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ABSTRACT

The aim of the present study was to compare the ability of the myricetin and quercetin to modulate the oxidative DNA
damage induced by 2-amino-3, 8-dimethylimidazo [4,5-f] quinoxaline (8-MelQx), 2-amino-3, 4, 8-trimethylimidazo [4,
5-fl-quinoxaline (4,8-diMelQx) and 2-amino-1-methyl-6-phenyl-imidazo [4,5-b] pyridine (PhIP), in human hepatoma
cells. DNA damage (strand breaks and oxidized purines/pyrimidines) was evaluated by the alkaline single-cell gel elec-
trophoresis or comet assay. None of the myricetin and quercetin concentrations tested protected against 8-MelQx, 4,
8-diMelOx and PhIP-induced DNA strand breaks. The oxidized pyrimidines induced by 4, 8-diMelQx and PhIP were
reduced by myricetin but not by quercetin. Quercetin reduced the oxidized purines induced by 8-MelQx and PhIP, while
myricetin also reduced the induced by 4, 8-diMelQx. One feasible mechanism by which myricetin and quercetin exert
their protective effect towards HCAs-induced oxidative DNA could be related in part to the reduction of human
CYP1A1. Another mechanism claimed to be responsible for the protective effect of myricetin and quercetin is the induc-
tion of phase Il metabolizing enzymes such as UDP-glucuronyltrasferase (UGT). The ethoxyresorufin O-deethylation
(CYP1A41) activity was moderately inhibited by myricetin, while little effect was observed by quercetin. On the contrary,
quercetin showed the greatest increase on UDP-glucuronyltransferase activity. However, these are not the only mecha-
nisms by which myricetin and quercetin exert their protective effect, other mechanisms such as stimulation of the repair
of carcinogen-induced DNA damage and or the free radical scavenging efficiency have been also implicated. In con-
clusion, our results clearly indicate that myricetin was more efficient than quercetin to prevent DNA damage (oxidized
purines and pyrimidines) induced by the three HCAs evaluated. This protective effect depends on the chemical structure
of flavonoid and the mutagen studied.
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1. Introduction of flavonoids is also mediated by oxidation through cy-
tochrome P450 (CYP) enzymes and conjugation through
glucuronidation, sulfation and methylation [4]. Flavon-
oids are widely recognized as naturally occurring anti-
oxidants, and they are suggested to act as chemopreven-
tive compounds against tumors and cancer [5,6].

Strong and consistent epidemiologic evidence suggests a
diet that includes regular consumption of fruits and vege-
tables, significantly reduces the risk of many cancers [1].
Flavonoids are polyphenolic compounds, ubiquitous in

plants, and found in significant quantities in vegetables, ) ) i g / o
fruits, seeds, nuts and beverages such as tea and wine. Evidence from epidemiologic and animal studies indi-

Myricetin occurs in many plant-derived foodstuffs, nota- cates that several cancers may be related to heterocyclic
bly tea, grapes and cranberries, while quercetin is found amines (HCAs) intake [7]. The evidence is stronger for

