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Introduction

Activated polymorphonuclear leucocytes (PMN) produce a superoxide anion
(O;) that rapidly dismutates into H,O, [1-3]. With the considerable interest in
the actions of this reactive oxygen species on cells, we propose a quick reliable
photometric method for measurement of H,O, production by activated PMN.

The proposed method for the assay of hydrogen peroxide is based on one of the
most important physiologic systems by which cells dispose of toxic oxygen metabo-
lites, i.e. the glutathione cycle [4,5], and by the coupled test procedure for
glutathione peroxidase in blood [6].
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H,0, is reduced to H,0. Reductive potential is provided by NADPH. By
incubating PMN into a medium containing GSH, NADPH, GSH-peroxidase and
GSSG-reductase, it is possible to quantify the release of H,0, by following the
kinetics of NADPH oxidation. This oxidation is stoichiometrically in a 1:1 ratio
with H,0O, reduction.
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Materials and methods
Reagents

(A) Dulbecco’s buffer (KCl = 2.68 mM; KH,PO, = 1.47 mM; MgCl, = 0.49 mM;
NaCl = 136.89 mM; Na,HPO, = 8.10 mM; CaCl, = 0.90 mM), containing 5.56
mM of glucose (from Gibco Limited, Paisley, Scotland).

(B) Sodium azide (from Carlo Erba, Milano, Italy) 2 mM final in reagent A.

(C) Reduced glutathione (from Boehringer Co. Mannheim, Germany) 1 mM final
in reagent A.

(D) Glutathione reductase EC No. (from Boehringer Co. Mannheim, Germany) 10
wg/ml final in reagent A.

(E) Glutathione peroxidase EC No. (from Sigma Chemical Company, St. Louis,
MO, USA) 0.1 U/ml final in reagent A.

(F) NADPH (from Boehringer Co. Mannheim, Germany) 150 M final in reagent
A.

(G) Percoll (from Pharmacia, Uppsala, Sweden).

(H) Stimulants: phorbol myristate acetate (PMA) 2 wM final in reagent A;
arachidonic acid 100 wM final in reagent A; n-formyl methionyl phenylalanine
(fMLP) 2 uM final in reagent A (all from Sigma Chemical Company, St.
Louis, MO, USA).

PMN isolation

PMN were isolated over Percoll gradients [7] from 4 ml of blood collected in
EDTA-K; and were suspended (10 X 10° cells/ml) in Dulbecco’s buffer contain-
ing 5.56 mM of glucose. This preparation yielded at least 8 x 10° PMN (> 95%
pure) allowing 16 experiments to be carried out, each with 0.5 X 10°® PMN.

Analytic technique

The assay was carried out at 37°C in a final volume of 1 ml, by using
semi-micro cuvettes. Reagents A, B, C, D, E and F were preincubated in the
absence (resting) or in the presence of metabolic stimulants such as PMA,
arachidonic acid or fMLP. After addition of 0.5 x 10° PMN, the kinetics of
NADPH consumption were recorded at wavelength 340 nm. By using PMA as a
stimulant the rate of decrease in absorbance was constant for at least 15 min while,
by using arachidonic acid or fMLP, the rate of decrease was constant for the first
1.5-2.5 min only.

For every series, a blank assay, in which the cells were omitted from the assay
mixture, was carried out. This blank values was subtracted from each sample value.
Under our experimental conditions, values for the blank samples ranged from
0.002 to 0.003 Abs/min.

H,0O, produced was calculated on the basis of emmol of NADPH (6.21
mmol ™! em ™).
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Standard H,O, was prepared by photometric measure at 230 nm by using the
emmol of H,0, (0.0622 mmol~' cm ™). 30% H,0, was used as a stock and
dilutions were made immediately before the assay was performed.

Results

Fig. 1 shows the H,O, produced as a function of PMN number, stimulated with
PMA. The reaction was linear up to 10° PMN /ml. CV% for PMA-stimulated cells
ranged from 1.42 to 2.36.

In Fig. 2 the activity of PMN stimulated with PMA (column A = 100%) is
compared with activity obtained in different experimental conditions. By omitting
NaNj, from the assay (B), the recovery of H,0, was decreased, indicating that part
of H,O, was degraded by cellular catalase and myeloperoxidase as previously
described [8,9]. The addition of catalase (obviously in absence of NaN;) inhibited
the reaction (C), confirming that it depends on H,O, produced. Red cells, which
could possible contaminate PMN preparations, did not affect the reaction (D). In
the absence of GSH-peroxidase and GSSG-reductase (E), the reaction was practi-
cally eliminated, indicating that in this assay system no direct consumption or
degradation of extracellular NADPH occurs. The assay was suitable for detecting
cell activation by other classical soluble stimulants such as arachidonic acid (F) and
fMLP (G).

