
TREATMENT OF ASTHMA 
 

A) Incidence of Asthma:  
 
 - Large population in the US suffers from Asthma – approx. 

8.7% children/adolescents. 
 
 - Prevalence has increased in the last couple of decades – 

higher among children and African Americans 
 
 - One of the leading causes of hospitalization in children. 
 



B) Characteristics of Asthma: 
 
Airway obstruction or narrowing:  Reversible, either 
spontaneously or with treatment. 
 
Airway inflammation consisting of:  
 

1)  Bronchial infiltration with inflammatory cells 
2)  Mucosal edema of the bronchial wall 
3)  Hypertrophy of bronchial smooth muscle cells 
4)  Epithelial injury with loss of ciliated cells 
5)  Subepithelial fibrosis 
 6)  Mucous gland hypertrophy causing mucus  
  plugs in airway 



Airway hyperresponsiveness consisting of an 
exaggerated bronchoconstrictor response to: 
 

1)  Allergens 
2)  Environmental pollutants 
3)  Viral infections 
4)  Cold air 
5)  Exercise 
6)  Drugs (e.g. aspirin) 

 



C.  PATHOPHYSIOLOGY OF ASTHMA 
 

1.  Exacerbations of asthma are due to 
decrease in expiratory airflow 

Difficulty in breathing out is due to air being 
trapped behind occluded or narrowed small 
airways 

 
2.  Asthma was previously thought to be purely 
a hypersensitivity reaction occurring in a 
sensitized individual whenever: 

  An allergen interacted with IgE    
 antibodies on mast cells, leading to the 
   release of histamine causing   
   bronchoconstriction. 



3.  It is now known that only 30% of asthma is due to 
 allergies.   

 
It is currently recognized that airway hyperresponsiveness 
in asthma is due to multiple mechanisms that have complex 
interactions. 
 
a)  Immediate phase: Inhalation of either an allergen or a 
non-specific stimulus activates mast cells, platelets and 
macrophages to cause the release of spasmogens such as 
histamine, platelet-activating factor (PAF) and leukotrienes 
C4 and D4 which cause an immediate bronchospasm. 

 



4.  Two main categories of anti-asthmatic drugs 
a.  Bronchodilator drugs 
 b.  Anti-inflammatory drugs 

b)  Late phase: Mast cells, platelets and macrophages 
also release chemotaxins such as leukotriene B4 and 
platelet-activating factor (PAF) which causes a 
delayed, late phase consisting of the infiltration of 
inflammatory cells which release mediators that also 
cause bronchospasm, as well as epithelial damage. 

 



DIAGNOSIS OF ASTHMA  
 

1.  History:  Wheezing, Cough, Shortness of 
breath, Chest Tightness, Sputum production 

 
2.  Physical Examination: 

 
a.  Wheezing with a prolonged phase of forced 

expiration 
b.  Reduced intensity of the breath sounds 
c.  Rhinitis 
d.  Sinusitis 
e.  Nasal polyps 



3.  Laboratory Tests 
 

a) Spirometry 
 FEV1 (forced expiratory volume in 1 second) 
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E.  BRONCHODILATOR THERAPY FOR 
ASTHMA 

1.  Beta2-adrenergic agonists 
a.  General considerations of beta2-

 adrenergic agonists 
Medication of choice for the treatment of 
bronchospasm in asthmatics 

 
  b.  Selective beta2-adrenergic  
   agonists used for asthma: 

 
1)  Metaproterenol (Metaprel®) 
2)  Albuterol (Proventil ®) 
3)  Terbutaline (Brethaire®) 
4)  Bitolterol (Tornalate®) 



Mechanism of Action of β2-adrenergic agonists:"
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d.  Routes of administration of beta2-adrenergic agonists 
for asthma: 
1)  Inhalation route 

a)  Metered dose inhaler 
 

Inhaled therapy delivered directly to the lungs is 
preferable to systemic oral therapy for the 
following reasons: 

(1) Inhaled therapy produces more bronchodilation 
than systemic oral therapy for asthma 

(2) Inhaled therapy causes fewer systemic side effects 
than systemic oral therapy for asthma. 

(3) Inhaled therapy has a faster onset of action that 
systemic oral therapy for asthma. 

(4) Inhaled therapy achieves desired results at lower 
doses than systemic oral therapy for asthma. 



b)  Compressor-driven nebulizer 
 

(1) Expensive, no portability, and bacterial 
 contamination are disadvantages. 

 
(2) Advantage: delivers consistent doses without the 

patient’s coordination in cases of severe asthma. 
 



