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The role of protein kinase C and PI3-kinase in the mechanism  
of the cardioprotective effect of remote ischemic postconditioning
Mukhomedzyanov A.V., Naryzhnaya N.V., Maslov L.N.

Cardiology Research Institute, Tomsk National Research Medical Center (NRMC), Russian Academy of Sciences 
111а, Kievskaya Str., Tomsk, 634012, Russian Federation

ABSTRACT

Background. Acute myocardial infarction (AMI) with ST segment elevation is associated with high incidence 
of complications. Mortality from AMI is about 5%, which has not decreased in recent years. Revascularization 
provides recovery of coronary blood flow, but also contributes to the occurrence of reperfusion injury to the heart. 
Remote ischemic postconditioning (RIPostC) is a promising, non-invasive method that can effectively and safely 
reduce the infarct size.

The aim of the study was to investigate the role of protein kinase C and PI3-kinase in the development of the 
infarct-limiting effect of remote ischemic postconditioning.

Materials and methods. The study was performed on Wistar rats. Coronary artery occlusion (45 min) and 
reperfusion (2 h) were performed. The infarct size (IS) and the size of area at risk (AAR) were assessed. RIPostC 
was modeled by applying tourniquets to the hind limbs in the hip joint immediately after the restoration of coronary 
blood flow. All inhibitors were administered intravenously 10 min before reperfusion.

Results. In the control group, the IS / AAR ratio was 44%. RIPostC reduced the IS / AAR ratio by about 50%. 
Preliminary administration of the protein kinase C inhibitor chelerythrine and the PI3-kinase inhibitor wortmannin 
eliminated the cardioprotective effect of RIPostC. 

Conclusion. The mechanism of the infarct-limiting effect of RIPostC is implemented through activation of protein 
kinase C and PI3-kinase.

Key words: heart, ischemia, reperfusion, remote ischemic postconditioning.
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Участие протеинкиназы С и PI3-киназы в механизме  
кардиопротекторного эффекта дистантного посткондиционирования

Мухомедзянов А.В., Нарыжная Н.В., Маслов Л.Н.

Научно-исследовательский институт (НИИ) кардиологии, 
Томский национальный исследовательский медицинский центр (НИМЦ) Российской академии наук 
Россия, 634012, г. Томск, ул. Киевская, 111а

РЕЗЮМЕ

Введение. Острый инфаркт миокарда (ОИМ) с подъемом сегмента ST отличается высокой частотой ос-
ложнений. Смертность от ОИМ составляет около 5% и в последние годы не снижается. Реваскуляризация 
обеспечивает восстановление коронарного кровотока, но также способствует возникновению реперфузи-
онных повреждений сердца. Дистантное посткондиционирование (ДПост) является многообещающим не-
инвазивным методом, способным эффективно и безопасно уменьшить размер инфаркта миокарда.

Цель – изучение участия протеинкиназы С и PI3-киназы в реализации инфаркт-лимитирующего эффекта 
ДПост.

Материалы и методы. Исследование выполнено на 48 самцах крыс линии Вистар. Осуществляли корона-
роокклюзию (45 мин) и реперфузию (2 ч). Оценивали размер зоны некроза и зоны риска. Дистантное пост-
кондиционирование моделировали путем наложения жгутов на задние конечности в области тазобедрен-
ного сустава сразу послу восстановления коронарного кровотока. Все ингибиторы вводили внутривенно за 
10 мин до реперфузии.

Результаты. В контрольной группе отношение зона инфаркта/зона риска (ЗИ/ЗР) составило 44%. Дистант-
ное посткондиционирование уменьшало соотношение ЗИ/ЗР в 1,5 раза. Предварительное введение инги-
битора протеинкиназы С хелеритрина или ингибитора PI3-киназы вортманнина устраняло кардиопротек-
торный эффект ДПост. 

Заключение. Механизм инфаркт-лимитирующего эффекта ДПост реализуется через активацию протеин-
киназы С, PI3-киназы.

Ключевые слова: сердце, ишемия, реперфузия, дистантное посткондиционирование.
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INTRODUCTION

The mortality rate for acute myocardial infarction 
(AMI) is about 5% and has not decreased in recent 
years[1, 2].Revascularization of an infarct-related co- 
ronary artery is an important therapeutic intervention 
for myocardial infarction [3]. However, recovery of 

coronary blood flow also has adverse consequences 
manifested through reperfusion injury of the heart 
affecting the final infarct size and further prognosis 
[4]. Currently, in clinical practice there are no high-
ly effective drugs for preventing reperfusion injury 
of the heart [5]. Literature data suggest that remote 
ischemic postconditioning (RIPostC) is a promising, 
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non-invasive method to effectively and safely reduce 
the infarct size and reduce the risk of developing 
complications.

RIPostC was discovered in 2005 by a research 
group led by Prof. J. Vinten-Johansen [6]. RIPostC 
consists in an increase in myocardial tolerance to pro-
longed reperfusion after exposure to short-term isch-
emia-reperfusion of another organ at the time of cardi-
ac reperfusion. It was found that RIPostC helps reduce 
the infarct size by 50% [7]. However, the molecular 
mechanisms underlying this effect remain poorly un-
derstood. 

The aim of this study was to investigate the role 
of protein kinase C and PI3-kinase in the infarction- 
limiting effect of remote ischemic postconditioning.

MATERIALS AND METHODS
Male Wistar rats (n = 48), weighing 250–300 g, 

were used in in the study. All procedures related to 
keeping and using the animals were carried out in 
accordance with Directive 2010/63/EU  of the  Eu-
ropean Parliament  and of the  Council  adopted of 
22 September, 2010 on the protection of animals 
used for scientific purposes. The study was ap-
proved by the Ethics Committee at the Cardiology  
Research Institute of Tomsk NRMC. All pain-
ful procedures were performed on anesthetized  
animals. 

The rats were anesthetized with α-chloralose (60 
mg / kg, intraperitoneally) and ventilated with a SAR-
830/P ventilator via a tracheostomy tube. Heart rate 
was recorded using the Data Acquisition Unit MP35. 
The infarction-limiting effect of RIPostC and its in-
tracellular mechanisms were studied using a model of 
45-minute coronary occlusion and 120-minute reper-
fusion in vivo [8]. The quantitative assessment of the 
myocardium damage was determined by the ratio of 
the infarct size to the area at risk (IS / AAR) [8]. The 
area at risk is considered to be a part of the myocar-
dium that was exposed to ischemia during coronary 
occlusion. RIPostC was modeled by applying tourni-
quets to the hind limbs in the hip joint, immediately 
after restoration of coronary blood flow.  The time of 
ischemia and reperfusion for each phase was 3 cycles 
of 5 minutes.  

The experiment used the following pharmacologi-
cal agents: a protein kinase C inhibitor chelerythrine 
was injected at a dose of 0.3 mg / kg [9], a PI3-kinase 
inhibitor wortmannin was administered at a dose of 25 
µg / kg [10]. The inhibitors were administered into the 
femoral vein 10 min before reperfusion (35 minutes 

after the onset of coronary occlusion). Chelerythrine 
and wortmannin were dissolved in 0.1 ml of DMSO 
and then diluted in 0.9 ml of 20% 2-hydroxypro-
pyl-β-cyclodextrin. The animals of the control group 
were intravenously injected with a mixture of DMSO /  
2-hydroxypropyl-β-cyclodextrin. The rats were re-
moved from the experiment 2 hours after the onset of 
reperfusion by excision of the heart from the thoracic 
cavity for subsequent staining and determination of 
the IS / AAR ratio. 

The data were statistically processed using the 
Statistica 13 software. The Mann – Whitney test was 
used to assess reliability of the results obtained. The 
data were presented as mean and standard deviation  
M ± SD. The threshold significance level p  was as-
sumed to be 0.05.

RESULTS
After 45-minute coronary occlusion and 120-mi- 

nute reperfusion, the IS / AAR index in the control 
group was 44%. The use of RIPostC helped reduce 
the IS / AAR ratio by 1.5 times (Figure). Therefore, 
RIPostC increases resistance of the heart to reperfu-
sion injury. Further research was aimed at studying 
the signaling mechanism underlying the cardioprotec-
tive effect of RIPostC. Thus, preliminary administra-
tion (10 minutes before reperfusion and RIPostC) of 
the protein kinase C inhibitor chelerythrine eliminated 
the infarct-limiting effect of RIPostC. The use of the 
PI3-kinase inhibitor wortmannin showed a similar ef-
fect (Figure). 

Figure.  IS / AAR ratio: *p <0.05 compared to the control

60

50

40

30

20

10

0

Controls RIPostC RIPostC +  
chelerythrine

RIPostC +  
wortmannin]

No significant changes in the heart rate were found 
in the control group during the experiment. No signi- 
ficant changes in the heart rate were observed in the 
group in which RIPostC was simulated 45 minutes af-
ter coronary occlusion (Table). Therefore, the use of 
RIPostC does not affect the heart rate.
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T a b l e  

Heart rate values in the model of coronary occlusion and reperfusion, M ± SD

Group
Observation period

Before coronary 
occlusion

10 minutes before 
reperfusion

Before  
reperfusion

30 minutes 
after reperfusion 2 hours after reperfusion

Control, n = 12 364.4 ± 3.5 362.3 ± 3.8 358.7 ± 2.9 353.4 ± 4.3 349.7 ± 5.2
RIPostC, n = 12 366.8 ± 3.1 364.8 ± 3.6 363.5 ± 3.2 357.6 ± 4.1 351.5 ± 4.9

DISCUSSION
Literature data suggest that RIPostC has a pro-

found infarct-limiting effect [7]. The results obtained 
in our research confirmed these data. Literature data 
indicate that the cardioprotective effect of RIPostC 
is associated with the activation of protein kinase C, 
MEK-kinase, and PI3-kinase [7, 11, 12]. Based on 
these data, we suggested that these kinases can be 
involved in the mechanism of the infarct-limiting ef-
fect of RIPostC. Indeed, according to the results ob-
tained, protein kinase C and PI3-kinase are involved 
in the mechanism of the cardioprotective effect of  
RIPostC, which indicated the similarity of the mole- 
cular mechanisms of preconditioning and RIPostC.   

According to some data, the cardioprotective effect 
of RIPostC is a consequence of the appearance of a 
hydrophobic peptide with a molecular weight of 30 
kDa in the blood of experimental animals; this sub-
stance is released into the blood from ischemic limbs 
[13]. The researchers suggest that this humoral fac-
tor differs from the known endogenous peptides with 
infarct-limiting effect (opioid peptides, bradykinin) 
and significantly exceeds them in molecular weight.  
Several studies showed that RIPostC has a neuropro-
tective effect [14]. Therefore, it can be asserted that a 
distinctive feature of the humoral factor is its ability to 
penetrate the blood – brain barrier. It can be assumed 
that the cardioprotective effect of RIPostC may be as-
sociated with central mechanisms as well. In turn, to 
date, there is no clear understanding of what molecu-
lar mechanisms underlie the effect of RIPostC.    

CONCLUSION
The presented data indicate that remote ischemic 

postconditioning can increase the resistance of the 
heart to reperfusion injury. The infarct-limiting effect 
of RIPostC is implemented through the activation of 
protein kinase C and PI3-kinase. 

REFERENCES
1.	 Vaidya S.R., Devarapally S.R., Arora S. Infarct related artery 

only versus complete revascularization in ST-segment ele-
vation myocardial infarction and multi vessel disease: a me-

ta-analysis. Cardiovasc. Diagn. Ther. 2017; 7 (1): 16–26. DOI: 
10.21037/cdt.2016.08.06.

2.	 Zhou Y., Chen S., Zhu X., Gui J., Abusaada K. Prior beta 
blockers use is independently associated with increased in 
patient mortality in patients presenting with acute myocardial 
infarction. Int. J. Cardiol. 2017; 243: 81–85. DOI: 10.1016/j.
ijcard.2017.03.004. 

3.	 McCartney P.J., Berry C. Redefining successful primary PCI. 
Eur. Heart J. Cardiovasc. Imaging. 2019; 20 (2): 133–135. 
DOI: 10.1093/ehjci/jey159. 

4.	 Ndrepepa G. Improving myocardial injury, infarct size, and 
myocardial salvage in the era of primary PCI for STEMI. 
Coron. Artery Dis. 2015; 26 (4): 341–355. DOI: 10.1097/
mca.0000000000000220. 

5.	 Maslov L.N., Barbarash O.L. Pharmacological Approaches to 
Limiting the Infarct Zone Size in Patients with Acute Myo-
cardial Infarction: Analysis of Clinical Data. Experimental and 
Clinical Pharmacology. 2018; 81 (3): 75–82 (in Russ.). DOI: 
10.30906/0869-2092-2018-81-3-34-41. 

6.	 Kerendi F., Kin H., Halkos M.E., Jiang R., Zatta A.J., Zhao 
Z.Q., Guyton R.A., Vinten-Johansen J. Remote postcondi-
tioning. Brief renal ischemia and reperfusion applied before 
coronary artery reperfusion reduces myocardial infarct size 
via endogenous activation of adenosine receptors. Basic Res. 
Cardiol. 2005; 100 (5): 404–412. DOI: 10.1007/s00395-005-
0539-2. 

7.	 Heusch G. Molecular basis of cardioprotection: signal transduc-
tion in ischemic pre-, post-, and remote conditioning. Circ. Res. 
2015; 116 (4): 674–699. DOI: 10.1161/circresaha.116.305348. 

8.	 Maslov L.N., Naryzhnaya N.V., Tsibulnikov S.Yu., Kolar F., 
Zhang Y., Wang H., Gusakova A.M., Lishmanov Yu.B. Role 
of endogenous opioid peptides in the infarct size-limiting effect 
of adaptation to chronic continuous hypoxia. Life Sci. 2013; 93 
(9–11): 373–379. DOI: 10.1016/j.lfs.2013.07.018.

9.	 Maslov L.N., Lishmanov Yu.B., Oeltgen P.R., Barzakh E.I., 
Krylatov A.V., Govindaswami M.,  Brown S.A. Activation 
of peripheral δ2 opioid receptors increases cardiac tolerance 
to ischemia/reperfusion injury: Involvement of protein kinase 
C, NO-synthase, KATP channels and the autonomic nervous 
system. Life Sci. 2009; 84 (19–20): 657–663. DOI: 10.1016/j.
lfs.2009.02.016.  

10.	Fettiplace M.R., Kowal K., Ripper R., Young A., Lis K., 
Rubinstein I., Bonini M., Minshall R., Weinberg G. Insulin 
signaling in bupivacaine-induced cardiac toxicity: sensiti-
zation during recovery and potentiation by lipid emulsion. 
Anesthesiology. 2016; 124 (2): 428–442. DOI: 10.1097/
aln.0000000000000974. 

11.	Cohen M.V., Downey J.M. Signalling pathways and mech-
anisms of protection in pre- and postconditioning: historical 



10 Bulletin of Siberian Medicine. 2021; 20 (4): 6–10

__________________________

Authors information 
Mukhomedzyanov Aleksander V., Junior Researcher, Laboratory of Experimental Cardiology, Cardiology Research Institute, Tomsk 

NRMC, Tomsk, Russian Federation. ORCID 0000-0003-1808-556X.
Naryzhnaya Natalya V., Dr. Sci. (Med.), Leading Researcher, Laboratory of Experimental Cardiology, Cardiology Research Institute, 

Tomsk NRMC,  Tomsk, Russian Federation. ORCID 0000-0003-2264-1928.
Maslov Leonid N., Dr. Sci. (Med.), Professor, Head of the Laboratory of Experimental Cardiology, Cardiology Research Institute, 

Tomsk NRMC, Tomsk, Russian Federation. ORCID 0000-0002-6020-1598.

(*)  Mukhomedzyanov Aleksander V., e-mail: sasha_m91@mail.ru

Received 20.08.2020
Accepted 28.12.2020

perspective and lessons for the future. Br. J. Pharmacol. 2015; 
172 (8): 1913–3192. DOI: 10.1111/bph.12903. 

12.	Hausenloy D.J., Yellon D.M. Ischaemic conditioning and 
reperfusion injury. Nat. Rev. Cardiol. 2016; 13 (4): 193–209. 
DOI: 10.1038/nrcardio.2016.5.  

13.	Breivik L., Helgeland E., Aarnes E.K., Mrdalj J., Jonassen 
A.K. Remote postconditioning by humoral factors in effluent 
from ischemic preconditioned rat hearts is mediated via PI3K/

Akt-dependent cell-survival signaling at reperfusion. Basic 
Res. Cardiol. 2011; 106 (1): 135–145. DOI: 10.1007/s00395-
010-0133-0.

14.	Liang D., He X.B., Wang Z., Li C., Gao B.Y., Wu J.F., Bai 
Y.L. Remote limb ischemic postconditioning promotes motor 
function recovery in a rat model of ischemic stroke via the 
up-regulation of endogenous tissue kallikrein. CNS Neurosci. 
Ther. 2018; 24 (6): 519–527. DOI: 10.1111/cns.12813.

 Mukhomedzyanov A.V., Naryzhnaya N.V., Maslov L.N. The role of protein kinase C and PI3-kinase in the mechanism



11

ORIGINAL ARTICLES

УДК 618.15-085.37.017:618.15-006.52
https://doi.org/10.20538/1682-0363-2021-4-11-17

The effect of vaginal probiotic therapy on the outcome of papillomavirus 
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ABSTRACT

Aim. To study the effect of vaginal probiotic therapy on the outcome of human papillomavirus (HPV) infection.

Materials and methods. The study included HPV-infected patients: 29 patients with normal vaginal flora and 
146 patients with a deficiency of vaginal lactobacilli, of which 117 patients received vaginal probiotic therapy. 
In samples obtained before and after the therapy, the effect of the probiotic on the change in the ratio of living, 
apoptotic, and necrotic vaginal epithelial cells after preliminary exposure to oxidative stress was studied.

Results. It was found that probiotics reduce the number of infected epithelial cells that survived the oxidative 
damage and shift the balance of cell death forms towards apoptosis. Vaginal probiotic therapy in patients with a 
deficiency of lactobacilli increased the frequency of HPV elimination by 2.5 times and reduced the likelihood of 
treatment failure from 1.5 to 4 times, depending on the viral load. The probiotic therapy made the structure of HPV 
outcomes in Lactobacillus-deficient patients similar to that in patients with normal vaginal flora.

Conclusion. Vaginal probiotic therapy improves outcomes of HPV infection in patients with a deficiency of 
lactobacilli by reducing the number of survived infected cells and shifting the cell death pattern towards apoptosis.

Key words: apoptosis, epithelial cells, human papillomavirus, lactobacilli, Lactobacillus casei subsp. rhamnosus 
LCR35, probiotics, vagina.
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РЕЗЮМЕ 

Цель – оценить влияние интравагинальной пробиотической терапии на течение папилломавирусной 
инфекции. 

Материалы и методы. Исходы папилломавирусной инфекции оценивали у 29 пациенток с нормоценозом и 
146 – с дефицитом нормофлоры, из них 117 женщин дополнительно интравагинально получали пробиотик. 
В пробах, полученных до и после терапии, изучали соотношение живых, апоптотических и некротических 
вагинальных эпителиоцитов после предварительной стимуляции апоптоза пероксидом водорода.

Результаты. Пробиотики снижают количество выживших инфицированных клеток и смещают баланс 
форм клеточной гибели в сторону апоптоза. Применение пробиотика у пациенток с дефицитом лактофлоры 
увеличило частоту элиминации вируса папилломы в 2,5 раза и повысило эффективность терапии в 1,5– 
4 раза в зависимости от вирусной нагрузки. Пробиотическая терапия у пациенток с дефицитом лактобацилл 
приблизила структуру исходов папилломавирусной инфекции к таковой группы пациенток с нормоценозом. 

Заключение. Интравагинальная пробиотическая терапия улучшает исходы папилломавирусной инфекции 
у пациенток с дефицитом лактофлоры за счет снижения количества выживших инфицированных клеток и 
смещения структуры клеточной смерти в сторону апоптоза.

Ключевые слова: Lactobacillus casei subsp. rhamnosus LCR35, апоптоз, вирус папилломы человека, влага-
лище, лактобациллы, пробиотик, эпителиальные клетки.
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INTRODUCTION

Human papillomavirus (HPV) is the most common 
sexually transmitted infection which contributes to 
the development of female genital tract cancer [1]. In 
most cases, papillomavirus is successfully eliminated, 
but in about 10% of infected women, HPV persists 
and can cause HPV-associated diseases of the geni-
tal tract, including cervical cancer [2]. It is not com-

pletely clear why HPV is eliminated in some cases but 
persists in other. Some of the likely reasons for this 
include individual differences in the state of the muco-
sal immune system [2, 3] and features of the microbial 
flora in the genital organs. 

Sexually transmitted infections and bacterial vag-
inosis, in which the species composition of microor-
ganisms in the vagina changes significantly, create a 
suitable environment for expansion of the virus [4–6] 
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and development of HPV-associated precancerous 
conditions and cancer [7]. The main manifestation of 
the imbalance in the vaginal microbial ecosystem is 
a pronounced deficiency of lactobacilli which protect 
the female reproductive tract from many pathogens, 
including viruses due to production of antimicrobial 
compounds and modulation of the mucosal immune 
system [2, 5]. 

Therefore, the concept of modifying vaginal bacte-
rial communities using pre- and probiotics as a poten-
tial prospect for HPV infection management is widely 
discussed [8].  There are already successful examples 
of using probiotics for elimination of pathogens. In 
particular, the use of probiotics can prevent recurrence 
of vaginal yeast infection or bacterial vaginosis and 
increase the efficiency of metronidazole therapy for 
Trichomonas vaginalis; however, data on the possi-
bility of using probiotics to control HPV infection are 
controversial.

The aim of the study was to investigate the effect of 
vaginal probiotic therapy on the progression of HPV 
infection. To achieve this aim, we studied how vaginal 
probiotic therapy affects the survival rate and the cell 
death pattern in primary cultures of vaginal epithelial 
cells, as well as the outcome of HPV infection.

MATERIALS AND METHODS
The study was conducted in accordance with the 

standards of good clinical practice and the principles 
of the Declaration of Helsinki, with the approval of 
the Human Research Ethics Committee at Orenburg 
State Medical University of the Ministry of Health of 
Russia (Protocol No. 149 of 05.10.2016). The study 
included 175 female patients with HPV infection who 
met the inclusion and exclusion criteria. The inclusion 
criteria were the following: high-oncogenic-risk HPV 
infection; age 18–40 years; a written informed consent 
to participate in the research and take pharmaceuticals. 
The exclusion criteria: smoking; immunodeficien-
cy disorders; somatic symptom disorders at sub- and 
decompensated stages; menstrual dysfunction; preg-
nancy and lactation; taking hormonal contraceptives; 
individual allergic reaction to the drugs used in the 
study; therapy with antimicrobials or immunomodu-
lators during the month preceding the study; a need 
for destructive methods of treating cervical pathology.

All the patients were treated with Allokin-Alpha® 
(State Research Institute of Highly Pure Bioprepara-
tions of the Federal Medical and Biological Agency) 
according to the following scheme: 1 mg subcutane-
ously, every other day, 6 injections per course, accor- 

ding to the manufacturer’s instructions. In addition, 
patients with a deficiency of vaginal lactobacilli re-
ceived a vaginal probiotic Lactoginal® (Laboratoires 
LYOCENTRE, SAS, France) containing Lactobacil-
lus casei subsp. rhamnosus LCR35 for 21 days ac-
cording to the following scheme: 1 capsule 2 times 
a day for 7 days, then 1 capsule once a day for 14 
days. The control group included 29 patients with a 
deficiency of vaginal lactobacilli who refused from 
vaginal probiotic therapy and received only immu-
nomodulatory therapy. In accordance with the initial 
viral load, the patients were divided into three groups: 
1) HPV ≤ 103 cells, 2) HPV 104–5 cells, 3) HPV > 105 

cells, which were additionally divided into subgroups 
in accordance with the state of the vaginal flora: 1) 
normal flora; 2) flora deficient in lactobacilli.

Before treatment, all patients underwent a gyne-
cological examination, cytology, and colposcopy, as 
well as an examination of the vaginal flora; the HPV 
copy number was measured, and the ratio of living, 
apoptotic, and necrotic vaginal epithelial cells was as-
sessed. One month after the start of the treatment, the 
state of normal flora and the ratio of living, apoptotic, 
and necrotic vaginal epithelial cells were studied. Six 
months after the treatment, a gynecological examina-
tion, cytology, and colposcopy were carried out, and 
the HPV viral load was measured. All studies were 
performed on day 7–8 of the menstrual cycle. The 
progression of HPV infection was assessed by chan- 
ges in the viral load and the cytology and colposcopy 
findings.

The presence and level of HPV were determined 
using a reagent kit for real-time polymerase chain 
reaction (PCR) manufactured by Lytech LLC (Rus-
sian Federation) on the MiniOpticon detection sys-
tem (Bio-Rad, USA). The state of normal flora was 
assessed using the Nugent and Hay / Ison criteria and 
the number of bacteria of the genus Lactobacillus, de-
termined by plating bacteria on MRS agar and then 
culturing in an atmosphere of 5% СО2 for 48 hours. 
The belonging of microorganisms to the genus Lac-
tobacillus was confirmed by real-time PCR with ge-
nus-specific primers [9].

The primary culture of stratified squamous epithe-
lial cells was obtained by scraping the vaginal por-
tion of the cervix after removing exfoliated cells with 
sterile normal saline. The cultures were transported in 
thermal containers in 1 ml of Hanks’ Balanced Salt 
Solution (HBSS). To eliminate the accompanying 
microbial flora, the epithelial cells were washed once 
with a tenfold volume of phosphate-buffered saline.
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The state of the epithelial cells was assessed after 
preliminary stimulation of apoptosis by triple expo-
sure to Н2О2 (50 µM) with an interval of 1 hour [10]. 
The ratio of apoptotic, living, and necrotic cells was 
determined by fluorescence microscopy using a kit 
containing Annexin V–Fluorescein with Propidium 
Iodide (BioVision, USA) according to the manufac-
turer’s instructions.

Data are presented as absolute and relative (abs. 
(%)) incidence (outcomes of infection) and mean and 
standard deviation (state of epithelial cells). GraphPad 
Prism 6.0 software was used for statistical analysis 
and normal distribution testing. Normality of data dis-
tribution was tested using the Kolmogorov – Smirnov 
test. To assess the significance of differences between 

the incidence of different outcomes, the Fisher’s exact 
test was used. The Mann – Whitney test was used for 
the ratio of apoptotic, living, and necrotic cells. The 
threshold for the statistical significance was set as a 
two-tailed p-value of 0.05.

RESULTS
Depending on the results of determining the viral load 

and the state of the vaginal flora, the patients were divid-
ed into the following groups: 29 patients with a normal 
number of lactobacilli and 29 patients with a deficiency 
of lactobacilli, who refused from probiotic therapy and 
were treated with immunomodulators, as well as 117 pa-
tients with a deficiency of vaginal lactobacilli receiving 
both immunomodulatory and probiotic therapy.

T a b l e

Characteristics of patients according to the state of normal flora, HPV viral load, and the type of therapy

Viral load,  
DNA copies / 105 cells

Number of patients
Totalwith a deficiency of lactobacilli with a normal number of 

lactobacillitreated without probiotics treated with probiotics

≤103 47
13 (21.67%) 60

9 (15.00%) 38 (63.33%)

104–5 52
9 (14.75%) 61

11 (18.03%) 41 (67.21%)
47

38 (70.37%)
>105 9 (16.67%) 54

No significant differences in the basic demogra- 
phic and anthropometric parameters between the 
groups were identified. By the end of the study, 6 
women had dropped out: 4 due to failure to appear for 
the final follow-up examination and 2 (HPV> 105) due 
to indications for destructive therapy. Therefore, data 
on the structure of HPV outcomes will be presented 
for 141 patients in the treatment group and 28 patients 
in the control group.

Effect of probiotic therapy on the ratio of living, 
apoptotic, and necrotic vaginal epithelial cells

In samples from the patients with lactobacilli defi-
ciency receiving probiotic therapy, the proportion of 
living infected cells remained practically unchanged, 
while the proportion of apoptotic cells increased, and 
the proportion of necrotic cells decreased (Fig.1). 
These processes were more pronounced in patients 
with high viral load. 

In samples obtained from the patients with lacto-
bacilli deficiency who refused from probiotic therapy 
(except for those who had high viral load), an increase 
in the survival rate of infected cells was observed  
(Fig.1). Reduction of the number of dead cells took 

place due to a decrease in necrosis, while the relative 
proportion of apoptotic cell death increased (Fig. 1). In 
the group of patients with high viral load, the changes 
were minimal and did not have statistical significance.

Therefore, inclusion of probiotics in the combina-
tion therapy for HPV infection prevented an increase 
in the proportion of survived infected cells and shifted 
the balance of cell death forms towards apoptosis.

Effect of vaginal probiotic therapy on outcomes  
of HPV infection

The results of a final follow-up examination  
(6 months after the beginning of the observation) 
showed that the state of the normal flora in the va-
gina affects the outcomes of HPV infection. There-
fore, the frequency of complete HPV elimination in 
patients with normal flora was 2–2.5 times higher than 
in patients with deficiency of lactobacilli who did not 
receive probiotic therapy (Fig. 2). Vaginal probio- 
tic therapy in patients with deficiency of lactobacilli 
caused an increase in the frequency of HPV elimina-
tion by 2.5 times and reduced the likelihood of therapy 
failure from 1.5 to 4 times, depending on the viral load 
(Fig. 2). 

Oleynik V.V., Kremleva E.A., Sgibnev A.V. The effect of vaginal probiotic therapy on the outcome of papillomavirus infection
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Fig. 1. Change in the ratio of living, apoptotic, and necrotic 
vaginal epithelial cells under the effect of therapy: Y-axis – 
compared with the baseline level (before therapy), %; X-axis –  
type of therapy: without a probiotic (1), with a probiotic (2).  
Baseline viral load, DNA copies / 105 epithelial cells: ≤103 (а), 

104–5 (b), >105 (c)

Fig. 2. Structure of HPV infection outcomes. Y-axis – 
proportion of outcomes, %; X-axis – the state of normal flora 
and the type of therapy: lactobacilli deficiency, without a 
probiotic (1), normal flora, without a probiotic (2), deficiency 
of lactobacilli, with a probiotic (3). Baseline viral load, DNA 

copies / 105 epithelial cells: ≤103 (а), 104–5 (b),;  >105 (c) 
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The structure of HPV infection outcomes in Lac-
tobacillus-deficient patients receiving probiotic the- 
rapy was similar to that in the group of patients with 
normal flora, and sometimes even exceeded it. Thus, 
inclusion of vaginal probiotic therapy in treatment of 
HPV-associated diseases improves their outcomes.

DISCUSSION
Therefore, the use of probiotics in Lactobacil-

lus-deficient HPV-infected patients increases the like-
lihood of virus elimination. This effect can be deter-
mined by several mechanisms. Firstly, the stimulating 
effect of probiotics on synthesis of host defense fac-
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tors [11] and an increase in their biological activity is 
known [12]. Secondly, metabolites of probiotic strains 
have a direct antiviral effect [13]. Thirdly, lactobacilli 
are able to selectively suppress cancer epithelial cells 
by increasing apoptosis without affecting healthy epi- 
thelial cells [14]. Our study showed that probiotic 
therapy also reduced the survival rate of infected cells 
by increasing apoptosis, while the proportion of other 
cell death forms decreased. At the same time, the shift 
in the balance of cell death forms towards apoptosis 
was most pronounced in samples obtained from pa-
tients with high viral load. Apparently, the shift in the 
cell death pattern from necrosis to apoptosis is also 
important for the elimination of the virus. It is known 
that necrosis, unlike apoptosis, is accompanied by the 
release of inflammatory mediators [15], and this ad-
versely alters the environment of lactobacilli [16] and 
induces carcinogenesis [17].

We found that the effect of a probiotic containing 
the LCR35 strain on HPV elimination is similar to the 
effect of normal flora and even slightly exceeds it. 
Perhaps this is determined by a higher concentration 
of lactobacilli during vaginal use of the probiotic or 
individual features of the probiotic strain LCR35. The 
first hypothesis is supported by the data that an oral 
probiotic does not affect HPV outcomes [18], since it 
cannot provide the required level of lactobacilli in the 
vagina. The second hypothesis is supported by data on 
the ability of the probiotic strain LCR35 to potentiate 
the effect of antimicrobial drugs and significantly in-
crease the likelihood of pathogen elimination [19]. In 
addition, a direct inhibitory effect of surfactants and 
lactate produced by the probiotic strain on reproduc-
tion of the papilloma virus is possible [11, 20].

CONCLUSION
Therefore, vaginal probiotic therapy improves the 

outcomes of HPV infection by reducing the number of 
survived infected cells and shifting the balance of cell 
death  forms towards apoptosis.
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Clinical and morphological phenotypes in intrathoracic sarcoidosis
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ABSTRACT

Aim. To study clinical and morphological phenotypes in different variants of the course of intrathoracic sarcoidosis 
and isolate new phenotypes.

Materials and methods. The study included 121 patients with intrathoracic sarcoidosis aged 21–66 years (50.4% 
were men, 49.6% were women, the average age at the time of the disease onset was 38 years) over the period 2007–
2019. During the examination, patients’ complaints were studied thoroughly, and the diagnosis was histologically 
verified in all cases. During an extended histological examination, the quantitative and qualitative composition 
of biopsy specimens was investigated. The number of granulomas in the field of vision and the content of giant 
cells, macrophages, lymphocytes, neutrophils, and eosinophils in them were studied. Qualitative parameters were 
assessed for the presence of hyalinosis, Schaumann bodies, necrosis, stamping, calcification, fibrosis, and vasculitis. 
All patients were retrospectively divided into two clinical groups depending on the outcomes of the disease: group 
1 included patients with a favorable course of sarcoidosis, proceeding without relapses and signs of progression; 
group 2 encompassed patients with an unfavorable course of the disease with relapses and progression, requiring 
long-term administration of systemic glucocorticoids.

Results. The analysis showed that among all general clinical manifestations, only the presence of dyspnea, skin 
manifestations, and weight loss occurred significantly more often in the patients with an unfavorable course of in-
trathoracic sarcoidosis (р = 0.04; 0.02; and 0.01, respectively). Among morphological parameters, a large number 
of macrophages was significantly more frequent in the biopsy specimens in this group of patients (р < 0.01).

Key words: sarcoidosis, morphology, phenotypes of intrathoracic sarcoidosis.
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Клинико-морфологические фенотипы при внутригрудном саркоидозе
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РЕЗЮМЕ

Цель – изучить клинические и морфологические параллели при разных вариантах течения саркоидоза 
органов дыхания с выделением новых фенотипов.

Материалы и методы. В исследование включен 121 пациент с саркоидозом органов дыхания в возрасте 
21–66 лет (50,4% мужчин и 49,6% женщин, средний возраст обследованных на момент дебюта заболевания 
составил 38 лет) в период наблюдения 2007–2019 гг. В ходе обследования детально изучались жалобы 
пациентов, диагноз подтвержден гистологически во всех случаях. При расширенном гистологическом 
исследовании изучался количественный и качественный состав биоптата. Исследовалось количество 
гранулем в полях зрения, а также содержание в них таких показателей, как гигантские клетки, макрофаги, 
лимфоциты, нейтрофилы и эозинофилы. Оценивались качественные параметры на наличие гиалиноза, те-
лец Шауманна, некроза, штампованности, кальциноза, фиброза и васкулита. Все пациенты ретроспектив-
но были разделены на две клинические группы в зависимости от исходов заболевания. В первую группу 
вошли пациенты с благоприятным течением саркоидоза, протекающим без рецидивов и признаков про-
грессирования; во вторую – с неблагоприятным течением заболевания, с рецидивами и прогрессированием, 
потребовавшие курсового и длительного назначения системных глюкокортикостероидов. 

Результаты. Проведенный анализ показал, что среди всех общих клинических проявлений только наличие 
одышки, кожные проявления и потеря веса встречались достоверно чаще у пациентов с неблагоприятным 
течением внутригрудного саркоидоза (р = 0,04; 0,02 и 0,01 соответственно). Из морфологических параме-
тров у этой группы пациентов в биоптатах значимо чаще встречалась бо́льшая численность макрофагов  
р < 0,01).

Заключение. Предикторами неблагоприятного течения саркоидоза органов дыхания являются повышенная 
численность макрофагов в биоптате и более значимая потеря веса пациента. 

Ключевые слова: саркоидоз, морфология, фенотипы внутригрудного саркоидоза.
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INTRODUCTION
Sarcoidosis is a granulomatous disease with char-

acteristic granulomas in the lungs, lymph nodes, and 
other organs. It is known that the gold standard for 
making the diagnosis of sarcoidosis is biopsy taken 
from the affected lesion [1–3]. Granulomas are mainly 

composed of epithelioid cells, lymphocytes, and giant 
cells. Alveolar macrophages, neutrophils, and eosino-
phils are also involved in the formation of granulomas. 
In the cytoplasm of giant cells, cholesterol-containing 
crystalloid inclusions, asteroid bodies, and calcified 
Schaumann bodies are often found [3, 4].
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 Immunopathological processes occurring in the 
patient’s body determine not only the clinical course, 
but also the prognosis of the disease. When assessing 
the course of sarcoidosis, an integrated approach is 
required, taking into account the clinical and morpho-
logical manifestations of the disease. Sarcoidosis is an 
extremely heterogeneous disease with an unpredic- 
table clinical course [5].

Intensive studies on sarcoidosis in recent years 
have led to doubts about the correctness of criteria 
for assessing the course of the disease. Opinions have 
been increasingly expressed that, when assessing the 
course of sarcoidosis, it is necessary to abandon the 
generally accepted radiographic staging system and 
take into account a set of parameters [6]. In this re-
gard, in recent years, much attention has been paid to 
isolating phenotypes in sarcoidosis. In the literature, 
there are few works on assessment of morphological 
parameters for predicting the course of sarcoidosis [6, 
7]. Basically, the search for prognostic markers of sar-
coidosis is based on laboratory and instrumental data. 
A number of scientists have investigated bronchoalve-
olar lavage and its cellular composition to determine 
the activity of intrathoracic sarcoidosis [8–10]. Other 
researchers have studied various parameters of blood 
serum [11–13]. 

Current research is focused on the study of histo-
compatibility complex genes. Since the accurate diag-
nosis of sarcoidosis is based on the results of a histo-
logical examination, it is necessary to look for reliable 
morphological markers that would reflect a relation-
ship with the clinical manifestations of the disease, 
and, possibly, isolation of any new phenotypes. It is 
quite likely that for each clinical variant of the disease, 
there is a combination of morphological parameters 
which will make it possible to distinguish groups of 
patients with an unfavorable and recurrent course of 
intrathoracic sarcoidosis. In the future, it will allow 
to predict the course and outcome of the disease, as 
well as to prescribe therapy at an earlier stage with in-
effective follow-up, since clinically silent pulmonary 
sarcoidosis can have fatal consequences. Therefore, a 
more detailed study of the morphometric parameters 
of granulomas is necessary, which will make it possi-
ble to predict the course of sarcoidosis and distinguish 
various clinical and morphological phenotypes of the 
disease.

The aim of the study was to investigate clinical and 
morphological characteristics in different variants of 
the course of intrathoracic sarcoidosis and isolate new 
phenotypes of the disease.

MATERIALS AND METHODS
The study included 121 patients with intrathorac-

ic sarcoidosis aged 21–66 years (50.4% were men, 
49.6% were women, the average age of the patients 
at the time of the disease onset was 38 years). The pa-
tients were examined at the Department of Pulmonol-
ogy and Consultative and Diagnostic Clinic of Tomsk 
Regional Clinical Hospital in 2007–2019. A written 
informed consent was obtained from all patients who 
took part in the study. Visits to the sarcoidologist took 
place according to the Federal Clinical Guidelines 
[14]. All patients underwent a full range of examina-
tions, including analysis of medical history and clini-
cal and epidemiological data, as well as instrumental 
and laboratory methods.

 During the examination, patients’ complaints were 
studied thoroughly. In 100% of cases, we performed 
videothoracoscopy with targeted biopsy from the af-
fected lesion in the lungs and from the intrathoracic 
lymph nodes with subsequent pathomorphological 
study of the specimens. The diagnosis was histolo- 
gically verified in all patients. During the histological 
examination, the quantitative and qualitative compo-
sition of the biopsy specimens was studied. Using vi-
sual microscopy (Leica DM 3000 microscope, Leica 
Microsystems, Germany), the total number of cells 
was counted in 10 fields of view at 100-fold magnifi-
cation according to the generally accepted technique. 
The number of granulomas in the fields of vision and 
the content of giant cells, macrophages, lymphocytes, 
neutrophils, and eosinophils in them (% from 100 in 
the field of vision) were studied. Such morphological 
signs as hyalinosis, the presence of Schaumann bo- 
dies, necrosis, stamping, calcification, fibrosis, and 
vasculitis were assessed qualitatively. 

Calcification and vasculitis in biopsy specimens 
were extremely rare; they were observed only in 2 
cases. No fibrosis was found in the studied material. 
In this regard, these parameters were not taken into ac-
count in further calculations. All patients were retro-
spectively divided into two clinical groups depending 
on the outcomes of the disease during the observation 
period 2007–2019 (6.4 to 11.6 years). The first group 
included patients with a favorable course of sarcoi- 
dosis, proceeding without relapses and signs of pro-
gression (clinical, radiologic, and functional), without 
the use of systemic glucocorticoids (SGC) or their ac-
cidental prescription in small doses and a short course 
(85 people in total, 35 men and 50 women). The se- 
cond group consisted of patients with an unfavorable 
course of the disease, with relapses and progression, 
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who required a course of long-term CGS administra-
tion (a total of 36 people, 26 men and 10 women). 
The patient groups were matched by sex and age. The 
criteria for exclusion from the study were severe co-
morbidities in patients, such as chronic heart failure, 
complicated or decompensated diabetes mellitus, can-
cer, tuberculosis, kidney disease with kidney failure, 
and other lung diseases with respiratory failure deter-
mined by pulseoximetry.

Statistical processing of the data was carried out 
using Statistica 10.0 software (StatSoft, USA). To 
compare two independent samples, the nonparametric 
Mann – Whitney test was used, the mean values ​​were 
calculated; a nonparametric cross tabulation analysis 
was performed with the calculation of the Pearson’s 
χ2 contingency coefficient. If the expected phenome-
non had a value from 5 to 9, the Pearson’s χ2 test was 
performed with Yates’ correction. If the expected phe-
nomenon was less than 5, the Fisher’s exact test was 
used for the analysis. Statistical calculations included 
Spearman’s rank-order correlation, association ana- 
lysis, and intergroup difference analysis. The strength 
of correlations was characterized by a weak positive 
relationship at values ​​of r from 0.18 to 0.26; by a mo- 
derate positive relationship at r from 0.28 to 0.44; by 
a weak negative relationship at r from –0.18 to –0.26; 
and a moderate negative relationship at r from –0.28 
to –0.44. The analysis of the confidence intervals (CI) 
of the compared parameters was carried out with the 
determination of the values ​​of the upper and lower 
quantiles, and the risk ratio (RR) was calculated. The 
differences were considered statistically significant at 
p < 0.05.

RESULTS
The analysis of clinical symptoms in the examined 

patients revealed a variety of complaints: asthenic 
syndrome of varying severity (41.3% of cases), sweat-
ing (29.8% of cases), dyspnea (24% of cases), cough 
(48% of cases), chest pain (18.2% of cases), heart ar-
rhythmia (20% of cases), pain in the joints (18.2% of 
cases), any skin manifestations, except for lupus per-
nio (21.5% of cases), altered peripheral lymph nodes 
(18.2% of cases), weight loss (13%), fever (29.8%). 
The acute course of sarcoidosis in the form of Löf-
gren’s syndrome occurred in only 8.3% of cases (of 
which 6.6% of patients belonged to the group with a 
favorable course of the disease and 1.7% of patients 
were from the group with an unfavorable course of 
sarcoidosis without a significant difference), in most 
cases the disease had a chronic course. 

The inter-group analysis showed that among all 
the general clinical manifestations, only the pres-
ence of dyspnea, skin manifestations, and weight 
loss occurred statistically significantly more often 
in patients with an unfavorable course of sarcoidosis  
(p = 0.04, 0.02, and 0.01, respectively). It should also 
be noted that in patients with an unfavorable course of 
sarcoidosis, bronchitis was also more common at the 
onset of the disease (p = 0.05, chi2 = 3.57). For the 
rest of the complaints in the vast majority of patients, 
no significant differences between the groups were  
detected.

The findings of our study allowed us to note that 
one of the most typical symptoms for sarcoidosis of 
any course was weight loss. It was found that in the 
group of patients with a favorable course of the dis-
ease, weight loss was small – on average, up to 1 kg. 
On the contrary, with an unfavorable course of sar-
coidosis, patients had a more pronounced weight loss 
of 4 kg or more (up to a maximum of 40 kg). It was 
established that the presence of weight loss increased 
the risk of developing an unfavorable course of sar-
coidosis by more than 3 times: RR 3.6, 95% CI 2.3–
5.6. The data are presented in Table 1.

T a b l e  1

The presence of weight loss in intrathoracic sarcoidosis  
in the groups, М ± m

Parameter Favorable course
(n = 85)

Unfavorable course
(n = 36) р

Weight loss in 
kilograms 0.34 ± 0.19 3.94 ± 1.7 0,01

In accordance with the stated aim of the study, 
we compared the data of morphological studies in 
patients with different variants of the course of intra-
thoracic sarcoidosis. Quantitative differences between 
the groups in terms of the number of macrophages, 
lymphocytes, and neutrophils in the biopsy specimens 
were identified. The presence of qualitative features 
did not differ significantly between the groups. The 
data are presented in Tables 2 and 3.

It was noted that in patients with an unfavorable 
course of the disease, a greater number of macro-
phages in the biopsy specimens was significantly 
more frequent. In patients with a favorable course 
of the disease, a larger number of lymphocytes and 
neutrophils was more common. It was found that the 
predominance of macrophages in the biopsy mate-
rial increased the risk of developing an unfavorable 
course of sarcoidosis by 1.4 times: RR 1.4, 95%  
CI 0.8–2.5.
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T a b l e  2

Quantitative morphological parameters of biopsy specimensin the groups throughout the course of sarcoidosis, М ± m
Parameter Favorable course (n = 85) Unfavorable course (n = 36) р

Granulomas, number in the field of vision 1.47 ± 0.1 1.6 ± 0.15 0.492642
Giant cells, %/100 in the field of vision 1.17 ± 0.11 1.33 ± 0.18 0.499801
Macrophages, %/100 in the field of vision 65.5 ± 1.8 78.5 ± 2.1 0.000041**
Lymphocytes, %/100 in the field of vision 30 ± 1.5 19.2 ± 1.8 0.000076**
Neutrophils, %/100 in the field of vision 3.36 ± 0.4 1.3 ± 0.4 0.001734**
Eosinophils, %/100 in the field of vision 1.0 ± 0.2 0.6 ± 0.27 0.225057

* р < 0.05; ** р < 0.01.

T a b l e  3

Manifestations of activity according to morphological studies in the groups throughout the course of sarcoidosis

Sign
Favorable course Unfavorable course

Statistical analysispresent absent present absent
абс. % абс. % абс. % абс. %

Hyalinosis 36 42.4 49 57.6 18 50 18 50 р = 0.44
χ2 = 0.60

Necrosis 18 21.2 67 78.8 8 22.2 28 77.7
p = 0.89

χ2 = 0.02*
Yates’ = 0.01

Schaumann bodies 14 16.5 71 83.5 10 27.8 26 72.2 p = 0.15
χ2 = 2.03

Stamping 44 51.8 41 48.2 20 55.6 16 44.4 p = 0.70
χ2 = 0.15

Total 85 36

* χ2 (Chi-square test)

Therefore, it is obvious that the unfavorable course 
of intrathoracic sarcoidosis is accompanied by an in-
creased number of macrophages in the histological  
examination of the biopsy specimens and great-
er weight loss in patients. A favorable course of the  
disease is associated with a relative weight loss (less 
than 1 kg) and a larger number of neutrophils and lym-
phocytes in the biopsy material.

DISCUSSION
A comprehensive analysis of clinical symptoms 

and morphological data between the groups different 
in the course of the disease showed that the cellular 
composition of granulomas is of great importance in 
assessing the prognosis of sarcoidosis. The analysis in 
the groups revealed that a significantly larger number 
of macrophages in the biopsy specimens was observed 
with an unfavorable and recurrent course of intratho-
racic sarcoidosis. Macrophages are known to play an 
essential role in implementation of the immune re-
sponse in sarcoidosis. These cells produce proinflam-
matory cytokines, such as interleukins (IL)-12, IL-6, 
IL-8, tumor necrosis factor alpha (TNFα), and chemo-
kines. Chemokines, in turn, attract natural killer cells, 

neutrophils, and naïve T cells (Th0) to the focus of 
inflammation [11–13]. 

The above-described inflammatory mediators lead 
to alveolitis, granuloma formation, and tissue damage, 
and cytokine levels in bronchoalveolar lavage fluid 
and blood serum of patients can serve as markers of 
inflammation in sarcoidosis [14]. It was also found 
that in patients with an unfavorable course of sarcoi- 
dosis, weight loss (more than 3 kg) was more common. 
Moreover, a relationship was established according to 
the Spearman’s rank-order correlation between the 
number of macrophages in the biopsy specimens and 
a greater weight loss in patients with an unfavorable 
course of the disease (r = 0.39, p < 0.05). Additionally, 
a relationship was identified between the number of 
lymphocytes and a relatively small decrease in weight 
in patients with a favorable course of sarcoidosis (r = 
0.32, p < 0.01).

It should be noted that in modern studies, the  
authors not only study in detail the pathogenesis and 
morphogenesis of sarcoidosis, but also draw parallels 
between the clinical course, radiologic findings, and 
other data, thereby highlighting new phenotypes of the 
disease. M.A. Judson [15] distinguishes three groups 
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of patients: group 1 – patients with thoracic lympha- 
denopathy and silent pathological process in the lung 
tissue; group 2 – patients with minor lymphadeno- 
pathy and predominantly perivascular, peribronchial, 
and subpleural localization of granuloma complexes, 
as well as along the interlobar pleura, group 3 – pa-
tients with large granulomatous foci in the interstitial 
and peribronchial tissues, with various fibrotic chan- 
ges (from moderate changes to severe cysts and bullae). 

When comparing microscopic features, the author 
noted that in groups 1 and 2 the granulomatous in-
flammation was localized along the lymph-collecting 
vessels in the perivascular and peribronchial tissues. 
At the same time, in the patients of group 1, develop-
ment of sclerotic changes, necrosis, and alveolitis was 
not detected, but in about 50% of cases, Schaumann 
bodies were found in giant cells, and granulomas had 
“stamped” appearance. In group 2, alveolitis and bron-
chiolitis of varying degrees were revealed, as well as 
zones of moderate interstitial lung disease and deve- 
lopment of mild to moderate sclerotic changes. The 
patients of group 3 differed significantly: large granu-
lomatous foci in the interstitium were observed (80% 
of cases), alveolitis and bronchiolitis were pronounced 
to varying degrees, and moderate to severe interstitial 
lung disease was detected. Granulomas were localized 
in the interstitial and peribronchial tissues, some of the 
granulomas affected the bronchiolo-alveolar region 
and led to pronounced fibrosis [15]. 

In another study, the author distinguished pheno-
types of sarcoidosis according to the gender – age 
principle, determining the course of the disease in 
each group according to clinical symptoms [16]: 1) 
men from 18 to 35 years old; 2) men from 36 to 60 
years old; 3) women from 18 to 35 years old; 4) wo- 
men from 36 to 60 years old; 5) persons over 61 years 
of age. Preliminary data allow to consider histological 
studies with determination of the cellular composition 
of granulomas promising, since they can help predict 
a possible scenario for development of the course of 
intrathoracic sarcoidosis.

CONCLUSION
The data obtained indicate that the risk of develo- 

ping an unfavorable course of intrathoracic sarcoi- 
dosis is associated with an increased number of mac-
rophages in the histological examination and clinically 
significant weight loss in patients. The predominance 
of a large number of lymphocytes and neutrophils in 
sarcoid granulomas is typical of a favorable course of 
sarcoidosis. Based on the above-stated data, it is pos-

sible to distinguish two different clinical and morpho-
logical variants of the course of intrathoracic sarcoi- 
dosis: 1) macrophage-dominant sarcoidosis with se-
vere weight loss (typical of a recurrent and unfavor-
able course of sarcoidosis); 2) lymphocyte-dominant 
sarcoidosis with minimal weight loss (typical of a fa-
vorable course of sarcoidosis).

Therefore, there is a close relationship between 
the clinical and morphological data of the study of 
the lungs and lymph nodes in pulmonary sarcoidosis. 
Morphological examination of biopsy specimens from 
the affected lesion provides significant information 
and complements the clinical presentation, allowing 
to predict the course of intrathoracic sarcoidosis. The 
predominance of macrophages in the biopsy materi-
al increases the risk of an unfavorable and recurrent 
course of sarcoidosis by 1.4 times, and the presence 
of significant weight loss increases the risk of an un-
favorable course of the disease by more than 3 times. 

With ubiquitous use of histological research me- 
thods in the diagnosis of sarcoidosis, it is necessary to 
search for new phenotypes of the disease course and 
identify new classification subtypes, taking into ac-
count morphological criteria. The presence of certain 
morphological markers may affect treatment and out-
come of the disease. The data obtained in this study, 
undoubtedly, can be used to carry out morphological 
diagnosis in intrathoracic sarcoidosis and applied in 
real clinical practice.
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The effects of NETosis on fibrinolysis in colon cancer patients

Parshina A.A.1., Tsybikov N.N.1, Tereshkov P.P.1, Karavaeva T.M.1, Maksimenya M.V.1

Chita State Medical Academy (CSMA) 
39a, Gorkogo Str., Chita, 672090, Russian Federation 

ABSTRACT

Aim. To investigate formation of neutrophil extracellular traps (NETs) and their impact on fibrinolysis in patients 
with colon cancer.

Materials and methods. The study was performed in two groups. The experimental group consisted of patients 
with stage 2–3 non-metastatic colon cancer (n = 17, average age – 67 years). The control group included healthy 
volunteers matched by sex and age (n = 30, average age – 68 years). An experimental model was created from the 
whole blood. It included platelet-poor plasma and an isolated culture of neutrophils, previously induced to NETosis 
by adding 100 nmol PMA. The samples were incubated for 4 hours, then the test tubes were centrifuged to pellet cells 
and their remnants, and the plasma was transferred for subsequent examination. The plasma incubated with intact 
neutrophils was used as a control. The levels of interleukin-8 (IL-8) and P-selectin glycoprotein ligand-1 (PSGL-1) 
were used to determine the degree of cell activation. NETosis was confirmed by enzyme-linked immunosorbent 
assay (ELISA) and fluorescent microscopy. Fibrinolysis was assessed using the thrombodynamics test. The results 
were compared with the levels of fibrinolytic system components measured by flow cytometry.

Results. In the control group, NETosis induction contributed to pronounced neutrophil activation that was 
accompanied by an increase in the IL-8, PSGL-1, and plasminogen levels, a decrease in PAI-1, and enhancement 
of fibrinolysis, compared with the intact samples. Higher levels of IL-8, PSGL-1, plasminogen, and PAI-1 and 
intensified fibrinolysis were detected in the intact samples. However, PMA-induced NETosis did not result in an 
increase in the degree of activation and significant changes in the given parameters. 

Conclusion. NETosis promotes both formation and lysis of fibrin clots. However, in cancer patients, suicidal 
NETosis does not contribute to fibrinolysis due to intracellular protease depletion, which may be one of the 
mechanisms causing hypercoagulation and insufficient fibrinolysis in cancer. 

Key words: cancer, neutrophil extracellular traps, fibrinolysis, immunothrombosis, NETosis, hypercoagulation.
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Влияние нетоза на лизис фибринового сгустка  
при раке толстого кишечника

Паршина А.А., Цыбиков Н.Н., Терешков П.П., Караваева Т.М., Максименя М.В.

Читинская государственная медицинская академия (ЧГМА)  
Россия, 672090, г. Чита, ул. Горького 39а 

РЕЗЮМЕ

Цель – изучение особенностей формирования нейтрофильных внеклеточных ловушек, а также их влияния 
на фибринолиз у лиц, имеющих злокачественные новообразования толстого кишечника.

Материалы и методы. Группу пациентов составили лица с впервые выявленным раком толстого 
кишечника 2–3-й стадии без метастаза (17 человек, средний возраст 67 лет); контрольную группу – доноры, 
сопоставимые по полу и возрасту, не имеющие злокачественных опухолей (30 человек, средний возраст  
68 лет). Из цельной крови создали экспериментальную модель, включавшую бедную тромбоцитами плазму 
крови и изолированную культуру нейтрофилов, предварительно индуцированных к нетозу внесением  
100 нмоль PMA, инкубировали 4 ч, клетки осаждали центрифугированием, плазму отбирали для дальнейше-
го исследования. В качестве контроля использовали плазму, инкубированную с интактными нейтрофилами. 
О степени активации клеток судили по уровню интерлейкина (IL) 8 и PSGL-1. Нетоз подтверждали 
измерением уровня нуклеосом и флуоресцентной микроскопией. Оценку фибринолиза проводили в тесте 
тромбодинамики. Результаты сопоставляли с концентрацией компонентов фибринолитической системы, 
измеренных методом проточной цитометрии.

Результаты. В контроле индукция нетоза вызывает выраженную активацию нейтрофилов, 
сопровождающуюся повышением уровня IL-8, PSGL-1, плазминогена, снижением PAI-1 и усилением 
фибринолиза, в сравнении с интактными образцами. У пациентов зафиксирован больший, чем в группе 
контроля, уровень IL-8, PSGL-1, плазминогена, PAI-1 и показателей фибринолиза в интактных образцах. 
При этом индукция нетоза не привела к увеличению степени активации и значимому изменению данных 
показателей.

Заключение. Гибель нейтрофилов путем нетоза в местах тромбообразования может способствовать 
как формированию, так и растворению фибринового сгустка. Однако у лиц со злокачественными 
новообразованиями «смертельный» нетоз не приводит к локальному увеличению фибринолитического 
потенциала ввиду истощения внутриклеточных резервов протеаз нейтрофилов, что может являться одним 
из механизмов развития гиперкоагуляции и недостаточности фибринолиза при онкопатологии.

Ключевые слова: рак, нейтрофильные внеклеточные ловушки, фибринолиз, иммунотромбоз, нетоз, 
гиперкоагуляция.
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INTRODUCTION

The hypercoagulable state and thrombotic events 
are known to accompany malignancy. Thrombophilia 
in cancer is based on synthesis and release of proco-
agulants by tumor cells, as well as a complex of reac-

tions, including activation of and (or) damage to the 
endothelium, activation of platelets and immune cells, 
and synthesis of cytokines. Neutrophils, being effec-
tors of innate immunity, are essentially involved in 
inflammatory processes and hemostatic responses.  In-
deed, neutrophils and NETosis products – neutrophil 
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extracellular traps (NETs) – are detected in thrombi of 
various localizations [1]. However, in numerous stu- 
dies on the prothrombotic properties of NETs [2–7], 
the possible role of NETs in fibrinolysis, especially in 
cancer, remains understudied [8, 9].

MATERIALS AND METHODS
The study was carried out in two groups. The ex-

perimental group consisted of patients with newly 
diagnosed, stage 2–3 non-metastatic colon cancer (n 
= 17, average age – 67 years). The control group in-
cluded healthy volunteers matched by sex and age (n 
= 30, average age – 68 years). Preliminary selection 
of donors was carried out on the basis of a question-
naire. Then, the absence of cancer in the control group 
was estimated by the results of a clinical examina-
tion. Measurement of body temperature and complete 
blood count were performed in each donor. Donor ex-
clusion criteria were the following: 1) body tempera-
ture > 37 °С; hemoglobin (HGB) < 100 g/l, red blood 
cells (RBC) < 3.5 × 1012/l, white blood cells (WBC) > 
10 × 109/l, erythrocyte sedimentation rate (ESR) > 12 
mm per hour; 2) intake of anticoagulants / platelet an-
tiaggregants, chemotherapy; 3) acute inflammation or 
exacerbation of chronic inflammation, inherited blood 
disorders, diabetes mellitus, traumas or surgeries in 
the last 6 months. 

All patients and healthy donors signed an informed 
consent to participate in the study. 25 ml of peripheral 
venous blood was collected in tubes with 3.2% sodi-
um citrate solution as an anticoagulant once. To obtain 
platelet-poor plasma (PPP), whole venous blood was 
centrifuged for 15 min at 1,500 rpm, and then the plas-
ma was taken for repeated centrifugation at 3,000 rpm 
for 10 min. 90% of prepared PPP was transferred into 
separate tubes. 

To isolate neutrophilic granulocytes (NG),  
Ficoll – Urographin density gradient centrifugation 
was performed (1.077 / 1.093). The granulocyte layer 
was transferred into separate tubes, washed with phos-
phate-buffered saline (PBS), and then centrifuged to 
pellet cells. The remained red blood cells were lysed 
(VersaLyse, Beckman Coulter, USA), isolated neu-
trophils were washed again with PBS, and the super-
natant was discarded. Then, 4 ml of RPMI1640 was 
added to the cell pellet and mixed, and a suspension 
of isolated neutrophils was obtained. Cell viabili-
ty was assessed by staining with a 0.4% methylene 
blue solution; the culture with the viability of at least 
98% was used. The number of cells was adjusted to  
4.5–6 × 106/ml. 

Then 1 ml of the suspension was added into two 
separate test tubes and centrifuged to pellet cells. The 
culture medium was removed. After that, 5µl of PBS 
and then 1 ml of PPP were added to the cell pellet 
in the first test tube, mixed, and, thus, a suspension 
of intact neutrophils was prepared. 5µl (100 nm) of 
phorbol-12-myristate-13-acetate (PMA) (Sigma Al-
drich, USA) was added to the cell pellet in the second 
test tube to induce NETosis, then 1 ml of PPP was 
added, mixed, and, thus, a suspension of neutrophils 
stimulated for NETosis was obtained. The obtained 
samples were labeled in the following way: PPP – 
platelet-poor plasma; INT – plasma containing intact 
neutrophils; PMA – plasma containing PMA-stimu-
lated neutrophils. 

All samples were incubated for 4 hours at 37 °С. 
Then the INT and PMA samples were centrifuged to 
pellet cells and their remnants, and the plasma was 
transferred into separate test tubes for further research. 
Each plasma sample was assessed using the thrombo-
dynamics test (HemaCor, Russia): lysis onset time 
(LOT; min), lysis progression (LP; %/min), and lysis 
time estimation (LTE; min) were recorded. Fibrino-
gen (Fib), plasminogen / plasmin system (PLS), tissue 
plasminogen activator (tPA), plasminogen activator 
ingibitor-1 (PAI-1), P-selectin glycoprotein ligand-1 
(PSGL-1), and IL-8 in each plasma sample were de-
termined using multiplex assay kits (Human Throm-
bosis Panel, BioLegend, USA; Human Fibrinolysis 
Panel, BioLegend, USA) by flow cytometry. NETosis 
induction was estimated by the level of extracellular 
DNA (ecDNA), measured by ELISA (Cell Death De-
tection Kit ELISAplus, Roche, Germany). Additionally, 
NETs were visualized using fluorescence microscopy.

For this purpose, 1 ml of prepared INT and PMA 
samples were placed into the Poly-L-Lysine-coated 
(Sigma Aldrich, USA) cell culture plates and incubated 
at 37 °С for 4 hours. After that, the plates were washed 
with PBS three times, the adherent cells were stained 
with SYTOX Green (Beckman Coulter, USA), and 
NETs were visualized using the ZOE Fluorescent Cell 
Imager (BioRad, USA), green channel, objective ×20.

Statistical processing of the results was performed 
using Microsoft Excel and Statistica 10 (StatSoft Inc., 
USA) software. The data obtained are presented as the 
median and the interquartile range Me [Q1; Q3]. The 
Wilcoxon signed-rank test was used to compare the 
results within the groups, and the Mann – Whitney 
U-test was used for comparison between the experi-
mental and control groups. The differences were con-
sidered significant at p* < 0.05.
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Parameter
Control group

p
Experimental group

Value p1 Value p2

ecDNA,
OD

INT 0.38 [0.22; 0.48]
0.008*

0.1 0.26 [0.18; 0.33]
0.01*

PMA 0.5 [0.4; 0.6] 0.03* 0.34 [0.26; 0.41]

PSGL-1, pg / ml
INT 865 [620.5; 1018.7]

0.01*
0.3 781.25 [431.8; 926.5]

0.2
PMA 1236.7 [1071.2; 1340.5] 0.05* 791.5 [538.8; 1254.3]

IL-8, pg / ml
INT 2422 [880.8; 4852.5]

0.007*
0.7 3150.7 [2007; 5470.8]

0.6
PMA 7836.2 [5422.5; 10786.] 0.07 1677 [1006.8; 7777]

LOT, min
INT 30.2 [28.3; 40.7]

0.7
0.02* 24.8 [16.7; 28.6]

0.5
PMA 29 [28.1; 36.7] 0.01* 24.1 [19; 25.5]

Bulletin of Siberian Medicine. 2021; 20 (4): 25–31

RESULTS
NETosis in the control and experimental groups 

was confirmed by an increase in the level of ecDNA 
in the PMA samples compared with the INT samples  
(p1 = 0.008 and p2 = 0.05, Table). Additionally, mi-
croscopy of NG cultures made it possible to visua- 
lize NETs. The figure demonstrates intact neutrophils 
and NETs in the control group (a and b, respectively) 
and in cancer patients (c and d, respectively). Neutro-
phil-specific IL-8 and free PSGL-1 were considered as 
activation markers. The levels of IL-8 and PSGL-1 in 
the control group were the highest in the PMA sam-
ples; however, no significant increase in the indicated 

molecules in the corresponding plasma samples was 
detected in the experimental group (Table). The effect 
of NETs on fibrinolysis was evaluated in the control 
group: increased LP and reduced LTE were registered 
(Table). In the experimental group, no significant 
changes in fibrinolysis parameters were recorded.

Changes in the level of NETosis-associated fibri-
nolytic system components were detected in the con-
trol group: a significant increase in plasminogen and 
a decrease in PAI-1 were found in the PMA samples 
compared with the intact ones.  In the experimental 
group, changes in the levels of fibrinolytic system 
components were not significant (Table).

Parameters of cell activation and the effect of intact and PMA-stimulated neutrophils on fibrinolysis and the level of fibrinolytic system 
components, Me [Q1; Q3]

а 					           b 

c 					           d

Figure. Intact neutrophils: in the control group (a), in the experimental group (c); neutrophil extracellular traps: in the control group 
(b); in the experimental group (d). SYTOX Green staining, objective ×20. White arrows mark neutrophil extracellular traps

Parshina A.A., Tsybikov N.N., Tereshkov P.P. et al. The effects of NETosis on fibrinolysis in colon cancer patients
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Parameter
Control group

p
Experimental group

Value p1 Value p2

LP, %/min
INT 2.7 [2.2; 2.9]

0.01*
0.0003* 8.8 [5.1; 12.4]

0.4
PMA 3 [2.9; 3.8] 0.001* 9.2 [4.7; 17.1]

LTE, min
INT 40.6 [36.8; 50.6]

0.02*
0.002* 16.9 [12.6; 22.4]

0.8
PMA 35.2 [27.8; 37.1] 0.001* 16 [12.4; 24.8]

PLS, mcg/ml
INT 547.1 [475; 732.5]

0.008*
0.007* 805.1 [783.7; 825.6]

0.9
PMA 767.7 [662; 864.1] 0.7 820 [787.9; 845]

tPA, pg/ml
INT 63.5 [61.6; 64.7]

0.4
0.0001* 440.5 [227.5; 607.75]

0.5
PMA 61.3 [59.7; 65.7] 0.0001* 389.7 [247; 672]

AI-1, pg/ml
INT 2101.5 [508; 2681.3]

0.008*
0.001* 6376.2 [5258.5; 9428.8]

0.6
PMA 1328.2 [1044.4; 2157.8] 0.0002* 7956.7 [5332.5; 10645.6]

Fib, mcg/ml
INT 2882.7 [1877.3; 3142.6]

0.9
0.04* 3203.4 [2749.6; 6229.9]

0.6
PMA 2355.8 [1745; 3206.6] 0.08 3384.7 [2723.7; 8997]

Note :  INT – plasma sample after incubation of intact neutrophils; PMA – plasma sample after incubation of PMA-stimulated neutrophils; ecDNA – 
extracellular DNA, OD – optical density; p – level of statistical significance between the control and experimental groups (Mann – Whitney U-test); 
p1 – level of statistical significance between the INT and PMA samples in the control group (Wilcoxon signed-rank test); p2 – level of statistical 
significance between the INT and PMA samples in the experimental group (Wilcoxon signed-rank test); * – statistically significant difference (at 
p < 0.05). 

T a b l e   ( c o n t i n u e d )

DISCUSSION

The results obtained demonstrate different effect 
of NETosis induction in the investigated groups. 
Lower ecDNA level in the plasma samples in the 
experimental group indicates that less neutrophils 
underwent NETosis in the presented experimental 
model (Table). Presumably, it could be caused by 
alteration of intracellular signaling due to predomi-
nance of other signaling pathways. It is known that 
cancer cells are capable of regulating the activity of 
leukocytes, contributing to tumor progression [10–
14]. Different cytokine microenvironment might be 
a factor determining NETosis propensity and (or) the 
prevailing signaling pathway (suicidal or vital NE-
Tosis) [15]. 

PMA induced lytic (suicidal) NETosis accompa-
nied by the release in the plasma of not only chroma-
tin, but also all intracellular proteases, which activate 
both the plasminogen system and non-specific prote-
olysis of fibrin. Our previous study [16] demonstrates 
failure of NETs-associated fibrin plate lysis in the 
presence of the protease inhibitor aprotinin. Besides 
a higher number of NETosis-affected neutrophils, a 
more pronounced effect of NETs formation on fibri-
nolysis in the control group could be explained by the 
ability of the crucial NETosis enzyme PAD4 to modi-
fy the fibrinogen structure. It results in impaired fibrin 
formation and changes in its structure [17, 18]. In this 
study, altered fibrin structure could be one of the fac-
tors underlying fibrinolysis boost in the PMA samples 
in the control group (Table). 

