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The aim of this work was to determine the immunotropic properties of the cryopreserved swine skin substrate (CSSS) in animals with normal homeostasis. The study was conducted in male mice weighing 18.0-20.0 g and male rats weighing 180.0-200.0 g. The effect of prophylactic oral CSSS doses of 200 and 500 mg/kg on the phagocytic activity of neutrophils, the state of oxygen-dependent antimicrobial neutrophil systems was evaluated in the test of nitroblue tetrazolium reduction (NBT-test), the antibody response (the number of antibody-forming cells and the level of hemagglutinin and hemolysin in the serum) and development of the reaction of the delayed type hypersensitivity have been studied. A significant immune-modulating activity of CSSS has been found, the oppositely directed character of this activity when the drug is used in two doses of 200 mg/kg and 500 mg/kg has been determined. In low doses CSSS induces activation of the nonspecific link of the immunity and suppressive processes of the cell-mediated immune response. When it is used in high doses, the stimulation of serogenesis processes is observed. The results obtained justify feasibility and prospects of further study of the mechanisms of the CSSS action in order to create a highly effective anti-allergic drug.
Today there is the time, which the outstanding Ukrainian scientist, academician О.О. Bogomolets told about: “The time will come, and allergy will be on the lips and mind of every clinician”. Taking into account urban development, a wide application of household chemicals, environmental pollution over the past few decades a steady growth of allergic diseases is observed; among them atopic dermatitis (AtD) occupies a significant place. According to the current data prevalence of AtD among children is 5-20%, and among adults it is 2-10% (Kachuk Yu. V., 2012). In 40-50% of children suffering from AtD severe allergic diseases such as bronchial asthma, pollen disease and allergic rhinitis develop with age. They cause formation of psychosomatic disorders, considerably worsen the quality of life of the patient and his family (Okhotnikova O. M. 2011).
According to the modern concept the main links of pathogenesis of AtD are considered to be genetic predisposition, impairment of the skin integrity, disorders of neurovegetative regulation, metabolic disorders. However, the key role belongs to immunologic inflammation involving different immune competent cells and a number of biologically active substances in the process (Novak N., 2003). Immunogenesis of allergic dermatitis is determined by peculiarities of genetically programmed immune response to the antigen under the action of various predisposing factors. Patients with AtD have a distinctly increased total immunoglobulin Е, which contains both antigen-specific IgE-antibodies to different allergic agents, and IgЕ molecules itself, and disturbances of the cell-mediated immunity. It has been shown that patients with AtD have imbalance of Тh1/Тh2-lymphocytes, disorders of phagocytosis, other nonspecific immunity factors, and barrier properties of the skin (Gonsorunova D.S., 2011). A long-term antigen exposure induces the increased formation of Th2-cells, hyperproduction of allergen-specific IgЕ antibodies, mast cell degranulation, eosinophil and neutrophil infiltration. Further a chronic inflammation is characterized by increased formation of Th1 with INF-γ, IL-2, IL-12 release, synthesis of prostanoids, thromboxanes, leukotrienes, platelet-activating factor, and is aggravated by keratinocytes impairment because of scratching, and it results in a greater skin inflammation (Vickery B.P., 2007, Akdis M. et all, 2004).
Despite a quite wide range of antiallergic pharmaceuticals (glucocorticosteroids, antihistamines, membrane stabilizers, immune-modulating drugs) the problem of development of rational and safe therapeutic interventions for AtD is still unsolved.
Among the current therapeutic interventions the allergen-specific immunotherapy (ASIT) attracts attention; its modification is oral immunotherapy (OIT) (Akkoc T. et all., 2011, Korytska I. V., 2013). OIT is based on the mechanisms of oral immunologic tolerance, i.e. the status of active immunological areactivity to the antigen, which the organism has previously contacted with in the oral route of administration. Formation of oral immunologic tolerance (its phenomenon was described by Wells in 1911) is explained by simultaneous suppression of both cell-mediated and antibody-mediated immunity occurring during the contact of a certain AG or its structural homologue with the immune system and is associated with stomach and gut (GALT) (Pukhlik B. M., Kyazimova A. T., 2010, Pukhlik. B. M., 2011). Taking the abovementioned into account we can consider that OIT method is pathogenetically substantiated for treatment of allergic dermatitis.
In this view for AtD therapy the use of cryopreserved swine skin substrate (CSSS) is promising. In this case CSSS provides antigens that are homologous to own antigens (skin autoantigens) of the patient suffering from AtD – swine skin cellular elements (elastinic, reticular, and collagen fibres of the derm connective tissue). 
Previously we have found the expressed antiallergic properties of CSSS. Prophylactic oral administration of CSSS prevented development of the delayed-type hypersensitivity reaction (DTH) in mice induced by egg albumen and 2,4-dinitrochlorobenzene-induced allergic contact dermatitis in guinea pigs. The expressed efficacy of CSSS against allergic dermatitis was due to normalization of the immunoglobulin profile with a significant increase of Ig A, decrease of circulating immune complexes and biological membranes stabilization (Pyatnytsky Yu. S., 2013).