2)  Oral route 
 

1)  Larger doses are required compared to 
inhalation route. 

 
2)  Has more adverse effects than inhalation  

 route. 
 

3)  Onset of action is slower than inhalation route. 
 

 3)  Parental route: Terbutaline can be injected  
  subcutaneously without the necessity of the  
  patient’s cooperation. 



e. Pharmacokinetics of 2-adrenergic agonists in asthm a  
 

 Inhalation Route Oral Route 

 Onset of 

Action 

(min) 

Duration of 

Action (hr) 

Onset of 

Action (min) 

Duration of 

Action (hr) 

metaproterenol <1 1-3 15-30 4 

Bitolterol 3-4 5-8   

Albuterol 5-15 3-6 15-30 8 

terbutaline 15-30 3-6 60-120 4-8 

salmeterol 10-20 12   
 

Unique metabolism of bitolterol 
a)  Lung esterases hydrolyze bitolterol to 

terbutylnorepinephrine which is the active form 
of the drug, therefore bitolterol is a prodrug. 

b)  Bitolterol is a beta2-selective drug because 
esterases that hydrolyze the drug are present in 
higher concentration in the lung compared to the 
heart. 



f. Therapeutic uses of beta2-adrenergic agonists for asthma 
 

1)  Albuterol: Standard of inhaled beta2-agonists for 
bronchospasm in asthma.  
2)  Terbutaline: Only beta2-agonists that can be used by 
subcutaneous injection for emergency treatment of status 
asthmaticus. 
3)  Metaproterenol: Quickest onset of action of any beta2-
agonist for asthma when inhaled. 
4)  Bitolterol: Long duration of action (8 hours) when 
inhaled. 
5)  Salmeterol: Has the longest duration of action of any 
beta2-agonist.  Should be used only for the maintenance 
treatment of asthma and not for treatment of acute attacks 
of asthma. 

 



g.  Side effects of beta2-adrenergic agonists used for     
asthma 

 
 1)Skeletal muscle tremor: Most common.  Occur as fine 
finger tremors.  Tolerance develops therefore start with low 
dose and progressively increase dose. 

 
 2)Anxiety, restlessness and apprehension: May limit therapy.   
  
 3) Tachycardia: A result of direct stimulation of heart rate 
by β1-receptors and the reflex stimulation of heart rate from 
β2-receptor-mediated peripheral vasodilatation. 

 



2.  Methylxanthines 
 
Theophylline (Theo-Dur®) 

 
a.  Chemical structure of theophylline  
 
1)  Theophylline is 1,3-dimethylxanthine 
 
2)  Solubility of theophylline has been increased by the 

formation of a complex between theophylline and 
ethylenediamine known as aminophylline 



Mechanisms of anti-asthmatic actions of theophylline 
 
1)  Inhibition of smooth muscle phosphodiesterase 

cAMP ATP AMP 
Adenylyl 
Cyclase 

cAMP Phos- 
phodiesterase 

β-adrenergic  
Receptors Theophylline 

Smooth Muscle 
Relaxation 



2)   Antagonism of smooth muscle cell surface receptors 
for adenosine 

a)  Because inhaled adenosine causes bronchoconstriction in 
patients with asthma but does not affect people without 
asthma, the action of theophylline as a competitive 
antagonist at adenosine receptors may be important in 
the treatment of asthma. 

 
3)  Interference with the uptake and sequestration 

storage of Ca2+ ions by the sarcoplasmic reticulum in 
striated muscle, with a resulting increase in the 
cytoplasmic concentration of Ca2+ ions 

  a) Explains the action of theophylline to increase the strength 
 of contraction of cardiac and skeletal muscle. 



c.  Routes of administration of theophylline for asthma 
(cannot be inhaled) 

 
1)   Standard (short-acting) oral preparations: Onset of action 

is 45-60 minutes.  Duration of action is 4-6 hours. 
 
2)   Prolonged-release (sustained-release) oral preparations: 

Duration of action is 8, 12 or 24 hours, therefore useful in 
nocturnal asthma. 

