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Abstract

A fluorescent assay for simultaneous screening of myeloperoxidase (MPO) inhibitors and hypochlorous
acid (HOCI) scavengers was developed using quantum dots (QDs) as a selective HOCI probe. HL60 cells
were differentiated into neutrophil phenotype and used for HOCI generation in this assay. The fluorescence
of QDs was specifically quenched by HOCI generated from the neutrophil-like cells induced with phorbol
12-myristate 13-acetate (PMA) or hydrogen peroxide (H.0,). Both MPO inhibitors (e.g. resveratrol) and
HOCI scavengers (methionine and vitamin C) tested in this assay could inhibit the QDs fluorescence
quenching but MPO inhibitors showed a more obvious dose response relationship than HOCI scavengers. A
microplate assay under the same conditions using 2,7-dichlorofluorescin diacetate (DCFH-DA), a commonly
used reactive oxidative species (ROS) probe, was also performed to make a comparison with QDs based
assay. The results indicated superior HOCI specificity of QDs over DCFH-DA and necessity of using ROS
probes with different selectivity for a comprehensive evaluation of antioxidant efficiency in cellular systems.
This QDs based microplate assay has a potential to be used in cell line-based high throughput screening for
HOCI scavengers or MPO inhibitors with therapeutic importance in controlling inflammation.
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1. Introduction

Hypochlorous acid/hypochlorite (HOCI/CIO
) is a powerful oxidant generated by activated
neutrophils via the myeloperoxidase (MPO)
catalyzed reaction of hydrogen peroxide (H,0y)
with chloride ions (CI)[1,2]. HOCI can promote
oxidative damage and plays an important role in
the pathogenesis of neurodegenerative disease
[3,4], atherosclerosis [5], rheumatoid arthritis [6]
and other chronic inflammatory diseases [7,8].
Decreased MPO activity in vivo was reported to
have beneficial effects in alleviating some of the
pathological conditions [3,9]. Hence, HOCI
scavenging and MPO inhibiting substances may
be considered as bioactive constituents of
functional foods and therapeutic agents for the
prevention or treatment of the oxidative stress-
related symptoms.

There is a lack of convenient methods in
quantifying MPO activity and the potency of its
inhibitors. Recently, a high-affinity recombinant
antibody based method was reported on rapid and

sensitive direct detection of myeloperoxidase [10].

A few assays have been developed for the
screening of HOCI scavengers and MPO
inhibitors [11-15]. The mechanism behind most
of these assays is the detection of chloramines,
which are the HOCI oxidation products of
proteins or amino acids. For example, Firuzi et al.
[12] developed a microplate HOCI scavenging
method based on the measurement of
chloramines which oxidized 5-thio-2-
nitrobenzoic acid (TNB) to 5,5-dithiobis(2-
nitrobenzoic acid) (DTNB). Although TNB based
assays are widely used for HOCI scavenging and
MPO inhibiting assay [12,13], these assays
involve complicated protocols and, more
importantly, compounds such as glutathione
(GSH) and N-acetylcysteine (NAC) can interfere
with these assays because their reactions with
DTNB or chloramines[13, 14]. In addition to
TNB assay, the HOCI fluorescence probe
aminophenyl fluorescein (APF) [16] is used in
commercially  available assay kit  for
determination of the chlorination activity of MPO
in solution and cell lysates.—Most of previous
assays are specifically for HOCI scavengers or
MPO inhibitors.

The human promyelocytic leukemia HL60
cell line can be differentiated into the neutrophil-
like phenotype [17],which is a good model
system for the generation of reactive oxidative
species (ROS) induced by different agents
[13,15,18]. In addition, the differentiated
neutrophil-like cells over-express MPO and have
the potential to be used in both HOCI scavenging
and MPO inhibiting assays. Since it is important
to correlate the results of in vitro assays with in
vivo effects, development of a cell based method
is necessary for the direct examination of HOCI
scavengers and MPO inhibitors  under
physiological conditions. Although neutrophils
from different sources have been used for HOCI
generation [12-14], no reports are available on
fluorescence microplate based assay using HL60
differentiated neutrophil-like cells for screening
HOCI scavengers and MPO inhibitors
simultaneously.