mainly in onions, apples and tea [2]. These flavonoids colorectal, breast, pancreas, prostate, lung, larynx, liver,
constitute an important group of phytochemicals that and renal cancers as well as lymphomas [8,9]. To date,
gained increased research attention since it was found ~ more than 20 different HCAs have been identified in
that they could exert anticarcinogenic, antimutagenic, anti- cooked foods [7] and they can be classified into twomain
inflammatory, and antiviral actions [3]. The metabolism groups called carbolines and aminoimidazoazaarenes
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(AIAs) [10]. AIAs are formed at the normal cooking
temperatures of 100°C - 225°C while heating foodstuffs
in the presence of creatinine, aminoacids and sugar in-
volving Maillard reaction [11]. Among those, 2-amino-3,
8-dimethylimidazo [4,5-f] quinoxaline(8-Melx)2-amino-3,
4, 8-trimethylimidazo [4,5-f]-quinoxaline (4,8-diMelQx)
and 2-amino-1-methyl-6-phenyl-imidazo [4,5-b] pyridine
(PhIP) are the most abundant [12]. They were catego-
rized by the International Agency for Research on Can-
cer (IARC) in Group 2B: possibly carcinogenic to hu-
mans [13]. The AIAs require metabolic activation in or-
der to exert its carcinogenicity [9]. HCAs are metabo-
lized mainly by cytochrome P450 1A1 [14] to an N-OH
intermediate and further metabolised by a series of con-
jugating enzymes to further activating or detoxifying,
depending on the specific compound [15]. These reactive
enzymatic products presumably act as a reactive free
radicals that bind almost exclusively to the C-8 of gua-
nine, causing DNA adducts, mutations, chromosomal
abnormalities, and cancer [9,16]. Thus, the study of mo-
dulating species to control HCAs activity is an important
area of interest [17].

The single cell gel electrophoresis (SCGE) or Comet
assay has been established as a suitable method for asse-
sing the ability of phytochemicals to protect cells against
genotoxic effect of several xenobiotics [18]. In this study,
we used the Comet assay with the lesion-specific en-
zymes endonuclease III (Endo III) and formamido-
pyrimidine DNA glycosylase (Fpg) that provide informa-
tion on endogenous formation of oxidized pyrimidines
and purines respectively. The human hepatoma cell line
(HepG2) was used, since HepG2 cells are an excellent
tool to detect genotoxic properties of environmental and
dietary chemicals [19]. However, the levels of most
phase I enzymes are low in HepG2 cells [20]. As a con-
sequence, in this study microsomes from baculovirus
infected cells expressing human CYP1Al were used to
evaluate one feasible mechanism by which flavonoids
exerted its possible protective effects. In addition, micro-
somes from baculovirus-infected cells expressing human
UDP-glucuronyltransferase (UGT1A4) have been also
used.

The study of the reactions of flavonoids constituents of
the diet with HCAs is an area of great promise in cancer
preventive strategies. Thus, the aim of this study was to
compare the ability of the myricetin and quercetin to
modulate the oxidative DNA damage induced by HCAs
in human hepatoma cells, using the single-cell gel elec-
trophoresis (SCGE) assay.

2. Material and Methods
2.1. Chemicals
Quercetin, myricetin, dimethyl sulfoxide (DMSO) and
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low melting point agarose (LMP) were purchased from
Sigma-Aldrich (St. Louis, MO). 2-amino-3, 8-dimethyl
imidazo [4,5-f] quinoxaline (8-MelQx), 2-amino-3.4,8-
trimethyl -3H-imidazo [4,5-f] quinoxaline (4,8-diMelQx)
and 2-amino-1-methyl-6-phenylimidazo [4,5-b] pyridine
(PhIP) (Figure 1) were purchased from Toronto Re-
search Chemicals Inc. (North York, On. Canada). For-
mamidopyrimidine-DNA glycosylase (Fpg) and endonu-
clease III (Endo III) were obtained from Trevigen Inc.
(Gaithersburg, MD). All other chemicals and solvents
were of the highest grade commercially available. HCAs
and flavonoids were dissolved in sterile DMSO. The
stock solutions were stored deep frozen (—80°C).

2.2. HepG2 cells

Human hepatocellular carcinoma (HepG2) cells were
purchased from Biology Investigation Center Collection
(BIC, Madrid, Spain). Only cells of passage 10 - 17 were
used in the experiments. Cells were cultured as mono-
layer in Dulbecco’s Modified Eagle Medium supple-
mented with 10% v/v heat inactivated fetal calf serum,
50 U/ml penicillin and 50 g/ml streptomycin and 1% v/v
L-glutamine. Culture medium and supplements required
for the growth of the cells were purchased from Gibco
Laboratories (Life Technologies, Inc., Gaithersburg, MD
20884-9980). Cell cultures were incubated at 37°C and
100% humidity in a 5% CO, atmosphere.

