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Vitamin E is the major lipid-soluble antioxidant of
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We used myeloperoxidase-containing HL-60 cells to
enerate phenoxyl radicals from nontoxic concentra-
ions of a vitamin E homologue, 2,2,5,7,8-pentamethyl-
-hydroxychromane (PMC) to test whether these rad-
cals can induce oxidative stress in a physiological
ntracellular environment. In the presence of H2O2, we
ere able to generate steady-state concentrations of
MC phenoxyl radicals readily detectable by EPR in
iable HL-60 cells. In HL-60 cells pretreated with suc-
inylacetone, an inhibitor of heme synthesis, a greater
han 4-fold decrease in myeloperoxidase activity re-
ulted in a dramatically decreased steady-state con-
entrations of PMC phenoxyl radicals hardly detect-
ble in EPR spectra. We further conducted sensitive
easurements of GSH oxidation and protein sulfhy-

ryl oxidation as well as peroxidation in different
lasses of membrane phospholipids in HL-60 cells. We
ound that conditions compatible with the generation
nd detection of PMC phenoxyl radicals were not as-
ociated with either oxidation of GSH, protein SH-
roups or phospholipid peroxidation. We conclude
hat PMC phenoxyl radicals do not induce oxidative
tress under physiological conditions in contrast to
heir ability to cause lipid peroxidation in isolated
ipoproteins in vitro. © 2000 Academic Press
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ipoproteins and biomembranes (1). As a phenolic com-
ound (Ph-OH) its antioxidant activity is due to the
bility to donate hydrogen from the hydroxy group
f the chromanol moiety to reactive lipid chain-
ropagating radicals such as peroxyl radicals (LOO•)
o yield lipid hydroperoxide (LOOH) and vitamin E
henoxyl radical (Ph-O•) (2):

LOO• 1 Ph-OH O¡
k1

LOOH 1 Ph-O• [1]

The antioxidant effectiveness of vitamin E, however,
epends not only on its reactivity toward lipid radicals
k1) but also on the reactivity of its radical toward critical
iomolecules in membranes and lipoproteins (3):

Ph-O• 1 LH O¡
k2

Ph-OH 1 L•, [2]

here LH and L• are lipid nonoxidized molecule and
ipid alkyl radical, respectively.

Recently, Bowry and Stocker (4) reported that under
ome specific conditions (e.g., low rates of LOO• gener-
tion) the reaction [2] may result in pro-oxidant rather
han antioxidant effects of vitamin E in lipoproteins
nless other reductants in the environment such as
scorbate (vitamin C) or ubiquinol (coenzyme Q) act as
ecyclers of vitamin E radical to prevent its pro-oxidant
nteractions with lipids. Moreover, (myelo)peroxidase-
atalyzed generation of vitamin E phenoxyl radicals
as been associated with induction of lipid peroxida-
ion in lipoproteins (5, 6, 7). While these types of inter-
ctions have been unequivocally demonstrated in arti-
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athological significance, to the best of our knowledge,
as not been demonstrated in either lipoproteins or in
embranes.
With this in mind we designed experiments to deter-
ine whether enzymatic intracellular production of

henoxyl radicals will be accompanied by oxidative
tress in intact cells. We incubated HL-60 cells (con-
aining high endogenous myeloperoxidase (MPO) ac-
ivity (8)) with nontoxic concentrations of a vitamin E
omologue, 2,2,5,7,8-pentamethyl-6-hydroxychromane
PMC), in the presence of hydrogen peroxide and con-
ucted sensitive measurements of GSH and protein
ulfhydryl oxidation as well as membrane peroxidation
n different classes of phospholipids. We were able to
irectly detect, by EPR, MPO-catalyzed production of
henoxyl radicals that was not accompanied by any
ignificant decrease of endogenous thiols or accumula-
ion of phospholipid peroxidation in cells. We conclude
hat PMC phenoxyl radicals do not cause significant
xidative stress in HL-60 cells.

