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Alveolar macrophages from patients with active pulmonary tuberculoss, inactive tuber-
culosis (treated patients), non-tuberculous lung disease and from normal healthy individuals
were tested for their ability to produce hydrogen peroxide (H,O,) upon stimulation with
phorbol myristate acetate (PMA) invitro. PMA induced H,O, production was signifi-
cantly higher in all the groups of patients studied when compared to the normal subjects.
Among the four groups studied, the spontaneous release of H,O, was increased in the
alveolar macrophages of smokers than non-smokers. There was no difference in the sponta-
neous and PMA induced H,0, production between the non-smoker group of the active
tuberculosis patients and the normal non-smoker group. Further, the blood monocytes of
the activepulmonary tuberculosis patients and those of normal controls were equally com-
petent in producing H,0,, in vitro, upon stimulation with PMA. The study suggests that
the increased production of hydrogen peroxide by alveolar macrophages is not specific for

tuberculosis.

Alveolar macrophages are the major
mononuclear phagocytes of the lung. These
cells have been shown to play a significant
role in clearance of smoke and other environ-
mental dust from the lung and in the defence
against pathogens. Macrophages appear to
be important for bacterial phagocytosis and
killing. Multiplication of Mycobacterium
tuberculosis  within the macrophages is
the hall mark of the pathogenesis of tuber-
culosis. Studies indicate that macrophages
are aso involved in host resistance to M.
tuberculosis #°. There are several reports
on hydrogen peroxide (H,O,) mediated killing

of intracellular pathogens within the macro-
phages™”.

The present study was carried out to
find out the H,O, producing potential of
alveolar macrophages and periphera blood
monocytes of pulmonary tuberculosis patients
and normal individuals.

Material & Methods

Fibreoptic bronchoscopy was performed
on 21 patients and 4 normal subjects The
patients were suspected cases of pulmonary
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tuberculosis, attending Tuberculosis Research
Centre with respiratory symptoms and
radiographic evidence of lung diseases of
varying duration. All the patients had at
least six sputa smears negative for M.
tuberculosis by microscopy. All patients
sputa were cultured for M. tuberculosis and
depending upon the culture results, these
patients were classified into the following
groups:

(i) Active  pulmonary  tuberculosis :
These patients (9) had not received
any previous anti-tuberculosis chemo-
therapy and had M. tuberculosis
growth in one or more sputum
specimens in culture.

(if) Inactive pulmonary tuberculosis:
These patients (8) had received
previous anti-tuberculosis chemo-
therapy and presently their sputa
showed culture negativity for M.
tuberculosis.

(i) Non-tuberculous  lung  disease :
This group involved 4 patients with
lung abscesses, bacterial pneumonia
and pulmonary manifestations of
polycythemia vera.

(iv) Normal subjects : (4) who had
norma chest X-ray and pulmonary
functions and al of whom were non-
smokers.

Fibreoptic ~ bronchoscopy ~ and  alveolar
lavage: The procedure of the fibreoptic
bronchoscopy has been explained in
detail®, and alveolar lavage has been des
cribed elsewhere’. In brief, the upper air-
ways and trachea were anaesthetized with
4 per cent xylocaine spray. Fibreoptic
bronchoscope was inserted either through
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the mouth or nose. The tip of the bron-
choscope was wedged into the third or fourth
order bronchus in the affected lobe, middle
lobe and lingula. The lobes were lavaged
with gerile isotonic saline using a suction
pressure of 50-100 mm of water. The entire
bronchoscopy procedure was done under con-
tinuous cardiac and pulse-oximeter moni-
tering, and oxygen was supplemented during
and after the procedure.

Blood samples of 13 active pulmonary
tuberculosis patients and 8 healthy volunteers
were aso investigated for H,O, production
by the peripheral blood monocytes;
15 to 20 ml of blood was collected in a
heparinized container from each subject.

Alveolar macrophages : Alveolar macro-
phages of the lavage fluids were separated
from the mucus using a sieve mesh and the
cells were used for hydrogen peroxide release
assay. The dead cells ranged from 10 to
20 per cent, as judged by the trypan blue dye
exclusion method. The percentages of
neutrophils and eosinophils were 2-5 and <2
respectively.

