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Evaluation of drug interactions

J. C. Petrie and L. E. Cluff

The potential for drug-drug interactions to occur is immense. The thoughtful and
careful prescriber who seeks to practise rational drug therapy and to avoid unin-
tentional concurrent prescription of drugs which interact adversely faces major
difficulties because thousands of drugs are available, each of which can interact with
other drugs. The effects of the innumerable permutations of drug—drug interactions
cannot be kriown to every prescriber. Indeed the possibility of drug interactions is
only one of many possible untoward events which doctors must consider in medical
practice and the relative importance of drug interactions in medical practice and in
the response of individual patients to therapy is not known. The aim of this book
is to provide authoritative evaluation, based on clinical pharmacological prmctples,
. of the clinically important adverse interactions associated with drugs used in the
treatment of some cardiovascular and respiratory diseases. Two further volumes will
deal with drugs used in the therapy of other groups of diseases (Petrie and Cluff, in
preparation).

We believe that there is a clear need for such information about drug interactions,
Many of the available texts provide long lists of terse statements, which necessarily
are often based upon anecdotal and poorly validated reports of clinically observed
events, in vitro studies or when non-therapeutic doses of drugs are used in patients.
In addition, reports of acute, single-dose studies in healthy young volunteers and
catalogues of potential interactions do not provide the information doctors neced
regarding adverse drug effects.

The 12 chapters which follow present the relevant clinical pharmacology related
to interactions which are important to the drug groups under discussion. As discussed
in a previous volume (Cluff and Petrie, 1975), drug action, adverse reactions and drug
interactions are influenced by drug factors such as absorption, distribution,
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metabolism, excretion, route of administration, dosage regimens and inter-individual
variation. Discussion of such drug factors helps to place interactions involving
different drug groups into perspective so that clinically important adverse drug effects
involving each drug group can be anticipated and predicted.

The influence of patient or host factors in the evaluation of clinically important
adverse drug interactions also merits the most careful consideration. These factors
can greatly increase the occurrence of adverse drug reactions. Awareness of clinical
determinants of untoward drug effects (Weed, 1971 ; Cluff et al., 1975) and app:o-
priate tailoring of drug regimens may be very important in the prevention of drug-
induced disease. Many factors which affect the efficacy of drugs influence the assess-
ment of the effects of interactions between drugs (Stewart and Cluff, 1975). For
example, elderly patients may be at risk because of a reduced ability to metabolise
certain drugs (O’Malley et al., 1979) and are more likely than younger patients to
suffer from hepatic renal, pulmonary, cardiac and cerebral dysfunction which may
affect the handling and response to drugs. Organ dysfunction can profoundly affect
drug action and the effects of cardiovascular disease (Thomson, 1974), renal disease
(Gibaldi, 1977) and respiratory disease (Du Souich et al., 1978) have been reviewed.
Cirrhosis, hypoalbuminaemia and hepatic microsomal dysfunction also affect drug
action (Wilkinson and Schenker, 1976). Thyroid disease (Eichelbaum, 1976), genetic
factors, environment, biochemical disturbances, nutritional state, pregnancy,
circadian rhythms, extremes of trmperature also require consideration because of
their recognized effects on drug action.

The prescribing patterns of physicians also contribute to the possibility of adverse
drug effects including drug interactions. The number of drugs taken by patients at
home is directly related to the number of doctors prescribing for each patient, and
the larger the number of drugs taken the greater is the probability of occurrence of
adverse drug interactiv s (Stewart and Cluff, 1971).

In hospital and general practice there is a relationship between the number of drugs
given to patients and the rate of occurrence of adverse drug reactions (Gardner and
Cluff, 1970; Petrie et al., 1975). An important way to avoid the untoward effects
of drugs, therefore, is to reduce the number of drugs given to a patient during a
particular period of time, and to better monitor and control the drugs given to
patients by different physicians. Attention must also be given to drugs not prescribed
by doctors but obtained by patients “over the counter.” These t0o can cause adverse
. drug effects including those attributable to drug interactions (Stewart and Cluff,
1971).

Patients may not take medicines as prescribed or directed. This may result in the
failure of a drug in achieving a particular therapeutic effect when the drug is not
taken. On the other hand, when taken in a dose or at times which are inappropriate,
the drug’s pharmacological effect may be exaggerated or absent. For these reasons,
how patients use drugs can be a determinant of unwanted adverse consequences. To
avoid or reducc this problem doctors should carefully inform patients about how
drugs are to be taken, the purpose for which they are given, and the adverse effects
which may develop and which should be reported if they occur.