Quantum dots (QDs), as a novel and
sensitive type of fluorescent probe for ROS. [19-
21] nanometer sized semiconductor crystals
(quantum dots, QDs) have been used in the quick
detection of both scavengers and generators of
ROS. A water-soluble L-cysteine capped Mn-
doped CdSe@zZnS was found to enhance
chemiluminescence(CL) signals emitted from
interaction of NaClO with H,O, in basic
medium[22]. Nie et al. reported that the
fluorescence of QDs could be quenched by HOCI
generated from HL60 differentiated neutrophil-
like cells[23]. In a previous study, our lab
synthesized a new type of QDs (QDs-poly-CO5)
for monitoring HOCI in tap water and MPO
activity, based on the same fluorescence
qguenching mechanism [24]. The QDs showed
good selectivity for HOCI over other biologically
important ROS including H,O,, peroxynitrite
(ONOO"), superoxide (O27), and hydroxyl
radical (HO'), which suggests a potential of the
QDs to be applied to a cell based assay. In this
study, a microplate assay for HOCI scavengers
and MPO inhibitors was established using HL60
differentiated neutrophil-like cells combined with
the HOCI-sensing QDs. Both phorbol 12-
myristate 13-acetate (PMA) and hydrogen
peroxide were employed to induce the generation
of HOCI, which was inhibited or scavenged by
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test chemicals added to the cells. A microplate
assay using the fluorescent probe 2,7-
dichlorofluorescin diacetate (DCFH-DA) for
quantifying cellular ROS was used to make
comparison with the performance of the QDs in
terms of ROS selectivity.

2. Materials and Methods

All materials for cell culture were from
GIBCO (Grand Island, NY, USA). PMA (99%),
DCFH-DA (97%), thiourea (99%), resveratrol
(99%), 4-aminobenzoic acid hydrazide (ABAH,
95%), sodium azide (NaNs, 99%), L-ascorbic
acid (99%), methionine (99%), taurine (99%) and
glutathione (GSH, 98%) were purchased from
Sigma Chemical Co. (St. Louis, MO, USA).
Hydrogen peroxide (30%) was from Merck
(KGaA, Darmstadt, Germany). The chemicals
were dissolved in different solvents as stock
solutions: DCFH-DA (10 mM), ABAH (100
mM) in DMSO; PMA (1 mg/mL), and resveratrol
(100 mM) in ethanol; thiourea (500 mM), taurine
(200 mM), methionine (10 mM), GSH (200 mM),
L-ascorbic acid (200 mM) and NaNs (1 M) in
distilled water. The stock solutions of GSH and
L-ascorbic acid were freshly prepared each day.
Krebs-Ringers phosphate buffer (KRPB; 114 mM
NaCl, 4.6 mM KCI, 24 mM MgSQO,4, 1.0 mM
CaCly, 15 mM NaH,PQ4, 15 mM Na;HPO,, pH
7.4) was used for dilution of the above stock
solutions for the subsequent analyses. All other
chemicals were of analytical grade and used
directly.

2.1. Preparation of hydrophilic QD by
polymer encapsulation (QDs-Poly-COy).
Hydrophobic CdSe/ZnS quantum dots were
synthesized according to the literature [24]. The
crude QDs were purified using the precipitation
method, and dissolved in dichloromethane for
future use. The purified QDs had a maximum
emission at ~ 590 nm and the concentrations of
QDs were estimated based on empirical equations
as reported [24]. Poly (maleic anhydride-alt-1-
octadecene) (0.050 g) was dissolved in Na,COs
(20.00 mL, 0.1 M) solution and stirred till a clear
solution was obtained. Purified QDs (5.0 mL in
DCM) was added to the clear polymer solution

and stirred overnight until a homogeneous
solution was formed. The organic volatiles were
removed under vacuum, and the remaining
aqueous solution was centrifuged to give a clear
supernatant, which was collected as the stock
solution of QDs-Poly-CO," and diluted in KRPB
to 5 nM for use in this study.

2.2. Cell culture and differentiation

HL60 cells were purchased from the
American Type Culture Collection (ATCC,
Manassas, VA, USA) and grown in IMDM
medium supplemented with 10% fetal bovine
serum, 100 U/mL penicillin, and 100 pg/mL
streptomycin at 37 °C in a 5% CO, humidified
environment. The cells used in the assay were
between 10-30 passages.

