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Abstract—Novel aminophenol analogues were synthesized based on the structure of fenretinide (N-(4-hydroxyphenyl)retinamide,
5), which is a potent anticancer agent. Our findings showed that the anticancer activities of 5 were due to the side chain attached
to the aminophenol moiety. A p-octylaminophenol (p-OAP) provided the most potent anticancer activity among p-alkylaminophe-
nols examined. In this study, we investigated anticancer activities against various cancer cell lines by the new aminophenols, p-dode-
cylaminophenol (1), p-decylaminophenol (2), N-(4-hydroxyphenyl)dodecananamide (3), and N-(4-hydroxyphenyl)decananamide
(4), which exhibits a side chain as long as 5. Cell growth of breast cancer (MCF-7, MCF-7/Adr?), prostate cancer (DU-145),
and leukemia (HL60) cells was suppressed by 1 and 2 in a fashion dependent on the length of the alkyl chain attached to the ami-
nophenol. In contrast, 3 and 4 were extremely weak. Compound 5 was less potent than 1. Cell growth of liver cancer (HepG2) was
not markedly affected by these compounds. In addition, apoptosis of HL60 cells was induced by 1 and 2 in a chain length-dependent
manner, but not by 3 and 4. Incorporation of compounds into HL60 cells was in the order 1 > 2 = 3 > 4. These results indicated that
anticancer activities for 1 and 2 are correlated with their incorporation into cancer cells and their capability to induce apoptosis, but
not for 3 and 4. Compound 1, a potent anticancer agent with potency strikingly greater than 5, may potentially be useful in clinic.
© 2006 Elsevier Ltd. All rights reserved.

1. Introduction
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is an effective chemopreventive and antiproliferative OH

agent against a wide variety of tumor types,'* which
currently is in clinical trial for the treatment of breast,
bladder, renal, and neuroblastoma malignancies.*'° In AN H@\
addition, 5 induces apoptosis in HL60 and NB4 human oH
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p-decylaminophenol, 4-(decylamino)phenol; 3, N-(4-hydroxyphenyl)
dodecananamide, p-dodecanoylaminophenol; 4, N-(4-hydroxyphenyl)
decananamide, p-decanoylaminophenol; 5, N-(4-hydroxyphenyl)reti- o
namide, fenretinide; RA, retinoic acid; p-OAP, p-octylaminophenol,
4-(octylamino)phenol; p-MAP, p-methylaminophenol, 4-(methylami- /\/\/\/\)J\H /©\
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fered saline (1.5 mM KH,PO,, 8.1 mM Na,HPO,, 136.9 mM NaCl,
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hoshi.ac.jp Figure 1. Chemical structures of 1, 2, 3, 4, and 5.
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leukemia cell lines, human cervical carcinoma cell line,
meningioma, and neuroblastoma.®!''"'7 On the other
hand, 5 exhibits antioxidant activities that included
scavenging o,o-diphenyl-B-picrylhydrazyl radicals, and
inhibiting linoleic acid lipid peroxidation and lipid per-
oxidation in rat liver microsomes initiated by hydroxyl
radicals.'®!” Thus, 5 is a biologically superior and active
compound.

Previous studies have shown that the structure of the
p-methylaminophenol (p-MAP) moiety derived from
the side-chain amido portion of 5§ contributes most sig-
nificantly to the anticancer and antioxidative activities
of 5 as compared with 4-aminophenol and p-amino-
acetophen moieties.'®?° In addition, the elongation of
the methyl chain in p-MAP increases antioxidative activ-
ities against lipid peroxidation,?!>> but not superoxide
scavenging activity. On the other hand, the growth of
various cancer cell lines, including human leukemia cell
line, HL60 and HL60R, which is resistant against RA,
was suppressed by p-alkylaminophenols (C;-Cg) in an
alkyl chain length-dependent manner.?!

