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ABSTRACT: Benzoyl peroxide (BzPO), a free-radical generator, has tumor-promoting activity. As a method
for approaching the mechanism of tumor promoter function, the ability of oxidative DNA damage by
BzPO was investigated by using32P-labeled DNA fragments obtained from the humanp53tumor suppressor
gene and c-Ha-ras-1 protooncogene. BzPO induced piperidine-labile sites at the 5′-site guanine of GG
and GGG sequences of double-stranded DNA in the presence of Cu(I), whereas the damage occurred at
single guanine residues of single-stranded DNA. Both methional and dimethyl sulfoxide (DMSO) inhibited
DNA damage induced by BzPO and Cu(I), but typical hydroxyl radical (•OH) scavengers, superoxide
dismutase (SOD) and catalase, did not inhibit it. On the other hand, H2O2 induced piperidine-labile sites
at cytosine and thymine residues of double-stranded DNA in the presence of Cu(I). Phenylhydrazine,
which is known to produce phenyl radicals, induced Cu(I)-dependent damage at thymine residues but not
at guanine residues. These results suggest that the BzPO-derived reactive species causing DNA damage
is different from•OH and phenyl radicals generated from benzoyloxyl radicals. BzPO/Cu(I) induced 8-oxo-
7,8-dihydro-2′-deoxyguanosine (8-oxodG) formation in double-stranded DNA more effectively than that
in single-stranded DNA. Furthermore, we observed that BzPO increased the amount of 8-oxodG in human
cultured cells. Consequently, it is concluded that benzoyloxyl radicals generated by the reaction of BzPO
with Cu(I) may oxidize the 5′-guanine of GG and GGG sequences in double-stranded DNA to lead to
8-oxodG formation and piperidine-labile guanine lesions, and the damage seems to be relevant to the
tumor-promoting activity of BzPO.

Benzoyl peroxide (BzPO)1 is widely used in variety of
applications, including as an initiator in free-radical-induced
polymerization of monomers to form plastics, as a food
additive, and as a component of acne treatments. BzPO acts
as a tumor promoter and progressor, though it is not an
initiator or complete carcinogen in mouse skin (1, 2). BzPO
enhances the rate of malignant change of benign papillomas
in the skin (3, 4). Several reports have supported generation
of reactive oxygen species and the subsequent oxidative DNA
damage is related to the tumor-promoting activity (5, 6).

The sequence specificity of DNA damage may play a
major role in the mutagenic processing (7). Among the
nucleic acid bases, guanine has the lowest oxidation potential.
We have found that the exposure of DNA to UVA in the
presence of endogeneous photosensitizers can induce hy-
droxylation specifically at C-8 of the 5′ site of GG in double-
stranded DNA (8, 9). A similar photoinduced GG specificity
has been observed in several systems (10-12). The sequence-
specificity for guanine photodamage by type I photooxidation
could be explained in terms of the lower ionization potentials
of stacked guanine base pairs on the basis of theoretical
calculation (13, 14). It is, therefore, very interesting to know
whether the such sequence-specific DNA damage observed
in type I photooxidation also occur in typical free radical-
mediated DNA oxidation.

In this study, we investigated the sequence-specific DNA
damage by BzPO in the presence of metal ion, using32P-
5′-end-labeled DNA fragments obtained from the humanp53
tumor suppressor gene and c-Ha-ras-1 protooncogene. We
also analyzed 8-oxo-7,8-dihydro-2′-deoxyguanosine (8-
oxodG) formation in isolated and cellular DNA treated with
BzPO.
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MATERIALS AND METHODS

Materials.Restriction enzymes (SmaI, EcoRI, ApaI, and
StyI) were purchased from Boehringer Mannheim GmbH.
Restriction enzymes (HindIII, AVaI, and PstI) and T4
polynucleotide kinase were purchased from New England
Biolabs. [γ-32P]ATP (222 TBq/mmol) was from New
England Nuclear (Boston, MA). Diethylenetriamine-
N,N,N′,N′′,N′′-pentaacetic acid (DTPA) and bathocuproinedis-
ulfonic acid were from Dojin Chemicals Co. (Kumamoto,
Japan). BzPO, acrylamide, dimethyl sulfoxide (DMSO),
bisacrylamide, and piperidine were from Wako Pure Chemi-
cal Industries, Ltd. (Osaka, Japan). Ethanol, CuCl, CuCl2,
H2O2, D-mannitol, sodium formate, and phenylhydrazine
were from Nacalai Tesque, Inc. (Kyoto, Japan). Catalase
(45 000 units/mg from bovine liver), SOD (3000 units/mg
from bovine liver), and methional were from Sigma Chemical
Co. (St. Louis, MO).

