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Nearly 40 million Americans have symptoms of upper respiratory allergies, making 
antihistamines among the most frequently used pharmacologic agents. Although there are 
mediators of allergic symptoms in addition to histamine, therapy for allergic rhinitis and 
urticaria has focused upon the use of  antihistamines. The classic histamine Hi-receptor 
antagonists, however, are not selective for the H 1 site and produce a variety of dopaminergic, 
serotonergic, and cholinergic responses leading to considerable adverse effects in the central 
nervous system consequent to both their phalmacologic nonselectivity and their ability to 
penetrate the blood-brain barrier readily. The second-generation antihistamines were a major 
advance in the therapy of allergic rhinitis, because they do not penetrate the blood-brain 
barrier as rapidly and are also designed for greater specificity at Hi-receptor. Given their 
greater selectivity for the Hz-receptor, they cause fewer undesirable central nervous system 
actions, whereas their efficacy is similar to that of the classic antihistamines used in the 
treatment of allergic" rhinitis. Selecting among these antihistamines for the treatment of allergic 
rhinitis has focused on their pharmacokinetics and adverse effec t profiles. The potential 
cardiotoxic effects" of some antihistamines when their metabolism is inhibited requires caution 
in prescribing these agents. The antiallergic and antiasthmatic effects of several newer 
antihistamines are being explored. For the clinician, making the therapeutic decision among 
Hi-receptor antagonists requires a comprehensive knowledge of their diverse effects. (J Allergy 
Clin Immunol 1996;98:$307-i8.) 
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In the five decades since clinically useful histamine~ 
(H1)-antagonists were introduced to medicine, these 
therapeutic agents have emerged as one of the most 
Widely used classes of drugs in the world? The benefits 
of antihistamines have become apparent in controlling 
allergic rhinitis, a condition that affects nearly 22% of all 
Americans 2 and in controlling chronic urticaria, atopic 
dermatitis, and other allergic disorders. These valuable 
drugs block activation of the Hi-receptors, which can 
stimulate sensory nerves and increase vascular perme- 
ability and mucus production. Blocking Ha-receptors 
prevents the histamine contribution to the symptoms of 
allergic rhinitis: nasal itching and congestion, sneezing, 
rhinorrhea; and ocular irritation. 

Although similar in some actions, H~-receptor antihis- 
tamines are pharmacokinetically and pharmacodynami- 
cally diverse (Table I). This drug Class encompasses a 
group of chemically different compounds with the simi- 
lar pharmacologic ability to competitively antagonize 
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Abbreviations used 
CNS: Central nervous system 

Ha: Histamine Ha 
H2: Histamine H2 
H3: Histamine H 3 

ICAM-I: Intracellular adhesion molecule-1 
LPR: Late-phase response 

LTB4: Leukotriene B 4 
LTC4: Leukotriene C4 
PGD2: Prostaglandin D 2 

histamine at its receptors. They have a similar core 
moiety, but the radicals or side chains adjoining the core 
determine their various pharmacokinetic properties (ab- 
sorption, distribution, and elimination). Most Ha-antag- 
onists are rapidly absorbed and provide symptom relief 
within 30 minutes. Once-daily (or at most twice-daily) 
dosing of second-generation antihistamines is made 
possible by the persistence of the biologic activity of 
these medications for a time significantly exceeding their 
serum half-life. 
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TABLE I. P h a r m a c o k i n e t i c s  o f  H i - r e c e p t o r  

a n t a g o n i s t s  

Drug 

B-phase serum Suppression of 
elimination wheal 

half-life response 

Chlorpheniramine 24.2 (11.0") 24 hr 
Brompheniramine 24.9 3-9 hr 
Triprolidine 2.1 - -  
Hydroxyzine 20.0 (7.1") 2-36 
Cetirizine 7.4 (7.0*) 24 hr 
Loratadine 11.0 24 hr 
Terfenadine? 4.5 (2.0*) 12-24 hr 
Astemizole 10 daysw -<8 weeks 

*Serum elimination half-life value in children. 
?Including terfenadine metabolite I. 
w its major metabolite. 
Data from Simons EF. J Allergy Clin Immunol. 1989;84:845-61. 

VARIETY OF ANTIH ISTAMINES 

Clinically useful antihistamines were first developed in 
the late 1930s and 1940s. Because these classic H 1- 
receptor antagonists are not Selective for the Hl-rece p- 
tor site, they induce a variety of dopaminergic, sero- 
tonergic, and cholinergic responses. First-generation 
antihistamines contain aromatic rings and alkyl substi- 
tutes that make them lipophilic, explaining their ability 
to cross the blood-brain  barrier rapidly3 In the brain, 
these antihistamines inhibit histamine N-methyltrans- 
ferase or block central histaminergic receptors. These 
drugs induce considerable adverse effects in the central 
nervous system (CNS) as a result of their pharmacologic 
nonselectivity for the Hi-receptor and ability to pene- 
trate the blood-brain  barrier easily. Four types of ad- 
verse CNS effects can emerge with nonselective agents: 
stimulatory, neuropsychiatric, peripheral, or depressive. 3 

In the 1980s, second-generation antihistamines were 
formulated, largely by synthesis of compounds with a 
lower lipid solubility due to a charged side chain. This 
major breakthrough achieved histamine-receptor block- 
ade without dramatic CNS effects. Some of these com- 
pounds were also designed for greater specificity at 
Hi-receptors. Terfenadine was the first second-genera- 
tion antihistamine approved by the Food and Drug 
Administration. Cetirizine a n d  fexofenadine are the 
most recently approved antihistamines. 

The newer agents have fewer adverse effects when 
compared with older, first-generation agents. However, 
most studies have found them to be as effective as the 
first-generation drugs as therapy for allergic rhinitis. 

Certain tricyclic antidepressant agents--doxepin in 
particular, with its potent Hi-receptor and histamine-2 
(Ha)-receptor antagonist propert ies--are  potentially 
useful therapy for diseases such as chronic urticaria. The 
effects of the tricyclic antidepressants are long-lasting 
and Hi-induced responses in the skin are suppressed for 
as long as 2 weeks after discontinuation of the therapy. 

Doxepin was found to be among the most potent 
Ha-receptor antagonists. Doxepin has unusual pharma- 
cologic ability and was used as a treatment for peptic 
ulcer disease when first produced. Of note, terfenadine 
was originally synthesized as part of an effort to find new 
antipsychotic agents. 4 

THREE SUBTYPES OF HISTAMINE 
RECEPTORS 

Since histamine was discovered as a mediator of the 
allergic response early in this century, considerable 
information has emerged about the complexity of the 
allergic response and the cascade of mediators involved. 