Recently, we synthesized four novel compounds which
had lengths of carbon side chains similar to that of 5,
p-dodecanoylaminophenol (1), p-decanoylaminophenol
(2), N-(4-hydroxyphenyl)dodecananamide (3), and
N-(4-hydroxyphenyl)decananamide (4) (Fig. 1). We
examined the antioxidant activities and antiproliferative
properties against leukemia cell lines in these com-
pounds. We found that 1 and 2 exhibit antioxidant
activities, inhibition of lipid peroxidation and superox-
ide scavenging activity, and suppressed leukemia cell
growth greater than 5. These findings raised questions
whether 1 and 2 would be effective against other various
cancer cell lines as well in addition to leukemias, and
whether anticancer activities result from the induction
of apoptosis. It was also of question whether anticancer
potencies of compounds were correlated with the inten-
sities of cell incorporation. In the current study, these
questions were addressed.

2. Results

2.1. Growth suppression of breast cancer cell lines by
aminophenol analogues

We examined whether novel aminophenol analogues af-
fect human breast cancer cell growth. Compound 5, a
parent compound, and RA were used as internal stan-
dards for the inhibition of cell growth. The % net cell
growth in the presence of aminophenol analogues was
shown with values adjusted by subtracting the initial cell
concentrations of experimental cultures from the initial
concentrations of control cultures, which were defined
as 100%. As shown in Figure 2, MCF-7 cells havinlg
estradiol receptors (ER-positive cells) or MCF-7/Adr
cells not having estradiol receptors (ER-negative cells)
were grown in the presence of aminophenol analogues
or retinoids at a concentration of 4 uM.

In MCF-7 cells, cell growth was inhibited approximately
66% by 1, 57% by 2, 22% by 3, 30% by 4, 62% by 5, and

74% by RA (Fig. 2A), and in MCF-7/Adr® cells,
approximately 100% by 1 and 2, 21% by 3, 23% by 4,
60% by 5, and 12% by RA (Fig. 2B). Thus, while 1
showed cell growth inhibitory effects as great as 5
against MCF-7 cells, 1 was more potent than 5 in
MCF-7/Adr® cells, which were resistant to RA
(Fig. 2). Growth inhibition by these compounds was
dose-dependent (data not shown). In contrast, 3 and 4
were less potent antiproliferative agents than 1 and 2
against both MCF-7 and MCF-7/Adr® cells (Fig. 2).
These results indicate that 1 and 2 were potent growth
inhibitors against human breast cancer cell lines, partic-
ularly RA-resistant cells. The insertion of carbonyl moi-
eties into 1 and 2 affected their ability to inhibit cell
growth greater than did differences in alkyl chain
lengths.

2.2. Effects of aminophenol analogues on the growth of
prostate and liver cancer cells

Proliferation of DU-145 and HepG2 cells was sup-
pressed by aminophenol analogues to different extents
(Fig. 3). At 4 uM concentration, growth inhibition
against DU-145 cells was approximately 73% by 1,
66% by 2, 41% by 3, 51% by 4, 41% by 5, and 46% by
RA (Fig. 3A). These results suggest that 1 and 2 show
more potent inhibitory activities than 5, which is well
known as an effective compound against prostate can-
cer, and that 3 and 4 are as potent as RA and 5. Anti-
proliferative activities by 1 and 2 increased depending
on the alkyl chain length. Thus, all four new compounds
were effective against DU-145 cells.

In contrast, the % growth inhibition against HepG?2 cells
by aminophenol analogues was much less than that
against MCF-7, MCF-7/Adr®, and DU-145 cells (Figs.
2 and 3A), whereas 4 inhibited HepG?2 cell growth as
potently as 5 (Fig. 3B). At 4 uM concentration, growth
of HepG?2 cells was inhibited by approximately 13% for
1, 17% for 2, 22% for 3, 26% for 4, 27% for 5, and 13%
for RA. The elongation of the alkyl chain decreased cell
growth inhibition and replacing the alkyl moiety with an
acyl residue resulted in an enhancement of inhibitory
activity. Therefore, this functionality may be essential
for the action against liver cancer cells.

