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Theophylline, a drug that has been used for several decades, has several different actions at a cellular level,
including inhibition of phosphodiesterase isoenzymes, antagonism of adenosine, enhancement of catecholamine secretion, and modulation of calcium fluxes. Recently, theophylline was found to have several immunomodulatory
and anti-inflammatory properties, and thus interest in its
use in patients with asthma has been renewed. The use of
theophylline in the treatment of asthma and chronic obstructive pulmonary disease has diminished with the advent of new medications, but theophylline remains beneficial, especially in the patient with difficult refractory
symptoms. In the future, theophylline may be used as

treatment for bradyarrhythmias after cardiac transplantation, prophylactic medication to reduce the severity of
nephropathy associated with intravenous administration
of contrast material, therapy for breathing problems during sleep, and treatment for leukemias.
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cAMP = cyclic adenosine monophosphate; cGMP = cyclic
guanine monophosphate; CM = contrast medium; COPD =
chronic obstructive pulmonary disease; FEV! = forced expiratory volume in 1 second; IL =interleukin; PDEs =phosphodiesterase isoenzymes
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heophylline and caffeine are drugs that are related in
chemical structure and pharmacologic action. I Henry
Hyde Salter, a sufferer of asthma, made detailed observations on the usefulness of caffeine in the treatment of
asthma in 1859 and reported that up to two-thirds of his
patients with asthma received benefit from the regular intake of coffee.' More than 80 years later, the first reports'
on the efficacy of theophylline in the treatment of severe
bronchospasm were published separately by Hermann and
Greene.
What is important about a review of an "old" drug that
some investigators claim is obsolete? In the past 15 years,
our understanding of the mode of action of theophylline
and its use have expanded substantially. Controversy
about the use of this drug possibly stems from failure to
understand its actions and appropriate use in clinical practice. The aims of this article are to provide a brief review of
the recent advances in the understanding of the mode of
action of theophylline and to outline its role in clinical
practice.

MODE OF ACTION-WHAT IS OLD AND
WHAT IS NEW

The mode of action of theophylline and the chemically
related xanthines is poorly defined despite the fact that
these drugs have been used for more than 80 years. Several
mechanisms of action have been suggested to explain the
effectiveness of theophylline. At a cellular level, four main
theories relate to the molecular mechanisms involved in the
action of theophylline. Of importance, all the hypotheses
subsequently outlined have flaws, and the exact mode of
action is unclear. Possibly, several mechanisms participate
in producing the effects of theophylline.'

Phosphodiesterase Enzyme Inhibition
The traditional understanding was that theophylline exerts its bronchodilator effect by inhibition of phosphodiesterase isoenzymes (PDEs), which cause breakdown of
cyclic adenosine monophosphate (cAMP) and cyclic guanine monophosphate (cGMP). PDEs are found in several
tissues including airway smooth muscle and inflammatory
cells.' Inhibition ofPDEs in the airway smooth muscle and
the resultant accumulation of cAMP and cGMP were
thought to cause relaxation of airway smooth muscle and
bronchodilation.v' This theory was challenged because of
the observation that therapeutic doses of theophylline produce only slight inhibition of PDE activity" and that theophylline-induced smooth muscle relaxation in isolated
organ preparations did not correlate with pronounced
changes in either cAMP or cGMP. 7 Despite these findings,
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results of recent studies and a better understanding of
PDEs suggest that inhibition of these isoenzymes may
be the main mechanism involved in the bronchodilatory
effect of theophylline and its alteration of immune cell
function."
PDE is not just one enzyme but rather a family of
several isoenzymes (PDE I to VII) that differ in structure,
molecular weight, and sensitivity to pharmacologic inhibitors. 4.5.8.9 Inflammatory cells express predominantly type
IV PDEs and to a lesser extent type III PDEs,4,9.1O whereas
human airway smooth muscle contains at least five known
types of PDEs,5.11 of which type III seems to be the main
one in mediating bronchodilation.'
Several in vitro and in vivo animal studies have demonstrated the bronchorelaxant activity of selective type III,
IV, and mixed III-IV PDE inhibitors,' and theophylline
seems to relax human bronchial smooth muscle through
nonselective PDE inhibition involving at least type III and
IV PDEs. 12
The inhibition of PDEs in inflammatory cells eventuates
in a wide range of immunomodulatory effects'" that occur
as a result of an inhibitory effect of cAMP on immune cell
function.P:" In some allergic diseases, expression of PDEs
in inflammatory cells is increased," and expression of
PDEs in the asthmatic airway may be increased.' Thus, the
nonselective PDE inhibitor theophylline may have a
greater than expected inhibitory effect on PDEs in the
airways of patients with asthma than in those with normal
airways. This theory could explain why some of the older
in vitro studies performed on nonasthmatic smooth muscle
showed only slight PDE inhibition." This is supported by
the clinical observation that theophylline produces no appreciable bronchodilator response in normal subjects in
contrast to patients with asthma. 16 Another consideration is
that there may be fiDEs, which are as yet undiscovered, that
are sensitive to inhibition from theophylline.

