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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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NEUTROPHIL TRAPS AS AN IMMUNE RESPONSE MECANISM IN PETIENTS WITH EROSIVE 
DISEASES OF THE UPPER GASTROINTESTINAL TRACT

Kryshen V.1, Garkava K.2, Trofimov N.1, Tatarchuk O.3, Korpusenko I.1, Nor N.1, Kudryavtseva V.4, Guzenko B.1, Garkavy S.5, 
Makarenko A.5.

1Dneprovsk State Medical University, Dnipro, Ukraine.
2National Aviation Unìversity, Kyiv, Ukraine.

3SE “Institute of Gastroenterology” NAMS, Dnipro, Ukraine.
4Prydniprovskuy State Academy of Physical Culture and Sport, Dnipro, Ukraine.

5National Medical University. A.A. Bogomolets, Kiev, Ukraine.

Abstract.
To optimize the methods for determining neutrophil 

extracellular traps in peripheral blood and studying their level 
in the norm and in patients with candidiasis with inflammatory 
and erosive diseases of the upper gastrointestinal tract on 
the basis of the Institute of Gastroenterology of the National 
Academy of Medical Sciences and  Clinical Association 
of Emergency Medicine, Dnipro, Ukraine, in 2019-2021. 
42 patients with candidiasis with inflammatory and erosive 
diseases of the upper gastrointestinal tract were examined, 
including 10 women and 32 men aged 35-56 years, who made 
up the main group (MG). These patients were divided into two 
groups according to the results of microbiological examination 
of the mucous membranes of the gastrointestinal tract: group 1 
consisted of 20 patients with oropharyngeal candidiasis of the 
oral cavity; Group 2 consisted of 22 patients with candidiasis 
in the esophagus and stomach with or without oropharyngeal 
candidiasis. The comparison group (ComG) included 9 patients 
without detection of yeast-like fungi. The control group (ConG) 
consisted of 25 practically healthy people (donors). Neutrophils 
were isolated from the leukocyte mixture on a double ficoll-
verografin gradient. The resulting cells were incubated with 
E. coli, S. aureus, C. albicans. Control - neutrophils without 
activators. Cells were stained according to Romanovsky-Giemsa 
or acridine orange. A decrease in the level of NET was found in 
patients of groups 1 and 2 of the main group in relation to the 
control group and the comparison group. The results obtained 
showed that microorganisms induce the formation of neutrophil 
extracellular traps. The low level of neutrophil extracellular 
traps in patients indicates the inability of their neutrophils to 
form NET, which are important for antifungal protection, and 
the method of their determination can be used to analyze the 
functional state of neutrophils in various diseases.

Key words. Neutrophil extracellular traps, systemic fungal 
infections, erosive diseases of the gastrointestinal tract.
Introduction.

Neutrophil granulocytes, being cells of the innate immune 
system, use various strategies for the body's antimicrobial 
defense during the development of infectious inflammation. 
Depending on the nature of the activation signal and the efferent 
tasks they face, neutrophils use phagocytosis, degranulation, 
or the formation of extracellular trap networks, being active 
participants in the modulation of immune responses - the innate 

immune system and acquired adaptive immunity [1]. The 
formation of extracellular traps by neutrophils is an important 
mechanism of the innate immune response. In 2004, scientists 
working under the guidance of Arturo Zychlinsky of the Max 
Planck Institute for the Study of Infection Biology discovered 
a new function of neutrophilic granulocytes - extracellular 
capture of pathogens, by forming extracellular traps, which are 
DNA strands with antimicrobial factors of neutrophil granules 
adsorbed on them. The process of formation of extracellular 
traps by neutrophils is an alternative function to phagocytosis 
[2]. The mechanism of antimicrobial protection carried out by 
neutrophils through the formation of extracellular networks has 
been termed "NETosis". Microorganisms that fall into these traps 
die [2,3]. Extracellular traps can only form active neutrophils. 
The formation of neutrophil extracellular traps (NET) can occur 
in two ways: lytic and vesicular. In the lytic variant, the neutrophil 
undergoes morphological changes. Numerous vacuoles are 
formed in it, the characteristic lobed shape of the nuclei is lost, 
then the nuclear membrane is destroyed, and chromatin occupies 
the entire cell. The granules dissolve and the components of 
the future trap are distributed throughout the volume, the cell 
contracts until its membrane bursts, the neutrophil dies, and 
the highly active mixture is thrown out. The lytic pathway of 
NET formation requires reactive oxygen species. The vesicular 
mechanism of NET formation is oxygen-independent, while 
neutrophils retain their viability. In this variant, the formation of 
NET begins with the formation of vesicles. Vesicles surrounded 
by a nuclear membrane move into the intercellular space 
without destroying the plasma membrane. Outside the cell, the 
membranes of the vesicles rupture, releasing chromatin. This 
scenario unfolds within minutes of neutrophil stimulation. If 
the action of the activator continues, the mechanisms of lytic 
formation of traps are triggered [4,5]. Structurally, neutrophil 
extracellular traps are DNA strands capable of non-specifically 
trapping all possible extracellular particles potentially to be 
destroyed. The biochemical features of the processes occurring 
during the release of DNA by cells are under study. Ideas about 
the important role of bactericidal products secreted by these 
cells outside in antimicrobial protection were substantiated. 
However, there are still no clear ideas about the formation of 
NET by neutrophils. There are no standardized methods for 
detecting NET. For visualization of NET, V. Brinkmann et al. 
scanning electron microscopy was used [3,6-8]. However, this 
method is expensive and time-consuming; special equipment 
and reagents are required.
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Purpose of research. To optimize methods for detecting NET 
in peripheral blood and determine their level in the norm and in 
patients with candidiasis in inflammatory and erosive diseases 
of the upper gastrointestinal tract (GIT).
Materials and methods.