ATERIALS AND METHODS

Materials. 2,2,5,7,8-Pentamethyl-6-hydroxychromane was a gift
rom Eisai Co (Tokyo, Japan). cis-Parinaric acid (PnA) (Z-9, E-11,
-13, Z-15-octadecatetraenoic acid) was purchased from Molecular
robes, Inc. (Eugene, OR). The purity of each lot of PnA purchased
as determined by UV spectrophotometry using the molar extinction

304nm in ethanol, 80 3 103 M21 cm21. Hydrogen peroxide, 4,6-
ioxoheptanoic acid (succinylacetone, SA), guaiacol, 3-amino-1,2,4-
riazole (3-AT), phenylmethylsulfonyl fluoride (PMSF), glucose,
etylmethylammonium bromide, Hepes, fatty acid-free human se-
um albumin, malachite green base, sodium molybdate, sodium chlo-
ide, magnesium chloride, sodium phosphate, GSH, ethanol, lauryl
ulfate, sodium salt (SDS), fetal bovine serum (FBS) were purchased
rom Sigma Chemical Co. (St. Louis, MO). Iscove’s medium was from
IBCO BRL (Grand Island, NY). Triton X-100 (t-octylphenoxy-
olyethoxyethanol) was from Bio-Rad Laboratories (Richmond, CA).
-Propanol, methanol, hexane and acetonitrile were from Aldrich
hemical Co. (Milwaukee, WI). ThioGlo 1 was from Covalent Asso-
iates, Inc. (Woburn, MA). DMSO from Fisher Scientific Company
Pittsburgh, PA). All stock solutions were kept at 220°C. All other
eagents were of the highest grade available.

Cell culture. Human promyelocytic HL-60 cells (from American
ype Culture Collection) were grown in Iscove’s medium supple-
ented with 15% FBS in 95% humidity atmosphere under 5% CO2 in

ir at 37°C. Cells from passages 25–40 were used for the experi-
ents. The density of cells at collection time was 0.5 3 106 cells/ml.
MC was dissolved in DMSO and added to cells (DMSO concentra-
ion not exceed 1%). SA was dissolved in Iscove’s medium and added
o cell culture (0.15 3 106 cells/ml) at the final concentration of 500
M for 48 h. Cell viability was determined microscopically by trypan
lue exclusion.

Myeloperoxidase activity. HL-60 cells were harvested by centrif-
gation at 1,000 rpm for 5 min. Pellets were washed twice with
uffer A containing Hepes (25 mM), glucose (10 mM), NaCl (115
M), KCl (5 mM), MgCl2 (1 mM), NaH2PO4 (5 mM), pH 7.4. The

omogenate was prepared by freezing at 277°C and thawing the
ells. A spectrophotometric assay (Shimadzu UV 160U spectropho-
ometer (Kyoto, Japan)) of MPO activity was used in which guaiacol
xidation was monitored by changes of absorbance at 470 nm (e 5
6.6 mM21 cm21) (9). Cell homogenate (0.5 3 106 cells) was added to
1087
MSF (0.1 mM), guaiacol (13 mM), cetylmethylammonium bromide
0.02%), 3-AT (3.75 mM), pH 7.0. The reaction was started by the
ddition of H2O2 (670 mM). Activity of MPO was calculated in nmoles
f tetraguaiacol per minute per 1 3 106 cells. The data were acquired
sing Shimadzu PC 160 software version 1.2.

EPR spectroscopy. Measurements of PMC phenoxyl radicals were
erformed on a JEOL-RE1X EPR spectrometer (Tokyo, Japan) at
5°C. Samples (50 ml) contained viable HL-60 cells (8 3 104 cells),
MC (100–400 mM), 3-AT (5 mM), H2O2 (5–600 mM). Measurements
ere done in gas-permeable Teflon tubing (0.8 mm internal diame-

er, 0.013 mm thickness) from Alpha Wire Corp. (Elizabeth, NJ). The
ubing filled with mixed sample was folded twice and placed into a
.0 mm EPR quartz tube. The EPR conditions were as follows: 335.7
T center field, 10 mT sweep width, 0.2 mT field modulation, 10 mW
icrowave power, 0.3 s time constant, 4000 receiver gain, 1 min time

can. The kinetics of PMC phenoxyl radical formation was measured
y repeated scanning of its EPR signal.

GSH measurement in HL-60 cells. GSH and protein SH groups in
L-60 cell homogenates were determined using a fluorogenic male-

mide reagent, ThioGlo 1 as described earlier (10). ThioGlo 1 was
issolved in DMSO. The following conditions were used: homogenate
8 3 104 cells/ml), ThioGlo 1 (10 mM), Na,Na-phosphate buffer (100
M), pH 7.4. Spectrofluorophotometer RF-5301 (Shimadzu, Kyoto,

apan) was employed for determination using an excitation slit of 1.5
m and an emission slit of 5 nm. The wavelengths employed in the
ssay were 388 nm (excitation) and 500 nm (emission). The data
ere acquired using Shimadzu RF-5301PC software version 1.10.