2.3. Growth inhibition and DNA fragmentation in HL60
cells treated with aminophenol analogues

Figures 2 and 3 show that growth of attached cancer cell
lines except HepG?2 cells was suppressed by 1 and 2 to a
greater extent than 3 and 4. Here, HL60 cells, non-ad-
herent human leukemia cell line, were grown in medium
containing 10% FBS in the presence of 4 tM aminophe-
nol analogues under similar conditions as used with
other cancer cell lines. Figure 4 shows the % net cell
growth after 72 h in the presence of aminophenol ana-
logues. HL60 cell growth was inhibited by aminophenol
analogues to a different extent. Compound 1 (approxi-
mately 72% inhibition) was more potent than 2 (approx-
imately 66% inhibition), 5 (approximately 55%
inhibition), and RA (approximately 42% inhibition).
In contrast, 3 and 4 were less potent than other com-
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Figure 2. Growth of MCF-7 and MCF-7/Adr® cells in the presence of 1, 2, 3, 4, 5 and RA. MCF-7 (A) and MCF-7/Adr® (B) cells (0.5 x 10* cells/ml)
were grown in the presence of 1, 2, 3, 4, 5, and RA at 4 uM concentration in medium containing 10% FBS for 68 h. Measurements were made as
described in Section 4. Net growth % of control was shown for each compound. Each point is the mean of at least three measurements. C: control.
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Figure 3. Growth of DU-145 and HepG?2 cells in the presence of 1, 2, 3, 4, 5 and RA. DU-145 (A) and HepG2 (B) cells (0.5 x 10* cells/ml) were
grown in the presence of 1, 2, 3, 4, 5, and RA at 4 uM concentration in medium containing 10% FBS for 68 h. Measurements were made as described
in Section 4. Net growth % of control was shown for each compound. Each point is the mean of at least four measurements. C: control.

pounds and inhibited cell growth to a similar extent as
each other (approximately 6-8% inhibition). Thus, 1
and 2 inhibited HL60 cell growth greater than 3 and
4, which had an acyl residue instead of an alkyl chain
(Fig. 4). In addition, the extent of antiproliferative activ-
ity against leukemia cells was enhanced in an alkyl chain
length-dependent manner. These results suggest that
growth inhibition for non-adherent cells (Fig. 4) is sim-
ilar to adherent cells (Figs. 2 and 3). The findings that
the length and structure of the side chain residue in
the aminophenol analogues affects cell growth inhibitory
potency let us to investigate whether antiproliferative
activity against cancer cells is due to the induction of cell
apoptosis.

In order to evaluate the effect of these aminophenol ana-
logues on the induction of apoptosis, DNA isolated
from HL60 cells treated with aminophenol analogues
at the concentration of 4 uM for 20 h was visualized
on agarose gel. DNA extracted from cells treated with

DMSO showed no fragmentation (Fig. 5A). In contrast,
cells treated with 4 uM concentrations of 2 (Fig. 5D)
and 1 (Fig. 5E) contained fragmented ladder DNA to
a greater extent than 4 pM of 5 (Fig. 5F). The intensity
of ladder DNA increased depending on the length of the
alkyl chain of aminophenol (Fig. 5D and E). Compound
1 is a potent inducer of DNA fragmentation greater
than 2. Aminophenol analogues, 4 and 3, induced no
or little DNA fragmentation (Fig. 5B and C). These re-
sults indicate that 1 and 2, p-alkylaminophenols con-
taining 12 and 10 carbon chains, may potentially
induce apoptosis of HL60 cells and thereby inhibit cell
growth. In addition, in these aminophenol analogues,
antiproliferative activity for cancer cells was correlated
with capability of apoptosis induction for cancer cells.

2.4. Cell incorporation of aminophenol analogues

Compound 1 was an excellent antiproliferative agent
against various cancer cell lines (MCF-7, DU-145, and
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Figure 4. Growth of HL60 cells in the presence of 1, 2, 3, 4, 5, and RA.
HL60 cells (1 x 10° cells/ml) were grown in the presence of 1, 2, 3, 4, 5,
and RA at 4 uM concentration in medium containing 10% FBS for
72 h. Measurements were made as described in Section 4. Net growth

% of control was shown for each compound. Each point is the mean of
at least four measurements. C: control.

