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It is known that the process of phagocytosis in polymorpho-
nuclear leukocytes and in macrophages is associated with a drama-
tic change in oxidative metabolism. This change includes: an
increase in oxygen consumption, in OE and Hy09 generation and in
glucose catabolism through the hexose monophosphate pathway (HMP)
(3,7,9,10,13,20-23,29,31,44-46,49,56) . These metabolic changes
are referred to as the '"respiratory burst' of phagocytic cells.

A simila¥ stimulation of oxidative metabolism is induced also
when phagocytic cells are exposed to membrane perturbing agents
such as endotoxins (51), phospholipase C (30), phorbol myristate
acetate (35), concanavalin A (40), antileukocyte antibodies (48),
inophores (39,50), chemotactic fragments of complement (15,52),
ete.

In general terms it appears that the stimulation of the oxi-
dative metabolism has a variable intensity depending on cell type,
on the sources of phagocytic cells, on the animal species, on the
type of stimulant used, and, in macrophages (29), with the state
of activation.

An analysis of the various events of the respiratory burst
shows the following situation: 1) All the phagocytic cells so
far investigated present an increase in the oxygen consumption and
in HMP activity. As regards the oxygen consumption, by and large,
it may be said that polymorphs and inflammatory peritoneal macro-
phages show the greatest stimulation, whereas the lung macro-
phages show a moderate extrarespiration. 2) The present status
of our knowledge of the other aspects of the respiratory burst
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such as the mechanism and the amount of 0y and of Hy0» generation
is not very clear. In general terms it may be said that the
stimulation of the generation of these highly reactive compounds,
and the amount that is measurable, presents a variability much
greater than that of oxygen consumption and of HMP activity. The
main reason of this variability is that OE and H20, are inter-
mediate products, which can be rapidly degraded by the cells.

Within this variability, two peculiar situations have been
presented: the first one regards the polymorphs of chicken in
which the phagocytic act would be accompanied by an increase in
the respiration and in HMP activity but not in the production of
02 and of Hy0, (34).

The second situation is represented by alveolar macrophages
of rabbit, rat and guinea pig where during the stimulation of
the respiration no 09 and no, or only traces, of Hy05 would be pro-
duced (Table I).

In order to explain these results, the following hypotheses
can be advanced: 1) The association between oxygen consumption
and OE and Hy0p production is not a general dogma of the metabo-
lic burst of phagocytes. 2) In some type of cells only a very
small part of oxygen consumed is reduced to H909. 3) In all the
phagocytic cells the stimulation of oxygen consumption is asso-
ciated with the general of OE and Hy0y but in some cells these
intermediates are degraded or utilized as fast as they are formed.

It is widely accepted that one of the purposes of the respira-
tory burst is to provide a battery of oxidizing agents that can
be used in the phagocytic vacuole or in the extracellular environ-
ment for the killing and the destruction of microorganisms.

We have reinvestigated the respiratory burst of rabbit alveo-
lar macrophages. 1In this paper, evidence will be provided that
also in these cells the stimulation of Oy consumption is associated
with generation of 0y and Hy09.

MATERTALS AND METHODS

Preparation of the cells. Alveolar macrophages (AM) were
obtained by tracheobronchial lavages from rabbits, 15 days after
the intravenous injection of 10 mg of BCG (kindly supplied by
Istituto Vaccinogeno Antitubercolare, Milano, Italy) suspended in
1 ml of physiological saline (37).

Polymorphonuclear leukocytes (PMNL) were obtained by inject-
ing intraperitoneally 100 ml of 1% sterile sodium caseinate solu-
tion. The exudates were collected 14 hr later.
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TABLE I

Reports of Hp0y and OE Production by Alveolar
Macrophages During the Respiratory Burst
Induced by Phagocytosis

Authors References Species 035 H202
Paul et al. (32) rabbit - traces
Gee et al. (13) rabbit -  traces
Klebanoff and Hamon (24) rabbit - traces
DeChatelet et al. (9 rabbit no -

rabbit, BCG no -

Drath and Karnovsky (10) mouse yes -
guinea pig no -

Gee and Khandwala (12) rabbit no -
Biggar et al. (5) rabbit no -
Bolen (see ref. 29) rabbit - traces
Tsan (53) rabbit no no
Biggar ( 6) rat - no
Lowrie (25) rabbit yes -

The cells were subjected to hypotonic treatment in order to
lyse contaminating erythrocytes, and resuspended in Krebs Ringer
phosphate buffer pH 7.4 (KRP) containing 5 mM glucose and 0.5 mM
CaCly, and counted in an hemocytometric chamber.