Peripheral blood mononuclear cell separa-
tion: Mononuclear cells were separated
using Ficoll-Hypaque™; the cells were washed
thrice in RPMI medium and adjusted ‘to
5 x 10° cellg/ml medium.

Non-specific esterase staining : Smears of
Ficoll-Hypague separated peripheral blood
mononuclear cells were stained for non-
specific esterase for determining the percen-
tage of monocyte population according to
the method of Horwitz". A tota number
of 300 cells were counted and the per cent
monocytes (esterase positive cells) among
them were determined.
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H,O, assay : Total alveolar cells were
taken for the assay. Hundred microliter
containing 0.1 x 10° alveolar cells, was plated
in 96 well flat bottom plate. For periphera
blood, 0.5 x 10° blood mononuclear cells
were seeded in 96-well flat bottom plates
(Falcon) and non-adherent cells were re-
moved by aspiration after one hour at 37°C.
The adherent mononuclear cells (non-specific
esterase positive cells) were used for H,0,
assay. The H,O, producing potential of
these cells were studied.

The H,0, assay method described by
Pick and Mizel was followed. Briefly, the
plates with the cells were washed with phenol
red free Hank’s balanced salt solution
(HBSS). 100 pl of HBSS containing 19
units/ml horse radish peroxidase (Type-lll,
Sigma), 1 ug/ml phorbol myristate acetate
(PMA) (Sigma) and 0.02 per cent phenol
red (Sigma) were added to each well.  After
incubating the plate at 37°C for 1 h the
enzyme reaction was arrested with 10 pl
of IM NaOH. Absorbance at 605 nm was
determined spectrophotometrically for the
assay mixture pooled from five wells. For
each equipment, a standard was set up in the
range of 0-10 nmol/ml of H,0..

Statistical methods : The results are
expressed as mean + SE and statistical
analysis was done using the Student’s t-test.

Results

Among the three groups of patients and
normal individuals studied, the alveolar
macrophages of the three patient groups
produced more H,O, than the norma indi-
viduals (P<0.05). On the other hand,
there was no significant difference in H,0,
production by alveolar macrophages among
active TB, inactive TB and non-TB patients

(Fig. ‘1).

H,0O, production by alveolar macrophages in tuberculosis
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Fig. 1. Hydrogen peroxide production by the alveolar
macrophages. Figures in parentheses indicate the
actud number of cases studied and the results are
expressed as Mean + SE.

The 3 groups of patients and the normal
individuals were divided into smokers and
non-smokers, and the H,O, producing capa
city of these aveolar macrophages were
analyzed (Fig. 2A). The spontaneous and
the PMA induced H,O, production in
smokers were significantly higher than the
alveolar macrophages of  non-smokers
(spontaneous H,O, P < 0.01 ; PMA H,0,
P < 0.05). However, the ability of the
alveolar macrophages to PMA stimulation
was higher in the non-smoker group (2.5
folds) than the smoker group (1.3 fold).
This analysis was based on the following
formula :

PMA stimulated H,O, release
Spontaneous release of H,0,

Alveolar macrophages of normal indi-
viduals (non-smokers) and those of the
non-smokers among  active tuberculosis
patients were equally competent in their
H,O, rdease. Further, the active tuberculo-
sis smoker group produced an increased
H,O, than the active tubercul osisnon-smoker
group (Fig. 2B).
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Fig. 2A. Spontaneous and PMA stimulated hydrogen ; 8 |
peroxide production by the alveolar macrophages 3
of non-smokers and smokers. Actual number of £
cases studied are presented in the parentheses. c 6 I
MeantSE. B. Hydrogen peroxide release by the z
alveolar macrophages of normal individuals, active -
TB non-smoker group and activeTB smoker group. c‘;‘ 4+
()
The H,0, producing potential of the X
blood monocytes of active pulmonary tuber- 2F
culosis patients and the normal healthy sub-
jects were compared. The blood monocytes 0

of normal subjects and tuberculosis patients
were equally competent in their H,O, pro-
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Fig. 3. PMA induced hydrogen peroxide production
by the periphera blood monocytes of active pulmo-
nary tuberculosis patients and the normal healthy
volunteers. Numbers in the parentheses represent
the actual number of individuals studied. Mean

ducing capacity (P > 0.1; Fig. 3).

