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Features of vasoactive substance regulation in chorionic villiin women
with spontaneous abortion and active cytomegalovirus infection

Andrievskaya I.A., Ishutina N.N., Dovzhikova I.V., Prikhodko N.G., Kutepova O.L.

Far Eastern Scientific Center of Physiology and Pathology of Respiration
22, Kalinina Str., Blagoveshchensk, 675000, Russian Federation

ABSTRACT

The aim of the study was to assess the levels of soluble fims-like tyrosine kinase 1 (sFltl), placental growth
factor (PIGF), and vascular endothelial growth factor A (VEGF-A) in tissue extracts in comparison with the
histologic examination of the endometrium and chorionic villi in women with spontaneous abortion and active
cytomegalovirus (CMV) infection.

Materials and methods. 81 women at 7-9 weeks of pregnancy were examined: of them, 51 women were CMV-
seropositive with active infection and after spontaneous abortion, and 30 patients were CMV-seronegative,
healthy women after therapeutic abortion. Immunoglobulins (Ig) M and G to CMV and CMV IgG avidity were
measured in the blood plasma; sFlt1, PIGF, and VEGF-A were determined in extracts of chorionic villi by enzyme
immunoassay. CMV DNA was detected in mononuclear cells of peripheral blood, urine, and chorionic villi by
real-time polymerase chain reaction (PCR). A histologic examination of the endometrium and chorionic villi was
carried out.

Results. In chorionic villus extracts of women with spontaneous abortion and active CMV infection, the
concentration of sFltl was 3.25 times higher (»p < 0.001), and the levels of PIGF and VEGF-A were 1.31 (»p <0.001)
and 2.16 times lower (p < 0.001) than in healthy women. A strong negative correlation was established between the
levels of sFlt1 and PIGF ( =-0.702; p < 0.001) and VEGF-A (r =-0.858; p < 0.0005), and a positive correlation
was revealed between PIGF and VEGF-A levels (» = 0.860; p < 0.001). According to the data of the histologic
examination, a lag in decidual transformation of uterine vessels, trophoblast invasion, growth and differentiation of
villi, and formation of fetal circulation was detected.

Conclusion. The mechanisms of spontaneous abortion in women with active CMV infection include an imbalance
of pro- and anti-angiogenic factors, which causes impaired placental development and uteroplacental circulation.

Keywords: pregnancy, spontaneous abortion, cytomegalovirus infection, chorionic villi, anti-angiogenic factors,
vasoactive substances
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Oco6eHHOCTN Ba30aKTUBHOW perynsauum B BOPCMHYaTOM XOpNOHe
Y XKEHLUVH C CAMOMNMPOUN3BOJIbHbIM a6OPTOM 1 aKTUBHOMN
LUTOMEranoBupycHom niekunen

AnpgpueBckasa U.A., Nwytnna H.H., Josxukosa U.B., Mpuxoabko H.I'., Kyrenosa O.J1.

JlanvHesocmounviili HayuHblil yermp guzuosocuu u namonocuu ovixarnus (JHIL] @I1/])
Poccus, 675000, e. bnazosewenck, yr. Karununa, 22

PE3IOME

Heaw. Oennuts coaepkaHue pacTBOPUMOTO perernTopa fins-nogobHoit tuposnnkuHassl (sFItl), manentapaoro
¢axropa pocra (PIGF) u Backynosnnorenuansaoro ¢akropa pocra (VEGF-A) B TkaHeBbIX 3KCTpaKkTax B COIO-
CTaBJICHUHU C TMCTOJIOTHEH CIU3UCTON 00O0JIO0YKM MATKH U BOPCHHYATOTO XOPHOHA y JKEHIMH C CaMOIPOU3BOJIb-
HBIM a00pTOM M akTUBHOU nuToMeranosupycHoit (LIMB) nndekmueit.

Marepuasnbl u MeToabl. O0ciienoBana 81 sxeHIMHA B iepro ¢ 7-if mo 9-1o Hex 6epemenHoctu: 51 [IMB-cepo-
MO3UTHBHASI C CAMOIPOU3BOJILHBEIM a00PTOM 1 aKTHBHON MHpeKIueit n 30 cepoHEraTUBHBIX 37I0POBBIX YKEHIIHH C
MeJMIUHCKIM abopToM. B mma3me kpoBu onpenensin nMmyHornoOymmasl (Ig) kimacca M n G k LIMB, aBuaHOCTB
LIMB-IgG; B skcTpaxrax Bopcunuaroro xopuona — sFltl, PIGF, VEGF-A metonom MMMyHO(pEpMEHTHOTO aHaAIH-
3a. B MOHOHYyKIJI€apHBIX KJIETKaX KPOBH, IIP0OOAaX MOUYH, BOPCHHYATOM XOPHOHE METOIOM IOJIMMEPa3HON IeTTHOM
peakuuu B pexume peaiabHoro Bpemenu BoisiBisiiin JJHK [IMB. TIpoBoaunu ructonoruyeckoe ucciae10BaHue Clin-
3HCTOH 000JIOYKH MAaTKH ¥ BOPCUHYATOTO XOPHOHA.

Pe3yabTaThl. B 5KCTpakTaX BOPCHHYATOIO XOPHUOHA Y JKCHIIMH C CAMOIPOM3BOJIBHBIM a0OPTOM M aKTHBHOIL
IMB-nndekuneit konnentpanus sFlt-1 6pma Beime B 3,25 pasza (p < 0,001), PIGF u VEGF-A — mmke B 1,31
(» <0,001) u 2,16 paza (p < 0,001), 4eM y 370pPOBBIX KCHIIUH. Y CTAHOBIICHA CHIIbHAsI OOpaTHAsI KOPPEISINOH-
Has cBs3b Mexay ypoBHsmu sFlt-1 u PIGF (r =-0,702; p < 0,001) u VEGF-A (» = -0,858; p < 0,0005), nmpsmas
cBs3b — PIGF u VEGF-A (= 0,860; p < 0,001). [To 1aHHBIM THCTOIOTHYECKOTO HCCIICTIOBAHUS, OTMEYEHO OTCTa-
BaHHE B JICHUIyaIn3aliy 1 TpaHCHOpPMAIIMH MATOYHBIX COCY/I0B, MHBa3UK TpodobiacTa, pocta u quddepeHiu-
POBKH BOPCHH, (JOpMHUPOBaHUS GETANBHBIX COCYIOB.

3axiouenue. K Mexann3mMam caMONpOU3BOIBHOTO ad0pTa y KEHIIUH ¢ akTHBHOM LIMB-nH}pekuneit MoxxHO 0T-
HECTH AUCOANAHC aHTH- M MIPOAHIMOTCHHOH PEryJIsliiH, BbI3bIBAIOLINK OrpaHHYEHHE Pa3BUTHS IUIALIEHTH U Ma-
TOYHO-IUIALIEHTAPHOTO KPOBOOOPAIIICHHUS.

KnroueBble ci10Ba: GepeMEHHOCT, CAMOIIPOU3BONIBLHEIN a00PT, IUTOMETAIOBUPYCHASI HH(EKINS, BOPCHHYATHINA
XOPHOH, AaHTHAHTHOTCHHbIE ()AKTOPEI, BA30aKTHBHBIC (DAaKTOPHI

KOHq).]'IP[KT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIUAJIBHBIX KOH(l)J'II/IKTOB UHTEPECOB,
CBA3aHHBIX C Hy6HHKaHHCﬁ HaCTOS[H.[efI CTaTbU.

Hcrounnk puHaHCHPOBAHHUS. ABTOPBI 3asBISIOT 00 OTCYTCTBUM (PUHAHCHPOBAHMS IPU MPOBEICHUH HCCIIEI0-
BaHMSI.

CooTBeTcTBHE NMPUHUUIAM ITHKH. Bce manueHTsl moamnucain WHGOPMHUPOBAHHOE COrJIacHe Ha ydacTHe B
nccnenoanuu. VccnenoBanue onoOpeHo nokaidbHBIM dTHYecKkuM KomutetoM JIHI[ ®IIJ] (mpotokom Ne 15 ot
25.02.2017).

Jns uutupoBanusi: Aaapuesckas W.A., Mmyrtuna H.H., [losxukosa 1.B., [Ipuxoxeko H.I'., Kyremosa O.JI.
OCo0eHHOCTH Ba30aKTHBHOH PETyJSIIHA B BOPCHHYATOM XOPHOHE y JKEHIIMH C CaMOIIPOU3BOJIBHBIM a00PTOM M
aKTUBHOHM IUTOMETaJoBUpyCHOW HH(eKImel. broatemens cubupckoi meouyunsl. 2022;21(2):6—-12. https://doi.
org/10.20538/1682-0363-2022-2-6-12.
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INTRODUCTION

A number of adverse pregnancy outcomes caused
by impaired placental formation and associated pro-
cesses of invasion and uteroplacental angiogenesis
[1-3] occur regardless of whether or not the em-
bryo and placenta are infected with cytomegalovirus
(CMYV) [4]. The mechanism of disturbances in the pla-
cental morphogenesis in the presence of CMV infec-
tion reactivation is based on a systemic inflammatory
response that causes changes in cytokine profiles in
the placenta [5], inducing local inflammation [6], and
apoptosis in uninfected trophoblasts [7] and vascular
smooth muscle cells surrounding the spiral arteries of
the decidua [ 8], which leads to hypoxia.

Placental growth factor (PIGF) is a member of the
vascular endothelial growth factor (VEGF) family in-
volved in the neoangiogenesis. Its secretion is deter-
mined by partial pressure of oxygen and alters during
pregnancy. PIGF binds the VEGF receptor (FItl) and
receptor tyrosine kinase, which leads to stimulation
of pro-angiogenic factor formation that regulate pro-
liferation and differentiation of mesenchymal cells in
the villous stroma into endothelial cells [9]. Its sol-
uble splice variant sFltl binds free PIGF and, there-
fore, counteracts its effects [10]. Serum levels of sFlt1
and PIGF, especially their ratio, are commonly used
to predict the risk of preeclampsia in women [11], in-
cluding CMYV etiology [12]. At the same time, studies
on the concentration of sFltl, PIGF, and VEGF-A in
the chorionic villi in women with spontaneous abor-
tion and active CMV infection have not been carried
out. There is also no histologic description of the cho-
rionic villi and vessels in the early placental villi in
this pathology in women.

The aim of the study was to assess the level of
sFlt1, PIGF, and VEGF-A in tissue extracts compared
with the histologic examination of the endometrium
and chorionic villi in women with spontaneous abor-
tion and active CMV infection

MATERIALS AND METHODS

The study was carried out in accordance with the
principles set out in the Declaration of Helsinki and
approved by the Biomedical Ethics Committee at the
Far Eastern Scientific Center of Physiology and Pa-
thology of Respiration (Blagoveshchensk) (protocol
No. 15 of 25.02.2017). All women included in the
study gave a written informed consent to collection of
samples and subsequent analysis.

Groups of women for the study were formed at
the gynecology department of City Clinical Hospital

(Blagoveshchensk) from 2017 to 2019. 81 women at
7-9 weeks of pregnancy were examined: of them, 51
women were CMV-seropositive with active infection
and after spontaneous abortion (treatment group), and
30 patients were CMV-seronegative, healthy women
after therapeutic abortion (control group). Active in-
fection was determined by the presence of detectable
type-specific antibodies to CMV (immunoglobulins
(Ig) M,) IgG avidity of more than 50%, and CMV
DNA in blood or urine. Exclusion criteria were the
presence of any immunodeficiency, endocrine disor-
ders, and primary CMV infection. All women were
comparable in age (treatment group — 26.7 = 3.17,
control group —27.3 £ 3.29, p > 0.05), body mass in-
dex (treatment group — 23.01 + 1.09, control group —
22.93 £1.28, p > 0.05), and social status.

Blood samples from women were collected by ve-
nipuncture into tubes containing sodium citrate upon
admission to the gynecology department. Blood plas-
ma was obtained by centrifugation for 20 min at 3,000
revolutions per minute. Peripheral blood mononucle-
ar cells (PBMCs) were isolated by ficoll — urografin
density gradient centrifugation (p = 1.077 g / cm?)
in accordance with the manufacturer’s instructions
(DNA - Technology, Russian Federation). Urine
samples were obtained by centrifugation for 10 min
at 13,000 revolutions per minute, followed by resus-
pension of the sediment in a sterile environment. Bi-
ological samples (endometrium, chorionic villi) were
collected within 10—15 minutes after therapeutic abor-
tion and washed in sterile saline before use. To iso-
late DNA, pre-weighed pieces of chorionic villi were
placed into liquid nitrogen and ground with a pestle
in liquid nitrogen; an equal volume of sterile saline
was added, the mixture was thoroughly mixed, and
the required volume of the material was selected for
further analysis. The tissue extract was obtained by
centrifuging the homogenate produced by the method
described above for 15 minutes at 13,000 revolutions
per minute and a temperature of +4° C.

All biological samples (plasma, PBMCs, urine, ex-
tracts of chorionic villi) were frozen and stored at -70°
C until the analysis.

IgM and IgG to CMV were detected in paired
plasma samples using VectoCMV-IgM and VectoC-
MV-IgG ELISA reagent kits (Russian Federation)
on the Stat Fax 2100 reader (USA). To assess sero-
type-specific antibodies, the cutoff index (CI) was cal-
culated. The result of the analysis was considered pos-
itive if the CI was > 1.1. Analysis of CMV IgG avidity
was performed in blood using standard VectoCMV
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IgG avidity ELISA kits (Russian Federation). Avidity
index (AI) of > 50% indicated the presence of highly
avid IgG antibodies and chronic infection. Quantita-
tive determination of VEGF-A and VEGFR1 / sFltl
(Bender MedSystems, USA), as well as PIGF (Quan-
tikine ELISA Kit, USA) was carried out in extracts of
chorionic villi using enzyme-linked immunosorbent
assay (ELISA). All ELISA tests were performed in
strict accordance with the manufacturer’s instructions
for commercial reagent Kkits.

Extraction of DNA in the biological material (PB-
MCs, urine samples, extracts of chorionic villi) was
performed using the Proba-Rapid reagent kit (DNA —
Technology, Russian Federation) in accordance with
the manufacturer’s instructions.

Detection of CMV DNA was carried out using the
CMV-GEN reagent kit (DNA — Technology, Russian
Federation) intended for amplification of DNA using
real-time polymerase chain reaction (PCR). Quantita-
tive detection of PCR amplification products was car-
ried out using a DT-96 device (DNA — Technology,
Russian Federation), according to the manufacturer’s
recommendations.

For histologic studies, pieces of chorionic villi
were fixed in 2.5% glutaraldehyde in 0.1 M phos-
phate buffer with subsequent additional fixation in 1%
osmium tetroxide solution. Semithin sections were
obtained on the LKB NOWA 8800 ultramicrotome
(Sweden), stained with toluidine blue, and viewed and
documented using the Meiji digital camera (Austria).

Statistical analysis and processing of the data were
performed using the IBM SPSS Statistics 23.0 soft-
ware package (USA). All results were checked for
normality using the Shapiro — Wilk test. Quantitative
data were presented as M + SD, where M is the arith-
metic mean, and SD is the standard deviation. Due to
a lack of normal distribution in the groups, the non-
parametric Mann — Whitney test was used to describe
the statistical differences. The differences were con-
sidered statistically significant at p < 0.05. To identi-
fy a relationship between the studied parameters, the
Spearman’s rank correlation coefficient () was calcu-
lated.

RESULTS

All women in the treatment group admitted to the
gynecology department of the City Clinical Hospital
(Blagoveshchensk) with clinical signs of spontaneous
abortion (lower abdominal pain, bloody vaginal dis-
charge) at 7-9 weeks of gestation were diagnosed
with chronic CMV at the stage of active infection.

The level of IgM antibodies to CMV, assessed by the
CI, was 3.71 £ 0.46, the level of IgG antibodies was
18.83 £ 2.25, and IgG avidity was 86.83 + 2.20 %.
Urine was positive for CMV DNA in 24 women
(47.06%). All samples of chorionic villi obtained
from CMV-seropositive women with active infection
following instrumental revision of the uterine cavity
were negative for CMV DNA.

The results of ELISA tests of the extracts of cho-
rionic villi obtained from women with spontaneous
abortion and active CMV infection (treatment group)
and healthy CMV-seronegative women (control
group) are presented in the Table. It was shown that
the content of the antiangiogenic factor sFlt1 in the ex-
tracts of chorionic villi in the treatment group was 3.3
times higher than in the control group. The levels of
vasoactive factors PIGF and VEGF-A in the treatment
group were significantly lower (by 1.3 times and 2.2
times, respectively) compared with the same parame-
ters in the control group.

Table

The content of sFlt1, PIGF, and VEGF-A in the extracts of
chorionic villi in the studied groups, M + SD

Group
Parameter
treatment control
Number of studies 51 30
sFlt1, pg / ml 12.39 +£0.30* 3.74+£1.25
PIGF, pg /ml 55.26+041% 73.01 +£1.29
VEGF-A, pg / ml 17.22 £0.50* 37.65+1.52

Note: sFItl — soluble receptor of fins-like tyrosine kinase 1,
PIGF —placental growth factor, VEGF-A —vascular endothelial growth
factor A.

* — statistical significance of differences between the parameters
compared with the control group (p < 0.001).

The analysis of correlations between the studied
parameters in the treatment group showed the pres-
ence of a strong inverse relationship between sFltl
and PIGF (r = -0.702, p < 0.001) and VEGF-A
(r =-0.858, p < 0.001) and a direct relationship be-
tween PIGF and VEGF-A (r = 0.860, p < 0.001). In
the control group, a strong direct relationship was
revealed between PIGF and VEGF-A (r = 0.958,
p<0.001).

At the next stage of the study, a histologic analysis
of microsections of the endometrium and chorionic
villi obtained from women with spontaneous abortion
and active CMV infection was performed. The micro-
sections of the endometrium revealed focal stromal
edema with zones of inflammatory infiltrate (Figure, @).
Decidualization of the stroma was slowed down.
Interstitial cytotrophoblast invasion was detected
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in 53% of cases only in the superficial parts of the
functional layer (Figure, b). Invasive cytotrophoblast
located in the subendothelial layer was detected in
44.5% of cases. The spiral arteries in the endometrium
in most cases were narrowed, endothelial cells under-
went dystrophic changes, which indicated insufficient
angiogenic factor stimulation of uterine spiral artery
remodeling.

On the microsections of the chorionic villi, mesen-
chymal villi without signs of differentiation into en-
dothelial cells predominated. Necrotic avascular villi

Pt
ol -
Ca = ",‘f
AR N SR

were observed (Figure, ¢). Intermediate hypovascular
villi showed signs of apoptosis of endothelial cells and
fibroblasts (Figure, d). Fetal capillaries were stretched
and compressed as a result of villous edema. The ep-
ithelium of these villi had uneven thickness. Areas
with thickenings and chaotically located, deformed
nuclei, as well as with delayed cytotrophoblast forma-
tion were often observed. These data indicate impaired
formation of chorionic villi and invasion / migration
of the trophoblast, which determines further fetal de-
velopment under conditions of active CMV infection.

Figure. Lining of the uterus («a, b) and chorionic villi (¢, ) in women with spontaneous abortion and active CMV infection. Semithin
sections. Staining with toluidine blue. @, b, d — x400, ¢ — x200

DISCUSSION

Impaired mechanisms of vasoactive substance reg-
ulation in the formation of chorionic villi and utero-
placental vessels, observed in women under the con-
ditions of active CMV infection, results in insufficient
oxygen supply and impaired trophism and excretion
of products of placental metabolism through the ma-
ternal bloodstream [13]. Chronic oxygen deficiency
and high levels of prooxidants and proinflammatory
factors, shown in our earlier works [14, 15] and in
the studies by other authors [16], may contribute to
a change in placental perfusion, causing inactivation
of the Ca?* -dependent SK3 channel (regulator of the
vascular tone) and detachment of the soluble splice
variant from the FItl transmembrane domain [17].
As a result, high levels of sFItl entering the maternal
bloodstream and free circulating in it under the con-
ditions of active CMV infection limit the expression
and bioavailability of vasoactive factors PIGF and
VEGF-A by the trophoblast and vascular endothelium
[18], which leads to retarded growth and differentia-

tion of villi, invasion / migration of the trophoblast,
and limitation of uteroplacental angiogenesis.

It should also be noted that high levels of sFltl,
like reactive oxygen species and proinflammatory cy-
tokines, inhibit the soluble guanylate cyclase (sGC)
/ cyclic guanosine monophosphate (cGMP) signaling
pathway, thereby causing uterine artery vasoconstric-
tion and blood flow to the embryo [19], which was
confirmed by histologic studies. Degradation and de-
creased signaling activity of cGMP may also indicate
suppression of proliferation and differentiation [19],
which was manifested through a decrease in intersti-
tial trophoblast invasion in women with active CMV
infection.

Consequently, the established imbalance of vaso-
active substances in the chorionic villi, evidenced by
a strong inverse relationship between sFlt1 and PIGF
and VEGF-A, may cause spontaneous abortion in the
absence of CMV infection in the placental tissues. A
number of other studies showed a relationship of high
levels of sFItl with development of endothelial dys-
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function, which causes severe complications of preg-
nancy, such as preeclampsia and fetal growth restric-
tion [20, 21], as well as with infertility and recurrent
pregnancy loss [22].

Based on the obtained results of the study, it can
be concluded that pathology of placental development
and function, which determines vessel regression, and
insufficient blood supply due to imbalance of vasoac-
tive substances are the main causes and mechanisms
of impaired development and death of the embryo un-
der the conditions of active CMV infection.

CONCLUSION

We have shown that extracts of the chorionic villi
obtained from women with spontaneous abortion and
active CMV infection are characterized by increased
levels of sFlt-1 and low concentrations of PIGF and
VEGF-A. The presence of a strong inverse correla-
tion between anti- and proangiogenic factors indicates
some tension in the system regulating the develop-
ment of the placenta and uteroplacental vessels, which
was confirmed by histologic studies. The resulting an-
giogenic changes under the conditions of active CMV
infection reduce the increase in the uteroplacental cir-
culation, which restricts the growth and development
of the embryo, contributing to its death.
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Barilo A.A., Smirnova S.V.

Research Institute of Medical Problems of the North — a branch of the Federal Research Center “Krasnoyarsk
Science Center of the Siberian Branch of the Russian Academy of Sciences” (KSC SB RAS)
3g, Partizana Zheleznyaka Str., Krasnoyarsk, 660022, Russian Federation

ABSTRACT

Seborrheic dermatitis is a chronic relapsing inflammatory skin disease associated with overproduction of sebum
and activation of the fungal skin microbiota characterized by the presence of erythematous pruritic patches and
plaques with greasy scales in areas rich in sebaceous glands.

Aim. To study the spectrum of sensitization to food, pollen, and indoor and fungal allergens in patients with
seborrheic dermatitis.

Materials and methods. The study researched features of the spectrum of sensitization to food, pollen, and fungal
and indoor allergens in patients with seborrheic dermatitis (n = 40, aged 15-59 years) based on the data of an
objective examination and the results of an allergen-specific test, including skin prick testing.

Results. It was determined that the most significant food allergens in seborrheic dermatitis are chicken eggs and
grains. The incidence of polyvalent sensitization to food allergens was 40.0%. Additionally, high incidence of
sensitization to pollen allergens, most often to weed and poaceae pollen, was revealed in patients with seborrheic
dermatitis. Among indoor allergens, the highest incidence of sensitization was determined to house dust and
Dermatophagoides pteronyssinus. Among fungal allergens, the highest incidence of sensitization was detected to
Candida albicans.

Conclusion. It was found that patients with seborrheic dermatitis are often sensitized to food, pollen, and indoor
and fungal allergens. Therefore, allergy can be considered a risk factor for the development of pathology.

Keywords: seborrheic dermatitis, allergens, sensitization, Candida albicans, Dermatophagoides pteronyssinus,
Malassezia

Conflict of interest. The authors declare the absence of obvious or potential conflicts of interest related to the
publication of this article.

Source of financing. The authors state that they received no funding for the study.

Conformity with the principles of ethics. All patients signed an informed consent to participate in the study. The
study was approved by the Ethics Committee at the Research Institute of Medical Problems of the North (Protocol
No. 12 0f 10.12.2013).

For citation: Barilo A.A., Smirnova S.V. Causal relationship between allergy and seborrheic dermatitis. Bulletin
of Siberian Medicine. 2022;21(1):13-18. https://doi.org/10.20538/1682-0363-2022-2-13-18.

P4 Barilo Anna 4., anntomsk@yandex.ru

Bulletin of Siberian Medicine. 2022; 21 (2): 13-18



Barilo A.A., Smirnova S.V. Causal relationship between allergy and seborrheic dermatitis

Anneprusa n ce6opeiiHbin AepMaTUT — NPUUYNHHO-CNIeACTBEHHAsA
B3aMIMOCBA3b

Bbapuno A.A., CmupHosa C.B.

Hayuno-uccrnedosamenvckuii uncmumym meouyunckux npooaem Cesepa (HUH MIIC) — 0ob6ocobaennoe
noopasoenenue Pedepanbroco uccredogamenvckozo yenmpa «Kpacrnoapcxuii nayunvii yenmp Cubupcrozo
omoenenus Poccuiickoii akademuu Hayky» (OHUL] KHL] CO PAH)

Poccus, 2. Kpacnospck, yn. Ilapmusana Kenesnsaka, 32

PE3IOME

CeGopeifHblii 1epMaTHT — XPOHHYECKOE PELUIUBHPYIOLIEe BOCTIAIUTEILHOE 3a00/ICBaHHE KOXKH, CBS3aHHOE C
THIIEPIIPOJILYKIIMEN KOKHOTO cajla M aKTHBALUEH TPUOKOBOM MUKPO(IIOPHI KOXKH, XapaKTEPU3YIOLIEeCs HaTHIneM
SPUTEMATO3HBIX 3YIIUX MSTEH W OJISIIEK C KUPHBIMH YELIyHKaMK B 30HaX ¢ OOJIBIINM CKOIIEHMEM CaJbHBIX
Keses.

ue.l]b — U3YYUTH CIEKTP CeHCI/I6I/IJ'[I/I3aL[I/II/I OOJILHBIX Ce60pel71HI;IM ACPMATUTOM K IMUIICBLIM, IbUILLEBLIM, OBITO-
BBIM U rpI/I6KOBLIM ajjIepreHam.

Matepuajbl U MeTO/AbI. V3ydeHbl 0COOCHHOCTH CIIEKTpa CEHCUOMIN3AIMN OOJTBHBIX Ce0OPEHHBIM IEPMATUTOM
(n =40, Bo3pact 15-59 neT) K NHUIIEBBIM, MBLUIBLIEBBIM, TPHOKOBBIM M OBITOBBIM aJJIEpreHaM Ha OCHOBAHHHU JaH-
HBIX 00BEKTHBHOI'O OCMOTPA U PE3yJIbTATOB CHEH(YHICCKOT0 AJUIEProJIOrHYECKOro 00Cie10BaH s, BKIIFOYAs KOX-
HOE TecTupoBaHue (prick-Tect).

PesyabTaTel. OnpeneneHo, 4to Haubojee 3HAYMMBIMH MHUIIEBBIMHU aJUIepreHaMu Tpu ceGopeiiHoOM Jepmartute
SIBJIIFOTCST KYPUHOC SlI>’II_IO H ITUIICBBIC 3JIAKH. Yacrora BCTPEIAEMOCTU MMOJINBAJICHTHOM CeHCI/IGI/IJ'lI/BaLIHI/I K IMUIIICBBIM
aieprenam oOHapykena B 40% ciydaeB. Taroke ompezesieHa BbICOKas 4YacTOTa CEHCHOMIM3AUHM OOJBHBIX
ce60pe171H1>1M JA€PMATUTOM K IBUIBLEBBIM aJJIEPreHaM, 4dalle BCETO K aJUIEPreHaM IbUIbIBI COPHBIX U 3JIaKOBBIX
TpaB. Cpenyn OBITOBBIX alIepreHoB Hauboliee BBICOKAs YacTOTA BCTPEYAEMOCTH CEHCHOWIM3ALMU OINpeJieieHa K
JoMatiHei nsi u Dermatophagoides pteronyssinus, cpeny rpuOKoBbIx ajuiepreHoB — kK Candida albicans.

3akioueHue. yCTaHOBJ’[eHO, YTO OOJIbHBIE Ce60peﬁHHM JACPMATUTOM HEPEIKO CeHCI/I6I/IJ'II/I3I/Ip0BaHI)I K ITHUIICBBIM,
NbUIBLCBBIM, OBITOBBIM U l"pI/I6KOBI)IM ajuiepresam, M, CJI€0BATCJIbHO, aJUICPTUI0 MOXKHO pacCMaTpuBaTh KakK
Q)aKTOp pucCKa pa3BUTHUA TATOJIOTUH.

KiroueBble ciioBa: ceOopeiiHbIl 1epMaThT, auteprensl, cencuounmsaums, Candida albicans, Dermatophagoides
pteronyssinus, Malassezia

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKeil HACTOSIIEH CTaThH.

UcTtounnk puHaHcHpoBaHMsI. ABTOPBI 3asIBISIOT 00 OTCYTCTBUHM (MHAHCHPOBAHUS MPU MPOBEACHUU HCCIIEI0-
BaHMUS.

CooTBeTcTBHE MPUHIUINAM JTHKH. Bce manmeHTsl mojammcand MHGOPMHUPOBAHHOE COIJIacHe Ha ydacTHe B
nccienoBanuu. MccienoBanue ogo0peHo JokanbHbIM dTHdeckuM komureroM HUU MIIC (mpotoxon Ne 12 ot
10.12.2013).

Jlist uutupoBanusi: bapuio A.A., Cvupaosa C.B. Aseprus u ce0opeiiHblil 1epMaTUT — IPUYNHHO-CIICICTBEH-
Hasl B3aUMOCBSI3b. biomnemens cubupckou meouyunst. 2022;21(2):13-18. https://doi.org/10.20538/1682-0363-
2022-2-13-18.
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INTRODUCTION

Seborrheic dermatitis (SD) is a chronic relapsing
inflammatory skin disease associated with overproduc-
tion of sebum and activation of fungal skin microbiota,
characterized by the presence of erythematous pruritic
patches and plaques with greasy scales in areas rich in
sebaceous glands on the scalp, face (forehead, nasola-
bial triangle), trunk, and intertriginous areas [1-3]. In
severe cases of scalp lesions in patients with SD, thin-
ning and loss of hair with the formation of alopecia are
observed [4, 5]. A steady increase in the incidence of
SD with a growing number of severe forms, torpidity
to local treatment, and a negative impact on the quality
of life in patients determine the relevance of studying
this problem.

The etiology and pathogenesis of SD are not fully
understood. It is believed that the development of SD
is promoted by the activation of the lipophilic yeasts
Malassezia spp., increased secretion of sebum, and a
change in its qualitative composition against the back-
ground of psychoemotional overstrain, stressful situ-
ations, hormonal, immune and neuroendocrine disor-
ders, and taking certain medications [4]. A recent study
found that in patients with SD, high colonization of
Staphylococcus epidermidis is determined in compar-
ison with the controls [6]. The literature describes an
increase in the incidence of SD in patients with HIV
and Parkinson’s disease, which indicates the presence
of an immune imbalance in this pathology [4, 5].

Therefore, SD is a multifactorial disease, the patho-
genesis of which involves immune and environmental
factors. The role of nutrition in the development of
SD is undeniable. There is an opinion that skin dis-
eases are often associated with changes in the intes-
tinal microbiota accompanied by the impaired muco-
sal barrier [3, 7]. Food allergens can easily penetrate
through the damaged intestinal mucosal barrier and
trigger skin rashes [3, 8]. In addition, damage to the
epidermal barrier in SD can contribute to the percu-
taneous penetration of aeroallergens and sensitization
of patients. At the same time, data on the spectrum of
sensitization to various groups of allergens in SD are
extremely scarce, which determines the relevance of
the study.

The aim of the study was to analyze the spectrum
of sensitization to food, pollen, and indoor and fungal
allergens in patients with SD.

MATERIALS AND METHODS

The study included patients with SD (n = 40) aged
15-59 years. The average age of patients was 31.6 +

1.5 years. The average duration of the disease was 6.2
+ 0.9 years. The average age of the onset of SD was
25.3 + 1.7 years. The diagnosis of SD was based on the
presence of specific clinical signs: rashes on the skin of
the scalp, face, and trunk (in the chest and interscapular
region), represented by round, oval or irregular-shaped
foci of hyperemia with fuzzy boundaries and gray-
ish-yellow scales on the surface. A specific allergolog-
ical examination (allergological history, skin testing)
was carried out to diagnose allergy.

The study of the sensitization spectrum to food, pol-
len, and indoor and fungal allergens was carried out by
skin prick testing, taking into account the size of the
blister and the magnitude of hyperemia: weakly posi-
tive reaction — 3—5 mm (+), positive — 6-9 mm (++),
strongly positive — 10—14 mm (+++), hyperergic — 15
mm and more (++++). We used the following allergens
(Allergopharma, Germany): food allergens — cow’s
milk (cow’s milk protein, casein), beef, chicken egg
(protein, yolk, whole egg), chicken meet, food grains
(wheat and rye flour, barley, and oatmeal); pollen aller-
gens — mixtures of tree pollen (birch, oak, maple, hazel,
alder), cereals (prickly thrift, bonfire, foxtail, bluegrass,
fescue, wheat grass, ryegrass, rye), and weed grass (or-
ach, wormwood, sunflower); indoor allergens — Der-
matophagoides pteronyssinus, Dermatophagoides fari-
nae, house dust; fungal allergens — Candida albicans,
Cladosporium herbarum, Penicillium notatum.

Statistica 6.0 software package (StatSoft Inc., USA)
was used for statistical analysis. Statistical processing
of the results was carried out with the calculation of
generalized coefficients: the mean value (/) and the er-
ror of the mean (m). When analyzing qualitative char-
acteristics, the relative frequency of the feature (prev-
alence) p was assessed, and the average error for the
sample fraction m was determined [9]. The differences
were considered statistically significant at p < 0.05.

RESULTS AND DISCUSSION

The main clinical manifestations of seborrheic
SD are erythematous foci covered with yellowish scales
and crusts. Pruritus was observed in 82% of patients
(n = 33). 42% of patients (n = 17) had manifestations
of SD on the facial skin, and 7% of patients (n = 3)
had SD manifestations on the skin of the trunk.

In 75% of cases (n = 30), patients had an aggravated
allergy history (drug allergy, atopic dermatitis, allergic
rhinitis, and urticaria). Thus, manifestations of peren-
nial allergic rhinitis were identified in 50% of patients
(n=20), and signs of atopic dermatitis were detected in
35% of patients (n = 14). An aggravated family history

Bulletin of Siberian Medicine. 2022; 21 (2): 13-18 15



Barilo A.A., Smirnova S.V.

Causal relationship between allergy and seborrheic dermatitis

of allergic diseases in patients with SD was detected in
40% of cases (n = 16). Aggravated heredity for SD was
noted in 15% of cases (n = 6).

The analysis of the results of skin testing revealed
hypersensitivity to food allergens in 95% of patients
(n = 38); sensitization was strongly positive in 42% of
cases and positive in 39% of cases. It was determined
that the most significant food allergens in SD patients
were chicken eggs and grains, sensitization to which
was determined in 74.3% and 75.0% of cases, respec-
tively (Table).