Differential counts were carried out with May-Grunwald and
Giemsa stained smears. On the average, alveolar lavages con-
sisted of 87.67% macrophages, 8.5% lymphocytes and 3.97 poly-
morphs. The peritoneal exudates contained 93.5% polymorphs,
4.5% lymphocytes and 2.07% monocytes.
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Metabolic assays. Oxygen consumption was measured polaro-
graphically with a Clark type oxygen electrode as previously
described (38).

Superoxide anion was measured by the superoxide dismutase
(SOD) inhibitable reduction of cytochrome c (2), on samples with-
drawn from the electrode vessel, 4 min after the addition of the
stimulatory agent. The experimental details have been described
previously (11).

Hydrogen peroxide was measured flurimetrically by the homo-
vanillic acid (HVA) method. This procedure is based on the con-
version of the non-fluorescent compound homovanillic acid to the
highly fluorescent 2, 2'dihydroxy3,3'dimethoxydiphenil5,5'dia-
cetic acid, by horse radish peroxidase in the presence of Hy09
(17,18). 1In our hands, concentrations of Hp0y as low as 0.03
UM could be determined by this method. Three experimental pro-
cedures were employed: in the first one (method A) the Hy09
accumulated was measured on the supernatants of samples withdrawn
from the electrode vessel, where oxygen consumption was being
continuously recorded, 4 min after the addition of the stimula-
tory agent. Aliquots of such supernatants (10-100 pl) were added
to a spectrofluorimetric cuvette containing in 2.5 ml of KRP,
0.02 mM HVA and 20 ug of HRP, and the increase of fluorescence
was compared with appropriate standards of Hy0y. The molecular
extinction coefficient of Hy0, at 230 nm was determined on Hp09
solutions whose concentration was checked by titration with KMnO, .
The value obtained from four determinations was 0.0622 + 0.00045
(sSD) cmflmM-l. In the second procedure (method B) HVA (0.8 mM)
and HRP (20 ug/ml) were included in the incubation mixture, where
oxygen consumption was being continuously recorded, and the fluo-
rescence developed, indicating the HyO0y released and simultaneously
trapped, was measured on the supernatants of samples withdrawn
from the electrode vessel, 4 min after the addition of the stimu-
latory agent. In the third one, the kinetics of Hy09 release
during the respiratory burst were carried out in a spectrophoto-
fluirimetric cuvette, under continuous stirring, and the increase
of fluorescence was followed with a CGA mod. DC3000 recording
spectrophotofluorimeter.

14

Glucose oxidation: the rate of 14COz production from 1-
C-glucose was determined as described elsewhere (38).

Cell fractionation. The cells, sedimented and resuspended
in 0.35 M sucrose (300—400x106/ml), were homogenized in a potter
type glass homogenizer equipped with a teflon pestle, until more
than 907 of the cells was broken as judged by light microscopic
examination. The homogenate was then centrifuged at 100,000 g for
20 min and the pellet resuspended in 0.34 M sucrose to the ori-
ginal volume.
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Enzyme assays. Superoxide dismutase activity was assayed
according to the method of McCord and Fridovich (28), in the pre-
sence of 10 UM KCN in order to inhibit peroxidases and cytochrome
c oxidase that would lead to an overstimulation of SOD activity (27).

Catalase activity was assayed by following the disappearance
of Hy0, at 230 nm with an Hitachi-Perkin Elmer recording spectro-
photometer was previously described (4).

Glutathione peroxidase and reductase activities were measured
according to Gennaro et al. (14).

Peroxidase activity was assayed with the guaiacol test as
described elsewhere (36).

RESULTS AND DISCUSSION

We began the investigation by comparing the various events
of the respiratory burst of AM and PMNL.