HPLC assay of PMC. HPLC assay of PMC was performed as
escribed earlier (11). Briefly, aliquots (200 ml) were taken at given
ime intervals and transferred into micro-centrifuge plastic tubes.
or PMC extraction SDS (100 mM, 200 ml) was added to the samples,
nd briefly mixed by vortexing. Reagent alcohol (CH3OH:C2H5OH,
:1 by vol.) and hexane (400 ml each) were added and the resulting
ixture was vigorously vortexed for 2 min. The mixture was centri-

uged for 5 min at 1,000 rpm to separate the layers. The upper phase
as transferred to a small tube and dried under N2. The residue was

edissolved in ethanol and analyzed by HPLC using the 5 mm, 4.6 3
00 mm ODS Hypersil (Hewlett Packard) column. A Waters HPLC
ystem with 717 auto sampler, Waters 600 controller pump and a
74 Waters fluorescence detector were used. The wavelengths em-
loyed in the assay were 292 nm (excitation) and 324 (emission). The
obile phase used was CH3CN/H2O (8:5, by vol.) adjusted to pH 3.0
ith CH3COOH at a flow rate of 1 ml/min. Under these conditions,

he retention time for PMC was 9.5 min. Control experiments
howed that recovery of PMC with this procedure was .98% (11).

Determination of lipid peroxidation in HL-60 cells. PnA was in-
orporated into HL-60 cells by addition of complex PnA-human se-
um albumin to give a final concentration of 5 mg PnA/106 cells to
erum free RPMI 1640 medium without phenol red as described
arlier (12). PnA-labeled HL-60 were treated with H2O2 (200 mM) in
he presence or in the absence of PMC (100 mM) for 15 min at 37°C
n buffer A, pH 7.4 in the presence of 3-AT (5 mM). PMC was added
o cell suspensions 10 min before addition of H2O2. At the end of
ncubation period, total lipids were extracted using Folch’s procedure
13). The lipid extract was dried under N2, dissolved in 0.2 ml of
-propanol:hexane:water (4:3:0.16, by vol.) and separated by normal
hase HPLC using a 5-mm Supelcosil LC-Si column (4.6 3 250 mm)
nd an ammonium acetate gradient as described early (12). The
eparations were performed using a Shimadzu HPLC system (LC-
00) (Kyoto, Japan) equipped with an in-line configuration of RF-551
uorescence detector. Fluorescence of PnA was measured at 420 nm
mission after excitation at 324 nm. Data were processed and stored
n digital form with Shimadzu EZChrom software. Lipid phosphorus
as determined using a micro-method (14).
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Statistical analysis. The results are presented as mean 6 SE val-
es of at least three experiments and statistical analysis was performed
y paired Student’s t-test or one-way analysis of variance (ANOVA).
he statistical significance of differences was set at p , 0.05.

ESULTS

Effect of PMC on HL-60 cells viability. PMC has
een reported to induce Ca21 permeability channels in
embranes, hence causing cytotoxic effects (15). Since
e were interested in the effects of PMC phenoxyl

adicals in live cells, we tested the effects of various
oncentration of PMC on viability of HL-60 cells (Fig.
). There were no statistically significant changes in
iability of HL-60 cells exposed to 100 mM or 200 mM of
MC for 20 min either in the presence (Fig. 1) or in the
bsence (data not shown) of H2O2. At 300 mM, PMC
aused a 2-fold decrease of HL-60 cell viability over 20
in incubation with 200 mM H2O2 (Fig. 1). A dramatic

oss of viability was induced by 400 mM PMC indepen-
ently of the presence (92% after 5 min of incubation)
Fig. 1) or absence (50% after 5 min of incubation) of

2O2 (data not shown). H2O2 alone (200 mM) did not
ause any cytotoxic effects over 20 min incubation
Fig. 1).

