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Pneumonia was induced in (CBA×C57Bl)F1 mice under conditions of stimulation of the
mononuclear phagocyte system with zymosan. The number of neutrophils in airways
increased after 3 days; by day 14, the number of cells in the bronchoalveolar lavage
fluid further increased due to migration of macrophages. After zymosan prestimulation,
the number and functional activity of neutrophils during the early period of inflammation
(3 days) did not change, but the increase in phagocytic activity of macrophages was
inhibited by 20%. By day 14, the effect of prestimulation manifested in 4.5-fold decrea-
sed capacity of neutrophils and macrophages to reduce NBT.
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Mononuclear phagocytes participate in initiation of
the inflammatory process by producing specific
(IL-8, macrophage inflammatory protein-2, cyto-
kine-induced neutrophils chemoattractants) and un-
specific chemoattractants (c5a complement com-
ponent, leukotriene B4) for neutrophils and via a
cytokine network (IL-1, TNF-α, and IL-6) produce
local and systemic effects on the inflammatory fo-
cus [1]. Changes in the function of the mononu-
clear phagocyte system (MPS) can be a promising
approach to the regulation of the inflammatory pro-
cess. Zymosan, a polysaccharide complex from S.
cerevisiae yeast cell walls, acts as MPS inductor.
Previous studies showed that activation of macro-
phages in vivo improves lung resistance to P. cari-
nii and L. monocytogenes infections [5.7]. How-
ever, MPS stimulators sometimes produce negative
side effects related with phagocyte hyperactivation.

Here we studied the reactions of airway phago-
cytes after stimulation with zymosan and during the
development of acute pneumonia after lung damage
under conditions of MPS stimulation with zymosan.

MATERIALS AND METHODS

The experiments were carried out on 2-2.5-month-
old female (CBA×C57Bl)F1 mice weighing 18-20 g.
The animals were maintained under standard viva-
rium conditions and on standard ration with free ac-
cess to water. All tests were performed during mor-
ning hours.

In series I (20 mice), the effects of zymosan on
functional state of MPS and alveolar macrophages
were evaluated. Experimental mice received intra-
peritoneal injection of zymosan suspension (Biolar)
in a dose of 100 mg/kg in 0.25 ml 0.85% NaCl
(group 1); controls (group 2) received the same
volume of 0.85% NaCl. The tests were performed
on day 7 after zymosan administration.

In series II we used 52 mice. Acute pneumonia
was induced by intratracheal application of 0.1 ml
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0.4% AgNO3 on day 7 after zymosan injection (ex-
perimental mice, group 3) or on day 7 after 0.85%
NaCl injection (controls, group 4). Intact mice ser-
ved as an additional control. The tests were per-
formed on days 3, 14, and 28 after lung damage.

Samples of lung tissue were fixed in 10% neut-
ral formalin, dehydrated, and embedded in paraffin
blocks; 4-5-µ sections were stained with hemato-
xylin and eosin and examined under a light micro-
scope.

Cells of the bronchoalveolar lavage fluid (BALF)
were obtained as described earlier [4]. The BALF
cells were counted in a Goryaev chamber and their
relative number per 1 g wet lung tissue was determi-
ned, percent ratio of poly- and mononuclear phago-
cytes was evaluated on cytological preparations
stained after Romanovskii—Giemsa (×1000).

The absorption capacity of MPS was evaluated
by the rate of blood clearance from gelatin-coated
colloid charcoal particles Gunter Wagner c11/1431a
(0.8-1.2 µ) [6]. Functional activity of AM was eva-
luated by the production of reactive oxygen species
(NBT test) and absorption of 0.9-µ methacrylate
granules (Research Institute of Macromolecular Che-
mistry, Czech Academy of Sicence) or killed S.
aureus bacteria (Khar’kov Bacterial Preparation
Plant) [4]. Methacrylate granules and bacteria were
not opsonized before addition to the incubation
medium (medium 199 supplemented with 20% calf
serum).

The data were processed statistically using non-
parametric Mann—Whitney test.

RESULTS

Examination of BALF obtained from mice on day
7 after zymosan injection showed that the count of
AM was not increased, but AM from group 1 ani-
mals more actively (1.5-fold) absorbed bacteria and

2-fold more rapidly reduced NBT compared to the
control (Table 1). In group 1 mice, MPS more ra-
pidly (by 30%) cleared the blood from colloid char-
coal particles than in group 2 mice. The increase
in functional activity of AM was associated with an
increase in neutrophil count in BALF. This sug-
gests that reactivity of airway phagocytes during the
development of acute pneumonia under conditions
of MPS stimulation with zymosan will differ from
the normal.