No increase in fibrinolysis in cancer patients could 
be associated with cell activation failure (low ecD-
NA and PSGL-1), higher concentration and activity 
of PAI-1, and prevalence of procoagulant factors in 
malignancy. Additionally, in cancer, initially high ac-
tivity of intact neutrophils suggests lower intracellular 
protease level due to their fast and persistent release 
into the extracellular space, which, therefore, causes 
their insufficient increase in suicidal NETosis (that 
also concerns IL-8). Considering literature and our 
own data, it could be assumed that NETs formed fol-
lowing suicidal or vital NETosis have different effects 
on clotting and fibrinolysis due to the differences in 
the amount of released chromatin and the final com-
position of extracellular traps, which depends on NE-
Tosis inductor signal [15]. Hence, it is more relevant 
to in vivo studies. However, that should become the 
objective of further investigations.

CONCLUSION
NETs formation can provide not only a thrombo-

genic effect, implemented due to interactions of nu-
cleosomes with platelets, endothelium, and coagu-
lation factors, but also a fibrinolytic effect, based on 
the plasminogen activation system and non-specific 
lysis of insoluble fibrin by neutrophil granule protea- 
ses, which, along with thrombi phagocytosis by other 
leukocyte types, provides final recanalization of blood 
vessels. However, cancer disrupts the coagulation / fi-
brinolytic balance. It contributes to thrombophilia by 
the development of a local and systemic inflammatory 
response, alteration of the NETs formation pathway 
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and, therefore, prevalence of prothrombotic effects 
of ecDNA over the fibrinolytic activity of NG. When 
combined with an increased concentration of fibrino-
lysis inhibitors, it eventually contributes to the deve- 
lopment of a chronic hypercoagulable state typical of 
cancer.
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The association between parameters of oral mucosal immunity  
and 25-hydroxyvitamin D in patients with rampant caries 

Putneva A.S., Karavaeva T.M., Maksimenya M.V., Tereshkov P.P., Mishchenko M.N., 
Fefelova E.V., Tsybikov N.N., Parshina A.A.

Chita State Medical Academy (CSMA) 
39a, Gorkogo Str., Chita, 672090, Russian Federation 

Aim. To determine the saliva level of immunoregulatory proteins in patients with rampant caries and 
25-hydroxyvitamin D (25(OH)D) deficiency and evaluate the association of their concentration with 25(OH)D 
plasma level. 

Materials and methods. The study was performed in two groups. The experimental group included 15 patients aged 
20–22 years with rampant caries and the 25(OH)D plasma level of < 20 ng / ml. The control group encompassed 
15 healthy age-matched volunteers with the 25(OH)D plasma level of 20–100 ng / ml. The concentrations of 
B7.2 (CD86), free active TGF-β1, CTLA-4, PD-1, Tim-3, LAG-3, IGFBP-4, and ICAM-1 were assessed using 
flow cytometry. The levels of LL-37 and secretory immunoglobulin A (sIgA) were measured using ELISA. The 
Spearman’s rank correlation coefficient was used to reveal a correlation between the indicated proteins and the 
25(OH)D plasma level. 

Results. A decrease in B7.2 (CD86), PD-1, Tim-3, sIgA, and LL-37 and elevation of IGFBP-4 and ICAM-1 saliva 
levels were detected in patients with rampant caries and 25-hydroxyvitamin D deficiency. A positive Spearman’s 
rank correlation coefficient was revealed between plasma 25(OH)D and saliva levels of free active TGF-β1, CTLA-
4, B7.2 (CD86), LL-37, and sIgA. A negative correlation was revealed between 25(OH)D and ICAM-1.

Conclusion. 25(OH)D deficiency in patients with rampant caries is associated with decreased levels of B7.2 
(CD86), PD-1, Tim-3, sIgA, and LL-37 and elevated levels of IGFBP-4 and ICAM-1 in the saliva.

Key words: rampant caries, 25-hydroxyvitamin D deficiency, mucosal immunity.
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Взаимосвязь некоторых параметров мукозального иммунитета полости 
рта с уровнем витамина D у пациентов с множественным кариесом 

Путнева А.С., Караваева Т.М., Максименя М.В., Терешков П.П., Мищенко М.Н.,  
Фефелова Е.В., Цыбиков Н.Н., Паршина А.А.

Читинская государственная медицинская академия (ЧГМА)  
Россия, 672090, г. Чита, ул. Горького 39а 

РЕЗЮМЕ

Цель – оценить содержание иммунорегуляторных молекул в слюне у лиц с множественным кариесом и 
дефицитом 25(OH)D3 и определить взаимосвязи их величин с концентрацией 25(OH)D3 в крови. 

Материалы и методы. Обследованы две группы лиц в возрасте 20–22 лет. В одну включены 15 человек с 
кариесом и уровнем 25(OH)D3 менее 20 нг/мл, в другую (контрольную) – 15 здоровых человек с содержа-
нием 25(OH)D3 30–100 нг/мл. В ротовой жидкости определены концентрации растворимых форм молекул 
B7.2 (CD86), Free Active TGF-b1, CTLA-4, PD-1, Tim-3, LAG-3, IGFBP-4, ICAM-1 методом проточной ци-
тофлуометрии, количество кателицидина LL-37, секреторного иммуноглобулина A (IgA) методом имму-
ноферментного анализа. Между определяемыми показателями рассчитан критерий корреляции Спирмена. 

Результаты. У лиц с кариесом и дефицитом витамина D выявлено снижение значений Free Active TGF-b1, 
B7.2 (CD86), PD-1, Tim-3, sIgA, кателицидина LL-37 и повышение уровня IGFBP-4 и ICAM-1 в слюне. 
Обнаружено наличие прямых корреляционных связей между количеством 25(OH)D3 в крови, с одной сто-
роны, и значениями Free Active TGF-b1, CTLA-4, В7.2 (CD86), секреторного IgA, пептида LL-37 – с другой. 
Зафиксирована отрицательная взаимосвязь между величинами 25(OH)D3 и ICAM-1. 

Заключение. На фоне дефицита витамина D при множественном кариесе в ротовой жидкости регистриру-
ются низкие концентрации Free Active TGF-b1, B7.2 (CD86), PD-1, Tim-3, секреторного IgA, кателицидина 
LL-37 по сравнению с контролем, но увеличены значения IGFBP-4 и ICAM-1. 

Ключевые слова: множественный кариес, гиповитаминоз D, мукозальный иммунитет. 
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Источник финансирования. Авторы заявляют об отсутствии финансирования при проведении исследо-
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Соответствие принципам этики. Все пациенты подписали информированное согласие на участие в иссле-
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INTRODUCTION

Dental caries is a multifaceted, dynamic patholog-
ical process accompanied by demineralization and 
proteolysis of dental hard tissues [1]. This chronic 
disease is widespread among both adults and chil-
dren [2]. Around the world, there are approximately 
2.4 billion people with untreated dental caries [3], 
which in turn determines the importance of develop-
ing prognostic methods and finding ways to elimi-
nate its causes. 

Dental caries is formed due to complex internal 
and external causes, such as dietary habits (frequency 
of sugar consumption), acidogenic bacteria, and im-
paired local immunity [2]. Numerous salivary proteins 
are involved in innate and adaptive immune respon- 
ses in the oral mucosa. Resistance or susceptibility to 
dental caries significantly correlates with changes in 
the salivary protein level that modulate the oral micro-
flora. Therefore, the saliva protein profile is a sensitive 
indicator of dental health and a non-invasive prognos-
tic biomarker [4].
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A number of studies showed that rampant caries 
develops in patients with a lack of vitamin D [5]. 
The active form of vitamin D, calcitriol, is one of the 
main hormones that regulate calcium and phospho-
rus metabolism and provide mineralization of dental 
hard tissues [6]. Additionally, this biologically active 
substance can modulate activity of immune cells and 
functioning of the immune system and contribute to 
synthesis and release of antimicrobial peptides, in par-
ticular, cathelicidin LL-37 [7–9]. 

Our earlier study revealed the association between 
low level of 25(OH)D in the blood serum of patients 
with moderate to severe caries. In our opinion, this 
confirms the literature data that a lack of bioactive vi-
tamin D plays an important role in the development of 
dental caries.

The aim of this study was to assess the level of 
some immunoregulatory salivary proteins in patients 
with rampant caries and vitamin D deficiency and to 
determine the relationship between these values and 
the concentration of 25(OH)D in the blood. 

MATERIALS AND METHODS
The study involved 30 male ChSMA students 

aged 20–22 years who were divided into two groups. 
The first group (control) included 15 healthy people 
(the Decayed, Missing, and Filled Teeth (DMFT) 
index was 0.00 (0.00; 0.00)) with a normal vitamin 
D level (30–100 ng / ml). The second group inclu- 
ded 15 people with rampant caries (DMFT index 
was 10.3 (9.5; 11.5)) and vitamin D deficiency 
(25(OH)D was less than 20 ng / ml). The groups 
were formed taking into account the “Clinical guide-
lines of the Russian Association of Endocrinologists 
on diagnosis, and prevention of vitamin D deficiency 
in adults (2016)”. The serum level of 25(OH)D was 
determined using the chemiluminescent immuno-
assay (Immunoassay Analyzer Access 2, Beckman 
Coulter, USA). 

All participants signed an informed consent to 
take part in the study. The study adhered to the ethical 
principles of The Declaration of Helsinki of the World 
Medical Association (as amended in 2013). The levels 
of soluble membrane proteins (membrane protein of 
the immunoglobulin superfamily, the product of the 
CD86 gene, B7.2 (CD86), free active TGF-β1, co-in-
hibitory receptors (cytotoxic T-lymphocyte-associ-
ated antigen-4 (CTLA-4), programmed cell death-1 
(PD-1), T-cell immunoglobulin and mucin domain-3 
(Tim-3), lymphocyte-activation gene-3 (LAG-3), in-
sulin-like growth factor binding protein-4 (IGFBP-4), 

and intercellular adhesion molecule-1 (ICAM-1)) 
were determined in the oral fluid collected from all 
the participants using the Human Immuno-Oncolo-
gy Checkpoint Protein Panel 1 bead-based multiplex 
panel (Biolegend, USA).

 The analysis of the oral fluid was performed with-
out dilution, all stages of the study were conducted 
according to the kit instructions (https://www.bio-
legend.com/Files/Images/media_assets/pro_detail/
datasheets/750000504_HU_Immune_Checkpoint_
Panel_1_Manual_R01.pdf). The results were evalu-
ated using a flow cytometer Cytoflex LX (Beckman 
Coulter, USA). 

Additionally, the levels of antimicrobial peptide 
cathelicidin LL-37 and secretory immunoglobulin 
A (sIgA) were assessed by enzyme-linked immuno-
sorbent assay (ELISA) using Hycult Biotechnology 
(Denmark) and IFA-BEST (Russian Federation) re-
agent kits, respectively. The data are presented as the 
median and the interquartile range Me(Q25; Q75); the 
Mann – Whitney test was used to compare two in-
dependent samples. The non-parametric Spearman’s 
rank-order correlation coefficient was calculated for 
the correlation analysis. A p value of < 0.05 was con-
sidered statistically significant. The Statistica 10 soft-
ware packages were used for statistical processing of 
the data.

RESULTS AND DISCUSSION
The analysis of the research results showed that 

with rampant caries, free active TGF-β1 was signifi-
cantly reduced in the saliva (by 67.82%) compared 
with the control group (Figure). 

Tooth pulp is known to contain a number of TGF 
isoforms that are either expressed by odontoblasts, 
macrophages, and T- and B-lymphocytes in the tooth 
pulp at the plasma membrane and/or are bound to the 
extracellular matrix [10]. It was revealed that TGF-β1 
induces synthesis of type III collagen in ontoblasts, 
regulates transcription of non-collagenous proteins 
(dentin sialophosphoprotein (DSPP), dentin matrix 
protein 1 (DMP1)) [10], and is crucial for the repar-
ative process and development of teeth by regulating 
proliferation and differentiation of cells [10–12]. It is 
assumed that the physiological function of TGF-β in 
mature odontoblasts contributes to formation of sec-
ondary dentin, mineralization of intact and healthy 
teeth, as well as to degradation of the matrix in case 
of injury [11]. Probably, TGF-β1 is also involved in 
antimicrobial protection of the tooth, although this 
mechanism is not fully understood.
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  Control (healthy people)
  Experimental group (patients with dental caries and low 25(OH)D) 

Figure. The saliva level of soluble membrane proteins regulating the immune response, pg / ml
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We found a direct moderate relationship (r = 0.67; 
р < 0.001) between the levels of free active TGF-β1 
in the saliva and 25(OH)D in the blood in individuals 
with rampant caries and vitamin D deficiency. No such 
correlation was found in the control group. There are 
also data in the literature on the association between 
TGF-β1 and vitamin D in patients with some diseases 
[13] and on the role of vitamin D in TGF-β1metabo-
lism [14].

Co-stimulatory and co-inhibitory molecules, also 
referred to as immune checkpoints, play and impor- 
tant role in the development of an adequate cellular 
immune response. There are several other pathways 
of co-stimulation and co-inhibition of T-cells. Co-sti- 
mulation is provided by binding B7.2 (CD86) protein 
to CD28 localized at the T-cell membrane. The co- 
inhibitory signal, which limits the cellular immune 
response, is induced by receptors that include mole-
cules of the CTLA-4 family (Tim-3, LAG-3, and TIG-
IT). The expression of these molecules begins at the 
membrane of T-cells after activation of the latter, by  
binding to B7.2 (CD86) protein, they inhibit the for-
mation of effector T-cells.

 The second component of the immune checkpoint 
is a co-inhibitory receptor PD-1, whose function is 
somewhat different from that of CTLA-4. Both recep-
tors suppress proliferation of T-cells, their survival, 
and cytokine synthesis. However, CTLA-4 suppresses 
the cellular immune response in the early phase pri-
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marily in lymphoid tissues, while PD-1 does the same 
in the late phase in peripheral tissues [15]. Co-inhibi-
tory receptors are crucial for maintaining immune ho-
meostasis and preventing the development of autoim-
munity, while providing effective immune responses 
to destroy pathogenic microorganisms [15]. 

In our study, the values of the following parameters 
were significantly reduced in the group of people with 
rampant caries and vitamin D deficiency (compared 
with the control group): PD-1 – by 83.82% (p = 0.001), 
Tim-3 – by 40.75% (p = 0.004), and B7.2(CD86) – by 
61.47% (p = 0.007) (Figure). The LAG-3 levels only 
showed a downward trend and were 50.11% lower 
than in the control group. 

A correlation analysis revealed a direct correla-
tion between the values of CTLA-4 in the saliva and 
25(OH)D (r = 0.63; р = 0.010) in the blood serum, as 
well as between the values of B7.2(CD86) and 25(OH)
D (r = 0.70; р < 0.001) in patients with dental caries 
and vitamin D deficiency. Moreover, in this group, 
a direct relationship was found between the values 
of CTLA-4 and B7.2(CD86) in the saliva (r = 0.77;  
р < 0.001). In the control group, correlations were 
found only between the values of CTLA-4 and 
B7.2(CD86) (r = 0.56; р = 0.019). 

Our study also identified an increased level of 
IGFBP-4 by 187.39% (р = 0.01) in the saliva in pa-
tients with rampant caries compared with the control  
(Figure). IGFBP-4 is a protein that modulates the 
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effect of insulin-like growth factor-1 (IGF-1). Insu-
lin-like growth factor, its receptors, and binding pro-
teins (IGFBPs) are critical for adequate development, 
tissue growth, metabolism, and homeostasis [16]. Ad-
ditionally, IGF-1 is the most abundant growth factor in 
the bone matrix [16], with its molecular mechanisms 
being involved in osteogenic differentiation. Howev-
er, there is a lack of information about the functions 
of six types of its high-affinity IGF-binding proteins 
(IGFBP 1–6). Available studies are mainly focused 
on the role of IGFBP-4 and IGFBP-5 in bone tissue 
formation [17].

We also found that the saliva ICAM-1 values in 
patients with caries increased by 181.02% (p = 0.04) 
compared with the control group (Figure). Inter-
estingly, this group showed a negative relationship  
(r = –0.56; p = 0.024) between the values of the vita-
min D metabolite and the values of ICAM-1; in the 
control group, the relationship was weaker ( r = –0.44; 
p = 0.047). ICAM-1 is a protein regulating interac-
tions between immune cells and vascular endothelium 
[18], thus providing strong adhesion of white blood 
cells to the vessel wall and facilitating penetration of 
these cells into the intima. Inflammation increases the 
expression of ICAM-1 [18]. There are studies show-
ing that the level of sICAM-1 in the blood correlat-
ed with the severity of periodontitis [https://www.
ncbi.nlm.nih.gov/nlmcatalog?term=%22J+Periodon-
tol%22%5bTitle+Abbreviation%5dhttps://pubmed.
ncbi.nlm.nih.gov/23688098/19].  C.L.  Greillera et 
al. demonstrated that vitamin D metabolites attenuate 
RV-induced expression of ICAM-1 [20].

In addition to other protective mechanisms, human 
saliva contains several immunoglobulins, which ac-
count for about 5–15% of all salivary proteins [21]. 
The main subclass of immunoglobulins found in the 
saliva is IgA (50–60%), which acts as the first line of 
defense [4]. Several studies examined the relationship 
between salivary immunoglobulins and caries forma-
tion. A. Bagherian et al. [22] and T.K. Fidalgo et al. 
[23] found higher IgA concentrations in this disease, 
but another study reported an negative relationship be-
tween the level of this immunoglobulin in the saliva 
and the intensity of caries in children aged 3–6 years 
[24]. At the same time, no correlations were found be-
tween the concentration of this immunoglobulin and 
the intensity of the pathological process [22].

In our study, we registered that in patients with 
rampant caries  the IgA level in the saliva decreased 
by 77.62% (р < 0.001) compared with the control 
group, and the concentration of LL-37 decreased by 

62.5% (р = 0.045) (Table). The correlation analysis 
revealed a positive relationship between the values of 
the vitamin D metabolite and the sIgA (r = 0.88; р = 
0.001) and cathelicidin LL-37 (r = 0.52; р = 0.037) 
levels in both experimental and control groups.

T a b l e

The saliva concentration of antimicrobial peptides in the oral 
cavity of patients with rampant caries and 25(OH)D deficiency, 

Me (Q25; Q75)

Parameter Control group,
n = 15

Experimental group, 
 n = 15

Secretory IgA, g/l 55.00 (50.00; 61.46) 12.31 (9.11; 15.53)
р < 0.001

Cathelicidin LL-37, 
ng/ml 0.56 (0.37; 0.72) 0.21 (0.13; 0.38)

р = 0.045

Note :  p – the significance level compared with the control group.

Cathelicidins are antimicrobial peptides essential 
for innate immunity in the oral cavity [25, 26]. S. Da-
vidopoulou et al. found that the concentration of LL-
37 in the saliva was lower in children with highly ac-
tive dental caries compared with children without this 
pathology [27]. A bioactive form of vitamin D affects 
a Th-2 immune response, diminishing the expression 
of Th-1 cytokines and stimulating release of Th-2 cy-
tokines, in particular, IL-4 [9], which might influence 
the production of immunoglobulins, including IgA. 

Therefore, literature data and the results of this 
study indicate an imbalance of mucosal immunity 
as an important factor in the development of dental 
caries. Additionally, in our opinion, vitamin D defi-
ciency in the body can contribute to the development 
of this pathology along with decreased levels of free 
active TGF-β1, B7.2(CD86), PD-1, Tim-3, sIgA, and 
cathelicidin LL-37 in the saliva and increased levels 
of IGFBP-4 and ICAM-1. Prescription of vitamin D 
may alleviate the detected disorders in the oral muco-
sal immunity. 

CONCLUSION
In vitamin D deficiency and rampant caries, low 

levels of immunoregulatory free active TGF-β1, B7.2 
(CD86), PD-1, Tim-3, sIgA, and cathelicidin LL-37 
and high concentrations of IGFBP-4 and ICAM-1 are 
found in the oral fluid compared with the control group. 
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Prevalence of diseases and pathological conditions in young people under  
45 years of age with abdominal obesity in Siberia

Ragino Yu.I., Khudyakova A.D., Striukova E.V., Denisova D.V.,  
Shcherbakova L.V.

Research Institute of Internal and Preventive Medicine, Branch of the Institute of Cytology and Genetics,  
Siberian Branch of the Russian Academy of Sciences (IIPM – Branch of IC&G SB RAS) 
175/1, B. Bogatkova Str., Novosibirsk, 630089, Russian Federation

ABSTRACT

Aim. To study the prevalence of abdominal obesity in young people aged 25–44 years in Novosibirsk, as well as 
the prevalence of diseases and pathological conditions in individuals with abdominal obesity. 

Materials and methods. We conducted a cross-sectional, population-based study of the population of Novosibirsk 
aged 25–44 years. The screening examined 1,415 people, including 670 men and 745 women. For all individuals, 
we evaluated the presence of such conditions as abdominal obesity (AO), arterial hypertension (AH), increased 
body mass index (BMI), coronary heart disease (according to validated epidemiologic and functional criteria with 
ECG findings classified according to the Minnesota Code), diabetes mellitus (DM), reduced glomerular filtration 
rate (GFR), chronic bronchitis (CB), increased blood levels of total cholesterol (hypercholesterolemia) and low-
density lipoprotein (LDL) cholesterol (hyper-LDL-cholesterolemia).

Results. The prevalence of AO in the population of Novosibirsk aged 25–44 years was 42.4%: in men – 42.7%, 
in women – 42.1%. We found that AO had a significant direct effect on the development of AH (odds ratio  
(OR) = 2.550, 95% confidence interval (CI) 1.899–3.422, p = 0.0001), CB (OR = 1.830, CI 1.326–2.527, p = 
0.0001), hypercholesterolemia (OR  = 1.486, CI 1.193–1.851, p = 0.0001), hyper-LDL-cholesterolemia (OR = 1.527,  
CI 1.222–1.907, p = 0.0001) and a reverse effect on reduced GFR (OR =  0.603, CI 0.427–0.852, p = 0.004). In 
the male population under 45 years of age, AO had a significant direct effect on the development of AH, CB, 
hypercholesterolemia, and hyper-LDL-cholesterolemia. In the female population under the age of 45, AO had a 
significant direct effect on the development of DM, AH, CB, and hyper-LDL-cholesterolemia and a reverse effect 
on the reduced GFR development.

Conclusion. Therefore, in the young Siberian population under 45 years of age, abdominal obesity is associated 
with the development of common diseases and pathological conditions.

Key words: аbdominal obesity, population under 45 years of age, arterial hypertension, chronic bronchitis, hyper-
cholesterolemia, diabetes mellitus.
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Распространенность заболеваний и патологических состояний  
у молодых людей до 45 лет с абдоминальным ожирением в Сибири

Рагино Ю.И., Худякова А.Д., Стрюкова Е.В., Денисова Д.В., Щербакова Л.В.
Научно-исследовательский институт терапии и профилактической медицины – филиал Федерального иссле-
довательского центра «Институт цитологии и генетики Сибирского отделения Российской академии наук» 
(НИИТПМ – филиал ИЦиГ СО РАН) 
Россия, 630089, г. Новосибирск, ул. Б. Богаткова, 175/1

РЕЗЮМЕ
Цель – изучение распространенности абдоминального ожирения (АО) в популяции молодых людей 25– 
44 лет г. Новосибирска, а также распространенности терапевтических заболеваний и патологических со-
стояний у лиц с АО.

Материалы и методы. Проведено одномоментное популяционное обследование населения 25–44 лет  
г. Новосибирска. На скрининге обследованы 1 415 человек, из них 670 мужчин (47,3%) и 745 женщин (52,7%). 
Беременные и женщины в декретном отпуске не включались в исследование. У обследуемых оценивалось 
наличие таких заболеваний и патологических состояний, как АО, артериальная гипертензия (АГ), 
повышенный индекс массы тела, ишемическая болезнь сердца (по валидизированным эпидемиологическим 
и функциональным критериям с расшифровкой электрокардиограммы по Миннесотскому коду), сахарный 
диабет (СД), сниженная скорость клубочковой фильтрации (СКФ), хронический бронхит (ХБ), повышенный 
уровень в крови общего ХС (гиперХСемия), повышенный уровень в крови ХС-ЛНП (гиперХС-ЛНПемия).

Результаты. Распространенность АО в популяции 25–44 лет г. Новосибирска составила 42,4%, у мужчин – 
42,7%, у женщин – 42,1%. Обнаружено, что в молодой популяции до 45 лет АО оказывает прямое влияние 
на развитие АГ (отношение шансов (ОШ) 2,550, 95%-й доверительный интервал (95%-й ДИ) 1,899–3,422, 
р = 0,0001), ХБ (ОШ = 1,830, 95%-й ДИ 1,326–2,527, р = 0,0001), гиперХСемии (ОШ = 1,486, 95%-й ДИ 
1,193–1,851, р = 0,0001), гипер-ХС-ЛНПемии (ОШ = 1,527, 95%-й ДИ 1,222–1,907, р = 0,0001), обратное 
влияние на развитие сниженной СКФ (ОШ = 0,603, 95%-й ДИ 0,427–0,852, р = 0,004). В мужской попу-
ляции до 45 лет АО оказывает прямое влияние на развитие АГ, ХБ, гиперХСемии, гипер-ХС-ЛНПемии.  
В женской популяции до 45 лет АО оказывает прямое влияние на развитие СД, АГ, ХБ, гипер-ХС-ЛНПемии, 
и обратное –  на развитие сниженной СКФ.

Заключение. Таким образом, в популяции до 45 лет абдоминальное ожирение ассоциировано с развитием 
распространенных терапевтических заболеваний и патологических состояний.

Ключевые слова: абдоминальное ожирение, популяция в возрасте до 45 лет, артериальная гипертензия, 
хронический бронхит, гиперхолестеринемия, сахарный диабет.

Конфликт интересов. Авторы заявляют об отсутствии конфликта интересов, связанных с публикацией 
настоящей статьи. 

Источник финансирования. Исследование выполнено в рамках бюджетной темы по государственному 
заданию № ААААА 17-117112850280-2, статистическая обработка и анализ материала проведены при 
финансовой поддержке гранта Российского научного фонда № 21-15-00022.

Соответствие принципам этики. От всех лиц получено информированное согласие на обследование и 
обработку персональных данных. Исследование одобрено локальным этическим комитетом НИИТПМ – 
филиала ИЦиГ СО РАН (протокол №  6/2013 от 25.06.2013).

Для цитирования: Рагино Ю.И., Худякова А.Д., Стрюкова Е.В., Денисова Д.В., Щербакова Л.В. Распро-
страненность заболеваний и патологических состояний у молодых людей до 45 лет с абдоминальным ожи-
рением в Сибири. Бюллетень сибирской медицины. 2021; 20 (4): 39–48. https://doi.org/10.20538/1682-0363-
2021-4-39-48.

__________________________

Bulletin of Siberian Medicine. 2021; 20 (4): 39–48

Ragino Yu.I., Khudyakova A.D., Striukova E.V. et al. Prevalence of diseases and pathological conditions in young people

INTRODUCTION
Currently, obesity is a topical issue worldwide. 

The disease is associated with progressive spread 
and severe complications, which often cause death 
of patients at a young age [1, 2]. 

Recent research on abdominal obesity (AO) 
around the world has been devoted to the study of 
its impact on endocrine and cardiovascular pathol-
ogies [3–5].  
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Recent studies show that visceral adipose tis-
sue serves not only for accumulation of ener-
gy substrates. It is also a kind of endocrine gland 
producing many different substances, which act 
at both local and systemic level. The products of  
adipocyte (visceral adipose tissue cells) secretion are 
hormones (leptin, adiponectin, and resistin), proin-
flammatory cytokines (tumor necrosis factor-alpha, 
interleukin (IL)-6, IL-8, etc.), and proteins of the re-
nin-angiotensin system. Some of them are involved 
in the complement system and vascular hemosta-
sis (plasminogen activator inhibitor-1 and others) 
[6–9]. Based on the known pathological effects of 
various biological substances secreted by visceral 
adipocytes, an increased blood level of adipokines/
cytokines in AO is assumed to be a significant etio-
pathogenetic link in the development of many com-
mon diseases and pathological conditions.

Novosibirsk (Russian Federation) shows high 
prevalence of AO and metabolic syndrome (MS) 
in the population over 45 years of age [10].  The 
problem of AO is poorly studied in the young wor- 
king-age population of reproductive age. Therefore, 
the study is dedicated to the prevalence of AO in 
the population of Novosibirsk aged 25–44-years, as 
well as to the prevalence of diseases and pathologi-
cal conditions in individuals with AO.

MATERIALS AND METHODS
A cross-sectional, population-based study of 

the population of Novosibirsk was carried out. The 
study was approved by the local Ethics Committee 
at IIPM – Branch of IC&G SB RAS (Protocol No. 
6/2013 оf 25.06.2013). To build a population sam-
ple, we used a database of the Territorial Federal 
Compulsory Medical Insurance Fund for persons 
aged 25–44 years in one of the districts of Novo-
sibirsk. The district was typical in terms of indus-
trial, social, population, demographic, and transport 
structures and the level of population migration. 
Using a random number generator, a random repre-
sentative sample of 2,500 people was built. Young 
age groups are known to be among the most rigid 
ones regarding response, so methods of gradual  
epidemiological stimulation were used: mail invita-
tions, phone calls, information messages in the mass  
media. 1,415 people were examined at the scree- 
ning – 670 men (47.3%) and 745 women (52.7%). 
The study did not include pregnant women and wo- 

men on maternity leave. The response was 56.6%. 
An informed consent to the examination and person-
al data processing was obtained from all individuals 
participating in the study. 

A team of doctors trained in standardized epidemi-
ological screening methods conducted the screening 
procedure. The survey program included demogra- 
phic and social data collection, a survey on smoking 
habits and alcohol use, a socioeconomic survey, a 
dietary survey, history of chronic diseases and med-
ication use, Rose questionnaire, anthropometry, trip-
licate measurement of blood pressure (BP), spirome-
try, an ECG with findings interpreted according to the 
Minnesota code, etc.

Waist circumference (WC) was determined with 
a measuring tape applied horizontally in the middle 
between the lower edge of the costal arch and the 
sacral part of the ilium. AO was determined with 
WC ≥ 94 cm in men and ≥ 80 cm in women [11, 12]. 
BP was measured three times with an interval of two 
minutes on the right arm in a sitting position after 
a 5-minute rest using an automatic digital blood 
pressure monitor Omron M5-I (Japan). The ave- 
rage value for 3 measurements was registered. Ar-
terial hypertension (AH) was determined at systolic 
blood pressure (SBP) ≥ 140 mmHg and / or diastolic 
blood pressure (DBP) ≥ 90 mmHg [12]. The body 
mass index (BMI) was calculated using the formula 
I = m/h2, where m – body weight (kg), h – height. 
BMI was considered increased at > 25 kg/m2 [12]. 
Individuals who smoked at least one cigarette a day 
were considered smokers.

The epidemiological diagnosis of coronary ar-
tery disease (CAD) was made using validated epi-
demiological (the Rose Angina Questionnaire) and 
functional criteria (an ECG with findings classified 
according to the Minnesota Code (MC)). We used 
the following ECG determination of CAD based on 
the mentioned MC classification system for electro-
cardiographic findings (WHO guidelines):

– ECG changes indicative of new ischemia (new 
ST-T changes or new left bundle branch block 
(LBBB) – the Minnesota codes: ST-depression 4.1; 
4.2; ST-elevation 9.2; LBBB 7.1);

– development of pathological Q waves in the 
ECG (the Minnesota codes: 1.1.1–1.2.5, 1.2.7), in-
cluding the absence of unequivocal pathological Q 
waves in the first ECG or in the set of ECGs followed 
by a record with a pathological Q wave, or any Q 
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wave in leads V2–V3 ≈  0.2 s, or a QS complex in 
leads V2 and V3, or Q ≈ 0.03 s and ≈ 0.01 mV deep, 
or a QS complex in leads I, II, aVL, aVF or V4–V6 
in any two leads of a contiguous lead grouping (I, 
aVL, V6: V4–V6: II, III, aVF).

Diabetes mellitus (DM) was established accor- 
ding to the epidemiological criteria at fasting plasma 
glucose levels ≥ 7.0 mmol/l [13] and/or normogly-
cemia in individuals with a medical history of es-
tablished DM. The glomerular filtration rate (GFR) 
was calculated using the CKD-EPI formula (Chronic  
Kidney Disease Epidemiology Collaboration), which 
takes into account race, sex, age, and serum crea- 
tinine [14]. A decrease in the GFR was recorded at 
GFR < 90 ml/min/1.73 cm2, GFR was considered 
normal at GFR ≥ 90 ml/min/1.73 cm2. Microalbumi- 
nuria was not determined. 

The WHO Respiratory Diseases questionnaire 
and the European Community Respiratory Health 
Survey (ECRHS) were used to detect respiratory 
symptoms. The epidemiological diagnosis of chro- 
nic bronchitis (CB) was established in the presence 
of cough with mucus for at least three months a 
year or if there was a medical history of the disease.  
In addition, the respiratory function was studied 
with the help of spirometry according to the recom-
mendations for performing spirometry on the Spiro 
USB Micro spirometer (Medical Limited, Great 
Britain). 

Three reproducible attempts were selected for 
the analysis. The spirometry results were recorded 
and processed by the Spida 5 PC-based diagnostic 
software. We selected the best parameters of forced 
expiratory volume in 1 second, forced vital capaci-
ty, and their ratio to assess the respiratory function. 
The calculation of the respiratory function indi-
ces was carried out using comparative equations  
of proper values obtained in the Third Natio- 
nal Health and Nutrition Examination Survey 
(NHANES III) [15]. 

A single blood sampling from the ulnar vein 
was performed on an empty stomach after 12-hour 
fasting. Blood parameters of the lipid profile, glu-
cose, and creatinine were measured by the enzyma- 
tic method using standard TermoFisher reagents on 
the automatic biochemistry analyzer KoneLab 30i 
(Finland). Conversion of serum glucose to plasma 
glucose was performed according to the formu-
la: plasma glucose (mmol/l) = –0.137 + 1.047 × 

serum glucose (mmol/l). The values ≥ 5.0 mmol/l  
were considered increased blood levels of to-
tal cholesterol (hypercholesterolemia), the values  
≥ 3.0 mmol/l were considered increased blood levels 
of LDL-C [12].

Statistical processing of the obtained results 
was performed using the SPSS software package 
(version 13.0). In the tables and text, the obtained 
data are presented as absolute and relative values n 
(%) for categorical variables and as Me (Q25; Q75)  
for continuous variables due to non-normal distri-
bution of most variables. The Kolmogorov – Smir- 
nov test was used to check the normality of distri-
bution. The nonparametric Mann – Whitney U-test  
was used to assess the differences between two 
independent samples. The Pearson’s chi-squared 
test was used to compare the differences between 
the sets of data. Associations were evaluated with 
the help of multiple logistic regression analysis, 
performed under the following conditions: the de-
pendent variable is dichotomous; independence 
of observations; absence of multicollinearity, i.e.,  
situations when the independent variables strongly 
correlate with one other (r > 0.9); the linear depen-
dence between each independent variable and the 
logarithm of the odds ratio (OR) (log odds); inde-
pendence of the residuals. The results of the mul-
tiple logistic regression analysis were presented as 
OR and 95% confidence interval (95% CI) for OR. 
The critical significance level of the null hypothesis 
(p) was equal to 0.05.

RESULTS
1,415 individuals were examined, and AO was 

determined in 600 people (42.4%). 286 of the 670 
examined men had AO (42.7%) and 314 of the 745 
examined women had AO (42.1%). The preva-
lence of AO in the population of Novosibirsk aged  
25–44 years was 42.4%: 42.7% in men and 42.1% 
in women. 

Table 1 shows the characteristics of the studied 
factors depending on the presence of AO in the po- 
pulation of Novosibirsk aged 25–44 years. The indi-
viduals with AO, both men and women, demonstra- 
ted higher values of SBP, DBP, hip circumference 
(HC), BMI, age, blood glucose levels, total choles-
terol, and LDL-C. Male population did not show any 
differences in the blood levels of creatinine depen- 
ding on the presence of AO. Female population with 
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T a b l e  1 

Characteristics of the studied factors depending on the presence of abdominal obesity in the population of Novosibirsk aged  
25–44 years, Me (Q25; Q75)

Continuous
variables

Population, n = 1.415 Men, n = 670 Women, n = 745

АО есть, 
n = 600

АО  нет,
n = 815 p АО есть, 

n = 286
АО  нет,
 n = 384 p АО есть,

 n = 314
АО нет,
 n = 431 p

SBP 123.0 
(114.0; 134.0)

116.5 
(107.5; 125.5) <0.001 128.0 

(120.0; 137.5)
122.5 

(115.5; 131.5) <0.001 118.3 
(109.5; 129.0)

110.3 
(103.5; 118.5) <0.001

DBP 82.5 
(75.0; 90.0)

76.0 
(69.5; 82.5) <0.001 85.5

 (79.5; 92.5)
80.0 

(74.5; 88.0) <0.001 79.0 
(72.0; 86.0)

72.0 
(66.5; 77.9) <0.001

WC 97.8 
(88.8; 103.5)

77.0 
(71.0; 85.0) <0.001 101.1

 (98.0; 107.9)
85.9 

(81.0; 90.0) <0.001 89.6 
(84.9; 98.0)

72.0 
(67.6; 76.0) <0.001

Glucose 5.83 
(5.41; 6.18)

5.62 
(5.20; 5.94) <0.001 5.94 

(5.52; 6.25)
5.73 

(5.41; 6.15) <0.001 5.73 
(5.41; 6.04)

5.41 
(5.10; 5.73) <0.001

Total 
cholesterol 
(TC)

5.14 
(4.52; 5.79)

4.83 
(4.21; 5.43) <0.001 5.27 

(4.65; 5.50)
4.87 

(4.26; 5.50) <0.001 5.01 
(4.39; 5.68)

4.78 
(4.19; 5.39) 0.001

LDL-C 3.26 
(2.66; 3.83)

3.02 
(2.45; 3.60) <0.001 3.34 

(2.82; 4.01)
3.15 

(2.55; 3.70) 0.001 3.15 
(2.58; 3.72)

2.89 
(2.36; 3.50) <0.001

Creatinine 74.0 
(66.5; 82.0)

75.0 
(68.0; 82.0) 0.117 81.0 

(73.0; 87.0)
79.0 

(73.0; 86.0) 0.485 69.0 
(64.0; 74.0)

71.0 
(66.0; 77.0) 0.002

HC 108.7 
(104.0; 114.0)

96.2 
(92.9; 100.0) <0.001 101.1 

(104.5; 113.0)
97.1 

(94.0; 100.4) <0.001 109.0 
(103.8; 116.0)

95.0 
(91.8; 99.0) <0.001

BMI 29.50 
(27.07; 32.43)

22.60 
(20.66; 24.66) <0.001 29.90 

(28.02; 32.41)
23.78 

(21.85; 25.57) <0.001 29.0
 (25.81; 32.44)

21.78 
(20.09; 23.44) <0.001

Age 39.0 
(33.8; 42.8)

35.8 
(31.0; 41.1) <0.001 38.5 

(33.0; 42.4)
35.0 

(30.4; 40.4) <0.001 39.5 
(34.8; 43.1)

36.4 
(31.4; 41.4) <0.001

T a b l e  2

Categorical variables
Population, n = 1.415 Men, n = 670 Women, n = 745

AO ( + ),  
n = 600

AO ( – ),
n = 815 p AO ( + ),

n = 286
AO ( – ),
n = 384 p AO ( + ),

n = 314
AO ( – ),
n = 431 p

Detected CAD 3.8  3.0  0.430 2.9 2.6  0.839 4.7 3.4 0.396

DM 3.5 1.5  0.022 4.9 11.0 0.260 2.6  0.2 0.004

AH 28.1  12.3 <0.0001 37.9 21.1 <0.0001 19.2 4.4 <0.001

AO had lower blood creatinine levels than women 
without AO.

Table 2 shows the prevalence of certain disea- 
ses and pathological conditions in people under 45 
years of age with AO. In the population of indivi- 
duals with AO, the prevalence of DM was 2.3 times 
higher, AH was 2.3 times higher, CB was 1.5 times 
higher, hypercholesterolemia was 1.3 times high-
er, and hyper-LDL-cholesterolemia was 1.2 times 
higher than in individuals without AO. Similar re-
sults were found in women. Thus, in women with 
AO, the prevalence of DM was 13.0 times higher, 

AH was 4.4 times higher, CB was 1.9 times higher, 
hypercholesterolemia was 1.2 times higher, and hy-
per-LDL-cholesterolemia was 1.3 times higher than 
in individuals without AO. Men showed significant 
differences only for hypertension and lipid disorders. 
So, in men with AO, the prevalence of hyperten-
sion was 1.8 times higher, hypercholesterolemia – 
1.4 times higher, and hyper-LDL-cholesterolemia – 
1.2 times higher than in men without AO. No dif-
ferences were detected in the prevalence of CAD 
and reduced GFR depending on the presence of AO, 
both in men and women.

Prevalence of diseases and pathological conditions depending on the 
 presence of abdominal obesity in the population of Novosibirsk aged 25-44 years, %
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At the next stage of the study, a logistic regres-
sion analysis was performed to assess the impact of 
AO on the development of diseases and pathologi-
cal conditions (Table 3). The categorical variables 

T a b l e  3

Logistic regression analysis of the impact of abdominal obesity on the development of diseases and pathological conditions  
in the population of Novosibirsk aged 25–44 years

Categorical variables
Population, n = 1,415 Men, n = 670 Women, n = 745

OR 95% CI p OR 95% CI p OR 95% CI p

Detected CAD 1.158 0.624 - 2.147 0.642 1.048 0.384 – 2.856 0.928 1.194 0.538 – 2.652 0.663

DM 1.971 0.950 – 4.087 0.068 1.255 0.545 – 2.890 0.593 10.765 1.316 – 88.057 0.027

AH 2.550 1.899 – 3.422 0.0001 2.070 1.450 – 2.956 0.0001 4.074 2.343 – 7.082 0.0001

CB 1.830 1.326 – 2.527 0.0001 1.655 1.069 – 2.563 0.024 2.130 1.311 – 3.459 0.002

Hypercholesterolemia 1.486 1.193 – 1.851 0.0001 1.805 1.313 – 2.483 0.0001 1.293 0.957 – 1.746 0.094

Hyper-LDL-cholesterolemia 1.527 1.222 – 1.907 0.0001 1.439 1.040 – 1.990 0.028 1.595 1.180 – 2.156 0.002

Reduced GFR 0.603 0.427 – 0.852 0.004 0.708 0.364 – 1.376 0.309 0.573 0.382 – 0.861 0.007

of CAD, DM, AH, CB, lipid disorders, and reduced 
GFR were included in individual models as depen-
dent variables, whereas AO, sex, age, and some oth-
er parameters were taken as independent variables.

Categorical variables
Population, n = 1.415 Men, n = 670 Women, n = 745

AO ( + ),  
n = 600

AO ( – ),
n = 815 p AO ( + ),

n = 286
AO ( – ),
n = 384 p AO ( + ),

n = 314
AO ( – ),
n = 431 p

CB 26.5 17.7 <0.001 31.5 24.4 0.072 21.8 11.7 0.001

Hypercholesterolemia 56.2  43.5  <0.0001 61.4 44.7 <0.0001 51.4 42.5 0.016

Hyper-LDL-cholesterolemia 62.5  50.4  <0.0001 66.3 56.2 0.009 59.1 45.3 0.001

Reduced GFR 21.3 24.4 0.254 9.8 9.9 0.983 30.5 37.3 0.166

T a b l e  2  ( c o n t i n u e d )

We found a significant impact of AO on the de-
velopment of AH in the population, including men 
and women (Table 3). In the general population, age 
(OR = 1.089, 95% CI 1.062–1.117, p = 0.0001), male 
sex (OR = 3.632, 95% CI 2.677–4.928, p = 0.0001), 
and smoking (OR = 1.689, 95% CI 1.188–2.402,  
p = 0.003) significantly influenced the development 
of AH along with AO. In men, only age, along with 
AO, influenced the development of hypertension  
(OR = 1.074, 95% CI 1.041–1.107, p = 0.0001).  
In women, age (OR = 1.128, 95% CI 1.077–1.180,  
p = 0.0001) and smoking (OR = 2.102, 95% CI 
1.166–3.789, p = 0.014), along with AO, had a sig-
nificant impact on the development of hypertension.

We found a significant impact of AO on the de-
velopment of CB in the population, including men 
and women (Table 3). In the general population, age 
(OR = 1.038, 95% CI 1.010–1.067, p = 0.008), male 
sex (OR = 1.457, 95% CI 1.062–2.001, p = 0.020), 

and smoking (OR = 6.284, 95% CI 4.242–9.308,  
p = 0.0001) significantly influenced the develop-
ment of CB along with AO. In men, the development 
of CB was significantly influenced by age (OR = 
1.040, 95% CI 1.002–1.080, p = 0.039) and smoking  
(OR = 7.268, 95% CI 3.981–13.270, p = 0.0001), 
along with AO. In women, only smoking, along with 
AO, significantly influenced the development of CB 
(OR = 5.230, 95% CI 3.062–8.933, p = 0.0001).

A significant effect of AO on the development 
of hyper-LDL-cholesterolemia in the population, in-
cluding men, was detected (Table 3). In the general 
population, age (OR = 1.037, 95% CI 1.019–1.056, 
p = 0.0001) and male sex (OR = 1.541, 95% CI 
1.247–1.905, p = 0.0001) significantly influenced 
the development of hyper-LDL-cholesterolemia 
along with AO. In men, only age, along with AO, 
influenced the development of hyper-LDL-cho-
lesterolemia (OR = 1.032, 95% CI 1.005–1.060,  
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p = 0.020). In women, only age had a significant ef-
fect on the development of hyper-LDL-cholestero- 
lemia (OR = 1.042, 95% CI 1.016–1.067, p = 0.001).

A significant effect of AO on the development 
of hypercholesterolemia in the population, includ-
ing men, was identified (Table 3). In the general 
population, age (OR = 1.046, 95% CI 1.028–1.065,  
p = 0.0001) and male sex (OR = 1.310, 95% CI 
1.064–1.613, p = 0.011), along with AO, significant-
ly influenced the development of hypercholestero- 
lemia. In men, only age, along with AO, influenced 
the development of hypercholesterolemia (OR = 
1.048, 95% CI 1.021–1.076, p = 0.001). In wom-
en, the development of hypercholesterolemia was 
affected only by age (OR = 1.045, 95% CI 1.021–
1.069, p = 0.0001).

A significant influence of AO on the development 
of DM in women was also detected (Table 3). In the 
general population, the development of DM was in-
fluenced by age (OR = 1.113, 95% CI 1.045–1.185,  
p = 0.001) and male sex (OR = 2.976, 95%  
CI 1.440–6.151, p = 0.003); in men – only by age 
(OR = 1.152, 95% CI 1.065–1.247, p = 0.0001) and 
in women – only by AO. 

Finally, a significant reverse effect of AO on the 
development of reduced GFR in the population, inclu- 
ding women, was established (Table 3). In the gener-
al population, age (OR = 1.083, 95% CI 1.054–1.13,  
p = 0.0001) and female sex (OR = 0.183, 95%  
CI 0.125–0.268, p = 0.0001), along with AO, sig-
nificantly influenced the development of reduced 
GFR. In men, the development of reduced GFR 
was influenced only by age (OR = 1.099, 95%  
CI 1.035–1.167, p = 0.002). In women, age, along 
with AO, also had a significant effect on the de-
velopment of reduced GFR (OR = 1.078, 95%  
CI 1.046–1.12, p = 0.0001). No effect of AO on 
the CAD development in the population, including 
men and women, was found. 

In the young population under the age of 45, AO 
had a significant direct effect on the development of 
AH, CB, hypercholesterolemia, hyper-LDL-choles-
terolemia and a reverse effect on the development 
of reduced GFR. In the male population under 45 
years of age, AO had a significant direct effect on 
the development of AH, CB, hypercholesterolemia, 
and hyper-LDL-cholesterolemia. In the female po- 
pulation under the age of 45, AO had a significant 
direct effect on the development of DM, AH, CB, 

and hyper-LDL-cholesterolemia and a reverse effect 
on the development of reduced GFR.

DISCUSSION
Our results confirming the direct effect of AO on 

the AH development in young people under 45 years 
of age correspond with the known data on the rela-
tionship between AO and AH, also as criteria/signs 
of metabolic syndrome (MS), as well as to data from 
other studies of recent years. Thus, Y. Zhao et al. 
in the cohort study of rural Chinese residents of a 
broad age group showed that AO increased a 6-year 
risk of developing AH in both men and women [16].  
J. B. Almeida et al. found that young women with 
AO aged 20–59 years demonstrated a two times 
higher AH prevalence than women without AO [17].

Our results regarding the direct effect of AO on 
the development of CB in young people under 45 
years of age do not contradict the data of other stud-
ies. E. Pekkarinen et al. concluded that even mild 
AO in healthy non-smoking adults was associated 
with obstructive changes in the lungs and a decrease 
in the vital capacity of the lungs according to spi-
rometry [18]. Similar data were obtained by A. Va-
trella et al. in the cohort study of women in Italy 
[19]. Discussing a possible mechanism of the asso-
ciation between AO and CB, it is essential to note 
the etiopathogenetic synergy of proinflammatory 
biomolecules secreted by visceral adipocytes in AO 
and factors of chronic inflammation that potentiate 
the development of chronic inflammatory diseases, 
including CB [6, 20].

The obtained results regarding the direct effect 
of AO on the development of lipid disorders (hy-
percholesterolemia, hyper-LDL-cholesterolemia) in 
young people under 45 years of age have not come 
as unexpected, since the data on the relationship 
between AO and lipid disorders, also as criteria/
signs of MS, have also been known for a long time.  
Z. Hertelyova et al. also found a positive associa-
tion of non-HDL-C with increased WC and BMI in 
students. However, unlike us, they did not find an 
association of WC with the level of total blood cho-
lesterol [21].

MS based on AO and insulin resistance is known 
to play a potentiating role in the development of 
type 2 diabetes. In this respect, the expected results 
regarding the association of AO and DM were not 
obtained, since this association was identified only 
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in women. However, it should be noted that our 
study determined DM only with the help of epidemi-
ological criteria (fasting plasma glucose level) [13] 
and did not take into account the type of DM. In the 
12-year cohort study, F. Salehinia et al. also identi-
fied an association of AO with the development of 
type 2 diabetes only in women over 20 years of age, 
but not in men [22].  

Our results regarding the reverse effect of AO on 
the development of reduced GFR in young people 
under 45 years of age, including women, do not cor-
respond with the data of other studies. Several stu- 
dies demonstrated a direct association of AO with 
reduced GFR and kidney pathology [23–25]. On the 
other hand, A. Shahali et al. found no association 
of AO with an increased risk of kidney failure in 
either men or women in the cohort study of 7,002 
people over the age of 20 [26]. It is important to note 
that our study considered GFR < 90 ml/min/1.73 
cm2 as reduced GFR, since there were only 4 young  
people with reduced GFR < 60 ml/min/1.73 cm2 
(this criterion for reduced GFR is used in the major-
ity of studies), which was not enough for a correct 
statistical analysis of the results.

Finally, the expected association of AO with 
early CAD (according to epidemiological criteria) 
in young people aged 25–44 years was not identi-
fied. The obtained data differ from the known re-
sults of other numerous studies showing a direct 
association of AO with CAD development and its 
complications. It should be noted that most of these 
studies were conducted on populations, cohorts or 
selective clinical groups of people over 45 years of 
age. Our results presented in Tables 2 and 3 reflect 
higher prevalence of CAD in individuals with AO 
and a direct association of CAD with AO, but their 
statistical significance has not been achieved. This 
is probably due to the low number of CAD cases in 
the examined young population under the age of 45. 

CONCLUSION

Therefore, it is important to note that AO, inclu- 
ding AO in young people, probably causes and trig-
gers the development of not only endocrine and car-
diovascular diseases, but also a broad range of other 
socially sensitive diseases and pathological condi-
tions. These studies will undoubtedly continue, in-
cluding the search for pathogenetic associations of 
AO with the development of a wide range of diseases.
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Features of morphometric parameters of vessels in the human portal venous 
system identified by multislice computed tomography
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ABSTRACT

The aim of this study was to identify the morphometric features of the human portal venous system by means of 
multislice computed tomography (MSCT). 

Materials and methods. A contrast X-ray study of the portal vein was carried out in 53 men who were treated in 
the surgical departments of the Krasnoyarsk Regional Hospital No. 1. The average age of the patients was 54.9 
± 1.7 years (36–71 years). Measurements were performed on 3D models of the vascular bed in the portal venous 
system (GE Advantage Workstation and Siemens singo.via workstations). Branching patterns, length, diameter, 
angle of the portal vein formation relative to the midline of the human body, and angles of formation of the vessels 
forming the portal vein in the frontal plane were evaluated. 

Results. Variations in the morphometric parameters of the intrahepatic vessels of the portal vein are obvious, 
although the branching patterns are not diverse and are reduced to one type – the magistral pattern (according to 
V.N. Shevkunenko). The veins that form the portal vein are represented by three systems, each of which has a stem 
and tributaries that differ in branching patterns and other morphological characteristics. 

Conclusion. The findings of the study made it possible to supplement the scientific materials regarding branching 
patterns and morphological characteristics of the portal vein and its tributaries as well as to use the morphometric 
characteristics of the superior and inferior mesenteric and splenic veins to resolve the issues of surgical intervention 
on the abdominal organs. 

Key words: portal vein, 3D modeling, branching pattern, superior mesenteric vein, inferior mesenteric vein, 
splenic vein.
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Особенности морфометрических показателей сосудов воротной системы 
человека, выявленные посредством мультиспиральной компьютерной 
томографии  

Русских А.Н., Шабоха А.Д., Тюменцев Н.В., Деревцова С.Н.

Красноярский государственный медицинский университет (КрасГМУ) им. проф. В.Ф. Войно-Ясенецкого  
Россия, 660022, г. Красноярск, ул. Партизана Железняка, 1

РЕЗЮМЕ

Цель – выявление морфометрических особенностей воротной системы человека посредством мультиспи-
ральной компьютерной томографии. 

Материалы и методы. Для решения поставленной задачи проведено рентгенконтрастное исследование 
воротной вены 53 мужчинам, проходившим лечение в хирургических отделениях Красноярской краевой 
больницы № 1. Средний возраст составил 54,9 ± 1,7 лет (36–71 год). Измерения проводились на мультипла-
нарных реконструкциях сосудистого русла воротной системы (рабочие станции GE Advantage Workstation, 
Siemens singo.via). Оценивались типы ветвления, длина, диаметр, угол образования воротной вены относи-
тельно срединной линии тела человека и углы образования сосудов, образующих воротную вену во фрон-
тальной плоскости.

Результаты.  Вариации морфометрических параметров внутрипеченочных сосудов воротной вены очевид-
ны, хотя варианты ветвления неразнообразны и сводятся к одному типу – магистральному (по В.Н. Шевку-
ненко). Вены, образующие воротную вену, представлены тремя бассейнами, в каждом из которых имеются 
ствол и притоки, отличающиеся типами ветвления и другими морфологическими характеристиками.

Заключение. Исследование позволило дополнить научные материалы относительно типов ветвления и 
морфологических параметров воротной вены и ее ветвей, использовать морфометрические характеристики 
верхней, нижней брыжеечных и селезеночной вен для решения вопросов хирургического вмешательства 
на органах брюшной полости.

Ключевые слова: воротная вена, 3D-моделирование, тип ветвления, верхняя брыжеечная вена, нижняя 
брыжеечная вена, селезеночная вена.
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INTRODUCTION

Variability of the human portal venous system is 
beyond doubt [1–5]. Features of interposition, bran- 
ching of veins included in this system, and its stereo-
metric and linear characteristics define the develop-
ment, course, and methods of surgical intervention for 

several surgical diseases, which eventually determines 
the outcome of surgical pathology [6–8]. According to 
leading gastrointestinal surgeons, enhancement of di-
agnosis of the structural features in the portal venous 
system will allow to answer many questions about the 
therapeutic and diagnostic strategy in the preoperative 
period [9–12].
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Radiographic testing of vessels, organs, and entire 
systems in various areas of medical practice shows 
good diagnostic results [13, 14]. A study carried out 
on a stationary X-ray machine in order to identify the 
features of rectal vessels of the portal venous system 
proved high information capacity of the method and 
allowed to find out postmortem characteristics, such 
as morphometry, spatial location, and vein branching 
[15–18].

Variant anatomy of major vessels of the portal ve-
nous system has been studied by a number of authors 
[19–22]. In 2018, I.V. Gaivoronsky et al. presen- 
ted the main results characterizing variants of portal 
vein trunk formation and quantitative measurements  
of the vein length, diameter, and roots, showing a 
wide range of morphometric characteristics. The re-
sults obtained by multislice computed tomography 
(MSCT) of the abdominal cavity were defined as 
markers that allowed for planning an optimal surgi-
cal strategy and reducing postoperative complications 
on the part of the mesenteric and portal vein system 
in acute extensive portal vein or superior mesenteric 
vein thrombosis [6]. 

However, the study results can be applied only to 
operations on abdominal organs, in which the major 
vessels of the portal venous system are involved. Ac-
cording to A.V. Kolsanov et al. (2017), for a compre-
hensive study of the portal venous system of living 
people, it is eligible and competent to use contrast 
computed tomography with bolus tracking, which is 
one of the most precise methods to estimate morpho-
metric features of vascular formations. Such a tech-
nique is the best for studying variant angioanatomy 
with visualization of vessels with a diameter of 1 mm 
and more, which allows to use this method not only 
in choosing the surgical strategy to treat portal hyper-
tension, but also in all types of liver and pancreatic 
resection, liver transplantation etc. [9].

The aim of the study was to identify the morpho-
logical features of the human portal venous system.

MATERIALS AND METHODS
A contrast X-ray study was carried out on 53 men 

who were treated in the surgical departments of the 
Krasnoyarsk Regional Hospital No. 1. The inclusion 
criterion: patients with surgical diseases of the abdom-
inal organs without circulatory disorders. The ave- 
rage age of the patients was 54.9 ± 1.7 years (36– 
71 years). All patients signed an informed consent to 
participate in the study. The study was approved by 
the local Ethics Committee at V.F. Voino-Yasenetsky 

Krasnoyarsk State Medical University (Protocol No. 
84/2018 of 06.06.2018).

The measurements were performed on 3D recon-
structions of the vascular bed of the portal venous 
system (GE Advantage Workstation and Siemens sin-
go.via working stations) on the basis of MSCT scans 
of the abdominal cavity using bolus contrasting with 
Ultravist-370 (Bayer Pharma AG, Germany). The 
volume of the used contrast medium was 100 ml, the 
injection rate was 4 ml per second, and the average 
radiation exposure was 11.3 mSv. 

The contrast X-Ray study is applicable to the 
study of variants of portal venous system formation 
and their morphometric patterns, as well as branching 
patterns at different levels of structural organization 
using classifications by the T. Nakamura (type A – 
classical anatomy, type B – portal trifurcation, type  
С – intra-; type D – extrahepatic branching of the 
anterior branch, and type Е – absence of the anteri-
or branch) and V.N. Shevkunenko (magistral, mixed, 
and distributed patterns) [9, 23, 24].

The length, diameter, and angle of the portal vein 
formation relative to the midline of the human body 
as well as angles of formation of the vessels forming 
the portal vein in the frontal plane were estimated. The 
measurements were performed by building a central 
axis of the vessel with further measuring of its linear 
parameters [25].

Statistical processing was carried out using the 
SPSS Statistics 17.0 software package. The normali-
ty distribution was assessed using the Shapiro – Wilk 
test. Characteristics of variational series for quantita-
tive features with nonparametric distribution and data 
with parametric distribution due to their small number 
were presented using measures of the central tendency 
(mean (M), median (Me), mode (Mo)) and measures 
of variance (standard deviation, range, interquartile 
range [Q25; Q75]). When comparing two independent 
samples of nonparametric data, the nonparametric 
Mann – Whitney U-test was used.

RESULTS AND DISCUSSION
3D models of CT scans of the portal venous system 

among all the examined men were characterized by 
constant presence of the portal vein, its right branch 
(with the anterior and posterior branches) and left 
branch (with the transverse and umbilical portion), as 
well as splenic, superior and inferior mesenteric veins, 
and more superior veins, forming the main tributar-
ies. According to X-ray, the portal vein was a cylinder 
with the diameter of 14.5 [13.0; 14.5] mm, and the 
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diameter at the place of its formation was similar to 
the diameter of its origin. The length ranged from 58 
to 71 mm and the average length was about 63 mm. 
The portal vein was formed at the angle of 68 [46; 72]º  
relative to the midline of the human body, which 
proves the previously published data on the frequency 
of the angle (Fig. 1) [6].

A

B

C

2a

2b3b

3a

3
2

1

Fig. 1. 3D model of the human portal venous system. 2 – 
Left branch of the portal vein; 2a – Transverse portion; 2b – 
Umbilical portion; 3 – Right branch of the portal vein; 3a – 

Anterior branch; 3b – Posterior branch

Morphometric parameters of portal vein branches 
are shown in Table 1. Formation angles of the main 
branches of the portal vein were statistically different 
(р < 0.05). If the formation angle of the right main 
branch made 135.0 [130.0; 141.0]º, the left branch 
was located at an angle of 53.0 [49.5; 60.0]º relative 
to the portal vein. In 96% of cases, both branches 
were formed according to the classical branching pat-
tern (according to the classification by T. Nakamura), 
and in individual cases, trifurcation and intrahepatic 
branching of the anterior portion occurred.

The left branch of the portal vein was longer than 
the right one (82.0 [79.5; 89.0] mm and 46.0 [39.5; 
47.5] mm, respectively); the left and right branches 
had identical diameters (13.0 [10.5; 14.5] mm and 11.0 
[10.5; 12.0] mm, respectively). The right branch of the 

portal vein was dichotomously divided into anterior 
and posterior branches; the length of the anterior (75.5 
[73.0; 77.5] mm) and posterior (80.5 [75.5; 81.0] mm) 
branches and their diameters (8.0 [7.0; 8.5] mm and 
7.0 [6.5; 8.5] mm) did not differ significantly, unlike 
the angles of their formation. The anterior branch was 
a kind of continuation of the right branch and depar- 
ted from it at the angle of 160.0 [145.0; 170.0]º. The 
posterior branch formed an almost right angle with 
the right branch (115.0 [100.0; 125.0]º). Portions of 
the left branch of the portal vein had peculiarities in 
terms of length. The transverse portion (53.0 [48.0; 
61.0] mm) was always longer than the umbilical one 
(31.0 [28.0; 39.0] mm), while their diameters did not 
differ significantly.

T a b l e  1
Morphometric parameters of the portal vein branches  

found by X-ray, Me [P25; P75]

Parameter Length,
mm

Diameter,
mm

Formation 
angle, degree*

Portal vein 63.0  
[58.0; 71.0]

14.5  
[13.0; 14.5]

68.0  
[46.0; 72.0]

Right branch of 
the portal vein:
– anterior branch
– posterior branch

46.0  
[39.5; 47.5]

75.5  
[73.0; 77.5]

80.5  
[75.5; 81.0]

11.0  
[10.5; 12.0]

8.0  
[7.0; 8.5]

7.0  
[6.5; 8.5]

135.0  
[130.0; 141.0]

160.0  
[145.0; 170.0]

115.0  
[100.0; 125.0]

Left branch of the 
portal vein:
– transverse 
portion
– umbilical 
portion

82.0  
[79.5; 89.0]

53.0  
[48.0; 61.0]

31.0  
[28.0; 39.0]

13.0  
[10.5; 14.5]

53.0  
[49.5; 60.0]

*Formation angle of the portal vein relative to the midline of the hu-
man body 

As a result, variations in the morphometric pa-
rameters of intrahepatic vessels of the portal vein are 
obvious. The vessels that form the portal vein are pre-
sented by three systems, each of which has a trunk and 
tributaries differing in the branching pattern and other 
morphological characteristics. 

The superior mesenteric vein is characterized by 
the mixed branching pattern [23]. It has one trunk of 
93.5 [78.5; 119.5] mm in length with the diameter of 
9.5 [6.5; 12.0] mm entering the portal vein at the angle 
of 170.0 [160.0; 175.0]º and formed by tributary veins 
of most of the unpaired organs in the upper and lower 
abdominal cavity (Fig. 2). The tributaries of the supe-
rior mesenteric vein have almost the same diameter of 
3.5–12 mm, but different length. The shortest tribu-
taries are the jejunal vein (40.0 [38.5; 46.5] mm), the 
right gastroepiploic vein (45.0 [38.5; 53.5] mm), the 
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iliac vein (50.0 [48.5; 53.5] mm), the middle colic vein 
(60.0 [58.5; 63.5] mm), and the ileocolic vein (70.0 
[68.5; 78.5] mm). The maximum length is determined 
in the right colic vein (115.0 [108.5; 120.5] mm), drai- 
ning the ascending and transverse parts of the colon. 
The convergence angles of each tributary of the supe-
rior mesenteric vein are defined by locations of the in-
ternal organs from which the venous drainage is carried 
out. Since iliac and ileocolic veins are caudal branches, 
the value of their angles approaches the flat angle and 
averages 160 (160.0 [155.0; 171.0]º and 160.0 [150.0; 
171.0]º, respectively). The given value is the statistical 
maximum relative to the convergence angles of other 
veins in this system. The middle (120.0 [110.0; 131.0]º) 
and right (140.0 [130.0; 145.0]º) colic veins have the 
average value. The minimal values are typical of the je-
junal and right gastroepiploic veins (70.0 [60.0; 81.0]º 
and 85.0 [80.0; 91.0]º, respectively).

 The inferior mesenteric vein system contains few-
er veins entering its bed compared with the superior 

mesenteric vein vasculature. The magistral branching 
pattern of the inferior mesenteric vein is found in 23% 
of cases, while in 77% of cases this vein is charac-
terized by the mixed pattern (Fig. 3) [23]. In case of 
the mixed branching pattern, the inferior mesenteric 
vein enters the superior mesenteric vein between the 
right colic and jejunal veins. In most cases, the inferi-
or mesenteric vein of the magistral branching pattern 
enters the splenic vein (Fig. 1) or is an independent 
tributary of the portal vein. Its diameter is significant-
ly smaller than that of the superior mesenteric vein 
and reaches 4.5 [2.0; 6.5] mm. Although length val-
ues vary depending on the branching characteristics, 
they do not significantly differ from the values of this 
parameter for the superior mesenteric vein. The angle 
of formation, as in the case of inflow into the superior 
or splenic vein, ranges from 135 to 151º. Linear para- 
meters and formation angles of the inferior mesenter-
ic vein tributaries do not have statistically significant 
differences (Table 2).

T a b l e  2

Morphometric parameters of the portal vein roots found by X-ray, Me [P25; P75]
Parameter Length, mm Diameter, mm Formation angle, degree

Superior mesenteric vein:
– middle colic vein
– jejunal vein
– iliac vein
– ileocolic vein
– right colic vein 
– right gastroepiploic vein 

93.5 [78.5; 119.5]
60.0 [58.5; 63.5]
40.0 [38.5; 46.5]
50.0 [48.5; 53.5]
70.0 [68.5; 78.5]

115.0 [108.5; 120.5]
45.0 [38.5; 53.5]

9.5 [6.5; 12.0]
9.0 [6.0; 11.0]
4.0 [3.5; 6.0]
5.5 [5.0; 7.0]
5.0 [3.5; 6.5]
6.0 [6.5; 9.0]
4.0 [3.5; 6.0]

170.0 [160.0; 175.0]
120.0 [110.0; 131.0]

70.0 [60.0; 81.0]
160.0 [155.0; 171.0]
160.0 [150.0; 171.0]
140.0 [130.0; 145.0]

85.0 [80.0; 91.0]
Inferior mesenteric vein:
– left colic vein
– sigmoid vein 
– superior rectal vein

108.5 [104.0; 111.5]
40.0 [33.5; 49.5]
50.0 [27.0; 53.5]
30.0 [20.0; 50.0]

4.5 [2.0; 6.5]
3.5 [2.0; 4.5]
3.0 [2.0; 3.5]
3.0 [2.0; 4.0]

140.0 [135.0; 151.0]
175.0 [170.0; 179.0]
165.0 [160.0; 170.0]
160.0 [155.0; 165.0]

Splenic vein:
– left gastroepiploic vein
– short gastric veins 
(n = 6–12)

125.0 [97.5; 129.5]
20.0 [13.5; 29.5]
12.0 [7.0; 18.5]

7.5 [5.5; 8.5]
5.0 [4.0; 6.0]
4.0 [3.0; 4.5]

100.0 [95.0; 111.0]
130.0 [120.0; 135.0]

90.0 [90.0; 95.0]

Unlike the superior and inferior mesenteric vein 
systems, the splenic vein always has the magistral bran- 
ching pattern (Fig. 4). The splenic vein has medium di-
ameter (7.5 [5.5; 8.5] mm) and maximum length (125.0 
[97.5; 129.5] mm) values and enters the portal vein at a 
smaller angle (100.0 [95.0; 111.0]º) than in case of the 
superior and inferior mesenteric veins. Tributaries of 
the splenic vein are numerous, values of the linear pa-
rameters do not differ significantly. The average values 
for the length, diameter, and convergence angle of the 
left gastroepiploic vein are 20.0 [13.5; 29.5] mm, 5.0 
[4.0; 6.0] mm, and 130.0 [120.0; 135.0]º, respectively. 
The short gastric veins enter the splenic vein at a right 

angle (90.0 [90.0; 95.0]º), and the average values for 
their length and diameter reach 12.0 [7.0; 18.5] mm and 
4.0 [3.0; 4.5] mm, respectively.

Radiographic testing of the portal venous system 
using MSCT with bolus tracking has shown high 
information capacity, which had been previously 
demonstrated by A.V. Kolsanov et al. [9].

Estimating the length, diameter, and formation an-
gles of the portal vein and its tributaries, we came to 
the conclusion that modern diagnostic imaging tech-
niques with the use of contrast agents should be used 
to study the portal venous system at various levels of 
its structural organization. 
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CONCLUSION
The current study provides quantitative landmarks 

for the major venous structures in the portal venous 
system. The research results made it possible to sup-
plement scientific materials regarding the branching 
patterns and morphological parameters of the portal 
vein and its branches. The obtained data reflecting 
morphometric characteristics of the superior and in-
ferior mesenteric veins as well as splenic vein prove 
variability of veins included in the v. portae system 
and a wide range of its structural anatomy and can 
be used to resolve the issues of surgical intervention 
on the abdominal organs. Variations typical of each 
venous system should be taken into account when 
choosing the strategy of managing patients with portal 
hypertension or at the preoperative stage. 
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Comparison of cutting and coagulation properties of 1.56 and 1.94 µm  
fiber lasers and a 0.98 µm semiconductor laser

Ryabova M.A., Ulupov M.Yu., Shumilova N.A., Portnov G.V., Tikhomirova E.K., Malkova M.E.