2.3. Human Microsomes

Microsomes from baculovirus-infected insect cells ex-
pressing human CYP1A1 + cytochrome b5 and UGT1A4
were obtained from Gentest (Woburn, MA).

2.4. Analysis of DNA Damage Induced by a
Simultaneous Treatment of HCAs and
Myricetin or Quercetin in the Alkaline
Comet

Throughout the genotoxicity studies, viability was de-
termined by the MTT (3-(4, 5-dimethylthiazo-2-yl)-2,
S-diphenyltetrazolium bromide) assay in order to select
non-toxic concentrations of chemicals and only cultures
with a cell viability of more than 80% were used for
analysis [21]. The SCGE assay was carried out according
to the protocol of Olive ef al. [22] with minor modifica-
tions. Induction of DNA damage (strand breaks and oxi-
dative DNA damage) by myricetin and quercetin [21]
and by 2-amino-3, 8-dimethylimidazo [4,5-f] quinoxaline
(8-MelQx), 2-amino-3, 4, 8-trimethyl-3H-imidazo [4,5-f]
quinoxaline (4, 8-diMelQx) and 2-amino-ethyl-6-pheny-
limidazo [4,5-b] pyridine (PhIP) has been previously
evaluated [23].

Briefly, HepG2 cells were plated on to multiwell sys-
tems at a density of 1.5 x 10° cells/ml culture medium.
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Figure 1. Chemical structures of heterocyclic amines used
in this study; (a) 2-amino-3, 8-dimethylimidazo [4,5-f] qui-
noxaline (8-MelQx), (b) 2-amino-3, 4, 8- trimethyl-3H- imi-
dazo [4,5-f] quinoxaline (4, 8-di MelQx) and (c) 2-amino-1-
methyl-6-phenylimidazo [4,5-b] pyridine (PhIP).

24 h after seeding, cells were exposed to myricetin (0.1 —
5 M), or quercetin (0.1 - 5 M) or solvent, for another 24 h
at 37°C and 5% CO, The solvent concentration in the
incubation medium never exceeds 0.1%. After incubation,
cells were simultaneously treated with: (1) 8-MelQx
(500 M) and myricetin (0.1 - 5 M) or quercetin (0.1 - 5 M)
or (2) 4, 8-diMelQx (200 M) and myricetin (0.1 - 5 M) or
quercetin (0.1 - 5 M) or (3) PhIP (300 M) and myricetin
(0.1 - 5 M) or quercetin (0.1 - 5 M). Then plates were
incubated for another 24 hr at 37°C and 5% CO,. After
treatments, 10 1 of a suspension 1 x 10° cells were mixed
with 70 1 of LMP agarose type VII (0.75% concentration
in PBS), distributed on slides that had been pre-coated
with LMP agarose type VII (0.30% concentration in
PBS), and left to set on an ice tray. Three slides were
prepared for each concentration of the compound tested,
one slide for control and the others slides to be treated
with Fpg or Endo III. After solidification, cells were
lysed in darkness for 1 hour in a high salt alkaline buffer
(2.5M NaCl, 0.1 M EDTA, 0.01 M Tris, 1% Triton X-
100, pH 10). The slides were then equilibrated 3 x 5
minutes in enzyme buffer (0.04 M HEPES, 0.1 M KCI,
0.5 mM EDTA, 0.2 mg/ml BSA, pH 8). After this time,
slides were incubated with 30 1 of Fpg or Endo III at
I g/ml in enzyme buffer for 30 min at 37°C in a humid
dark chamber. Control slides were incubated with 30 1 of
enzyme buffer only. Following enzyme treatment, the
slides were placed in electrophoresis buffer (0.3 M NaOH,
1 mM EDTA, pH 13, cooled in a refrigerator) in dark-
ness for 40 min. Electrophoresis was performed in a
cold-storage room, in darkness, in a Bio-Rad subcell GT
unit containing the same buffer, for 30 min at 25 V. After
electrophoresis, the slides were neutralized using 0.4 M
Tris pH 7.5 and fixed in methanol. Subsequently, the
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DNA was stained with ethidium bromide (10 g/ml) in
Tris acetate EDTA (TAE 1X) during 5 minutes and exa-
mined in a fluorescence microscope (OLYMPUS BH-2)
connected to a computerized image analysis system (Co-
met ScoreTM 1.0). Olive tail moment (OTM), as defined
by Olive et al. [22], was determined and expressed as
arbitrary units (AU). OTM =1 x L, where I is the frac-
tional amount of DNA in the comet tail (%DNA in the
tail) and L is the distance from the centre of the comet
head to the centre of tail distribution.

