Molecular Pharmacology Fast Forward. Published on November 10, 2009 as DOI: 10.1124/mol.109.061077
Molecular Pharm anﬁﬂegyeﬁua@io%mmmm hsloecien The ¥emmiaaiod da2006 asntois ldsbh24/mol.109.061077

MOL #61077

THE INHIBITOR OF PROTEIN ARGININE METHYLTRANSFERASES, AMI-1 IS A
POTENT SCAVENGER OF NOX-DERIVED SUPEROXIDE

Feng Chen and David J.R. Fulton

From the:
PFandFCyrascular Biology Center and Department of Pharmacology at the Medical
College of Georgia, Augusta, Georgia, 30912

FCDepartment of Forensic Sciences, Xi'an Jiaotong University School of Medicine, Xi'an
shaanxi 710061, PR China

1

Copyright 2009 by the American Society for Pharmacology and Experimental Therapeutics.

20z ‘ST |11dV uo speuinor 134SY e Bio'sfeulno flsdse wireydjow wod) papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on November 10, 2009 as DOI: 10.1124/mol.109.061077
This article has not been copyedited and formatted. The final version may differ from this version.

MOL #61077

Running title: AMI-1 is a Potent Antioxidant

Address for Correspondence:
David J.R. Fulton, Ph.D.
Vascular Biology Center
Medical College of Georgia
1459 Laney Walker Blvd
Augusta, GA 30912

Phone: 706-721-1946

FAX: 706-721-9799

E-mail: dfulton@mcg.edu

Number of text pages: 19
Number of tables: 0

Number of figures: 7

Number of References: 31

Number of Words- Abstract: 195
Number of Words —Introduction: 429
Number of Words — Discussion: 795

List of Abbreviations: eNOS, endothelial nitric oxide synthase; iNOS, inducible nitric
oxide synthase; Nox, NADPH-oxidase; ROS, reactive oxygen species; PRMT, protein
arginine methyltransferase; RLU, relative light units;

20z ‘ST |11dV uo speuinor 134SY e Bio'sfeulno flsdse wireydjow wod) papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on November 10, 2009 as DOI: 10.1124/mol.109.061077
This article has not been copyedited and formatted. The final version may differ from this version.

MOL #61077

ABSTRACT

The methylation of proteins is an important post-translational mechanism that has been
established to influence the activity of nuclear and nucleic acid binding proteins. Much
less is known about the importance of protein methylation in the regulation of cytosolic
proteins. Increased methylation of proteins is observed in cardiovascular disease and
occurs in conjunction with elevated production of reactive oxygen species. However, the
nature of the relationship between reactive oxygen species and protein methylation is
poorly understood. Therefore, the goal of the current study was to determine whether
protein methylation influences the catalytic activity of the NADPH oxidases which are a
family of enzymes responsible for the generation of superoxide. We found that the
selective inhibitor of protein arginine methyltransferases, AMI-1 was a potent antagonist
of Nox-derived superoxide production. However, structurally and mechanistically
dissimilar inhibitors of protein methylation and co-expression of the arginine
methyltransferase, PRMT1 did not influence Nox activity. Rather, the effect of AMI-1
was rapidly reversible and could be demonstrated in an assay using chemically
synthesized superoxide. We conclude that protein methylation does not regulate the
activity of NADPH-oxidases and that AMI-1 is a potent antioxidant with a greater

potency than Tiron and Tempol.
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INTRODUCTION

The post-translational modification of proteins is a potent mechanism that
provides robust and diverse changes in function by influencing protein folding, inter and
intra molecular binding, stability and subcellular localization. Protein methylation is
becoming increasingly recognized as a functionally important post-translational
modification and has been shown to share many characteristics with phosphorylation.
Methylation occurs on a variety of amino acids, most commonly the nitrogen groups of
lysine and in particular arginine residues (Bedford and Clarke, 2009). The formation of
methylated arginine residues is catalyzed by a family of enzymes collectively known as
protein arginine methyl transferases (PRMTs) of which there are at least 9 members.
Considerably less is known about the process of demethylation of arginine residues and
because of its slow turnover, arginine methylation was generally thought to be an
irreversible modification (Byvoet, 1972). Recently, enzymes that are capable of arginine
demethylation have been identified (Chang et al., 2007) which opposes the simplistic
view of methylation as a static post-translational modification and suggests that at least
for some proteins, methylation can dynamically affect function.