Application of 0.4% AgNO3 induced damage
to bronchial epitheliocytes due to coagulation of

TABLE 1. Phagocyte Count in BALF and Functional Activity of Macrophages on Day 7 after Zymosan Injection (M±m)

BALF cells, ×106/g lung tissue

total cell count 1.30±0.16 1.56±0.16

AM 1.26±0.14 1.41±0.17

neutrophils 0.05±0.02 0.14±0.02**

AM functions

NBT test, % 10.67±1.21 22.6±4.7*

phagocytosis, S. aureus., % 50.50±4.09 74.40±4.35**

MPS functions

blood clearance 0.080±0.001 0.100±0.001*

Note. *p<0.05, **p<0.01 compared to the control.

Parameter Experiment (n=5)Control (n=5)

Fig. 1. Initiation of acute inflammation in the lungs. Necrobiosis
and desquamation of bronchial epithelium. Hematoxylin and eosin
staining, ×400.
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membrane proteins, desquamation of the epithe-
lium, and initiation of inflammation in the lungs
(Fig. 1). On day 3 of acute pneumonia, the total cell
count in BALF from mice of groups 4 and 3 in-
creased by 2.1 and 2.8 times, respectively, but in
group 3 mice this parameter more rapidly returned
to normal (Fig. 2). On days 14 and 28, the number
of cells obtained from the lungs of group 3 mice
was lower than that in group 4 mice by 1.7 and 1.6
times, respectively. The dynamics of neutrophils
count in BALF in the experimental and control groups
was similar, but the dynamics of AM count in BALF
differed. On day 3, the number of AM in BALF of
group 4 mice was 1.8-fold lower than in intact
mice, while in group 3 animals, AM count did not
decrease. By day 14, the content of AM in BALF
from mice of groups 3 and 4 increased by 1.4 and
4.8 times, respectively, compared to day 3. By day
28, this parameter in group 3 decreased by 2.3
times compared to that on day 14, while in group
4 it decreased by only 1.8 times.

Prestimulation of MPS with zymosan modula-
ted not only the dynamics of AM count in BALF

after lung damage, but also the pattern of changes
in functional activity of phagocytes (Fig. 3). By day
14, the NBT-reducing capacity of neutrophils in
group 4 mice increased by 1.6 times compared to
day 3, while in animals of group 3 this parameter
decreased by 3.6 times. Activity of neutrophils in
this group was also 4.5-fold below the control.
There were no significant intergroup differences in
the dynamics of phagocytic activity of neutrophils.
In group 3 mice, changes in NBT-reducing capa-
city were observed in both neutrophils and AM.
Thus, in group 4 mice on day 14 after induction of
inflammation, activity of AM in NBT test increased
by 3.2 times compared to the corresponding para-
meter on day 3 and 2-fold surpassed the normal,
while in group 3 animals, activity of AM in NBT
test did not increase (Fig. 3). In group 3 mice,
NBT-reducing capacity of AM was lower by 2.6
times than in group 4 mice. On day 3 after lung
damage, the number of phagocytizing AM increa-
sed both in control and experimental animals. How-
ever, in group 3 mice the percent of phagocytizing
AM was lower than in controls by 1.2 times. By

Fig. 2. Changes in cytological composition of BALF in mice during
AgNO3-induced pneumonia under conditions of stimulation of MPS
with zymosan. a) total cell count; b) AM; c) neutrophils. Shaded
bars: intact mice; light bars: group 3; dark bars: group 4. Here
and on Fig. 3: +p<0.05, ++p<0.01, +++p<0.001 compared to intact
mice; *p<0.05, **p<0.01 compared to group 4.
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Fig. 3. Changes in functional activity of airway phagocytes in mice during AgNO3-induced pneumonia under conditions of stimulation of
MPS with zymosan. a) NBT test; b) phagocytosis of methacrylate granules.

day 14, the percent of phagocytizing AM decreased
compared to day 3; in group 4 it decreased by 2.2
times, while in the experimental group this para-
meter decreased by only 1.3 times.

Thus, functional activity of not only resident
macrophages, but also free macrophages in the lungs
increased after stimulation of MPS with zymosan.
These findings agree with modern concept of MPS
reactions to stimulation [2,3]. However, reactivity
of airway phagocytes during the development of
acute pneumonia under conditions of MPS stimula-
tion with zymosan decreased, which can be ex-
plained by their deactivation related to increased
sensitivity to the inhibiting effects of glucocorti-
coids [8].
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