PMC phenoxyl radicals are generated by MPO-
atalyzed one-electron oxidation in viable HL-60 cells.
ur previous work demonstrated that one-electron ox-

dation of PMC by tyrosinase (16), lipoxygenase (17) or
orseradish peroxidase (18) yielded EPR-detectable
henoxyl radicals. In our initial experiments, we tested
hether endogenous MPO in HL-60 cells can catalyze

FIG. 1. Viability of HL-60 cells in the presence of different con-
entration of PMC. h, 200 mM H2O2 in the absence of PMC; }, 100
M PMC 1 200 mM H2O2; F, 200 mM PMC 1 200 mM H2O2; Œ, 300
M PMC 1 200 mM H2O2; ■, 400 mM PMC 1 200 mM H2O2. HL-60
ells (1.6 3 106 cells/ml) were incubated with PMC (100–400 mM),
-AT (5 mM) in buffer A (pH 7.4) in the absence or in the presence of

2O2 (200 mM) at 25°C. Viability was measured by trypan blue
xclusion as described under Materials and Methods. Data are
eans 6 SE, n 5 4, *p , 0.05 vs HL-60 cells incubated in the absence

f PMC.
1088
olved EPR signal of PMC phenoxyl radicals (17) was
etected upon addition of PMC to HL-60 cells in the
resence of H2O2 and a catalase inhibitor, 3-AT (Fig.
A). The magnitude of the EPR signal was dependent
n PMC concentration (Fig. 2B). No EPR signals were
bserved when the cells were incubated with PMC in
he absence of H2O2 or when PMC was incubated with

2O2 without cells (data not shown). Based on our
esults on cytotoxicity, 100 mM of PMC was chosen for
urther experiments despite the greater magnitude of
he EPR signals at higher PMC concentrations.

As H2O2 is a co-substrate for MPO-catalyzed reac-
ions, we tested whether the steady-state concentra-
ion of PMC phenoxyl radicals is dependent on H2O2

oncentration. Using H2O2 at 200 mM, steady-state
oncentrations of PMC phenoxyl radicals were readily
etectable by EPR and were maintained for '2 min
nd sharply decayed over subsequent 2 min time pe-
iod (Fig. 3). The decay was due to H2O2 depletion as
epeated addition of H2O2 reconstituted the magnitude
f the signal (Fig. 3). Further increase of H2O2 concen-
ration up to 400–600 mM only incrementally in-
reased the duration of the PMC phenoxyl radicals
Fig. 3, inset). At very low H2O2 concentrations (5–10
M), the EPR signal of the radical was detectable but
apidly decayed (within less than 1 min). The magni-
ude of PMC phenoxyl radical EPR signal was not
ubstantially affected when an inhibitor of catalase,
-AT was omitted from the incubation medium (data
ot shown), suggesting that PMC-driven consumption
f H2O2 rather than its decomposition by catalase was
he major pathway of its utilization in HL-60 cells

FIG. 2. MPO-catalyzed generation of PMC phenoxyl radicals in
L-60 cells. (A) EPR spectra of PMC phenoxyl radicals generated by
PO in HL-60 cells. a, cells 1 3-AT (5 mM) 1 H2O2 (200 mM); b,

ells 1 PMC (100 mM) 1 3-AT (5 mM); c, cells 1 PMC (100 mM) 1
-AT (5 mM) 1 H2O2 (200 mM); d, cells 1 PMC (400 mM) 1 3-AT (5
M) 1 H2O2 (200 mM). (B) Dependence of PMC phenoxyl radical
PR signal on PMC concentration. HL-60 cells (1.6 3 106 cells/ml)
ere incubated in buffer A (pH 7.4) in the absence or in the presence
f PMC and/or H2O2 at 25°C. EPR spectra of PMC phenoxyl radical
ere recorded as described under Materials and Methods. Data are
eans 6 SE, n 5 5.
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nder these conditions. Thus, 200 mM H2O2 was used
n subsequent experiments.

To directly demonstrate the role of MPO activity in
MC radical formation in HL-60 cells we manipulated
he enzymatic activity by growing the cells in the pres-
nce of an inhibitor of heme synthesis, SA. There were
o significant changes in cell growth rate between con-
rol (non-treated) and SA-treated cells. After 48 h ex-
osure to SA (500 mM), MPO activity in HL-60 cells
ignificantly decreased (24.0 6 2.2 vs 4.3 6 0.1 nmoles
uaiacol/min/106 cells, in control and treated cells, re-
pectively, p , 0.001) (Fig. 4A). Under these condi-

FIG. 3. Time course of PMC phenoxyl radical EPR signal. Arrow
ndicates second addition of H2O2. (Inset) The life span of PMC
henoxyl radical EPR signal at different concentrations of H2O2.
L-60 cells (1.6 3 106 cells/ml) were incubated with PMC (100 mM),
-AT (5 mM) in buffer A (pH 7.4) in the presence of H2O2 (200 mM)
t 25°C. EPR spectra of PMC phenoxyl radical were recorded as
escribed under Materials and Methods. Time up to disappearance
f EPR signal was calculated. Data are means 6 SE, n 5 5.