To achieve this goal on the basis of the Institute of 
Gastroenterology of the National Academy of Medical Sciences 
and  Clinical Association of Emergency Medicine, Dnipro, 
Ukraine, in 2019-2021. 42 patients with candidiasis with 
inflammatory and erosive diseases of the upper gastrointestinal 
tract were examined, including 10 women and 32 men aged 
35-56 years, who made up the main group (MG). These 
patients were divided into two groups according to the results 
of microbiological examination of the mucous membranes of 
the gastrointestinal tract: group 1 consisted of 20 patients with 
oropharyngeal candidiasis of the oral cavity; Group 2 consisted 
of 22 patients with candidiasis in the esophagus and stomach 
with or without oropharyngeal candidiasis. The comparison 
group (ComG) included 9 patients without detection of yeast-
like fungi. The control group (ConG) consisted of 25 practically 
healthy people (donors). 

A suspension of neutrophils was obtained using 15.0 ml of 
heparinized (10-15 U/ml of heparin) peripheral venous blood, 
which was settled in a sterile test tube at a temperature of +37°C 
for 30 minutes for the purpose of erythrocyte sedimentation, 
using the Dolgushin I. I. method [5]. Neutrophils were isolated 
from leukocyte suspension on a double density gradient of sterile 
ficoll-verografin solutions. The density of the upper layer of the 
gradient was 1.075-1.077, and the lower layer was 1.093-1.095. 
The volume of each gradient was 1.5 ml. After 40 minutes of 
centrifugation at 1500 rpm, a ring of granulocytes with a purity 
of 98-100% appeared at the boundary between the gradients. 
The neutrophil ring was carefully collected, transferred to 
sterile centrifuge tubes, washed from the gradient three times 
with sterile saline sodium chloride solution by centrifugation at 
1500 rpm for 10 minutes, and adjusted to a concentration of 5 
106 cells/mL [6,7,9].

The resulting cell suspension was incubated at a temperature of 
+37°C for 30 minutes in the presence of 0.1 ml of a suspension 
of a daily culture of control strains (E. coli (strain O55K59), S. 
aureus, C. albicans), brought to a concentration of 106 E. coli 
, 106S. aureus, 106 C. albicans in 1 ml per 1 ml of neutrophil 
suspension. To determine the optimal activation time for 
neutrophils, neutrophils with culture suspension were incubated 
for 30 min, 40 min, 3 hours, 24 and 48 hours. A suspension of 
neutrophils incubated under the same conditions, but without 
activators, was used as a control. After incubation, the cell 
suspension was placed on glass and dried. For fixation, 96% 
ethyl alcohol was used, which was applied to the smear in an 
amount of 100 μl; after evaporation of the alcohol, the smear 
was considered fixed.

The smears were stained according to Romanovsky-Giemsa and 
acridine orange using the method developed by I. I. Dolgushin 
and A. V. Zurochka [5]. 200 μl of acridine orange working 
solution was applied to the fixed preparation and kept at room 
temperature for 2 minutes in the dark. A solution of acridine 
orange was preliminarily prepared according to the following 

scheme: 5 mg of dry dye was dissolved in 5 ml of saline, the 
mother solution thus obtained (1 mg/ml) was stored at T=4°C. 
Before use, 0.2 ml of the solution was mixed with 4.8 ml of 
saline to obtain a working solution. Accounting was performed 
using a light (immersion) and luminescent microscope (using 
filters that provide exciting light with a wavelength of not more 
than 490 nm and emission with a wavelength of 520 nm).