Histamine is found in all body tissues, although its 
highest concentrations are found in the lungs, mast cells, 
and basophils. Upon exposure of a sensitized host to a 
sensitizing antigen, the bridging of at least two IgE mole- 
cules to these cells occurs, activating the release of hista- 
mine and other inflammatory mediators. At the Hl-rece p- 
tor found on nerve endings, smooth muscles, and glandular 
cells, histamine induces reactions such as a wheal and flare 
in the skin; bronchial constriction and mucus secretion in 
the lungs; congestion and irritation in the nose; and edema 
and hypotension during generalized anaphylaxis. 

In addition to Ha-receptors , two other subtypes of 
histamine receptors have been identified. In the late 
1970s, recognition of the gastrointestinal effects of H 2- 
receptors led to the development of H2-receptor antag- 
onists for the treatment of duodenal ulcer and reflux 
esophagitis, conditions associated with gastric hyperac- 
tivity. The effects of H2-antagonists on allergic response 
are less well defined although some have been reported 
to be effective in the treatment of chronic urticaria and 
acute anaphylaxis; to have an effect on bronchial 
smooth-muscle tone and mucus secretion; and to in- 
crease cyclic adenosine monophosphate. 5 

The most recently identified histamine subtype is the 
histamine-3 (H3) group. Ha-receptors may be important 
modulators of histamine synthesis and release in cere- 
bral neurons in the CNS. They may also decrease 
histamine release from mast cells and release of proin- 
ftammatory tachykinins from unmyelinated C-fibers in 
airways. Therefore they may have a role in the modula- 
tion of inflammatory allergic airway disease. 6 The H 3- 
receptor has been proposed to function as an autorecep- 
tor for cholinergic neurotransmission at the level of the 
autonomic ganglia in the airways. 7 

ANTIH ISTAMINES AND THE CLINICAL 
ALLERGIC REACTION 

The allergic response occurs in two phases: the imme- 
diate- Or early-phase response and the late-phase reac- 
tion (LPR). Clinically, the immediate development of 
the allergic reaction--sneezing, watery nasal secretions, 
and itching of the nose and eyes--occurs within 30 
minutes when the person with sensitivity encounters an 
allergen. If a cat-sensitive person enters a room in which 
a cat is present, the early-phase allergic response may 
occur immediately. If this person is exposed to cats for a 
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longer period, more intense symptoms may develop, 
often in conjunction with nasal congestion and sinus 
headaches. Immediate symptoms upon allergen expo- 
sure can be followed from 6 to 48 hours later by an 
immunologic LPR to the allergen. The degree and 
duration of allergen exposure is critical in determining 
the intensity of the response. Short, limited exposures 
often produce an isolated early-phase response 
whereas longer, more intense exposures can produce 
both early-phase responses and LPRs or rarely, iso- 
lated LPRs. 

In the early-phase response, mast cells are activated 
upon cross-linking of the membrane-bound IgE by a 
specific allergen. This process results in the immediate 
release by mast cells of preformed mediators of allergic 
inflammation that are stored within the secretory gran- 
ules and the production of newly formed lipid-derived 
mediators, including those generated by metabolism of 
arachidonic acid liberated from the mast cell. In addi- 
tion, cytokine synthesis and release occurs consequent to 
mast-cell activation. Histamine exists in the mast-cell 
secretory granules as do tryptase and chymase (serine 
proteases) and carboxypeptidase (an enzyme). Mem- 
brane-bound arachidonic acid is liberated from phos- 
pholipid in several well-described pathways. Arachidonic 
acid metabolites include leukotrienes (leukotriene B 4 

[LTB4] and leukotriene C 4 [LTC4] ) and prostaglandin 
Da (PGD2). The phospholipid from which arachidonic 
acid has been liberated may be metabolized to form 
platelet-activating factor (PAF), which is formed in, but 
not released by, mast cells. 

Histamine is one of several molecules that can induce 
significant symptoms of the immediate allergic response, 
but it is clearly not the sole mediator of allergy. During 
immediate hypersensitivity reactions, histamine is re- 
leased from mast cells, reaching tissue concentrations of 
10 5 to 10 .3 tool/L? 

The relative contribution of leukotrienes, prostaglan- 
dins, and histamines in the production of the allergic 
response may be dependent in part on the ultimate end- 
organ involved in the response. In the lung, for instance, 
antihistamines produce only a transient 10% to 15% 
increase in FEV1, which lasts ~<2 hours, whereas leukotri- 
ene antagonists produce a greater, more sustained increase 
in FEV1 after administration. Histamine, LTC4, and PGD a 
have many parallel actions, including induction of vasodi- 
latation, vascular leakage, and bronchoconstriction. How- 
ever, LTC 4 is approximately 1000-fold more potent as a 
bronchoconstrictor than histamine. 

The differing effects of histamine, leukotrienes, and 
prostaglandins in the allergic response may also be 
related to their relative concentration during these re- 
sponses; however, differences in potency based on the 
relative effect per mole of mediator must be interpreted 
with caution because some mediators formed in minute 
quantities may be metabolized rapidly after release. The 
production of histamine and arachidonic acid metabo- 
lites in the allergic response may also be related to the 
mast-cell subtypes found within the responding organ, 

that is, the skin, submucosa, intestine, lung, and nose. 
Therefore the greater efficacy of antihistamines in aller- 
gic rhinitis compared with allergic asthma may be asso- 
ciated with the relative production of mediators by mast 
cells and other inflammatory cells in the nose and lung. 

During the early-phase allergic response, relevant 
chemotactic factors include LTB4, eosinophil chemotac- 
tic factor of anaphylaxis, and neutrophil chemotactic 
factors. Ultimately, cytokines that up-regulate inflamma- 
tory cell function and enhance inflammatory cell migra- 
tion are also produced not only by mast cells but also by 
eosinophils, basophils, and lymphocytes, which are re- 
cruited consequent to mast-cell activation. 

Patients may report symptoms of asthma or chronic 
refractory rhinitis associated with congestion that reflect 
the allergic LPR. The LPR occurs several hours after 
allergen exposure and is associated with an influx of 
eosinophils, neutrophils, basophils, and lymphocytes. 
Eosinophils are believed to be the primary cell involved 
in the LPR. Upon activation, eosinophils become hypo- 
dense and release granule-derived mediators of inflam- 
mation, including major basic protein and eosinophil 
cationic protein; eosinophil-derived neurotoxin; and lip- 
id-derived mediators of inflammation, including leuko- 
trienes. Neutrophils probably play a lesser role in the 
production of the LPR but also release significant 
amount of LTB4, superoxide, and proteases that may 
enhance the LPR. 