Table

Features of the spectrum of sensitization to food, pollen, indoor,
and fungal allergens in patients with seborrheic dermatitis

Number of Prevalence of
Allergen examined sensitization,
patients, (1 / N) %, M+m
Food allergens
Cow’s milk 25/40 62.5+7.6
Beef 17/35 48.6 + 8.4
Chicken egg 29/39 743+6.9
Chicken meat 15/37 40.5+ 8.1
Grains 30/40 75.0+6.8
Pollen allergens
Meadow grass 20/35 57.1+84
Trees 19/34 55.9+8.5
Weed grass 21/35 60.0 + 8.3
Poaceae 21/35 60.0 + 8.3
Indoor allergens
Dermatophagoides pteronyssinus 13/20 65.0+10.9
Dermatophagoides farinae 11/21 524+ 11.2
House dust 16/21 76.2+9.5
Fungal allergens
Candida albicans 18/39 46.2+8.0
Cladosporium herbarum 12/29 414+93
Penicillium notatum 8/29 27.6+8.4

Note: N — the number of tested patients, n (%) — absolute (relative)
number of sensitized patients.

According to the literature, food allergy to chicken
eggs is one of the most common in the world, there-
fore, high sensitization to this allergen in patients with
SD was expected [10]. To a lesser extent, sensitiza-
tion to cow’s milk was widely determined in 62.5%
of cases. According to the literature, cow’s milk is
one of the main causes of food allergy in the first year
of life, however, it is rare in adults. Meanwhile, it is
known that the presence of food allergy to cow’s milk
in adults is manifested by severe clinical forms of the
disease [11].

The literature data on the incidence of monovalent
and polyvalent sensitization (to 3 or more allergens)
to food allergens are different [10]. The incidence of

polyvalent sensitization to food allergens in our study
was 40% (n = 16 / 40), bivalent sensitization was re-
vealed in 37% of cases (n =15/ 40), monovalent sensi-
tization — in 17% of cases (n =7 / 40).

According to the results of skin testing, all patients
were prescribed an elimination diet in combination
with standard topical therapy. In 85% of cases, patients
noted a significant improvement in skin processes by
the 3" week of treatment: reduction of itching, hyper-
emia, and peeling in the foci of SD.

High incidence of sensitization to pollen allergens,
most often to weed and poaceae pollen, was deter-
mined in patients with SD (Table). Classical manifes-
tations of hay fever in the form of seasonal allergic rhi-
noconjunctivitis in patients with SD were noted in 12%
of cases (n =5/ 40). High incidence of sensitization to
pollen allergens in patients with SD can be due to com-
mon antigenic determinants with food allergens and, as
a consequence, development of cross-reactivity.

Skin testing with indoor allergens showed the high-
est incidence of sensitization to house dust and Der-
matophagoides pteronyssinus in patients with SD:
76.2% and 65.0%, respectively (Table). It is known
that the development of SD is associated with the acti-
vation of fungal skin microbiota, which may result in
the development of fungal sensitization [3]. As a result
of skin testing with fungal allergens, the highest inci-
dence of sensitization in patients with SD was noted to
Candida albicans (46.2% of cases (n = 18 / 39)) (Ta-
ble).

CONCLUSION

The study showed high incidence of sensitization
to food, pollen, indoor, and fungal allergens in patients
with SD. The most significant food allergens in SD
were chicken eggs and grains. Despite the fact that the
incidence of food allergy among adults is only about
2% [10, 12], the defined spectrum of sensitization to
food allergens and the positive effect of the elimination
diet in patients with SD proves the important role of
food allergens as triggers of the disease. According to
experts, every year there is an increase in the incidence
of food allergy in the world, which is associated with
a change in the nature of nutrition in the population of
various countries and the emergence of new food pro-
cessing technologies [12].

Sensitization to pollen allergens in patients with SD
can be the result of common antigenic determinants
with food allergens. It is known that patients with hay
fever have cross-reactivity to fruits and vegetables, as
the result of the presence of homologous proteins with
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plant pollen. Given high incidence of pollen sensitiza-
tion in patients with SD, it can be assumed that in some
cases, eating foods that have common antigenic deter-
minants with pollen allergens can result in expanding
the spectrum of sensitization and aggravating patholo-
gy as a result of cross-reactivity.

In turn, impaired skin barrier function in patients
with SD can contribute to the penetration of various
acroallergens into the body. High incidence of sensi-
tization to house dust and Dermatophagoides pteron-
yssinus in patients with SD deserves special attention.
Recently, the literature dedicated to skin microbiota
in SD patients has presented data on colonization of
lesions by Staphylococcus epidermidis and Staphylo-
coccus aureus [6, 13]. House dust mites can serve as
carriers of bacteria of the Staphylococcaceae family,
responsible for the induction of IgE-mediated sensiti-
zation to microbial antigens [14]. Therefore, high inci-
dence of sensitization to Dermatophagoides pteronys-
sinus in patients with SD, which we identified, can be
not only one of the important etiological factors of the
pathology, but also induce an infectious allergy.

Sensitization to Candida albicans in patients with
SD is of great interest. Yeast-like fungi of the genus
Candida, being skin commensals, play a certain role
in the pathogenesis of allergic diseases, such as atopic
dermatitis [15]. The presence of sensitization to fun-
gal allergens in the patients can be associated with
cross-reactivity between Candida albicans and fungi
of the genus Malassezia, whose role in the pathogen-
esis of SD is actively discussed [2, 3]. It is believed
that SD arises following an immune response to fungal
antigens of the genus Malassezia and products of their
metabolism [2]. The pathological immune response
contributes to increased penetration of Malassezia and
Candida albicans through the epidermis, which leads
to sensitization of the body and a continuous cycle of
inflammation.

Despite the interesting data we obtained on the pres-
ence of a wide spectrum of sensitization to allergens
of various origin in patients with SD, further in-depth
specific allergological studies are required, including
other diagnostic (elimination and provocation tests)
and therapeutic (elimination diets, allergen-specific im-
munotherapy) measures in order to confirm the role of
allergy as a trigger of the pathology. In addition, it can
be assumed that SD may be one of the atypical clinical
manifestations of allergy.
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Pathogenetic features of experimental osteoarthrosis induced
by dexamethasone and talc

GladkovaE.V.
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148, Chernyshevskogo Str., Saratov, 410012, Russian Federation

Abstract

The aim of the study was to investigate the pathogenesis of experimental osteoarthrosis induced by dexamethasone
and talc by examining the structure and defining the morphometric and metabolic features of knee joint skeletal
connective tissues in rats.

Materials and methods. We performed a morphometric evaluation of articular cartilages (their thickness, extra-
cellular matrix arrangement, spatial arrangement of the main components, distribution density, and main cellular
indices of chondrocytes), as well as changes in subchondral bones (the presence of trabeculae in the basal layer
of the articular cartilage and individual osteophytes) in 30 rats with a model of primary osteoarthrosis induced by
sequential administration of 0.5 ml dexamethasone (2 mg) and 1 ml 10% sterile talc suspension mixed with normal
saline into the joint cavity. We studied the histologic specimens of the knee joints stained with hematoxylin — eosin,
Alcian blue (pH 1.0 and 2.5), as well as with Van Gieson’s, Masson’s, and Mallory’s trichome stains. The metabol-
ic features of the articular cartilage and bone tissues were investigated by determining the hyaluronan, osteocalcin,
and type I collagen levels in the serum of the rats.

Results. In the rats with dexamethasone- and talc-induced osteoarthrosis, the thickness of cartilages in their
weight-bearing areas decreased by 50%, the spatial arrangement of chondrocytes was impaired, and the nuclear —
cytoplasmatic ratio (p < 0.01) decreased to 0.3. Besides, a rise in the serum levels of hyaluronan (p < 0.001) to
110.2 ng / ml, type I collagen fragments (p < 0.001) to 217.9 ng / ml, and osteocalcin (p < 0.001) to 231.1 ng / ml
was detected.

Conclusion. The main pathogenetic features of experimental osteoarthrosis induced by dexamethasone and talc
include impaired distribution density, morphological characteristics, and functional activity of chondrocytes,
which results in inhibited synthesis of extracellular matrix components in the articular cartilage and activated
destruction of proteoglycans containing unsulphated glycosaminoglycans. The subchondral bone remodeling in
experimental osteoarthrosis induced by dexamethasone and talc is characterized by intensification of synthetic
activity of osteoblasts.

Keywords: osteoarthrosis, rats, dexamethasone, articular cartilage, chondrocytes, osteocalcin, subchondral bone,
hyaluronic acid, type I collagen
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MaToreHeTNYeckmne 0CO6eHHOCTMN SKCNEePNMEHTaNIbHOr0 OCTE0apTPO3a,
VHAYLUMNPOBAHHOIO AleKCaMeTa30HOM M TaJIbKOM

Nhapkosa E.B.

Hayuno-uccnedosamenvekuii uncmumym mpasmamono2uu, opmoneouu u netpoxupypeuu (HUUTOH),
Capamosckuii eocyoapcemeennuiii meouyunckuil ynusepcumem (CI'MY) um. B.H. Pazymosckozo
Poccus, 410012, 2. Capamos, yn. um. H.I". Yepnviwescxoeo, 148

PE3IOME

Hesb — u3yyeHne naToreHesa SKCIepUMEHTAIbHOro ocTeoapTposa (OA), HHAYIUPOBAHHOTO AEKCAMETa30HOM H
TaJbKOM, Ha OCHOBAHHH HCCIIEIOBAHUS CTPYKTYPBI, ONPEICICHUst MOPPOMETPHUYECKHX XapaKTEPUCTHK U MeTabo-
JIMYECKUX 0COOCHHOCTEH CKEJIETHBIX COCAMHUTEIbHBIX TKAHEH KOJIEHHBIX CYCTAaBOB Y KPBIC.

Marepuasbl 1 MeTobl. OcymiecTBiIeHa MOPHOMETPHUUECKas OL[EHKA CYyCTaBHOTO XPsIIia (TOJIINHA, OpPraHH3aIHs
BHEKJIETOYHOT'O MaTpUKCa, MPOCTPAHCTBEHHOE PACIIOJIOXKEHUE OCHOBHBIX KOMIIOHEHTOB, IUIOTHOCThH pacrpe/e-
JICHUsI, OCHOBHBIC KJICTOYHBIC MHACKCHI XOHAPOIIUTOB) M U3MEHEHHUI CYOXOHIPATbHOM KOCTH (HATMUYHE KOCTHBIX
paspacTaHuii B BUJE TOSBJICHHS KOCTHBIX 0alloOK B 0a3aJbHOM CJIOC CYCTABHOTO XPSINa M HAIUYUS CTUHUIHBIX
octeoduToB) y 30 kpbic ¢ Mozenbto nepBuuHOro OA, HHIYIIMPOBAHHOTO MyTEM MOCICIOBATEILHOTO BBSICHNUS B
mosocTh cyctasa 0,5 mit gekcameraszona (2 mr) u 1 M 10%-i CyCleH3UH CTEPUIIBHOTO TallbKa B H30TOHHYECKOM
pacTBope HaTpus xJiopuaa. M3ydeHbl rHCTONIOTHYECKHe TpenapaThl KOJEHHBIX CYCTaBOB, OKpAIllEHHbIE FeMaTOK-
cunHOM Maiiepa u 303uHOM, ajbiinanoBeiM ciHuM (pH 1,0 u 2,5) mo Ban-I'u3ony, Maccony u Maiopu. Me-
TabOJIMYECKUEe OCOOCHHOCTH XPSINEBONW M KOCTHOM TKaHEH M3ydeHbI MyTEM OMpPEeNiCHHs B ChIBOPOTKE KPOBH
11a00paTOPHBIX )KUBOTHBIX KOHIICHTPALIUI THANTypOHAHA, OCTEOKAaJbIIMHA U KoJuiareHa | Tuma.

Pesyabrarbl. YV kpeic ¢ OA, HHAyLIUPOBAHHBIM BBEACHUEM JEKCaMETa30HA U TallbKa, BBIABICHO YMEHBIICHUE
Ha 50% TONLIMHBI CYCTaBHOIO Xpsllla B €r0 HAarpy’KaeMbIX ydyacTKax, HapylLICHHE IIPOCTPAHCTBEHHOI'O pacipe-
JIeTICHUsI XOHJIPOIUTOB, CHIbkeHne (p < 0,01) smepHO-IIMTOIIIA3MAaTHIECKOTO OTHOMICHHST XOHAPOIHUTOB 10 0,3 1
MIOBBIIICHNE B CHIBOPOTKE KPOBU KOHIIEHTparui ruamyponana (p <0,001) no 110,2 Hr/mi1, pparMeHTOB KoJIIareHa
I'tama (p < 0,001) mo 217,9 ur/mn u ocreokansuuna (p < 0,001) mo 231,1 Hr/mi.

3aka0yenne. OCHOBHBIMH TTATOT€HETHIECKUMH OCOOCHHOCTSIMU IKCTIEPUMEHTAIbHOTO OCTE0apTpo3a, HHIYIH-
POBaHHOTO JEKCAMETa30HOM H TaJbKOM, SIBISFOTCS] HAPYIICHUE TUIOTHOCTH PACTIpenereHus, MOP(POIOTHIEeCKIX
XapaKTePUCTUK U (PyHKIIHOHAIBFHOH aKTHBHOCTH XOHAPONIUTOB, YTO MPUBOAUT K YTHETEHHIO CHHTE3a KOMIIOHEH-
TOB BHEKJIETOYHOTO MaTPUKCa CyCTaBHOTO XpAIIA, a TAKKe COMPOBOXKIAETCS aKTHBU3ALUEH AECTPYKIMH TPO-
TEOTTTMKAHOB, COAEPXKAIINX HecyIb(aTHpOBaHHBIE TIMKO3aMUHOTIMKAHBL OCOOEHHOCTBIO PEMOJECTHPOBAHUS
CyOXOHIpaNbHON KOCTH MPH KcrepuMeHTansHoM OA, HHIyINPOBAaHHOM JE€KCAMETAa30HOM U TaTbKOM, SIBISIETCS
MHTEHCU(DUKAINSI CHHTETHIECKONH aKTHBHOCTH OCTE00IaCTOB.

KiroueBbie c1oBa: OCTEO0apTPO3, KPLICHIL, ICKCAMETA30H, CyCTaBHOfI XpsIl, XOHAPOUUTHI, OCTCOKaJIbIIUH, Cy6XOH-
JApajibHas KOCTb, THaJTypOHOBas KHUCJI0Ta, KOJUIareH I Tnma

KOHq)JIPlKT HUHTEPECOB. ABTOp JACKIIApUPYET OTCYTCTBUEC ABHBIX U NMOTCHIUAJIbHBIX KOH(l)J'II/IKTOB HUHTEPECOB, CBsI-
3aHHBIX C HYGHI/IKaL[I/Ieﬁ HACTOSIICH CTaThHU.

Hcrounuk ¢punancupoBanusi. Vccnenosanue BeimonHeHo B pamkax HUP «[laToreHerndeckue ocoOEHHOCTH,
pEryIsTOpHBIE MEXaHW3MBI W IPOTHOCTUYECKOE 3HAYCHUE CHUCTEMHBIX TPOSBICHUI HapyIICHUI MeTabonm3Ma
XPAIIEBOH W KOCTHOH TKaHeH Ha paHHMX CTaausx ocreoaptposa», HUOKTP N2 AAAA-A18-1181026900087-7
ot 26.10.2018.

CooTBeTcTBHE NMPUHUMIAM JITUKH. VccriemnoBanue omoOpeHO JOKaIbHBIM 3THYeCKUM KomutetoM CI'MY
um. B.1. Pazymogckoro (mporokon N2 2 ot 02.10.2018).
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[ uurupoBanusi: ['magkosa E.B. Ilarorenermueckre 0COOEHHOCTH SKCIEPHUMEHTAIBHOTO OCTE0apTPO3a, HH-
JyUIUPOBAHHOTO JIEKCAMETa30HOM H TalbKOM. broanemens cudbupckoil meouyunvt. 2022;21(2):19-26. https://doi.

org/10.20538/1682-0363-2022-2-19-26.

INTRODUCTION

Osteoarthrosis (OA) is a common group of poly-
etiologic musculoskeletal diseases that progress
over time and cause permanent changes in skeletal
connective tissues [1]. Studying the pathogenetic
mechanisms of the progress of inflammatory and
destructive changes in the joints on animal models
is aimed at enhancing available diagnostic and treat-
ment strategies and designing new ones for further
implementation of the obtained results into clinical
practice [2, 3].

Commonly recognized methodological ap-
proaches to the experimental modeling of chronic
joint disorders closely approximated to human OA
in their morphology and involving all joint compo-
nents (subchondral bone, articular cartilage, articu-
lar capsule and ligaments, as well as skeletal mus-
cles that affect the joint) are based on the following
major trends: breeding of animals of the same spe-
cies with genetically determined OA, surgical desta-
bilization of the knee joint components by resection
of the anterior cruciate ligament or dissection of the
menisci; affecting lubrication properties of the sy-
novial fluid by administering abrasive solutions into
the joint cavity, direct invasive effect of physical
factors [4].

Initiation of degenerative and dystrophic changes
in the articular cartilage through local application of
various chemical agents, such as steroid medications
(intraarticular administration of hydrocortisone ace-
tate at a dose of 500 mg /kg of body weight, weekly
intramuscular injections of dexamethasone at various
doses depending on the animal species and duration
of'the experiment: 3 mg/ kg, 7mg/kg, or 10 mg/ kg
of body weight) is also widespread. The adminis-
tration of other biologically active substances (in-
traarticular injections of vitamin A, monoiodoacetic
acid in isotonic natrium chloride solution, 1% papain
solution) also causes irreversible degenerative and
destructive changes in the articular cartilage and a
metabolic imbalance in the subchondral bone [5].

The mentioned methods of OA modeling result
in quick (within 4-6 weeks after the manipulation)

progression of damage to the joint structures sim-
ilar to OA manifestations in humans. However, in
animals, the most feasible methods of OA remod-
eling are comprehensive complex techniques based
on a simultaneous targeted effect of a few harm-
ful factors on joint tissues, reproducing various
pathogenetic links of this chronic musculoskeletal
pathology. In particular, this experimental trend is
represented by local administration of 0.5 ml dexa-
methasone (2 mg) followed by intraarticular admin-
istration of 10% aqueous suspension of sterile talc
into the articular cavity of the knee joint. This caus-
es changes similar to stage I-1I deforming arthrosis
in humans [6].

Although experimental OA can be modeled by
various methods [7], the morphology and metabolic
features of articular tissues are similar and charac-
terized by changes in the normal multilayer struc-
ture of the articular cartilage and impaired synthetic
activity of chondroblasts with respect to aggrecan
and lubricin that ensures viscosity of the synovial
fluid. Moreover, in experimental OA, signs of hy-
percellularity in the basal layer of the articular car-
tilage, as well as structural and functional disorders
in the articular cartilage — subchondral bone system
are revealed [8].

There are studies confirming that along with un-
even distribution of chondrocytes in various topo-
graphic areas of the articular cartilage, there are
significant morphologic changes in chondrocytes
characterized by karyopyknosis, karyolysis, and
dystrophy leading to profound general changes in
the metabolic activity of chondrocytes with respect
to the main components of the extracellular matrix
(ECM) and synovial fluid [9]. It was established
that hyaluronan functions as a key protector and
structural framework in providing appropriate mi-
croarchitecture of the articular cartilage under phys-
iologic conditions along with proteoglycans (PG).
This hyaluronic acid (HA) derivative is directly in-
volved in stabilization and spatial arrangement of
carbohydrate — protein complexes in the articular
cartilage ECM. Besides, HA and its derivatives to-
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gether with lubricin participate in cartilage homeo-
stasis by affecting the diffusion and loading mech-
anism of articular tropism, as well as regulation of
cell proliferation and migration, which proves their
key role in maintaining the redox balance in articu-
lar structures [6].

However, opinions on the features of HA metab-
olism and its role in skeletal connective tissue re-
modeling in OA, especially in its early stages, differ.
According to some studies, one of the key pathoge-
netic mechanisms in progression of damage to artic-
ular structures in OA is inhibition of HA synthesis
against the background of increased hyaluronidase
activity [10]. Some authors suggest that accumula-
tion of HA in organs and tissues in OA results from
an imbalance of its metabolism characterized by ac-
tivation of its synthesis, as well as by functional and
structural inconsistency of unsulfated glycosamino-
glycans (GAG) formed following metabolic distur-
bances [11]. Therefore, we initiated a study aimed at
investigating the structural and metabolic features of
chondral and bone tissue remodeling in early mani-
festations of simulated knee OA.

The aim of the study was to investigate the patho-
genesis of experimental OA induced by dexameth-
asone and talc by examining the structure and de-
fining the morphometric and metabolic features of
knee joint skeletal connective tissues in rats.

MATERIALS AND METHODS

The study was carried out in compliance with the
principles of humanity set out in the directives of the
European Community (86 /609 / EC), the Declara-
tion of Helsinki, and “Rules for carrying out work
using experimental animals” (Appendix to the or-
der of the Ministry of Health of the USSR No. 755
dated 12.08.1977) and approved by the local Eth-
ics Committee at Saratov State Medical University
named after V.I. Razumovsky (Protocol No. 2 of
02.10.2018).

The study included 30 white outbred male rats
aged 18 months and weighing 180-210 g. The ani-
mals were fed with standard wet food with free ac-
cess to water and food. The animals were randomly
divided into 2 groups: the control group included
10 intact rats, while the treatment group encom-
passed 20 animals. The animals of the treatment
group had primary OA simulated in their knee
joints by sequential administration of 0.5 ml dexa-

methasone (2 mg) into the cavity of their right (ex-
perimental) knee joint followed by 1 ml of 10%
aqueous suspension of sterile talc a day later. 0.5
ml of isotonic sodium chloride solution was ad-
ministered into their left (control) knee joint. Four
weeks after the administration, the experimental
OA had formed in the right knee joint of the an-
imals corresponding to stage II-III deforming ar-
throsis in humans [4].

The animals were kept under observation for 4
weeks. The free movement amplitude was regular-
ly evaluated, and the local status of the knee was
defined. Local temperature was measured with in-
frared LAICA SA5900 (Italy) thermometer. Serum
concentrations of hyaluronan, the key structural
unsulfated glycosaminoglycan in the articular hy-
aline cartilage ECM, were determined by the end
of the experiment by enzyme-linked immunosor-
bent assay (ELISA) using Quantikine® Hyaluronan
Immunoassay (American Diagnostic Inc., USA).
The findings were interpreted on the EPOCH™
spectrophotometer (BioTek Instruments, USA).
Bone metabolism was assessed with reference to
serum concentrations of type I collagen fragments
found by ELISA using RatLaps™ enzyme-immu-
noassay (EIA) kits (Immunodiagnostic Systems
Holdings Ltd, UK), as well as osteocalcin as a mark-
er of osteoblast activity using Rat-MID™ Osteocal-
cin EIA kits (Immunodiagnostic Systems Holdings
Ltd, UK).

After the rats were sacrificed, their knee joints
were isolated as single osseomuscular specimens
to study the features of their structure. The osseo-
muscular specimens were placed in 10% forma-
lin, processed routinely, and embedded in paraffin.
The histologic sections were cut and stained with
Mayer's hematoxylin (BioVitrum, Russia) and eo-
sin (BioVitrum, Russia). The sections were mount-
ed in the Bio Mount medium (Bio-Optica, Italy).
To reveal histologic signs of OA, 810 7-10 um
thick frontal sections of the knee joints were used,
cut at about 200 pm intervals in the areas of inter-
est (lateral and medial femoral condyles, medial
and lateral tibial plateaus). To assess the histologic
changes in the knee joints, a semiquantitative scale
was used [12].

The morphometric assessment of the histologic
specimens (changes in particular areas of the artic-
ular cartilage and calculation of the nuclear — cyto-
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plasmic (N / C) ratio for the main types of chondro-
cytes) was performed considering the cell area (Sc,
um?) and the nucleus area (Sn, um?) in both groups
of the animals. The N / C ratio was calculated using
the following formula: N / C = Sn /(Sc — Sn), the
measurements were taken using the Axio Imager Z2
microscope (Carl Zeiss, Germany).

The morphometric data were analyzed using dig-
ital images of the articular cartilage and subchon-
dral bone in the areas of interest corresponding to
the research objectives. The average number of cell
elements was calculated in 6 fields of view in no less
than 6 knee joint specimens for each topography
area, and then the mean value was calculated. The
sections were additionally stained with Alcian blue
to reveal GAGs in the histologic specimens. Highly
sulfated (pH 1.0) and total (pH 2.5) GAGs, as well
as collagen fibers, underwent van Gieson’s and Mas-
son’s staining, and collagen fibers were identified by
van Gieson’s and Mallory’s staining.

Histologic specimens of the knee joints obtained
from intact animals were used as controls. The an-
imals were anesthetized with a combination of
0.05 ml / kg Zoletil-100 (Virbac Sante Animale,
France) and 1 ml / kg Xylazine (Interchemie, the
Netherlands) according to the instructions (“Veter-
inary Medicines in Russia” Guidelines, 2015). The
animals were sacrificed by a 200 mg / kg overdose
of Zoletil-100.

The findings were statistically processed us-
ing Statistica 10.0 software (StatSoft Inc, USA).
All variables were tested using the Kolmogorov —
Smirnov and Shapiro — Wilk tests. The retrieved
values for each criterion suggested non-normal
distribution of the data. As the findings did not
correspond to the normal distribution, they were
evaluated using the nonparametric Mann — Whit-
ney U-test. The findings were presented as the me-
dian and the interquartile range Me (Q,; Q,). The
differences between the animals with OA and the
controls were considered statistically significant at
p <0.05.

RESULTS

The thickness of the articular cartilage in the
weight-bearing areas of the femoral condyles in the
controls (Table 1) was on average 220-300 um, the
articular cartilage contained mostly oval chondro-
cytes 11-18 um in diameter with centrally located,

normochromal nucleus, N / C 0.64 — type I chon-
drocytes. These cells were arranged both separately
and in isogenous groups of 3—4 to 6 chondrocytes
(Fig. 1).

Table 1

Morphometric features of the articular cartilage of the knee
in the rats of the treatment and control groups, Me (Q,; 0,)

Measured parameter
. The thickness | The difference in
éllti;h;;li(él:f;r of articular the thickness of
Group | cartilace in the cartilage in articular cartilages
non-\%/ei hi- the weight- in weight-bearing
bearin arias of bearing areas and non-weight-
the tilfiae mm of the femoral | bearing topography
’ condyles, mm areas, %
Control
0.234 0.226
ir:ul%’ 0.221:0297) | (0.196: 0281y | #0©% 7D
Treatment 0.185% 0.105%
group, (0.209; 0.273) | (0.095; 0.125) 342 22.4,67.1)
* p<0.001
n=20 <0.05 p<0.01 :

* here and in Table 2, the differences between the parameters of the
treatment and control groups at p < 0.05

The number of isogenous groups within one field
of view was close to 10-11. Type II chondrocytes
were located mostly in the basal layer of the artic-
ular cartilage, they were 8—9 um in diameter, had
centrally located pyknotic nuclei, and their N / C
ratio did not exceed 0.30. There were 39—47 cells
in each of the selected fields of view in the areas of
interest, 70% of them were type I chondrocytes. In
the superficial layer of the articular cartilage, cells
were flattened and spindle-shaped with normochro-
mic, bean-shaped nuclei.

Fig. 1. The section of the articular cartilage in the knee of the
intact control rat:hematoxylin — eosin staining, x40
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Fig. 2. The section of the articular cartilage in the knee of the
rat from the treatment group: hematoxylin — eosin staining,
x40

4 weeks after the start of OA simulations, a de-
crease in the articular cartilage thickness (p < 0.01)
in the weight-bearing areas was observed in the rats
of the treatment group (Fig. 2). We also revealed
changes in the proportion of chondrocytes, as well
as in their morphology. The relative count of type I
chondrocytes decreased and made about 40-50% of
all articular cartilage cells. Their diameter did not
exceed 10—13 um, and their N / C ratio was close
to 0.44. In some type I chondrocytes, the nuclei
were heterochromatic and took an irregular bean
shape, their arrangement was eccentric, and their
cytoplasms had vague contours and triangular, spin-
dle-like, or irregular bean-like shapes.

Type I chondrocytes formed a small number of
isogenous groups (1-2 in the field of view), and
each isogenous group comprised no more than 2-3
type I chondrocytes. About 22% of type II chondro-
cytes were characterized by pronounced karyopyk-
nosis and eccentric arrangement of their nuclei, and
70% of all type II chondrocytes were characterized
by microcytosis (4—6 pm in diameter). Enucleated
forms of type II chondrocytes (karyolysis) made
up about 40% of all chondrocytes. Individual acel-
lular lacunae were found in the articular cartilage.
Around 27-30 isolated or clustered chondrocytes
were observed in each field of view. We also ob-
served some individual trabeculae in the basal layer
of the articular cartilage, which had a regular round
shape in their cross-section.

Additional staining methods allowed to detect a
decrease in the levels of all analyzed GAGs in the

organic ECM of the articular cartilage in the animals
of the treatment group. This indicated profound de-
generative and dystrophic processes and was prov-
en by biochemical findings. Thus, the study of the
key cartilage and bone metabolites in the serum
(Table 2) revealed a significant increase in the con-
centrations of type I collagen fragments (p < 0.001)
and hyaluronan (p < 0.001) in the animals of the
treatment group compared with the controls. Osteo-
calcin supply to the blood of OA rats (p < 0.001)
decreased suggesting signs of inhibited synthetic
activity in osteoblasts.

Table 2

Serum concentrations of hyaluronan, type I collagen
fragments, and osteocalcin in the rats with simulated primary

OA, Me (05 0)
Serum concentrations
Group Hyaluronan, Type I collagen Osteocalcin,
ng/ml fragments, ng / ml
g ng/ml
Controls, . 144.2 231.5
n=10 665 (57.6;69.9) (99.3; 170.1) (222.9; 258.4)
Treatment 110.2* 217.9* 176.9*
group, (81.4; 142.9) (200.5;248.2) | (133.1;194.4)
n=20 »<0.001 »<0.001 »<0.001
DISCUSSION

Under physiological conditions, the metabolism
of skeletal connective tissues is characterized by the
balance between catabolic and anabolic processes,
which provides structural and functional integrity
of the knee joint [13]. Cells, such as synoviocytes,
mononucleotides that infiltrate the synovial mem-
brane, osteocytes in the subchondral bone, and
chondrocytes, play an essential role in healthy skel-
etal connective tissue remodeling [3].

The articular cartilage is a complex structur-
al and functional system of cells and extracellular
matrix (fibers and amorphous core). However, the
major biomechanical features of the articular car-
tilage are determined by high aggrecan hydration,
while degenerative and dystrophic changes in OA
result from several unfavorable exogenous and en-
dogenous effects leading to an evident decrease in
cartilage congruence [1, 11].

The conducted morphology tests revealed the
progression of irreversible degenerative and dys-
trophic changes in chondrocytes in simulated OA,
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manifested through impaired cell ratios, prolifera-
tion, and death. The changes observed in simulated
OA suggested that the imbalance of metabolic pro-
cesses in the articular cartilage ECM resulted from
its structural and functional modification (reduction
of chondrocyte density, their rearrangement, chang-
es in the N / C ratio, signs of cell death). This was
confirmed by the increase in serum hyaluronan con-
centrations in the rats of the treatment group. These
changes probably result from the prevalence of de-
structive changes aimed at disorganizing proteo-
glycan complexes of intercellular substance in the
articular cartilage. The imbalance between catabolic
and anabolic responses in the articular cartilage is
confirmed by a significant decrease in its thickness
in simulated OA.

Disorders in the subchondral bone are definitely
some of the key factors in the OA pathogenesis. Un-
der normal conditions, they ensure essential needs
of the articular cartilage, including its densification,
hardening, and osteophyte formation with changes
in the general biomechanics of joints and active pen-
etration of inflammatory mediators and growth fac-
tors in response to enhanced angiogenesis [14, 15].
Our findings revealed the activation of osteogenesis
following the increase in osteoblast secretion and al-
teration of their metabolism, which was confirmed
by the increase in serum osteocalcin levels in the
rats of the treatment group in early signs of OA.

CONCLUSION

The main pathogenetic features of experimen-
tal OA induced by dexamethasone and talc include
impaired distribution density, morphological char-
acteristics, and functional activity of chondrocytes,
which results in inhibited synthesis of extracellular
matrix components in the articular cartilage and
activated destruction in supramolecular complexes
containing unsulfated GAGs. Disturbances of sub-
chondral bone remodeling in experimental OA are
characterized by intensification of synthetic activity
in osteoblasts.
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ABSTRACT

Aim. To study the relationship between parameters of the impulsivity — reflexivity cognitive style and the level of
Internet addiction among high school students.

Materials and methods. 154 students from general education institutions aged 16—17 years were diagnosed using
the J. Kagan’s reflection — impulsivity test and the Chen Internet Addiction Scale. The one-way analysis of variance
was used, followed by post-hoc pairwise comparisons using the Tukey’s test.

Results. An inverse relationship between the level of Internet addiction and decision latency in a multiple-choice
situation and a direct relationship between the level of Internet addiction and the number of errors in the J. Kagan’s
reflection — impulsivity test were revealed.

Conclusion. High school students with propensity to Internet addiction tend to have the impulsive cognitive style,
while students without such a tendency — the reflective style. In cognitive activity, the impulsive cognitive style
is generally less productive than the reflexive one. The impulsive cognitive style is similar to the so-called clip
thinking, which allows to consider the relationship between Internet addiction and this phenomenon through the
prism of cognitive and style features.
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CBA3b NOKasaTesnen KOrHUTUBHOIO CTUNA ((I/IMI'IyﬂbCI/IBHOCTb/
pE(I)HEKCIIIBHOCTb» CO CTeNneHblo CKJIOHHOCTN K NHTepHeT-3aBNncnmomy
nosefeHno y CcrapliekiacCHNKoB

Fpuropbes MN.E." %3, NanbueHko A.C.%, NockoTuHoBa J1.B.°

' Huxumckuti 6omanuyeckuti cad — Hayuonanvnwiil nayunwviil yenmp Poccuiickoi akademuu nayx (HBC — HHI] PAH)
Poccus, 298648, Pecnybnuxa Kpvim, nem Huxuma, Huxumckuii cnyck, 52

IN'ymanumapno-nedazocuveckuil uncmumym, Cesacmononvckuil 2ocyoapcemeennviil ynugepcumem (Cesl’V)
Poccus, 299053, Pecnybauxa Kpvim, 2. Cesacmononw, yi. Yuusepcumemckas, 33

SAkademuueckuil HaAyYHO-UCCI0B8AMENbCKUTL UHCIUMYM (DUUYECKUX MEMOO08 JIe4eHUs., MeOUYUHCKOU
kaumamonozuu u peaburumayuu (AHUHW) um. U.M. Ceuenosa
Poccus, 298603, Pecnyboauxa Kpvim, 2. Aima, yn. Myxuna, 10

‘Kpbiyvckutl pecnyOIuKancKutl uHCmumym nocmouniomHo20 neoazocuieckozo oopasosanus (KPUIIIIO)
Poccus, 295000, Pecnybauxa Kpvim, e. Cumgpeponons, ya. Jlenuna, 15

SUncmumym ¢huzuonocuu npupoousix adanmayuti (MDIIA),

Dedepanvhblil UCCTIeO08AMENbCKUL YeHMP KOMIIeKCH020 uzyuenus Apkmuxu (DUIIKHUA) um. axao. H.I1. Jlaseposa
Ypanvckozo omoenenus Poccuiickoii akademuu nayk (YpO PAH)

Poccus, 163069, o. Apxaneenvck, nab. Ceseproti Jleumnwl, 23

PE3IOME

I.[e.m; — U3Y4YCHHUEC CBA3HU XaPAKTECPUCTUK KOTHUTHUBHOI'O CTHIIA <(I/IMHy.IILCHBHOCTI)/pCCbJIeKCI/IBHOCTI)» C YPOBHEM
HWHTEPHET-3aBUCUMOCTHU Yy CTAPIICKIaCCHUKOB.

