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Theophylline and related drugs

Xanthines are purine bases and, in the body, endogenous
xanthines are intermediate compounds formed during the
catabolism of amino acids and purines to uric acid.
Exogenous xanthines are present as methylated xanthines
in tea and coffee (caffeine), cocoa (theobromine) and in
medications used to improve red cell flexibility (pentoxi-
phylline) and to treat bronchospasm (theophylline). This
article deals with the clinical pharmacology of theophylline
and related drugs.

MODE OF ACTION
The exact mode of action of theophylline, at the cellular
level, by which bronchodilation occurs isnot known. Earlier
theories of phosphodiesterase inhibition, intracellular
calcium translocation, adenosine receptor antagonism or
antagonism of prostaglandins do not appear to be valid at
the therapeutic concentrations found in the serum.

Theophylline has the following actions.

Muscle
Cardiac. It increases the force of contraction of cardiac

muscle. It also increases the rate of impulse formation
(both sinus and ectopic) independent of innervation.
Ectopic cardiac rhythms may be a sign of toxicity.

Smooth muscle. Theophylline relaxes smooth muscle,
an action which is beneficial in the treatment ofbronchos-
pasm. However, it also relaxes the lower oesophageal
sphincter and predisposes to gastro-oesophageal reflux.
This, at night, can lead to aspiration of small amounts of
gastric content into the lungs with consequent precipitation
of asthma.

Skeletal muscle. It improves diaphragmatic contractility
and delays diaphragmatic fatigue but these effects are less
marked in those who need it the most, namely in patients
suffering from chronic obstructive airways disease.

Renal
Theophyllines block renal tubular reabsorption of sodium
and were used as diuretics in the past. This action is useful
in the therapy of left ventricular failure.

Gastric
Theophylline stimulates gastric acid secretion and,
together with its effect in reducing the tone of the lower
oesophageal sphincter, can worsen the symptoms of acid
peptic disease. .

Nervous system
Xanthines stimulate the central nervous system and have
been used for this purpose by coffee and tea drinkers all
over the world, but theobromine does not stimulate the
central nervous system. Aminophylline is also used in the
treatment of Cheyne-Stokes' respiration, but its specific
effect in this situation is due to ethylenediamine which is ~
used to keep theophylline in solution.

DOSAGE AND PREPARATIONS
The solubility of methyl xanthines is low but is enhanced
by the formation of complexes (usually 1:1) with a wide
variety of compounds. The commonest soluble complex
used is aminophylline which is a complex of theophylline
with ethylenediamine. The complex dissociates in biological
fluids to yield the parent xanthine. Aminophylline can be
given orally, rectally or intravenously but not intramuscu-
larly as it can cause prolonged, severe local pain. Another
commonly used compound is etophylline which is hydroxy-
ethyl theophylline. It may be given intramuscularly,
intravenously or orally.

The therapeutic level in the serum is 10to 20 mg/L. The
oral dose is 100 to 300 mg three or four times a day, up to
a maximum of 13 mg/kg/day in adults or 24 mg/kg/day in
children below 9 years. The intravenous dose consists of a
loading dose of 5.5 mg/kg diluted in normal saline or
glucose and given over 15 to 20 minutes (this loading dose
should be omitted if the person is already on oral theophyl-
line). The intravenous maintenance dose depends on the
clinical situation:

Age
Less than 50 years = 0.9 mg/kg/h
More than 50 years = 0.7 mg/kg/h

Associated problems causing decreased clearance
Chronic obstructive airways disease = 0.6 mg/kg/h
Congestive cardiac failure = 0.5 mg/kg/h
Hepatic dysfunction (depending on severity) =

0.1-0.5 mg/kg/h

The dose requirements given above are for theophylline
(1.27 g of aminophylline is equivalent to 1 g of theophyl-
line). No dose reduction is needed in renal failure but
modification is required if the person is on dialysis.
Intravenous preparations should be given slowly as rapid
injection may cause hypotension.

There is no evidence of any teratogenic effect in humans
and the drug may be used in pregnancy. Theophylline
crosses the placenta and is present in breast milk and
babies may show irritability and restlessness if the mother
is on theophylline.