Figure 5. Agarose gel analysis of DNA fragmentation of HL60 cells
grown in the presence of 1, 2, 3, and 4. HL60 cells (2 x 10° cells/ml)
were grown in the presence of DMSO (A), 4 (B), 3 (C), 2 (D), 1 (E),
and 5 (F) at a concentration of 4 uM in medium containing 10% FBS
for 20 h. DNA was extracted from cells and DNA fragmentation was
measured by agarose gel electrophoresis as described under Section 4.
These experiments were repeated at least four times. M: marker.

HL60) and RA-resistant cancer cell lines (MCF-7/Adr®
and HL60R) except liver cancer cell line (HepG2) (Figs.
2 and 3, Ref. 22) and induced apoptosis of HL60 cells
(Fig. 4). Side-chain structures of aminophenol analogues
were critical for growth inhibition and apoptosis induc-
tion (Figs. 2-5). These results raised the question
whether hydrophobicities of compounds affect these
activities. We attempted to compare the hydrophobicity
of each compound by retention time of reverse-phase
Cig column using high pressure liquid chromatography
(HPLC, mobile phase: 80% MeOH, 20% H,0O, and
10 mM ammonium acetate). Retention times of com-

pounds were 4.45 min for 4, 7.89 min for 3, 9.19 min
for 2, and 17.96 min for 1 (data not shown). These re-
sults indicate that 1 was the most lipid-soluble com-
pound among four aminophenol analogues
(1>2>3>4), and that alkyl lengths of p-alkylamin-
ophenols (1 and 2) affect the hydrophobicities of
compounds.

These findings raised the question whether incorpora-
tion of aminophenol analogues into cells is affected by
their hydrophobicities. Compounds in HL60 cells after
the incubation at 37 and 4 °C for given time periods in
the presence of 10 uM compounds were extracted and
quantitated by HPLC. Cell uptake of all compounds
at 4 °C was low level as compared at 37 °C (data not
shown). The incorporation of compounds at 37 °C in-
creased along with the prolonging of incubation time
and was almost saturated at 37 °C after 60 min except
1, which decreased (Fig. 6). The amount of 1 in HL60
cells at 30 min was approximately 3-fold higher than 2.
In contrast, the incorporation of 3 into cells was almost
as much as 2 (Fig. 6), while 4 showed extremely low up-
take levels. These results indicate that cell incorporation
of p-alkylaminophenols depends on alkyl chain length
related to hydrophobicities and correlates with antipro-
liferative activities. In addition, the insertion of oxygen
atoms into the alkyl chain led to the reduction of anti-
proliferative activity for cancer cell lines except liver
cancer. The finding that 3 was almost inactive, even
though 3 entered into cells, implied that the carbonyl
moiety in 3 is critical for the suppression of anticancer
activity.

o© o o
IS ) ®

Cell incorporation, nmol/10° cells
o
N

0 1 1 1 1
0 30 60 90 120
Time, min

Figure 6. Incorporation of 1, 2, 3, and 4 into HL60 cells. HL60 cells
(1 x 10° cells/ml) were incubated in the presence of 1 (W), 2 (0)), 3 (@),
and 4 (O) at a concentration of 10 M in medium containing 10% FBS
for the indicated time. Cells were harvested and measurements were
performed as described under Section 4, and a LUNA® 5 C18(2)
column (150 x4.6 mm, Phenomenex) was used to separate com-
pounds. The column was eluted with 80% MeOH, 20% H,O, and
10 mM ammonium acetate at a flow rate of 1.0 ml/min. The SD of
each data point was <8% of the mean. These experiments were
repeated at least three times.
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3. Discussion

In the current study, 1 and 2 (Fig. 1) were potent anti-
cancer agents against various cancers except liver cancer
as compared with 5, a cancer chemopreventive and anti-
proliferative agent in clinical study (Figs. 2-4). In partic-
ular, 1 inhibited cell growth of a variety of cancer cells
most potently among the aminophenol analogues exam-
ined. The effects of compound 1 on cell growth were
probably caused by inducing cell apoptosis (Fig. 5). Dif-
ferences of alkyl chain length between 1 and 2 changed
their hydrophobic properties and cellular incorporation
of the compounds, resulting in the potential variation on
growth inhibitory activity (Fig. 6). Both 3 and 4 exhibit
structures similar to that of 5. However, these failed to
inhibit cell growth and induction of apoptosis, while
hydrophobicity and cell uptake of both compounds
were distinct from each other (Figs. 2-6). Compound 1
showed excellent anticancer activity through high cell
association, uptake into cell, and induction of apoptosis.

