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Abstract—Starting from the interaction of galangin (3,5,7-trihydroxyflavone) with a cytosolic nucleotide-binding domain of P-gly-
coprotein, a series of flavonol derivatives was synthesized and tested for their binding affinity towards the same target. The 5,7-
dihydroxy-4'-iodoflavonol and 5,7-dihydroxy-4'-n-octylflavonol derivatives displayed much higher binding affinities, with respective
increases of 6- and 93-fold as compared to galangin. © 2000 Elsevier Science Ltd. All rights reserved.

There is now general consensus that one of the major
mechanisms by which tumor cells become resistant to
several of the most efficient anticancer drugs presently
available is a decreased intracellular drug bioavail-
ability. Such a multidrug resistance (MDR) phenotype
has often been correlated to the increased expression of
a 170-kDa plasma membrane glycoprotein (P-gp) which
acts as a cellular ‘pump’ by extruding the anticancer
compounds and preventing their antitumor effect.! Two
intracellular ATP-binding sites have been described in
P-gp and the active export of cytotoxic compounds
requires the energy derived from their ATPase activity.?
Different ways have been undertaken to restore chemo-
sensitivity of the MDR tumor cells to cytotoxic drugs.
Besides attempts to discover anticancer drugs which

would not be transported substrates for P-gp through
maintaining a sufficient activity towards their molecular
target, another pharmacological approach consists of
trying to sufficiently inhibit P-gp pump functioning in
order to restore cell sensitivity to anticancer drugs.>

By using a purified recombinant protein corresponding
to a cytosolic nucleotide-binding domain of P-gp, we
have previously demonstrated that flavonoids are effi-
cient P-gp inhibitors, by binding to cytosolic sites which
partly overlap the ATP-binding site and the modulators
interacting region.* Studies of structure-activity rela-
tionships have concluded that flavones are more efficient
than isoflavones, while flavonols and chalcones are even
more active.
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Hydroxyl groups at positions 3 and 5 are essential for
high-affinity binding to P-gp. In a recent study con-
ducted with chalcones, we have shown that the presence
of a hydrophobic substituent on the B-ring (at 4-posi-
tion; Fig. 1) considerably enhanced the binding affi-
nity.>® However, the instability of chalcones (due to
their cyclization to give inactive flavanones) makes them
less desirables for further studies. In order to prepare
high-affinity and much more stables flavonols to be used
for in vivo studies, we have targeted and synthesized a
series of flavonols (3,5,7-trihydroxyflavones) with
different hydrophobic substituents at the 4’-position.

Chemistry

Flavonols 4 were synthesized in two steps starting from
2,4,6-trihydroxy-ow-methoxyacetophenone 1 (1 was pre-
pared from phloroglucinol and methoxyacetonitrile
according to Wihild and Hase).” Condensation of 1
with an appropriately substituted benzoyl chloride in
the presence of K,COj; in acetone afforded directly the
diketone 2 which was not isolated but cyclized by treat-
ment with AcOH to give 5,7-dihydroxy-3-methoxy-
flavones 3. In one case (R=F), the expected 5,7-
dihydroxy-3-methoxyflavone 3a was not obtained. The
main product was the 7-fluorobenzoyl-5-hydroxy-3-
methoxyflavone. The latter was then treated with KOH
in MeOH to give 3a in a quantitative yield. Demethyla-
tion of methoxyflavones 3 with BBr; in CH,Cl, gave
flavonols 4 (Scheme 1).

Results and Discussion

with NBD2 with a Kp of 5.9 + 0.2 uM. Addition of a
hydroxyl group at position 4’ of the B-ring produced a
slightly negative effect when comparing kaempferol (6.7
+ 0.3 uM) to galangin. On the contrary, the presence of
a hydrophobic methoxy group (in kaempferide) slightly
increased the binding affinity as monitored by quenching
(Kp=5.0 £ 0.2 uM).

As seen from Table 1, no significant effect was produced
by introducing a fluorine in 4a (Kp=6.8 + 0.28 uM),
whereas two chlorine atoms at positions 2’ and 4’ in 4b
produced a positive effect (Kp=4.0 £ 0.23uM). A
much higher increase in affinity was observed by intro-
ducing an iodine in 4d (Kp=1.06 + 0.08 uM), which
was probably due to its hydrophobic character as con-
cluded previously with chalcone derivatives.? Interest-
ingly, an intermediate 3-fold increase in affinity was
observed by replacing the complete B-ring with a
diphenylmethyl substituent in 4c¢. Finally, the most
striking increase in binding affinity was observed by an
octyl group which produced a 93-fold higher affinity in
4e as compared to galangin. The choice of this sub-
stituent relies on our previous study conducted on chal-
cones which shows that an octyl group is the most
optimal substituent, and further increase in the chain
length began to alter the binding. The fact that the
maximal quenching of fluorescence was significantly
reduced (62.1 £+ 3.3%) as compared to all other com-
pounds (>84.6 + 2.0%) might indicate a differently
orientated binding that would differentially modify
tryptophan environment.

Table 1. Role of flavonol B-ring substituents on the binding affinity
for NBD2

P . . Compound R K, AFmax
The binding of flavonols to the purified C-terminal P (ull\j/l) (%)
nucleotide-binding domain (NBD?2) of P-gp was directly Gal o 9100 0l ie
: P ol _ alangin . . 0+1.
measured by the. quenching of protein intrinsic ﬂgores Kaempferol 4-OH 27103 976+ 10
cence due to a single tryptophan residue, as previously Kaempferide 4-OCH, 50402 96.7 + 0.6
described for other classes of flavonoids.* The results of da 4'.F 6.8 + 0.28 91.6+ 1.2
this study are listed in Table 1. 4b 2, 4-Cl 4.0 +£0.23 853+ 1.3
4c PhR =—CH(Ph), 2.0 £0.22 84.6 + 2.0
!
Our lead compound was galangin (3,5,7-trihydroxy- :d , 4l 1-06 +0.08 933+ 2.0
. . e 4'-n-CgH 7 0.057 £+ 0.02 62.1 £ 3.3
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In summary, the binding affinity of eight flavonols to
P-glycoprotein was evaluated by using a purified
domain (NBD2). The potency was dependent on the
hydrophobic substituent on the B-ring. The two most
potent derivatives, 5,7-dihydroxy-4'-iodoflavonol and
5,7-dihydroxy-4'-octylflavonol are being evaluated for
their ability to modulate the MDR.
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