Table I shows that the measurement of added H,O,, as detected by consump-
tion of NADPH, was complete and that the presence of PMN did not affect the
recovery.
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Fig. 1. H,0, /min production as a function of PMN number. The cells were incubated in the absence
and in the presence of 1 uM PMA. Tests performed in triplicate.



308

rate of NADPH consumption 100%

(% of standard assay)

Fig. 2. Rate of NADPH consumption in various assay conditions. A: Standard assay (see methods),
PMN stimulated with 1 M final PMA. B: Omit NaN;. C: Omit NaNj, plus 0.2 mg of catalase. D: Omit
NaNj, addition of 2X 100 red cells. E: Omit glutathione peroxidase and glutathione reductase. F: PMN
stimulated with 100 &M final arachidonic acid. G: Omit PMA, PMN stimulated with 2 uM final {MLP.

D E F G
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As reported in Table 11, the activity of PMN of 12 healthy individuals, measured
in separate experiments, ranged from 7.22 to 10.31 nmol HzOz/min/lO" PMN,
with a mean of 8.91 and a CV% of 10.86. Comparing the values of two individuals
that were submitted to two tests in two differents days gave a CV% of 2.32 for
i-5/i-5rpt and 8.24 for i-8 /i-8rpt.

Discussion

The method here proposed makes it possible to evaluate, in terms of photomet-
ric kinetics, the production of H,0,. While various fluorimetrical methods of
H,O, production by PMN are available, photometric methods that allow kinetic
measurement have not been described, with the exception of the methods based

TABLE I

Recovery of H,0, in the absence and in the presence of 0.5X 10° PMN. In the presence of PMN data
were in duplicate between batches

H,0, added H,0, measured
(nmol) (nmol)
without PMN with PMN
(0.5x10%)
10 10.2 10.7-11.7 (CV% = 6.3)
20 21.8 19.6-21.4 (CV% = 6.2)

30 31.9 29.3-31.5(CV%=5.1)
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TABLE II

H,0, production by PMA-stimulated PMN in a sample of 12 healthy individuals. Assay runs were
carried out on 9 different days (d-1-d-9). Individuals i-5 and i-8 were submitted to two tests on
different days (i-5 on d-5 and d-8, i-8 on d-7 and d-8)

Assay runs Individuals nmol H,0, /min/10® PMN
d-1 i-1 7.22
d-2 i-2 9.57
d-3 i-3 9.84
d-4 i-4 7.42
d-5 i-5 9.28
d-6 i-6 8.77
d-7 i-7 10.31
d-7 i-8 9.45
d-7 i-9 8.00
d-8 i-10 8.56
d-8 i-11 9.66
d-9 i-12 8.90
d-8 i-51pt 8.98
d-8 i-8rpt 8.41

on the peroxidase spectral changes [10,11], which have the disadvantage of requir-
ing special equipment (double beam plus double wavelength measurement) and
reagents which are not commercially available (cytochrome C peroxidase).

Technical execution is easy and has proved fast and sensitive so as to allow
multiple tests in a short time with few milliliters of blood.

The recovery data indicate that accuracy is fairly good (Table ).

The within-batch precision is high; in fact in the dose-response curve (Fig. 1),
for PMA-stimulated cells, the CV% ranged from 0.42 to 2.36.

A reasonable between-batch precision can be deduced from these data: (a) the
duplicate recovery experiments performed in two different occasions (Table 1)
showed a CV% ranged from 5.1 to 6.3. (b) The CV%s of individuals that were
submitted to tests in different days (Table II) were 2.32 and 8.24. (c) The activity of
12 healthy individuals ranged from 7.22 to 10.31 nmol H,0,/min/10° PMN with
a CV% of 10.9 (Table II).

Compared to other procedures, the method here proposed has the advantage of
not requiring the standard curve for H,O,.

This method could be adapted to automation and could possibly be applied on
less purified PMN preparation, thus enabling rapid performance of multiple tests.

Acknowledgements

The authors are grateful to Mr. Hans Negri and Mrs. Ellia Vaccari for their
helpful assistance in preparing the manuscript.



310

References

NS

(987

wn

(=)}

~

co

O

11

Babior BM. The respiratory burst of phagocytes. J Clin Invest 1984:73:599-601.

Bellavite P. The superoxide-forming enzymatic system of phagocytes. Free Radical Biol Med
1988;4:225-261.

Klebanoff SJ. Phagocytic cells: products of oxygen metabolism. In: Gallin JI, Goldstein M,
Snyderman R, eds. Inflammation: basic principles and clinical correlates. New York: Raven Press,
1988;391-444.

Flohe L, Gunzler WA, Ladenstein R. Glutathione peroxidase. In: Arias IM, Jakobi WB, eds.
Glutathione: metabolism and function. New York: Raven Press, 1976:115-136.