To differentiate HL60 cells into a neutrophil
like phenotype, 60 mM DMSO was added to the
cell growth medium, in which the cells were
cultured for 7 days. On day 7, differentiated
HL60 cells were centrifuged at 800 g for 5 min
and resuspended in KRPB. Viable cells were
counted on a hemocytometer using trypan blue
exclusion.

2.3. Fluorescence microplate assay

100 pL of the cell suspension in KRPB
(1x10°mL) were added to each cell of the 96-
well plate (Greiner, black wells flat bottom). The
cells were incubated with 100 puL of the test
materials of different concentrations for 1h.
Thereafter 20 uL of QDs (5 nM) and 20 pL of
PMA (2 pug/mL) or H,0, (200 uM) were added
sequentially. The microplate was shaken gently
every 5 min to ensure that the cells and QDs were
kept in suspension. After incubation for 30 min,
the fluorescence was measured on a microplate
reader (Tecan, Infinite M200) in the top reading
mode with an excitation wavelength at 400 nm
and emission at 595 nm. For the DCFH-DA
assay, 20 uL of DCFH-DA (100 uM) was added
in replacement of QDs and fluorescence was
measured with an excitation wavelength at 485
nm and emission at 530 nm.

2.4. Data analysis
The ability of test chemicals to scavenge or
inhibit the generation of HOCI was measured by
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PMA or H,0, treated controls in the presence or
absence of the test chemicals. The inhibition rates
of fluorescence quenching per well was
calculated wusing the formula [(F-Fp)/(Fc-
Fp)]*100], where F. = fluorescence without the
test chemical and PMA or H;0, F =

fluorescence with the test chemical and PMA or
H,O, and, F, = fluorescence with PMA or H,0..
The same formula was also used in the DCFH-
DA microplate assay to calculate the inhibition
rates of fluorescence increase per well.
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Figure 1. Quenching of QD fluorescence by different concentrations of neutrophil-like HL60 cells after PMA
stimulation. When incubated with the same concentration of QDs and PMA for 30 min, the neutrophile like cells
caused fluorescence quenching in a cell concentration-dependent manner. Pre-incubation with Resveratrol (160 uM)
for 1 h could inhibit the QD fluorescence quenching induced by PMA stimulation at all the cell concentrations. The
relative fluorescence was calculated as the ratio of QD fluorescence values between the measured wells to the control
well without PMA and resveratrol treatment. The error bars represent the standard deviations of four replicated wells
(n=4)

3. Results generation. Resveratrol was found to have a

maximum inhibition rate at a cell density of

The fluorescence quenching of QDs by
PMA-stimulated neutrophil-like cells is shown in
Figure 1. Resveratrol (160 uM) was used as a
MPO inhibitor [25,26] and reduced the amount of
QD fluorescence quenching. Cell suspension of
higher densities caused a more significant
fluorescence quenching because of more HOCI

1x10%mL which was adopted in this study to
achieve a good sensitivity. To rule out the
possibility of interaction between QDs and PMA,
the QD fluorescence in KRPB without cells was
investigated (Figure 2). The results show that
PMA has no influence on QD fluorescence
quenching.
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Figure 2. The influence of PMA and H,0, on the QD fluorescence quenching. The PMA or H,0O, was incubated with
neutrophil-like cells for 30 min after the addition of QDs. The QD fluorescence in KRPB or cell suspensions
(1x10%ml) without PMA and H,0, treatment was taken as 100% of relative fluorescence. The error bars represent the

standard deviations of four replicated wells (n = 4)

The effects of test chemicals on QD
fluorescence quenching inhibition is shown in
Figure 3. According to their different dose
response relationships, the test chemicals could
be categorized into MPO inhibitors and HOCI
scavengers. For MPO inhibitors (Figure 3A), the
percentage of fluorescence quenching inhibition
is correlated with the concentration in the range
from 20 uM to 320 puM while for HOCI
scavengers in the concentration range from 40
uM to 10 mM (Figure 3B). The potency of MPO
inhibitors tested, compared by the inhibition rate
at 40 uM and 320 uM, showed the following
order: reveratrol > ABAH > sodium azide (Table
1). The inhibition rates of HOCI scavengers
showed the order: thiourea = methionine > GSH