The methylation of nuclear proteins including the abundant histones and
heterogeneous nuclear ribonucleoproteins are perhaps the best characterized examples of
arginine methylation (Littau et al., 1965; Liu and Dreyfuss, 1995) and are important for
cellular proliferation, pluripotency and differentiation (Wu et al., 2009). Cytosolic
proteins can also be modified by methylation and several PRMT isoforms can be

localized to the cytosol (Bedford and Clarke, 2009; Pahlich et al., 2006).However, in
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comparison to nuclear proteins, there are significant gaps in our knowledge about the
importance of protein methylation in the regulation of cytosolic protein function.

Cardiovascular disease can result in the accumulation of methylated arginine
residues and elevated levels of free asymmetric dimethylarginine (ADMA) in the plasma
predict a negative cardiovascular outcome (Miyazaki et al., 1999; Zoccali et al., 2001).
One explanation for this is that ADMA is a catalytic inhibitor of endothelial nitric oxide
synthase and increases superoxide production (Druhan et al., 2008). Indeed protein
methylation is associated with increased levels of reactive oxygen species (Sydow and
Munzel, 2003) but the effects of protein methylation on the enzymes that produce
superoxide are not known.

Therefore, the goal of the current study was to identify whether inhibitors of
methylation or selective inhibitors of arginine methylation can influence the activity of
the NADPH oxidase family of enzymes. To achieve this, we have chosen to use a
selective inhibitor of arginine methyltransferases (AMI-1), a non-selective inhibitor of
protein methyltransferases (MTA) (Williams-Ashman et al., 1982) and also an inhibitor

of total cellular methylation (singefungin) (Cheng et al., 2004).
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MATERIALS AND METHODS

Cell Culture, Transfection, and Treatment

COS-7 cells were grown in Dulbecco’s modified Eagle’s medium containing penicillin
(100 U/ml), streptomycin (100 mg/ml), and 10% (v/v) fetal bovine serum and transfected
with Lipofectamine 2000 according to the manufacturer’s instructions (Invitrogen). Cells
were exposed to different concentrations of AMI-1 (7,7'-Carbonylbis(azanediyl)bis(4-
hydroxynaphthalene-2-sulfonic acid) sodium salt hydrate, Sigma), MTA (5'-Deoxy-5'-
(methylthio)adenosine, Sigma), Sinefungin (6,9-Diamino-1-(6-amino-9H-purin-9-yl)-
1,5,6,7,8,9-hexadeoxy-D-glycero-a-L-talo-decafuranuronic acid, Fisher), Tiron (4,5-
Dihydroxy-1,3-benzenedisulfonic acid disodium salt monohydrate, Fisher), and Tempol

(4-Hydroxy-2,2,6,6-tetramethylpiperidine 1-oxyl, Fisher) for 1-24 hours.

DNA constructs

Nox5 (accession number AF325189), Nox1, eNOS and iNOS have been described
previously (Jagnandan et al., 2007; Jagnandan et al., 2005; Zhang et al., 2006; Zhang et
al., 2008). The protein arginine methylation transferase 1 (PRMT 1, accession number
NM 198318.2) was generated by PCR from a human cDNA library using the following
primers (containing a HA tag on forward): forward, 5’-CACCATGTACCCATACGAT
GTTCCAGATTACGCCGCGGCAGCCGAGGCCGCGAACT-3’; reverse, 5°-
CACAGTCAC GATGTGCCCTC-3’. DNA sequences were confirmed by automated

sequencing.
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Measurement of Reactive Oxygen Species

COS-7 cells were transfected with cDNAs encoding Nox5/Nox1(with NoxO1/NoxA1)
or control plasmids (RFP or LacZ), and 48 hours later, cells were replated into white
tissue culture-treated 96-well plates (ThermoLabsystems) at a density of ~5x10"
cells/well. The cells were incubated at 37°C in phenol-free Dulbecco’s modified Eagle’s
medium (Sigma) containing L-012 (400 uM, Wako) for about 10 min, and luminescence
was quantified over time using a Lumistar Galaxy (BMG) luminometer. The relative light
units (RLU) quantified from the luminescence of L-012 are reflective of changes in the

superoxide produced by Nox enzymes (Jagnandan et al., 2007).

