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Abstract
The aim of this study was to assess the changes in the levels of the blood serum pro- and anti-inflammatory cytokines in rats 

with experimental bronchopneumonia and after administration of immunomodulators. 
Materials and Methods: Research was carried out on mature male Wistar rats (n=111), weighing 220-250g. The 

bronchopulmonary inflammation in the rats was modeled by administration of 0.1 ml of gum turpentine in the rats’ trachea under 
etherization.  All rats were divided into four groups: Group 1 included intact animals (n=18); Group 2 included animals having 
bronchopneumonia (n=19); Group 3 included animals having bronchopneumonia treated with Krezacin (n=15); Group 4 included 
animals having bronchopneumonia treated with Metaprot (n=16). Right after the operation and for the next 5 days, a solution 
of one of the test immunomodulators was injected (once a day) abdominally in the experimental animals: 25mg/kg of Krezacin 
or 25mg/kg of Metaprot. On Day 5 of the experiment, the animals were decapitated under anesthesia and blood samples were 
collected.  The concentration of cytokines in the blood was determined by the flow immunofluorometry method with the device 
Bio-RadLaboratories (USA). 

Results: The administration of Krezacin in animals with bronchopneumonia, in comparison with untreated animals, was 
accompanied by a statistically significant increase in the levels of IL-1β (by 3.43 times), IL-2 (by 1.95 times), INF-γ (by 3.29 
times), and MCP-1 (by 2.07 times) and a decrease in the levels of TNFα (by 1.85 times) and IL-6 (by 2.20 times). Administration 
of Krezacin increased anti-inflammatory cytokines considerably: IL-4 by 5.22 times and IL-10 by 2.41 times. Analysis of results 
after administration of Metaprot demonstrates an increase in the levels of IL-1β (by 2.57 times), IL-2 (by 2 times), INF-γ (by 3.21 
times), and MCP-1 (by 1.98 times) and a decrease in the levels of TNFα (by 2.17 times) and IL-6 (by 2.5 times), compared to data 
on untreated animals. Anti-inflammatory cytokines also increased greatly: IL-4 by 5.3 times and IL-10 by 3.71 times.

Conclusion: The results obtained show that investigated preparations reduce the severity and intensity of bronchopneumonia 
in rats. Krezacin and Metaprot demonstrate the properties of true immunomodulators, increasing protective properties of cytokines 
and providing the adaptive response of the body in severe bronchopulmonary pathology. (International Journal of Biomedicine. 
2019;9(4):361-365.)
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Introduction
Upper respiratory tract infections are considered a 

serious health problem due to high prevalence, complex 
clinical course and severe complications of disease.(1) As 
a rule, the treatment efficacy of acute bronchopulmonary 
diseases, particularly pneumonia, depends on adequate 
antibacterial treatment as well as the presence of secondary 
immunodeficiency status.(2,3) 

It should be noted that diverse antibacterial therapies are 
becoming less effective against a wide range of pneumonia 
pathogens, resulting in long-term morbidity and chronicity.(4) As 
noted, acute bronchopulmonary diseases are accompanied by a 
progression of chronic hypoxia, alterations in immune response, 
and the development of oxidative stress.(5,6) The severity of 
this kind disease necessitates the development and research 
of new types of antihypoxic and immunotropic medicines.(7-11) 
Krezacin (hydroxyethylammonium methylphenoxyacetate) and 
Metaprot (ethylthiobenzimidazole hydrobromide monohydrate) 
were created in Russia in the middle of the last century and 
proved to have antihypoxic, energy-stabilizing (ergotropic) and 
immunomodulating properties.(12-16) However, studies of these 
medicines regarding bronchopulmonary diseases have not been 
carried out.

In fact, inflammatory and immune reactions are the result 
of interactions among numerous body systems, where cytokines 
(interleukin, colony-stimulating and growth factors, interferons, 
chemokines, etc.) are an connecting link between them.(17-

22) Different cytokines possessing pro-inflammatory or anti-
inflammatory effects not only perform a regulatory function 
within the immune system, but also provide multicomponent 
connections with the nervous and endocrine systems.(23) 

Thus, it is rather important to investigate the presently 
unknown pathogenetic mechanisms of the inflammatory 
process in the bronchopulmonary tissue and the protective 
effect of immunomodulators, focusing on changes in the 
cytokine blood levels of the experimental animals. In regard 
to the above, the aim of this study was to assess the changes 
in the levels of the blood serum pro- and anti-inflammatory 
cytokines in rats with experimental bronchopneumonia and 
after administration of immunomodulators.