Preparation of32P-5′-End-Labeled DNA Fragments.DNA
fragments were obtained from the humanp53 tumor sup-
pressor gene (15). The 5′-end-labeled 650-bp fragment
(HindIII *13972-EcoRI *14621) and 460-bp fragment
(HindIII *13038-EcoRI *13507) were obtained by dephos-
phorylation with calf intestine phosphatase and rephospho-
rylation with [γ-32P]ATP and T4 polynucleotide kinase. (The
asterisk indicates32P-labeling.) The 650-bp fragment was
further digested withApaI to obtain a singly labeled 211-bp
fragment (HindIII *13972-ApaI 14182), and the 460-bp
fragment was further digested withStyI to obtain a singly
labeled 118-bp fragment (HindIII *13038-StyI 13155), as

described previously (16). DNA fragment was obtained from
the human c-Ha-ras-1 protooncogene (17). DNA fragment
was prepared from plasmid pbcNI, which carries a 6.6-kb
BamHI chromosomal DNA segment containing the c-Ha-
ras-1 gene, and a singly labeled 337-bp fragment (PstI
2345-AVaI *2681) was obtained according to the method
described previously (18, 19). Nucleotide numbering starts
with the BamHI site (17).

Detection of Damage to Isolated DNA Induced by BzPO
in the Presence of Cu(I).The standard reaction mixture in a
microtube (1.5 mL Eppendorf) contained various concentra-
tions of BzPO, CuCl,32P-labeled DNA fragment, and
sonicated calf thymus DNA in 200µL of 10 mM sodium
phosphate buffer (pH 7.8) containing 2.5µM DTPA. After
incubation at 37°C for the indicated duration, the DNA
fragments were heated at 90°C in 1 M piperidine for 20
min where indicated and treated as previously described (18,
19).

The preferred cleavage sites were determined by direct
comparison of the positions of the oligonucleotides with those
produced by the chemical reactions of the Maxam-Gilbert
procedure (20) by using a DNA sequencing system (LKB
2010 Macrophor, Pharmacia Biotech, Uppsala, Sweden). A
laser densitometer (LKB 2222 UltroScan XL, Pharmacia
Biotech, Uppsala, Sweden) was used for the measurement
of the relative amounts of oligonucleotides from treated DNA
fragments.

Analysis of 8-OxodG Formation in Calf Thymus DNA by
Reaction of BzPO in the Presence of Cu(I).Calf thymus

FIGURE 1: Autoradiogram of32P-labeled DNA fragments incubated with BzPO and H2O2 in the presence of Cu(I). (A) The reaction mixture
contained the32P-5′-end-labeled 337-bp fragment (PstI 2345-AVaI *2681), 10µM per base of sonicated calf thymus DNA, 15µM CuCl,
and BzPO or H2O2 in 200 µL of 10 mM phosphate buffer (pH 7.8) containing 2.5µM DTPA. After the incubation at 37°C for 90 min,
followed by piperidine treatment, the treated DNA fragments were electrophoresed on an 8% polyacrylamide/8 M urea gel (12× 16 cm),
and the autoradiogram was obtained by exposing X-ray film to the gel. (B) The reaction mixture contained the32P-5′-end-labeled 348-bp
fragment (StyI 13160-EcoRI *13507), 10µM per base of sonicated calf thymus DNA, BzPO, and 15µM CuCl in 200 µL of 10 mM
phosphate buffer (pH 7.8) containing 2.5µM DTPA. For DNA denaturation, DNA was treated at 90°C for 5 min and quickly chilled
before incubation at 37°C for 60 min. The DNA fragments were treated with 1 M piperidine for 20 min at 90°C and then electrophoresed
on an 8% polyacrylamide/8 M urea gel. The autoradiogram was obtained by exposing X-ray film to the gel.
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DNA fragments (100µM per base) were incubated with
BzPO and CuCl for the indicated duration at 37°C. For the
experiment with denatured DNA, calf thymus DNA was
treated at 90°C for 5 min and quickly chilled before
incubation. After ethanol precipitation, DNA was enzymati-
cally digested to the nucleosides and analyzed by HPLC-
ECD, as described previously (21).

