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We compared the effects of Tamerit, Polyoxidony, and Licopid on spontaneous and lipopoly- 
saccharide-stimulated production of interleukin-1 and tumor necrosis factor by mouse peri- 
toneal macrophages in vitro. The test preparations were equally potent in stimulating nonac- 
tivated cells. Licopid produced a costimulatory effect on macrophages primed with endoto- 
xin. Tamerit in different doses suppressed cytokine production by cells. Polyoxidony in low 
doses activated, but in high doses suppressed this process. 
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Monocytes and macrophages are the main target of 
biological activity of lipopolysaccharide (LPS) from 
gram-negative bacteria. LPS binds to specific recep- 
tors (CD14 and TLR-4) and activates macrophages 
and other cells. It results in the secretion of various 
inflammatory mediators, including cytokines (tumor 
necrosis factor-a, TNF-ct; interleukin-1, IL-1; IL-6; 
IL-18; and interferon-ix), prostaglandins, and nitro- 
compounds. Biological activity of LPS determines 
pathogenesis of various inflammatory diseases. For 
example, endotoxins of bacteria colonizing the subgin- 
gival area (Porphyromonas gingivalis, Actinobacillus 
actinomycetemcomitans, Prevotella intermeclia, and 
Fusobacteriurn nucleatum) mediate the stimulatory 
effect of microflora on macrophages, fibroblasts, lym- 
phocytes, and osteoblasts. It results in chronic inflam- 
matory and destructive changes underlying the pa- 
thogenesis of periodontitis (common inflammation in 
humans) [8]. 

This work was designed to reveal the most potent 
regulators of macrophage function that in vitro sup- 
press the secretion of proinflammatory cytokines by 
LPS-activated cells in model test systems. 
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We studied three synthetic immunotropic pre- 
parations of different chemical groups that modulate 
functions of monocytes and macrophages: Licopid 
(analog of natural glucosaminylmuramyl dipeptide, 
GMDP) [2,3], Polyoxidony (polyethylene piperazine 
N-oxide) [4], and Tamerit (aminophthalhydrazide de- 
rivative) [1]. 

MATERIALS AND METHODS 

Functional tests were performed with cells cultured in 
RPMI-1640 medium (Flow Lab.), containing 5% in- 
activated fetal bovine serum (Flow Lab.), 2 mM 
L-glutamine, 10 mM HEPES (Flow Lab.), 5• -5 M 
2-mercaptoethanol (Serva), and 50 pg/ml gentamicin 
(Unique). Culturing was performed in moistened air at 
37~ and 5% CO,. Secretion of IL-1 and TNF was 
induced as described elsewhere [6]. Cytokines were 
produced by peptone-activated peritoneal macropha- 
ges from 6-8-week-old C57B1/6 mice. The animals 
were obtained from the Central Nursery of Experi- 
mental Animals (Kryukovo). We compared the effects 
of Tamerit, Polyoxidony, and GMDP in equigram con- 
centrations of 1, 10, and 100 pg/ml on the secretion 
of IL-1 and TNF. For evaluation of the effect of im- 
munomodulators on cytokine production by LPS-sti- 
mulated macrophages, the cell monolayer was incuba- 
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ted in a medium containing 1 lag/ml E. coli LPS (Dif- 
co) for 2 or 3 h before addition of the test preparation. 
IL-1 activity was assayed in the biological test with 
thymocytes from C57B1/6 mice (indicator cells) [7]. 
TNF was studied by the method based on lysis of 
TNF-sensitive L-929 cells [5]. 

RESULTS 

First, we compared the effects of immunomodulators 
on the production of IL- 1 and TNF-tz by nonactivated 
macrophages. 

The test preparations stimulated cytokine produc- 
tion by nonactivated macrophages (Table 1). Tamerit 
in a concentration of 1 lag/ml was most potent in this 
respect. Licopid was superior to Polyoxidony in indu- 
cing the release of IL-1, but ranked below Polyoxi- 
dony in the ability to stimulate TNF-tx secretion. 
These preparations in high concentrations had a less 
pronounced activating effect. Tamerit in high con- 
centration slightly inhibited baseline secretion of cyto- 
kines. 

Then we studied the effects of Licopid, Polyoxi- 
dony, and Tamerit on the production of IL- 1 and TNF- 
ct by macrophages preactivated with bacterial LPS. 
The concentration of endotoxin and time of exposure 
required for priming macrophages were estimated in 
preliminary experiments, where we evaluated the opti- 
mum time of macrophage preincubation with LPS and 
determined the suboptimal concentration of endotoxin 
inducing the release of IL-1 and TNF (data not 
shown). The use of LPS in suboptimal doses allowed 
us to study the activating and inhibitory effect of the 
test preparations in the model system. 