2.5. Ethoxyresorufin O-Deethylation Assay

Deethylation of ethoxyresorufin to resorufin was de-
tected with fluorescence spectroscopy according to the
standard ethoxyresorufin O-deethylation (EROD) assay
for CYP1AL1 activity [24]. A 2 ml reaction mixture con-
taining 2.5 pmol CYP1A1, 1.3 mM NADP+, 3.3 mM
glucose-6-phosphate, 0.4 IU/ml glucose-6-phosphate de-
hydrogenase, 3.3 mM magnesium chloride and 1 g/ml
ethoxyresorufin in 100 mM potassium phosphate (pH 7.4)
was incubated at 37°C for 30 min. For inhibition study,
these assays were evaluated with myricetin and quercetin
concentrations of (0.1 - 5 M) used in the comet assay.
After incubation, the fluorescence was determined with
excitation at 550 nm and emission at 586 nm in a spec-
trofluorometer. The activity was quantified comparing to
a standard curve for resorufin. The amount of resorufin
formed was determined from a calibration curve con-
taining known amounts of this compound. a-Naphthofla
vone (10 M, 23% ethoxyresorufin O-deethylation activi-
ty) was shown to be a potent specific inhibitor of eth-
oxyresorufin O-deethylation [25].

2.6. 4-Methylumbellipherone Glucuronidation
Assay

The equations UGT1A4 activity can be determined with
different substrates and, among them 4-methyl umbelli-
pherone is the most sensitive and can be used to quantify
glucuronidation in vitro. The assay is based on the dif-
ferent fluorescence properties showed by 4-methylum-
bellipherone and its conjugate 4-methylumbellipheryl-£,
D-glucuronide [26]. A sample 100 g of human UGT1A4
is incubated at 37°C in 0.5 ml of 0.1 M Tris—HCI buffer
(pH 7.4) containing 5 mol MgCl, and 0.5 mol 4-methy-
lumbellipherone. For glucuronidation studies, these as-
says were evaluated with the concentrations of myricetin
and quercetin (0.1 - 5 M) used by the comet assay. The
reaction is started by the addition of 1.5 mol UDP-glu-
curonic acid and stopped 10 min after by addition of 0.5 ml
of 0.5 M perchloric acid. Unreacted subs- trate is ex-
tracted with 2 ml of chloroform. After centrifugation at
1000 x g for 10 min, 0.5 ml of the upper water phase
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containing the glucoronide is transferred to another tube
and 0.5 ml of 1.6 M glycine/NaOH (pH 10.3) is added.
Fluorescence is measured at 368 nm excitation and 456 nm
emissions. The amount of 4-methylumbellipheryl-$, D-
-glucuronide formed was determined from a calibration
curve containing known amounts of this compound.
Incubations without myricetin or quercetin were con-
sidered as negative controls (100% enzyme activity). In-
cubations with myricetin or quercetin relative to the ne-
gative control were calculated and expressed as percen-
tage of enzyme activity (% residual activity) = Aj/Aqy X
100, where A, is the absorbance of incubations with fla-
vonoids and A, is the absorbance of negative control.