The data of Table IT show that the respiratory burst induced
by phagocytosis in PMNL is associated with a substantial release
of 0, and with a very small amount of H,0, accumulated. On the
contrary, the respiratory burst of AM is not accompanied by an
accumulation of Hy0p while only traces of 0, are released. These
results although in agreement with those reported by others
(Table I) cannot be used as an evidence that AM do not produce
H,0,. In fact in the experimental procedure employed, 0 was
measured with cytochrome ¢ present in the incubation medium, in
such a way as the free radical is trapped as it is released from
the cells. On the contrary, Hy0, was determined on samples
withdrawn from the electrode vessel 4 min after the addition of
bacteria. With this system only the aliquot of H202 that escaped
the degradation was measured.

The reactions involved in oxygen consumption. Before des-
cribing the next data, in order to make clear the strategy of
the experimental approaches and the results, it is worthy to in-
dicate the reactions involved in O, consumption, in O, and HZOZ
formation and in HZOZ degradation %Fig. 1). Assuming that the
reduction of O, essentially proceeds via a one electron pathway,
in the first step (reactions 1, 1' of Fig. 1) OE is formed.
Evidences have been presented in our and in other laboratories
that RH, is NADPH and that the reaction is catalyzed by an NADPH
oxidase (20,1,8,19,33,47,55). O, is a very reactive compound,
that in the absence of oxidants, dismutates according to reaction
2. This reaction proceeds yvery fast either spontaneously with a
rate constant of 19x 19 M- or catalyzed by SOD with a rate

constant of 2 x 10° M sec'i (27). The HZOZ formed can be de-
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graded by different mechanism that is catalatic, where %0, is
given back for each molecule of H,0,, or peroxidatic, where a
reduced compound is oxidized and Hy0 is formed. The main enzy-
matic reactions for Hy0,9 degradation in phagocytic cells are
catalyzed by catalase, peroxidase and glutathione peroxidase.

Assuming that the above reactions occur during the activated
metabolism of AM as well as in PMNL, it is worthy to stress the
following points: 1) the steady state rate of oxygen consumption
and 0, and H,0, generation and recovery depends on the activity
level of the 0, reductase and on the rate at which OE and H202
are released or utilized in the cell and in the surrounding medium.
2) The oxygen consumption that is measurable does not correspond
to all oxygen that is reduced to OE since this compound is not
accumulated. The stoichiometric relationship between the actual
oxygen consumed and O, formed depends on the mechanism of H,0, de-
gradation and on the amount of H,0, accumulated. 3) In many
phagocytic cells, for example guinea pig, human, rabbit PMNL and
in inflammatory peritoneal mononuclear phagocytes, part of 05
formed in reactions 1, 1', is released, and this aliquot under-
goes dismutation in the extracellular medium or in the phagocytic
vacuole. The amount of 0, that is released varies in different
cell types. 4) In normal conditions of phagocytosis, that is
when one allows that H,0, follow its physiological fate, only a
small aliquot of the peroxide is accumulated. 5) The amount of
H,0, that is accumulated can be increased by inhibiting the rea-
tions involved in its degradation. When impeded to be degraded
H,0, is released from the cells. 6) Only the amount of OE and
Hy0, that is released from the cells can be measured. For the
first intermediate the SOD inhibitable reduction of cytochrome
¢ or NBT can be used. The hydrogen peroxide is correctly
measured by trapping as it is released or as it is formed by
dismutation of O,. This is achieved by using horseradish pero-
xidase (HRP) catalyzing the oxidation by HZOZ of compounds such
as scopoletin or homovanillic acid.

Activities of the enzymes responsible for the formation and
for the degradation of OE and H,0, in rabbit AM. In this group
of experiments we try to answer the following questions: 1) is
the NADPH oxidase the enzyme responsible for the reactions 1, 1'
(Fig. 1) present in AM? 2) What is the activity of the enzymes
involved in the degradation of OE and HZOZ?