The increased levels of histamine noted during the 
LPR are not associated with similar increased levels of 
PGD2 .s This observation suggests that mast cells, which 
release both histamine and PGD 2 in parallel upon 
activation, are less important than basophils during the 
LPR because basophils produce histamine in the ab- 
sence of PGD 2 production. 

THE EFFICACY OF ANTIHISTAMINES 
The effects of antihistamines on allergic responses are 

largely related to competitive inhibition of Hi-receptors 
and vary throughout the body. In the lungs, histamine 
induces bronchoconstriction, and increases mucus pro- 
duction, with the end result being the clinical signs and 
symptoms of asthma; in the skin, vasodilatation and 
vascular leakage produce symptoms of typical urticaria; 
in the nose, vasodilatation and vascular leakage produce 
the typical watery discharge and mucous hypersecretion 
of allergic rhinitis; and hypotension, edema, and gener- 
alized erythema are characteristic of generalized ana- 
phylaxis, a reaction including vasodilatation and vascular 
leakage. 

Antihistamines modify the clinical responses seen 
during early-phase reactions, in which the role of hista- 
mine is more clearly defined than it is in the LPR. 
Depending on the dose, some Hi-antagonists may de- 
crease the release of histamine from mast cells or 
isolated basophils in vitro and, in addition, block the 
effects of histamine. In immediate allergic responses, anti- 
histamines have varying effects on other aspects of allergic 
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responses mediated by leukotrienes or prostaglandins. 
At least in vitro, release of some mediators from ba- 
sophils and mast cells may be modulated to some degree 
by Ha-antagonists. In vivo, some Ha-antagonists may 
inhibit mediator release more effectively in one organ 
than in others. 

Because the role of histamine in producing early- 
phase inflammation appears to be end-organ dependent 
and because the effects of histamine are complemented 
by the effects of leukotrienes and prostaglandins, the 
efficacy of antihistamine therapy is probably dependent 
on the site of the allergic response and the contribution 
of histamine to the response in that site. The redundant 
effects of mediators make it impossible for an antagonist 
of one mediator to be effective in alleviating all signs and 
symptoms of allergic disease. Furthermore, the maxi- 
mum benefit from antihistamines is achieved with pro- 
phylactic treatment, before exposure to the allergen, 
because antihistamines are less effective in alleviating 
symptoms of the immediate allergic response once it is 
underway. They are most effective when they are occu- 
pying the Ha-receptor site before histamine is released. 

Signs and symptoms that are clinically related to the 
LPR, such as nasal congestion and sinus headaches, 
respond less well to traditional antihistamine treatment 
and often require the addition of a decongestant for 
significant clinical benefit. The most effective modula- 
tion of LPRs requires use of corticosteroids, including 
inhalant corticosteroids for allergic rhinitis. When the 
efficacy of inhaled nasal corticosteroids has been com- 
pared with either terfenadine or astemizole, the inhaled 
nasal steroids have demonstrated superior clinical effi- 
cacy in the relief of symptoms related to rhinitis, includ- 
ing nasal congestion. 

JUDGING THE ALLERGIC RESPONSE 
THROUGH WHEAL AND FLARE REACTIONS 

Antihistamine potency varies, as measured by the 
suppression of histamine-induced wheal by a single 
dose of medication. This response correlates with 
relief of symptoms of allergic rhinitis. 9,1~ The hista- 
mine-induced wheal-and-flare response is inhibited by 
all Ha-antagonists, but they differ in the strength of 
the effect, t ime to peak effect, and duration of the 
effect. Ha-receptor  activation is necessary to demon- 
strate allergic reactivity in the allergen skin test. The 
characteristic wheal-and-flare response to an allergen 
appears to be dependent  on histamine release from 
allergen-activated mast cells. 

Analyzing the inhibition of the wheal-and-flare reac- 
tion induced by histamine or allergens is a standardized 
biologic test of the action of antihistamines. Dose- 
response relations can be compared with this test. The 
effect of these medications can persist even when plasma 
concentrations are undetectable, either because active 
metabolites are present or because the ratio of tissue to 
plasma concentration is high. 11 In fact, the duration of 
action of antihistamines on inhibition of sneezing, rhi- 

norrhea, and itching and on the wheal-and-flare re- 
sponse persists beyond the plasma half-life. The clinical 
duration of action for many H~-antagonists is approxi- 
mately 24 hours, allowing for once-daily dosing of most 
of these drugs. 12 Astemizole, doxepin, and tricyclic an- 
tidepressants, among other agents, affect responses in 
the skin for weeks to months after discontinuation of 
therapy. 

In single-dose evaluations, cetirizine is among the 
most potent of antihistamines. In single-dose studies of 
the histamine-induced wheal, cetirizine had greater ac- 
tivity than clemastine, hydroxyzine, loratadine, astem- 
izole, mepyramine, and terfenadine. 13 In addition to its 
effects on Hi-receptors, cetirizine appears to decrease 
the levels of LTC4 in nasal secretions, perhaps in 
relation to effects on eosinophil migration, and may have 
multiple activities on the pathophysiologic basis of the 
acute allergic response, 14 Cetirizine is capable of de- 
creasing intracellular adhesion molecule-1 (ICAM-1) 
expression on endothelial cells, thereby inhibiting in- 
flammatory cell migration to the site of allergic inflam- 
mation. Is With time, there is no loss of efficacy in 
cetirizine's ability to suppress histamine-induced re- 
sponses in the skin. ~ 

COMPARING ADVERSE EFFECTS 
Classic H 1 antagonists 

Because most older H 1 antagonists have relatively 
similar potencies in competing for histamine-receptor 
sites, the clinical usefulness of these drugs is often 
judged on the adverse effect profile, including the 
potential for drug interactions. The first-generation an- 
tihistamines include triprolidine, diphenhydramine, 
chlorpheniramine, and hydroxyzine. Because the classic 
Hi-receptor antagonists are not selective for the H I 
site and cross the blood-brain  barrier, they induce a 
variety of dopaminergic, serotonergic, and cholinergic 
responses. 17 

There are four types of adverse reactions18: 

1. Stimulatory reactions include appetite stimulation, 
muscle spasms, seizures, and the anticholinergic re- 
actions of insomnia, nervousness, irritability, tremor, 
and tachycardia. 

2. Neuropsychiatric reactions include anxiety, confu- 
sion, depression, and, rarely, hallucinations and psy- 
chosis. 

3. Peripheral neurologic effects due to cholinergic 
blockade are dilated pupils, blurred vision, dry 
mouth, urinary retention, constipation, and impo- 
tence. Rare reactions include paresthesias and paral- 
ysis. 