2.7. Statistical Analysis

Images of 50 randomly selected cells per concentration
were evaluated and the test was carried out three times.
The reported OTM is the mean + standard deviation
(S.D.) of three independent experiments. Thus, we com-
pare three mean of OTM from three independent expe-
riments. Cultures without HCAs or flavonoids were con-
sidered as negative controls. In all experiments the fol-
lowing negative controls have been included: cells treated
with solvents and treated without enzymes, cells incu-
bated with Endo IIT and cells incubated with Fpg. Induc-
tion of DNA damage by HCAs was defined as 100% of

10

genotoxicity. The Student’s t-test was used for statistical
comparison between simultaneous treatments and con-
trols, and differences were considered significant at p <
0.05.

3. Results

3.1. DNA Damage (Strand Breaks and Oxidized
Purines/Pyrimidines) Induced by
Simultaneous Treatment of 8-MelQx,
4,8-di MelQx or PhIP and Myricetin or
Quercetin in the Alkaline Comet Assay

Human Induction of DNA damage (strand breaks and
oxidative DNA damage) by myricetin and quercetin [21]
or by HCAs has been previously evaluated [23]. Results
indicated that none of the myricetin (0.1 - 5 M) and
quercetin (0.1 - 5 M) concentrations tested in presence or
absence of Fpg or Endo III, caused DNA damage per se.
The concentrations of 8-MelQx, 4, 8-diMelQx and PhIP
required to cause a significant increase in DNA damage
were 500 M, 200 M and 300 M respectively. For this
reason these concentrations range was used in subsequent
studies.

The effect of myricetin or quercetin on 8-MelQx,
-induced DNA damage in HepG2 cells is shown in Fig-
ure 2. Myricetin or quercetin did not protect HepG2 cells
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Figure 2. Effect of myricetin and quercetin on 8-MelQx-induced DNA damage in human HepG2 cells. OTM median values in
control cells without enzymes and incubated with Endo III or Fpg were 1.71 + 0.22 AU, 1.96 £+ 0.32 AU, 2.09 £ 0.20 AU, re-
spectively. (a) (O) Cells treated with 8-MelQx and incubated without enzymes. (Ld) Cells treated with 8-MelQx and myricetin
or quercetin incubated without enzymes. (b) (O) Cells treated with 8-MelQx and incubated with Endo III. (H) Cells treated
with 8-MelQx and and myricetin or quercetin and incubated with Endo III. (c) (O) Cells treated with 8-MelQx and incubated
with Fpg. (l) Cells treated with 8-MelQx and myricetin or quercetin and incubated with Fpg. Asterisks indicate significant

difference from control *P < 0.05.
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towards 8-MelQx -induced DNA strand breaks and the
formation of Endo sensitive sites (Figures 2(a) and 2(b)).
However, myricetin (0.1 - 5 M) or quercetin (0.1 - 1 M)
reduced the formation of Fpg sensitive sites (Figure 2(c))
induced by 8-MelQx (26.2% - 24.2% and 32% - 26.7%,
respectively).

Figure 3 shows the effect of myricetin or quercetin on
4,8-diMelQx-induced DNA damage in HepG2 cells. My-
ricetin did not protect HepG2 cells towards 4,8-diMel-
Qx-induced DNA strand breaks. On the contrary my-
ricetin increased the genotoxic effect caused by 4,8-di-
MelQx (Figure 3(a)). The formation of Endo III (17.3%)
and Fpg (27.2%) sensitive sites induced by 4,8-diMelQx
(Figures 3(b) and 3(c)) was only reduced at the lowest
con- centration of myricetin (0.1 M). None of the
quercetin concentrations tested reduced the DNA strand
breaks and the formation of Endo III and Fpg sensitive
sites induced by 4,8-diMelQx (Figures 3(a), 3(b) and
3(c)).