Fig. 2 shows that the 20,000 g pellet of the postnuclear
supernates of homogenates of resting AM, oxidize NADPH with
formation of H 0y This oxidizing activity is highly activated
in the same fractions obtained from phagocytosing AM. This sug-
gests that in these cells the enzymatic basis of the metabolic
burst is similar to that described in PMNL (1,8,19,33,47,55). The
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Fdig. 2. Production of Hy0o during oxidation of NADPH by 20,000g
sedimentable fractions isolated from resting (A) and phagocytosing
(B) rabbit alveolar macrophages. Assay medium: 65mM Na, K-
phosphate buffer pH 5.5, 125 mM sucrose, 0.5 mM MnCl,, 1 mM NADPH.
Final volume 2 ml T= 37 C. At the points indicated by broken
arrows 80 Wg of protein of 20,000g sedimentable fraction was added.
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Fig. 3. Relationship between Hy0y degradation through the glu-
tathione cycle and the hexose monophosphate pathway.



v

F. ROSSI ET AL

*93eusowoy Jelol uo painseaw  ‘3aTTod 3000°(Q0T U0 painsesu 4 ‘juejeuradns ZOOQ°000T UO pIINSeIY

0

*uTW/J0 $ZI0°0 3O O SWOAYD03 LD JO UOTIONPIIL 2Y3 UT ISBIID9P B S9SNED 1BY] SWAZUD JO JUNOWE
92Uyl se paurjep ST ((Q0S) °seinusTp 9pIxoiadns Jo 3JTun auQ ‘oseprxoisd JIoJ uTw/JodeTENIRIIL]

saTowu ‘9seTB31BD I10] cﬁE\Non soTowrl ‘osB10Npei-9H5SH PukB IsBPIX0Iad-HSH 10J UTW/HJAYN S9OToWl s
*sosoyjuaied UT USATZ ST sjuawriadxs Jo Iaqunu 9Yy] °po3xodal ST °*W°H°S F UBaW 9YJ,

§°0 ey CL°0 *%L°0 9°0 ¥9°¢C €0°0%€T"0 <QOm
L ®GTLE 70 ®CCE 9°L2T%9°099 6°8+ 8°T¢C g ASVAIX0ddd
679% *E°0%¢ L°E %€ 9¢ §°09%L°68¢ €°0% 0°% OMw<A<H<U
979 #L°6§ 9°0 ¥5°% Z°L ¥0°0¢ LO°0%TG 0 OMm<HuDQMMImeU
T EET+7°866 G GT*¥6°9L 98 ¥G'9¢ 6T 0%¢9°0 OMw<QHNommmlmmU
MMMMMMMM mHHwUOOH\D% MWWMMMMM mHHQU©OH\D%

(L) W (9) TNWd

WV Pue TINWd 3Tqdey UT S9I3ITATIOY Qwlzug

IT1T HTI4VL

62



O, AND H,0, PRODUCTION DURING THE RESPIRATORY BURST 63

results presented in Table IIT show that in AM, glutathione
peroxidase, glutathione reductase, catalase and superoxide dis-
mutase have activities much higher than those of PMNL. On the
contrary, the peroxidase activity is higher in PMNL. From the
pattern of the enzymatic activities, it appears that in comparison
with PMNL, AM have very active mechanisms for H,0, degradation.
Since catalase has usually a low affinity for Hy0, and the activity
of peroxidase is very low, it is likely that the main/ mechanism
for H202 degradation in AM is linked to the activity/of gluta-
thione peroxidase coupled with that of glutathione reductase
(glutathione cycle).

The utilization of HZOZ through the glutathione cycle is
coupled with an increased activity of HMP, as shown in Fig. 3.
On these basis the efficiency of the glutathione cycle can be
%Zvestigated by measurin%hthe effect of externally added H,0, on
CO, production from 1--7 C-glucose, that in these cells indicates
the rate of glucose oxidation through the HMP.

The results reported in Fig. 4 show that the effect of exo-
genous H,0, is much greater in AM than in PMNL. Furthermore,in
AM the Intensity of the stimulation of HMP activity by 0.05 mM
H202 is very near to the maximal stimulation induced by phagocyto-
sis.

This group of experiments indicate that in AM the respiratory
burst is associated with H,0, formation and that the peroxide is
rapidly utilized as it is formed.