Marepuansl u Metoabl. [IpoBenena quarHoctuka 154 obywaromuxcs 001meo0pa3oBaTenbHbIX yupesxkaeHui 16—17
aet nocpeacTBoM Tecta Jx. Karana Juis onpeieseHus okasatesneii KOrHUTHBHOTO CTUIIS «UMITYJILCHBHOCTB/pediek-
cUBHOCTBY ¥ TecTa «[lIkana CKIOHHOCTH K MHTEpHET-3aBUCHMOMY noBezieHuio» C. Yena. Mcnonb3oBaics ogHodak-
TOPHBIH AUCIEPCHOHHBIN aHATU3 C MOCJIETYIOINMH MONAPHBIMH AIIOCTEPHOPHBIMU CPAaBHEHUSIMH KpHTEpHEM ThIOKH.

Pe3yabTaThl. YCTaHOBJICHO HalMuYHe OOPATHOW CBSI3M MEXKIYy YPOBHEM HHTEPHET-3aBUCHMOCTH W JIATCHTHBIM
BpPEMCHEM TIPUHSTHUS PEIICHUS B CUTYallMd MHOXKECTBEHHOTO BHIOOpA U MPSIMOiA CBSI3U MEXKIY YPOBHEM HHTEP-
HET-3aBUCHMOCTH U KOJIMYeCTBOM o100k B TecTe [Ik. Karana.

3akioueHue. CTapHIeKJIaCCHI/IKI/I CO CKJIOHHOCTBIO K MHTEPHET-3aBUCUMOCTHU TATOTCIOT K UMITYJIbCUBHOMY THUITY
I10 UCCJICAOBAHHOMY KOTHUTHUBHOMY CTUIIIO, 0e3 TaKOBO# CKIIOHHOCTH — K peq)HeKCI/IBHOMy THLIY. B noznaBarenb-
HOU JIeITeIIbHOCTH HUCIIOJIh30BAHUE HUMITYJIbCUBHOT'O KOTHUTHBHOI'O CTUJIA B IIEJIOM MEHEEC ITPOAYKTUBHO, YEM pe(i)-
JICKCUBHOTI'O. I/IMHyHbCHBHLIﬁ KOTHUTHBHBIN CTHIIb O6Hapy)KI/IBaeT YCPTHI CXOACTBA € TaK HaA3bIBAECMBIM KJIUIIOBBIM
MBIIIJICHUEM, YTO IMO3BOJIAET paCCMAaTpUBATL CBA3b UHTCPHET-3aBUCUMOCTU C STUM SIBJICHUCM YC€PE3 MTPU3MY KOI'-
HHUTUBHO-CTHJICBBIX 0COOEHHOCTEH.

KiroueBrble ciioBa: UHTEPHET-3aBUCUMOCTD, CTapUICKIaCCHUKH, KOTHUTUBHBIN CTHIIb «I/IMl'IyJ'[I:CI/IBHOCTL/pe(l)J'IeK-
CUBHOCTB»

KonpaukTt nunTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOH(OINKTOB HWHTEPECOB,
CBSI3aHHBIX C MyOIUKaKeil HACTOSIIEeH CTaThH.

Hcrounuk ¢punancupoBanmsi. McciieoBanne BbInoiaHeHo npu ¢puHaHCOBOH noanepxke PODU, npoext Ne 20-
013-00060.

CooTBeTcTBHE MPUHIIMIIAM 3THKHU. Bee ncpITyeMble moanucani HHGOPMUPOBAHHOE COTIIACHE HA YIACTHE B HC-
cienoBanuu. VccnenoBanue o100peHO JTOKAIBHBIM dTHdecKuM komutetoM OUIKUA nm. akax. H.I1. JlaBepoBa
YpO PAH (mmpotoxon Ne 3 ot 12.02.2020).
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Jnsa uutupoBanus: ['puropses [1L.E., 'ampuenko A.C., [TockoturoBa JI.B. CBs3p MOKa3aTeeld KOTHUTHUBHOTO
CTHISL «MMITYyJIbCHBHOCTB/PE(DIEKCHBHOCTE) CO CTETEHBbIO CKIOHHOCTH K MHTEPHET-3aBHCHMOMY MOBEJCHUIO Y
CTapIIEKIIACCHUKOB. broanemens cubupckoti meduyunsl. 2022;21(2):27-32. https://doi.org/10.20538/1682-0363-

2022-2-27-32.

INTRODUCTION

The phenomenon of Internet addiction (IA) is wide-
ly studied all over the world [1-3]. Various aspects
of the impact of Internet addiction on mental [4] and
physical health [5] are being investigated, especially in
adolescents. A steady increase in the time spent on the
Internet is inevitable due to sociocultural processes, as
well as an increasing tilt of education and many types
of professional activity to the online environment [6].
Uncontrolled use of the Internet, especially social net-
works, and viewing content not related to professional
or educational activities is a powerful addictive factor.
Internet addiction already takes its place among other
addictions and is difficult to correct [7, 8]. A recent
Russian study of 3,012 adolescents aged 12—18 years
showed that maladaptive use of the Internet is typical
0of 43.6% of adolescents, and the incidence of Internet
addiction increases with age [9].

Along with the increase in Internet addiction among
the population, the phenomenon of the so-called clip
thinking is becoming more and more pronounced,
especially among the younger generation, who have
been active Internet users since childhood [10]. At the
same time, there are practically no generally accept-
ed methods for diagnosing clip thinking; variants of
its detection are also very vague and diverse [11, 12].
However, all researchers of clip thinking, one way or
another, admit that its main features include percep-
tion of information through bright, short, often unre-
lated images, fast switching from one topic to another,
and a need for constant information updates. All these
factors combined result in problems with concentra-
tion, inability to analyse information and retain it in
memory, misunderstanding of the meaning of what
was read, increased suggestibility, etc.

It seems promising to investigate a relationship
of Internet addiction, first of all, with the parameters
of the impulsivity — reflexivity cognitive style [13],
because it is individuals with the impulsive cognitive
style that, in our opinion, show some similarity with
people characterized by clip thinking. This task is es-
pecially relevant for high school students [14], who,
on the one hand, have to increasingly use the Internet
for education, and on the other hand, are constantly

faced with all sorts of temptations to spend time on
the Internet on unproductive activities with addictive
potential.

The aim of this research was to study the relation-
ship between parameters of the impulsivity — reflexiv-
ity cognitive style and the level of Internet addiction
among high school students.

MATERIALS AND METHODS

The subjects of the study were students of general
education schools aged 16—17 years from the cities of
Simferopol (99 people, 32 males and 67 females) and
Nadym (55 people, 17 males and 38 females).

As a tool for diagnosing Internet addiction, we
used the Chen Internet Addiction Scale adapted by
K.A. Feklisov and V.L. Malygin. The parameters of
the impulsivity — reflexivity cognitive style were diag-
nosed using J. Kagan’s “Comparison of Similar Draw-
ings” test. The subject of the study was presented with
2 training sheets, and then with 12 basic sheets: on top
of the sheet, there was an image of a familiar object
(reference figure), at the bottom, there were 8§ practi-
cally identical images of the same object arranged in
two rows, among which only one fully corresponded
to the reference figure. The subject had to find and in-
dicate an image that was completely identical to the
reference figure. The following parameters were re-
corded: 1) the average decision latency of the first re-
sponse in 12 series (in seconds); 2) the total number of
errors made in the test.

The Kolmogorov — Smirnov test was used to check
the data series for normal distribution. Both for the
total sample and for the 6 compared subsamples, no
statistically significant differences in deviations of the
data series from the normal distribution were found
(Table). For the smallest sample, which comprised 20
variants, the more sensitive Shapiro — Wilk test was
used to check for normality of distribution.

Since in none of the cases the statistical distribution
of the data differed from the normal distribution, a one-
way analysis of variance (ANOVA) was used, followed
by post-hoc pairwise comparisons using the Tukey’s
test. Statistical processing was performed using the
Statsoft Statistica 13 software (StatSoft Inc., USA).
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Table

Results of testing data series for normality of distribution*

“Response time” “Number of errors”
Samples . .
variable variable
Total sample K-S d=0.090 K-S d=0.082
1A s absent m K-S d=0.086 K-Sd=0.110
Propensity to 1A, 1 ¢ g 4=0.130 K-S d = 0.094
n=2_82
Pronounced IA, SW W =0.94 S-W W =0.98
n=20
*p > 0.05.
RESULTS

First, we performed ANOVA for the “response
time” variable. Highly significant differences were re-
vealed in the distribution of the trait in the subsamples
according to the Fisher’s criterion: F (2, 151) = 10.21,
p = 0.00007. The analysis results are graphically pre-
sented in Fig. 1.

24

22

20

Decision latency of the first response

absent propensity pronounced

level of Internet addictive behaviour

Fig. 1. ANOVA findings for the relationship between the
decision latency of the first response in the J. Kagan’s test and
propensity to Internet addiction

A close to inverse relationship between the de-
cision latency of the first response (response time)
and propensity to Internet addiction was revealed.
Thus, for individuals without TA, the response time
was 20.27 + 1.21 sec, for those with propensity to
IA — 15.92 £ 0.96 sec, and for those with pronounced
IA —10.24 £ 1.96 sec.

Further analysis of statistical significance using the
Tukey’s honest significance test showed the presence
of statistically significant differences between all the
subgroups:

between individuals with no A and those with pro-
pensity to [A, p =0.013;

between individuals with no [A and those with pro-
nounced IA, p = 0.000055;

between individuals with propensity to IA and
those with pronounced 1A, p = 0.024.

Thus, all 1A levels are significantly different from
each other in terms of decision latency and form a
close to linear trend toward a decrease in the decision
latency as propensity to Internet addiction increases.

Next, we analysed the distribution of the “number
of errors” variable depending on propensity to IA.
Significant differences in the distribution of the varia-
ble in the subsamples were revealed according to the
Fisher’s criterion: F(2, 151) = 4.4452, p = 0.013. The
analysis findings are graphically presented in Fig. 2.

8.0

75

7.0

6.5

6.0

55

number of errors

5.0

45

4.0

absent propensity pronounced

level of Internet addictive behaviour

Fig. 2. ANOVA findings for the relationship between the
number of errors in the J. Kagan’s test and propensity to
Internet addiction

For this variable, a close to inverse relationship
between the number of errors in the test and the level
of IA was revealed.

Thus, in individuals without IA, the number of
errors was 4.94 £+ 0.36, in those with propensity to
IA — 5.78 +£ 0.28, and in those with pronounced IA —
6.90 £ 0.57.

Further analysis of statistical significance using the
Tukey’s post hoc test showed the following levels of
significance of the differences:

1) between individuals with no IA and those with
propensity to [A: p =0.15;

2) between individuals with no IA and those with
pronounced IA: p =0.010;

3) between individuals with propensity to IA and
those with pronounced IA: p =0.18.

The significant differences in the “number of er-
rors” parameter were observed only between individ-
uals without A and those with it, while in individuals
with propensity to IA no significant differences in the
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“number of errors” parameter were revealed com-
pared with the two mentioned subgroups. Neverthe-
less, there is a clear upward trend in the “number of
errors” parameter as Internet addiction increases.

Summarizing the preliminary results, it can be stat-
ed that individuals with IA are less accurate, but fast-
er in making decisions, which makes them similar to
individuals with the impulsive cognitive style. On the
contrary, individuals with IA are more similar to the
reflexive cognitive style due to longer deliberation of
a task with greater accuracy of answers.

DISCUSSION

In the present study, new data were obtained on
the relationship between IA and the parameters of the
impulsivity — reflexivity cognitive style: the higher the
level of IA is, the faster the subject makes a decision
in a situation of multiple cognitive choice, making
more mistakes. On the contrary, the lower the level of
IA is, the longer the subject thinks over the solutions,
but the more accurate they are.

The J. Kagan’s test does not contain criteria for as-
signing individuals to a particular cognitive style; it is
only recommended to rely on medians in a particular
sample when making an appropriate psychodiagnos-
tic conclusion. However, from the point of view of
psychodiagnostics, this approach is not sufficiently
rigorous, since the data can vary greatly from sample
to sample for various reasons, and the population for
standardization must include at least an order of mag-
nitude more test subjects. At the same time, the trends
we observe show that individuals without propensity
to IA are apparently closer to the reflexive cognitive
style, that is, they make relatively few mistakes, but
use a relatively longer time to think over tasks; con-
versely, individuals with pronounced IA make more
mistakes with less thinking time.

The nature of cognitive styles is not fully elucidat-
ed. On the one hand, they are associated with temper-
ament and features of interhemispheric asymmetry.
On the other hand, they can change to a certain extent
during the lifetime under the influence of cultural, so-
cial, and psychological factors [14]. There is an opin-
ion that cognitive styles are stable with time, charac-
terizing the features of individual’s cognitive activity
[15, 16]. However, there is substantiated evidence
that cognitive styles are formed in vivo in the process
of active life [17]. In [18], the analysis of numerous
works is presented on the fact that any cognitive tasks
are more effectively solved by reflexive individuals.
Polar differences have been established between re-

flexive and impulsive individuals in terms of emo-
tionality and activity: reflexive individuals are less
emotional and more active; impulsive ones are more
emotional and less active. Therefore, impulsive indi-
viduals show the first spontaneous reaction in solving
the problem emotionally, and the reflexive ones, hav-
ing more energy, work out additional options for solv-
ing problems instead of experiencing strong emotions
[19]. At the same time, since persons characterized by
the impulsive cognitive style not only make decisions
in an insufficiently meaningful way, but are generally
characterized by low self-control [20], they are more
prone to IA than persons with greater reflexivity.

IA is a powerful factor influencing cognitive pro-
cesses, including the ones at the brain level [21], and
the results of our study suggest that the level of 1A
may somehow influence the cognitive styles. This
highlights the problem of IA even more and requires
engagement of different specialists in its solution.

CONCLUSION

The degree of propensity to IA is associated with
characteristics of the impulsivity — reflexivity cogni-
tive style. According to the parameters of the J. Ka-
gan’s test, individuals with pronounced IA are char-
acterized by shorter decision latency in a cognitive
task with a greater number of errors, while individuals
without IA tend to take longer time to make a decision
with fewer errors. At the same time, individuals with
propensity to IA occupy an intermediate position ac-
cording to the parameters of the J. Kagan’s test. The
results obtained, to some extent, clarify the phenome-
non of clip thinking (fast, shallow, emotional, non-an-
alytical), linking it both with the degree of IA and with
a tilt to the impulsive cognitive style.
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Markers of kidney injury, lipid metabolism, and carbonyl stress
in patients with type 1 diabetes and different levels of albuminuria
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16, Timiryazeva Str., Irkutsk, 664003, Russian Federation

ABSTRACT

The aim of this work was to study the levels of podocalyxin and p-2-microglobulin and parameters of lipid metab-
olism and carbony] stress in type 1 diabetes mellitus (T1DM) patients with different levels of albuminuria.

Materials and methods. 56 men of reproductive age with TIDM were divided into two groups: 24 patients
with stage Al albuminuria (group A1) and 32 patients with stage A2 albuminuria (group A2). The control group
consisted of 28 healthy men. The levels of renal function markers, lipid metabolism parameters, and methylglyoxal
were assessed using enzyme immunoassay and spectrophotometric and fluorometric methods.

Results. Higher values for total cholesterol, triacylglycerol, and very-low-density lipoprotein medians in both
groups Al and A2 were found. In these groups, increased podocalyxin and methylglyoxal medians were revealed.
Correlation analysis in the group Al showed the presence of a relationship between the glomerular filtration rate
(GFR) and creatinine. In the group A2, correlations between the generally accepted parameters of kidney injury
(the albumin / creatinine ratio and GFR) and the duration of the disease and between GFR and the creatinine and
methylglyoxal levels in the blood were identified. The podocalyxin level in this group correlated with the (2-
microglobulin and methylglyoxal levels and lipid metabolism parameters. The level of f2-microglobulin correlated
with the lipid metabolism parameters.

Conclusion. Regardless of the level of albuminuria, men with TIDM had significantly increased levels of
podocalyxin, lipid metabolism parameters, and methylglyoxal, as well as strong relationships between these
parameters. The data of this study can be used for development of potential strategies for prevention and early
treatment of diabetic nephropathy.

Keywords: type 1 diabetes mellitus, men, albuminuria, podocalyxin, 3-2-microglobulin, carbonyl stress, lipids
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Mapkepbl NO4e4YHOro NOBPEeXAEeHUA, IMNUAHOro oo6meHa
1 Kap6oHMNbHOrO CTpecca y NaLneHToB C caxapHbiM gunabetom | Tna
M pa3HbIiM YPOBHEM afibOyMVHYypumn

HapeHckaa M.A., YyryHoBa E.B., KonecHukos C.U., Fpe6eHkunHa J1.A., CemeHoBa H.B.,
Hukntuna O.A., KonecHukosa J1.U.

Hayunvui yenmp npobnem 300pogva cemvu u penpodykyuu uenogexa (HL [13CPY)
Poccus, 664003, 2. Upxymcxk, ya. Tumupszesa, 16

PE3IOME

Henr — wu3ydeHne ypOBHS IIOJOKAIMKCHHA, [-2-MUKpOIJIOOYJIMHA, IIOKa3zaTeneil JumupHoro obMmeHa W
KapOOHMIIBHOTO CTpecca y ManueHToB ¢ caxapHbiM auaberom (CJI) I tuma 1 pasHbIM ypoBHEM aabOyMHUHYPHUH.

Matepuaiabl U Metoasbl. [IpoBeneHo obcienoBaHue 56 MyK4WMH penpomyKTuBHOro Bo3pacta ¢ CJ[ I Tuma,
pa3zaeneHHbIX Ha JIBE TPYNIbL: 24 manuenTa ¢ anboymMunypuei ctamun Al (rpynma Al) u 32 — ¢ ansOymuHypHei
cragun A2 (rpynma A2). KOHTpOIbHYO TPy COCTaBUIN 28 310POBBIX MyK4KH. OTICHUBAJICS YPOBEHB IIOUEUHBIX
MapKepoB, KOMIIOHEHTOB JIMITUAHOTO 0OMeHa 1 MeTrarimnokcaist (MI) ¢ ucrmonp3oBaHeM UMMYHO(QEPMEHTHBIX,
CHEeKTPO(HOTOMETPUIECKUX U (DITFOOPOMETPUIECKUX METOIOB.

Pe3yabTaThl. YcTaHOBIIEHBI O0Jiee BBICOKHE 3HAYCHHS MEAHAH O0IIEro X0JeCTepHHa, TPHALMITIHLEPH/IOB U JIU-
HOMPOTENI0B OUeHb HU3KOM MIoTHOCTH B 00enx rpymmax ¢ CJ/I I Tuna. B jaHHBIX rpynmax oTMeYaluch TaKke
MOBBIIICHHBIC 3HAYCHUS METHAHbI MTOJIOKATTMKCHHA H OCHOBHOTO TTOKa3aTesst KapooHmIsHOro ctpecca — MI. Tpo-
BEJ/ICHHBIHM KOPPEJIALMOHHBIN aHaIN3 B rpynne Al nmokasaj HaIu4ue 3aBUCUMOCTH YPOBHS CKOPOCTH KJIyOOUYKOBOM
¢unbrpanmu (CK®) u kpearnnnna. B rpynmne A2 oTMedanuch CBS3M OOLICHPHHATHIX MOKa3aTeNleil MOYedHOro
HOBpeXIeHNs (CooTHOLIeHHs anbOymun/kpeatunnt 1 CK®) ¢ anurenbHOCTHIO 32001eBanust, nokasareinst CKO ¢
ypoBHeM kpeaTnHrHa 1 MI'. YpoBeHb 10JJOKaIMKCHHA B IAHHOH IPYIIIE KOPPETHUPOBAJ C YPOBHEM B2-MHKPOIIIO-
Oynuna, MI', mokasarerneii unuaHOro ooMeHa; 2-MUKPOTrIO0YIMH HMET B3aUMOCBSI3H C TTapaMeTpaMi JIHIH/I-
HOro oOMeHa.

3akaouenne. Y myxunt ¢ CJ] I Tuma BHe 3aBUCHMOCTH OT YpOBHS QJIbOYMHUHYPHU OTMEYAIOTCS 3HAYUTEIBHO
6oJree BHICOKHH YPOBEHb IT0JIOKUITMKCHHA, YBEINYECHHBIE [T0KA3aTeNN JTUIHHOro oOMeHa 1 MI', a Takxke Hamume
TECHBIX B3aUMOCBSI3€H MEXXTy STHMH ITapaMeTpaMH, YTO MOKET OBITh UCIIOIBb30BAHO IS pa3pabOTKH MOTEHIHAb-
HBIX CTpaTeruii npo(MIaKTUKY U paHHEH Tepanuy JruadeTHyecKoi HedponaTuu.

KoroueBble ciioBa: caxapHblil quaber | Tuna, My>K4uHbI, anbOyMUHYPHSI, TOJOKATUKCUH, -2-MHKPOTIO0YIINH,
KapOOHWIBHBIH CTpece, JTUMUIbI

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKeil HACTOSIIEH CTaThH.

Hcrounuxk ¢puHancupoBanus. lccienoBaHue BBINOJHEHO B PaMKax TOCYIApCTBEHHOW OOMKETHOW TEMbI
OTBHY «HayuHnblii neHTp npobieM 370pOBbsi CEMbU M PEHpPOAYKIMH yenoBeka» «llarodusnonorndeckue
MEXaHU3Mbl U TEHETHKO-METa00JINUYECKUEe MIPEAUKTOPBI COXPAHEHHsI PENPOAYKTUBHOTO 3J0POBbS U JIOJITOJIETHS B
pa3IMYHBIX BO3PACTHBIX, FEHAECPHBIX U ATHUUECKUX rpynnax» Ne 121022500180-6.

CooTBeTcTBHE MPUHOMIAM JTHKH. Bce yuacTHUKM moxamucamu (GOpMHpPOBaHHOE COTJaCHE Ha ydacTHE B
nccnenoanuu. Mccenenosanue ogo0peHo JoKaIbHBIM dTrdeckuM komuteroM HI TT3CPY (mpoTokonm Ne 8.2 ot
2.11.2018).

Jist nurupoBanust: [lapenckas M.A., Uyrynosa E.B., Konecunkos C.1., I'pebenkuna JI.A., CemenoBa H.B.,
Huxutuna O.A., Konecuukosa JI.W. Mapkepbl MOYEYHOTO TOBPEXKICHUS, JIUMTHIHOTO 0OMEHA U KapOOHUIEHOTO
cTpecca y TMalMeHTOB ¢ CaXapHbIM JHa0eTOM | THITa U pa3HBIM YPOBHEM allbOyYMHUHYPHHU. Biosiemens cubupcKkoul
meouyunwl. 2022;21(2):33-40. https://doi.org/10.20538/1682-0363-2022-2-33-40.
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INTRODUCTION

Diabetes mellitus (DM) is considered a pressing
problem due to the development of numerous com-
plications. Diabetic nephropathy (DN) occupies a
prominent place among the DM complications due
to early disability and mortality [1, 2]. The incidence
of DN among patients with type 1 diabetes mellitus
(TIDM) is 20.1% [3]. DN is a complex lesion of
the arteries, arterioles, glomeruli, and tubules of the
kidneys, often leading to the development of diffuse
or nodular glomerulosclerosis and, subsequently, to
chronic renal failure [4].

Multiple factors contribute to the DN develop-
ment, including metabolic (hyperglycemia, hyper-
lipidemia) and hemodynamic factors [2, 4]. Poor
glycemic control and hereditary predisposition con-
tribute to the progression of DN[1]. Hyperglyce-
mia can adversely affect renal structures through a
number of factors, such as activation of the sorbitol
pathway of glucose metabolism, increased synthesis
of diacylglycerol, accumulation of non-enzymatic
glycation products of proteins and lipids in tissues,
etc. [5, 6]. It is commonly accepted to differentiate
several stages in DN development; however, it was
established that changes in kidney tissues in patients
with diabetes occur already when excretion of al-
bumin in the urine is normal [7]. For this reason, it
becomes especially important to clarify the mecha-
nisms that contribute to early changes in renal struc-
tures in DM patients. Currently, the main groups of
new potential renal markers have been identified: tu-
bular markers, markers of podocyte damage, growth
factors, immune and inflammatory factors, and
products of extracellular matrix metabolism, that
allow to predict the development of DN with high
specificity and sensitivity [8].

Carbonyl stress is a condition that is accompa-
nied by an increase in the content of carbonyl com-
pounds, such as aldehydes, ketones, carboxylic ac-
ids, carbohydrates, etc. Most of the compounds of
such nature are aldehydes: malondialdehyde, 4-hy-
droxynonenal, glyoxal, methylglyoxal, acrylic al-
dehyde, etc. [9]. Most aldehyde synthesis reactions
involve free radicals or free radical oxidation prod-
ucts, which determines a close causal relationship
between carbonyl and oxidative stress [10]. Current-
ly, it has been shown that carbonyl compounds can
accumulate in the body for a long period of time in
DM, which together with additional pathogenetic

mechanisms leads to serious dysregulations in the
kidneys [11, 12].

Despite the available research data, there is still
insufficient knowledge about the relationship be-
tween various factors of kidney injury and carbonyl
stress parameters in the T1DM development. There-
fore, the aim of this study was to investigate the lev-
els of podocalyxin, B-2-microglobulin, and lipid me-
tabolism and carbonyl stress parameters in T1DM
patients with different levels of albuminuria.

MATERIALS AND METHODS

The data of 56 TIDM patients of young repro-
ductive age (average age 30.25 + 8.51 years) with
a poor glycemic profile were used. According to
the latest classification, this group was divided into
2 subgroups: patients with stage Al albuminuria
(group A1) (n =24, average age 29.38 + 9.78 years)
and patients with stage A2 albuminuria (group
A2) (n = 32, average age 30.88 + 7.54 years) [13].
According to the disease duration, glycated hemo-
globin level (HbAlc), and glycemic profile, the
mean values in these groups did not differ from each
other (p > 0.05).

The examination of patients included a compre-
hensive assessment of clinical and laboratory data.
The glycemic profile (fasting blood glucose, post-
prandial glucose 2 hours after a meal) was assessed.
The concentration of glycated hemoglobin (HbAlc)
was determined by ion-exchange high-performance
liquid chromatography, using a D-10 analyzer (Bio-
Rad, USA). The following diagnostic methods were
used to assess early kidney injury: glomerular filtra-
tion rate (GFR), albumin content, urinary albumin /
creatinine ratio. The albumin content and the albu-
min / creatinine ratio in the urine were determined
on the SYNCHRON CX9 PRO biochemical analyz-
er (Beckman Coulter, USA) using the immunotur-
bidimetric assay. GFR was calculated according to
CKD — EPI equation (ml / min / 1.73 m?).

The research materials were serum and urine. The
level of podocalyxin in the urine was determined by
enzyme immunoassay using the Podocalyxin ELI-
SA Kit (USA). The level of B-2-microglobulin in
the urine was determined using the Beta-2-micro-
globulin kit (BioChemMack, Russian Federation).
The content of total cholesterol (TC), high-density
lipoprotein (HDL) cholesterol, and triacylglycerols
(TG) in the blood serum was determined using the
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Bio Systems commercial kits (Spain). Measure-
ments were carried out on the SYNCHRON CX9
PRO biochemical analyzer (Beckman Coulter,
USA). The level of very-low-density lipoprotein
(VLDL) cholesterol was calculated using the fol-
lowing formula: VLDL = TG / 2.2; and low-den-
sity lipoprotein (LDL) cholesterol = TC — (HDL +
VLDL). The content of methylglyoxal, a carbonyl
stress parameter in the blood serum, was determined
using the Human Methylglyoxal ELISA Kit (USA).
Enzyme immunoassay was performed on the Mul-
tiSkan ELX808 microplate reader (Biotek, USA).

This study was carried out using the equipment
of the Center for the Development of Progressive
Personalized Health Technologies at Scientific
Center for Family Health and Human Reproduction
Problems (Irkutsk).

Statistica 8.0 package (StatSoft Inc., USA) was
used for statistical processing of the obtained re-
sults. At the first stage, the normality of distribution
was determined by the visual — graphic method and
the Kolmogorov — Smirnov test with the correction
using the Lilliefors and Shapiro — Wilk tests). The
equality of generalized variance was checked using
Fisher’s exact test (F-test). Further, due to the dif-
ference between the sample and the normal distri-
bution, the nonparametric Mann — Whitney test was
used. The results were presented as the median and
the interquartile range of Me[Q —Q .]. The Spear-
man’s rank correlation coefficient was used for cor-
relation analysis. The differences were considered
statistically significant at p = 0.05.

RESULTS

The analysis of serum lipid content in T1DM pa-
tients in the groups with different levels of albumin-
uria is presented in Table 1.

Table 1

Serum lipid content in TIDM patients with different levels
of albuminuria, Me [Q ~0O.]

Parameter,

mmol /1 Control group Group Al Group A2
TC 4.21[3.74-4.58] | 4.6 [4.15-5.18]* |4.65 [4.15-5.5]*
TG 0.66 [0.47-0.93]| 1[0.8-1.55]* 1.2 [0.8-1.8]*
HDL
cholesterol 1.28 [1.00-1.4] | 1.39[1.1-1.5] 1.3[1-1.7]
LDL 2.47[2.22-2.99]| 2.44 [1.96-2.86] | 2.37 [1.98-2.9
cholesterol AT12. 991|244 11. 86] | 2.3711. 21
VLDL * 0.55
cholesterol 0.3 [0.21-0.42] {0.46 [0.36-0.71] [0.36-0.82]*

* Here and in Table 2, statistically significant differences with the
control group (p < 0.05).

According to the results, group Al had higher
median values of TC (p = 0.005), TG (p = 0.007),
and VLDL cholesterol (p = 0.007) compared with
the controls (Table 1). Group A2 also differed from
the control values in higher TC (p = 0.001), TG
(»p = 0.022), and VLDL cholesterol (p = 0.022).
No statistically significant differences (p > 0.05)
were identified in the other parameters in the study
groups (Table 1).

Urinary excretion levels of kidney injury mark-
ers were measured in groups Al and A2 (Figure).
Higher levels of podocalyxin were found in group
Al (p =0.003) and group A2 (p = 0.004) compared
with the control group. No significant differences
were found concerning B2-microglobulin (p > 0.05).

40.00 *
32%
30.00 *
21.67%
20.00 15.00%
10.00 %
0.00

10.00 GI‘OU.p Al Group /
-20.00 /
-30.00 /
-40.00 7

Figure. Urinary excretion levels of podocalyxin and
B-microglobulin in patients with TIDM and different levels of
albuminuria, %. * Statistically significant differences with the
control group (p < 0.05). The control values are taken as 0%

Table 2 shows the results of assessing the con-
centration of serum methylglyoxal, a key carbon-
yl stress parameter, in patients with TIDM. It was
found that higher median methylglyoxal values
(» =0.031) in group Al were noted compared with
the control. In group A2, similar differences were
found (p < 0.001) compared with the control.

Table 2

Serum methylglyoxal concentration in patients with TIDM and
different levels of albuminuria, Me[Q —0,]

Control group

2.14 [1.02-3.67]

Group Al
3.24 [2.6-3.51]*

Group A2
3.46 [2.9-4.21]*

The correlation analysis conducted in group Al
showed a single relationship between GFR and cre-
atinine (» =-0.79; p = 0.0001). Group A2 was char-
acterized by correlations between the duration of
the disease and albumin / creatinine ratio (» = 0.47;
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p = 0.018) and between GFR and blood creatinine
level (r =-0.44; p = 0.027) and methylglyoxal level
(r = 0.64; p = 0.043). Podocalyxin levels in this
group correlated with the levels of another renal
marker, f2-microglobulin (» = 0.47; p = 0.018), and
with the methylglyoxal level (» = 0.52; p = 0.008).
In addition, podocalyxin showed correlations
with lipid metabolism parameters: TC (r = 0.42;
p = 0.036), TG (r = 0.41; p = 0.04), VLDL cho-
lesterol (» = 0.41; p = 0.04). B2-microglobulin had
correlations with TC (r = 0.52; p = 0.007), TG
(r = 042; p = 0.035), and VLDL cholesterol
(r=0.42; p = 0.035). In group A2, there were also
multiple correlations of lipid metabolism parameters
among themselves and with other parameters: TC —
TG (r = 0.62; p = 0.001), TC — VLDL cholesterol
(r = 0.62; p= 0.001), TG — VLDL cholesterol
(r=-0.6; p =0.002), LDL cholesterol — VLDL cho-
lesterol (r=-0.6; p =0.002), HDL cholesterol — cre-
atinine (» =—0.43; p = 0.032).

DISCUSSION

Assessment of the serum lipid content in the
groups showed a slight increase in TC, TG, and
VLDL cholesterol in groups Al and A2. Currently,
hyperlipidemia is considered as a separate serious
factor in DN progression due to the direct relation-
ship of complex lipid disorders with the formation
of glomerulosclerosis [4, 14]. In our study, there
were no significant changes in the lipid content in
both groups, although a definite trend was observed.
Hyperlipidemia has recently been considered as
a separate nephrotoxic factor, with a clear parallel
drawn between the processes of glomerulosclero-
sis and vascular atherosclerosis [15]. It was found
that oxidized LDL, growth factors, and cytokines
increase synthesis of mesangial matrix components,
accelerating glomerular sclerosis, which contributes
to the progression of DN [4].

The analysis of the urinary excretion levels
of podocalyxin and B-microglobulin in the study
groups showed significant changes only for podo-
calyxin. We noted that its urinary excretion was el-
evated in both groups relative to the control, with
higher excretion in group A2. Podocalyxin is a spe-
cific protein expressed on the surface of podocytes
[16]. Experimental studies on models of DN forma-
tion showed that podocyte damage plays a crucial
role in filtration barrier permeability disorders and

glomerulosclerosis development, with significant
podocyte desquamation into the urinary space [17].

Currently, the link between the number of podo-
cytes in the urine and kidney diseases, such as ne-
phropathy, systemic nephritis, focal segmental
glomerulosclerosis, etc., has been convincingly
proven [18]. This parameter reflects damage to the
juxtaglomerular apparatus of the kidneys, with in-
creased podocyte excretion in the urine [19]. Sever-
al studies showed that podocyturia develops in 74%
of patients with normal albuminuria and in 54% of
patients with microalbuminuria, with the same fre-
quency in types 1 and 2 diabetes [20]. These data
indicate that podocytes in DM are damaged much
earlier than filtration barrier permeability disorders
occur, i.e. in stage A2 albuminuria [21]. Thus, our
data confirm previous studies on the increase in this
parameter in patients with DN [19, 20].

Another parameter, B-microglobulin, showed no
significant changes in both groups. This parameter
characterizes damage to the renal tubules, and, thus,
it can be stated that no pronounced changes of this
kind were detected in the patients.

Methylglyoxal, a key carbonyl stress parame-
ter, was elevated in TIDM patients of both groups.
Methylglyoxal is a carbonyl compound, a precursor
of glycotoxins formed by the non-enzymatic brown-
ing reaction [10, 12, 22]. Thus, under the conditions
of chronic hyperglycemia, there is a significant
increase in the intracellular glucose content, and
pathological pathways of its metabolic transforma-
tion are activated along with insufficient utilization
[6]. These processes, together with oxidative stress
reactions, lead to the formation of stable Amadori
products from reversible unstable Schiff bases.
During the reactions, Amadori products are con-
verted into fluorescent proteins, glycotoxins, and
so-called advanced glycation end products (AGEs).

The latter were found to accumulate, slowly de-
grade, and persist for a long time in the vascular
bed, even with further stabilization of glucose lev-
els — a mechanism of metabolic memory [12, 23].
AGE:s are involved in cross-linking of long-lived
proteins, which contributes to arterial wall stiffen-
ing [23]. Their role was shown in the mitochondrial
protein modification, impaired mitochondrial func-
tion, and overproduction of free radicals [10]. In
this regard, methylglyoxal is considered as an im-
portant biomarker of diabetic complications due to
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its close connection with glycation processes, 3-cell
dysfunction, and insulin resistance [24]. The amount
of AGEs was found to be directly proportional to the
level of blood glucose, and even a moderate increase
in blood glucose leads to an increase in AGEs.

