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Phagocytosis in Leprosy

2. Production of Superoxide by Circulating Blood

Leukocytes from Lepromatous Patients '

Oscar Rojas-Espinosa 2

Superoxide anion, hydrogen peroxide, hy-
droxyl radicals, singlet oxygen and the my-
eloperoxidase-hydrogen peroxide-halide sys-
tem ( 2 7 ) are the main oxidative bactericidal
intermediaries of phagocytic cells, and their
appropriate levels and activities are respon-
sible for their adequate function. In the ex-
treme case of the clinical condition known as
chronic granulomatous disease (X-linked),
the polymorphonuclear leukocytes (PMN)
are deficient in their overall ability to under-
go the phagocytosis induced oxidative
changes that characterize their normal
phagocytic function ( 1 ), the result being an
enhanced host susceptibility to severe infec-
tions by germs that under normal conditions
are mildly or nonpathogenic ( 5, " ). In rela-
tion to leprosy, in a previous paper (x) we
reported that circulating leukocytes from
lepromatous patients do not differ from
those of normal (healthy) subjects with re-
spect to their levels of -glucuronidase,
g-galactosidase, acid and alkaline phospha-
tase and lipase activities, nor was there a
significant difference in the "diaphorase"
activity of both lepromatous and normal
groups as determined by the nitro-blue tet-
razolium (NBT) test. Complementary results
have been obtained by other groups with
respect to lysosomal enzymes (I) and NBT
reduction j This communication pre-
sents our findings as related to the super-
oxide (0,) anion production by phagocytiz-
ing peripheral blood leukocytes from lepro-
matous and normal individuals.

MATERIALS AND METHODS
Subjects. Seventeen normal individuals

and 19 patients with either diffuse or nodular

Received for publication II July 1978.
=Oscar Rojas-Espinosa, Ph.D., Depart:Imo -Ito de

Inmunologra, Escuela Nacional de Ciencias Biolhicas,
Instituto PolitLnico Nacional, Carpi° y Plan dc Ayala,
MAico 17, Di., Mexico.

lepromatous leprosy were studied. The pa-
tients have been under medical control at
the Centro DermatolOgico Pascua of Mexi-
co City, and represented a heterogeneous
group with respect to age, sex, duration of
disease and clinical status at the time of the
study. Although most patients were under
conventional treatment (DDS, 25-50 mg
daily) all of them presented a still active
form of the disease. Several cases were com-
plicated by some form of leprosy reaction
(er .valema tuuloslon leprosum or Lucio's
phenomenon).

Cell preparations. A 20 ml sample of pe-
ripheral blood was collected in plastic dis-
posable syringes containing 20 IU per ml of
heparin. Each syringe was inverted and the
red cells were sedimented at 37°C until the
leucocyte enriched supernatant plasma was
collected through an 18 gauge needle, bent
to an angle of 90°, into siliconized 50 ml
glass centrifuge tubes. Then the tubes were
centrifuged at 1,200 rpm for 5 minutes at
4°C. The sediment was washed once with
Krebs-Henseleit-Bicarbonate (KHB) buffer,
pH 7.1-7.4 ( 5 ), containing 0.2% glucose, re-
suspended in distilled water for 30 seconds
to lyse erythrocytes and washed two more
times with KHB buffer (1,200 rpm/5 min/
4°C). Finally, the pellet was resuspended,
counted and diluted with KHB buffer to ob-
tain 5-10 x 10 5 cells per ml. No viability
tests were performed.