Drugs differ in the frequency with which they are respounsible for adverse drug
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interactions. Antihypertensive drugs and anticoagulants, for example, appear to be
particularly important potential causes of adverse drug interactions (May and Cluff,
1977). Therefore, physicians must be alert to the possibility of such interactions in
the treatment of patients with clinical problems requiring the use of particular types
of drugs. This is an important reason for the manner of discussing drug interactions
in this book.

Adverse drug reactions in patients are usually reported as a result of spontaneously
observed clinical events, intensive epidemiological studies, or investigation of a
particular drug during clinical trials. Validation of reports from spontaneous clinical
. 'observations or epidemiological studies has been exceedingly difficult. Recently, logic

trees or algorithms have been developed to provide a uniform basis for determining
the probability of a clinical event being attributable to a drug reaction (Hutchinson
etal., 1979; Kramer et al., 1979 ; Leventhal et al., 1979). No fully satisfactory method
has yet been developed, however, which will convincingly establish or eliminate many
suspected adverse drug effects observed in patients. This complicates the difficulty
in the investigation of the clinical effects of drug interactions, and interpretation of
the importance of these reactions in medical practice. Furthermore, clinical trials
with a drug of necessity are performed in normal individuals and in patients with a
particular disease, which require control of the administration of other drugs. Such
controlled clinical trials are not often applicable to the circumstances in which drugs
are prescribed by doctors in medical practice. The real-life situation in a doctor’s
office, clinic or hospital is quite different from the conditions of a well-conducted
clinical study. :

Records kept by doctors of the rationale for drug prescribing, and of all drugs given
to patients, are frequently inadequate. Physicians and patients, therefore, often do
not have readily available the information they need to monitor what they do and to
avoid drug-related problems (Starr and Petrie, 1972; Wilson et al., 1978). Systems
have been developed to serve this purpose (Crooks et al., 1967 ; Erskine et al., 1978 ;
Petrie and MclIntyre, 1979) but they are not used as widely and as well as they should
be. In part, the failure of doctors to keep adequate medication records is attributable
to their seeming lack of awareness or concern about the possibility of drug interactions
(Petrie et al., 1974), in spite of evidence suggesting that such interactions are common
(Starr and Petrie 1972 ; Logie et al., 1976).

The ability to predict the possibility of adverse drug interactions is necessary to

* prevent their happening. To do this well those drugs which are most likely to be
involved i_n'drug interactions must be known and the pharmacological basis for:their
occurrence must be defined. Those patients who are predisposed to adverse drug
interactions also must be identified so that drugs which might cause these patients
harm can be avoided. The prescribing practices of doctors must bé scrutinized by
every physician so that those practices which are inappropriate can be recognized
and corrected. In addition, doctors should assume more responsibility than is often
the case in providing their patients with the information they need to use drugs as
prescribed and appropriately. All of these deserve the diligent consideration of
clinical pharmacologists and pharmacists. They can play a key role in providing a
more rational basis for drug use (Howie €t al., 1977 Cluff, 1979). We hope that this
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series of volumes on clinically important adverse drug interactions will help phar-
macologists, clinicians, pharmacists, and others to understand and control these
drug-related problems.
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Drug interactions involving
digitalis glycosides

Brian F. Johnson

1. INTRODUCTION

As most patients who take digitalis glycosides continue to take them for many years,
there is ample opportunity for interaction with other drugs. Such interactions can be
of considerable importance, as there is a relatively small ratio between therapeutic
and toxic dosage levels. Whereas the most dramatic evidence of such an interaction
may be the precipitation of a life-threatening cardiac arrhythmia, interactions may
also reduce the beneficial effects of digitalis with resultant loss of control of heart
failure or atrial fibrillation. :