Measurement of Hydrogen Peroxide

COS-7 cells were transfected with Nox cDNAs or control plasmids (LacZ) and
hydrogen peroxide was measured using the Amplex® Red assay with excitation of 530~
560 nm and emission detection at ~590 nm. Cells were incubated at 37°C with 50pM
Amplex® Red, 0.125 U/ml horseradish peroxidase (HRP) in phenol-free Dulbecco’s
modified Eagle’s medium (Sigma) for 10 min. Relative light units (RLU) were calculated

after subtraction of control groups (LacZ/catalase).

NO Release
Media (100 ul) containing nitrite and nitrate (primarily NO,") was ethanol precipitated
to remove proteins and refluxed in sodium iodide/glacial acetic acid to convert NO, to

NO. NO was measured via specific chemiluminescence after reaction with ozone
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(Sievers). Net NO,™ from cells transfected with eNOS or iNOS was calculated after

subtracting NO," levels from cells lacking NOS activity (LacZ).

Western Blot Analysis

Cells were washed twice with phosphate-buffered saline (PBS), lysed on ice in 50 mM
Tris-HCI, pH 6.8, 2% SDS, 30% glycerol, 6% BME, and 0.02% bromphenol blue.
Lysates were clarified at 13,000 rpm for 10 min at 4 °C and size-fractionated by 10%
SDS-PAGE and immunoblotted with antibodies to HA (Roche Applied Science). All

reagents were acquired from Sigma-Aldrich.

Intracellular Ca2"-measurements

Intracellular calcium was measured using aequorin as described previously (Church
and Fulton, 2006). In brief, cells were transduced with an aequorin adenovirus and 24hrs
later reconstituted with coelenterazine (S5uM) for 1 hr in calcium free Hanks solution. The
cells were then exposed to 1 uM ionomycin and luminescence recorded using a
luminescence plate reader (Lumistar Galaxy). Alternatively, calcium was measured by
Fluo-4 Direct (Invitrogen), and fluorescence was measured with a Lumistar Galaxy plate
reader (BMG) with excitation at 494 nm and emission at 516 nm. Calcium levels were

calculated following addition of ionomycin (1puM) and subtraction of basal fluorescence.

Cell-free Nox Activity Assays
COS-7 cells expressing Nox5 were lysed in a MOPS (30 mM, pH 7.2)-based buffer

containing KCI (100 mM), Triton (0.3%), and protease inhibitors (Sigma). Adherent cells
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were rocked gently, and the lysis buffer was aspirated and then washed with PBS (4 °C).
Remaining fractions were resuspended in the MOPS buffer with 0.3 mM EGTA to
remove residual calcium and sonicated at low power and centrifuged at 14,000 rpm

(4 °C). The supernatant was then aspirated, and the pellet resuspended in MOPS buffer
with mild sonication. The cell-free extract was aliquoted into buffers containing L-012
(400 uM), 1 mM MgCl,, 100 uM FAD (Sigma), and 1 mM CaCl,. After a brief period of
equilibration with or without agonists, reduced NADPH (Sigma) was injected to a final
concentration of 200 uM, and the production of reactive oxygen species was monitored

over time as described (Jagnandan et al., 2007).

Antioxidant Assay

The generation of superoxide from NADH (Sigma) and PMS (Sigma) has been
described previously (Ewing and Janero, 1995). In brief, PMS (3.3 uM) was prepared in
50 mM phosphate buffer containing 400 uM L-012 (Wako), pH 7.4 in the presence and
absence of AMI-1 (100 uM). NADH was injected at a final concentration of 78uM and

luminescence quantified over time.

Statistical Analysis
Superoxide release data are expressed as means = S.E.M. Comparisons were made
using two-tailed Student's t test or analysis of variance with a post-hoc test where

appropriate. Differences were considered as significant at p < 0.05.
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RESULTS

AMI-1 inhibits superoxide generated by NADPH oxidase 5.