Methylglyoxal is also considered to be the most
reactive among AGEs due to its direct involvement
in disrupting insulin secretion and function, as well
as in signal transduction processes. There is evi-
dence that the intrinsic AGE receptor, RAGE, pres-
ent on the cell surface, may serve as an important
therapeutic target in DM patients with chronic kid-
ney disease, and its blockade leads to a delay in the
progression of vascular complications [22]. Thus,
less functional damage to renal structures was ob-
served in mice with AGE receptor knockout [23]. It
was also found that increased AGE levels are close-
ly associated with various structural and function-
al changes characteristic of DN, in particular with
GFR. [12, 22]. Mitochondrial AGE formation is
also thought to be an irreversible phenomenon un-
derlying the metabolic memory mechanism through
formation of reactive oxygen species, which in turn
may contribute to the development of damaging ef-
fects in mitochondrial DNA and inhibition of the re-
spiratory chain [24, 25].

Therefore, increased methylglyoxal concentra-
tions in the blood of TIDM patients with microal-
buminuria may indicate DM development, whereas
under the conditions of stage A2 albuminuria, they
may indicate a potential role of carbonyl stress in
DN development. The correlation analysis in the
group of patients with microalbuminuria revealed
a regular relationship between GFR and creatinine.
Under the conditions of stage A2 albuminuria, there
were correlations between the generally accepted
parameters of kidney injury (albumin / creatinine ra-
tio and GFR) and the duration of the disease. Podo-
calyxin showed a close relationship with methylgly-
oxal, which may indicate a significant contribution
of glycotoxins to the mechanisms of kidney injury
during the development of albuminuria.

This fact was also confirmed by the revealed re-
lationship of methylglyoxal with GFR. Although no
changes in the mean values of B-microglobulin were
detected in group A2, this parameter correlated with
podocalyxin, which demonstrates the similarity of
their damaging effects in different parts of the jux-
taglomerular apparatus of the kidneys. The similar-

ity of podocalyxin and B-microglobulin correlations
with the lipid content (TC, TG, and VLDL choles-
terol), which may be due to the significant contribu-
tion of these components to the DN progression, is
of great interest.

CONCLUSION

It can be stated that men with TIDM have an in-
crease in podocalyxin, which indicates damage to
the juxtaglomerular apparatus of the kidneys. The
development of carbonyl stress is also recorded.
These disorders also apply to stage Al albuminuria,
when pronounced changes in the functioning of re-
nal structures have not yet occurred. This confirms
the suggestion that even in early stages of the disease
there are conditions for the activation of adverse fac-
tors and progression of diabetic complications. This
can be used to develop potential strategies for pre-
vention and therapy of DN.
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Post-COVID syndrome is associated with increased extracellular purine
bases and neutrophil extracellular traps in the blood plasma

Kazimirskii A.N., Salmasi J.M., Poryadin G.V., Panina M.l,, Larina V.N., Ryzhikh A.A.

Pirogov Russian National Research Medical University
1, Ostrovityanova Str., 117997, Moscow, Russian Federation

ABSTRACT

Post-COVID syndrome is characterized by fatigue, reduced exercise tolerance, muscle and joint pain, and psycho-
emotional disorders. In the development of a generalized body response in a viral infection, abnormal defense
responses are of great importance. We studied neutrophils, neutrophil extracellular traps (NETs), DNA degradation
products (purine nitrogenous bases, PNBs), and traditional biochemical parameters.

Aim. To determine biochemical parameters and the number of NETs and PNBs in the peripheral blood of patients
with post-COVID syndrome.

Materials and methods. The study included outpatients (n = 21) aged 18-59 years (36 [27 + 50]). The control
group consisted of 20 individuals aged 18-59 years (38.5 [29 + 51.5]) without a past medical history of the corona-
virus infection. All patients underwent a physical examination, their medical history was assessed, and the level of
NETs and PNBs in the venous blood was determined.

Results. 11 patients had a mild form of the disease in their past medical history, 7 — moderate, and 3 — severe. The
most common symptoms in the patients were fatigue, headache, epigastric pain, dizziness, and joint pain. Hair loss
and dyspnea were less common. The concentration of NETs and PNBs was higher in the patients with post-COVID
syndrome than in the control group (p < 0.05). We detected NETs in the patients with post-COVID syndrome only
in the form of filamentous structures. The concentration of extracellular purine bases in the blood of the patients
with post-COVID syndrome was the highest in patients with moderate and severe acute periods. In patients with
a mild acute period, the concentration of PNBs was 7.38 [0.0 + 60.7] mg / ml, and in patients with moderate and
severe acute periods — 19.15 [0.0 + 33.5] and 34.19 [3.35 =+ 70.0] mg / ml, respectively.

Conclusion. Extracellular purine bases in concentrations capable of causing secondary alteration of cells are found
in the peripheral blood of patients with post-COVID syndrome. Post-COVID syndrome is accompanied by the
formation of filamentous NETs in the blood of patients.

Keywords: post-COVID syndrome, extracellular purine bases, neutrophil extracellular traps, COVID-19,
pathogenesis

Conflict of interest. The authors declare the absence of obvious or potential conflicts of interest related to the
publication of this article.

Source of financing. The authors state that they received no funding for the study.

Conformity with the principles of ethics. The study was approved by the Ethics Committee at the Pirogov Russian
National Research Medical University (Protocol No. 203 of 21.12.2021).

For citation: Kazimirskii A.N., Salmasi J.M., Poryadin G.V., Panina M.I., Larina V.N., Ryzhikh A.A. Post-COVID
syndrome is associated with increased extracellular purine bases and neutrophil extracellular traps in the blood
plasma. Bulletin of Siberian Medicine. 2022;21(1):41-47. https://doi.org/10.20538/1682-0363-2022-2-41-47.

D4 Kazimirskii Alexander N., alnical 0@mail.ru

Bulletin of Siberian Medicine. 2022; 21 (2): 41-47



Kazimirskii A.N., Salmasi J.M., Poryadin G.V. et al. Post-COVID syndrome is associated with increased extracellular purine bases

MocTKoBUAHDIN CMHAPOM aCcCOLMMPOBaH C NOBbIWEHNEeM BHEK/IETOUYHbIX
NYPVHOBbIX OCHOBaAHWNI N HEMTPOPUABbHDbIX IKCTPAK/IETOUHDIX IOBYLUEK
B N/1a3me KpOBMU

Kasumupckun A.H., Canmacu XX.M., Mopagux I'.B., MannHa M.U., NlapuHa B.H., Poiknx A.A.

Poccutickuil HayuoranvHblil ucciedogamensekuil meouyunckuil yuueepcumem (PHUMY) um. H.1. [Tupozcosa
Poccus, 117997, o. Mockea, y1. Ocmposumsanosa, 1

PE3IOME

ITOCTKOBMAHBIH CHHIPOM XapakTepU3yeTCs BBICOKOH yTOMISIEMOCTBIO, CHIJKEHMEM TOJEPaHTHOCTH K
(u3nueckoil Harpy3ke, OOJISIMH B MBIIILAX U CYCTaBaX, HAJIMYUEM IICHXOIMOLMOHAIBHBIX IpodieM. B passutuu
reHepaIM30BaHHOM peaKluy OpraHu3Ma IIpu BUPYCHOM MH(GULIMPOBAHUH OOJIBIIOE 3HAYCHUE HMEIOT aHOMaJIbHbIC
pEaKLUK 3aIUTHBIX cUcTeM. Mbl HCCIeA0BAIM HEHTPOGMIBI U (OPMUPYEMBIE UMM IKCTPAKIETOUHBIC JIOBYIIKH
(H3JI) coBmecTHO ¢ mpoxykramu aerpaaanuu BoiaokoH JJHK (mypunossie azotucteie ocHoBanus, [IAO), a Takxe
TPaJMLOHHbIC KIMHUKO-Ta00paTOPHBIC IIOKA3aTEIIH.

Heas. Onpenenenne psaa 1ab0paTOpHBIX MOKa3arTenel, a Takxke komrmdectsa HOJI u yposus [TAO B nepudepuue-
CKOM KPOBY OOJILHBIX C TOCTKOBH/IHBIM CHHIPOMOM.

Matepuajbl U MeTObI. B nccnenoBanue BKIIOYCHBI aMOYIaTOpHBIC MAMeHTH (7 = 21) B Bo3pacte 18—59 met
(36 [27+50]). I'pynmy cpaBHeHHs coctaBunu 20 mui B Bo3pacte 18—59 net (38,5 [29+51,5]) 6e3 mepeHeceHHOH
KOpOHAaBUPYCHOHM nHpeknu. Becem manmenTaM HpOBOAMINCE cOOp ’kano0d, OLCHKA aHaMHe3a, (H3HKAIbHBIH
ocmotp, onpenenenne HOJI u [TAO B BeHO3HOI KpOBH.

PesyabTathl. Jlerkoe TeueHne 3a00neBaHUs B aHAMHE3€ MMeNoch y 11, cpemnersokenoe —y 7, Tsxenoe —y 3
nanueHToB. Hambonee yacThIMM CHMITOMaMH B HAleil rpymme oOciaeIOBaHHBIX MAlMEHTOB ObUIM CIAbOCTBh,
rojioBHast 00Jib, OOJIb B SMUTacTPHUH, I'OJOBOKpPY)KEHHE, O0b B cycTaBax. bojee peKUMHU CHUMITOMAaMH SBJIsi-
JUCh BhImageHue Bosoc u oxpika. Konnenrpauus HOJI u ITAO 6puta Beilie B OCHOBHOM IpyMIIE, YeM B TPyIIe
cpaBHeHus (p < 0,05). MebI BorsBisiin HOJI y 60BHBIX € TOCTKOBHIHBIM CHHIPOMOM TOJIBKO B HUTEBHIHOH (op-
Me. KoHIIeHTpalysl BHEKJIETOUHBIX ITyPHHOBBIX Q30TUCTBIX OCHOBaHHH B IJIa3Me KPOBHU OOJIBHBIX ¢ HOCTKOBHAHBIM
CHHZIPOMOM OblIa HanboJIee BBICOKOH Y OOJIBHBIX CO CPEIHETSHKEIBIM U TSDKEIIBIM TEYEHHEM OCTPOTrO MEPUOAA.
Y GONBHBIX, MEPEHECIINX OCTPBIN mepuo 3a0oaeBaHus B jJerkoid Gpopme, konuentpamust ITAO cocrasmser 7,38
[0,0+60,7] mr/mi1, a y GOIBHBIX CO CPEAHETSHKENION U TsKesol (opmoii octporo mepuozaa — 19,15 [0,0+33,5] u
34,19 [3,35+70,0] Mr/mi1 COOTBETCTBEHHO.

3axumouenne. B nepudepruueckoii KpoBU OONBHBIX ¢ MOCTKOPOHABUPYCHBIM CHHAPOMOM OOHAPYKHBAIOTCS BHE-
knerounbie [TAO B KOHIICHTpAIMH, CITIOCOOHON BBI3BaTh BTOPUYHYIO aJIbTEPAIUIO KJIETOK. [10CTKOBHUIHBIN CHH-
JIPOM COIpOBOJKAANCS (hOpMUpOBaHUEM B Neprdepuueckoil kposu 6onbHbIX HOJI B HUTEBHIHON (opMme.

KnrodeBble c10Ba: MOCTKOBUAHBIN CHHIPOM, BHEKIETOUHBIE MyPUHOBBIE a30THCThIE OCHOBAHMS, HEUTPODHUITH-
HBIE SKCTPAKIIETOUHbIE JIOBYIIKH, KOBU-19, maTorenes

KonpaukTt untepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIEH CTaThu.

Hcrounuk ¢uHAHCHPOBaHMSA. ABTOPHI 3asBISAIOT 00 OTCYTCTBUM (DUHAHCHPOBAHUS TIPU HPOBEIACHHUU
UCCIIeJOBAHMSI.

CooTBeTcTBHE MPUHIMNAM 3THKHU. VccnenoBanue og00peHo studeckum komuteror PHUMY um. H.U. Tlu-
porosa (mpotokoi Ne 203 ot 21.12.2021).

Jasa murupoBanus: Kasumupckuii A.H., Canmacu X.M., Iopsaun I'.B., Ilanuna M.U., Jlapuna B.H., PrI-
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INTRODUCTION

Post-COVID syndrome is a complex of symptoms
that occurs in 20% of people who have had the coro-
navirus infection (COVID-19). Patients with post-
COVID syndrome suffer from headaches, asthenia,
arthralgia, myalgia, consequences of organ dysfunc-
tion (lungs, heart, gastrointestinal tract (GIT), skin,
kidneys, liver etc.), and neuropsychiatric disorders.
Pathological manifestations of post-COVID syndrome
persist for three or more months after the coronavirus
infection. The syndrome is diagnosed clinically based
on a past infectious medical history. Some research-
ers differentiate the concepts of “post-COVID” and
“long COVID”, believing that post-COVID is a com-
plication of the cured COVID-19, while long COVID
is chronic persistence of the virus in the body. The
pathogenesis of post-COVID syndrome is unclear and
poorly understood. The etiology of post-COVID syn-
drome is directly related to the past coronavirus in-
fection. It is assumed that residual inflammation, pro-
longed persistence of SARS-CoV-2 in latent foci, the
formation of autoantibodies, and even social isolation
can be significant in the pathogenesis of post-COVID
syndrome.

At the same time, there are some reasons to be-
lieve that the manifestations of the post-COVID syn-
drome are associated with an increased concentration
of extracellular purine nitrogenous bases (PNBs) and
formation of neutrophil extracellular traps (NETs),
leading to the development of immune thrombotic
disorders.

The aim of the study was to compare clinical and
laboratory parameters and the number of NETs and
extracellular PNBs in the peripheral blood of patients
with post-COVID syndrome, depending on the sever-
ity of the coronavirus infection.

MATERIALS AND METHODS

An open, comparative study included 21 patients
aged 18 to 59 years (36 [27 + 50]). Inclusion criteria:
men and women aged 18-59 years with the confirmed
diagnosis of COVID-19 in their past medical history;
severe, moderate or mild forms of the coronavirus in-
fection; not earlier than 1 month but not later than 12
weeks (3 months) from the onset of the first symptoms
of COVID-19. Exclusion criteria: age over 60 years
old; extremely severe course of COVID-19; the pres-
ence of chronic diseases incompatible with life or life
expectancy of less than a year; asymptomatic carriers
of the coronavirus infection (or those who contacted
with COVID-19 patients but did not get ill).

The control group consisted of 20 individuals aged
18-59 years (38.5 [29 + 51.5]) without a past medi-
cal history of the coronavirus infection. These patients
went to the physician of the outpatient clinic for a reg-
ular check-up.

All patients underwent a physical examination,
their medical history was taken, and anamnestic data
were assessed. A past medical history of COVID-19
was confirmed by a positive test to detect SARS-
CoV-2 RNA using nucleic acid amplification tech-
niques or SARS-CoV-2 antigen using immunochro-
matography regardless of clinical manifestations or
after patients with clinically confirmed COVID-19
were tested positive for immunoglobulin (Ig) A, IgM,
and/or IgG antibodies. Standard criteria were used to
assess the severity of disease manifestations.

A mild form of the infection was characterized by
a body temperature lower than 38°C, cough, weak-
ness, and sore throat. A moderate form of infection
was characterized by a body temperature of 38°C or
higher, respiratory rate higher than 22 breaths / min,
dyspnea on exertion, pulmonary changes on chest
computed tomography (CT) or X-ray typical of a viral
infection (the volume of the lesion is minimal or mod-
erate; stage 1-2 according to CT findings), oxygen sat-
uration (SpO,) of less than 95%, and an increase in the
level of C-reactive protein above 10 mg / 1. A severe
form of infection was characterized by respiratory rate
higher than 30 breaths / min, SpO, <93%, PaO, / FiO,
< 300 mmHg, and hemodynamic instability (systolic
blood pressure lower than 90 mmHg or diastolic blood
pressure lower than 60 mmHg, diuresis less than 20
ml / hour). The volume of lung damage is significant
or subtotal (stage 3—4 according to CT findings). Data
on the disease severity were obtained from patients’
medical histories, epicrises, and health records.

To determine the blood biochemical parameters of
COVID-19 patients and patients of the control group,
an automatic clinical chemistry analyzer Olympus
5800 (JP, Olympus Corporation, USA) was used.
Standard methods using manufacturer’s reagents were
employed to carry out tests in the laboratory of the
City Government-Funded Healthcare Institution “Di-
agnostic Clinical Center No. 1 of the Moscow City
Health Department”. The study was approved by the
protocol No. 203 at a meeting of the Ethics Committee
at Pirogov Russian National Research Medical Uni-
versity on December 21, 2021. Each patient signed
an informed consent to participate in the study. The
study was conducted at the City Government-Funded
Healthcare Institution “Diagnostic Clinical Center No.
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1 of the Moscow City Health Department”. The De-
partment of Polyclinic Therapy and the Department of
Pathophysiology and Clinical Pathophysiology of Pi-
rogov Russian National Research Medical University
were used as the clinical site.

In addition to standard clinical laboratory studies,
two new laboratory methods were used in the study:
determination of the NET concentration and the PNB
level in the blood plasma.

Determination of the number of neutrophil
extracellular traps

Cell fractionation. Cell fractions of neutrophils
were used in the study. Venous blood (10 ml) of
patients was placed in a siliconized tube containing
EDTA to prevent clotting. To isolate neutrophils
from EDTA-treated venous blood, the blood was di-
luted two-fold with sodium phosphate buffer solution
(pH 7.4) and layered on a double Ficoll — Verograf-
in density gradient. The density of the gradient upper
layer was 1.077, the density of the bottom layer was
1.190. Centrifugation (1,600 rpm, 30 min) resulted in
a ring of granulocytes with purity of 98—100% at the
boundary between the gradients. Erythrocytes were
deposited on the bottom of the tube. The ring of neu-
trophil granulocytes was collected, placed into centri-
fuge tubes, and washed twice with a buffer solution to
remove Ficoll. Centrifugation was used to pellet the
cells (1,200 rpm, 15 min). Sterilely isolated neutro-
phils were transferred to the RPMI-1640 medium and
then used in cell culture experiments. The viability of
the isolated neutrophils was at least 95%, which was
determined in the test with 0.1% Trypan Blue solu-
tion.

Immunofluorescent staining of neutrophil extracel-
lular traps. Fluorescence microscopy was used to de-
tect and quantify NETs. The technique is proprietary
and is described in detail in the RF Patent Applica-
tion No. 2021104936. The results were expressed in
percentage as the ratio of the number of NETs to the
total number of neutrophils. The fluorescent dye Sy-
ber Green (Evrogen, Russian Federation) which spe-
cifically binds to double-stranded DNA was used to
detect NETs.

Detection of purine nitrogenous bases

The method is based on the interaction between
PNBs and silver nitrate to form a colored compound.
The blood plasma was subjected to high-speed centrif-
ugation at 20,000 rpm for 30 min and stored at —26°C.
Chloroform was used to extract PNBs from the blood
plasma. To do this, 2 ml of chloroform was added to

0.5 ml of the blood plasma, and this mixture was pro-
cessed on a vibration platform at room temperature for
1 hour. Chloroform (1 ml) with PNBs dissolved in it
was collected, and the samples were dried in a vacuum
evaporator. The dry precipitate containing PNBs was
dissolved in 3 ml of 10% NaOH solution, and 500 pl
of 5% AgNO, solution prepared in 10% aqueous
ammonia was added. The reaction resulted in a light
brown staining. The samples were photometered at a
wavelength of 610 nm. Adenine (Sigma, USA) was
used to construct a calibration curve. The calibration
curve was linear in the range of 0—10 mg / ml.

Statistical processing of the data was performed
using STATISTICA 12.0 (StatSoft). Descriptive
statistics were presented as continuous quantitative
data: as the mean and the standard error of the mean
(M £ m) in normal distribution and as the median and
the interquartile range (Me [25+75]) in non-normal
distribution . Comparison of quantitative variables
was performed using the Mann — Whitney U test
and Kruskal — Wallis one-way analysis of variance.
The difference was considered statistically significant
at p <0.05.

RESULTS

Weakness, headache, epigastric pain, dizziness,
and joint pain were the most common symptoms in
patients with post-COVID syndrome. Hair loss and
dyspnea were less common. A similar study named
weakness, myalgia, headaches, and vegetative symp-
toms as the most common symptoms in patients with
post-COVID syndrome [1]. The authors suggest that
these symptoms are more typical of post-COVID syn-
drome, that they do not require specific treatment and
may be associated with microangiopathy and endothe-
lial dysfunction.

The group of patients with post-COVID syndrome
demonstrated the activity of alanine aminotransferase
(ALT), gamma-glutamyl transpeptidase (GGT), and
alkaline phosphatase (ALP), increased by 1.7, 2.1, and
3.7 times, respectively. These changes indicate the de-
velopment of hepatotoxicity, but do not allow for a
complete understanding of the post-COVID syndrome
pathogenesis.

The most significant changes in patients with post-
COVID syndrome were detected when studying NETs
and PNBs levels in the blood plasma.

The study of NETs in patients with post-COVID
syndrome shows that they are formed as thin single
filaments of considerable length. The dimensions of
DNA strands exceed several tens of cell diameters.
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The peculiarity of NETSs in patients with post-COVID
syndrome is that DNA fibers do not form a network
structure and are not capable of capturing with subse-
quent retraction of apoptotic cells (Fig. 1-3).

Fig. 2. Initial stages of NET formation in post-COVID
syndrome. Ejection of a single strand of nuclear DNA from the
cell nucleus; neutrophil incubation is 30 min

F

Fig. 3. NETs in post-COVID syndrome; neutrophil incubation
is 4 hours

In our previous studies, we found that the mor-
phological structure of NETs depends on the type of
inflammation. The formation of NETs in the form of
single strands of nuclear DNA (Fig. 2, 3) indicates
sterile inflammation in patients.

The number of NETSs in patients with post-COVID
syndrome is insignificant, but they are constantly re-
produced over a long period of time (3 months and lon-
ger). The results of determining the number of NETs
in patients with post-COVID syndrome, depending on
the severity of the disease, are presented in the table.

Our studies showed that the number of NETs in the
post-COVID period was on average 2.6 times greater
in patients who had a moderate form of the corona-
virus infection, compared with patients with a mild
form of the disease. At the same time, NETs were not
detected at all in patients with a severe form of the
disease in the past (Table).

Table

Neutrophil extracellular traps and extracellular purine nitrogenous bases in patients with post-COVID syndrome who have
experienced an acute period of the disease in mild, moderate, and severe forms, Me [25+75], M £+ m

Control group Patients with post-COVID syndrome, n = 21
Parameter ’
n=20 Mild form, n =11 Moderate form, n =7 Severe form, n =3
0.00 [0.00+1.31]* 0.00 [0.00+0.56]*
0,
NETs, % 0.00 0.61 023 1.61%1.52 0.00
7.38 [0.0+60.7]* 19.15 [0.0+33.5]* 34.19 [3.35+70.0]*
Extracellular PNBs, mg /ml 0.00 2327+89 22.89 +8.36 35.84 + 19.25

* p <0.05 compared with the control group (according to the Kruskal — Wallis analysis of variance).

We suggest that the formation of filamentous
NETs in patients with post-COVID syndrome is one
of the reasons for a significant increase in the concen-
tration of PNBs in the blood. Thin strands of DNA are
destroyed by the effect of DNases localized on chro-
matin. An increase in the activity of nuclear DNases

occurs during chromatin despiralization, which is ob-
served in the formation of NET networks. The inter-
action of DNases with decondensed chromatin leads
to the accumulation of nucleotides in the intercellular
space. Ectoenzymes CD39 and CD73 localized on the
surface of blood cells and endotheliocytes catalyze
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hydrolysis of nucleotides to nitrogenous bases and can
cause an increase in the concentration of PNBs. Tests
studying the blood serum of patients with COVID-19
showed increased levels of extracellular DNA and
specific NET markers [2].

PNBs 34,19
mg/ml [3,35+70,0]
35
30 19,15
[0.0-33.5]

25
20
15
10

5

0

mild moderate severe

Course of the disease

Fig. 4. Extracellular purine nitrogenous bases (PNBs) in
patients with post-COVID syndrome who have had the disease
in mild, moderate, and severe forms, mg / ml, Me [25+75]

The data obtained show that the activity of en-
zymes catalyzing the hydrolysis of extracellular nu-
cleotides to free nitrogenous bases is increased on the
surface of patients’ blood cells [3]. The results demon-
strate that the concentration of extracellular PNBs in
the blood of patients with post-COVID syndrome was
elevated in proportion to the severity of the disease
(Table, Fig. 4).

DISCUSSION

Molecular inducers of NET formation are current-
ly unknown. However, it has been established that this
process is accompanied and possibly initiated by the
components of pathogenic microorganisms, activated
platelets, complement system proteins, autoantibod-
ies, and proinflammatory cytokines. NETs take part
in thrombosis and occlusion of small vessels through
activation of the contact pathway of blood coagula-
tion, electrostatic interactions between histone pro-
teins and platelet phospholipids, destruction of anti-
thrombin III by neutrophil elastases, and induction of
interleukin (IL) 1P synthesis. Activation of IL1J and
platelets leads to an increase in the NET formation,
and an increase in the concentration of its components
(extracellular DNA, myeloperoxidase (MPO) — DNA
complex, citrullinated histone H3) in the blood serum
of COVID-19 patients correlates with the severity of

the disease and the development of thrombotic disor-
ders [2,4,5].

In the present study, we detected NETSs in patients
with post-COVID syndrome only in the form of fil-
amentous structures. No other morphological vari-
ants of NETs were found in the examined patients.
Moreover, NETs were absent in patients with a severe
course of the disecase. At the same time, the PNB con-
centration in patients with post-COVID syndrome was
increased in proportion to the severity of the disease.
Patients who had had a severe form of the coronavirus
infection did not have NETs in the post-COVID peri-
od, but we assume that filamentous networks of DNA
fibers are produced by other blood cells. Therefore,
an increase in the PNB concentration in patients with
post-COVID syndrome in proportion to an increase in
the disease severity seems to be quite logical and un-
controversial.

Extracellular PNBs are toxic to the body, but the
mechanism of their damaging effect is unknown. An-
imal models with chronic adenine diet showed rapid
progression of kidney disease with extensive tubu-
lointerstitial fibrosis, tubular atrophy, crystallization,
pronounced vascular calcification, and cardiovascular
disorders [6-9].

Myocardial ischemia significantly increases the ac-
tivity of CD39 and CD73 ectoenzymes localized on
the surface of platelets, catalyzing extracellular hy-
drolysis of adenyl nucleotides to adenine, in patients
after myocardial infarction. As a result, the levels of
extracellular adenine and troponin increase in such pa-
tients [10].

We observed an increase in the concentration of
extracellular PNBs in patients with post-COVID syn-
drome (more than 3 months) and suggest that they are
an endogenous damaging factor in the pathogenesis
of the post-COVID period (secondary alterations),
especially in patients with drowsiness, joint pain,
headache, weakness, and hair loss. We believe that
asthenic syndrome, which persisted in more than half
of patients in the post-COVID period, is based on per-
sistent and prolonged increased production of extra-
cellular PNBs, which act as a damaging factor. The re-
sults of our study make it relevant to clarify the causes
of a significant long-term increase in the concentration
of extracellular PNBs in post-COVID syndrome.

CONCLUSION

Extracellular PNBs found in the peripheral blood
of patients with post-COVID syndrome can cause sec-
ondary cell alterations.
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Post-COVID syndrome is accompanied by the for-
mation of filamentous NETs in the peripheral blood.
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Interferons alpha and gamma, pidotimod, and tilorone in the treatment
of acute respiratory infections in patients with allergic rhinitis:
a prospective, cohort clinical and immunological study

Kalyuzhin O.V.!, Ponezheva L.O.', Turapova A.N.?, Nurtazina A.Yu.', Bykov A.S.,
Karaulov A.V.

'I.M. Sechenov First Moscow State Medical University (Sechenov University)
8/2, Trubetskaya Str., Moscow, 119991, Russian Federation

2Central Research Institute of Epidemiology
3a, Novogireevskaya Str., Moscow, 111123, Russian Federation

ABSTRACT

Aim. To compare the clinical efficacy and influence on interferon (IFN) production / sensing of drugs with immune-
mediated antiviral effects, which potentiate type 1 (T1) immune responses, in the treatment of acute respiratory
infections (ARI) in patients with allergic rhinitis.

Materials and methods. 146 ARI patients with remission of seasonal allergic rhinitis were divided into 4 cohorts.
In addition to symptomatic therapy, patients received either 2,000 IU of IFNy in each nasal passage 5 times a day;
or rectal suppositories containing 10° TU of IFN-02b and antioxidants (AO) twice a day; or gel with [FN-a2b and
AO intranasally 3 times a day; or 400 mg of pidotimod per os twice a day; or 125 mg of tilorone per os on days
1, 2, 4, and 6. The severity of ARI was determined daily as the sum of 10-point scores for 15 symptoms. Serum
concentrations of [FNa and IFNy and the ability of blood cells to produce these cytokines ex vivo spontaneously and
upon stimulation with Newcastle disease or phytohemagglutinin were studied using enzyme-linked immunosorbent
assay (ELISA). The proportions of circulating lymphocytes expressing type I IFN receptor subunit 2 (CD118) or
IFNy receptor a-chain (CD119) were determined by flow cytometry.

Results. ARI symptoms in all cohorts generally regressed in a similar way. However, from day five of the treat-
ment, pidotimod relieved symptoms more effectively than other drugs. In patients treated with tilorone, the regres-
sion of ARI manifestations was delayed in the first two to three days, followed by rapid symptom reduction. An
initial decrease in the induced production of IFNy was found in patients treated with pidotimod, and a tendency
to a decrease in this parameter was noted in other cohorts. The induced production of IFNy after the treatment in
all groups did not differ from that in healthy donors. No significant changes and differences in the proportions of
CD118" and CD119" lymphocytes were found between the cohorts, except for a decrease in the number of CD118*
cells after the treatment with tilorone. In patients treated with IFN-a2b + AO, the proportions of CD119" and
CD118" lymphocytes tended to increase slightly.

Conclusion. Drugs polarizing immune responses toward the Thl type are a useful option for treating ARI in
patients with allergic rhinitis.

Keywords: acute respiratory infections, interferon gamma, interferon alpha-2b, antioxidants, pidotimod, tilorone,
interferon receptors, type 1 immune responses

Conflict of interest. The authors declare the absence of obvious or potential conflicts of interest related to the
publication of this article.

Source of financing. The authors state that they received no funding for the study.

P4 Kalyuzhin Oleg V., e-mail: kalyuzhin@list.ru

48 BionneTteHb cMbupckon MmegmumHbl. 2022; 21 (2): 48-59



Original articles

Conformity with the principles of ethics. The study was approved by the local Ethics Committee at Central
Research Institute of Epidemiology (Protocol No. 79 of 15.12.2017).

For citation: Kalyuzhin O.V., Ponezheva L.O., Turapova A.N., Nurtazina A.Yu., Bykov A.S., Karaulov A.V.
Interferons alpha and gamma, pidotimod, and tilorone in the treatment of acute respiratory infections in patients
with allergic rhinitis: a prospective, cohort clinical and immunological study. Bulletin of Siberian Medicine.
2022;21(1):48-59. https://doi.org/10.20538/1682-0363-2022-2-48-59.

NHTepdepoHbl anbda n ramma, NMAOTVIMOA V1 TUIOPOH B JiIeYeHUM OCTPbIX
pecnupaTtopHbIX UHPEKLUI Y NaLNEeHTOB C ajiepruyeckKum puHUTOM:
NPOCNEeKTUBHOE KOrOPTHOE KINMHNKO-UMMYHOJNOrnyecKoe nccnepoBaHmne

Kanioxxun O.B.', MoHexesa J1.0.", TypanoBa A.H.?, HyptasuHa A.10.’, bbikoB A.C.",
Kapaynos A.B.'

Tepswiit Mockosckuii 2ocyoapemeentiviil meouyunckuil ynusepcumenm (MI'MY) um. U.M.Ceuenosa (Ceuenoeckuii
Yuueepcumem)
Poccus, 119991, 2. Mocksa, yn. Tpybeyxas, 8/2

[lenmpanvuwlii Hayuno-uccieoosamenvcekuil uncmumym (LIHHHI) snudemuono2uu
Poccus, 111123, Poccus, e. Mocksa, yn. Hosocupeesckasi, 3a

PE3IOME

Hens — cpaBHUTH KIMHUYECKYIO 2()(HEKTUBHOCTD U BIMSHHE Ha BEIPAOOTKY H pereniuio nureppeponos (UDH)
IPerapaToB C IMMYHOOIIOCPEIOBAHHBIM IIPOTHBOBHPYCHBIM JICHCTBHEM, OTCHIMPYIOIINX KIMMYHHBIH OTBET 1-T0
tumna (T1), B teuennu ocTpbIx pecripatopusix HHGeknui (OPY) y mannueHToB ¢ auieprudeckuM PUHHTOM.

Marepuaibl U MeToabl. bonsabie OPU (7 = 146) ¢ ce30HHBIM aJUIEPTHYECKUM PUHHUTOM B CTaIUHM PEMHUCCUHU
pacrpeneneHsl Ha YeThIpe KOropTel. [IoMIMO CHMITOMAaTHYECKOH Teparuy MaueHTs! momyyanu auoo 2 000 ME
N®H-y B KakAblii HOCOBOM XOI 5 pas/cyr; nmbo pekrambHble cBeud, coiepxkamque 10° ME H®H-02b u
anTrokcuaanTsl (AO), 2 paza/cyT renb ¢ UDH-02b u AO untpanaszansro 3 pasa/cyt; mbo 400 Mr nugoTuMoaa
per os 2 paza/cyt; mubo 125 mr tunopoHa per os B 1, 2, 4 u 6-e cyT. BeIpaKeHHOCTh KIMHUYECKUX MPOSBICHUN
OPU ompenensinu exxeaHeBHO 1Mo cymme 10-0ammpHbIx oneHOK 15 cumnromoB. Konnentpammu MOH-o u UDOH-y B
CBIBOPOTKE KPOBH H CLIOCOOHOCTH KJIETOK KPOBH BBIPA0ATHIBATH 3TH LINTOKUHBI €X ViV CTIOHTAHHO U IIPU CTUMYJISLIAK
BUpYycoM Oose3Hn Hprokacia win pUTOreMarritoTHHHHOM H3Y4Yalld ¢ TOMOIIbI0 HIMMYHO(GEPMEHTHOTO aHAIH3a.
Jlonu mupKyIupyomuX TMM(GOLUTOB, SKCIpeccupyromux cyorenuaniy-2 peuenropa UOH I tuna (CD118) mnu
o-uensb peuentopa UOH-y (CD119), onpeaensiin METOAOM MPOTOYHOH HUTO(GITYOPUMETPHH.

PesyabTaTbl. CumnTomsl OPU Bo Bcex Koroprax perpeccHpoBad B LEJIOM CXOAHbIM obOpa3om. OnxHaxo
MUJOTUMOJL C 5-X CyT JICYEHHsI KyNUpPOBaj CUMNTOMBI 3((eKTHBHEE IPYruX NpernaparoB, a Ha (oHe mpuema
TUJIOpOHa perpeccus nposisieHuit OPU 3anepxuBanace B mepBble 2—3 CyT, MOCIE YEro CUMITOMBI OBICTPO
yracany. OOHapyKeHO MCXOJHOE CHIKEHHE MHAyLHpoBaHHOU nponykuuu VDH-y y manueHToB, momiexanmx
JIEYEHHUIO MHJOTUMOIOM, U TEHJEHIUs K yMEHBIIEHHUIO 3TOro MokKasarens B Jpyrux koroprax. Ilocne neuenus
UHIyLUpoBaHHas BeIpadoTka MMDH-y Bo Bcex rpymnmax He oTinMYanach OT TaKOBOW y 3J0pPOBBIX AOHOpOB. He
YCTaHOBJICHO CYILIECTBEHHON AMHAMUKH 1 OTIMYMH Mex 1y rpyrmnamu no gomnsm CD118%- u CD119-numdonuros,
3a MCKJIIOUCHHEM CHIKeHus konndectBa CD118*-kierok Ha one npuema Twiiopona. Jleuenne UPH-a2b ¢ AO
BBI3bIBAJIO HE3HAUMTEIBHYIO TEHACHIHIO K yBesdeHuto noau CD119"- u CD118 -numdounros.