Attempts to increase the accumulation of H,0,. This was
achieved by using two devices. The first one was that of inhibit-
ing some of the reactions involved in H,0, degradation, that is
the heme enzymes catalase and peroxidase with NaN3. The second
way was that of trapping H202 as it is formed and released in NaN
treated alveolar macrophages, by adding HRP and homovanillic acid:
The results presented in Table IV show that in the presence of
NaN, (column II) the stimulation of 0y consumption induced by
phagocytosis in PMNL is associated with a marked accumulation of
HZOZ’ while in AM, only traces of H,0, are measurable. When the
H,0, trapping system is included in t%e incubation medium (column
1%1? a definite amount of Hy0, becomes constantly measured dur-
ing the respiratory burst of A&. By comparing the amounts of 09
actually consumed and of Hy0p measured, it is evident that in AM
the percentage of 0O, consumed, recovered as Hy0,, is very low,
while in PMNL is very high. These results clearly indicate that
the main mechanism for Hy0p utilization involve reactions NaN; -
sensitive (catalase and myeloperoxidase) in PMNL, and reactions
NaN;-insensitive (glutathione peroxidase) in AM.

In subsequent experiments a continuous monitoring of Hy09
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production during phagocytosis in NaNj-treated AM and PMNL was
employed. This was achieved by recording the change of fluores-
cence during the oxidation of homovanillic acid by HRP. A typi-
cal experiment is reported in Fig. 5. 1In the experiments per-
formed with AM, only a small amount of Hy0y is detectable when
the reactants for H,0, measurement are added some min after addi-
tion of bacteria (trace B'). 1In contrast, when the reactants for
trapping the peroxide are present at the beginning of the respi-
ratory burst, H202 is detectable after a lag time of about 3-4
min. In the experiments performed by using PMNL a marked amount
of H,0, is measurable either when the reactants are present at
2o : : 1
the %eglnnlng of the metabolic burst or some min after addition
of bacteria. These results are in agreement with those of Table IV
and strengthen the conclusion that in AM, H202 is rapidly utilized
even when catalase and peroxidase are inhibited.

This group of results permit the following conclusions:
1) By using appropriate devices it is possible to increase also
in AM the amount of Hy0, that is measurable. 2) 1In any case the
amount of Hy0, detectab%e represents a very low percentage of the
0, actually consumed.

Effect of cytochalasin B on the production of OE and Hy09
during phagocytosis. The results presented above introduce the
problem of whether or not the small percentage of H,0, accumulated
represents the total amount that is formed or the aliquot that
escaped the intracellular degradation. If the latter is the case
it could be possible to increase this aliquot. This result was,
at least partially, achieved by using cytochalasin B (CB), a drug
that is known to increase the release of lysosomal enzymes and of
05 in phagocytic cells during the respiratory burst (16,42,43,57).
Table V illustrates the effect of CB on oxygen consumption, 09
and H,O, release during phagocytosis in NaN,~treated AM and PMNL.
The data show that: 1) CB induces a decrease of the intensity of
the stimulation of oxygen consumption both in PMNL and AM. This
effect is related to the inhibition of the rate of phagocytosis
as shown in our and in other laboratories (26,41,43) and as it
has been controlled in these experiments. 2) CB has also a great
effect on the release of 05 both in PMNL and AM. 1In fact while
CB induces a decrease of the total amount of oxygen univalently
reduced, as it is shown by the decrease of measurable oxygen
consumed, the aliquot of 0, released in comparison with the
actual oxygen consumed is markedly increased either in PMNL and
in AM. 3) CB increases the amount of the peroxide recovered in
the extracellular medium of phagocytosing AM either as absolute
value or as related to the extrarespiration. In fact, the per-
centage of oxygen actually consumed recovered as Hp02 rises from
10.0 to 25.0% in the presence of CB. In other words, by using
CB we can see that a consistent aliquot of the oxygen consumed by
AM during the respiratory burst is recovered as HpO0p. This aliquot
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Fig. 5. Spectrophotofluorometric traces of HyOy production by
rabbit PMNL and AM during phagocytosis. Assay medium: 2.5 ml
of KRP pH 7.4 containing 0.5 mM CaClpy, 5 mM glucose, 2 mM NaNg,
20 UM HVA and 20 pg HRP. A,A', complete system. B,B', HRP,
omitted from the assay medium was added where indicated.