Statistical data processing was carried out using a personal 
computer using software products STATISTICA 6.1 
(StatSoftInc., serial no. AGAR909E415822FA) and Microsoft 
Excel (Microsoft Office 2016 Professional Plus, Open License 
67528927) using methods of descriptive and analytical 
biostatistics and multivariate methods of statistical analysis [10].
Results and Discussion.

In the course of the work, we determined the optimal 
conditions for the incubation of neutrophils for their activation 
and the formation of NET in vitro. It was found that after 30 
minutes of incubation, the number of NET was 18.2 ± 1.2%, 
after 40 minutes - 25.3 ± 1.8%, after 3 hours - 12 ± 0.9%, after 
24 hours - 8, 4±1.0% and 48 hours - 2.1±0.5%. The optimal 
incubation time for determining neutrophil activity is 40 
minutes and the temperature is 37°C (Figure 1). At .the same 
time, this phenomenon is observed only in neutrophils isolated 
from peripheral blood on a double ficoll-verografin gradient.

Figure 1. Determination of the optimal conditions for the incubation 
of neutrophils for their activation and the formation of NET in vitro.

Next, we determined the effect of microorganisms (E. coli, S. 
aureus, and C. albicans) on the formation of NET in normal 
healthy donors. The formation of NET in vitro is induced by the 
microorganisms E. coli, S. aureus and C. albicans (Figure 2).

The analysis of the obtained results showed that the highest 
level of NET is formed during the activation of S. aureus. Thus, 
S. aureus is the strongest inducer of NET.

In order to determine the optimal method for detecting NET, 
in the course of our work, we compared two smear staining 
methods: Romanovsky-Giemsa and acridine orange (Figure 3).

When stained with acridine orange and fluorescent microscopy, 
neutrophil nuclei are stained bright green, granulocyte cytoplasm 
is not stained, neutrophil traps are represented by thin bright 
green filaments, and activator bacteria are bright orange.
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Figure 2. The level of NET in donors with various neutrophil inducers, 
in vitro.

Figure 3. Methods for staining NETosis formed by neutrophils 
isolated from the peripheral blood of donors. (A - Light microscopy, 
Romanovsky-Giemsa stain; B - Luminescent microscopy, acridine 
orange stain).

To determine the role of NET in antifungal immunity, we 
determined their level in patients with varying degrees of C. 
albicans damage (Table 1).

Table 1. The level of NET in the examined groups of patients, (M±m).

Indicators 1 gr (MG)
(n=20)

2 gr (MG)
(n=22)

Com G
(n=9)

ConG
(n=25)

NET, % 10,1±1,2* ** 5,2±0,4* **# 17,2±1,5 19,2±0,85

Notes: 
1.* - p <0.05 - differences between the parameters of MG and ConG.
2.** - p <0.05 - differences between the parameters of MG and ComG.
3.# - p <0.05 - differences between the indicators of groups 1 and 2 of 
the MG.

A decrease in the level of NVL in patients of group 1 (MG) 
was found to be 1.9 times (p <0.05) and 1.7 times (p <0.05) 
compared with ConG and ComG, respectively. In patients of 
group 2 (MG), the level of NET was reduced by 3.7 times (p 
<0.05) and 3.3 times (p <0.05) compared with ConG and ComG, 

respectively. In addition, in group 2 (MG), their level was 
significantly lower by 1.9 times (p <0.05) compared to group 
1 (MG), which may be due to the inability of their neutrophils 
to form NET. Because comparison and control patients can 
eradicate yeast-like fungi by forming NET, they can prevent the 
spread of C. albicans and are at lower risk of systemic fungal 
infection.

In the course of our work, we determined the effect of E. coli, 
S. aureus, and C. albicans on the formation of extracellular 
traps by neutrophils. It was found that S. aureus is the strongest 
inducer of neutrophil extracellular traps. Normally, the level 
of NET upon activation of S. aureus is (25.1±1.04)%, C. 
albicans (19.2±0.85)% and E. coli (15.4±0.68)%. The optimal 
incubation time was 40 minutes. The data obtained indicate that 
the formation of neutrophil extracellular traps is induced by 
microorganisms, which coincides with the data of other studies 
[11]. At the same time, this phenomenon is observed only in 
neutrophils isolated from peripheral blood on a double ficoll-
verografin gradient.