3)   Intravenous route: Aminophylline (ethylenediamine 
complex with theophylline) is administered as a slow 
infusion for acute, severe asthma. 



d.  Pharmacokinetics of theophylline in asthma 
 

1)  Hydroxylated and demethylated in liver and 
excreted by kidneys 

2)  Any slight alteration in the percentage of 
theophylline that is metabolized will produce 
large differences in its clearance. 

 
a)  The mean half-life of theophylline is shortened by 

cigarette smoking. 
(1) Smoking induces hepatic enzymes that degrade 

theophylline 
(2) Half-life of theophylline in non-smoking adults is 9 

hours. Half-life of theophylline in smoking adults is 
only 5 hours 

 



b)  The mean half-life of theophylline is prolonged in 
patients with: 

 
(1) A decrease in hepatic blood flow from congestive 

heart failure 
(2) A decrease in hepatic function such as in cirrhosis 
(3) Obesity 
(4) Oral contraceptives 
(5) Viral upper respiratory infection 

 
3)  Monitoring of serum concentrations of  

 theophylline is important because: 
a)  Range of safe therapeutic serum concentrations of 
theophylline is very narrow: 5-15 micrograms/ml. 
b)  Inter-individual variability of theophylline 
clearance is very large 
c)  Theophylline has significant dose-related toxicities 

 



e.  Therapeutic uses of theophylline for asthma 
 

1)  Theophylline is used in two ways 
 

a)  To treat acute asthmatic episodes 
b)  As maintenance therapy for chronic asthma in order to 

prevent attacks and to minimize signs and symptoms 
during periods of remission. 

Therapeutically effective serum theophylline level 
of 5-15 micrograms/ml (at these conc. side effects 
rare) 
 

Close to the toxic concentration of theophylline, therefore 
periodic monitoring of drug levels is strongly recommended 



At serum theophylline levels above 35 micrograms/ml 
a)  Serious central nervous system effects 

(1)  Agitation 
(2)  Hyperreflexia 
(3)  Fasciculations (involuntary twitching) 
(4)  Generalized convulsions 
(a)  Especially dangerous because they can occur 
without warning signs 
(b)  May be refractory to standard anticonvulsant 
therapy, with death or severe residual effects being 
possible 

b)  Serious cardiac toxicity 
(1)  Tachycardia 
(2)  Arrhythmias 
(3)  Circulatory collapse 

c)  Pronounced elevation in body temperature in children 
d)  Relaxation of the bladder muscle - urinary retention in 
older men with enlarged prostate 



5)  Side effects of theophylline can be avoided by: 
 

a)  Starting with low doses and gradually increasing the 
dose of theophylline to the desired plasma level. 

b)  Order periodic blood levels of theophylline 
 

6)  Rapid intravenous administration of therapeutic doses of 
aminophylline 

a)  Can occasionally result in sudden death due to cardiac 
arrhythmias 

b)  Always perform IV administration of theophylline slowly 
over a longer time. 



3.  Muscarinic Receptor Antagonists 
 
Ipratropium bromide 

 
a.  General considerations of ipratropium bromide: 

Anticholinergic drug that is a muscarinic antagonist 
because asthma can be associated with vagal-mediated 
stimulation of bronchial smooth muscle causing 
bronchospasm and mucus hypersecretion.  Unlike atropine, 
ipratropium bromide has no systemic toxicity when 
administered as an aerosol. 

b.  Ipratropium bromide (Atrovent®): A quaternary 
isopropyl derivative of atropine 



c.  Biochemical mechanism of anti-asthmatic action 
of ipratropium bromide 

1) Ipratropium bromide inhibits the effect of 
acetylcholine released from airway vagal nerves by 
antagonizing muscarinic receptors in bronchial smooth 
muscle cells, resulting in: 

 
a) A decreased concentration of inositol triphosphate, 
which leads to: 
 
a decreased release of Ca2+ ions from the endoplasmic 
reticulum, causing relaxation of bronchial smooth 
muscle 



d.  Routes of administration of ipratropium bromide for 
 asthma 

 

1)  Available in a metered-dose inhaler or a nebulized solution, 
with an onset of action 30-90 minutes and a duration of action 
of 5 hours 

 

e.  Therapeutics uses of ipratropium bromide 
 

1)  In combination with beta2-adrenergic agonists if additional 
bronchodilitation is needed in severe acute asthma. 
2)  When inhaled beta2-adrenergic agonist and/or theophylline 
is not adequate or it is not well tolerated in asthmatic patients 
3)  When a coexisting chronic bronchitis or cough is 
predominant symptom in asthmatic patients 
4)  Drug of choice for treatment of chronic bronchitis or 
emphysema in non-asthmatic patients (chronic obstructive 
pulmonary disease, COPD) - Tiotropium. 