The protective effect of myricetin or quercetin on PhIP-

induced DNA damage is shown in Figure 4. Myricetin
did not protect HepG2 cells towards PhIP-induced DNA
strand breaks. The formation of Endo III (23.4%) and
Fpg sensitive sites (34.6% - 18.4%) induced by PhIP was
prevented by myricetin at all concentrations tested (0.1 —
5 M). However, quercetin (0.1 - 5 M) only reduced the
formation of Fpg sensitive sites (29.6% - 41.9%).

3.2. Determination of Enzyme Activity

The effect of quercetin on ethoxyresorufin O-deethyla-
tion (CYP1A1) activity is shown in Figure 5. The results
revealed that CYP1A1 activity decreases with increasing
concentrations of myricetin and quercetin. The maximum
inhibition of ethoxyresorufin activity was observed at 5 M
myricetin and querctin (36.6 and 21.5%, respectively).
Finally, Figure 6 shows the effect of myricetin or qu-
ercetin on UDP-glucuronyltransferase (UGT1A4) acti-
vity. UGT1A4 activity increased with increasing concen-
trations of quercetin (1 - 5 M, 36 - 65%, Figure 6).
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Figure 3. Effect of myricetin and quercetin on 4,8-diMelQx-induced DNA damage in human HepG2 cells. OTM median val-
ues in control cells without enzymes and incubated with Endo III or Fpg were 1.71 &+ 0.22 AU, 1.96 + 0.32 AU, 2.09 + 0.20 AU,
respectively. (a) (O) Cells treated with 4,8-diMelQx and incubated without enzymes. (td) Cells treated with 4,8-diMelQx and
myricetin or quercetin incubated without enzymes. (b) (O) Cells treated with 4,8-diMelQx and incubated with Endo III. (B)
Cells treated with 4,8-diMelQx and and myricetin or quercetin and incubated with Endo III. (c) (O) Cells treated with
4,8-diMelQx and incubated with Fpg. (H) Cells treated with 4,8-diMelQx and myricetin or quercetin and incubated with Fpg.
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Asterisks indicate significant difference from control *P < 0.05.
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Figure 4. Effect of myricetin and quercetin on PhIP-induced DNA damage in human HepG2 cells. OTM median values in
control cells without enzymes and incubated with Endo III or Fpg were 1.71 £ 0.22 AU, 1.96 + 0.32 AU, 2.09 + 0.20 AU, re-
spectively. (a) (O) Cells treated with PhIP and incubated without enzymes. ((d) Cells treated with PhIP and myricetin or
quercetin incubated without enzymes. (b) (O) Cells treated with PhIP and incubated with Endo III. (H) Cells treated with
PhIP and myricetin or quercetin and incubated with Endo III. (c¢) (O) Cells treated with PhIP and incubated with Fpg. (l)
Cells treated with PhIP and myricetin or quercetin and incubated with Fpg. Asterisks indicate significant difference from

control *P < 0.05.
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Figure 5. Effect of (®) quercetin and (m) myricetin, on eth-
oxyresorufin O-deethylation activity (CYP1A1). Values are
mean of three samples + SD and are expressed relative to

the control (without inhibition). Asteriks indicate significant
difference from control **P < 0.01, *P < 0.05.

However, myricetin at all concentrations tested, did not
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increased the UDP-glucuronyltransferase activity.
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Figure 6. Effect of (o) quercetin and (m) myricetin, on UDP-
glucuronyltransferase (UGT1A4) activity. Values are mean
of three samples £ SD and are expressed relative to the
control (without inhibition). Asteriks indicate significant
difference from control **P < 0.01, *P <0.05.
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4. Discussion

The aim of the present study was to compare the ability
of the myricetin and quercetin to modulate the oxidative
DNA damage induced by HCAs in human hepatoma
cells using the single-cell gel electrophoresis (SCGE)
assay. This in vitro model is often used to study antioxi-
dant defense mechanisms, as they express important pro-
tective enzymes against oxidative stress [27].

HCAs are potent genotoxins in bacterial and mama-
lian cell assays and exert strong carcinogenic effects in
ex perimental animals [28]. Regarding the mechanisms
of DNA damage by carcinogenic HCAs, DNA adduct

formation has been considered to be a major causal factor.