Adenosine Receptor Antagonism
Adenosine, a naturally occurring purine nucleoside, is
generated by dephosphorylation of adenosine monophosphate'? and has been shown to cause bronchospasm when
inhaled by patients with asthma" and smokers." At therapeutic concentrations, theophylline acts as a competitive
antagonist at adenosine receptors.P-" of which at least three
types exist: AI, A2a, and A2b. 22 The bronchodilator
properties of theophylline seem unrelated to adenosine antagonism because enprofylline (3-propylxanthine), a xanthine drug with minimal adenosine antagonist properties, is
also a relaxant of airway smooth muscle.'
Although not important in mediating bronchodilation,
adenosine-receptor antagonism by theophylline is thought
to be responsible for the following actions: (I) diuretic
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action through blockade of Al receptors, (2) antagonism
of adenosine-induced tubuloglomerular feedback respouse," (3) antagonism of adenosine-induced prolongation of cardiac conduction through blockade of Al receptors," (4) increase in central respiratory drive in fetal
animal models.P-" and (5) possibly mediation of some of
the central nervous system side effects including insomnia
and restlessness.

Effect on Catecholamine Secretion
Xanthines have a stimulatory effect on the adrenal medulla, causing release of catecholamines, predominantly
epinephrine." Theophylline has been shown to cause a
statistically significant increase in epinephrine levels in
healthy nonasthmatic subjects." A similar response is
observed in children with asthma who are treated with
intravenously administered aminophylline." an indication
that, at least in the acute phase, theophylline could produce
bronchodilation through epinephrine release and stimulation of adenyl cyclase.v-" The increase in cAMP production from epinephrine release and the decrease in cAMP
breakdown from PDE inhibition may result in a synergistic
effect, 30

Influence on Calcium Ions
Theophylline has the ability to increase diaphragm
muscle contractility, an effect thought to be due to altered
calcium fluxes in muscle cells." This effect is inhibited by
calcium channel blockers and by the removal of extracellular calcium, an indication that theophylline produces this
effect through alteration of transmembrane calcium flux."
In the foreshortened diaphragm (70% of optimal length),
however, the addition of the calcium blocker verapamil did
not affect theophylline-induced twitch potential, whereas
the addition of ryanodine, which blocks calcium release
from the sarcoplasmic reticulum, inhibited theophyllineinduced increase in twitch potential.32 The data on the
effect on calcium channels are difficult to interpret, but
theophylline seems to act at a cellular level on muscle cells
through alterations in the calcium environment, an outcome that results in increased force of contractility of some
muscle groups like the diaphragm.