Previous studies have shown that p-alkylaminophenols
reduce the extent of microsomal lipid peroxidation in-
duced by hydroxy radicals, in a fashion dependent on
the length of the alkyl chain appended to the aminophe-
nol residue with positive correlation.?* The ICs, values
of p-MAP, p-butylaminophenol, p-hexylaminophenol,
and p-octylaminophenol (p-OAP) were 4.6, 0.3, 0.033,
and 0.014 uM, respectively. Recently, we showed that
1 (ICs, 0.0155 uM) and 2 (ICsp, 0.015 uM) are potent
inhibitors of lipid peroxidation, being approximately
1300- and 400-fold higher potency than 3 (ICso,
20 uM) and 4 (ICsy, 6.1 uM), respectively.?> Thus, 1
and 2 show inhibitory activities against lipid peroxida-
tion to a similar extent as p-OAP, while this antioxidant
activity gradually increased in going from p-MAP to
p-OAP. In the current study, the hydrophobicities of 1,
2, 3, and 4 were compared, resulting in 1>2>3>4.
Although the hydrophobicities of compounds appeared
to be related to the interaction with microsomal mem-
branes, inhibitory activities of lipid peroxidation by these
aminophenol analogues required optimum hydrophobic-
ity. These results suggested that tertiary structures of ami-
nophenol analogues may be significant for the
suppression of lipid peroxidation by hydroxy radicals.
On the other hand, 1 and 2 with high hydrophobicity
exhibit superoxide scavenging abilities dependent on the
length of the alkyl chains with negative correlation. How-
ever, 3 and 4, which were less hydrophobic, were either
inactive or weakly active.?? The insertion of a carbonyl
residue in the p-alkylaminophenols diminished superox-
ide scavenging capabilities as an antioxidant. It would
be interesting to examine the differences in the intracellu-
lar actions by these aminophenols.

Growth of various cancer cell lines, leukemia (HL60 and
HL60R), breast cancer (MCF-7 and MCF-7/Adr®), and
prostate cancer (DU-145), except liver cancer, was
markedly suppressed by 1 and 2 (Figs. 2-4, Ref. 22).
In these five cell lines, potency of growth inhibition by
1 and 2 increased according to the elongation of the al-
kyl chain and both were greater than 5. Their potencies
as anticancer agents were abolished by the insertion of

one oxygen atom (Figs. 2-4). Compound 5 is a potent
anticancer drug in clinical trials for breast, bladder,
renal, and neuroblastoma malignancies.*'° These re-
sults suggest that 1 and 2 may be promising anticancer
agents as well as 5. Further in vivo studies are required
to create new drugs. In addition, it would be of interest
to design new compounds with further elongated normal
carbon chain or branched carbon chain and examine
anticancer activity in order to optimize.

In clinical study, patients treated with 5 were affected
with night blindness due to decreasing serum retinol
levels.?*2> This side effect may be due to displacement
of retinol from serum retinol binding protein, decreasing
the delivery of retinol to the eye.”*?%2” Compound 5
exhibited extremely poor binding to the nuclear retinoid
receptors and showed anticancer activity against RA-re-
sistant cells. It is apparent that § may act via pathways
which are independent of the nuclear retinoid receptors
RARs and RXRs, and act on cells directly rather than
through hydrolysis to free RA. Recently, in order to
overcome the side effects of 5, several nonhydrolyzable
compounds were designed and evaluated. 4-Hydroxyb-
enzylretinone (4-HBR), a stable C-linked analog of 5
and 5-C glucuronide (5CQG), a C-linked analog of 5-glu-
curonide, were synthesized and shown to exhibit antitu-
mor effects without side effects of night blindness.?>-28-30
However, 4-HBR and 5CG contained the structure of
the same cyclohexene ring as retinol, which is recognized
by retinol binding protein. In the current study, 1 and 2
without cyclohexene rings were potent antiproliferative
agents against various cancers as compared with 5. Par-
ticularly, 1 was the most potent antiproliferative and
apoptosis-inducing agent against various cancer cell lines,
including adherent and non-adherent cells. Therefore, it is
possible that 1 may be an effective anticancer drug without
the side effects observed by 5. It would be interesting to
examine further the anticancer activity of 1 in vivo.