To elucidate immunologic mechanisms of CSSS action the study of immunotropic properties of the substrate has been conducted in mice and rats with the normal homeostasis.
Materials and methods. The study was performed on non-linear animals: male mice weighing 18.0-20.0 g and male rats weighing 180.0-200.0 g.
During the experiment the animals were in the vivarium at the temperature of 18-24 °С, humidity of 50-60 %, natural light conditions “day-night”, in plastic cages, using a balanced diet with free water access. The studies were performed according to the requirements of “European Convention for the Protection of Vertebrate Animals used for Experimental and other Scientific Purposes” (Strasbourg, 1986) (Lyapunov N. А., 1999).
The effect of CSSS on the nonspecific immunity condition was estimated by dynamics of the phagocytosis process by neutrophils of latex particles after their incubation together for 5, 30 and 60 minutes at 37°C. The following parameters were determined: the phagocytic index (PI) – percentage of phagocytizing cells per 100 cells was calculated; the phagocytic number (PN) – the mean number of latex particles captured by one neutrophil. The state of oxygen-dependent antimicrobial neutrophil systems was evaluated in the test of nitroblue tetrazolium reduction (NBT-test) (Viksman М. Ye., 1979).The results of NBT-test (spontaneous and pyrogenal-induced) were obtained using the optical microscope (objective lens (90), the number of formazan-positive cells per 100 neutrophils was counted.
To determine the character of the immune-modulating action of CSSS the effect of the substrate on the humoral, cellular and nonspecific links of the murine immunity has been studied.
In order to study the influence of CSSS on the antibody-mediated immunity the groups of animals (8 animals each) were used: group 1 – animals of the immunized control; groups 2 and 3 – animals administered CSSS intragastrically in the dose of 200 and 500 mg/kg, respectively, for the previous two weeks and during the whole period of immunization. Mice were immunized with a single intraperitoneal injection of 3% suspension of sheep erythrocytes (SE) in the dose of 0.2 mL/20 g of the animal’s body weight. The amount of antibody-producing cells (APC) in the spleen was determined using the method of localized haemolysis in gel assay (Butenko G. М. et all, 2001, Ierne K. N., Nordin A. A., 1963), hemagglutinin (HA) and haemolysin (HL) titres in the murine blood serum and agglutination assay (Freemel H. 1987), on the 5th day after immunization with SE. Besides, the spleen cellularity was determined: after disintegration with a tissue grinder the number of splenocytes was counted in the organ homogenate in Goryaev chamber, the concentration of splenocytes in the suspension was determined by a currently accepted method (Klause G., 1990).
The state of the cell-mediated immunity on the background of the drug used was determined by a hypersensitivity reaction using K.P. Kitamura method (Butenko G. М. et all, 2001, 2001, Kitamura K. A. , 1980). The following groups of animals (8 animals each) were used: group 1 – non-immune, intact animals; group 2 – animals of the immunized control; groups 3 and 4 – animals administered CSSS intragastrically in the dose of 200 and 500 mg/kg, respectively, for the previous two weeks and during the whole period of immunization. Mice were immunized with a single intraperitoneal injection of SE suspension in the dose of 2(105 cells per 0.5 ml of Hank's solution per 20 g of the body weight. The final dose of SE was injected under the aponeurotic layer of one of the mice’s hindpaws (test paw) on the 5th day. Physiological saline was injected in the same volume into the contralateral paw (control paw). The assessment of the local reaction was performed in 24 hours by the reaction index (RI) calculated using the following formula: 
RI = (Мt. paw – Мc. paw)/ Мc. paw × 100%. 