Pavlov First Saint Petersburg State Medical University  
6-8, L. Tolstogo Str., St. Petersburg, 197022, Russian Federation

ABSTRACT

Aim of the study was to compare the cutting and coagulation properties of 1.56 and 1.94 μm fiber lasers with those 
of a 0.98 μm semiconductor laser.

Materials and methods. A comparative study of the biological effects of 1.56 and 1.94 µm lasers and a 0.98 µm 
semiconductor laser used in a constant, continuous mode was carried out.  The cutting properties of the lasers were 
evaluated on the chicken muscle tissue samples by the width and depth of the ablation zone formed via a linear laser 
incision at a speed of 2 mm/s, while the coagulation properties were assessed by the width of the lateral coagulation 
zone. The zones were measured using a surgical microscope and a calibration slide. For statistical analysis, power 
values of 3, 5, 7, 9, and 11 W were chosen for each laser wavelength.

Results. Analysis of the findings confirmed that laser wavelength had a statistically significant effect on the 
linear dependence between incision parameters and laser power. It was found that the 1.56 μm fiber laser (water 
absorption) had a greater coagulation ability but a comparable cutting ability compared with the 0.98 μm laser 
(hemoglobin absorption). When used in the power mode of 7W or higher, the 1.94 µm laser provided superior 
cutting performance compared with the 0.98 µm semiconductor laser at the same exposure power. Elevating the 
power in any of the lasers primarily increased the width of the ablation zone, and to a lesser extent – the crater 
depth and the width of the lateral coagulation zone. Therefore, in comparison with the 0.98 μm semiconductor 
laser, higher radiation power in the 1.56 and 1.94 μm lasers mainly influences their cutting properties, expanding 
the width and depth of the ablation zone, and has a smaller effect on their coagulation ability.

Conclusion. The findings of the study showed that the 1.56 and 1.94 μm fiber lasers have better coagulation properties 
in comparison with the 0.98 μm semiconductor laser. was statistically proven that all incision characteristics (width 
of the lateral coagulation zone, depth and width of the ablation zone) for the 1.56, 1.94, and 0.98 μm lasers depend 
on the power of laser radiation. The 1.94 µm laser is superior to the 0.98 µm laser in its cutting properties.

Key words: laser, ablation, coagulation, wavelength, power. 
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Сравнение режущих и коагуляционных свойств волоконных лазеров  
с длиной волны 1,56 и 1,94 мкм с полупроводниковым лазером 0,98 мкм

Рябова М.А., Улупов М.Ю., Шумилова Н.А., Портнов Г.В., Тихомирова Е.К.,  
Малкова М.Е.

Первый Санкт-Петербургский государственный медицинский университет имени академика И.П. Павлова 
(ПСПбГМУ)  
Россия, 197022, г. Санкт-Петербург, ул. Льва Толстого, 6-8

РЕЗЮМЕ 

Цель – провести сравнительную оценку режущих и коагуляционных свойств волоконных лазеров с 
длинами волн 1,56 и 1,94 мкм с полупроводниковым лазером 0,98 мкм.

Материалы и методы. Проведено сравнительное исследование биологических свойств волоконных 
лазеров с длиной волны 1,56 и 1,94 мкм с полупроводниковым лазером 0,98 мкм в постоянном непрерывном 
режиме. Режущие свойства лазеров оценивались на мышечной ткани курицы по ширине и глубине зоны 
абляции, формируемой в ходе линейного лазерного разреза со скоростью 2 мм/с, коагуляционные – 
по ширине боковой зоны коагуляции. Измерение зон проводили в условиях микроскопии с помощью 
калибровочного предметного стекла. Для статистического анализа выбрали значения мощности 3, 5, 7, 9 и 
11 Вт для каждой длины волны лазерного излучения. 

Результаты. Анализ полученных результатов измерений подтвердил статистически значимое влияние 
длины волны лазерного излучения на характер линейной зависимости параметров лазерного разреза 
от мощности воздействия. Установлено, что волоконный водопоглощаемый лазер с длиной волны  
1,56 мкм обладает большей коагулирующей способностью, но сопоставимой способностью к резке тканей 
по сравнению с гемоглобинпоглощаемым лазером с длиной волны 0,98 мкм.  Лазер с длиной волны  
1,94 мкм на мощности 7 Вт и выше превосходит по своим режущим свойствам полупроводниковый лазер 
0,98 мкм на той же мощности воздействия. Для всех лазеров прирост мощности излучения в большей 
степени увеличивает ширину зоны абляции, в меньшей степени – глубину кратера и ширину боковой 
зоны коагуляции. Таким образом, прирост мощности излучения для лазеров с длиной волны 1,56 и  
1,94 мкм преимущественно влияет на режущие свойства, увеличивая ширину и глубину формируемой зоны 
абляции, в меньшей степени – на его коагуляционные способности в сравнении с полупроводниковым 
лазером с длиной волны 0,98 мкм. 

Заключение. По результатам экспериментального исследования обнаружено, что лазеры с длиной волны 
1,56 и 1,94 мкм обладают лучшими коагулирующими свойствами в сравнении с полупроводниковым 
лазером 0,98 мкм. Статистически доказано, что все параметры лазерного разреза (ширины боковой зоны 
коагуляции, глубины и ширины зоны абляции) для лазеров с длиной волны 1,56; 1,94 и 0,98 мкм зависят 
от мощности лазерного излучения. Лазер с длиной волны 1,94 мкм превосходит лазер 0,98 мкм по своим 
режущим свойствам.

Ключевые слова: лазер, абляция, коагуляция, длина волны, мощность.
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INTRODUCTION
In recent years, laser technologies have been rap-

idly developing with creation of semiconductor and 
fiber lasers with various wavelengths never used be-
fore (0.53, 0.81, 0.97, 1.06, 1.47, 1.56, 1.94 µm) and 
production of high-power lasers, which expands the 
scope of their application in different modes (continu-
ous, pulsed, contact, and distance modes). Novel med-
ical equipment expands the range of therapeutic inter-
ventions; however, biological effects of the majority 
of machines rarely receive any empirical evaluation. 
Therefore, the right operation mode is usually found 
by trial and error, which makes surgical intervention 
less predictable and increases the risk of complica-
tions. Since the wavelength defines the properties of a 
laser, a lack of data on the biological effect of different 
wavelengths prevents practitioners from selecting the 
right laser device and its operation modes. 

In most experimental studies, ablative performance 
is assessed by measuring the ablation rate, which is 
the volume of ablated tissue per a unit of time (g/min), 
while coagulation properties are evaluated by deter-
mining the bleeding rate (g/min) and tissue necrosis 
depth (mm). This method involves the in vivo use of 
living tissue models (in many cases – blood-perfused 
porcine kidney), though evaluation results provide 
only circumstantial evidence on the extent of ablation 
and coagulation properties [1]. Current Russian and 
foreign studies on the effects of diode and fiber la-
sers with various wavelengths (0.81, 0.94, 0.97, 1.47, 
1.56 μm) use vein models as samples for comparative 
experimental analysis, which makes it impossible to 
evaluate the cutting properties of lasers [2–8]. There 
are few papers on semiconductor lasers being used on 
the cartilaginous tissue models (0.97; 1.56  μm), but 
they do not discuss the ablative and coagulation char-
acteristics either [9].

The main aspects of laser performance relevant for 
clinical practice include cutting properties measured 
by the width and depth of the ablation zone, as well as 
coagulation properties, or hemostatic effect of the la-
ser, that manifest themselves through tissue blanching 
along the incision. 

The development of new 1.56 and 1.94 μm fiber la-
sers makes it relevant to study their biological effects pri-
or to using them in clinical practice. The 0.98 μm lasers 
have been extensively used for various surgical purposes 
[1], including ENT surgery [10–13], and, therefore, it is 
reasonable to use this experience for a comparative anal-
ysis of the biological effects of other lasers.

The aim of the study was to compare the cutting 

and coagulation properties of the 1.56 and 1.94 μm fi-
ber lasers and the 0.98 μm semiconductor laser.

MATERIALS AND METHODS
To assess the biological effects of laser radiation, 

linear incisions were made on the chicken muscle tissue 
at a fixed rate. The laser fiber was rigidly fixed with 
tripods on a support stand at a 60° angle relative to the 
incision projection. The biological object was placed on 
a mobile recorder sheet moving uniformly at a speed 
of 2 mm/s [12]. The width of the ablation crater and 
the lateral coagulation zone was evaluated using a slide 
with the graduation of 10  μm and an operating mi-
croscope with ×15 magnification. To assess the crater 
depth, cross sections of the tissue were made relative 
to the linear incision line, and the parameter was mea-
sured using the above-described method. The width and 
depth of the incision served as indicators of the ablative 
performance, while the width of the lateral coagulation 
zone represented the hemostatic properties of the lasers.

The incisions were made with the 1940 and 
980/1560 nm lasers (LSP, IRE-Polus, Moscow, Rus-
sian Federation) in a continuous contact mode. The 
procedure was performed with a freshly cleaved opti-
cal fiber end with a width of 400 μm after its charring 
by a short-term contact with a wooden surface (spat-
ula). At power values from 3 to 11 W and interval of 
2 W, 3 incisions for each wavelength were made, and 
the results for each incision were measured in 10 posi-
tions (30 measurements in total).

Statistical processing of the data was carried out 
using the IBM SPSS Statistics software package (ver-
sion 22). The evaluation methodology included de-
scriptive statistics methods, regression analysis, and 
multiple regression analysis with a madiating variable. 
The parameters of the laser incision (width of the lat-
eral coagulation zone, depth and width of the ablation 
zone) were dependent variables. The regression anal-
ysis of each dependent variable was performed sepa-
rately. The power and wavelength of radiation were 
regarded as independent variables. Since the experi-
ment involved three lasers with wavelengths of 0.98, 
1.56, and 1.94 μm, the qualitative mediating variable 
“wavelength” was coded with two dummy variables 
representing the 1.56 and 1.94 μm lasers.

RESULTS AND DISCUSSION
The graphs depicting the dependence of the width 

of the lateral coagulation zone and the depth and width 
of the ablation zone on the power and wavelength are 
shown below (Fig. 1–6).
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Fig. 1. Dependence of the ablation zone width on laser power 
(average values and 95 % confidence interval (CI)

Fig. 2. Dependence of the ablation zone width on laser power 
(linear regression)

Fig. 3. Dependence of the coagulation zone width on laser 
power (average values and 95 % CI)

Fig. 4. Dependence of the coagulation zone width on laser 
power (linear regression)

Fig. 5. Dependence of the ablation zone depth on laser power 
(average values ​​and 95 % CI)

Fig. 6. Dependence of the ablation zone depth on laser power 
(linear regression)
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The statistical analysis of the results was based on 
multiple regression: 

Y = β0 + β1 · P + β2 · D1,56 + β3 · D1,94 + β4 P · D1,56+  
+ β5 · P · D1,94 + ε,

where Y  is a dependent variable (the coagulation 
width for the first model; the ablation depth, for the 
second model; and the ablation width for the third 
model); P is the laser power;  D1,56  is a dummy vari-
able that equals 1 for the 1.56 μm laser and 0 in other 
cases; D1,94 is a dummy variable that equals 1 for the 
1.94 μm laser and 0 in other cases.

The 0.98 μm laser is a benchmark, and the regres-
sion equation for it is Y = β0 + β1 ·  P + ε. The regres-
sion equation for the 1.56 μm laser is Y = β0 + β2 +  
(β1 + β4) ·  P · D1.56 + ε, while for the 1.94 μm laser, it 
is Y = β0 + β3 + (β1 + β5) ·  P · D1.94 + ε. 

Thus, the significance of the β2, β4 coefficients in-
dicates the statistical difference between 0.98 μm and 
1.56 μm lasers, and the significance of the β3, β5 coef-
ficients indicates the statistical difference between the 
0.98 μm and 1.94 μm lasers. 

Multiple regression analysis with a mediating vari-
able showed a statistically significant relationship be-
tween all the parameters (the width of the coagulation 
zone, the depth and width of the ablation zone) and 
the laser power (Table 1, 2). In all but one case, it was 
established that the laser radiation wavelength (medi-
ating variable) had a statistically significant effect on 
the linear dependence of laser incision characteristics 
on the laser power. Only when comparing the 0.98 and 
1.56 μm lasers, no statistically significant difference in 
the effect of the laser power on the ablation depth was 
revealed.

T a b l e  2

Regression parameters for dependence of laser incision characteristics on radiation power and wavelength

Model Parameter Coefficient SE р Lower confidence 
interval limit

Upper confidence 
interval  limit 

Model 1 (coagulation zone width)

Constant β0 = 0.483 0.006 <0.001 0.472 0.495
Power β1 = 0.033 0.002 <0.001 0.029 0.037

1.56 μm β2 = 0.426 0.015 <0.001 0.399 0.458
1.94 μm β3 = 0.289 0.01 <0.001 0.269 0.309

Power* 1.56 μm β4 = 0.017 0.005 <0.001 0.007 0.027
Power* 1.94 μm β5 = 0.034 0.004 <0.001 0.027 0.041

Model 2 (ablation zone depth)

Constant β0 = 0.508 0.006 <0.001 0.496 0.519
Power β1 = 0.053 0.002 <0.001 0.049 0.057

1.56 μm β2 = 0.024 0.007 <0.001 0.01 0.039
1.94 μm β3 = 0.017 0.008 0.040 0.001 0.033

Power* 1.56 μm β4 = 0.003 0.002 0.183 -0.002 0.008
Power* 1.94 μm β5 = 0.054 0.003 <0.001 0.048 0.059

Model 3 (ablation zone width)

Constant β0 = 1.258 0.014 <0.001 1.23 1.283
Power β1 = 0.096 0.004 <0.001 0.087 0.105

1.56 μm   β2 = -0.25 0.02 <0.001 -0.289 -0.211
1.94 μm  β3 = -0.024 0.024 0.314 -0.073 0.027

Power* 1.56 μm β4 = -0.032 0.007 <0.001 -0.045 -0.019
Power* 1.94 μm β5 = 0.083 0.007 <0.001 0.068 0.097

T a b l e  1 

Overview of dependence of incision parameters on power and wavelength
Model R R2 SE F df1 df2 р

Model 1 (coagulation zone width) 0.88 0.78 0.014 444.7 5 444 <0.001
Model 2 (ablation zone depth) 0.96 0.92 0.004 1107.3 5 444 <0.001
Model 3 (ablation zone width) 0.88 0.78 0.013 378.3 5 444 <0.001

The dependent variable for model 1 – coagulation width; for model 2 – ablation depth; for model 3 – ablation width; p – significance level; SE – 
standard error, df – degrees of freedom.

Statistical analysis of the data obtained showed that 
the laser power significantly (р < 0.05) influenced the 
cutting and coagulation properties of all lasers. This 
was confirmed by the statistical significance of the β1 

coefficient in all the three models (width of the coag-
ulation zone, depth and width of the ablation zone). 

The 1.56  μm laser radiation (water absorption) 
did not differ much from the 0.98 μm radiation (he-

Ryabova M.A., Ulupov M.Yu., Shumilova N.A. et al. Comparison of cutting and coagulation properties of 1.56 and 1.94 µm 
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moglobin absorption) in its cutting properties (the 
statistical differences in the ablation zone depths are 
non-significant, p > 0.05), though its coagulation 
properties were more prominent: compared with the 
0.98 μm laser, the 1.56 μm laser created a wider co-
agulation zone at the same power mode (β2 differs 
significantly from 0).

The cutting properties of the 1.94  μm laser fol-
lowed a different correlation pattern with its power 
than the 0.98 μm or 1.56 μm lasers (due to a differ-
ent angle of the regression line, which was confirmed 
by the fact that β5 is statistically different from zero in 
model 2). Unlike the 0.98 μm and 1.56 μm lasers, the 
power of 3–5 W resulted in a smaller width and depth 
of the ablation zone, while the power of 9–11 W in-
creased these incision parameters. The 1.94 μm laser 
was found to have greater coagulation properties than 
the 0.98 μm laser with hemoglobin absorption. 

The research showed that greater laser power pri-
marily increased the ablation zone width (the regres-
sion coefficients were 0.1, 0.06, and 0.18 mm/W for 
the 0.98, 1.56, and 1.94  μm lasers, respectively), to 
a lesser extent – the ablation crater depth (the regres-
sion coefficients were 0.05, 0.06, and 0.11 mm/W, re-
spectively), and to the least extent – the width of the 
lateral coagulation zone (the regression coefficients 
were 0.03, 0.05, and 0.07 mm/W, respectively). Thus, 
the increase in laser power predominantly affected the 
cutting properties, making the ablation zone deeper 
and wider, but had a modest effect on the coagulation 
abilities. Therefore, using greater laser power during 
surgery will increase the cutting properties of the laser 
more than the hemostatic ones. 

The visual analysis of the regression lines demon-
strated that the 1.94 μm laser had less prominent co-
agulation properties than the 1.56 μm laser, since the 
former was absorbed by water more easily and had a 
greater target chromophore absorption rate, as well as 
a smaller penetration depth. However, the statistical 
analysis of differences between the 1.94 and 1.56 μm 
lasers was not performed, as it was not intended by the 
research design.

Contact laser exposure mainly involves radia-
tion absorption by the area of carbonization and its 
transmission to the surrounding tissues. Since most 
of the near-infrared radiation is absorbed by carbon 
particles, no significant differences in the cutting 
properties of the tested wavelengths were recorded. 
All the lasers showed good cutting properties. The 
difference in the coagulation properties appears to 
depend on the amount of remaining radiation (unab-

sorbed by carbon) penetrating the tissue and can be 
explained by differences in the wavelength character-
istics (different chromophores and tissue absorption 
coefficient). 

CONCLUSION
The research and the resulting data analysis con-

firmed the statistically significant dependence of all 
laser incision characteristics (width of the lateral co-
agulation zone, depth and width of the ablation zone) 
on the radiation power for the 0.98, 1.56, and 1.94 μm 
lasers. The 1.56 and 1.94 μm lasers have better coagu-
lation properties compared with the 0.98 μm semicon-
ductor laser. The 1.94 µm laser is superior to the 0.98 
µm laser in its cutting properties.
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Characteristics of lipid peroxidation processes and factors of the antioxidant 
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3G, Partizana Zheleznyaka Str., 660022, Krasnoyarsk, Russian Federation

ABSTRACT 

Background. The problem of gastric cancer remains unresolved throughout the world, while chronic atrophic 
gastritis (CAG) increases the likelihood of its development by 15 times. In the Russian Federation, the incidence 
of gastric cancer (GC) is among the highest, with it prevailing among males. One of the leading mechanisms 
in molecular pathology of membranes is lipid peroxidation (LPO). The severity of oxidative membrane damage 
depends on concomitant diseases, contributing to emergence and progression of pathological processes and 
development of cancer. Currently, the problem of LPO is unsolved in biological systems.

The aim of this study was to investigate the state of LPO and antioxidant defense system in CAG and GC.

Materials and methods. The parameters were studied in 45 patients with CAG and 50 patients with GC. The 
control group included 50 practically healthy volunteers without gastrointestinal complaints, who did not have 
changes in the gastric mucosa according to the fibroesophagogastroduodenoscopy (FEGDS) findings.

Results. In patients with CAG, an increase in malondialdehyde, superoxide dismutase, catalase, glutathione 
S-transferase, and glutathione peroxidase was found in the blood plasma compared with the control group. In 
patients with CAG, lipid peroxidation was activated, and the malondialdehyde level increased by 3.5 times 
relative to normal values. At the same time, the body fought against oxidative stress by increasing the activity of 
antioxidant enzymes, such as superoxide dismutase, catalase, glutathione S-transferase, and glutathione peroxidase. 
All patients with GC showed pronounced oxidative stress in the blood plasma in the form of a 45-fold increase in 
malondialdehyde. The activity of the main antioxidant enzyme superoxide dismutase was reduced in GC. Catalase 
was activated, which indicated pronounced oxidative stress, significant damage to blood vessels, and massive 
cell death. Glutathione-related enzymes (glutathione S-transferase and glutathione peroxidase) and the antioxidant 
protein ceruloplasmin were activated, which also indicated significant oxidative stress and severe intoxication in 
patients with GC.

Conclusion. Depending on the stage and type of cancer, an in-depth study of lipid peroxidation and factors of 
the antioxidant defense system can be used to correct therapy and prevent cancer and can serve as markers of 
progression and prognosis in gastric cancer.

Key words: chronic gastritis, gastric cancer, chemiluminescent activity of neutrophil granulocytes, Eastern Siberia. 
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Характеристика процессов липопероксидации и факторов системы  
антиоксидантной защиты при хроническом атрофическом гастрите  
и раке желудка

Смирнова О.В., Цуканов В.В., Синяков А.А., Москаленко О.Л., Елманова Н.Г., 
Овчаренко Е.С., Каспаров Э.В.

Красноярский научный центр Сибирского отделения Российской академии наук (КНЦ СО РАН),  
Научно-исследовательский институт медицинских проблем Севера (НИИ МПС) 
Россия, 660022, г. Красноярск, ул. Партизана Железняка, 3г  

РЕЗЮМЕ 

Актуальность. Проблема рака желудка является нерешенной во всем мире, при этом хронический атро-
фический гастрит (ХАГ) повышает вероятность его развития в 15 раз. В России показатели заболеваемо-
сти раком желудка (РЖ) – одни из самых высоких, мужская заболеваемость здесь лидирует. Одним из 
ведущих механизмов молекулярной патологии мембран является перекисное окисление липидов (ПОЛ). 
Выраженность окислительной деструкции мембран зависит от сопутствующих заболеваний, способствуя 
возникновению и прогрессированию патологических процессов, развитию онкологического заболевания. 
В настоящее время проблема ПОЛ является нерешенной в биологических системах. 

Целью настоящего исследования явилось изучение состояния ПОЛ и антиоксидантной защиты при ХАГ 
и РЖ. 

Материалы и методы. Изучены показатели у 45 пациентов с ХАГ и 50 больных РЖ. Контрольная группа 
представлена 50 практически здоровыми добровольцами, не имеющими гастроэнтерологических жалоб, у 
которых отсутствовали изменения слизистой оболочки желудка по результатам фиброэзофагогастродуо-
деноскопии. 

Результаты. У больных ХАГ в плазме крови обнаруживалось увеличение малонового диальдегида, ак-
тивности супероксиддисмутазы, каталазы, глутатион-S-трансферазы, глутатионпероксидазы относительно 
контрольной группы. У больных ХАГ происходит активация перекисного окисления липидов, увеличение 
малонового диальдегида в 3,5 раза относительно нормальных величин. При этом сам организм борется 
с окислительным стрессом, увеличивая активность антиоксидантных ферментов (супероксиддисмутазы, 
каталазы,  глутатион-S-трансферазы, глутатионпероксидазы). У всех больных РЖ в плазме крови выявлялся 
выраженный окислительный стресс в виде повышения в 45 раз малонового диальдегида. Активность ос-
новного фермента антиоксидантной защиты (супероксиддисмутазы) снижена при РЖ. Активирована ката-
лаза, которая свидетельствует о выраженном окислительном стрессе и значительном повреждении сосу-
дов, о массовом клеточном распаде. Активны ферменты глутатионового звена (глутатион-S-трансфераза 
и глутатионпероксидаза), антиоксидантный белок (церулоплазмин), которые также указывают на 
значительный окислительный стресс и выраженный интоксикационный синдром у больных РЖ.  

Заключение. Углубленное изучение процессов перекисного окисления липидов и факторов системы ан-
тиоксидантной защиты в зависимости от стадии онкопроцесса и типов рака может использоваться для 
коррекции терапии и профилактики онкозаболеваний, а также в качестве маркеров прогрессирования и 
прогноза рака желудка. 

Ключевые слова: хронический гастрит, рак желудка, хемилюминесцентная активность нейтрофильных 
гранулоцитов, Восточная Сибирь.
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INTRODUCTION 
The problem of gastric cancer (GC) remains 

unresolved all over the world, while chronic atro-
phic gastritis increases the likelihood of its deve- 
lopment by 15 times. In the Russian Federation, the 
incidence rate of GC is among the highest, with it 
prevailing among men [1–3]. Low survival rates are 
due to late diagnosis of a malignant disease and low 
treatment efficiency at the end stages of the disease. 
GC is characterized by regional variability; the dis-
ease is 2 times more common in the Far East, Eas- 
tern Siberia, and the North of the European part of 
Russia [4, 5]. One of the leading mechanisms in the 
molecular pathology of membranes is lipid pero- 
xidation (LPO). The severity of oxidative damage 
to membranes depends on concomitant diseases, 
contributing to the emergence and progression of 
pathological processes and development of cancer. 
Currently, the problem of LPO is unsolved in bio-
logical systems. According to the Correa cascade, 
a precancerous condition of the stomach (chronic 
atrophic gastritis) associated with Helicobacter py-
lori infection can advance to GC (adenocarcinoma) 
[6–8]. Atrophic changes in the gastric mucosa trig-
ger membrane destruction, and produced reactive 
oxygen species (ROS) contribute to oxidative da- 
mage to tissues, enhancing lipid peroxidation in cell 
membranes [9–11]. The role of toxic products of 
LPO and free radicals in the development of chronic 
oxidative stress and advancement of the disease to 
GC is not excluded. Progression of the malignant 
disease aggravates disorders in LPO and antioxidant 
defense (AOD) systems, reduces tumor resistance 
in patients with GC, and causes the emergence of 
histotoxic hypoxia, disorders of tissue respiration, 
and an increase in LPO products, closing the vicious 
pathogenetic circle [12–14].

The aim of this study was to research the state of 
lipid peroxidation and antioxidant defense systems 
in chronic atrophic gastritis and gastric cancer. 

MATERIALS AND METHODS 
The parameters were studied in 45 patients with 

chronic atrophic gastritis (CAG) and 50 patients with 
gastric cancer (GC). The control group encompassed 
50 practically healthy volunteers who did not have 
gastroenterological complaints or changes in the 
gastric mucosa (GM) according to the results of fi-
broesophagogastroduodenoscopy. The study was ap-
proved by the local Ethics Committee at the Federal 
Research Center of the KSC SB RAS (Protocol No. 
4 of 02.08.2019). All ethical principles imposed by 
Art. 24 of the Constitution of the Russian Federation 
and the Declaration of Helsinki by the World Me- 
dical Association were observed in the study. Each 
participant confirmed that they take part in the study 
voluntarily by signing a voluntary informed consent 
to participate in the study. 

The diagnosis of CAG was verified according to 
the clinical data, medical history data, fibroesoph-
agogastroduodenoscopy, and morphological exam-
ination of the mucous membrane of the greater and 
lesser curvature of the stomach using the updated 
Sydney System. Diagnosis of GC was carried out 
by oncologists at Krasnoyarsk Regional Oncology 
Dispensary, taking into account the full range of 
instrumental and morphological examination. This 
study included patients with GC associated with He-
licobacter pylori infection and adenocarcinoma as a 
histological variant of the tumor. 

The material of the study was venous blood 
which was drawn from the cubital vein in the mor- 
ning, from 8 to 9 o’clock, on an empty stomach, 
upon admission of the patient to the hospital before 
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the start of pathogen-specific therapy. The presence 
of H. pylori was detected in all patients included in 
the study by ELISA to determine the titer of specific 
IgG antibodies to the H. pylori CagA antigen. If the 
titer of antibodies to H. pylori corresponded to 30 
EIU or more, it was assessed as a positive result. If 
the antibody titer was less than 30 EIU, it was as-
sessed as a negative result. 

In addition, for chronic atrophic gastritis, sero-
logical diagnosis was performed to determine pep-
sinogens in the blood serum. The diagnosis of severe 
CAG of the gastric mucosa was made when the level 
of pepsinogen-1 was less than 25 μg/l and the value 
of the pepsinogen-1/pepsinogen-2 ratio was less than 
3. The final diagnosis was always verified by the re-
sults of a morphological examination of the gastric 
mucosa (GM). 

In the blood serum, spectrophotometric methods 
were used to determine the LPO-AOD parameters: 
malondialdehyde, activity of glutathione S-transfe- 
rase, glutathione peroxidase, superoxide dismutase, 
catalase, and ceruloplasmin. The ratio of pro- and 
antioxidant factors was used to calculate an integral 
coefficient of individual oxidative stress assessment 
(coefficient of oxidative stress – COS).

GC. The level of malondialdehyde indicated the se-
verity of oxidative stress in the blood plasma. The 
products of LPO are opposed by the activity of an-
tioxidant enzymes (superoxide dismutase (SOD), 
catalase, glutathione S-transferase, glutathione per-
oxidase) and the effect of the antioxidant protein ce-
ruloplasmin. 

The median plasma concentration of malon- 
dialdehyde in patients with CAG and GC increased 
relative to the control group (Table). An increase in 
the median concentration of malondialdehyde in the 
plasma was found in patients with GC (adenocarci-
noma) compared with patients with CAG.  Malon- 
dialdehyde is considered the end product of LPO and 
is a parameter of LPO processes triggered in cells by 
free radicals and ROS. Malondialdehyde, being an 
active compound, can react with proteins, carbohy-
drates, and nucleic acids, and the formed complexes 
reduce their biological activity.

Lipoprotein particles (very-low-density lipo-
proteins (VLDL), low-density lipoproteins (LDL), 
high-density lipoproteins (HDL)) are a necessary 
component of LPO in the blood. Altered lipopro-
teins damage the endothelial lining of blood vessels, 
contributing to the development of atherosclerosis. 
A significant increase in MDA in the blood plasma 
of patients with CAG and GC indicates excessive 
formation of ROS, which become an altering factor 
in the vascular endothelium.

The median plasma superoxide dismutase con-
centration increased in CAG patients in comparison 
with the control group. In contrast, in the patients 
with GC, a decrease in the median concentration of 
superoxide dismutase was found compared with the 
CAG. Superoxide dismutase is the most important 
enzyme of the antioxidant defense system; at the 
stage of one-electron oxygen reduction, it interrupts 
the chain of free-radical processes at its inception 
with the formation of a superoxide anion radical. 
The extracellular SOD isoform is active in the blood 
plasma. As a rule, an increase in its activity indicates 
an increase in the number of free radicals and reac-
tive oxygen species in the intercellular fluid. Exces-
sive production of this enzyme is due to increased 
activity of glial cells and fibroblasts.

The median concentration of catalase in the 
blood plasma increased in the patients with CAG 
and GC compared with the control group. Signifi-
cant catalase activity indicated damage to the endo-
thelium of blood vessels following oxidative stress. 

(DCi /DCn) × (KD and СТi /KD and СТn) × (ТBA –
COS = 

(SODi /SODn × (GSHi /GSHn) × (α – tocopheroli /

– АPi /ТBA – АPn)
α – tocopheroln/) × (retinoli /retinoln)

where i – the levels of the parameter in the examined 
patients; n – the level of the parameter in the control 
group. With COS> 1, the development of oxidative 
stress was recorded.

Statistical analysis of the results was carried out 
using the Statistica for Windows 8.0 (StatSoft Inc., 
USA, 2008) and Microsoft Excel, 2007 (Microsoft, 
USA) software packages [15]. Nonparametric data 
were determined: the median and the interquartile 
range Me (C25 – C75). Statistically significant diffe- 
rences were established using the Mann – Whitney 
test. The critical level of statistical significance when 
testing scientific hypotheses was considered equal to 
p < 0.05.

RESULTS

We studied the features of LPO and AOD sys-
tems in the blood plasma of patients with CAG and 
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Catalase lacks an extracellular isoform, therefore, 
its high activity in the blood plasma is due to mas-
sive cell death, which proves histodestruction in 
CAG and GC. 

Glutathione in the antioxidant defense system 
acts against endotoxicosis. The median concentra-
tion of glutathione S-transferase in the plasma in the 
patients with CAG and GC increased compared with 
the control group. In the patients with CAG and GC, 
the median concentration of glutathione S-transfe- 
rase in the plasma was significantly higher than in 
the control group, as was the median concentration 
of glutathione peroxidase. Probably, the increased 
activity of these enzymes indicates the severity of 
intoxication, the presence of oxidative stress, and 
insufficient effectiveness of the antioxidant defense 
system in patients with CAG and GC. 

The median ceruloplasmin level in the patients 
with GC was significantly elevated compared with 
all other studied groups, which proves an increase in 
oxidative stress in GC following the combined effect 
of various pathogenetic factors. Ceruloplasmin is an 
essential antioxidant copper-containing glycoprotein 
with ferroxidase and superoxide-removing activity. 
The protein ceruloplasmin inhibits superoxide and 
ferritin-dependent lipid peroxidation in lipoprotein 
particles of the blood plasma. According to the ra-
tio of pro- and antioxidant components, COS was 
calculated for chronic atrophic gastritis (3.5) and for 
gastric cancer (45).

DISCUSSION
In the patients with CAG, an increase in malon- 

dialdehyde, superoxide dismutase, catalase, glutathi-
one S-transferase, and glutathione peroxidase activi-
ty was found in the blood plasma compared with the 
control group. Thus, in the patients with CAG, lipid 
peroxidation was activated, and malondialdehyde in-
creased by 3.5 times compared with normal values. 
At the same time, the body fought against oxidative 
stress by increasing the activity of antioxidant en-
zymes (superoxide dismutase, catalase, glutathione 
S-transferase, and glutathione peroxidase). Parame-
ters of LPO and AOD in CAG prove the presence of 
cell destruction in the gastric mucosa infected with 
Helicobacter pylori.

All patients with GC showed pronounced oxi-
dative stress in the blood plasma in the form of a 
45-fold increase in the content of malondialdehyde. 
The activity of superoxide dismutase was reduced in 
GC. Activated catalase indicated massive cell death 
and significant vascular damage. Glutathione-related 
enzymes (glutathione S-transferase and glutathione 
peroxidase) and the antioxidant protein ceruloplas-
min, which also combat oxidative stress and severe 
intoxication in GC patients, were activated.  In pa-
tients with GC, multidirectional shifts in the activity 
of the antioxidant system enzymes were revealed. 
Compared with CAG, the activity of the main en-
zyme superoxide dismutase was reduced, which re-
flects the classic version of the peroxide theory of 

T a b l e
Parameters of pro- and antioxidant systems in the blood plasma in patients with chronic atrophic gastritis and gastric cancer compared 

with the control group, Me (С25–С75)

Parameter Control, n = 50 (1) CAG, n = 45 (2) GC, n = 50 (3)

MDA, μmol / 1 g protein 1.6 (0.96–2.24) 5.24 (4.38–5.88)
p1-2 < 0.001

56.35(32.46–101.74)
p1-3 < 0.001; p2-3 < 0.001

SOD, units / min / 1 g protein 204.41
(151.05–250.32)

570.5 (314–670.8)
p1-2 < 0.001

235.2 (133.7–462.27)
p2-3 < 0.001

CAT, μmol / s / 1 g protein 0.27 (0.16–0.39) 0.66 (0.42–0.71)
p1-2 = 0.03

0.87 (0.67–1.01)
p1-3 = 0.02

GST, mmol / min / 1 g protein 41.3 (37.7–42.64) 70.6 (63.5–105.7)
p1-2 < 0.001

83.5 (79.3–110.6)
p1-3 < 0.001

GPO, μmol / 1 g protein 105.9 (81.19–162.38) 177.5 (150.1–236.05)
p1-2 = 0.007

168.6 (158.7–211.5)
p1-3 = 0.05

CP, mg / l 192.5 (157.5–227.0) 149.6 (113.7–189.8) 375.8 (282.9–826.06)
p1-3 < 0.001; p2-3 < 0.001 

No te :  statistically significant differences between the CAG patients and the control group – p 1-2, between the GC patients and the control group –  
p 1-3, between the CAG patients and the GC patients – p 2-3.
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carcinogenesis [16] with inhibition of antioxidant 
enzymes. 

The effect of antioxidant defense enzymes in GC 
has ambiguous changes: the activity of superoxide 
dismutase decreases, while the activity of the second 
line of defense (glutathione S-transferase and gluta-
thione peroxidase) increases. Most likely, these pro-
cesses are associated with the fact that an increase in 
the ROS level causes depletion of the enzymatic ac-
tivity of AOD. ROS attack thiol proteins through in-
teraction with the protein SH-group, changing their 
structural modification. These proteins are the key 
enzymes in the metabolism of nucleotides, carbohy-
drates, and the antiradical defense system (glutathi-
one-related enzymes). This modification enhances 
the formation of the superoxide anion radical, there-
fore, ROS formation only increases. 

In GC, hypoxia enhancing nitrate reductase ac-
tivity is observed in the cell. Increased NO synthe-
sis reacts with excess amount of superoxide anion 
radical to form peroxynitrite, causing the formation 
of carcinogenic nitrosamines. The resulting pro- 
ducts interfere with apoptosis of tumor cells and 
enhance their metastasis. The tumor process in GC 
is associated with increased production of ROS, 
which at high concentrations can irreversibly da- 
mage tumor cells, while they themselves contribute 
to tumor progression. Strengthening the processes 
of free radical oxidation of membrane lipids and 
their interaction with LPO products lead to chan- 
ges in lipid and protein domains. All this contri- 
butes to malignant transformation, invasiveness, 
uncontrolled tumor growth and metastasis [17] and 
affects the state of the antioxidant system enzymes, 
which are crucial for the malignant process [18, 
19]. Therefore, in patients with GC, an imbalance 
of antiradical defense system is found, which con-
tributes to better survival of tumor cells and tumor  
progression.

The activation of free radical oxidation is proved 
by the obtained results on the increase in LPO in 
the blood plasma of patients with CAG and GC. 
At the same time, the content of LPO products and 
pronounced disorders of the combined functioning 
of the antioxidant enzymes in the blood plasma in-
creased in patients with GC [20]. Depending on the 
stage of cancer and its types, an in-depth study of 
LPO and AOD can be used to correct therapy and 
prevent cancer and can serve as markers of progres-
sion and prognosis in GC [21, 22]. 

CONCLUSION

The study of lipid peroxidation and antioxidant 
defense parameters in CAG and GC associated with 
Helicobacter pylori infection proved the importance 
of these biochemical processes in the pathogenesis 
of the diseases. In CAG, there is an increase in li- 
pid peroxidation, which the body tries to compensate 
by activating the enzymes of AOD. The coefficient 
of oxidative stress (COS) in CAG is 3.5, which im-
plies that the level of the end products of lipid per-
oxidation in CAG patients is 3.5 times higher than in 
healthy people. The increase in lipid peroxidation in 
CAG is probably due to morphological changes in 
the cells of the gastric mucosa. The higher the COS, 
the more structural changes in the gastric mucosa. 
Consequently, early detection of LPO and AOD pa-
rameters makes it possible to identify a risk group 
among CAG patients who need a more effective 
pathogen-specific therapy aimed at eliminating atro-
phic changes in the gastric mucosa. 

In GC, tumor growth, intoxication, progressive 
destruction of healthy gastric mucosa, unrespon-
siveness of the immune system, etc. are revealed. 
All this causes a drastic rise in lipid peroxidation, 
and the coefficient of oxidative stress is 45. AOD 
is not effective; LPO, destroying membranes, en-
hances the decay of cells and tissues and compli-
cates the clinical course of GC, hence, resulting in 
ineffective therapy in late stages of cancer. The es-
tablished disturbances in the function of AOD have 
a significant impact on the viability and functions 
of cancer cells. The imbalance between lipid pero- 
xidation and factors of the antioxidant defense sys-
tem is closely related to enzymatic changes in the 
exchange of nucleotides, these processes regulating 
each other according to the feedback principle. The 
development of oxidative stress is accompanied by 
structural modification of biological membranes, en-
zymes, and nucleotides. The intensity of metabolic 
processes and rearrangements in the pathogenesis at 
the cellular level depend on the severity of all these 
disorders. Therefore, the key issue in the develop-
ment of GC is the balance between prooxidants and 
antioxidants. Early diagnosis of patients with CAG 
and their complex pathogen-specific therapy will 
reduce the number of patients with advancement 
of the disease to gastric cancer and reduce the ove- 
rall mortality and disability rates among the Russian 
population.
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ABSTRACT

Background. Antigen-presenting cells (APCs), especially macrophages, play an important role in the body 
defense against various pathogens. Their dysfunction and polarization are associated with most inflammatory and 
autoimmune diseases. The inflammatory process is regulated by activation and / or inhibition of genes differentially 
expressed by macrophages. Successful correction of inflammation leads firstly to elimination of inflammatory 
stimuli and then to remodeling and restoration of tissues and organs. It was experimentally confirmed that silver-
containing bionanocomposites based on natural humic substances (HS) obtained from coal of different origin, as 
well as initial matrices of these HS, are capable of activating pro- and anti-inflammatory properties of macrophages.

Aim. To study cytotoxic, pyrogenic, and immunomodulatory properties (arginine balance) of initial HS samples 
and samples of silver nanoparticles ultradispersed in these HS matrices (HS-AgNPs) in the cell culture of peritoneal 
macrophages, as well as their effect on pro- and anti-inflammatory properties of APCs.

Materials and methods. Cultural and biochemical methods were used in the study. 

Results. The study showed that the samples CHE-K, CHE-AgNPs, CHS-K, and CHP-K increased M1 macrophage 
polarization due to stimulation of the NO-synthase activity and inhibition of arginase. The samples CHI-K, CHI-
AgNPs, CHP-AgNPs, and CHS-AgNPs modulated an alternative M2 or M2-like state of macrophage activation. 
At the same time, HS are not cytotoxic at effective concentrations, and three out of four studied samples did not 
contain pyrogenic impurities. 

Conclusion. The use of HS and their silver-containing bionanocomposites, which have the ability to greatly affect 
the polarization of antigen-presenting cells, is a promising research area in correction of the inflammatory response 
for solving an important social and medical problem of treating chronic wounds.

Key words: coal-derived humic substances, silver nanoparticles, macrophage polarization, arginine balance.
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РЕЗЮМЕ

Введение. Антигенпрезентирующие клетки, особенно макрофаги, играют важную роль в защите 
организма от различных патогенов, их дисфункции, и поляризация связана с большинством 
воспалительных и аутоиммунных заболеваний. Воспалительный процесс жестко регулируется активацией 
и (или) ингибированием дифференциально экспрессируемых макрофагами генов. Успешная коррекция 
воспалительного процесса приводит к устранению воспалительных стимулов и далее ремоделированию 
и восстановлению тканей и органов. Экспериментально доказано, что биокомпозиции с наночастицами 
серебра на основе природных гуминовых веществ (ГВ) угля различного генеза, а также исходные матрицы 
данных ГВ способны активировать про- и противовоспалительные свойства макрофагов.

Цель. Исследование в культуре клеток перитонеальных макрофагов цитотоксических, пирогенных и 
иммуномодулирующих свойств (баланс аргинина) исходных образцов ГВ и образцов наночастиц серебра, 
ультрадиспергированных в данных матрицах гуминовых веществ (ГВ-AgNPs),а также их влияния на про- и 
противовоспалительные свойства антигенпрезентирующих клеток.

Материалы и методы. Использовались культуральные и биохимические методы.

Результаты. Показано, что образцы CHE-K, CHE-AgNPs, CHS-K, CHP-K за счет усиления активности NO-
синтазы и ингибиции аргиназы способствуют поляризации перитонеальных макрофагов по классическому 
типу (М1). Образцы CHI-K, CHI-AgNPs, CHP-AgNPs и CHS-AgNPs модулируют альтернативный М2 или 
M2-подобный тип (M2-like state) активации макрофагов. При этом ГВ не цитотоксичны в эффективных 
концентрациях, а также три из четырех исследуемых образцов не содержат пирогенных примесей.

Заключение. Применение ГВ и серебросодержащих бионанокомпозиций на основе ГВ, обладающих 
способностью широко влиять на поляризацию антигенпрезентирующих клеток, является перспективным 
направлением исследований коррекции воспалительной реакции и, в частности, для решения острой 
социальной и медицинской проблемы – лечения хронических ран.

Ключевые слова: гуминовые вещества угля, наночастицы серебра, поляризация макрофагов, баланс 
аргинина.
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INTRODUCTION

It is known that antigen-presenting cells (APCs), es-
pecially macrophages (MPs), play an important role in 
the initiation of inflammation and pathogenesis of chro- 
nic (Crohn’s disease, ulcerative colitis, asthma, allergies, 
atopic dermatitis, periodontosis) and autoimmune (rheu-
matoid arthritis, multiple sclerosis, diabetes mellitus, 
cardiovascular diseases, neurodegenerative disorders) 
diseases and cancer [1]. Macrophages are the first line 
of defense and, depending on the nature of the antigen 
(bacteria, viruses) or changes in the microenvironment  
(ischemia, necrosis, and apoptosis of cells), they are  
activated and take on various types of phenotypic and 
functional polarization [2]. 

The type of MP polarization determines the develop-
ment of a specific immune response and activation of Th1, 
Th2, Th17, and Treg cells, which are further responsible 
for the pathological process and inflammatory response, 
systemic metabolism, hematopoiesis, vasculogenesis, 
and tissue homeostasis [3, 4]. Macrophages mainly exist 
in two different phenotypes: 1) M1 macrophages (classi-
cally activated or proinflammatory) through the expres-
sion of transcription factors, mainly nuclear factor-κB 
(NF-κB), produce proinflammatory cytokines, such as 
tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), 
IL-6, IL-12, and IL-23; and 2) M2 (alternatively activa- 
ted, anti-inflammatory) which are immunoregulatory 
cells producing anti-inflammatory cytokines IL-10 and 
transforming growth factor-β (TGF-β) [1, 5–8]. 

The functions of M1 macrophages are traditionally 
associated with microorganism phagocytosis, microbi-
cidal activity, induction of inflammation, and antitumor 
activity. M2 marcophages suppress inflammation and 
promote tissue repair and remodeling, homeostasis, and 
vasculogenesis. The M1/M2 balance determines the fate 
of the organ in conditions of inflammation or injury. In 
this case, MPs are very plastic, and one phenotype can 

repolarize into another [3]. During infection (inflamma-
tion), tissue-resident MPs initially exhibit the M1 phe-
notype; however, long-term development of this phase 
causes chronic inflammation, tissue damage, and loss 
of organ function. Under these conditions, suppression 
of inflammation and activation of M2 macrophages are 
extremely necessary [6, 9]. Thus, control and modula-
tion of macrophage functions, their polarization, and 
a relationship between pro- and anti-inflammatory re-
sponses determine the outcome of inflammation and are  
necessary for managing inflammation and restoring or-
gan functions [10].

Effective anti-inflammatory drugs are already avai- 
lable and a number of drugs of various origins are under 
development. The study of biocomposites based on hu-
mic substances (HS) and their silver-containing bionano-
composites possessing antimicrobial, anti-inflammatory, 
and wound healing properties for treatment of purulent, 
chronic non-healing wounds is innovative and has not 
been described in the world literature. First of all, the 
effect of these substances on the mechanisms of the an-
ti-inflammatory response and formation of the immune 
response is unknown. The relevance of this kind of re-
search is beyond doubt, since a lack of effective methods 
for treating chronic non-healing wounds leads to infec-
tion, and against the background of the existing problem 
of antibiotic resistance – to sepsis and death. Therefore, 
potentially effective and safe substances with antimicro-
bial and wound-healing properties should be carefully 
studied and introduced into clinical practice following 
confirmation of the therapeutic efficacy.

The aim of this study was to investigate the cyto-
toxic, pyrogenic, and immunomodulatory properties 
(arginine balance) of initial HS samples and samples of 
silver nanoparticles ultradispersed in these HS matrices 
(HS-AgNPs) in the cell culture of peritoneal macro-
phages, as well as their effect on pro- and anti-inflamma-
tory properties of APCs.
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MATERIALS AND METHODS
Test systems. In the experiments, we used conven-

tional C57BL/6 mice (total of 80 heads) of both sexes at 
the age of 8–10 weeks, obtained from the Department of 
Experimental Biomodels at the Goldberg Research In-
stitute of Pharmacology and Regenerative Medicine, the 
structural unit of Tomsk NRMC.

The substances under study were humic substances 
and silver-containing bionanocomposites based on them 
(HS-AgNPs), synthesized at the Laboratory of Natural 
Humic Systems of the Lomonosov Moscow State Uni-
versity, Chemistry Department. They were dissolved 
immediately before use in the culture medium. The 
synthesis of HS-AgNPs biomaterials was carried out by 
reducing silver ions in HS solutions (at a concentration 
of 15 g/l) using an AgNO3 solution until the final con-
centration of silver nanoparticles was 20  mmol/l. The 
characteristics of the research objects are presented in 
Table 1.

T a b l e  1  

Experimental samples of coal-derived humic substances  
and silver-containing bionanocomposites based on them

Names of commercial sam-
ples of coal-derived HS

Sample code
HS (basic 
matrix)

HS with Ag nanoparti-
cles (HS-AgNPs)

“Powhumus” (Humintech, 
Germany) CHP-K CHP-AgNPs

“Sakhalin humates”, Russian 
Federation CHS-K CHS-AgNPs

“Irkutsk humates”, Russian 
Federation CHI-K CHI-AgNPs

Humic substances, Genesis, 
Russian Federation CHE-K CHE-AgNPs

Cell preparation. From the cell suspension ob-
tained by washing the abdominal cavity of mice with 
ice-cold sodium chloride solution, mature peritoneal 
MPs were isolated using the EasySep™Biotin Positive 
Selection Kit and antibodies specific to macrophage 
receptors, Anti-Mouse F4/80 Antibody (both Stem  
Cell, USA).

Cultivation conditions. MPs (2.5–3 × 106) were cul-
tured for 48 hours (37°C, 5% CO2, 100% humidity) in 
a complete culture medium (RPMI 1640 (Sigma, USA) 
with the addition of 10% fetal bovine serum (FBS) (Hy-
clone, UK), 20 mM of HEPES (Sigma, USA), 0.05 mM 
of 2-mercaptoethanol (Sigma, USA), 50 μg/ml of genta-
micin (Sigma, USA), and 2 mM of L-glutamine (Sigma, 
USA) in 96-well plates in the presence of various con-
centrations of the studied samples or 0.1 μg/ml lipopoly-
saccharide (LPS) (Sigma, USA). 

Study of the arginine balance and cytotoxici-
ty. According to the attached protocols, the content 

of nitrites in the production of nitric oxide (NO) was 
determined in the supernatant by mixing the superna-
tant with the Griess reagent (Sigma-Aldrich, USA) in 
equivalent volumes, and the activity of arginase was 
measured in the cell lysate by the concentration of urea 
using a test system Urea-450 (Erba Lachema, Czech 
Republic). Cell proliferation was also assessed in the 
MP lysate, for which, 4 h before the end of cultivation, 
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium-
bromide (MTT, Sigma, USA) was added to the wells 
at the final concentration of 200 μg/ml. The precipitate 
was dissolved with dimethyl sulfoxide (Sigma, USA). 
The absorption of solutions (units of optical density) 
was measured on a UNIPLAN PIKON enzyme im-
munoassay analyzer (AIFR-01, Pikon LLC, Russian  
Federation) at a wavelength of 540 nm. The nitrite con-
centration (μM) was calculated with a calibration curve 
constructed using standard sodium nitrite solutions. 
The amount of the enzyme catalyzing the formation of 
1 μM urea per minute was taken as 1 unit of activity 
(U.A.) of arginase.

Determination of pyrogenicity. To determine the im-
purity of LPS – endotoxin – HS were treated for 1 h with 
the antibiotic polymyxin B (50 μg/ml), then the cells 
were added and incubated as described above.

Statistical processing was performed using Statistica 
13.3 software, using one-way ANOVA, Dunnett’s test, 
and Student’s t-test, after checking for normality of dis-
tribution using the Shapiro – Wilk test (data distribution 
corresponds to normal), where M is the sample mean; m 
is the error of the mean; level of statistical significance 
of differences p < 0.05, and sample size n ≥ 5 depending 
on the research method.

RESULTS AND DISCUSSION
It is known that humic substances are dark-colored 

nitrogen-containing organic compounds, the color inten-
sity of which is directly proportional to the concentration 
of the sample [11]. Based on this, the effect of a native 
dark color of the HS samples on the spectrophotometric 
parameters of aqueous solutions was preliminary evalu-
ated. It was shown that all HS samples at a concentration 
of 1 μg/ml did not affect the spectrophotometric parame-
ters of MP supernatants even without the addition of the 
Griess reagent (Table 2). With an increase in the concen-
tration to 10 μg/ml, only the CHS sample had an optical 
density 2.6 times higher than the control values, but at 
the concentration of 100 μg/ml, all samples were 2–15 
times darker than the control.

 It was found that at the same concentration of the 
studied substances, the optical density of the CHS-Ag-
NPs sample was lower than the initial matrix of HS, 
while that of the samples CHP-AgNPs and CHI-AgNPs, 
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on the contrary, was higher. Further, in the study of cell 
proliferation, it was shown that all the studied basic HS 
samples did not exhibit toxic effects in any of the concen-
trations used (Table 3). MP cultivation with the samples 
CHP-AgNPs, CHS-AgNPs, CHE-AgNPs, and CHP-Ag-
NPs, starting from a concentration of 10 μg/ml, led to 

inhibition of cell proliferation by 2–3 times. Therefore, 
in the further work, in order to avoid false-positive re-
sults and pronounced toxic effects, when assessing the 
activating properties of the studied substances, concen-
trations of 1 and 10 μg/ml were used, and for the CHS 
sample – only 1 μg/ml.

T a b l e  2 

Effect of coal-derived humic substances and silver-containing bionanocomposites based on them on the optical density of macrophage 
supernatants (without Griess reagent), units of optical density, M ± m

Studied substance Control (MP + medium)
MP + HS, μg/ml

1 10 100
CHP-K

119 ± 3

130 ± 4 135 ± 3 260 ± 8*♦
CHP-AgNPs 121 ± 3 128 ± 3 372 ± 3*♦■
CHS-K 132 ± 1 307 ± 6*● 1,777 ± 9*♦
CHS-AgNPs 130 ± 3 132 ± 4■ 336 ± 3*♦■
CHI-K

127 ± 4

127 ± 2 135 ± 2 222 ± 2*♦
CHI-AgNPs 125 ± 1 133 ± 3 321 ± 5*♦■
CHE-K 139 ± 5 137 ± 1* 266 ± 4*♦
CHE-AgNPs 134 ± 2 137 ± 2 251 ± 2*♦

* differences compared with the control. 
Note: ● – differences between concentrations of 1 and 10 μg/ml, ♦ – differences between concentrations of 10 and 100 μg/ml, ■ – differences 
between HS-AgNPs samples and basic HS matrices at the same concentration; level of statistical significance of differences p < 0.05, n = 6.

T a b l e  3 

Effect of various concentrations of coal-derived humic substances and silver-containing bionanocomposites based on them on the 
peritoneal macrophage proliferation of intact C57BL/6 mice, M ± m

Studied substance Control 1 (MP + 
medium)

Control 2 (MP + 
LPS)

MP + HS
1 10 100

CHP-K
460 ± 9 425 ± 3

500 ± 8● 467 ± 8 512 ± 10●
CHP-AgNPs 494 ± 11 154 ± 6*●■ 169 ± 6*●■
CHS-K

510 ± 4 451 ± 3
541 ± 11● 594 ± 9● 536 ± 8●

CHS-AgNPs 496 ± 9 169 ± 7*●■ 164 ± 7*●■
CHI-K

282 ± 12 279 ± 7

291 ± 9● 308 ± 6● 340 ± 17*●
CHI-AgNPs 298 ± 13 197 ± 2*●■ 208 ± 11*●■
CHE-K 264 ± 8● 260 ± 5 556 ± 10*●
CHE-AgNPs 294 ± 9 255 ± 2 273 ±10■

* – differences compared with Control 1. 
Note: ● – differences between the parameter and Control 2, ■ – differences between HS-AgNPs samples and basic HS matrices at the same 
concentration; level of statistical significance of differences p < 0.05. The LPS concentration – 0.1 μg/ml, n = 6.

The study of the NO-activating properties of the ini-
tial HS matrices showed that the cultivation of MPs with 
the CHP-K and CHE-K samples led to an increase in the 
concentration of nitrites in comparison with the intact 
control by 1.2 (CHP-K) and 17 (CHE-K) times at the 
concentration of 1 μg/ml, and by 13 times – at the con-
centration of 10 μg/ml (Table 4). The basic matrices of 
the CHS-K and CHI-K samples, as well as none of the 

AgNPs samples, did not affect the secretory properties 
of MPs. The NO-activating effect of all substances was 
significantly lower than that of the mitogen-stimulated 
control.

It is known that consumption of L-arginine increases 
drastically in activated MPs. Molecular markers of M1 
are NO synthase (iNOS), CD16, CD32, CD40, CD80, 
and CD86, while M2 macrophages are characterized by 
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T a b l e  4

Effect of different concentrations of coal-derived humic substances and silver-containing bionanocomposites based on them on the 
nitric oxide production by peritoneal macrophages of intact C57BL/6 mice, M ± m

Studied substance Concentration HS Control 1
(MP + medium)

Control 2
(MP + LPS)

CHP-K
1 3.30 ± 0.13*●

2.66 ± 0.14 69.70 ± 0.18*
10 34.63 ± 0.43*●

CHP-AgNPs
1 2.77 ± 0.11●■
10 2.59 ± 0.07●■

CHS-K 1 2.93 ± 0.06●

2.51 ± 0.15 65.93 ± 0.37*

CHS-AgNPs 1 2.77 ± 0.11●

CHI-K
1 2.41 ± 0.06●
10 2.58 ± 0.13●

CHI-AgNPs
1 2.81 ± 0.16●
10 2.87 ± 0.10●

CHE-K
1 41.61 ± 0.28*

2.44 ± 0.17 37.89 ± 0.71*
10 33.91 ± 0.71*

CHE-AgNPs
1 2.53 ± 0.07●■
10 2.41 ± 0.07●■

* differences compared with Control 1. 
Note: ● – differences between the parameter and Control 2, ■ – differences between HS-AgNPs samples and basic HS matrices at the same 
concentration; level of statistical significance of differences p < 0.05. The LPS concentration – 0.1 μg/ml, n = 6.

T a b l e  5 

Effect of various concentrations of coal-derived humic substances and silver-containing bionanocomposites based on them  
on the activity of NO-synthase (nitrite production) and arginase (urea fermentation) in peritoneal macrophages of intact C57BL/6 

mice, M ± m
Studied substance Concentration, μg/ml Nitrite concentration, μM Urea fermentation, U.A.

Control 1 (MP + medium) – 2.20 ± 0.22 53.64 ± 0.40
Control 2 (MP + LPS) 0.1 64.56 ± 0.67* 42.47 ± 0.46*
CHP-К 10 28.74 ± 0.72*● 52.85 ± 0.35●
CHP-AgNPs 10 2.49 ± 0.03●■ 5.29 ± 0.82*●■
CHS-К 1 2.88 ± 0.19*● 33.81 ± 0.46*●
CHS-AgNPs 1 2.52 ± 0.05● 20.71 ± 0.56*●■
CHI-K 10 2.51 ± 0.07● 60.16 ± 0.45●
CHI-AgNPs 10 2.42 ± 0.04● 56.81 ± 0.74●
CHE-K 10 63.48 ± 0.30* 43.13 ± 0.35*
CHE-AgNPs 10 3.26 ± 0.11*●■ 12.91 ± 0.51*●■

* – differences compared with Control 1. 
Note: ● – differences between the parameter and Control 2, ■ – differences between HS-AgNPs samples and basic HS matrices at the same 
concentration; level of statistical significance of differences p < 0.05; n = 5 (nitrites) and n = 10 (arginase).

the activation of arginase-1 (Arg-1) and transglutami-
nase 2, macrophage surface marker CD36, receptor of 
transferrin CD71, CD163, mannose (MMR or CD206), 
CCL-22, and E-cadherin [1, 3, 7]. Classically activated 
MPs convert arginine into nitric oxide and citrulline with 
iNOS; alternatively activated MPs convert arginine into 
urea and ornithine by means of arginase. The study of 

the effect of the analyzed substances on the arginine ba- 
lance in peritoneal MPs showed that an increase in the 
production of nitrites during the MP cultivation with the 
CHE-K (by 29  times) and CHE-AgNPs (by 1.5  times) 
samples was accompanied by a decrease in the arginase 
activity in cell lysates by 1.2 and 4 times, respectively, 
compared with the intact control (Table 5).

The CHP-K sample, against the background of a 13-
fold increase in the nitrite concentration, did not affect 
the arginase activity, and the CHS-K, CHS-AgNPs, and 
CHP-AgNPs samples, not showing NO-activating prop-
erties, significantly increased urea fermentation relative 

to Control 1. The CHI-K and CHI-AgNPs samples did 
not affect the studied parameters.

The literature shows that extracts of plant origin may 
contain an admixture of endotoxin (LPS), which also 
causes an increase in the production of nitric oxide [12]. 
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In order to assess the degree of purification of the stud-
ied substances from LPS, experiments were carried out  
using polymyxin  B, which binds directly to endotoxin 
and, thus, blocks its stimulating effect. Table  6 shows 
that the antibiotic did not affect the NO-stimulating 
properties of the CHS-K and CHS-AgNPs, CHI-K and 
CHI-AgNPs, and CHE-K and CHE-AgNPs samples. 

T a b l e  6 
The effect of polymyxin B on the NO-producing properties of coal-derived humic substances and silver-containing bionanocomposites 

based on them in peritoneal macrophages of intact C57BL/6 mice, M ± m

Studied substance, μg/ml
Control 1 (MP + medium) Control 2 (MP + LPS) MP + HS

polymyxin B polymyxin B polymyxin B
– + – + – +

CHP-K 10

2.34 ± 0.03 2.36 ± 0.11 32.31 ± 
0.41*

3.56 ± 
0.11▲■

25.43 ± 0.02*● 14.93 ± 0.16▲■♦
CHP-AgNPs 10 2.64 ± 0.08● 1.91 ± 0.05▲■♦

CHS-K 1 3.63 ± 0.15*● 4.08 ± 0.09■
CHS-AgNPs 1 2.34 ± 0.08● 2.71 ± 0.06♦

CHI-K 10

2.48 ± 0.07 2.16 ± 0.13 36.63 ± 
0.62*

2.72 ± 
0.1▲■

2.78 ± 0.15● 2.53 ± 0.10
CHI-AgNPs 10 2.76 ± 0.07● 2.40 ± 0.08

CHE-K 10 45.30 ± 0.51*● 41.02 ± 0.54■♦
CHE-AgNPs 10 2.66 ± 0.06● 2.29 ± 0.06

* – differences compared with Control 1 without polymyxin.
Note: ▲ – differences between the parameter and incubation of each substance without polymyxin; ● – differences 

between the parameter and Control 2 without polymyxin; ■ – differences between the parameter and Control 1 with 
polymyxin; ♦ – differences between the parameter and Control 2 with polymyxin; level of statistical significance of 
differences p < 0.05. The polymyxin B concentration – 50 μM, LPS – 0.1 μg/ml, n = 5.

During cultivation of the CHP-K and CHP-AgNPs sam-
ples with the antibiotic, the concentration of nitrites 
decreased by 1.3–1.7  times. The results obtained indi-
cate the absence of endotoxin impurity and pyrogenic 
properties in the CHS-K and CHS-AgNPs, CHI-K and 
CHI-AgNPs, and CHE-K and CHE-AgNPs samples, and 
their presence in the CHP-K and CHP-AgNPs samples.

CONCLUSION

The studies have shown that the CHE-K, CHE-AgNPs, 
and CHS-K samples contribute to the polarization of anti-
gen-presenting cells according to the classical type (M1) 
by increasing the activity of NO synthase and inhibition 
of arginase. The basic CHP-K matrix, which significantly 
enhances the NO-stimulating properties of cells against 
the background of stable arginase, can also be attributed 
to this type of substance. The functions of proinflamma-
tory macrophages M1 are associated with phagocytosis, 
microbicidal activity, induction of inflammation and 
adaptive immune response, and antitumor activity and are 
accompanied by the secretion of Th1 cytokines. 

On the contrary, the CHI-K and CHI-AgNPs samples 
did not affect the activity of NO-synthase and arginase of 
peritoneal MPs, which allows to consider these substan- 
ces as activators of alternative, anti-inflammatory prop-
erties of M2 macrophages. The latter are aimed at forma-
tion of the extracellular matrix, repair and remodeling of 
tissues, suppression of inflammation, stimulation of vas-
cular formation, apoptotic cell phagocytosis, and synthe-
sis of anti-inflammatory cytokines (IL-10, TGF-β, IL-4, 
IL-1ra). The CHP-AgNPs and CHS-AgNPs samples that 

inhibit arginase activity but do not affect nitrite produc-
tion can be attributed to the M2-like state polarization 
which has some, but not all, characteristics of M2 cells 
[3]. At the same time, HS are not cytotoxic at effective 
concentrations, and three out of four studied samples do 
not contain pyrogenic impurities.

Therefore, macrophages undergo various dynamic 
changes at each stage of wound healing. Firstly, M1 mac-
rophages mediate tissue damage and initiate inflammato-
ry reactions. Secondly, at the early stages of repair, infil-
trating MPs exhibit the M2 phenotype to suppress acute 
inflammation, and then their depletion inhibits the for-
mation of excessively vascularized and scar tissue. The 
use of silver-containing bionanocomposites based on HS, 
which have the ability to greatly affect the polarization of 
APCs, is a promising research area for solving an acute 
social and medical problem of treating chronic wounds.
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Effectiveness of antimicrobial therapy for community-acquired pneumonia  
in real clinical practice

Uryasev O.M., Shakhanov A.V., Korshunova L.V.

Ryazan State Medical University 
9, Vysokovoltnaya Str., Ryazan, 390026, Russian Federation

ABSTRACT

Background. Community-acquired pneumonia (CAP) remains one of the most common infectious diseases, 
occupying an important place in the structure of mortality worldwide.

Aim. To evaluate the effectiveness of antimicrobial therapy for community-acquired pneumonia in hospitalized 
patients in real clinical practice.

Materials and methods. A retrospective, observational study was conducted, which included 236 patients 
hospitalized for community-acquired pneumonia at the Regional Clinical Hospital in Ryazan in 2019. Based on 
these case histories, an analysis of the effectiveness of the initial empiric antimicrobial therapy was performed.

Results. The initial empiric antimicrobial therapy in 73% of cases included administration of ceftriaxone, in 45% 
of cases – levofloxacin, in 14% of cases – azithromycin. It was found that initial antimicrobial therapy was effective 
in 58% of patients who did not require replacement for the antibiotic. A need for a change in the treatment regimen 
was significantly associated with an increase in the length of hospitalization (p < 0.001), heart rate upon admission 
(p = 0.032), myelocyte count in the complete blood count (p < 0.001), and urea and blood creatinine levels (p = 
0.004 and p = 0.044, respectively). The selected antimicrobial therapy regimen was significantly associated with 
the expected treatment effectiveness (p = 0.039). The choice of levofloxacin in monotherapy or in combination 
with ceftriaxone was accompanied by a decrease in the relative risk of replacing the antimicrobial, compared with 
other treatment regimens (odds ratio (OR) = 0.86 (95% confidence interval (CI): 0.55–1.34) and OR = 0.57 (95% 
CI: 0.37–0.87), respectively). 

Conclusion. Empiric antimicrobial therapy for community-acquired pneumonia in real clinical practice complies 
with current recommendations, however, at the same time, its ineffectiveness persists. Respiratory fluoroquinolones 
are most effective in treating pneumonia in hospitalized patients.
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Эффективность антибактериальной терапии внебольничной пневмонии  
в условиях реальной клинической практики

Урясьев О.М., Шаханов А.В., Коршунова Л.В.

Рязанский государственный медицинский университет (РязГМУ) имени академика И.П. Павлова 
Россия, 390026, г. Рязань, ул. Высоковольтная, 9

РЕЗЮМЕ 

Актуальность. Внебольничная пневмония остается одним из наиболее распространенных инфекционных 
заболеваний, занимающим важное место в структуре смертности населения во всем мире.

Цель – оценить эффективность антибактериальной терапии внебольничной пневмонии у госпитализиро-
ванных пациентов в условиях реальной клинической практики.

Материалы и методы. Проведено ретроспективное наблюдательное исследование, в которое включены 
236 больных, госпитализированных по поводу внебольничной пневмонии в ГБУ РО «Областная клини-
ческая больница» (г. Рязань) в течение 2019 г. На основании данных историй болезни проведен анализ 
эффективности стартовой эмпирической антибактериальной терапии.

Результаты. Стартовая эмпирическая антимикробная терапия в 73% случаев включала назначение 
цефтриаксона, 45% – левофлоксацина, 14% – азитромицина. Установлено, что стартовая антибактериальная 
терапия была эффективной у 58% пациентов, которым не потребовалась замена антибиотика. Потребность 
в смене схемы терапии была значимо ассоциирована с увеличением сроков госпитализации (p < 0,001), 
частотой сердечных сокращений при поступлении (p = 0,032), уровнем миелоцитов в общем анализе крови 
(p < 0,001), уровнем мочевины и креатинина крови (p = 0,004 и p = 0,044 соответственно). Выбранная схема 
стартовой антибактериальной терапии значимо ассоциирована с ожидаемой эффективностью лечения 
(p = 0,039). Выбор левофлоксацина в монотерапии или в комбинации с цефтриаксоном сопровождался 
снижением относительного риска замены антибактериального препарата по сравнению с иными вариантами 
терапии (OR = 0,86 (95% CI: 0,55–1,34) и OR = 0,57 (95% CI: 0,37–0,87) соответственно).

Заключение. Эмпирическая антибактериальная терапия внебольничной пневмонии в целом соответствует 
действующим рекомендациям, однако при этом сохраняется крайне высокая частота ее неэффективности. 
Наибольшую эффективность в лечении пневмонии у госпитализированных пациентов имеют респираторные 
фторхинолоны.
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INTRODUCTION

Pneumonia is a group of acute infectious diseases 
(mainly bacterial ones) with different etiology, patho-
genesis, and morphological characteristics. They are 
characterized by focal lesions in the lungs with the 
obligatory presence of intraalveolar exudate. Pneu-
monia is considered community-acquired, if it deve- 
lops outside the hospital or is diagnosed in the first  
48 hours of hospitalization.

Community-acquired pneumonia (CAP) remains 
one of the most common infectious diseases, occu-
pying an important place in the structure of morta- 
lity worldwide. Among adults in Europe and North 
America, pneumonia occurs in 5–10 people per 1,000 
population [1]. In the Russian Federation, where the 
population exceeds 140 million people, it can be sta- 
ted that every year, more than 1.5 million people de-
velop pneumonia among adult population [2]. In gene- 
ral, the Russian Federation demonstrates persistent 
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pneumonia morbidity, but in some regions, including 
the Ryazan region, a steady increase is registered [3]. 
Every year, about 400 thousand people with pneumo-
nia are hospitalized in the Russian Federation, while 
the mortality rate for severe forms of the disease in the 
inpatient setting is approaching 10% [2]. 

