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Fig. 8. Effect of diosmin and diosmetin on the binding of activated AhR to the XRE
of CYPIAI. MCF-7 cells were treated with DMSO (control), 1 um BP, or the indicated
concentrations of diosmin or diosmetin for 3 h. Nuclear protein was isolated, and the
amount of activated AhR in 5 pg of protein was measured by EMSA. For competition
(Lanes 13-15), nuclear extract of cells treated with 5 um diosmin (Lanes 11 and 12) was
incubated with an excess of unlabeled XRE, unlabeled AP-2 probe, or an antibody to the
AhR.

enzyme activity in a noncompetitive fashion, implying that diosmetin
acted at an allosteric site on the enzyme. The inhibitory effect of
diosmetin accounts for the decrease in metabolic activation of DMBA
in cells treated with diosmetin.

The increase in adduct formation and cytotoxicity of DMBA in
diosmin-treated cells, on the other hand, could result from increased
activation of DMBA due to elevated CYP1A1 enzyme activity. Ac-
cordingly, we investigated the effect of diosmin on CYP1A1 activity
in the cells. Diosmin caused a dose- and time-dependent increase in
CYP1Al1 enzyme activity (Fig. 4, A and B). This increase was greater
and more sustained than that induced by DMBA, although it was less
than that induced by BP, an aryl hydrocarbon known to be a potent
inducer of CYP1A1 (Fig. 5). We further demonstrated that the induc-
tion of CYP1Al activity by diosmin was completely blocked by the
protein synthesis inhibitor cyclohexamide (data not shown), indicating
that the increase in enzyme activity was dependent on new CYP1A1l
apoprotein synthesis. Diosmin also increased the levels of CYPIAI
mRNA in a dose- and time-dependent manner (Figs. 6 and 7, respec-
tively). This was blocked by the RNA polymerase inhibitor actino-
mycin D (data not shown), indicating that the increase in CYPIAI
mRNA induced by diosmin required de novo RNA synthesis by
transcriptional activation. Diosmetin also caused an increase in
CYPIAI mRNA, although it was a less potent inducer than diosmin.
EROD activity increased in intact cells treated with diosmetin, albeit
in a biphasic manner (Fig. 4B). In our assay of cellular EROD activity,
although exogenous diosmetin is removed before the assay, residual
intracellular diosmetin remains, particularly in cells treated with
higher concentrations, which would inhibit EROD activity, thus pro-
ducing a biphasic response.

Transcriptional activation of the CYPIAI gene and the subsequent
increase in CYP1A1 enzyme activity in cells and tissues are mediated
by the AhR. We tested whether diosmin and diosmetin could activate
the AhR by isolating nuclear protein from cells treated with diosmin
or diosmetin and subjecting it to EMSA using a labeled oligonucleo-
tide containing the XRE of CYPIAI (Fig. 8). There was a dose-
dependent increase in AhR-specific band shift in nuclear protein
isolated from diosmin- or diosmetin-treated cells compared with that
of controls. This result indicates that these flavonoids can activate the

AhR, causing it to translocate to the nucleus and gain DNA-binding
activity.

Our studies demonstrate that diosmin and diosmetin act as agonists
of the AhR that are capable of activating the receptor, inducing
CYPIAI transcription, and increasing CYP1A1l enzyme activity in
MCF-7 human breast carcinoma cells. The known agonists of the
AhR, with the exception of indolo[3,2-b]carbazole [a natural com-
pound found in some vegetables (40)] and the marine neurotoxin
brevetoxin 6 (41), are man-made contaminants such as 2,3,7,8-tetra-
chlorodibenzo-p-dioxin and BP, synthetic compounds such as the
drug omeprazole (42), or napthoflavones (43, 44). Our results suggest
that natural dietary flavonoids such as diosmin and diosmetin may
also be AhR agonists. This is supported by the findings of Siess ef al.
(45) and Canivenc-Lavier et al. (46), which demonstrated that
tangeritin, a natural flavonoid also found in Citrus fruit, induced
hepatic EROD activity and other enzyme activities associated with
AhR-mediated signal transduction in rodents.

Because increased CYP1AL1 activity results in increased metabolic
activation of PAHs (and hence, genotoxicity), the established chemo-
preventive effect of diosmin may depend on two factors: (@) in
addition to CYPIAI, activation of AhR-mediated signal transduction
also causes the transcriptional activation of a number of Phase II
enzymes, including glutathione S-transferase and NADPH-quinone
reductase (47). In tissues, stimulation of AhR-mediated transcriptional
activation by diosmin or diosmetin may result in the simultaneous
increase of both CYP1A1 and the Phase II enzymes, resulting in
increased detoxification of PAHs, thus producing a chemopreventive
effect. In MCF-7 cells, however, metabolic activation (as measured by
adduct formation) increases with increasing CYP1A1 enzyme activ-
ity. Therefore, the parent compound diosmin may not be chemopre-
ventive; and (b) conversion of diosmin to its aglycone form diosmetin.
As mentioned earlier, Cova et al. (21) showed that diosmetin is the
primary circulating form of the flavonoid in humans, and that there is
extensive uptake of diosmetin by the tissues. Thus, the chemopreven-
tive effect of dietary diosmin may actually be due to the potent
inhibitory activity of diosmetin on metabolic activation.
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