4. Depressive reactions include sedation, drowsiness, 
and lowered alertness and cognitive ability. An im- 
portant consequence of this action is impairment of 
driving ability. The somnolent effects of diphenhydra- 
mine hydrochloride are so pronounced that it is now 
being used as nonprescription sleeping aid. 
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Antihistamine overdose has been linked to coma; 
stimulatory CNS effects such as seizures, dyskinesia, or 
dystonia; and neuropsychiatric effects such as hallucina- 
tions or psychosis. 19,2~ Rarely, ataxia, delirium, and 
narcolepsy are also seen. 

Elderly persons taking classic antihistamines have the 
greatest risk of side effects. Clinicians exploring changes in 
mental status in elderly patients should inquire about 
antihistamine use, because these changes can be drug- 
related effects. Patients who take these drugs for long 
periods may be unaware of the effects of impaired judg- 
ment and relative mental inefficiency in performance. 

Clinically, long-term therapy with first-generation an- 
tihistamines such as chlorpheniramine appears to be less 
efficacious over a period of weeks. This phenomenon has 
led to the question of whether drug resistance or sub- 
sensitivity has developed in patients who are treated for 
several weeks with this type of agent. In a study 21 of 
patients taking chlorpheniramine for 3 weeks, the sup- 
pression of skin-test responses to histamine was corre- 
lated with serum chlorpheniramine levels achieved after 
3 days and after 3 weeks of therapy. At both time points, 
similar serum levels of chlorpheniramine blocked hista- 
mine-induced wheal responses to a similar degree, sug- 
gesting no decrease in the efficacy of the agent over the 
3-week treatment period. The apparent decrease in 
clinical response in patients treated with chlorphenira- 
mine for 3 days versus 3 weeks was, in fact, related to a 
gradual decrease in compliance with therapy. This non- 
compliance was associated with the adverse effects of 
chlorpheniramine, including drowsiness, lightheaded- 
ness, and anticholinergic effects such as dry mouth and 
urinary hesitancy. Thus, the adverse effects of these 
first-generation antihistamines may interfere with their 
long-term value in treating allergic disease. 

The current clinical role of first-generation antihista- 
mines is controversial, because safer second-generation 
drugs are available. Some physicians administer a single 
dose of a first-generation Hi-antagonist at bedtime as a 
cost-saving measure, because the sedative effects will 
occur during sleep and HI-blockage persists longer than 
sedation. No data exist regarding the efficacy or safety of 
combinations of morning dosing of second-generation 
antihistamines such as terfenadine with evening dosing 
of sedating antihistamines such as chlorpheniramine as a 
treatment for allergic rhinitis. 

A study of the effects of antihistamines on children's 
learning demonstrated that the second-generation anti- 
histamine loratadine caused significantly less learning 
impairment than the first-generation antihistamine 
diphenhydramine. 2aa As the presence of allergic rhinitis, 
irrespective of therapy, induced a reduction in learning 
ability of children, further aggravation of impaired learn- 
ing performance likely occurs with use of nightly admin- 
istration of a sedating antihistamine, the effects of which 
on alertness may persist into the morning after the 
nighttime dosage. 

The use of sedating antihistamines has also been 
associated with increased occupational injuries at 

TABLE II. Risk factors for cardiovascular 
adverse effects of terfenadine and 
astemizole 

Drug interactions involving hepatic cytochrome P450 
metabolism 

Imidazole antifungals, including ketoconazole and 
itraconozole 

Macrolide antibiotics, including erythromycin and 
clarithromycin 

Cimetidine 
Natural flavonoids (grapefruit juice) 

Overdose 
Underlying cardiac abnormality 

Prolonged QT interval 
Ischemic heart disease 
Congestive heart failure 
Antiarrhythmic medications (quinidine) 

Metabolic abnormalities 
Hypokalemia (diuretic use) 
Hypomagnesemia 
Anorexia, liquid protein diet 
Hepatic insufficiency, cirrhosis 
Impaired metabolism in elderly persons 

work. 21b In a study conducted in 1992 and 1993 by the 
Group Health Cooperative of Puget Sound, the single 
greatest increase in work-related injury occurred among 
users of sedating antihistamine, with the risk of injury 
being enhanced at an odds ratio of 1.5 (confidence 
interval 1.1 to 1.9) using conditional logistic regression 
to estimate the risk of traumatic injury, including open 
wounds, fractures, and burns after medication usage. 
Surprisingly, the risk of injury after first-generation 
antihistamine use was greater than that after use of 
sedative hypnotics or narcotics. 2~b 

Whereas some reports indicate adverse CNS effects 
appear to wane ->8 hours after ingestion, 22 other reports 
indicate that subjective drowsiness still occurs the morn- 
ing after use. 23 Tolerance to the CNS side effects does 
not necessarily develop24; impairment of CNS function 
occurs in the absence of obvious symptoms25 , 26; and 
there are data implicating these medications as a cause 
of fatal traffic accidents. 26, 27 

Regimens utilizing morning dosing of second-genera- 
tion antihistamines with evening dosing of first-genera- 
tion antihistamines should not be advocated as a cost- 
saving measure until further studies determining the 
safety and efficacy of such regimens are conducted. The 
potential adverse consequences of daily use of a nightly 
first-generation antihistamine, including the possibility 
of fatal traffic accidents and work-related injury, miti- 
gates against such AM/PM mixed antihistamine regi- 
mens. It is essential that protocols combining first- and 
second-generation antihistamines for cost savings do not 
adversely affect the quality of care or place the patient at 
unnecessary risk for potential adverse events from the 
nighttime first-generation antihistamine therapy. 
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Second-generation antihistamines 
The second-generation drugs represent a significant 

therapeutic advance because of their more favorable 
risk-benefit  ratio. Although they share some common 
features at H~-receptor sites, their actions are unlike 
those of classic antihistamines in the relative absence of 
cholinergic and serotonergic effects. 

Because the second-generation HI-receptor antago- 
nists have little or no affinity for muscarinic cholinergic 
receptors, they do not cause dry mouth or other anti- 
cholinergic effects such as gastrointestinal side effects. 
Most do not have antiserotonin activities and do not 
cause appetite stimulation or inappropriate body weight 
gain. However, this side effect has been reported after 
use of astemizole or ketotifen. 28, 29 

These second-generation antihistamines vary consid- 
erably in their pharmacokinetic and pharmacodynamic 
profiles (Table I). Resistance over time has not been 
noted with these agents. The effects of these drugs on 
peripheral H l-receptor blockade in the skin 9, 30, 31 and in 
allergic rhinitis 32 do not decrease markedly with time in 
studies lasting 4 to 12 weeks. 

The timing of administration can influence the efficacy 
of antihistamines. Terfenadine or clemastine given at 
7 PM is more effective than when given at 7:00 AM in 
inhibiting the wheal response in the skin and in inhibit- 
ing erythema. 33 Given a choice, a single dose may be 
prescribed more appropriately for evening administra- 
tion than for morning administration. 

