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Interleukin-1/5 (IL-1/6) is a cytoldne with molecular weight of about 18 ldlodaltons, which is synthesized mainly by 
monocytes/macrophages in response to their activation during development of immune and inflammatory reactions in vivo. 
Production of IL-1 has hitherto been studied by analysis of its content in L-conditioned culture medium, in cell lysates, and 
also by assessment of the level of expression of IL-1 genes on the basis of accumulation of specific mRNA in the cells. 
Meanwhile, it has been shown to be possible in principle to analyze the IL-1 concentration directly in the cytoplasm of 
stimulated monocytes, by using immunocytochemical methods [3, 5], which means that its production can be studied at the 

cellular level. 
By using a method of immunocytochemical detection we have studied the dynamics of IL-lfl production by human 

peripheral blood monocytes. 

EXPERIMENTAL METHOD 

Mononuclears were obtained from the peripheral blood of healthy human blood donors by fractionation of a 
Ficoll--Pack ("Pharmacia') gradient and cultured in Eagle's medium with the addition of a 1% heat-inactivated human 
group IV(AB) serum in a concentration of 5-106 cells in 1 ml at 37~ in an atmosphere with 5% CO 2 for 48 h in 24-well 
plates ("Coster," USA). To obtain monocytes the mononuclears were cultured for 2 h under the above conditions with the 
addition of 10% serum, after which cells which had not adhered to the plastic surface were removed by washing with 
medium. Adherent cells consisted of monocytes, as shown by morphological analysis with staining by Wright's method and 
histochemical staining for nonspecific esterase. Fractions of mononuclears and monocytes were cultured under the condi- 
tions described above. As inducers of IL-1 synthesis we used phytohemagglutinin (PHA, from "Serva," West Germany) 
20/~g/ml; prodigiosan (Moskhimfarmpreparaty) 2.5/~g/ml; lipopolysaccharide (LPS) from E. coli ('Sigma," USA) 10 ag/ml; 
phorbol myristate acetate (PMA) ("Serva," West Germany) 1 ng/ml. 

After the end of culture 90-93% of the cells remained viable. At different times after activation the mononuclears 
were removed by means of a cell harvester Ccostar," USA) and films were prepared on slides, dried, and fixed with 96% 
ethanol for 10 rain. Adherent monocytes were washed, with physiological saline and fixed with 2% paraformaldehyde for 
30 rain at room temperature, or they were dried and fixed with ethanol for 10 rain. 

The immunohistochemical investigation was conducted by the indirect immunofluorescence method, using poly- 
clonal antibodies to IL-lfl, and in the 2nd stage, using activated immunoglobulins, labeled with fluorescein isothiocyanate 
('Sigma," USA). To obtain antibodies to IL-1, rabbits were immunized intradermally with 200/~g of human recombinant 
IL-1/6 [2] in Freund's complete adjuvant. Reimmunization with 100 pg IL-lfl in incomplete adjuvant was carried out 3 
weeks later, and the immune serum was obtained after a further 10 days. As the control, pre-immune rabbit serum was 
used. The microscopic investigation was carried out on a LYUMAM I-3 luminescence microscope (LOMO, Leningrad). 
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Fig. 1. Immunocytochemical localization of IL-1/3 in mononuclears stimulated by LPS (a) and PHA (b), 
and in human peripheral blood monocytes (c) (indirect immunofluorescence. Ocular 10, objective 40, 
water immersion). 

The biological activity of IL-1 was determined in the commitogenic test on mouse thymocytes [7] with modifica- 
tions [1]. Units of biological activity of IL-1 were calculated by using a preparation of human recombinant IL-1/3 with 
specific activity of 10 8 U/mg protein as the standard [2]. 

EXPERIMENTAL RESULTS 

The results of  the immunocytochemical investigation showed that unstimulated mononuclears isolated from healthy 
human peripheral blood contained no IL-lfl. Solitary IL-lfl-positive cells with a weak labeling intensity appeared 2 h after 
addition of inducers to the culture. Later the intensity of fluorescence, characterizing the IL-1/3 content in the cytoplasm of 
the cells, increased and this was accompanied by a parallel increase in the number of labeled cells. The content of IL-1/3 
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TABLE 1. Changes in Content of Secretory IL-1 in 

Culture Medium of Human Blood Mononuclears at 

Different Times after Stimulation by Prodigiosan (M _ 
m , n  = 3) 

Timeafter 
stimulation, h 

IL-I concentration,. U/ml 

0 0 
2 <71 
6 186-+-33 

10 628• 
18 1059-4-93 
24 940+98 
48 907-4-45 

reached a maximum 10-24 h after stimulation (Fig. la). In this period IL-lfl was found on average in 28% of cells, corre- 

sponding to the average number of monocytes among the mononuclear fraction. The number of cells containing IL-lfl later 
decreased, and after 48 h it could be found only in single cells in very small quantities. 