FIG. 4. Effect of SA on MPO activity (A) and EPR signal of PMC
henoxyl radicals (B) in HL-60 cells. MPO activity and EPR spectra
f PMC phenoxyl radical were determined as described under Mate-
ials and Methods. Data are means 6 SE, n 5 3, *p , 0.001 vs HL-60
ells non-treated with SA.
1089
ions, PMC phenoxyl radical EPR signal was hardly
etectable in the EPR spectra. Quantitatively, the
agnitude of the signal was 19.5 6 18.6 a.u. in SA-

reated cells vs 170.7 6 19.7 a.u. in non-treated cells
Fig. 4B).

HPLC measurements of PMC concentrations demon-
trated that non-treated HL-60 cells consumed .45%
f the compound over 15 min of incubation in the
resence of H2O2 (Fig. 5). In contrast less than 15%
MC was oxidized when SA-treated HL-60 cells were

ncubated under the same conditions. Combined our
esults strongly suggest that MPO-catalyzed one-
lectron oxidation of PMC was responsible for the ob-
erved EPR signal of its phenoxyl radicals in HL-60
ells.

PMC phenoxyl radicals do not oxidize GSH and pro-
ein sulfhydryls in HL-60 cells. We next tested
hether generation of PMC phenoxyl radicals was as-

ociated with oxidation of GSH or protein sulfhydryls.
e found no decrease in GSH levels during 5 min

ncubation of HL-60 cells with PMC and H2O2 (Fig. 6)
lthough PMC radical formation and PMC consump-
ion was quite distinct during this period (see Figs. 2
nd 5). Similarly, H2O2 alone did not cause changes in
SH content. A slight but insignificant decrease of
SH was detected in SA-treated HL-60 cells incubated
ith H2O2 alone which was not observed in the pres-
nce of PMC and H2O2 (Fig. 6A). These results indicate
hat MPO-catalyzed formation of PMC phenoxyl radi-
als was not associated with GSH oxidation.
Protein SH-groups were not substantially oxidized

y H2O2 either in the presence or in the absence

FIG. 5. H2O2-induced PMC oxidation in non-treated and SA-
reated HL-60 cells. ‚, no H2O2; h, non-treated HL-60 cells; ■,
A-treated HL-60 cells (500 mM for 48 h). HL-60 cells (1.6 3 106

ells/ml) were incubated with PMC (100 mM), 3-AT (5 mM) in buffer
(pH 7.4) in the presence or in the absence of H2O2 at 25°C. H2O2

200 mM) was added every 5 min. Aliquots of cells were taken at time
oints as indicated, and PMC contents was determined by HPLC as
escribed under Materials and Methods. Data are means 6 SE, *p ,
.001 vs HL-60 cells incubated in the absence of H2O2.
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f PMC in both non-treated and SA-treated cells
Fig. 6B).

PMC phenoxyl radicals do not induce lipid peroxida-
ion in HL-60 cells. To determine whether production
f PMC phenoxyl radicals induced lipid peroxidation in
L-60 cells we utilized our sensitive HPLC-fluorescent

echnique based on metabolic integration of oxidation-
ensitive fluorescent fatty acid, cis-parinaric acid
PnA), in membrane phospholipids of HL-60 cells (12).

e found that exposure HL-60 cells to H2O2 (200 mM)
esulted in significant oxidation of phosphatidylinosi-
ol (PI) and phosphatidylserine (PS) in these cells (Fig.
A). In SA-treated HL-60 cells, all four major classes of
hospholipids were oxidized after H2O2 treatment (Fig.
B). Essentially no significant peroxidation of phospho-

FIG. 6. Effect of PMC and H2O2 on the content of GSH (A) and
rotein sulfhydryls (B) in non-treated and SA-treated HL-60 cells.
L-60 cells (1.6 3 106 cells/ml) were incubated with 3-AT (5 mM) in
uffer A (pH 7.4) in the presence or in the absence of PMC (100 mM)
nd/or H2O2 (200 mM) at 25°C. Aliquots of cells were taken at 5 min and
SH and protein sulfhydryls were determined by ThioGlo 1 as de-

cribed under Materials and Methods. Data are means 6 SE, n 5 3.
1090
abeled cells when both H2O2 and PMC were present.
hus, PMC did not contribute to oxidative stress in
nA-labeled cells rather PMC protected phospholipids
gainst oxidation induced by H2O2 alone in both non-
reated and SA-treated HL-60 cells (Fig. 7). No peroxi-
ation of phospholipids was induced when HL-60 cells
ere incubated with PMC alone (data not shown).