3axinoyenne. [IpenapaTsl, nojspusyrolye UMMYHHbIH OTBeT B HamnpasieHud 12—T1, sBistoTca moiae3HoOH
ommueil B tedennr OPY y GOJIBHBIX ¢ ayuIeprHyecKuM PUHHTOM.

KuroueBble ciioBa: ocTpble pecriupaTopHble HHEKIH, nHTepdepon ramma, nHTepdepoH anbda-2b, aHTHOKCH-
JIAHTBI, TUAOTUMO]I, TUJIOPOH, PELENTOPbl MHTEP(EPOHOB, UMMYHHBIN OTBET 1-r0 THIA

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOHM)INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNNeil HACTOSIIECH CTaThH.

Hcrouynnk ¢uHaAHCHPOBaHUSA. ABTOPHI 3asBIAIOT 00 OTCYTCTBMM (DMHAHCHPOBAaHHS TMPU TPOBEICHHN
MICCIIEIOBAHUSI.
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CooTBeTcTBHEe NPUHIMNAM JITHKH. VcciaenoBaHue oJ00peHO JOKANbHBIM 3THYEeCKMM Komuterom L[[HUU

snuaeMuooruu (mpotokoa Ne 79 ot 15.12.2017).

s uurupoBanus: Kamoxun O.B., [Tonexesa JI.O., Typamosa A.H., Hyprasuna A.1O., beikoB A.C., Kapay-
108 A.B. UaTepdepons! anbha u raMmma, THIOTHMO]T ¥ THIOPOH B JIYEHUH OCTPBIX PECITUPATOPHBIX HHPEKINH Y
MAIUEHTOB C ATIEPrHIECKIM PHHUTOM: IPOCTIEKTUBHOE KOTOPTHOE KITMHUKO-UMMYHOJIOTHIECKOE HCCIIeJOBaHHUE.
bronnemens cubupckoii meouyunst. 2022;21(2):48-59. https://doi.org/10.20538/1682-0363-2022-2-48-59.

INTRODUCTION

Treatment of acute respiratory viral infections
(ARVI) remains largely the focus of discussions
among scientists and doctors. The vast majority of
used and studied etiotropic and pathogenetic drugs
are far from the gold standard in this regard, es-
pecially in case of ARVI therapy in patients with
concomitant allergic respiratory diseases. Allergic
diseases and respiratory infections have a number
of common and / or mutually potentiating links in
their pathogenesis. Histamine, leukotrienes, prota-
glandins, and many cytokines and chemokines are
mediators of both allergic and infectious inflamma-
tion [1-5].

The development of allergic rhinitis and the most
common phenotypes of other allergic respiratory
diseases is associated with the predominance of type
2 (T2) immune response [6, 7]. At the same time,
human rhinovirus, respiratory syncytial virus (RSV),
and some other pathogens of ARVI polarize immune
responses toward the Th2 type [8, 9]. Human rhi-
noviruses species A and B use the intercellular ad-
hesion molecule 1 (ICAM-1) to enter the cell [10],
and an increase in the expression of this molecule is
an important link in the pathogenesis of respiratory
allergic diseases [11, 12]. In addition, rhinoviruses
themselves enhance the expression of ICAM-1 [13].
This does not include all the mechanisms by which
respiratory viruses can provoke or aggravate allergic
inflammation, and allergic respiratory disease can
facilitate infection and create conditions for a more
severe or atypical course of ARVI [14]. Patients with
remission of allergic rhinitis retain minimal signs of
persistent T2 inflammation, which makes them more
sensitive to non-specific irritants [15] and a priori
should affect the course of ARVI.

The aim of this study was to compare the clinical
efficacy and effect on the production and sensing of
type I and type II IFNs of several immunostimulants
and drugs with immune-mediated antiviral effects,

which are approved for clinical use in the Russian
Federation for the treatment of acute respiratory in-
fections (ARI) in patients with remission of concom-
itant allergic rhinitis.

Drugs were chosen as objects of this study due to
their proven or implied ability to switch the balance
of the prevailing immune response: T2—T1. Inter-
feron-y (IFN-y) in nasal dosage forms was chosen
as a key mediator of T1 immune responses and a
stimulator of cellular antiviral defense [16]. IFN-
a2b in topical and rectal dosage forms with added
antioxidants was considered not only as the most
important factor of antiviral innate immunity, but
also as a molecule that potentiates the production
of IFN-y and suppresses the production of T2 cyto-
kines [17, 18].

Pidotimod has proven to be effective in the pre-
vention of respiratory infections [19], including pa-
tients with allergic respiratory diseases [20]. This
synthetic dipeptide stimulated T cell immune re-
sponses, suppressed T2 inflammation, and increased
the IFN-y / interleukin (IL)-4 ratio in the serum of
patients with respiratory allergies [21, 22].

The ability of tilorone to induce the production of
type I IFNs has been known for more than 50 years
[23]. Recently, it has been shown that this drug en-
hances (modulates) the production of IFN-y, IFN-A,
and some other cytokines in intact animals and under
experimental conditions of influenza in vivo [24, 25]
and induces polarization of the immune response to-
ward the T1 type [26].

MATERIALS AND METHODS

147 patients with ARI and remission of concom-
itant seasonal allergic rhinitis were followed up in
City Polyclinic No. 180 of Moscow Healthcare
Department, Scientific Advisory Clinical Diagnos-
tic Center, and Clinical Department of Infectious
Pathology of Central Research Institute of Epide-
miology of the Federal Service for Surveillance on
Consumer Rights Protection and Human Wellbeing
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during the autumn — winter epidemic seasons of
2016-2019. The study was carried out in accordance
with the requirements of the World Medical Associa-
tion (WMA) Declaration of Helsinki “Ethical princi-
ples for medical research involving human subjects”
as amended by the 52nd WMA General Assembly
(2000) and “Rules of Clinical Practice in the Russian
Federation” approved by the order of the Ministry of
Health of the Russian Federation No. 266 dated June
19, 2003.

Inclusion criteria: clinical presentation of ARI
within 48 hours after the onset of the first symptoms;
history of seasonal allergic rhinitis verified at least
2 years ago; remission of allergic rhinitis; the level
of immunoglobulins E (IgE) in the blood serum >
100 TU / ml; age from 18 to 65 years; a voluntary
informed consent to participate in scientific research.

Exclusion criteria: treatment with antiviral and
immunomodulatory drugs within 1 month before
therapy; the presence of ARI complications at the
time of the initial visit; autoimmune diseases; chronic
diseases of the cardiovascular system, gastrointesti-
nal tract, and endocrine system, requiring medication
intake during the study period; chronic obstructive
pulmonary disease; tuberculosis; HIV infection; drug
addiction; hypersensitivity to the components of
drugs studied.

Withdrawal criteria: an allergic or other adverse
reaction to any drugs manifested during the study;
non-compliance with the frequency and dosage reg-
imen; refusal of the patient to continue participating
in the study.

Patients included in the study were divided into 4
cohorts (Table 1).

Table 1
Characteristics of the patients included in the study
Parameter Patient groups Statistically
significant
Group number 1 2 3 4 differences
Treatment IFN-y IFN-a +AO Pidotimod Tilorone
Number of patients 60 27 28 31
g 1o 46 44 29 «
Age, years, Me (O -0 ,; Min—Max) 29 (26-38; 19-58) (40-50; 27-62) | (40-50; 27-62) | (27-39; 18-57)
g Men, n (%) 36 (60) 15 (56) 14 (50) 12 (39)
ex _
Women, 1 (%) 24 (40) 12 (44) 14 (50) 19 (61)
Erythrocyte sedimentation rate, mm / h, . o 10 e a
1u(Q -0 ;. Min-Max) 6 (5-12;2-25) 6 (4-9; 2-40) (4-14: 1-24) 7 (2-5;1-29)
Number of leukocytes in blood, x10*/mcl, Me (Q,~0;; 6.7 (4.9-9.1; 6.4 (5-7.7; 6.5 (5.8-8.1; 7.1 (5.7-9.8; 3
Min—Max) 3.1-13.1) 3.4-13.9) 3.1-12.8) 4.3-16.7)
The proportion of lymphocytes among blood 37 36 36

leukocytes, %, Me (Q —0 ,; Min—Max)

36 (30-40; 11-48) -

(30-44; 17-64) | (29-38; 14-64) | (30-40; 11-48)

Serum IgE concentration, IU / ml, Me (Q -0 ,; 297 (173-450; | 231 (159-417; | 218 (180-304; | 230 (185-394; 3

Min—Max) 102-822) 101-621) 100-598) 105-725)
Rhinoviruses 15 (25) 7 (26) 7 (25) 6 (19) -
Influenza A virus 19 (32) 10 (37) 9(32) 10 (32) -
Influenza B virus 0 0 0 1(3) -
Human

Number of patients with identified | parainfluenza 4(7) 1(4) 1(4) 1(3) -

ARI viruses, n (%) viruses 1-4
RSV 4(7) 2(7) 2(7) 2(6) -
Adenoviruses 5(8) 2(7) 1(4) 4(13) -
Coronaviruses 0 0 0 1(1) -
Not identified 13 (22) 6(22) 8(29) 6(19) -

Note: RSV —respiratory syncytial virus.

*D 1234 <0.001 (the Kruskal — Wallis test); p , <0.001, p, , <0.001, p,, <0.001, p, <0.001 (the Dunn’s test).
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In cohort 1 (IFN-y group), the patients were
treated with 2,000 IU of human recombinant [FN-y
(Pharmaclon, Russian Federation) in 2 drops of
aqueous solution into each nasal passage 5 times a
day for 7 days, which was a part of a complex ther-
apy. In cohort 2 (IFN-a + antioxidants (AO) group),
the patients received rectal suppositories containing
1 million IU of IFN-a2b, 0.055 g of alpha-tocoph-
erol acetate, and 0.0081 g of ascorbic acid (Feron,
Russian Federation) twice a day and a strip of gel
0.4-0.5 cm long, 1 gram of which contained 36,000
IU of IFN-02b, 0.055 g of a-tocopherol acetate,
0.00128 g of benzoic acid, and 0.001 g of citric acid
monohydrate (Feron, Russian Federation), 3 times
a day in each nasal passage for 7 days. In cohort 3
(pidotimod group), the patients received 400 mg of
pidotimod (Doppel Farmaceutici Srl, Italy) per os 2
times a day for 10 days. In cohort 4 (tilorone group),
the patients received 125 mg of tilorone (Nizhpharm,
Russian Federation) per os on days 1, 2, 4, and 6. In
addition to these drugs, the patients received symp-
tomatic treatment (irrigation procedures, deconges-
tants, paracetamol at temperatures above 38.5°C).

All patients underwent a comprehensive exam-
ination, including history taking, physical examina-
tion, complete blood count, determination of the IgE
level in the blood serum, verification of pathogens
of respiratory infection, analysis of the interferon
system and their receptors, and if necessary, clinical
investigations (computed tomography of the sinuses,
chest X-ray, electrocardiogram). Blood and naso-
pharyngeal samples for laboratory studies were tak-
en in the first 48 hours from the onset of the disease
before treatment and on day 7 of the treatment. All
patients were followed up until complete recovery.

The main criterion (primary endpoint) for com-
paring the effectiveness of different treatment options
was the influence of ARI clinical manifestations on
regression. The overall severity of ARI was deter-
mined as the sum of 10-point scores for each of the
symptoms listed below. Hyperthermia was assessed
as follows: 1 point for body temperature > 37°C;
another 1 point for each additional temperature rise
by 0.2°C; 10 points for any temperature > 38.8°C.
Other 14 symptoms and signs were assessed as fol-
lows: weakness, decreased appetite, nasal conges-
tion, nasal discharge, itchy nose, itchy throat, sore
throat, hoarseness, cough, sneezing, myalgia, head-
ache, chest pain, and pain in the eyes. The results of

the assessment of ARI clinical manifestations were
recorded daily for 7 days in a specially developed in-
dividual diary, in which patients also had to register
possible adverse events.

The pathogens of ARI in a nasopharyngeal swab
were identified by the polymerase chain reaction
using the AmpliSens ARVI-screen-FL. and Ampli-
Sens Influenza virus A/B-FL diagnostic test sys-
tems (Central Research Institute of Epidemiology,
Russian Federation). Complete blood count was
performed using a hematology analyzer (Beckman
Coulter, USA) with determination of a standard set
of parameters.

The ability of blood cells to produce IFN-a and
IFN-y ex vivo upon stimulation by the Kansas strain
of the Newcastle disease virus (NDV) or phytohem-
agglutinin (PHA) (PanEco, Russian Federation), re-
spectively, and without these stimuli was evaluated
using the method proposed by S.S. Grigoryan et al.
[27], as described earlier [28]. The levels of IFN-a
and IFN-y in the cell culture supernatant and blood
serum were determined by ELISA using eBioscience
kits (USA) and a fully-automated microplate read-
er Anthos 2020 (Anthos Labtec Instruments GmbH,
Austria) at a wavelength of 450 nm with a correction
at 620 nm.

The proportion of circulating lymphocytes ex-
pressing IFN-a / B receptor subunit 2 (CD118) and
[FN-y receptor a-chain (CD119) in peripheral blood
was determined by flow cytometry on the EPICS XL
cytometer (Beckman Coulter, USA) using PE-conju-
gated antibody to CD118 (Beckman Coulter, USA),
PE-conjugated antibody to CDI119 (eBioscience,
USA), and BD FACS lysis solution (Becton Dick-
inson, USA) as described earlier [29]. Data from
the analysis of biological samples collected from 30
healthy individuals comparable in gender and age
with the studied population were used as a condi-
tional norm of laboratory parameters.

A statistical analysis was carried out using the
Statistica 18 software (StatSoft Inc., USA). Paired
comparisons of independent and dependent sam-
ples in terms of quantitative characteristics were
performed using the Mann — Whitney and Wilcox-
on tests, respectively. The Kruskal — Wallis and
Dunn’s tests were used for multiple comparison of
independent samples in terms of quantitative indica-
tors. Independent groups were compared by nominal
characteristics using the y? test. All quantitative data
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in the tables and in the figure are presented as Me
(Q —0 ,; Min-Max), where Me is the median, Q | is
the lower quartile, Q| is the upper quartile; Min is
the minimum, Max is the maximum. The differences
were considered statistically significant at p < 0.05.
At 0.05 <p <0.1, a trend was claimed.

RESULTS

The cohorts of patients did not differ in the etiol-
ogy of ARI, duration of infection during treatment,
serum IgE level, erythrocyte sedimentation rate, and
number of leukocytes and lymphocytes in periph-
eral blood. The groups were generally comparable
in gender: a slight predominance of women in the
tilorone cohort did not lead to statistically signifi-
cant gender differences between the groups (Table

1). Sensitization to birch pollen allergens as a cause
of seasonal allergic rhinitis, which was in remis-
sion during the study period, dominated in all co-
horts. At the same time, patients in the [FN-a + AO
and pidotimod groups were older than those in the
IFN-y and tilorone cohorts. Intergroup heterogene-
ity was also noted in terms of the initial severity of
clinical manifestations of ARI. This was associated
with a higher score for key symptoms of the disease
in the tilorone cohort compared with patients who
were prescribed IFN-y and pidotimod (Fig. 1). The
higher score in the tilorone group was mainly due
to a high degree of myalgia, headache, decreased
appetite, weakness, and eye pain. The groups did
not differ significantly with respect to other ARI
symptoms.

70
. 1. Interferon-y
60 . 2. Interferon-a + antioxidants
B 3. pidotimod
g 50 * |:|4. Tilorone
3
@ *
8 40 x
£ *
5 I .
G
g 30
a
2
=~ 20 *
.
) ; : %*
> ¥
0 2

Day 1 Day 2

Day 3 Day 5 Day 7

Figure. The dynamics of regression of ARI clinical manifestations in patients with concomitant allergic rhinitis who received
different variants of antiviral therapy: X — mean values, points — outliers, Me (Q ~Q ,; Min—-Max)

* p<0.01 compared with the parameters on the first day of the study (Wilcoxon test).

All the patients included in the study tolerated the
treatment well. No cases of adverse events were not-
ed. No patients were excluded or withdrawn from the
study.

A statistically significant decrease in the total
score for ARI clinical manifestations was observed
in all the groups on day 2 of the treatment. At the
same time, the severity of the disease in the cohort
of patients treated with tilorone remained at a higher
level compared with other groups (Figure, Table 2).

Subsequently, the main symptoms of the disease
steadily regressed at approximately the same rate in
patients with all the treatment options.

Table 2

Statistically significant intergroup differences

Duration of the | p,,,, the Kruskal — s
study, day Wallis test) The Dunn’s test
1 0.008 p,.,=0.039, p, ,=0.008
) 0.001 p,.,=0.047, p, ,=0.045,
’ P,,= 0,001
3 <0.001 p,,=0.032,p. ,=0.002
p,,<0.001, p _,=0.002,
5 <0.001 p,,< 0,001
p,,<0.001, p ,<0.001,
! <o.001 P,,<0.001, p,,<0.001
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On day 5, the total score for patients in the ti-
lorone group was lower than that in the IFN-y cohort,
and the pidotimod group had the highest regression
rate of the main ARI symptoms. By day 7, the total
score in the pidotimod group tended to zero and was
significantly lower than in each of the other three
groups, in which, despite a rapid decrease in the se-
verity of symptoms, the residual ARI manifestations
still persisted more clearly (Figure).

Since the pharmacological activity of all the
studied drugs is largely associated with type I
and type II IFN signals, we studied how the con-
centrations of IFN-a and IFN-y in the blood serum
changed as a result of different treatment options,
the ability of blood cells to produce these cytokines
ex vivo, and the proportion of peripheral blood
lymphocytes expressing type I and type II IFN
receptors.

A tendency toward an increase in the concentra-
tion of [FN-a in the blood serum of most ARI patients
before the treatment was noted, and in the IFN-o +
AOQ group, there was a significant increase in this pa-
rameter compared with healthy donors. The cohorts
of patients were initially heterogeneous according
to this criterion, as the level of IFN-a in the [FN-y
and pidotimod groups was lower than in the IFN-a +
AO group. After the treatment, the concentration of
IFN-a in the blood serum significantly decreased in
patients of all groups and was in the range similar to
the conditional norm (Table 3).

The content of IFN-a and IFN-y in the superna-
tant of unstimulated peripheral blood cell cultures
in the vast majority of cases (more than 75%) was
below the detection limit in both healthy donors and
patients with ARI. In addition, the sensitivity of the
used test system was not enough to detect [FN-y in
the blood serum of more than 80% of patients and
healthy people (data not provided).

NDV-induced production of IFN-a by blood
cells in vitro in the patients from the I[FN-y, [FN-a
+ AOQ, and tilorone groups was initially higher than
in healthy donors. In the pidotimod cohort, we only
observed an upward trend for this parameter. No sig-
nificant intergroup differences were detected before
the treatment. After the treatment, the induced pro-
duction of IFN-a in all the groups decreased; in the
meantime, it was higher in the IFN-y group than in
the tilorone cohort and was at the level of a mathe-
matically confirmed trend (Table 3).

Prior to the treatment, we revealed a decrease
in the production of IFN-y induced by PHA in the
pidotimod group and a tendency toward a decrease
in this parameter in other cohorts of patients. After
the treatment, the induced production of IFN-y in-
creased to a level similar to the conditional norm,
but this increase was statistically significant only in
the IFN-a + AO and pidotimod groups. There were
no mathematically confirmed intergroup differences
both before and after the treatment (Table 3).

The proportion of lymphocytes expressing type
I IFN receptor subunit 2 (CD118) in the peripheral
blood in all groups of patients was initially higher
than the conditional norm. After the treatment, a de-
crease in this parameter was observed in the tilorone
group, which nevertheless remained at a higher level
than in healthy donors. In other cohorts, the relative
number of CD118* lymphocytes did not change.

When determining the proportion of lymphocytes
expressing the IFN-y receptor a-chain (CD119), no
differences were found either between the groups
of patients or between each of them and the con-
ditional norm. Additionally, no significant changes
were revealed in all the cohorts. At the same time, a
slight upward trend in the proportion of CD119" and
CD118" lymphocytes in the IFN-a + AO group was
noted, that did not reach the level of the statistically
confirmed trend (Table 3).

DISCUSSION

Higher baseline severity of ARI symptoms in the
group of patients treated with tilorone makes it diffi-
cult to compare the clinical efficacy of this drug with
that of other treatment options. However, a delay in
the regression of symptoms in the first two to three
days of the treatment was observed in the tilorone
group, after which the clinical manifestations of ARI
quickly faded away. This was probably due to the
fact that tilorone at the first dose (on day 1) and sec-
ond dose (on day 2) could act as an inducer of the
production of not only IFNs of all types, but also oth-
er, mainly proinflammatory, cytokines. On the con-
trary, subsequent doses of this drug, taken on days 4
and 6 of the treatment could cause temporary hypo-
reactivity of IFN-producing cells and proinflamma-
tory cytokines, which contributed to rapid relief of
symptoms reflecting a local and systemic inflamma-
tory response. In general, the features of the changes
in the ARI clinical manifestations during the tilorone
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treatment confirm the hypothesis about the mech-
anisms of clinical efficacy of tilorone, formulated
earlier [30], and are consistent with the results of a
recent study on the antiviral and cytokine-modulat-
ing activity of this drug in the model of influenza in
vivo [25].

Conditional leadership of pidotimod in the relief
of ARI symptoms, which manifested from day 5 of
the study, can be partly associated with slightly lower
initial severity of the disease in the group of patients
who received this immunostimulant. Nevertheless,
high effectiveness of pidotimod is of great interest
because it is significantly further from classical an-
tiviral agents than other comparison medicines used
in this study in terms of the main mechanisms of the
pharmacological action. Unlike pidotimod, tilorone,
which has an immune-mediated antiviral effect, as
well as IFN-y and IFN-02b with antioxidants, which
are systematized as immunostimulants according to
the anatomical, therapeutic, and chemical classifica-
tion of drugs, are usually considered for etiotropic
therapy of viral infections along with direct-acting
antivirals. But it was pidotimod, whose effectiveness
in the complex treatment of allergic rhinitis [31],
asthma [22], as well as in the prevention of ARI [19]
was previously proven, and which had a pronounced
therapeutic effect in the acute phase of respiratory
infection in patients with allergy in this study.

Probably, the use of a systemically acting immu-
nostimulant that shifts the balance of the prevailing
immune response in the T2—T1 direction was more
important in terms of accelerating the relief of ARI
symptoms for patients with concomitant allergic rhi-
nitis than the use of drugs with a more pronounced
antiviral effect. The synthetic dipeptide pidotimod
like some immunomodulators of bacterial origin has
immunoregulatory (anti-inflammatory or immune
dampening) effects [32]. In this regard, it seems
promising to continue studies of this drug not only
as a stimulant of anti-infective defense, but also as a
method of complex treatment of allergic rhinitis and
other diseases accompanied by persistent inflamma-
tion in the respiratory tract.

Similar dynamics of regression of ARI clinical
manifestations was observed in the groups of pa-
tients who received intranasally IFN-y or a combi-
nation of topical and rectal dosage forms of [IFN-02b
+ AO. This result is interesting, since IFN-y locally
used a key mediator of the T1 response with proin-

flammatory activity[33] was comparable in clinical
efficacy with a combination of systemic and topical
dosage forms of IFN-a2b, a cytokine with a more
pronounced antiviral effect and anti-inflammatory
potential [34]. This is another indirect confirmation
of a great importance of the T2—T1 immune re-
sponse polarization for the regression of ARI clinical
manifestations in patients with concomitant allergic
rhinitis.

After IFN-02 or another type I IFN binds two
subunits of the corresponding receptor on the surface
of the target cell and initiates biochemical cascades
aimed at protecting against viruses, the ligand — re-
ceptor complex is internalized by endocytosis. This
complex, when in the endosome, continues to exert
biological (antiproliferative, immunomodulatory)
effects for some time and only then undergoes lyso-
somal degradation [35]. However, the signals lead-
ing to the production of IFN-stimulated virostatic
proteins are transduced through type I IFN receptor
mainly when it is located on the cell surface. The
ability of different type I IFNs to carry the receptor
inside the cell correlates with the degree of affinity
of the ligand — receptor interaction [36]. IFN-a2 is
characterized by high affinity for type I IFN receptor
[37], second only to IFN-f in this respect [38].

The interaction of IFN-y with the receptor
also finally leads to internalization and intracel-
lular degradation of the ligand — receptor com-
plex [39]. IFN-y decreases the expression of its
receptor in target cells by mechanisms indepen-
dent of endocytosis [40]. Type I IFNs are also
capable of suppressing the expression of IFN-y
receptors both as a result of blocking the tran-
scription of the a-chain gene in this receptor [41]
and secondarily due to stimulation of IFN-y pro-
duction [17], leading to the above-mentioned li-
gand-induced mechanisms for reducing sensitivity
to IFN-y.

In theory, these features of type I and type II IFN
signal transduction could lead to a temporary de-
crease in the number of both types of IFN receptors
on the plasmalemma of different cells (including
circulating lymphocytes) in patients treated with
systemically acting IFN-a2b. This could reduce the
effectiveness of the natural antiviral mechanisms
dependent on type I and type II IFN. The results
of this study disavow this assumption. An upward
trend in the proportion of lymphocytes expressing
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type I IFN receptor subunit 2 and IFN-y receptor
a-chain was revealed on the last day of the 7-day
treatment in the IFN-a + AO cohort and was not
observed in other groups. This can be explained by
the recirculation of internalized receptors [39] and
/ or the presence of previously unidentified positive
feedback mechanisms leading to the restoration of
the number of receptors after a ligand-induced de-
crease in their density on the surface of target cells.
The results obtained are consistent with the data
that it is [FN-a2b, but not IFN-f, that stimulates the
recirculation of the internalized type I IFN receptor
subunit 2 to the cell surface [42].

CONCLUSION

Generally similar clinical efficacy of IFN-y in
the nasal dosage form, the combination of rectal
and nasal dosage forms of IFN-a + AO, pidotimod,
and tilorone in the treatment of ARI in patients with
allergic rhinitis was established. The results of this
study allow to make a conclusion that drugs capable
of polarizing the immune response in the T2—T1 di-
rection are a useful option for the treatment of ARI
in patients with concomitant allergic respiratory
diseases. In this context, the choice of all the drugs
investigated in this work should be recognized as
justified. From the data obtained, a rational vector
for the development of new effective agents for the
pathogen-specific (etiotropic) treatment of ARVI in
patients with respiratory allergy emerges: the search
for natural and synthetic pharmacological substances
that have both antiviral and T2—T1 properties.
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ABSTRACT

The aim. To study the toxicity of 2-(6,8-dimethyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone in
vitro and in vivo.

Materials and methods. 2-(6,8-dimethyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone was
synthesized using a method for expanding the o-quinone cycle during the reaction between 5-nitro-2,6,8-trimethyl-
4-chloroquinoline and 3,4,5,6-tetrachloro-1,2-benzoquinone while boiled in dioxane. An in vitro experiment was
carried out in the human A549 cell line. Cell viability was assessed using the MTT colorimetric assay by reducing
the optical density of the experimental samples compared with the control ones. Acute toxicity was studied on
20 BALB/c Nude male mice. The test compound was administered once orally as a suspension in 1% starch gel at
three doses: 0.0055 (group 1), 0.055 (group 2) and 0.55 mg / g (group 3). The control group (group 4) received a
placebo.

Results. We synthesized a new compound, 2-(6,8-dimethyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tro-
polone. Its structure was established by 'H nuclear magnetic resonance (NMR), infrared (IR) spectroscopy, and
mass spectrometry. The yield was 19.8 g (52%), the melting point was 205-207 °C, bright yellow crystals (ben-
zene) were observed. The half-maximal inhibitory concentration (IC,)) of 2-(6,8-dimethyl-5-nitro-4-chloroquin-
oline-2-yl)-5,6,7-trichloro-1,3-tropolone was 0.21 £+ 0.01 uM, which was significantly lower (p < 0.05) than the
IC, of cisplatin (3.84 + 0.23). Following the in vivo experiment, no toxic effect of tropolone was detected when
administered once at a dose of 0.0055, 0.055, and 0.55 mg / g.

Conclusion. 2-(6,8-dimethyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone demonstrated cytotoxic
effects on the A549 cell line at a lower IC, than cisplatin which is widely used in treatment of cancers, including
lung cancer. Insolubility of 2-(6,8-dimethyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone in water
and the absence of its toxic effect in the studied modes determine the scope of its application for further study of
cumulative and antitumor effects.

Keywords: tropolones, antitumor effect, human non-small-cell lung cancer A549 cell line, MTT assay
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PE3IOME

Leab — uccnenoBanue TOKCUYHOCTH 2-(6,8-IUMETHII-5-HUTPO-4-XJTOPXUHOIUH-2-11)-5,6,7-Tpuxinop-1,3-tporio-
JIOHA in Vitro W in vivo.

MarepuaJjbl u MeToabl. [t cunTesa 2-(6,8-1uMeTHII-5-HUTPO-4-XTOpXUHOIMH-2-11)- 5,6, 7-Tpuxitop-1,3-Tpormo-
JIOHA UCTIOIB30BAaH METO PACIINPEHUSI 0-XMHOHOBOTO IIUKJIA B IIPOLIECCE PEaKIUH MEXIy S-HHTpo-2,6,8-TpuMe-
THII-4-XJIOpXUHOIMHOM U 3,4,5,6-TeTpaxiop-1,2-0€H30XHHOHOM TIPH KHUILSTYCHUH B JIHOKCAHE. DKCIIEPUMEHT in
Vitro IPOBEJICH Ha KJICTOYHOM JIMHHUU paKa JIETKoro denoBeka A549. OueHKy )KU3HECIIOCOOHOCTH KIIETOK IIPOBO-
e 1ipy iomory MTT-KkoopuMeTprudeckoro Tecta 0 yMEHBIICHAIO ONTHYECKOH ITIOTHOCTH OIBITHBIX P00
10 CPAaBHEHHMIO C KOHTPOJIBHBIMU. MccieoBanue ocTpoil TOKCHYHOCTH ITpoBeaeHo Ha 20 caMKaxX MBIIICH JTMHIH
Balb/c Nude. Hccnenyemoe coenyiHeHne BBOJMIM OXHOKPATHO HMEpPOpaIbHO B (opMe cycrieH3nu B 1%-M kpax-
MaJbHOM rene B Tpex po3ax: 0,0055 (1-a rpynma), 0,055 (2-a rpynmna) u 0,55 mr/r (3-1 rpynmna). KontponsHast
rpymma (4-s1) moydJana rmiame6o.

PesyabTarsel. [lonyden 2-(6,8-mumeTui-5-HuTpo-4-XI0pXHUHOINH-2-11)-5,6,7-TpuXa0p-1,3-TpornosaoH no panee
pa3pabOTaHHOMY METOJLy, €r0 CTPOCHHE YCTAaHOBJICHO JaHHBIMHU 1€PHO-MarHUTHOTO-pe3oHanca 'H u nadpakpac-
HOM 1 Macc-criekTpomeTpun. Boixon cocrasun 19,8 1 (52%), Temneparypa miasienus 205-207 °C, sipro-xenTbie
kpuctamisl (6enson). Muarudupyromas konnentpanus [C, ) 2-(6,8-mumMeTnI-5-HUTPO-4-XTOPXUHOIUH-2-111)-5,6,7 -
Tpuxiop-1,3-rpomonona 6suta pasra 0,21 + 0,01 MkM, 9TO OKa3aJI0Ch CTATUCTUYECKU 3HAUNMO MeHb1e (p < 0,05)
uHrnOnpyromei koruenrpamun 1C, | nucnnactuna pasroi 3,84 + 0,23 MmxM. B pesynbrare ncenenoanus in vivo
HE BBISIBJICHO TOKCHYECKOTO JICHCTBUS TPOIIOJIOHA ITPU OJHOKpAaTHOM BBeneHHH B go3ax 0,0055; 0,055 u 0,55 mr/r.

3akaouenne. [Tokasano, 4ro 2-(6,8-1UMeTHII-5-HUTPO-4-XIOPXUHONNH-2-11)-5,6,7-Tpuxiop-1,3-TpornonoH npo-
SIBJISIET [IMTOTOKCHYECKYIO aKTUBHOCTh B OTHOIICHWH KJIETOUHOH nuHuu A549 B Goniee HU3KOW MHTHOMpYrOLIeH
koHneHTpaiuu 1C50, yem MCIIacTuH, MHUPOKO MPUMEHSIOMIUHICS B JeUeHUH 370KaYeCTBEHHBIX HOBOOOpa30Ba-
HMH, B TOM 4Hclie paka Jierkoro. HepactBopumocts B Bojie 2-(6,8-ANMETHII-5-HUTPO-4-XJIOPXUHONUH-2-11)-5,6,7-
TpUXJI0p-1,3-TPOI0JIOHa M OTCYTCTBUE €r0 TOKCHYECKOr0 IEHCTBUS B UCCIE0BAaHHBIX HAMHU PEXMMAaxX ONpe/es-
0T IPAHHUIIBI €70 UCTIOIb30BAHMS ISl JANbHEHIIEro H3ydeHns KyMyJIITHBHBIX U IPOTHBOOIYXO0JIEBHIX (P (HEKTOB.

KawueBsble c10Ba: TPOMOIOHBI, MPOTHBOOMYXOJIEBBIN 3P (EKT, KyIbTypa KICTOK HEMEIKOKICTOYHOTO paKa Jier-
Koro yenoBeka A549, MTT-tect

KonpaukT unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HaCTOSIIEeH CTaThH.
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INTRODUCTION

In the modern world, cancer is considered one of
the most severe diseases with frequent fatal outcomes
[1]. In addition, low efficiency and low selectivity of
cytotoxic drugs used in clinical practice are combined
with many side effects [1] and a small range of effective
doses [3]. The use of effective treatment methods is one
of the key factors for improving the prognosis of the
course of cancer [4]. Therefore, development and study
of new anticancer drugs that combine high cytotoxic
activity with minimal side effects remain relevant.

Along with well-known chemotherapeutic agents,
some scientists and physicians propose to use certain
podophyllotoxin derivatives, diterpenes, and alka-
loids as medicines [5]. A promising group of sub-
stances with a wide range of biological activities,
including antitumor ones, is non-benzenoid aromatic
compounds — tropolones [6, 7]. Their most studied
representatives are B-thujaplicin (hinoktiol), colchi-
cine, and colchamine. There are some approaches to
the synthesis of tropolones allowing to obtain a wide
range of substances with various biological proper-
ties, such as antioxidant, anti-inflammatory, antiviral,
antibacterial, antifungal, and antitumor ones [5, §].

2-[7-acetyl-9,11-di(tert-butyl)-4-methyl-5-
chlorobenzo[b][1,4]oxazepino[7,6,5-de]-quino-
line-2-yl1]-5,6,7-trichloro-1,3-tropolone has the most
similar structure to the studied compound; it shows
cytotoxic activity against breast tumor cells MCF-
7 and MCF-10 cell line, lung cancer cells Lu, liver
cancer cells Hep-G2, and tumor epithelial cells KB
[6]. Derivatives of 2-quinoline-2-yl-1,3-tropolones
have shown activity against various cancer cell lines
in the lungs (A549 and H441), ovaries (OVCAR-3
and OVCAR-8), colon (HCT 116), and pancreas
(Panc-1) in the range from IC,, . uM [9].