where Мt. paw – is the test paw weight; Мc. paw – is the control paw weight.
The experimental data obtained were processed using parametric (Newman-Keuls test) and non-parametric (Wilcoxon-Mann-Whitney test) methods of variance analysis with a “Statistica, v. 6.0” standard statistical programme package. Differences between the control and test groups were considered statistically significant at р<0.05.
Results and Discussion. Taking into account that in development of OIT a great role is played by phagocytes, which perform presentation of the antigen to immunocompetent cells and elimination of antigenic fragments from the body, at the first stage the effect of a new substrate on the neutrophil phagocytic rate (NPR), being an important cell-mediated part of the mammal nonspecific immunity, has been studied.
It has been determined that administration of CSSS for 2 weeks increases NPR significantly, namely the absorption function of neutrophils. Under effect of CSSS in the doses of 200 and 500 mg/kg the phagocytic index (PI) and phagocytic number (PN) significantly increased, i.e. both the number of phagocytizing cells and the number of captured latex particles increased (Table 1). Moreover, if in the intact control animals group the maximum activity was observed on the 60th minute of incubation, the two-week administration of CSSS promoted the activation of phagocytosis on the 5th minute of incubation already: PI exceeded the same index in the negative control group by 2.6 times in the dose of 200 mg/kg and by 4.2 times in the dose of 500 mg/kg. That means that under the effect of the substrate studied the increase of phagocytosis rate occurred. Moreover, CSSS in the dose of 500 mg/kg significantly exceeded NPR of animals administred CSSS in the dose of 200 mg/kg and a reference drug Thymalinum by the intensity of the phagocytic activity (Table 1). 
Simultaneously with the activation of phagocytosis the increase in activity of oxygen dependent bactericidal systems of phagocytes was observed. The number of formazan-positive cells significantly increased both in the spontaneous and stimulated NBT-test under the effect of CSSS in the dose of 200 mg/kg compared to the intact control. The drug activity in this dose was at the level of the reference drug activity (Table 2). Increase of CSSS dose up to 500 mg/kg induced greater activation of oxygen dependent systems: the number of formazan-positive cells under the influence of the drug studied in the stimulated NBT-test significantly exceeded the effect in the reference drug group and in the group of animals taken CSSS in the dose of 200 mg/kg. It should be noted that under the influence of the drugs studied the organism physiological capacity increased with the most significant results in the group of animals taken CSSS in the dose of 500 mg/kg (Table 2). The data obtained correlate with the results of NPR determination and confirm increase of nonspecific resistance in animals after preventive administration of CSSS.
When studying the influence of the drug on serogenesis it was found that CSSS in the dose of 200 mg/kg did not induce its activation or inhibition because the number of APC in the spleen and titres of HA and HL in the blood serum of the previously immunized mice did not change. When the CSSS dose was increased up to 500 mg/kg, the increase both of APC number and titres of hemagglutinins and hemolysines (see Figure) was observed indicating the activation of antibody producing processes. 
Determination of the relative weight and cellularity of the animal’s spleen was shown that a two-week administration of CPSS in the dose of 200 mg/kg resulted in 2.6 times increase of the animal’s spleen weight in mice. However, the organ cellularity left unchanged and was similar with the values of the immunized control animals (see Figure). Under the effect of CSSS in the dose of 500 mg/kg the increase of the organ relative weight also occurred, but it was less prominent – only by 1.5 times. Simultaneously with the increase of the relative weight a significant increase of the splenocytes number occurred. It shows the activation of IC recirculation and immunogenesis under the effect of CSSS (see Figure). The data obtained are consistent with the results of the APC number determination in the spleen and confirm the abovementioned conclusion about the activation of serogenesis under the effect of CSSS in the dose of 500 mg/kg.
When estimating the cell-mediated link of the immunity the oppositely directed character of the CSSS effect on development of the DTH reaction was determined. A two-week introduction of CSSS to mice in the dose of 200 mg/kg resulted in inhibition of the immune response induced by administration of thymic-dependent antigen (SE): in this group RI was significantly lower by the immunized control value and did not differ from RI registered in the intact animals group. However, introduction of CSSS in the dose of 500 mg/kg did not influence on the immune response of the animals to injection of SE: the reaction index did not differ from the immunized control (see Figure).
It is known that the DTH reaction is based on allergization of T-lymphocytes helpers-1 (Th1 or inflammatory Т-lymphocytes) by the antigen. After the first contact with the antigen the number of sensitized CD4+ Т-lymphocytes increases, some of them are memory Т-lymphocytes. During the repeated entry of the antigen into the organism it is recognized by Тh1 in the complex with class 2 histocompatibility antigens on the macrophage surface, it stimulates blast-cell transformation and proliferation. The activated Тh1 release a lot of cell-mediated immunity cytokines – lymphokines (INF-γ, IL-2, IL-12). During histological analysis of the infiltrate in the site of the repeated antigen injection it has been determined that it consists mainly of monocyte and macrophage series cells and lymphocytes (Roitt А., 1991).
On the basis of the data obtained we can assume that the oral administration of CSSS to animals in the dose of 200 mg/kg together with sheep erythrocytes immunization induces production of T-memory cells that are specific in relation to SE antigen determinants, as well as mature effector Th1 and Th2 lymphocytes (Vickery Brian P. et all, 2009). After the organism’s repeated contact with SE mature Th1, which are inflammatory lymphocytes, activate intracellular digestion in macrophages phagocytized the antigen and produce chemoattractive agents that stimulate the entry of macrophages, neutrophils and other inflammatory cells from the bloodstream that release nonspecific inflammation mediators to the focus of inflammation. As a result of these processes, the signs of inflammation reduce in the site of the repeated SE injection and effective protection from antigenic influence is provided.
Therefore, a significant immune-modulating activity of CSSS has been found, the oppositely directed character of this activity when the drug is used in two doses 200 mg/kg and 500 mg/kg has been determined. In low doses CSSS induces activation of the nonspecific link of immunity and suppressive processes of the cell-mediated immune response. When it is used in high doses, the stimulation of serogenesis processes is observed.