The quantity of allergen can also influence their 
efficacy. At peak pollen season, the efficacy of terfena- 
dine is usually lost, and the efficacy of other antihista- 
mines including astemizole may be markedly dimin- 
ished. In contrast, in a study of olive pollen allergy in 
Greece, cetirizine still demonstrated significant efficacy 
in controlling symptoms at peak pollen season? 4 

In addition to blocking the effects of histamine, there 
is some evidence that some of these newer drugs inter- 
fere with mediator release from allergic inflammatory 
cells, adding to their clinical benefit. Two of the symp- 
toms of the allergic response, sneezing and rhinorrhea, 
are equally well controlled with first- and second-gener- 
ation H 1 antagonists. In addition, another symptom of 
the allergic response, nasal congestion, may be con- 
trolled to some degree by the second-generation drug 
cetirizine. 35 

PHARIVIACOKINETICS 
Terfenadine and Fexofenadine 

Terfenadine was the first second-generation antihista- 
mine to be marketed and is a reference drug when other 
second-generation antihistamines are assessed. Terfena- 
dine is metabolized extensively by the cytochrome P45o 
CYP3A4 hepatic mixed-function oxidase system by C- 
oxidation to an active acid metabolite (terfenadine car- 
boxylate or terfenadine metabolite I) and by N-dealky- 
lation to an inactive metabolite. On the first pass 
through the liver, 99% of terfenadine is metabolized. 
The active carboxylic acid metabolite, terfenadine me- 

tabolite I, has a distribution phase of 2 to 4 hours and 
elimination phase of 17 hours and has some of the 
antihistaminic activity of terfenadine. The active metab- 
olite called fexofenadine has recently been approved by 
the Food and Drug Administration as a potential ther- 
apeutic agent because it lacks the adverse cardiac com- 
plications of the parent compound. 36" Terfenadine rap- 
idly gained popularity after its introduction; however, 
recent data demonstrating potential adverse drug inter- 
actions with potentially fatal arrhythmias have caused 
concern with respect to its widespread use. Fexofena- 
dine has been demonstrated to have equal efficacy when 
dosed twice daily at 60, 120, or 240 mg as therapy for 
patients with modest to severe symptoms of fall seasonal 
rhinitis. No dose-response relationship with symptom 
reduction was noted, individual symptoms of allergic 
rhinitis including nasal congestion decreasing when com- 
pared to placebo. Additionally, no electrocardiogram 
abnormalities, including QT prolongation, were noted 
even at dosages of 480 mg/day of fexofenadine. 36a 

Astemizole 
Astemizole is unusual in that it has a very prolonged 

duration of action. Its therapeutic activity may take about 4 
weeks to reach a steady state; therefore, it is not a good 
choice for intermittent treatment. In wheal-and-flare re- 
sponse tests, the wheal response can take as long as 8 weeks 
to recover to normal. Even at 8 weeks, the flare response 
may be recovered by only 30% to 40%. Similar long-lasting 
effects have been noted in the suppression of histamine- 
induced bronchospasm after 2 weeks of astemizole ther- 
apy. This drug also is significantly selective for peripheral 
versus central histamine receptors. Terfenadine, fexofena- 
dine, loratadine, and cetirizine are more rapidly effective, 
with an onset of action within hours, whereas astemizole's 
onset of action occurs within 2 days and reaching peak 
efficacy in 4 days. Appetite stimulation induced by astem- 
izole has been reported by some patients and may be 
similar to that induced by doxepin? 7 Astemizole has a drug 
interaction profile similiar to that of terfenadine, but it 
poses the added concern of its prolonged half-life, which 
can lead to drag accumulation as a result of drug interac- 
tions or accidental overdose. 

Astemizole has extensive first-pass metabolism by the 
liver; its major metabolite is desmethylastemizole. It is 
highly bound (about 97% bound) to plasma proteins? 9 
Hepatic dysfunction increases astemizole levels, and 
increased levels pose a risk of cardiac arrhythmias. 
Furthermore, it is poorly dialyzable due to high protein 
binding should accidental overdose occur. 

Loratadine 
Loratadine, structurally related to azatadine, is a selec- 

tive peripheral Hi-receptor antagonist. It is equal in clinical 
efficacy to earlier antihistamines such as clemastine and to 
terfenadine. Loratadine was found to be 10 times less 
potent against central than peripheral Hi-receptors. 38 

For seasonal allergic rhinitis, a 10 mg dose is approved. 
This dose appears to be optimal for seasonal allergic 
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rhinitis, but higher doses may have greater bronchoprotec- 
tire effects for histamine-induced bronchospasm. 

Loratadine undergoes significant first-pass hepatic 
metabolism to a descarboxyethoxyloratadine. Cardiac 
side effects, such as QT prolongation and ventricular 
arrhythmias, have not been reported consequent to 
either drug overdosage or drug interaction such as with 
imidiazole antifungal agents or macrolide antibiotics. 
The half life is 7 to 11 hours, making it appropriate for 
once-daily dosage, especially because the clinical half- 
life of blockage of the histamine-induced wheal response 
for loratadine is 24 hours. The serum half-life is pro- 
longed in elderly persons, and drug levels may be 
increased when administered with macrolide antibiotics 
or imidiazole antifungal agents. 

Acrivastine 

Acrivastine is a side-chain-reduced metabolite of the 
classic antihistamine triprolidine. Because its half-life is 
1.4 to 2.1 hours, it requires more frequent dosing--four 
times daily--than other second-generation antihista- 
mines. Distribution studies indicate that it penetrates 
the CNS poorly. A study of its effects indicated that 
acrivastine alone at a dose of 8 mg did not decrease CNS 
performance. 39 The metabolic fate of acrivastine is to 
excretion, largely unchanged, in the urine. Limited in- 
formation about adverse effects with acrivastine has 
been published, but there are no published reports of 
ventricular arrhythmias, and studies using enhanced 
dosages Of acrivastine have not demonstrated QT pro- 
longation or other adverse cardiac consequences. 2~ 

Cetirizine 

Cetirizine is the carboxylic acid metabolite of hy- 
droxyzine. Three important features characterize this 
antihistamine: a high specificity for the Ha-receptor , a 
low level of metabolization, and the existence of non-  
Hi-dependent activities on cells involved in the patho- 
genesis of allergy. The selectivity of cetirizine for H 1- 
receptors has been demonstrated. This drug has less 
binding to serotonin, dopamine, and c~-adrenergic recep- 
tors than several other antihistamines including terfena- 
dine and hydroxyzine. I4 

Cetirizine is unique among second-generation antihis- 
tamines in that it has primarily renal elimination; 70% of 
the drug appears unchanged in urine by 72 hours. The 
elimination half-life of cetirizine is short (7 hours in 
children and 10.6 hours in adults). Chronic renal failure 
can prolong the half-life to approximately 19 hours. 