68 F. ROSSI ET AL.

does not reach the values obtained in PMNL where 97.67 of oxygen
consumed is recovered as Hy0, when CB is present.

Apart from the mechanisms by which CB causes these effects,
that are in agreement with the results published by others (42,
43), the data presented in this group of experiments indicate that
in AM the type of the metabolic burst is similar to that of granu-
locytes; that is, the univalent reduction of oxygen followed by
formation of H202 is operative and substantial also in AM.

This conclusion has been further reinforced by the results
obtained with another experimental approach.
TABLE V
0, Consumption, OE and Hy0, Release by Phagocytosing

PMNL and AM from Rabbit, in the Absence
and in the Presence of Cytochalasin B

————— + CB
PMNL (3) AM (6) PMNL (3) AM (4)
203.6: + 294 71:3:12.8 79387 38 1+5,7
0, (18.8 + 5.4)(101.3%12.9) (60.3+18.4) (116.1%16.8)
o 105.9 * 20.7 6.0%1.5 114.9+15.3 24.5+9.1
) 9.2 + 8.1) 0) (24.7+0.4) (6.2+3.1)
e 163.0 + 25.2 7.1+1.9 77 .4+28.8 9.6+1.7
22 (7.8 3.5) 0) (29.4% 4.5) (3.6+2.6)
%0, Te- 80.0 10.0 97.6 25.0
covered
as Hzoz

The differences between phagocytosing and resting cells are re-
ported. The values are expressed as nmoles/4 min/l.5x107 cells
S.E.M. Resting values are given in brackets.

Assay medium: l—ZXlO7 PMNL or AM in 2 ml of KRP pH 7.4 containing
0.5 mM CaCly, and 5 mM glucose. Opsonized B. mycoides were used
as stimulatory agent (ratio cell/bacteria, 1/100). NaN5, 2 mM.
T= 37 C. CB, 10 pg in 2 pl DMSO. 1In control experiments, 2 ul
DMSO were added.

0, was measured as described in Table II. H,0, was measured
according to method B described in materials and methods.
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Effect of concanavalin A and CB. In an attempt to get an in-
sight into the effect of CB and in order to avoid the effect of
this drug on the respiratory increment due to inhibition of the
phagocytic act, we employed as a stimulatory agent the Concanavalin
A (ConA). First of all we have studied the metabolic burst in-
duced by ConA, evaluated as Hy)0o formation, in NaNj-treated AM in
the presence and in the absence of CB. The results presented in
a typical experiment (Fig. 6) show that: 1) When ConA is added to
CB~treated AM (trace B) a very rapid and marked increase of
fluorescence takes place, indicating that in this condition a sub-
stantial amount of H,0, is released from stimulated cells. A
similar effect is obtainable when CB is added after ConA (trace C).

The amount of Hy0p measured in CB-treated AM was unexpectedly
high in comparison to that detected in the experiments presented
above. This fact prompted further experiments in order to investi-
gate the effect of CB on all the events of the respiratory burst
induced by ConA. The data on the contemporaneous measurements of
oxygen consumption, of OZ and of Hy09 reported in Table VI show
that: 1) ConA alone induces in PMNL an increase of oxygen con-
sumption associated with OE and Hy0, formation and release. 1In
AM ConA alone induces an increase of oxygen consumption which is
associated with a small production and release of 0, and H,0,.

The relationship between these three events are similar to that
observed when the stimulation is induced by phagocytosis (Table IV).
2) Both in PMNL and AM, CB markedly enhances the activation of

the oxidative metabolism triggered by ConA measured as oxygen con-
sumed and O, and Hy0, formation and release. These results clearly
suggest that the increased amount of 0, and HZOZ detected is due

to a double effect of CB. The first one is a potentiation of the
stimulatory activity of ConA with increased formation of 0, and
H.0,. The mechanisms by which CB induces this stimulation is at
present unknown. %t is worthy to point out that CB does not modi-
fy the amount of ~“H-labeled lectin bound to the surface of the
cell (results not presented here). The second effect consists

in an increased availability in the extracellular medium of both
the intermediate products of oxygen reduction. The mechanism of
this increased availability might be related to an increased per-
meability of the cell membrane to O, and H,0, or to an inhibition
of some of the mechanisms of their %egradation. The latter pos-
sibility is unlikely since we have seen that CB does not modify

in vitro the activities of SOD, catalase, peroxidase and gluta-
thione peroxidase and reductase.