According to the current knowledge during the allergen-specific immunotherapy the oral administration of antigen activates formation of immunologic tolerance by two, possibly successive, ways: by active suppression or clonal anergy (Akkoc T. et all, 2011). Considering that CSSS is in fact the source of antigens (cellular elements of the epidermis and derm, elastinic, reticular, and collagen fibres of the derm) the oral administration of the drug to patients with atopic dermatitis will form the immunologic tolerance to specific allergens through the mechanisms that alter allergen-specific memory. The result of these reactions is the change from the synthesis of Th2 type cytokines to the synthesis of Th1 type cytokines (IL-2, INF-( are the main of them) and stimulation of generation of Т-regulatory (Treg cells, Th3 type) cells that produce the transforming growth factor-( (TGF-() and IL-10, which, in its turn, promotes induction of Т-regulatory lymphocytes. The transforming growth factor (TGF-β) induces suppression of both Тh2 and Тh1. Besides, by B-lymphocytes IL-10 of Treg cells induces secretion of allergen-specific IgG1, IgG4, IgA bound with Ig E receptors located on labrocytes, basophils and other receptor-IgЕ-expressing cells, block release of mediators from these cells, and as a result, the allergen-induced IgЕ-dependent inflammation is inhibited (Weiner H. L., 2001, Nedelskaya S. N. et all, 2012).
Thus, the results obtained from the studies of immune-modifying properties of CSSS and the theoretical background of ASIT substantiate expedience and perspective of further studies of CSSS mechanisms of action in order to create a highly effective antiallergic drug for pathogenetic treatment of allergic dermatitis. 