Measurement of 8-OxodG in Cultured Cells.Human
leukemia HL-60 cells and their H2O2-resistant clone HP100
cells were grown in RPMI 1640 supplemented with 6% FCS
at 37°C under 5% CO2 in a humidified atmosphere. Catalase
activity of HP100 cells was 18 times higher than that of HL-
60 cells (22, 23). Cells (106 cells/mL) were incubated with
BzPO for 2.5 h at 37°C and immediately washed three times
with PBS, and the DNA was extracted by using a DNA
extractor WB kit (Wako Pure Chemical Industries, Ltd.). The
DNA was dissolved in H2O and treated with 8 units of
nuclease P1 and then with 1.2 units of bacterial alkaline
phosphatase. The content of 8-oxodG was determined by the
method described previously (21, 23).

RESULTS

Damage to32P-Labeled DNA Fragments Induced by BzPO
and H2O2 in the Presence of Cu(I) or Cu(II).Figure 1A
shows that DNA damage increased with increasing concen-
trations of BzPO and H2O2 in the presence of Cu(I). Neither
BzPO nor H2O2 alone caused DNA damage. When Cu(II)
was added instead of Cu(I), H2O2 caused DNA damage,
whereas BzPO did not. Although BzPO/Cu(I) caused no
DNA cleavage without piperidine treatment, piperidine
treatment led to chain cleavage (data not shown). This result
indicated that BzPO plus Cu(I) caused base modification
without breakage of the deoxyribose-phosphate backbone.
The damage to denatured single-stranded DNA was greater
than that to native double-stranded DNA (Figure 1B).

Effects of ScaVengers and Bathocuproine on DNA Damage
Induced by BzPO in the Presence of Cu(I).Figure 2 shows
the effects of scavengers and bathocuproine on Cu(I)-
mediated DNA damage by BzPO. The DNA damage was
not inhibited by ethanol (data not shown) and mannitol. SOD
and catalase also showed no inhibitory effects on the DNA
damage. Methional and DMSO, both of which are sulfur
compounds, inhibited the DNA damage completely, and
sodium formate did to some extent. The addition of batho-
cuproine inhibited it.

Site Specificity of Cu(I)-Mediated DNA Damage Induced
by BzPO.To investigate site specificity of Cu(I)-mediated
DNA cleavage,32P-5′-end-labeled DNA fragments incubated
with BzPO in the presence of Cu(I), followed by piperidine
treatment, were electrophoresed and the autoradiograms were
scanned with a laser densitometer. Figure 3 shows the site-
specific DNA cleavage induced by BzPO in the presence of
Cu(I). BzPO and Cu(I) caused preferential DNA damage at
the 5′-site guanine of GGG and GG sequences in double-
stranded DNA (Figure 3A). When denatured single-stranded
DNA was used, DNA cleavage occurred frequently at single
guanine residues (Figure 3B). Figure 4 shows the comparison
of site specificity of DNA damage by BzPO (Figure 4A)
and H2O2 (Figure 4B) in the presence of Cu(I) in double-
stranded DNA. BzPO/Cu(I) induced cleavage at the guanine
residue of a known hot spot in codon 248 (CGG) of thep53

tumor suppressor gene (24). When H2O2 was used instead
of BzPO, Cu(I)-mediated DNA cleavage occurred at cytosine
and thymine residues. Figure 5 shows the comparison of site-
specific DNA cleavages induced by BzPO and phenylhy-
drazine. BzPO induced DNA cleavage more frequently at
consecutive guanine residues in the presence of Cu(I) (Figure
5A). Phenylhydrazine induced DNA cleavage frequently at
thymine in the presence of Cu(II) (data not shown). Our
previous study revealed that phenyl radicals and H2O2 were
generated in the reaction mixture of phenylhydrazine and
Cu(II) (25). Figure 5B shows the site specificity of DNA
damage by phenylhydrazine and Cu(II) observed when an
excess dose of catalase was added to remove H2O2. This
result suggests that phenyl radicals cause DNA damage
frequently at thymine residues and excludes the possibility
that phenyl radicals are responsible for BzPO/Cu(I)-induced
polyguanine-specific damage.

