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Production of Oxygen-Centered Radicals by
Neutrophils and Macrophages as Studied
by Electron Spin Resonance (ESR)

by Joe V. Bannister* and William H. Bannistert

Neutrophils and macrophages undergo a respiratory burst and an increase in the activity of the hexose
monophosphate pathway in response o particulate or soluble agents. The increase in oxygen consumption
was found to be associated with the production of oxygen-centered radicals. The ESR technique of spin
trapping showed that besides a superoxide spin adduct, a hydroxyl spin adduct is also produced. ESR is
considered to be the least ambiguous technique for the detection of free radicals. The spin-trapping agents

used for oxygen-centered radical detection are usually mtrones The most commonly used nitrone is 5,5-
dimethyl-1-pyrroline-¥.oxide (DMPO), which reacts with 0," to form 5,5-dimethyl-2-hydroperoxypyrroline-
N-oxide (DMPQO-O0H) and with OH' to form 5,5-dimethyl-2-hydroxypyrroline-N-oxide (DMPO-OH). Although
spin-adduct formation is considered to be the most direct technigue for the detection of free radicals, some

disadvantages are encountered.

There has been considerable interest in the isolation of the O, generating activity from phagocytic cells.
The enzyme can be extracted with deoxycholate and gel filtration indicates that it is a high molecular weight
complex. Maximum activity was between pH 7.0 and pH 7.5. The K,,, value was 15.8 pM for NADPH and 434
pm for NADH, indicating that NADPH is the preferred substrate.

Introduction

Neutrophils undergo a respiratory burst in response
to particulate or soluble agents, which results in the
production of oxygen-centered radicals. The respiratory
burst is not blocked by cyanide (1) and is associated
with increased activity of the hexose monophosphate
pathway (2). Although Iyer et al. (3) had shown that
dioxygen was reduced to H;0, during the respiratory
burst of phagocytosing leukocytes, the linkage between
the increase in oxygen consumption and production of
oxygen-centered radicals was provided by the seminal
discovery of Babior et al. (4) that neutrophils formed
superoxide (0, ") when stimulated with latex particles.
This was one of the major discoveries which followed
the finding by McCord and Fridovich (5) that living cells
contain superoxide dismutase and therefore must pro-
duce 0,".

The hexose monophosphate pathway in activated neu-
trophils produces reducing equivalents, in the form of
NADPH, for the formation of O, from dioxygen

20, + NADPH + H* — 20; + NADP* (1)
and for the detoxication of H,G, that leaks into the
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eytoplasm of the cells, which is carried out preponder-
antly by the glutathione peroxidase—glutathione redue-
tase system (6):

GSH

H.0. + 2 GSH ————= 2H,0 + GSSG (2a)
peroxidase
GSSG N
GSSG + NADPH + H™ 2 GSH + NADP (2b)
reductase

Dismutation of O, accounts for H,0, production dur-
ing the respiratory burst of neutrophils (7},

20; + 2H" — Hu0; + O, 3
The conjugate acid of O,", the hydroperoxyl radical
(HOQ;), is responsible for the spontaneous dismutation
of 0,7, via the reactions (8):

HO; + HO; — O; + H,0,

ks = 8.6 x 10° M~ 'gec? ey

- HY
HO; + O; —s 0, + H,0,
ks = 1.0 % 10° M 'sec™? 5

The rate of dismutation of the total radical concentration
([HO,'] + [O; 1) at a given pH is given by

6 = (ks + kX1 + X (6)






