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Sir,

I have found the paper by Scambia et al. [1] describing the
effect of quercetin, a plant-derived flavonoid, on the re-
versal of the multidrug resistance type 1(MDR1)-associated
Adriamycin resistance in MCF-7 human breast-cancer cell
lines to be very interesting. The authors have shown that
quercetin and other flavonoid derivatives inhibit P-glyco-
protein (Pgp) pump-efflux activity in a dose-dependent
manner. Moreover, 10 mM of quercetin appears to reduce
the expression of immunoreactive Pgp in MCF-7 Adriamy-
cin-resistant (AdrR) cells. These results indicate that quer-
cetin may be capable of reversing MDR and synergizing the
inhibitory activity of Adriamycin on the growth of MCF-7
AdrR cells. The authors conclude by stating that quercetin
and related flavonoids may have therapeutic application in
cancer therapy, particularly when used in combination with
other conventional cytotoxic drugs.

However, [ would like to caution the authors and others
considering the use of quercetin and other flavonoids for
such therapeutic applications. Flavonoids have been well
established as inhibitors of a very important class of
cytochrome P-450 isozymes, the CYP3A subfamily (the
CYP450 are phase I oxidative enzymes found mainly in the
liver). The CYP3A isozymes not only are abundant in the
liver but are also expressed at significant levels in the
gastrointestinal mucosa [2]. The CYP3A family of enzymes
account for up to 25% of the total hepatic CYP450 and
mediate the metabolism of a large variety of compounds,
including cyclosporin A, erythromycin, lidocaine, quini-
dine, midazolam, triazolam, lovastatin, and tamoxifen.
Grapefruit juice, which contains several flavonoids, of
which naringin is the most common one, has been reported
to increase significantly the bioavailability of nifedipine
[3], felodipine [4], nitrendipine [5], and other dihydropyz-
idine calcium channel antagonists. Enhanced hemodynamic
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and adverse experiences have been observed in patients
with borderline hypertension for some of these agents [3].
This interaction appears to occur due to inhibition of
presystemic metabolism and subsequent metabolic steps
in the liver. Therefore, inhibition of these isozymes by the
flavonoids is probably the reason for the >3-fold increase
in the peak serum concentration and the (Cmax) 2-fold
increase in the area under the plasma concentration-time
curve (AUC) reported for nisoldipine [6] and other dihy-
dropyridines. In mechanistic in vitro studies with human
liver microsomes, quercetin has been shown to be the most
potent inhibitor of nifedipine and felodipine metabolism
[7]. A 50-umol/l concentration of quercetin inhibited ap-
proximately 70% of felodipine and 50% of nifedipine
metabolism.

Most importantly, if therapeutic application of quercetin
is considered, it would be given with cytotoxic agents, . g.,
vinca alkaloids, etoposide, and teniposide, for tumors that
are nonresponsive to these drugs. However, it has been
reported that these cytotoxic agents could be metabolised
by the CYP3A isozymes [8]. Therefore, it is possible that
coadministration of quercetin (the most potent inhibitor of
CYP3A isozymes) could inhibit the metabolism of these
agents, thereby augmenting the hematologic toxicity due to
accumulation of the parent compound.

Although the clinical significance of the inhibitory
effects of quercetin have not been fully elucidated, it is
clear that quercetin and other flavonoids should be used
judiciously. Significant potential exists for drug interactions
due to coadministration of quercetin with other drugs, such
as dihydropyridines, that are metabolized by the CYP3A
isozymes. Furthermore, inhibition of the CYP3A isozymes
may also interfere with the metabolism of cytotoxic agents,
the effect of which quercetin is supposed to enhance due to
reversal of Pgp efflux.
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There have been numerous publications dealing with the
ability of flavonoids to inhibit the activity of many different
enzymes involved in important cellular processes, to list but
a few, protein-tyrosine kinase [1}, phosphodiesterases [2],
adenosine triphosphatase (ATPase) [2], lipoxygenase [3],
and reverse transcriptase [4}. The wide spectrum of activity
of flavonoids has given rise to more than one question:

1. How do the flavonoids really work?

2. Which common trait might explain the pharmacolo-
gical effect of this broad class of molecules?

As mentioned by Dr. Sarkar, “in vitro” studies have
shown that quercetin inhibits diliydropyridine metabolism
in rat and human liver microsomes at concentrations of 50
and 100 puM [5]. Moreover, other studies have shown that
the flavonoids found in grapefruit juice inhibit cytochrome
P-450, thereby increasing the bioavailability of felodipine
and nifedipine [6]. In this case it is difficult, however, to
predict the exact concentration of flavonoid expected after
grapefruit juice intake [5]. Furthermore, a recent paper
showed that there was no change in the hepatic level of
cytochrome P-450 in mice after quercetin consumption [7].
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In our experimental models [8], the concentrations of
quercetin (1-10 pif) potentiating the effect of Adriamycin
(ADR) on the growth of MCF-7 ADRr cells and reversing
ADR resistance “in vitro” [probably by modulating P-
glycoprotein (Pgp) activity] are 5- to 10-fold lower than
those (50— 100 pM) inhibiting 50% of CYP3A activity [5].
As far as flavonoid toxicity in human is concerned, a
plasma concentration of 12 WM quercetin, which is similar
to that effective “in vitro” in potentiating ADR activity, has
been achieved by intravenous injection of 100 mg without
the production of any apparent side effect {9]. Tt should also
be noted that because of its scavenging and antiperoxidative
activity, silybin, the main component of the flavonoid
silymarin, is used as a hepatoprotector “in vivo” [10].

Quercetin enhances the detoxification process in the
liver by reducing lipid peroxides and increasing glutathi-
one-S-transferase activity [11]. Moreover, these effects of
quercetin, together with its ability to inhibit cytocrome P-
450, can interfere with the initiation and promotion phases
of the carcinogenetic process and, thus, determining the
chemopteventive potential of dietary bioflavonoids [3, 11,
12]. It is also noteworthy that in nude mice, quercetin-
cisplatin (cis-DDP) combined treatment reduced tumor
growth to a significantly greater degree than did cis-DDP
alone, with no significant increase in toxicity being ob-
served for the combined treatment as compared with treat-
ment with cis-DDP alone [13].

We share Dr. Sarkar’s opinion that therapeutic applica-
tion of quercetin, particularly in combination with che-