To determine whether protein methylation can influence the activity of NADPH oxidases
and thus superoxide production, we incubated COS-7 cells expressing Nox5 with vehicle
(H,0) or the selective PRMT inhibitor, AMI-1 and measured superoxide output using L-
012 enhanced chemiluminescence(Imada et al., 1999). At 100uM, AMI-1 virtually
eliminated measurable superoxide production from unstimulated cells (Figure 1A) and
cells stimulated with ionomycin (Figure 1B). The ability of AMI-1 to suppress the
superoxide signal was not related to a change in the expression of Nox5 as shown by
Western blot (Figure 1A, lower panel). The inhibition of Nox5-derived superoxide was
inhibited by AMI-1 in a dose-dependent manner with an IC50 of approximately 8.3uM
(Figure 1C). The ability of AMI-1 to suppress superoxide levels could be due to a number
of factors including the direct inhibition of enzyme activity, indirect inhibition through
the alteration of second messengers such as calcium or through an ability to react directly

with superoxide.

AMI-1 directly inhibits Nox5 and does not modify intracellular calcium levels.

NoxS5 is a calcium-dependent enzyme that generates superoxide in response to an
elevation in intracellular calcium. Therefore we next investigated whether AMI-1 exerts
its inhibitory actions by inhibiting the mobilization of intracellular calcium. Two separate
approaches were employed to monitor intracellular calcium, the calcium-dependent
bioluminescent protein aequorin and the calcium indicator dye, Fluo4-AM. As shown in

Figure 2A, AMI-1 did not modify the levels of basal or ionomycin-stimulated calcium in

10
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COS-7 cells. As AMI-1 might also influence the activity of the protein aequorin, we also
measured intracellular calcium using Fluo4-AM. As shown in Figure 2B, AMI-1 did not
reduce the ability of ionomycin to elevate calcium levels in COS-7 cells. As calcium
levels are unaffected by AMI-1, we next tested whether AMI-1 can directly influence
NoxS5 activity. This was achieved using a cell-free activity assay using partially purified
Nox5 and the addition of co-factors FAD, calcium and NADPH. As shown in Figure 2C
AMI-1 directly inhibited superoxide production from Nox5 which demonstrates that
cytosolic factors such as the level of intracellular calcium or the presence of other
proteins are not required for its inhibitory actions. However, we cannot yet exclude an
action of AMI-1 that is specific for the Nox5 isoform, or the inhibition of all NADPH-

flavoprotein dependent processes.

AMI-1 inhibits other Nox isoforms, but not nitric oxide synthases.

Therefore we next tested whether AMI-1 could influence the activity of other NADPH
oxidase isoforms. AMI-1 was also effective at inhibiting superoxide production from
cells expressing Nox1 and its activating subunits NoxO1 and NoxA1 (Figure 3A) and
also inhibited hydrogen peroxide produced from Nox4 and Nox5 (Figure 3B). To
determine whether AMI-1 inhibits other NADPH-dependent enzymes, we examined
whether it can influence the activity of the nitric oxide synthases eNOS and iNOS. AMI-
1 had no effect on the ability of either eNOS or iNOS to generate nitric oxide (Figure 4)
demonstrating that it has a selective action on either the activity of the Nox family of

enzymes as a group or the superoxide that they generate.
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Mechanistically dissimilar inhibitors of protein methylation and co-expression of PRMT1
do not influence the level of Nox5-derived superoxide.

To test whether the inhibitory actions of AMI-1 are shared by structurally and
mechanistically dissimilar inhibitors of arginine methylation, we next evaluated the
effects of sinefungin (Figure 5A) and MTA (Figure 5B). In contrast to AMI-1, both MTA
and sinefungin failed to inhibit the level of superoxide produced by Nox5. Similarly,
over expression of the arginine methyltransferase PRMT1 with NoxS5, did not modify
superoxide levels (Figure 5C) or alter Nox5 expression (lower panel). The combination
of increased PRMT 1 expression together with inhibition of methylation with sinefungin
(Figure 5D) or MTA (data not shown) was also ineffective and these results argue against

the importance of direct protein methylation in the control of Nox5 activity.

The ability of AMI-1 to inhibit Nox5-derived superoxide is rapidly reversible.

As protein methylation is regarded as a lasting or more permanent type of post-
translational modification, we next evaluated whether the effects of AMI-1 were rapidly
reversible and thus unrelated to inhibition of protein methylation. In COS-7 cells
expressing Nox5, the addition of AMI-1 instantaneously inhibited superoxide production
(data not shown). However, the acute removal of AMI-1 following a change of media
completely abrogated this ability (Figure 6A). This reversible action of AMI-1 was also
apparent in cell free activity assays (Figure 6B) and this data suggest that inhibition of
protein methylation and subsequent corruption of enzyme activity is not the primary

mechanism of inhibition.