But the DNA adducts themselves may not be sufficient
for the carcinogenic action, oxidative DNA damage also
may play a role in carcinogenesis [29]. DNA oxidized
bases are potentially mutagenic and so, are implicated in
this process [18]. HCAs are believed to form DNA oxi-
dized forms that stem from simultaneous formation of
reactive oxygen species (ROS) during the hepatic meta-
bolism by CYP450 enzymes [30]. Our previous results
[23] also support this hypothesis indicating the presence
of oxidized pyrimidines and purines bases respectively,
induced by HCAs.

The mutagenic potency of HCAs is dependent upon
the chemical structure and the ability of the HCAs to
undergo N-oxidation to form the reactive nitrenium ion
[31]. Nevertheless, a number of strong correlations have
been found between the mutagenic potency and indivi-
dual chemical properties. The number of fused rings, the
number of heteroatoms in the non-imidazole ring, N-
methyl substitution on the imidazole ring, the methyl
substitution on ring carbon atoms, and the extent of the pi
electron system, with smaller contributions from dipole
moment, the calculated stability of the nitrenium ion, and
hydrophobicity were important determinants in the car-
cinogenic and mutagenic potencies of HCAs [31].

Genetic damage, which can lead to mutations, is a cru-
cial event for the initiation of carcinogenesis, so that its
inhibition can be the key step in cancer prevention [32].
Flavonoids have an important activity as antioxidants and
also remarkable role on carcinogen activation in vivo and
on carcinogenesis [33,34]. Myricetin and quercetin are
two of the most frequently studied flavonoids in the class
of flavonols [2].

In the present study, myricetin (3, 3°, 4°, 5, 5°, 7-hexa-
hydroxyflavone) and quercetin (3, 3°, 4°, 5, 7-pentahy-
droxyflavone) did not protect against HCAs- induced
DNA strand breaks. The oxidized reduced by myricetin
but not by quercetin. Quercetin reduced the oxidized
purines induced by 8-MelQx and PhIP, while myricetin
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reduced also the induced by 4,8-diMelQx. This variable
effect of quercetin against oxidized pyrimidines and pu-
rines induced by HCAs is surprising given the similar
chemical structure of quercetin and myricetin. Genetic
damage, which can lead to mutations, is a crucial event
for the initiation of carcinogenesis, so that its inhibition
can be the key step in cancer prevention [32]. Flavonoids
have an important activity as antioxidants and also a re-
markable role oncarcinogen activation in vivo and on
carcinogenesis [33,34]. Myricetin and quercetin are two
of the most frequently studied flavonoids in the class of
flavonols [2]. Quercetin and myricetin structures differ
only by a hydroxyl group at the myricetin 5° position.
That gives rise to easily release an additional reducing
agent from the B-ring hydroxyls and to form a more sta-
ble o-quinone [35]. Several groups established that the
antioxidant activity of flavonols depends on the numbers
of hydroxyl groups and their locations in the B ring [36,
37].

