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Absiraet

One of the most Empeessive property of the
leucocytes is that of changlng the oxidative metabolism
Suring various fanctions. When challenged with phago
Cytosable particles or with membrane perturbing agents
such as chemotactic Mastors, detergents, bectins and other
ligands, granulocytes and monoouclear phagocytes
undergo & deamatic lacrease of exygen consumption
which is awsociated with the production of superoxide
andon (07, of hydecgen peroxide (H,0.) and of hydroxyl
radical (OH «).

These events are referred 10 as ‘respleatory barst’,
Most of the funcGons of the inflammatory cells (killing of
micro-organisms, tissue damage, amplification of the
inflammatory process) are linked to the production, w0
the fate and to the chemical reactivity of these highty
reactive compounds.

The suthoes examine the following aspects: (i) the
mechanism responsible for the respiratory burst: (i) the
conditions presest in the Infammatory site thar induces
the metabolic activaton of leucocytes; (W) the var
nbility of the respiratory burst ln different types of
leucoeytes: (iv) the fate, the interrelationships wnd the
reactivity of the latermediste prodects of oxygen
reducBon; (v) the refationships betwesn the Inflasmms
tory process and the production of free radieals by the
Inflammatory cells,

I. The respiratory burst of phagocytes
Professional phagocytes (polymorphs.
monocytes, macrophages) have the distinctive
feature of possessing an oxidative meta.
bolism which can be excited by a variety of
environmental stimuli. Ingestion of particulate
objects or interaction with some membrane
perturbing agents causes a dramatic enhance-
ment of oxygen consumption, of hexose

monophosphate pathway activity and of
generation and release of superoxide anion and
hydrogen peroxide [1-13], These events are
referred to as the ‘respiratory burst' of
phagocytes. Figure | shows the time course of
the various events of the respiratory burst in
phagocytosing guinea-pig polymorphs, It is
worthy of note that the onset of these events
takes place a few seconds after the addition of
heat-killed bacteria.

The stimuli which induce the metabolic
excitation of phagocytes are various and differ
in both chemical nature and mode of action
[14-16] but can be easily grouped into two
main  categories, (a) phagocytosable
stimulants and (b) soluble stimulants. The
soluble stimulants are listed in Table 1. Some
of these compounds, for example concana-
valin A [17] and divalent cation ionophores
[18, 191, arc interesting since they provide a
laboratory model to study the stimulus—
response coupling [17-19], Other agents, for
example immune complexes {20, 21], comple-
ment fragments [22-24], kallikrein [25] and
endotoxins [26], are important since they may
play & role ‘in vivo', in modulating the in-
flammatory process due to their presence al
the inflammatory site,

2. Enzymatic basis of the respiratory burst
Direct and indirect evidence indicate

that the respiratory burst is due to the

activation of an oxidase that uses NADPH as
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subsirane and generates superonide anka and
hydrogen peroxide 12, T, 11, 1)-15, 22-311.
Thes evayme iy practically inactive in retng
cefls bt ncrenses Its rate and s aflisty for
NADFH upos stmulation of the phagocytes
by partcies or solobie stimudants |7, 15, 30,
Tabk 2 shows the specific activity of NADPH
oxidase of the 100,000 x pellet of postauciear
supernatant of guineagig polymorphs ot rest
pd sumuliied witk pEorbol myrsisle scitale
(PMAL It can be seen that the enzymatic
sctivily, messsred erhaer 25 oaypes con-
sumption of & O generalion. is very low
in resting cells and noreuses several times in
srimuisted cells,

2.1, Subcclbdar localization of the NADPH
exiduse

The subcellodar  localzation of the
NADPH oxdase = stull unclear. Sose authors

think thee 1 & Jocalized a1 the plasmamem-
wtedd o the gramsles |31, 38L Recently we have
obtsined evidence thal ie gusted pig grasulo:
cytes stimslated by PMA the oxidase is
located in sobcedular fractions of ower
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density  than  those ccatsining mydoper
osidase (MPO), Table 3 Bows the aversge
pereent distrbutios of acid paranirophenyi
phosphatase (pNPPase) taken as 2 membrane
marker, of MPO a marker of azurophile:
granules, and of NADPH oxidass smong four
greups of fractions obtained by rate zonm

& discontimious  sucrose
gradient. From these dats it can be seen thae
MPOuM,‘isfwnlhmeMpmo(
te gradient (D) wherens scdd pNPPase and
NADPH oxidase are peedommanty dstsi.
buted 1n @e Aghter zomes of the gradient (A
sad By The A sod B zomes of the gradiem
were predominantly made we of vesicks
35 Judged from  electron  microsoopic
examinacon, M remalns 10 be determingd
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=embranes.
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2.2, Link detween stimulation of the NADPH
oxidase and activation of the hexose mone-
phowphate pathway (HMP)