12
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AMI-1 is a potent antioxidant.

As AMI-1 was not modifying Nox5 activity directly we next determined whether it could
be acting as a scavenger of reactive oxygen species. To achieve this we examined the
effect of AMI-1 on a non-enzymatic, superoxide generating assay and found that AMI-1
was a very effective scavenger of superoxide (Figure 7A). We next compared the potency
of the antioxidant actions of AMI-1 versus established scavengers of superoxide, Tiron
(Devlin et al., 1981) and Tempol (Krishna et al., 1996). We found that AMI-1 was a
considerably more effective inhibitor of superoxide production than Tiron or Tempol
(Figure 7B). Collectively these results suggest that AMI-1 is a potent scavenger or
superoxide and that arginine methylation plays little if any role in the regulation of Nox

activity.

13
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DISCUSSION

Methylation is one of the most abundant post-translation modifications of proteins
and most of our knowledge of protein methylation is based on the abundant methylation
of nuclear proteins such as histones, transcription factors and coregulators (Lee and
Stallcup, 2009). However, evidence for the regulation of cytosolic proteins by
methylation is still emerging with important roles demonstrated in signal transduction,
RNA processing, metabolism and oxidative stress (Abramovich et al., 1997; An et al.,
2009; Gary and Clarke, 1998; Liu and Dreyfuss, 1995; Philips et al., 1993). Increased
levels of reactive oxygen species stimulate protein methylation (Sydow and Munzel,
2003) and interestingly some of the most abundant methylated proteins in the cytosol are
those involved in the defense against oxidative metabolites (An et al., 2009). Therefore,
the goal of the current study was to determine whether the activity of the NADPH
oxidase (Nox) enzymes, which are responsible for the majority of reactive oxygen
species (ROS) production in cells(Griendling et al., 2000), is influenced by methylation.
We found that the selective inhibitor of protein arginine methylation, AMI-1 potently
reduced the levels of superoxide produced by Nox5 and other Nox isoforms.

However, this ability of AMI-1 to reduce superoxide levels was not due to a direct
effect on Nox activity as it was both rapid and rapidly reversible and methylation has
been reported to be a more permanent modification of proteins (Byvoet, 1972). To rule
out potential secondary effects of AMI-1, we also examined whether it modified the
levels of intracellular calcium or the activity of other NADPH-dependent enzymes, eNOS
and iNOS and found that it was without effect. Mechanistically and structurally distinct

inhibitors of protein methylation, sinefungin and MTA failed to acutely modify the
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activity of the Nox enzymes further suggesting that AMI-1 was not directly modifying
the enzymatic activity of Nox5 and this contention was supported by studies with co-
expression of the protein arginine methyltransferase PRMT1 and Nox5. PRMT]1 has a
broad range of substrates and is responsible for the methylation of >85% of proteins and
resides in both the cytosol and nucleus (Bedford and Clarke, 2009). However, increased
expression of PRMT1 did not influence Nox activity. Therefore we next examined
whether AMI-1 could inhibit superoxide from a non-enzymatic source and found that
rather than directly inhibiting the catalytic activity of Nox enzymes, AMI-1 was acting as
an antioxidant. Indeed, AMI-1 was considerably more efficacious at inhibiting
superoxide than the established inhibitors of superoxide, Tiron and Tempol. Thus the
ability of AMI-1 to scavenge superoxide directly provides a robust mechanism to account
for the reduced levels of superoxide seen from cells expressing the different NADPH
oxidase isoforms.

A potential caveat to our findings is that protein methylation may have a slow
turnover(Byvoet, 1972) and that the acute inhibition of methyltransferases may not
provide the level of discrimination needed to observe an effect on activity. However,
when cells were exposed to MTA for longer periods of time (>24hrs), there was no
further effect on superoxide produced by Nox5 suggesting that the time of incubation was
not a limiting factor.