Although the liver does not play as significant a role in 
the elimination of cetirizine as in the elimination of 
astemizole, terfenadine, and loratadine, the pharmaco- 
kinetics of cetirizine are altered in patients with hepatic 
dysfunction, a~ Although therapeutic dose-ranging of ce- 
tirizine in relief of allergic rhinitis when 5, 10, and 20 
mg/day are administered has been demonstrated, unlike 
the lack of dose-ranging efficacy seen with fexofenadine, 
only the 5 and 10 mg daily dose are FDA approved as 
therapy for rhinitis. 35 

CARDIOVASCULAR SIDE EFFECTS 
Concomitant administration of some Ha-receptor an- 

tagonists with medications known to inhibit biotransfor- 
mation in the hepatic mixed-function oxygenase cyto- 
chrome P45o CYP3A4 enzyme system can result in drug 
interactions. This enzyme system is a primary mecha- 
nism for the detoxification and removal of drugs from 
the body; some drugs must be activated by these en- 
zymes before they show biologic activity. As a result of 
genetic variability, the number of P450 isoenzymes varies, 
so specific drugs are metabolized differently. Liver dam- 
age or dysfunction and some drugs can inhibit the action 
of cytochrome P45o enzymes; this inhibition may prolong 
the half-life of a drug, increase its duration of action, and 
cause adverse reactions. These enzymes can also be 
inhibited by naturally occurring flavonoids present in 
grapefruit juice. 4a 

Cetirizine and fexofenadine are metabolized mini- 
really by the liver. This is unique among the second- 
generation Hi-antagonists, and is a clinically significant 
advantage. Drug interactions involving potentiation or 
down-regulation of metabolic enzyme systems have not 
been reported or discovered in dose-response studies 
with cetirizine. 42 Dose-response studies with cetirizine 
given as 20 and 60 mg doses (two and six times greater 
than recommended, respectively) did not produce pro- 
longation of the QT c interval. 42 Dosage of up to 480 mg 
fexofenadine also has not affected the QT c interval. 36a 

Drugs that inhibit the P45o enzymes and prolong the 
half-life of unchanged terfenadine, astemizole, and lora- 
tadine, preventing or slowing their activation are (1) 
ketoconazole, itraconazole, and possibly other imidazole 
ant ifungal agents; and (2) erythromycin, clarithromycin, 
troleandomycin, and possibly other macrolide antibiot- 
ics. 

Among the second-generation antihistamines, only 
terfenadine and astemizole have been reported to in- 
duce QT prolongation. Because there is a link between 
terfenadine concentrations and the observed increase in 
QT c interval, cardiotoxic concentrations of terfenadine 
can be seen with concomitant administration of ketocon- 
azole, 43 erythromycin, a4 and clarithromycin. In both 
cases, a significant increase in the mean area under the 
curve of terfenadine carboxylate occurred. There is 
some suggestion that polymorphic ventricular tachycar- 
dia or torsades de pointes can occur also with large doses 
of some first-generation antihistamines such as diphen- 
hydramine. 36 

Arrhythmias can also occur with excess doses, hypo- 
kalemia (diuretic-induced) hypomagnesemia, and con- 
genital prolonged QT syndromes. Patients taking medi- 
cations that prolong the QT interval (e.g., quinidine) are 
als0 at increased risk. 

Variables within the patient may be important in the 
development of adverse cardiovascular effects from sec- 
ond-generation Hi-antagonists (Table II). An intrinsi- 
cally increased risk occurs in patients with a prolonged 
QT interval (congenital or secondary to coronary heart 
disease or hyperthyroidism) and those with alcoholic 



S 3 1 4  Du Buske  J ALLERGY CLIN IMMUNOL 
DECEMBER 1996 

liver disease (who are at risk of QT prolongation and 
increased risk of sudden cardiac death and who have a 
diminished ability to  metabolize Ha-receptor antago- 
nists). 45 Situations requiring caution are patients taking 
more than one antihistamine, patients with hypertension 
requiring a diuretic, patients with hypokalemia or hypo- 
magnesemia, and thos e taking drugs such as antiarrhyth: 
mic agents. Persons taking liquid protein diets or per- 
sons with anorexia may have metabolic and electrolyte 
disturbances that increase the risk for ventricular ar- 
rhythmia? 6 

Clearly, increased caution should be exercised in 
prescribing a drug with a life-threatening complication 
for a non-life-threatening condition. However, consid- 
ering the millions of patients who are taking second- 
generation antihistamines, potentially life-threatening 
adverse effects are quite rare. In a study of 1.1 million 
exposures to terfenadine among 596,000 recipients of 
Medicaid, there were 1.6 excess life-threatening ventric- 
ular arrhythmia events per 10,000 terfenadine expo- 
sures. 46 Further, a pharmacoepidemiologic study of ter- 
fenadine found that QTo prolongation >440 msec was 
linked with coadministration of erythromycin or coexist- 
ing cardiovascular disease. 47 Although the adverse event 
rate was similar for terfenadine and other Hi-antihista- 
mines, this study reported 1 sudden death, 27 syncopal 
episodes, and 33 episodes of ventricular arrhythmia with 
terfenadine administration. 

Of the 250 cases of cardiovascular complications re- 
ported by 1993 after terfenadine ingestion, most were due 
to large doses of the drug, drug interactions with ketocon- 
azole or itraconazole, cirrhosis, or multiple risk factors. 2~ 
However, coadministration of terfenadine with either ke- 
toconazole or macrolide antibiotics may still occur despite 
the 1990 "Dear Doctor" letter warning physicians of 
these interactions. 4s A recent retrospective review of 
computerized pharmacy claims found the overlapping 
use of terfenadine with contraindicated drugs such as 
erythromycin to be 2.3 per 100 persons; this rate had 
declined by 57% from 1990 to 1994. 49 

Cases of torsades de pointes after astemizole use have 
also been reported, usually linked to large doses or over- 
dose, preexisting cardiac problems, hepatic dysfunction 
(including cirrhosis), or metabolic dysfunction. 2~ Astem- 
izole's long half-life (104 hours) and its slow clearance may 
increase the risk for potential adverse effects? 6 Problems 
with torsades de pointes have not been reported after use 
of loratadine, acrivastine, or cetirizine. 2~ 