> taurine ~ L-ascorbic acid. Although both MPO
inhibitors and HOCI scavengers dose dependently
inhibited the fluorescence quenching of QDs, the
concentration response relationship of MPO
inhibitors is more obvious than that of HOCI
scavengers. For example, the inhibition rate of
sodium azide at 40 uM is much lower than
methionine and thiourea at the same
concentration. However, at 320 uM the inhibition
rate of sodium azide is significantly higher than
those of methionine and thiourea. These results
have important implications for the difference
between MPO inhibitors and HOCI scavengers in
terms of HOCI-removing mechanism and
performance to limit HOCI-mediated oxidative
damage.
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Figure 3. The dose relationship of QD fluorescence
quenching inhibition by MPO inhibitors (A) and
HOCI scavengers (B). The MPO inhibitors and HOCI
scavengers were incubated with the neutrophil-like
cells for 1 h before the addition of QDs and PMA.
The concentration range was from 20 uM to 320 uM
(20 uM, 40 uM, 80 uM, 160 uM, 320 uM) for MPO
inhibitors and from 40 uM to 10mM (40 uM, 320 uM,
1mM, 2 mM, 10 mM) for HOCI scavengers. The error
bars represent the inter-day variations of three
independent assays (n = 3) in which the mean of data
was from 4 replicated wells (n = 4).

Since MPO is expressed in the neutrophil-
like HL60 cells, H,O, was added to the cells to
generate  HOCI through the MPO-H,0,—CI
system [16]. In cell free condition the QD
fluorescence was quenched by H,O, to a much
lesser extent than in the presence of cells which
converted H,O, to HOCI (Figure 2). The potency
of MPO inhibitors, compared by the inhibition
rates at 20 uM and 320 uM, showed the order:
resveratrol > ABAH > sodium azide (Table 2).
For HOCI scavengers, the observed order is as
follows: thiourea =~ methionine > GSH > L-
ascorbic acid > taurine. The cell permeable MPO
inhibitors resveratrol and ABAH showed a
significantly higher efficiency of quenching
inhibition compared with all the HOCI
scavengers, which is consistent with the results
from the PMA stimulated cells. The test
chemicals at a concentration of 320 uM were also
shown to have no significant influence on the QD
fluorescence in the absence of cells (Figure 4).

The time course of QDs quenching due to
PMA stimulation and H,O, addition to the
neutrophil-like cells was also investigated. Figure
5 shows that the H,O, QD fluorescence
quenching reaction went to completion within 10
minutes whereas PMA stimulation caused a
gradual quenching process extending over 30
minutes. The results indicate  different
mechanisms of HOCI generation by H,O, and
PMA. The addition of H,O, quenched the QD
fluorescence faster than the PMA stimulation
because H,0; is directly used as a substrate by
MPO to generate HOCI whereas after PMA
addition, the amount of HOCI is limited by the
generation of H,O, which needs activation of
NADPH oxidase and superoxide dismutase.
Finally, a microplate assay using another ROS
fluorescent probe DCFH-DA was conducted to
evaluate all the test chemicals in the QD based
microplate assay. Table 3 shows that only GSH
and L-ascorbic acid (320 pM) significantly
inhibited the ROS induced fluorescence increase
in H,0, and PMA stimulated cells. This result is
in stark contrast to the inhibition order of the
tested chemicals from the QD based microplate
assay, which indicated the different selectivity of
the two fluorescent probes for ROS generated by
the cells. Also, the effect of H,O, and PMA on
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the DCFH-DA fluorescence in KRPB without influence was found (Figure 6).
cells was investigated and no significant

Table 1. Comparison of the potency of MPO inhibitors and HOCI scavengers in inhibiting the QD fluorescence
guenching induced by PMA stimulation

Compounds Inhibition Inter-day variation Intra-day Inhibition Inter-day variation Intra-day
(mean+ S.D.%) at (R.S.D.%,n=3) variation (meanz S.D.%) at (R.S.D.%,n=3) variation
40 uM (R.S.D.%,n=4) 320 yM (R.S.D.%,n=4)