Superoxide determination, modified from
Babior et al ( 3 ). The following were added
to duplicate 10 ml conical centrifuge tubes
kept in an ice bath: 3 ml of the leukocyte
suspension (15-30 x 10 5 cells), 0.1 ml of ox-
idized cvtochrome-C (Sigma C-7752. type
VI) solution in distilled water (180 nM) and
0.1 ml of latex particles (Difco, 3102-65) pre-
viously dialyzed against water and diluted in
K H B so as to have about ten latex spherules
per cell. After shaking, 1.6 ml of each reac-
tion mixture were incubated for 20 minutes
at 37°C with occasional shaking. The re-
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maining 1.6 ml were preserved at 0°C for
use as a blank. Additional blanks included
mixtures without latex, cytochrome-C or
leukocytes. Reactions were terminated by
placing the vessels in melting ice. After cen-
trifugation at 3,000 rpm (radius 7- 15 cm) for
30 minutes at 4°C, the absorbances of the
incubated supernatants at 418, 519 and 550
nm were determined using the unincubated
blank supernatants as reference.

In this paper, the superoxide activity is
expressed as the optical density change (in-
cubated minus unincubated) at 550 nm pro-
duced by 5 x 10 6 PMN, under the above de-
scribed conditions and the results are the
average of at least duplicate determinations.

RESULTS
Incubation of leukocytes both from lepro-

matous and normal subjects with oxidized
cytochrome-C and latex spherules was found
to lead to reduction of cytochrome-C. The
omission of latex particles in the reaction
mixture did not result in the reduction of the
cytochrome by either normal or lepromatous
leukocytes. The complete reaction mixtures
kept in the ice bath, to be used as blanks,
showed a negligible reduction of cytochrome

400^450^500^550
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FIG. I. Typical absorption spectra of cvto-
chrome-C reduced by superoxide generated by
phagocytifing normal or lepromatous leukocytes.
Real 0.1). values are shown and each point is the
average reading of duplicate determinations.

as determined by reading the supernatant's
absorbance at 550 nm against a blank super-
natant from a reaction mixture without latex
particles.

Although the results reported are calculat-
ed on the basis of the 550 nm absorption
peak, an absorption spectrum from 400 nm
to 600 nm was ascertained for most deter-
minations. Typical normal and lepromatous
spectra are depicted in Figure I. In both
cases, the appearance of peaks at 418, 519
and 550 nm clearly indicates the reduction in
cytochrome-C as a result of the 07 produc-
tion by PMN. This particular result was ob-
tained with cell suspensions having 6.7 x 10 6

(normal) and 8.7 x 10 6 (leprous) PMN per
ml. After corrections, the superoxide activ-
ities were, respectively, 0.070 and 0.050 per
5 x 10 6 PMN.

Table I records the superoxide (07) activ-
ities found in the studied groups (mean ±
standard deviation and range). No statistical
analysis of results was needed as they were
very similar regardless of the group. Of the
19 lepromatous patients studied, 7 were nod-
ular (NLL) cases without leprosy reactions,
2 were diffuse lepromatous (DLL), one with
Lucio's phenomenon and the other with ery-
thema nodosum leprosum (ENL), 2 were
NLL with erythema multiforme, and 8 were
NLL with ENL. No differences in 03 ac-
tivity were observed among patients when
they were grouped into NLL without reac-
tion and NLL with leprosy reactions.

In Figure 2, the superoxide (02) results
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FIG. 2. Comparative cytochrome-C and NBT
reduction tests by normal (N) and lepromatous
(L) individuals. NBT results were previously re-
ported in detail ('). Horizontal lines are the mean
values.
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TABLE I. Superoxide production by latex-phagocytizing leukocytes from
normal and lepromatous individuals.

Group Number
Superoxide activity"

(mean ± s.d.) Range

1.^Normal controls 17 0.043 +0.022 0.010 - 0.090
II. Patients without 1..R. 6 7 0.043 ± 0.022 0.030 - 0.090
III. Patients with^1..12. 12 0.049 + 0.017 0.030 - 0.090
IV.^All patients (II + III) 19 0.047±0.018 0.030 - 0.090

Acti■ity is gi■en as the average optical density change at 550 nm produced by 5 x^I'MN under the condi-
tions described in Materials and Methods.