Material and Methods
Research was carried out on mature male Wistar 

rats (n=111), weighing 220-250 g. The bronchopulmonary 
inflammation in the rats was modeled by administration of 0.1 
ml of gum turpentine in the rats’ trachea under etherization. 
Animals in the vivarium were kept in cages at a temperature 
of 20°-22°C, without limitation of mobility, with free access 
to water with an adjustable light schedule (12 hours - light, 12 
hours - darkness).

All rats were divided into four groups: Group 1 included 
intact animals (n=18); Group 2 included animals having 
bronchopneumonia (n=19); Group 3 included animals having 
bronchopneumonia treated with Krezacin (n=15); Group 4 
included animals having bronchopneumonia treated with 
Metaprot (n=16).

Right after the operation and for the next 5 days, a 
solution of one of the test immunomodulators was injected 
(once a day) abdominally in the experimental animals: 25 mg/
kg of Krezacin or 25 mg/kg of Metaprot. The choice of dose 
level was determined by previous studies and evidence of the 
effectiveness of the medicines in these doses.(8,11) On Day 5 of 
the experiment, the animals were decapitated under anesthesia 
and blood samples were collected. Blood serum prepared by 
centrifugation at 2500 rpm for 20 minutes at +4°C was frozen 
and stored at -20°C until testing.

The concentration of cytokines in the blood was 
determined by the flow immunofluorometry method with the 
device Bio-RadLaboratories (USA). MilliplexMapRatCitokine/
Chemokine sets were used in accordance with the instructions of 
the producing firm. The method is based on the specific binding 
of the studied cytokines to the solid phase in suspension of 
polystyrene granules with a fluorescent label and is conjugated 
to the appropriate anticytokine monoclonal antibodies. The 
results were evaluated by the flow fluorimeter, where borders are 
automatically divided by the specific fluorescence of their own 
labels. Using standard calibration dilutions, the concentration 
of the studied cytokines in the tested samples was calculated 
automatically by the Bio-plex Manager computer program and 
was expressed in pcg/ml. 

For the treatment of bronchopneumonia in rats, Krezacin 
and Metaprot were used. Krezacin was invented at the A.E. 
Favorsky Irkutsk Institute of Chemistry SB RAS in the 1990s; 
after that it was actively studied at the  S.N. Kirov Military 
Medical Academy (Saint Petersburg). Metaprot was created as 
an adaptogen for military medicine exclusively in the 1970s. 
Both preparations are classified as phytohormones and are 
highly effective adaptogens; they act as stress protectors and 
have an anti-toxic effect.(13) 

The work with animals was carried out in accordance 
with the principles of humanism laid down in the directives of 
the European Community (86/609/ЕЕС) and the Declaration 
of Helsinki, in accordance with the “Animal experimentation 
legislations”. The study was approved by the Local Ethic 
Committee of the S.M. Kirov Military Medical Academy.

Statistical analysis was performed using the Statistica 6.1 
software package (Stat-Soft Inc., USA). The normality 
of distribution of continuous variables was tested by the 
Kolmogorov-Smirnov test with the Lilliefors correction and 
Shapiro-Wilk test. An F-test was used to test if the variances 
of two populations are equal. Differences of continuous 
variables departing from the normal distribution, even after 
transformation, were tested by the Mann-Whitney U-test. 
A probability value of P≤0.05 was considered statistically 
significant.

Results and Discussion
The modeling of experimental bronchopulmonary 

inflammation in the rats was accompanied by considerable 
changes in blood serum pro- and anti-inflammatory cytokines 
(Fig.1). Therefore, a statistically significant decrease in the 
levels of IL-2 (by 1.85 times), IFN-γ (by 1.43 times) and 
MCP-1 (by 2.07 times). In addition, levels of TNFα (by 3.16 
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times) and IL-6 (by 4.68 times) were greatly increased. The 
concentration of anti-inflammatory cytokines IL-4 and IL-
10 was notable decreased – by 1.78 times and by 1.71 times, 
respectively (Fig.2).

The decreased concentration of both pro-inflammatory 
and anti-inflammatory (IL-4, IL-10) factors in blood in rats 
with inflammation stands out. At the same time, the levels of 
TNFα and IL-6 counts were increased. 

Findings indicate that experimental bronchopneumonia 
in rats can be the cause of secondary immunodeficiency 
development and acute depression of immunoregulatory 
functions of cytokines, which are responsible both for the 
development of inflammation and for limiting its severity. Such 
disarrangement of the cascade process in regulating properties 
in cytokines that act upon integrating the nervous, endocrine 
and immunological mechanisms of inflammation certainly 
points to the intensity and severity of bronchopulmonary 
inflammation, as well its destructive nature. 