Formation of 8-OxodG in Calf Thymus DNA by BzPO in
the Presence of Cu(I).Using HPLC-ECD, we measured
8-oxodG content in calf thymus DNA treated with BzPO in
the presence of Cu(I). The amount of 8-oxodG increased
with time (Figure 6). BzPO/Cu(I) very efficiently induced
8-oxodG formation in native double-stranded DNA, whereas

FIGURE 2: Effects of scavengers on DNA cleavage induced by
BzPO in the presence of Cu(I). The reaction mixture contained the
32P-5′-end-labeled 337-base pair fragment (PstI 2345-AVaI *2681),
10 µM per base of sonicated calf thymus DNA, 50µM BzPO, 15
µM CuCl, scavenger, and 2.5µM DTPA in 200 µL of 10 mM
sodium phosphate buffer at pH 7.8. Scavenger or bathocuproine
was added where indicated. After the incubation at 37°C for 90
min, followed by the piperidine treatment, the DNA fragments were
analyzed by the method described in the Figure 1 caption.

Site-Specific Oxidation in DNA by Benzoyl Peroxide Biochemistry, Vol. 38, No. 51, 199916735



BzPO/Cu(I) induced a little formation of 8-oxodG in
denatured single-stranded DNA. 8-OxodG formation was not
observed in the absence of Cu(I) or BzPO (data not shown).

Formation of 8-OxodG in Human Cultured Cells by BzPO.
To investigate cellular induction of oxidative DNA damage,
we measured the content of 8-oxodG, a relevant indicator
of oxidative base damage, in HL-60 and HP100 cells treated
with BzPO. Formation of 8-oxodG in DNA extracted from
the treated HL-60 cells was increased in a dose-dependent
manner (Figure 7). HP100 cells were used to assess whether
H2O2 participates in BzPO-induced oxidative DNA lesion.
BzPO increased the amount of 8-oxodG in HP100 cells. The
content of 8-oxodG of DNA in HL-60 and HP100 cells
treated with 0.2 mM BzPO was significantly increased in
comparison with nontreated cells (Figure 7). However, there
were no significant differences between HL-60 cells and
HP100 cells treated with 0.2 mM BzPO. It was reported that
HP100 cells were approximately 340-fold more resistant to
H2O2 than the parent cells, HL-60 (22). These results suggest
that BzPO can cause oxidative DNA damage in human
cultured cells and that H2O2 does not participate in BzPO-
induced oxidative DNA lesion.

DISCUSSION

The present study has demonstrated that BzPO has an
ability to cause polyguanine-specific oxidation to native
double-stranded DNA and guanine-specific oxidation to
denatured single-stranded DNA in the presence of Cu(I).
Although Hazlewood and Davies (26) reported that BzPO/
Cu(I) caused both strand breaks and high yields of altered
bases via the formation of base adducts, BzPO/Cu(I) induced
only base alteration under the conditions used. Catalase and
SOD showed no inhibitory effect on BzPO/Cu(I)-induced
base alteration, suggesting no involvement of O2

- and H2O2.
Furthermore, we demonstrated that the content of 8-oxodG
in HL-60 and HP100 cells was increased by the BzPO
treatment. Although the catalase activity of HP100 cells was
reported to be higher than that of HL-60 cells (22), there
were no significant differences between HL-60 cells and
HP100 cells treated with the same dose of BzPO. These
results suggest that the BzPO-derived reactive species that
is responsible for DNA damage is different from H2O2.

To speculate what kinds of reactive species cause oxidative
DNA damage, experiments using various scavengers were
performed. Typical•OH scavengers, ethanol and mannitol,
did not offer DNA protection from BzPO/Cu(I). Other•OH
scavengers such as DMSO and methional, which are reported
to be able to scavenge species with reactivity weaker than
•OH (27, 28), inhibited the DNA damage. In addition, it is
worth noting that BzPO/Cu(I) causes the polyguanine-
specific base modification in double-stranded DNA. It is