MPO inhibitors

Resveratrol 56.21+10.40 18.50 2.66 99.86+8.37 8.38 3.50
ABAH 45.24+7.25 16.03 6.47 82.24+5.20 6.32 6.07
Sodium Azide 12.50+1.68 13.44 7.14 73.10+9.26 12.67 7.23

HOCI scavengers

Thiourea 37.80£2.26 5.98 17.11 47.66+4.39 9.21 15.81
Methionine 30.65+4.98 16.25 11.74 54.65+4.80 8.78 7.46
GSH 13.45+3.76 27.96 20.20 23.08+2.32 9.95 13.75
Taurine - - - 6.53+2.43 37.21 44.08
L-ascorbic Acid - - - 4.55+1.62 35.60 41.14

-, No inhibition effect.

Table 2 Comparison of the potency of MPO inhibitors and HOCI scavengers in inhibiting the QD fluorescence
guenching induced by H,0, addition

Compounds Inhibition Inter-day variation Intra-day Inhibition Inter-day variation Intra-day
(meanzx S.D.%) at (R.S.D.%,n=3) variation (meanz S.D.%) at (R.S.D.%,n=3) variation
20 uM (R.S.D.%,n=4) 320 M (R.S.D.%,n=4)

MPO inhibitors

Resveratrol 60.52+7.03 11.62 4.68 86.97+4.17 4.79 2.61
ABAH 52.72+7.03 13.33 8.23 85.20+0.65 0.76 2.79
Sodium Azide - - - 65.73+0.57 0.87 3.69

HOCI scavengers

Thiourea 40.30+5.09 12.63 3.35 41.55+2.16 5.20 6.80

Methionine 20.17+7.33 36.34 5.97 46.96+9.70 20.66 3.37

GSH 11.1045.81 52.34 12.12 21.80+7.50 34.40 18.70
L-ascorbic Acid - - - 2.46+0.90 36.59 30
Taurine - - - - - -

-, No inhibition effect.
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Table 3 Comparison of the potency of MPO inhibitors and HOCI scavengers in inhibiting the DCFH-DA

fluorescence increase induced by PMA stimulation and H,O, addition

PMA stimulation

H,0, addition

Compounds Inhibition Inter-day variation Intra-day Inhibition Inter-day variation Intra-day
(meanz S.D.%) at (R.S.D.%,n=3) variation (meanz S.D.%) at (R.S.D.%,n=3) variation
320 pM (R.S.D.%,n=4) 320 uM (R.S.D.%,n=4)
MPO inhibitors
Resveratrol - - - - - -
ABAH 24.35%3.32 13.63 5.04 - - -
Sodium Azide - - - - - -
HOCI scavengers
L-ascorbic Acid 52.2943.31 6.33 17.25 17.25+7.32 42.43 14.32
GSH 31.74%6.00 18.90 13.27 29.49+0.74 251 417
Methionine 14.50+7.85 54.14 6.86 17.86+3.24 18.14 5.84
Taurine - - - - - -
Thiourea - - - - - -

-, No inhibition effect.
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4. Discussion

The specificity of HOCI detection over other
biologically important ROS by QDs has been
demonstrated in the former study showing that
only HOCI rapidly quenched the fluorescence of
QDs within 10 min [24]. The high selectivity of
QD quenching by HOCI could be attributed to the
diffusion of electronically neutral HOCI across
the negative layer of QD surface polymer
coatings while other ROS are difficult to
penetrate the polymer layer due to their negative
charges or very short life time. Although H,0; is
stable and neutral, it is not a strong oxidant as
HOCI which can cause QD surface etching and
subsequent fluorescence quenching. Compared
with the former study, [24] the QD fluorescence
was quenched to a greater extent by H,0, in this
study due to lower concentration of QDs and
higher concentration of H,O, added. In this study
the amount of HOCI produced by HL60 cells was
not quantified because the HOCI spiked standard
curve cannot be used for determining the amount
of HOCI which is generated by HL60 cells in a
gradual process over time. Instead, the assay
provide a relative measurement of MPO activity
in generating HOCI.