The most widely prescribed cardiac glycosides are digoxin, digitoxin, and ouabain.
Digoxin and digitoxin may be given parenterally but are most commonly given b,
mouth. Ouabain must be given intravenously and is usually reserved for emergency
situations. All produce a similar pattern of pharmacological effects, the most im-
portant being (a) direct stimulation of myocardial contractility, and (b) complex
effects upon automaticity and conduction of electrical impulses due to both direct
cardiac actions and alteration of autonomic nervous activity. It is known that
digitalis glycosides inhibit a magnesium and ATP dependent, sodium and potassium
activated transport enzyme complex designated (Na * + K *)-ATPase. As this enzyme
controls the flux of sodium and potassium across the myocardial cell membrane,
digitalis glycosides increase intracellular sodium and decrease potassium content.
Smith and Haber (1973) have reviewed the evidence that this is the basic process by
which direct myocardial effects are produced. It is believed that increased intracel-
lular sodium increases contractility by causing enhanced calcium concentration
around the contractile element. Although relatively little is known about the other
sites of digitalis action, such as autonomic nuclei in the brain stem, it appears highly
likely that digitalis glycosides share the capacity to activate specific receptors. Hence,
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all digitalis glycosides will interact in a similar way with drugs which alter the phar-
macological sequelae of digitalis receptor activation.

By contrast, individual digitalis glycosides have unique pharmacokinetic charac-
teristics. Intestinal absorption of digoxin is incomplete, is highly dependent upon
formulation characteristics, and probably varies widely between individuals. Less
than 25%; is bound to plasma proteins, it has a large apparent volume of distribution,
and it is mainly eliminated in the urine as unchanged drug. Its rate of elimination is
correlated with measures of renal function, and the plasma half-life is about 35 h in
patients with normal renal function. By contrast, digitoxin is completely absorbed
from the intestine, is 979, bound to plasma proteins, has a much smaller volume of
distribution, and is eliminated much more slowly, mainly by metabolism in the liver,
with an average plasma half-life of between 7 and 9 days. Most of the characteristics
of a newly introduced semi-synthetic digitalis glycoside, beta-methyldigoxin, appear
to be intermediate to those of digoxin and digitoxin. These differing characteristics
offer opportunities for other drugs to interact uniquely with individual digitalis
glycosides. As ouabain is only administered intravenously, and as it is rarely given
continuously for several days, there are relatively few opportunities for interaction
with drugs that might alter its pharmacokinetic characteristics. '

2. PHARMACOKINETIC INTERACTIONS

2.1. Interference with absorption

2.1.1. Antacids
Marked reduction in the absorption of a single oral dose of digoxin has been demon-
strated when various antacids are administered concurrently. Several in-vitro studies
have demonstrated that magnesium trisilicate has a much higher binding affinity for
digoxin than aluminium or calcium salts or other salts of magnesium (Thompson,
1973b; Khalil, 1974). However, Brown and Juhi. (1976) found no major difference
in the absorption-inhibiting capacity of magnesium trisilicate, aluminium hydroxide,
or magnesium hydroxide in 10 normal volunteers. The cumulative recovery of
digoxin following a single 0.75 mg dose was reduced by approximately 259, for each
antacid by comparison with control experiments. This study provided no evidence
that altered gut motility or adsorption of digoxin to antacids could provide an
explanation for the interaction. it has not yet been established whether antacid
tablets will have the same effect as suspensions, and the relevance of single dose
studies to clinical situations is also undetermined. Neither of two magnesium-
aluminium silicate antacid tablet formulations significantly lowered steady-state
_ plasma digoxin levels in a group of 9 normal volunteers (Vohringer et al., 1976).
However, in patients who need to take digoxin and antacids on a chronic basis, it
would be wise to separate the daily times of administration by at least 2 h.
2.1.2. Kaolin and pectin
Commonly used anti-diarrheal preparatlons containing kaolin and pectm have
been shown to strongly adsorb digoxin (Binnion, 1973). In 10 healthy volunteers,
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Brown and Juhl (1976) demonstrated about 40%, reduction in urinary recovery of
orally administered digoxin when kaolin—pectin ‘was given concurrently. Other
investigators have shown that the interaction is highly dependent upon the relative
times of administration of digoxin and kaolin—pectin. Concurrent administration of
a concentrated kaolin—pectin suspension slowed digoxin absorption and produced a
mean 627, decrease in extent of digoxin absorbed in 11 subjects. However, extent of
absorption was reduced by only 20%; if the kaolin—pectin was given 2 h before digoxin,
and was unaffected if kaolin-pectin was administered 2 h after digoxin ingestion in
15 other healthy volunteers (Albert et al., 1978). As with antacids, it is not known
whether several days treatment with kaolin—pectin influences the steady-state digoxin
concentration, but it would be advisable to separate daily administrations by at
least 2 h.