The aim of this study was to analyze the tox-
icity of 2-(6,8-dimethyl-5-nitro-4-chloroquino-

line-2-yl)-5,6,7-trichloro-1,3-tropolone in vitro and
in vivo.
MATERIALS AND METHODS

Studied compound. The structural formula of
2-(6,8-dimethyl-5-nitro-4-chloroquinoline-2-yl)-5,
6,7-trichloro-1,3-tropolone is presented in

NO, Cl

Fig. 1. Structural formula of 2-(6,8-dimethyl-5-nitro-4-
chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone

Fig. 1. Compound 1 (2-(6,8-dimethyl-5-ni-
tro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tro-
polone) was synthesized using a method for expand-
ing the o-quinone cycle [10]. The reaction proceeded
between 5-nitro-2,6,8-trimethyl-4-chloroquinoline
(2) and 3,4,5,6-tetrachloro-1,2-benzoquinone (3)
while boiled in dioxane (Fig. 2)

Cytotoxic activity testing. The experiment was
carried out in the human non-small-cell lung cancer
A549 cell line. Cell viability was assessed using the
MTT colorimetric assay. The cells were cultured in a
96-well plate under standard sterile conditions: tem-
perature of +37 °C, 5% CO2, DMEM culture medi-
um, 10% FBS. The tested substance, the reference
drug (cisplatin), and the solvent (DMSO) were added
at the concentration of 0.004-2.226 uM. The cells
continued to be incubated under the same conditions
for 72 hours, after which 20 pL of the MTT solution
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was added to them. Then the incubation was contin-
ued for another 2 hours. Formazan crystals formed as
a result of the MTT assay were dissolved in DMSO,

NO. C1
NO: Ci
EC
CH; »
cl Cl
(¢}
=
| HO
2
A HEE a

Acute toxicity testing. Acute toxicity was studied
on 20 BALB/c Nude female mice weighing 25.5-27.5
g. They were divided into 4 groups of 5 animals each.
The study was conducted on females because they are
considered more sensitive to the effects of substances
than males (GOST 32296-2013). Since the experiment
included linear animals and followed the principles of
the 3Rs, 5 animals were used in each group, which
seemed possible for statistical analysis of the data [12].

The acute toxicity of tropolone was studied on
BALB/c Nude mice, since this compound with a po-
tential antitumor effect can be studied on xenograft
models created on immunodeficient mice, which are
considered more sensitive to the exposure [13, 14].
The studied compound was administered once oral-
ly as a suspension in 1% starch gel at three doses:
0.0055 mg / g (group 1), 0.055 mg / g (group 2), and
0.55 mg / g (group 3). The choice of a maximum
dose was limited by the insolubility of the test com-
pound in water. The control group (group 4) received
1% starch gel. After the administration of the sub-
stance, the animals were examined daily for 14 days.
The body weight of the animals was determined on
days 7 and 14. The following parameters were used
to assess the dose-dependent effects of tropolone:
survival rate, health disorders during daily observa-
tion, weight dynamics; at necropsy: deviations from
the normal condition of the skin and visible mucous
membranes, as well as deviations from normal size,
shape, color, structure, and location of internal or-
gans, body cavity effusions, and secretions from nat-
ural body orifices (GOST R 56701-2015). Animals
were euthanized on day 14 of the experiment by cer-
vical dislocation.

and the optical density (the average wavelength was
492 nm) was measured using the Stat Fax 2100 Mi-
croplate Reader (Awareness Technology, USA) [11].

Fig. 2. Synthesis of 2-(6,8-dimethyl-
5-nitro-4-chloroquinoline-2-yl)-
o 5,6,7-trichloro-1,3-tropolone

Cl

Statistical analysis of the data. To determine the
inhibitory concentration when testing the cytotoxic
activity of the compound, the proportion (%) of vi-
able cells was calculated in the test wells relative to
the positive control wells, which cell viability was
considered as 100%. Logarithm of the concentration
at 50% cell viability was calculated by the probit
analysis, and then the half-maximal inhibitory con-
centration (IC50) was calculated [15]. In the statisti-
cal analysis of the results, the mean and the standard
deviation M + m were evaluated; the Wilcoxon —
Mann — Whitney test and the Kruskal — Wallis test
with the post-hoc Dunn’s test were used. The Graph-
Pad Prism 5.0 software was used for statistical anal-
ysis of the results.

RESULTS

2-(6,8-dimethyl-5-nitro-4-chloroquino-
line-2-yl)-5,6,7-trichloro-1,3-tropolone was obtained
according to the previously developed method [16],
and its structure was established by 'H nuclear mag-
netic resonance (NMR), infrared (IR) spectroscopy,
and mass spectrometry. When assessing the cyto-
toxicity of 2-(6,8-dimethyl-5-nitro-4-chloroquino-
line-2-yl)-5,6,7-trichloro-1,3-tropolone against the
AS549 cell culture, its IC, was determined. It reached
0.21+ 0.01 puM, which turned out to be statistically
significantly lower than the IC, of cisplatin equal to
3.8440.23 uM (the differences were statistically sig-
nificant compared with the control group (p < 0.05,
according to the Kruskal — Wallis test), widely used
in clinical practice [17].

The analysis of the acute toxicity of 2-(6,8-di-
methyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-tri-
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chloro-1,3-tropolone with its single administration
at the dose of 0.0055 mg / g (group 1), 0.055 mg/ g
(group 2), and 0.55 mg / g (group 3) showed 100%
survival rate, which did not allow to detect a lethal
dose. Administration of higher doses of the studied
substance was impossible because the volume frac-
tion of the solid dispersed phase exceeded that of
the liquid dispersed phase, and the substance was
water-insoluble. No health disorders were regis-
tered during 14 days of daily observation in all four
groups of animals. Necropsy showed no pathologi-
cal changes in most mice. In group 2, two mice had
single focal hemorrhages up to 1 mm in diameter in
the medial lobe of the liver. In group 3, two animals
had hyperemia in the liver, and one animal had focal
pulmonary hemorrhage. Pathological changes found
at necropsy in some experimental mice could result
from the toxic effect of tropolone or from euthanasia.
The analysis of the weight dynamics in mice with
a single tropolone administration showed its slight
decline by the end of the observation period in only
one animal from group 3. In the other animals, on the
contrary, an increase in weight by 0.5-2 g was ob-
served by the end of the experiment compared with
the baseline values. Such an increase was most pro-
nounced in the control group and in group 1, where
the mice received a minimum compound dose of
0.0055 mg / g. The weight dynamics in the animals
of these groups was significantly different from that
in group 3 with mice receiving the substance at the
maximum studied dose of 0.55 mg / g (Table).

Table

Weight dynamics in BALB/c Nude mice on day 14 of the
experiment after a single dose of 2-(6,8-dimethyl-5-nitro-
4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone, M + m

Group Body weight, g
I,n=>5 1.6+0.117
2,n=5 1.3+0.29
3,n=35 0.8 +0.38%°
4, controls, n =15 1.7 £0.14®

Note: * differs from values in the control group, p < 0.01; * differs
from values in group 1, p <0.01, ® differs from values in group 3, p <
0.01; Wilcoxon — Mann — Whitney test.

The above intergroup differences may be associ-
ated with metabolic and other changes in the body
of mice under the influence of the studied substance.

DISCUSSION

A number of studies demonstrated high antitumor
effect of tropolones together with their minimal ef-
fect on normal tissues and low toxicity, which makes

this group of compounds promising [18]. To date,
hinoktiol (B-thujaplicin) is the most studied tropo-
lone, which exhibits high antitumor activity against
various cancer cell lines [19, 20].

L. -H. Li et al. determined the viability of A549
tumor cells exposed to hinoktiol as 52.7 + 3.6 and
34.7 £ 5.2 when exposed for 48 hours at a concen-
tration of 5 and 10 pM, respectively, and 28.9 +
1.1 and 18.2 + 7.2 when exposed for 72 hours at a
concentration of 5 and 10 puM, respectively [21]. H.
Wakabayashi et al. demonstrated that IC50 of syn-
thesized compounds from the group of tropolones,
7-bromo-2(4-hydroxyanilino)-tropone and 4-iso-
propyl-2-(2-hydroxyanilino)-tropone, against hu-
man oral squamous cell carcinoma cell lines HSC-2,
HSC-3, and HSC-4 varied from 31 to 450 pM de-
pending on the incubation time (24, 48, 72, and 96
hours), which was significantly higher than the IC50
of the tropolone we synthesized [22]. Our results are
consistent with the data of other researchers and may
indicate high antitumor efficacy of a new compound,
7-bromo-2(4-hydroxyanilino)-tropone and 4-isopro-
pyl-2-(2-hydroxyanilino)-tropone.

A number of studies explained high antitumor ef-
ficacy of hinoktiol. L. -H. Li et al. confirmed that
hinoktiol induces autophagy, cell cycle arrest in the
S-phase, and cellular aging in lung cancer cells and
inhibits cell proliferation. Thus, hinoktiol, probably
like other substances from the tropolone group, can
act as an effective anticancer agent due to induction
of DNA damage, autophagy, cell cycle arrest, and
cellular aging [21].

A comparison of the acute toxicity of our synthe-
sized compound with that of other analogous sub-
stances showed its minimal toxic effect on the body
of laboratory animals. Thus, LD50 for y-thujaplicin,
-dolabrin, and hinoktiol were 277 mg / kg, 232 mg
/ kg, and 191 mg / kg, respectively [23]. Y. Morita
et al. determined LD50 for 4-acetyltropolone, hi-
noktiol, B-dolabrin, y-thujaplicin, and a-thujaplicin,
which are 335.2; 191; 232; 277, and 256 mg / kg,
respectively [24]. In our study, the acute toxicity of
7-bromo-2(4-hydroxyanilino)-tropone and 4-isopro-
pyl-2-(2-hydroxyanilino)-tropone was not detected.

CONCLUSION

The MTT assay showed that 2-(6,8-dimethyl-5-ni-
tro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tro-
polone exhibited cytotoxic activity against the hu-
man non-small-cell lung cancer A549 cell line, and
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the IC50 of the proposed compound was lower than
that of cisplatin.

Insolubility of 2-(6,8-dimethyl-5-nitro-4-chlo-
roquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone  in
water limited the range of its investigated doses and
did not allow for determination of its lethal dose
and toxicity class while studying the acute toxicity.
The absence of pronounced toxic effect of tropolone
administered at a single dose of 0.0055, 0.055, and
0.55 mg/ g determines the scope of its use for further
study of cumulative and antitumor effects.
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ABSTRACT

Aim. To improve the efficiency of diagnosis of hereditary lysosomal storage diseases using an intelligent computer-
based decision support system.

Materials and methods. Descriptions of 35 clinical cases from the literature and depersonalized data of
52 patients from electronic health records were used as material for clinical testing of the computer diagnostic
system. Knowledge engineering techniques have been used to extract, structure, and formalize knowledge from
texts and experts. Literary sources included online databases and publications (in Russian and English). On this
basis, for each clinical form of lysosomal diseases, textological cards were created, the information in which was
corrected by experts. Then matrices were formed, including certainty factors (coefficients) for the manifestation,
severity, and relevance of signs for each age group (up to 1 year, from 1 to 3 years inclusive, from 4 to 6 years
inclusive, 7 years and older). The knowledge base of the expert system was implemented on the ontology network
and included a disease model with reference variants of clinical forms. Decision making was carried out using
production rules.

Results. The expert computer system was developed to support clinical decision-making at the pre-laboratory stage
of differential diagnosis of lysosomal storage diseases. The result of its operation was a ranked list of hypotheses,
reflecting the degree of their compliance with reference descriptions of clinical disease forms in the knowledge
base. Clinical testing was carried out on cases from literary sources and patient data from electronic health records.
The criterion for assessing the effectiveness of disease recognition was inclusion of the verified diagnosis in the list
of five hypotheses generated by the system. Based on the testing results, the accuracy was 87.4%.

Conclusion. The expert system for the diagnosis of hereditary diseases has shown fairly high efficiency at the stage
of compiling a differential diagnosis list at the pre-laboratory stage, which allows us to speak about the possibility
of'its use in clinical practice.

Keywords: hereditary diseases, orphan diseases, lysosomal storage diseases, differential diagnosis, expert system,
decision support, certainty factors
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PE3IOME

He.l]l: — IIOBBIIICHUEC S(bd)eKTI/IBHOCTI/I JUAarHOCTUKU HaCJICACTBCHHBIX JIM30COMHBIX 00JsIe3HEN HAKOIICHHS C HC-
II0JIb30OBAHUEM HHTCJ’IJ’IGKTyaﬂLHOﬁ KOMHL}OTepHOﬁ CHUCTEMBI TOAACPIKKU HpI/IHﬂTHﬁ pemeHI/Iﬁ.

Matepuasbl 4 MeTOABI. B kadecTBe MaTepuana sl KIMHAYECKOW arpoOaIiii KOMIbIOTEPHOM THArHOCTHYECKOM
CHUCTEMBI UCIIOJIb30BaHbI OMUCAHUA 35 KIIMHUYECKUX CIy4aeB U3 JIMTEpaTyphl U JaHHbIE 52 MalUeHTOB U3 AJIEK-
TPOHHBIX MEIUIUHCKHUX KapT (B JIeNepCOHU(UIIPOBAHHOM BHIE). METOIbI HHXEHEPUH 3HAHHUN HCITOIh30BAINACH
JUTSE U3BJICYCHUS], CTPYKTYPH3AUU U (POpPMATH3aIliK 3HAHUN U3 TEKCTOB U Y 3KCIIepTOB. JInTepaTypHbIe HCTOYHH-
KH BKJIFOYAJIH OHJIAIH-0a3b1 JaHHBIX U ITyOJIHKAIUH (PYCCKO- U aHTIIOSI3bIYHbIC). Ha 3TOl 0OCHOBE TS KasKA0# KiTH-
HUYECKOU (hOPMBI JIN30COMHBIX 00JIe3HEH ObUTH C(HOPMHUPOBAHBI TEKCTOJIOTUIECKUE KApThl, HHHOPMAIIUSI KOTOPBIX
KOPPEKTHUPOBAJIach dKCIepTaMu. 3aTeM (HOPMHUPOBAIUCH MATPHUIIBI, BKITIOYARONIHE (PakTOPhl yBEPEHHOCTH (K03(-
(buIMeHTHI) U MaHU(ECTAINH, BEIPAKCHHOCTH M PEJICBAHTHOCTH MPH3HAKOB 110 KaXKI0W U3 BO3PACTHBIX TPYIIT
(mo 1 rona, ot 1 roga 10 3 JeT BKIFOYUTEIBHO, OT 4 110 6 JIeT BKIFOYHTENBHO, 7 JIeT U cTapiue). baza 3HaHuMit 9kc-
MEPTHOI CUCTEMBI peaii30BaHa Ha OHTOJOTUYECKOM CETH U BKIIIOYAET MOJICIb 3a00JICBaHUS C 3TAJIOHHBIMHU BapH-
aHTaMU KIMHIYeCKuX (opm. [IpuHSATHE pelIeHui 0CYIECTBISIETCS ¢ HCIOIb30BAHHEM MPOAYKIIHOHHBIX TPABHIL.

PesyabTaThl. PazpaboTana sKCrepTHAst KOMIBIOTEPHAS CHCTEMa TTOCPIKKH IIPUHATUS KIMHUYECKHX PELICHUH Ha
nonabopaTopHoM dTarne auddepeHnnanbHON AMarHOCTHKY JTM30COMHBIX OOJIe3Hel HakoruieHus. PesympraTtom ee
paboTHI ABISETCS PAHXHUPOBAHHBIN NEPEUCHb IUATHOCTHYECKUX IHITOTE3, OTPAYKAIOIINH CTEIIEHbh HX COOTBETCTBUS
9TAJOHHBIM ONMCAHUAM KIMHHYECKUX Gopm Oone3Hell B 6a3e 3HaHMH. [IpoBeeHa anpodarys CHCTEMBI Ha CITydasx
U3 JIUTEPaTYPHBIX MCTOYHMUKOB M HA JAHHBIX MALMEHTOB M3 3JICKTPOHHBIX MEAMIMHCKUX KapT. Kpurepuem s
OIIeHKH 3P PEKTUBHOCTH PACIO3HABAHKS OOJIE3HH OBIIIO BXOXKICHNE BEPUPHUINPOBAHHOTO AUATHO3A B IIEPEUCHD U3
IISITH THTIOTE3, BBIIABa€MbIX CHCTeMOH. 1o nToram npoBeeHHOH arpoOauy TOYHOCTE cocTaBmia 87,4%.

3akioueHue. QKCHepTHaH cHUCTEeMa JUIsl AMarHOCTHKHU HACJICICTBEHHBIX OOJIC3HEH MoKa3ajia J0CTaTOUYHO BBICO-
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Kyto ¢ dexTrBHOCT Ha dTane popMupoBanus (G epeHIIHaTbHO-THarHOCTHIECKOT0 psiia Ha J1071ab0paToOpHOM
JTare, YTo M03BOJISIET TOBOPUTH O BO3MOXKHOCTH €€ UCTIOIb30BAHHS B KIIMHUUYECKOU MPAKTHKE.

KiroueBsble ci10Ba: HacneICTBEHHBIE 3a0051eBaHNMs, OppaHHbIE O0JIE3HH, TH30COMHBIE O0JIC3HU HAKOTUICHHUS, AU (-
(epeHIManbHas AMArHOCTHKA, SKCIIEPTHAS CHCTEMa, TTOAICPKKA IPHHATHS PeLIeHUH, (PaKTOPbl YBEPEHHOCTH

KOHq).]Il/lKT HHTEPECOB U BKJIAJ AaBTOPOB. ABTOpI)I JACKIApUPYIOT OTCYTCTBUC SIBHBIX W IMOTCHIUAJIbHBIX KOH-
¢)HHKTOB HUHTEPECOB, CBA3AHHBIX C Hy6J’IPIKaIIPIeI71 Hacm;{meﬁ CTaTbU.
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«CHCTEeMBI HCKYCCTBEHHOTO HHTEIUICKTA, 3BJICUECHHE 3HaHII 1 aHamn3 TeKcToB 2019-2023» (Ne 0063-2019-0001).

CooTBeTcTBHE NPUHIMIIAM 3THKH. [ myOnKalun pe3yabTaToB OPHIMHAIBHON paboThl HCIIOIb30BAIHCH e~
MEePCOHU(DUIIMPOBAHHBIC PETPOCHEKTHBHBIC JAHHBIC U3 SJIEKTPOHHBIX MENIIMHCKHX KapT.

Jost uurupoBanus: Kodpunckuii b.A., brarockinonos H.A., Jlemuxosa H.C., Hukonaesa E.A., Koranesckas 10.10.,
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2022;21(2):67-73. https://doi.org/10.20538/1682-0363-2022-2-67-73.

INTRODUCTION

Lysosomal storage diseases (LSDs) [1,2], includ-
ing mucopolysaccharidoses (MPS), mucolipidoses
(ML), gangliosidoses (GS), and other forms, belong
to the class of hereditary diseases and are charac-
terized by accumulation of a specific substrate. The
disease begins at birth and has progressive nature,
which causes an increase in the severity of pheno-
typic characteristics with age [3]. The importance
of the earliest possible diagnosis of these diseases
has especially increased recently due to the advent
of enzyme replacement therapy [4—7]. With pharma-
cological replacement of the deficient enzyme, the
progression of pathological manifestations stops,
however, reduction of the changes that occurred ear-
lier does not occur.

At the same time, the diagnosis of LSDs in chil-
dren in early stages of disease manifestations can be
extremely difficult due to high variability in the clin-
ical presentation. Therefore, conflicting descriptions
are found in various literary sources, and personal
experience of the physician in providing care for
these patients is very limited. However, early suspi-
cion of a rare disease in children requires knowledge
about minor disease manifestations. Nonspecific ini-
tial symptoms lead to long-term failure to diagnose
the disease or to its misdiagnosis [8]. For example, in
the Netherlands, the timing of diagnosis for patients
with MPS did not change between 1988 and 2017,
and there is still a long delay between the first visit to
the physician with complaints about disease symp-

toms and the final diagnosis [9]. However, a great
number of diseases similar to LSDs in phenotypic
manifestations makes it difficult for the physician
to compare patient’s symptoms with descriptions in
clinical guidelines, monographs, articles, and data-
bases.

At the same time, it is possible to identify certain
patterns of signs that create a certain “portrait” of
the disease. To accelerate and improve the accuracy
of the identification of orphan diseases, it is possible
to use artificial intelligence computer-based decision
support systems. Among the effectively used in the
past and currently existing software tools, the Rus-
sian DIAGEN [10], the French GENDIAG [11], the
Australian POSSUM [12], the British Face2Gene
[13], and the German Ada DX [14] are worth noting.
All of them use expert knowledge to some extent,
although the principles of its construction differ.

It was shown that such systems can increase the
likelihood of early recognition of orphan diseases.
At the same time, there are several reasons that se-
riously hinder the use of foreign-produced software
products:

— partial inconsistency with the accepted Russian
terminology,

— features of ethnic diversity, which are superim-
posed on the phenotypic manifestations of diseases,

— requirements to protection of patients’ personal
data, since some of the foreign-made systems are im-
plemented as cloud applications on foreign servers.

In addition, an important aspect is interpretation
of the diagnostic solutions offered by the system.
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The absence or formal explanation does not contrib-
ute to the understanding of the proposed diagnostic
hypotheses. This makes the development of a Rus-
sian-made computer-based system for the diagnosis
of hereditary diseases relevant.

The aim of this study was to improve the efficien-
cy of diagnosis of genetic disorders using an intelli-
gent clinical decision support system that compiles a
limited differential diagnosis list at the pre-laborato-
ry stage of patient examination.

MATERIALS AND METHODS

When elaborating a computer system for the dif-
ferential diagnosis of LSDs, the main task was to
create a knowledge base. To do this, first, an analysis
of literary sources was carried out: monographs and
publications in Russian and English, with a particular
emphasis on descriptions of cases from clinical prac-
tice, Russian clinical guidelines, and online databas-
es on the area of interest. They served as the primary
material for the creation of a knowledge-based sys-
tem. The knowledge obtained from literary sources
was structured using a specially developed form —
a textological card [15], which recorded not only
the fact of symptom detection, but also the period
of its manifestation, its severity, and the frequency
of its occurrence for a particular diagnosis indicat-
ed by the authors. These structured descriptions of
diseases, aggregating knowledge from a variety of
sources, were subsequently used by the experts in
the formation of symptom complexes describing the
differentiated LSDs.

The experts identified relevant phenotypic
signs and indicated certainty factors characteriz-
ing their level of confidence in the manifestation
of symptoms at a certain age. Some manifestations
were represented by more general concepts, such as
cardiopathy, due to the occurrence of various signs
characterizing morphological or functional chang-
es. Four age groups were identified in which man-
ifestation and / or changes in modality (diagnostic
significance or relevance) and severity of signs
in LSDs were noted: the first year of life, from 1
to 3 years inclusive, from 4 to 6 years inclusive,
7 years and older. Each sign was accompanied by
three expert assessments: modality coefficients and
certainty factors for manifestation and degree of ex-
pression.

Thus, knowledge engineering methods were used
to extract, structure, and formalize knowledge, on

the basis of which the knowledge base of the expert
system was created [16].

Descriptions of the clinical presentation of dis-
eases in 87 patients with verified diagnoses were the
material for the clinical testing of the system. The
sample included 35 clinical cases from the literature
(MPS — 27, GS — 5, ML — 3) and depersonalized
formalized data from health records of 52 patients
(MPS — 46, ML — 6) from the Department of Con-
genital and Hereditary Diseases of the Veltishchev
Research Clinical Institute for Pediatrics of the Piro-
gov Russian National Research Medical University
and the Medical Genetic Center of the Moscow Re-
gional Research and Clinical Institute.

RESULTS

An intelligent (expert) GenDiES system was de-
veloped to support clinical decision making at the
pre-laboratory stage of diagnosing hereditary LSDs.
Knowledge base rules are implemented using the on-
tological approach. In a problem solver, production
rules may contain signs that are not classified by ex-
perts as diagnostically significant for the hypothesis
under consideration. The presence of such signs in
the model does not reject the diagnosis but leads to a
decrease in the rank of the hypothesis in the differen-
tial list. An integrated assessment model [17] allows
to take into account expert assessments of modality,
manifestation, and severity of signs and compares
a new object with reference variants of the known
clinical forms. Based on the detected signs, the mod-
el provides calculations to compare new cases of
LSDs with reference descriptions of these diseases.
As aresult, a differential diagnosis list is compiled.

The GenDiIES system problem solver includes
several steps required to generate and validate hy-
potheses. At the first step, selection of diagnoses takes
place which have no “against” signs in the patient’s
description or signs noted by experts as contradict-
ing a group or a subgroup of diseases. An example of
this group of signs is the “cherry-red spot of the mac-
ula”, which immediately allows to exclude the MPS
group. At the second step, the remaining potentially
possible diagnoses for the patient are ordered by the
number of signs “not related” to the hypothesis — in
ascending order — from zero and then with an inter-
val of one. A sign “not related” to the hypothesis is a
sign that is not included in a list of signs for a partic-
ular clinical form as a diagnostically significant one,
but was not listed as an exclusion sign. At the third
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step, a series of integrated assessments for expert
certainty factors for signs in a certain clinical case
is formed according to the proposed diagnostic hy-
potheses. Then, personal integrated assessments are
compared with the reference ones for clinical forms
of LSDs and the percentage of coincidence is calcu-
lated. Hypotheses are ranked by the percentage of
coincidence with the reference descriptions, starting
with the most similar one. This ranked list of the first
five hypotheses is fed to the output of the system.
However, at the request of the physician, this list can
be expanded.

As an explanation for each hypothesis put for-
ward, the physician receives information about the
patient’s signs, grouped into the following catego-
ries, depending on their importance: main, neces-
sary, secondary. Separately, the user is provided
with information about the signs observed in the pa-
tient, but not included by the experts in the symptom
complex of this disease in the GenDiES system. The
physician also receives a list of signs characteristic
of this clinical form, but not detected in the patient.
This allows to direct the attention of the physician
to the search for additional signs in the patient, the
presence of which could increase the level of confi-
dence in this diagnosis.

According to the results of the expert system test-
ing on 87 cases of MPS, ML, and GS, the accuracy
of including diagnoses in a limited differential di-
agnosis list was 87.4%; i.e. in 76 cases, the correct
diagnosis (corresponding to the verified one) was
among the first five hypotheses at the pre-laboratory
stage of diagnosis.

It is equally important to analyze 11 erroneous
diagnostic hypotheses using the GenDiES system,
which were distributed by clinical forms as follows:
MPS III - 3, MPS IV — 5, MPS VI - 1, MPS VII —
I, ML I — 1. Of 9 patients diagnosed with MPS
III (Sanfilippo syndrome), in 3 cases (age: 4 years, 7
years 3 months, 7 years 8 months), this clinical form
was not listed among the first five possible hypoth-
eses due to the absence of signs of scaphocephaly,
pectus carinatum, kyphoscoliosis, and hand joint de-
formities in the reference descriptions. In 5 cases of
MPS IV (Morquio syndrome), the correct diagnostic
hypothesis was not included in the first five due to the
presence of splenomegaly in the clinical presentation
in all patients, which was also absent in the refer-
ence description in the system. Patients diagnosed
with MPS IV were aged 2 years 3 months, 6 years

11 months, 8 years, 8 years 9 months, and 9 years 2
months. A patient with MPS VI at the age of 1 year
1 month was characterized by an early manifestation
of coarse facial features and lumbar hyperlordosis,
as well as by the presence of an uncharacteristic
sign — pectus excavatum. A patient with MPS VII
at the age of 6 months already had signs that usually
appear much later: hypertrichosis, corneal opacity,
hepatomegaly, splenomegaly, and cardiopathy.

The described phenotypic signs according to the
literature, including clinical guidelines, are extreme-
ly rare or absent. In a patient aged 5 years and 8
months diagnosed with ML III, the correct hypothe-
sis was not included in the limited list of diagnoses,
while the first place was taken by the hypothesis that
the patient had phenotypically very similar ML II.

At the same time, it should be noted that in all
11 cases, the diagnoses corresponding to the verified
ones were presented in the list of the ranked hypoth-
eses, but below the fifth place. They were presented
in the differential diagnosis lists containing 10 pos-
sible diagnoses.

DISCUSSION

Hereditary LSDs are characterized by similar
phenotypic manifestations, but differences in the
timing of manifestations, degree of intensity, and di-
agnostic significance of signs can help identify these
diseases at the pre-laboratory stage of diagnosis.
However, the rarity of this pathology in the practice
of a pediatrician does not allow him to remember the
signs and various combinations of manifestations for
individual clinical forms, depending on the age of
the patient [18].

Help in improving the accuracy and timeliness of
diagnosis can be provided by computer-based clini-
cal decision support systems. At the stage of pre-lab-
oratory diagnosis, they make it possible to form a
differential diagnosis list. In different systems, this
field of hypotheses is different. In the previously
used Russian DIAGEN [10] and French GENDIAG
[11] systems, the physician was offered an ordered
limited list of three to five diagnostic hypotheses. In
the new German system Ada DX [14], the correct
diagnosis is found among the five most appropriate
variants of the disease in 53.8% of cases, and as the
most appropriate variant of the disease —in 37.6% of
cases. In contrast, the British system Face2Gen [13]
derives all possible hypotheses, supplementing them
with probabilistic estimates.
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Based on domestic and foreign best practices,
when creating the GenDiES system, it was decid-
ed to form a list of five hypotheses proposed to the
physician with a possibility of expanding it to ten
or more. However, the expansion of the differential
diagnosis list will lead to inclusion of less probable
diagnostic hypotheses in it.

CONCLUSION

The developed expert system GenDiES for sup-
port of clinical decision making at the pre-laboratory
stage of diagnosing LSDs demonstrated efficiency of
87.4% in the formation of a limited differential diag-
nosis list of five hypotheses. The proposed approach
to the extraction of knowledge, accompanied by ex-
pert assessments, and the implemented mathemati-
cal model of the artificial intelligence system have
shown their effectiveness and possibility of applica-
tion in clinical practice. The system is open and al-
lows to expand the knowledge base for the diagnosis
of other hereditary diseases.
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Relationship of the expression of calcium-handling proteins

in the sarcoplasmic reticulum with polymorphic variants of their genes
and with structural and functional parameters of the heart in patients
with atrial fibrillation

Kondratieva D.S., Afanasiev S.A., Muslimova E.F., Archakov E.A., Batalov R.E.

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

ABSTRACT

Aim. To investigate the relationship between the expression of Ca?* handling proteins of the sarcoplasmic reticulum,
polymorphic variants of their genes, and structural and functional parameters of the heart in patients with atrial
fibrillation (AF).

Materials and methods. The study included patients with AF. The patients underwent radiofrequency ablation,
during which a myocardial biopsy was taken. The patients underwent echocardiography (EchoCG) before surgery.
Polymorphic variants rs1860561 of the ATP2A42 gene and rs6684209 and rs7521023 of the CASQ2 gene were
determined in the patients by real-time polymerase chain reaction (PCR), and the level of expression of SERCA2a
and CASQ2 proteins in the myocardium was detected by immunoblotting.

Results. Carriers of the GG genotype at 1s1860561 of the ATP242 gene and CC genotype at rs6684209 of the
CASQ?2 gene were characterized by significantly higher expression of the corresponding proteins. Using cluster
analysis, we identified groups of patients by the level of SERCA2a and CASQ2 expression: group 1 — patients with
low protein content; group 2 — patients with high protein content. According to clinical and anamnestic parameters,
the patients in the selected groups were homogeneous. In patients with high SERCA?2a levels, the end systolic and
diastolic volumes of the left ventricle (LV) were significantly higher than those in patients with low levels of this
protein. The rates of early (peak E) and late left ventricular diastolic filling (peak A) were significantly lower in the
group with high SERCA2a expression. A comparative analysis of EchoCG data of patients distributed by the level
of CASQ2 expression in the myocardium did not reveal significant differences between the groups.

Conclusion. The polymorphic variant rs1860561 of the ATP2A42 gene and rs6684209 of the CASQ2 gene can
modulate the level of SERCA2a and CASQ?2 expression. SERCA2a expression is associated with the functional
and structural parameters of the heart in patients with AF.

Keywords: atrial fibrillation, Ca**-ATPase of the sarcoplasmic reticulum, calsequestrin, polymorphic variants of
genes, echocardiography

Conflict of interest. The authors declare the absence of obvious or potential conflicts of interest related to the
publication of this article.

Source of financing. The work was carried out within the basic research theme under the state assignment
No. AAAA-A15-115123110026-3 (study of polymorphisms of the 47P242 and CASQ?2 genes) and RNF 20-75-
00003 grant (study of the SERCA2a and CASQ?2 proteins).

Conformity with the principles of ethics. All patients signed an informed consent to participate in the study. The
study was approved by the local Ethics Committee at the Cardiology Research Institute, Tomsk NRMC (Protocol
No. 139 of 18.11.2015).

For citation: Kondratieva D.S., Afanasiev S.A., Muslimova E.F., Archakov E.A., Batalov R.E. Relationship of
the expression of calcium-handling proteins in the sarcoplasmic reticulum with polymorphic variants of their genes

P4 Kondratieva Dina S., dina@cardio-tomsk.ru

74 BionneTteHb cMbupckomn meguumHebl, 2022; 21 (2): 74-81



Original articles

and with structural and functional parameters of the heart in patients with atrial fibrillation. Bulletin of Siberian
Medicine. 2022;21(1):74-81. https://doi.org/10.20538/1682-0363-2022-2-74-81.

ConpsXeHHOCTb 3KCNpeccnm KanbLui-TpaHCcnopTupyrowmnx 6enkos
CapKomia3maTn4eckoro peTukysayma c ux nonmmop¢HbiMmum BapmnaHTamm
reHOB N CTPYKTYPHO-PYHKLMNOHANbHbIM COCTOAHNEM cepALa NaLeHToB
¢ dnbpunnaumnen npeacepanin

KongpartbeBa [.C., ApaHacbes C.A., Mycnumosa 3.0., Apuakos E.A., Batanos P.E.

Hayuno-uccnedosamenvckuii uncmumym (HUU) kapouonozuu, Tomckutl HAYUOHATbHBIN UCCIE008AMENbCKULL
meouyunckutl yenmp (HUML]) Poccutickoii akademuu Hayk
634012, 2. Tomck, yn. Kuesckas, 111a

PE3IOME

Heasb. VccnenoBatk B3aUMOCBA3b MeX 1y dKcrpeccueit Ca2+-TpaHCHOPTHPYIOMIUX OEITKOB CapKOILIa3MaTHUECKO-
r0 PEeTHKYJIyMa, MOJMMOP(PHBIMUA BapuaHTaMH MX T€HOB U CTPYKTYPHO-(DYHKIIMOHAIBHBIM COCTOSIHUEM CEpIiia
MaueHToB ¢ pubdpusmeit npeacepauit (PDIT).

Marepuaiubl 1 MeToabl. B uccnenosanue Brintounny nanueHtos ¢ GII. bonbHbIM IpoBeieHa pagrodacTOTHAs
abJamyst, BO BpeMst KOTOpoi OblIa B3sita Ouoncus Mmuokapa. [lamuentam npoBoanmm sxokapanorpaduro (9xoKI')
JI0 OTIEPAaTHBHOTO BMEIIATEIBCTBA. Y OOJNBHBIX ONpPEAENIeHH MoMMMopdHble BapuaHThl 151860561 rena ATP2A42
1 156684209, rs7521023 rena CASQO2 MeTo0M NOIMMEPA3HOU LIEITHON PEakluy B PEKUME PEalbHOIO BPEMEHH U
ypoBeHs 3kcrpeccun 0enkoB SERCA2a u CASQ2 B MHOKap/ie METOJJOM HMMYHOOJIOTTHHT .