6 1_ R. stands for leprosy reactions, several types were included: Lucio's phenomenon, erythema twthmum lep-
ro.wan, erythema multifarme.

are shown and compared with the NBT re-
sults obtained in similar lepromatous and
normal groups ( 8 ). Both tests gave similar
results. Again, as with the NBT test, the
mean 07 activity in the lepromatous group
(0.047 5 x 10 6 PMN) is slightly higher than
in normal controls (0.043/5 x 10 6 PMN) but
this difference, obviously, does not have
statistical significance.

In general terms, the results obtained
showed good reproducibility, the ranges
were not broad and were similar for both
groups (0.010 to 0.090 in normals and 0.030
to 0.090 in patients). The individual dupli-
cate results were always over 90% compa-
rable, and there was a fairly good correlation
between the number of cells assayed and the
observed degree of cytochrome-C reduction.
We always worked with cell suspensions
having no more than 10 x 10 6 PMN per ml.
as 0.1). readings arc proportional to the cy-
tochrome-C reducing activity of 07-! at low
rather than high number of cells.

DISCUSSION

The fact that the 07 production by phago-
cytizing, PMN from lepromatous patients
was not different from its production by
PMN from normal individuals, correlates
well with our previous results ( 8 ) regarding
the ability of these cells to reduce the NBT
dye while exhibiting phagocytosis. This re-
sult had to be expected if we accept the dia-
gram in Figure 3 as the mechanism that cor-
relates the 07 production with the NBT
reduction. According to this mechanism the
same reducing system that transforms the
07 into 07:, namely an oxidase and NADH
and/ or NADPII cofactors, is involved in the

NBT reduction. Alternatively, the dye is re-
duced through its chemical reaction, with
07( 4 ).

That the 07 is produced by PMN rather
than by contaminant lymphocytes is deduced
from the fact that in a mixture of PMN and
lymphocytes, 07! is not appreciably produced
unless the cell mixture is induced to phago-
cytose, and there is no evidence to date of
the lymphocytes' ability to endocytose latex
spherules. Phagocytosis is, on the other hand,
a key function of PMN (and monocytes).

Although the idea that the 0 7, produced
during phagocytosis might be a potential mi-
crohicidal agent by itself has fallen into dis-
favor ( 2 ), the 07 anion is still an intermedi-
ary and a precursor of the bactericidal

NAOPH2 NADP

FIG 3. Initial phagocytosis-induced metabolic
changes include an increased oxygen consump-
tion. The 0, is immediately reduced to super-
oxide (07) by an oxidase ( that uses NADI1( 14)
or NADPII ( 13 ) cofactors. The 0 -2- is then con-
verted into 11 20 2 , either spontaneously, or by
means of a superoxide dismutase , and the
11,0 2 is decomposed into 0 , and H 2O by cata-
lase or reduced to 11,0 by glutathione peroxidase

. Oxidiied NBT is reduced a) by the same sys-
tem that reduces 02 to 07, or h) as a consequence
of its chemical reaction with 07, the latter mech-
anism being the most probable ( 4 ).
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components better represented by the H 2 0,,
the 1120,-myeloperoXidase-halide system,
the 011 . radicals, and the singlet oxygen. The
possibility remains, however, that at high
concentrations, as those possibly found in
the vicinity of the phagosome, 0 -5' by itself
might he a useful microbicidal agent ( 2 ).

This and other reports ( 9 . 12 ) suggest that
the metabolic changes induced by in vitro
phagocytosis by PMN cells from leproma-
tous patients, do not differ from those found
in normal controls, at least on the basis of
the NBT and cvtochrome-C reduction tests
performed. Goihman-Yahr et al ( 9 ) found
that patients with any type of leprosy, except
the reactional (UL) lepromatous leprosy,
had normal numbers of NBT reducing cells.
In patients with RL L , the proportion of re-
ducing cells was significantly raised. We did
not find a significant increase in the 01, lev-
els produced by PMN from patients with
RLL when compared with lepromatous pa-
tients without reaction.