FIGURE 3: Site specificity of DNA cleavage by BzPO in the
presence of Cu(I). The reaction mixture contained the32P-5′-end-
labeled 118-bp fragment (HindIII *13038-StyI 13155), 10µM per
base of sonicated calf thymus DNA, 50µM BzPO, and 15µM
CuCl in 200 µL of 10 mM sodium phosphate buffer at pH 7.8
containing 2.5µM DTPA. For DNA denaturation, DNA was treated
at 90 °C for 5 min and quickly chilled before incubation. After
incubation at 37°C for 90 min, followed by piperidine treatment,
the DNA fragments were electrophoresed on an 8% polyacryl-
amide/8 M urea gel using a DNA sequencing system, and the
autoradiogram was obtained by exposing X-ray film to the gel. The
relative amounts of oligonucleotides produced were measured by
a laser densitometer (LKB 2222 UltroScan XL). The piperidine-
labile sites of the treated DNA were determined by direct
comparison with the same DNA fragment after undergoing DNA
sequence reaction according to the Maxam-Gilbert procedure (20).
The horizontal axis shows the nucleotide number of the human
p53 tumor suppressor gene (15).

FIGURE 4: Site specificity of DNA cleavage by BzPO and H2O2 in
the presence of Cu(I). The reaction mixture contained the32P-5′-
end-labeled 211-bp fragment (HindIII *13972-ApaI 14182), 20
µM per base of sonicated calf thymus DNA, 15µM CuCl, and 50
µM BzPO (A) or 50µM H2O2 (B) in 200 µL of 10 mM sodium
phosphate buffer at pH 7.8 containing 2.5µM DTPA. After
incubation at 37°C for 60 min, followed by the piperidine treatment,
the DNA fragments were analyzed by the method described in the
caption to Figure 3.
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generally considered that•OH causes DNA cleavage at any
nucleotide with little site specificity (29-32). These results
support the idea that a reactive species other than•OH is
responsible for the damage. On the other hand, it was
reported that exposure to BzPO/Cu(I) caused up to 20-fold
increases in the levels of adenine-derived modified bases,
up to 4-fold increases in guanine- and cytosine-derived
modified bases, and only a<2-fold increase in thymine-

derived modified bases (33). DMSO inhibited BzPO/Cu(I)-
induced base modification by 10-50%. Mannitol was a less
effective inhibitor than DMSO (33). These weak effects could
be explained by the formation of•OH close to the site of a
DNA base. The•OH might react with a DNA base im-
mediately so that scavengers cannot reach that position on
time. Therefore, Akman et al. (33) have speculated that•OH
or a similar reactive intermediate is responsible for the
damage.

BzPO plus Cu(I) induced specific DNA cleavage at 5′-
site guanine of GGG and GG sequences. On the other hand,
in the presence of Cu(I), H2O2 induced piperidine-labile sites
at cytosine and thymine residues but rarely at guanine and
adenine residues. Akman et al. (34) have observed that
BzPO/Cu(I) induced mutational clusters at d(pGGG)-
d(pCCC) and suggested that the mutagenesis may be induced
by site-specific DNA damage by interacting of BzPO with
Cu(I) bound to G-C base pairs. However, the difference in
the site specificity of DNA damage between BzPO/Cu(I) and
H2O2/Cu(I) can be explained by a difference of generated
reactive species rather than preferential binding of Cu(I) to
DNA.

Swauger et al. (35) confirmed that the labile O-O bond
of BzPO is readily cleaved to give initially benzoyloxyl
radicals and then phenyl radicals as a result of decarboxy-
lation. However, phenyl radicals did induce strand cleavage
at thymine residues but not at guanine residues (Figure 5B).
As shown in Figure 8, a possible mechanism of oxidative
DNA damage by BzPO and Cu(I) is proposed on the basis
of our results and previous literature (35). Cu(I) catalyzes
the decomposition of BzPO into benzoyloxyl radicals and
benzoate anion. It is conceivable that benzoyloxyl radicals,
which are precursor of phenyl radicals, would be capable of
causing polyguanine-specific DNA damage. Oxidation of
organic compounds in combination with BzPO and Cu(I)-
Cu(II) extensively studied by Kharasch et al. (36) in the early
1970s has long been known as a synthetically useful reaction.
The benzoyloxyl radicals are a kind of carboxyl radicals,
which may well be able to undergo electron transfer with
electron-rich 5′-site guanine at consecutive G sequences (37).
It is known that the energy level of the highest occupied
molecular orbital (HOMO) of 5′-site guanine of GG se-

FIGURE 5: Comparison with site specificity of DNA cleavage by
BzPO plus Cu(I) and by phenylhydrazine plus Cu(II) in the presence
of catalase. The reaction mixture contained the32P-5′-end-labeled
337-base pair fragment (PstI 2345-AVaI *2681), 20µM per base
of sonicated calf thymus DNA, and 50µM BzPO plus 15µM CuCl
(A) or 1 mM phenylhydrazine and 20µM CuCl2 plus 1000 units
of catalase (B) in 200µL of 10 mM sodium phosphate buffer at
pH 7.8 containing 2.5µM DTPA. After incubation at 37°C for 60
min, followed by the piperidine treatment, the DNA fragments were
analyzed by the method described in the caption to Figure 3.

