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Active Oxygen Generation by Stimulated
Neutrophils and Its Stimulus Specificity.
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and *** Department of Amnesthesiology, Kochi Medical School, Kochi 781-51 Japan)

Abstract. Upon interaction with soluble or particulate matter, neutrophils produce active
oxygen species. Since luminol-dependent chemiluminescence (CL) in neutrophils can blocked by
azide, an inhibitor of myeloperoxidase activity, it has been believed to reflect the peroxidase-
catalyzed reaction.

The sensitivity of CL to superoxide dismutase (SOD) was very high when the cells were
stimulated with formylmethionyl-leucyl-phenylalane (FMLP) but not by phorbol myristate
acetate (PMA) or opsonized zymosan (OZ). Luminol-dependent CL can be blocked by azide when
neutrophils were stimulated by OZ or PMA. In contrast, the inhibitory action of azide was not
observed in the case of stimulation by FMLP. These results were also supported to the
measurement of H,0O, in suspending medium : when cells were stimulated by arachidonic acid,
PMA and OZ, hydrogen peroxide production by neutrophils were increased by addition of
superoxide dismutase (SOD) or azide. Furthermore, stimulation-dependent CL, especially by
FMLP, was increased by vanadete. In this case, vanadate was reacting with O3 to yield an
oxidant capable of initiating a free radical chain oxidation of NADPH. Thus, the oxidant
species and the enzymatic pathway of the phagocytic cells follwing of their respiratory burst by

various stimuli are distinctly different from one stimuli to another.
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Fig.1. A possible mechanism of reactive oxygen production from superoxide anions.
03, superoxide ; SOD, superoxide dismutase ; MPO, myeloperoxidase ;
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O2%R * SOD inhibitable O R OB FFTHRICHE > 72 BIH40uM Cyt. ¢, 10mM L3
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DRIz,

H,0, : H,0,3 Andreae” % Uf Roots'® & D A fE - 72, BlIB 4 1M scopoletin, 50nM horse
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EDso23k8® TA 5% &, PMA, FMLP, Ionomycin, AA, OZ TZHZ4# 3X10-°M, 1.25%10"*
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Fig.2. Dose dependent curves of stimulation-
dependent luminol CL from neutro-
phils.

Guinea pig neutrophils (5% 10%cells/ml) were

incubated at 37°C in the medium of Krebs-

Ringer-phosphate solution (pH?7.4) containing

10mM glucose, ImM CaCl,, 1004M luminol.

Luminol CL was detected by Ca**-analyzer

(type CA200, CL mode).

PMA, phorbor myristate acetate; FMLP,

formylmethionyl-leucyl-phenylalanine ; OZ,

opsonized zymosan ; '

Fig.3. Superoxide generation of guinea pig
neutrophils by the treatment with vari-
ous stimuli.

Neutrophils (5% 10°cells/ml) were incubated

at 37°C in the medium of Krebs-Ringer-

phosphate solution (pH?7.4) containing 40uM
ferricytochrome ¢, 10mM glucose, 1mM

CaCl; and 0.I1mM NaN;.

The rate of cytochrome c¢ reduction was

measured at 550nm with reference wave

length of 540nm. The rate of superoxide
generation was calculated from the absorp-
tion change using the molar extinction coeffi-

cient of 21,000.

stimuli were EDs, for luminol CL.

Each concentrations were indicated in the

Concentrations of used

figure.
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Fig.4. Luminol CL of guinea pig neutrophils
induced by various stimuli. Experi-
mental conditions were as described in
Fig.2.

Concentrations of used stimuli were ED;, for

luminol CL.
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Fig.5. Relation between O; measured by Cyt.
¢ reduction and active oxygen by
luminol CL generated by various
stimuli in neutrophils.

O3 generation per unit period was compared

with the luminol CL intensity as voluntary

unit under the same condition as in Fig.3

The traces of CL were evaluated by calculat-

ing the area after 6 min.

The arbitrary unit of CL corresponds to the

relative area of integral CL when the area of

OZ is fixed as 10.

3 /= CL ® NaN;® SOD [HEE DZE» 5,2 DFHL ST 5 2 EBARETH %,
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Fig.6. OZ-induced O3 generation and its susceptibility to NaN; in guinea pig neutrophils.
Experimental conditions were as described in Figs. 3 and 4 expect the used cells were 1 X

10%cells/ml.
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Fig.7. Effect of NaN; and SOD on the stimulation-induced luminol CL from neutrophils.

Experimental conditions were as described in Fig.4
a, 1.2x10*M FMLP; b, 3xX10-°M PMA ; ¢, 125xg/ml OZ

Fig.6 ix Cyt. c DBTLTHIES NS 0z £V 3/ — )V CL THIE S 1 5 1EHERFE D NaN &
ZHERT, B OZ FIEERC R a5 OB id NaN, T 8220wy, CL &L
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Fig.8. Dose dependent inhibition of stimulation-induced luminol CL from neutrophils by
NaN; and SOD.
Experimental conditions were as described in Fig.7
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Fig.9. Effect of SOD and NaN; on the arachidonic acid-induced luminol CL from

neutrophils.

Experimental conditions were as described in Fig.8.
The added arachidonic acid was 7.5X107¢M.
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Fig.10. Effect of NaN; and SOD on the stimulation-induced H,O, generation from
neutrophils.

Guinea pig neutrophils (2.5X10¢ cells/ml) were incubated at 37°C in the medium of

Krebs-Ringer-phosphate solution (pH7.4) containing 10mM glucose, ImM CaCl,, 4uM

scopoletin and 50mM horse radish peroxidase. Produced H,O, was monitered by the

fluorescence intensity at 450nm under exitation light of 360nm.
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Fig.11. Stimulative effect of vanadate on the stimulation-induced luminol CL from
neutrophils.
a. Effect of vanadate on the luminol CL of FMLP-stimulated neutrophils.
b. Dose dependency of vanadate for the stimulation of the luminol CL induced by various
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