
The public generally consid-
ers natural products such as

“health foods” and herbal reme-
dies to be safe and beneficial.
That these substances are largely
unregulated contributes to the
misconception that they are in-
nocuous: patients don’t feel the
need to tell their physicians that
they are using them, and physi-
cians don’t routinely ask patients
if they are taking them. Yet
there is a potential for these
products to alter the action of
certain drugs, sometimes with
adverse clinical effects.

Natural products can “inter-
act” with drugs by affecting the
biological processes that regu-
late their metabolism and elim-
ination. The family of enzymes
known as the cytochrome
P450s (CYPs)1 are heavily in-
volved in the business of drug
metabolism. Of its many sub-
types, CYP3A4 is one of the
most important; we will use it
to illustrate how interactions
between natural products and

medications can occur.
CYP3A4 has been estimated

to at last partly oxidize 60% of
all drugs to metabolites that are
either less active or more readily
excreted (or both). Its availabil-
ity in the small intestine and
liver enables it to inactivate
orally administered drugs before
they enter the systemic circula-
tion (first-pass elimination),
thereby reducing the drug’s
bioavailability (the percentage of
an oral dose that reaches the
systemic circulation unchanged).
If the activity of CYP3A4 is al-
tered, so too is the bioavailabil-
ity of drugs that are oxidized by
this enzyme (see Fig. 1).

One way that a natural prod-
uct can alter the action of an en-
zyme is to inhibit it. Our group
made the initial finding that
grapefruit can markedly reduce
enteric CYP3A4 activity, thus
elevating the bioavailability of
drugs metabolized by enteric
CYP3A4 to potentially toxic
levels.2 Grapefruit juice–drug in-

teractions have been succinctly
discussed in a recent article in
this journal.3

St. John’s wort, a herb that
has become popular in the
treatment of depression, has the
opposite effect. It increases the
activity of CYP3A4, thereby
causing more complete oxida-
tion of drugs; higher metabo-
lism means lower bioavailability
and hence diminished clinical
response. Moreover, St. John’s
wort increases the activity of the
drug transporter P-glycopro-
tein. Like CYP3A4, this trans-
porter is expressed in apical en-
terocytes and hepatocytes.
P-glycoprotein acts to pump
drugs back into the intestinal
lumen directly from the gut
wall and indirectly from the
liver via bile, thus reducing the
bioavailability of orally adminis-
tered drugs.4 P-glycoprotein is
also located in the renal tubules,
where it facilitates systemic
drug elimination. The com-
bined action of CYP3A4 and P-
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Fig. 1: Sequential first-pass elimination of a theoretical drug through metabolism by CYP3A4 and/or
transport by P-glycoprotein (P-gp) in enterocytes of the small intestine and then hepatocytes of the
liver. The percentage of the initial drug dose that is available before and after passage through the gut
wall and liver is presented. Although the drug is 100% absorbed from the gastrointestinal tract, its
bioavailability is only 15% after oral administration.
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glycoprotein in the gut and liver
can substantially decrease
bioavailability and diminish ef-
fectiveness. The mechanism by
which St. John’s wort enhances
the activities of CYP3A4 and P-
glycoprotein is interesting. It
does not involve an actual in-
crease in the activity of individ-
ual enzyme and transporter
molecules but, rather, induces
transcription and translation,
resulting in a higher quantity of
CYP3A4 and P-glycoprotein.
This effect is usually evident
within a few days of repeated
administration and lasts for ap-
proximately a week after dis-
continuation of St. John’s wort.

The clinical consequences of
diminished drug efficacy can be
as devastating as those of en-
hanced drug toxicity. For exam-
ple, St. John’s wort was been
shown to decrease plasma con-
centrations of cyclosporine and
indinivir sufficiently to cause,
respectively, organ rejection and
increased HIV viral load.5,6 Al-
though plasma concentrations
of cyclosporine are routinely
monitored, the basis for an ob-
served loss of benefit during in-
dinivir therapy may go unrecog-
nized, possibly leading to the
inappropriate discontinuation of
an effective medication or the
unnecessary addition of other
drugs. Moreover, a broad range

of medications appears to be af-
fected. The list includes highly
prescribed medications that are
substrates for CYP3A43 or P-
glycoprotein (digoxin, HIV pro-
tease inhibitors) and others that
have been implicated in case re-
ports (amitriptyline, theo-
phylline, ethinylestradiol + des-
ogestrel, warfarin).

Physicians should be wary
that abrupt and unexplained
changes or variability in the
clinical status of a patient may
be the result of a natural prod-
uct–drug interaction; it is easy
for substances such as grape-
fruit or herbal remedies to be
overlooked as an underlying
cause. Also, most herbal prod-
ucts have not been assessed for
their potential to cause drug in-
teractions. As a general rule, we
recommend discouraging the
use of those products for which
there is no information. How-
ever, many patients will con-
tinue to use grapefruit and
herbal medications regardless.
Rather than immediately alter-
ing medication regimens in re-
sponse to a change in a pa-
tient’s clinical condition, taking
a careful dietary and herbal his-
tory may be a more effective
initial approach. Although the
Compendium of Pharmaceuticals
and Specialties (Clin-Info Sec-
tion, Product Monographs)

may be the most popular source
of drug information among
clinicians, software programs
(e.g., Epocrates) and Internet
sites (e.g., www.drug-interactions
.com) can also be useful.
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