 



f.  Side effects of ipratropium bromide used for asthma 
 

1)  Very safe because poorly absorbed when inhaled, 
resulting in very low blood levels of drug 

2)  Local drying in the mouth following inhalation 
3)  Inform patients to close their eyes to avoid accidental 

contact of the spray with their eyes, or else they will 
have blurred vision for near objects due to dilatation 
of the pupils. 



F.  ANTI-INFLAMMATORY THERAPY FOR ASTHMA 
 

1.  Adrenal corticosteriods 
 

a.  General considerations of adrenal corticosteroids 
 

1)  Asthma is a chronic inflammatory disease with allergy 
being a frequent component of asthma 

2)  Must not only treat the symptoms of asthma but 
 also treat the underlying inflammation of asthma 

3)  Adrenal corticosteriods do not relax airway smooth 
muscle directly but they do produce marked increases 
in airway diameter by decreasing inflammation 

4)  Adrenal corticosteroids can reduce the frequency and 
severity of chronic asthma attacks 



b.  Adrenal corticosteroids used for asthma: 
 

 a) Beclomethasone (Venceril®) 
 b) Flunisolide (Aerobid®) 
 c) Triamcinolone (Azmacort®)  
 d) Prednisone (Meticorten®) 

 
c.  Routes of administration of adrenal corticosteroids for 
asthma 

 
1) Oral administration: Prednisone (Meticorten®) 

 
2) Intravenous administration: Methylprednisolone (Solu-
Medrol®). Used for the emergency treatment of status 
asthmaticus 

 
3) Inhalation administration: Beclomethasone (Vanceril®), 
Flunisolide (AeroBid®), Triamcinolone (Azmacort®). 



d.  Pharmacokinetics of adrenal corticosteroids in asthma 
 

1)  Oral and inhaled adrenal corticosteroids 
 

a)  Onset of action: 3 hours 
b)  Duration of action: 6 or 12 hours 
c)  Adrenal corticosteroids do not cause their effects rapidly 

in asthma 



e.  Biochemical mechanism of anti-asthmatic action of 
adrenal corticosteroids 

 
1) Adrenal corticosteroids prevent the synthesis or action of 
inflammatory mediators during late phase asthmatic reactions: 

 
a) Adrenal corticosteroids increase the synthesis of 
lipomodulin, which 
b) inhibits phospholipase A2 activity, thereby 
c) suppressing the release of arachidonic acid, which 
d) leads to an inhibition of the synthesis and release of 
leukotrienes B4, C4 and D4 as well as prostaglandins, resulting 
in reductions in leukocyte chemotaxis, bronchiolar smooth 
muscle contraction, vascular permeability and airway mucus 
secretion. 



f.  Therapeutics uses of adrenal corticosteroids for 
asthma 

 
1)  Because of the importance of the inflammatory 

component in asthma, adrenal corticosteroids 
must now be considered as part of the first line 
prophylactic therapy for all cases of asthma. 

 
a)  A short course of oral adrenal corticosteroid 

should always be combined with an inhaled 
steroid in order to reduce the amount of the oral 
dose. 



g.  Side Effects of Adrenal Corticosteroids used in treatment of 
Asthma: 

 
1)  Systemic adverse effects from short-term oral adrenal 

corticosteroids 
 

a)  Hyperglycemia 
b)  Edema 
c)  Rounding of facial contour 

 
2)  Systemic adverse effects from long-term oral adrenal 

corticosteroids 
 

a)  Osteoporosis 
b)  Cataracts 
c)  Myopathy 
d)  Hypothalamic-pituitary-adrenal axis suppression 
e)  Psychological depression 



3)  Inhaled adrenal corticosteroids 
 

a)  Do not produce systemic side effects (adrenal 
insufficiency) 

b)  Local adverse effects 
(1) Oropharyngeal candidiasis (can be minimized 

by rinsing the mouth and gargling with water 
immediately after inhalation) 

(2) Dysphonia (hoarseness) 
(3) Dryness of mouth and throat 
(4) Occasional coughing due to upper airway 

irritation (can be minimized by using a spacer 
attached to the metered-dose inhaler, which 
decreases the oropharyngeal deposition while 
increasing the lower airway deposition of the 
adrenal corticosteroid) 



Combination Therapy: 
 
Symbicort®: 
 
Mixture of Glucocorticoid - Butenoside AND 
 

       Formototerol Fumarate - long acting β-AR-agonist 



2.  Cromolyn sodium 
 

a.  General considerations of cromolyn sodium (Intal®) 
 

1)  Nonsteroidal anti-inflammatory drug used only for 
prevention of asthmatic attacks 