Although the levels of the few lysosomal
enzymes so far studied ( 1,8 ): 0-galactosi-
dase, 0-glucuronidase, acid and alkaline
phosphatases, lipase, acid myeloperoxidase,
lysozyme and N-acetyl- P-glucosaminidase,
support the idea that PMN from leproma-
tous patients behave normally, these results
are by no means conclusive, and other meta-
bolic and enzymatic activities have to be
studied before a definitive statement can be
made regarding the functional state of PMN
(and MN) in leprosy.

SUMMARY
The ability of polymorphonuclear leuko-

cytes from lepromatous patients to produce
superoxide (0 -2) anion while phagocytizing
latex particles was studied. The results were
compared with those obtained in a group
composed of normal individuals. No differ-
ences were found between lepromatous and
normal groups. No differences were found
either when the comparison was made be-
tween patients showing any form of leprosy
reaction and patients without leprosy com-
plications at the time of the study. Together
with other results previously reported, our
findings suggest that PMN from leproma-
tous patients are not different from PMN
from healthy individuals with respect to
their ability to generate and show the meta-
bolic oxidative changes (as measured by the

NI3T- and the 0 7,-tests) induced by in vitro
phagocytosis of latex particles. These meta-
bolic activities remain normal even when
PMN may show alterations at other levels of
the phagocytic process.

RESUM EN
Se estudid Ia capacidad de los leucocitos poll-

morfonucleares obtenidos de un grupo de pa-
cientes con lepra lepromatosa para generar su-
peroxido (09 durante Ia fagocitosis estimulada
con particulas de littex. Los resultados se corn-
pararon con los obtenidos en un grupo de personas
sanas. No se encontraron diferencias entre los
grupos normal y lepromatoso estudiados. Tarn-
poco hubieron diferencias entre los niveles de 0 72

producido por los pacientes con algun tipo de re-
accidn leprosa y aquellos producidos por los pa-
cientes sin complicaciones en el moment() del
estudio. Junto con otros dittos publicados pre-
viamente, los resultados sugieren que los leuco-
citos PMN de los pacientes con lepra lepro-
matosa no difieren de los PMN obtenidos de
personas sanas en cuanto a su capacidad para
mostrar los cambios metabcflicos oxidativos
(medidos por las pruebas del NBT y del 0 -9 in-
ducidos in vitro por fagocitdsis de particulas de
liftex.

Las funciones metabdlicas antes mencionadas
permanecen normales min cuando los PMN
puedan presentar alteraciones a otros niveles del
proceso fagocftico.

RESUME
On a etudie la capacitd qu'ont les leucocytes

polymorphonucleaires provenant de malades lep-
romateux a produire un anion superoxide (07)
lorsqu'ils phagocytent des particules de latex. Les
rdsultats ont etd compares avec ceux obtenus
dans un groupe compose d'individus normaux.
Aucune difference n'a etc', note entre les malades
ldpromateux et le groupe de sujets normaux.
Aucune difference n'a davantage dtd observee
lorque la comparaison a dtd effectude entre des
malades prdsentant une forme quelconque de re-
action ldpreuse, et les malades ne souffrant pas
de complications Idpreuses au moment de l'dtude.
Mises en rapport avec d'autres rdsultats obtenus
anterieurement, ces observations suggerent que
le PMN de malades lepromateux nest pas dif-
ferent du PMN de sujets rains en cc qui concerne
leur capacitd a ddvelopper et a tdmoigner de mod-
ifications mdtaboliques oxydatives induites par
Ia phagocytose in vitro de particules de latex,
mesurdes par les tests NBT et 07. Ces activites
mdtaboliques restent normales meme lorsque le
PMN montre des alterations a d'autres dtapes du
processus phagocytaire.
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