High mortality rate from pneumonia is observed 
not only in the inpatient setting. Pneumonia is ranked 
1st among the causes of mortality from infectious  
diseases and 6th among all causes in the overall struc-
ture of mortality [4, 5]. Despite advances in modern 
methods of diagnosis and treatment, CAP remains one 
of the topical problems in the Russian healthcare. In 
recent years, to improve the effectiveness of pneumo-
nia patient management, international and national 
guidelines have been implemented, which help doctors 
choose the most rational treatment strategy in a speci- 
fic clinical situation. However, in real clinical practice, 
the recommended approaches to the choice of empiric 
antimicrobial therapy are often neglected, which leads 
to an increase in the number of unfavorable outcomes 
in patients with pneumonia [6]. Therefore, the aim of 
the study was to evaluate the effectiveness of antimi-
crobial therapy for CAP in real clinical practice.

MATERIALS AND METHODS
A retrospective observational study was conducted 

to assess the comparative effectiveness of empiric an-
timicrobial therapy for CAP in real clinical practice. 
To carry out the study, a register of all CAP cases was 
formed that were registered at the Regional Clinical 
Hospital (Ryazan) from January to December of 2019. 
At the first stage of the study, an analysis of 236 case 
histories was carried out, including a clinical and de-
mographic analysis of disease cases. At the second 
stage, two study groups were identified, depending 
on the need to change the empiric antimicrobial the- 
rapy prescribed at the time of hospitalization, in order 
to determine the most effective treatment regimens. 
When forming the study groups, the effectiveness of 
treatment was understood as achievement of the cri-
teria for an effective response to antimicrobial thera-
py and absence of the need to revise the antimicrobial 
therapy regimen following the current guidelines [7]. 
At the second stage of the study, 3 case histories were 
excluded from further analysis due to the impossibili-
ty to definitely determine the applied initial antimicro-
bial therapy regimen.

Patient records were used as primary documenta-
tion for the study, from which the following informa-
tion was obtained:

– demographic and medical and statistical infor-
mation, including age, gender, date and duration of 
hospitalization, the outcome of hospitalization, infor-
mation on concomitant diseases;

– information about the course of the disease, in-
cluding the period from the onset of symptoms to the 
start of antimicrobial therapy, complaints upon admis-
sion, data of clinical examinations and additional re-
search methods, including the severity of pneumonia, 
the presence of complications, the volume and loca- 
lization of the lesion according to chest X-ray, find-
ings of complete blood count and blood biochemistry 
test, results of sputum test.

Statistical analysis was performed using the Stat-
Soft Statistica 10 software package. Normal distri-
bution of variables was assessed using the Shapiro – 
Wilk test. The results obtained are presented as Me 
[Q25; Q75], where Me is the median, and Q25 and 
Q75 are lower and upper quartiles, respectively. The 
Kruskal – Wallis and Mann – Whitney tests were used 
to compare the groups by quantitative criteria. Rela-
tive parameters of qualitative variables (frequencies 
and proportions) were compared using Fisher’s exact 
test with Yates’ correction. The differences were con-
sidered statistically significant at p < 0.05.

RESULTS
Cases of hospitalizations for CAP were recorded 

all year round, with peaks, according to the register, 
in the periods from April to May and from October 
to December. A significant decrease in the number of 
hospitalizations was noted only in summer months.

Among those included in the study, there were 122 
(52%) men and 114 (48%) women, which indicates 
that there is no associated between gender and the de-
velopment of pneumonia. The average age of those 
hospitalized for pneumonia was 61 years. The average 
hospital stay was 12 days. Most often, according to 
medical records, patients complained of cough, fever, 
shortness of breath, and generalized weakness. Less 
commonly, the complaints included sputum produc-
tion, sweating, and chest pain (Figure). 

Severe CAP was observed in 39 patients (17%). 
In 97 (41%) patients, the disease was complicated by 
the development of respiratory failure, in 7 (3%) pa-
tients – by exudative pleuritis. Other complications, 
including abscess, pleural empyema, and toxic shock 
syndrome, were isolated.

According to chest X-ray, the lesion volume in 55 
(23%) cases corresponded to focal pneumonia, in 13 
(6%) cases – to segmental pneumonia, in 130 (55%) 
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cases – to multilobar pneumonia, and in 36 (15%) 
cases – to lobar pneumonia. In 2 (1%) patients, chest 
X-ray revealed interstitial pneumonia. Most often, 104 
(44%) patients had right-sided pneumonia, 74 (31%) 
patients had left-sided pneumonia, and 58 (25%) pa-
tients had bilateral pneumonia. The inflammatory 
process in 49% of cases was localized in the lower  
lobe, in 4% of cases – in the middle lobe, in 15% of 
cases – in the upper lobe; multiple localization was 
determined in 32% of patients.

complete blood count parameters and the outcome of 
hospitalization, it was found that the outcome of hos-
pitalization was associated with the level of neutro-
phils (p = 0.0248), but did not depend on the level of 
erythrocytes, leukocytes, and hemoglobin (p = 0.2428, 
p = 0.1083, and p = 0.9250, respectively).

The results of the sputum culture test in the prima-
ry documentation were present only in 26 (11%) pa-
tients: of them, in 65% of cases the causative agent of 
pneumonia was Streptococcus pneumoniae, in 15% of 
cases – Escherichia coli, in 11% of cases – Klebsiella 
pneumoniae, and in 4% of cases – Staphylococcus au-
reus and Pseudomonas aeruginosa. In 31% of cases, 
the sputum culture test detected fungi of the Candida 
genus.

Analyzing the prescribed treatment, we obtained 
data that the initial empiric antimicrobial therapy in 
73% of cases included prescription of ceftriaxone, in 
45% of cases – levofloxacin, in 14% of cases – azith-
romycin; in some cases the therapy regimen included 
the use of amikacin, amoxicillin, vancomycin, gen-
tamicin, josamycin, clarithromycin, co-trimoxazole, 
meropenem, metronidazole, cefotaxime, and erta- 
penem. It was found that initial antimicrobial thera-
py was effective only in 136 (58%) patients who did 
not require replacement of the antibacterial drug. The 
need to change the therapy regimen was significant-
ly associated with an increase in hospitalization time  
(p < 0.001), heart rate upon admission (p = 0.032), 
the level of myelocytes in the complete blood count  
(p < 0.001), and the level of urea and blood creatinine 
(p = 0.004 and p = 0.044, respectively) and was not 
associated with other clinical and laboratory parame-
ters (Table 1).
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Figure. Complaints of patients hospitalized for pneumonia, %

The outcome of hospitalization in 92 (39%) pa-
tients was recovery, in 133 (56%) patients – improve-
ment of the condition and discharge for outpatient 
treatment, in 11 (5%) cases – death of the patient. It 
was found that the outcome of hospitalization depen- 
ded on the patient’s age (p = 0.0140), respiratory rate 
(p = 0.0012), blood urea level (p = 0.0118), and blood 
oxygen saturation (p = 0.0268) and did not depend on 
the duration of the onset of the disease before hospi-
talization (p = 0.8216) and the level of systolic and 
diastolic blood pressure (p = 0.6043 and p = 0.4468, 
respectively). Analyzing the relationship between the 

T a b l e  1 
Clinical and demographic analysis of disease cases, Me [Q25; Q75]

Parameter Total, 
n = 236

Replacement of 
antibacterial treatment 

was not required, n = 136

Replacement of 
antibacterial treatment 
was required,  n = 100

p

Age, years 61 [41.5; 75.5] 65.5 [51; 79] 56 [37; 69] < 0.001
Gender, male/female 122/114 64/72 58/42 χ2 = 2.95; p = 0.085
Length of hospitalization (days) 12 [9; 16] 10 [8; 14] 15 [11; 17] <0.001
Time from the onset of symptoms to 
hospitalization (days) 6 [4; 10] 7 [4; 8,5] 6 [4; 11] 0.719

Respiratory rate (per minute) 20 [18; 22] 20 [18; 22] 20 [18; 21] 0.359
Systolic blood pressure (mmHg) 130 [120; 140] 130 [116; 140] 125 [120; 140] 0.760
Diastolic blood pressure (mmHg) 80 [70; 80] 80 [70; 80] 80 [70; 80] 0.442
Heart rate (beats per minute) 84 [78; 92] 82 [74; 92] 84,5 [80; 97] 0.032
Blood oxygen saturation (%) 95 [92; 97] 95 [91; 97] 95 [92; 97] 0.766
Time from the onset of symptoms to the start 
of antimicrobial therapy, days 6 [4; 9] 7 [4; 9] 6 [4; 11] 0.654

Duration of initial antimicrobial therapy, days 7 [5; 8] 7 [6; 8] 6 [3; 7] <0.001
Duration of prescribed antimicrobial therapy, 
days 9 [7; 12] 7 [6; 8] 12 [10; 15.5] <0.001

Uryasev O.M., Shakhanov A.V., Korshunova L.V. Effectiveness of antimicrobial therapy for community-acquired pneumonia
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It was found that the chosen regime of initial 
antimicrobial therapy was significantly associated 
with the expected effects of treatment and the need 
to replace the antibacterial drugs (p = 0.039). At 
the same time, only the regimens with levofloxacin 
were accompanied by a decrease in the relative risk 
of antibiotic replacement compared with any other 
treatment options. Monotherapy with levofloxacin 

reduced the relative risk of antibiotic replacement 
in etiotropic therapy by 14% compared with other 
treatment options. The most effective combination 
of ceftriaxone and levofloxacin reduced the risk of 
antibiotic replacement by 43%. Any other treatment 
options that did not include respiratory fluoroquino-
lones demonstrated an increased relative risk of anti-
biotic replacement. 

Parameter Total, 
n = 236

Replacement of 
antibacterial treatment 

was not required, n = 136

Replacement of 
antibacterial treatment 
was required,  n = 100

p

Complete blood count
Erythrocytes, ×1012 4.6 [4.2; 4.9] 4.6 [4.2; 4.9] 4.6 [4.2; 5] 0.456
Hemoglobin, g/l 132 [119; 143] 130 [116; 141] 133 [122; 146] 0.082
Platelets, ×109 229 [169; 329] 233 [178; 349] 211.5 [129; 294] 0.398
Leukocytes, ×109 9.6 [7.3; 13.9] 9.7 [7.5; 14.1] 9.6 [6.5; 13.9] 0.381
Basophils, % 1 [1; 1] 1 [1; 1] 1 [1; 1] 1.000
Eosinophils, % 2 [1; 4] 2 [1; 4] 2 [1; 3] 0.907
Myelocytes, % 8 [5; 11] 8 [5; 11] 0 [0; 0] <0.001
Immature neutrophils, % 2 [1; 2] 2 [1; 4] 1.5 [1; 2] 0.648
Band neutrophils, % 2 [1; 4] 2 [1; 4.5] 2 [1; 4.5] 0.837
Segmented neutrophils, % 65 [54; 74] 65 [54; 74] 65 [57; 75] 0.778
Lymphocytes, % 21 [11.55; 29] 21 [14.6; 29] 20 [10; 28] 0.348
Monocytes, % 7 [6; 10] 8 [6; 10] 7 [5.5; 10] 0.384

Blood biochemistry test
Urea, mmol / l 5.7 [4.4; 8.8] 6.35 [4.8; 10.35] 5.4 [4; 7.4] 0.004

Creatinine, mmol / l 0.102 [0.081; 
0.121] 0.107 [0.086; 0.135] 0.099 [0.08; 0.116] 0.044

T a b l e  1  ( c o n t i n u e d )

T a b l e  2 

Effect of initial antimicrobial therapy on the need for further change of the antibacterial drug

Antimacrobial therapy regimen Replacement of the anti-
biotic was required

Replacement of the anti-
biotic was not required Relative risk of replacing the antibiotic

Ceftriaxone 42 42 OR = 1.28 (95% CI: 0.96–1.72) 
Azithromycin 7 6 OR = 1.27 (95% CI: 0.75–2.16)
Levofloxacin 14 23 OR = 0.86 (95% CI: 0.55–1.34)
Azithromycin + ceftriaxone 9 10 OR = 1.11 (95% CI: 0.68–1.83)
Ceftriaxone + levofloxacin 17 45 OR = 0.57 (95% CI: 0.37–0.87)
Other options for antimicrobial therapy 11 7 OR = 1.48 (95% CI: 0.99–2.21)

Note :  OR – odds ratio, CI – confidence interval.

DISCUSSION

Many studies are devoted to assessing the effec-
tiveness and safety of antimicrobial drugs in pneu-
monia. The most commonly prescribed antibiotic in 
the treatment of pneumonia in the inpatient setting in 
the Russian Federation is ceftriaxone. According to 
the pharmacoeconomic analysis carried out in Nizhny 
Novgorod, the drug load of 1 CAD patient with cef-
triaxone per day is 3.2 g, which exceeds the load with 
ampicillin / sulbactam by 2.3 times, levofloxacin and 
azithromycin – by 5 times, moxifloxacin – by 19 times 

[8]. Our results also confirm high frequency of ceftri-
axone use for initial antimicrobial therapy for pneu-
monia, but the effectiveness of this prescription is 
doubtful. 

According to the study conducted by Professor 
A.I. Sinopalnikov in 2012 in real clinical practice, in 
hospitalized patients, initial antimicrobial therapy was 
effective and did not require replacement of the anti-
bacterial drug in only 45% of patients, which is con-
sistent with our data [6]. In this case, a single antibio- 
tic replacement was sufficient to obtain the necessary 
clinical effect only in 39% of cases, in 16% of cases, 
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a two- or three-time change of etiotropic therapy was 
required. In 2012, the main reason for the ineffective-
ness of the initial therapy, according to data obtained 
by Professor A.I. Sinopalnikov, was low adherence to 
recommendations for CAP treatment, including wide-
spread use of drugs with insufficient antimicrobial ac-
tivity against the key pathogens (primarily cefazolin 
and ciprofloxacin). However, in our work, similar 
treatment failure was noted with the use of antibiotics 
included in the current clinical guidelines, which may 
indicate other mechanisms, for example, an increase 
in the drug resistance of typical pathogens causing 
pneumonia observed in recent years [7].

It has now been shown that monotherapy with 
β-lactam antibiotics is often insufficiently effective 
due to an increase in the number of CAP cases asso-
ciated with atypical pathogens, such as Mycoplasma 
pneumoniae and Chlamydophila pneumoniae. The 
study by K. Eljaaly, conducted in the USA, showed 
that inclusion of drugs fighting atypical pathogens 
in empiric antimicrobial therapy for CAP can sig-
nificantly reduce the risk of clinical treatment failure  
(RR = 0.851; 95% CI, 0.732–0.99; p = 0.037), while 
not affecting the overall mortality and development  
of adverse drug reactions requiring antibiotic with-
drawal (RR = 0.549; 95% CI, 0.259–1.165, p = 0.118 
and RR = 0.83; 95% CI, 0.542–1.270, p = 0.39,  
respectively ) [9].

Many studies were devoted to comparing regimens 
of etiotropic therapy for pneumonia. In the work by 
Wei Nie et al. [10], 2,946 publications on this topic 
were analyzed, of which 16 articles were included in a 
further meta-analysis devoted to comparing the effec-
tiveness of monotherapy with β-lactam antibiotics and 
their combination with macrolides. The meta-analy-
sis showed that two-component therapy was associa- 
ted with higher treatment effectiveness and a reduced 
risk of death due to pneumonia. Similarly, our results 
indicate that the combination of ceftriaxone and azi-
thromycin is associated with a lower relative risk of 
failure compared with both ceftriaxone monotherapy 
and azithromycin monotherapy (Table 2). At the same 
time, even the combination ceftriaxone + azithromy-
cin is less effective in comparison with monotherapy 
with levofloxacin and especially in comparison with 
the combination ceftriaxone + levofloxacin.

The advantages of monotherapy with respiratory 
fluoroquinolones in patients with CAP are shown in a 
meta-analysis by A. Raz-Pasteur et al., including the 
results of inpatient treatment of 4,809 patients. It was 
found that monotherapy with fluoroquinolones re-

duced the relative risk of treatment ineffectiveness and 
antibiotic withdrawal (RR = 0.72 (0.57–0.91) and RR 
= 0.65 (0.54–0.78), respectively). Additionally, it was 
accompanied by a smaller number of diarrhea cases 
compared with the combination macrolide + β-lactam 
antibiotic (RR = 0.13 (0.05–0.34)) [11]. 

Similar results were obtained by K. Skalsky et al. 
in a systematic review on the comparative effective-
ness of macrolides and fluoroquinolones in patients 
with pneumonia [12]. The study involved 83 publica-
tions, of which 16 randomized controlled trials con-
ducted from 1993 to 2005 were included in a further 
analysis. According to the meta-analysis results, it 
was found that mortality from pneumonia did not dif-
fer in the groups of fluoroquinolones and macrolides, 
however, the use of fluoroquinolones was accompa-
nied by a lower risk of clinical and microbiological 
treatment failure (RR 0.63 (95% CI 0.49–0.81)). The 
authors of the meta-analysis indicated that in thera-
py with fluoroquinolones, the clinical effect occurred 
faster and the cure time was shorter. However, not all 
results on the benefits of respiratory fluoroquinolones 
are so clear-cut. 

In a prospective, randomized clinical study con-
ducted by M. Izadi from December 2016 to June 2017 
in Iran, it was shown that the effectiveness of mono-
therapy with oral levofloxacin at a dose of 750 mg 
per day did not differ from that of the combination 
of ceftriaxone at a dose of 1,000 mg per day and oral 
azithromycin at a dose of 250 mg per day. Although 
it is worth noting that the doses of drugs used in the 
study are lower than those traditionally used in Rus-
sian clinical practice [13]. The benefits of respiratory 
fluoroquinolones were shown in a systematic review 
by J.H. Lee, comparing the combinations fluoroquino-
lone + β-lactam antibiotic versus macrolide + β-lac- 
tam antibiotic in patients with severe CAP. According 
to the review, the combination macrolide + β-lactam 
antibiotic resulted in a lower percentage of deaths than 
the combination fluoroquinolone + β-lactam antibio- 
tic (19.4% versus 26.8%) and was accompanied by a 
decrease in the duration of hospital stay by 3.05 days 
[14]. Therefore, the issue of recommending monothe- 
rapy with fluoroquinolones as the first line therapy in 
patients hospitalized for CAP requires further study, 
at the same time, their high effectiveness in combina-
tion therapy is beyond doubt.

CONCLUSION
Our analysis of CAP in hospitalized patients 

showed that the applied empiric antimicrobial therapy 
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for CAP generally complies with the current guide-
lines. However, extremely high frequency of its inef-
fective outcome remains. Among the groups of drugs 
used in clinical practice, respiratory fluoroquinolo-
nes have the greatest effectiveness in the treatment 
of pneumonia in hospitalized patients, which can be  
recommended as one of the key drugs in the treatment 
of this cohort of patients.
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ABSTRACT 

Aim. To study the content of matrix metalloproteinase (MMP)-2, -3, -9 and tissue inhibitors of metalloproteinases 
(TIMPs) -1, -2, -3, -4 in the aqueous humor of patients with moderate primary open-angle glaucoma (POAG). 

Materials and methods. The experimental group included 47 patients with verified moderate primary open-angle 
glaucoma. The control group consisted of 26 patients with uncomplicated cataract. The levels of MMP-2, -3, -9 
were determined with Luminex Performance Human MMP Magnetic Panel 3-plex kit (R&D Systems, USA), the 
concentration of TIMPs-1, -2, -3, - 4 was determined with the Human TIMP Magnetic Luminex Performance Assay 
4-plex kit (R&D Systems, USA). The study was carried out using flow-through field fluorometry on a Bio-Plex 200 
double-beam laser analyzer (Bio-Rad, USA).

Results. The study showed a statistically significant increase in the levels of matrix metalloproteinase-2 and 
tissue inhibitors of matrix metalloproteinases-1, -2, -3, -4 in the aqueous humor of patients with moderate POAG 
compared with patients with uncomplicated cataract.

Conclusion. The obtained data on high concentrations and imbalance in the levels of matrix metalloproteinases and 
their tissue inhibitors in the aqueous humor of patients with moderate POAG confirm the role of local inflammation, 
as well as impairments in the structure of the extracellular matrix and its remodeling in the mechanisms of 
development of this pathology.

Key words: primary open-angle glaucoma, pathogenesis, matrix metalloproteinases, tissue inhibitors of matrix 
metalloproteinases, aqueous humor.
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во внутриглазной жидкости пациентов с первичной открытоугольной  
глаукомой 
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РЕЗЮМЕ

Цель – изучить содержание матриксных металлопротеиназ (МMP) 2, 3, 9 и тканевых ингибиторов ма-
триксных металлопротеиназ (TIMP) 1, 2, 3, 4 во внутриглазной жидкости пациентов с развитой стадией 
первичной открытоугольной глаукомы.

Материалы и методы. Обследованы 47 пациентов с верифицированным, на основании офтальмологиче-
ского обследования, диагнозом развитой стадии первичной открытоугольной глаукомы, которые составили 
основную группу. Контрольную группу составили 26 пациентов с диагнозом «неосложненная катаракта». 

Концентрацию MMP-2, MMP-3, MMP-9 определяли с использованием набора Luminex Performance Human 
MMP Magnetic Panel (3-Plex) (R&D Systems, США), определение концентрации TIMP-1, TIMP-2, TIMP-3, 
TIMP-4  проводили с помощью набора Human TIMP Magnetic Luminex Performance Assay 4-plex (R&D 
Systems, США).  Исследование проводилось методом проточной флуориметрии на двухлучевом лазерном 
анализаторе Bio-Plex 200 (Bio-Rad, США).  

Результаты. Установлена статистически значимо высокая концентрация матриксной металлопротеина-
зы-2 и тканевых ингибиторов матриксных металлопротеиназ 1, 2, 3, 4 во внутриглазной жидкости паци-
ентов с развитой стадией первичной открытоугольной глаукомы относительно данных, полученных при 
исследовании внутриглазной жидкости лиц с неосложненной катарактой.

Заключение. Полученные в исследовании данные о высоких концентрациях и нарушении баланса содер-
жания матриксных металлопротеиназ и их тканевых ингибиторов в внутриглазной жидкости пациентов с 
развитой стадией первичной открытоугольной глаукомы  подтверждают роль местного воспалительного 
процесса, а также нарушений структуры внеклеточного матрикса и его ремоделирования в механизмах 
развития патологического процесса.

Ключевые слова: первичная открытоугольная глаукома, патогенез, матриксные металлопротеиназы, тка-
невые ингибиторы матриксных металлопротеиназ, внутриглазная жидкость.
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INTRODUCTION 

Primary open-angle glaucoma (POAG) is widely 
spread in all countries of the world, and its increasing 
prevalence has significant medical and social conse-
quences for patients and the community [1–4]. The 
ophthalmological community is to a certain extent 
unsatisfied with results of treatment for this patho- 
logy, which makes POAG a pressing issue of modern 
ophthalmology. A thorough study of the development 
of pathological mechanisms in this disease is a sig-
nificant research task which would allow to elaborate 
pathogen-specific treatment.

According to the analysis of publications devoted 
to POAG pathogenesis, morphological and structu- 
ral changes in the eye drainage system leading to im-
paired aqueous humor outflow and an increase in the 
intraocular pressure (IOP) are some of the main cau- 
ses of POAG [5–9].

Some researchers suggest that these morphologi-
cal and structural changes in the eye drainage zone 
may be manifestations of the local aseptic destructive 
and inflammatory process in patients with POAG, the 
development of which depends on the imbalance and 
content change of various biologically active mole-
cules with proinflammatory and fibrotic activity (cy-
tokines, growth factors, etc.), as evidenced by publi-
cations of recent years [10–14]. In order to understand 
the role of local destructive and inflammatory process 
in POAG development, it is important to determine 
changes in the local content and balance of matrix 
metalloproteinases (MMPs) and their tissue inhibitors 
(TIMP), which play an essential role in degradation 
of extracellular matrix proteins degradation and tissue 
remodeling [15–20], as well as in ophthalmic disor-
ders [21]. 

In addition, the publications provide data on the 
ability of a number of cytokines to affect MMP and 
TIMP production and participate in regulation of 
MMP and TIMP synthesis [22–24]. 

Currently, few publications contain data on high 
concentrations of various MMPs and TIMPs in both 
the aqueous humor and tear and tissue structures of 
the eye affected by POAG. Based on the conducted 
studies, the authors of the publications suggest that ex-
cessive production of MMPs and TIMPs is associated 
with the active synthesis of various classes of cyto-
kines, and the resulting imbalance in the studied bio-
logically active molecules can lead to disturbances of 
the extracellular matrix and remodeling of the trabe- 
cular meshwork and lamina cribrosa of the sclera with 
impaired aqueous humor outflow and development of 
glaucomatous process. The authors also suggest pos-
sible role of MMP in the mechanisms of apoptosis in 
retinal ganglion cells and glaucomatous optic neurop-
athy [25–30]. 

However, it is not always possible to interpret the 
data presented in the literature unequivocally, which 
allows to conclude on the relevance of further study 
of the content and balance of MMP and TIMP in the 
aqueous humor of POAG patients to understand the 
molecular mechanisms of POAG development, as 
well as to formulate the aim of this study.

The aim of the study was to investigate the content 
of MMP-2, 3, 9 and TIMPs-1, 2, 3, 4 in the aqueous 
humor of patients with moderate POAG.

MATERIALS AND METHODS 
The study was conducted in accordance with the 

principles of the Declaration of Helsinki of the World 
Medical Association “Ethical principles for medical 
research involving human subjects”, the Federal Law 
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of the Russian Federation of November 21, 2011 No. 
323 FL “On the basics of protecting the health of citi-
zens in the Russian Federation”, as well as the require-
ments of the Federal Law of July 27, 2006 N 152-FL 
(as amended on July 21, 2014) “On Personal Data” 
(as amended and supplemented, entered into force on 
September 1, 2015). 

The study examined 73 patients. The experimental 
group consisted of 47 patients who underwent clinical 
and instrumental examination, including best visual 
acuity, binocular ophthalmoscopy, spheroperimetry, 
echoopthalmography, optical coherence tomography 
(OCT), and intraocular pressure (IOP) measurement. 
Moderate POAG and uncomplicated cataract were re-
vealed.  There were 16 (34.0%) men and 31 (66.0%) 
women in the experimental group. The average age of 
patients was 64.3 ± 5.9 years. The control group inclu- 
ded 26 patients with uncomplicated cataract. There were 
8 (30.8%) men and 18 (69.2%) women in the group, the 
average age of patients was 67.1±3.2 years. Thus, the 
studied groups did not differ in terms of age and gender.   

Exclusion criteria from both groups were acute and 
chronic eye disorders, diabetic retinopathy, neovascu-
lar glaucoma, uveitis of various etiology and localiza-
tion, hemophthalmus, and autoimmune diseases and 
cancer of any localization. The study excluded pa-
tients who, in order to normalize intraocular pressure, 
took medications containing prostaglandin analogs, 
capable of affecting the activity of the local destruc-
tive and inflammatory process.

Samples of the aqueous humor (AH) (100–150 μL) 
were collected from all patients at the initial stages 
of surgical treatment. The samples were frozen and 
stored at –70 °C until the study was conducted. 

Determination of the concentration of matrix 
metalloproteinases (MMPs) and tissue inhibitors of 
matrix metalloproteinases (TIMPs) in AH

Once frozen, AH was defrosted to room tempera-
ture before the study. To remove the sediment, it was 

centrifuged at 4°C, 10,000 rpm, for 10 min. The con-
centrations of MMP-2, MMP-3, and MMP-9 were 
determined using the Luminex Performance Human 
MMP Magnetic Panel 3-plex kit (R&D Systems, 
USA). The levels of TIMP-1, TIMP-2, TIMP-3, and 
TIMP-4 were identified using the Human TIMP Mag-
netic Luminex Performance Assay 4-plex kit (R&D 
Systems, USA). The study was conducted using flow-
through field fluorometry on a two-beam laser analy- 
zer Bio-Plex 200 (Bio-Rad, USA).  

Bio-Plex manager Software version 4.1 was used 
for data processing. Data analysis was performed 
using the Statistica 10 software package (StatSoft 
Inc., USA). The concentrations were measured in 
ng/ml. The use of the Kolmogorov – Smirnov and 
Lilliefors  tests for normality allowed to establish 
the absence of normal distribution in the obtained 
samples. In this regard, the study used the methods 
of non-parametric statistics. The significance of dif-
ferences in variation series in unrelated samples was 
assessed using the Mann–Whitney U-test. Data were 
presented as the median and upper (75%) and lower 
(25%) quartiles, Me (Q1–Q3). The differences were 
considered statistically significant at p < 0.05.

RESULTS AND DISCUSSION 
As a result of this study, we identified the presence 

of a significantly higher concentration of MMP-2 in 
the AH of patients with moderate POAG compared 
with the data obtained in the AH of patients with un-
complicated cataract (p = 0.001, Table). 

At the same time, when determining the content 
of MMP-3 and MMP-9 in the AH of patients in the 
examined groups, it was found that their levels did not 
differ statistically significantly (p = 0.08 and p = 1, 
respectively), and the samples in which the concentra-
tion of the studied biologically active molecules was 
higher than the lower limits of the sensitivity were iso-
lated. 

T a b l e 

Content of matrix metalloproteinases and tissue inhibitors of matrix metalloproteinases in the aqueous humor of patients with 
moderate POAG and uncomplicated cataract, ng/ml, Me (Q1–Q3) 

Parameter Patients with POAG, n = 47 Patients with uncomplicated cataract, n = 26 p
MMP-2 1.87 [1.43; 2.31] * 1.43 [1.09; 1.81] 0.001
MMP-3 0.06 [0.00; 0.09] 0.02 [ 0.00; 0.01] 0.08
MMP-9 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 1
TIMP-1 30,822.74 [23,320; 44,298] * 18,254.11 [14,058; 25,685] 0.001
TIMP-2 40,570.62 [33,690; 49,381] * 27,520.26 [24,159; 31,400] 0.001
TIMP-3 11,771.36 [10,788; 14,086] * 10,364.90 [8,097; 11,333] 0.012
TIMP-4 	 110.41 [80.03; 129.05] * 77.57 [69.83; 93.86] 0.001

* statistically significant differences compared with the group of patients with uncomplicated cataract. 
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When comparing the obtained data on the MMP 
content in the AH of patients in the examined groups 
with the results of other studies presented in the lite- 
rature, the following can be noted. 

Our data on significantly higher concentrations of 
MMP-2 in the AH of patients with POAG are similar 
to the results presented in the study by A.D. Nga et 
al., where comparable data were obtained on the con-
tent of this matrix metalloproteinase in the AH [26]. 
Our data are also consistent with the data presented by  
P. Sahay et al., in which high concentrations of  
MMP-2 were found in the lacrimal fluid of patients 
with POAG [27].  

At the same time, we did not reveal significantly 
higher concentrations of MMP-3 in the AH of patients 
with moderate POAG, data on which were presented 
by A.D. Nga et al. [26]. We also could not confirm the 
conclusion made in the study by L. Markiewicz et al., 
who found high concentration of MMP-9 in the AH of 
POAG patients and regarded it as a marker of inflam-
mation development [29]. 

The analysis of the data obtained in the study made 
it possible to state the following facts reflecting the 
content of TIMPs in the AH of patients in the exa- 
mined groups. The concentrations of TIMP-1 in the 
AH of patients with moderate POAG were found to be 
significantly higher than in patients with uncomplica- 
ted cataract (p = 0.001). Similar results were obtained 
when examining the levels of TIMP-2 in the AH of the 
patients. The patients with moderate POAG had sig-
nificantly higher values of the studied parameter com-
pared with the data in the control group (p = 0.001).

The study also showed the presence of a signifi-
cantly higher concentration of TIMP-3 and TIMP-4 
in the AH of patients with moderate POAG relative 
to the values of the studied parameters in the AH of 
patients with uncomplicated cataract (p = 0.012 and  
p = 0.001, respectively).

When comparing the data on the content of TIMPs 
in the AH of the patients obtained in this work with 
the results of other studies presented in the literature, 
the following can be noted. Our data on statistically 
significantly higher concentrations of TIMP-1, TIMP-
2, and TIMP-4 in the AH of patients with POAG 
are similar to the results presented in the study by  
E.L. Ashworth Briggs et al. There, comparable data 
were presented, and it was concluded that an imbal-
ance between MMP and TIMP with a shift towards 
their increased levels was found in the AH samples, 
which can lead to inhibition of MMP activity with 
changes in the composition of the extracellular matrix 

in the trabecular meshwork with a subsequent increase 
in resistance to the AH outflow, as well as to increased 
intraocular pressure [31].

Additionally, higher concentrations of TIMP-1 and 
TIMP-2 in the AH of POAG patients were identified 
in the study by A.D. Nga et al. [26]. In the study by 
N. Fountoulakis et al., it was concluded that the most 
significant changes were established when TIMP-4 
was determined in the AH; it was also established that 
this biologically active molecule was crucial in the 
pathogenesis of POAG [32]. The analysis of the data 
obtained in this study and research results presented 
in the literature on the content of TIMPs in the AH 
of POAG patients made it possible to state fewer dis-
crepancies between them than in the analysis of data 
on the content of MMPs. However, a relatively small 
number of publications devoted to the study of MMPs 
and TIMPs indicates the need for further research in 
this area. 

CONCLUSION
The conducted study allowed to establish that in 

patients with moderate POAG, significantly high  
levels of MMP-2 and TIMPs-1, -2, -3, -4 were iden-
tified. The study also confirms the importance of 
local inflammatory process and impairment of the  
extracellular matrix structure and its remodeling in the  
mechanisms of POAG development.
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ABSTRACT

Aim. To study the relationship between clinical, radiologic, and morphological features in nonfibrotic and fibrotic 
hypersensitivity pneumonitis.

Materials and methods. Clinical symptoms, data of high-resolution computed tomography, parameters of external 
respiration, and histological changes in the lung tissue obtained via open and transbronchial biopsies were studied 
retrospectively in 175 patients with hypersensitivity pneumonitis (HP). Statistical analysis was performed using 
the Statistica software.

Results. We found that the clinical error rate in the diagnosis of HP was 84.5%, among pathologists – 92%. Among 
all the variants of HP, the most common was fibrotic HP. It was shown that non-necrotizing granulomas and giant 
cells in the cavities of the alveoli, microcells, and interalveolar septa were more typical of nonfibrotic HP. 

In fibrotic HP, peribronchial fibrosis, smooth muscle metaplasia in fibrotic areas, and the presence of fibroblastic 
foci in the walls of terminal bronchioles are signs of differential diagnosis with usual interstitial pneumonia. The 
classical triad of histological signs was observed in 19.2% of patients with nonfibrotic HP and in 5.6% of patients 
with fibrotic HP.

Conclusion. Diagnosis of HP is complex and should be based on a multidisciplinary approach involving clinicians 
(pulmonologists), radiologists, functional diagnostics specialists, and pathologists. In this case, it is imperative to 
take into account and identify factors causing development of the disease, as well as the age of patients.

Key words: nonfibrotic and fibrotic hypersensitivity pneumonitis, multidisciplinary approach, histological features.
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РЕЗЮМЕ 

Цель. Изучить взаимосвязь клинико-рентгено-морфологических признаков при нефиброзном и фиброзном 
вариантах гиперчувствительного пневмонита.

Материалы и методы. Ретроспективно у 175 пациентов с гиперчувствительным пневмонитом (ГП) были 
изучены клинические симптомы, данные компьютерной томографии высокого разрешения, показатели 
функции внешнего дыхания, гистологические изменения ткани легких, полученных при открытых и 
трансбронхиальных биопсиях. Статистический анализ осуществляли при помощи программы Statistica.

Результаты. Выявлено, что уровень ошибок в клинической практике при диагностике ГП составил 
84,5%, среди патологоанатомов – 92%.  Среди всех вариантов ГП наиболее часто встретился фиброзный. 
Показано, что ненекротические гранулемы, гигантские клетки в полостях альвеол, микросот и в 
межальвеолярных перегородках более характерны для нефиброзного ГП. При фиброзном ГП мозаичный 
перибронхиолярный фиброз, гладкомышечная метаплазия в зонах фиброза, наличие фибробластических 
фокусов в стенках терминальных бронхиол являются признаками дифференциальной диагностики с 
обычной интерстициальной пневмонией. Классическую триаду гистологических признаков наблюдали в 
19,2% при нефиброзном ГП, при фиброзном – в 5,6%. 

Заключение. Диагностика ГП сложна и должна быть основана  на мультидисциплинарном подходе с 
участием клиницистов (пульмонологов), рентгенологов, специалистов по функциональной диагностике и 
патологоанатомов. При этом следует обязательно учитывать и выявлять факторы, вызывающие развитие 
заболевания и возраст пациентов.

Ключевые слова: нефиброзный и фиброзный гиперчувствительный пневмонит, мультидисциплинарная 
диагностика, гистологические признаки. 
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INTRODUCTION
Hypersensitivity pneumonitis (HP) (extrinsic aller-

gic alveolitis) refers to a group of immune-mediated 
diseases of the lung tissue and terminal and respira-
tory bronchioles that develop in response to antigen 
inhalation [1].

The most well-known types of HP are bird fancier’s 
lung [2], farmer’s lung, air-conditioner lung caused by 
cold air in air-conditioned rooms, chemical worker’s 
lung, and drug-induced bagassosis [3]. According to 
E. Fernández Pérez et al. [4], the prevalence of HP 
ranges from 0.3 to 0.9 per 100,000 population. Ac-
cording to F. Morell et al. [5], the incidence of HP 
amounts to 6.2 per 100,000 population sleeping on 
feather pillows and 54.6 per 100,000 among poultry 
breeders. S. Dhooria et al. [6] demonstrated that from 
2015 to 2017, 10.7% out of 803 patients with intersti-
tial lung disease (ILD) were diagnosed with HP. 

The major pathogenetic mechanisms of the  
disease remain unclear; however, the development of 
types III and IV hypersensitivities has been shown. 
Antigen sensitization and manifestation of clinical 
symptoms after repeated exposure to the antigen play 
a key role [7].

Historically, three HP types were distinguished: 
acute, subacute, and chronic.  Later, acute (inflam-
matory, cellular) and chronic HP were distinguished, 
which reflected the clinical course of the disease and 
differed in outcomes, survival, and treatment strategy 
[8, 9]. In 2020, the first international guidelines on HP 
were created, which suggest distinguishing nonfibro- 
tic and fibrotic HP phenotypes [1].

Symptoms of nonfibrotic (inflammatory) HP are 
shortness of breath, cough, chills, and fever that oc-
cur within 4–8 hours (in farmer’s lung, within 12– 
18 hours) after exposure to the antigen and can accel-
erate within several hours or days [9, 10]. In fibrotic 
HP, patients experience shortness of breath, slightly 
increasing with time, dry cough, malaise, fatigue, and 
loss of appetite [9, 10]. In high-resolution computed 
tomography (HRCT) of the lungs, nonfibrotic HP is 
characterized by multifocal, diffuse, and centrilobu-
lar ground-glass opacities, areas of mosaic attenua-
tion, and “air traps” during the exhalation phase [11, 
12]. Among all ILDs, areas of mosaic attenuation are 
more common in nonfibrotic HP, which makes this 
sign diagnostically significant and can lead to a cor-
rect diagnosis [13]. Major signs of fibrotic HP include 
alteration of lung architecture, reticular changes,  
areas of mosaic attenuation, the head cheese sign (jux-
taposition of areas with ground-glass opacities, mosa-

ic attenuation and normal lung tissue), traction bron-
chiectasis, and honeycomb lung [12, 14]. 

The gold standard for collecting a sample is a sur-
gical lung biopsy. A transbronchial lung biopsy pro-
vides little information due to the small amount of 
lung tissue. However, a transbronchial cryobiopsy is 
believed to be promising in diagnosing HP [15, 16]. 

In nonfibrotic HP, histological examination reveals 
bronchiolocentric interstitial pneumonia (IP), chronic 
cellular bronchiolitis, granulomatous inflammation, 
with granulomas being usually small and loose mass-
es with indistinct margins, consisting of epithelioid 
and multinucleated giant cells (MGCs) commonly 
located in peribronchiolar regions. Additionally, scat-
tered MGCs are observed, containing asteroid bodies, 
needle-shaped cholesterol crystals, and calcifications 
(Schaumann bodies) in the cytoplasm. 

In fibrotic HP, pulmonary arterial hypertension, fi-
brosis, honeycombing, obliterative bronchiolitis, and 
MGCs in the alveolar lumina, honeycombs, and inter-
alveolar septa prevail.

The aim of the study was to perform a retrospec-
tive analysis of the relationship between clinical, ra-
diologic, and morphological features in nonfibrotic 
and fibrotic HP. 

MATERIALS AND METHODS
The research included 175 patients. We studied 

clinical symptoms from medical histories, performed 
HRCT of the lungs, and obtained open (via videotho-
racoscopy, through a small thoracotomy incision) and 
transbronchial biopsy specimens. Clinically, the fol-
lowing signs were studied: shortness of breath on the 
Modified Medical Research Council (mMRC) scale, 
cough, sputum production, and the presence or ab-
sence of generalized weakness. 

When analyzing HRCT findings, attention was 
paid to the localization of changes in the lung tissue, 
the presence of ground-glass opacities, “air traps”, re-
ticular changes, the head cheese sign, traction bron-
chiectasis, and disseminated focal lung disease. 

When studying the respiratory function, the fol-
lowing was taken into account: forced vital capacity 
(FVC), forced expiratory volume in 1 second (FEV 1),  
the forced expiratory volume in 1 second to forced 
vital capacity ratio (FEV1/FVC), total lung capacity 
(TLC), residual lung volume (RV), and diffusing lung 
capacity for carbon monoxide (DLCO). 

  Histological changes in the lungs were studied 
and then compared with the clinical referral diagnoses 
and pathology reports. 
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  We conducted a histological examination of sec-
tions stained with hematoxylin and eosin and Van Gie-
son’s stain to detect collagen and elastic fibers. The 
following changes were revealed: obliterative bron-
chiolitis; peribronchiolar fibrosis with lymphocytic 
infiltrates; organizing pneumonia; moderate fibrosis; 
smooth muscle metaplasia in fibrosis and interalveolar 
septa; nonspecific interstitial pneumonia (NSIP); loose 
non-necrotizing granulomas; honeycombing; MGCs 
in the alveolar lumina, interalveolar septa, and honey-
combs; fibroblastic foci and their localization; bron-
chiolectasis; Schaumann bodies; and histological signs 
of secondary pulmonary arterial hypertension (SPAH).  

 The statistical analysis was carried out using STA-
TISTICA 10.0 for Windows 10. The Shapiro – Wilk 
W-test was used to determine the nature of the sample 
and the Mann–Whitney U  test was applied to deter-
mine the reliability of differences in the samples with 
non-normal distribution, which were considered sta-
tistically significant at p < 0.05. The correlations were 
assessed using the Spearman’s rank order correlation 
coefficient, whereas the strength of the correlation co-
efficients was evaluated with the Chaddock scale. 

RESULTS
HP was diagnosed only in 15.5% of all clinical 

referral diagnoses, i.e. clinicians misdiagnosed the  
disease in 84.5% of cases. Fig. 1 demonstrates the 
range of diagnoses.

Fig. 2 represents the range of histopathologic diag-
noses. HP was diagnosed only in 8% of cases. Most 
often, patients were diagnosed with fibrosing lung dis-
ease (idiopathic pulmonary fibrosis). In other words, 
the error rate in the histological examination reached 
92%. It should be noted that in 49.5% of cases, a his-
tology report was not provided. 

Fig. 3 demonstrates the frequency of the above- 
listed clinical symptoms in fibrotic and nonfibrotic 
HP. Shortness of breath, cough, and sputum produc-
tion prevailed in fibrotic HP. However, the parameter 
of shortness of breath on the mMRC scale was not 
reliable.

Fig. 4 demonstrates the parameters of the pulmo-
nary function tests. Parameters of bronchial obstruc-
tion prevailed in nonfibrotic HP; at the same time, the 
differences between the DLCO parameters were not 
significantly different in two HP types.

 Fig. 5 presents data on the HRCT findings. We ob-
served significantly more reticular changes in fibrotic 
HP and traction bronchiectasis was more common. 
Honeycombing was observed only in fibrotic HP. The 
differences between the remaining parameters in fi-
brotic and nonfibrotic HP were not statistically signif-
icant. Two HP types demonstrated diffuse changes in 
42% of cases; lesions of the lower lobes prevailed in 
both lungs (47%). At the same time, the upper lobe le-
sions were detected in 11% of cases, which practically 
does not occur in usual interstitial pneumonia (UIP).

Fig. 1. Clinical referral diagnoses: IPF – idiopathic pulmonary fibrosis, HP – hypersensitivity pneumonitis, PD – pulmonary 
dissemination, ILD – interstitial lung disease, IP – interstitial pneumonia, NSIP – nonspecific interstitial pneumonia, CB – chronic 
bronchitis, SCTD – systemic connective tissue diseases, LIP – lymphoid interstitial pneumonia, CLD – cystic lung disease,  
PTS – post-thrombotic syndrome, AL – amiodarone lung, BP – bilateral pneumonia, DIP – desquamative interstitial pneumonia, 

LAM – lymphangioleiomyomatosis
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Fig. 4. Pulmonary function test parameters
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Fig. 2. Morphological referral diagnoses in HP: no diagnosis – no morphological report on the specimen from another institution 
was included in the medical history, FA – fibrosing alveolitis, CI – chronic inflammation, PS – pneumosclerosis, COP – cryptogenic 
organizing pneumonia, CNSLDs – chronic non-specific lung diseases, RBILT – respiratory bronchiolitis with another interstitial 
lung disease, BOOP – bronchiolitis obliterans organizing pneumonia, CA – capillary adenoma, LTM – lung tissue malformation, 

CP – chronic pneumonia

Fig. 3. The frequency of clinical symptoms in nonfibrotic and fibrotic HP

Parameter FVC, % FEV 1, % FEV1/FVC TLC, % RV, % DLCO, %
Nonfibrotic HP 78.37 84.79 91 76.9 103.5 53.32
Fibrotic HP 60.5 64.22* 88.19** 70.1 99.22 47.66
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Fig. 6 shows histological changes in the lung tissue 
in nonfibrotic HP. Obliterative bronchiolitis was the 
most common, granulomas and MGCs were observed 
to a lesser extent. NSIP, organizing pneumonia, and 
obliterative bronchiolitis with organizing pneumonia 
were detected in 96.1% of cases.

Fig. 7 demonstrates the frequency of histological 
signs in fibrotic HP. A microscopic examination re-
vealed that in both fibrotic and nonfibrotic HP, obli- 
terative bronchiolitis was mostly “string-like” (Fig. 8 
a, b), and sometimes it was with fibroblastic foci in the 

walls of the terminal bronchioles (Fig. 8,b). In nonfi-
brotic HP, we observed MGCs in the alveolar lumi-
na, cavities, and the interstitium (Fig. 10,a), non-nec-
rotizing loose granulomas (Fig. 10,b), and NSIP  
(Fig. 11). Fibrotic HP can be also characterized by 
MGCs, moderately pronounced peribronchiolar in-
terstitial fibrosis with smooth muscle metaplasia (Fig. 
9), areas of bridging fibrosis (Fig. 12), peribronchiolar 
fibrosis with lymphocytic infiltrates, organizing pneu-
monia, honeycombing, Schaumann bodies, bronchiol-
ectasis, and histological signs of SPAH (Fig. 13). 

Fig. 6. The frequency of histological features in nonfibrotic HP:  
BE – bronchiectasis

Fig. 7. The frequency of histological features in fibrotic 
HP
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Fig. 8. Obliterative bronchiolitis in nonfibrotic and fibrotic HP: a – obliterative bronchiolitis, b – “string-like” bronchiolitis, c – 
fibroblastic foci in the wall of the terminal bronchiole with narrowing of the lumen; hematoxylin and eosin stain, ×100
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Fig. 5. Changes in the lung tissue on HRCT: HC – 
the head cheese sign, AT – air traps, GGO – ground-
glass opacities, RC – reticular changes, DFLD 

disseminated focal lung disease
GGO RC AT BE DFLD Emphysema Honeycombs HC

p = 0.0294

p = 0.05

Nonfibrotic HP Fibrotic HP

%

%
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Fig. 9. Nonfibrotic HP. Giant cells and granuloma in nonfibrotic HP: a – MGCs in the alveolar lumina, b – peribronchiolar granuloma; 
hematoxylin and eosin stain, ×100

Fig. 12.  Fibrotic HP. Bridging fibrosis; hematoxylin and eosin 
stain, ×200

а						                        b 

Fig. 10. Cellular NSIP in nonfibrotic HP; hematoxylin and 
eosin stain, ×100

Fig. 11. Fibrotic HP. Smooth muscle metaplasia in the peri-
bronchiolar fibrosis area; hematoxylin and eosin stain, ×100

Fig. 13. SPAH in fibrotic HP. Proliferation of the intima with 
narrowing of the pulmonary artery branch lumen; hematoxylin 

and eosin stain, ×200
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We compared the results of the histological ana- 
lysis and lung CT findings and established that non-
fibrotic HP was detected in 16% of cases, fibrotic  
HP – in 62% of cases, and possible HP – in 22% of 
cases. Pulmonary emphysema was detected only in 
16 patients (9%), with one case having a combina-
tion of fibrotic HP and pulmonary alveolar proteino-
sis (PAP). The three key morphological HP signs that 
were described earlier (i.e. granulomas and/or MGCs, 
obliterative bronchiolitis, and NSIP) were found in 
19.2% of cases in nonfibrotic HP and in 5.6% of cas-
es in fibrotic HP.

The correlation analysis revealed a significant 
moderate relatioship between (1) NSIP frequency in 
the microscopic evaluation and the presence of hone-
combing in HRCT (r = –0.34); (2) between NSIP and 
the head cheese sign in HRCT (r = 0.40); (3) between 
the presence of the granuloma and reticular changes  
(r = –0.34); (4) between the presence of the granuloma 
and traction bronchiectasis (r = –0.31), (5) between 
honecombing and traction bronchiectasis (r = 0.42), 
and (6) between honeycombing and focal dissemina-
tion (r = –0.32).  

DISCUSSION
Clinical HP manifestations are non-specific.  The 

presence of shortness of breath in both HP types on 
the mMRC scale was not statistically significant. As 
in the studies by G. Raghu et al., M. Vasakova et al., 
M. Selman et al. [1, 9, 10], shortness of breath, cough, 
and sputum were 9.3, 10, and 7%, respectively, more 
common in fibrotic HP, but they were not statistically 
significant. At the same time, fatigue was observed 
twice as often in nonfibrotic HP. HRCT showed that, 
unlike UIP and lung changes in systemic connective 
tissue disease (SCTD), changes in the upper, middle, 
and lower parts of the lungs were observed in two 
HP types. 

Consistent with the data by G. Raghu et al.,  
B. Chong et al., and S. Kligerman et al. [1, 11, 13], 
pulmonary dissemination and emphysema were more 
often observed in nonfibrotic HP, but these changes 
were not statistically significant. The presence of re-
ticular changes, “air traps”, and bronchiectasis was 
significantly more often observed in fibrotic HP, 
which did not differ from the data obtained by G. Ra-
ghu et al., L. Wang et al., and O. Dias et al. [1, 12, 14]. 

A microscopic evaluation of the lungs for nonfi-
brotic HP revealed bronchiolocentric IP, chronic cel-
lular bronchiolitis, and granulomatous inflammation, 
with granulomas being usually small and loose, in the 

form of poorly defined clusters of epithelioid cells and 
MGCs, which were usually located in the peribronchi-
olar region. Moreover, scattered MGCs were observed 
in the alveolar lumina and honeycombs, terminal and 
respiratory bronchioles, and the interstitium. These 
cells often contained non-specific cytoplasmic inclu-
sions, such as asteroid bodies and/or cholesterol crys-
tals, and Schaumann bodies. Our data are consistent 
with those obtained by G. Raghu et al. and M. Kitaichi 
et al. [1, 17] on the fact that the described above histo-
logical signs were observed in possible nonfibrotic HP 
in the absence of granulomas.  

Fibrotic HP is characterized by altered lung archi-
tecture due to centriacinar emphysema and bridging 
fibrosis; fibrous IP; the appearance of fibroblastic 
foci (usually in the walls of the terminal bronchioles), 
peribronchiolar metaplasia; and less often – by the 
presence of granulomas. Our data are also consistent 
with those of G. Raghu et al., M. Kitaichi et al., and  
S. Chiba et al. [1, 17, 18] in the fact that fibrosis covers 
both subpleural and centroacinar regions. However, as 
fibrosis progresses in HP, it is extremely difficult to 
distinguish its changes in the lungs from UIP. More-
over, the obtained data are consistent with the data of 
G. Raghu et al. [1] in the fact that the same histolo- 
gical signs are observed in possible fibrotic HP as in 
verified fibrotic HP, but without honeycombing and 
granulomas, with less pronounced peribronchiolar 
metaplasia and single MGCs. 

In our opinion, the list of histological signs presen- 
ted in the guidelines of 2020 should be supplemented 
with such signs as loose mosaic peribronchiolar fibro-
sis in fibrotic HP, smooth muscle metaplasia in the 
areas of fibrosis, and the presence of fibroblastic foci 
in the walls of terminal bronchioles, as opposed to the 
same foci in the walls of cells in UIP. The correlation 
analysis revealed significant moderate correlations be-
tween the HRCT parameters and histological changes 
in the lungs; however, we believe this does not allow 
to diagnose HP with certainty. HP is mainly diagnosed 
based on identifying the impact of an external factor, 
a CT scan of the lungs, and histopathological signs. 
The major problem is that no single HP sign alone is 
sufficient and its presence is not obligatory. This leads 
to possible multiple combinations of signs that con-
tribute to correct HP diagnosis, presented in the guide-
lines of 2020 [1].

  The age of patients with ILDs should be taken 
into account. Patients with different HP types are usu-
ally under 60 years of age, whereas patients with UIP 
are over 60.

Cherniaev A.L., Kusraeva E.V., Samsonova M.V. et al. Clinical, radiologic, and morphological diagnosis of hypersensitivity
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CONCLUSIONS
1) Among clinicians, the error rate in HP diagnosis 

accounts for 84.5%, whereas among pathologists, it 
reaches 92%.

2) Among all HP types, fibrotic HP is the most 
common. 

3) Non-necrotizing granulomas and giant cells in 
the alveolar lumina, honeycombs, and the interalveo-
lar septa are more typical of nonfibrotic HP. 

4) The following signs distinguish fibrotic HP from 
UIP: mosaic peribronchiolar fibrosis, smooth muscle 
metaplasia in the areas of fibrosis, and the presence of 
fibroblastic foci in the walls of terminal bronchioles.

4) The three key morphological HP signs were ob-
served only in 19.2% of nonfibrotic HP cases and in 
5.6% of fibrotic ones. 

5) The diagnosis of HP is complex and should 
be based on a multidisciplinary approach involving 
clinicians (pulmonologists), radiologists, functional 
diagnostics specialists (pulmonary function technolo-
gists), and pathologists. At the same time, it is neces-
sary to take into account and identify the factors that 
cause the development of the disease and the age of 
patients. 
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“Kynurenine switch” and obesity
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ABSTRACT

Aim. To assess the concentrations of bacterial and eukaryotic metabolites mainly involved in indole, kynurenine, 
and serotonin pathways of tryptophan metabolism in a cohort of patients with obesity.

Materials and methods. Using high-performance liquid chromatography with mass spectrometric detection, the 
concentrations of several serum metabolites, such as kynurenine, kynurenic acid, anthranilic acid, xanthurenic acid, 
quinolinic acid, 5-hydroxyindole-3-acetate, tryptamine, serotonin, indole-3-lactate, indole-3-acetate, indole-3-
butyrate, indole-3-carboxaldehyde, indole-3-acrylate, and indole-3-propionate, were analyzed in a cohort of obese 
patients compared with healthy volunteers.

Results. It was found that serum levels of tryptophan metabolites of microbial and eukaryotic origin were 
significantly increased in obese patients. Therefore, the concentration of kynurenine in the blood serum in obese 
patients was 2,413 ± 855 nmol / l, while in healthy volunteers of the same age group, the level of kynurenine in 
the blood serum was 2,122 ± 863 nmol / l. In obese patients, two acids formed due to kynurenine metabolism; 
the concentrations of kynurenic and quinolinic acids were increased in the blood serum. The concentration of 
kynurenic acid in the blood serum in obese patients was 21.1 ± 9.26 nmol / l, and in healthy patients, it was 16.8 
± 8.37 nmol / l. At the same time, the level of quinolinic acid in the blood serum in obese patients was 73.1 ± 54.4 
nmol / l and in healthy volunteers – 56.8 ± 34.1 nmol / l. Normally, the level of quinolinic acid is 3.4 times higher 
than the concentration of kynurenic acid, and in case of obesity, there is a comparable increase in these acids in the 
blood serum. 

From indole derivatives, mainly of microbial origin, the concentrations of indole-3-lactate, indole-3-butyrate, and 
indole-3-acetate were significantly increased in the blood serum of obese patients. In obese patients, the serum 
concentration of 5-hydroxyindole-3-acetate was elevated to 74.6 ± 75.8 nmol / l (in healthy volunteers – 59.4 ± 36.6 
nmol / l); indole-3-lactate – to 523 ± 251 nmol / l (in healthy volunteers – 433 ± 208 nmol / l); indole-3-acetate – to 
1,633 ± 1,166 nmol / l (in healthy volunteers – 1,186 ± 826 nmol / l); and indole-3-butyrate – to 4.61 ± 3.31 nmol / l 
(in healthy volunteers – 3.85 ± 2.51 nmol / l).

Conclusion. In case of obesity, the utilization of tryptophan was intensified by both the microbiota population 
and the macroorganism. It was found that obese patients had higher concentrations of kynurenine, quinolinic and 
kynurenic acids, indole-3-acetate, indole-3-lactate, indole-3-butyrate, and 5-hydroxyindole-3-acetate. Apparently, 
against the background of increased production of proinflammatory cytokines by adipocytes in obese patients, 
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the “kynurenine switch” was activated which contributed to subsequent overproduction of tryptophan metabolites 
involved in the immune function of the macroorganism.

Key words:  microbiota, tryptophan, obesity, kynurenines, indoles, metabolic syndrome.
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РЕЗЮМЕ 

Цель. Изучить содержание метаболитов бактериального и эукариотического происхождения индольного, 
кинуренинового и серотонинового путей обмена триптофана у пациентов с ожирением.

Материалы и методы. Методом высокоэффективной жидкостной хроматографии с масс-спектрометриче-
ским детектированием изучили концентрации сывороточных метаболитов: кинуренина, кинуреновой кис-
лоты, антраниловой кислоты, ксантуреновой кислоты, хинолиновой кислоты, 5-гидросииндол-3-ацетата, 
триптамина, серотонина, индол-3-лактата, индол-3-ацетата, индол-3-бутирата, индол-3-карбоксальдегида, 
индол-3-акрилата, индол-3-пропионата у пациентов с ожирением в сравнении с группой здоровых добро-
вольцев.

Результаты. Установлено, что у пациентов с ожирением в сыворотке крови статистически значимо повы-
шен уровень метаболитов триптофанового обмена микробиотического и эукариотического происхожде-
ния. Концентрация кинуренина в сыворотке крови у больных с ожирением составляла 2 413 ± 855 нмоль/л, 
тогда как у здоровых добровольцев такой же возрастной группы – 2 122 ± 863 нмоль/л. Также у пациентов 
с ожирением в сыворотке крови были повышены две кислоты, которые образуются в результате метабо-
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лизма кинуренина – кинуреновая и хинолиновая. Концентрация кинуреновой кислоты в сыворотке крови 
у пациентов с ожирением составляла 21,1 ± 9,26 нмоль/л, а у здоровых 16,8 ± 8,37 нмоль/л соответственно. 
Тогда как концентрация хинолиновой кислоты в сыворотке крови при ожирении – 73,1 ± 54,4 нмоль/л, а 
у здоровых добровольцев – 56,8 ± 34,1 нмоль/л. В норме концентрация хинолиновой кислоты в 3,4 раза 
выше, чем концентрация кинуреновой кислоты, а при ожирении происходит сопоставимое их повышение.

Из производных индола, которые имеют преимущественно микробиотическое происхождение, в сыво-
ротке крови пациентов с ожирением статистически значимо повышена концентрация индол-3-лактата, 
индол-3-бутирата и индол-3-ацетата. У пациентов с ожирением концентрация в сыворотке крови метабо-
лита серотонина – 5-гидроксииндол-3-ацетата – была повышена и составляла 74,6 ± 75,8 нмоль/л (у здоро-
вых добровольцев – 59,4 ± 36,6 нмоль/л); индол-3-лактата – 523 ± 251 нмоль/л (у здоровых добровольцев  
433 ± 208 нмоль/л); индол-3-ацетата – 1 633 ± 1166 нмоль/л (у здоровых добровольцев 1 186 ± 826 нмоль/л); 
индол-3-бутирата – 4,61 ± 3,31 нмоль/л (у здоровых добровольцев 3,85 ± 2,51 нмоль/л). 

Заключение. При ожирении происходит интенсификация утилизации триптофана как микробиотической 
популяцией кишечника, так и макроорганизмом. Установлено, что больные с ожирением имеют более вы-
сокие концентрации кинуренина, хинолиновой и кинуреновой кислот, индол-3-ацетата, индол-3-лактата, 
индол-3-бутирата и 5-гидроксииндол-3-ацетата. Видимо, на фоне гиперпродукции провоспалительных 
цитокинов адипоцитами у пациентов с ожирением срабатывает «кинурениновый переключатель», что и 
обеспечивает гиперпродукцию метаболитов триптофанового обмена, которые вовлечены в иммунологиче-
скую функцию макроорганизма.

Ключевые слова: микробиота, триптофан, ожирение, кинуренины, индолы, метаболический синдром.
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INTRODUCTION

Tryptophan is an essential amino acid for the hu-
man body [1]. However, the intestinal microbiota has 
an enzymatic system of the shikimate pathway of tryp-
tophan synthesis and can provide the macroorganism 
with both amino acid and its derivatives. Among these 
metabolites are derivatives of the kynurenine, indole, 
and serotonin pathways of tryptophan metabolism [2]. 
Synthesis of aromatic amino acids is possible in the 
microbiome due to universal metabolic pathways – 
glycolysis and the pentose phosphate pathway (PPP). 
Therefore, glycolysis produces phosphoenolpyruvate 
(PEP), while PPP is a source of erythrose–4-phos-
phate for the shikimate pathway of tryptophan and 
anthranilic acid synthesis (Fig. 1,a and b). 

The dominant mechanism of tryptophan utiliza-
tion for eukaryotes is the kynurenine pathway. More 
than 90% of tryptophan not spent on biosynthesis is 
converted into metabolites of the kynurenine path-
way [2]. They perform antioxidant and anti-inflam-
matory functions in the body, regulate immune re-
sponses, and act as toxins and signaling molecules in 
the molecular dialogue between the macroorganism 
and the microbiome [2]. For example, anthranilic 
acid (anthranilate) is an essential link in the metabolic 
coupling of the microbiome and the macroorganism: 
it has a mixed origin and is a precursor in the syn-
thesis of quinolinic acid and, accordingly, NAD+ and 
also participates in the formation of quinoline reg-
ulators of the quorum sensing (QS) in the microbi-
ome [3]. So far, there is no information on the role 
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of microbiota enzymes in the synthesis of quinolinic 
acid and NAD+ directly from tryptophan [4]. How-
ever, both quinolinic acid and NAD+ are not spe-
cies-specific metabolites, and their synthesis occurs 
in both eukaryotes and prokaryotes. It is important 
to note that quinolinic acid in eukaryotes is formed 
from tryptophan, whereas in prokaryotes, this acid is 
formed from aspartic acid [5]. 

It is shown that after tryptophan loading or after 
immune stimulation, hepatocytes, which are consti-
tutively responsible for  NAD+ synthesis, transiently 
accumulate quinolinic acid. At the same time, cells of 
the immune system, including macrophages, dendri- 
tic cells, Langerhans cells, Kupffer cells, etc., generate 
high, stable levels of intracellular quinolinic acid in 
response to various immune stimulators. This event 
regulates the mobility of immune cells, since it indu- 
ces synthesis of cytoskeleton proteins in them [8]. It 
is important to note that in the liver, all tryptophan 
molecules not involved in protein synthesis are con-
verted into NAD+ or oxidized to CO2 and H2O. During 
immune stimulation, indolamine-2,3-dioxygenase 
(I-2,3-DO) is activated in the lung tissue, contributing 

Fig. 1. The shikimate pathway: a – at the first stage, 3-dehydroquinate is synthesized: PEP and erythrose 4-phosphate are converted 
into deoxy-d-arabino-hept-2-ulosonate-7-phosphate (DAHP) with the participation of DAHP synthase; b – at the second stage, 
DAHP is converted into 3-dehydroquinate (3-DQ) with the participation of 3-DQ synthase, and then reduction to shikimate occurs, 
followed by a phosphorylation reaction to shikimate 3-phosphate. When interacting with PEP, shikimate 3-phosphate is converted 
into enolpyruvate shikimate-3-phosphate by a specific synthase, and then, after dephosphorylation, it becomes a chorismate, which, 

when interacting with glutamine (Gln), turns into anthranilic acid (AA)a

Quinolinic acid is neuro- and gliotoxic and in-
creases in animals with multiple sclerosis in brain 
tissues and blood serum [6]. Quinolinic acid is an 
ionotropic glutamate receptor antagonist that selec-
tively binds N-methyl-D-aspartate, while kynurenic 
acid is an agonist of glutamatergic and cholinergic re-
ceptors and has antioxidant properties [7]. Therefore, 
kynurenic acid will have a neuroprotective effect.

а  						                b

to the “kynurenine switch” activation. Systemic ky-
nurenine begins to actively engage immune cells for 
overproduction of NAD+ [8].

Intracellular levels of quinolinic acid increase in 
response to immune stimulation by lipopolysaccha-
ride in macrophages, microglia, dendritic cells, and 
other cells of the immune system [8]. The further fate 
of quinolinic acid depends on the activity of quino-
linate phosphoribosyltransferase (QPRT), which cata-
lyzes the formation of nicotinic acid mononucleotide 
from quinolinic acid and 5-phosphoribosyl-1-pyro-
phosphate (Fig. 2).

It is known that the inflammatory response re-
quires higher levels of NAD+ in immune cells. 
Thus, NAD+ performs numerous functions (Fig. 2): 
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participates in the respiratory burst and the poly- 
merization reaction of poly(ADP-ribose) polymerase 
(which is involved in DNA repair mechanisms) and 
regulates the activity of NAD+-dependent deacety-
lases (sirtuins) and NAD+-dependent hydrolases, 
including CD38, CD157, and ADP-ribosyl cyclase/
cyclic ADP-ribose hydrolase. The latter is expressed 
on many immune cells, including CD4+, CD8+, 
B-lymphocytes and natural killer cells, and CD157 – 
ADP-ribosyl cyclase/cyclic ADP-ribose hydrolase-2 
is expressed by pre-B cells [8].

It was shown that obesity is a systemic inflam-
matory disease with overexpression of indoleamine 
2,3-dioxygenase (I-2,3-DO) in both white adipose tis-
sue and the liver, induced by adipocytes of proinflam-
matory cytokines [9]. In response to the activation of 
the regulatory enzyme of the kynurenine pathway, the 
entire kynurenine pathway of tryptophan metabolism 
is also intensified. Activation of I-2,3-DO in the intes-
tine leads to an increase in the kynurenine concentra-
tion, which has an antimicrobial effect [2] and, thus, 
affects the gut microbiota.

It is possible that in obesity, the intensification of 
the shikimate pathway in the intestine is accompanied 
by excessive production of tryptophan, which can be 
metabolized into indole derivatives by various micro-
biota populations. It should be noted that indole-3-lac-
tate regulates the kynurenine pathway of tryptophan 
conversion in cells of the macroorganism [10], and 
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Fig. 2. The biological role of NAD+ in immune cells.
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indole-3-acetate (and tryptamine) is an agonist of aryl 
hydrocarbon receptors [11].  

Therefore, the aim of the study was to investigate 
the concentrations of metabolites of the kynurenine 
and indole pathways of tryptophan metabolism in the 
blood serum of patients with obesity.

MATERIALS AND METHODS 
A cohort of 266 participants with an average age of 

39.9 ± 4.2 years was examined. Two clinical groups 
were formed. Group 1 (n = 138) – a control group of 
healthy volunteers without obesity and/or metabolic 
syndrome with an average body mass index (BMI) of 
22.7 kg / m2 and waist circumference (WC) of 79.8 cm. 
Group 2 (n = 128) was an experimental group inclu- 
ding patients with obesity and/or metabolic syndrome 
with an average BMI of 32.96 kg / m2 and WC of 
108.98 cm.

Samples of the whole blood and blood serum were 
obtained from all study participants according to the 
study protocol. Transportation and storage of the 
samples were carried out in compliance with the cold 
chain at a temperature not higher than –40 °C.

A quantitative analysis of tryptophan metabolites 
in the blood serum was performed by high-perfor-
mance liquid chromatography with mass spectrome-
try (HPLC-MS/MS). The analysis was performed us-
ing an Agilent 1200 liquid chromatography (Agilent 
Inc., USA) with an automatic sample input system, a 

Sirtuins
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column thermostat, and a degasser. Chromatographic 
separation was performed using the Discovery PFP 
HS F5 analytical column (2.1 × 150 mm; 3 microns). 
The composition of the mobile phase A – 0.1% formic 
acid solution in deionized water; phase B – 100% ace-
tonitrile for chromatography. The mobile phase gradi-
ent ranged from 1 to 10 % within 4 minutes, then went 
up to 90% by the 9th minute of the analysis. The flow 
rate of the mobile phase was 0.40 ml / min. 

A mass spectrometry detector based on the Agilent 
6460 triple quadrupole (Agilent Inc., USA), MRM, and 
electrospray ionization were used. The characteristic 
parent and daughter ions for each compound for the 
MRM mode and ionization and dissociation parame-
ters were optimized using the standards of the studied 
metabolites. The received signal was processed using 
MassHunter software (Agilent Inc., USA).

Metabolite concentrations were calculated by the 
internal standard method (2-hydroxynicotinic acid). 
The internal standards of the determined compounds 
were prepared using an artificial matrix containing bo-
vine serum albumin and sodium chloride. The studied 
metabolites were added to the matrix and prepared ac-
cording to the analysis method. 