Southorn PA. Free radicals in medicine. I. Chemical nature and biological reactions. Mayo Clin
Proc 1988;63:381-389.

Gunzler WA, Kremers H, Flohe L. An improved coupled test procedure for glutathione peroxidase
in blood. Z Klin Chem Klin Biochem 1974;12:444—-448.

Metcalf JA, Gallin JI, Nauseef WM, Root RK. Laboratory manual of neutrophil function. New
York: Raven Press, 1986.

Dri P, Bellavite P, Berton G, Rossi F. Interrelationship between oxygen consumption, superoxide
anion and hydrogen peroxide formation in phagocytosing guinea pig polymorphonuclear leucocytes.
Mol Cell Biochem 1979;23:109-122.

Rossi F, Dri P, Bellavite P, Zabucchi G, Berton G. Oxidative metabolism of inflammatory cells. In:
Weissman G, ed. Advances in inflammation research. Vol. 1. New York: Raven Press, 1979;139-155.
Kakinuma K, Boveris A, Chance B. H,O, generation in subcellular fractions of leucocytes assayed
by cytochrome c¢ peroxidase method. FEBS Lett 1977;74:295-300.

Kakinuma K, Yamaguchi T, Kaneda M, Shimada K, Tomita Y, Chanche B. A determination of
H,0, release by treatment of human blood polymorphonuclear leukocytes with myristate. J
Biochem 1979;86:87-95.



"C6—L898:6L6T WAYd0Ig
[ o1esLAW M $2)4003n9] IespnuoydiowAjod poolq urwng Jjo juswiieal} AQq ASEIRI ‘OCH

JO UONRUIULIDIOP V 'g QUdUBRYD ‘A BIWOY 3 epewlys ‘JA epouey ‘I IyonSewex 3 ewnuney [T
"00€—S6TPLLLOT T SIS poylow asepixolad 5 2wWOIYI0IAd AQ
pakesse $234000N9] JO SUONORIJ IB[N[[2IGNS UI UONEeIdUas CQYH g 2ouey) ‘Y SLoA0g ‘Y ewnupey] (]
‘CCI—6ET6L6]T ‘SSAIJ UdARY IOX MAN ‘T [OA "YOIBISAI UOIIRUIWER[JUI UT SOOUBAPY "P3 ‘D) UBWISSIIA
U] "S[[90 AIOJRWWR[IUT JO WISI[OQRIAW JAIIRPIX( "0) U0l ‘0) 1yoange7 ‘g duae[jag ‘d LU ‘g 1SS0y 6
TTI=60T:€T6L61 WY20Ig [13D 10N
'$914000n9] 1eoponuoydiowijod 3id vouing Suisolfooseyd ur uonew o) apixorad udS0IpAY pue uolue
apixoradns ‘uonduwnsuod uafAxo usamlaq diysuone[rraiu] “J I1ssoy ‘0 uoldg ‘d Ae[eg ‘d uJ 8
‘9Q6T ‘SSAIJ UQARY NIOA
MaN ‘uonoduny [Iydonnau Jo [enuRW AIOIRIOQRT S[Y 100y AM JeosneN ‘If uleD) ‘Y[ J[BOIN L
‘SYY—riTIpL6] WaY0Lg Ul Way) uify Z "poolq ul
aseprxorad suoryieIn|s 10y aInpaooid 1831 pa[dnod pasordwr uy T AYO[ H SISWATLY ‘YA I9[zung 9
"68€—18€:€9°8861 201
Ul OABJA "SUOIIORAI [BIISO[0Iq pUB AINJBU [BIIWAYD) ‘[ "OUIIPAW Ul S[BIIPRI 991 "YJ WIOYINoS ¢
'OCT—CI1:9/6] ‘SSIIJ UdARY :MIOA MAN "UONOUNJ PUB WSI[OGRIAW :dUolyieIn|n)
Spa ‘M 1qOYe[ ‘INI SBLIY Ul -asepixolad auoryiein[n Y URISUSPRT ‘YM I9[zund “T Yo[d ¢
PhY—16€:8861
‘SS91J UQARY IOA MAN 'SIIR[ALIOO [eOIUI[D pue sajdiourid dISeq :UOHBWWERIJU] 'SP ¥ UBWIOPAUS
‘NI UI_ISP[OD) ‘If UI[[eD) U] “WSIOqeISW Ud8AX0 JO sjonpoid :S[[e0 01jAco3eyd ‘S JOurqary ¢
‘197-5TT7'8861
PIJA [0Ig [BJIpRY 9914 '$91A00Seyd JO WOIsAS dnRwAzZUS Fulwlio)-opixoradns ayjy d QyAR[[Rg T
"T09—66S:€LP]6T ISAUT Ul [ 'sa1s008eyd Jo 1sinq A1ojenidsar oyJ ‘Ng Ioiqedq I
S3DUBIBJNY

01¢



