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Grapefruits and Drugs: When Is Statistically Significant Clinically Significant?

 

Editorial

 

Lown et al. (1) report a significant advance in describing a new
mechanism by which ingested nutrients may change exposure
to drug therapy. Grapefruit juice was reported to increase
plasma concentrations of felodipine and nifedipine when the
drug was concurrently administered with grapefruit juice (2).
The potential clinical importance of such an interaction was
noted when cyclosporine A (3) and terfenadine (4) were noted
to have decreased oral clearance with concomitant grapefruit
juice ingestion. Due to the relatively narrow therapeutic index
of each of these drugs, some have expressed concern and the
wish to highlight grapefruit juice as a source of risk for some
patients. This point of view warrants some discussion.

The mechanism by which grapefruit juice decreases oral
clearance of certain drugs is via decreased activity of intestinal
cytochrome P-450, specifically the CYP3A isoforms (5). How-
ever until the report in this issue of the 

 

Journal

 

, this had been
based on inference from the findings that all drug substrates
with oral clearance decreased by grapefruit juice were also
CYP3A substrates. Similarly, until the present report, mecha-
nistic studies were oriented toward identification of chemi-
cal(s) in grapefruit juice which inhibited CYP3A activity by di-
rect binding to the enzyme. The expected result was that when
the appropriate chemical(s) were identified, competitive or
noncompetitive inhibition of the enzyme(s) would be demon-
strated. Specific components of grapefruit juice which have
been studied for CYP3A inhibition include quercetin (6), nar-
ingin and naringenin (7), and 6
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-dihydroxybergamottin (8).
Although the current report does not exclude substances in
grapefruit juice which directly inhibit the CYP3A enzyme cat-
alytic activity, it rather conclusively demonstrates that an im-
portant component of grapefruit juice–mediated decrease in
oral clearance of CYP3A drug substrates is a posttranscrip-
tional decrease in the amount of small intestinal CYP3A en-
zyme. Of course the next step is identification of the mecha-
nism of decreased immunoreactive protein product in the face
of unchanged CYP3A4 mRNA. To do this the grapefruit juice
component(s) must first be identified, however the task is sub-
stantially more complex than simply screening for CYP3A in-
hibitors. The authors postulate the presence of a mechanism-
based, or “suicide” inhibitor of small intestinal CYP3A. A
well-described example of such a mechanism is inactivation of
specific phenobarbital-inducible hepatic cytochrome P-450
isozymes by chloramphenicol (9). In this instance chloram-
phenicol is covalently bound as an oxamic acid adduct to an
epsilon amino group of a lysine residue of the protein part of
the cytochrome P-450 enzyme. In contrast, another well de-
fined mechanism of posttranslational cytochrome P-450 inacti-
vation is that of cAMP-stimulated phosphorylation of specific
serine residues of the enzyme apoprotein (10). These mecha-
nisms are distinct from other mechanism-based cytochrome
P-450 inhibitors which bind to the heme moiety of the enzyme.
This simply points out that there is much work to be done to
fully characterize the mechanism of the grapefruit juice effect.

The broader issue is to place grapefruit juice inhibition of
oral clearance of CYP3A drug substrates into the context of
food–drug, nutrient–drug, and environmental exposure–drug
interactions. Such interactions commonly receive initial wide
medical and public comment, followed by either incorporation
into the knowledge base of rational therapeutics or lapse into
obscurity as a forgotten and perhaps trivial footnote. For ex-
ample, it is widely appreciated that cigarette smoking increases
the clearance, therefore the dose requirements, of theophyl-
line due to the somewhat selective induction of CYP1A2 (11).
An environmental exposure, that of influenza vaccination for
influenza infection, was noted to increase the anticoagulant ef-
fect of warfarin, the basis of which is uncertain but probably
not decreased clearance of warfarin (12). This potential for in-
teraction and drug toxicity has been somewhat quantified and
is generally appreciated in the clinical community. In contrast
there is less appreciation that high protein diets may increase
clearance of theophylline by 30–40% while high carbohydrate
diets may decrease it by 30–40% (13). Similarly, animal studies
indicated that ingestion of brussels sprouts or cabbage in-
creases clearance of an oral anticoagulant and clinical study
demonstrated that ingestion of charcoal-broiled beef increased
oral clearance of phenacetin (14). After a brief flurry of inter-
est in the research, clinical, and public arenas, findings of these
food interactions have never been expanded to widely used
drugs with narrow therapeutic margins.

