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THE INFLUENCE OF SUPEROXIDE ON THE
PRODUCTION OF HYPOCHLOROUS ACID BY
HUMAN NEUTROPHILS
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Human neutrophils stimulated with opsonized zymosan promoted hypochlorous acid (HOCI)-dependent
loss of monochlorodimedon. Formation of HOC! was completely inhibited by catalase, and it was also
inhibited up to 70% by SOD. There was no inhibition by desferal, DTPA, mannitol or dimethylsulphoxide,
which excluded the involvement of - OH. Our results indicate that generation of O; by neutrophils enables
these cells to enhance their production of HOCI. Furthermore, inhibition of neutcophil processes by SOD
and catalase does not necessarily implicate -OH. We propose that O; may potentiate oxidant damage at
inflammatory sites by boosting the myeloperoxidase-dependent production of HOCI
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INTRODUCTION

Hypochlorous acid (HOCI) is a potent oxidant discharged by stimulated neutrophils.
It reacts readily with biological molecules, inactivating «,-proteinase inhibitor, other
neutrophil enzymes and inflammatory molecules, and is cytotoxic to a wide variety of
mammalian cells.' Since HOCI can account for at least 30% of the O; generated
during the respiratory burst,>® it may be responsible for the majority of oxidant
damage mediated by neutrophils.

Myeloperoxidase, the most abundant neutrophil protein, catalyses the production
of HOCI from H,0, and CI~.* H,0, is supplied as a secondary product by the
respiratory burst through the dismutation of O5.> Howerver, O; also reacts directly
with myeloperoxidase® and modulates the chlorinating activity of the purified
enzyme.™® Under conditions where compound Il accumulates, O7 can treble the
production of HOCI by reducing compound 1l back to active ferric myeloperoxidase.’
Although this mechanism has been demonstrated with the purified enzyme,’ there is
no evidence from previous studies®*®'? that it operates in the neutrophil. We have
examined in detail the effect of O; on HOCI production by neutrophils'' and in this
presentation we report our major findings.

MATERIALS AND METHODS

Materials

Neutrophils were isolated from the blood of healthy donors by Ficoll-Hypaque

*To whom correspondence and reprint requests should be addressed.
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centrifugation, dextran sedimentation, and hypotonic lysis of contaminating red
cells.'? Myeloperoxidase was purified from human neutrophils to a purity index
(Ago/Awe) of >07, and its concentration was determined using
&0 = 91,000M~'cm™"." Zymosan was opsonized in 30% human plasma with end
over end rotation for 30 minutes at 37°C. Superoxide dismutase (SOD), catalase,
monochlorodimedon (MCD) and zymosan were purchased from Sigma. All other
chemicals were of the highest grade available.

Methods

Reactions were carried out in PBS containing 1 mM CaCl,, 0.5mM MgCl, and
| mgml~' of glucose. When incubations were carried out in the absence of Ci~, the
buffer was 10mM phosphate, pH 7.5, containing 1.0 mM MgSQO,, 47mM Na, SO,
and 1 mgml~' of glucose. Neutrophils were incubated in a total volume of 1 ml in
1.5 m! sealed microfuge tubes with end over end rotation for 15 minutes at 37°C. At
the end of this period tubes were placed in melting ice for 10 minutes and centrifuged
to pellet neutrophils and zymosan. The production of HOCI was based on the loss of
MCD (€919,000M~'cm™')."* O; production was measured as SOD-inhibitable
cytochrome ¢ reduction (&ssp (reuced-oxidizedy 21,100 M ' cm~").

RESULTS

Effects of superoxide dismutase and catalase on the loss of MCD

When neutrophils were stimulated with opsonized zymosan they promoted the loss of
MCD. Catalase and SOD inhibited the loss of MCD by 93% and 73% respectively
(Figure 1). The effects of these proteins were due to their enzymatic activity since the
heat-inactivated enzymes and bovine serum albumin were ineffective.

The loss of MCD in the absence of SOD was directly proportional to the produc-
tion of Oy (Figure 2), which was used as a measure of total oxidant (O; + H,0,)
production. In the presence of SOD the loss of MCD plateaued, so that SOD gave
greatest inhibition at the highest rates of O; production but did not inhibit at lower
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FIGURE 1. The effects of catalase and superoxide dismutase on the loss of MCD mediated by neutroph-
ils stimulated with opsonized zymosan. Neutrophils (4 x 10°ml~') were incubated with Smgmi=' of
opsonized zymosan and 70 uM MCD in total volume of I ml at 37° C for 15 min. Concentrations of catalase
(CAT), SOD and bovine serum albumin (BSA) were 100 ugml ™', 20 ugm!~" and 100 ugml~', respectively.
Enzymes were heat inactivated (H.1.) by boiling for 15 min. Superoxide production was 170 «M in 15 min.
Values represent meeans and ranges of duplicate experiments.
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FIGURE 2. The effect of superoxide production on the loss of MCD mediated by neutrophils stimulated
with opsonized zymosan. Conditions were as described in Figure 1 except the concentration of opsonized
zymosan was varied between 0 and Smgml~! in the presence (a) or absence (@) of 20 ugm!~' of SOD.
Superoxide produced during [ 5 min of incubation was measured in parallel experiments by the cytochrome
c assay. Data are from experiments with several neutrophil preparations.

rates. SOD did not affect the release of myeloperoxidase.' Thus, it can be concluded
that in the presence of SOD the increased production of H,0, eventually saturated
the activity of myeloperoxidase. However, in the absence of SOD, O; was responsible
for maintaining the activity of myeloperoxidase so that H, 0, was efficiently converted
to HOCL

Effects of oxidant inhibitors and scavengers on the loss of MCD

Inhibition by catalase and SOD could indicate that the loss of MCD was due to -OH
produced by the O; -driven Fenton reaction."” To distinguish between HOCI and
*OH as the neutrophil oxidant responsible for the loss of MCD, reactions were
carried out in the presence of either exogenous myeloperoxidase, or inhibitors of
HOCI or -OH production. Loss of MCD was completely suppressed by the heme

TABLE 1

The effect of myeloperoxidase and oxidant inhibitors on the loss of MCD mediated by neutrophils
stimulated with opsonized zymosan. Conditions were as described in Figure I. Superoxide production was

112 4M/15 min in the presence of CI~ and 67 uM/!5 min in its absence.