PesyabTartsel. [ Hocureneit reHotunoB GG rs1860561 rena ATP2A2 n CC rs6684209 rena CASQ?2 xapakrep-
HBI 3HAYUMO OoJiee BBICOKHE SKCHPECCHH COOTBETCTBYIOIHMX OeikoB. C MOMOIIBIO KJIACTEPHOTO aHaIH3a OblIn
BBISIBJICHBI TPYTIIBI MAIEHTOB 10 ypoBHIO dkcnpeccun SERCA2a u CASQ2: 1 — manueHTsl ¢ HU3KUM COAepiKa-
HHUEeM OCJIKOB; 2 — C BBICOKMM cojiepKaHueM OeikoB. 110 KIMHUKO-aHAMHECTHYECKUM MOKa3aTeJIsIM HMAIlUCHTbI
0TOOpaHHBIX IPYII OKA3aJIUCh MPAKTHYECKH OJHOPOAHBL. Y MAlHEeHTOB ¢ BbICOKUM ypoBHeM SERCA2a Bennun-
HBI KOHEYHOTO CHCTOJIMYECKOTO U TUACTOIMYECKOTO 00eMOB J1eBoro xemynouka (JIXK) Opumn 3HauuMo Gosblie,
4eM TaKOBbIC Y OOJBHBIX C HU3KUM YpOBHEM 3Toro Oenka. CkopocTtu panHero (muk E) m mo3zgHero auactonnde-
ckoro HamonHeHus (muk A) JODK ObuiM CTaTHCTHUECKH 3HAYMMO HIDKE B TPYIIE ¢ BBICOKHM YPOBHEM JKCIIpPEC-
cun SERCA2a. CpaBuurtenbHbl aHanmu3 faHHBIX DX0KI™ manueHToB, pacipeneneHHbBIX M0 YPOBHIO SKCIPECCUU
CASQ2 B MuOKap/e, He BBIBHII 3HAYMMBIX PA3TUUUil MEXIY TPYIIIAMH.

3akaouenne. ['enotunsl 1s1860561 rena ATP2A2 n rs6684209 rena CASQ2 MOryT MOAYIMPOBATH YPOBEHB IKC-
npeccun SERCA2a u CASQ2. Dxemnpeccust SERCA2a comnpsikeHa ¢ QyHKIMOHATBHO-CTPYKTYPHBIMH TTOKa3aTe-
JIAMHM cepAla nanueHTos ¢ OI1.

KuaroueBbie ciaoBa: (ubpwusiius npencepauii, Ca’’-AT®a3a capKoIUIa3MaTHIECKOr0 PETHKYIyMa, Kallb-
CEKBECTPHH, HOJIMMOP(HEIE BApUAHTHI TEHOB, dXOKapauorpadus

KOHq).]'Il/lKT HUHTEPECOB. ABTOpLI JACKIAPpUPYIOT OTCYTCTBUE SIBHBIX U INOTCHUUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’[PIKaIlPIeI>i HaCTOS[U.[efI CTaTbu.

Hcrounnk ¢punancupoBanusi. Pabora BBINONHEHa B paMKax TEMBI (yHJaMEHTAJIbHBIX HAyYHBIX HCCIIEIOBa-
HHUI 1O TocynapcTBeHHOMY 3amaHuio Noe AAAA-A15-115123110026-3 (uccienoBaHne NOMMMOP(GHU3MOB I'€HOB
ATP242 n CASQ?2) u rpanta PH® 20-75-00003 (u3yuenue 6enxoB SERCA2a u CASQ2).

CooTBeTcTBHE NPUHIMINIAM 3THKH. Bece manmenTs! noamucany nHGOPMUPOBAHHOE COTIACHE HA yJacTHE B HC-
cnenoBannu. McenenoBanue o100peHo TokaabHEIM 3THUeckiM KomuteTomM HUU xapamonorun Tomckoro HUMIL
(mportokox Ne 139 ot 18.11.2015).

Js murupoBanusi: Konnpatsesa [1.C., AdanacseB C.A., Mycimumosa O.d., Apgakos E.A., Baranos P.E. Co-
HPSDKEHHOCTh AKCIPECCHH KaJIbIUH-TPAHCTIOPTHPYIOMMX OCIKOB — CapKOIUIa3MaTHYECKOr0 PETHKYJIyMa C HX
HOJIMMOPGHBIMUA BapUAHTaMU TCHOB M CTPYKTYPHO-(YHKIMOHAJIBHBIM COCTOSIHMEM CEpAlla MalMeHTOB ¢ (u-
Opwnsinueit npeacepauid. broaremens cudupckoii meduyunvl. 2022;21(2):74-81. https://doi.org/10.20538/1682-
0363-2022-2-74-81.
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INTRODUCTION

In recent decades, the growth in the atrial fibril-
lation (AF) prevalence among the population of de-
veloped countries of the world has increased by 2-3
times [1]. According to the Framingham Heart Study,
AF patients have a 1.5-2 times increased risk of an-
nual mortality compared with the general population
[2]. Despite significant advances in the study of AF
mechanisms, the existing AF treatment standards have
limited effectiveness [3]. It has been established that
the molecular mechanisms of the triggered activity
of cardiomyocytes are caused by impaired intracellu-
lar homeostasis of calcium ions [4]. One of the key
functional proteins providing the transport of calcium
ions in the cell is Ca>*ATPase (SERCA?2a) of the sar-
coplasmic reticulum (SR). This protein is responsible
for reuptake of calcium ions from the myoplasm into
the SR [5]. A protein called calsequestrin (CASQ?2) is
responsible for binding of calcium ions inside the SR.
In addition, CASQ2 affects the stability of the ryan-
odine receptor structure in the SR [6]. This suggests
that CASQ?2 is involved in the development of diastol-
ic calcium leak.

The significance of the functional state of SER-
CA2a and CASQ?2 in the mechanisms of AF initiation
and maintenance has been shown both in experimental
studies [7, 8] and in clinical trials [9, 10]. At the same
time, the presence of AF is associated with both low
and high levels of SERCAZ2a in the myocardium [9,
10]. Such a difference in the results may be due to the
peculiarities of the examined samples of patients and,
in particular, due to the different genetic variants of
these proteins. Indeed, it was found that the genes en-
coding SERCA2a and CASQ?2 have stable polymor-
phic variants which can affect the functional charac-
teristics of these proteins. It was discovered that the
presence of the polymorphic variant rs1860561 of the
Ca**ATPase gene (ATP2A2) may be associated with
a lower risk of life-threatening arrhythmias [11]. The
involvement of CASQ?2 in provoking sudden cardiac
arrest due to ventricular arrhythmias may be associ-
ated with the polymorphic variant rs7521023 of the
CASQ?2 gene [12]. However, the available data are in-
sufficient to say whether these proteins and their genes
are associated with the structural and functional pa-
rameters of the heart in AF patients.

The aim of the study was to assess the relation-
ship of the expression of Ca?>*ATPase and calseques-
trin, as well as the presence of polymorphic variants
rs1860561 of the ATP2A42 gene and rs7521023 and
rs6684209 of the CASQ2 gene with the structural

and functional parameters of the heart in patients
with AF.

MATERIALS AND METHODS

An observational, cross-sectional, uncontrolled
study was carried out. The study included 45 patients
with AF. The study was carried out in accordance with
the Declaration of Helsinki. The study was approved
by the local Ethics Committee at the Cardiology Re-
search Institute of Tomsk NMRC. All patients signed
an informed consent to participate in the study. The
average age of the patients was 43 [39; 48] years. The
duration of AF was 3 [2.0—4.0] years. As antiarrhyth-
mic therapy, the patients received: amiodarone — 11
(24%), sotalol — 6 (13%), propafenone — 11 (24%),
beta blockers — 7 (16%), and allapinin — 2 (4%)).

At the time of hospitalization, 26 (58%) patients
were receiving anticoagulant therapy, and 7 (16%)
patients were receiving antiplatelet therapy. The in-
cidence of hypertension was 31% (n = 14), and the
incidence of coronary artery disease was 9% (n = 4).
Upon admission, the patients underwent a general
clinical examination, standard 12-lead electrocardiog-
raphy (ECQG), and transthoracic and transesophageal
echocardiography (EchoCG). The patients included in
the study had functional class (FC) 0-II chronic heart
failure (CHF), according to the New York Heart As-
sociation (NYHA) functional classification. The ex-
clusion criteria were the following: FC III-IV CHF
(NYHA), heart valve disease, as well as systemic,
acute, and chronic inflammatory diseases, and cancer.

To assess intracardiac hemodynamic parameters,
the patients underwent M-mode and 2D echocardiog-
raphy from standard positions on the Philips En Visor
CHD ultrasound machine (Netherlands). 24 (15.0%)
patients had left ventricular hypertrophy, and in 65 pa-
tients [61; 67] % of patients, left ventricular ejection
fraction was detected.

The patients underwent radiofrequency ablation
(RFA), during which myocardial biopsies were tak-
en to exclude viral myocarditis (the apex of the right
ventricle, the right ventricular outflow tract and the in-
terventricular septum). AF of unknown etiology was
an indication for biopsy. The patients had no compli-
cations after the biopsies were taken.

A part of the biopsy sample (1-2 mg) was used to
determine the SERCA2a and CASQ?2 levels by im-
munoblotting. The tissue was homogenized (Bullet
Blender, Next Advance Inc., USA) in a lysis buffer.
Cell membranes were disrupted using ultrasound (So-
nopuls, Bandelin). The homogenates were centrifuged
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at 16,000g and 4° C for 25 min. The proteins were sep-
arated in polyacrylamide gel electrophoresis. Semidry
electroblotting (BlueBlot SD, SERVA) was used to
transfer proteins onto the nitrocellulose membrane.
We used primary SERCA2a (1 :2,000) and CASQ2 (1
: 2,000) monoclonal antibodies and alkaline phospha-
tase-conjugated secondary antibodies. BCIP / NBT
was used to detect proteins. The level of total protein
in the sample was determined on the spectrophotome-
ter at 280 nm corrected for the presence of nucleic ac-
ids (260 nm) (NanoVue™, ThermoFisher Scientific).
The content of target proteins was calculated relative
to the expression of the B-actin protein. All reagents
used in the study were manufactured by Sigma-Al-
drich (USA).

Genomic DNA was isolated from blood leuko-
cytes of the patients according to the manufacturer’s
protocol (Promega, USA). The polymorphic vari-
ant rs1860561 (110345436G>A in the intron) of the
Ca’*ATPase gene (ATP2A42) was determined. For
the CASQ2 (CASQ?2) gene, the polymorphic vari-
ants rs6684209 (115707991C>T in the intron) and
rs7521023 (115700759G>A in the 3'-UTR) were
identified. The study was carried out using a real-time
polymerase chain reaction (PCR) (DT-96, DNA-Tech-
nology, Russian Federation). Primers and fluorescent
probes (FAM and HEX) (TestGen, Russian Federa-
tion) were used for DNA amplification. The distribu-
tion of genotype frequencies was checked for compli-
ance with the Hardy — Weinberg equilibrium using the
Pearson’s %2 test.

SERCAZa/Pactin SEH'EAIE

3500 1,506 [1,384; 1,225]
3000
2.500

F000
0,382 [0,207; 0,631]

1,500
1000
0,500
0,000

110 kDa

=== 40 kDa

b-actin

Statistical analysis was performed using the Sta-
tistica 10.0 software (StatSoft Inc., USA). The Sha-
piro — Wilk test assessed the normality of the sample
distribution. Quantitative data were presented as the
median and the interquartile range Me[Q,; O,]. The
differences between the groups were assessed using
the Mann — Whitney U test. Qualitative data were pre-
sented as frequency of occurrence in absolute values
and percentages. For qualitative data, the differences
between the groups were determined using the Pear-
son’s 2 or Fisher’s exact tests. A cluster analysis
identified homogeneous data. The results were con-
sidered statistically significant at p < 0.05.

RESULTS

Determination of the SERCA2a and CASQ?2 pro-
teins in the patients’ myocardium showed that the con-
sidered sample is heterogeneous in the expression lev-
el of these proteins. Thus, the median SERCA2a level
in the total sample was 0.667 [0.334; 1.38], and the
median CASQ?2 level was 0.506 [0.324; 0.858]. Given
the great differences in protein expression among the
patients, the method of cluster analysis was used to
determine possible homogeneous clusters. It resulted
in the identification of two clusters significantly dif-
ferent from each other for each protein under study.
According to the expression level of SERCA2a and
CASQ?2, the total sample of patients was subsequently
divided into 2 groups: group 1 — patients with a low
protein level; group 2 — patients with a high protein
level (Fig. 1).

CASR/R-actin
CASQ2 1.873[1,571; 2,327]
1500
1,000
1,500
0,489 [0,31; 0.723]

200

Fig. 1. Clustering of the patients’ sample by the expression level of the SERCA2a and CASQ2 proteins
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To assess the possible role of the genetic compo-
nent in the expression of the SERCA2a and CASQ2
proteins in the myocardium of AF patients, we in-
vestigated the relationship between the level of these
proteins and the presence of polymorphic variants
of the ATP2A42 and CASQ2 genes. It turned out that
all patients were carriers of the polymorphic variant
rs1860561 of the ATP2A42 gene. At the same time, 30
(67%) patients were carriers of the homozygous GG
genotype, and 15 (33%) patients were carriers of the
heterozygous GA genotype. No patients under study
were carriers of the AA genotype.

All patients in the sample were carriers of poly-
morphic variants rs6684209 and rs7521023 of the
CASQ?2 gene. For the polymorphic variant rs6684209,
the heterozygous CT genotype was detected in 16
(36%) patients, and the homozygous CC genotype — in
29 (64%) patients. There were no patients with the TT
genotype in the study sample. The bulk of the sample
with the polymorphic variant rs7521023 (31 patients,
69%) was represented by carriers of the heterozygous
genotype AG. 9 (20%) and 5 (11%) patients were car-
riers of its homozygous genotypes (AA and GQG), re-
spectively.

The possible functional significance of each identi-
fied genotype was assessed. It turned out (Fig. 2) that
in carriers of the homozygous GG genotype of the
ATP2A42 gene, the expression level of the SERCA2a
protein was significantly higher (p = 0.039) than in
patients with the heterozygous genotype GA and
amounted to 0.926 [0.282; 1.65] versus 0.559 [0.123;
1.21], respectively.

rs1860561 polymorphic variant of the ATP2AZ gene
B Genotype GG O Genotype GA

SERCA2a/f -actin

Fig. 2. Expression of the SERCAZ2a protein depending on the
genotypes of the ATPA2 gene. Here and in Fig. 3: * p <0.05 —
statistically significant difference.

The results presented in Fig. 3 show that in carriers
of the homozygous CC genotype for the polymorphic
variant rs6684209 of the CASQ?2 gene, protein expres-
sion was 2.5 times higher than in carriers of the het-
erozygous genotype and was equal to 0.779 [0.506;
1.380] wversus 0.315 [0.272; 0.400], respectively
(» =0.035). The level of protein expression in patients
with homozygous genotypes (AA and GG) of the
polymorphic variant rs7521023 of the CASQ2 gene
was 0.729 [0.994; 0.517] and 0.516 [2.111; 1.061],
respectively, and in patients with the heterozygous
genotype AG — 0.479 [0.779; 0.625].

Gene CASQZ
rs6684209 variant rs7521023 variant

201
]
8§ 1571
=%
3 T
2 107 *
d *

Gls | * %

1 T
0,0

occecrt B AA O AG O GG

Fig. 3. Expression of the CASQ2 protein depending on the
genotypes of the polymorphic variants in the CASQ2 gene

Analysis of the data on the distribution of
patients by clusters depending on the expression
level of the SERCA2a protein showed that group
1 with a low level of SERCA2a expression (0.382
[0.207; 0.631]) included 29 patients (64%), and
group 2 with a high protein level (1.596 [1.384;
2.225]) consisted of 16 patients (36%). According to
the data presented in Table 1, the patients of the first
and second groups were comparable in terms of clin-
ical and anamnestic parameters and therapy. How-
ever, patients in group 1 were more often prescribed
anticoagulants, while patients in group 2 were pre-
scribed antiplatelet drugs.

Table 2 shows the EchoCG results of the patients
in the formed groups. Such parameters as the size of
the left atrium (LA) and end-systolic and end-diastolic
volumes (ESV and EDV) were significantly higher in
group 2 than in group 1. At the same time, the rates of
early (peak E) and late (peak A) left ventricular dia-
stolic filling were significantly higher in the patients
of group 1.
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Table 1
Clinical and anamnestic parameters of patients
Group 1, | Group 2,
Parameter n= g 9 n= 1:1) 6 p
Age, years, Me[Q; O.] 45140; 51742 [38;48]| 0.712
Sex, male / female (n) 19/7 12/2 —
Hypertensive heart disease, n (%) | 10 (39) 4(29) 0.630
Coronary artery disease, 1 (%) 2(8) 2 (14) 0.566
Medication
Statins, n (%) 2(8) 0 0.300
Antiplatelet agents, n (%) 2(7) 5@31) 0.031
Anticoagulants, n (%) 21 (72) 5(31) 0.008
Antiarrhythmic drugs
Amiodarone, n (%) 6 (23) 5(36) 0.544
Allapenin, n (%) 1(4) 1(7) 0.902
Propafenone, n (%) 9 (35) 2 (14) 0.269
Sotalol, n (%) 4(15) 2 (14) 0.915
Bisoprolol, n (%) 3(12) 0 0.206
Metoprolol, n (%) 2 (8) 2(14) 0.566

Note: nroup 1 — low level of SERCA2a expression; group 2 — high
level of SERCA2a expression.

Table 2

Main structural and functional parameters of the heart
in AF patients, Me [Q; O.]

Parameter Group 1, Group 2, P
n=29 n=16
Ejection fraction, % 65 [62; 68] 63 [60; 66] 0.189
EDV 104 [97; 114] 115 [96; 127]* | 0.015
ESV 36 [34; 42] 42 [39; 48]* 0.032
EDD, mm 49 [48; 50] 49.8 [45; 52] 0.902
ESD, mm 31[30; 34] 32[29; 37] 0.744
LA, mm 37 [35; 42] 42 [39; 45]* 0.035
peak E,cm/s 82 [72; 88] 69 [62; 80]* 0.039
peak A,cm/s 61 [59; 66] 47 [44; 52]* 0.018
E/A 1.28 [1.26; 1.5] | 1.27[1.19;1.55] | 0.89
Stroke volume, ml 69.5 [63; 78] 71.5[59; 79] 0.513
MM, g 174 [157; 186] 173 [138;211] | 0.636
MMI, g/ m? 86.5 [80; 93] 83.5[71;95] 0.463

Note: LA — left atrium; ESV — end-systolic volume; EDV — end-
diastolic volume; EDD- end-diastolic dimension; ESD — end-systolic
dimension; LV — left ventricle, MM — myocardial mass; MMI —
myocardial mass index.

A comparative analysis of EchoCG data from pa-
tients distributed according to the level of CASQ2 ex-
pression in the myocardium did not reveal significant
differences between the groups.

DISCUSSION

It is known that the main cause of AF is an ab-
normal impulse (ectopic activity) [13]. The molec-
ular mechanism of this phenomenon is largely asso-
ciated with the intracellular homeostasis of calcium
ions in cardiomyocytes [14]. Overload of calcium

ions in the sarcoplasm of cardiomyocytes leads to a
decrease in the electrical stability of the membranes
in the cardiac cells and emergence of ectopic pace-
makers. Therefore, atrial electrophysiological prop-
erties alter, the so-called electrical remodeling occurs
[15]. A high atrial rate can stimulate the adaptive
response in cardiomyocytes, which is expressed in
increased expression of the SERCA2a and CASQ2
proteins.

Thus, the studies by J. Dai et al. found that in AF
patients, the expression level of calcium-handling
proteins of SR (SERCAZ2a, phospholamban and ryan-
odine receptors) in cardiomyocytes was significantly
higher than in patients without supraventricular ar-
rhythmias, while the expression level of contractile
proteins (troponin T and I, myosin) in the myocardium
did not differ [16].

Unfortunately, the available literature does not
have any data on the relationship of the polymorphic
variants of the ATP2A2 and CASQ2 genes with the
expression level of their proteins. Our study showed
that the presence of specific polymorphic variants and
genotypes of the genes of the studied proteins is also
significant. It turned out that in carriers of the homo-
zygous GG genotype of the rs1860561 variant of the
ATP2A2 gene and the CC genotype of the rs6684209
variant of the CASQ2 gene, the level of SERCA2a
and CASQ?2 expression was significantly higher than
in patients with the heterozygous genotype of these
genes.

Electrical remodeling can be accompanied by
structural changes in the myocardium. In this study,
higher SERCA2a expression was associated with
greater EDV and ESV values, although these param-
eters were within the reference values. In this regard,
higher EDV values (within the reference values) can
be considered as evidence of better maintenance of
ventricular diastolic function. This interpretation is
quite consistent with the data that SERCA2a overex-
pression in rabbits with induced AF is accompanied
by an increase in the duration of the effective refrac-
tory period and an improvement in the myocardial
structure [8]. It is possible that excessive hemody-
namic load on the atrium in AF adaptively leads to an
increase in SERCA2a expression.

This assumption is consistent with the results of
our studies, which showed that patients with elevat-
ed SERCA2a levels have increased LA size. It is well
known that the ventricular filling is divided into two
phases: the phase of rapid (active) filling, which is
early diastole, and the phase of slow (passive) filling,
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corresponding to late diastole, which ends with atri-
al systole. The phase of rapid filling of the LV char-
acterizes an active relaxation process. At the cellular
level at this time, the acto — myosin cross-bridges are
disconnected, which is followed by the release of cal-
cium ions into the myoplasm and their reuptake into
the SR [17].

Our study showed that patients with a high lev-
el of SERCA2a expression had a lower rapid filling
rate in early diastole. In addition, these patients had
a lower slow filling rate in the late diastole than those
with lower SERCA2a expression. The study failed to
identify associations of EchoCG parameters of the
patients’ heart with the level of CASQ2 expression,
which may be due to the small number of patients with
low CASQ?2 expression in our sample.

CONCLUSION

The results of the study allow to conclude that the
genotypes of the rs1860561 variants of the ATP2A42
gene and rs6684209 of the CASQ?2 gene can determine
the expression level of SERCA2a and CASQ2. The
expression level of SERCAZ2a is associated with the
structural and functional parameters of the heart in AF
patients. The obtained results confirm that it is prom-
ising to assess the expression level of SERCA2a and
CASQ?2 to predict the course of cardiovascular pathol-
ogy and select individual treatment.
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Evaluation of the relationship between nutrition and the risk of fatal
outcomes from cardiovascular diseases in people with type 2 diabetes
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ABSTRACT

Aim. To evaluate the relationship between nutrition and the risk of fatal outcomes from cardiovascular diseases in
individuals with type 2 diabetes mellitus (T2DM).

Materials and methods. The baseline study was conducted within the HAPIEE project in 2002-2005. The follow-
up period for the observed cohort, including individuals with T2DM, lasted from 2003-2005 to December 31,
2018 and reached on average 12.8 years (1.1 £ 16.0 years). Within the study, 2 groups were formed: the treatment
group which included persons with T2DM who “developed fatal events” and the control group which encompassed
individuals with T2DM who “did not develop fatal events” during the follow-up. The treatment group included
207 people (107 men, 100 women), the average age for both sexes was 62.4 + 5.9 years; the control group consisted
of 474 people (177 men, 297 women), the average age for both sexes was 58.1 + 6.6 years. The data on actual
nutrition were obtained from a survey of the participants using the Food Frequency Questionnaire and included
information on consumption of 147 foods. Statistical processing of the data was carried out using the SPSS 13.0
software package. The data were presented as M + SD, where M is the arithmetic mean and SD is the standard
deviation. An analysis of the association between nutrition and the risk of death from cardiovascular diseases was
performed using the Cox regression model. The differences were considered statistically significant at p < 0.05.

Results. In the studied sample, we identified a significant relationship between the consumption of a number of
foods and the risk of death from cardiovascular diseases in people with T2DM over a 15-year follow-up. It was
shown that increased consumption of fruits (by 80 g / day) and nuts (by 2 g/ day) was significantly associated with
a decreased risk of death in men: hazard ratio (HR) = 0.726, p = 0.044 and HR = 0.826, p = 0.011, respectively.
Increased consumption of eggs in men (by 50 g / day) was associated with an increased risk of death: HR =
1.728, p = 0.003. In women, a decreased risk of death was observed only with the consumption of meat products:
HR =0.786, p = 0.036.

Conclusion. The results of the study showed a clear relationship between the consumption of a number of foods and
the risk of death from cardiovascular diseases. Thus, increased consumption of fruits, nuts, and meat products was
significantly associated with a decreased risk of death from cardiovascular diseases in people with T2DM, while the
consumption of eggs and dairy products, on the contrary, was associated with an increased risk of mortality. These
data indicate the importance of dietary control in individuals with carbohydrate metabolism disorders.

Keywords: type 2 diabetes, death from cardiovascular diseases, nutrition, hazard ratio
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OueHKa cBA3M NUTAHNA C pUCKOM ¢daTalNlbHbIX ICXOA0B OT CepAEeUYHO-
CcoCyamcTbIX 3ab6oneBaHunin y nnL, C caXapHbIM gnabeTom 2-ro Tuna

KyHuesunu A.K.', Lletnnunna A.O.", Mycta¢duna C.B.", BepeBkuH E.I.""2, CumoHoBa I'.1.’,
LLlep6akosa J1.B.", Pbimap O.4."

! Hayuno-uccnedosamenvbckuil uncmumym mepanuu u npoguiaxmudeckoi meouyunvt (HUUTIIM) — ¢unuan
Hncmumyma yumonoauu u eenemuxu Cubupcxoeo omoenenust Poccuiickoti akademuu nayx (MLul” CO PAH)
Poccus, 630089, e. Hosocubupck, yi. b. boeamxosa 175/1

’Hayuno-uccine0o8amensCKull uncmumym MonekyispHou ouonoauu u ouogusuxu (HUUMBE) — cmpykmyphoe
noopasoenetue PedeparbHo20 UCcied08amenrbCko2o YeHmpa HyHOAMeHMAanbHOU U MPAHCIAYUOHHOU MEOUYUHDI
(OUL] ©TM)

Poccus, 630117, 2. Hogocubupck, yn. Tumaxosa 2

PE3IOME

Ilesanb. M3y4uTh CBsA3b MUTAHUS C PUCKOM (haTabHBIX UCXOJIOB OT CEPJCYHO-COCYTUCTHIX 3a00JICBaHUM Y JIHI] C
caxapHbIM nuabeTom 2-ro tuna (CL2).

MarepuaJjbl 1 MeToabl. bazoBoe uccienosanue nposeaeHo B pamkax npoekra HAPIEE B 2002-2005 rr. Ilepuon
HaOJIFOJICHHS 32 HAa0II01aeMOi KOropToi, B ToM uucie 3a juiamu ¢ C/12, mmnces ¢ 2003-2005 rr. mo 31 mpexadpst
2018 r. u cocraBmi B cpenem 12,8 et (1,1 + 16,0 ner). B pamkax nccinenoBanus ObutH chOpMUPOBAHBI ABE IPYII-
nbl: ocHOBHas — ymna ¢ C/12, y kotopbix «Pa3Bmimck ¢aranbHble cOOBITHS», U TpymIa cpaBHeHus — jmna ¢ CZ12,
y KoTopbix «He pa3Buinch ¢aranbHbIe COOBITUS» 32 IIepUO HAOIIOIeHNs. B OCHOBHYIO IpyIHITy OBIIH BKJIIOUCHEI
207 genosek (107 my>xuus, 100 >xeHINH), cpeJHUI BO3pacT AJIs JinL oboero nona 62,4 + 5,9 net; B rpymity cpas-
HeHust — 474 yenoBeka (177 Myk4nHbI, 297 )KEHIIMH), CPSTHUNA BO3paCT s il oboero noia 58,1 + 6,6 net. [laH-
HBIE 110 (PaKTHIECKOMY MUTaHUIO OBLIH ITOIy4eHbI IIpH onpoce 681 yJacTHUKA C UCIIOIB30BaHHEM BOIPOCHHKA MO
OLICHKE YaCTOTHI IIOTPEOICHHS MHUIIEBBIX IPOAYKTOB 1 BKJIIOYAIN HHPOPMAILHIO 0 oTpebiieHny 147 IpomayKTOB.
Cratuctideckyto 00padoTKy JaHHBIX IIPOBOAMIN C UCIIOIB30BAaHUEM ITaKeTa MPUKIaJHbIX mporpamM SPSS 13.0.
Omnucanye JaHHBIX IpejcTaBiieHo B Buae M + SD, rne M — cpennee apudmerndeckoe 3Hauenue, SD — cranmapt-
Hoe oTkJIoHeHue. OlLieHKa OTHOILLCHUS PUCKOB IIPOBEAEHA C Hcoib3oBaHueM perpeccun Kokca. Kpuruueckuit
YPOBEHb CTATUCTUUYECKON 3HAYMMOCTH pa3nuuuil npuxHumMancs npu p < 0,05.

Pe3yabTartsel. [lomydeHs! gaHHbBIe, 4TO yBennyeHue notpednenus gppykros (Ha 80 r/cyT) u opexoB (Ha 2 1/CyT)
CBSI3aHO CO CHIJKEHHEM PHCKOB CEpIIEYHO-COCYAHMCTON cMepTH: oTHomeHue pucko (HR) = 0,726; p = 0,044 u
HR = 0,826; p = 0,011 cooTBeTcTBEHHO; yBenuueHHe MoTpedneHus sui (Ha 50 r/CyT) — ¢ MOBBIIIEHHEM pUCKa
cveptr: HR = 1,728; p = 0,003 y Mmy»4uH. Y )KEHIIWH NPH NOTPEOICHUN MACHBIX POIYKTOB HAOIOIAIIOCH CHU-
skerne pucka cmeptu: HR = 0,786; p = 0,036.

3akuioueHue. Pe3ynbraThl HCCIIEI0BAHUS OKA3aJIM ONPEJIEICHHYIO aCCOLHMAINIO TOTPEOICHUS PsiJia IPOLYKTOB
C PUCKOM CMEpPTH OT CepJeYHO-COCYANUCThIX 3aboneBanuii y nun ¢ CLI2. Tak, 6osee BbICOKHUIT ypoBeHb OTpeliie-
HUS QPPYKTOB, OPEXOB, MACHBIX POAYKTOB OBIJI CBA3aH CO CHIKEHUEM PUCKA CEPJICYHO-COCYAUCTOH CMEPTHOCTH,
a yBeJIMYeHUe T0TpeOIeHHsT KypHHBIX ML, HA00OPOT, C IIOBBIIICHHEM pHCKa (aTalbHOr0 UCX04d. DTH JaHHBIC
YKa3bIBAaIOT HA B&XKHOCTb KOHTPOJIS MUTaHMA Y JIMII C HAPYLICHUSIMH YIJIEBOJHOTO 0OMEHa.

KnroueBble cioBa: caxapHslil quadeT 2-ro THIA, CepACIHO-COCYIUCTAs CMEPTh, TUTAHNE, OTHOIIEHHUE PHCKOB
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KoHduuKT HHTEpecoB. ABTOPbI ACKIAPUPYIOT OTCYTCTBUE SBHBIX M IOTCHIMAIBHBIX KOH(INKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKaIKeil HaCTOSIIEH CTaThU.

Hcrounuk ¢punancupoBanms. Vccnenopanue noanepskano rpanrom PH® Ne 20-15-00371 u GromKeTHBIME Te-
mamu HUWTIIM — ¢umman ULul" CO PAH (rocynapcreennsie 3amanust Ne AAAA-A17-117112850280-2 u 0259-

2019-0006).

CooTBeTcTBHE HMpUHLOMNAM 3THKH. MccnenoBanue ono0peHo stmdeckum komureroMm HUUTIIM — dunman

NLul" CO PAH (mpotokon Ne 118a ot 17.12.2018).

Jst untupoBanus: Kynnesnu A.K., lllernnnna A.O., Mycraduna C.B., Bepekun E.I'., Cumonosa I".1., Illep-
6akosa JI.B., Pervap O.J1. OnieHka CBsI3M IMTaHMS ¢ PUCKOM (paTaIbHBIX HCXOJIOB OT CEPACYHO-COCY JUCTHIX 3200-
JICBAHUH Yy JIUII C caxapHbIM auadeToMm 2-ro tuma. broatemens cubupckot meouyunvt. 2022;21(2):82—89. https://

doi.org/10.20538/1682-0363-2022-2-82-89.

INTRODUCTION

Currently, cardiovascular diseases (CVDs) are the
main cause of death among patients with type 2 dia-
betes mellitus (T2DM) in the Russian Federation [1].
The traditional risk factors for death in T2DM are gen-
der, age, dyslipidemia, obesity, arterial hypertension
(AH), smoking, low physical activity, marital status,
and factors associated with the disease itself (the du-
ration of T2DM, the presence of macro- and micro-
vascular complications, hyper- and hypoglycemia) [2,
3]. The inclusion of foods rich in bioactive substances
(antioxidants, phenolic acids, isoflavones, anthocy-
anins, carotenes, unsaturated fatty acids), which im-
prove the parameters of carbohydrate metabolism, in
the diet of T2DM patients may be one of the factors
for preventing cardiovascular complications [4, 5].
The assessment of the actual nutrition of the popula-
tion (aged 45-69 years) in Novosibirsk showed that
the diet in general, among persons both with and with-
out T2MD, is unbalanced and does not correspond to
the recommendations [6].

The aim of the study was to investigate the relation-
ship between nutrition and the risk of fatal outcomes
from cardiovascular diseases in people with T2MD.

MATERIALS AND METHODS

The research was carried out on the material of the
Russian branch of the international HAPIEE (Health,
Alcohol and Psychosocial factors In Eastern Europe)
study “Determinants of Cardiovascular Diseases in
Eastern Europe”. The object of the HAPIEE study was
a population sample including residents (aged 45-69
years) of two administrative districts of Novosibirsk,
typical both of Novosibirsk and other large industri-
al cities of Siberia. The sample was formed on the
basis of the electoral register using random number
tables. The total sample size from the general popu-

lation was determined by the protocol of the HAPIEE
project. From 2003 to 2005, the staff of the Research
Institute of Internal Medicine of the Siberian Branch
of the Russian Academy of Medical Sciences (since
2017 — Research Institute of Internal and Preventive
Medicine — Branch of the Institute of Cytology and
Genetics of the Siberian Branch of the Russian Acad-
emy of Sciences) examined 9,360 men and women of
the specified age (the principal researchers — the Ac-
ademician Yu. P. Nikitin and Prof. S. K. Malyutina).
The response made 61% [7].

Out 0f 9,360 examined individuals, T2DM was de-
tected in 982 people (for the first time, during screen-
ing and before screening). In total, 301 people were
excluded from the study: persons with T2DM who
reported nonfatal myocardial infarction and / or stroke
in their medical history during the baseline survey
(139 people), persons whose cause of death was not
CVD during the follow-up (123 people), and 39 peo-
ple about whom no information was received during
the follow-up. Thus, the analysis included the data
from the baseline survey of 681 people with T2DM
(284 men, 397 women).

The follow-up period for the observed cohort, in-
cluding persons with T2DM, lasted from 2003-2005
to December 31, 2018 and made on average 12.8 years
(1.1 £ 16.0 years). Fatal outcomes in the study cohort
were identified by combining several sources of infor-
mation. We copied the data from the Medical Certifi-
cates of Cause of Death for the period from 01.02.2003
to 31.12.2018, obtained at the Civil Registry Office
in the city of Novosibirsk. Information about fatal
events was also collected during repeat screenings in
20062008 and 2015-2017 and two postal surveys.
The causes of overall and cardiovascular (CV) death
were established in accordance with the codes of the
International Classification of Diseases, 10" revision
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(ICD-10). Cardiovascular death was established ac-
cording to the ICD codes I (0-99).