FIGURE 6: Formation of 8-oxodG in calf thymus DNA by BzPO
in the presence of Cu(I). Calf thymus DNA fragments (100µM
per base) were incubated with 20µM BzPO plus 15µM CuCl at
37 °C for the indicated duration. For DNA denaturation, DNA was
treated at 90°C for 5 min and quickly chilled before incubation.
After ethanol precipitation, DNA was digested to the nucleosides
with nuclease P1 and calf intestine phosphatase and analyzed by
HPLC-ECD.

FIGURE 7: Contents of 8-oxodG in DNA of HL-60 and HP100
cells treated with BzPO. The HL-60 (b) and HP100 (O) cells (1.0
× 106 cells/mL) were incubated with various concentrations of
BzPO for 2.5 h and the treated DNA was extracted immediately.
The extracted DNA was subjected to enzyme digestion and analyzed
by HPLC-ECD as described under Materials and Methods. Results
are expressed as means( SD of values obtained from six
independent experiments. Asterisks indicate significant differences
compared with control byt-test (*, P < 0.01; **, P < 0.05).
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quences is high among these of other nucleobases, and
accordingly, 5′-site guanine of GG sequences is oxidized
most easily (13). Recently, Saito et al. (14) reported that the
effectiveness of GG doublets and GGG triplets acted as a
trap in long-range oxidative damage to DNA through the
double-stranded DNA caused by one-electron oxidations. The
predominant guanine alteration in BzPO/Cu(I)-induced DNA
damage can be explained by assuming that benzoyloxyl
radicals have less oxidizing power than•OH. The experiment
with 32P-labeled DNA showed that BzPO/Cu(I) caused
piperidine-labile lesions specifically at the 5′ guanine of GG
and GGG sequences of double-stranded DNA. BzPO/Cu(I)
also induced 8-oxodG formation in double-stranded DNA
to a greater extent than that in single-stranded DNA. These
results suggest that 8-oxodG formation and the more pip-
eridine-labile guanine lesions should occur at the polyguanine
sequences of double-stranded DNA. Hole migration has been
thought to be more efficient through duplex DNA but to be
inefficient with single stranded DNA (38). From the calcu-
lated ionization potentials in duplex DNA, it has been
speculated that 5′-guanines of GGG and GG are the major
site of oxidation (38). Thus, it may be considered that
benzoyloxyl radicals would oxidize the consecutive guanine
residues in double-stranded DNA to yield cation radicals at
the 5′ guanine. The formed guanine cation radical could react
with a water molecule to form the C-8 OH adduct radical,
followed by oxidation, leading to the formation of 8-oxodG
in double-stranded DNA to a greater extent than in single-
stranded DNA.

These DNA damage may occur in vivo, since copper ions
are an essential component of chromatin and are known to
accumulate preferentially in the heterochromatic regions (39,
40). It has been reported that 8-oxodG formation can lead
to G to T transversion via DNA misreplication, resulting in
a mutation (41-43). The present study showed that BzPO/
Cu(I) induced cleavage at the guanine residue of the CGG
sequence of codon 248, a known hot spot (24) of the p53
tumor suppressor gene. The genetic damage might lead to
inactivation ofp53 tumor suppressor gene, which is consis-
tent with the step of tumor promotion in a multistage process
of carcinogenesis. As Greenblatt et al. (44) has reviewed,
mutations at codon 248 were most frequently observed in
various types of human cancers. Among seven mutational
hot spots of thep53gene including codon 248, four hot spots
have GG sequence. Polyguanine-specific DNA damage by

BzPO/Cu(I) may have some relation with thep53mutation
that leads to tumor promotion and progression. Thus,
oxidative DNA damage by BzPO/Cu(I) seems to be relevant
to the tumor promoter activity of BzPO. Although it is
reported that BzPO does not present a carcinogenic risk to
humans (45), this work requires further studies on safety and
risk assessment of BzPO.
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