Serum sample preparation was conducted as fol-
lows: an internal standard (2-hydroxynicotinic acid) 
was added to 100 μl of serum, and proteins were pre-
cipitated with acetonitrile; the supernatant was evapo-
rated and re-dissolved in 10% methanol in water with 
the addition of ascorbic acid to prevent oxidation of 
analytes. To prepare a stool sample, it was lyophilized 
to a dry residue, and then a sample of about 5 mg was 
extracted with 50% methanol in water with addition of 
an internal standard and ascorbic acid. After centrifu-
gation, the sample was analyzed by HPLC-MS/MS. 

The method was validated in terms of selectivity, 
linearity, accuracy, reproducibility, matrix effect, and 
analyte stability. The validation was conducted fol-
lowing the FDA guidelines for the validation of bio-
analytical methods.

Statistical analysis of the obtained results was per-
formed using Statistica 12.0 software package (Stat-
Soft Inc, USA). The data are presented as the mean 
and standard deviation M ± σ. After checking the data 
distribution for normality, the statistical significance 
of the differences in the mean values of independent 
samples was assessed using parametric analysis. The 
normality of the distribution of variables in the groups 
was assessed using the Shapiro – Wilk test. The  
Mann – Whitney test was used for comparative anal-
ysis of independent samples, with the Wilcoxon test 

used for comparative analysis of dependent samples. 
The differences were considered statistically signifi-
cant at p < 0.05.

RESULTS AND DISCUSSION 
When analyzing the level of metabolites of the 

kynurenine and indole pathways in the blood serum 
in the control group, we found that concentrations of 
quinolinic acid, kynurenic acid, kynurenine, 5-hy-
droxyindole-3-acetate, indole-3-lactate, indole-3-ace-
tate, and indole-3-butyrate significantly increased in 
obesity (Table).

T a b l e
Serum content of tryptophan metabolites, nmol/l, M ± σ

Parameter Control group,  
n = 138

Experimental group,  
n = 128

Quinolinic acid 56.8 ± 34.1 73.1 ± 54.4*
Kynurenine 2,122 ± 863 2,413 ± 855**
5-hydrosyindole-3-acetate 59.4 ± 36.6 74.6 ± 75.8*
Kynurenic acid 16.8 ± 8.37 21.1 ± 9.26*
Indole-3-lactate 433 ± 208 523 ± 251**
Indole-3-acetate 1,186 ± 826 1,633 ± 1,166*
Indole-3-butyrate 3.85 ± 2.51 4.61 ± 3.31*
Serotonin 809 ± 356 782 ± 434
Anthranilic acid 33.3 ± 20.7 37.5 ± 20.9
Xanthurenic acid 4.31 ± 3.11 4.18 ± 2.91
Tryptamine 0.818 ± 0.541 0.731 ± 0.314
Indole-3-carboxaldehyde 40.4 ± 19.3 44.3 ± 25.7
Indole-3-acrylate 5.01 ± 14.6 4.29 ± 15.7
Indole-3-propionate 650 ± 845 753 ± 736

* differences are statistically significant relative to the control group 
at p < 0.01; ** differences are statistically significant relative to the 
control group at p < 0.05.

We did not find statistically significant differences 
in serum concentrations of such tryptophan metabo-
lites as anthranilic acid, xanthurenic acid, tryptamine, 
indole-3-carboxaldehyde, indole-3-acrylate, and in-
dole-3-propionate between healthy volunteers and 
obese patients (Table).

Many research groups demonstrated an increase 
in kynurenine concentration in the blood serum in 
obesity [4]. However, in this study, the statistically 
significant increase in serum kynurenine was not so 
significant in percentage terms, whereas we found a 
tremendous increase in the concentrations of quinoli- 
nic acid and kynurenic acid in obese patients. 

We also showed that among all the kynurenine 
pathway metabolites in the blood serum in both 
groups, the concentration of kynurenine was signifi-
cantly higher in comparison with other metabolites of 
the kynurenine pathway. In our opinion, this obser-
vation is natural, since kynurenine is the main catab-
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olite of tryptophan for the macroorganism. However, 
kynurenine has a mixed origin, and it remains unclear 
what percentage of serum kynurenine is absorbed 
from the intestine and what percentage is formed in 
other organs of the macroorganism in normal condi-
tions and obesity.

The depletion of taxa in the gut microbiota in 
obese patients is known [12]. Overproduction of  
various proinflammatory cytokines by adipocytes is 
also observed [13], accompanied by an increase in 
the kynurenine concentration in the blood serum with 
a subsequent rise in quinolinic acid. The increased 
concentration of quinolinic acid in the blood serum 
of obese patients reflects what is happening in the 
cells of the macroorganism. The significance of the 
“kynurenine switch” and the protective role of NAD+ 
were discussed above, but there is a rate-limiting reac-
tion in the synthesis of NAD+ – CPRT [8]. Apparently, 
overproduction of quinolinic acid in obese patients is 
associated with low activity of this enzyme, also in 
immune cells. 

Utilization of the excessive amount of kynurenine 
in obesity also follows the path of its conversion into 
kynurenic acid, as evidenced by data obtained on a sta-
tistically significant increase in the level of kynurenic 
acid in obese patients. This metabolite performs an 
antioxidant role and is seemingly a functional antago-
nist of quinolinic acid, not only in the nervous tissue. 
Probably that is why the increase in the serum concen-
tration of quinolinic acid is comparable to the increase 
in the serum level of kynurenic acid in obese patients.

A pronounced statistically significant increase in 
the level of indole-3-acetate in the blood serum was 
found in the patients of the experimental group. This 
tryptophan metabolite is mainly of bacterial origin. It 
should be noted that the indole molecule itself sup-
presses the formation of Pseudomonas quinolone sig-
nal (PQS) in the intestine [14], the precursor of which 
is anthranilic acid. 

It was shown that indole-3-acetate is a metabolite 
conjugating the indole and kynurenine tryptophan me-
tabolism pathways; it can also be formed in eukary-
otic cells from anthranilic acid. This metabolite is a 
ligand of aryl hydrocarbon receptors and performs a 
regulatory function in the human body, participating 
in the immune function [15]. Indole-3-lactate is also 
an agonist of aryl hydrocarbon receptors [16]. It is 
known that indole-3-lactate decreases the response 
to interleukin-8 after stimulation with interleukin-1 
[17]. In obese patients, an increase in indole-3-lactate 
is microbiota metabolic compensation to reduce the 

production of proinflammatory cytokines. In further 
studies, it is necessary to analyze the relationship be-
tween the concentration of proinflammatory cytokines 
and indole-3-lactate in obese patients.

Indole-3-butyrate, like indole-3-lactate, is a metab-
olite of bacterial origin. So far, there are no studies that 
would show the eukaryotic origin of these metabolites 
of the indole pathway in tryptophan metabolism. The 
involvement of indole-3-butyrate in the pathogenesis 
of obesity has to be studied, while there are no stud-
ies that would determine the role of this tryptophan 
metabolite. We found that in obese patients, the con-
centration of indole-3-butyrate in the blood serum was 
higher than in healthy volunteers. 

When serotonin is metabolized, 5-hydroxyin-
dole-3-acetate is formed, which is significantly in-
creased in the blood serum of obese patients, while 
the serum concentration of serotonin itself does not 
change significantly. It should be noted that the prima-
ry level of serum serotonin is determined by its over-
production in enterocytes. It can be assumed that an 
excessive amount of tryptophan in the intestine is me-
tabolized to serotonin, indole-3-acetate, indole-3-bu-
tyrate, indole-3-lactate, and kynurenine. 

CONCLUSION
It should be noted that all pathways of tryptophan 

metabolism in the body are intensified in obese pa-
tients. Utilization of the excessive amount of trypto-
phan occurs by both gut microbiota and cells of the 
macroorganism. An increase in the serum level of 
quinolinic acid has an adverse effect on the macro-
organism and is a necessary consequence of immune 
stimulation. An increase in the concentration of ky-
nurenic acid in the blood serum of patients with low-
grade inflammation in obesity is an indispensable 
condition for simultaneous formation of a functional 
antagonist of quinolinic acid. 

In obese patients, we have found an increase in the 
rate of tryptophan metabolism by the gut microbiota, 
and it has not been studied yet whether this trypto-
phan is of exogenous origin or a product of the shi-
kimate pathway. The increased levels of kynurenine, 
quinolinic acid, and kynurenic acid in the blood serum 
may be a manifestation of the “kynurenine switch” of 
NAD+ overproduction in immune cells in obese pa-
tients. A drastic increase in indole-3-acetate in the 
blood serum of obese patients performs a compensato-
ry and adaptive function, also through suppression of 
the activity of some enzymes of the kynurenine path-
way in different tissues of the macroorganism. The 
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increase in the concentrations of indole-3-lactate and 
indole-3-butyrate in the blood serum of obese patients 
reflects precisely the microbiotic activation of the uti-
lization of excess tryptophan, possibly of shikimate 
origin. In obese patients, the utilization of serotonin 
is intensified, and the concentration of 5-hydroxyin-
dole-3-acetate in the blood serum increases statistical-
ly significantly. 
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Adherence to lifestyle modification in patients with nonalcoholic fatty liver 
disease
Andreev K.A., Skirdenko Yu.P., Nikolaev N.A., Livzan M.A., Gorbenko A.V., Fedorin M.M., 
Krolevets T.S.
Omsk State Medical University 
12, Lenina Str., Omsk, 644099, Russian Federation

ABSTRACT

Nonalcoholic fatty liver disease (NAFLD) makes a major impact on morbidity and mortality among the working-
age population in developed countries. In the lack of effective pharmacological methods, the leading role in 
treatment of NAFLD belongs to lifestyle modification, consistent and gradual weight loss, and its maintenance. 
The qualitative and quantitative structure of the diet, intensity of physical activity, and most importantly, regularity 
and consistency of implementation of lifestyle modification activities are the key to successful management of 
patients with NAFLD.

 To date, there are very few studies on adherence to lifestyle modification activities in this group of patients, which 
is mainly due to a deficiency of methodological tools. The questionnaire “QAA-25” recommended by the Russian 
Scientific Medical Society of Therapists for quantitative assessment of adherence to treatment allows to assess both 
adherence to therapy in general and adherence to its individual components (adherence to drug therapy, adherence 
to medical counseling, and adherence to lifestyle modification), which requires further study taking into account 
features of therapeutic strategies in treating NAFLD.  

Key words: nonalcoholic fatty liver disease, lifestyle modification, adherence, insulin resistance, metabolic 
syndrome.
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Приверженность модификации образа жизни при неалкогольной  
жировой болезни печени
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РЕЗЮМЕ

Неалкогольная жировая болезнь печени (НАЖБП) вносит серьезный вклад в заболеваемость и смертность 
трудоспособного населения развитых стран. При отсутствии эффективных фармакологических подходов 
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ведущую роль в лечении НАЖБП играет модификация образа жизни, в первую очередь последовательная 
и постепенная потеря массы тела, а также ее поддержание. Качественный и количественный состав диеты, 
уровень физической активности, а главное, регулярность выполнения мероприятий по модификации обра-
за жизни являются залогом успешного ведения пациентов с НАЖБП. 

На сегодняшний день исследований, посвященных изучению вопросов приверженности мероприятиям по 
изменению образа жизни у данной группы больных, крайне мало, что во многом связано со скудностью 
методологического инструментария. Рекомендованный российским научным медицинским обществом те-
рапевтов опросник количественной оценки приверженности лечению «КОП-25» позволяет оценить как 
приверженность терапии в целом, так и по отдельным ключевым компонентам (приверженность лекар-
ственной терапии, приверженность медицинскому сопровождению и приверженность модификации образа 
жизни), что требует изучения, учитывая особенности терапевтических стратегий при НАЖБП. 

Ключевые слова: неалкогольная жировая болезнь печени, приверженность, модификация образа жизни, 
инсулинорезистентность, метаболический синдром.
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RELEVANCE

Nonalcoholic fatty liver disease (NAFLD) in-
cludes a range of liver changes which are morpho-
logically characterized by excessive accumulation 
of fat in hepatocytes (associated with insulin resis-
tance) in patients who do not consume significant 
amounts of alcohol and/or steatogenic drugs and do 
not have other possible causes of secondary steato-
sis [1]. The established risk factors for the develop-
ment and progression of this disease include obesi-
ty, type 2 diabetes mellitus, and dyslipidemia [2, 3].

 Currently, NAFLD is one of the most common 
liver diseases worldwide, affecting 20–40% of the 
population in developed countries [4, 5]. This trend 
is expected to worsen as obesity rates increase [6, 
7]. NAFLD is considered as a hepatic manifestation 
of the metabolic syndrome, whose pathogenetic 
mechanisms of formation determine the interdis-
ciplinary relationship between the progression of 
the disease (steatohepatitis, fibrosis, cirrhosis) and 
cardiovascular events, renal pathology, etc. This, in 
turn, becomes the reason for high mortality among 
these patients.

Despite the growing interest in the study of 
NAFLD in the global and Russian research com-
munity, the issue of effective specific treatment of 
NAFLD remains unresolved. The main directions 
of drug therapy for NAFLD are increasing tissue 
sensitivity to insulin and reducing the stage of liv-
er damage [8], which are used only with lifestyle 
modification [9–12]. Therefore, lifestyle modifica-
tion is the cornerstone of any NAFLD treatment 
regimen and implies namely changes in the quantity 
and quality of nutrition, weight loss, and increased 
physical activity. Changing habits and lifestyle as 
established functional systems in human behavior 
requires significant efforts. Long-term effectiveness 
of non-pharmacological treatment depends on pa-
tient motivation and adherence [13–15].

In few studies available on adherence to treat-
ment in patients with NAFLD, there is evidence of 
significant effectiveness of non-pharmacological 
treatment, but information on adherence to these 
treatment methods is extremely limited. This may 
be determined by difficulties of studying the adher-
ence to lifestyle modification, as well as by imper-
fection of the methodology.
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EATING BEHAVIOR MODIFICATION  
IN THE TREATMENT OF NAFLD

The 2016 guidelines of the European Associa-
tion for the Study of the Liver, European Associa-
tion for the Study of Diabetes, and European Asso-
ciation for the Study of Obesity describe the main 
provisions of diet therapy: weight loss by 7–10% 
from the initial weight, which should be achieved 
by reducing the daily calorie intake by 500–1,000 
kcal; a change in the ratio of macronutrients in fa-
vor of an increase in the amount of complex car-
bohydrates, plant-based proteins, and fiber and a 
decrease in the proportion of fat; exclusion of food 
containing fructose from the diet; consumption of 
alcoholic beverages not exceeding the daily safe 
dose (30 ml for men, 20 ml for women in terms of 
ethanol) [16].

The most effective therapeutic intervention 
in the treatment of NAFLD is diet modification, 
which promotes weight loss in patients [16]. De-
spite this, some diets that involve excessive and/
or rapid weight loss (for example, diets very low in 
carbohydrates and high in fat) contribute to the de-
velopment of insulin resistance. This, in turn, wor- 
sens the course of the disease [17]. The use of eli- 
mination diets and the so-called healthy fasting for 
the treatment of patients with NAFLD is absolutely 
unacceptable, since fatty liver disease is aggrava- 
ted, and a relatively favorable stage of steatosis can 
advance to steatohepatitis and fibrosis [18]. 

Given a strong association between NAFLD and 
obesity, it is not surprising that significant histolo- 
gical and biochemical improvements are seen in pa-
tients after weight loss. A study by M. Palmer and 
S. Schaffner demonstrated that weight loss of more 
than 10% in obese patients with NAFLD is associat-
ed with a significant decrease in serum aminotrans-
ferase levels [19]. In another study, S. Zelber-Sagi 
et al. found that a 9% decrease in body weight leads 
to significant morphological changes [20]. 

Diet therapy to achieve the target body weight 
should have both quantitative and qualitative chan- 
ges. Most studies demonstrate that energy restric-
tion alone is not enough to treat NAFLD, modula-
tion of both macro- and micronutrients in the diet 
is critical, so a balanced diet and moderate weight 
loss may now be considered the best therapeutic 
approach [21]. The balance and qualitative compo-

sition of the diet are even more important in a situa-
tion when we face the so-called metabolically inac-
tive NAFLD in patients with initially normal body 
weight. The main goal in diet therapy is to maintain 
normal body weight and realize the antifibrinogen 
effects of the corresponding diets [22, 23]. 

Diet is the main moderator of triglyceride accu-
mulation in the liver parenchyma and can be crucial 
for potentiating antioxidant activity [2, 24–26]. To 
date, there are no solid data on the effect of certain 
products on the development and course of NA-
FLD, but such studies are being conducted globally 
[22, 24, 27, 28]. There have been reports that diets 
high in carbohydrates and low in fat, but with the 
same amount of protein and total calories are asso-
ciated with greater severity of NAFLD [24], or that 
patients with NAFLD consume more saturated fatty 
acids compared with healthy individuals [23]. 

A population-based study in Germany showed 
that it is typical of people with NAFLD to con-
sume less tea, confectionery, fat, bread, cereals, and 
cheese and have higher consumption of soups, beer, 
wine, juice, poultry, and eggs [29]. Among 999 
Chinese adults included in the study by C.Q. Yang 
et al., patients who had a vegetarian diet had the 
lowest risks of developing NAFLD [30]. 

A number of European studies also sugges- 
ted that a plant-based diet is beneficial for patients 
with liver diseases [31–33]. In a crossover study of 
the Chinese population, a vegetarian diet was as-
sociated with a lower risk of developing fatty liver 
disease [34]. However, there are studies that do not 
confirm this effect [27, 35]. For example, in another 
crossover study involving 615 Buddhists, a vegeta- 
rian diet was not shown to be effective in prevent-
ing NAFLD [35]. According to the Rotterdam study 
of 3,882 patients with NAFLD, it was found that 
a diet rich in animal proteins was associated with 
the development of NAFLD, regardless of the tra-
ditional risk factors. According to that study, sugar 
consumption did not increase the risk of the deve- 
lopment and progression of NAFLD [36]. 

One of the most preferred diets in patients with 
NAFLD is the Mediterranean diet [37]. This diet is 
a traditional approach to eating among the popu-
lation in the states surrounding the Mediterranean 
Sea. Although due to cultural, religious, and agri-
cultural characteristics, each region is characterized 
by its own variant of the diet, the general features of 
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the diet are as follows: eating a large amount of un-
refined grains, vegetables, fresh fruits, olive oil and 
nuts; fish, white meat and legumes in moderation; 
limiting the intake of red meat, meat products, and 
sweets. The main characteristics of the Mediterra-
nean diet are a healthy fatty acid profile, consisting 
in low intake of saturated fat and cholesterol and, 
conversely, high intake of monounsaturated fatty 
acids with a balanced ratio of omega-6 to omega-3, 
along with a high content of complex carbohydrates 
and dietary fiber [38].

 The MEDINA study in a large cohort of patients 
with NAFLD demonstrated that a Mediterranean 
diet, regardless of weight loss, can lead to signi- 
ficant improvements in biochemical liver markers, 
and these changes were maintained for at least 12 
months [39]. It was suggested that the positive ef-
fect of the Mediterranean diet is partly due to the 
high content of substances with high antioxidant 
and anti-inflammatory activity [40–42]. 

Cognitive behavioral therapy (CBT) can be an 
important aspect of lifestyle modification therapy. 
S. Moscatiello et al. compared the effectiveness of 
psychotherapy support in weight loss in patients 
with NAFLD [43]. After 2 years, in the group 
of patients receiving psychotherapy, there was a 
statistically significant decrease in body weight, 
normalization of liver parameters and a greater 
likelihood of maintaining it within the required 
therapeutic interval, compared with the group re-
ceiving diet therapy alone. Evidence on long-term 
treatment efficacy and adherence to lifestyle mo- 
difications and diet emphasizes the role of psycho-
therapy support in the treatment of NAFLD [44].

PHYSICAL ACTIVITY IN THE TREATMENT 
OF PATIENTS WITH NAFLD

In the aforementioned consensus statement of 
the European Association for the Study of the Li- 
ver, European Association for the Study of Diabe-
tes, and European Association for the Study of Obe-
sity, increasing physical activity to 120–150 min-
utes per week (in 3–5 workouts) is one of the main 
recommendations for non-drug treatment of NA-
FLD. Preference should be given to aerobic activ-
ities (brisk walking, exercise bike, swimming) [16].

In a retrospective analysis of 813 adults with 
biopsy-confirmed NAFLD, physical activity 
was assessed using clinical questionnaires [45].  

Similarly, the level of physical activity was as-
sessed in the crossover study by S. Zelber-Sagi, 
which involved 375 patients with NAFLD [46]. 
Patients with NAFLD were significantly less 
physically active than those without NAFLD. An 
important limitation of these studies is the use of 
survey and questionnaire data rather than objec-
tive measures of physical activity.

The relationship between low physical activity 
and NAFLD was also studied among adolescents 
[28, 47–49]. L.N. Hattar et al. in a prospective cohort 
study compared the physical activity of pediatric 
patients (aged 8–16 years) with NAFLD in patients 
without liver diseases [50]. The results showed that 
the group of obese children with NAFLD had the 
lowest physical activity scores, and more than 50% 
of them did not exercise actively at all.

All this led to a new concept that a simple de-
crease in the level of “inactivity”, even in the ab-
sence of proper physical education sessions, can be 
useful [51–53]. The lack of adequate physical ac-
tivity in patients with NAFLD prompted the Amer-
ican Association for the Study of Liver Diseases, 
the American College of Gastroenterology, and the 
American Gastroenterological Association to revise 
the guidelines on the role of physical exercise in 
2012 [54]. The Association Joint Clinical Guide-
lines mention physical exercise as an effective 
method for reducing hepatic steatosis, however, it 
should be noted that only a limited number of stud-
ies use physical exercises as the main treatment for 
NAFLD, and the significance of improvements in 
the course of the disease, provided no weight loss, 
is yet to be studied.  

Several studies focused on finding the optimal 
frequency and intensity of physical exercise that 
would lead to clinically significant reduction of he-
patic steatosis [55–58]. The study by K.D. Kistler 
et al. showed that patients who performed high-in-
tensity exercise, such as exercising on a treadmill or 
using a step machine, were significantly less likely 
to develop NAFLD [45]. The average time spent on 
performing intense physical exercise by the stud-
ied patients was 3 hours per week. A decrease in 
the risk of developing progressive fibrosis was also 
noted, when the recommended duration of high-in-
tensity exercise was doubled. In contrast, patients 
who did moderate-intensity exercise, such as brisk 
walking, did not show a difference in the risk of  
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developing NAFLD or fibrosis compared with those 
who did not exercise. 

These results are consistent with previously 
published studies showing great cardiovascular 
health benefits of intense exercise [46]. Based on 
the available data, it can be concluded that high-in-
tensity exercise appears to be of the greatest benefit 
to patients with NAFLD and should be considered 
the preferred option when discussing the treatment 
strategy [59, 60].

Strength training deserves special attention, due 
to its wider application. Often, patients with NA-
FLD have underlying medical conditions that can 
complicate aerobic exercises. To date, there are 
few studies examining the effectiveness of strength 
training in the treatment of patients with NAFLD, 
but the available data suggest this area is promising 
[61, 62]. 

The study by K. Hallsworth et al. evaluated the 
effect of resistance training on the biochemical pa-
rameters of patients with NAFLD [63]. The training 
consisted of eight strength exercises with a total du-
ration of 45–60 minutes, done 3 times a week. At 
the end of the 8-week test period, a decrease in ste-
atosis and lipid oxidation and an increase in muscle 
tissue sensitivity to insulin were recorded. These ef-
fects were recorded regardless of body weight loss. 
Since the data on the effect of resistance training on 
the course and outcome of NAFLD are insufficient, 
attention should be paid to studies evaluating the ef-
fectiveness of such exercises in patients who meet 
the criteria for metabolic syndrome, given high 
probability of their having NAFLD. 

A meta-analysis of 13 randomized controlled tri-
als using resistance training to improve metabolic 
syndrome showed that this approach can signifi-
cantly influence such parameters as obesity, glyca- 
ted hemoglobin levels, and systolic blood pressure 
[64]. There was also a decrease in the amount of 
visceral fat and the level of proinflammatory cyto-
kines [65].

COMBINING DIET AND EXERCISE IN THE 
TREATMENT OF NAFLD

Sustained weight loss is most effectively 
achieved by combining diet changes with a specific 
level of exercise. Thus, in the prospective study by 
S.S. Baba et al. 44 patients with histologically con-
firmed NAFLD underwent aerobic physical activity 

for at least 45 minutes a day 5 times a week in com-
bination with a diet aimed at reducing body weight 
(daily deficit in the range of 500–1000 kcal). After 
3 months, these patients showed a significant de-
crease in aspartate aminotransferase (from 70.5 to 
41.4 U/l, p < 0.0001) and alanine aminotransferase 
(from 104 to 63.2 U/l, p < 0.0001). In approximate-
ly 45% of patients adhering to the recommended 
regimen for 3 months, the level of aminotransfera- 
ses became fully normal [66]. 

A similar study of 96 patients with NAFLD com-
pared the effectiveness of intensive lifestyle inter-
ventions (exercise and dietary changes) to achieve a 
minimum weight loss of 7% and exceptional nutri-
tional education. According to magnetic resonance 
spectroscopy, a significant decrease in the degree 
of steatosis was noted in the intensive intervention 
group (50.8 and 22.8%, respectively; p = 0.04) [67].

Despite the fact that statistically significant re-
sults were achieved in all of the above-mentioned 
studies, a number of limitations may prevent the use 
of these approaches in real clinical practice. Thus, 
in the study by C.S. Baba et al., 25% of the par-
ticipants were unable to complete their prescribed 
exercise program due to difficulty and physical fa-
tigue. In addition, significant specialized assistance 
was required to achieve the results obtained. 

In the aforementioned study by K. Promrat et al., 
all patients were closely monitored by a nutritionist 
and a professionally trained physical education in-
structor for a 48-week trial period [68]. This study 
included extensive psychological support through-
out the period. These financial, human, and physi-
cal obligations significantly increase the burden of 
managing the NAFLD patient. 

ADHERENCE IN NAFLD PATIENTS
Even without significant weight loss, lifestyle 

changes improve the course of NAFLD, especially 
when adherence is high. Meanwhile, it is the adhe- 
rence to lifestyle modification that is the main prob-
lem of all such interventions [69]. To date, there are 
very few studies examining the issues of adherence 
to lifestyle change in this group of patients. This is 
largely due to a deficiency of methodological tools, 
since the widely used questionnaires of patient ad-
herence to MMAS-4 and MMAS-8 therapy do not 
adequately assess adherence to lifestyle modifica-
tion [70–72]. 

Andreev K.A., Skirdenko Yu.P., Nikolaev N.A. et al. Adherence to lifestyle modification in patients with nonalcoholic fatty liver



117

Reviews and lectures

Бюллетень сибирской медицины. 2021; 20 (4): 112–122

The Russian Scientific Medical Society of The- 
rapists recommends to use the Russian question-
naire for quantitative assessment of adherence to 
treatment “QAA-25” to determine adherence to 
therapy [73]. It allows to estimate (in %) patient’s  
adherence to therapy by its main components: ad-
herence to drug therapy, medical counseling, and 
lifestyle modification, which makes it extremely 
promising [74].

A number of studies which were carried out in 
2001–2006 in Greece and dedicated to the influ-
ence of the Mediterranean diet on the development  
of cardiovascular diseases in the Greek population 
are of interest. To assess the adherence and effec-
tiveness of the Mediterranean diet, the Mediterra-
nean diet score system was used, which implies a 
score assigned to respondents depending on what 
foods and with what frequency they consume. Typ-
ically, the score ranges from 0 (minimum adherence 
to the Mediterranean diet) to 9 (maximum adher-
ence) [75, 76]. 

Another tool for assessing adherence to a partic-
ular type of nutrition is the international diet quality 
indicator (DQI-I), which examines four main as-
pects: its composition and variety, adequacy, mo- 
deration, and balance (the sources of energy that a 
person receives from food are analyzed). The score 
is estimated from 0 to 100; the higher the score, the 
higher the quality of the diet [77, 78].

Bearing in mind that pharmacological and sur-
gical methods of NAFLD treatment are a backup 
therapy strategy, the prevalence of their use can 
indirectly indicate the degree of ineffectiveness of 
non-drug methods, due to low adherence of patients 
to the doctor’s recommendations in the long term. 
In this regard, it is worth noting that there are data 
that in the vast majority of patients after bariatric 
surgeries, no manifestations of fibrosis were reg-
istered; however, after a short period of time, they 
relapsed and progressed at a higher rate [8].

The use of metabolic surgery techniques in the 
treatment of patients with NAFLD remains a mat-
ter of debate. To date, there is no evidence for the 
safety and efficacy of bariatric surgery in the treat-
ment of patients with nonalcoholic steatohepatitis. 
In addition, there is evidence of both progression of 
fibrosis in patients with NAFLD after surgical treat-
ment of obesity and cases of NAFLD manifestation 
in patients undergoing similar operations [79, 80].

CONCLUSION

Diseases associated with metabolic syndrome, 
in particular, NAFLD, make a significant contribu-
tion to the morbidity and mortality of the working 
population in developed countries. In the absence of 
effective pharmacological approaches, lifestyle mo- 
dification, primarily consistent and gradual weight 
loss, as well as its maintenance are crucial in the 
treatment of NAFLD. Diet and exercise should be 
the main elements of any NAFLD treatment plan. 
The macro- and microelement composition of the 
diet has a significant impact on the progression of 
liver damage. Diets that are low in carbohydrates 
and saturated fats should be preferred. 

Exercise is clearly essential in the management 
of NAFLD and should be recommended for all 
patients with hepatic steatosis. Even regardless 
of weight loss, physical activity improves disease 
progression rates. Increasing the intensity of exer-
cise leads to a gradual increase in the beneficial 
effect in the treatment of NAFLD. The effect of 
strength training is less studied, but preliminary 
results show that it is highly effective in patients 
with NAFLD, even in the absence of significant 
weight loss. 

As with many therapies, there is no single ap-
proach that would apply to every patient. At this 
stage of understanding the problem, there is a need 
for strategies focused on patient’s individual cha- 
racteristics. Regularity and consistency are the most 
important characteristics of any NAFLD manage-
ment program.

Previous studies have investigated adherence to 
in patients with NAFLD treatment in general, while 
it is fundamentally important to study the nature of 
patients’ adherence to lifestyle modifications in the 
short and long term, since eating behavior and phy- 
sical activity are currently the only effective treat-
ments for this pathology. Until recently, there have 
been no tools to assess adherence to lifestyle modi-
fication. However, at present, the Russian question-
naire for quantitative assessment of adherence to 
treatment “QAA-25” makes it possible to determine 
both adherence to therapy in general and adherence 
by individual key components: adherence to drug 
therapy, medical counseling, and lifestyle modifi-
cation, which undoubtedly takes into account treat-
ment strategies in patients with NAFLD.  
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ABSTRACT

The review summarizes and analyzes the results of domestic and major foreign studies of recent years concerning 
gender characteristics of the epidemiology and development mechanisms of metabolic syndrome and urolithiasis 
as an associated disease. A deep understanding of gender aspects in the pathogenesis of these pathologies can 
form the basis for development of high-quality diagnostic algorithms and pathogenetically grounded approaches 
to treatment.
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РЕЗЮМЕ

В обзоре обобщены и проанализированы результаты отечественных и крупных зарубежных исследований 
последних лет, касающиеся гендерных особенностей эпидемиологии и механизмов развития метаболического 
синдрома и мочекаменной болезни как ассоциированного с ним заболевания. Глубокое понимание гендерных 
аспектов в патогенезе данных патологических процессов может лечь в основу разработки качественных 
диагностических алгоритмов и патогенетически обоснованных подходов к лечению.
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INTRODUCTION
For four decades, the interest of many clinicians 

and researchers in the problem of metabolic syndrome 
(MS) has continued to grow. First of all, this is deter-
mined by the growth of its social and medical impor-
tance associated with its high prevalence and negative 
consequences. The results of the latest epidemiologi-
cal studies on all continents of the world make it pos-
sible to establish a global trend towards an increase 
in the spread of MS in the adult world population, a 
significant part of which are people of working age. 

The concept of MS, which united the interests of 
therapists, cardiologists, and endocrinologists at the 
end of the last century, is to recognize the existence 
of a cluster of factors that have a common pathogene- 
tic basis. This symptom complex, according to most 
researchers, is a combination of risk factors for the 
development, severe course, and complications of a 
large number of socially sensitive diseases, which cur-
rently determine the structure of morbidity, disability, 
and mortality among the population. MS and its com-
ponents (abdominal obesity, arterial hypertension, 
impaired lipid, carbohydrate, and purine metabolism, 
and low-grade inflammation) are known to negative-
ly affect the quality of life in patients, which further 
increases its social significance [1, 2]. The list of  
diseases and pathological conditions, the development 
of which is based on modifiable factors united under 
the concept of MS, continues to grow. Among the 
pathological conditions associated with MS, in addi-
tion to diseases of the cardiovascular system and type 

2 diabetes mellitus (DM), urolithiasis should be also 
mentioned.  

Urolithiasis is considered one of the most common 
chronic diseases. According to a number of recent epi-
demiological studies, its prevalence varies from 3.5 to 
9.6% [3–6] and accounts for about 40% of all diseases 
of the urinary tract. At the same time, attention is paid 
to significant differences in this parameter not only in 
different countries, but also in different social groups. 
There is a persistent trend towards an increase in the 
incidence of urolithiasis among the population, which 
does not depend on age, gender, and race [5]. The so-
cial significance of this disease is determined not only 
by its big share in the structure of morbidity, but also 
by its propensity for a recurrent course and high fre-
quency of emergency conditions and disability, while 
the existing methods for removing calculi do not save 
patients from recurrent urolithiasis [7, 8]. 

There is still no single point of view on the patho-
genesis of urolithiasis. The development of this disease 
is explained by complex physicochemical processes 
occurring both in the body as a whole and directly in 
the urinary tract and kidneys. Urolithiasis is current-
ly considered a multifactorial pathological process 
resulting from disorders of urodynamics and genetic, 
hormonal, and metabolic disorders [9]. In the etiology 
of urolithiasis, the so-called non-modifiable factors, 
such as gender, ethnic and genetic characteristics, as 
well as geographic location, play an essential role [6]. 
However, it is the increasing role of modifiable risk 
factors in the increase in the urolithiasis incidence that 
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currently explains the great interest of researchers in 
studying the influence of such factors as obesity, DM, 
and MS on the formation of kidney stones to improve 
the quality of diagnosis and develop effective methods 
of drug and non-drug correction [10]. 

For the first time, data on the relationship between 
urolithiasis and MS were published in 2008 by Amer-
ican researchers, who demonstrated a close correla-
tion between the severity of MS symptoms and cases 
of urolithiasis. At the same time, the simultaneous  
presence of four or more components of MS, diag-
nosed according to the National Cholesterol Educa-
tion Program (NCEP) criteria, almost doubled the risk 
of developing urolithiasis [11]. 

Later, the results of a large-scale study conduct-
ed in South Korea at the Asan Medical Center were 
presented. 34,895 people were examined: they under-
went general screening tests, which included anthro-
pometry, blood and urine tests, chest X-ray, respira-
tory function test, and ECG. The presence of MS was 
also determined according to the NCEP criteria. The  
presence of kidney stones was assessed using comput-
ed tomography or ultrasound. 

Of all the examined individuals, kidney stones 
were detected in 839 (2.4%) people, MS was diag-
nosed in 4,779 (13.7%) people. The likelihood of 
calculi formation grew with an increase in the waist 
circumference quintile and the level of systolic / dia-
stolic blood pressure (p < 0.001). Age, gender, arterial 
hypertension, and metabolic status were independent 
risk factors for urolithiasis. The presence of MS had a 
probability coefficient of 1.25 (95% confidence inter-
val (CI), 1.03–1.50) for the formation of urolithiasis. 
In subjects with arterial hypertension, the probabili-
ty coefficient for the presence of kidney stones was 
1.47 (95% CI, 1.25–1.71) compared with that for peo-
ple without arterial hypertension after adjustment for  
other variables [12]. 

In the Iranian population, the prevalence of uro-
lithiasis was 14.53%, while patients with this disease 
were significantly younger and had higher body mass 
index and blood uric acid levels compared with the 
average values in the general population [13]. Chinese 
researchers found that in the presence of urolithia-
sis, MS was detected 1.74 times more often. A sta-
tistically significant relationship was found between 
these pathological processes, the strength of which in-
creased with a rise in the number of MS components 
[14]. 

Currently, contribution of the following factors 
to the pathogenesis of urolithiasis in MS has been  

proven: insulin resistance, hyperuricemia, and high 
levels of free fatty acids. Hyperuricemia is quite com-
mon in the clinical practice of a doctor. An asymptom-
atic increase in the concentration of uric acid in the 
blood is observed in 5–8% of the population. A close 
relationship between the level of this parameter in the 
blood and MS components allowed to consider hyperu- 
ricemia one of the manifestations of this symptom 
complex [15, 16]. Much more often in patients with 
MS, calculi originating from uric acid salts are found. 
In individuals with type 2 diabetes, the incidence 
of uric acid nephrolithiasis is 6 times higher than in  
patients from the general population [17]. 

One of the key mechanisms of the uric acid stone 
formation, along with a decrease in urine output and 
hyperuricosuria, is the acidic reaction of urine, which 
is a consequence of insulin resistance. Insulin resis-
tance reduces production and transport of ammo-
nium, which leads to a change in urine pH towards 
oxidation. Free fatty acids (FFA) are released from 
adipose tissue in visceral obesity, which contributes 
to an increase in production of glucose, triglycerides, 
very low-density lipoproteins (VLDL) and low-densi-
ty lipoproteins (LDL) and a decrease in production of 
high-density lipoproteins (HDL) in the liver. It under-
lies the development of insulin resistance and charac-
terizes dyslipidemia. 

Calcium oxalate urolithiasis is the most common 
type of urolithiasis [17], and its pathogenetic relation-
ship with MS is very complex. The role of MS as a 
risk factor for calcium oxalate stone formation is often 
considered insignificant. The pathogenesis of calcium 
oxalate nephrolithiasis includes increased excretion of 
lithogenesis predictors, such as oxalates, calcium, uric 
acid, etc., against the background of a decrease in the 
excretion of citrates, which act as inhibitors of kidney 
stone formation. It is followed by a decrease in urine 
acidity, increased formation of Randall’s plaques, and 
inflammation in the renal tubular epithelium due to  
oxidative stress associated with insulin resistance [18]. 

In addition, in the mechanisms of calcium oxalate 
urolithiasis in patients with MS, the presence of obe-
sity and associated lipid metabolism disorders with 
chronic low-grade inflammation is of greater impor-
tance, in contrast to uric acid lithiasis, where insulin 
resistance is considered the main pathogenetic factor. 
Experimental studies and clinical observations indi-
cate a negative effect of dyslipidemia on renal tubular 
function with the development of hypercalciuria, hy-
peroxaluria, and hyperphosphaturia with a decrease in 
the level of citrates in the urine, which characterizes 
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an increase in its lithogenic properties. Data were also 
obtained confirming the relationship between other 
MS components and oxalate urolithiasis. A positive 
correlation was described between body mass index 
(BMI) and calcium and oxalate excretion, and a nega-
tive correlation – between BMI and citrate excretion. 

In the study of the epidemiology, clinical presen-
tation, and pathogenesis of MS and urolithiasis as an 
associated disease, the attention of some researchers 
was drawn to gender characteristics in the develop-
ment of metabolic disorders, understanding of which 
would make it possible to more effectively select 
pathogen-specific therapy for patients. Gender diffe- 
rences in the epidemiological parameters of MS are 
characterized by earlier (from the age of 30 years) ap-
pearance of abdominal obesity in men and, as a con-
sequence, a risk of atherosclerosis of different local-
ization and other pathological conditions. For women, 
the problem of MS and the emergence of related dis-
eases become more relevant during menopause. On 
the one hand, these features are associated with the 
influence of sex hormones: the stimulating effect of 
estrogens and progesterone and the suppressive effect 
of testosterone. On the other hand, they are related to 
the peculiarities of adipose tissue distribution, since 
the morphofunctional features of the adipose tissue 
in the subcutaneous fat are well known. According to 
the lipokine theory, white adipose tissue is considered 
an endocrine organ that synthesizes a large amount of 
biologically active substances – adipokines, which re-
alize their systemic action by participating in the reg-
ulation of various body functions [19–25]. 

It is currently believed that in the pathogenesis of 
MS and associated pathological conditions, adipokine 
imbalance is of great importance, the main manifes-
tations of which are hypoadiponectinemia, hyperlep-
tinemia, and leptin resistance. At the same time, adi-
pokine imbalance has also gender characteristics [26]. 
There are literature data confirming the statistically 
significant predominance of the concentrations of ad-
iponectin [27, 28], leptin [29, 30], and resistin [31] 
in women. Meanwhile, some researchers established 
gender characteristics of the relationship between 
some adipokines and both insulin resistance [32] and 
other clinical and metabolic parameters, including 
markers of the acute phase of inflammation [26]. 

Inflammation and oxidative stress, which sig-
nificant role in the mechanisms associated with MS 
in pathological conditions has been proven, are also 
regulated by adipokines. The relationship of clini-
cal and laboratory symptoms of MS (the severity of  

abdominal obesity, arterial hypertension, impaired car-
bohydrate metabolism), the intensity of inflammation, 
and activation of free radical oxidation with adipokine 
imbalance has gender characteristics. For men, hy-
poadiponectinemia is crucial in this relationship, and 
for women – hyperleptinemia [26]. Gender character-
istics of urolithiasis development are multifaceted.

Researchers studied gender differences in urine 
concentration, which may affect the prevalence of 
urolithiasis in men and women. It was found that both 
in healthy individuals and in patients with diabetes 
and / or chronic kidney disease, urine osmolality, cal-
culated urine osmolality, and relative urine concentra-
tion index (urine creatinine / plasma creatinine) were 
higher in men than in women [33]. Urine osmolality 
increases after protein loading [34]. Urine osmolality 
in men is already higher before puberty, which is not 
found in women. Therefore, it is unlikely that sex hor-
mones directly affect urine concentration. A compara-
tive analysis of the concentration of some electrolytes 
in urine showed that excretion of calcium and oxalates 
was significantly higher in men, and the level of ci-
trate – in women (p < 0.05). These data suggest that 
lower calcium and oxalate concentrations and higher 
citrate excretion may reduce the risk of kidney stone 
formation in women [35]. 

Seasonal fluctuations of risk factors for the forma-
tion of urolithiasis were found. In summer, both men 
and women had moderate sodium depletion with a 
corresponding decrease in urinary calcium, while men 
had a significant decrease in the volume of urine with 
an increase in calcium oxalate concentration. In wom-
en, the level of calcium oxalate was at its highest at 
the beginning of winter, both due to a decrease in the 
urine volume and an increase in urinary calcium ex-
cretion. A decrease in urine pH in both gender groups 
was observed in summer, but the pH level in men was 
significantly lower, mainly due to a high concentra-
tion of uric acid [36]. Thus, the risk of kidney stone 
formation is seasonal. In men, an increase in the con-
centration of calcium oxalate and uric acid was noted 
in summer, while in women, a high level of calcium 
oxalate was noted at the beginning of winter. 

Gender differences in the level of vasopressin were 
determined. They were characterized by higher val-
ues ​​for this parameter in the blood plasma and urine 
of men, as well as by higher threshold of sensitivity 
to osmotic stimuli in this group [33]. On a biologi-
cal animal model, the concept of gender differences 
in antidiuretic reactivity to endogenous vasopressin 
was confirmed [37, 38]. Higher values ​​of urine con-
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centration may be a risk factor for the development of 
urolithiasis and / or chronic kidney disease and arterial 
hypertension in men, which requires in-depth study. 

Two large studies from France and Germany 
demonstrate a clear gender correlation of urolithiasis 
formation in relation to age [39, 40]. In the first decade 
of life, urolithiasis is more common in boys, while in 
the second decade, girls, according to these data, suf-
fer from it more often [41]. The largest number of peo-
ple with urolithiasis was observed in the age groups 
of 40–49 years and 30–39 years, regardless of gender 
[39]. Italian researchers found that the process of kid-
ney stone formation can be the result of environmental 
factors, such as dietary habits and lifestyle. In particu-
lar, they noted the influence of increased consumption 
of animal protein [42]. 

In Germany, a large-scale study of more than 
200,000 urinary stone compositions was carried out 
for almost 30 years (from 1977 to 2006). The over-
all ratio of men and women with urolithiasis was 2.4 
: 1, and throughout the study, it changed: in 1977 – 
1.86 : 1, and in 2006 – 2.7 : 1. At the same time, the 
peak of kidney stone formation in women was in the 
age group of 60–69 years, while in men, a plateau at 
the age of 30–69 years was observed [40]. It was also 
found that calcium stones were widespread regardless 
of gender (84% of men, 81% of women). However, in 
the age group of 60–69 years, the proportion of men 
among patients with urolithiasis with calcium stone 
formation was 3 times higher than among women. 

Calcium phosphate in the form of carbonate apatite 
was twice as common in women than in men; it was 
the third most common calculi after calcium oxalate 
monohydrate and calcium oxalate dihydrate. Hyper-
uricemia was more common in men with a 4 : 1 ra-
tio [40]. The incidence of uric acid lithiasis remained 
steady, with an overall rate of 11.7% in men and 7.0% 
in women and a peak at an older age in both groups 
[40]. It was found that 0–9.6% of all analyzed kidney 
stones were cystine. The level of cystine stone forma-
tion remained low; this type of urolithiasis occurred in 
0.4% of men and 0.7% of women. The peak incidence 
in women was between 20 and 29 years of age, while 
in men, the peak incidence occurred 10 years later, 
between 30 and 29 years, respectively [40]. 

In order to study the influence of the MS compo-
nents on kidney stone formation in relation to gender 
aspects, a study was carried out in the child popula-
tion. The study included 94 children (the ratio of boys 
and girls was 1 : 1.8) who did not take any medica-
tions and did not follow a diet prior to treatment for 

urolithiasis [43]. Overweight children were found to 
have hypocitraturia, hypercalciuria, and hyperoxaluria 
compared with children with normal weight. 

An assessment of risk factors for kidney stone for-
mation in both groups confirms that being overweight 
can cause stone formation in both sexes. Likewise, 
A.L. Negri et al. [44] found that with an increase in 
BMI in both sexes, there was a significant increase in 
the excretion of uric acid and oxalate, but a signifi-
cant decrease in urine pH was noted only in men. In 
another study of more than 500 people with calcium 
oxalate stones, a positive relationship was found be-
tween BMI and urinary oxalate excretion in women 
and urinary calcium excretion in men [45]. 

To determine a possible relationship between uro-
lithiasis and obesity, a subanalysis was carried out. 
It showed that obesity was a risk factor for the deve- 
lopment of urolithiasis in all age groups and in both 
gender groups, in persons with hypertension and di-
abetes mellitus. In this subanalysis, obesity in wom-
en showed the greatest effect: women with obesity 
were significantly more susceptible to stone formation 
than nonobese women (odds ratio (OR) 1.35, 95% CI 
1.33–1.37). This effect was less pronounced in men 
(OR 1.04, 95% CI 1.02–1.06). Being overweight in  
women increased the risk of urolithiasis by 35%  
compared with any other parameter [46]. 

A. Trinchieri et al. conducted a study aimed at as-
sessing the impact of overweightness and obesity on 
the risk of kidney stone formation in the population 
following a Mediterranean diet, as well as elucida- 
ting the mechanisms underlying the increased risk of 
urolithiasis observed in obese individuals [47]. A ret-
rospective analysis of data from 1,698 patients with 
urolithiasis (average age of 45.9 ± 14.6 years; 984 
men and 714 women) attending outpatient clinics in 
Milan and Florence from January 1986 to June 2014 
was carried out. 

Italian scientists reviewed the records and collec- 
ted data regarding age, sex, body weight, height, cal-
culus composition, association with type 2 diabetes or 
gout, and daily urine metabolic profile. In the studied 
population, overweightness and obesity occurred in 
40.7% and 8% of men, respectively, and in 19.9% ​​and 
8.7% of women, respectively [47]. The average BMI 
in patients with urolithiasis was 24.5 ± 7.5 kg / m2 
[47]. BMI values ​​positively correlated with age (p = 
0.000), and the average BMI was higher in men than 
in women (25.5 ± 8.9 versus 23.2 ± 4.4 kg / m2) [47]. 
In men with urolithiasis, the rates of overweightness 
and obesity were higher than in the general population 
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of Italy in 2004 for the age group of 25–44 years alone 
[47]. 

The rates of overweightness and obesity varied 
significantly in patients with different chemical com-
position of calculi. In particular, patients with uric 
acid stones had higher rates of overweightness and 
obesity than patients with calcium or other types of 
stones [47]. Additionally, the rates characterizing type 
2 diabetes and gout were significantly higher in over-
weight and obese patients. Besides, in this category 
of patients, urinary excretion of risk factors for stone 
formation (calcium, oxalates, and urates) and inhibi-
tory substances (citrate) was significantly higher than 
in patients with normal weight or who were under-
weight. The prevalence of overweightness and obesi-
ty in patients with urolithiasis in a country following 
a Mediterranean diet is no higher than in the general 
population [47]. 

There is a growing body of evidence suggesting a 
relationship between insulin resistance or type 2 di-
abetes and urolithiasis. To assess this correlation, a 
study was conducted including three large cohorts of 
over 200,000 participants: the Nursing Health Study 
(I) (older women), the Nursing Health Study (II) 
(young women), and the  Health  Professionals  Fol-
low-Up Study (men) [48]. The relationship between 
diabetes and nephrolithiasis was studied for over 
44 years of follow-up. Analysis of the results in the 
groups listed above showed a relative risk of urolithi-
asis prevalence: 1.67 in young women with diabetes, 
1.38 in older women with diabetes, and 1.31 in men 
with diabetes. 

The relative risk of urolithiasis in participants with 
diabetes compared with participants without diabetes 
was 1.60 in young women, 1.29 in older women, and 
0.81 in men [48]. It was found that not only type 2 
diabetes is associated with an increased risk of uro-
lithiasis, but also a history of urolithiasis increases the 
likelihood of type 2 diabetes in the future. The authors 
consider it relevant to diagnose diabetes mellitus in 
new patients with urolithiasis [48]. This opinion is 
confirmed by a study which found that the proportion 
of uric acid stones is 2.2 times higher in patients with 
diabetes mellitus than in patients with urolithiasis 
without diabetes, with statistically significant predo- 
minance in women compared with men (3.8 versus 
1.7) (p = 0.003) [49].

CONCLUSION
This literature review showed that gender aspects 

are of significant importance in the mechanisms of 

development of MS and urolithiasis as an associat-
ed disease. Their further study and understanding are  
necessary for the development of high-quality diag-
nostic algorithms and pathogenetically grounded ap-
proaches to treatment. 
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ABSTRACT

The review analyzes the global experience in the application of nuclear medicine techniques for diagnosis of tumors 
and non-tumor pathologies of the brain. The main groups of radiopharmaceuticals currently used for imaging of 
malignant brain tumors and diagnosis of cognitive impairments and neurotransmitter system disturbances by means 
of single-photon emission computed tomography and positron emission tomography are described. 

Modern approaches to the application of methods for radionuclide diagnosis in neuro-oncology and neurology 
are compared, and the main trends in production of new, more specific radiopharmaceuticals for visualizing brain 
tumors of various degrees of malignancy and diagnosing non-tumor pathologies of the brain are described. The 
review discusses the advantages and disadvantages of currently used techniques and radiopharmaceuticals for 
imaging of central nervous system disorders, depending on the clinical situation and specific diagnostic tasks. 

In addition, the review presents consolidated recommendations of the leading scientific schools in neuro-oncology 
on the use of nuclear medicine techniques in patients with brain tumors at the stages of treatment and follow-up. The 
presented article examines the experience of domestic scientific schools in the development of radiopharmaceuticals 
for neuro-oncology. The features of the development and use of new radiopharmaceuticals in patients with brain 
tumors and neurodegenerative diseases are highlighted. The review is based on the analysis of literature included 
in the Scopus, Web of Science, MedLine, The Cochrane Library, EMBASE, Global Health, and RSCI databases.
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РЕЗЮМЕ

В обзоре обсуждается мировой опыт применения методов ядерной медицины в диагностике опухолей го-
ловного мозга и его неопухолевых изменений. Рассматриваются основные группы применяемых сегодня 
радиофармацевтических препаратов (РФП) для визуализации злокачественных опухолей головного мозга, 
диагностики когнитивных нарушений и нарушений системы нейротрансмиссии методом однофотонной 
эмиссионной компьютерной томографии и позитронно-эмиссионной томографии.

В сравнительном аспекте освещаются современные подходы к применению методов радионуклидной ди-
агностики в нейроонкологии и неврологии, отражаются основные тенденции в производстве новых, более 
специфичных РФП для визуализации опухолей головного мозга различной степени злокачественности и 
диагностики неопухолевых заболеваний мозга. Обсуждаются преимущества и недостатки применяемых 
сегодня методик и РФП для визуализации заболеваний центральной нервной системы в зависимости от 
клинической ситуации и конкретных диагностических задач. 

Представлены консолидированные рекомендации ведущих научных школ нейроонкологии по применению 
методов ядерной медицины у пациентов с опухолями головного мозга на этапах лечения и динамического 
наблюдения. Рассмотрен опыт отечественных научных школ в разработке РФП для нейроонкологии. Осве-
щены особенности разработки и применения новых РФП у пациентов с опухолями головного мозга и ней-
родегенеративных заболеваний. Обзор выполнен на анализе литературы, входящей в базы данных Scopus, 
Web of Science, MedLine, The Cochrane Library, EMBASE, Global Health и РИНЦ.

Ключевые слова: ядерная медицина, опухоль головного мозга, деменция, радионуклидная диагностика, 
радиофармацевтичекий препарат.
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INTRODUCTION

Currently, nuclear medicine technologies are quite 
firmly entrenched in modern medical science and cli- 
nical practice in the world in general and in the Rus-
sian Federation in particular. Oncology, neurology, 

and cardiology remain the main areas of application 
of nuclear medicine techniques. Radionuclide studies 
are successfully used for primary diagnosis of brain 
tumors, assessment of the effectiveness of combina-
tion treatment, and as an objective method of disease 
control at the follow-up stage, as well as for early di-
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agnosis of neurotransmitter system disturbances of the 
central nervous system and various types of dementia 
[1–3]. 

These methods make it possible to study the ac-
tivity of various enzymes, synthesis and metabolism 
of neurotransmitters, density of receptors, and expres-
sion of various genes [4–6]. Modern techniques of ra-
dionuclide imaging allow to conduct differential diag-
nosis of pathological changes in the brain and clarify 
their biological nature.  

According to numerous studies, such radiopharma-
ceuticals (RP) as a 99mTc-MIBI, Tl-201 chloride, and 123 
I-labeled amino acids are most commonly used for the 
diagnosis of brain tumors by single-photon emission 
computed tomography (SPECT). As a rule, 99mTc-MI-
BI SPECT makes it possible to visualize primary ma-
lignant brain tumors and hypervascular benign neo-
plasms [7]. The major limiting factor of 99mTc-MIBI 
SPECT in imaging of brain tumors is the intensity of 
blood flow in the tumor. The degree of 99mTc-MIBI 
accumulation in malignant tumors varies widely and 
does not correlate with the degree of malignancy of 
the tumor and its histological type [8–10]. Despite 
this, some authors argue that hyperintense accumu-
lation of 99mTc-MIBI is characteristic of glioblastoma 
multiforme, and high values of the drug accumulation 
index in this type of tumor make it possible to diffe- 
rentiate it from other malignant neoplasms of the brain 
[11, 12].

Due to the nonspecific accumulation of 99mTc-MI-
BI in the zones of post-radiation changes, its use is 
very limited in the follow-up of patients after radia-
tion therapy of brain tumors [13]. Although some re-
searchers testify to the opposite and admit the use of 
99mTc-MIBI SPECT for assessing the effectiveness of 
chemoradiotherapy of malignant brain tumors and de-
tecting relapses in this group of patients at early stages 
[14,15].

Various amino acids labeled with iodine-123 
(123I) are still of great interest in terms of diagno- 
sing brain tumors by SPECT. Most of the studies are 
devoted to the study of the diagnostic capabilities of 
SPECT with the following amino acids labeled with 
iodine-123: α-methyl-L-tyrosine and L-phenylalanine 
[16–18]. It was shown that the level of accumulation 
of 123I-α-methyl-L-tyrosine in the tumor is slightly 
higher than that of 123I-L-phenylalanine, and does not 
depend on the density of tumor cells. SPECT with 
the indicated iodine-123-labeled amino acids can ef-
fectively visualize gliomas of various grades of ma-
lignancy (grade I–IV), while metastases to the brain, 

for example, in lung cancer and non-neoplastic brain 
lesions, do not accumulate these radioactive tracers.

 It was noted that when imaging grade I–II glio-
mas by SPECT with 123I-L-phenylalanine, false-nega-
tive results are more common. Thus, the sensitivity of 
SPECT with iodine-123-labeled amino acids accord-
ing to various studies is 78–90%, and the specificity 
reaches 100% [19– 21].

At the end of the last century, the possibility of 
using thallium-201 (201Tl) for the diagnosis of brain 
tumors by SPECT was actively studied. Numerous 
clinical trials demonstrated the effectiveness of 201Tl 
SPECT for detecting intracerebral tumors with an ave- 
rage sensitivity and specificity of 95% and 87–93%, 
respectively. Some authors showed that the degree of 
201Tl accumulation in malignant gliomas is significant-
ly higher than in low-grade gliomas and benign brain 
tumors, which allows for their differential diagnosis 
[22–27]. It should be noted that 201Tl is currently not 
used, and large-scale studies on investigating the pos-
sibility of using SPECT with another thallium isotope, 
199Tl, which favorably differs in low radiation expo-
sure for a patient, have not been carried out in the di-
agnosis of brain tumors.

In recent years, positron emission tomography 
(PET) with various radiopharmaceuticals has been the 
undisputed leader among nuclear medicine techniques 
for the diagnosis of brain tumors [28–31]. The main 
radiopharmaceutical for PET is 18F-FDG. The speci-
fied RP has physicochemical characteristics that are 
convenient for the diagnostic process, including a rel-
atively long half-life (110 minutes), which makes it 
possible to transport it to the nearest PET centers that 
are not equipped with cyclotrons. 

Already in the first studies on the use of 18F-FDG 
PET in imaging of brain tumors, it was demonstra- 
ted that an increase in glucose metabolism in a tumor 
correlates with the grade of its malignancy and ag-
gressiveness of the course of the disease in general. 
Based on the results of various studies, a consolidated 
decision was made to consider the degree of glucose 
metabolism in the intact gray and white matter of the 
brain as a background level and rely on it both in visu-
al assessment of the study results and in calculation of 
quantitative parameters of PET [32, 33]. 

Numerous studies demonstrated the differences 
in the levels of 18F-FDG accumulation in grade I–IV 
brain tumors. Thus, the level of 18F-FDG accumula-
tion in low-grade tumors is more often the same as in 
the intact white matter or lower, and the level of accu-
mulation in high-grade tumors is more often equal to 
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or higher than that in the gray matter of the brain [34]. 
This feature makes it difficult to visualize low-grade 
brain tumors and interpret the results of the study. It 
should also be noted that the specificity of 18F-FDG 
PET remains low. For example, the level of SUVmax 
in primary cerebral lymphoma is significantly higher 
than that in glioblastoma [35, 36]. 

The results of 18F-FDG PET remain ambiguous in 
the differential diagnosis of grade III–IV gliomas and 
brain metastases, because the SUVmax values in these 
formations are often the same. According to many  
authors, 18F-FDG PET has significant limitations in 
the differentiation of gliomas and various non-neo-
plastic brain lesions, such as brain abscesses, tu-
mor-like demyelination, inflammatory changes caused 
by fungal infections, and neurosarcoidosis. All of the 
above-mentioned pathological processes, as well as 
tumor damage, one way or another, lead to an increase 
in glucose metabolism, which complicates interpreta-
tion of the study results [37]. 

At a certain historical stage, 18F-FDG PET of the 
brain was of great importance for choosing a site of 
tumor tissue for targeted stereotactic biopsy, because 
most glial tumors (82%) are characterized by hetero-
geneity. It should be noted that imaging of such tumor 
differentiation is absolutely impossible with traditio- 
nal methods for diagnostic radiology – CT and MRI, 
even with the use of contrast-enhanced techniques and 
cutting-edge software algorithms [38–42].

 Considering the complexity and multistage nature 
of the treatment process in patients with brain tumors, 
assessment of treatment effectiveness and timely de-
tection of relapses remain some of the most important 
problems in modern neuro-oncology. Studies showed 
that the change in the level of 18F-FDG accumulation 
in the brain tumor after radiation therapy or chemora-
diation correlates with the tumor response to therapy, 
which means that a decrease in the level of 18F-FDG 
metabolism indicates the effectiveness of treatment 
[43– 46]. 

It is known that, due to increased proliferation, tu-
mor cells are characterized by increased metabolism, 
including enhanced protein synthesis, for which a suf-
ficient supply of amino acids is required. It should be 
noted that amino acids labeled with various isotopes 
do not differ in their physicochemical properties from 
natural amino acids and are their complete biological 
analogs. In neuroimaging, labeled amino acids have 
a significant advantage over 18F-FDG, which consists 
in an extremely low level of physiological accumula-
tion in intact brain structures, including the cortex and  

basal nuclei. Carbon-11-labeled methionine 
(11C-MET) was the first amino acid-based radiophar-
maceutical. Since that time, 11C-MET has become the 
most commonly used radiopharmaceutical in oncolo-
gy after 18F-FDG [47, 48]. 

In most cases, 11C-MET PET makes it possible to 
visualize brain tumors of various degrees of malig-
nancy (grade I–IV according to the classification of 
the World Health Organization (WHO)), with a fairly 
clear definition of the boundaries of the tumor lesion 
and normal brain tissues, as well as to delimit the area 
of edema and true tumor infiltration [49]. According 
to different authors, the averaged indices of the sen-
sitivity and specificity of 11C-MET PET in imaging 
of brain tumors of various grades of malignancy are 
89–90% and 94–100%, respectively [50–52].  

Some researchers argue that, when using purely 
visual assessment of 11C-MET PET without resorting 
to quantification, the sensitivity and specificity of the 
method in imaging brain tumors are 94% and 56.5%, 
respectively. At the same time, the accuracy of the 
method with this approach is 84.4%, and the level of 
positive predictive value and negative predictive value 
is 86.3% and 76.5%, respectively. Determination of 
semi-quantitative parameters of 11C-MET PET of the 
brain in most cases contributes to the differential diag-
nosis between a malignant lesion and benign changes 
and allows to determine the grade of malignancy of 
glial brain tumors according to the WHO [53–55]. 

When studying the possibility of using 11C-MET 
PET in the differential diagnosis between low-grade 
(grade I–II) and high-grade (grade III–IV) gliomas 
according to the classification of the WHO, the rese- 
archers also focused on the level of 11C-MET accu-
mulation in the tumor. It turned out that the degree 
of 11C-MET accumulation in grade III–IV gliomas is 
significantly higher than in low-grade tumors.

Another important aspect in the use of 11C-MET 
PET in the diagnosis of brain tumors is the possibility 
of using the level of RP accumulation in the tumor 
as a prognostic factor for the course of the disease. It 
was found that a high level of 11C-MET uptake in the 
primary brain tumor before treatment indicates a poor 
prognosis of the disease. It should also be noted that a 
decrease in the level of 11C-MET uptake in the course 
of conservative therapy reliably reflects the effective-
ness of treatment [56–58].

According to literature, 11C-MET PET is effective-
ly used in follow-up of patients with benign brain gli-
omas, and the index of RP accumulation in the tumor 
reflects the grade of its malignancy. It is believed that 
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when the threshold value of the 11C-MET accumu-
lation index in the tumor is reached, it indicates its 
transition to the group of malignant gliomas, which re-
quires a change in patient management strategy from a 
passive to an active radical approach [59–62].

Timely detection of recurrent malignant gliomas is 
still an important aspect in the treatment of patients 
with brain tumors. Most authors claim that 11C-MET 
PET is capable of detecting tumor recurrence even 
against the background of post-therapeutic changes 
with sensitivity of 88% and specificity of 85% [63].  

Therefore, 11C-MET PET is widely used today in 
the oncological practice at all stages of treatment and 
follow-up of patients with brain tumors. This method 
is now considered routine and quite effective, and its 
availability for the population is constantly growing.

18F-fluoroethyl-L-tyrosine (18F-FET) is another 
RP based on labeled amino acids, which has proven 
to be effective in diagnosing brain tumors. The in-
dicated RP, as well as 11C-MET, is characterized by 
low-intensity background accumulation in unchanged 
structures and parts of the brain. In addition, 18F-FET 
is less accumulated in macrophages and granulocytes 
than 11C-MET, which, in turn, leads to an increase in 
the specificity of 18F-FET PET in detecting brain tu-
mors [64]. 

The main diagnostic difference in the use of 
18F-FET PET for imaging of brain masses is the ability 
to assess the dynamic characteristics of drug accumu-
lation in the tumor in addition to the usual accumu-
lation indices in the area of interest. The use of data 
from a dynamic scanning protocol in 18F-FET PET 
allows for differential diagnosis between grade I–II 
and grade III–IV gliomas and indicates the presence 
of tumor relapse, reliably differentiating it from the 
zones of radiation necrosis [65, 66].  

This is of particular importance in clinical situa-
tions when a patient with suspected grade II glioma 
does not show contrast agent accumulation on MRI. 
In about 40% of these patients, an anaplastic lesion 
is found on a 18F-FET PET scan. Application of the 
kinetic characteristics of the method increases its sen-
sitivity and specificity up to 95% [67]. According to 
different authors, the averaged indicators of the sensi-
tivity and specificity for 18F-FET PET in the diagnosis 
of brain tumors are 94% and 100%, respectively. 

Many authors also suggest focusing on the index of 
RP accumulation in the tumor during 18F-FET PET. A 
number of studies highlight the role of 18F-FET PET 
in planning radiation therapy in patients with brain 
tumors. The authors argue that the use of 18F-FET in 

planning radiation therapy reduces the error in deter-
mining tumor boundaries and, thereby, increases the 
effectiveness of radiation therapy [68–70]. 

In recent years, the possibility of using a synthetic 
analog of the amino acid, L-6- [18F] fluoro-3,4-dioxy-
phenylalanine (18F-DOPA), for the diagnosis of brain 
tumors has been studied [71]. Studies have shown that 
the sensitivity of 18F-DOPA PET in detecting malig-
nant and benign brain tumors is 96%, and the specific-
ity is about 40%. At the same time, the specificity of 
the method allows to significantly increase the use of 
threshold values ​​of the accumulation index – tumor / 
striatum. It has also been shown that 18F-DOPA PET 
can be used to differentiate the relapse of malignant 
gliomas and radiation necrosis [72].  

In addition to amino acids labeled with various iso-
topes that have proven their effectiveness, other syn-
thetic analogs of biological molecules are also used 
for imaging of brain tumors. Thus, to assess the pro-
liferative activity of tumor cells, an RP based on thy-
midine, 3-deoxy-3- [18F] -fluorothymidine (18F-FLT), 
was proposed. Studies have shown that the degree of 
18F-FLT accumulation in the tumor correlates with 
the level of Ki-67 expression [73]. 18F-FLT PET can 
be used to assess the malignancy grade of gliomas, 
predict the course of the disease, and plan radiation 
therapy. 18F-FLT PET is of particular importance in 
determining the prognosis in patients with malignant 
brain gliomas [74]. The main disadvantage of 18F-FLT 
is the dependence of its accumulation on the degree of 
damage to the blood – brain barrier and the intensity 
of blood flow in the tumor.

In addition, there are currently RPs for imaging 
brain tumors, the use of which is based on the assess-
ment of tumor cell hypoxia, for example, [18F] -fluoro-
misonidazole (18 F-FMISO). In studies on a group of 
patients with malignant gliomas before surgical and 
radiation treatment, the effectiveness of this RP was 
shown in determining the exact boundaries of the tu-
mor, as well as in assessing the severity of hypoxia 
[75]. The disadvantages of 18F-FMISO include high 
background accumulation of the RP, due to which 
there is a need for a delayed study, 2–4 hours after 
intravenous administration.

Currently, several RPs have been synthesized to 
assess the expression level of VEGF receptors. First 
of all, these are [64Cu]-DOTA-VEGF (DEE), [89Zr] 
-ranibizumab, as well as [11C]-gefitinib ([11C]-iressa) 
[76, 77]. Preliminary studies showed the effectiveness 
of these RPs in the diagnosis of tumors of various 
localization, including the brain, as well as in  
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assessing the effectiveness of their treatment. Along 
with the above-mentioned radioactive tracers, RPs are 
currently being developed to assess the state of ad-
hesion receptors of the αVβ3integrin class. RPs with 
high tropism for αVβ3integrins include, in particular, 
[18F]-galacto-arginylglycylaspartic acid, 64Cu-DO-
TAE {E [c (RGDfK)] 2} 2, as well as a number of ar-
ginylglycylaspartic acid derivatives [78, 79]. Current-
ly, these RPs are at different stages of development 
and study, so they have not yet found widespread use 
in the clinical practice.

Analyzing the above-presented information, 
we can say that PET with various RPs is firmly en-
trenched in the algorithms for diagnosing brain tumors 
at all stages of treatment and follow-up of patients 
with such lesions. The undisputed leaders among all 
RPs used in neuro-oncology today are drugs based 
on labeled amino acids. This is confirmed by the rec-
ommendations of the European Association of Neu-
ro-Oncology (EANO) on the clinical use of PET in 
brain gliomas at various stages of patient manage-
ment (Figure).

Figure. EANO General Guidelines for the Clinical Use of PET with Labeled Amino Acids in Brain Gliomas, 2016

Despite high diagnostic effectiveness of PET with 
various RPs, the widespread use of this method in our 
country is limited due to the high cost of the diagnostic 
procedure and the complexity of the cycle of manufac-
turing RPs in cyclotron facilities. From this point of 
view, it is of interest to develop new RPs based on tech-
netium-99m, which is widely used in numerous SPECT 
centers. For example, the use of glucose-based RPs 
labeled with technetium-99m will make it possible to 
study the biochemical processes occurring in the body 
at the molecular level due to inclusion of glucose deriv-
atives in normal and pathological metabolic processes, 

as well as to obtain information in terms of uniqueness 
and reliability that is not inferior to PET studies. 

