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THE RELEASE OF SUPEROXIDE ANION FROM GRANULOCYTES: EFFECT OF INHIBITORS OF
ANION PERMEABILITY
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SUMMARY: Generation of superoxide anion (03) by phagocytizing bovine blood
gramilocytes and extracellular release of the anion were simultaneocusly assayed
by measuring oxygen consumption and Oi—dependent ferricytochrome ¢ reduction.
07 release, but not generation, was markedly inhibited by 4 -acetamido-4'-
isothiocyano-stilbene-2,2'-disulfonate and by 1-anilino-8-naphtalene sulfonate,
with an Igg of about 50 yM. Inhibition of 03 release was also observed when a
portion of NaCl in the cell suspending medium was replaced by NaNO3 or NaSCN
or Na salicylate, with the anions acting in the following order of potency:
salicylate > SCN™ > NO3.

Reduction of oxygen to superoxide anion (03) is markedlyl increased in
both polymorphonuclear and mononuclear phagocytes after exposure to appropria-~
te particulate or soluble stimili (1-8). vhile most of the generated O3 is li-
kely converted to Oy and Hy0p by the action of endogemous superoxide dismitase
{9-11), part of the anion is released into the phagocytic vacuoles and/or into
the extracellular space. This highly reactive compound may thus be involved in
bacterial killing (1,12) and in tissue damage (13).

The nature of the 03 ~generating system, its subcellular localization,
and the mechanism whereby its activity may be enhanced have partially been
clarified (7,8,14-17). Less clear is the mechanism by which O5 traverses the
cell membrane to reach the surrounding medium and the interior of the phagocy-
tic vacuoles.

Recently, Lynch and Fridovich (18) have shown that O3, generated by
xanthine oxidase within vesicles formed from erythrocyte ghosts, escapes into
the medium and that this escape is inhibited by stilbene derivatives. Since
these compounds are powerful inhibitors of the exchange of anions across the
erythrocyte membrane (19-21), Lynch and Fridovich suggested that 07 permeates
the erythrocyte stroma in the anion channel.

Abbreviations: SITS, 4-acetamido~4'-isothiocyano-stilbene-2;2'-disulfonate;
ANS, 1-anilino—-8-naphtalene sulfonate; SOD, superoxide dismutase; KRP, Krebs-
Ringer phosphate. ¢

0006-291X/79/090044-06$01.00/0

Copyright © 1979 by Academic Press, Inc.
All rights of reproduction in any form reserved. 44



Vol. 88, No. 1, 1979 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Although to the best of our knowledge the presence of anion channels
has never been described in leukocytes, we thought that a system of this type
may also be utilized by O, to escape from granulocytes. We therefore tested
the effect of SITS and ANS, known inhibitors of anion transport in the erythro~
cyte as well as in other cells (19-22), on the extracellular release of O
fram phagocytizing leukocytes. To distinguish between a possible effect of the-
se compounds on "generation" or "release" of O;, we simultaneously monitored
the oxygen consumption by granulocytes and the extracellular recovery of 0

in the absence and in the presence of SITS or ANS.

METHODS: Gramulocytes were isolated fram bovine blood by employing a techni-
que previously described (5,23). The cells were suspended in a medium consisting
of 123 mM NaCl, 5 oM KC1, 1.2 mM MgCl,, 0.5 mM CaCl, and 16 nM sodium/potassium
phosphate, pH 7.4 (KRP medium). Heat-killed Bacillus mycoides were opsonized
at 37° for 20 min with fresh bovine serum, washed twice and suspended in KRP
medium.

Stock solutions of SITS (disodium salt, British Drug House) and of ANS
(magnesium salt, recrystallized twice from hot water solutions of the Eastman
product) in 0.154 M NaCl were prepared and stored under dim light.

Simultaneous assays of O, consumption by and O, release from granulocytes
{8) were carried ocut as follows. 2x107 cells in 2 ml of KRP medium, containing
5 mM glucose, were incubated at 37° in the vessel for O, consumption measure-
ment, described elsewhere (24). After recording of basal respiration, ferricy-
tochrame ¢ (150 uM, Sigma, Type III) was injected into the cell suspension, im-
mediately followed by an addition of B. mycoides (100 bacteria per granulocyte).
After 3 min of continuous recording of O, consumption, 10 pl of a SOD (Truett
Laboratories) solution (3 mg/ml) were added to the vessel with a microsyringe
to stop O, -dependent reduction of cytochrame c. The cell suspension was then
rapidly transferred to a conical tube and centrifuged in an Eppendorf 3200 cen-
trifuge for 2 min at max speed. After a 1:1 dilution with KRP medium, the ab-
sorbance of reduced cytochrome c in the cell-free supernates was read at 550
nm in a split-beam spectrophotometer. The reference cuvette contained all the
reagents at the same concentration of sample cuvette, including cytochrame ¢
in the oxidized form. The absorbance units were converted into nmoles of cyto-
chrame ¢ reduced by using an absorbance coefficient of 21.1 mM™ 1 a! (reduced
minus oxidized) (25). Specificity of ferricytochrame c reduction by Oy, and
thus the amount of 05 released fram granulocytes, was evaluated by including
SOD in the cell suspending medium before addition of cytochrome ¢ and bacteria.
The recovery of cytochrame c was checked by reduction of the hemoprotein in
the sample cuvette with Na dithionite.