A high level of cytoplasmic IL-lfl was found when inducers such as LPS, prodigiosan, PHA, and PMA were used; 
the dynamics of appearance of IL-I~ when all the above-mentioned inducers were used was similar in character. Maximal 
production was observed under the influence of LPS and the LPS-containing preparation prodigiosan, which were the most 

appropriate inducers also of secretory IL-1, which was detectable in culture medium conditioned by mononuclears [1]. In 
four of the nine donors tested, intensive production of IL-lfl was observed by mononuclears cultured without inducers, 
although immediately after their separation from blood these cells did not contain IL-lfl. This fact can evidently be 
explained by the individual sensitivity of the donors' cells, in some of which IL-1 production may take place as a result of 
manipulations connected with the isolation and culture of the mononuclears in vitro. 

Stimulation of blood mononuclears by PHA is known to lead to intensive agglutination of the cells and to the 

formation of cell conglomerates. Analysis of IL-1/~-producing cells under these conditions of activation showed that IL-lfl 
producers are present in the composition of cell conglomerates (Fig. lb). This may perhaps lead to elevation of the level of 
local concentration of this cytokine and to the creation of optimal conditions for activation of the lymphocytes in the 
composition of the conglomerates. 

To study IL-lfl production by monocytes the fraction of cells adherent to the surface was used; the cells were 
cultured in the presence of LPS and prodigiosan. Like the results obtained with stimulation of the mononuclear fraction, 
production reached a peak 24 h after activation, when IL-lfl was found in the cytoplasm of about 90% of monocytes with 
very small fluctuations in different donors (Fig. lc). Thus, IL-lfl is synthesized by the majority of human peripheral blood 

monocytes, although it is not found in individual cells if the activation method is used. This conclusion is in agreement with 
results of a study of IL-1 by human monocytes published previously. In response to stimulation by LPS, mRNA of IL-lfl 

was found in 81% of monocytes [4], and it was discovered immunocytochemically in 93% of monocytes [3]. 

Judging by the data given above, blood monocytes have no "depot" of previously synthesized IL-lfl, which can be 
used for rapid secretion in response to activation of the cells. Immunocytochemical analysis confirmed the inducible 
character of its synthesis. In fact, it was shown previously that mRNA of IL-lfl appears in monocytes after 1-2 h and its 
peak content is observed 6 h after activation of the cells [6], whereas we found cytoplasmic IL-lfl after 2 h. The results also 
agree with those of a study of the content of biologically active material in cell lysates, in which its peak concentration 
occurred after 12-24 h [8], when the highest level of IL-lfl also was observed in the cell cytoplasm. Finally, determination 
of biological activity of secretory IL-1, most of which consists of IL-lfl, in the culture medium of cells used for immunocy- 
tochemical analysis of cytoplasmic IL-lfl, showed that its content gradually increased to reach a maximum after 18 h, and 
it remained at a high level for 2 days in culture (Table 1). Meanwhile, 48 h after induction, when the culture medium still 
contained a high level of IL-lfl, its concentration in the cell cytoplasm fell significantly, indicating the evident cessation of 
its synthesis and secretion. Comparison of the data on the kinetics of accumulation of intracellular and secretory IL-lfl 
shows that its peak concentration in the cell cytoplasm precedes the appearance of its peak concentration in the culture 
medium. 
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By immunocytochemical analysis it was thus possible to estimate production of IL-lfl at the cellular level and to 
study the temporal parameters of its synthesis by human blood monocytes. 
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In recent years, a close connection has been found between the neuroendocrine and macrophagal systems. Macro- 
phages play an active part in the regulation of hormones, including glucocorticoids. In turn, glucocorticoids occupy a special 
place among the hormones controlling the mononuclear phagocyte system [4, 5, 7]. However, the concrete mechanisms and 
particular features of interaction between macrophages and glucocorticoids, especially under the influence of immunomod- 
ulators, have not been adequately studied. 

Accordingly, an investigation was carried out with the aim of studying the effect of immunomodulators of bacterial 
origin on the level of activity of the ecto-5'-nucleotidase (EC 3.1.3.5) of the peritoneal exudate macrophages (BEM) and 
the blood cortisol level in mice of different lines. 

EXPERIMENTAL METHOD 

Experiments were carried out in the winter on male mice aged 3 months, weighing 16-18 g, and belonging to the 
CBA, C57BL/6, and BALB/c lines and (CBA .C57BL/6)F 1 hybrids. Preparations of bacterial origin were used as immuno- 
modulators: the polysaccharide salmosan, obtained from the N. F. Gamaleya Research Institute of Epidemiology and 
Microbiology, Academy of Medical Sciences of the USSR (Director, Professor M. A. Tumanyan) from Salmonella typhiabd., 
and the protein product staphylococcal enterotoxin A, produced by Ufa Research Institute of Vaccines and Sera. Salmosan 
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