Discussion

The present study was carried out to +SE.

understand the hydrogen peroxide producing
potential of the aveolar macrophages and
the blood monocytes of active pulmonary
tuberculosis patients. The study revealed
that the alveolar macrophages of active
pulmonary tuberculoss, inactive tuberculosis
(treated  patients) and non-tuberculous

of H,0, is known to be one of the charac-
teristics of macrophage activation®™*. It
has been proposed that immunologically
activated alveolar macrophages may play
amajor role in tubercular resistance’.

Irrespective of the various groups of

lung disease patients produced an increased patients included in this study, the spon-

H,0, than the normals (Fig. 1). It is possible
that this increase in H,O, production may
be due to an activated state of the alveolar
macrophages in vivo. Enhanced production

taneous and PMA induced H,O, were high
in all of them suggesting that, in addition to
antigens of tubercle bacilli, infection due to
other pathogens and other factors such as
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smoking etc. could have led to an increase in
the production of H,O, by aveolar macro-
phages. Fig. 2A shows that non-smokers
produce less spontaneous and PMA stimula-
ted H,O, than the smokers. There was no
difference in the spontaneous and PMA
induced H,O, release between the active
tuberculosis non-smoker group and the
normal non-smoker group. Since the
patients included in the study were all smear
negative subjects harbouring less number
of bacilli (paucibacillary state), it is likely
that adequate stimuli would not be available
for the activation of the macrophages in the
affected lobe of the non-smoker group of the
active tuberculosis patients (Fig. 2B). This
correlates well with the recent study carried
out in murine model. It has been shown
that low level of either heat killed or live
M. lepraemurium stimulated a very low level
of H,O, in the resident peritonea macro-
phages. This study suggests that low level
of bacteria may not trigger a respiratory
burst and this may alow the infection to
become established™.

The ahility of the alveolar macrophages
of the non-smokers to release H,O, on
PMA dtimulation was 2.5 fold increased,
whereas in smokers, the increase was 1.3
fold suggesting that the alveolar macrophages
of the smokers were in a stimulated/acti-
vated condition. Hence, in vitro stimulation
with PMA showed less release of H,0,.
It has been suggested that smokers aveolar
macropha%& are in an activated condition
in vivo ** which was further substantiated
by Baughman et al **, who showed an in-
creased spontaneous production of H,0,
in smokers. Also, human aveolar macro-
phages from smokers release more H,O,
on phagocytic stimulation than those from
non-smokers and have greater anti-bacteria
activity'®%°.

H,O, production by aveolar macrophages in tuberculosis

The present study indicates that the blood
monocytes and alveolar cells of active
pulmonary  tuberculosis patients and
normals were equally competent in producing
H,O, to PMA stimulation. However, in
this study, the aveolar cells were obtained
from the affected |obe as well as middle lobe
and lingula, thus causing a dilution of the
cells recovered from the affected lobe.
Hence, it may be advisable to look for the
metabolic and microbicidal properties of
macrophages exclusively of the affected lobe
of the lung for the exact role of macrophages
in the pulmonary tuberculosis.

Acknowledgment

The authors sincerely thank Shri G.S. Acharyulu
and clinic staff members, especialy Smt. Annamma
Joy and Shri K. Sankaran, for their help in the pro-
cedure of FFB and BAL; and Shri N. Venkataprasad,
for his help during this study.

References

1. Green, G.M. and Kass, E.H. The role of the
aveolar macrophage in the clearance of bacteria
from the lung. J Exp Med 119 (1964) 167.

2. Lurie, M.B. Resistance to tuberculosis. Experi-
mental studies in native and acquired defensive
mechanisms (Harvard University press, Cambridge,
Mass)) 1964 p 77.

