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The article describes some peculiarities of changes in the indicators of adaptive humoral immunity, levels 

of immunoglobulin A and circulating immune complexes, phagocytic activity of neutrophils and the 

disruption of enzymes activity, which provide the phagocyte function in the NST test on the model of induced 

peritonitis in animals of different ages. 
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INTRODUCTION 

The protection of the body against external 

and internal antigenic factors is executed with 

the help of the primary cellular and secondary 

resistance links. In the process of recognition 

and elimination of antigens in the body, various 

links are gradually included, simultaneously 

provide all types of immunological defence: 

phagocytosis, functioning of complement 

system proteins, killer function of T-lympho-

cytes, opsonizing effect of immunoglobulin 

antibodies, cytokine activity [1]. This leads to a 

reorganization of the relevant metabolic factors 

and provides for adaptation of the body to the 

environment [2–4]. However, excessive 

activation of adaptation reactions leads to the 

formation of various pathologies of inflame-

matory nature [5–7]. 

In studying the processes of formation and 

development of inflammatory reactions, it has 

been shown that the provision of protection 

against antigens is carried out with the barrier 

function of immunocompetent cells and their 

ability to phagocytosis. Violation of 

phagocytosis can contribute to the development 

of dysbacteriosis and various types of diseases, 

including gastrointestinal tract diseases [8–10]. 

Changes in the primary and secondary immune 

responses occur at all ontogenesis stages and 

leads to the development of inflammatory 

reactions. From the point of view of 

adaptogenesis, pathological states can be 

considered as special reactions of the resistance 

system in response to the complex of factors 

simultaneously or sequentially affecting the 

organism. It is natural that a large number of 

experimental and theoretical works are devoted 

to studying the formation of various resistance 

mechanisms [11–12]. Regardless of the 

research level (molecular, physiological or 

population), the same methodological approach 

is used – the evaluation of the biological system 

reaction in response to a particular impact. Most 

of these studies are aimed at determining the 

general patterns and mechanisms for the 
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response formation. The development of 

adaptogenesis concepts is impossible without 

proper consideration of induction ontogenetic 

features of primary and secondary adaptive 

factors of resistance. 

OBJECTIVE 

The aim of the work was to evaluate the 

interaction features of primary cellular and 

secondary humoral immunophysiological 

factors of resistance in the induced 

inflammatory process on the experimental 

model. To achieve this goal, the following tasks 

were set: 

1. To detect changes in the parameters of 

adaptive humoral immunity, levels of 

immunoglobulin A and circulating immune 

complexes in the experiment of induced 

peritonitis in animals of different ages. 

2. To evaluate the peculiarities of changes in 

the activity of phagocytosis and enzymes of 

phagocytic cells of granulocyte neutrophils in 

experimental animals on the model of 

inflammation. 

MATERIALS AND METHODS OF 

RESEARCH 

The studies were performed on white  

3-month-old male rats weighing 100–140 g and 

22-month-old ones weighing 200–240 g. In 

total, 200 animals were used in the work. Acute 

inflammation and dysbiosis in the small 

intestine were caused by intraperitoneal 

injection of lipopolysaccharide (LPS) obtained 

from Escherichia coli strain 0111: B4 (Sigma, 

USA) at the rate of 100 μg/kg of body weight in 

1 ml of isotonic NaCl solution. The control 

group consisted of the same age animals as the 

experimental rats. The animals were kept under 

standard light and food regimes (water and food 

ab libitum) .The material for the study was 

serum and blood elements of experimental 

animals .The studies were conducted in 

accordance with the «General ethical principles 

of conducting experiments on animals»and the 

norms of the «European Convention on the 

Protection of Vertebrate Animals used for 

experiments and other scientific purposes» [13–

15]. 

To determine the state of the humoral 

component of immune system, the 

concentration of circulating immune complexes 

(CIC) in the blood serum was determined by 

spectrophotometric method and the 

concentration of immunoglobulin A – by 

turbidimetric method [16, 17]. Neutrophil 

granulocytes were isolated from peripheral 

blood. In the study of phagocytic activity of 

peripheral blood neutrophils, the method of 

complete phagocytosis was used [18]. The 

following parameters of phagocytic activity 

were estimated: the number of phagocytic 

neutrophils (PNP), phagocytic number (PN), 

and the index of phagocytosis completeness 

(IPC). 