TABLE 1. Effect of MDP Derivatives on the Production of 
IL-1 and TNF-c~ by Peritoneal Macrophages from C57BI/6 
Mice (M~:m) 

Immuno- 
modulator 

IL-1 production 

Control 

Licopid 

Polyoxidony 

Tamerit 

TNF production 

Control 

Licopid 

Polyoxidony 

Tamerit 

Concentration, pg/ml 

2.1-+0.5 

5.6-+0.7* 

4.2+-0.7* 

8.9-+1.7" 

8.5+3.8 

16.4-+3.8* 

18.2+-5.6* 

26.8_+5.7* 

10 

2.1_+0.5 

6.4+1.2" 

4.9_+0.8* 

5.3_+1.0" 

m 

20.2+3.9 * 

25.2+-5.1 * 

23.5_+4.7* 

100 

2.1+-0.5 

4.5+-0.6* 

3.9+-0.3* 

1.7+-0.4 

14.1+-3.0 

15.9+-5.2 

4.9+-3.4 

Note. Here and in Table 2: results of 3 independent experiments. 
Biological activity of cytokines is characterized by the index of 
thymocyte proliferation after stimulation with IL-1 (arb. units) and 
index of TNF cytotoxiclty (%). *p<O.05 compared to the control. 

To evaluate the effect of immunomodulators on 
IL-1 production, macrophages were incubated with 
LPS in a concentration of 1 lag/ml for 2 h before ad- 
ministration of the test preparations into the culture 
medium. The study of TNF production was performed 
with cells exposed to LPS in the same concentration 
for 3 h. Preincubation of macrophages with 1 lag/ml 
LPS stimulated the production of IL-1 and TNF. The 
intensity of cytokine production was 30-50% of the 
level observed under the influence of bacterial endo- 
toxin in optimal doses. 

TABLE 2. Effect of Licopid, Polyoxidony, and Tamerit on Production of IL-1 and TNF-ct by Macrophages from C57BI/6 Mice 
(M~m) 

Immunomodulator 

IL-1 secretion 

Baseline IL-1 secretion 

Control (1 IJg/ml LPS) 

Licopid 

2.2+-0.4 

8.2+-0.7 

15.6+-0.9* 

Concentration, pg/ml 

10 

2.2+-0.4 

8.2+-0.7 

9.8+1.3 

100 

2.2+-0.4 

8.2+-0.7 

7.6+-0.9 

Polyoxidony 

Tamerit 

TNF secretion 

Baseline TNF secretion 

Control (1 pg/ml LPS) 

Licopid 

Polyoxidony 

Tamerit 

10.1+-1.2 

6.9+-1.6 

6.4+_3.4 

33.5+-5.9 

49.9+-4.7* 

38.4+-4.1 

21.0+-3.2" 

7.5+_0.8 

3.1 +-0.7" 

6.4+_3.4 

33.5+-5.9 

43.2+-6.1 

27.2+-5.3 

13.5+-4.7* 

4.7+-0.5* 

2.4+-0.4* 

6.4+-3.4 

33.5--.5.9 

24.9+-6.4 

18.7+-5.0* 

7.9+-3.7* 
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As differentiated from nonactivated macrophages, 
immunomodulators had different effects on the pro- 
duction of/L-1 and TNF by mononuclear phagocytes 
primed with LPS in suboptimal doses (Table 2). 

Licopid in concentrations of 1 and 10 ~ag/ml pro- 
duced a costimulating effect on proinflamrnatory cyto- 
kine production. However, Licopid in a concentration 
of 100 ~ag/ml slightly suppressed cytokine production. 

Polyoxidony in low concentration (1 lag/ml) slig- 
htly stimulated LPS-induced production of IL-1 and 
TNF. Functional activity of activated macrophages 
tended to decrease with increase in the concentration 
of Polyoxidony. Polyoxidony in high concentration in- 
hibited the production of proinflammatory cytokines. 

As differentiated from Licopid and Polyoxidony, 
Tamerit in different doses significantly suppressed 
production of IL-1 and TNF by macrophages primed 
with LPS. Tamerit in concentrations of 10 and 100 
~tg/ml decreased the intensity of cytokine production 
to the baseline level (Table 2). 

Our results indicate that these immunomodulators 
regulate the production of cytokines by macrophages. 
Licopid, Polyoxidony, and Tamerit are the drugs of 

choice for patients with low functional activity of mo- 
nocytes and macrophages. Tamerit should be used for 
the therapy of disorders accompanied by excessive 
release of proinflammatory cytokines from mononu- 
clear phagocytes (including that produced by bacterial 
agents). Tamerit in different doses can suppress over- 
production of macrophageal mediators that determine 
the severity of local and systemic inflammation. 
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