The concentration (IC50) of AMI-1 required to inhibit the major arginine
methylatransferase (PRMT1) was similar to that required to scavenge superoxide (~
8uM) (Cheng et al., 2004). While increased reactive oxygen species have been shown to

correlate with increased methylation and increased PRMT activity(Yamagata et al., 2008)
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it is unlikely that ROS scavenging underlies the selective ability of AMI-1 to inhibit
arginine versus lysine methyltransferases. Sinefungin and MTA have both been shown to
be effective inhibitors of both arginine and lysine methylation (Cheng et al., 2004; Maher,
1993) but do not exhibit antioxidant properties. Furthermore, only PRMT3 and PRMTS5
and not PRMT1 or PRMT4 are sensitive to the reducing agent N-ethylmaleimide
(Frankel and Clarke, 2000) indicating that the modification of cysteine sulthydryl groups
is not a requisite step in the ability of AMI-1 to inhibit these enzymes. A further caveat
of these studies is that they have relied on the use of L-012 to detect superoxide. It is
therefore possible but quite unlikely that AMI-1 could be interacting specifically with L-
012 to reduce its ability to measure superoxide. The exact nature of the antioxidant ability
of AMI-1, specifically whether it induces the dismutation of superoxide into hydrogen
peroxide or acts in another manner, remains to be determined.

In summary, while increased production of reactive oxygen species promotes
methylation of proteins and accumulation of methylated arginine residues, we found no
evidence to support a role for arginine methylation in the activity of Nox enzymes.
Furthermore, we found that a selective inhibitor of protein arginine methyltransferases is
a potent scavenger of reactive oxygen species. This has important implications when
studying the effects of this or related compounds in the context of cardiovascular disease

or cancer where oxidative stress may be increased.
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FIGURE LEGEND

Figure 1. AMI-1 is a potent inhibitor of Nox5-derived superoxide. Superoxide release
was monitored from COS-7 cells transfected with Nox5 in the presence and absence of
AMI-1 at the indicated concentrations under unstimulated or basal conditions (A),
following stimulation with ionomycin (B) and dose-dependent inhibition (C). Results are
presented as mean £ SEM (n=4-8), * P<(.05 vs vehicle

Figure 2. AMI-1 exerts a direct effect of Nox5 and does not modify the level of
intracellular calcium. Calcium was monitored inside COS-7 cells transfected with
aequorin (A) or in untransfected cells using the calcium-indicator dye (B) in the presence
and absence of AMI-1 (100 pM). In C, the activity of Nox5 in cell-free extracts was
determined in the presence and absence of AMI-1(100 pM). Arrow indicates injection of
NADPH. Results are presented as mean = SEM (n=8). * P<0.05 vs vehicle

Figure 3. Superoxide produced by other Nox is inhibited by AMI-1. In A, COS-7 cells
were co-transfected with Nox1 together with NoxO1/NoxA1l and superoxide measured in
the presence and absence of AMI-1 (100 uM). In B, H,0, was monitored from cells
expressing Nox4 or NoxS5 in the presence and absence of AMI-1 (100 uM). Results are
presented as mean = SEM (n=8). * P<0.05 vs vehicle

Figure 4. NO production is unaffected by AMI-1. COS-7 cells were transfected with
eNOS (A) or iNOS (B) and NO release was measure by NO-specific chemiluminescence

in the presence and absence of AMI-1 (100 pM). Results are presented as mean + SEM
(n=4).

Figure 5. Structurally and mechanistically distinct inhibitors of protein methylation and
co-expression of PRMT1 do not affect Nox5-derived superoxide. Superoxide release
from COS-7 cells transfected with Nox5 in the presence and absence of (A) AMI-1
(100uM) and sinefungin (50uM); (B) MTA (1mM); (C) co-transfected with PRMT1; (D)
co-transfected with PRMT1 in the presence and absence of sinefungin (50uM). Results
are presented as mean = SEM (n=8).

Figure 6. The inhibitory effect of AMI-1 is rapidly reversible. In A, superoxide release
from Nox5-transfected COS-7 cells in the presence of AMI-1 (100uM) and following
washout. In B, superoxide release from a cell-free activity assay in which cells were
exposed to AMI-1 (100uM), washed and then disrupted by detergents. Results are
presented as mean + SEM (n=8).

Figure 7. AMI-1 has potent antioxidant activities. In A, superoxide generation from the
addition of NADH (arrow) to PMS as measured by L-012 chemiluminescence in the
presence and absence of AMI-1 (open circles). In B, comparison of the antioxidant
potencies of AMI-1 versus Tempol and Tiron in COS-7 cells expressing Nox5 (n=4-8).
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