With this background, what are the criteria that help one
place a “new” food–, nutrient–, or environmental–drug inter-
action into an appropriate context? First, the extent of the in-
teraction should be considered. Cigarette smoking can in-
crease theophylline clearance and therefore dose requirement
severalfold. In contrast, change in dietary protein or carbohy-
drate is much less, though statistically significant. Associated
with this, the site of the interaction should be considered. A
gut wall interaction with drugs which undergo substantial gut
wall biotransformation is particularly susceptible to food/nutri-
ent interaction as the local concentration of both food/nutrient
and drug may be extremely high at the gut wall. Second, of
course, the therapeutic margin of the interacting drug(s) must
be considered. The literature is replete with diazepam interac-
tions of all types, however, the broad therapeutic index of diaz-
epam almost precludes the possibility of clinical significance.
In contrast, triazolam or midazolam, with extensive gut wall
CYP3A presystemic clearance and less wide therapeutic index,
may be susceptible to more clinically important interactions.
Third, in general an inhibitory interaction is accorded greater
importance than an inductive interaction. Though loss of ther-
apeutic effect may be of substantial importance in selected in-
stances (e.g., oral contraceptive steroids, oral anticoagulants),
more often unexpected excessive drug effect is accorded
greater importance. Finally, the amount of food/nutrient or ex-
posure required for an interaction to occur is of importance to
ascertain clinical importance of a research observation. In the
case of dietary protein–induced increase in theophylline clear-
ance, the finding was made when 44% of total caloric intake
was protein, in contrast to the usual diet which contains 
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 15%
protein in the total caloric intake. Therefore, the interaction
would be even less during ingestion of a more realistic diet.
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Using these criteria, where does grapefruit juice fit? It
moderately decreases oral clearance of CYP3A substrates,
some of which have a relatively narrow therapeutic index. It is
an inhibitory interaction which may result in increased drug ef-
fect/toxicity at a given drug dose. However, the findings are
best demonstrated when 240 ml (
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 8 oz) of double-strength
reconstituted grapefruit concentrate is ingested simultaneously
with the drug substrate (4), or in the present report 8 oz of reg-
ular strength grapefruit juice ingested three times daily (1). It
is fair to say this is a substantial grapefruit juice exposure that
would occur only during unusual dietary circumstances. There-
fore, I conclude that the clinical importance of potential grape-
fruit juice–drug interactions is quite limited. Instead, as dem-
onstrated in the current report, it may give the opportunity for
new understanding of mechanisms by which gut wall CYP3A
activity can be modulated. It should provide the impetus for
further mechanistic study of posttranscriptional and transcrip-
tional regulation of CYP3A isoforms as they relate to “first-
pass” clearance after oral CYP3A drug substrate administra-
tion.

Darrell R. Abernethy
Division of Clinical Pharmacology
Departments of Medicine and Pharmacology
Georgetown University School of Medicine

 

References

 

1. Lown, K.S., D.G. Bailey, R.J. Fontana, S.K. Janardan, C.H. Adair, L.A.
Fortlage, M.B. Brown, W. Guo, and P.B. Watkins. 1997. Grapefruit juice in-
creases felodipine oral availability in humans by decreasing intestinal CYP3A
protein expression. 

 

J. Clin. Invest.

 

 99:2545–2553.

2. Bailey, D.G., J.D. Spence, C. Munoz, and J.M.O. Arnold. 1991. Interac-
tion of citrus juices with felodipine and nifedipine. 

 

Lancet.

 

 337:268–269.
3. Ducharme, M.P., L.H. Warbosse, and D.J. Edwards. 1995. Disposition of

intravenous and oral cyclosporine after administration with grapefruit juice.

 

Clin. Pharmacol.

 

 57:485–491.
4. Benton, R.E., P.K. Honig, K. Zamani, L.R. Cantilena, and R.L. Woosley.

1996. Grapefruit juice alters terfenadine pharmacokinetics, resulting in prolon-
gation of repolarization on the electrocardiogram. 

 

Clin. Pharmacol. Ther.

 

 59:
383–388.

5. Miniscalco, A., J. Lundahl, C.G. Regardh, B. Edgar, and U.G. Eriksson.
1992. Inhibition of dihydropyridine metabolism in rat and human liver mi-
crosomes by flavonoids found in grapefruit juice. 

 

J. Pharmacol. Exp. Ther.

 

 261:
1195–1199.

6. Rashid, J., C. McKinstry, A.G. Renwick, M. Dirnhuber, D.G. Waller, and
C.F. George. 1993. Quercetin, an in vitro inhibitor of CYP3A, does not contrib-
ute to the interaction between nifedipine and grapefruit juice. 

 

Br. J. Clin. Phar-

macol.

 

 365:460–463.
7. Edwards, D.J., and S.M. Bernier. 1996. Naringin and naringenin are not

the primary CYP3A inhibitors in grapefruit juice. 

 

Life Sci.

 

 59:1023–1030.
8. Edwards, D.J., F.H. Bellevue, and P.M. Woster. 1996. Identification of

6

 

9

 

,7

 

9

 

-dihydroxybergamottin, a cytochrome P-450 inhibitor, in grapefruit juice.

 

Drug Metab. Dispos.

 

 24:1287–1290.
9. Halpert, J.R., N.E. Miller, and L.D. Gorsky. 1985. On the mechanism of

the inactivation of the major phenobarbital-inducible isozyme of rat liver cyto-
chrome P-450 by chloramphenicol. 

 

J. Biol. Chem.

 

 260:8397–8403.
10. Koch, J.A., and D.J. Waxman. 1989. Posttranslational modification of

the inactivation of the major phenobarbital-inducible P-450. Phosphorylation
of phenobarbital-inducible P-450 forms PB-4 (IIB1) and PB-5 (IIB2) in isolated
rat hepatocytes and in vivo. 

 

Biochemistry.

 

 28:3145–3152.
11. Jusko, W.J. 1979. Influence of cigarette smoking on drug metabolism in

man. 

 

Drug Metab. Rev. 

 

9:221–236.
12. Alvares, A.P., K.E. Anderson, A.H. Conney, wand A. Kappas. 1976. In-

teractions between nutritional factors and drug biotransformations in man.

 

Proc. Natl. Acad. Sci. USA.

 

 73:2501–2504.
13. Conney, A.H., E.J. Pantuck, R. Kuntzman, A. Kappas, K.E. Anderson,

and A.P. Alvares. 1977. Nutrition and chemical biotransformations in man.

 

Clin. Pharmacol. Ther.

 

 22:707–719.
14. Kramer, P., M. Tsuru, C.E. Cook, C.J. McClain, and J.L. Holtzman.

1984. Effect of influenza vaccine on warfarin anticoagulation. 

 

Clin. Pharmacol.

Ther.

 

 35:416–418.