Dose-response studies of terfenadine indicate high 
doses (180 to 300 mg) were associated with significant 
prolongation of the QT c interval, but these were not 
seen using 60 mg terfenadine. 5~ A study of 241 patients 
found that in 75% who took terfenadine and erythromy- 
cin concomitantly, torsades de pointes or other cardiac 
abnormalities did not develop. 51 This finding may be 
explained by individual differences in electrophysiologic 
features of myocardial cells or in the cytochrome P45o 
isoenzymes that metabolize terfenadine. 48 

As a clinician treating these patients, it is impossible 

to know who will and who will not have cardiotoxic 
complications. Clinical symptoms of antihistamine-asso- 
ciated arrhythmias induced by QT prolongation include 
dizziness, lightheadedness, syncope or collapse, irregular 
heartbeat or palpitations, and possible sudden death. An 
electrocardiogram is required to diagnose these arrhyth- 
mias, including torsades de pointes. 36 

A diagnostic and predictive marker for this condition is 
a prolonged QT interval on the electrocardiogram, which 
precedes the development of torsades de pointes in most 
patients, s2 

Like some of the other second-generation antihista- 
mines, loratadine's metabolism is inhibited by erythromy- 
cin and by antifungal drugs. Significantly increased plasma 
concentrations of loratadine occur when this drug is ad- 
ministered concurrently with ketoconazole, erythromycin, 
or cimetidine. However, no significant effects on QTc 
intervals have been associated with an increase in the area 
under the curve of this drug. The reason may be that 
loratadine, unlike terfenadine, does not block the delayed 
rectifier potassium channel in the cardiac conduction sys- 
tem even at much greater concentrations than encountered 
clinically, s3 It may be that loratadine has unique effects on 
histamine receptors in the heart. 

Loratadine, acrivastine, cetirizine, or fexofenadine may 
be safe alternatives to continued therapy with terfenadine 
or astemizole in patients at risk of torsades de pointes. 
Cetirizine, which is largely excreted essentially unchanged 
by the kidneys, may be safer for patients with liver dysfunc- 
tion than other antihistamines, which are more dependent 
on hepatic metabolism for their elimination. 36 

ANTIALLERGIC ACTIVITIES 
Although they are called "antihistamines," some of 

these drugs may have actions beyond their ability to 
compete with histamine for Hi-receptor sites. Azatadine, a 
first-generation antihistamine, was the first antihistamine 
demonstrated to possess antiallergic properties, including 
down-regulation of leukotriene C 4 production consequent 
to the immediate allergic response. 54 In vitro data show 
that terfenadine may inhibit the release of leukotrienes 
from isolated basophils and eosinophils stimulated with 
anti-IgE or ionophore, suppress histamine release from 
purified basophils, and suppress skin-test reactivity to PAF. 
Loratadine has also been reported to have antiallergic 
effects, including suppression of histamine release from 
isolated basophils and inhibition of ICAM-1 expression on 
endothelial cells, as well as inhibition of release of leuko- 
trienes and PGD2Y The clinical relevance of these effects 
is uncertain because high dosages are necessary to produce 
some effects. Using usual clinical doses of H a antagonists, 
the concentrations that achieve these in vitro effects are as 
much as 1000 times higher than can be achieved in vivo. 1 
Because these drugs are highly protein bound, it is uncer- 
tain whether sufficient drug concentrations can be achieved 
within basophils to modulate cell activation. In addition, 
studies of isolated, purified, inflammatory cell responses to 
these antihistamines may not mirror the in vivo responses 
achieved. 
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Cetirizine has antiallergic effects that have been 
observed in clinically relevant doses. A unique prop- 
erty of cetirizine may be its ability to inhibit the 
infiltration of eosinophils, key cells in the pathogene- 
sis of the allergic LPR. 56 In experimental  cutaneous 
models, 12 to 48 hours after the injectio n of an 
allergen into a pat ient  sensitized to the allergen 
eosinophils infiltrate the injection site; cetirizine in- 
hibits part  of this eosinophil i n f i l t r a t i ons  In skin 
chamber experiments, cetirizine exhibited indepen- 
dent antiinflammatory, antiallergic properties,  such as 
inhibition of the last-phase recruitment of eosinophils, 
neutrophils,  and basophils 5~ and inhibition of the 
late-phase appearance of histamine at allergen chal- 
lenge sites. 56 These experiments, conducted at clini- 
cally relevant doses, suggest that cetirizine, beyond its 
role as a histamine antagonist, may suppress the LPR. 
The mechanism of action of cetirizine may be in 
controlling endothelial  eosinophil adhesion by modu- 
lation of ICAM-1 expression. A parallel reduction in 
ICAM-1 expression and reduction in allergy symptom 
scores was noted in a model using conjunctival aller- 
gen challenge in patients pre t reated with cetirizine. 
The al lergen-mediated cellular influx of eosinophils 
and lymphocytes was also suppressed in the cetirizine- 
t reated cohort. 59 

Cetirizine blocks the response in skin to PAF, an 
important chemotactic mediator in late-phase inflamma- 
tion and diminishes the production of wheal-and-flare 
response by PAF. 6~ 61 Patients with asthma have plate- 
lets that can release (on challenge with appropriate 
stimuli) toxic mediators capable of killing a biologic 
target (larvae of Schistosoma mansoni). Of interest, 
cetirizine significantly inhibited this in vitro killing phe- 
nomenon. 62 Neither loratadine or dexchlorpheniramine 
had similar effects. 

Cetirizine may also have an antiinflammatory effect in 
'decreasing TAME-esterases (released concomitantly 
with mast-cell tryptase but not necessarily derived from 
mast cells), which are increased during immediate aller- 
gic responses. 63 TAME-esterase activity in nasal secre- 
tion parallels vascular permeability; increased levels of 
TAME-esterase are also found in the LPR.  

Leukotriene levels are reduced by azelastine and cetiriz- 
ine. These drugs do not inhibit mast-cell activation, so cells 
other than mast cells, most likely eosinophils and perhaps 
basophils and macrophages, contribute to the production 
of these leukotrienes. It is known that histamine itself does 
not affect LTC4 production, so these antihistamines must 
block antigen-induced LTC 4 production, thereby dampen- 
ing the acute allergic response. 64 This effect may be related 
to the decreased traffic of inflammatory cells into the site of 
the allergic response, including eosinophils, basophils, and 
macrophages, all of which are capable of leukotriene 
production. 