~

2.13. Cholestyramme and colestipol

In 6 patients receiving chronic digoxin treatment, concurrent treatment with
cholestyramine 4 g every 6 h produced no short-term effect on either steady-state
digoxin concentration or faecal or urinary excretion of a dose of tritiated digoxin.
Only after months of continuous cholestyramine administration could any increase
in faecal dutput of digoxin be demonstrated (Hall et al., 1977b). Small reductions in
raie and extent of digoxin absorption were demonstrated by ‘Brown et al. (1978)
in healthy volunteers during single dose or continued cholestyramine administration.
Interactions with digitoxin are more relevant. Although this may to some extent
reflect the greater binding affinity for digitoxin (Caldwell and Greenberger, 1970), a
more important factor is the much greater enterohepatic circulation of digitoxin.

Whereas about 25% of absorbed digitoxin takes part in an enterohepatic processin .

man, this process is essentially negligible for digoxin. Cholestyramine has been used
to interrupt the enterohepatic cycle for digitoxin (Caldwell et al., 1971). By preventing
reabsorption, it increases the elimination rate and reduces serum concentrations of
digitoxin. In a parallel study in groups of 7 subjects, the plasma half-life of digitoxin
was 11.5 days in a control group, and 6.6 days in the group receiving cholestyramine
(Perrier et al., 1977). The relative effects of cholestyramine and colestipol remains
uncertain, Colestipol has a lower binding affinity for digitoxin in aqueous solutions,
but a Higher affinity in duodenal fluid (Bazzano and Bazzano, 1972). However,
colestipol was not found to significantly shorten the plasma half-life of digitoxin in -
one study (Van Bever et al., 1976) It seems likely that increase in dosage will be re-
quired only for patients receiving digitoxin in whom chronic treatmmt with chol-
estyramine becomes necessary (see also Chaptcr 6).

2.14. Sulphasalazine

One study in 10 healthy volunteers suggested that previous admlmstranon of 2—6 g
sulphasalazine daily for 6 days may reduce the intestinal absorption of a single orally
administered dose of digoxin by about 20% (Juhl et al., 1976). The relevance to clinical
situations is unknown.
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2.1.5. Neomycin

In smali groups of healthy volunteers, it has been demonstrated that 1-3 g doses of
neomycin may inhibit the extent of intestinal absorption of concurrently admin-
istered, single doses of digoxin by about 40%, (Lindenbaum et al., 1976). Rate of
absorption is also inhibited. Doses of neomycin may reduce absorption of digoxin
administered up to 6 h later. In 5 subjects who took digoxin and neomycin con-
currently for 9 days, a 287, reduction in steady-state plasma digoxin level was demon-
strated. It has been suggested that neomycin impairs the general absorptive processes
of the intestinal mucosa.

2.1.6. Other drugs

Other drugs which have been suggested to mhlblt digoxin absorption under certain
circumstances include activated charcoal (Hartel et al., 1973) and phenytoin (Lahiri
and Ertel, 1974). In general, drugs which inhibit digoxin absorption may be re-
sponsible for unanticipated loss of therapeutic effect. Conversely, patients who are
digitalized while taking one of the above drugs, may develop evidence of toxicity
when concurrent drug treatment is stopped.

2.2. Altered bowel motility

2.2.1. Metoclopramide and propantheline

In one study (Manninen et al., 1973), metoclopramlde reduced steady-state serum
digoxin levels, presumably by dlmmlshmg absorption as a result of increased intes-
tinal motility. Similarly, propantheline increased serum levels, presumably by
‘diminishing intestinal motility. However, it is important to note that digoxin tablets
of low dissolution rate were used, and that in most parts of the world such tablets
have been replaced by formulations from which digoxin is released relatively quickly.
With better quality tablets it has been demonstrated that metoclopramide and
propantheline cause no clinically important interaction_(Johnson et al., 1978).

2.3. Altered protein bindiﬁg

As little digoxin is bound to plasma proteins, drugs which alter protein binding do
not interact. Although digitoxin is extensively bound to serum albumin, the binding
_ affinity is strong and displacement is not readily obtained. High concentrations of
phenylbutazone, warfarin, clofibrate (see Chapter 6), sulphonamides, and tol-
butamide are capable of displacing digitoxin from albumin (Solomon et al., 1971).
However, this seems to be of no clinical significance, as therapeutically observed
concentrations of the above agents showed little effect.

Heparin given during haemodialysis releases large quantities of free fatty acids
into the circulation, and the clinical relevance of resultant alteration of digitoxin
binding has not been determined (Storstein, 1977).