Compound 1 inhibited cell growth of HL60R, a RA-
resistant cancer cell line and MCF-7/Adr®, a multidrug-
resistant cancer cell line. It was more potent than 5
(Fig. 2B and 3B, Ref. 22). In the clinic, cancer patients be-
come resistant to many drugs in chemotherapy of various
cancers including breast cancer. The clinical outcome of
patients treated with anticancer drugs may be modified
by administration of 1. Studies are presently underway
to determine the toxicity of 1 in animals and to measure
the effectiveness of 1 on tumors growing in animals.

4. Experimental
4.1. Chemicals

RA, ethylenediaminetetraacetic acid (EDTA), bovine
serum albumin (BSA, fraction V), and dimethyl sulfox-
ide (DMSO) were obtained from Sigma Chemical Co.
(St. Louis, MO, USA). Compound 5 was provided by
Dr. R. C. Moon, University of Illinois, Chicago, 1L,
USA. All other chemicals were of reagent grade. N-(4-
Hydroxyphenyl)dodecananamide (3, p-dodecanoyl-
aminophenol), N-(4-hydroxyphenyl)decananamide (4,
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p-decanoylaminophenol), p-dodecylaminophenol (1),
and p-decylaminophenol (2) (Fig. 1) were synthesized
as described previously.?!~23

4.2. Cell

Human breast cancer cell lines, MCF-7 and MCF-7/
AdrR, were obtained from the American Type Culture
Collection (ATCC), Rockville, MD.3! Human hepatoma
cell line, HepG2, was obtained from RIKEN cell bank
(Tokyo, Japan).3? Human prostate cancer cell line, DU-
145, was obtained from Dr. Y. Pommier of the National
Cancer Institute (Bethesda, MD).3* MCF-7, MCF-7/
Adr®, HepG2, and DU-145 cells were grown in RPMI
1640 medium (GIBCO, Grand Island, NY) supplement-
ed with 10 mM 4-(2-hydroxyethyl)-1-piperazinethane-
sulfonic acid (HEPES), pH 7.3, and 10% fetal bovine
serum (FBS)(GIBCO), and subcultured every week.

Early passage (<30) human myeloid leukemia cell line,
HL60, was maintained in RPMI medium containing
10% FBS.343¢

All cells described above were incubated at 37 °C in a
humidified atmosphere of 5% CO, in air. Cell number
was estimated using on an electric particle counter
(Coulter Electronics, Hialeah, FL) and viability was
determined by trypan blue dye exclusion.

4.3. Cell growth

MCF-7, MCE-7/AdrR, HepG2, and DU-145 cells were
trypsinized and suspended in RPMI 1640 medium con-
taining 10% FBS. Cells (0.5 x 10* cells/ml) were incubat-
ed at 37 °C in a humidified atmosphere of 5% CO, in air.
After 1 day, 4 uM compounds were added to the cul-
tures. Cells were incubated for 68 h, and then viable cell
number was estimated using 3-(4,5-dimethylthiazol-2-
yI)-2,5-diphenyltetrazolium bromide (MTT) as described
previously.?”-3 The percentage of net growth is shown
with values adjusted by subtracting the initial cell con-
centration of experimental cultures from the initial con-
centrations of control cultures which were defined as
100%. Values for percent net growth were calculated
with the following formula: [(absorbance of experimental
cell concentration) — (absorbance of initial cell concen-
tration)/(absorbance of control cell concentra-
tion) — (absorbance of initial cell concentration)] x 100.