The present study was carried out to evaluate
the use of QDs in a microplate based assay to
detect MPO inhibition or HOCI scavenging.
MPO inhibitors showed a more obvious
concentration response relationship than HOCI
scavengers. This could be explained by different
HOCI removal mechanisms. HOCI scavengers
could not block the generation of HOCI but
inhibited QD fluorescence quenching through a
competition mechanism. Therefore, a
significantly higher concentration of HOCI
scavengers was required to reach an inhibition
rate over 70% when compared with MPO
inhibitors. Jerlich et al.[27] also reported that
higher concentrations of HOCI scavengers than
MPO inhibitors were required for the prevention
of low density lipoprotein (LDL) oxidation by the
MPO/H,0,/CI" system, which indicates that
MPO inhibitors are more efficient in reducing
HOCI than HOCI scavengers.

Previous study [28] has demonstrated that
HOCI reacts readily with many biological

molecules, particularly those with
organosulfides and amino groups such as
methionine and GSH. Given the rapid reaction
rates of HOCI with biological materials, high
doses of conventional antioxidants such as L-
ascorbic acid and thiols are required to effectively
protect against direct oxidative damage by HOCI
[29]. Other biological ROS such as ONOO™ and
HO'may also compete with HOCI for
antioxidants. In addition, antioxidants such as
taurine can react with HOCI and generate
chloramines (RNHCI) which are reactive
oxidants and key intermediates in HOCI-
mediated damage [30]. Therefore, inhibiting the
generation of HOCI may be a better choice than
scavenging HOCI after its generation, for
amelioration of HOCI induced biological
damage.

Resveratrol, the most potent MPO inhibitor
found in this study, has been reported to
significantly decrease HOCI production in human
and equine neutrophils [25,26]. In contrast to
synthetic MPO inhibitors such ABAH and NaNs,
resveratrol is a phytochemical from grape skins
and other plant sources, implying a great
potential of screening and identification of potent
MPO inhibitors from natural products.
Resveratrol also showed a HOCI scavenging
potency comparable to L-ascorbic acid [31].
However, in this study resveratrol had much
higher  fluorescence  quenching inhibition
efficiency than L-ascorbic acid, which indicates
that resveratrol mainly functions as a MPO
inhibitor to reduce the HOCI production by
neutrophil-like cells. Since previous study
showed that even a small dose of resveratrol
(4.38 nM) attainable by the alimentary route
could effectively inhibited HOCI generation in
human neutrophils, resveratrol could act as a
reference compound to evaluate the performance
of other MPO inhibitors and HOCI scavengers in
vivo. Compared with previous study [25,26], a
significantly higher concentration of resveratrol
in this study was required to completely inhibit
fluorescence quenching, which might be due to
the very low concentration of QDs applied in the
assay and the fast reaction rate of QDs with
HOCI demonstrated in our previous study [24].
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PMA and H,0, were used to induce HOCI
generation by HL60 neutrophil-like cells. Unlike
the neutrophils isolated from whole blood, the
commercially available HL60 cells are not
limited by availability of blood samples, and
hence more suitable for the large-scale screening
assay. Compared with other adherent cell types,
non-adherent neutrophil-like cells used in the
microplate assay also have the advantages
including no need for pre-seeding and thus
reduced variability of the assay due to the
variable cell numbers. Most importantly, myeloid
derived HL60 cells over-express MPO and could
be induced to produce a much higher level of
HOCI than other cell lines.

Neutrophil-like cells stimulated by PMA
undergo a “respiratory burst”, which leads to
extracellular release of MPO and HOCI.
Although PMA stimulation is a classic method
for HOCI generation in neutrophil-like cells, the
selectivity of the assay may be compromised by
other “respiratory burst” relevant enzymes
inhibitors such as NADPH oxidase inhibitor
diphenyliodonium (DPI) which also blocks HOCI
generation, as demonstrated in the previous
study[17]. To overcome this disadvantage, the
cells were directly exposed to H,O, which could
is the substrate in generating HOCI by oxidation
of CI- mediated by MPO. Burns et al. [18]
reported a fast conversion of H,O, to HOCI by
HL60 cells within minutes. To avoid inhibition of
MPO, the H,0, concentration employed in the
assay was kept below 20 uM, as recommended
by Kettle et al. [8] Although in HL60 cells the
mechanisms of HOCI generation by PMA
stimulation and H,O, addition were different, the
similar potency orders of HOCI scavengers and
MPO inhibitors shown by the two methods
indicated the selectivity of QDs for HOCI. This is
in contrast with the different potency orders
observed in the DCFH-DA microplate assay
which might be due to different ROS generated
by PMA stimulation and H,O, addition.