The effect of SITS and ANS on O, consumption and extracellular release
of O, was determined by adding either reagent to the cell suspension 2 min
before cytochrame c and bacteria.

Oxidation of xanthine (200 uM) by xanthine oxidase (10 mU/ml, Boehringer)
was assayed in KRP medium, containing 5 mM glucose and 0.1% bovine serum albu-
min, by recording the consumption of oxygen (24). Reduction of ferricytochrame
¢ by 0;, generated by the xanthine/xanthine oxidase system, was measured at 37°
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by following at 550 nm the increase in absorbance during a reaction time of 3
min. These controls showed that the inhibition of 0; -dependent cytochrame c
reduction by 100 1M SITS (8%) and by 100 uM ANS (13%) were due to a comparable
inhibition of the xanthine oxidase activity. Inhibition of 05 —dependent cyto-
chrome ¢ reduction by 10 mM Na salicylate (54%) or NaSCN (6%) could also be
fully ascribed to inhibition of xanthine oxidase activity.

RESULTS: Fig. 1 shows that in the presence of either SITS or ANS the amount
of 03 recovered in the medium surrounding phagocytizing granulocytes is mar-
kedly reduced. The Iy of both reagents is approximately 50 WM, and maximal
inhibition is about 80%.

SITS and ANS affect neither cytochrome ¢ reduction (see "Methods") nor
cytochrome ¢ recovery, as determined by total reduction of the hemoprotein
with Na dithionite. Furthermore, the generation of O, as measured by the con-
sumption of Oy, is not modified by ANS and only minimally decreased by SITS
(16% inhibition at 200 yM SITS) (Fig. 1).

When a portion of NaCl (10 ymoles/ml) in the KRP medium is replaced by
an equivalent amount of either NaNO3 or NaSCN or Na salicylate, the extracellu-
lar recovery of O, is inhibited by 8%, 19% and 64%, respectively. The simulta-
neously determined consumption of O, which monitors O; generation, is not modi-
fied by NO3 and SCN , being decreased to 86% of control by salicylate (these
values are means of 3 determinations).

DISCUSSION: The experiments presented here have shown that SITS and ANS, known
inhibitors of the exchange of anions across the plasma membrane of various cell
types (19-22), inhibit the extracellular release of O; fram phagocytizing gra-
nulocytes, thereby indicating that 0, can exit from the granulocyte through an
anion channel. Grounds in support of this suggestion are offered by the obser-
vation that i) the Igg of SITS and ANS for anion transport in erythrocytes and
for O, release fram granulocytes is comparable (19,22); ii) partial replacement
of Cl™ with either NO3 or SCN” or salicylate also causes inhibition of O; re-
lease, the order of potency of these anions being the same as that of inhibition
of C1” efflux from erythrocytes (26); iii) the recovery of 0, from concanava-
lin A-stimulated granulocytes is inhibited by p-diazobenzene sulfonate-r 27,
another inhibitor of anion transport in the erythrocyte (20).

feoldstein et al. (27) have attributed this effect to inhibition of 0, "genera-
tion" and used this result as evidence that a leukocyte ectoenzyme J.S respon-
sible for O “production. They did not measure, however, the effect of this re-
agent on O oonsurrptlon, this assay providing the only direct evidence for in-
hibition o% 03 synthetase.
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Fig. 1 Effect of SITS and ANS on oxygen consumption and o release by phago—
cytizing granulocytes. 2x107 cells were suspended at 37° in KRP medium, con-
taining 5 mM glucose. Oxygen consumption and O2 release were measured 3 min
after gramilocyte exposure to B. mycoides (100 bacteria/cell) in the presence
of 150 M ferricytochrome c. Values of oxygen consumption ( O, A ) are rela-
tive to the respiration measured in the absence of either SITS or ANS (77.1
* 8.8 nmoles 0,/3 min). Values of 05 release ( 0, A ) are per cent of 05 reco-
vered extracellularly with respect to 0, consumed. Data are means *+ SEM for
five (SITS) or four (ANS) experiments.

As for the physiological relevance of a mechanism for anion transport
in the granulocyte plasma membrane, apart fram its involvement in O; release
from the stimulated cell, it is possible that it may be used for exchange of
iodide (28-30), an important cofactor for the myeloperoxidase-mediated antimi-
crcbial system (28,30).

Furthermore, it is attractive to speculate that a similar system for
03 transport may also be present on the surface of the mononuclear phagocytes.
These cells produce and release O; when exposed to either soluble or phagocy-
tosable stimuli (2,6), and the extent of O; release depends on the state of
activation of the phagocytes (6). Johnston et al. (6) have suggested that the
enhanced 035 release fram chemically elicited or imunologically activated ma-
crophages might reflect a quantitative increase in the triggering of 0; synthe-
tase and/or an alteration in the intracellular concentration or in the intrin-
sic activity of the enzyme. Were an O, transport system also present on the
surface of macrophages, a third possibility would be that the alteration
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brought about by the chemical or immmnological activation is associated with
an enhanced efficiency of this system.

Studies aimed at the unravelling of the mechanism of anion transport
in erythrocytes have led to the identification of a membrane protein with a
specific anion binding site directly involved in transport (20,21). A better
elucidation of the mechanism of O) transport across the plasma membrane of pha-
gocytic cells should derive fram the identification of a similar anion-binding
protein, Investigations along this line are in progress in our laboratory.
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