 

b.  Routes of administration of cromolyn sodium for 
asthma 

 

1)  Inhaled as an aerosol by a compressed metered inhaler 
 

c.  Pharmacokinetics of cromolyn sodium 
 

1)  When used prior to a challenge such as exercise or cold 
air: 

 

a)  Onset of action: 10-15 minutes 
b)  Duration of action: 4-6 hours 

 



d.  Mechanism of anti-asthmatic action of cromolyn sodium 
 

1) Cromolyn sodium inhibits the degranulation of mast cells, 
preventing the release of histamine and other mediators of 
bronchospasm: 

 
a)  Cromolyn sodium reduces the transmembrane influx of 
Ca2+ ions induced by IgE antibody-antigen interactions on the 
sensitized mast cell surface 

 
2) Cromolyn sodium inhibits the recruitment of neutrophils and 
eosinophils to the pulmonary epithelium: 

 
a) Cromolyn sodium inhibits neutrophil chemotactic factor 
(NCF) 

 
3) Cromolyn attenuates the ability of platelet activating factor 
(PAF) to cause airway hyperreactivity 

 



e.  Therapeutic uses of cromolyn sodium for asthma 
 

1)  Cromolyn sodium, when used prophylactically before 
exposure will inhibit: 
 
a) Immediate allergen-induced airway narrowing 
b) Late phase allergen-induced airway narrowing 
 
2)  Pretreatment with cromolyn sodium will block: 
 
a) Exercise-induced bronchoconstriction 
b) Cold, dry air-induced bronchoconstriction 
 
3)  Cromolyn sodium is not capable of reversing asthmatic 
bronchospasm 

4)  There is no way to reliably predict whether a patient will 
respond to cromolyn sodium: 4-6 week trial required. 



5)  In patients with severe asthma who respond poorly 
to individual drugs, therapeutic benefits may be 
enhanced by combining cromolyn sodium with an 
adrenal corticosteroid and/or a bronchodilator such 
as a beta2-adrenergic agonist or theophylline 

 
a)  If combined therapy is prescribed, then one must 

individualize the dose of each drug in order to obtain 
maximal benefit with minimal adverse reactions 



f.  Side effects of cromolyn sodium used for asthma 
 

1)  Reversible hypersensitivity reactions such as 
dermatitis (rare) 

 
g.  Drug related to cromolyn sodium 

 
1)  Nedocromil sodium (Tilade®). Same 
pharmacological effects as cromolyn sodium– 
indicated in individuals>12yrs old. 

 



3.  Leukotreine inhibitors 
a.  General Considerations 

Phospholipids 

Arachidonic Acid 

Cyclic Endoperoxides 

LTA4 
Protaglandins 

(PGE2, PGI2, Thromboxane, etc.) 

Cox1/2 5-Lipoxygenase 

NSAIDs 

L  T Inhibitors 
5-HPETE 

5-HETE 

LTB4 LTC4 LTD4 LTE4 



b.  Biochemical mechanisms of action of leukotreine 
inhibitors 

 
1) Two types: Inhibitors of Synthesis (Zileuton) and antagonists 
of LT receptors (Zafirlukast, Montelukast) 
 
2) Preventing actions of leukotreines 

 
3) Properties of leukotreines: 

 
a) Previously known as slow reacting substances of 
anaphylaxis – may be overproduced when Cox1/2 are 
inhibited. 
b) Contribute to bronchoconstriction, inflammation, edema and 
mucus secretion, thereby obstructing airways in asthma. 
c) Cysteinyl leukotreines such as LTD4 are the most potent 
bronchoconstrictors  



c.  Representative leukotreine inhibitors 
 

1)  Zafirlukast (Accolate®) 
 

a)  Mechanism of action 
 

A cysteinyl-leukotreine1 receptor antagonist that competes with 
LTD4 on airway target cells, resulting in blocking the 
bronchoconstrictive effect of LTD4 in both the early and 
late-phase asthmatic response, as well as also blocking the 
inflammatory response of LTD4 in the late asthmatic phase. 

 
b)  Pharmacokinetics of zafirlukast 
Take 20 mg tablet either 1 hour before or 2 hours after breakfast 

and dinner since food reduces the bioavailability of 
zafirlukast 



c)  Therapeutics uses of zafirlukast 
(1)  Prevention of asthmatic attacks in patients 12 years and 
older, with a therapeutic trial being the only way to determine 
which asthma patients will show a clinical improvement 

 
a) Not a rescue medication itself during an acute asthmatic 
attack because it does not act quickly enough.  However, does 
reduce the need for a rescue beta2 -agonist in chronic asthma 
patients. 