Immunomodulatory Effects of Theophylline
In the past decade, several studies have demonstrated
effects of theophylline on immune function that may be
relevant in the treatment of asthma. The anti-inflammatory
effects are thought to be partly due to inhibition of
PDE s9.1O,33.34 and probably through other mechanisms that
are not yet clearly defined.
Theophylline exerts several effects on the eosinophil, a
cell that has a pivotal role in the pathophysiology of
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asthma.v-" Interleukin (IL)-5-induced prolongation of
eosinophil survival is inhibited in vitro by clinically relevant levels of theophylline, albeit somewhat high at 18
Ilg/mL.37 Possibly, theophylline achieves this effect by
inducing apoptosis in IL-5-stimulated eosinophile." Suppression of platelet activating factor-induced up-regulation
of the adhesion molecule Mac-Ion eosinophils has also
been demonstrated." and this may have the effect of reducing eosinophil migration into the bronchial mucosa. Antigen-induced eosinophil infiltration is decreased in the airways of patients treated with low doses of theophylline."
Data suggest that theophylline at therapeutic concentrations impairs the release of eosinophil cationic protein and
eosinophil-derived neurotoxin, which are thought to contribute to the damage observed in the epithelial lining of the
airways of patients with asthma. 33.35,40 Of note, Hatzelmann
and associates" showed that, whereas theophylline inhibits
complement component C5a-stimulated human eosinophil
granule release, this effect was not reproduced with selective PDE type IV inhibitors like rolipram (type IV PDE is
the predominant isoenzyme in eosinophilsj." This implies
that PDE inhibition is not the only reason for some of the
effects of theophylline on eosinophil function.
Theophylline has several effects on T-lymphocyte function. Reduced T-cell proliferation after antigenic" and mitogenic" stimulation as well as diminished E-rosette formation" have been demonstrated. Phytohemagglutininstimulated IL-2 production and IL-2-dependent proliferation of T lymphocytes are diminished by theophylline in
vitro. 42.44 Long-term theophylline therapy in patients with
asthma increases the number of CD8+ or suppressor T cells.
in the peripheral blood and also impairs the graft-versushost reaction of these lymphocytes.":"
Theophylline also acts as an anti-inflammatory drug
through modulation of cytokine production. After exposure to theophylline, production of the anti-inflammatory
cytokine IL-lO is increased, an outcome that results in an
inhibitory effect on the production of other proinflammatory cytokines like IL-2, interferon y, IL-5, tumor
necrosis factor alpha, and IL-8. 46 An increase in IL-lO
production also causes diminished IgE production and decreases eosinophil survival. Theophylline was recently
shown to suppress production of leukotriene B4by alveolar
macrophages in vivo."
Several in vivo studies support the aforementioned findings. Theophylline reduces the infiltration of eosinophils,
monocytes, and lymphocytes into the bronchial epithelium
of patients with asthma. 3.39,47-50 Allergen-induced airway
hyperresponsiveness is inhibited in animals." Theophylline
may also reduce plasma exudation in patients with asthma,
although direct evidence in humans is lacking.' The late
asthmatic response to antigen is inhibited by theophylline,
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with mean serum levels ranging from 5 to 10 Ilg/mL;51 one
study showed a reduction in both early and late phase
responses, with a mean level of 6.6 Ilg/mL.39 Theophylline-induced down-regulation of cytokine production was
recently demonstrated in vivo in subjects with asthma;
mean theophylline levels were 10.9 Ilg/mL.50
These recent findings have resulted in a renewed interest in theophylline' as an anti-inflammatory medication
rather than as a bronchodilator.