A number of studies found that the most pro- 
mising glucose derivatives for being labeled with the 
99mTc radioactive isotope, which retain the biochemi-
cal properties of glucose itself, are: 1-thio-D-glucose, 
5-thio-D-glucose, glucosamine, as well as their salts 
or hydrates [80–83]. The available literature describes 
the results of the experimental use of various 99mTc-la-
beled glucose derivatives in animal models of a tumor 
lesion. At the same time, the authors note high effi-
ciency of such drugs [84, 85].
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as in assessing the effectiveness of their treatment. Along with the above RPs, RPs are currently being 

developed to assess the state of adhesive receptors of the αVβ3integrin class. RPs with high tropism 

for αVβ3integrins include, in particular, [18F]-galacto-arginylglycylaspartic acid, 64Cu-DOTAE {E [c 

(RGDfK)] 2} 2, as well as a number of arginylglycylaspartic acid derivatives [78, 79]. Currently, 

these RPs are at different stages of development and study, so they have not yet found widespread 

use in the clinic.

Analyzing the above information, we can say that PET with various radiopharmaceuticals is 

firmly entrenched in the algorithms for diagnosing brain tumors at all stages of treatment and follow-

up of such patients. The undisputed leaders among all RPs used in neuro-oncology today are drugs 

based on labeled amino acids. This is confirmed by the recommendations of the European Association 

of Neuro-Oncology (EANO) on the clinical use of PET in brain gliomas at various stages of patient 

management (Figure 1).

Figure 1. EANO General Guidelines for the Clinical Use of PET with Labeled Amino Acids in Brain 

Gliomas, 2016.

Despite the high diagnostic efficiency of PET with various RPs, the widespread use of this 

method in our country is limited due to the high cost of the diagnostic procedure and the complexity 

of the cycle of manufacturing cyclotron radiopharmaceuticals. From this point of view, it is of interest 
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Based on global trends in the production of RPs 
and our own experience in the development of drugs 
for radionuclide diagnosis, a team of authors from 
Cancer Research Institute of Tomsk NRMC in close 
cooperation with National Research Tomsk Poly-
technic University developed a new drug based on a 
technetium-99m-labeled glucose derivative for radio-
nuclide diagnosis of malignant neoplasms – “99mTc-1-
thio-D-glucose” [86–88]. During phase I clinical tri-
als, both safety and efficacy of 99mTc-1-thio-D-glucose 
for imaging of brain tumors by SPECT was demon-
strated [89].

In neurology, 18F-FDG PET is also quite effective-
ly used to diagnose various pathological changes in 
the brain. In recent years, it has been demonstrated 
that the sensitivity and specificity of 18F-FDG PET in 
the diagnosis of Alzheimer’s disease (AD) reach 94% 
and 73%, respectively. The role of 18F-FDG PET in 
predicting the development of cognitive impairments 
is also great [90]. In this case, an important diagnostic 
feature is a decrease in the accumulation of 18F-FDG 
in the association cortex. 

 AD is characterized by a decrease in 18F-FDG 
metabolism in the cortex of the temporal and parietal 
lobes, posterior cingulate gyri, while dementia with 
Lewy bodies is characterized by hypometabolism in 
the occipital cortex. Huntington’s disease is characte- 
rized by changes in glucose metabolism in the lentic-
ular nuclei and the heads of the caudate nuclei. Post-
stroke dementia, which is characterized by multiple 
foci of hypometabolism in the cerebral cortex and 
cerebellum, also has specific presentation in 18F-FDG 
PET. An early diagnostic sign of Pick’s disease and 
other frontotemporal dementias is a pronounced de-
crease in glucose metabolism in the cortex of the fron-
tal lobes of the brain [91–93]. 

PET is used quite successfully for the differential 
diagnosis of various types of dementia. It is known 
that dementia with Lewy bodies is accompanied by 
the development of parkinsonism, in contrast to AD. 
Therefore, when using 18F-DOPA (dihydroxyphenyl-
alanine), in most cases it is possible to differentiate 
between AD and dementia with Lewy bodies [94]. 

The possibility of studying the state of the pre-
synaptic dopaminergic system during 18F-DOPA 
PET allows to diagnose Parkinson’s disease (PD) at 
the preclinical stage. The main diagnostic criterion is 
a decrease in the metabolic rate of 18F-DOPA in the 
striatum. This drug reflects the activity of the enzyme 
dopadecarboxylase and the level of dopamine in neu-
rons of the striatum [95]. Some authors argue that 

18F-DOPA PET allows not only to detect a decrease 
in the number of neurons in the striatonigral system 
in PD patients, but also to predict the development of 
this disease. This is possible due to the fact that clini-
cal manifestations of PD occur when about 60–70% of 
dopaminergic neurons die [96]. 18F-DOPA PET is also 
used to assess the effectiveness of PD treatment; in ad-
dition, the level of 18F-DOPA accumulation depends 
on the severity of motor impairments, but does not in 
any way reflect the severity of cognitive impairments 
in such patients. 

Currently, the most promising RPs for diagnosing 
AD and other neurodegenerative disorders are markers 
of β-amyloid peptide (Aβ), the increased deposition of 
which is the main component in the pathogenesis of 
AD. The carbon-11-labeled RP substance B-[11C] PiB, 
proposed by the Pittsburgh scientists, became the first 
Aβ-selective radioligand for PET imaging of amyloid 
deposits in the association cortex. Additionally, it was 
shown in clinical trials that patients without dementia 
also had accumulation of [11C] PiB in the association 
cortex, which, in turn, further confirmed the predictive 
role of [11C] PiB PET in the diagnosis of AD. Cur-
rently, the development of specific RPs for the radio-
nuclide diagnosis of neurodegenerative disorders is 
being actively pursued.

It is known that the second generation of PET 
markers of Aβ has been developed – benzofuran, 
benzoxazole, imidazobenzothiazole derivatives, etc. 
Some compounds have been labeled with 18F, which 
will simplify their clinical use. Most of the com-
pounds have shown their effectiveness in preclinical 
studies and are at the stage of clinical trials. There-
fore, there is still no comprehensive information on 
the effectiveness of such compounds in the available 
literature.

CONCLUSION
Therefore, analyzing the information presented, it 

can be stated that high-tech nuclear medicine tech-
niques have integrated into the development trends in 
modern neurology and neuro-oncology. Not a single 
clinic dealing with the problems of treating tumors 
of the central nervous system or various types of de-
mentia can do without methods of radionuclide diag-
nosis in its clinical practice. It is also important that 
the research teams of the Russian scientific schools 
of physics, oncology, and nuclear medicine man-
age to keep up with the times in their scientific re-
search and in some areas are ahead of the world-class  
leaders. 
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Synaptic transmission molecules and their role in the pathogenesis of allergic 
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ABSTRACT

Immune cells and molecules, as well as synaptic transmission molecules play a regulatory role in the communication 
pathways of the entire body when it is necessary to engage all body resources in the fight against infections or tumor 
cells wherever they appear. In potential allergy, the neuroimmune network controls allergen tolerance maintenance 
at both local and systemic levels.

The review focuses on different neurotransmitters and our understanding of a balance and imbalance between 
the immune system and the nervous system in allergic inflammation, including allergic rhinitis. However, the 
pathogenesis of the two endotypes of rhinitis (conventional allergic rhinitis and local allergic rhinitis) and the 
impact of the neuroimmune network on it remain unresolved.
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РЕЗЮМЕ

Иммунные клетки и молекулы, а также синаптические нейромолекулы играют регуляторную роль в пу-
тях коммуникации на уровне всего организма, когда возникает необходимость максимального вовлечения 
ресурсов для отражения инфекций и подавления опухолей. При потенциальной аллергии нейроиммунная 
сеть контролирует поддержание аллергенной толерантности и на системном, и на локальном уровнях.
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 Данный обзор фокусируется на рассмотрении разных нейромолекул и нашем понимании баланса и дисба-
ланса иммунной и нервной систем при аллергическом воспалении, включая аллергический ринит. Однако 
все еще остается нерешенным вопрос о механизмах патогенеза двух эндотипов ринита, классического ал-
лергического ринита и локального аллергического ринита, и степени влияния на него нейроиммунной сети.

Ключевые слова: аллергический ринит, нейротрансмиттеры, нейрогормоны, нейропептиды, рецепторы 
для нейромолекул. 
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INTRODUCTION
Due to a narrow focus of disciplines, biology and 

biomedical sciences used to develop in isolation from 
each other in the past. In particular, immunology was 
isolated from neurobiology. Currently, there is clear 
evidence for production and use of immune factors by 
the central nervous system and production and use of 
neuroendocrine mediators by the immune system. Al-
terations in communication pathways between these 
two systems can account for many pathological con-
ditions that used to be considered isolated diseases of 
certain organs [1]. The role of neurotransmitters in 
the pathogenesis of allergic inflammation, including 
different endotypes of allergic rhinitis [2], made this 
problem very relevant.

INNERVATION OF TARGET ORGANS  
IN ALLERGIC INFLAMMATION

Target organs in allergic inflammation are in-
nervated differently and, consequently, are exposed 
to effects of a distinct set of synaptic transmission 
molecules [3] (Table). The skin is innervated with 
somatosensory neurons with their cell bodies loca- 
ted in the trigeminal ganglion and dorsal root gan-
glion, which have central brainstem and spinal cord  
projections. The gastrointestinal tract is innervated 
with: 

(1) extrinsic sensory neurons originating in the 
dorsal root ganglia;

(2) vegetative neurons which are divided into para-
sympathetic neurons (vagus nerve), whose cell bodies 
reside in the nodose and jugular ganglia and brain-
stem, and sympathetic neurons, whose cell bodies re-
side in the paravertebral ganglia;

(3) self-contained autonomic nervous system 
called the enteric nervous system, which consists of 
intrinsic primary afferent neurons, interneurons, and 
myenteric and submucosal plexuses. The enteric ner-
vous system can accept vegetative signals, regulate 
gut microbiota, mucus production, and peristalsis, and 
respond to food consumption. This system appears to 
maintain allergen tolerance in the intestine.

In contrast to the skin and gastrointestinal tract, in-
nervation of the unified airway is characterized by dis-
tinctive features. These organs are innervated by (1) 
somatosensory neurons with their cell bodies located 
in the thoracic dorsal root ganglia, and (2) autonomic 
nervous system via parasympathetic and sympathetic 
fibers. However, the unified airway has no self-con-
tained nervous system [3] that can matter for the de-
velopment of local forms of allergy, such as asthma 
[4, 5], local allergic rhinitis (LAR) [6, 7], dual allergic 
rhinitis [8, 9], and local allergic conjunctivitis [10].

Neurons of all types produce different neuromol-
ecules (Table), which act on the neurons and target 
organs and cells, including cells of the immune sys-
tem [11]. Within the neuroimmune network, cells of 
the immune system acquire more functional plastici-
ty. On the other hand, all types of neuronal activi-
ty are modulated by cells of the immune system and  
modified depending on receptors expressed on the 
target cells [12].

NEUROTRANSMITTERS, 
NEUROHORMONES, AND NEUROPEPTIDES

For a neuromolecule to belong to neurotransmit-
ters, it must meet some criteria:

(1) it must be produced by neurons;
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(2) it should be present in the presynaptic mem-
brane of the first neuron and released in amounts suf-
ficient to exert a defined action on the postsynaptic 
membrane of the second neuron or target cells in ef-
fector organs;

(3) exogenous administration should mimic the ef-
fect of an endogenously synthesized neurotransmitter;

(4) intrinsic mechanisms must exist to remove neu-
rotransmitters from their site of action [13, 14]. 

Neurotransmitters are stored in small synaptic ves-
icles, but also found in the blood and target organs. 
On the one hand, neurotransmitters influence innate 
and adaptive immune responses. On the other hand, 
immune cells send signals to the brain through cyto-

kines and are present in the brain to influence neuronal 
processes [12]. Some neuromolecules, including do-
pamine, L-glutamate, serotonin, and substance P, are 
crucial in the classical neuroimmune network [15]. 
The neuroimmune network is closely associated with 
the hypothalamic-pituitary-adrenal (HPA) axis, va-
gus nerve, sympathetic nervous system, and synapse 
from the vagus nerve to the spleen [15]. Depending on 
their defined action, all neurotransmitters may be cate- 
gorized as excitatory (proimmunogenic), inhibitory 
(protolerogenic), and modulatory (immunomodulato-
ry). Destroyed bidirectional communication between 
the nervous and immune systems is a prerequisite in 
immunopathological disorders [15, 16] (Table).

T a b l e

Types of synaptic transmission molecules

Category Characterization of signal transmission
Impact on immune system 
in the context of allergic 

inflammation
Molecules

Excitatory neuro-
transmitters

For a short time, they’ve managed to increase 
the electrical excitability on the postsynaptic 
membrane due to ion flow that leads to the 

facilitation of signal transmission

Proimmunogenic,
proinflammatory

(except for norepinephrine)

Acetylcholine*
Norepinephrine*

Dopamine*
L-glutamate*

Histamine

Inhibitory neuro-transmitters

For a short time, they’ve managed to decrease 
the electrical excitability on the postsynaptic 
membrane due to ion flow that results in the 

reduction of signal transmission

Protolerogenic,
anti-inflammatory

Serotonin*
γ aminobutyric acid (GABA)

Dopamine*
Glycine

Modulatory
neurotransmitters

They spend for a long time in the cerebrospinal 
fluid that affects the activity of other neurons, 

and target cells
Immunomodulatory

Acetylcholine
Norepinephrine

Dopamine
L-glutamate 
Serotonin

Neurohormones They act in the whole body Immunomodulatory
Oxytocin

Vasopressin
Melatonin

Neuropeptides
They are slow-onset long-lasting modulatory 
synaptic neuro molecules packaged in large 

granular vesicles
Immunomodulatory

Substance P
Calcitonin gene-related peptide 

(CGRP)
Neuromedin U

Vasoactive intestinal peptide

Atypical neuro-transmitters 
(neurochemicals)

They are synthesized «on- demand» and re-
leased from the postsynaptic membrane Immunomodulatory

Nitric oxide
Carbon monoxide 
Hydrogen sulfide
Lipid mediators

Adenosine
Angiotensin-converting enzyme 

(ACE)
Endocannabinoids

* also immunomodulatory effects.

The brain also synthesizes molecules, neurochemi-
cals, neurohormones, and neuropeptides, which act on 
various receptors of immune cells but do not meet the 
criteria for neurotransmitters [17–20]. So far, only 12 

small molecule neurotransmitters and over 100 neu-
ropeptides have been identified [11]. During crosstalk 
between the nervous system and the immune system, 
most neuromolecules exploit membrane vesicles,  
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ligand- and voltage-gated ion channels, transporters 
for extracellular transport and entry into cells, as well 
as G protein-coupled receptors for signaling [15].

IMPACT OF NEUROMOLECULES ON CELLS 
OF THE IMMUNE SYSTEM

In response to environmental allergens (Figure), 
nasal epitheliocytes produce alarmins, IL(interleu-
kin)-25, IL-33, and thymic stromal lymphopoietin 
(TSLP), which, together with neuromedin U [21], up-
regulate group 2 innate lymphoid cells (ILC2) [22], 
dendritic cells (DCs), and type 2 helper T (Th2) cells. 
These cytokines are essential regulators of type 2 im-
munity, as they lead to the production of IL-13 and 
IL-5. 

Allergens that pass through the unified airway epi- 
thelial barriers are processed by DCs, which, in turn, 

migrate to draining lymph nodes, where they present 
allergen-derived peptides on HLA class II molecules 
to naïve T cells. The naïve T cells can differentiate into 
Th2 cells and follicular helper T (Tfh) cells. Th2 cells 
produce type 2 cytokines, such as IL-4, IL-5, IL-9, and 
IL-13 and function as effector cells that drive many 
aspects of allergic inflammation. Tfh cells produce IL-
21, IL-4, and IL-13, which promote IgE class switch 
recombination in B cells, plasma cell maturation, and 
allergen-specific IgE production. Allergen-specific 
IgE antibodies bind to FcεRI molecules on mast cells 
and basophils, resulting in their degranulation and al-
lergic inflammation development due to histamine and 
other mediators [23, 24]. In theory, proimmunogenic 
neuromediators must upregulate allergen tolerance 
breakdown, whereas protolerogenic neuromolecules 
should inhibit the process.

Fig. Allergen tolerance breakdown in allergic rhinitis in the context of the role of neuromolecules
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[25]. Commonly, immune cells, such as T cells and monocytes, can interact with cholinergic 

nerves associated with lymphatic vessels or acetylcholine synthesized by immune cells 
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downregulates ILC2 proliferation and upregulates T-regulatory (Treg) cells. Acetylcholine can 
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ciliated epithelial cells, resulting in mucus secretion [3, 12]. 

Acetylcholine
Acetylcholine is the main neurotransmitter of the 

parasympathetic nervous system synthesized in neu-
rons from choline and acetyl-coenzyme A by choline 
acetyltransferase. A deficit of acetylcholine in the ce-
rebral cortex and hippocampus progressively leads to 
Alzheimer’s disease [25]. Commonly, immune cells, 
such as T cells and monocytes, can interact with cho-

linergic nerves associated with lymphatic vessels or 
acetylcholine synthesized by immune cells themselves 
[13]. Functioning via muscarinic and nicotinic recep-
tors, acetylcholine promotes differentiation of Th2 and 
degranulation of mast cells and basophils, but para- 
doxically downregulates ILC2 proliferation and up-
regulates T-regulatory (Treg) cells. Acetylcholine can 
bind to the muscarinic receptors M1AchR, M2AchR 
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and nicotinic receptor a7nAchR on the ciliated epithe-
lial cells, resulting in mucus secretion [3, 12]. 

On the whole, a decrease in acetylcholine in target 
organs leads to reduction of cholinergic modulation 
promoting allergic inflammation [26]. Neuromedin U 
secretion by cholinergic neurons triggers ILC2 pro-
liferation and expression of Th2 cytokines, including 
IL-5 and IL-13 [27]. Solitary chemosensory cells in 
the nasal cavity can use cholinergic neurotransmission 
to induce the neurogenic inflammation pathway [28].

Norepinephrine
Norepinephrine (noradrenaline) is a sympathe- 

tic neurotransmitter of the catecholamine family that 
mediates the fight-or-flight response and is produced 
in the brain neurons, especially inside the pons, sym-
pathetic ganglia near the spinal cord, and adrenal me-
dulla [13, 24]. Adrenergic receptors are expressed on 
immune cells, including T cells, B cells, macrophages, 
and natural killer (NK) cells. This neurotransmitter 
has a modulatory effect on the immune system. Nor-
epinephrine mainly exerts anti-inflammatory effects 
by interacting with the adrenoreceptors expressed on 
lymphocytes and macrophages and inhibiting the pro-
duction of TNFα, IL1β, and IFNγ and migration of 
lymphocytes from the lymph nodes to inflamed tis-
sues. Norepinephrine binds to the β2-adrenergic recep-
tor on Th2 cells to suppress T cell activation [3]. Addi-
tionally, norepinephrine upregulates the production of 
IL-10 [13], limits ILC2-dependent type 2 inflamma-
tion, and counterbalances the effects of neuromedin 
U to prevent overactivation of ILC2s [29]. However, 
it may lower the activity of Treg cells. Interestingly, 
norepinephrine can promote inflammation in the ini-
tial phase of immune responses, whereas it downregu-
lates inflammation in later phases [30].

Dopamine
Dopamine is a critical neurotransmitter of the cate-

cholamine family, associated with emotions, pleasure, 
reward system, and gamble. A decrease in dopamine 
in the substantia nigra promotes Parkinson’s disease, 
whereas its excess in the frontal lobes may result in 
schizophrenic episodes [25]. Dopamine is synthesized 
in the brain from L-tyrosine by tyrosine hydroxylase. 
It was identified in cells of the immune system, such 
as Treg cells, macrophages, granulocytes, T cells, and 
B cells. It functions via D1–D5 receptors promoting 
Th2 cell differentiation through D4  [15]. D1 activa-
tion on DCs upregulates Th2 and Th17 polarization, 
whereas signaling via this receptor expressed on Treg 
cells slows down the above-mentioned effect.

 The сommunication between dopamine and CD4+ 
T cells is provided by an age-related mechanism un-
derlying susceptibility to Th2-mediated allergic in-
flammation at an early age [31]. During B cell-medi-
ated responses, the activity of dopamine in the brain 
is markedly elevating. However, direct effects of do-
pamine on the immune cells are contradictory, as they 
may also be immunosuppressive. Dopamine signaling 
through D4 is known to suppress lymphocyte function 
by inhibiting a set of tyrosine kinases and transcription 
factors. Activation of D1 and D5 on Treg cells reduces 
their protolerogenic activity. Moreover, dopamine re-
leased from T cells can enhance intracellular reactive 
oxygen species (ROS) production, leading to oxida-
tive stress and apoptosis in peripheral lymphocytes. In 
T cell-dependent responses, dopamine simultaneously 
displays increased production of TNF and IL-10 by 
naïve T cells [13, 24].

L-glutamate
L-glutamate is a critical neurotransmitter synthe-

sized from glutamine in the brain by glutaminase and 
from a-ketoglutaric acid in the citric acid cycle [15]. 
L-glutamate influences the ability of learning and 
memory functioning through two groups of receptors: 
metabotropic (mGluRs) and ionotropic (iGluRs) glu-
tamate receptors. In the brain, this neurotransmitter 
can contribute to neurotoxicity in multiple sclerosis 
and amyotrophic lateral sclerosis [25]. L-glutamate 
prevents apoptosis in activated T cells, facilitates TCR 
signaling, and promotes Th1 differentiation. Con-
versely, in some situations, L-glutamate can contrib-
ute to immunosuppression and resolution of chronic 
inflammation [15].

Serotonin
Serotonin (5-hydroxytryptamine, 5-HT) is a cri- 

tical neurotransmitter synthesized from L-tryptophan 
in enterochromaffin cells of the gastrointestinal tract, 
epithelial neuroendocrine cells, and neurons of the 
central nervous system and taken up by platelets, ba-
sophils, and mast cells. On the one hand, serotonin 
transmission between neurons in the brain is responsi-
ble for mood, pleasure, sleep, and appetite. Serotonin 
may play an essential role in behavioral and psycho-
logical manifestations in depression, anxiety, obses-
sive-compulsive disorder, impulse control disorder, 
autism spectrum disorder, and attention deficit hyper-
activity disorders [25]. 

On the other hand, it predominanly promotes the 
immunosuppressive effects and in some cases – im-
munostimulatory effects [32, 33]. Serotonin functions 
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through 5-HT1-5-HT7 receptors as a protolerogenic 
neurotransmitter inhibiting the production of proin-
flammatory cytokines, such as TNFα and IL-12, and 
canceling Th1 and Th17 polarization in immunopa-
thology. Additionally, serotonin inhibits CXCL10 
production, maturation of proinflammatory DCs, and 
promotes differentiation of tolerogenic DCs and syn-
thesis of IL-10 [34]. During B cell-mediated respons-
es, the activity of serotonin in the brain markedly 
decreases. However, only via the 5-HT2B receptor, 
serotonin has proimmunogenic effects in the context 
of Th1 and Th17 polarization [35]. 

GABA
Gamma aminobutyric acid (GABA) is a major in-

hibitory neurotransmitter in the central nervous sys-
tem displaying anti-anxiety effects. Loss of GABA in 
the brain may be a prerequisite of an epileptic attack 
[13]. GABA is produced by glutamic acid decarboxy- 
lase from L-glutamate in the brain and spinal cord 
neurons and other cells (e.g., epithelial neuroendo-
crine cells) in many organs, including the unified air-
way. There are two main GABA receptors: GABAA 
and GABAB, which mediate the activity of this neu-
rotransmitter [36–38]. To date, GABAergic mecha-
nisms have been demonstrated in many parts of the 
body, including synthesis in epithelial neuroendocrine 
cells [12]. In the immune system, GABA exhibits an-
ti-inflammatory and immunosuppressive effects inhib-
iting Th1 and Th17 cells differentiation. However, the 
amount of GABA in the brain during inflammation in 
the body increases. 

Oxytocin
Oxytocin is a neurohormone of the posterior pi-

tuitary mediating stress resilience, well-being, social 
interaction, growth, feeling of love, childbirth, and re-
generation [39]. It is synthesized as an inactive precur-
sor protein encoded by the OXT gene, undergoes a se-
ries of enzymes, and is released into the bloodstream. 
Oxytocin maintains immune homeostasis, allergen 
tolerance, and immune defense, acting via oxytocin 
receptors. Moreover, oxytocin downregulates allergic 
inflammation, autoimmune processes, and stress-as-
sociated immune disorders [40].

Melatonin
Melatonin, a hormone of the pineal gland (or epi- 

physis), has multiple effects. It acts as a biorhythmic 
regulator, modulates many of the immune processes 
related to stress responses, and regulates the level of 
glucose and cholesterol in the blood. Regarding the 
immune system, melatonin is exhibits proimmuno-

genic and anti-tumor effects. It has proinflammatory 
effect in asthma, leading to bronchoconstriction [41]. 
However, it disables inflammasome NLRP3 [42] and 
limits oxidative stress.  

Substance P
Substance P is a critical neuropeptide of the neu-

roimmune network released from the terminals of 
specific somatosensory nerves in the brain, regulating 
emotions, as well as in most peripheral regions of the 
nervous system. It is synthesized in many immune 
cells [13, 15, 43]. Substance P exerts its biological ef-
fect through neurokinin receptors, which are found in 
close proximity to cells containing serotonin and nor-
epinephrine. Substance P amplifies Th1- or Th17-me-
diated inflammatory responses, secretion of proin-
flammatory cytokines by T cells and macrophages, 
and production of immunoglobulins by plasma cells. 
However, CD8+T cells and NK cells show reduced 
activity in the presence of substance P [15].

Calcitonin gene-related peptide (CGRP)
Calcitonin gene-related peptide (CGRP) exists in 

two isoforms, α and β [13], encoded by separate genes 
and synthesized due to alternative splicing. α-CGRP 
is released from sensory neurons of the central ner-
vous system, spinal cord, and trigeminal ganglion. In 
contrast, β-CGRP is mainly produced by organs of the 
immune system, immune cells, and epithelial neuro-
endocrine cells. 

CGRP receptors  are found throughout the body, 
suggesting that this neuropeptide may modulate a 
wide range of physiological functions and patholog-
ical reactions, including neurogenic inflammation. 
CGRP is responsible for transmission of pain (mi-
graine), decreased appetite, and increased heart rate. 
Additionally, CGRP inhibits activation of ILC2 [44] 
and differentiation of Th2 [45]. Therefore, CGRP acts 
as an anti-inflammatory mediator responsible for pre-
venting tissue damage during allergic and other types 
of inflammation.

Neuroimmune regulation in allergic rhinitis
It was shown that allergic rhinitis induced anxi-

ety-like behavior in humans and altered social interac-
tion in rodents, along with the increased expression of 
Th2 cells [46]. Interestingly, the immunosuppressive 
effect of tryptophan, a precursor to the neurotrans-
mitter serotonin, was demonstrated. Increased serum 
tryptophan concentrations were reported in patients 
with seasonal rhinitis and found only outside the pol-
len season and not during it. Besides, the association 
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of elevated tryptophan concentrations with a poor 
response to allergen-specific immunotherapy was 
demonstrated [47].

The well-studied GABAergic system exists not 
only in the brain but also in airway epithelial cells 
playing a protolerogenic role. In experiments, the pro-
tolerogenic neurotransmitter GABA inhibits overpro-
duction of mucus and synthesis of IL-13 in mice with 
respiratory allergic reactions induced by ovalbumin 
[48]. It is known that the proimmunogenic neurotrans-
mitter L-glutamate is a precursor of GABA. Interes- 
tingly, L-glutamate concentration in the nasal mucosa 
in patients with allergic rhinitis is significantly higher, 
whereas GABA corresponds to the control level [49].

In a pilot study [50], patients with allergic rhini-
tis were exposed to a standardized Trier Social Stress 
Test (TSST), followed by allergy skin tests. Stress 
responders were estimated based on salivary cortisol 
concentrations, anxiety scale, and serum norepineph-
rine and oxytocin levels. The baseline concentrations, 
independent of TSST, were significantly higher in al-
lergic individuals. Therefore, it indicates that patients 
with allergic rhinitis are less resistant to stress. In  
another study, mast cells and macrophages in the mu-
cosa expressed oxytocin receptors against the back-
ground of elevated oxytocin concentrations, which 
could indicate the presence of local allergic responses, 
linking neuron-mediated emotions and inflammation 
[51]. Unfortunately, similar clinical studies in selected 
groups with conventional allergic rhinitis and LAR in 
humans have not yet been carried out. 

CONCLUSION
The accumulation of knowledge about synaptic 

transcription molecules led to the concept that neu-
ronal signaling can produce neurogenic inflammation 
[52]. It has become clear that neuronal regulation of 
immunity plays an essential role in the context of al-
lergic inflammation [3]. Mast cells, which take part 
in inflammation, are in close contact with nerves in 
the nasal mucosa [53]. Eosinophils, another key innate 
effector cell type in allergic reactions, were also found 
to be localized close to cholinergic nerves in allergic 
rhinitis [54]. Allergic inflammation in the respiratory 
tract involves a complex crosstalk between neurons 
and immune cells that could play a critical role in me-
diating disease progression. The nervous system could 
be a novel and exciting target in this process [3].

 Neurons secrete mediators, including neurotrans-
mitters and neuropeptides, which act on their cognate 
receptors on cells engaged in inflammation to drive or 

regulate immunity. These bidirectional neuroimmune 
interactions occur early and significantly influence the 
onset and development of allergic inflammation. On 
the whole, the molecular mechanisms of neurogenic 
inflammation are not completely understood. In the 
presence of nasal allergic inflammation, the neuronal 
function can also be chronically upregulated depen- 
ding on stimulation of nociceptors and neurotrophins, 
such as nerve growth factor (NGF) [55].

In the context of allergic inflammation in allergic 
rhinitis associated with the neuroimmune network, 
we considered the neuromolecules with predominant 
proimmunogenic effects (such as acetylcholine, dopa-
mine, L-glutamate, melatonin, and substance P) and 
protolerogenic effects (such as serotonin, GABA, nor-
epinephrine, oxytocin, and CGRP). At the local (na-
sal) level, allergen tolerance is mainly associated with 
the peculiarities of the innervation and an appropriate 
set of neurotransmitters in the nasal cavity [3, 13]. 
When systemic allergen tolerance maintenance is still 
available, but the appropriate neurotransmitter imba- 
lance occurs in the nose, the autonomic nervous sys-
tem may be responsible for autonomous allergen tol-
erance breakdown that results in LAR. 

We proposed a hypothesis to be tested that the  
autonomous allergen tolerance breakdown in the nose 
may be caused by an imbalance of proimmunogenic 
and protolerogenic neurotransmitters with a lower 
concentration of the latter [56]. The neurotransmitter 
imbalance paradigm seems to be among possible ex-
planations of the pathogenesis of LAR in individuals 
with atopic predisposition, but requires further study 
and discussion.
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ABSTRACT

Human papillomavirus (HPV) is a small epithelial, non-enveloped, double-stranded DNA virus that belongs to the 
Papillomaviridae family. HPV infection is one of the most common sexually transmitted infections, and certain 
types of HPV are known to be carcinogenic to humans. According to the scientific literature, there is reliable 
information about the role of highly oncogenic HPV types in the development of cervical, anal, vulvar, vaginal, 
penile, and oropharyngeal cancer. 

Currently, a relevant and promising research area is the study of the role of HPV infection in prostate cancer (PC) 
and bladder cancer (BC), but scientific data on the potential pathogenetic relationship between these phenomena 
remain contradictory. An in-depth study of the question how herpes and human papillomavirus affect the origin 
of malignant tumors of the prostate and bladder, as well as the course of these diseases, and the prognosis of 
their development can become a source of information for development of new approaches to their diagnosis, 
prevention, and monitoring of morbidity. This literature review analyzes the results of modern studies on the role 
of oncogenic HPV types in the carcinogenesis of PC and BC.
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РЕЗЮМЕ

Вирус папилломы человека (ВПЧ) – это небольшой эпителиотропный, безоболочечный, двухцепочечный 
ДНК‐вирус, который относится к семейству Papillomaviridae. Инфекция, вызванная ВПЧ, является одной из 
наиболее распространенных инфекций, передаваемых половым путем. Известно, что определенные типы 
ВПЧ относятся к канцерогенам для человека. По данным научной литературы, имеется достоверная ин-
формация о роли высокоонкогенных типов ВПЧ в развитии рака шейки матки, анального канала, вульвы, 
влагалища, полового члена и ротоглотки. 

Актуальным и перспективным направлением исследования в настоящее время является изучение роли 
ВПЧ-инфекции в раке предстательной железы (РПЖ) и раке мочевого пузыря (РМП). Однако научные дан-
ные о потенциальной патогенетической связи между этими явлениями остаются противоречивыми. Углу-
бленное изучение вопроса о том, как вирусы герпеса и папилломы человека влияют на происхождение зло-
качественных опухолей предстательной железы и мочевого пузыря, течение данных заболеваний и прогноз 
их развития, может стать источником информации для разработки новых подходов к их диагностике, про-
филактике и мониторингу заболеваемости. В данном обзоре проанализированы результаты современных 
исследований по проблеме участия онкогенных типов ВПЧ в канцерогенезе ПЖ и МП.

Ключевые слова: вирус папилломы человека, рак предстательной железы, рак мочевого пузыря, канце-
рогенез.
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INTRODUCTION

The study of the etiological role of infectious 
agents (primarily viral) in carcinogenesis of various 
tumors is one of the most relevant problems in mo- 
dern medicine. Currently, there is reliable informa-
tion about the role of highly oncogenic types of hu-
man papillomavirus (HPV) in the development of 

cervical, anal, vulvar, vaginal, penile, and oropha-
ryngeal cancers. 

In foreign and Russian literature, there is a grow-
ing number of publications that confirm the influence 
of HPV and herpes on the emergence of prostate and 
bladder cancer. This fact proves the need for a more 
profound and thorough study of the role of these 
viruses in the emergence, course, and prognosis of 
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these cancer types. This review analyzes the current 
research data on this topic.

THE ROLE OF HPV INFECTION IN THE 
CARCINOGENESIS OF PROSTATE CANCER

Prostate cancer (PC) is the second most common 
cancer and the fifth leading cause of cancer death in 
men [1]. According to the World Health Organiza-
tion, 1.2 million new cases and 358.000 deaths were 
identified in 2018 [2]. More than 550 thousand new 
cases of PC are diagnosed in the world annually. 
USA, Canada, and some European countries have 
the highest rates of PC incidence, where it ranks first 
[3]. 

According to researchers’ forecasts, in 2030, the 
number of PC cases in the world will be 1.7 million 
and the morbidity rate will reach about 500.000 [4]. 
In the Russian Federation, there has been a steady 
increase in the incidence of PC. In 2018, 42,518 new 
cases of PC were diagnosed, and the standardized in-
cidence rate was 41.45 new cases per 100, 000 popu-
lation. The increase in morbidity from 2008 to 2018 
was 87.70%, with an average growth rate of 5.92% 
for 2018 [5].

RISK FACTORS
PC is traditionally considered a disease of the 

elderly. The disease is quite rare in men under 45 
years of age. However, after that age, an increase in 
the incidence of PC is observed, with a maximum in 
the 65–74 age group [6]. Risk factors also include 
genetic predisposition, ethnicity (Black and Hispa- 
nic populations), obesity, alcohol consumption, and 
high testosterone levels [7].

In addition to these factors, infectious agents are 
of great importance in the pathogenesis of PC [8]. 
According to clinical and epidemiological studies, 
infections can lead to chronic inflammation, which 
induces an inflammatory microenvironment, pro-
motes malignant cell proliferation, angiogenesis, and 
metastasis, disrupts adaptive immune responses, and 
alters the response to hormonal and chemotherapeu-
tic agents [9, 10].

HPV infection is one of the most common se- 
xually transmitted infections (STIs) worldwide [11]. 
HPV is a small, epitheliotropic, non‐enveloped, 
double-stranded DNA virus that belongs to the Pa- 
pillomaviridae family. According to numerous ep-
idemiological studies, the International Agency for 
Research on Cancer (IARC) identified the types of 

HPV that are related to human carcinogens. These 
types include HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 
56, 58, and 59 [8]. Highly oncogenic types of HPV 
can cause cervical, anal, vulvar, vaginal, penile, and 
oropharyngeal cancer [12–15].

In the study of HPV-associated carcinogenesis, 
it was found that the most well-known studies are 
those on HPV-induced cervical cancer. Epithelial 
cells become malignant with prolonged exposure 
to oncogenic strains of HPV. Inactivation of tumor 
growth suppressors p53 and RB (retinoblastoma 
gene) occurs under the influence of the expressed 
viral oncogenes E6 and E7. Due to changes in the 
normal functions of these suppressor genes, the cell 
begins to divide uncontrollably, which leads to tu-
mor formation. Suppression of the antitumor prop-
erties of these proteins depends on the viral activity: 
in viruses with high activity, the formed E6–p53 and 
E7–rRb complexes remain stable. On the contrary, 
infected cells become malignant [16].

HPV infection is one of the causes of intrapros-
tatic inflammation, and there is evidence that chronic 
inflammation is involved in the regulation of cellular 
events in prostate carcinogenesis [17–20].

In 1990, P.J. McNicol and J.G. Dodd were the 
first to identify HPV DNA in the prostate tissue by 
polymerase chain reaction (PCR) [21]. Today, more 
studies are being conducted to investigate the associ-
ation between HPV infection and PC.

In 2017, G. M. Volgareva et al. conducted a study 
of the surgical material from 17 patients with PC for 
the presence of the HPV 16 E7 oncogene by PCR. 
The microscopic analysis of the surgical material 
confirmed PC in 16 of the 17 patients. In all these 
cases, except one, acinar adenocarcinoma was de-
tected, and in 1 patient, moderately differentiated 
adenocarcinoma was observed. PCR revealed the  
presence of HPV 16 E7 DNA in lysates obtained 
from 7 specimens of 17 examined patients. The re-
sult was positive in five cases of cancer and two cas-
es of prostatic intraepithelial neoplasia (PIN) [22].

In 2019, G. M. Volgareva et al. analyzed the same 
group of patients to detect HPV 18. The E7 onco-
gene was found in the tissues removed from patients 
with PC in 2 out of 17 cases. Together with the pre-
viously obtained data, this result suggested that HPV 
16 and HPV 18 are the main types of HPV respon-
sible for the development of cervical cancer and are 
often present in the prostate glands of patients with 
PC [16].
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In 2016, F. Atashafrooz et al. conducted a study 
that evaluated the incidence of various types of 
HPV in PC and benign prostatic hyperplasia (BPH) 
in Kerman province (Iran) using the PCR method. 
The aim of the study was to identify the association 
of HPV infection with the occurrence of PC. PCR 
showed that HPV DNA was detected in 20% of 100 
PC samples (n = 20), 80% (16 patients) of which had 
highly oncogenic HPV types, 40% (8 patients) had 
HPV 16 and 18, 30% (6 patients) had HPV 31 and 
33, and 10% (2 patients) had HPV 54. The DNA of 
highly oncogenic HPV types was found in only 2% 
of prostate samples with benign hyperplasia.

 This study confirmed the role of highly oncogen-
ic HPV types in prostate diseases in Iranian patients 
and the correlation between the presence of HPV 
DNA and PC. In particular, HPV 16 and 18 may play 
an important role in the development of PC [23].

In the same year, L. Huang et al. examined pros-
tate tissue samples from 75 patients with PC and 73 
patients with BPH. The immunohistochemical study 
revealed positive staining for HPV 16 and 18 in 16 
PC cases (21.3%) and in 7 benign hyperplasia sam-
ples (9.5%) with a statistically significant difference 
between the two groups (p = 0.049). PCR combined 
with western blotting showed the presence of HPV 
16 in 17 (22.6%) cases and HPV 18 (17.8%) in 13 
cases, including four positive episodes of HPV 16 
and 18 in the PC group. 

In the control group of BPH, six samples were 
infected with HPV 16 (8.2 %) and three samples – 
with HPV 18 (4.1%), while there were no patients 
with positive staining for HPV 16 / 18, which is 
significantly lower than in the group with PC. Ad-
ditionally, no significant differences were found be-
tween the results of immunohistochemical testing 
and PCR in combination with western blotting (p = 
0.069). The authors also found that HPV infection of 
types 16 and 18 correlated with the clinical stage and 
the Gleason score in PC (p <0.05), but not with the 
patient’s age, the level of prostate-specific antigen 
(PSA), and the presence of metastases in the lymph 
nodes (p > 0.05) [24].

In 2017, W.K. Glenn et al. carried out a study in 
which HPV was detected by PCR in prostate biopsy 
samples of 52 men with BPH who later developed 
PC after 1–10 years. HPV screening using the PCR 
method was performed among 28 of the 52 samples. 
HPV L1 genes were detected in 13 patients with 
BPH and in 8 patients with PC. HPV E7 genes were 

identified in 23 cases (82%) of BPH and in 19 (68%) 
cases of PC. The same types of HPV were present in 
patients with both BPH and PC, detected later in 9 
episodes [25].

 HPV 16 was detected in 15% and 3% of cases 
of BPH and PC, respectively. HPV 18 was detected 
in 26% of prostate samples with BPH and in 16%  
cases with PC. High reliability of the sequenced RNA 
data for HPV 16 and 18 was identified in 12 (2%) of 
the 502 transcriptomes of PC in The Cancer Genome 
Atlas (TCGA). The oncoprotein E7 was positive in 
23 (82%) of the 28 benign hyperplasia samples and 
only in 8 (29%) cases of the 28 PC samples. PSA 
expression was more prominent in 26 (50%) of the 
52 PC samples compared with BPH samples in the 
same patients.

This study confirms that highly oncogenic HPV 
types are present in prostate tissues with BPH prior 
to the development of HPV-positive PC in the same 
patients. In addition, much more pronounced expres-
sion of the oncoprotein E7 in BPH samples indicates 
that the oncogenic activity of HPV is an early phe-
nomenon in prostate carcinogenesis [25].

In 2018, O. Medel-Flores et al. conducted a study 
aimed at identifying the relationship between the oc-
currence of PC and HPV in the Mexican population. 
356 paraffin blocks from unrelated men with PC or 
BPH were studied, with the latter serving as a control 
group. HPV detection was performed by PCR using 
universal primers; viral genotypes were determined 
by sequencing or multiplex PCR [26]. 

The microscopic analysis revealed koilocytes in 
the material which was subsequently analyzed by in 
situ PCR for the presence of HPV, as well as by the 
immunohistochemical method for detecting the ex-
pression of p16-INK4A. In situ PCR is a modifica-
tion of classical PCR, which has similar sensitivity, 
but at the same time allows to visualize infected cells 
and assess their relative number. The results showed 
that highly oncogenic HPV types were detected in 37 
of the 189 (19.6%) PC samples, compared with 16 of 
the 167 (9.6%) BPH samples (p = 0.01).

  These findings suggest that highly oncogen-
ic HPV types may contribute to the development 
of PC.  HPV 52 and 58 were the most common 
genotypes (33% and 17%, respectively) found in 
the studied population.  Koilocytes, representing a 
pathognomonic sign of infection, were found in all 
in situ PCR HPV-positive samples. The researchers 
also observed increased expression of p16-INK4A 
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in HPV-positive samples compared with HPV-neg-
ative samples, indirectly confirming the presence of 
the oncoprotein E7. 

These results demonstrate that HPV plays an im-
portant role in the development of PC. Detection of 
highly oncogenic HPV types amounted to 81.4% 
(83% in the BPH group and 79% in the PC group), 
and detection of low-risk HPV was four times lower – 
only 19% (17% in the BPH group and 21% in the PC 
group). The virus genotypes observed in the samples 
in order of decreasing prevalence were distributed 
as follows: HPV 52 (33.3%), HPV 58 (17.17%), 
HPV 11 (12.7%), HPV 18 (10.8%), HPV 16 (7.8%), 
HPV 33 (6.9%), HPV 6 (5.9%), and HPV 31  
(4.0%) [26].

In 2020, G.I. Russo et al. conducted a meta-analy-
sis of 30 studies examining the relationship between 
HPV 16 and 18 and an increase in PSA values in 
6,321 individuals. All men with elevated PSA values 
(p < 0.01) tested positive for HPV 16. There were 
seven studies involving 2,391 patients with elevated 
PSA in the blood serum and 4,059 patients in the 
control group. All studies investigated the relation-
ship between HPV 18 and an increase in the PSA 
value. The results of the studies did not reveal an 
increase in the PSA value (p = 0.49) in men with  
positive HPV 18. This meta-analysis suggests that 
HPV 16 may be a risk factor for an increase in the 
PSA value, whereas no similar association was found 
for HPV 18 [27].

In 2019, M. Moghoofei et al. analyzed the results 
of 24 studies conducted from January 1990 to De-
cember 2016, which included 5,546 patients with 
PC, to assess the heterogeneity of the main param-
eters, reflecting the study area, sample type, HPV 
DNA source, detection method, publication calen-
dar period, and Gleason score. The odds ratio (OR) 
and the corresponding 95% confidence interval (CI) 
were calculated to identify the relationship between 
the prevalence of HPV and the risk of developing 
PC. A significant positive correlation was found be-
tween HPV infection and the risk of developing PC 
(OR = 1.281). 

The HPV16 genotype was more common in pa-
tients with PC, which significantly increased the risk 
of developing cancer (OR= 1.60). The risk of de-
veloping PC increased significantly at the age of 65 
years and older (OR = 3.564). The results of this me-
ta-analysis support a potential pathogenetic associa-
tion between HPV infection and an increased risk of 

developing PC, confirming that HPV infection may 
contribute to the risk of developing PC [28].

THE ROLE OF HPV INFECTION IN THE 
CARCINOGENESIS OF BLADDER CANCER

Bladder cancer (BC) is the seventh most common 
type of cancer in the world. The prevalence of BC is 
the highest among men, where it is the fourth most 
common cancer type [29]. In the Russian Federation, 
the incidence of BC increases every year. In 2018, 
13,479 new cases of BC were diagnosed, and the 
standardized incidence rate was 13.20 new cases per 
100, 000 population. The increase in morbidity from 
2008 to 2018 was 28.12%, with an average growth 
rate of 2.44 % in 2018 [5].

Histologically, 94% of BC cases are urothelial 
carcinomas. The remaining cases include squamous 
cell carcinoma (2%), adenocarcinoma (2%), and 
mesenchymal and other tumors (2%) [30]. Squa-
mous cell carcinoma and urothelial carcinoma with 
squamous cell differentiation are often high-grade 
tumors associated with poor prognosis and worse 
outcomes after surgery, radiation, and chemothera-
py, compared with urothelial carcinomas [31].

Well-known risk factors for BC are chronic uro-
logic diseases, the presence of co-morbidities that 
reduce immune response (COPD, asthma, autoim-
mune thyroiditis, etc.), occupational hazards, ciga-
rette smoking, alcohol consumption, radiation ex-
posure, as well as a family history of cancer. Risk 
factors specifically associated with squamous cell 
BC encompass chronic bladder irritation caused by 
prolonged use of catheters and previous schistoso-
miasis [32]. Recently, HPV has been considered as a 
causative agent of squamous cell BC [33]. In this re-
gard, more research has been conducted in this area 
lately.

In 2019, B. Javanmard et al. studied HPV DNA 
in the tumor tissue and urine at various stages of 
BC. The average age of 110 patients was 61.6 ± 10 
years, 14 patients were female (12.7%). The authors 
believe that the selection of urine samples for HPV 
detection is as reliable as the selection of tumor tis-
sue, which can be considered as a prognostic mar- 
ker. PCR for the common HPV primer in the bladder 
tumor tissue was positive in 3 (9.4%), 22 (38.6%), 
and 15 (71.4%) Ta, T1, and T2 stage bladder tumors, 
respectively (p < 0.001). 

PCR for HPV 16 in the bladder tumor tissue was 
positive in 2 (6.3%), 10 (17.5%), and 13 (61.9%) 
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cases, and PCR for HPV 18 in the bladder tumor 
tissue was positive in 1 (3.1%), 14 (24.6%), and  
12 (57.1%) Ta, T1, and T2 stage tumors, respective-
ly (p < 0.001, p < 0.001). 37 (33.6%) urine samples 
were positive for HPV using PCR, and HPV 16, 18 
subtypes were positive in 17 (15.5%) and 14 (12.7%) 
urine samples, respectively. This study suggests that 
HPV infection may be associated with the develop-
ment of late-stage BC [34].

In 2018, K.R. Børgensen et al. conducted a study 
in which the relationship between HPV, oncoprotein 
p16INK4a, and squamous cell BC was evaluated. 
The patients were divided into three groups based 
on the histological evaluation. A study included 
100 patients: 50 patients with squamous cell BC, 
25 patients with urothelial carcinomas, and 25 pa-
tients with urothelial carcinoma with squamous cell 
differentiation. Overall, HPV was found in 12 of  
100 (12%) patients and in 9 of 50 (18%) patients 
with squamous cell carcinoma. 

Overall, overexpression of p16INK4a was ob-
served in 52/100 (52%) patients. However, con-
comitant HPV and p16INK4a overexpression were 
observed in only 4/100 (4%) patients. The study 
demonstrated the presence of HPV in one-fifth of 
the patients with squamous cell carcinoma, which 
may significantly contribute to the carcinogenesis of 
squamous cell carcinoma [35].

In 2018, U.K. Mete et al. (India) studied materi-
al from 50 patients with urothelial BC. The control 
group included ten people who were hospitalized for 
transurethral resection of the prostate for BPH and/
or ureterorenoscopy for urolithiasis. The average 
age of patients was 54.1 years. Tissue samples were 
analyzed for the presence of HPV 16 and 18 with 
PCR. Histological examination of the tumor tissue 
was performed to assess the degree of differentiation 
of the tumor. 

A total of 28 (56%) patients were diagnosed 
with low-grade tumors and 22 (44%) patients – 
with high-grade tumors. 18 (36%) patients had T2 
or higher stage of the disease. All tumor biopsies 
and control samples were HPV-negative. The pre- 
valence of HPV in the urothelium was very low, 
regardless of the stage and degree of the disease, 
and, therefore, it is unlikely that HPV is the caus-
ative agent of urothelial BC in the Indian popula-
tion. However, the role of other types of HPV in 
the etiology of BC requires clarification and further 
research on this topic [36].

The role of herpesviruses in the carcinogenesis 
of prostate and bladder cancer

The role of viruses of the Herpesviridae fami-
ly in the etiology of bladder and prostate cancer is 
currently being discussed. Herpesviridae is a large 
group of big viruses with linear genomic DNA up 
to 20 thousand nucleotide pairs in size. With more 
than 25 groups, only 6 can reliably cause diseases in 
humans: herpes simplex virus I and II, herpesvirus 
type 3 (chickenpox virus), herpesvirus type 4 (Ep-
stein-Barr virus), herpesvirus type 5 (Сytomegalo-
virus), and herpesvirus type 6. Data on the carcino-
genic effect of cytomegalovirus infection (CMV), 
herpes simplex virus (HSV), and Epstein-Barr virus 
(EBV) are increasingly appearing in the literature.

In recent years, more research has been conduc- 
ted on the role of various viruses in the carcinogene-
sis of PC. According to the study by T.T. Andabekov 
et al. (2010), low-grade PC was observed in patients 
with a positive test for CMV (p < 0.05). Moreover, 
in this category of patients, the five-year survival 
rate after radical prostatectomy without relapse was 
lower (38.1%) compared with CMV-negative men 
(96.3%) (p < 0.05). The average life expectancy of 
deceased patients with CMV who underwent combi-
nation treatment was less than in uninfected patients: 
27.71 and 76.6 months, respectively (p < 0.05). The 
data of the conducted study show that CMV is an 
important risk factor for the relapse of the disease, 
which should be taken into account when choosing 
surgical treatment for patients with PC [37].

In the study by O.B. Laurent et al. (2015), 54 pa-
tients (44 men and 10 women) with BC and one pa-
tient with urothelial papilloma were examined. The 
histological evaluation revealed high-grade urotheli-
al cancer in 72.2% of cases (39 patients), low-grade 
cancer in 25.9% (14 patients), and urothelial papil-
loma in 1 case (1.8%). Fifteen patients (27.8%) had 
a relapse of the disease. All patients participating 
in the study also underwent blood tests for IgG and 
IgM antibodies to herpes simplex virus (HSV) type 
I and II, CMV, and Epstein–Barr virus (EBV). The 
results of the study revealed high titers of anti-CMV 
IgG in patients with BC. Moreover, the level of these 
antibodies in patients with recurrent tumors, a high 
degree of anaplasia, and high grade of the disease 
was much higher. There was a statistically signifi-
cant correlation between the presence of CMV DNA 
in the tumor and the level of anti-CMV IgG, as well 
as the stage of the disease, the level of early EBV 
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antibodies, and antibodies to the nuclear antigen of 
EBV. In addition, the relationship between the level 
of anti-CMV IgG and the stage of the disease, tumor 
recurrence, the level of early antibodies to EBV, as 
well as a significant change in the level of anti-HSV 
I and II IgG was revealed [38].

In 2018, I. V. Kosova et al. examined and ana-
lyzed 100 patients (72 men and 28 women) aged 38 
to 90 years with BC. This study was performed us-
ing molecular and genetic and ELISA methods for 
diagnosing the presence of viral infections (HSV I 
and II, CMV, EBV, and human papillomavirus). Ad-
ditionally, histological (evaluation of lymphocytic 
infiltrate, inflammatory activity, cytopathic chang-
es) and immunohistochemical (CD31, EGFR, Ki67, 
p63, p53, CD44, Bcl-2) methods were used. 

In the course of this study, a relationship was re-
vealed between the studied viral infection parame-
ters in patients with BC. EGFR expression and the 
level of anti-EBV Ig-VCA (p = 0.032), proliferative 
activity (p = 0.05), and p53 (p = 0.025) correlated 
in patients with the presence of viral DNA in the tu-
mor tissue, and the presence of CMV was associat-
ed with focal hyperplasia (p = 0.012), koilocytosis  
(p = 0.028), the presence of leukocytes (p = 0.012) 
and eosinophils (p = 0.012). Infection of tumor tis-
sues with highly oncogenic HPV strains affected 
proliferative activity (p = 0.05), koilocytosis, and 
neoangiogenesis (p = 0.008). Increased proliferative 
activity, expression of apoptotic factors, growth fac-
tors, and neoangiogenetic factors in patients with the 
presence of viral DNA in the tumor tissue indicates 
an unfavorable course of the tumor process [39].

CONCLUSION
An in-depth study of how human herpes and pa- 

pillomaviruses affect the origin of malignant tumors 
of the prostate and bladder, as well as the course and 
prognosis of these diseases, can become a source of 
information for the development of new approach-
es to their diagnosis, prevention, and monitoring of 
morbidity. In addition, the data obtained can be used 
in practical medicine, which can significantly im-
prove the five-year survival rate in patients.

The analysis of available literature has shown the 
importance of viral infection testing for herpes and 
human papillomaviruses in the male population for 
timely treatment. It will definitely become one of the 
links in the prevention of prostate and bladder cancer 
development.
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Possibilities of conservative treatment of patients with lymphedema  
of the extremities (literature review)

Myshentsev P.N., Yarovenko G.V., Katorkin S.Е.

Samara State Medical University 
89, Chapaevskaya Str., Samara, 443099, Russian Federation

ABSTRACT

The literature review describes various methods for treating patients with lymphedema of the extremities. Statistics 
show an increase in the incidence and disability of patients with this pathology. However, the possibilities of 
therapeutic measures in lymphedema are far from perfect.

The analysis of literature data showed that the basis of treatment for lymphedema of the extremities is comprehensive 
conservative therapy with the use of pathogenetically grounded physical, mechanical, and medical methods. In 
complex schemes of conservative treatment for lymphedema, physiotherapy methods occupy a prominent place. 
The most common technique among them is regular combined decongestive therapy. This method is recognized 
by leading experts as the main one in treating patients with lower extremity lymphedema. Commitment of patients 
to treatment and their social and psychological counseling are of great importance. The choice of the volume and 
method of surgical intervention requires a difficult and individual assessment of pathological changes developing 
throughout the course of the disease. 

Despite certain improvements in treatment methods, lower extremity lymphedema is still an unsolved issue. The 
experience of most specialists involved in lymphedema treatment demonstrates a reasonable balance between basic 
conservative and surgical treatment methods. Undoubtedly, results of evaluation of these methods will improve the 
choice of an optimal technique for treating patients with lymphedema of the extremities.

Key words: lymphedema of the extremities, conservative treatment, physiotherapy.
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Возможности консервативного лечения пациентов  
с лимфедемой конечностей  (обзор литературы)

Мышенцев П.Н., Яровенко Г.В., Каторкин С.Е.
Самарский государственный медицинский университет (СамГМУ) 
Россия, 443099, г. Самара, ул. Чапаевская, 89

РЕЗЮМЕ

Представлен обзор литературных источников, посвященных различным методам лечения пациентов с лим-
федемой конечностей.  Статистические данные свидетельствуют о росте заболеваемости и инвалидизации 
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пациентов с этой патологией. Вместе с тем возможности лечебных мероприятий при лимфедеме оставляют 
желать лучшего. 

Анализ литературных данных показал, что основу лечения лимфедемы конечностей составляют 
комплексные консервативные мероприятия, которые должны обеспечить применение патогенетически 
обоснованных физических, механических и медикаментозных методов. В комплексных схемах консер-
вативного лечения лимфатических отеков значительное место занимают физиотерапевтические методы. 
Ведущим среди них является регулярная   комплексная противоотечная терапия. Этот метод признается 
ведущими специалистами в качестве основного в лечении пациентов с лимфедемой. Большое значение 
имеют приверженность пациентов к лечению, их социальная и психологическая поддержка. Выбор объема 
и метода оперативного вмешательства требует осуществления трудной, индивидуальной оценки патологи-
ческих изменений, развивающихся при заболевании.

Несмотря на определенные достижения, результаты такого лечения далеки до удовлетворительных значе-
ний. Опыт большинства специалистов, занимающихся лимфедемой, свидетельствует о разумном балансе 
между базовой консервативной терапией и хирургическими способами лечения. Несомненно, результаты 
оценки этих методов позволят улучшить выбор оптимального метода лечения пациентов с лимфедемой 
конечностей.
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INTRODUCTION

The current level of care for patients with lym- 
phedema of the extremities is quite high. New meth-
ods of conservative and surgical treatment are being 
developed and implemented in clinical practice. At 
the same time, observations show that with an obvi-
ous increase in the incidence of lymphedema associ-
ated with cancer, inflammatory diseases, and malfor-
mations, the effectiveness of therapeutic measures is 
far from perfect [1, 2]. The peculiarities of the patho-
genesis and clinical course of lymphedema result in 
a dubious prognosis and the opinion of some doctors 
about the futility of treating patients with lymphede-
ma [3]. Undoubtedly, lymphedema of the extremi-
ties is a chronic disease, but its effective treatment is 
a difficult, but quite solvable task [4–7]. 

The main principles of the treatment strategy are 
complexity and phasing. Experience shows better 
results when treatment starts early. In treatment of 
patients, it necessary to take into account medical, 
psychological, and social rehabilitation [8]. Patient’s 
commitment to treatment and systematic coopera-

tion between the doctor and the patient are of great 
importance. A special role is attributed to the system 
of training patients to fight against their disease [9].

Currently, conservative therapeutic measures oc-
cupy a prominent place in the treatment of patients 
with lymphedema of the extremities [2, 3, 6, 10]. 
They should ensure correction of all interrelated 
pathogenetic links of this disease and be complex 
and step-by-step, including preoperative preparation 
and postoperative care [3, 5].

CONSERVATIVE TREATMENT  
OF LYMPHEDEMA

Compression therapy. Compression therapy is 
one of the basic methods recommended for daily 
use in treatment of patients with lymphedema of the 
extremities [1, 2, 4]. Using elastic compression gar-
ments leads to an increase in pressure in the intersti-
tial space with increased reabsorption of fluid and 
proteins into lymphatic capillaries. A decrease in the 
diameter of superficial and deep veins of the limb re-
sults in acceleration of venous blood flow and lymph 
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outflow in the supra- and subfascial spaces with a 
moderate fibrinolytic effect [4, 6, 7]. 

When using elastic bandages, short-stretch ban-
dages are recommended, as they create a more pro-
nounced increase in the pressure during motor activ-
ity, contributing to the work of the skeletal muscle 
pump and providing a high decongestant effect. The 
structure of elastic bandages, which is constantly be-
ing improved, is of great importance. So, one of the 
studies shows that using single-layer silicone ban-
dages with stretchability of 35% provides optimal 
pressure not only in the horizontal, but also in the 
vertical body position and during movements of pa-
tients. This reduces the volume and consistency of 
the limb tissues by up to 40% [11].

The use of therapeutic compression garments has 
a number of advantages. It is advisable to use flat-
knit compression garments, which creates sufficient 
working pressure, has increased strength and wear 
resistance, and prevents formation of folds [4, 12]. 
For stage I lymphedema, class 2 compression is rec-
ommended. Class 3 compression garments are indi-
cated for stage II lymphedema, class 4 compression 
(pressure over 49 mm Hg) is indicated for stage III–
IV lymphedema with fibredema.

Inelastic compression in lymphedema is more ef-
fective than elastic one, as it improves emptying of 
veins and outflow of lymph by creating a stiff shell 
around the limb and high working pressure. For  
example, the CIRCAID device consists of a series of 
nylon strips wrapping a leg and connected together 
via a Velcro system, which allows the patient to dose 
pressure on the limb. Products are sold ready-made 
or are tailor-made to a given size for the entire limb 
or for its individual segments [13].  

Recently, there have been reports on using special 
Kinesio tapes on the limbs in patients with lymph-
edema [14, 15]. According to studies, fan cut taping 
can be used as additional treatment for lymphede-
ma in order to reduce edema and pain by stimulat-
ing proprioception, blood flow, and lymph outflow. 
However, despite the fact that this technique gives 
positive results, its use requires detailed scientific 
justification.

Massage. Lymphatic massage or manual lym-
phatic drainage in comprehensive treatment of pa-
tients with lymphedema of the extremities in recent 
decades has received universal recognition due to its 
practical effectiveness and scientific confirmation of 
its usefulness [1–4, 12]. The main effects of manual 

lymphatic drainage are to improve the transport func-
tion of the lymphatic system by stimulating lymph-
angions, increasing collateral lymphatic outflow, and 
allowing for lymphatic vessel and lymphovenous 
anastomoses. The effect of fluid reabsorption, and 
most importantly, removal of proteins from the inter-
stitial space, which is essential for reducing fibrotic 
changes in soft tissues in lymphedema, is of great 
importance [3, 7, 12, 16].

Manual lymphatic drainage is very different from 
traditional types of massage techniques. Massage 
movements should be slow, eliminating the friction 
of the skin. The pressure exerted on the tissues by 
the hands is much lower than in other types of mas-
sage (no higher than 30–40 mm Hg), since the main 
area of influence is the lymphatic network of the skin 
and subcutaneous tissue. The sequence of massage 
movements is of particular importance. Initial move-
ments are performed in the area of regional lymph 
nodes with a gradual movement to the peripheral ar-
eas of the limb. Each movement in a certain zone is 
carried out in the proximal direction, based on the 
principle that the lymph should move to the area 
from where it is displaced [12, 16]. 

Recently, new, clinically proven and objective 
markers have been developed to assess the effec-
tiveness and scientific validity of manual lymphatic 
drainage. The data of bioimpedance spectroscopy, 
tonometry, and short-wave diathermy determine 
with sufficient accuracy movement of fluid on differ-
ent segments of the limb, depending on the applied 
massage manipulations.

Course application of professional manual lym-
phatic massage creates a temporary effect, although 
with a certain aftereffect. Therefore, patient’s mas-
tering this method for its regular use in complex 
self-treatment is of great importance [4]. Reports on 
introduction in recent years of devices that allow for 
dosed lymph massage are worth noting. Thus, the 
Linforoll device consists of a handpiece with a roll-
er attached to the tip and connected to a computer-
ized system that allows for real-time optimization of 
pressure exerted by the roller on the main tissues of 
the limb and improves results of treatment [17, 18].

Exercise therapy. Various physical exercises 
are aimed at activating extralymphatic stimulation 
of lymph outflow, since a significant increase in 
lymph transport in the limb has been proven during 
active and passive muscle movements and respira-
tory gymnastics [2, 3, 6]. In the horizontal body po-
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sition, light-intensity movements in the joints of the 
extremities are performed with alternating vertical 
walking on the spot, toe lift, and performing ‘swal-
low’ position. Swimming has a significant positive 
effect on lymphedema. With severe forms of lymph-
edema, being in a water pool becomes problematic 
for patients. In this regard, classes in a dry pool are 
essential, which is a tank filled with special plastic 
balls. In the dry pool, the patient can perform any 
movement, including simulated swimming. Unlike 
in a water pool, the patient does not need to remove 
the compression bandage [12]. Recently, there have 
been reports on the positive effect of dosed Nordic 
walking in the comprehensive treatment of patients 
with lower extremity lymphedema [19]. 

A combination of manual lymphatic drainage, 
compression bandaging, and physical therapy forms 
the basis for combined decongestive therapy. This 
method is recognized by leading experts as the main 
one in the treatment of patients with lymphedema [2, 
3, 9, 10, 12].

PHYSIOTHERAPY METHODS
In the complex schemes of conservative treat-

ment for lymphedema, physiotherapy methods occu-
py a prominent place [2, 3, 4, 9].

Intermittent pneumatic compression. The me- 
thod of intermittent pneumatic compression (IPC) or 
pneumatic massage of the extremities is widely used 
[2, 6, 20, 21]. The effect of regional pneumatic com-
pression mainly consists in significant reabsorption 
of fluid and, to a lesser extent, proteins from the ede-
ma into the lymphatic bed. There is also a decrease 
in hydrostatic pressure and tissue tension. Standard 
equipment allows for regular IPC sessions from dis-
tal to proximal parts of the limb in the modes from 
30 to 50 mm Hg, lasting 25–30 minutes [9]. Recent-
ly, to increase the efficiency of this method, IPC de-
vices with retrograde velocity signals with constant 
pressure parameters of 40 mm Hg have been intro-
duced [22]. 

The study of tissue fluid pressure during IPC in 
patients with stage II-IV lymphedema guided by 
electronic manometry and plethysmography was 
carried out. It was noted that pressure in the tissue 
fluid in IPC reached 40–100 mm Hg, and the volume 
of displaced tissue fluid varied from 10 to 30 ml in 
proximal parts of the limb during the compression 
cycle, and in some cases – up to 100 ml [23, 24]. 
Studies using fluorescence lymphography showed 

that IPC accelerates lymph flow in the superficial 
lymph vessels of the extremity with faster and more 
efficient flow during relaxation than during compres-
sion.

In the treatment of patients with lymphedema, a 
positive effect is provided by a combination of IPC 
and manual lymphatic drainage, exercise therapy, 
and respiratory gymnastics [2, 3, 7]. One of the ad-
vantages of IPC is a possibility of using this method 
by the patient at home adhering to all indications and 
contraindications. For this purpose, small-sized and 
inexpensive devices have been developed [4, 7].

Laser therapy. Among physiotherapy methods, 
laser therapy has become a common method of 
treating patients with lymphedema in the outpatient 
setting [25]. Under the influence of low-intensity la-
ser radiation, changes occur at all levels of a living 
organism. At the subcellular level, a stereochemical 
rearrangement of molecules and activation of redox 
processes occur. At the cellular level, a change in 
the membrane potential and an increase in prolife- 
rative activity are observed. At the tissue and organ 
levels, blood and lymph circulation are activated. 
At the systemic and organizational levels, adaptive 
neuro-reflex and neuro-humoral reactions take place 
[26, 27]. For treatment with low-intensity laser radi-
ation, helium-neon lasers with a wavelength of 0.63 
μm and power of 20 mW and semiconductor infrared 
lasers with a wavelength of 0.89 μm, a frequency of 
70–100 Hz, and radiation power of 10–11 mW are 
used.

Photodynamic therapy is a special method of laser 
therapy based on the photochemical reaction of an 
injected photosensitizer that selectively accumulates 
in cancer or microbial cells and exposure to laser ra-
diation of a certain wave for damaging pathological 
formations [25]. In patients with lower extremity 
lymphedema, complicated by recurrent erysipelas, 
antimicrobial photodynamic therapy has been rec-
ognized. After a course of photodynamic therapy, 
histological studies show a significant decrease in 
the number of lymphocytes and histiocytes, reduc-
tion of lymphatic lacunation, and, most important-
ly, almost complete elimination of microbial cells. 
This contributes not only to relief of exacerbations 
of erysipelas, but also to stabilization of the clinical 
presentation of lymphedema [25].

Magnetic therapy. Currently, magnetic fields 
are widely used as a powerful physiotherapy meth-
od in various pathologies. The therapeutic effect of 



166 Bulletin of Siberian Medicine. 2021; 20 (4): 162–170

magnetic fields is primarily associated with positive 
changes in the morphofunctional state of vessels in 
the microcirculatory bed: vasodilation, increased 
blood flow and lymph outflow, improved blood rhe-
ology. Clinically, this is manifested through anti-in-
flammatory, trophotropic, antispasmodic, deconges-
tant, and disaggregating effects [25].

 With lymphedema of the lower extremities, us-
ing of a constant magnetic field at initial stages of 
the disease is the most effective. So, patients subjec-
tively report a decrease in the feeling of heaviness 
and pressure sensations in the lower extremities.  In 
lymphedema, characterized by significant fibrotic 
changes in the soft tissues of the limb, the effect of 
magnetic therapy is not observed [25]. The obtained 
data confirm reasonability of the therapeutic use of 
pulsed low-frequency magnetic fields in treatment of 
patients with lymphedema [26].   The effectiveness 
of the method is due to various synergistic actions 
(diamagnetic force acting on a liquid medium, ther-
mal effect and stimulation of transport of macromo-
lecular compounds). 

Good results were noted both according to clin-
ical and instrumental studies. In particular, in the 
experimental group, the authors observed clinical 
improvement compared with the control group, as 
evidenced by improved quality of life on the clini-
cal severity scale, as well as results of echographic 
studies [26].

Electrophoresis with enzymes and calcium chlo-
ride. Anti-edematous and anti-inflammatory ef-
fects of electrophoresis with these substances are 
mainly effective at stages I and II of lymphedema, 
which is due to stimulation of human lymphatic 
pacemaker and an increase in contractility of lym- 
phangions [28, 29]. Disadvantages of the standard 
electrophoresis technique are the superficial effect 
on tissues, inability to create a drug depot in this 
lymphatic region, and rapid elimination of the drug  
from the focus.