HL60 cells (1 x 10° cells/ml) were grown in RPMI 1640
medium containing 10% FBS with 4 uM compounds
for 72 h. Cell number was estimated by an electric particle
counter and viability by trypan blue dye exclusion. Val-
ues for percent net cell growth were calculated with the
following formula: [(cell concentration of experimental
culture) — (initial cell concentration)/(cell concentration
of control culture) — (initial cell concentration)] x 100.

4.4. Analysis of DNA fragmentation by agarose gel
electrophoresis

DNA isolation was performed as described previously.°
Briefly, HL60 cells (2 x 10° cells/ml) treated with various

compounds were harvested and washed with ice-cold
phosphate-buffered saline (PBS) (1.5mM KH,PO,,
8.1 mM Na,HPOy, and 136.9 mM NaCl, pH 7.2). Cells
were suspended in PBS (2.5 x 10° cells/ml) containing
0.5 mg/ml Proteinase K, 0.5 mg/ml RNase A, and 1%
SDS, and were incubated at 37 °C for 30 min. After
addition of a Nal solution (6 M Nal, 13 mM EDTA,
0.5% sodium N-lauroylsarcosine, 10 mg/ml glycogen
as a carrier, and 26 mM Tris—HCI, pH 8.0), cells were
incubated at 60 °C for 15 min and diluted with an equal
volume of isopropanol. Cells were mixed vigorously
and placed at room temperature for 15 min. Mixtures
were centrifuged at 10,000g for 15 min, and superna-
tants were discarded. Precipitated DNA was suspended
in 1 ml of 50% isopropanol, vortexed, and centrifuged
at 10,000g for 15 min to recover DNA. Pellets after
washing with 100% isopropanol were dried under vacu-
um and dissolved in sample solution for analysis by
agarose gel electrophoresis. Electrophoresis was per-
formed on 2% agarose gel at 100 V/gel. The presence
of DNAs in the gels was visualized by ethidium
bromide.

4.5. Incorporation of p-aminophenols into cells

HL60 cells were grown in RPMI 1640 medium con-
taining 10% FBS and harvested by the centrifugation
at 250g for 10 min. Cell number was estimated by
an electric particle counter and viability by trypan
blue dye exclusion. Cells were washed with RPMI
1640 medium containing 10% FBS three times and
suspended in the same medium. Then, cells
(1 x 10° cells/ml) treated with compounds at the con-
centration of 10 uM were incubated for the indicated
time at 37 or 4°C. After the centrifugation at 250g
for 10 min, cells were washed three times with ice-cold
PBS (1 ml) and then suspended in 100 pl ice-cold PBS.
Compounds associated with HL60 cells were deter-
mined and quantified by high pressure liquid chroma-
tography (HPLC). Compounds incorporated into cells
(100 pl) were extracted with 200 ul of ethyl acetoace-
tate by vortexing for 1min. The organic layer
(150 pl) obtained after centrifugation (10,000g, 5 min)
was dried under vacuum. The residue was dissolved
in 50l of the HPLC mobile phase solvent (80%
MeOH, 20% H,O, and 10 mM ammonium acetate),
and then its aliquot (20 ul) of the supernatant was
analyzed by HPLC using a Shimadzu LC-6A high
pressure pump, Shimadzu CTO-10AS column oven
including injector, and an SPD-6A UV spectrophoto-
metric detector (Shimadzu Co. Ltd, Kyoto, Japan).
A LUNA® 5p C18(2) column (150 x 4.6 mm, Phe-
nomenex, Rancho Palos Verdes, CA) was used to sep-
arate compounds. The column was eluted with 80%
MeOH, 20% H>O, and 10 mM ammonium acetate at
a flow rate of 1.0 ml/min. Compounds were detected
with UV monitoring at 240 nm which wavelengths
were maximum absorbance for compounds. Measure-
ments were made using the ratio of peak areas to
internal standards. Values for cell incorporation were
calculated with the extraction efficiencies of each
compound.
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