This finding is also supported by the fact that TNFα blood 
content increased more than 3 times and TNFα was considered 
as the strong factor of overproliferation and apoptosis.(1,12)  
TNFα is an inducer for progression of both local and systemic 
inflammation and promotes as well the synthesis of a wide range 
of pro-inflammatory cytokines that worsen tissue damage. In 
addition to pro-inflammatory cytokines, TNFα also increases 
lipid signal transduction mediators such as prostaglandins and 
platelet activating factor. TNFα governs cell survival signaling 
pathways, proliferation and regulates metabolic processes.(25) 

Moreover, almost a 5-fold increase of IL-6 level evidences 
the high severity and intensity of the systemic inflammatory 
process, because IL-6 is known as the “cytokine of damage,” 
produced not only by monocytes, but also by T cells, 
macrophages, fibroblasts, and endothelial cells.(17,26) Affected by 
inflammatory mediators, the synthesis of this cytokine begins 
even at the early stages of the inflammation. During the later 
stages, it induces the differentiation of lymphocytes, as well 
as T-killer precursors into mature effector cells, which ensure 
target cells lysis, while stimulating the production of other 
interleukins.(27) In addition, IL-6 also activates T lymphocytes 
with the formation of plasma cells and antibodies.(28,29) In high 
doses it modulates the expression of hepatocyte-specific genes, 
which encode proteins of the acute phase of inflammation and, 
thereby, provide the transformation of inflammation into a 
chronic form.(30,31)

The administration of Kezacin in animals with 
bronchopneumonia, in comparison with untreated animals, 
was accompanied by a statistically significant increase in the 
levels of IL-1β (by 3.43 times), IL-2 (by 1.95 times), INF-γ 
(by 3.29 times), and MCP-1 (by 2.07 times) and a decrease 
in the levels of TNFα (by 1.85 times) and IL-6 (by 2.20 
times) (Fig.1). Administration of Krezacin increased anti-
inflammatory cytokines considerably: IL-4 by 5.22 times and 
IL-10 by 2.41 times (Fig.2).

Analysis of results after administration of Metaprot 
demonstrates an increase in the levels of IL-1β (by 2.57 
times), IL-2 (by 2 times), INF-γ (by 3.21 times), and MCP-1 
(by 1.98 times) and a decrease in the levels of TNFα (by 2.17 
times) and IL-6 (by 2.5 times), compared to data on untreated 
animals (Fig.1). Anti-inflammatory cytokines also increased 
greatly: IL-4 by 5.3 times and IL-10 by 3.71 times (Fig.2).

The administration of used immunomodulators 
considerably limits the impact of the pathological process 
influencing the cytokines levels in rats’ blood. Thus, the levels 
of pro-inflammatory cytokines IL-1β, IL-2, chemokine MCP-
1, and INF-α, as well as anti-inflammatory cytokines IL-4, 
IL-10 increased significantly. That indicated not only a partial 
recovery of immunoregulatory function, but also cytokine-
producing properties of B cells, T helper 1 cells and T helper 
2 cells.

It should be noted that immunomodulators used in this 
study limited the cytotoxic action of IL-6, and therefore can 
be considered as perspective anti-inflammatory mediators. 
Apparently, the recovery of the production and escalated 
levels of anti-inflammatory cytokines IL-4 and IL-10, after 
administration of immunomodulators, can be considered as a 
sanogenetic action of Krezacin and Metaprot.

Fig. 1. Changes in the pro-inflammatory cytokine levels in rats 
with bronchopneumonia treated by different immunomodulators.
* - statistically significant differences compared to intact animals 
(values are taken as 0%);   - statistically significant 
differences between groups  

Fig. 2. Changes in the anti-inflammatory cytokine levels in rats 
with bronchopneumonia treated by different immunomodulators.
* - statistically significant differences compared to intact animals 
(values are taken as 0%);   - statistically significant 
differences between groups
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The administration of immunomodulators also 
decreased animal mortality rate. The survival rate in untreated 
bronchopneumonia was 48%, but after administration of 
Krezacin and Metaprot it was 65% and 60%, respectively.

Conclusion
The results obtained show that investigated preparations 

reduce the severity and intensity of bronchopneumonia in rats. 
They demonstrate the properties of true immunomodulators, 
increasing protective properties of cytokines and providing 
the adaptive response of the body in severe bronchopulmonary 
pathology.
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