Table 1
Determination of the effect of CSSS on the phagocytic activity of neutrophils in rats
	Groups of animals
	5 min of incubation
	30 min of incubation
	60 min of incubation 

	
	PI
	PN
	PI
	PN
	PI
	PN

	Intact control
	6 (5; 7)
	3.5

(3.2; 4.1)
	30.0

(28.0; 35.0)
	4.5

(4.3; 4.9)
	46.0

(38.0; 51.0)
	6.04

(5.2; 6.6)

	CSSS, 200 mg/kg
	15.5 */ **

(9; 19)
	3.8

(3.3; 4.1)
	42.0 */**
(38.5; 47.5)
	5.8 р1

(4.7; 6.5)
	59.0

(44.0; 66.5)
	6.8

(5.5; 7.6)

	CSSS, 500 mg/kg
	25 р1

(20; 26)
	4.3 р1(0.07)

(3.6; 4.5)
	55.0 *
(49.0; 61.0)
	5.96 *
(5.5; 6.7)
	55.5 *(0,07)
(54.0; 57.0)
	7.03 *(0.06)
(6.9; 7.3)

	Thymalinum, 3.6 mg/kg
	6 **
(5; 12)
	3.3

(2.8; 4.8)
	38.0 */**
(31.0; 45.0)
	5.7 *
(5.6; 6.7)
	52.5

(45.0; 61.0)
	5.6 **
(4.4; 6.4)


Notes:

* –significant differences in relation to the intact control, р(0.05;

** – significant differences in relation to the animals administered CSSS in the dose of 500 mg/kg, р(0.05;

n=6-10 – the number of animals in the group.
Table 2

Determination of the effect of CSSS on the activity of oxygen dependent bactericidal systems of neutrophils of rats in NBT-test
	Groups of animals
	NBT-test

	
	Spontaneous,

the number of formazan-positive cells
	Induced,

the number of formazan-positive cells
	Physiological capacity index

	Intact control
	7.5 (6; 9)
	16.5 (15; 18)
	9.5 (8; 11)

	CSSS, 

200 mg/kg
	14 (10; 23)*
	31.5 (29; 35)*
	16 (13; 20)*

	CSSS, 

500 mg/kg
	21.5 (16; 26)*
	50.5 (48; 55)*/**
	28.5 */**

(22; 30)

	Thymalinum, 

3.6 mg/kg
	13.2 (5.0; 18)
	27.5 (19; 33)*/**
	14.5 р=0.06/**

(12; 20) 


Notes:

* – significant differences in relation to the intact control, р(0.05;

р=0.06 – significant differences in relation to the intact control values at р=0.06;

** – significant differences in relation to the animals administered CSSS in the dose of 500 mg/kg, р(0.05;

n=6 – the number of animals in the group.
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Figure. The effect of CSSS on serogenesis and DTH reaction development in mice with the normal immune status.
Notes: IC – intact control; SE – immunized control (SE); ТЗ-200 – a group of animals administered CSSS in the dose of 200 mg/kg; ТЗ-500 – a group of animals administered CSSS in the dose of 500 mg/kg. * − significant differences in relation to the intact control values, р<0.05;  р=0.078 – significant differences in relation to the intact control values at р=0.078; **– significant differences in relation to the immunized control values, р<0.05; # – significant differences in relation to CSSS values in the dose of 200 mg/kg, р<0.05.
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