to try something more. They would like him to take something that would lessen
the amount of attacks he has. Although corticosteroids would probably work best for prophylaxis, they are
contraindicated in children. He is instead give montelukast.

How does montelukast works?

(A) Blocks leukotriene receptors

(B) Blocks muscarinic acetylcholine receptors (C) Inhibits COX-1 and COX-2

(D) Inhibits COX-2 only

(E) Inhibits lipoxygenase

Answer = A
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