Neutrophils fulfill their host defense role by phagocytosing 
pathogens, secreting their granules full of cytotoxic enzymes, 
or removing NETosis during the process of their formation. 
To effectively manipulate this process to combat a particular 
disease, researchers must work to understand the mechanisms 
that govern the formation of NET. Such an understanding 
would allow the creation of means to stimulate or prevent it 
as needed. While the (patho)physiological significance of NET 
formation has been demonstrated, the molecular, cellular, and 
biophysical mechanisms driving this process have only begun 
to be unraveled. Much of the current literature is devoted to the 
study of which stimuli can induce NETosis and which proteins 
can inhibit their release without a clear understanding of how 
these factors affect cellular genesis events. For decondensed 
DNA stained with nuclear, granular, and cytosolic contents to 
be released extracellularly, the process must be initiated either 
extracellularly or intracellularly; chromatin must be decondensed 
and released from the nucleus; and the cytoskeleton, organelles, 
intracellular and nuclear, as well as plasma membranes must 
be reconstructed [4,11]. The data obtained indicate that the 
formation of neutrophil extracellular traps is induced by 
microorganisms, which coincides with the data of other studies 
[2,4,11,12]. At the same time this phenomenon is observed 
only in neutrophils isolated from peripheral blood on a double 
ficoll-verografin gradient. The developed methods for detecting 
NET open up possibilities for studying the significance of NET 
for diagnosing various diseases, assessing the severity of the 
course of diseases and the effectiveness of treatment, and can 
also be used in clinical practice to assess the functional status 
of neutrophils.
Conclusions.

1. The formation of neutrophil extracellular traps is induced 
by microorganisms, of which Staphylococcus aureus was the 
strongest inducer.

2. The optimal incubation time for neutrophils isolated from 
peripheral blood on a double density gradient of ficoll-verografin 
with various microorganisms reached to 40 minutes.
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3. Normally, the level of neutrophil extracellular traps during 
the activation of St. aureus was (25.1±1.04)%, C. albicans 
(19.2±0.85)% and E. coli (15.4±0.68)%.

4. The low level of neutrophil extracellular traps in patients of 
the main group 1 was associated with neutrophils inability to 
form themselves which was a sign of neutrophil extracellular 
traps importance for antifungal protection.
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ИМУННОГО ОТВЕТА У БОЛЬНЫХ С ЭРОЗИВНЫМИ 
ЗАБОЛЕВАНИЯМИ ВЕРХНИХ ОТДЕЛОВ 
ЖЕЛУДОЧНО-КИШЕЧНОГО ТРАКТА
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Для оптимизировации методов определения 
нейтрофильных внеклеточных ловушек в периферической 
крови и исследования их уровеня в норме и у больных с  
кандидозом при воспалительых и эрозивных заболеваниях 
верхнего отдела желудочно - кишечного тракта на базе ДУ 
«Институт гастроэнтерологии» НАМН и  Клинического 
объединения скорой медицинской помощи Днепр, Украина, 
в 2019-2021г.г. было обследовано 42 больных с кандидозом 
при воспалительных и эрозивных заболеваниях верхнего 
отдела ЖКТ, из них 10 женщин и 32 мужчин в возрасте 
35-56 лет, которые составили основную группу (ОГ). Эти 
больные были разделены на две группы по результатам 
микробиологического исследования слизистых оболочек 
ЖКТ: 1 группа составили 20 больных с орофаренгиальным 
кандидозом ротовой полости; 2 группу составили 
22 больных с определением кандидоза в пищеводе и 
желудке с наличием или отсутствием орофаренгиального 
кандидоза. В группу сравнения (ГС) вошли 9 больных 
без выявления дрожжеподобрых грибов. Контрольную 
группу (КГ) составили 25 практически здоровых людей 
(доноров). Нейтрофилы выдиляли из лейкоцитарной 
смеси на двойном градиенте фиколла-верографина. 
Полученные клетки  инкубировали с E. Сoli , S. aureus, С. 
albicans. Контроль - нейтрофилы без активаторов. Клетки 
красили по Романовскому – Гимзе  или - акридиновым 
оранжевым.  Было выявлено снижение  уровня НВЛ у 
больных  1 и 2 группы основной группы в отношении 
контрольной группы  и группы  сравнения. Полученные 
результаты показали, что микроорганизмы индуцируют  
образование нейтрофильных  внеклеточных ловушек. 
Низкий уровень нейтрофильных внеклеточных ловушек 
у больных   указывает на неспособность их нейтрофилов 
образовывать  НВЛ , которые имеют важное значение для 
противогрибковой защиты, а метод  их определения  может 
быть использован для  анализа функционального состояния 
нейтрофилов при разнличных заболеваниях.

Ключевые слова: нейтрофильные внеклеточные 
ловушки, системные грибковые инфекции,  эрозивные 
заболевания, желудочно-кишечного тракта.
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