Oxygen metabolism of neutrophils was 

judged by their ability to absorb nitros-

inetetrazole (NST) and restore it to the 

diformazanin the form of blue granules under 

the influence of superoxide anion, formed in the 

NADPH-oxidase reaction [19]. The experi-

mental data were processed by conventional 

methods of variational statistics [20]. The 

statistical processing of the digital data was 

carried out using the BIOSTAT program (ver 

4.03) [21]. 

RESULTS AND DISCUSSION 

The evaluation of IgA content in the 

serum of 3 and 22-month-old control animals 

and animals with the model of inflammation 

Age-dependent immunopathological condi-

tions should be realized in all parts of the 

immunological defence. The violation of the 

barrier phagocytic functions can lead to the 

formation disruption of the secondary humoral 

immune response, which is realized at the level 

of immunoglobulin synthesis. It is known that 

there is certain correlation between a high level 

of IgA in the serum and the severity of the 

inflammatory process, while the content 

decrease of this immunoglobulin in the serum 

indicates the development of anergy or 

irreversible immunodeficiency. 

The study of IgA concentration in the serum 

showed this index decrease in both groups of 

animals with the model inflammation relative to 

the reference values. A more pronounced 

decrease was noted in 3-month-old rats ((0.42 ± 

0.05) g / l vs. (1.30 ± 0.09) g / l in the control 

group) (fig. 1). A decrease in IgA concentration 

may indicate some lack of humoral component 

of immune system, as well as its adsorption on 

immune complexes [22]. 
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Fig. 1. IgA content in serum 3 and 22-month-old control animals and  

animals with the inflammation model. 
 

Studying of circulating immune 

complexes in experimental animals of 

different ages on the inflammation model 

Since one of the biological functions of 

immunoglobulins is the neutralization of 

antigens with the formation of circulating 

immune complexes (CIC), it was expedient to 

evaluate their content in the serum of animals of 

different age groups. Under physiological 

conditions, the formation and presence of the 

CIC in liquids is one of the manifestations of 

the body immune response to the ingestion of 

antigens and is an important factor providing 

for immunity [23]. 

In the case of pathological changes in the 

body, the increased formation of circulating 

immune complexes and their prolonged 

circulation in body fluids can lead to their 

accumulation in tissues, which triggers a chain 

of cytotoxic changes that cause autoimmune 

diseases. The serum CIC level is an important 

indicator of immunological reactivity, since it 

shows not only the degree of organism loading 

by antigens of infectious agents, but also 

destructive degenerative phenomena in the 

body and can characterize the processes of 

biosynthesis of antibodies as a whole [24]. The 

study CIC level in the blood serum of 3 and  

22-month-old animals with the model of 

inflammation revealed a significant increase in 

these parameters in comparison with the control 

group. In 22-month-old animals this increase 

was more significant and corresponded to the 

value (224.0 ± 13.0) of relative units, at (150.0 

± 0.5) relative units in the control group and in 

3-month-old animals (208.0 ± 2.0) relative units 

at (170.0 ± 1.0) relative units in the control 

group. It can be assumed that the increase in 

CIC level is the consequence of the imbalance 

between their formation and elimination, or is 

associated with the deficiency of one or more 

components of the compliment. 

The study of primary and secondary 

immunity indices revealed age features of these 

parameters in control group animals and in the 

rats with the model of inflammation. The 

phagocytic index (PI) and phagocytic number 

(PN) in control rats of different ages did not 

differ significantly. PI is equal to (81.17 ± 

5/40) % and (82.33 ± 5.40) %, and PN is 3.62 ± 

0.20 relative units and (3.71 ± 0.20) relative 

units in 3 and 22-month-old rats, respectively. 

The index of phagocytosis completeness in 3-

month-old animals was significantly higher 

than in 22-month-old rats (1.44 ± 0.03) relative 

units vs (1.13 ± 0.03) relative units (tab. 1). In 

3-month-old rats with the inflammation model, 

PI and PN did not significantly differ from 

those of the control animals (see tab. 1). The 

index of phagocytosis completeness in  

3-month-old rats with inflammation was 

significantly lower than the control values and 

was (1.25 ± 0.03) relative units. 
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Table 1 

Functional activity of phagocytic neutrophils in control animals  

and in animals with the inflammation model 

Rat age Animals 

Control animals With the inflammation model 

PI,% PN,  

relative 

units. 

