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Restoration of disturbed homeostasis in vivo depends on sensitivity of the macrophages
to antiinflammatory hormones and, in particular, to glucocorticoids (GC) [2, 4, 7]. One of
the most reactive components cf the mononuclear phagocyte system (MPS) is the pulmonary macro-—
phage population [3]. However, the question of changes in the properties of receptors for GC
in pulmonary macrophages after their activation remains unanswered.

The object of this investigation was to study binding of one glucocorticoid hormone
{(corticosterone) by alveolar macrophages of rats before and after stimulation by zymosan
granules (ZG).

EXPERIMENTAL METHOD

Experiments were carried out on Wistar rats of both sexes weighing 150~200 g. To stimu-—
late MPS a suspension of SG (0.1 mg/g) in 1 ml of 0.87 NaCl was injected intravenously 5 days
before the cells were obtained. Control animals were given an injection of 1 ml of 0.85%
NaCl,

The lungs were washed 3 times by the method in [{3] with our own modifications. The
liquid thus obtained was centrifuged for 15 min at 2000 rpm. The supernatant was poured off,
and the sedimented cells were resuspended in medium 199, To 1 ml of the suspension of
bronchoalveolar washing cells 2 ml of filtered native bovine serum was added, the contents
were mixed without frothing, and they were applied to 3 ml of Ficoll—Verografin gradient
(d = 1,078). The conbtents were centrifuged at 1500 rpm for 15 min. As a result of fractiona=-
tion three cell fractions were obtained. The population of cells in interphase, consisting
of macrophages and monocytes, was removed and washed in medium 199 to remove the gradient.
Lungs of control rats yielded (4.1 + 0.34) x 10° cells, those of the rats stimulated by zy-
mosan yielded (11.1 # 1.01) x 10° cells.

The cells were resuspended with 207 native bovine serum and transferred in volumes of
3 ml to bottles containing coverslips on the bottom, and incubated at 37°C fer 1 h. The
coverslips with adherent cells were then removed, rinsed, and incubated in medium 199 contain-
ing from 107° to 112.5 x 107% M [®H]corticosterone (Amersham Corporation, England) for 30
sec and for 3, 10, and 30 min., In parallel experiments Tween coverslips were incubated in
medium with [®H]corticosterone to determine adsorption of the hormone on the side of the cover—
slip free from cells. One coverslip from each series, not incubated with [®*H]corticosterone,
was dried and stained with azure II~eosin, and the number of cells on the coverslips was
counted. Preliminary experiments showed that to obtain statistically significant results the
number of macrophages in the monolayer must be between 2 x 10° and 4 x 10° cells. Incubation
was stopped, the coverslip with cells was removed from the radicactive medium, rinsed twice
in physiological saline, and placed in cuvettes with scintillation fluid for radiocactivity
counting (SL~30 counter, Intertechnique, France). The number of binding sites for the hor-
mone was determined by the equation X = N+A, where N is the number of moles bound by one cell,
A the Avogadro number (6 x 10%® molecules per mole of any substance).
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Fig., 1. Uptake of [®H]corticosterone
into alveolar macrophages as a function
of time, Abscissa, time (in min); ordi-
nate, quantity of hormone taken up by
cells (in fmoles/10° cells) with hormone
concentration in medium of 8.3 x 107° M

Fig. 2. Uptake of [®H]corticosterone
by alveolar macrophages as a function
of hormone concentration in medium.

1) Stimulation by zymosan, 2) control.
Abscissa, hormone concentration (x10~°
M); ordinate, quantity of hormone taken
up by cells (in fmoles/10° cells),
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Fig. 3. Analysis of hormone binding (a) by saturable (1), unsaturable (2),
and both systems together (3) on Scatchard plot (b), and binding of [®*H]-
corticosterone by alveolar macrophages on Scatchard plot (c). Cfree)
Quantity of hormone remaining in medium after uptake by cells, Cp) quanti-
ty of bound hormone, 4) stimulation by zymosan, 5) control. s (Control)
and S (stimulation by zymosan) correspond to S—-shaped curve in Fig. 2.

The results were subjected to statistical analysis by Student's t test.