 
(2) Improves pulmonary function in mild-to-moderate asthma 

 
(3) Effective in aspirin-induced asthma that is caused by an 
overproduction of leukotreines resulting from the inhibition of 
prostaglandin synthesis by aspirin. 

 
(4) Effective in prevention of cold-air-induced 
bronchoconstriction in patients with mild-to-moderate asthma. 



d)  Contraindications of zafirlukast 
(1) Breast-feeding 

 
e)  Drug interactions of zafirlukast 

 zafirlukast plus warfarin produces an increased 
prothrombin time with possible bleeding because 
zafirlukast inhibits the cytochrome P450 enzymatic 
degradation of warfarin 

2)  Montelukast sodium (Singulair®): see 
handout 

 
 



3)  Zileuton (Zyflo®) 
 

a)  Mechanism of action 
A 5-lipoxygenase inhibitor that blocks 5-lipoxgenase -

therefore, also inhibits actions of LTB4 
 

b)  Therapeutic uses of zileuton 
 

(1) Administered orally four times a day 
 

(2) Effective in preventing exercise-induced asthma, cold-air-
induced asthma and aspirin-induced asthma 

 

(3) Reduces nocturnal symptoms and bronchial obstruction in 
nocturnal asthma 

 



c)  Side effects of zileuton 
 

(1)  Increases alanine transaminase to more 
than 3-fold in 3% of treated patients.  
However, will revert back to normal 
when drug is discontinued.  Measure of 
alanine transaminase before and during 
therapy. Contraindicated in patients with 
hepatic diseases. 

(2) Occasional dyspepsia 
 



4)  Monoclonal antibodies 
  

a.  Omalizumab (Xolair®) 
 

1)  Biochemical mechanism of action of omalizumab 
 
a)  An allergic component mediated by antigen-specific IgE 

attached to receptors on mast cells causes the release of 
histamine and leukotrienes that increase mucosal 
inflammation producing spasm of airway smooth muscle. 

b)  Omalizumab forms a complex with circulating free IgE 
which lowers free IgE serum concentrations to undetectable 
levels.  This prevents IgE from binding to mast cells 
preventing the release of histamine and leukotrienes from 
mast cells. 



2)  Route of administration of omalizumab 
 

a)  Subcutaneous injection every 2-4 weeks 
b) Patient cost is $12,000 per year 
 

3)  Adverse effects of omalizumab 
 

a) It is currently not known whether long-term lowering of free 
IgE serum concentrations could increase the risk of 
malignancy…since in a completed study for less than 1 year, 
malignant neoplasms occurred in 0.4% of 4,127 patients 
exposed to omalizumab as compared to 0.1% of 2,236 controls. 

 

4)  Present status of omalizumab 
 

 a) The high cost, the need for subcutaneous injections, and the 
concern about its long-term safety restricts the use of omalizumab to 
patients with severe asthma that cannot be controlled by other drug 





DRUGS USED TO TREAT 
ALLERGIES 

(HISTAMINE AND ITS 
ANTAGONISTS) 

             



I. Histamine biology 

 

An ethylamine endogenously formed by the 

decarboxylation of the amino acid histidine by 

histidine decarboxylase.  Histamine is located in 

the central (hypothalamic neurons) and enteric 

(GI tract) nervous systems; tissue (mast cells – 

skin, bronchial mucosa, intestinal mucosa); and 

blood (basophils).   

 

Histamine is released by neural and immunologic 

stimulation (see figure below). 



Histamine, kinins, 
leukotrienes (SRS), 

prostaglandins, Serotonin, 
platelet-activating factor 

Antihistamines 
partially block 

Binding of allergen to specific IgE antibody 
on surface of mast cell induces mediator release 

Isoproterenol, 
theophylline, epinephrine, 
Cetrizine, and cromolyn 

Smooth muscle and  
other end organs Degranulation and 

mediator release 



Other methods of Histamine 

release: certain therapeutic agents 

–antibiotics, vancomycin, 

bradykinin, substance P, non-

specific cell damage – urticaria 

associated with scratching    

 

Metabolized by two different 

pathways and the metabolite N-

methylhistamine in urine is a more 

accurate index of endogenous 

histamine levels. 



There are four types of histamine 

receptors.  H1 and H2 receptors are 

located post-synaptically; H3 

presynaptically.  All are found in the 

brain.  In the periphery H1 and H2 

receptors have a distinct distribution: 

 

H1 - Smooth muscle, endothelium. 