EVERYDAY PRACTICE

Oral preparations are available as single drug, short act-
ing tablets; sustained release tablets (retard) and fixed dose
combinations with beta agonists (ephedrine or salbutamol).
Sustained release tablets are useful in the management of
nocturnal bronchospasm. Combinations with beta agonists
have the advantage of providing an additive effect with
lower doses of both.

SIDE EFFECTS
While using theophylline it is essential to remember that
there are many drugs which interact with it (Table I).

Side effects are dose related. Early effects include
nausea and vomiting (irrespective of route), tremor and
anxiety. When serum levels exceed 30 mg/L theophylline
causes arrhythmias, convulsions and coma. The convulsions
need to be controlled with intravenous diazepam or
thiopentone sodium. Theophylline potentiates the cardiac
effects of beta agonists and cardiac arrhythmias are more
likely when these drugs are combined. Repeated rectal
administration can cause proctitis.

TABLE I. Drug interactionsof theophylline

Drugs which potentiate theophylline
Allopurinol-long term Oral contraceptives Erythromycin
Cimetidine Ciprofioxacin Propranolol

Drugs which decrease theophylline levels
Barbiturates Rifampicin Carbamazepine
Sulfinpyrazone Phenytoin
'Piggyback' infusions with the following drugs are incompatible.
Chlorpromazine . Gentamicin Pencillin G
Cimetidine Hydrallazine Procainamide
Cephotaxime Insulin Phosphate
Dobutamine Nitroprusside

Oxygen therapy in clinical practice

Oxygen therapy is used to increase the oxygen content of
the arterial blood in hypoxaemic patients. Common indica-
tions for oxygen therapy are acute or chronic respiratory
failure, acute pulmonary oedema and peripheral circulatory
failure. The therapy is also useful in' 'anoxic spells' in
patients with cyanotic heart disease, and in congestive
heart failure, severe anaemia and carbon monoxide
poisoning. It is most beneficial in patients who have arterial
unsaturation due to an underlying pulmonary disorder.

Oxygen therapy increases the arterial oxygen content in
patients with cyanotic heart disease only marginally,
because the blood flowing through the lungs is already
saturated with oxygen. In several conditions where the
arterial oxygen saturation is almost normal, inhalation of
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CLINICAL USE
Theophylline is useful in the management of

Reversible airways obstruction. For relieving broncho-
spasm and in combination with beta agonists and steriods
for bronchial asthma or chronic obstructive airwaysdisease.

Left ventricular failure and pulmonary oedema. In
preventing left ventricular failure and also in managing
patients with acute left ventricular failure in pulmonary
oedema.

Cheyne-Stokes' respiration. It can be treated with
aminophylline, the active moiety being ethylenediamine.

SUMMARY
Theophylline is a methyl xanthine which is useful in the
management of reversible airways obstruction, left ven-
tricular failure and pulmonary oedema. Since there are
many factors influencing the clearance rate of theophylline
it should be used with caution. While oral theophylline is
used in the management of bronchial asthma and chronic
obstructive airways disease, long acting preparations help
in the management of nocturnal bronchospasm. Combi-
nation preparations are useful for their additive effect and
parenteral preparations are beneficial in the management
of status asthmaticus and acute pulmonary oedema.
Suitable dose modifications are needed depending on the
clinical profile of the patient and the use of other drugs.
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high concentrations of oxygen may result in a slight
increase in the arterial oxygen content because of an
increase in physically dissolved oxygen in the plasma. This
may, however, be of considerable benefit in a patient with
a very low cardiac output whose tissue oxygen tension has
dropped to critically low levels.

Normal arterial blood contains 20 ml of oxygen per
100 m!. Most of it is in combination with haemoglobin,
which is almost fully saturated. The solubility of oxygen
in the plasma is low (0.0031 mlllOOml of plasma/mm Hg
oxygen tension). If a person were to breath 100% oxygen
and had no haemoglobin in the blood, the arterial oxygen
content would be only 2 ml per 100 ml. The inspired
oxygen tension in a person breathing room air at sea level
is 48 mm Hg. The cascade of oxygen tension in the human
body is shown in Table I. Tissue oxygen tensions are close
to those in the venous blood. Mitochondrial oxygen ten-