The inhibition efficiency of HOCI
scavengers shown in this study was basically
consistent with the order of relative reaction rates
reported by Winterbourn [29] in which
organosulfide compounds (methionine and GSH)
were much more reactive than L-ascorbic acid

and taurine. Although there was no literature for
comparing the potency of MPO inhibitors tested
in this study, resveratrol was reported to be more
efficient in blocking MPO-triggered formation of
DNA-centered radicals than ABAH [29] the
analog of which pHBAH was demonstrated to be
much more effective in preventing MPO induced
LDL oxidation than sodium azide. These indirect
comparisons from previous studies correlated
well with the potency order of MPO inhibitors
given in this study. Since the inhibition rates in
this cell based assay did not show a linear dose
response relationship and the inhibition rates of
some HOCI scavengers did not reach 50% even
at a concentration of 10 mM, ICs, values were
not adopted as indicators for HOCI inhibition
efficiency. However, this does not impair the
performance of this cell based assay for the
identification of the most effective HOCI
inhibitor such as resveratrol which could be
achieved through comparing the potency order at
the concentration of 320 pM.

Another  difference between PMA
stimulation and H,O, addition to generate HOCI
is that PMA caused neutrophil degranulation
leading to extracellular MPO and HOCI release,
whereas the added H,0, is mainly converted by
intracellular MPO to HOCI which diffuses
outside the cells. The addition of H,O, may
therefore be more suitable for evaluation of
intracellular MPO inhibitors. Unlike organic
fluorescent probes, QDs have poor cell
permeability and could not enter the cell in a
diffusible way especially in such a short time as
30 minutes. This could provide QDs with another
advantage, in that the quenching of QDs
fluorescence would not be influenced by the
complex intracellular environment containing
other interfering peroxidase [14,17]. So there is
no need for extraction and purification of MPO
from neutrophils or the whole blood cells [13],
which makes the QDs based microplate assay less
time-consuming and laborious compared with
previous methods.

Finally, a microplate assay using DCFH-DA
under the same condition was conducted to make
a comparison with the performance of QDs.
DCFH-DA is an organic fluorescent probe widely
used for quantification of cellular oxidative stress
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and assessment of antioxidant effects [32]. L-
ascorbic acid (Vitamin C) in this assay exhibited
a strong antioxidant efficacy, which is consistent
with the result of a previous assay based on the
same principle [33]. However, in the same assay,
all the MPO inhibitors showed weak or no
inhibition effects for ROS-induced fluorescence
increase, and similar results were observed for
methionine and thiourea which are known to be
highly efficient HOCI scavengers. The reason for
the contrast between QDs and DCFH-DA based
microplate assays might be different selectivity of
two fluorescent probes for ROS because DCFH-
DA is a non-specific ROS probe and its
intracellular hydrolysis product 2,7-
dichlorofluorescin (DCFH) was reported to have
a low reactivity with HOCI[16]. Myhre et al. [34]
critically assessed the different ROS identified by
the DCFH-DA assay and also suggested that
DCFH could measure ONOO", ‘OH, and H,0,in
the presence of cellular peroxidases but was not
suitable for detection of HOCI, NO, or O, in
biological systems. Therefore, a combined use of
ROS probes with different selectivity should be
necessary for a comprehensive evaluation of
antioxidant efficiency in a cell based assay.

In summary, a simple, fast cell based
microplate assay was developed for the screening
of highly efficient HOCI scavengers and MPO
inhibitors which can be distinguished by their
different dose response relationships. The MPO
inhibitors exhibited a significantly higher
efficiency for QD fluorescence quenching
inhibition than the HOCI scavengers, which
indicates more potential of MPO inhibitors as
effective HOCI removers. Comparison between
DCFH-DA and QDs demonstrates the importance
of using more ROS probes with different
selectivity for a comprehensive antioxidant
evaluation especially when cells were used as
ROS generation sources.
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