CLINICAL USE OF THEOPHYLLINE
Chronic Asthma
Although the use of theophylline in the management of
asthma is common worldwide, its use in the United States
is declining. The narrow therapeutic index for theophylline, which was previously thought to be effective only at
serum concentrations of 10 to 20 Ilg/mL while toxicity can
be observed at levels of 15 Ilg/mL, resulted in concern
about serious side effects associated with the medication.
The potential for interactions with commonly used drugs
such as antibiotics, the pronounced side-effect profile, and
the advent of new and effective treatments for asthma,
including inhaled glucocorticoids and long-acting inhaled
~-receptor agonists, are important reasons for the decline in
the interest in theophylline.
In light of the recent understanding that theophylline is
an anti-inflammatory drug, even at drug levels of 5 to 10
Ilg/mL,3.50,52 and a clearer understanding of the dose response-that is, about 65% of the available maximal
bronchodilatory effect is achieved with plasma levels of 10
Ilg/mU3-interest has been renewed in this medication and
its indications in the management of asthma. During the
past decade, several studies have shown the benefit of
continued use of theophylline in patients with asthma. Improved results of pulmonary function tests and diminishment of asthmatic symptoms after the addition of theophylline have been reported in patients with asthma who require
high doses of inhaled corticosteroids'" and even oral corticosteroid therapy." An increase in asthmatic symptoms
and the need for larger doses of oral corticosteroid therapy
have been reported after withdrawal of theophylline.56 In
one study, theophylline was as effective as inhaled
beclomethasone despite therapeutic concentrations traditionally thought to be in the lower limit of normal." Theophylline has been shown to be useful for the control of
nocturnal asthma because it not only improves airflow
during the early morning hours but also reduces bronchial
hyperreactivity.P:" Another favorable aspect of theophylline is the ease of administration as a sustained-release
preparation, which enhances patient compliance."
An important issue is which patients should be treated
with theophylline. In patients with nocturnal asthma and
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wheezing refractory to inhaled long-acting B-agonists,
theophylline is effective as a nocturnal slow-release preparation. In patients with moderate to severe asthma who are
receiving inhaled glucocorticoids and B-adrenergic drugs,
theophylline should be considered as additive treatment."
Theophylline may be most useful for the control of refractory symptoms in patients with severe asthma. In patients
with asthma who require maintenance oral corticosteroid
therapy, theophylline may be used as a glucocorticoidsparing agent. 55,61 Further clinical studies are needed to
evaluate the role of low-dose theophylline (serum levels of
5 to IO ug/ml.) in patients with chronic asthma . With low
doses, the risk of side effects is considerably reduced. ' Of
importance , because of the relatively low cost of theophylline, it is a useful medication for many developing countries where asthma is a major health issue.
Acute Asthma
.The role of intravenou sly administered aminophylline
(a mixture of theophylline and ethylene diamine to render it
soluble) in the treatment of severe acute asthma is controversial. Some studies have indicated that aminophylline
is an effective bronchodilator for acute asthma," although
it seems to be less effective than nebulized B2-agonists.63
For acute asthmatic attacks , maximal benefit is achieved
with serum levels of 15 to 20 Ilg/mL.62.64 At these serum
levels, however , the frequency and severity of adverse
effects may be high, and increased mortality is a concem.f
Consensus is difficult to achieve . Published recommendations for the management of exacerbations of asthma suggest that theophylline, with target serum levels of 5 to 15
ug/ml., should be considered in all hospitalized patients
with asthma , although another section of the report stated
that the precise benefit remains to be defined ." For severe
asthmatic exacerbation, aminophylline possibly delays respiratory muscle fatigue (although this effect has not been
clinically demonstrated) in addition to the bronchodilatory
effect and may prevent the development of respiratory
failure and the need for mechanical ventilation in some
patients."
Chronic Obstructive Pulmonary Disease
Theophylline is an effective bronchodilator in chronic
obstructive pulmonary disease (Ca PO); it causes a small
but pronounced improvement in pulmonary function test
resuhs. 68.72 Long-term use has been associated with an
overall IO to 20% increase in the forced expiratory volume
in I second (FEY 1) from baseline , and improvement in
minute ventilation and gas exchange' <" has also been observed. Several studies, however, failed to show an adequate bronchodilator response, possibly because the duration of treatment with theophylline was too brief.P:"
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In addition to improving FEY" theophylline reduces
dyspnea.P:" improve s exerci se performance.P-" and is associated with a subjecti ve sense of well-being in patients
with severe capo, even if the reduction in dyspnea is not
accompanied by a change in functional indexes like FEY I
or arterial blood gases." Withdrawal of theophylline
therapy in patients with severe capo results in a small but
pronounced deterioration in the sensation of dyspnea and
exercise tolerance." Whether the bronchodilatory effect of
theophylline is in addition to that of other bronchodilators
is controversial. 80,81
Theophylline has been reported to increase diaphragmatic strength in humans," although one study reported no
effect." Two well-designed studiesf -" showed that administration of theophylline to patients with stable, severe
capo significantly improved diaphragmatic contractility,
and patients were less susceptible to fatigue. This effect
may be more evident when the muscle is hypoxic or
hypercapnic.P:" and this may partly explain why other
studies ,85,86 which included patient s with a lesser degree of
hypoxia and hypercapnia, failed to show a significant effect of theophylline on diaphragm contractility.
Enhanced central neuroinspiratory drive has also been
reported with theophylline use. Aminophylline administered to normal subjects induces a dose-dependent stimulation of ventilation, augments the ventilatory response to
hypoxia , and reduces end-tidal carbon dioxide .73.87.88 In
patients with severe capo, this enhanced drive may be
important for counteracting the respiratory depression associated with hypercapnia and concomitant low-flow oxygen treatment. 73.89
Theophylline also has several favorable cardiovascular
effects on capo, including significant reductions in pulmonary artery pressure, pulmonary vascular resistance , and
right and left end-diastolic pressures as well as an increase
in right and left ventricular ejection fractions. 73,9Q-92
Other beneficial effects of theophylline on capo include increased mucociliary clearance,73.93.94 which may
facilitate bronchial toilet in capo, and the anti-inflammatory effect s previousl y discussed. In contrast to studies on
the effect of theophylline in patients with asthma , no large
studies have analyzed its effect on airway inflammation in
patients with capo. Theophylline may have a pronounced effect on airway inflammation associated with
COPO.95
On the basis of the available data, theophylline should
remain part of the therapeutic armamentarium in the management of capo. In patients with capo, use of theophylline as a first-line drug may be unreasonable except
in those who are unable to comply with inhaled
bronchodilators. In patients with pronounced nocturnal
bronchospasm not controlled with long-acting inhaled
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bronchodilators, theophylline should be considered. Theophylline may be introduced in the treatment algorithm if
the patient's symptoms are not adequately controlled with
optimal doses of inhaled ~-agonist and anticholinergic
bronchodilators.Y":" and it is most beneficial in patients
with moderate to severe COPD. In light of the incidence of
serious side effects with levels higher than 20 ug/ml., a
serum theophylline blood level of 10 to 15 ug/ml, is appropriate, and patients with COPD seem to improve substantially with doses in this range;53.68.98 however, some investigators have suggested that attaining blood levels of 8 to 12
ug/ml. may be adequate.v'?" Of importance, although the
beneficial effects of theophylline in patients with COPD
may be minimal, in those with severe COPD, these effects
may translate into a substantially improved quality of
life. 101

