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O

ne of the most widely studied
drug interactions is the interaction between digoxin and quinidine. Patients who receive the combination almost always will have a significant
elevation in their digoxin plasma concentrations and can suffer digoxininduced toxicity, including arrhythmias,
anorexia, altered color vision, and mental changes. One of the first case reports
of this interaction was published in
1968.1 In 1978, several prospective studies of the interaction were published,
noting a 2- to 3-fold increase in digoxin
concentrations following the coadministration of quinidine.
Since that time, several other drugs—
including cyclosporine, erythromycin,
clarithromycin, propafenone, itraconazole, amiodarone, verapamil, and diltiazem—were noted to increase digoxin
plasma concentrations. Although some
investigators noted a reduction in
digoxin renal and total body clearance,
the underlying mechanism for these
interactions remained undefined.
Some investigators suggested that
antibiotics might increase digoxin
absorption by inactivating gastrointestinal bacteria thought to metabolize
digoxin in the gut.2 This mechanism,
however, would appear to be incapable
of raising digoxin concentrations 2- to
3-fold, because digoxin is well absorbed
with a bioavailability of about 75%.
Assuming that the intestinal bacteria
were responsible for this reduction of
digoxin absorption, the greatest
increase in bioavailability one could
expect would be about 25%. At that
point, the bioavailability of digoxin

Pharmacy Times October 2004

P-glycoprotein and Digoxin
Small Intestine

Biliary Excretion

Diffusion

Lumen

P-gp

Enterocyte

P-gp
Plasma

Bile

Hepatocyte

Renal Tubular Secretion

Plasma

= Digoxin

P-gp

Urine Tubular Cell Plasma
P-gp = P-glycoprotein. P-gp is found in the enterocytes, hepatocytes, and renal tubular cells. It acts by pumping digoxin out of
cells, resulting in a reduction in digoxin absorption and an increase in its biliary and urinary excretion.

would be 100%, and no further increase
in concentration could occur by this
mechanism. Another mechanism for
the interaction was needed to explain
the large changes in digoxin concentrations that had been reported.
Starting in 1993, a series of studies
identified a mechanism that appears to
underlie the digoxin interactions reported with a wide variety of precipitant
drugs. It was first noted that
cyclosporine reduced the renal tubular
secretion of digoxin by inhibiting a
renal transporter protein—P-glycoprotein (P-gp).3 In 1996, it was demonstrated that the effect of quinidine on plasma
digoxin concentrations was the result of
quinidine-induced inhibition of P-gp in
the intestine, as well as at sites of digoxin elimination such as the kidney.4
P-glycoprotein is an energy-dependent efflux transporter. Simply stated, Pgp pumps drug molecules out of cells.
P-gp is found in the epithelial cells of
the intestine (enterocytes) along the
apical (luminal) side of the cell. When
a drug is taken orally, drug molecules
have to pass through the enterocyte to

Table
Selected Drugs That
Affect P-glycoprotein
Inhibitors

Inducers

Amiodarone

Rifampin

Clarithromycin
Cyclosporine

St. John’s wort

Diltiazem
Erythromycin
Felodipine
Indinavir
Itraconazole
Ketoconazole
Nicardipine
Quinidine
Ritonavir
Sirolimus
Tacrolimus
Verapamil
Adapted from Hansten PD, Horn JR. The Top 100 Drug
Interactions: A Guide to Patient Management. Edmonds,
WA: H&H Publications; 2004:157-169.

enter the blood. As the molecules diffuse through the enterocyte, P-gp can
continued on page 114
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trials of these analogues have shown positive results.
Gene therapy research also is currently being conducted. The first area of research involves the conversion of
stem cells to insulin-producing islet cells. Gene research is
underway to promote inactivation of SHIP2, a gene that
increases insulin sensitivity.
Opportunities for the Pharmacist
In the community setting, when the pharmacist notes
that a patient is filling prescriptions for diabetes medications, he or she should assess the effectiveness of the therapy, the patient’s compliance with it, and the presence of
any adverse effects. Reviewing the frequency at which
medications are refilled is a simple tool to gauge the
patient’s compliance. The refilling of glucagon or purchasing of glucose tablets should prompt the pharmacist
to question the patient about side effects or difficulties
with the therapy.
Because a patient often visits the pharmacist more often
than the physician, the pharmacist can offer to review the
patient’s log of daily glucose readings. If the pharmacist
notes erratic control, he or she can offer options to
improve adherence to therapy or recommend an appointment with the physician to alter the treatment plan.
When the pharmacist notices that a patient is filling pre-

scription for diabetes medications for the first time, the
pharmacist can play a crucial role in educating the patient
about diabetes. Patients often have heard about diabetes
but will have many questions that the pharmacist can help
answer. Patients who know more about their disease are
better prepared to play a role in the decision-making
process and in establishing goals of therapy with their
physician.
According to an Institute for Safe Medication
Practices study, 11% of serious medication errors are
due to insulin misadministration.7 The pharmacist
should educate the patient about the type of insulin used,
including the brand, duration of action, onset of action,
and proper storage. Patients should demonstrate to the
pharmacist that they are able to accurately measure
insulin in the syringe. If a patient uses multiple insulins
and is required to mix them, the pharmacist should
ensure that the patient demonstrates the correct technique. The pharmacist also should educate the patient on
which insulins never should be mixed.
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pick up the molecules and carry them back to the luminal side
of the cell, where they are dumped back into the lumen of the
intestine. This action prevents drug molecules from reaching
the systemic circulation, effectively limiting bioavailability.
Because P-gp is found throughout the intestinal tract, it affects
the absorption of all susceptible oral drugs, including sustainedrelease formulations. P-gp also is present in the liver and kidney,
where it acts to increase the excretion of drugs by transporting
the molecules into the bile and urine, respectively (Figure).
If the activity of P-gp is inhibited, more drug will be
absorbed through the enterocytes, and plasma concentrations will increase. In addition, drug that is normally eliminated by P-gp in the bile or urine will accumulate in the
body. Thus, when quinidine is coadministered with digoxin, quinidine inhibition of P-gp results in an increase in
digoxin absorption and a reduction of digoxin elimination,
primarily via the kidney. The elimination of digoxin is so
dependent on P-gp that it can be used as a test substance to
see whether other drugs affect P-gp activity.
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An inducer of P-gp could reduce digoxin plasma concentrations by limiting its absorption from the GI tract and/or
by increasing the elimination of digoxin. The effect of
rifampin on digoxin plasma concentrations is greater following oral digoxin than intravenous digoxin, indicating
that the effect of rifampin may be greater on the absorption
of digoxin than on its renal elimination.5 Both rifampin and
St. John’s wort have been demonstrated to increase P-gp in
the intestine and to result in lower plasma digoxin concentrations.
The Table lists some P-gp inhibitors and inducers. Any of
these substances will affect digoxin elimination and absorption, although, as with other interactions, the magnitude of
the effect will vary considerably. Much more study is needed to evaluate other potential interactions involving digoxin and inhibitors or inducers of P-gp. In the interim, pharmacists should be on the alert for drugs that alter P-gp
activity, for they may also cause clinically important
changes in digoxin plasma concentrations.
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