H2 - Gastric mucosa, cardiac muscle, 

vascular smooth muscle. 

H3 – Presynaptic  

H4 – blood cells in bone marrow and 

circulation – mediate chemotaxis of 

eosinophils & mast cells. 



II. Physiological Effects of Histamine 

 

A. Cardiovascular (H1 and/or H2 receptor 

mediated) 

1. vasodilation of arterioles and 

precapillary sphincters 

Lumen 

Endothelial Cell 

H1 
Histamine 

Ca 

NO 

sGC cGMP H2 AC 

cAMP 
RELAXATION 

VSM Cell 



2. hypotension and reflex 

tachycardia 

3. increased permeability of 

postcapillary vessels; 

transudation (H1 receptors) 

4. flushing, sense of warmth and 

headache result 

 



B. Gastrointestinal Tract 

 

1. gastric acid secretion by activation of H2 

receptors on parietal cells 

2. contraction of GI smooth muscle (H1 

receptors) 

 

C. Bronchoconstriction (H1 receptor mediated) 

 

D. Stimulation of peripheral nerve endings (H1 

receptor mediated): itching and red flares 



E. The "triple response" to histamine in 

skin (predominantly H1 mediated) 

 
1. R e d d e n ing: dilation of small vessels 

2. Red irregular flare with itching; stimulation 

of nerve endings.  

3. E d e matous wheal: separation of endothelial 

cells permitting transudation.  
 



III. Treatment of Allergy:  H1 Histamine 

Antagonists 

 

A. Three types of drugs are used 

clinically to block histamine actions. 

 

1. Physiological antagonists, 

especially epinephrine, have 

airway smooth muscle actions 

opposite to those of histamine 

but act at different receptors 2-

adrenergic receptors.  REM: Also 

blocks histamine release. 
 



2. Release inhibitors, such as cromolyn sodium and 

nedocromil, reduce the degranulation of mast cells resulting 

from antigen-IgE interaction.   

  

 2-adrenergic agonists, such as metaproterenol, appear to 

reduce histamine release while producing bronchodilation.  

 

 Cetrizine (Zyrtec) also inhibits histamine release 



Cholinergic 
Muscarinic α-adrenergic Serotonin Hist H1 Hist H2 

Sedation 
Agitation 
Anti-Park 

Orthostatic 
Hypotension 
Anti-emetic (phenergan) 

Histamine H1 Receptor Blockers 

Diphenhydramine 
Clemastine 
promethazine promethazine Cyproheptadine All H1 antihistamines 

3. Receptor Antagonists competitively bind to histamine 
Receptors thereby blocking the actions of histamine. 



B .  H 1 Antagonists are used primarily in the 

treatment of allergic rhinitis and 

urticaria (hives) and motion sickness.  

These drugs are not useful in the therapy 

of bronchial asthma.  Because many of 

the H1 antagonists are not selective they 

have other applications.  A large number 

of the 20 plus H1 blockers are available 

OTC either alone or formulated with 

other drugs as "cold pills" and sleep 

aids.  

New recommendation: “Cold” medications	

containing these- NOT to be used in children <4 yr	




H1 antagonists are readily absorbed 

from the GI tract and are widely 

distributed throughout the body.  

Most are extensively metabolized in 

the liver, and form active 

metabolites.  The H1 blockers have 

a duration of action of 4-6 hours. 



The newer drugs have longer durations 

of action (12-24 hrs) and are less lipid 

soluble.  Thus, they do not cross the 

blood brain barrier to any large degree 

and are less sedating.  The newer drugs, 

however, are more expensive. 

	
 	
 	
 	
 	
Contraindications	

Fexofenadine (Allegra): Glauc, Urin reten, MAO inh	

Loratadine (Claritine): Pregnancy, Lactation	




The tricyclic anti-depressant Doxepin (Sinequan®)	

is one of the most potent anti-histamines available.	

It is approx. 800 times more potent than 
diphenhydramine.	

	

Used in treatment of chronic urticaria when other H1 
antagonist have failed. Has anti-cholinergic actions 
and is best tolerated by individuals who have 
depression.  In non-depressed patients may cause 
disorientation and confusion.	