Apnea Syndromes
Theophylline is an important pharmacologic treatment
of recurrent apnea associated with prematurity,102,103 a syndrome characterized by cessation of breathing for 20 seconds or longer or briefer episodes associated with bradycardia, cyanosis, or pallor. 104 The mechanism of action
probably includes altered sensitivity of the medullary
respiratory center to carbon dioxide and improved respiratory muscle contractility.'?' Data from animal models suggest that this effect may be mediated through adenosine
antagonism.P:"
Theophylline has been used to treat obstructive sleep
apnea and periodic breathing. 105,106 In obstructive sleep
apnea, theophylline significantly reduces the episodes of
apnea but at the "expense of' deterioration in sleep quality.!" and thus its role in this condition is limited. A recent
study showed that theophylline reduces the number of episodes of apnea and hypopnea during sleep in patients with
stable heart failure and periodic breathing.'?' Larger studies are needed to evaluate the effect of theophylline on
periodic breathing associated with heart failure before this
can become an accepted treatment modality.

Cardiovascular Effects
After cardiac transplantation, 16 to 40% of patients
require permanent pacemaker placement because of persistent bradyarrhythmias.t'Y'" Theophylline increases conduction velocity in cardiac conduction tissue. I 10 Theophylline has proved to be effective, well tolerated, and safe for
patients with bradyarrhythmias, and its use has resulted in a
decreased need for pacemaker insertion in such patients.108.109.111 Theophylline has also been used to treat
symptomatic bradyarrhythmias in elderly, debilitated patients in whom the insertion of a pacemaker is considered
aggressive or undesirable treatment. 112 The mechanism by
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which theophylline produces increased conduction probably involves a combination of adenosine (Al) receptor
antagonism (adenosine is a suppressor of cardiac conduction), inhibition of cardiac phosphodiesterase, and release
of endogenous catecholamines.Pv'v-'!'
More than 60 years ago, investigators observed that
theophylline could be useful in the management of coronary ischemia.'-!" During the past decade, several studies
reexamined the efficacy of theophylline in the treatment of
angina pectoris.U"!" Theophylline has been reported to
increase exercise duration and delay the onset of myocardial ischemia and angina in patients with known coronary
artery disease. I 16,1 17 The mechanism by which theophylline
alleviates my.ocardial ischemia is unclear but may involve
stimulation of <X l-adrenoreceptors I 18 and blockade of type 1
adenosine receptors in the heart. I 16 This effect is thought to
improve transmural distribution of coronary flow by redistribution of coronary flow toward the underperfused
subendocardium.!" Possibly, adenosine release by the
ischemic myocardium provokes anginal pain by directly
sensitizing autonomic nerves, and this effect is blocked by
theophylline.'!" Of importance, however, theophylline
seems to have a deleterious effect on severely ischemic
myocardium in animal models. I 18 Perhaps more important
than the realization that theophylline has antianginal properties is the need to understand the manner in which this
effect is generated in order to attempt to produce novel
antianginal drugs.

Effects on the Kidney and Erythropoietin Secretion
In the kidney, adenosine has been implicated, at least in
part, in the pathogenesis of renal insufficiency after intravenous administration of contrast medium (CM).120,121 The
delivery of an increased osmotic load to the renal tubules,
such as with intravenous administration of CM, activates
the tubuloglomerular feedback response, a regulatory
mechanism principally mediated by adenosine. The
tubuloglomerular feedback response is characterized by
vasoconstriction of the afferent arterioles, decrease in
glomerular filtration rate, and increase in renal vascular
resistance. 23,122-124 In dogs with renal insufficiency,
nephrotoxicity induced by intravenously administered CM
was prevented with theophylline.!" This effect may also
be partially mediated by phosphodiesterase inhibition in
the kidney. 126.127
Recently, this information was applied to clinical practice. Erley and colleagues!" showed that, in humans, prophylactic use of theophylline administered intravenously
45 minutes before intravenous administration of CM significantly reduced the decline in glomerular filtration rate.
These results were reproduced in a recent trial-after intravenous administration of ionic, high-osmolality CM, the

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.