ANTIASTHMATIC EFFECTS 
There is a long-held belief that antihistamines may 

be harmful in asthmatic patients. Some of this skep- 

ticism comes from the mucosal-drying and anticholin- 
ergic effects of older preparations.  However, because 
histamine is known to be a bronchoconstricting sub- 
stance in asthma and to increase leakage of postcap- 
illary venules leading to edema, 65 it is logical that 
antihistamines could reverse some of the harmful 
effects of histamine in patients with an allergic com- 
ponent to their asthma. There is evidence that even 
some of the classic drugs may be beneficial in asthma. 
Intravenous chlorpheniramine achieved a 10% in- 
crease in FEV 1 and a 20% to 30% increase in the 
midmaximum expiratory flow rate, which lasted as 
long as 3 hours. 66 Nebulized chlorpheniramine 
achieved bronchodilation and increased peak flow 
rate but induced coughing initially/17 

Indication of the potential adverse effects of antihis- 
tamines came from a study that demonstrated the induc- 
tion of asthma in some children who used antihista- 
mines. Schuller 68 identified 10 children who had adverse 
responses of antihistamines from a population of 500 
asthmatic children in her practice. These children had 
baseline small-airway function that was essentially nor- 
mal, but a modest increase in bronchoconstriction de- 
veloped afte r brompheniramine administration with or 
without decongestant use. In these children there was an 
approximately 30% decline in FEV 1 at 60 minutes that 
gradually improved at 120 minutes. Other asthmatic 
children had a modest rise in air flow and FEV I. 
Schuller's results have not been confirmed by other 
investigators.66, 69, 70 The American Academy of Allergy, 
Asthma, and Immunology 71 has issued a position paper- 
stating that antihistamines are not contraindicated in 
asthma unless previous adverse reactions have been 
observed. 

Studies with newer agents that do not have prominent 
anticholinergic effects at higher doses than now clinically 
recommended have demonstrated an increase in FEV1, 
including studies lasting >2 hours with teffenadine, which 
was effective in a dose-dependent manner. Clinical studies 
support the view that newer antihistamines may be helpful 
in asthma including favorable results with cetirizine, 7a 73 
azelastine 74 and to a lesser extent, terfenadine and astem- 
izole. 75 These agents do not affect nonspecific airway 
reactivity and fail to protect against methacholine-induced 
bronchospasm. However, terfenadine has been shown to 
block exercise-induced bronchospasm in a dose-dependent 
manner and to inhibit asthma symptoms during grass 
pollen season when administered at doses significantly 
exceeding those recommended. 76 Astemizole, when clini- 
cally administered, also reduces allergen-induced immedi- 
ate bronchospasm from 40% to 80% within 2 to 15 minutes 
after allergen challenge (probably inhibiting the histamine- 
mediated component of bronchospasm). It also diminishes 
exercise-induced bronchospasm. 77 Its prolonged duration 
of action in the skin is paralleled in the lung. Loratadine 
also blocks histamine-induced bronchospasm as well as 
exercise-induced bronchospasm. 

The clinical relevance of blocking histamine-in- 
duced bronchospasm may be noted in patients who 
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have allergen-mediated bronchospasm. Astemizole 
reduces bronchoreactivity to dust-mite allergen at 
clinically relevant doses (10 mg/day)78; however, the 
peak effect may take as long as 4 weeks to be noted. 
Cetirizine also protects against dust-mite-induced 
bronchospasm in allergic patients. Higher quantities 
of dust mite were required to induce bronchospasm in 
cetirizine-treated allergic persons with asthma. 79 Ex- 
perimentally, high dosages of cetirizine diminishes 
eosinophil migration detected by bronchoalveolar la- 
vage fluid after allergen challenge. 8~ 

Cetirizine induces bronchodi!ation up to 120 min- 
utes after oral administration. In patients given rela- 
tively high doses of cetirizine, [3-agonist and cortico- 
steroid requirements decreased and pulmonary 
symptom scores decreased in patients with pollen- 
induced asthma treated during pollen season. 73 It may 
be that cetirizine affects bronchospasm to varying 
degrees, depending on the degree of histamine-in- 
duced bronchospasm in an individual patient. It is 
reasonable to presume that several factors contribute 
to bronchial hyperresponsiveness and that these fac- 
tors vary within individual persons with asthma at 
different times and vary among persons. A recent 
study by Grant et al. 81 of patients with both asthma 
and rhinitis induced by ragweed pollen demonstrated 
that a 10 mg dose of cetirizine inhibited both rhinitis 
and asthma symptoms. No adverse effects were noted 
related to asthma in the cetirizine-treated patients, 
providing evidence of the safety of cetirizine when 
administered to patients with concomitant allergic 
rhinitis and asthma. The effect of cetirizine is additive 
to the effect of [32-agonists such as albuterol and is 
also dose dependent. 82 

Because the importance of airway inflammation is now 
seen as prominent in asthma, cetirizine's effects on inflam- 
matory cells and their bioactive mediators may give this 
drag an added advantage in asthma. Inflammatory cells of 
all types were reported to be significantly reduced in 
alveolar washings in cetirizine-treated patients with asthma 
compared with placebo-treated patients. 58 

Although more than half of asthma patients have a 
late-phase airway obstruction occurring hours after al- 
lergen exposure, the effects of histamine in this LPR 
have not been fully elucidated. Further studies are 
warranted to define the antiasthmatic effects of antihis- 
tamines. The immediate airway response may be in- 
duced more by airway smooth-muscle contraction, 
whereas the airway LPR is more inflammatory having 
more prominent edema and hypersecretion in periph- 
eral airways. The late-phase effects of Hi-receptor an- 
tagonism, particularly with antihistamines, which have 
antiinflammatory actions, require further study. There 
may be a subset of patients who are particularly respon- 
sive to Hi-receptor antagonists in asthma. 

Antihistamines in practice 
The selection of an ideal antihistamine in patients 

with allergic rhinitis should be based on these ideal 

characteristics: no cardiotoxic or anticholinergic effects; 
rapid onset of action; once-daily administration; short 
half-life; lack of accumulation; lack of overly sustained 
effect in the skin allowing skin testing; predictably high 
efficacy; minimal drug interactions; and the fewest ad- 
verse effects due to the inhibition of metabolism or 
elimination. 

There is added rationale for using an antihistamine 
that has antiinflammatory properties potentially adding 
to its therapeutic efficacy in patients with a prominent 
LPR or chronic inflammation. Typically, patients with 
chronic allergic disease or patients who have been 
exposed to high allergy concentrations in peak allergy 
season would benefit most from such additional antial- 
lergic effects of antihistamines. 

The results of recent studies indicate that we do not 
completely appreciate the full therapeutic potential of 
Hi-receptor antagonists. The antiinflammatory and an- 
tiasthmatic actions of some of these agents will be more 
fully elucidated in the coming years. In the future, the 
use of antihistamines in medicine will take advantage of 
advances in our understanding of how these agents work 
beyond their effects in controlling the effects of hista- 
mine that occur consequent to interaction with HI- 
receptors. 
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