Although we need further investigations to clarify the
mechanisms by which CB causes this double effect, the results
obtained with this experimental model, that is ConA plus CB,
show that also in AM it is possible to obtain a respiratory burst
in which the values of the various parameters (oxygen consumed,
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* KL W
0.5 nmoles H,0, Tl
b 4

2x10°AM

Con A

2x10°
AM

C.B Con A

C.B

6 ﬂ*~vm/“uw~*d\ﬁ~“&F-~*ﬁ’vﬂﬂ}
C2x'|0 AM f’ 1

Con A

Fig. 6. Spectrophotofluorometric traces of Hy0y production by
rabbit PMNL and AM stimulated by Con A, in the presence and in
the absence of cytochalasin B. For experimental conditions see
Fig. 5, Con A, 100 ug/ml. CB 12.5 pg in 2.5 pl DMSO. 1In A 2.5
ul DMSO were added.
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0, and H,0, formed and released) and their quantitative relation-
s%ip are in the range of the values. obtained in the granulocytes
of rabbit and of other mammalian species.

TABLE VI
0o Consumption, 0, and H,0, Release by Rabbit PMNL

and AM Stimulated by Concanavalin A in the Absence
and in the Presence of Cytochalasin B

Con A Con A + CB

PMNL (3) AM (4) PMNL (3) AM (4)

G 52.6*17.8 24.,3% 5.7 106.3+30.4 75.6% 6.9

2 (18.8+ 5.4) (101.3+12.9) (60.3£18.4)(116.1+16.8

o 30.3%13.9 3.7¢ 1.8 98.1+41.1 48 .4+ 9.8

2 (9.2+ 8.1) (0) (24.7+ 0.4) (6.2+ 3.1)

10 37.6%x21 .4 2.1%1,5 93.4%42.7 33.8% 2:2

2 2 (7 :8% 3.5) (0) (29.4% 4.5) 3.6% 2,5)
%OZ re

covered 71:5 8.6 87.8 44,7
as H,O0

272

The differences between phagocytosing and resting cells are re-
ported. The values are expressed as nmoles/4 min/l.5x107 cells

* S.E.M. Resting values are given in brackets.

The experimental conditions are described in Table V. Concanava-
lin A (100 pg/ml) instead of bacteria was used as stimulatory
agent.

CONCLUSIONS

The results presented in this paper can be summarized as
follows: 1) In rabbit AM the respiratory burst is associated
with the generation of O, and H,0.,. 2) These intermediate pro-
ducts of oxygen reduction are not” accumulated in physiological
conditions because these cells are equipped with very efficient
systems for their transformation and degradation. 3) The main
mechanism for the degradation of Hy09 in these cells is repre-
sented by the glutathione cycle in agreement with the results
presented by others (54). By using appropriate experimental
conditions, the intermediate products of oxygen reduction can be
released at high rate and recovered in the extracellular medium.
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In another paper elsewhere in this volume, experiments per-
formed with chicken PMNL, will be presented. By following the
same line of experimental approach, we obtained evidence that also
in these phagocytic cells the respiratory burst is associated
with the production of O; and H202.

Thus we are provided with experimental evidence that allows
the following conclusions: 1) Among phagocytic cells so far in-
vestigated, examples do not exist where the stimulation of oxi-
dative metabolism is not accompanied by the formation of 0, and
H202’ 2) The possibility of detecting these compounds depends on
the great differences found among the various types of phagocytic
cells with respect to the efficiency of the mechanisms for their
degradation and, also, on the experimental strategy employed.

3) These differences in the efficiency and in the type of the
reactions for the degradation of intermediate products of respira-
tion suggest that the phagocytic cells are heterogeneous, even as
regards the defensive role played by the respiratory burst.
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