H1 Antagonists 
Drugs Usual 

Adult Dose  

Anti-cholinergic 

Activity 
Comments 

First Generation Antihistamines 

Ethanolamines 
  Carbinoxamine (Clistin) 

4-8 mg +++ 
Slight to moderate 
sedation 

Dimenhydrinate (salt of 
diphenhydramine) 
(Dramamine) 

50 mg +++ 
Marked sedation; anti-
motion sickness 
activity 

Diphenhydramine 
(Benadryl, etc) 25-50 mg +++ 

Marked sedation; anti 
motion sickness 
activity 

Doxylamine 
1.25 – 25 

mg 
nd 

Marked sedation; now 
available only in OTC 
“sleep aids” 

Ethylaminediamines 
Pyrilamine (Neo-
Antergan) 

25 – 50 mg + 

Moderate sedation; 
component of OTC 
“sleep aids” 

Tripelennamine (PBZ, 
etc) 

25 – 50 mg + 
Moderate sedation 

Piperazine 

derivatives 
  Hydroxyzine (Atarax, 
etc) 

15 – 100 
mg 

nd 

Marked sedation 

Cyclizine (Marezine) 
25 – 50 mg - 

Slight sedation; anti-
motion sickness 
activity 

Meclizine (Bonine, etc) 
25 – 50 mg - 

Slight sedation; anti-
motion sickness 
activity 

Alkylamines 
  Brompheniramine 
(Dimetane, etc) 

4 – 8 mg + 

Slight sedation 

Chlorpheniramine 
(Chlor-Trimeton, etc) 

4 – 8 mg + 

Slight sedation; 
common component 
of OTC “cold 
medication” 



Undesirable side effects and toxicity of the H1 blockers

are  not common

anorexia, nausea, vomiting, constipation, diarrhea,

epigastric distress, decreased alertness, impaired ability to

concentrate, drowsiness, and muscular weakness.

Blood dyscrasias (eg, leukopenia, agranulocytosis,

thrombocytopenia, hemolytic anemia) occur rarely.

Overdosage is accompanied by anticholinergic effects: dry

mouth, palpitations, chest tightness, urinary retention,

visual disturbances, convulsions, hallucinations, and, later,

respiratory depression, fever, hypotension, and mydriasis

(dilation of the pupil) - often most problematic in the

elderly.



Diphenhydramine and other anti-histamines with strong 

anti-cholinergic action are relatively contraindicated in 

patients with asthma and chronic obstructive pulmonary 

disease (COPD), especially during acute attacks, because 

anticholinergic actions may thicken secretions and reduce 

expectoration.  



Treatment of Anaphylaxis: 

 

For mild reactions (eg, generalized pruritus, 

urticaria, angioedema, mild wheezing, nausea, and 

vomiting), epinephrine. If an antigen injected into an 

extremity caused the anaphylaxis, a tourniquet should 

be applied above the injection site and epinephrine 

injected into the site to reduce systemic absorption of 

the antigen. A second injection of epinephrine 

subcutaneously may be needed. After symptoms 

resolve, an oral antihistamine should be given for 24 

hours. 



For more severe reactions, with massive 

angioedema but without evidence of cardiovascular 

involvement, adult patients should be given 

diphenhydramine 50 to 100 mg IV in addition to 

epinephrine. When the edema responds,  long-acting 

epinephrine can be given for its 6- to 8-h effect; an 

oral antihistamine should be given for the next 24 h. 



The most severe reactions usually involve the 

cardiovascular system, causing severe hypotension and 

vasomotor collapse.  

 

IV fluids should be rapidly infused and the patient should 

be recumbent with legs elevated.  

 

Epinephrine should be given slowly with close observation 

for development of side effects, including headache, 

tremulousness, nausea, and arrhythmias.  

 

The underlying severe hypotension may be due to 

vasodilation, hypovolemia from loss of fluid, myocardial 

insufficiency (rarely), or a combination of these.   

 

When all the above measures have been instituted, anti-

histamines may then be given for treatment of slow-onset 

urticaria, asthma, laryngeal edema, or hypotension. 



 

Generic Name Trade Name Mechanism T½ hrs Elimination Benefit 

Diphenhydramine Benedryl H1 antagonist – 1
st
 

generation 
4-6  hepatic OTC 

Chlorpheniramine Chlor-

trimeton 

H1 antagonist – 1
st
 

generation 

4-6 hepatic OTC 

Fexfenadine Allegra H1 antag. – 2
nd

 

generation 

12 hepatic BBB/hrs 

Loratidine Claritin H1 antag. – 2
nd

 

generation 

24 hepatic BBB/hrs 

Citirizine  Zyrtec H1 antag. – 2
nd

 

generation 

12-24 hepatic BBB/hrs 

OTC = over the counter medication 

BBB = reduced transfer across the blood brain barrier 
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