This feature in chemical structure, may give a better
protective effect of myricetin than quercetin against
HCAs-induced oxidative DNA damage. This indicates
that only an additional hydroxyl group at position 5’ in
the chemical structure of myricetin would significantly
affect the biological activity against HCAs. Thus, the
protective effect of flavonols against the mutagens tested
is close related to the number of hydroxyl groups in their
structure. These results are supported by previous works
of our research group [21] where myricetin and quercetin
were evaluated against N-nitrosamines and benzo (a) py-
rene (BaP)-induced DNA damage. Myricetin protected
against oxidized pyrimidines induced by BaP and N.ni-
trosodimethylamine and towards oxidized pyrimidines
and purines induced by N-nitrosopyrrolidine. However,
quercetin did not protect against oxidized purines in-
duced by N-nitrosamines and BaP. In addition, the pro-
tective effect of myricetin and quercetin was higher to-
wards BaP than against N-nitrosamines. In the present
study, myricetin was more efficient than quercetin to
prevent DNA damage (oxidized purines and pyrimidines)
induced by the three HCAs evaluated. Thus, the presence
and number of polyhydroxyl groups in the chemical
structure and/or the kind of mutagen used to induce DNA
damage has an important role in the protective effect
against N-nitrosamines and benzo (a) pyrene (BaP)-in-
duced DNA damage. Myricetin protected against oxi-
dized pyrimidines induced by BaP and N.nitrosodime-
thylamine and towards oxidized pyrimidines and purines
induced by N-nitrosopyrrolidine. However, quercetin did
not protect against oxidized purines induced by N-nitro-
samines and BaP. In addition, the protective effect of
myricetin and quercetin was higher towards BaP than
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against N-nitrosamines. In the present study, myricetin
was more efficient than quercetin to prevent DNA dam-
age (oxidized purines and pyrimidines) induced by the
three HCAs evaluated. Thus, the presence and number of
polyhydroxyl groups in the chemical structure and/or the
kind of mutagen used to induce DNA damage has an
important role in the protective effect.

The cancer protective effects of flavonoids have been
attributed to a wide variety of mechanisms, including the
free radical scavenging ability [32]. Other mechanism
proposed to explain this protective effect might also in-
clude inhibition of phase I metabolizing enzymes, such
as CYP450, which metabolically activates procarcino-
gens to reactive intermediates that trigger carcinogenesis
[5]. The HCAs require a two-step metabolic activation to
DNA-reactive genotoxins, and also lead to an oxidative
modification of DNA [38]. Several authors reported that
flavonoids could inhibit cancer at the initiation phase
through down-regulation of CYP450, a phase I metabo-
lizing enzyme [39,40]. As a general rule, flavonoids
possessing hydroxyl groups inhibit CYP-dependent mo-
nooxygenase activity, whereas those lacking hydroxyl
groups can stimulate the enzyme activity [41]. In the
present work, we showed that the protective effect of
myricetin and quercetin towards DNA damage could be
related to the reduction of CYP1A1 activity. CYP450
enzymes belonging to the CYP1A family are highly in-
ducible by HCAs [42] and our results showed that human
CYPIAL1 activity was moderately reduced by myricetin
while little effect was observed by quercetin. Accor-
dingly, the protective effect of myricetin, and quercetin
towards HCAs-induced oxidative DNA damage could be
related in part to the reduction of human CYPIAL.
However this is not the only mechanism by which my-
ricetin and quercetin exert their protective effect, other
mechanisms such as stimulation of the repair of carcino-
gen-induced DNA damage and or the free radical scav-
enging efficiency [43] have been also implicated. In ad-
dition, not well correlation between human CYPs inhibi-
tion and inhibition of DNA damage-induced by HCAs
could be attributed to the incubation of polyphenols with
P-450 enzymes under cell-free conditions, such as micro-
somes from baculovirus-infected insect cells expressing
human CYP1AL, instead living cells (HepG2 cells) as in
the comet assay.

Finally, another mechanism claimed to be responsible
for the protective effect of myricetin and quercetin is the
induction of phase II metabolizing enzymes such as
UDP-glucuronyltrasferase (UGT) by which carcinogens
are detoxified and therefore more readily eliminated from
the body. Thus, activation of phase II detoxifying en-
zymes represents one mechanism of their anticarcino-
genic effects [44]. Our results showed quercetin as the

Copyright © 2011 SciRes.

most potent inducer of UGT1A4 activity. However,
myricetin at all concentrations tested, did not increase the
UDP-glucuronyltransferase activity. In conclusion, our
results clearly indicate that myricetin was more efficient
than quercetin to prevent oxidative DNA damage (oxi-
dized purines and pyrimidines) induced by HCAs evalua-
ted. This protective effect depends on the chemical struc-
ture of flavonoid and the mutagen studied.
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