Side effects are not usually a problem because there is little or
no systemic absorption. The most common side effect is dry mouth;
in elderly patients, urinary retention and glaucoma may also be
observed.
Theophylline Theophylline was widely prescribed as an oral bronchodilator several years ago, especially because it was inexpensive.
It has now fallen out of favor because side effects are common and
inhaled β2-agonists are much more effective as bronchodilators. The
bronchodilator effect is due to inhibition of phosphodiesterases in
airway smooth-muscle cells, which increases cyclic AMP, but doses
required for bronchodilatation commonly cause side effects that are
mediated mainly by phosphodiesterase inhibition. There is increasing evidence that theophylline at lower doses has anti-inflammatory
effects, and these are likely to be mediated through different molecular mechanisms. Theophylline activates the key nuclear enzyme
histone deacetylase-2 (HDAC2), which is a critical mechanism for
switching off activated inflammatory genes and may, therefore,
reduce corticosteroid insensitivity in severe asthma.

Side Effects Oral theophylline is well absorbed and is largely inactivated in the liver. Side effects are related to plasma concentrations;
measurement of plasma theophylline may be useful in determining
the correct dose. The most common side effects are nausea, vomiting, and headaches and are due to phosphodiesterase inhibition.
Diuresis and palpitations may also occur, and at high concentrations, cardiac arrhythmias, epileptic seizures, and death may occur
due to adenosine A1-receptor antagonism. Theophylline side effects
are related to plasma concentration and are rarely observed at
plasma concentrations below 10 mg/L. Theophylline is metabolized
by CYP450 in the liver, and thus, plasma concentrations may be
elevated by drugs that block CYP450 such as erythromycin and
allopurinol. Other drugs may also reduce clearance by other mechanisms leading to increased plasma concentrations (Table 309-3).
TABLE 309-3 Factors Affecting Clearance of Theophylline
Increased Clearance
• Enzyme induction (rifampicin, phenobarbitone, ethanol)
• Smoking (tobacco, marijuana)
• High-protein, low-carbohydrate diet
• Barbecued meat
• Childhood
Decreased Clearance
• Enzyme inhibition (cimetidine, erythromycin, ciprofloxacin, allopurinol,
zileuton, zafirlukast)
• Congestive heart failure
• Liver disease
• Pneumonia
• Viral infection and vaccination
• High-carbohydrate diet
• Old age
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Mode of Action ICSs are the most effective anti-inflammatory agents
used in asthma therapy, reducing inflammatory cell numbers and
their activation in the airways. ICSs reduce eosinophils in the airways
and sputum and the numbers of activated T lymphocytes and surface mast cells in the airway mucosa. These effects may account for
the reduction in AHR that is seen with chronic ICS therapy.
The molecular mechanism of action of corticosteroids involves
several effects on the inflammatory process. The major effect of
corticosteroids is to switch off the transcription of multiple activated genes that encode inflammatory proteins such as cytokines,
chemokines, adhesion molecules, and inflammatory enzymes. This
effect involves several mechanisms, including inhibition of the
transcription factor NF-κB, but an important mechanism is recruitment of HDAC2 to the inflammatory gene complex, which reverses
the histone acetylation associated with increased gene transcription. Corticosteroids also activate anti-inflammatory genes, such
as mitogen-activated protein (MAP) kinase phosphatase-1, and
increase the expression of β2-receptors. Most of the metabolic and
endocrine side effects of corticosteroids are also mediated through
transcriptional activation.
Clinical Use ICSs are by far the most effective controllers in the
management of asthma and are beneficial in treating asthma of any
severity and age. ICSs are usually given twice daily, but some may
be effective once daily in mildly symptomatic patients. ICSs rapidly
improve the symptoms of asthma, and lung function improves over
several days. They are effective in preventing asthma symptoms,
such as EIA and nocturnal exacerbations, but also prevent severe
exacerbations. ICSs reduce AHR, but maximal improvement may
take several months of therapy. Early treatment with ICS appears
to prevent irreversible changes in airway function that occur with
chronic asthma. Withdrawal of ICS results in slow deterioration of
asthma control, indicating that they suppress inflammation and
symptoms, but do not cure the underlying condition. ICSs are now
given as first-line therapy for patients with persistent asthma, but if
they do not control symptoms at low doses, it is usual to add a LABA
as the next step.
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Clinical Use Oral theophylline is usually given as a slow-release
preparation once or twice daily because this gives more stable
plasma concentrations than normal theophylline tablets. It may be
used as an additional bronchodilator in patients with severe asthma
when plasma concentrations of 10–20 mg/L are required, although
these concentrations are often associated with side effects. Low
doses of theophylline, giving plasma concentrations of 5–10 mg/L,
have additive effects to ICS and are particularly useful in patients
with severe asthma. Indeed, withdrawal of theophylline from these
patients may result in marked deterioration in asthma control. At
low doses, the drug is well tolerated. IV aminophylline (a soluble
salt of theophylline) was used for the treatment of severe asthma
but has now been largely replaced by high doses of inhaled SABA,
which are more effective and have fewer side effects. Aminophylline
is occasionally used (via slow IV infusion) in patients with severe
exacerbations that are refractory to SABA.
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Inhaled Corticosteroids ICSs are by far the most effective controllers
for asthma, and their early use has revolutionized asthma therapy.

Side Effects Local side effects include hoarseness (dysphonia) and
oral candidiasis, which may be reduced with the use of a largevolume spacer device. There has been concern about systemic side
effects from lung absorption, but many studies have demonstrated
that ICS have minimal systemic effects (Fig. 309-7). At the highest
recommended doses, there may be some suppression of plasma
and urinary cortisol concentrations, but there is no convincing
evidence that long-term treatment leads to impaired growth in children or to osteoporosis in adults. Indeed effective control of asthma
with ICS reduces the number of courses of OCS that are needed and,
thus, reduces systemic exposure to ICS.
Systemic Corticosteroids Corticosteroids are used intravenously
(hydrocortisone or methylprednisolone) for the treatment of acute
severe asthma, although several studies now show that OCSs are as
effective and easier to administer. A course of OCS (usually prednisone or prednisolone 30–45 mg once daily for 5–10 days) is used
to treat acute exacerbations of asthma; no tapering of the dose is
needed. Approximately 1% of asthma patients may require maintenance treatment with OCS; the lowest dose necessary to maintain
control needs to be determined. Systemic side effects, including
truncal obesity, bruising, osteoporosis, diabetes, hypertension, gastric ulceration, proximal myopathy, depression, and cataracts, may
be a major problem, and steroid-sparing therapies may be considered if side effects are a significant problem. If patients require maintenance treatment with OCS, it is important to monitor bone density
so that preventive treatment with bisphosphonates or estrogen in
postmenopausal women may be initiated if bone density is low.
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