Stimulation of the NADPH oxidase leads
to incressed oxidation of ghcoes through the
HMP by 1vo meckansms (Fig. 21 (1) The
osidetica of NADPH by the stimulated
midee modifes the radio NADP/NADPH
which 3 (e Lrigaer Faceor which contrals the
wctivity of the frst two caxymes of the HMP
that Is ghucose6-phosphme dehydrogenase
md 6-phosphogleconate dehydrogenaes, (1) n
some Lypes of phagocyte hydrogen peroside
peneroted by the stimulated oxidase is reduced
o HO b guishone perosidsse  with
foematcn of oxidkzed gltambiom (GSSG),
GSSG in ture is redeced to GSH by »
NADPH dependent  gltmbion: reducigic

phoac e pedbany with formation of NADP.
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Te ovdatrre metaboksm of activaned
phagocytes is guabtatively sissiles in ol the
cdls so far examined. However marked
quantitecrve  differences  exist among  the
varcus ool tGspex a8 shows & Tabie 4. The
man  dfference regards the extracelluiar
release of superoxide ankon and of dydrogen
peroxide, as compared % the oxygen
consemption. For example granslocytes and
guineagig chcied pesilonsal  macrophages
release consderable amoents of both super-
oxide arion and hydrogen peronide, whike ths
redease is hardly detectable in sexident alveolar
maccophages of rabbit and i very low in
BCGactivaed  alveclar macropiages of
rabbue.

Boh seperavide amon s=d hydrogen
peroxide are toxic products and tereflore e
need anaes for the presence of oell detoxifying
mechasisms which may prowect the cedlalar
strustures from the Sangecons effects of these
mucuiex, The detoxfving mechanisms may
be either chemical or mzymas, Ascorbate for
examnple, whch is abgadenl s phagocytes
[35], may act s & seavenger of superoxide
anbon, The enzymatic degradation of supes-

oxide anioe B cseried out by superoxide
dismetase (SOD) and thk of HO, b
catalase, perondase mod ghtathione per
oxidase. We have assayed these eneymes
different 1ypes of phagocyse wed have found
that their activities vary consderably. Tabde £
shows in fact that sl the gramukcytes studied
are nck in peroxidase, while this sctivily &
kw In macrophages. Macrophages on the
other hand have 2 higher coment of catalese
{with the exception of ravbit pentoneal elicited
macrophages) than  polymorphs, Rabbit
alveclsr macrophages have the highet GSH-
peronidase activity among the phagocyles
stpdied. These data ssgpest different patvems
of hydrogen peroside degradation in the two
1ypes of phagocyte. The SOD content sppean
w0 be hgher In macrophages than in
polymarphs, being the highest In rabbit
resident plveclar macrophages, which reloase
o superoxide mlon and the lowest in rabbit
granukcyter, which  reeass  consideraiie
amoents of superoxide. Therefors the differem
actvities of the enxymes which degrade O;
and H,0, topether with & dfferear re of
production of these molecules may, at least in
part. explain the heteropescity of phagocyies
with respect 1o OF and H, 0, release.
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The lencticasd meaming of the revparaseory
barst Is laked 1O the reactivy of the pendacts
of oxygen reduction. These are mainly super-
oxide anion and hydrogen peroxide bat other
molecules of hological micrest can denve
froem them such & hydrosyl codical [36] and
saghs oxygen (37, ML These products can
axert both beneficial and darmiul effects. The
main besefical effect iy thelr paricpation in
the onypes dependent sorobsadal and cy%o
cidal activities of phagocytes, cither mside or
outnde the coll |6, 3640L The harmful effects
tan be exerted both ingde the cdl, where o
damage Lo the phagosome membeane of 10 the
plasma membeane can result with, possitly,
cell death 141] wud outide with damage 1o
endotiedlinl cells 42] and w the
conpective tesue (43, 41 Fimally o mode-
lation of the mflsmmmory process could resukt
from an increxse m microvasculss perme-
shility [45], the sumulaton of hisamine
secretion |46, the generation of chemotacte
foctors [47), the mflvence on platele aggro-
gation (48], the hymphocyte stmulation [49).
Thus we can say thee the respiratory durst das
& deal centrad relevance @ the mflammatory
process sinos it gives origin o Wghly reactive
modevades that kill the foregn invederss aad, &
the same time, dasage the tissves.

The role of O and HO, in the hos-
parmsts miernction s dearly docureaiod by
the occurrence of dscases caused hy a defex
in preduction and/or utilization of superoxide
anion aad hydrogen peroxide [see Ref. [50))
Chedaic grandomascas dsease of chidhood,
which b characierized by repeated Infections
Is 2 typlenl example of a disease doe % a
defective production of OF and H,0, The
mcdecular Bais of this Esease is i Gt 8 lack
of NADPH oxidase, the enzyme which peo-
duces 05, or akhematively a defective activa
tion of this ereyme during phagocytosis [ 28]

The MPO dedcency syndrome may be
taken s an cxample of & diacdse in which the
products of the cxygen metabolism cannce be
utilized. In this case in fact both H,0, and O
are redeaod from e delectve Cedls in higher

the reason for this tegh release of O; is nm
chear, it is conceivabls that the Rydrogen
peroxide cacapes from the oclls vinee it cannoe

be utileed in the HO,-hadde-MPO systes
described by Kimpawoer 6] and Saanaa
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