3. Myruik, Q.N., Leake, E.S. and Tenner Ran,
K. Interaction of mycobacteria with normal
and immunologically activated alveolar macro-
phages. Adv Exp Med Biol 162 (1983) 83.

4. Jackett, P.S., Aber, V.R. and Lowrie, D.B. Viru-
lence and resistance to superoxide, low pH and
hydrogen peroxide among strains of M. tuber-
culosis. J Gen Microbiol 104 (1978) 37.

5. Walker, L. and Lowrie, D.B. Killing of M. microti
by immunologically activated  macrophages.
Nature 293 (1981) 69.

6. Klebanoff, SJ. and Shepard, C.C. Toxic effect
of the peroxidase-hydrogen peroxide halide anti-



10.

11.

12.

13.

Selvarg et al

microbial system on Mycobacterium leprae.
Infect Immun 44 (1984) 534.

. Sharp, A.K., Colston, M.J. and Banergee, P.K.

Susceptibility of Mycobacterium leprae for the
bactericidal activity of mouse peritoneal macro-
phages and hydrogen peroxide. J Med Micro-
biol 19 (1985) 77.

. Selvaraj, P., Venkataprasad, N., Vijayan, V.K.,

Prabhakar, R. and Narayanan, P.R. Alveolar
macrophages in patients with pulmonary tuber-
culosis. Lung India 6 (1988) 71.

. Hunninghake, G.W., Gadek, J.E., Kawanami,

0., Ferrans, V.J. and Crystal, R.J. Inflammatory
and immune processes in the human lung in
health and disease : evaluation by broncho a-
veolar lavage. Am J Pathol 97 (1979) 149.

Boyum, A. Separation of leukocytes from blood
and bone marrow. Scand J Clin Lab Invest 21
Suppl (1968) 97.

Horwitz, D.A., Allison, A.C., Ward, P. and
Knight, N. Identification of human mononu-
clear leucocyte populations by esterase staining.
Clin Exp Immunol 30 (1977) 289.

Pick, E. and Mizel, D. Rapid microassays for
the measurement of superoxide and hydrogen
peroxide production by cells in culture using an
automatic enzyme immunoassay reader. J
Immunol Methods 46 (1981) 211.

Ding, A., Wright, SD. and Nathan, C. Activa
tion of mouse peritoneal macrophages by mono-

129

clona antibodies to Mac-l (Complement receptor
Type-3). J Exp Med 165 (1987) 733.

14. Nathan, C., Nogueira, N., Juangbhanich, C.,

Ellis, J. and Cohn, Z. Activation of macrophages
in vivo and in vitro. Correlation between hydro-
gen peroxide release and killing of Trypanosoma
cruzi. J Exp Med 149 (1979) 1056.

15. Brett, S.J. and Butler, R. Interactions of Myco-

16.

17.

18.

10.

20.

bacterium lepraemurium with resident peritonea
macrophages; phagocytosis and stimulation of
the oxidative burst. Clin Exp Immunol 71
(1988) 32.

Ando, M., Sugimoto, M., Nishi, R., Suga, M.,
Horio, S., Kohrogi, H., Shimazu, K. and Araki,
S. Surface morphology and functions of human
pulmonary alveolar macrophages from smokers
and non-smokers. Thorax 39 (1984) 850.

Holt, P.G. Immune and inflammatory function
in cigarette smokers. Thorax 42 (1987) 241.

Baughman, R.P., Corser, B.C., Strohofer, S.
and Hendricks, D. Spontaneous hydrogen pero-
xide release from alveolar macrophages of some
cigarette smokers. J Lab Clin Med 107 (1986)
233.

Greening, A.P., Rees, A.D.M. and Lowrie, D.B.
Human alveolar macrophage staphylocidal func-
tion. Clin Si 59 (1980) 14.

Greening, A.P. and Lowrie, D.B. Extracelular
release of hydrogen peroxide by human alveolar
macrophages. The relationship to cigarette
smoking and lower respiratory tract infections.
Clin i 65 (1983) 661.

Reprint requests : Dr R. Prabhakar, Director, Tuberculosis Research Centre
Spur Tank Road, Chetput, Madras 600031