ISCUSSION

The present work demonstrates for the first time
hat endogenous MPO-catalyzed one-electron oxida-
ion of a vitamin E homologue, PMC, to its phenoxyl
adicals can be directly detectable by EPR in live
L-60 cells. This is strongly supported by our re-

ults demonstrating that SA—a potent inhibitor of
-aminolevulinic acid dehydratase and hence of heme
iosynthesis—resulted in a notable decrease of MPO
ctivity and simultaneously in a dramatic quenching of
he PMC phenoxyl radical EPR signal and inhibition of
MC oxidation as evidenced by our HPLC data. In line
ith this, we found that another phenolic compound,
n antitumor drug etoposide (VP-16), was also con-
erted by endogenous MPO into its phenoxyl radicals
Kagan et al., in preparation). In this case, however,
irect EPR detection of the radicals in HL-60 cells was
nly possible after depletion of endogenous GSH by
eacting it with a maleimide reagent, ThioGlo-1 (19).
his prompted us to further investigate possible inter-
ctions of PMC phenoxyl radicals with GSH and pro-
ein SH-groups in HL-60 cells.

We established that GSH was not consumed in ei-
her non-treated or SA-treated HL-60 cells in the pres-
nce of H2O2 alone or in combination with PMC. PMC
lso did not oxidize protein SH groups in the presence
f H2O2 in either non-treated or SA-treated cells. Since
he PMC phenoxyl radicals were directly observable in
ells incubated with PMC and H2O2 we conclude that
he radicals were not reduced and did not react with
ntracellular thiols. This is in sharp contrast to phe-
oxyl radicals of etoposide, that were highly reactive
owards GSH resulting in a complete quenching of
toposide phenoxyl radical EPR signals by endogenous
hiols (19).

Since recent reports implicated phenoxyl radicals of
itamin E and its homologues generated by (myelo)per-
xidases in propagation of lipid peroxidation we de-
ided to test whether peroxidation of membrane phos-
holipids was induced by endogenously formed PMC
henoxyl radicals. Our results unequivocally estab-
ished that PMC phenoxyl radicals did not cause per-
xidation in any of the four major classes of membrane
hospholipids in HL-60 cells. Moreover, PMC protected
gainst H2O2-induced peroxidation in both non-treated
nd SA-treated cells. This is specifically related to re-
ox properties of phenoxyl radicals of vitamin E and its
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omologues rather than to particular localization of
PO in HL-60 cells as we found that MPO-catalyzed

henoxyl radicals of phenol induced extensive oxida-
ion of membrane phospholipids in these cells (20).

Notably, no recycling of PMC from its phenoxyl rad-
cals by endogenous reductants was observed in HL-60
ells under the conditions used as evidenced by our
PLC data. Since cell culture medium does not contain

itamin C recycling of PMC phenoxyl radicals by ascor-
ate (21) was not possible. Thus we conclude that even
n the absence of ascorbate, prooxidant effects of PMC
henoxyl radicals towards either thiols or lipids are not
ealized in the normal intracellular environment of
iable HL-60 cells.
Finally, the lack of prooxidant activity of PMC phe-

oxyl radicals opens avenues for the development of
ew chemopreventive strategies against cyto- and
enotoxic effects of drugs whose calamitous mecha-
isms of action may be related to (myelo)peroxidase-
atalyzed metabolism. In particular, we believe that
ur studies indicate new directions to overcome, at
east to some degree, limitations in the clinical use of
toposide as a result of associated acute myelogenous
eukemias (22, 23). This may be achieved by concomi-
ant use of etoposide with vitamin E (its homologues)
long with vitamin C and other vitamin E recycling
gents to outcompete etoposide as a substrate for MPO
nd prevent the redox-cycling activity of its phenoxyl
adicals in bone marrow progenitor cells.

FIG. 7. Effect of PMC on oxidation of PnA-labeled phospholipid i
ith SA for 48 h. cis-PnA-loaded cells (106 cells/ml) were exposure to
, pH 7.4 for 15 min at 37°C. PMC was added 10 min before addition
y HPLC. Data are means 6 SD, n 5 3, *p , 0.03 vs control. cis-Pn
E, phosphatidylethanolamine; PC, phosphatidylcholine.
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