EXPERIMENTAL RESULTS

The .maximal rate of uptake of [®H]corticosterone into the cells was observed during the
first 30 sec of incubation. Later, between 30 sec and 10 min the intensity of uptake of
[®H]corticosterone by the alveolar macrophages decreased. An increasein the duration of in-
cubation of the cells with [®H]corticosterone to 30 min caused virtually no rise in the level
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of hormone taken up by the cells, i,e., binding of the hormone by the alveolar macrophages
had stabilized. During 30 min when the free hormone concentration in the medium was 8.3
10=° M, saturation of the corticosterone binding system took place when the value of 3.64
fmoles/10° cells was reached (Fig. 1)..

Since complete saturation of the system for binding [®H] corticosterone by the alveolar
macrophages took place in 30 min of incubation, accumulation of the hormone by the cells as
a function of its concentration in the medium was studied during incubaticn for this time
(Fig. 2). It will be noted that the curves reflecting uptake of [*H]corticosterone by alveo-
lar macrophages fellow a S-shaped course on an increase in concentration in the medium.
This is considered to be characteristic of cooperative binding, i.e., when the addition of
one molecule facilitates addition of another, and so on [l]. In the region of low hormone
concentrations (10™° and 2 x 10™° M) binding of [®H]corticosterone by alveclar macrophages
had identical values. However, an increase in hormone concentrations to 5 x 107° M was
accompanied by a considerable rise in the level of its absorption by the cells. The sharp-
est increase in absorption of the hormone by the cells was observed when the free [®*H]cortico=
sterone concentration in the medium was 12,5 x 107° M. 1In the region of high concentrations
(37.5 x 107° and 112.5 x 107% M) the process of GC accumulation by the cells became linear
in character. Analysis of the curve for uptake of [®H]corticosterone by alveolar macrophages
on a Scatchard plot [1, 5, 7] indicated the existence of saturable (receptor) and unsaturable
(lipid) binding systems for this particular steroid hormone (Fig. 3). The capacity of the
saturable system is exhausted after absorption of 10.6 fmoles/10° cells, equivalent to 6.38 x
10® binding sites per cell,

Tt will be clear from Fig. 2 that in the region of low hormone concentrations (10™° and
2 x 107° M) its binding by activated macrophages was significantly higher than in the control
(P .< 0.05). This is evidence of an increase in sensitivity of the pulmonary macrophages to
GC on stimulation of MPS with zymosan, .With an increase in the [®H]corticosterone concentra-
tion in the medium to 5 x 107® M or above, this tendency continued. In the case of stimula-
tion of MPS by zymosan, the Scatchard plot alsoc vevealed the existence of saturable and un-
saturable binding systems for corticosterone (Fig. 3). The potential of the saturable sys-
tem was exhausted after uptake of 16,5 fmoles/10° alveolar macrophages, and the number of
binding sites increased to 9.91 X 10® per cell. A further increase in binding of [*H]cortico-
sterone with an increase in its concentration in the medium took place only by the unsaturable
system, and was linear in character,

An increase in receptor expression is once characteristic feature of activated macro-
phages. This phencmenon has hitherto beenlinked mainly with the Fc- and Cs-receptorsof macro-
phages [6]. The results described in this paper confirm that binding of corticosterone by
rat pulmenary macrophages depends directly on activity of the macrophages, The number of bind-
ing sites for GC, counted per pulmonary macrophage, 5 days after intravenous injection of
zymosan granules into rats im vivo is increased on average by 1.5 times. The formation and
development of foci of inflammatory infiltration in the lung depends on reactivity of the
pulmonary macrophages. According to the results of the present investigation, GC bind more
effectively with an activated macrophage. The increase in sensitivity of the macrophages to
antiinflammatory hormones may perhaps be responsible for regression, in certain cases, of
mononuclear infiltrates.,

LITERATURE CITED

1. A, G. Marshall, Biophysical Chemistry, Wiley, New York (1978).
2. G. J. Blackwell and R. J. Flower, Clin. Resp. Res., 17, 595 (1981).

3. J. D. Brain, J. J. Goldleski, and J. P, Sorokin, in: Respiratory Defense Mechanisms,
Marcel Dekkor, New York (1977), pp. 849-892,

4, T. J. Mishell, J, M. Shiigi, B. B. Mishell, et al., Immunopharmacology, 12, 233 (1980),

5. T. Ozaki, S, Jasueka, T. E., Nakayama, et al., Clin. Exp. Immunol., 47, 505 (1982),

6. J. Rhodes, Nature, 265, 253 (1977). -

7. Z. Werb, R, Foley, and A. Munck, J. Immunol., 121, 115 (1978),

95.