CI,  

relative 

units. 

PI, % PN,  

relative 

units. 

CI,  

relative units. 

3 

month. 
81,17  5,40 3,62  0,20 1,44  0,03 76,71  5,40 3,71  0,20 1,25  0,03* 

22 

month. 
82,33  5,40 3,71  0,20 1,13  0,03 66,84  5,40* 2,86  0,20 0,95  0,03*X 

Notes: Significant differences: 1) * – in comparison with the control, 2) X – between age groups, P < 0.05. 

 

 

In 22-month-old animals with the 

inflammation model, all the investigated indices 

of neutrophil activity were lower than in the 

control rats. The data obtained indicate 

incompleteness of the phagocytosis reactions in 

3 and 22-month-old rats with the inflammation 

model testifying to the dissociation of 

absorption and digestion processes in these 

animals. Along with the study of phagocytosis, 

the ability of neutrophils to form active forms 

of oxygen was determined with the help of the 

NST test [19]. To evaluate the bactericidal 

status, the resource potential, and the ability of 

neutrophils to complete phagocytosis, a 

spontaneous and stimulated neutrophil reaction 

was studied. 

When studying neutrophils metabolic 

activity with the NST test in the control  

3-month-old animals, a higher value of the 

stimulation index of (SI) of rats was found in 

comparison with this index in the 22-month-old 

animals (fig. 2). In 3 and 22-month-old 

experimental animals with the inflammation 

model, an increase in the metabolic activity of 

neutrophils was observed. 

In the animals of both age groups with the 

inflammation model, the average cytochemical 

index (ACI) was spontaneous (sp) and 

stimulated (st) were higher in comparison with 

the control group (fig. 3). 

The index of SI in animals with the 

inflammation model was lower than in the 

control group animals, which may indicate the 

beginning of the suppressive phase or the 

depletion of neutrophils functional activity. 

 

 

Fig. 2. Indicators of the NST test in control group animals of 3 and 22 months of age 
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Fig. 3. Indicators of the NST-test in 3 and 22-month-old experimental animals  

with the inflammation model 
 

 

CONCLUSIONS 

1. The results of the study indicate certain 

violation of the primary cellular and secondary 

humoral immunity during the aging of the body 

and decrease in the adaptive responses of the 

immune system during inflammation due to an 

increase in antigenic effects. 

2. The levels of immunoglobulin A in the 

blood serum of 3 and 22-month-old rats with 

the inflammation model were reduced in 

comparison with this index in control group 

animals. 

3. The content of the CIC in the rats blood 

serum of both age groups was significantly 

higher in comparison with the control group. 

4. All the studied indices of neutrophils 

phagocytic activity in the 22-month-old animals 

with the inflammation model were lower than 

in the control rats of this age. In the 3-month-

old rats with the inflammation model, the index 

of phagocytosis completeness was significantly 

lower in comparison with the control group. 

The reduction in the reserve capacity of 

phagocytic cells was higher in the 22-month-

old animals. An increase in the neutrophils 

metabolic activity and a decrease in their 

metabolic reserve in 3 and 22-month-old rats 

with the inflammation model were revealed in 

comparison with the parameters of the control 

groups. 

PROSPECTS FOR FUTURE STUDIES 

Further study of changes in humoral 

immunity in case of induced peritonitis in 

animals under the influence of various 

immunomodulators remains promising. Also it 

is interesting to study the change in the 

composition of the intestinal microbiota in this 

occasion, given the existence of a gut-brain 

axis. 
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ОСОБЛИВОСТІ ЗМІНИ ІМУНОРЕЗИСТЕНТНОСТІ В ЕКСПЕРИМЕНТІ ІНДУКОВАНОГО 

ПЕРИТОНІТУ У ТВАРИН РІЗНОГО ВІКУ 

Іваненко М. О., Клімова О. М., Шерстюк С. О., Наконечна С. А. 

 

Охарактеризовано особливості зміни показників адаптивного гуморального імунітету, рівнів 

імуноглобуліну А та циркулюючих імунних комплексів, фагоцитарної активності нейтрофілів і  

порушення активності ферментів, що забезпечують функцію фагоцитів у НСТ-тесті   на моделі 

індукованого перитоніту у тварин різного віку. 
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