Ultrasound therapy. Using low-frequency ultra-
sound in combination with thermocontrast absorp-
tion of drugs (hyaluronidase, ronidase) increases 
permeability of the skin and reduces density of the 
subcutaneous fat due to loose connective tissue and 
depolymerization of hyaluronic acid [7]. In addi-
tion, direct and indirect effects of ultrasound lead to 
emergence of acoustic flows, cavitation, and variable 
sound pressure, which increases the functional ac-
tivity of the cell and ultimately leads to improved 

drainage function of lymphatic vessels and increased 
lymphatic and venous outflow.

Electrical stimulation of lymphatic vessels. This 
method can significantly enhance the drainage func-
tion of lymphatic vessels by normalizing their tone, 
restoring and accelerating rhythm of their contractile 
activity, and stimulating additional lymph outflow 
pathways in order to influence the crucial link in the 
pathogenesis of lymphedema – impaired lymphan-
gion function [2, 4, 7, 28, 29]. Developments on the 
application of electrical stimulation in treatment of 
lymphedema using the Lymphavision stimulator are 
of great interest. The device is based on generation 
of currents similar to impulses of human nervous 
system [7]. 

Follow-up of patients using anthropometry, rheo- 
lymphovasography, and thermal imaging showed 
significant reduction of edema at all levels of the 
affected limb by an average of 12%, a decrease in 
thermal symmetry of healthy and affected limbs by 
48.2%, and an increase in the rate of lymphatic out-
flow on the affected side by more than 2 times. There 
is successful experience of using the Body Drain de-
vice for treatment of lower extremity lymphedema, 
designed to provide a combined effect of electrical 
stimulation of lymphatic and venous systems and 
vacuum therapy [7].

 The effect on lymphatic outflow in the region of 
the pathological process is achieved due to electrical 
stimulation of smooth muscles in the lymphatic ves-
sels and striated muscles in the extremities. Creation 
of negative pressure in projection of main lymph 
nodes leads to stimulation of their drainage function 
and an increase in the intensity of extravascular fluid 
movement.

Ultraviolet blood irradiation. In clinical practice, 
ultraviolet blood irradiation (UBI) has a powerful 
biostimulating effect on the immune system, tissue 
regeneration, and improvement of blood rheolo-
gy. This method is of great importance for patients 
with lymphedema of the extremities, complicated 
by recurrent erysipelas [4, 7, 25, 28]. The most pro-
nounced effect of using UBI is observed in exac-
erbation of the pathology, and its cycle application 
prevents development of relapses of erysipelas. Re-
sults of using UBI show a good immediate result 
in 32.6% of patients, satisfactory result in in 59.1% 
of patients, and unsatisfactory result in 8.3% of pa-
tients [27, 28].
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Gravity therapy. The main mechanism of the 
therapeutic effect of this method is the action of cen-
trifugal forces of craniocaudal direction, created by 
a special artificial gravity unit [30]. Moderate hyper-
gravity (1.5 G) causes an increase in pressure in the 
interstitial space and increases lymphatic pumping. 
Increased lymph outflow stimulates lymph forma-
tion and activity of preserved lymphangions. Im-
provement of microcirculation under the gravitatio- 
nal influence with activation of metabolic process-
es in cells reduces the degree of dystrophic chang-
es and growth of connective tissue.  Stimulation of 
lymphatic drainage in tissues promotes destruction 
and removal of macromolecular substances from the 
interstitial space and reduces the degree of fiber re-
arrangement of soft tissues [31].  The rotation speed 
of the artificial gravity unit is 29–34 revolutions per 
minute, the number of sessions is 10–12, the dura-
tion of each session is 8–10 minutes [31].

Observations indicate that in comprehensive 
treatment of patients with lymphedema, the use of 
gravity therapy is advisable at the initial stages of the 
disease. According to volumetric data obtained at the 
end of a treatment cycle, a decrease in the volume 
of the limbs on average by 14% is observed mainly 
in the distal parts in patients with stage I lymphede-
ma, by 12% – in stage II lymphedema, and by 8% – 
in patients with stage III lymphedema. According to 
computed tomography performed in patients after 
completion of the comprehensive treatment, there is 
a decrease in the thickness of the subcutaneous tis-
sue to an average of 12.7±1.22 mm and a decrease 
in its density with the value of 123.46 ± 3.03 HU 
[30].	

Shockwave therapy. A report on using shockwave 
therapy is of interest [32]. Electro-pneumatically 
generated radial shock waves stimulate metabolism, 
accelerate neoangiogenesis, have an anti-inflamma-
tory effect, and increase transfer of interstitial flu-
id. In the course of treatment in patients with lym- 
phedema, a decrease in edema density upon palpa-
tion and reduction of limb circumference are iden-
tified. Ultrasound examination records a decrease in 
the epifascial thickness of tissues with a decrease 
in their hyperechogenicity. It should be noted that 
prescription of certain physical factors (pneumatic 
compression, shockwave therapy, electrical stimu-
lation) is a contraindication in patients with suspect-
ed acute venous thrombosis and acute erysipelas of 
extremities.

DRUG TREATMENT
Possibilities of medical treatment of lower limb 

lymphedema are limited. Different groups of drugs 
affect individual links in the pathogenesis of the di- 
sease and its complications with different, often in-
significant, degrees of effectiveness. Benzopyrones 
(coumarin), stimulating the activity of macrophages, 
promote removal of proteins from tissues in pro-
tein-rich lymphatic edema [33, 34].

Along with this, benzopyrones increase lymph 
outflow and reduce capillary fragility [35, 36]. Fla-
vonoid derivatives (diosmin, hesperidin) affect three 
main components of interstitial space drainage di- 
sorders in edema: microcirculation and venous and 
lymphatic outflow. One of the most effective drugs 
according to numerous studies and a large body of 
evidence is detralex. Its micronized purified flavo-
noid fraction has certain advantages that increase the 
pathophysiological orientation of this drug [4, 5, 7].

Feasibility of systemic enzyme therapy (woben-
zym, phlogenzym) in lymphedema is determined 
by its positive effect on blood rheology, reduction 
of platelet aggregation, increase in fibrinolysis, 
modulation of the activity of monocytes and macro-
phages, and reduction of tissue damage. Clinically, 
this is mainly manifested through immunomodulato-
ry, anti-inflammatory, and decongestant effects, im-
provement of reparative processes, and reduction of 
thrombotic complications [4, 6, 37].

Additionally, segmental lymphotropic injections 
are of particular interest. This method consists in a 
sequential, step-by-step lymphostimulating effect at 
various levels of the limb in conditions of lymphatic 
edema. Administration of drugs with lymphostimu-
lating properties should help restore normal passage 
of lymph in the affected limb. A course of segmental 
lymphotropic lymphostimulating injections includes 
3 injections with an interval of 48 hours. The compo-
sition of injections is the following: lidase 32 units, 
lidocaine 100 mg, actovegin 200 mg, tramal 50 mg, 
40% glucose solution as a filler and solvent [7]. 

Recurrent erysipelas often leads to formation of 
persistent lymphedema, and severity of edema is al-
ways directly related to the frequency and severity of 
recurrent erysipelas. [2, 4]. In case of exacerbations 
of erysipelas, various groups of broad-spectrum an-
tibiotics are used in clinical practice. Lymphotropic 
and endolymphatic methods of administration of 
antibiotics provide a more long-term bactericidal 
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concentration of the drug in the lymphatic vessels 
and lymph nodes, which reduces the total dose of 
the drug and side effects of antibiotic therapy [4, 
6, 24, 28]. Implementation of long-term preventive 
antibacterial therapy in the outpatient setting using 
penicillins (bicillin-1, bicillin-5, retarpen) for 6– 
12 months, is of great importance.  

The combined use of physiotherapy methods 
and drugs is worth noting. Thus, ultratonotherapy 
for lymphatic edema in combination with the ap-
plication of chitosan-based gel allows to optimize 
non-specific activation of local defense mechanisms 
of the body and contributes to strengthening of the 
barrier function of the skin. Chitosan promotes ac-
tivation of macrophages and can also be used as an 
adjuvant for immunostimulating agents in order to 
increase production of antibodies [7].

Long-term experience of leading specialists 
shows that patients’ adherence to independent  
therapeutic measures recommended by doctors is 
an indispensable part of comprehensive conserva-
tive treatment of lymphedema. The therapy includes 
skin care, self-massage, wearing compression gar-
ments, physical and breathing exercises, creating an 
elevated position of the limb, and, if possible, using 
portable pneumatic compression devices. [38–40].  
Follow-up of 348 patients with lymphedema showed 
that self-treatment is an essential and important 
part in management of this group of patients. The  
methods are easy to use at home and, therefore, 
allow to solve difficulties in availability of specia- 
lized, systematic, and frequent care, saves time, and 
strengthens patient’s awareness of their own respon-
sibility for participating in results of comprehensive 
treatment.

CONCLUSION
Thus, conservative treatment of patients with 

lymphedema of the extremities, taking into account 
a chronic course of the disease, is indicated for all 
types and stages of the disease, should be carried out 
constantly, and be comprehensive. Monotherapy for 
lymphedema is ineffective. It is advisable to step-by-
step combine several methods for treatment simul-
taneously [2, 3, 7, 38, 41]. In general, the success 
of treatment in patients with lymphedema of the ex-
tremities depends on its early diagnosis and, conse-
quently, early use of preventive and therapeutic mea-
sures. These measures, primarily of a conservative 
nature, are aimed at reducing the accumulation of 

tissue fluid and lymph and preserving and maintai- 
ning the function of lymphatic vessels and designed 
to slow down the progression of the disease to the 
greatest extent, achieve a stable positive effect, and 
improve the quality of life of the patient. 
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ABSTRACT

Currently, a growing amount of data is emerging on the role of various environmental factors (nutrients, gut 
microbiota, etc.) on formation of depression. The impact on these factors can be effective not only in treatment 
of major depressive disorder, but also in its early prevention. Therefore, a more detailed study of environmental 
factors in depression can lead both to a better understanding of the etiology and pathogenesis of the disorder and to 
optimization of approaches to its treatment. The aim of the review was to assess the potential role of a number of 
environmental factors associated with nutritional aspects and characteristics of individual microflora, as well as to 
review the prospects of a strategy for affecting these factors in treatment and prevention of depression.
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РЕЗЮМЕ

В настоящее время появляется все больше сведений о роли различных экологических факторов (особен-
ностей питания, бактериальной флоры человека и проч.) в формировании депрессии. Воздействие на ука-
занные факторы может быть эффективно не только в лечении депрессивного расстройства, но и его ранней 
профилактике. Таким образом, более подробное изучение роли экологических факторов в формировании 
депрессии может способствовать как лучшему пониманию этиопатогенеза данного заболевания, так и оп-
тимизации подходов по борьбе с ним. 

Цель обзора: оценить потенциальную роль в формировании депрессии ряда экологических факторов, свя-
занных с нутритивными аспектами и особенностями микрофлоры индивида, а также перспективность стра-
тегии воздействия на данные факторы в лечении и профилактике депрессивного расстройства.

Ключевые слова: депрессия, нутриенты, витамины, пробиотики, микробиом, экологические факторы.
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INTRODUCTION

Depression is a chronic mental disorder with com-
plex etiopathogenesis. Numerous biological and en-
vironmental factors are increasing depression risks. 
According to the World Health Organization (WHO), 
over 264 million people worldwide suffer from de-
pressive disorders, which is associated with high rates 
of disability [1].

However, despite the widespread prevalence, clini-
cal diversity, and numerous negative consequences of 
depression, most studies on its treatment and preven-
tion are now focused on neurotransmitter disorders. 
As a result, not a single drug has appeared in recent 
years with a fundamentally new mechanism of action 
and significant superiority in terms of therapeutic effi-
cacy. Moreover, about one third of depressed patients 
do not respond to standard therapeutic approaches [2].

The search for and correction of new potential risk 
factors for depression are not given due attention, al-
though there is more and more information about the 
role of various environmental factors (dietary habits, 
human gut microbiota, etc.) in the pathology of this 
disease [2]. Changes in various nutrients, biologically 
active substances, and individual microflora can affect 
synthesis of neurotransmitters, a number of metabolic 
pathways, and mood regulation [4, 5]. In this regard, 
the regulation of these factors can be effective not 
only in the treatment of depressive disorders, but also 
in their early prevention. Therefore, a more detailed 

study on the role of environmental factors in depres-
sion risks can contribute to both a better understand-
ing of the disease etiopathogenesis and optimization 
of strategies to oppose it.

The aim of the review was to assess the potential 
role of a number of environmental factors associated 
with nutritional aspects and characteristics of indivi- 
dual microflora, as well as to review the prospects of 
a strategy for affecting these factors in treatment and 
prevention of depression.
Rationale for nutrient augmentation of antidepressant 
therapy

Nutritional factors, microbiota and mental func-
tions of an individual (including mood regulation) are 
in a complex, close relation with one other. Thus, bio-
logically active substances and nutrients are processed 
by the gut microbiota and are able to affect regulation 
of hormonal, neurotransmitter, and signaling path-
ways of both the gastrointestinal tract (GIT) and the 
central nervous system (CNS) [4]. There are literature 
data that unhealthy diet in terms of a nutrient content 
significantly increased the risk of depression [2]. The 
most detailed information in the scientific literature 
on these issues is presented about vitamins (folates, 
vitamin D) and polyunsaturated fatty acids (PUFAs).

FOLATE USE IN THE TREATMENT OF 
DEPRESSION

Folate (vitamin B9) is a collective term for a class 
of compounds belonging to the group of water-sol-
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uble vitamins [5]. This class of compounds plays an 
important role in one-carbon metabolism (OCM), in-
cluding pathways for the biosynthesis of key amino- 
and nucleic acids. Folate deficiency is associated with 
a number of cardiovascular problems, neurological 
disorders, and diseases of the blood and reproductive 
system. Insufficient folate intake is often reported in 
populations where the intake of green vegetables and 
fresh fruits is reduced. Other foods rich in folates are 
legumes, grains, eggs, and liver.

Dietary folate intake is strongly associated with 
blood homocysteine ​​levels [6]. In the case of hyperho-
mocysteinemia, folate supplementation corrects this 
condition, which has been confirmed by a number of 
studies [6]. In studies of patients with cardiovascular 
disease (CVD) and high homocysteine ​​levels, folic 
acid treatment significantly reduced homocysteine ​​
levels, while the administration of B6 and B12 did not 
have a similar effect [7]. Furthermore, patients with 
CVD and low folate levels have an increased risk of 
depression [8].

Several forms of folate were used in depression 
treatment studies. 5-MTHF – 5-methyltetrahydrofo-
late (metafolin, methylfolate) is a biologically active 
form of folate. This compound is the closest to the 
natural food form of folates, which easily penetrates 
into the central nervous system (unlike synthetic folic 
acid), does not require preliminary transformation in 
the liver with dihydrofolate reductase, and is imme-
diately incorporated into the folate metabolism cycle. 
Moreover, its further biochemical metabolism (in 
particular, the delivery of methyl groups to the homo-
cysteine – methionine cycle) does not depend on the 
genetic polymorphism MTHFR677C> T [5]. In most 
of the studies on the effect of folate on mood, it was 
5-MTHF that was studied. 

On the other hand, synthetic folic acid is much 
more widely studied in obstetrics, and its chemical 
stability makes it possible to use this particular form 
of folate as food fortification in several countries 
(USA, Canada, Brazil, Australia). In this regard, a 
huge amount of observational information has been 
accumulated on this folate form [5–7]. It was noted 
that food fortification with folates decreases the preva- 
lence of depressive symptoms in the population. In 
men, this is mediated by an increase in plasma folate 
levels, while in women, this effect is not observed [5].

The effectiveness of several different forms of fo-
late at different doses and in different categories of 
patients has been studied in association with depres-
sion. At the same time, studies with the addition of fo-

late to antidepressant therapy are more numerous and  
rigorous in design, in contrast to studies of indepen-
dent folate therapy. In a randomized, placebo-con-
trolled study, the group of women who received the 
antidepressant fluoxetine (20 mg) along with folic 
acid (500 mcg / day) had 94% of responders, while 
the group receiving fluoxetine with placebo had only 
61% of responders (p < 0.005). In men in this study, 
the difference in the effectiveness between the groups 
was less significant, also a less significant decrease 
in homocysteine ​​levels was observed compared with 
women. This, according to the authors of the study, 
indicates the need for large doses of folate in men. 
At the same time, to select the optimal doses, further 
studies of folate administration in combination with 
other antidepressants are required [6].

In another study with the same design (n = 27), 
where the dose of folic acid was 10 mg / day, in the 
group of patients receiving folate with fluoxetine (20 
mg) after 6 weeks of treatment, the average score on 
the Hamilton Depression Rating Scale (HDRS) was 
significantly lower than in the placebo group receiving 
only fluoxetine [7].

L-methylfolate has also shown beneficial effects 
as adjuvant therapy in addition to traditional antide-
pressants [6]. In a double-blind, placebo-controlled 
study, standard psychotropic therapy in patients with 
depression and schizophrenia was successfully sup-
plemented with methylfolate (15 mg) for 6 months. At 
the same time, clinical and social recovery was signifi-
cantly accelerated compared with placebo, and, over 
time, the differences with the placebo group increased 
(n = 123) [5].

G.I. Papakostas et al. (2014) showed in a clinical 
study that L-methylfolate (15 mg / day), in addition to 
therapy in patients (n = 75) initially resistant to antide-
pressants belonging to selective serotonin reuptake in-
hibitors (SSRIs) contributed to overcoming therapeu-
tic resistance. In this regard, the authors conclude that 
L-methylfolate at a dose of 15 mg / day can be consi- 
dered an effective, safe, AND relatively well-tolerated 
agent for overcoming a partial response or a lack of re-
sponse when using SSRIs in patients with depressive 
disorders [9]. In the extended 12-month open phase 
of this study, there were also positive results (n = 68) 
on sustained remission in patients receiving 15 mg of 
L-methylfolate a day [9].

Another biologically active form of folate, folinic 
acid (leucovorin, unlike folic acid, does not require 
conversion by dihydrofolate reductase in the liver), 
when additionally prescribed to patients with depres-
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sive disorder who are resistant to SSRIs, has shown 
itself as a poorly effective remedy (the level of folate 
in patients in this study was initially normal) [2].

 Based on a systematic review and meta-analysis 
of 3 randomized, controlled studies, it was conclu- 
ded that folate may play a potential role as an adjunct 
to basic therapy for depression and cannot be used as 
stand-alone treatment [5, 6]. At the same time, there 
are suggestions that the addition of folate to antide-
pressant therapy may be useful for patients with de-
pression, regardless of their initial folate status, as well 
as regardless of the presence / absence of a response 
to antidepressant therapy [2]. M. Fava et al. concluded 
that folates are effective and safe in some patients with 
depressive disorders, but more information is needed 
on the dosage and patient populations most suitable 
for folate therapy [6].

A number of researchers draw attention to the 
need for further long-term research (from 6 months 
to a year), because the effect of folate administration 
is slow and builds up over several months. Low doses 
for a long time are more preferable than high doses for 
short or even long term [6]. Large doses of folate can 
be dangerous for the nervous system in terms of an-
tagonism with vitamin B12 and its deficiency, as well 
as in terms of provoking seizures. Moreover, it was 
shown that folic acid at a dose of more than 5 mg / day 
can cause agitation, hyperactivity, and insomnia and 
provoke hypomanic states in the case of a predisposi-
tion [5–7]. At the same time, there is evidence that un-
metabolized folic acid (when prescribed in exceeded 
doses) can inhibit further folate metabolism and lead 
to aggravation of OCM disorders [5–7].

THE USE OF VITAMIN D IN THE TREATMENT 
OF DEPRESSION

Vitamin D is another important vitamin in the risk 
of depression and its therapy. It is obtained from food 
in the form of vitamin D2 (vegetables, mushrooms) 
and vitamin D3 (meat, fish, eggs) [10]. Despite this, 
very few foods are rich in vitamin D. The highest vita-
min D content is found in animal products in the form 
of vitamin D3 in oily fish, egg yolks, meat, liver, and 
kidneys. Another important environmental factor in 
the synthesis of vitamin D by the body is sufficient 
ultraviolet (UV) exposure of the skin.

While the role of vitamin D in calcium homeo-
stasis and the maintenance of bone metabolism has 
been studied well enough, its effect on the structure 
of the central nervous system still raises many ques-
tions. Vitamin D receptors are widely presented in the 

brain structures which are responsible for affective 
disorders, which suggests the role of vitamin D in the 
mechanisms of depression [11–13]. Another impor- 
tant aspect was identification of frequent decreases in 
vitamin D levels in cases of seasonal affective disor-
der with depressive episodes in winter [13]. However, 
in subsequent randomized controlled trials, no unam-
biguous information was obtained on either a natural 
decrease in vitamin D in depression, or its effective-
ness in the treatment of depressive disorder.

In the Iranian study, the use of vitamin D (oral vi-
tamin D3 at a dose of 50,000 IU every two weeks) for 
8 weeks in 76 patients with postpartum depression and 
decreased levels of 25[OH]D (less than 75 nmol / l) led 
to improvement of depressive symptoms and norma- 
lization of vitamin levels in the blood [14]. Therapy ef-
fectiveness was evaluated in three subgroups: vitamin 
D in combination with calcium supplements; vitamin 
D in combination with a placebo instead of calcium 
supplements; the placebo group alone. The Edinburgh 
Depression Scale (EDS) was used to assess the sever-
ity of depression. A decrease in the severity of depres-
sion was noted for both subgroups where vitamin D 
was used regardless of calcium augmentation. At the 
same time, a large-scale study on the use of vitamin 
D3 (400 IU / day) and calcium carbonate (1,000 mg 
/ day) among 36,282 postmenopausal women did not 
reveal significant reduction of the risk of depression 
during therapy [15].

A meta-analysis by U. Gowda et al. did not reveal 
any positive changes in depression symptoms when 
using vitamin D either as monotherapy or in combina-
tion with antidepressants and other drugs [16].

THE USE OF OMEGA-3 POLYUNSATURATED 
FATTY ACIDS IN THE TREATMENT  
OF DEPRESSION

For a long time, polyunsaturated fatty acids (PU-
FAs) have been studied primarily in the context of 
their use for prevention of cardiovascular diseases. 
However, there is a growing amount of data on their 
role in mood regulation [17]. There are 4 classes PU-
FAs: ω3, ω6, ω7, and ω9 (this division into classes is 
based on the chemical structure – the position of the 
first double bond in relation to the carbon of the ter-
minal methyl group) [17]. The most important PUFAs 
for the body are ω3 and ω6 [17].

The main representative of the ω6 class is arachi-
donic acid (AA) [17]. It enters the body with food 
(vegetable oils, the largest amount is found in flax-
seed oil) and is partially synthesized by the body, 
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which ensures its constant presence in the human 
body [17]. Such ω3 PUFAs as eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) enter the 
body only with food, their main source is fatty marine 
fish species [11, 17].

Potential mechanisms are currently being explored 
that could determine the antidepressant activity of ω3 
PUFA. In the last decade, the results of many exper-
imental studies indicated that ω3 PUFAs have a sig-
nificant effect on inflammation, expression of apop-
tosis-related genes, oxidative stress, neurotrophic 
functions, and neurotransmitter systems [18]. EPA 
plays the most significant role in the anti-inflammato-
ry activity of ω3 PUFA. Clinical studies show that the 
use of EPA in comparison with placebo and DHA is 
more effective in a group of patients with biochemical 
markers of inflammation (elevated C-reactive protein 
(CRP)) [18].

Various studies have used fatty acids both as 
monotherapy and as an adjunct to standard antidepres-
sant therapy. Different doses (from 1 to 6 g / day) and 
different duration of treatment (from several weeks 
to months) were used. Various sources of fatty acids 
have been studied: both pure eicosapentaenoic and 
docosahexaenoic fatty acids in combination or their 
isolated use, also fish oil and fatty acids obtained from 
plant seeds. However, dietary information was not an-
alyzed in most studies [11, 17].

The results of studies on the effectiveness of ω3 
PUFAs have yielded ambiguous conclusions. At the 
initial stage in the research of this problem, very en-
couraging results were obtained. A positive effect was 
registered both for ω3 PUFA monotherapy and for 
methods of augmenting the antidepressant effect [19]. 
Furthermore, it was noted that the use of ω3 PUFA 
significantly reduced the risk of depression recur-
rence [20]. However, these studies were conducted in 
small cohorts without regard to the dose ratio of EPA 
and DHA. Subsequently, it was shown that therapeu-
tic efficacy was revealed when using drugs containing 
high doses of EPA and low doses of DHA (2–4: 1 
ratio or more), while the opposite combination (high 
doses of DHA and low doses of EPA) was not thera-
peutically effective in depression [20]. This result was 
confirmed by the meta-analysis, which showed that 
ω3 PUFA preparations containing at least 60% EPA 
were effective in the treatment of depression and may 
be used for treatment of comorbid somatic symptom 
disorders [21].

Studies have been conducted on the use of prepa-
rations containing only EPA. EPA monotherapy at a 

dose of 1 g / day for 8 weeks in patients with depres-
sive disorders did not significantly reduce depressive 
symptoms as measured by the HDRS [19]. At the 
same time, the use of large doses of the drug (1.2–4 g 
per day) was significantly more effective [19]. How-
ever, in this study, EPA was used in conjunction with 
an antidepressant. The use of DHA in isolation at a 
dose of 2 g / day for 6 weeks had no significant effect 
on depressive symptoms [19].

Currently, on the basis of meta-reviews, it can be 
assumed that PUFAs can be considered as an effective 
method for augmentation of antidepressants. Drugs 
containing both EPA and DHA should be used, be-
cause these compounds are likely to have a synergistic 
effect on depressive symptoms. The effect of PUFAs 
on the lipid spectrum is of special interest, which is 
widely used in patients with depression in cases of 
metabolic syndrome associated with antidepressant 
therapy, eating disorders, and high consumption of 
high-calorie foods containing a large amount of ani-
mal fats [11].

THE USE OF ANTI- AND PROBIOTICS  
IN THE TREATMENT OF DEPRESSION

The study of microbiota-modifying therapeu-
tic approaches is associated with obtaining both  
experimental and clinical data on the role of the mi-
crobiota – gut – brain axis in depression [22, 23]. This 
axis is mediated by bidirectional communication be-
tween the brain and the microbiota, which modulates 
immune and endocrine functions [24, 25]. The com-
position of the microbiota is associated with age, envi-
ronmental factors, and dietary habits [22, 25].

In microbiome studies, the microbiota-depleting 
effects of antibiotics are used to study the effect of 
reduced microbial diversity on behavior [25]. Recent 
studies have identified links between frequent anti-
biotic exposure, especially during development, and 
many serious diseases, such as autoimmune patho- 
logy and mental health problems [26]. However, the 
use of antibiotics in experimental studies presents a 
number of problems. Antibiotics usually affect the 
body and its microbiome (or the transplanted micro-
biota) in three ways: depletion of the resident micro-
biota, subsequent enrichment of the antibiotic-resis-
tant microbiota, and impact on the corresponding host 
tissues [27]. The effect of antibiotics on the host tis-
sues is especially important when studying the central 
nervous system and behavior, since some antibiotics 
themselves can be neuroprotective or neurotoxic [28]. 
This can be seen as a limitation in behavioral research 
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using antibiotics to alter the composition of the mi-
crobiome.

Minocycline is an antibiotic of the tetracycline 
class. The pleiotropic activity of this drug, including 
anti-inflammatory, antioxidant, anti-apoptotic, an-
ti-glutamatergic and monoaminergic effects, is widely 
discussed in the scientific literature [29]. In this re-
gard, interest in the use of minocycline has expanded 
significantly, and it is considered as a potential candi-
date for treatment of affective disorders, both bipolar 
and unipolar ones. Currently, clinical trials of minocy-
cline as monotherapy are underway [29].

Probiotics have been extensively studied in 
non-psychiatric populations and associated with im-
proved gastrointestinal health, reduced inflammation, 
and temporary improvements in cognitive perfor-
mance [30]. Diseases of the nervous system are al-
ready being considered a completely new area of pro-
biotics application [26].

Currently, lactobacilli and bifidobacteria in the 
center of the probiotic market. They are widely used 
for correction and prevention of various pathologi-
cal conditions (bacterial vaginosis, irritable bow-
el syndrome (IBS), diarrhea, obesity, allergies,  
urolithiasis).

Probiotics that can affect the severity of mental dis-
orders are currently considered as psychobiotics [31]. 
The first study to evaluate the therapeutic efficacy of 
prebiotics or probiotics for depression was conducted 
over a decade ago, but about half of all existing stud-
ies were published in just the past two years, reflec- 
ting the rapidly growing interest in this area [32]. Most 
of the hypotheses associated with the potential thera-
peutic effect of psychobiotics on affective disorders 
are based on experimental animal models, behavioral 
tests, and neurophysiological indicators after courses 
of probiotics and prebiotics [32], as well as changes in 
the level of stress hormones, monoamines, and GABA 
receptors in the brain [32, 33].

While research on the use of probiotics for mental 
disorders is promising, there are conflicting reports on 
their effectiveness as augmenting agents [33]. Nume- 
rous studies have examined the effects of probiotics 
on mood in both healthy individuals and patients diag-
nosed with depression. Recent meta-analysis of data 
mostly confirms the positive effects of certain probi-
otics on mood [33]. Based on the results obtained, it 
is suggested that probiotics affect mood only in de-
pressed patients and do not have an antidepressant 
effect in healthy individuals. Moreover, the antide-
pressant effects of probiotics are likely to be limited to 

young adults and do not appear in those over 65 years 
of age [32].

The study on the prospects of probiotic use in de-
pressed patients has several limitations. This is primar-
ily due to different doses and duration of drug admin-
istration, which makes it difficult to compare studies. 
A similar problem is research of various species and 
strains of bacteria. Probiotics, which are likely to have 
an antidepressant effect, mainly belong to the Bifido-
bacterium and Lactobacillus genera. These genera 
contain many different species and strains, and their 
properties cannot be generalized [34]. For example, 
Lactobacillus rhamnosus (strain JB-1) did not affect 
mood or anxiety levels in healthy men, while Lactoba-
cillus casei (strain Shirota) demonstrated the ability to 
improve mood in healthy volunteers with low baseline 
mood scores [35].

Probiotic bacteria can affect the body through var-
ious mechanisms that can be specific for the strain 
(e.g., lactic acid bacteria) or widespread among a va-
riety of strains, including normalization of disturbed 
microbiota, inhibition of potential pathogens, produc-
tion of beneficial metabolites or enzymes, and immu-
nomodulation [32, 34]. However, the results of clini-
cal studies are not convincing. There is very limited 
evidence for the effectiveness of probiotic or prebiot-
ic interventions in altering microbial composition in 
mental disorders [36]. Conversely, probiotics led to 
changes in the microbial composition, but without af-
fecting mood symptoms [37].

DISCUSSION AND CONSLUSION
Recent treatment strategies for depression consid-

er the use of antidepressants as the first-choice tactic 
[11]. Despite market expansion for these drugs with 
the emergence of a new generation of antidepressants, 
including drugs with multi-receptor activity, there is 
no much progress in their efficiency – only 50% of 
patients manage to achieve stable remissions [11]. 
The side effects of antidepressants significantly af-
fect treatment and reduce adherence to therapy [11]. 
Today, augmentation (enhancing the activity of anti-
depressants with the use of drugs that do not belong 
to the group of thymoanaleptics) is the main direction 
that is widely studied and used for treatment-resistant 
depressive conditions [11]. For this purpose, psycho-
tropic drugs (antipsychotics, lithium salts, anticonvul-
sants) and hormonal drugs are used. However, the use 
of this approach increases the number of side effects 
due to both side effects of additional drugs and drug 
combinations.

Neznanov N.G., Rukavishnikov G.V., Kasyanov E.D. et al. The role of nutrients and probiotics in treatment of depression
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Despite different mechanisms of functioning of 
various biologically active compounds, nutrients, and 
their interaction with microflora in the body, in most 
cases the key question remains, whether it is advi- 
sable to use these compounds in all patients or only 
in those who initially have their deficiency. Potential 
limitations in the therapeutic use of these compounds 
indicate difficulties in determining a deficiency of a 
particular nutrient in various populations [2, 3]. As a 
rule, in the population of developed countries, chan- 
ges in such parameters are not clinically visible, which 
makes it difficult to diagnose them and determine their 
relationship with depression. At the same time, with 
regard to probiotics, it is noted that individuals with 
different genetic predisposition and variable contacts 
with microorganisms can react differently to identical 
drugs [4]. 

The need for further randomized studies to deter-
mine the efficiency, which will consider the difference 
in effect by subgroups, sex, presence / absence of defi-
ciency, and other factors, is indicated for folates [5, 6], 
vitamin D [10, 12, 14], and fatty acids [17, 19]. For all 
these compounds, the study of approaches to therapy 
is carried out on a wide population of patients with de-
pressive disorders, therefore, the effectiveness may be 
questionable not due to insufficient effect, but due to 
the phenomenological and biological heterogeneity of 
the samples and the absence of clearly defined control 
criteria (laboratory parameters).

Another promising direction in the context of this 
strategy is the study of not only individual isolated 
nutrients, but also complexes of dietary patterns in ge- 
neral [38]. Such an approach can help to establish the 
role of the mutual impact of various nutritional com-
ponents on depression, as well as their interaction in 
the context of a number of body characteristics (such 
as the composition of gut microbiota). Moreover, 
modification of the entire diet may be a more effective 
and physiological method of preventing depressive 
disorder than correcting individual nutrients.

Therefore, even now, the use of nutrients and pro-
biotics can be seen as a paradigm shift in the treat-
ment of treatment resistant depression. At the same 
time, it is important to select a specific drug for 
augmentation based on laboratory screening, which 
makes it possible to apply a personalized approach 
to therapy.
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Epicutaneous sensitization. what do we know?
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ABSTRACT

Background. According to the currently existing hypothesis, epicutaneous sensitization is one of the leading 
mechanisms in the development of food allergy.

The aim of this review was to analyze immune mechanisms in epicutaneous sensitization and the role of skin 
barrier impairment.

We performed a literature search using PubMed, UpToDate, Web of Science, and Scopus databases by the key 
words: epicutaneous sensitization, atopic dermatitis, skin barrier impairment, food allergy. Articles were to be in 
open access and present the most relevant information on the topic. Studies were selected by the largest sample size 
and the highest citation index. Once publications were identified, they were reviewed by all the authors to select 
the studies that specifically addressed the theme of the review. A total of 101 publications from 1998–2000 were 
included in the study.

This review article discusses the data of experimental studies, sets out modern ideas about the hypothesis of a 
double exposure to an allergen, and presents research data proving the clinical significance of epicutaneous sensi-
tization in relation to food allergy. Knowledge about the mechanisms of epicutaneous sensitization development is 
necessary to elaborate strategies for prevention of food allergy. One of the modern trends in prevention is the use 
of emollients, which are supposed to restore the skin response. However, studies on preventive intake of emollients 
do not present a similar viewpoint.

There is not enough evidence for or against the mechanism of epicutaneous sensitization as an indispensable 
condition for the formation of food allergies. Further research in this area is required.

Key words: epicutaneous sensitization, skin barrier impairment, food allergy, emollients, atopic dermatitis.
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РЕЗЮМЕ

Согласно существующей в настоящее время гипотезе, транскутанная сенсибилизация является одним из 
ведущих механизмов формирования пищевой аллергии. 

Цель: анализ иммунологических механизмов формирования транскутанной сенсибилизации и роли дефек-
та кожного барьера.

Для написания обзора был проведен поиск полнотекстовых публикаций на английском языке в базах 
данных PubMed, UpToDate, Web of Science, Scopus по ключевым словам: epicutaneous sensitization, atopic 
dermatitis, skin barrier defect, food allergy. Статьи должны были находиться в свободном доступе и пред-
ставлять наиболее актуальную информацию по теме. Исследования отбирались по принципу наибольшей 
выборки и индекса цитирования.  После первичного отбора публикаций авторы изучили их на предмет со-
ответствия информации тематике исследования. В обзор включена 101 публикация за период 1998–2020 гг.

Рассмотрены данные экспериментальных исследований, изложены современные представления о гипотезе 
двойного воздействия аллергена, приведены данные исследований, доказывающих клиническую значи-
мость транскутанной сенсибилизации в формировании пищевой аллергии. Знание механизмов развития 
транскутанной сенсибилизации необходимо для выработки стратегий профилактики пищевой аллергии. 
Одним из перспективных направлений профилактики пищевой аллергии является использование эмоли-
ентов, которые восстанавливают кожный ответ, однако исследования, посвященные профилактическому 
приему эмолиентов, в настоящее время не дают однозначного ответа.

В настоящее время накоплено недостаточно данных ни «за», ни «против» существования механизма тран-
скутанной сенсибилизации как обязательного условия для формирования пищевой аллергии. Требуется 
дальнейшее проведение исследований в данном направлении.
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INTRODUCTION
The term “food allergy” refers to a pathological 

immune response that develops after a contact with 
food (usually a meal) [1, 2]. Currently, several types 
of food allergy are distinguished with differences in 
their pathophysiological mechanisms (IgE-mediated 
and non-IgE-mediated) and clinical manifestations.

Atopic dermatitis (AD) is considered to be one of 
the risk factors for the development of food allergy. 
About 40% of moderate-to-severe atopic dermatitis 
cases in children are accompanied by IgE-mediated 
food allergy, which contributes to significant deteri-
oration in the quality of life of patients [3, 4]. Early 
onset (less than 3 months of age) and severe course of 
AD are associated with an increase in the blood level 
of specific IgE to eggs, milk, and peanuts [5]. Food 
allergens trigger AD aggravation in 33% of patients 
with a severe course of AD, 10–20% of patients with 

moderate AD, and 6% of patients with mild AD [6–8]. 
The dual-allergen exposure hypothesis suggested 

by G. Lack et al. (2008) provides a possible explana-
tion for a strong correlation between AD and accom-
panying food allergy.  According to this hypothesis, 
a sufficient vitamin D level, gut microbiota diversi-
ty, and the natural route of food allergen penetration 
through the gastrointestinal tract induce oral tolerance. 
Exposure to low doses of food allergens from the en-
vironment (on surfaces, hands, and in dust) through 
the impaired skin barrier, vitamin D deficiency, and 
decreased gut microbiota diversity lead to the deve- 
lopment of sensitization [9]. 

This review article analyzes in detail the mecha-
nisms of the formation of epicutaneous sensitization 
according to available modern research data and con-
siders controversial issues that contradict this hypo- 
thesis. 
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DATA SOURCES 

The authors analyzed studies on epicutaneous sen-
sitization using the PubMed (https://www.ncbi.nlm.
nih.gov/pubmed/) and UpToDate (https://www.up-
todate.com/) databases. The review uses original ar-
ticles published over the period from 1998 to 2020. 
Preliminarily, the search in PubMed was conducted 
using the following key words: epicutaneous sensiti-
zation, atopic dermatitis, skin barrier defect, food al-
lergy. The search in UpToDate was performed using 
the following key words: pathogenesis of food allergy, 
atopic dermatitis pathogenesis, clinical manifestations 
and diagnosis. The search for studies corresponding to 
the listed terms was also carried out among the lists of 
references and citations in the selected publications. 
420 publications from the PubMed database were 
studied. At the stage of publication selection, articles 
with the absence of the required data in the abstract 
text were excluded. A total of 289 publications were 
analyzed. Subsequently, the analysis of full-text pub-
lications was carried out. The criteria for eligibility 
were originality of the article, the English language, 
publications in journals included in the international 
citation system Web of Science (www.webofknowl-
edge.com)/Scopus), compliance of the submitted data 
with the subject of the article. The exclusion criterion 
was the absence of the required data in the text of the 
article. Based on the selection results, this article in-
cludes data from 101 sources.

EXPERIMENTAL MODELS OF FOOD 
SENSITIZATION FORMATION

Experimental data now suggest that development 
of food allergy is closely related to exposure of an al-
lergen through the skin [10]. First attempts to prove 
the possibility of epicutaneous sensitization were 
made in experimental models in mice. In the study, 
applications of ovalbumin (chicken egg protein) to 
damaged skin caused an increase in the specific IgE. 
Consequently, when the allergen was administered 
orally, the mice developed an anaphylactic reaction 
with an increase in histamine and histological changes 
in the intestine and lungs [11]. 

Later, J. Strid et al. (2004) showed that the immune 
response caused by epicutaneous exposure to an aller-
gen is directed towards the Th2 pathway. This kind 
of reaction was obtained when various types of mice 
were exposed to various antigens. [12–16]. In these 
studies, microdamage to the skin is a model of skin 
barrier impairment, which is observed in patients with 

AD. A series of experimental studies showed that pre-
liminary sensitization of mice using the epicutaneous 
route of allergen penetration through damaged skin 
leads to inhibition of oral tolerance induction [17, 18]. 

ROLE OF SKIN BARRIER DEFECTS
One of the important links in the pathogenesis of 

AD is impairment of the epithelial barrier, which sig-
nificantly increases the risk of developing food aller-
gies and other allergic diseases. The barrier function 
of the skin is provided mainly by the stratum cor-
neum, which consists of corneocytes and extracel-
lular matrix. Corneocytes are held together by tight 
junctions and corneodesmosomes. Loss of function 
of сorneodesmosin, a gene encoding components of 
corneodesmosomes, in various congenital defects 
leads to severe defects in the skin barrier, itching, and 
atopy [19].

FILAGGRIN DEFECT
Currently, the defect in the FLG gene encoding fi- 

laggrin occupies a prominent place in impairment of 
the skin barrier. Filaggrin is a major epidermal pro-
tein which is crucial for the structure and function of 
the stratum corneum, which provides a physical barri-
er [20]. Mutations in the filaggrin-encoding gene are 
considered some of the most important risk factors for 
sensitization and development of a number of allergic 
clinical phenotypes, most likely due to exposure to al-
lergens through the skin [21]. Data from a systematic 
review and meta-analysis of 24 studies suggest that 
the presence of an impairment in the skin barrier is 
fundamental in the development of allergic diseases. 
Filaggrin defects increase the risk of developing sensi-
tization, atopic eczema, allergic rhinitis, and bronchial 
asthma in individuals with eczema [22, 23].

Children with a FLG gene mutation were 2.4 times 
more likely to develop a food allergy confirmed by an 
oral challenge test. Initially, it was shown that chil-
dren with FLG mutations have higher prevalence of 
sensitization to peanuts, increasing the risk of deve- 
loping IgE-mediated allergy by more than 5 times [24].

This was also proven in another study in the UK, 
which was aimed at investigating the effect of muta-
tions in the FLG gene on the risk of developing food 
allergy to peanuts. The amount of peanut antigen in 
houses where children of the first year of life lived was 
measured. To identify sensitization and confirm food 
allergy, skin prick tests and determination of specific 
IgE to peanut allergens Ara h 1,2,3 in the blood serum 
by the ImmunoCAP method were used. Oral peanut 
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test at the age of 8 and 11 years and genotyping were 
used for six FLG gene mutations. The results of the 
study indicate a significant increase in the risk of sen-
sitization and peanut allergy in children with the FLG 
mutation compared with children without skin barrier 
impairments, confirming the hypothesis of transcuta-
neous sensitization [25].  

An association between filaggrin mutation and 
food allergy, not only to peanuts, but also to eggs and 
milk, as proven by a provocation test, was shown in 
the genome-wide association study (GWAS), with a 
significant association observed even in the absence 
of eczema [26].

Filaggrin gene mutations increase the chances of 
developing sensitization not only to food, but also to 
inhaled allergens. In the UK, a population-based co-
hort study of 1,051 children was conducted, which 
showed a significant increase in the risk of sensitiza-
tion to the major cat allergen Fel d1 among children 
with filaggrin mutations compared with children with-
out them. It was also noted that the risk of developing 
sensitization to house dust mite with increasing expo-
sure to Der p1 (a major allergen of house dust mites) 
was consistently higher among children with filaggrin 
mutations [27, 28].

Other factors that are crucial in disrupting the skin 
barrier include changes in the structure of the lipid 
composition of the intracellular matrix, an imbalance 
between stratum corneum protease and antiprotease 
activity, tight junction dysfunction of the stratum cor-
neum, microbial colonization, and release of proin-
flammatory cytokines.

TRANSEPIDERMAL WATER LOSS 
The extracellular matrix of the stratum corneum 

consists of multiple lamellar membranes enriched 
with ceramides, cholesterol, and free fatty acids. 

The study by C. Cole et al. (2014) demonstrated 
that changes in the lipid composition of the epidermis 
cause impairment of the epidermal barrier regardless 
of the presence or absence of the filaggrin gene muta-
tion [29]. A later published meta-analysis revealed that 
changes in the lipid layer composition in patients with 
AD occur both in skin lesions and on visually healthy 
skin [30]. Lipid barrier impairment entails increased 
transepidermal water loss (TEWL), which is crucial in 
the pathogenesis of food allergy in newborns. It was 
discovered that 75% of children suffering from food 
allergies had high rates of TEWL in infancy, and even 
in the absence of atopic dermatitis, the risk of deve- 
loping food allergies was 3.5 times higher [31]. 

Further studies confirmed these data; it was found 
that excessive TEWL in the first week of life is an in-
dependent risk factor for the development of AD and 
is associated with higher allergic sensitization. 

TIGHT JUNCTION DYSFUNCTION  
IN THE STRATUM CORNEUM

Tight junctions are transmembrane protein com-
plexes that provide keratinocyte adhesion, thereby 
creating a permeability barrier for the intercellular 
space. They regulate paracellular transport of liq-
uids and solutes. This is important because it deter-
mines the nature of ion and protein transport and even  
penetration of Langerhans or dendritic cells. Tight 
junctions are located directly under the stratum  
corneum, forming the so-called second barrier in the 
epidermis [32]. 

In patients with AD, a congenital deficiency of 
transmembrane tight junction proteins is observed, 
which is especially pronounced in the presence of a 
filaggrin gene mutation. A. De Benedetto et al. (2011) 
found a decrease in the expression of claudin-1, -4, 
-23 in patients with AD with undamaged skin [26]. It 
is important to note that a decrease in the expression 
of tight junction components was associated with a 
significant change in the bioelectric characteristics of 
the epidermis in AD (not damaged and not exposed to 
the sun) with noticeably lower transepithelial electri-
cal resistance, higher albumin permeability, and asso-
ciated selective ionic permeability. This is also shown 
by earlier studies on mice in which the claudin-1 gene 
was “turned off”, and in the first 24 hours after birth, 
TEWL was observed, which led to their death [33]. 

An inverse correlation was also noted between 
the expression of epidermal claudin-1 and markers 
of the Th2 response (eosinophilia, total IgE level). 
This suggests that the Th2 response may inhibit the 
expression of the key members of the claudin fami-
ly (e.g., claudin-1, -4, -23) or the other way round. 
To investigate whether changes in the claudin-1 gene 
could be associated with AD and its more severe 
course, two populations (African Americans and 
Caucasian Americans) were studied. The strongest 
association was observed in the African American 
population, with changes in the claudin-1 gene be-
ing associated with earlier onset and a more severe 
course of AD. Weaker associations were observed 
among Caucasian Americans. It is interesting to note 
that some defects in the claudin-1 gene are associated 
with sensitization to contact allergens in the North 
European population [34].
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PROTEASE AND ANTIPROTEASE ACTIVITY 
OF THE STRATUM CORNEUM

The skin barrier function can also be impaired in 
cases of genetic disorders with an increased level of 
chymotrypsin and trypsin enzymes in the stratum cor-
neum. These enzymes cause premature destruction of 
corneodesmosomes, which leads to disruption of the 
skin barrier [36]. 

The KLK7 gene encoding chymotrypsin was test-
ed for variations in healthy children and children with 
AD. Defects in the KLK7 gene were assessed and 
their possible association with dysregulation of chy-
motrypsin in humans, leading to thinning of the skin 
barrier. The strongest association was observed in the 
subgroup of patients who did not have elevated IgE 
levels. This association was not significant in the sub-
group of patients with high serum IgE [37]. 

When endogenous proteases are produced exces-
sively, premature desquamation of the stratum corne-
um occurs, and a thinned skin barrier is formed. This 
facilitates penetration of allergens, which can further 
cause AD or its aggravation. External effects, such as 
washing with detergents and prolonged use of topical 
corticosteroids can further increase the production of 
these enzymes in the stratum corneum and impair the 
skin barrier function [36]. Normally, the activity of 
proteases involved in epidermal desquamation is reg-
ulated by several protease inhibitors co-expressed to 
balance the rate of stratum corneum degradation.  

Genetic mutations have also been identified in 
genes encoding elements of inhibitors of these prote- 
ases. For example, mutations in the SPINK5 gene, 
which encodes serine protease lymphoepithelial Ka-
zal-type 5 inhibitor, have been associated with Neth-
erton syndrome. Patients with this syndrome have 
severe barrier dysfunction, including increased des-
quamation and impaired keratinization. Several stud-
ies showed a link between a defect in the SPINK5 
gene and AD [38–41]. In addition, damaged skin cells 
can produce endogenous proteases that further impair 
the skin barrier. These proteases can be considered 
as a product of an inflammatory response, and their  
level is proportional to the severity of AD aggra-
vation. Mast cell chymase is a chymotrypsin-like  
serine protease that is primarily stored in the secretory 
granules of mast cells. In one study, mast cell chy-
mase level was significantly increased in AD patients 
in damaged skin compared with intact skin. However, 
no significant difference was found in the level of mast 
cell chymase between intact skin in AD patients and 

healthy individuals, which suggests that increased 
mast cell chymase activity may be associated with ac-
tive dermatitis [42]. 

There is also evidence that mast cell chymase may 
be involved in the development of chronic dermatitis 
by inducing eosinophilic infiltration [43]. Different 
variations in the chymase-encoding gene have been as-
sociated with AD in children, the association being the 
strongest in individuals with low total serum IgE [44].

The skin barrier can also be damaged by exoge-
nous proteases from house dust mites and Staphylo-
coccus aureus [45]. House dust mites are a source of 
over 30 different proteins that can induce IgE-medi-
ated responses. Some of these proteins are cysteine 
and serine proteases. Patch tests have shown that two 
proteins with proteolytic activity derived from house 
dust mites, Der p 1 and Der p 2, induce skin irritation 
or immune activation through direct proteolytic ac-
tivity [46].

ROLE OF STAPHYLOCOCCUS AUREUS 
IN THE FORMATION OF EPICUTANEOUS 
SENSITIZATION

At present, there is a large body of scientific data 
proving the role of St. aureus in the pathogenesis of 
AD [47]. Epicutaneous sensitization with staphylo-
coccal enterotoxin induces local inflammation corre-
sponding to eczema in mice and subjects with normal 
and atopic skin [48, 49]. Population-based cohort 
studies report that colonization of the skin or naso-
pharynx by St. aureus precedes the clinical diagnosis 
of eczema in infancy. In addition, patients with ec-
zema are more prone to colonization with St. aureus 
than healthy controls, and disease severity is associat-
ed with colonization of the affected skin with St. au-
reus [50].

St. aureus can cause significant impairment of the 
skin barrier and thus contribute to the development of 
food sensitization through epicutaneous exposure to 
the allergen.  Moreover, St. aureus causes skin disrup-
tion as a result of exotoxins and protease and lipase 
production.  

Exposure to the peanut antigen through the skin in 
the presence of St. aureus enterotoxin significantly en-
hanced the CD4 + Th2 response in mice, suggesting 
that St. aureus contributes to the development of food 
allergies. Exposure to St. aureus toxin in mice also 
led to an increase in Th2-mediated responses and a 
decrease in the regulatory function of T cells, both of 
these mechanisms having been described in patients 
with food allergies [51, 52]. In a retrospective study 
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by A.L. Jones et al., skin cultures from AD patients 
aged 0–18 years were analyzed. The data obtained 
indicate the presence of an association between colo-
nization of the skin by St. aureus and food allergy to 
peanuts, egg white, and cow’s milk in patients with 
AD [53]. Later, in the study by O. Tsilochristou et al. 
(2019), conducted in the age group of 0–6 years, it 
was shown that, regardless of the severity of eczema, 
there was an association with sensitization to chicken 
eggs and peanuts and a weaker association with cow’s 
milk [55]. 

Thus, various impairments of the skin barrier, in-
cluding colonization by St. aureus lead to immune 
dysregulation, ultimately contributing to the develop-
ment of food allergies through local exposure to the 
allergen [54]. 

A question arises, how food allergens penetrate 
the skin. A number of studies showed the presence of 
food allergens in house dust, not only in the cooking 
area, but also in children’s beds [56, 57]. For example, 
in Norway, dust samples from 143 houses were found 
to have fish allergen in 46%, peanuts in 41%, milk in 
39%, and egg allergen in 22% of mattress dust samples 
[58]. Food allergens can be found in cosmetics used 
for the basic therapy of atopic dermatitis, resulting in 
direct contact of food proteins with the affected skin 
[16, 59]. An analysis of data from the study involv-
ing 13,971 preschool children showed a significant 
association of peanut allergy with skin care products 
containing peanut butter [60]. Despite the proven role 
of skin barrier impairment in development of epicuta-
neous sensitization, it is not the only component in its 
pathogenesis. 

ROLE OF IMMUNE MECHANISMS  
IN THE DEVELOPMENT OF SENSITIZATION 

Epidermal exposure to allergens selectively stimu-
lates the Th2 type reaction, leads to an increase in the 
thickness of the epidermis, a rise in the level of anti-
gen-specific IgE in the blood serum, and production of 
cytokines, and may contribute to the development of 
an allergic reaction upon subsequent exposure to the 
allergen through the gastrointestinal tract, where mast 
cells accumulate, as evidenced by an increase in the 
serum level of mast cell protease-1 (MCP-1) [61–63].

The immune response in food allergy includes two 
phases (Figure). The first phase begins with absorption 
of antigens by dendritic cells and their transport to the 
lymph nodes, where the antigen is presented to naive 
CD4+ T cells. In the lymph nodes, in the presence of 
interleukin (IL)-4 and cytokines, T cells differentiate 

into allergen-specific CD4 + T cells, producing high 
levels of cytokines (IL-4, IL-13) that, in turn, facilitate 
the production of B cell isotypes – specific IgE mem-
ory cells [64]. 

Due to the facilitated antigen presentation, a very 
low concentration of allergen can stimulate the forma-
tion of a complex between specific IgE, the allergen, 
and the low-affinity IgE receptor on the surface of an-
tigen-presenting B cells (CD23+ cells). This complex 
then further stimulates Th2 cell proliferation, leading 
to further B cell isotype switching and increased IgE 
production [65, 66]. 

As B cells mature, they differentiate into plasma 
cells and produce large amounts of allergen-specific 
IgE antibodies (sIgE) that bind to high-affinity FceRI 
receptors on the surface of mast cells and basophils. 
During this phase, a memory pool of allergen specific 
B cells and allergen specific CD4+ Th2 cells is gene- 
rated. Recently, it has been suggested that a subset of 
Th2 cells (Th2A cells) play an important role in the 
immune response to allergy. Congenital group 2 in-
nate lymphoid cells (ILC2), which are found on the 
surface of the lungs, intestines, and skin, serve as key 
regulators and effectors of immunity and promote 
tissue repair. They are also found in human skin le-
sions in AD and are activated by IL-33. ILC2 secrete 
proallergic cytokines, including IL-5 and IL-13. IL-5 
triggers recruitment of eosinophils. IL-13 promotes 
recruitment of inflammatory cells, alters skin microbi-
ome, and reduces the epidermal barrier.

The effector phase follows the sensitization phase 
and is triggered when a person encounters a previ-
ously sensitizing allergen. This causes cross-linking 
of the FceRI-bound receptor with sIgE on sensitized 
mast cells and basophils, resulting in the release of 
preformed and de novo inflammatory mediators. 
These processes lead to an immediate phase of an al-
lergic reaction and, subsequently, to a late phase of an 
allergic reaction through activation of allergen-speci- 
fic Th2 memory cells [64].

Activated Th2 cells produce, among other cyto-
kines, IL-4, IL-5, IL-13. Recent evidence suggests 
that IL-13 is a key cytokine that stimulates peripheral 
inflammation in AD, while IL-4 has a more central 
effect [13, 67]. The primary importance of IL-4 in the 
development of both sensitization and IgE-mediated 
food allergy is confirmed by the absence of IgE pro-
duction in the presence of anti-IL4 antibodies [69]. 
Eosinophils and basophils are the predominant IL-4 
competent cells that accumulate in the skin in re-
sponse to transepidermal penetration of food allergens 
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[70]. Cytokines support allergen-specific IgE levels, 
eosinophilia, mucus production, and recruitment of 

inflammatory cells in the inflamed tissues, leading to 
tissue damage.

Figure. Immune mechanisms in the development of epicutaneous sensitization: NKT – natural killer cells, B reg – B regulatory 
cells, ILC2 – congenital group 2 innate lymphoid cells, ILC3 – congenital group 3 innate lymphoid cells
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ROLE OF THYMIC STROMAL 
LYMPHOPOETIN IN THE FORMATION  
OF EPICUTANEOUS SENSITIZATION

Thymic stromal lymphopoetin (TSLP) is one of 
the most important cytokines involved in epicutane-
ous sensitization [68]. This cytokine is elevated in the 
stratum corneum in patients with AD and correlates 
with the severity of the disease [71].

TSLP-deficient mice were protected from the  
development of allergic inflammation of the  
skin, respiratory tract, and food allergy after expo-
sure to the antigen. These experimental data prove  
the importance of this cytokine in allergic sensitiza-

tion [72–75]. The proinflammatory cytokines TNFα 
and IL-1a, produced in response to skin damage, 
induce the secretion of TSLP from human keratino-
cytes. 

TSLP expression correlates with maturation of 
Langerhans cells, regulation of the TSLP receptor on 
these cells, and their migration to lymph nodes, where 
they promote the differentiation of naive Th cells into 
Th2 cells [76]. TSLP induces the migration of Th2 
targeted antigen-presenting cells to the mesenteric 
lymph nodes, thereby promoting the development of 
allergic reactions in the intestine. These data indicate 
the association of TSLP with early stages of epicuta-
neous sensitization [77].
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ROLE OF IL-33 IN THE FORMATION  
OF EPICUTANEOUS SENSITIZATION

Research data also indicate the possible key role 
of IL-33 in the development of epicutaneous sensiti-
zation [45, 78]. IL-33 is a part of the IL-1 cytokine 
family. It is expressed in epithelial barrier tissues and 
lymphoid organs and is crucial in the initiation of al-
lergic inflammation after exposure to an allergen [79].

The level of IL-33 was elevated in the affected 
skin and serum of patients with AD, as well as in ex-
perimental models in mice after epicutaneous sensi-
tization with ovalbumin [80, 81]. IL-33 promotes in-
creased secretion of IL-5 and IL-13 by polarized Th2 
lymphocytes and is associated with increased serum 
IgE levels and eosinophilia [82]. A study investiga- 
ting the role of IL-33 in epicutaneous sensitization in 
food allergy showed that IL-33 is required to induce 
IgE-dependent anaphylaxis. IL-33-deficient mice and 
mice treated with a soluble IL-33 antagonist were pro-
tected from oral allergen-induced anaphylaxis [83]. 

C. Galand et al. (2016) in their work demonstra- 
ted that mechanical damage to the skin caused by the 
removal of the adhesive tape in mice epicutaneously 
sensitized with ovalbumin induced local and systemic 
release of IL-33, which led to an increase in IgE-medi-
ated degranulation of mast cells and oral allergen-in-
duced anaphylaxis [84]. Blockade of ST2 (IL-33 
receptor) by anti-ST2 monoclonal antibodies led to 
inhibition of the anaphylactic reaction and suppres-
sion of the production of antigen-specific IgE and in-
flammatory mediators [85]. The existing data suggest 
that IL-33 plays a key role in epicutaneous sensitiza-
tion. Neutralization of IL-33 is currently considered 
a promising strategy for the treatment of food allergy 
and AD [86, 87]. IL-24 involved in the suppression 
of filaggrin production in keratinocytes performs an 
important function in the development of AD [88].

MECHANISM OF FOOD TOLERANCE 
FORMATION

Several factors, including allergen properties, 
dose, entry route, genetic factors, and age, contribute 
to the development of food tolerance or sensitization 
[89]. In the context of discussing sensitization to food, 
the entry route of the allergen is the most important. 
Initial exposure to the food allergen by the extraintes-
tinal route is more likely to lead to sensitization. If the 
skin barrier is not impaired and the immune system 
is not primed through the skin, the tolerance mecha-
nisms are triggered [9].

Experimental models show that tolerance is medi-
ated by various mechanisms, such as anergy and dele-
tion of lymphocytes, as well as suppression of sensi-
tization by T regulatory cells [90]. Regulatory T cells 
are thought to induce tolerance by secreting suppres-
sive cytokines, IL-10, and transforming growth factor 
(TGF) β (Figure). 

The age of exposure is also crucial in the induction 
of oral allergen tolerance. In the experimental study, 
feeding newborn mice with albumin led to priming of 
humoral and cell-mediated responses, while in adults 
this caused tolerance [91]. Developing tolerance is 
important in preventing the development of food aller-
gies [92, 93]. Interestingly, countries that have peanut 
snacks for children have relatively low rates of peanut 
allergy [94]. It was shown that early introduction of 
milk, eggs, and peanuts reduces the risk of developing 
food allergies [95, 96].  Based on the data obtained in 
2014, the EAACI consensus was adopted stating that 
introduction of products during the window of toler-
ance (the interval between 4–7 months of a child’s 
life) is recommended for all children, regardless of the 
presence of an atopic predisposition [97].

PREVENTIVE EFFECT OF EMOLLIENTS  
ON THE FORMATION OF FOOD ALLERGY

According to the available data, a defect in the 
skin barrier along with immune dysregulation are the 
leading mechanisms in the formation of epicutaneous 
sensitization. Various strategies are currently being 
developed to reduce the risk of formation of AD and 
food allergy. One of the relevant areas of development 
is preventive use of emollients in children who have 
a history of atopy. The idea of using emollients in the 
context of food sensitization is that, by protecting the 
skin barrier, they should prevent penetration of the al-
lergen and, as a result, development of sensitization. 
However, currently, there are many unresolved issues 
and controversial points regarding the effectiveness of 
their use. 

The study by H. Kenta et al. (2014) showed that the 
use of emollients in children in the first 32 weeks of 
life prevented the development of AD in 32% of cas-
es in comparison with the control group [98]. Similar 
data were also published in 2014, according to which, 
in children with a high risk of AD, the preventive ef-
fect of emollients is independent of the presence of a 
filaggrin gene defect [99]. 

At the same time, the study by R.C. Joanne et al. 
(2020) provided no confirmation of the preventive ef-
fect of emollients. The multicenter, randomized study 
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involved 1,394 children, of whom 693 individuals 
received emollients (Diprobase cream or Doublebase 
gel), and 701 children were in the control group. At 2 
years of age, eczema was present in 139 (23%) of 598 
infants in the emollient group and in 150 (25%) of 612 
infants in the control group [100]. 

Additionally, in the work by E. Dissanayake et al. 
(2019), which studied the use of emollients in children 
who were not at high risk of developing AD, no effect 
from the prophylactic use of emollients was observed 
[101]. One of the possible reasons for such differences 
may be the sample of the study population, which was 
an ordinary-risk group for the development of AD, 
while in other studies the high-risk group was exam-
ined. At the same time, regardless of the obtained ef-
fect from the use of emollients to prevent AD, the au-
thors of the works in which the end point of the study 
was not only AD but also food sensitization agree that 
emollients do not affect the prevention of food sensi-
tization.

Thus, the aforementioned work by H. Kenta et al. 
did not find a statistically significant effect on allergic 
sensitization based on the level of IgE to egg white. 
However, the level of sensitization was significantly 
higher in infants with AD [98]. Moreover, no rela-
tionship was found between the use of emollients and 
the development of food allergies; the difference with 
the control group was only 2% in the work of E. Dis-
sanayake et al. [101].  There are currently insufficient 
data to draw definitive conclusions for or against this 
method of preventing food allergy. It should be noted 
that the effectiveness of the preventive use of emol-
lients must be assessed based on the composition of 
the specific agent used, therefore further research is 
required. 

CONCLUSION
A large body of data has been accumulated on 

the possible existence of epicutaneous sensitization, 
in which priming of immune cells occurs, and, sub-
sequently, food allergy develops. Along with expe- 
rimental studies confirming the role of epicutaneous 
sensitization, clinical data were obtained confirming 
this route of exposure, which opens up ways for pos-
sible prevention of food allergies, in particular, early 
introduction of food allergens, neutralization of IL-33, 
and preventive use of emollients. 

It is assumed that emollients that create a protec-
tive film in the case of congenital defects of the skin 
barrier should prevent penetration of the allergen and, 
consequently, development of sensitization. However, 

studies on the preventive effect of emollients have 
conflicting results: some studies confirm their effec-
tiveness, while others do not. Therefore, additional 
studies are required on the role, place, and mecha-
nisms of the formation of epicutaneous sensitization 
in patients with food allergies. 
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ABSTRACT

Aim. To consider application of convolutional neural networks for processing medical images in various fields of 
cardiology and cardiac surgery using publications from 2016 to 2019 as an example.

Materials and methods. In the study, we used the following scientific databases: PubMed Central, ArXiv, 
ResearchGate. The cited publications were grouped by the area of interest (heart, aorta, carotid arteries).

Results. The general principle of work of the technology under consideration was described, the results were 
shown, and the main areas of application of this technology in the studies under consideration were described. 
For most of the studies, sample sizes were given. The author’s view on the development of convolutional neural 
networks in medicine was presented and some limiting factors for their distribution were listed.

Conclusion. A brief overview shows possible areas of application of convolutional neural networks in the fields of 
cardiology and cardiac surgery. Without denying the existing problems, this type of artificial neural networks may 
help many doctors and researchers in the future.
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РЕЗЮМЕ

Рассмотрены области применения сверточных нейронных сетей для обработки медицинских изображений 
в различных сферах кардиологии и кардиохирургии на примере публикаций с 2016 по 2019 г.

В данной работе использовались следующие базы научных статей: PubMed Central, ArXiv, ResearchGate. 
Приведенные работы структурировались по области интереса (сердце, аорта, сонные артерии). 

Описан общий принцип работы рассматриваемой технологии, показаны результаты и рассмотрены 
основные области применения данной технологии в анализируемых  работах. Для большинства приведенных 
исследований приведены объемы выборок, авторское видение развития сверточных нейронных сетей в 
медицине и перечислены некоторые ограничивающие факторы для их распространения.

Показаны возможные сферы применения сверточных нейронных сетей в области кардиологии и кардио-
хирургии. Не отрицая существующие проблемы, такой тип искусственных нейронных сетей в будущем 
может стать верным помощником для широкого спектра врачей и исследователей.

Ключевые слова: сверточные нейронные сети, CNN, FFR, кардиология, патология сердечно-сосудистой 
системы, стеноз, детекция.
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INTRODUCTION

When examining a patient with cardiovascular 
diseases, a physician receives textual and numerical 
information (for example, medical history and blood 
test results), as well as graphic data (the results of com-
puted tomography (CT), magnetic resonance imaging 
(MRI), echocardiography, scintigraphy, and X-ray), 
which require long-term analysis and assessment [1, 
2]. It takes a highly qualified expert up to 20 minutes 
to analyze MRI scans of a patient at two time points 
of the cardiac cycle – the end-diastole and end-sys-
tole [3]. It is a tedious and time-consuming process, 
that could lead to a diagnostic error [4]. However, in 
addition to the qualitative description, there is another 
important aspect of the quantitative assessment of im-
ages – linear and volumetric measurements for diag-
nosis, prognosis, treatment monitoring, and research 
purposes.

With the development of deep learning methods, 
such as neural networks, which have been used for 

image segmentation [5], object detection [6], and clin-
ical decision support systems [7, 8], and with their in-
creased availability [9, 10], it became possible to apply 
these methods in medical imaging [11–13]. In general, 
neural networks differ significantly from algorithmic 
approaches, which has been the main reason for their 
widespread use and implementation in the field of 
medicine. They have the ability to independently es-
tablish a relationship between input and output values 
via unsupervised training, which results in successful 
extraction of implicit or multifactorial relationships 
from data and better image interpretation [14]. 

Moreover, growth in computing performance, pri-
marily due to graphics processing unit (GPU) com-
puting [15], and availability of open-source neural 
networks make them accessible to many researchers 
[16]. Taking into account these factors, as well as 
the existence of large databases (for example, Ima-
geNet [17], Cardiac CTA [18], ACDC [19]), the task 
of developing tools for reducing the contribution of 
the “human” factor to the analysis of medical images 
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remains relevant. In the period from 2008 to 2018, 
the number of publications dedicated to the machine 
learning approaches in medical image analysis in-
creased by 8 times [20]. This paper presents several 
previous publications on the use of neural networks 
for medical image processing in various fields of car-
diology and cardiac surgery in the period from 2016 
to 2019.

THE CONCEPT OF A CONVOLUTIONAL 
NEURAL NETWORK

The history of neural networks began with the 
primitive feed-forward artificial neural networks 
(ANN) (usually known as the perceptron [21]), 
which were the first and simplest types of ANN. Fur-
ther development of architectures led to the forma-
tion of deep learning ANN, which are characterized 
by complex topology and larger number of intercon-
nected neurons, compared with perceptrons. These 
ANN imitate human cognition, making an associa-
tion based on previous experience with the help of 
training, during which the probability of accurate 
object classification increases [22–24]. To date, 
convolution neural network (CNN) is considered to 
be the most effective ANN for image recognition.  
The main feature of this architecture is a convolu-
tional layer. This layer (or set of layers) processes the 
input image (ANN extracts desired features) and then 
passes it to subsequent processing, similar to other 
ANN [25].

Given that CNNs are a type of ANN, they exhibit 
two main features – a need for training and the abili-
ty to switch [1]. To train the ANN, it is necessary to  
present it with a large number of labelled training data, 
where experts pre-select the features – similar to train-
ing of humans [24]. Therefore, the most important 
factor affecting the CNN is the quality of input data, 
primarily accurate segmentation. Another important 
aspect at the stage of developing CNN architecture is 
the structure and volume of data: a small sample or in-
sufficient heterogeneity will lead to a large percentage 
of errors as a result, i.e. to a decrease in the quality of 
object recognition [1].

The ability of CNN to switch implies the  
ability to work with similar data. It is possible  
to conduct pre-training on data from open sources, 
and then fine-tune it for the target task [26, 27]. Both 
features make CNN a promising and accessible tool 
for medical image analysis, and a number of multi-
disciplinary teams have been conducting research in 
this field.

MEDICAL IMAGE PROCESSING USING CNN

Heart
Segmentation and quantitative assessment of car-

diac and myocardial parameters are important in car-
diology for assessing the severity of the initial state 
of the disease (dilatation, hypertrophy, contractile 
disorders, anatomical changes, etc.) and monitoring 
the results of treatment (remodeling, changes in the 
size of chambers). Despite the achieved progress in 
this area, this task is still challenging due to wide 
subject-to-subject anatomical variation. The main re-
search directions in this area are image segmentation 
and classification.