Conditions MCD Loss (uM) % Change

PMN + MCD + 0OZ 205 £ 1.1 (3) —
+ 250nM MPO 357+ 19@9) + 74
+ 100 M azide 04 +1.14) —~98
+ [ mM cyanide 0.1 £ L.1(9 - 100
- CI- 26 +£09(4) - 80*
+20mM Me,SO 227 +1.2Q) +10
+ 40 mM Me,SO 227 +1.2Q) + 11
+ 5mM mannitol 200 £ 26(2) -2
+ 10mM mannitol 2.1 £ 1.1 (2 +8
+ 100 «uM desferal 204 £+ 1.0(2) -1
+ 100 uM DTPA 20.2 £ 22 (4) +1
+ 100 uM methionine 27+ 1.1 (4) - 87

*Corrected for decreased O; production. Values represent means and standard deviations of (1)

experiments.
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enzyme inhibitors azide and cyanide, and was enhanced by adding exogenous mye-
loperoxidase (Table I). It was also suppressed when cells were suspended in Cl~-free
buffer to prevent production of HOCI. Under these conditions, the cells produced
only approx. 60% of the O; generated in Cl~-buffer. This in itself would result in a
corresponding decrease in oxidant production. However, even when this decrease was
accounted for, loss of MCD was inhibited by 80%. Cl~-free buffer had no effect on
the amount of myeloperoxidase released.!" Dimethyl-sulfoxide (Me,SO) and man-
nitol react rapidly with -OH and are commonly used as -OH scavengers. However,
they failed to inhibit the loss of MCD (Table I). In addition, there was no inhibition
by desferal or diethylenetriaminepentaacetic acid (DTPA), both of which complex
iron in a form that is unable to catalyse the O; -driven Fenton reaction."’ Methionine,
which reacts rapidly with HOCL,' strongly inhibited the reaction.

DISCUSSION

We have demonstrated that human neutrophils stimulated with opsonized zymosan
promote the loss of MCD by a process that depends on myeloperoxidase, H,O, and
Cl~. Previous studies with the purified enzyme*'” have shown that HOCl is the species
responsible for this reaction. Our results are consistent with this and show that
extracellularly generated HOCI promotes the loss of MCD by neutrophils stimulated
with opsonized zymosan. A novel finding in this investigation is that production of
HOCI by neutrophils can be inhibited by SOD. At low rates of oxidant production
SOD did not inhibit the loss of MCD. However, with increasing oxidant production,
SOD inhibited the loss of MCD by up to-70%. Although inhibition by SOD and
catalase could implicate +OH, this radical was excluded because the loss of MCD was
dependent on myeloperoxidase and was unaffected by +OH scavengers or inhibitors
of the Fenton reaction. Our results indicate that neutrophils can utilize O; to enhance
their extracellular production of HOCI.

The striking similarity between the effects of O; on HOCI production by purified
myeloperoxidase’ and neutrophils stimulated with opsonized zymosan (Figure 2),
suggest that the mechanism established for the purified enzyme (Figure 3) is operative
in neutrophils. O; enhanced production of HOCI because it prevents inactive com-
pound Il from accumulating. Chlorination occurs in the presence of a flux of Q5 , even
though O; promotes formation of compound Ill, because this form of mye-
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FIGURE 3. The mechanism of myeloperoxidase-dependent chlorination in the presence of a flux of
superoxide (7).

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/08/11
For personal use only.

PRODUCTION OF HOCI BY NEUTROPHILS 51

loperoxidase reacts with H,0, to give compound Il, which is then reduced to active
ferric myeloperoxidase by O; .

SOD should inhibit production of HOCI by neutrophils only under conditions
where compound Il accumulates and its turnover is limiting. Agents other than O;,
such as ascorbate'® and urate’ can reduce compound 1l. When they are present, the
inhibitory effect of SOD will be masked. However, the high flux of O; produced by
neutrophils should ensure that Oy is the major reductant in vivo. In this investigation
the MCD used to detect HOCI also promotes the accumulation of compound 11."
However, we have recently shown that high concentrations of H,O, inhibit mye-
loperoxidase by promoting the formation of compound I, as do tryptophan and
serum gomponcnts in the presence of H,0,." This inhibition is prevented by a flux
of O; .

An important conclusion arising from this investigation is that SOD and catalase
can inhibit reactions of neutrophils that are not due to -OH. This is especially relevant
since recent studies have shown that isolated neutrophils do not produce -OH,” and
that myeloperoxidase is an effective inhibitor of -OH production.? ‘OH has been
suggested as the damaging agent in a wide variety of inflammatory conditions, as well
as in neutrophil self-destruction,” bacterial killing by neutrophils,” and Candida
killing by monocytes? because SOD and catalase inhibited these processes. Inhibition
of Oj -driven HOCI production by both enzymes, as observed in the present study,
provides an alternative explanation for these results. Hence, these results imply that
O; may potentiate inflammatory tissue damage by enhancing the production of
HOC], and that the anti-inflammatory effect of SOD may, in part, be due to the
inhibition of this reaction.
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