Theophylline

Mayo Clin Proc, April 1998, Vol 73

creatinine clearance was statistically significantly lower in
the placebo group than in the theophylline pretreated
group . Theophylline, however, did not seem to confer any
benefit to the patients who received intravenously administered nonionic , low-osmolality CM.'20
Before the results of these studies can be applied to
routine practice, larger studies are warranted to confirm
these results and to determine the dose, route of administration, and duration of treatment needed to achieve this
effect.
Recently, theophylline was used to control posttransplantation erythrocytosis, a problem that occurs in 5 to 10%
of renal transplant recipients.P''!" and it also was used in
the rare situation of erythrocytosis in patients undergoing
long-term hemodialysis.!" Oral theophylline therapy resulted in a significant reduction in the hematocrit and reduced the need for venesection. The mechanism of this
response is unclear; however, some investigators have
speculated that antagonism of adenosine, which stimulates
erythropoietin secretion in response to hypoxic stimuli, is
the main mechanism."
Induction of Apoptosis in Chronic Lymphocytic
Leukemia Cells
An exciting recent observation is that theophylline can
induce apoptosis in chronic lymphocytic leukemia
cells .131.132 The group that initially reported this finding
published an article that examined the effect of theophylline and chlorambucil alone and the combination of the
two on chronic lymphocytic leukemia cells and normal
lymphocytes.!" Theophylline with chlorambucil induced
B-cell chronic lymphocytic leukemia apoptosis in a synergistic fashion. These investigators further demonstrated
that theophylline can affect the expression of certain cellular oncogenes that are involved in the regulation of
apoptosis. Theophylline inhibited the expression of the
bcl-2 oncogene, which is known to down-regulate apoptosis in leukemia and lymphoma cells,' 34-136 and increased
the expression of c-myc. The c-myc protein is thought
to have a pivotal role in the induction of apoptosis. F'v"
The degree of apoptosis induced with theophylline was
dose dependent, and the maximal effect was noted with
supratherapeutic levels, although a significant degree of
apoptosis was demonstrated with levels that would correlate with normal serum concentrations of theophylline.
Of note, no effect on oncogene expression or rate of
apoptosis was demonstrable in the control normal B
lymphocytes.
The mechanism by which theophylline induces apoptosis is unclear. PDE inhibition and intracellular cAMP
accumulation may have a role. Increased cAMP levels
induce apoptosis in human B Iymphocytes.P? Apoptosis of
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malignant B lymphocytes is associated with intracellular
cAMP accumulation and is partially inhibited with the
administration of cAMP antagonists.P-! "
The results of these early studies are exciting not only
because they reveal potentially new applications for theophylline but also because they may provide insight into
the mechanisms of apoptosis.
Capillary Leak Syndrome
Systemic capillary leak syndrome is a rare disorder
characterized by hypotension, hemoconcentration, and
monoclonal gammopathy. Physiologically, increased capillary permeability seems to result in pronounced shifts of
plasma from the intravascular to the extravascular compartment. Case reports have described the use of
aminophylline to terminate attacks and prevent relapses of
the syndrome."? The mode of action is unclear but may
involve reduced endothelial cell contraction through a
cAMP-mediated mechanism. The efficacy of theophylline
in this disorder has yet to be established.

FUTURE OF THEOPHYLLINE
What is the future of theophylline? Its use in asthma or
COPD will not likely increase in the future, but a clearer
understanding of its actions has opened the way to the
development of selective PDE inhibitors that promise to
have similar or perhaps improved pharmacologic effects
and fewer side effects . Further studies of the in vivo effect
oflow-dose theophylline on airway inflammation in COPD
and chronic asthma are indicated. Of note, asthma and
COPD are considerably common worldwide, and the economic benefits associated with use of a relatively inexpensive, once or twice daily oral medication like low-dose
theophylline could be substantial, especially in developing
countries where medical resources are scarce.
Further studies are needed to evaluate the role of theophylline in the management of sleep disorders associated
with heart failure and its use as a prophylactic agent in
nephropathy induced by intravenous administration of
CM.
Understanding the mechanisms of theophylline-induced
apoptosis of malignant cells may lead to novel pharma cologic approaches in the treatment of malignant disease.
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