For example, L. Yu et al. (2016) used CNN for fe-
tal left ventricular (LV) segmentation in echocardio-
graphic sequences [28]. Fetal echocardiography is the 
primary modality for evaluating prenatal cardiac func-
tion due to its low cost, harmless nature, and quick 
acquisition. A quantitative analysis of fetal echocar-
diographic images provides important fetal cardiac 
function parameters for early diagnosis of heart dis-
eases.

 The author proposes a dynamic CNN, the training 
of which includes 2 steps: pre-training and fine-tu- 
ning. Pre-training was carried out using images, where 
the neural network divided each pixel into two catego-
ries: a pixel in the region of interest and out of it. The 
training set consisted of 200,000 samples that were 
chosen randomly in 10 manually delineated sequenc-
es. The validation set consisted of 8,000 samples. It 
is worth noting that only the first frame of each echo-
cardiographic sequence was segmented manually, 
which simplified the work of the experts. Thus, the 
dynamic CNN was fine-tuned by deep tuning to adapt 
to the first frame and by shallow tuning to fix the latest 
frame, adapting to the individual features. As a result, 
the segmentation accuracy was 94.5%. Further work 
is aimed at carrying out a quantitative analysis of fetal 
LV functions based on the results obtained using the 
proposed segmentation method. An example of the re-
sults obtained is shown in Fig. 1a.

W. Xue et al. (2018) [29] proposed an architec-
ture for a deep multitask relationship learning net-
work (DMTRL) which incorporates CNN for cardiac  
image representation and two parallel recurrent neural 
networks (RNN) for temporal dynamic modeling of 
cardiac sequences. The proposed network quantifies 
three types of LV parameters (the cavity inside the 
myocardium, regional wall thicknesses, and a cardi-
ac cycle phase). The authors collected MRI images of 
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145 individuals (average age was 58.9 years), with 20 
frames for each cardiac cycle. Compared with the pre-
vious study [30], this ANN demonstrated higher prog-
nosis accuracy with an absolute error of 1.7–10.3% 
for the studied LV parameters.

J.D. Dormer et al. [31] presented a CNN-based 
heart chamber segmentation method for 3D CT with 
5 classes: left ventricle, right ventricle, left atrium, 
right atrium, and background. Chest CT images were 
acquired for 11 patients with the total number of slic-
es ranging from 78 to 154 for each patient, providing 
a large amount of data. The images were processed 
into pixel patches of five classes, 2 500 patches from 
each class for each patient were chosen for CNN 
training and validation. The results were validated by 
calculating the overall accuracy of the classification 
for each segmented region, with the accuracy defined 
as the number of correctly labeled patches from the 
total number of patches for the testing dataset. As a 
result, the accuracy in segmentation of the heart and 
the overall accuracy were 85.6 ± 6.1% and 87.2 ± 

3.3%, respectively. It is worth noting that 11 unique 
cases resulted in such high accuracy of the network, 
despite insufficient heterogeneity of data. Neverthe-
less, this approach seems appropriate only for rare 
diseases, especially using augmentation of the data-
set size due to rotation and scaling without substan-
tial changes [25].

L. Tan et al. (2018) [32] developed a fully auto-
mated algorithm for LV segmentation in cardiac MRI. 
The study utilized the data of 200 subjects with cor-
onary artery disease and regional wall motion abnor-
malities and 1,140 subjects with a combination of nor-
mal and abnormal cardiac functions. The combined 
training data and the manually labeled data were split 
85:15 by the subject for training and cross-validation, 
respectively (i.e. 26, 069 and 9, 860 unique images). 
The developed algorithm demonstrated the median 
Jaccard similarity coefficient of 0.77 ± 0.11. The re-
sult of the input data processing is shown in Fig. 1b. 
Contrary to [31], this work has a large sample of input 
images for both training and validation.

Fig. 1. The segmentation results: a – of successive echocardiographic images shown in [28]; b – of endo- and epicardium slicing 
from the apex to the base obtained using CNN [32]

а

b

Aorta
Aorta segmentation can be used for reconstructing 

its geometry, such as 3D models for further numeri-
cal analysis and preoperative planning, as well as for 
detecting pathological changes. Neural networks in 
this area can be used for assessment and selection of 
appropriate prostheses for transcatheter aortic valve 
replacement (TAVR) procedures.

Attempting to solve the problem of aortic segmen-
tation, D. Wang et al. (2018) [33] developed a novel 

method for CT-MR aortic aneurysm image segmenta-
tion. The standard approach to training the CNN incor-
porates CT and MR images separately. However, this 
approach is time-consuming and inefficient due com-
putational cost of training the ANN. The novelty of the 
proposed CNN is fusion of the parts of the model that 
work with CT and MR images. Such network can un-
dergo end-to-end (complete) training using unlabeled 
CT and MR images in a shorter time period, since trai- 
ning occurs on two types of input data simultaneously. 

Onishchenko P.S., Klyshnikov K.Yu., Ovcharenko E.A. Artificial neural networks in cardiology: analysis of graphic data
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Moreover, the fusion model allows for shared repre-
sentation of CT and MR images showing similar parts 
of the aorta for all image modalities (Fig. 2a). Proces- 
sing images, the CNN segments them into five differ-
ent classes, namely, aortic wall, its lumen, thrombus, 
calcium deposits, and irrelevant parts as background. 
The validation accuracy of the fusion models is 98.5%, 
which is 1.2% more than that of other models. 

Another study in this area was conducted by 
P.M. Graffy et al. (2019) [34] (Fig. 2b), who used 
the fully automated Mask R-CNN algorithm [35] for 
segmentation of aortic calcification. The segmen-
tation algorithm was applied to 9,914 non-contrast  
CT scans of 9,032 asymptomatic adults, who were 
screened for conditions not related to cardiovascular 
diseases [36]. 

Fig. 2. A: The result of CT (left pair) and MR image (right pair) segmentation into 5 classes [33]: red – lumen of the aortic channel; 
green – aortic wall; purple – thrombus; blue – calcium; black – background (a). Segmentation of aortic calcification using Mask 
R-CNN automated algorithm: input image (left); the result of the segmentation (right) presented in [34]; L1 and L4 lines mark the 

area of algorithm application (b)  

а

b

The images were used to estimate the abdominal 
volume and the number of calcifications and assess 
the Agatston score (showing the extent of coronary 
artery calcification) [37]. Statistical processing of 
the results showed that the mean values for the Agat- 
ston score were higher in men (924.2 ± 2,066.2 vs.  
564.2 ± 1,484.2, p < 0.001), the calcium mass was 
222.2 ± 526.0 mg vs. 144.5 ± 405.4 mg (p < 0.001), 
and the abdominal volume – 699.4 ± 1,552.4 ml vs. 
426.9 ± 1,115.5 ml (p < 0.001). The mean score in-
creased with age by 10% per year for the entire cohort. 
Compared with women, men (age 40–60 years) had 
higher calcium scores (91.2% vs. 75.1%, p < 0.001) 
and significantly higher mean Agatston score (age 50–
80, p < 0.001). Thus, in combination with statistical 
methods, CNN allows researchers to quickly obtain 
large amounts of quantitative data and measurements 
and process them with standard methods of medical 

statistics, making this combination a necessary tool 
for scientific research. The authors noted, that this 
study is only the first step towards creating a clinical 
tool for detecting calcifications in the aortic wall.
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tery disease, which is the most common cause of death 
worldwide. CNN has the potential to become a valu-
able tool for locating and determining the degree of 
pathological changes in the arteries, especially in mul-
tivessel diseases.

X-ray coronary angiography is a primary imaging 
technique for diagnosing coronary diseases, consis- 
ting of consecutive projection images. E. Nasr-Es-
fahani et al. (2016) [40] used convolutional ANN to 
find and extract CA in X-ray coronary angiography 

deposits, and irrelevant parts as background. The validation accuracy of the fusion models is 
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Fig. 2. A: The result of CT (left pair) and MR image (right pair) segmentation into 5 classes [33]: 
red – lumen of the aortic channel; green – aortic wall; purple – thrombus; blue – calcium; black –
background (a). Segmentation of aortic calcification using Mask R-CNN automated algorithm: 
input image (left); the result of the segmentation (right) presented in [34]; L1 and L4 lines mark 

the area of algorithm application (b).
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images. However, low quality resolution and image 
noise complicated processing of such images. Initial-
ly, an input angiogram was preprocessed to enhance 
its contrast. Afterwards, the image was evaluated  
using patches of pixels, and the network determined 
the CA and background regions and extracted them. 
A set of 1,040,000 patches was used for deep CNN 
learning, which were obtained from 44 X-ray angi-
ography images. The large sample allowed for high 
accuracy of CA and background region identifica-
tion – 93.5% and specificity of 97%. Fig. 3 shows 
the ANN work, compared with manually annotated 
images.

It is impossible to assess the coronary bed from 
images using one projection angle. A 3D model pro-
vides more information, so research in this area would 
be promising. Hence, J.M. Wolterink et al. (2019) 
[41] proposed a method for coronary artery centerline 
extraction in cardiac CT angiography using a CNN-
based orientation classifier (Fig. 4). Starting from a 
single seed point placed manually or automatically 
anywhere in the coronary artery, a tracker follows the 
vessel centerline in two directions using the predic-
tions of the CNN. Tracking is terminated when no di-
rection can be identified with high certainty. The CNN 
is trained using manually annotated centerlines in test 
images. 

Evaluation was performed using a test set con-
sisting of 24 coronary CT angiography (CCTA) test 
images in which 96 centerlines were extracted. The 
extracted centerlines had an average overlap of 93.7% 
with manually annotated reference centerlines. This 
study was a part of the Rotterdam Coronary Artery 
Evaluation Framework, which allows for the evalu-
ation of algorithms for coronary artery centerline ex-
traction.

Intravascular optical coherence tomography 
(OCT) is an optical imaging modality commonly 
used in the assessment of coronary artery diseases 
during percutaneous coronary intervention (PCI). 
Y.L. Yong et al (2017) [42] proposed a linear-regres-
sion CNN to automatically perform vascular lumen 
segmentation in OCT. The study used the total of 64 
pullbacks acquired from 28 patients (25% / 75% male 
/ female, the average age 59.71 (± 9.61) years) using 
Dragonfly™ Duo Imaging Catheter. These pullbacks 
were randomly split into a training and a test set in 
the ratio of 7:3. Benchmarking the results against the 
gold standard for manual segmentation, the proposed 
algorithm demonstrated the average CA wall location 
accuracy of 22 microns and the Dice coefficient and 
Jaccard similarity coefficient of 0.985 and 0.970, re-
spectively. The mean absolute error in luminal area 
estimation was 1.38%.

Fig. 3. Results of the ANN work: blue – manual annotation, red – automatic segmentation [40]
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Fig. 4. Fully automatic centerline extraction: a – input images (upper row) and segmentation by the ANN (lower row); b – blue 
spheres indicate the starting points of the algorithm predicting the most likely direction and radius of the artery [41]

Assessment of the fractional flow reserve (FFR) 
[45] is a special form of CNN application in the field 
of medical image processing. After detecting regions 
of blocked CA during angiography, an interventional 
cardiologist, following the guidelines, makes a deci-
sion on FFR application based on the percentage of lu-
men diameter reduction. However, such intervention 
may be excessive in some cases, since stenosis could 
be hemodynamically insignificant, despite the occlu-
sion. Therefore, there is a tendency for defining FFR 
as a functional parameter of CA stenosis. The FFR is 
defined as a distal / proximal pressure ratio in the ste-
nosed segment [46].

These parameters are measured during invasive 
coronary angiography. To reduce the number of in-
vasive procedures, M. Zreik et al. (2018) [47] presen- 
ted a method for automatic identification of patients 
with functionally significant coronary artery stenoses, 
employing deep learning analysis of the LV myocar-
dium at rest using CCTA. The automatic analysis of 
the LV myocardium was used to assess the FFR in 
the study. The analysis incorporated manual annota-
tions of the LV myocardium (Fig. 3) and traditionally 
measured FFR parameters (n = 156) with the values 
of 0.79 ± 0.10. The neural network was tasked with 

classifying patients into those with functionally signif-
icant stenosis (FFR < 0.78) and those without it (FFR 
> 0.78). Quantitative evaluation of the segmentation 
performed on the 20 test scans resulted in a Dice coef-
ficient of  91.4 ± 2.1% [43, 44]. However, the sensiti- 
vity was 0.60–0.80 with the corresponding specificity 
of 0.77–0.59, depending on the CNN settings. These 
results cannot be properly transferred into clinical 
practice as a classification model, although the net-
work helps noninvasively estimate FFR. The subse-
quent work of this team following the same princi-
ple did not demonstrate a significant increase in the 
quality of classification despite changing the FFR 
cut-off values for functionally significant stenosis  
(FFR ≤ 0.8) and adjusting the input data (n = 136) [48].

L. Itu et al. [49] proposed an efficient method for 
determining FFR in 2016. Researches trained CNN di-
rectly on CT scans of the CAs, i.e. associated geomet-
ric features with hemodynamic significance. The input 
data were multislice computed tomography (MSCT) 
scans of 87 patients with 125 stenosed regions. The 
researchers manually annotated arteries, reconstruct-
ed 3D models of the coronary vascular bed, and per-
formed numerical modeling of the fluid dynamics, as-
sessing the pressure gradient. 
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The model was validated, and the diagnostic ac-
curacy for the detection of functionally significant 
CAD was shown to be 75–85%. Then, 12,000 coro-
nary geometries were generated to artificially increase 
the sample, so the model could assess the FFR. These 
data were used to train CNN. Thus, the researchers in-
creased the training set from 87 to 12,000 objects (by 
138 times). The results of the proposed neural network 
were 99.7% consistent with the results of the numeri-
cal analysis (R = 0.9998, p < 0.001). The trained CNN 
was tested using input clinical MSCT data (n = 87) 
with the resulting sensitivity of 81.6% and specificity 
of 83.9%. This result is largely due to the imperfec-
tion of the computational fluid dynamics algorithms. 
Nevertheless, this study seems to be the most prom-
ising, since FFR estimation is based primarily on the 
CA anatomy. Perhaps, by combining two studies de-
scribed above, a synergistic effect could be achieved 
by incorporating both LV and CA geometry analysis 
to improve FFR estimation. It should be noted that the 
method proposed in [41], allowing for the reconstruc-
tion of 3D representation of CA, can be combined with 
the method in [49], which can lead to a breakthrough 
in the field of noninvasive FFR estimation.

Detection of surgical devices

For TAVR procedures, the task of detecting cath-
eters remains urgent, as it could assist in determining 
the optimal implant positioning.

The authors (2017) in [50] attempted to detect 
guidewires using datasets comprised of X-ray images. 
Overall, 22 image sequences were used in the study. 
The testing task of the region proposal network was 
divided into three steps. At the first step, 256 region 
proposals of guide-wires were generated from a test 
image as input data. At the second step, all the propos-
als were classified by the region, the region propos-
al was considered as the target, if its corresponding 
score was larger than the threshold value. Finally, the 
detected proposals with the highest score were selec- 
ted. Following this algorithm, a total of 5, 092 imag-
es were obtained from the 22 original X-ray images. 
Then, researches divided 22 sequences into two sets, 
one – for training (19 sequences) and the rest – for 
testing (3 sequences). The detection accuracy reached 
89.2%. The detection results are shown in Fig. 5, a.

In 2019, H. Yang et al. [51] developed a method 
for catheter segmentation in 3D ultrasound images 
(Fig. 5, b) intending to use it during minimally inva-
sive interventions. Since it was a pilot study, four data 
sets from four porcine hearts were used as the study 

samples. The whole algorithm was divided into three 
steps: 1) extracting the discriminating features from 
each voxel; 2) classifying voxels into catheter-like and 
non-catheter voxels using the CNN; 3) employing cu-
bic spline interpolation to identify the catheter in the 
images. The proposed method can localize the cathe-
ter with the mean error of 2.1 mm while scanning the 
images for 10 seconds. With the increase in the com-
puting power and optimization of the algorithm, this 
method would be able to instantly process datasets.

In the same year, a team of researchers led by  
H. Lee [52] used CNN to track and detect a periph-
erally inserted central catheter (PICC) and its tip. A 
total of 600 DICOM images from 600 different pa-
tients containing the keyword “PICC” were used in 
the study. The authors randomly selected 50 cas-
es from the entire cohort to be used as a validation 
dataset and 150 cases to be used as a test dataset. The 
remaining cases were utilized to train fully convolu-
tional networks (FCN) [53]. The neural networks de-
veloped by this team obtained absolute distances from 
ground truth with the mean of 3.10 mm, a standard 
deviation of 2.03 mm, and a root mean square error 
of 3.71 mm per 150 test cases. Despite the fact that all 
the images have a different angle and image noise, the 
CNN is able to accurately segment PICC line, ECG 
sensors, various objects (any additional  structures), 
and threads (Fig. 5, c).

PROMISING DIRECTIONS FOR CNN 
ANN have proved useful in the field of graphic 

data analysis: from medical image segmentation to as-
sessing and predicting the development of pathologies 
in experimental and pilot studies. With the increasing 
availability of high-performance systems, ANN could 
find application in the form of commercial products, 
but this would require solving a number of problems 
related to clinical data and interaction between ANN 
and infrastructures.

Besides training, ANN requires a sufficient number 
of heterogenic data. The existing databases of annota- 
ted MSCT, CT, and MR images used for CNN  
training are limited. They usually include 100–300  
images [19], while training often requires 1,000–
10,000 samples. Various methods of artificial data 
generation and augmentation used in the studies have 
their own limitations and, due to their nature, con-
tribute to the accuracy of CNN performance. Hence, 
collecting, standardizing, and annotating medical data 
can result in a promising project, especially concern-
ing the development of multicenter databases.
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Another feature is heterogeneity of the neural net-
work architectures. Research teams have been using 
their own models of ANN, never combining them 
with other CNNs for a cumulative effect. The different 
networks mentioned in this review could have been 
fused into a comprehensive system of neural network 
analysis to increase accuracy of the results. Howe- 
ver, in practice this rarely happens. Perhaps, it is due 
to incompatibility of input data or neural network 
architecture. The prospect of combining multidirec-
tional approaches for medical image segmentation or 
disease prediction, i.e., development of an integrated 
approach to neural network performance, can signifi-
cantly increase the sensitivity and specificity of the 
results.

Finally, despite the development of computing 
hardware and image processing, many performance 
problems persist. The main calculations, such as se-
lection of weight coefficients at the CNN training 
stage, happen on the graphic core of high-perfor-
mance video cards (GPU). Compared with training 
on the central processing unit, GPU accomplishes the 
task much faster. However, a real-time image analysis 
(detection, segmentation) is usually carried out on less 
sophisticated machinery. The development of cloud 
computing in combination with CNN optimization 
algorithms should significantly simplify practical im-
plementation of such systems by reducing the require-
ments to the PC computing power.

CONCLUSION
Over the past few years, ANN has been incorpo-

rated in many areas of our lives – from entertainment 
(applications for photo processing in smartphones, 
etc.) to engineering design systems (for example, gen-
erative technologies). The wide spread of machine 
learning methods in everyday life occurred due to 
the growth of computing power, both in stationary 
and in wearable devices. Medical field is no excep-
tion – ANN have proven effective in a wide range of 
tasks, including graphic data processing. Despite the 
advances in this field, the development of ANN has 
been slow for a number of reasons, several of which 
are described above. In this brief review, the possi-
ble applications of CNN in the field of cardiology and 
cardiac surgery have been shown. Although there is 
room for improvements, the network could become a 
reliable assistant for practitioners and researchers in 
the future.

Data availability presents the main problem to 
the implementation of CNN in healthcare. Thus, the 
question remains open, whether it would be possible 
to collect enough annotated data to train the ANN. Re-
cent studies have shown that the more data there is, 
the better the results will be. However, it is not known 
how the big data can be used.

The above-mentioned studies have demonstrat-
ed that deep learning methods assist in the research 
process, but due to the uniqueness of the used data,  

Fig. 5. Results of CNN performance in detecting medical devices: a – when detecting a catheter in the CA; the tip of the catheter is 
marked with a square [50]; b – successful segmentation (left) and its original image (right) [51]; c – when segmenting PICC (red), 

ECG sensors (green), and various objects (dark cyan) [52]
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researchers must search for other complex methods 
that would allow efficient analysis of clinical data. It 
can be concluded that the prospects of ANN applica-
tion in healthcare have no limitations.
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A clinical case of secondary hypertension in a young woman with coarctation 
of the aorta
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ABSTRACT

The article presents a case of diagnosis and treatment of coarctation of the aorta in a 20-year-old woman, who 
previously received follow-up care with the diagnosis of hypertension. This case demonstrates the importance of 
qualitative examination of young patients with hypertension, including tonometry in the lower extremities and 
transthoracic echocardiography. The peculiarities of this clinical case encompass a rarer, isolated type of coarctation 
of the aorta and high physical fitness of the patient, which reduced doctors’ alertness regarding this anomaly. After 
surgical correction, a significant decrease in the blood pressure was achieved; however, such patients need long-
term follow-up in order to detect complications, such as aneurysms, restenosis, or residual stenosis. 
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Клинический случай симптоматической артериальной гипертонии  
у молодой женщины с коарктацией аорты 

Манукян М.А., Фальковская А.Ю., Мордовин В.Ф., Саушкин В.В., Рябова Т.Р.
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РЕЗЮМЕ

Представлен  случай диагностики и лечения коарктации аорты у женщины в возрасте 20 лет, ранее 
наблюдавшейся с диагнозом «артериальная гипертония» (АГ). Приведенный клинический пример 
демонстрирует важность качественного обследования молодых больных с АГ, включающего тонометрию на 
нижних конечностях и трансторакальную эхокардиографию. Особенностями данного клинического случая 
являются более редкий, изолированный тип коарктации аорты и высокая физическая тренированность 
пациентки, что снижало настороженность врачей в отношении этой аномалии. После хирургической 
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коррекции порока достигнуто существенное снижение артериального давления, однако в дальнейшем 
такие пациенты нуждаются в длительном наблюдении с целью возможного выявления таких осложнений, 
как аневризмы, рестенозы и резидуальные стенозы. 

Ключевые слова: коарктация аорты, вторичная артериальная гипертензия, заболевания аорты.
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INTRODUCTION
 Coarctation of the aorta (CoA) is a relatively rare 

anomaly, accounting for 5–8% of all congenital heart 
defects. Its prevalence is 2.5–4 cases per 10,000 in-
fants, with predominance in males (2:1 ratio) [1]. De-
spite the traditional division into preductal (infantile 
type) and postductal (adult type) depending on the 
location with respect to the arterial duct, congen-
ital CoA is essentially periductal, and the age of its 
manifestation depends on the degree of aortic steno-
sis and the association with other defects [2]. There 
is currently no consensus on the etiopathogenesis of 
CoA; the most common theories are the abnormal ge-
netic mutation theory [3], the flow theory (A. Rudolf, 
1972), and the loop theory (J. Skoda, 1855). It should 
be recognized that in most cases (up to 83%), CoA 
is combined with various congenital anomalies, most 
commonly bicuspid aortic valve (up to 60%) and he-
reditary diseases, such as Turner syndrome and other 
anomalies [3]. In the past, CoA was regarded as a lo-
cal anatomical narrowing, but is now considered to be 
a diffuse aortopathy [4].

The hemodynamic essence of CoA involves re-
duced blood supply to the lower body. At this time, 
renal hypoperfusion activates the renin – angiotensin 
– aldosterone system, which leads to persistent arterial 
hypertension (AH) of the upper body, development of 
left ventricular (LV) hypertrophy, pre- and post-ste-
notic aortic dilatation, and formation of collateral 
circulation due to anastomosed intercostal, internal 
mammary, and scapular arteries [5].

Proximal hypertension increases the risk of aneu-
rysms in the cerebral arteries [6] and thoracic aorta, 
as well as early coronary artery disease. Depending 
on the degree of aortic constriction and compensato-
ry capacity, the clinical presentation can range from 

critically severe heart failure in infants to asymptom-
atic hypertension in adults [7]. The main manifesta-
tions of CoA are upper-limb systolic hypertension 
and lower-limb hypotension, with the arterial pressure 
(AP) gradient between the upper and lower extremi-
ties > 20 mmHg. In the natural course of the disease, 
the average life expectancy of patients, according to  
M. Campbell, is about 34 years, and the leading caus-
es of death according to 304 autopsies were conges-
tive heart failure (25.5%), aortic rupture (21%), bacte-
rial endocarditis (18%), and intracranial hemorrhage 
(11.5%) [8]. In the meantime, surgical correction of 
the defect can dramatically change the fate of patients 
[9–11].

As CoA is mostly well diagnosed in childhood, 
it is one of the rare causes of arterial hypertension 
in adults, in whom its distinguishing feature is re-
sistance to pharmacotherapy. Transthoracic echo-
cardiography verifies the diagnosis of CoA, while 
computed tomography (CT) or magnetic resonance 
imaging (MRI) are useful tools in selecting an indi-
vidual therapy, detecting complications, and mana- 
ging the defect.

CLINICAL CASE
Patient R., 20 years old, born in 1999, was ad-

mitted to the Department of Arterial Hypertension 
of the Cardiology Research Institute, Tomsk NRMC 
on April 13, 2020 with the following complaints: 1) 
stable elevation of AP up to 160–170 /80–90 mmHg, 
with episodes of elevation up to 220 / 120 mmHg, 
accompanied by intense headache in the occipital re-
gion, dizziness, and generalized weakness; 2) short-
ness of breath, discomfort in the left side of the chest 
during rapid walking up to 300 m; 3) leg weakness 
during prolonged walking.
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It is known from anamnesis that the patient has been 
actively involved in sports since childhood (basket-
ball, biathlon), and her first elevation of AP to 160 / 
100 mmHg was recorded at the age of 16 years (2015) 
during a physical examination. Due to her good health, 
the patient had not consulted a doctor until 2018 and 
had not taken any antihypertensive medications. In Jan-
uary 2018, leg weakness, headache, and dizziness ap-
peared for the first time with a rise in AP to 220 / 120 
mmHg. During the examination at the local district hos-
pital, renovascular and endocrine hypertension were ex-
cluded and angiotensin-converting enzyme inhibitors, 
beta-blockers, and diuretics were prescribed to correct 
the AP. The patient was referred to the Cardiology Re-
search Institute (Tomsk NRMC) for further examination 
and treatment in April 2020 due to failure to achieve the 
target AP values. In addition, it is known that the patient 
was the second child in the family, mother’s pregnan-
cy had no special features. Her menstruation had been 
regular since the age of 14. She denies the presence of 
chronic diseases, bad habits, aggravated heredity for 
cardiovascular diseases and malformations.

Upon physical examination: satisfactory gener-
al condition, clear consciousness, regular physique. 

Body mass index – 27.1 kg / m2. The left border of 
the relative cardiac dullness is along the midclavicu-
lar line. Heart sounds are clear and rhythmic, second 
heart sound has accentuation over the aorta, heart rate 
is 76 beats per minute. A coarse systolic murmur at 
the Botkin – Erb’s point, is noted passing to the ves-
sels of the neck. Blood pressure in the arms: left – 203 
/ 115 mmHg, right – 206 / 115 mmHg; blood pressure 
in the legs: right and left – 140 / 90 mmHg. Other or-
gans and systems had no clinically significant abnor-
malities. No significant abnormalities were detected 
according to the laboratory tests. ECG revealed Cor-
nell voltage criteria for LV hypertrophy (R in aLV + S 
in V3 = 26 mm). According to transthoracic echocar-
diography, ejection fraction was 67%, heart chambers 
were of normal size, concentric LV hypertrophy was 
observed (LV myocardial mass 204 g, LV myocardial 
mass index 114 g/m^2), valves were without evident 
structural changes, aortic regurgitation up to grade I 
was noted, the remaining systems function normally. 
Systolic pressure in the right ventricle was normal. No 
interchamber shunts were detected. CoA with a gradi-
ent of 80 / 32 mmHg was documented at the transition 
of the arch to the descending aorta (Fig. 1, 2).

Fig. 1. Patient R., 20 years old: transthoracic echocardiography. 
Suprasternal position along the long axis: a – B-mode;  

b – color Doppler; white arrow indicates the site of stenosis

Fig. 2. Patient R., 20 years old: suprasternal position along the 
long axis. Continuous-wave Doppler; the arrow shows stenotic 

flow at the site of stenosis

MSCT aortography findings on Fig. 3 and Fig. 4 
confirmed CT signs of aortic coarctation in the typical 
location, as well as collateral blood flow through the 
dilated intercostal and mammary arteries.

On the basis of the comprehensive clinical and 
instrumental examination, a diagnosis of congenital 
heart disease was made with aortic coarctation at the 
transition of the arch to the descending aorta, gradient 
80/32 mmHg. Symptomatic arterial hypertension was 

detected. Left ventricular hypertrophy, risk group 4. 
One week after admission to the hospital, surgical re-
pair of aortic coarctation was performed, the arch and 
descending aorta were repaired with 20 mm Gore-Tex 
20 suture, the aortopulmonary window was dissected. 
The postoperative period was without complications, 
the patient was discharged 10 days after the interven-
tion with the recommendations of continuous admin-
istration of metoprolol 100 mg twice a day, torasemide 
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5 mg /day. The entire hospital stay, including surgery, 
took 17 days. In 3 months after discharge from hospi-
tal, AP stabilized at 130 / 80 mmHg, and torasemide 

was discontinued due to a dramatic drop in AP.  Taken 
into account tachycardia, a beta-blocker was preferred 
for further treatment.

Fig. 4. Patient R., 20 years old: 3D reconstruction (left) and curvilinear reconstruction of the thoracic aorta with coarctation of the 
aorta. Severe narrowing of the aorta is identified distal to the origin of the left subclavian artery. Stenosis of the lumen is 70%. Post-
stenotic dilatation of the aorta is detected distal to the narrowing. The root and ascending thoracic aorta are dilated. The left vertebral 

artery branches off the aortic arch and its orifice is proximal to the left subclavian artery

Fig. 3. Patient R., 20 years old: 3D reconstructions of the aorta in the anterior left oblique projection (a) and in the posterior right 
oblique projection (b). The blue arrow shows coarctation of the aorta; dilated tortuous intercostal arteries (white arrows) depart from 

the descending aorta; dilated mammary arteries depart from the subclavian arteries (yellow arrows).

а				                          b
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CONCLUSION
A rarer, isolated type of aortic coarctation, asymp-

tomatic course of the anomaly till the age of 16, and 
high physical fitness of the patient were the peculia- 
rities of this clinical case, which disoriented prima-
ry care physicians during the examination, including 
that after manifestations of AH. Nevertheless, given 
the characteristic complaints and auscultation find-
ings, tonometry on the lower extremities would have 
greatly facilitated the diagnosis. Referral of the patient 
to transthoracic echocardiography with obligatory in-
spection of the aorta from suprasternal access using 
Doppler color flow mapping and continuous-wave 
Doppler, as well as assessment of the abdominal blood 
flow would allow for timely diagnosis of this type of 
pathology. 

It seems quite prominent that in this case, the di-
agnosis and correction of the defect in a specialized 
heart center took less than 3 weeks. However, despite 
a successful intervention, patients with aortic coarc-
tation require long-term follow-up to monitor blood 
pressure, exclude the development of late aneurysms 
due to prolonged exposure of the vascular wall to in-
creased hemodynamic pressure, and identify possible 
long-term postoperative complications.

REFERENCES
1.	 Hoffman J.I., Kaplan S. The incidence of congenital heart dis-

ease. Journal of the American Сollege of Сardiology. 2002; 39 
(12): 1890–1900. DOI: 10.1016/s0735-1097(02)01886-7.

2.	 Fox E.B., Latham G.J., Ross  F.J., Joffe  D. Perioperative and 
Anesthetic Management of Coarctation of the Aorta. Seminars 
in Сardiothoracic and Vascular Anesthesia. 2019; 23 (2): 212– 
224. DOI: 10.1177/1089253218821953.

3.	 Teo L.L.S., Cannell T., Babu-Narayan S. V., Hughes M., Mo-
hiaddin, R. H. Prevalence of associated cardiovascular abnor-

malities in 500 patients with aortic coarctation referred for car-
diovascular magnetic resonance imaging to a tertiary center. 
Pediatric Cardiology. 2011; 32 (8): 1120–1127. DOI: 10.1007/
s00246-011-9981-0.

4.	 Kim Y. Y., Andrade  L., Cook  S. C. Aortic Coarctation. Car-
diology Clinics.   2020; 38 (3): 337–351. DOI: 10.1016/j.
ccl.2020.04.003.

5.	 Agasthi P., Pujari S.H., Tseng A., Graziano J.N., Marcotte F., 
Majdalany D., Mookadam F., Hagler D.J., Arsanjani R. Ma- 
nagement of adults with coarctation of aorta. World Journal 
of Cardiology. 2020; 12 (5):167–191. DOI: 10.4330/wjc.v12.
i5.167.

6.	 Donti A., Spinardi L., Brighenti M., Faccioli  L., Leoni C.,  
Fabi M., Trossello M.P., Gargiulo G.D., Bonvicini M. Fre-
quency of intracranial aneurysms determined by magnetic 
resonance angiography in children (mean age 16) having op-
erative or endovascular treatment of coarctation of the aorta 
(mean age 3). The American Journal of Cardiology. 2015; 116 
(4): 630–633. DOI: 10.1016/j.amjcard.2015.05.030.

7.	 Ganigara M., Doshi A., Naimi I., Mahadevaiah G. P., Buddhe S., 
Chikkabyrappa S.M. Preoperative Physiology, Imaging, and 
Management of Coarctation of Aorta in Children. Seminars in 
Cardiothoracic and Vascular Anesthesia. 2019; 23 (4): 379–
386. DOI: 10.1177/1089253219873004.

8.	 Torok R.D., Campbell M. J., Fleming G. A., Hill K. D. (2015). 
Coarctation of the aorta: Management from infancy to adult-
hood.  World Journal of Cardiology. 2015;  7(11): 765–775. 
DOI: 10.4330/wjc.v7.i11.765.

9.	 Abugov S.A., Averina T.B., Axelroth B.A., Akchurin R.S., 
Alekian B.G., Arakelyan V.S. Clinical guidelines for the diag-
nosis and treatment of aortic diseases (2017). Cardiology and 
Cardiovascular Surgery. 2018; 1: 5-67 (in Russ.).

10.	Kozlov B.N., Panfilov D.S., Saushkin V.V., Kuznetsov M.S., 
Nasrashvili G.G., Shipulin V.M. Reconstructive surgery of 
aortic arch rupture in adults. Surgery. Journal named after N.I. 
Pirogov. 2016; (5): 13-16 (in Russ.). DOI: 10.17116/hirurg-
ia2016513-16.

11.	Ilyinov V.N., Krivoschekov E.V., Shipulin V.M. Surgical 
treatment of aortic coarctation combined with arch hypopla-
sia. Siberian Medical Journal. 2014; 29 (3):80-86 (in Russ.). 

__________________________

Acknowledgements 
The authors would like to express their gratitude to E.V. Tsymbaluk, Dr. Sci. (Med.), Head of the Department of Arterial Hypertension 

at Cardiology Research Institute, Tomsk NRMC, and E.V. Krivoshchekov, Dr. Sci. (Med.), Head of the Cardiovascular Surgery Department 
at Cardiology Research Institute, Tomsk NRMC, for their help in preparation of clinical material. 

__________________________

Authors contribution
Manukyan M.A. – drafting of the manuscript, preparation of the manuscript for publication. A.Y. Falkovskaya drafting of the 

manuscript, conception, critical revision of the manuscript for important intellectual content. V.F. Mordovin – advisory assistance, critical 
revision of the manuscript for important intellectual content. V.V. Saushkin. – carrying out of MSCT aortography, illustrations for the 
manuscript, consultative assistance, critical revision of the manuscript for important intellectual content. Ryabova T.R. – carrying out of 
ultrasound examination, illustrations for the manuscript, critical revision of the manuscript for important intellectual content. 



210 Bulletin of Siberian Medicine. 2021; 20 (4): 205–210

Authors information
Manukyan Musheg H., Post-Graduate Student, Department of Arterial Hypertension, Cardiology Research Institute, Tomsk NRMC, 

Tomsk, Russian Federation. ORCID 0000-0003-3577-1895.
Falkovskaya Alla Yu., Cand. Sci. (Med.), Senior Researcher, Acting Head of the Department of Arterial Hypertension, Cardiology 

Research Institute, Tomsk NRMC, Tomsk, Russian Federation. ORCID 0000-0002-5638-3034. 
Mordovin Viktor F., Dr. Sci. (Med.), Leading Researcher, Department of Arterial Hypertension, Cardiology Research Institute, 

Tomsk NRMC, Tomsk, Russian Federation. ORCID 0000-0002-2238-4573. 
Ryabova Tamara R., Cand. Sci. (Med.), Senior Researcher, Department of Functional and Laboratory Diagnostics, Cardiology 

Research Institute, Tomsk NRMC, Tomsk, Russian Federation. ORCID 0000-0001-8573-5695.
Saushkin Victor V., Cand. Sci. (Med.), Senior Researcher, Laboratory for Radionuclide Methods, Cardiology Research Institute, 

Tomsk NRMC, Tomsk, Russian Federation. ORCID 0000-0001-5564-3802.

(*)  Manukyan Musheg H., е-mail: manukyan.muscheg@yandex.ru 

Received 18.08.2020
Accepted 28.12.2020

Manukyan M.A., Falkovskaya A.Yu., Mordovin V.F. et al. A clinical case of secondary hypertension in a young woman with



211

CLINICAL CASES

УДК 616.895.8-02:616.89-008.43-06
https://doi.org/10.20538/1682-0363-2021-4-211-217

The effect of antipsychotic-induced extrapyramidal disorders on patient’s 
compliance with schizophrenia (a clinical case)
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ABSTRACT

Extrapyramidal disorders are common adverse events in antipsychotic therapy. However, their diagnosis is difficult 
due to broad differential diagnosis, and often their specific clinical variant is not recognized, and timely intervention 
is not performed, which leads to severe patient suffering. This affects the quality of life of patients with schizophrenia 
and leads to their refusal to receive therapy, which aggravates the course of the disease. The article presents a 
clinical case of a 33-year-old patient at a psychiatric hospital with schizophrenia combined with such rare severe 
extrapyramidal disorders as antipsychotic-induced tardive dyskinesia and tardive dystonia.

The diagnosis was carried out in accordance with the criteria of the International Classification of Diseases, 
Tenth Revision (ICD-10). The intensity of clinical manifestations was assessed using the Positive and Negative 
Syndrome Scale (PANSS), the Abnormal Involuntary Movement Scale (AIMS), and the Barnes Akathisia Rating 
Scale (BARS). Compliance was assessed using the Method for Measuring Medication Adherence in Psychiatry. 
Detailed differential diagnosis of tardive dyskinesia and tardive dystonia with akathisia and Huntington’s disease 
was presented. Substantiated treatment strategy and positive clinical dynamics with increased compliance were 
described. 
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Влияние экстрапирамидных антипсихотик-индуцированных нарушений 
на комплаенс пациента с шизофренией (клинический случай)
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РЕЗЮМЕ

Экстрапирамидные нарушения являются частыми нежелательными явлениями терапии антипсихотиками. 
Однако с учетом широкого круга и сложностей дифференциальной диагностики часто не распознается их 
конкретный клинический вариант и не проводится своевременное вмешательство, что приводит к выра-
женным страданиям пациента. Это влияет на качество жизни больных с шизофренией и приводит к отказу 
от приема терапии, что усугубляет течение заболевания. В статье представлен клинический случай 33-лет-
него пациента психиатрического стационара с шизофренией, сочетанной с такими редкими, но тяжелыми 
экстрапирамидными нарушениями, как тардивная дискинезия и тардивная дистония, индуцированными 
приемом антипсихотиков. 

Диагностика проводилась в соответствии с критериями Международной классификации болезней десято-
го пересмотра (МКБ-10). Выраженность клинических проявлений оценивалась с помощью Шкалы пози-
тивных и негативных симптомов (PANSS), Шкалы патологических непреднамеренных движений (AIMS), 
Шкалы оценки акатизии Барнса (BARS). Проведена оценка комплаенса с помощью Метода прогнозирова-
ния медикаментозного комплаенса в психиатрии. Представлена развернутая дифференциальная диагности-
ка тардивной дискинезии и поздней дистонии с акатизией и болезнью Гентингтона. Описана мотивирован-
ная врачебная тактика и положительная клиническая динамика с повышением комплаенса.

Ключевые слова: тардивная дискинезия, тардивная дистония, шизофрения, комплаенс, акатизия.
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INTRODUCTION

Patient noncomliance with therapy is a common 
problem in the treatment of schizophrenia, leading 
to relapses, readmissions, and aggravating long-
term events [1, 2]. Treatment noncompliance is one 
of the reasons for transferring patients to therapy 
with long-acting antipsychotics, which are mostly 
conventional neuroleptics [3]. The average rate of 

noncompliance among patients with schizophrenia 
is 47% [4].  32 % of patients discontinue seeing a 
psychiatrist upon discharge from hospital; and 31% 
of patients who continue regular sessions with a psy-
chiatrist in the outpatient setting are found to have 
noncompliance or complete refusal of therapy [5].

Within the first 18 months of treatment, 5% of 
patients discontinue it completely [6]. About 250 
factors affecting compliance have been identified 
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[7]. A key factor is multiple adverse effects of anti-
psychotics [8], which cause about half of patients to 
refuse from antipsychotic therapy [9]. Tardive dyski-
nesia, dystonia, and akathisia occupy a special place 
among specific motor side effects of antipsychotics. 
They aggravate the course of schizophrenia, cause 
treatment failure, and worsen the quality of life [10].

Tardive dyskinesia is a persistent movement  
disorder that occurs 1–2 years [11] after taking anti-
psychotics. It represents chaotic movements of dif-
ferent parts of the body. The specifics of the move-
ments and the part of the body vary and may change 
over time. The first symptoms of tardive dyskine-
sia usually include repetitive, uncontrolled, chaotic 
movements of lips, tongue, and facial mimic mus-
cles. Movements of the extremities, head, neck, and 
soma, difficult swallowing, and forced body postures 
may also be present [12]. The quality of life of pa-
tients with tardive dyskinesia is reduced by 12.3% 
relative to patients without it [13], and the pres-
ence of tardive dyskinesia complicates treatment of 
schizophrenia and increases the financial burden on 
the patient’s family [14].

Tardive dystonia is an extrapyramidal disorder, 
one of the most disabling variants of tardive dyski-
nesia. It occurs several years after the start of anti-
psychotic therapy and persists after its withdrawal. 
In less than 20% of cases, it occurs within the first 
year of treatment [15]. Tardive dystonia begins in 
the muscles of face or neck. Generalization of dys-
tonia to the extremities and trunk is observed in a 
small number of cases. The most frequent form of 
tardive dystonia is oromandibular dystonia. All of 
this affects patients’ quality of life and leads to refus-
al of therapy, aggravates the course of the underlying  
disease, and requires increasing doses of antipsy-
chotics: a pathological circle is formed [15]. 

One of the types of tardive akathisia is persistent 
akathisia, which develops 3 months after withdrawal 
of antipsychotic therapy or when a second neurolep-
tic drug is added to the treatment [16]. Motor rest-
lessness with predominant localization in the lower 
extremities (repetitive movements such as crossing 
and uncrossing the legs, and constant shifting from 
one foot to the other, walking along a single line) 
is typical of akathisia and is defined as its objective 
component. The subjective component is represent-
ed in the form of an imperative need for movement, 
restlessness, and tension. The emergence of tardive 
akathisia, especially when its severity increases, 

can be mistakenly interpreted as aggravation of the 
mental state, and can be the reason for the formation 
of suicidal tendencies [16]. Timely diagnosis and 
correction of adverse motor events of antipsychotic 
therapy are necessary to improve the quality of life, 
increase compliance, and form long-term remission 
[17].

The aim of the study was to diagnose and de-
scribe the effect of combined antipsychotic-induced 
extrapyramidal disorders, such as tardive dyskinesia 
and tardive dystonia, on patient’s compliance with 
schizophrenia. 

We used clinical-psychopathological and clini-
cal-catamnestic methods with the analysis of medi-
cal records of the patient undergoing inpatient treat-
ment at the Department of Endogenous Disorders of 
Mental Health Research Institute clinics. The patient 
was examined and treated according to the nation-
al clinical guidelines [18]. Schizophrenia was diag-
nosed according to ICD-10 criteria [19]. The seve- 
rity of pathopsychological symptoms was assessed 
according to the Positive and Negative Syndrome 
Scale (PANSS) [20].  The severity of pathological 
involuntary movements was assessed according to 
the Abnormal Involuntary Movement Scale (AIMS) 
[21]. The Barnes Akathisia Rating Scale (BARS) 
was used to diagnose akathisia [22]. Compliance 
was assessed using the Method for Measuring Medi-
cation Adherence in Psychiatry [23].  

CLINICAL CASE
Patient A., 33 years old, was admitted to the hos-

pital in January 2020 for managing adverse effects of 
antipsychotic therapy.

Anamnesis. The patient was born following nor-
mal pregnancy and delivery and was not behind his 
peers in his early development. Since preschool age, 
the patient had not been socially active and could not 
adapt in a group of peers. He was often ridiculed and 
physically bullied at school, then he was transferred 
to homeschooling. Since the age of 13, he could 
hardly comprehend tasks and could understand sim-
ple instructions only after several repetitions. He 
could not talk for days, looking at geographical at-
las for a long time, freezing over one page. He was 
first examined by a psychiatrist following teachers’ 
recommendations, but was not subjected to full exa- 
mination and treatment. 

At the age of 15, he began to have fear of men 
and refused to go out unaccompanied. On the eve 
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of the school year, he made numerous razor cuts 
on his forearm and neck. He never sought medical 
care. At the age of 16, he barely completed grade 
11, after which he refused to continue his education. 
Patient’s behavior changed, he stiffened while sit-
ting on a chair in one position, could walk quickly 
around the room from time to time, raised his legs 
high, squeezed his hands in front of him with effort, 
strained his neck and moved his lower jaw forward, 
and was moody. With suicidal intentions, he took a 
blister pack of zopiclone, after which he was taken to 
the Accident and Emergency Unit. Having returned 
home, he learned of his brother’s death; he did not 
react emotionally, went outside, and ran around the 
house in silence; he had not thought of his brother 
since.

He took the recommended haloperidol for 1 
month on an outpatient basis, then stopped taking 
it. He was angry and tense; he declared to his par-
ents that he had no future. At the age of 17, he was 
first hospitalized to Mental Health Research Insti-
tute clinics. His mental state was characterized by 
behavioral disorders against a background of the flat 
effect, alogia, and hypobulia. He took zuclopenthixol 
25 mg/day, clozapine 237.5 mg/day, carbamazepine 
800 mg/day, and trihexyphenidyl 10 mg/day. In the 
outpatient setting, he was irregularly treated with zu-
clopenthixol 5 mg/day. Nevertheless, he graduated 
from a law college. 

He did not work in his specialization, he was a 
mine laborer for about 1 year, constantly complain-
ing of fatigue. At the age of 26, the patient was hos-
pitalized to a psychiatric hospital for medical and 
social assessment. He was diagnosed with paranoid 
schizophrenia with a continuous course; the second 
disability group was registered. As of the moment 
of admission, visual hallucinations were present. Af-
ter discharge, he irregularly took the recommended 
risperidone 6 mg/day for 3 years and lived in paren-
tal care. About 2 years ago, he completely withdrew 
the treatment, his condition worsened again: he be-
came restless, wrung his hands, his statements were 
stereotypical.

One year before the current hospitalization, the 
patient began to complain of many thoughts in his 
head, stereotypically repeating the same phrases. He 
was repeatedly hospitalized in the clinics of Mental 
Health Research Institute. His mental condition was 
characterized by the presence of psychic automatism, 
expressed by schizophrenia-specific disorders in all 

spheres of mental activity. However, he refused of 
therapy on the first day, as the doctor suggested a 
physical examination. He was discharged with a rec-
ommendation to take risperidone 6 mg/day. 

While taking risperidone, the patient complained 
of stiffness in the lower jaw. After 3 months of tak-
ing it, involuntary movements in the lower half of 
the face and mouth appeared for the first time, oc-
curring spontaneously or provoked by a speech act. 
The patient’s speech became indistinct. His mother 
noticed improvement in speech in the morning af-
ter a night sleep. Fearing further deterioration of the 
patient’s condition, his mother reduced the dose of 
the antipsychotic by half. The patient was prescribed 
biperiden 2 mg/day by the district psychiatrist. In-
voluntary movements did not decrease. The patient’s 
mother discontinued all medications and initiated a 
consultation with a neurologist at Scientific Center 
of Neurology, where amantadine 200 mg was pre-
scribed. It did not have the expected therapeutic ef-
fect: involuntary movements increased. The mental 
state of the patient aggravated, he became more with-
drawn, looked gloomy, refused to leave the house 
due to a fear of being hit on the head, and kept silent 
while staring out of the window. He would stand up 
for no reason, shift from one foot to the other, and 
the involuntary movements of the mouth persisted. 
Accompanied by his mother, he was admitted to 
the Department of Endogenous Disorders of Mental 
Health Research Institute.

Mental status. The patient looked tidy and neat 
due to constant care of his mother, who changed his 
clothes and washed him. The patient was tense and 
seemed withdrawn and not interested in talking to 
the doctor. The facial expression was hypomimic. 
Motor skills were slow, movements lacked plasticity 
and were robotic in nature. During the conversation, 
he sometimes swayed his trunk back and forth rhyth-
mically. Gestures were absent. Targeted contact was 
difficult to establish. Speech was indistinct due to in-
voluntary movements in the mouth area, which were 
provoked by the speech act. To facilitate articulation, 
the patient touched his lower jaw, sometimes quickly 
pulled out his tongue, involuntary eye movements in 
the form of excessive blinking and eyebrow frown 
were also noted. He answered questions monosylla- 
bically and stereotypically: “yes”, “no”, “maybe”.

According to information received from his 
mother, the patient lost 9 kg due to poor appetite, 
became moody, did not sleep well, feared a hit on 
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his head, and spent a long time in one pose. He com-
plained of a lot of thoughts in his head; episodically 
saw pictures and cartoon characters before his eyes; 
experienced fragmentary sensations of imposing, 
other people’s thoughts. Mood was low. He did not 
actively express suicidal thoughts and intentions and 
did not exhibit any suicidal tendencies in his behav-
ior. In the ward, he stayed in his bed or walked back 
and forth across the ward, raising his legs high, stop-
ping and shifting from one foot to the other.

Data of laboratory tests and examinations by 
somatic specialists. According to electroenceph-
alography, focal changes, stable interhemispheric 
asymmetry, epileptiform activity, or paroxysmal 
activity were not found. According to the magnetic 
resonance imaging, focal or diffuse changes were not 
found. The therapist’s conclusion: chronic cholecys-
titis, remission stage. Examination by a neurologist: 
involuntary opening of the mouth, curvature of the 
lips and cheeks, forced smile during a conversation; 
squeezing the eyes or frowning the eyebrows, run-
ning the hands across the clothes, stroking the hair, 
shifting the feet periodically while sitting on a chair. 
Conclusion: combined manifestation of oromandib-
ular dystonia and tardive dyskinesia.

Psychometric examination data: upon admission, 
according to PANSS, the total score was 113; total 
AIMS score was 20; according to BARS, no akathi-
sia was found; compliance score was 29.

Differential diagnosis and substantiation of the 
diagnosis. Involuntary forced movements [24] had 
a chronic nature; they appeared against the back-
ground of the therapy with the antipsychotic and per-
sisted after its withdrawal. There were no other caus-
es for the condition (it was not a secondary disease 
of the underlying disease), there was no hereditary 
burden of dementia in Huntington’s disease. Motor 
acts had a typical localization with involvement of 
the facial muscles in the form of clenching of the 
jaws and forced smile, observed during the speech 
act, sometimes with the use of corrective gestures 
(touching the jaw). 

The patient had stereotyped repetitive tongue 
movements and expressive movements in the form 
of excessive blinking and motor acts involving the 
lower extremities (shifting from one foot to the 
other, walking back and forth, imitating walking 
while standing still, jactation). Progression of these 
manifestations is closely associated with receiv-
ing antipsychotic therapy for more than 3 months, 

and the movements persist even after withdrawal  
of the drug. There are no organic causes of the dis-
orders [25]. 

Despite the presence of restless movements of the 
lower extremities, resembling the objective compo-
nent of akathisia, the key factor is a lack of the sub-
jective component, namely feelings of inner restless-
ness, tension, an imperative need for movement, and 
fatigue associated with it [26]. Irregular antipsychot-
ic therapy, violation of the dosage regime and the 
frequency of intake, and an increase in the negative 
symptom complex act as both predisposing factors 
and aggravating factors for the condition. Progres-
sion of negative disorders, among other things, is a 
consequence of low compliance.

In this case, there is a combined presence of ad-
verse antipsychotic-induced movement disorders: 
tardive dyskinesia and tardive oromandibular dys-
tonia. There is hereditary burden of schizophrenia 
on the father’s side. The patient’s schizoid features 
became more pronounced in adolescence, apathy 
and absence of purposefulness in learning increased 
with the emergence of depressive experiences and 
subsequent suicide attempt, development of hal-
lucinations and delusions, and mental automatism 
with microcatatonic symptoms. Further, in addition 
to hallucinations and delusions, progression of de-
creased energy potential and social withdrawal with 
the formation of an emotional-volitional defect were 
observed.

Definitive clinical diagnosis: paranoid schizo-
phrenia, a continuous course. Combined manifesta-
tion of adverse antipsychotic-induced motor disor-
ders: tardive dyskinesia and tardive oromandibular 
dystonia.

Treatment strategy. According to the modern un-
derstanding [27], intake of aripiprazole is less like-
ly to cause tardive dyskinesia compared with other 
antipsychotics. A daily dose of aripiprazole of 7.5 
mg was the drug of choice in this clinical case. The 
patient was also prescribed a cycle of sessions with 
a speech – language pathologist and recommended 
a course of physiotherapy in order to restore speech 
skills. The patient refused of physiotherapy, as any 
touching caused him bodily discomfort and mental 
suffering. 

Changes in the condition. Following the ses-
sions with a speech – language pathologist, patient’s 
speech became more distinct, involuntary move-
ments in the oral cavity were provoked only by a 
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speech act. Upon discharge, the overall PANSS score 
decreased to 95, the overall AIMS score – to 12, and 
the Medicaid Compliance Scale score increased to 
37. Therefore, positive changes with a decrease in 
the psychopathological symptoms and pathological 
involuntary movements and an increase in adherence 
to the therapy were observed. 

CONCLUSION
The clinical case presented a situation in which 

untimely detection and inadequate attempts to cor-
rect antipsychotic-induced tardive dyskinesia and 
tardive dystonia resulted in a treatment failure, up to 
withdrawal. Prolonged interruptions in maintenance 
therapy led to mental deterioration and rehospital-
izations, worsened the patient’s quality of life, and 
placed a burden on the family. Diagnosis and cor-
rection of combined tardive dyskinesia and tardive 
dystonia by individual selection of antipsychotics al-
lowed to reduce the severity of their manifestations, 
increase compliance, and improve the patient’s men-
tal state.
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ABSTRACT

Modern high-technology methods for ischemic stroke treatment (systemic thrombolysis, mechanical thrombectomy, 
thrombaspiration, stenting of cerebral arteries) can improve the rehabilitation potential and survival of patients. 
Important tasks here are selection for reperfusion and its performance on the greatest possible number of peracute 
patients. Mechanical thrombectomy combined with systemic thrombolysis is the most effective reperfusion strategy 
in the therapeutic window, but the availability of endovascular methods is limited to highly specialized centres. One 
way to solve this problem is to organize effective logistics with stroke patients, which will provide high-tech care for 
patients living far from large treatment centers due to regulated interaction between institutions at different levels.

The aim of the study was to improve emergency interaction related to transfer of peracute stroke patients from 
primary vascular units and district hospitals of the Krasnoyarsk region to Krasnoyarsk Regional Vascular Center 
for thrombectomy. 

Key words: ischemic stroke, stroke team, logistics of patients with stroke, mechanical thrombectomy, thrombolysis.
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РЕЗЮМЕ 

Современные высокотехнологичные методы лечения ишемического инсульта (системный тромболизис, 
механическая тромбэкстракция, тромбаспирация, стентирование церебральных сосудов) позволяют улуч-
шить реабилитационный потенциал и выживаемость пациентов. Важной задачей является отбор и прове-
дение реперфузии в острейшем периоде наибольшему количеству больных. Тромбэкстракция в сочетании 
с системным тромболизисом является наиболее эффективной стратегией реперфузии в терапевтическом 
окне, однако доступность эндоваскулярных методов ограничена высокоспециализированными центрами. 
Одним из путей решения этой задачи является организация эффективной логистики пациентов с острым 
нарушением мозгового кровообращения (ОНМК), что позволит оказывать высокотехнологичную помощь 
пациентам, проживающим на удалении от крупных лечебных центров, благодаря отрегулированному вза-
имодействию между учреждениями разного уровня.

Цель исследования: совершенствование экстренного взаимодействия по вопросам перевода пациентов в 
острейшем периоде ишемического инсульта из первичных сосудистых отделений и межрайонных больниц 
Красноярского края в Региональный сосудистый центр г. Красноярска для проведения тромбэкстракции. 

Ключевые слова: ишемический инсульт, Stroke team, логистика пациентов с ОНМК, тромбэкстракция, 
тромболизис.
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INTRODUCTION
Hyperacute ischemic stroke treatment with imple-

mentation of high-tech methods into clinical practice 
sets new goals in healthcare management and patient 
routing. An important issue is to improve the avail-
ability of a full range of medical services, combining 
methods of therapeutic (systemic thrombolysis) and 
surgical (mechanical thrombectomy, thrombaspira-
tion, stenting of cerebral vessels) reperfusion for the 
largest number of patients [1–5]. In Krasnoyarsk, en-
dovascular methods for ischemic stroke are success-
fully applied at the premises of three largest clinics: 
Krasnoyarsk Regional Clinical Hospital (chief phy-
sician – Egor E. Korchagin), Karpovich Krasnoyarsk 
Regional Clinical Emergency Hospital (chief physi-
cian – Sergey V. Grebennikov), and Krasnoyarsk Re-
gional Hospital No. 20 (chief physician – Vladimir A. 
Fokin). 

At the same time, healthcare institutions in re-
mote areas of the Krasnoyarsk region have limita-

tions in relation to the use of such methods, and 
making them available for patients from remote  
areas is relevant. The solution to this problem may 
be to improve the logistics for ischemic stroke  
patients and their emergency transportation to 
healthcare institutions with necessary resources for 
high-tech medical care [6, 7]. 

RESULTS

Currently, the Regional Vascular Disease Center 
(RVDC) of Krasnoyarsk Regional Clinical Hospital 
(KRCH) (the head of the RVDC is A.V. Protopopov, 
Dr. Sci. (Med.), Professor), interacts and cooperates 
on a round-the-clock basis with primary vascular de-
partments (PVDs) and interdistrict hospitals located 
within a 100 km radius from the Krasnoyarsk Regio- 
nal Clinical Hospital: Clinical Hospital No. 51 of the 
Federal Medical Biological Agency of the Russian 
Federation (62.4 km) and Divnogorsk Interdistrict 
Hospital (45 km) (Fig. 1). 
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The problem of organizing emergency interaction 
between medical and prevention institutions in Kras-
noyarsk and the Krasnoyarsk region is solved with 
various tools. Along with the traditional method of 
inter-hospital interaction using telephone communi-
cation, modern technologies have been introduced in 
the Krasnoyarsk region. Telemedicine consultations 
are performed through the RCH Center of X-ray Con-
sultations with the possibility to upload neuro-visu-
alization images (multi-slice computed tomography 
(MSCT), magnetic resonance imaging (MRI)) to the 
unified database for their immediate evaluation by 
radiologists of the center from any remote station.  
Another important tool for assessing the patient’s con-
dition and determining further management strategy is 
the neuromonitoring program [8], with which a con-
sulting neurologist can establish a two-way communi-
cation with doctors of all hospitals in the Krasnoyarsk 
region, receiving full information on the patient with 

the ability to make timely decisions on treatment cor-
rection or transfer the patient to the RVDC.  Taking 
into consideration wide capabilities of telemedicine, it 
is now possible to apply high-tech methods of treating 
hyperacute ischemic stroke in patients living outside 
the city of Krasnoyarsk. 

In 2019, 10 patients with stroke received treatment 
in the Neurology Department of RVDC after transfer 
from PVDs with subsequent endovascular surgery 
(mechanical thrombectomy, stenting of cerebral ves-
sels). 

CLINICAL CASE 1 
Patient B, 63 years old. Transferred from PVD of 

Zheleznogorsk Clinical Hospital No. 51 of FMBA of 
the Russian Federation with the clinical presentation 
of right-sided hemiparesis, motor aphasia; the patient 
was alert (Modified Rankin scale score: 3, NIHSS: 
5). On the emergence of symptoms, the patient was 
admitted to a local PVD with a suspected stroke. A 
standard neurological examination involving scaling,  
laboratory data evaluation, as well as native brain 
MSCT was performed. The diagnosis of ischemic 
stroke was confirmed. Taking into consideration  
admission within the therapeutic window and lack 
of contraindications, systemic thrombolytic therapy 
(TLT) was immediately started in the MSCT room 
in the PVD [9–11]. According to MSCT angiography 
of cerebral and brachiocephalic vessels, symptomatic 
thrombosis was revealed: a left-sided occlusion of the 
internal carotid artery (ICA).

The Regional Clinical Hospital has developed a 
standard regulating the selection of patients admitted 
with the diagnosis of stroke for transfer to the RVDC 
for mechanical reperfusion [3]. The prerequisites are 
admission within the therapeutic window, the con-
sciousness level of over 9 according to the Glasgow 
Coma Scale, ASPECTS scale score of no less than 6 
(MSCT of the brain), the Modified Rankin Scale score 
for the degree of disability before stroke of no more 
than 2. Patient B. met all the listed criteria. 

Considering the presence of symptomatic ICA oc-
clusion, required transportation time (approximately 
one hour), and the evacuable state of the patient (the 
level of consciousness no lower than obtundation, 
unassisted breathing, stable hemodynamics), the neu-
rologist at the PVD informed the neurologist at the 
RVDC by phone about the anamnesis data, neuro-
logical status, and MSCT results, indicating the time 
of TLT onset. The neurologist and radiologist at the 
RVDC assessed the MSCT scans of the patient’s brain 

Fig. 1. The current system of interaction between the 
Krasnoyarsk Regional Vascular Disease Center and other 
treatment facilities in the region in selecting ischemic stroke 

patients for emergency thrombectomy
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No contraindications 
for TLT
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for TLT Hospitalization
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MSCT angiography
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and cerebral vessels, which were presented to the Cen-
ter of X-ray Consultions.

This clinical examination complied with all the 
conditions for a possible thrombectomy [12–15], and 
a decision was made to urgently transfer the patient to 
the RVDC. Meanwhile, the RCH neurologist informed 
the interventional radiologist and the anesthesiology 
team about the forthcoming arrival of the patient who 
was a candidate for thrombectomy. The endovascular 
surgeon began preparing the X-ray-equipped opera- 
ting room for emergency intervention.

The patient was delivered to the Krasnoyarsk 
RVDC by the ambulance team. In the admission unit 
at the RCH, the patient was examined at runtime by 
the attending neurologist, MSCT of the brain was per-
formed (the ASPECTS score of 8) to exclude major 
irreversible ischemia and intracranial hemorrhage 
(Fig. 2).

cerebral angiography was performed to resolve the 
issue of further treatment strategy. Mechanical throm-
bectomy was carried out on the left ICA circulation, 
and the blood flow was restored according to grade 3 
of the mTICI scale. According to the data of MSCT 
of the brain at runtime, a small ischemic area formed 
in the left temporoparietal zone after 24 hours without 
decrement in the neurological status (Fig. 3).

Fig. 2. Computed tomography of the brain of patient B., 63 
years old, after thrombolysis before thrombectomy

Since the therapeutic window period was about to 
end, cerebral perfusion MSCT was performed in order 
to assess the core – penumbra area ratio. The core was 
within 1/3 of the left middle cerebral artery (MCA) 
circulation.

Indications for emergency thrombectomy were 
evaluated in the admission unit by a multidisciplinary 
team including a neurologist, an interventional radio- 
logist, and a radiologist. All parameters met the cri-
teria for thrombectomy. The patient was admitted to 
the X-ray-equipped operating room, where selective 

The patient received standard baseline and neu-
rometabolic therapy and underwent early rehabilita-
tion. Positive changes in the patient’s condition were 
observed, hemiparesis regressed, moderate speech 
disorders persisted, manifested through efferent mo-
tor and dynamic aphasia. The motor component of the 
speech improved (Modified Rankin Scale: 2, NIHSS: 
1). The patient was discharged in a satisfactory condi-
tion for follow-up rehabilitation of speech disorders.

The choice of stroke treatment methods and orga-
nization of transportation should be made as quickly 
as possible. The feature of the following clinical case 
is that a stroke patient was transported twice between 
healthcare institutions before admission to the RVDC. 
In the meantime, the patient was delivered within the 
therapeutic window. 

CLINICAL CASE 2 
Patient R., 57 years old, was urgently taken to 

the Divnogorsk Interdistrict Hospital due to acute  

Fig. 3. Computed tomography of the brain of patient B., 63 
years old, after thrombectomy of the internal carotid artery on 

the left
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development of focal neurologic deficit with suspect-
ed stroke. Considering the absence of CT equipment 
in the interdistrict hospital, according to the routing, 
the patient was initially transferred to the private 
healthcare institution “Clinical hospital “RZD-Medi-
cine”, Krasnoyarsk, where MSCT of brain structures 
and MSCT angiography of cerebral arteries were per-
formed, M1 segment occlusion of the left MCA was 
diagnosed, and systemic thrombolysis was initiated 
(Fig. 4). Taking into account the duration of the the- 
rapeutic window, the patient was transported for the 
next stage to the RVDC. Upn admission, the patient 
was fully alert, with focal neurologic deficit in the 
form of right-sided hemiparesis, hemihypesthesia, and 
motor aphasia. Modified Rankin Scale score was 4, 
NIHSS score was 13. 

Upon discharge, the score on the Modified 
Rankin Scale was, on NIHSS – 1. The patient was 
referred to follow-up treatment: stage 3 of speech 
rehabilitation.

This article presents clinical cases of a small sam-
ple of patients to show the possibility of increasing 
the availability of endovascular methods for treating 
hyperacute ischemic stroke patients who live outside 
large cities with specialized vascular centers.

The analysis of time intervals in 10 clinical cases 
of patients from the initial ischemic stroke symptoms 
in the area of residence to thrombectomy at the Kras-
noyarsk RVDC in 2019 showed that the duration of 
each period largely depended on the promptness of 
the stroke team actions. The key elements of medical 
aid provision at each stage are as follows: reaction to 
the call for an ambulance team, stroke diagnosis at the 
PVD where the patient was initially transported to and 
where the decision to transfer the patient to the RCH 
was made, and promptness of actions of the RVDC 
team.  It was determined that the average time be-
tween the stroke onset and admission to the RCH was 
245 [198.25; 257.25] minutes, while thrombolysis 
started after 155 [140; 180] minutes, beginning at the 
PVD and continuing in the ambulance during trans-
portation to the RCH. The time between entering the 

Fig. 4. Computed tomography of patient R., 57 years old, after 
TLT, before the start of thrombectomy

At the RVDC, thrombectomy was performed on the 
M1 segment of the left MCA with full perfusion resto-
ration, the mTICI scale score was 3. A small ischemic 
area in the left MCA circulation was revealed using 
dynamic MSCT of the brain (Fig. 5). During the in-
patient treatment, the patient’s condition showed pos-
itive changes: muscle strength and sensitivity in the 
right limbs were restored, overall mental activity and 
physical performance increased. Voluntary attention 
and memory enhanced, self-service ability improved. 
Upon discharge, speech disorders corresponded to dy-
namic aphasia in the form of systemic perseverations. 

Fig. 5. Computed tomography of the brain of patient R., 57 
years old, after thrombectomy of the M1 segment of the left 
middle cerebral artery. Formation of a small ischemic area 

without neurological status deterioration

Shniakin P.G., Isaeva N.V., Kuznetsov V.Y. et al. Work of a stroke team: experience of transferring ischemic stroke patients
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hospital and starting the operation was 37.5 [28.25; 
47.5] minutes. Thrombectomy was initiated after an 
average of 247 minutes [237.5; 293.5] from the first 

stroke symptoms. Recanalization had been completed 
by 388 [300.5; 408.25] minutes from the stroke onset 
(Fig. 6).

Fig. 6. Time values of working with hyperacute ischemic stroke patients (n = 10) transferred from interdistrict hospitals of the region 
to the Regional Vascular Disease Center for emergency thrombectomy (Me [р25; р75])

It is obvious that each region may develop its own 
system of emergency logistics for stroke patients 
taking into account its territorial and administrative 
peculiarities. In the Krasnoyarsk region, a system 
of interaction between interdistrict hospitals, PVDs, 
and the RVDC allows to make timely decisions on 
transfer of patients for thrombectomy, which increas-
es availability of high-quality care for hyperacute  
ischemic stroke patients. Coordinated teamwork of 
specialists from healthcare institutions at different 
levels allows to start thrombectomy within the thera-
peutic window. Therefore, mechanical thrombectomy 
in all patients was started within 4.5 hours, and suc-
cessful recanalization was performed within 6.5 hours 
from the stroke onset. There were no lethal cases in 
the group of patients observed after thrombectomy. 
Good recovery of the neurologic deficit was observed 
in all the patients.

CONCLUSION 

Maximum efficacy of treatment for hyperacute 
ischemic stroke patients requires:

– a well-developed system for interaction between 
emergency room specialists, neurologists, radiolo-
gists, and intervention radiologists within healthcare 
institutions providing high-tech medical care for isch-
emic stroke patients;

– improving the quality of interaction between 
the RVDC and healthcare institutions at primary and 
secondary levels by introducing modern technology, 

such as continuous X-ray consultation and neuro-
monitoring;

– well-managed work of the ambulance and its in-
teraction with PVDs and the RVDC.

Therefore, well-coordinated teamwork of stroke 
team specialists at different levels of care for hyper-
acute ischemic stroke patients contributes to an in-
crease in the availability of high-tech methods for 
treating patients who live outside the regional center, 
which makes it possible to preserve the maximum 
possible amount of nervous tissue, reduce mortali-
ty, increase the rehabilitation potential, and improve 
functional outcomes.
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