Within the study, 2 groups were formed: the treat-
ment group which included persons with T2DM who
“developed fatal events” — 207 people (107 men, 100
women) and the control group which encompassed
individuals with T2DM who “did not develop fatal
events” during the follow-up — 474 people (177 men
and 297 women).

All project participants underwent a baseline
screening, which included anthropometric measure-
ments (height, weight, body mass index calculation)
and collection of information using the structured
questionnaire of the HAPIEE project on the presence
of T2DM and its duration, as well as on the presence
of AH, education, marital status, smoking status, and
the level of physical activity. To assess actual nutri-
tion, the adapted Food Frequency Questionnaire was
used to determine the frequency of food consumption
[8]. 147 products were included in the questionnaire.
Nutrition was assessed over the previous 3 months ac-
cording to answers to 9 questions on the frequency of
consumption of a certain product. The answers ranged
from “never or less than once a month” to “up to six
or more times a day”. The survey was conducted by a
trained interviewer [9].

Statistical processing of the data was carried out
using the SPSS v.13.0 software package. The data
were presented as M + SD, where M is the arithmetic
mean, and SD is the standard deviation. Hazard ratio
(HR) was calculated using the Cox regression model.
The differences were considered statistically signifi-
cant at p < 0.05.

RESULTS

The men in the treatment group were 4 years older
than in the control group (60.78 £ 6.52 vs. 56.88 +
6.53 years; p <0.001), and the women in the treatment
group were 5 years older than in the control group
(64.15£6.14 vs. 58.81 £6.13 years; p <0.001). Body
mass index (BMI) among men (29.55+4.86 vs.29.66 £
488 kg / m% p = 0.857) and women (33.81 =+
5.56 vs. 32.62 + 5.51 kg / m?; p = 0.064) did not dif-
fer significantly between the groups. The total energy
intake from nutrition both among men (2,562 £+ 799
vs. 2,777 + 803 kcal / day; p = 0.030) and women
(2,084 + 633 vs 2,262 + 632 kcal / day; p =0.016) was
lower in the treatment group.

Table 1 presents the data on food consumption
(g / day) among the residents of Novosibirsk (aged
45-69 years) with T2DM (baseline screening within

the HAPIEE study, M + SD) who developed / did not
develop fatal cardiovascular events during the fol-
low-up. The men from the treatment group consumed
less fruits and nuts and more chicken eggs and dairy
products than those in the control group. For the rest of
the products, no significant difference in consumption
was revealed. Increased consumption of white bread
and decreased consumption of meat products were ob-
served among the women of the treatment group.

Table 2 shows the results of the Cox regression anal-
ysis on the relationship between the risk factors (con-
sumption of the studied products, g / day) and death
from CVD among the people with T2DM, adjusted
for age, BMI, total energy intake, educational level,
marital status, smoking status, AH, and the level of
physical activity. Using this method, we estimated the
hazard ratio (HR) of fatal CV event development with
an increase in individual food item consumption cal-
culated by a certain amount (g / day) [10]. It was found
that the risk of a fatal CV event among men decreased
by 27.4% with an increase in the consumption of some
fruits (by 80 g / day) (p = 0.044). The “fruits” group
included apples, pears, oranges, grapefruits, tanger-
ines, peaches, apricots, and bananas. The risk of a fatal
CV event among men also decreased by 17.4% with
an increase in the consumption of nuts (by 2 g / day)
(»p=0.011). The increased consumption of meat prod-
ucts (by 80 g/ day) reduced the risk of fatal CV events
among women by 21.4% (p = 0.036).

An increase in the consumption of chicken eggs
by men (by 50 g / day — one more egg on average) in-
creased the risk of CV death by 1.7 times (p = 0.003).
The consumption of dairy products (excluding milk)
increased the risk of CV death by 1.1 times (p = 0.029).
No such correlations were observed for women (Table
2). Previously, the authors presented the relationships
of such factors as AH, abdominal obesity, low level of
physical activity, current smoking, and marital status
with CV mortality among people with T2DM living in
Novosibirsk [3].

DISCUSSION

The results of the study showed that the increased
consumption of fruits and nuts was associated with a
decreased risk of death from CVD among men. The
data obtained are consistent with the results of a num-
ber of population-based studies. The article by G. Liu
et al. (2019) presents the results of two prospective,
cohort studies that included 16,217 men and women
with T2DM, which showed that the consumption of
nuts (the consumption was more than 20 g/ day in the
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highest quintile and less than 0.9 g/ day in the lowest
quintile) was associated with significant reduction of
a risk for CVD death (the relative risk in the highest
quintile compared with the lowest one was HR = 0.66;
95% confidence interval (CI) 0.52—0.84). The effect
was greater with the consumption of hazelnuts (wal-
nuts, almonds, Brazil nuts, cashews, pistachios, cob-
nuts, pine nuts) and peanuts (legumes).

As the authors of the work note, the mechanism of
the positive effects of nut consumption among the per-
sons with T2DM is currently not clear [11], although
this can be primarily determined by the rich nutrition-
al composition of nuts (polyunsaturated fatty acids,
dietary fiber, vitamins, minerals (calcium, potassium,
magnesium), and phytochemicals (flavonoids, phytos-
terols)) [12]. The study on the relationship between the
consumption of fruits, vegetables, and legumes in the
diet of Europeans with T2DM (10,449 participants)
and fatal outcomes from CVDs showed a significant
decrease in the relative risk of death with increased
consumption of legumes (RR = 0.72; CI 0.60—0.88)
and fruits (relative risk (RR) = 0.90; 95% CI 0.81—
0.99) (adjusted for gender, age, total energy intake,
smoking status, history of heart diseases, cancer, and
AH). At the same time, no significant relationship
with vegetable consumption was revealed (RR = 0.85;
95% CI 0.85-1.07) [10].

The data from a number of prospective meta-anal-
yses also show the positive impact of fruits and nuts.
Thus, the meta-analysis of 15 prospective studies
showed that the increased consumption of fruits and
vegetables was associated with a 10% decrease in the
all-cause mortality (RR = 0.90, CI 0.87-0.93) [13].
The analysis of 17 studies on the consumption of veg-
etables and nuts found that nut consumption was as-
sociated with a reduced risk of death (all nuts: RR =
0.78, 95% CI 0.72-0.84; hazelnuts: RR = 0.82, 95%
CI0.75-0.90; peanuts: RR =0.77, 95% CI 0.69-0.86)
[14]. The meta-analysis (15 studies) on the consump-
tion of nuts [15] showed 20% reduction of a risk of
all-cause mortality (consumption of nuts: RR = 0.81,
95% CI 0.77-0.85; hazelnuts: RR = 0.80, 95% CI
0.74-0.86; peanuts: RR = 0.85, 95% CI 0.82-0.89),
which indicates a positive effect of the increase in the
consumption of these products in the diet.

In our study, we obtained the data that the increase
in the meat product consumption (by 80 g / day) re-
duced the risk of a fatal CV event among women with
T2DM. A number of studies including a big popula-
tion sample showed a significant increase in the risk of
all-cause mortality and mortality from CVDs with the

consumption of red meat and processed meat products
(sausages, ham, canned meat) [16, 17]. However, it
was also shown that the consumption of meat products
which included chicken, turkey, fish, poultry cuts, lean
sausages, and poultry hot dogs was associated with the
decrease in the all-cause mortality and mortality from
CVDs [17]. It was noted that the increase in the pro-
portion of animal protein in relation to plant protein
was associated with an increased risk of death, also
among the persons with T2D [18]. In a large, prospec-
tive cohort study of Japanese residents (70,696 partic-
ipants aged 45—74 years), higher consumption of plant
protein was associated with a lower risk of all-cause
mortality and death from CVDs [19].

Increased egg consumption was associated with
an increased risk of death from CVDs among men.
The association between egg consumption and the risk
of death is supported by the results of a prospective
cohort study in the United States (21,327 participants
aged 40-86 years), which found the relationship of
chicken egg consumption with the relative risk of all-
cause mortality when comparing the highest quintile
of consumption (> 7 eggs/ week) with the controls
(<1 egg / week) (HR = 1.22; 95% CI 1.09-1.35);
among the people with T2DM, the risk of death
was 2 times higher (HR = 2.01; 95% CI 1.26-3.20)
[20]. In another study of US residents (29,615 par-
ticipants), higher egg consumption was associated
with an increased risk of all-cause mortality (by 8%)
(HR =1.08; 95% CI 1.04-1.11) [21].

Our analysis also showed that the increase in the
consumption of dairy products (sour cream, kefir,
dairy desserts, cottage cheese, and cheese) by 50 g /
day (p =0.029) increased the risk of fatal CVDs by 1.1
times among men (p = 0.029), which requires further
research.

CONCLUSION

The results of the study indicate a certain role of
the consumption of particular foods as an “unconven-
tional” factor in the development of a fatal CV event
among persons with T2DM, when taking into account
traditional risk factors, such as age, BMI, total ener-
gy intake, smoking status, educational level, marital
status, AH, and the level of physical activity. It can
be noted that there are differences between men and
women. While the observed relationships between
fruit and nut consumption and the decrease in the risk
of death from CVD, as well as between the increase
in the consumption of eggs and the increased risk of
death from CVDs among men comply with the find-
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ings of current population-based studies, the relation-
ship between the consumption of meat products and
the decrease in the risk of death from CVDs among
women requires a more thorough analysis.

The complexity of evaluating the relationship be-
tween the consumption of meat products and the risk
of death is determined by the difference and diversi-
ty of the consumed meat products (beef, lamb, pork,
sausages, chicken, rabbit meat, offal, ham, loin, pates,
canned meat), the method of meat preparation (boiled,
fried, smoked, canned, salted), and the plant protein /
animal protein ratio. Evaluation of the relationship of

dairy products with the risk of fatal outcomes among
men also requires further research because of the
weakly expressed association.

It should be noted that the average consumption of
nuts was almost 4 times lower than the recommended
level. Since there are no definite recommendations for
the inclusion of nuts in the diet of people with T2DM,
the results obtained indicate their potential positive
role in mortality reduction among people with carbo-
hydrate metabolism disorders and should be taken into
account when developing and updating dietary recom-
mendations.

Table 1

Data on nutrition of Novosibirsk residents (aged 4569 years) with T2DM (baseline screening within the HAPIEE study, M + SD)
who developed / did not develop fatal cardiovascular events during the follow-up (men and women — adjustment for age, BMI,
and total energy intake; both genders — adjustment for gender, age, BMI, and total energy intake)

Both genders Men Women
Fatal Fatal Fatal Fatal Fatal Fatal
Food groups, | cardiovascular | cardiovascular cardiovascular| cardiovascular cardiovascular | cardiovascular
g/ day events have | events have not p events have | events have not p events have | events have not p
developed, developed, developed, developed, developed, developed,
n=207 n=474 n=107 n=177 n =100 n=297
Fruits 78.76+86.40 | 99.38+83.78 | 0.006 | 63.59+75.38 | 90.53+74.65 | 0.005 | 99.56+93.08 | 111.31+89.61 | 0.284
Vegetables 259.63+£164.9 | 281.64+159.8 | 0.132 [246.15+138.2| 271.66+136.8 | 0.141 | 281.26+183.9 | 298.06+177.1 | 0.438
Cereals 79.31+£55.89 | 79.88+54.38 | 0.906 | 79.154+50.56 | 79.61+50.12 | 0.942 | 80.82+60.90 | 81.55+58.58 | 0.919
Legumes 12.37+12.58 12.04+12.27 | 0.767 | 10.82+£10.89 | 10.52+10.78 | 0.822 | 14.15+14.01 13.82+13.78 | 0.837
Nuts 2.51+8.91 4.95+8.68 0.002 | 2.19+10.68 | 5.82+10.58 | 0.007 3.22+7.53 4.33+7.25 0.212
White bread 72.75+£50.98 | 62.36+49.66 | 0.019 | 85.83+53.60 | 80.20+53.06 | 0.401 | 60.96+50.04 | 46.47+48.17 | 0.014
Black bread 40.89+51.23 | 46.40+45.35 | 0.173 | 42.61+48.60 | 44.42+48.10 | 0.766 | 39.19+46.07 | 48.46+44.37 | 0.088
Sweets 79.01+£55.54 | 81.00+53.97 | 0.667 | 88.21£59.97 | 91.67+59.35 | 0.645 | 75.55+52.52 | 75.62+50.57 | 0.991
Meat products | 176.64+£69.34 | 190.95+67.31 | 0.017 [205.97+79.10| 219.94+78.29 | 0.158 | 152.24+60.73 | 168.09+58.48 | 0.027
Fish 38.41+£27.30 | 39.70+26.47 | 0.581 | 39.97+29.06 | 41.29+28.77 | 0.715 | 38.11+26.37 | 39.24+25.40 | 0.717
Eggs 20.40+19.80 15.50£19.21 | 0.004 | 27.11£25.49 | 19.37+£25.19 | 0.016 | 13.90+£14.34 | 12.29+13.80 | 0.339
Dairy products| 143.23+119.4 | 121.66+115.7 | 0.036 [152.40+129.0| 114.94+127.7 | 0.021 | 138.68+113.4 | 131.68+109.2 | 0.600
Milk 127.68+166.9 | 107.22+161.5 | 0.154 [146.56+199.6| 123.72+201.6 | 0.365 | 112.21+138.0 | 93.59+132.8 | 0.252
Fats, oil 36.30+£15.97 | 33.12+15.59 | 0.021 | 37.08+17.26 | 33.68+17.08 | 0.117 | 36.25+15.01 | 33.50+14.46 | 0.120
Table 2
Results of the Cox regression analysis on the relationship between the risk factors (consumption of the studied
products) and fatal outcomes from CVD among people with T2DM (* adjustment for age, BMI, total energy intake,
educational level, marital status, smoking status, arterial hypertension, and physical activity)
Food groups, g / day Both genders, n = 681 Men, n =284 Women, n =397
Fruits (by 80 g / day)
HR 0.786 (p =0.011) 0.726 (p = 0.044) 0.852 (p =0.228)
95% CI 0.670-0.923 0.570-0.990 0.670—1.083
Vegetables (by 80 g/ day)
HR 0.923 (p = 0.220) 1.000 (p = 0.571) 0.923 (p =0.299)
95% CI 0.852—-1.000 0.852-1.083 0.852—-1.083
Cereals (by 50 g / day)
HR 1.000 (»p =0.821) 1.051 (p = 0.662) 1.000 (p = 0.965)
95% CI 0.905-1.162 0.860—-1.283 0.818-1.221
Legumes (by 10 g/ day)
HR 1.030 (p = 0.624) 1.127 (p = 0.305) 0.990 (p = 0.944)
95% CI 0.904-1.184 0.904-1.397 0.834-1.184
Nuts (by 2 g/ day)
HR 0.895 (p = 0.006) 0.826 (p =0.011) 0.939 (p =0.178)
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Table 2 (continued)

Food groups, g / day

Both genders, n = 681

Men, n =284

Women, n =397

95% CI

0.828-0.968

0.662-0.956

0.857-1.028

White bread (by 50 g / day)

HR

1.105 (p = 0.234)

1.000 (p = 0.874)

1.221 (p = 0.060)

95% CI 0.951-1.283 0.818-1.221 1.000-1.489
Black bread (by 50 g/ day)

HR 0.951 (p =0.601) 1.105 (p = 0.372) 0.778 (p = 0.054)
95% CI 0.818-1.105 0.905-1.349 0.605-1.000
Sweets (by 50 g/ day)

HR 1.000 (» = 0.739) 0.951 (p =0.707) 1.000 (p = 0.840)
95% CI 0.860—1.105 0.818-1.162 0.778-1.221

Meat products (by 80 g/ day)

HR

0.852 (p = 0.083)

0.923 (p = 0.318)

0.786 (p = 0.036)

95% CI 0.726-1.000 0.726-1.083 0.618-0.990
Fish (by 30 g/ day)

HR 1.000 (» = 0.938) 1.000 (» = 0.938) 0.942 (p =0.671)
95% CI 0.835-1.196 0.786-1.270 0.696-1.270
Eggs (by 50 g/ day)

HR 1.728 (»p = 0.001) 1.728 (p = 0.003) 1.815 (p =0.097)
95% CI 1.283-2.223 1.221-2.440 0.905-3.437

Dairy products (by 50 g / day)

HR

1.051 (p = 0.036)

1.051 (p = 0.029)

1.051 (p =0.537)

95% CI 1.000-1.105 1.000-1.162 0.951-1.105
Milk (by 80 g/ day)

HR 1.000 (p = 0.523) 1.000 (p = 0.789) 1.083 (p =0.431)
95% Cl 0.923-1.083 0.923-1,083 0.923—1.173

Fats, oil (by 15 g/ day)

HR

1.094 (p =0.197)

1.078 (p = 0.438)

1.178 (p = 0.150)

95% CI

0.956-1.250

0.900-1.288

0.942-1.491
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Evaluation of the functional state of mitochondria isolated from
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ABSTRACT

Aim. To evaluate the functional state of mitochondria isolated from peripheral blood mononuclear leukocytes using
flow cytometry in patients with chronic heart failure receiving ubidecarenone (coenzyme Q).

Materials and methods. The study included 53 patients with chronic heart failure who had experienced myocardial
infarction. The patients were divided into two groups: group 1 received optimally chosen standard therapy,
while group 2 received optimally chosen standard therapy and ubidecarenone (“Kudevite”). The mitochondrial
membrane potential was evaluated by flow cytometry using propidium iodide and 3,3'-dihexyloxacarbocyanine
iodide (DiOC6(3)). The levels of coenzyme Q were determined using high-performance liquid chromatography
with ultraviolet (UV) detection.

Results. A direct correlation was established between the coenzyme Q levels in the blood plasma and the percent-
age of DIOC6(3)-positive cells (R = 0.39; p < 0.05) in the patients with chronic heart failure. In group 1, no signif-
icant differences in the coenzyme Q levels and the percentage of DiOC6(3)-positive and DiOC6(3)-negative cells
before and after the therapy were observed. In group 2, a significant increase in the proportion of DiOC6(3)-positive
cells and a significant decrease in the percentage of DiOC6(3)-negative cells were revealed.

Conclusion. The increase in the functional activity of mitochondria in the patients with chronic heart failure
receiving ubidecarenone was identified. Flow cytometry can be used to evaluate the functional state of mitochondria
and observe the efficiency of the selected therapy.
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OueHKa pYyHKLMOHANbHOro COCTOAHNA MUTOXOHAPUIN MOHOHYKJ/1eapHbIX

NenKounToOB MeTOA0M NPOTOYHON LUTOMETPUN Y NaLNEHTOB
C XpPOHNYECKON cepie4HHON HeA0CTaTOYHOCTbIO NOoA BIIAHNEM
ybunpgekapeHoHa

Jlo6anoBa O.A.', NankoBas J1.b.%, apanu B.A.?, EpmakoB A.I."?, Kyxapuuk I'.A."2

! Hayuonanoholii meouyunckull ucciedosamenvckuii yeump (HMUL]) um. B.A. Anmazoea
Poccus, 197341, 2. Canxm-Ilemepoype, yn. Akkypamosa, 2

2 Cegepo-3anaonuiil 2cocyoapcmeentviil meouyunckutl yuusepcumem C3IMY um. HU. Meunuxosa
Poccus, 191015, 2. Canxm-Ilemep6ype, yn. Kupounas, 41

PE3IOME

Henp — oneHUTHs (DYHKIIMOHAIBHOE COCTOSHIE MHUTOXOHAPHH MOHOHYKJIEAPHBIX JISHKOIUTOB NepH(epruIecKoi
KPOBH C IIPUMEHEHNEM METO/Ia IIPOTOYHOH IIUTOMETPUH y MAlIEHTOB ¢ XPOHUUECKOH Cep/IeyHOH HeJJ0CTaTOUHO-
CTBIO Ha (poHE MmpueMa mpenapaTa yonaekapeHona (kosuzuma Q).

Marepuajbl 1 MeTo/Abl. B nccnenoBanue BKIIOYEHBI 53 MalMeHTa ¢ XPOHUYECKOW CepACYHON HEeI0CTaTOYHO-
CTBIO TI0CTIE IEPEHECEHHOr0 HH(papKTa MHOKapaa. I1arueHTs! Obln pachpesienensl B ABE TPYIIIBI: HepBas rPyIma
MOTy4asa TONbKO ONTHMAaIbHO MOAO0OPaHHYIO CTAaHAAPTHYIO TEPAIuIo, BTOpast IPyMIa — JOTMOIHUTENBHO K ONTH-
MaJIPHO TI0Z00OpaHHON MEAMKaMEHTO3HOH Tepamuu moitydyana mpenapaT youaekapeHoHa («Kymesutay). Ouenka
MHTOXOHPHAITEHOTO MEMOPAaHHOTO TTOTEHIIMAA TPOBOIUIACE METOJOM IPOTOYHOM IIUTOMETPUH C IPUMEHEHUEM
Hoaucroro mponuaus u Hoaun 3,3 -murexcunokcakapooruanuaa (DiOC6(3)). Onpenenenue coaepKaHus KOdH-
3uMa Q B KPOBH IPOBOAMIOCH METOZOM BBICOK03()(heKTUBHOI KUAKOCTHON XpoMaTorpaduu ¢ yapTpaduoaeToBoit
JIETEKLUEH.

PesyabTatbl. BrisBieHa mpsMas KOppesLMOHHAs 3aBUCUMOCTb MEXIY COJIEp)KaHMeM Ko3H3uMa Q B IuiazMe
KkpoBH u nporieHToM DiOC-no3utuBHBIX KiIeToK (R = 0,39; p < 0,05) y manueHToB ¢ XpOHUYECKOW CepACUHOM
HEJI0CTAaTOYHOCTHIO. B rpyrme nanneHToB, MolyyaBLIIkX TOJIBKO ONTHMAIIBHO MOJOOPaHHYIO CTaHAAPTHYIO Tepa-
MO, HE BBISIBJICHO CTaTUCTUYECKU 3HAUUMBbIX PA3IM4YUi B COAECPIKaHUU KOIH3UMA Q U IPOLIEHTHOM COJIeP KaHUU
DiOC-no3uruBHbIX 1 DiOC-HeratuBHBIX KJIETOK JI0 Hadalla ¥ [0cjie Tepanuy. B rpymnmne naiueHTos, Nory4aBunx
JIOTIOJIHUTEIIBHO IpernapaT youaeKkapeHoHa, ocje Teparii HabIo aoch CTATUCTUYECKH 3HAaUMMOE YBEJINUCHUE
o DiIOC-1o3uTHBHBIX KJIETOK U yMEHbIIeHHE 10 DiOC-HeraTuBHBIX KJIETOK.

3akiiloueHue. Y CTaHOBJICHO TIOBBIIIICHUE Q)yHKHPIOHaJII;HOI;‘I AKTUBHOCTHU MI/ITOXOH,Z[pI/Iﬁ Yy MalfueHTOB C XpOHU4YEC-
CKOM Cepﬂe‘{HOﬁ HEAOCTATOYHOCTBIO Ha (1)0He Teparu npernapaTrom y6Hz[eKapeHOHa. MeTOZ[ HpOTO‘IHOf/i OUTOME-
TPHUU MOKET OBITh HCITOJIb30BaH JJI OEHKH (byHKHHOHaJ'[I;HOFO COCTOsIHUSA MI/ITOXOHZ[pI/Iﬁ 1 KOHTPOJIsL 3(1)(1)6KTI/IB-
HOCTH HpHMeHS{eMOﬁ Teparuu.

Ki1roueBble c10Ba: MUTOXOHPUH, XPOHUYECKAs CEpledHasi HeJOCTATOYHOCTb, KO3H3UM (), IPOTOYHAs LIUTOME-
TpUsi, MUTOXOHAPHAIBHBIH MEMOPaHHBIN MOTEHIHAI

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HACTOSIIECH CTaThH.

HUcTouHuk (bmlancnponamm. ABTOpI:I 3asIBIISIIOT 00 OTCYTCTBHUHU (bI/IHaHCI/IpoBaHI/IH Ipy MPOBECACHUUN UCCIIEN0-
BaHUA.

CooTBeTcTBHE NIPHHIMIIAM dTHKH. Bee yuacTHHKY nccienoBanus oAnucaal HHGopMupoBanue coriacue. Vc-
CJIC/IOBAaHME OI00PEHO JIOKATbHBIM dTHdeckuM KomureroM C3I'MVY mm. M.M. Meunnkosa (mportokon Ne 12 ot
10.12.2014).

Jst murupoBanmst: Jlo6anosa O.A., Iaiikosas JI.B., [lananu B.A., Epmakos A .., Kyxapunk I'.A. Ouenka ¢pyHk-
LHOHAJILHOTO COCTOSIHUSI MUTOXOHAPUH MOHOHYKJICAPHBIX JICHKOLIUTOB METO/IOM IIPOTOYHON IUTOMETPUH Y Ia-
[IUEHTOB C XPOHMYECKOH CepJeYHOM HEOCTATOUHOCTBIO 110/ BIMSHUEM yOuaekapeHoHa. bioanemens cubupckol
meduyunsl. 2022;21(2):90-96. https://doi.org/10.20538/1682-0363-2022-2-90-96.
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INTRODUCTION

The use of ultrastructural analysis to study patho-
logical processes in the myocardium has shown that
mitochondria are the first to respond to any impact
[1]. Identifying the nature and degree of mitochondri-
al damage in patients with chronic heart failure (CHF)
is an important clinical and laboratory task, as it can
determine the severity of the disease course [2, 3]. In
addition, mitochondria are seen as a potential target
for heart failure therapy [4—6].

To assess the functional state of mitochondria (M),
there is a fairly large set of methods based on mea-
suring the rate of oxygen uptake, autofluorescence of
NADH and flavoproteins, the activity of M enzymes,
and ATP levels [7]. However, not all methods can be
used in clinical diagnostic laboratories. First of all, this
is due to high complexity of research algorithms and
analysis methods. One of the promising methods for
studying the functional state of M is the assessment
of changes in the mitochondrial membrane potential
(MMP) using flow cytometry. The advantages of the
method include a small amount of biological material
required for the study and higher throughput capacity.

A drop in MMP can serve as an integral indica-
tor of the functional state of M, since one of the most
important functions of M is energy supply of cells, in
which the respiratory chain plays an important role.
The activity of the respiratory chain is accompanied
by release of protons into the intermembrane space,
which leads to the formation of a proton gradient,
which triggers the activity of ATP synthase. Metabol-
ic disorders, as well as the structure and integrity of
the mitochondrial membrane, can ultimately result in
a decrease in the MMP [8, 9].

Determination of MMP changes using flow cytom-
etry is based on the use of special fluorescent dyes. Ex-
amples of such dyes are 3,3’-dihexyloxacarbocyanine
iodide (DiOC6(3)) and propidium iodide (PI) [10, 11].
DiOC6(3) belongs to the group of lipophilic cationic
dyes, which are called “mitochondrial probes” in the
literature. Due to its lipophilic properties, DiOC6(3)
is able to freely penetrate into the bilipid membranes
of the cell, and, due to its cationic properties, this dye
accumulates in areas with a high concentration of pro-
tons, that is, in mitochondria. This effect is accompa-
nied by a change in the intensity of cellular fluores-
cence in the green region of the spectrum, which is
recorded by flow cytometry [12]. If the proton con-
centration in the M is reduced, the dye will accumu-
late in them less efficiently, and, as a consequence, the
intensity of its fluorescence will decrease. Thus, it is

possible to distinguish between cells with efficiently
functioning M and, consequently, high fluorescence
intensity (DiOC6(3)-positive cells) and cells in which
the functioning of M is impaired (DiOC6(3)-negative
cells). Such cells have reduced fluorescence intensity.

In later stages of cell destruction, the integrity of the
cell membrane is disrupted and, as a result, cell death
occurs. To detect these late stages, another fluorescent
dye, PI, is used, which cannot penetrate through cell
membranes, but as it degrades, it begins to penetrate
into the cell, accumulating in the cytoplasm and nu-
cleus and interacting with DNA and RNA. As a result,
the cell acquires the ability to fluoresce in the red re-
gion of the spectrum.

Thus, the method of flow cytometry using two flu-
orescent dyes makes it possible to detect not only cells
with preserved functional state M, but also to identify
cells at different stages of apoptosis, which is a conse-
quence of developing mitochondrial dysfunction [13].

Given the complexity of obtaining human cardiac
tissue for research purposes, one of the approaches
for studying pathogenetic changes in the myocardium
is to determine biochemical parameters in peripheral
blood cells. The literature contains evidence of a cor-
relation between changes in internal organs, including
the myocardium, and changes in peripheral blood cells
[14-16]. Thus, the works by E. Cortez et al. showed
a correlation between changes in the biochemical pa-
rameters in peripheral blood mononuclear leukocytes
and cardiomyocytes. The following parameters were
determined: cellular respiration rate, carnitine palmi-
toyltransferase I, UCP 2, GLUT 1 [14].

The aim of the study was to assess the function-
al state of M of peripheral blood mononuclear leu-
kocytes using flow cytometry in patients with CHF
against the background of ubidecarenone (coenzyme
Q) administration.

The objectives of the study were to determine the
possibility of evaluating the effectiveness of ubide-
carenone therapy by monitoring changes in the MMP
in blood cells in CHF patients.

MATERIALS AND METHODS

The study included 53 patients with CHF who
experienced myocardial infarction (MI) in the last
6 months before inclusion in the study. The patients
were treated at St. Petersburg State Government-Fund-
ed Healthcare Institution “Elizavetinskaya Hospital”.
The study was conducted in accordance with the
Declaration of Helsinki “Recommendations Guiding
Physicians in Biomedical Research Involving Human
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Subjects” and the requirements outlined in the main
regulatory documents on clinical trials in the Russian
Federation. The average age of the patients was 68 £
8.1 years, including 28 men and 25 women. The diag-
nosis of CHF was based on the criteria of the Society
of Heart Failure Specialists.

All patients were initially evaluated for the func-
tional state of M of peripheral blood mononuclear leu-
kocytes and the content of total coenzyme Q (CoQ)
in the blood plasma. Besides, standard clinical and
biochemical examinations were performed. The pa-
tients were then divided into two groups by block
randomization (2 x 2). Group 1 included 28 patients
who received optimally chosen standard therapy in ac-
cordance with the clinical guidelines for the diagnosis
and treatment of coronary artery disease (CAD) and
CHF. Group 2 encompassed 25 patients who received
optimally chosen standard therapy and ubidecarenone
(“Kudevite™) at a dose of 120 mg per day (2 capsules
(30 mg per capsule) in the morning and 2 capsules in
the evening).

Patients of groups 1 and 2 were comparable in gen-
der and age: the average age in group 1 was 70.0 £
6.9 (56.0; 78.0) years, in group 2 — 66.8 £ 9.5 (49.0;
78.0) years (p > 0.05). In group 1, men accounted for
48%, in group 2 — for 52%. All studies were carried
out twice: at hospitalization and 3 months after the
start of the therapy.

To assess changes in MMP by flow cytometry,
blood was collected in tubes containing EDTA. The
leukocyte suspension was isolated using urograf-
in. The obtained supernatant was used for the study.
Then, a 20-fold DiIOC6(3) solution (Invitrogen, USA)
was added to 100 pl of the cell suspension, resulting
in a final concentration of DiOC6(3) equal to 20 nM.
The samples were then thoroughly mixed and incubat-
ed for 20 minutes at 37 °C in a 5% CO2 atmosphere
in a dark place. The resulting cell suspension was add-
ed to 10 ul of a propidium iodide (PI) solution (Sig-
ma-Aldrich, USA), obtaining a final concentration of
PI equal to 1 pg / ml. The samples were then incu-
bated for 10 minutes at room temperature in the dark
place. Upon completion of the incubation, 200 pl of
phosphate-buffered saline was added to the samples,
and flow cytometric counting was performed. The ob-
tained results were analyzed using the Kaluza ™ soft-
ware (Beckman Coulter, USA).

The total plasma CoQ was determined by high-per-
formance liquid chromatography (HPLC) with ultra-
violet (UV) detection on the Agilent 1200 series gra-
dient system [17, 18]. CoQ determined in the blood

plasma of group 1 patients before the start of the treat-
ment was endogenous CoQ. In the patients of group 2,
the determined CoQ was the sum of the endogenous
CoQ and that obtained together with the drug.

As a drug containing ubidecarenone (CoQ), the
drug “Kudevite” (PIK-PHARMA, Moscow) was used
in the study. A feature of this pharmaceutical prepa-
ration is a high-tech substance ALL-Q produced in
Switzerland, which provides optimal bioavailability
of ubidecarenone. This substance has increased hy-
drophilicity, which makes it possible to convert poor-
ly absorbed hydrophobic ubidecarenone into a wa-
ter-soluble form that is optimal for absorption.

The research materials were statistically processed
using parametric and nonparametric tests. Accumula-
tion, correction, and systematization of the baseline
data and visualization of the results were carried out in
Microsoft Office Excel 2016 spreadsheets. Statistical
analysis was carried out using the STATISTICA 10
software (StatSoft.Inc., USA).

Aggregates of quantitative variables with non-nor-
mal distribution were presented as the median and the
interquartile range Me (Q —Q,). To compare aggregates
of independent variables with non-normal distribu-
tion, the Mann — Whitney U-test was used. In order to
study the relationship between the quantitative data, the
Spearman’s rank correlation coefficient was used. The
values of the correlation coefficient p were interpreted
in accordance with the Chaddock scale (Table 1).

Table 1
Chaddock scale
The values of the correlation Characteristics of the strength
coefficient r of the correlation

less than 0.1 no correlation

0.1-0.3 weak

0.3-0.5 moderate

0.5-0.7 noticeable

0.7-0.9 high

0.9-0.99 very high

The differences were considered statistically significant at p < 0.05.

RESULTS AND DISCUSSION

The correlation analysis revealed a significant mod-
erate positive correlation between the content of endog-
enous CoQ in the blood plasma (0.55 = 0.11 pg / ml)
and the percentage of DiOC6(3)-positive cells
(R =0.39, p <0.05) in patients with CHF before the
treatment. Low concentration of CoQ in patients with
CHF is one of the factors leading to changes in mi-
tochondrial processes and activation of processes
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leading to cell death, which results in a decrease in
the percentage of DiOC6(3)-positive cells where the
functioning of M is preserved. The higher the con-
centration of CoQ, the more stable the mitochondri-
al membrane. Thus, the addition of ubidecarenone to
therapy can improve the functional state of M.

In group 1 (patients who received only optimally
chosen standard therapy), no statistically significant
differences in the percentage of cells before and af-
ter the therapy were revealed (Table 2). In group
2 (patients who additionally received ubidecarenone),
a statistically significant increase in the percentage of
DiOC6(3)-positive cells and a decrease in the percent-
age of DiIOC6(3)-negative cells were observed after
the therapy.

Table 2

The content of DiOC6(3)-positive and DiOC6(3)-negative
cells in patients with CHF before and after the treatment, %,

Me (0-0)

DiOC6(3)-
positive cells

DiOC6(3)-

Parameter X
negative cells, %

Group 0 (before the start
of the treatment)

Group 1 (standard ther-
apy)

Group 2 (standard therapy
+ “Kudevite”)

75.0 (67.0; 80.4) | 21.5(19.5;32.9)

77.0 (71.0; 85.4) | 21.8 (14.4; 28.9)

94.0 (80.0; 95.0)* | 4.2 (4.0; 19.5)**

* p=10.025 (when compared with group 0), p = 0.044 (when compared
with group 1).

** p = 0.031 (when compared with group 0), p = 0.043 (when
compared with group 1).

The correlation analysis in group 2 showed a sig-
nificant negative correlation between the content of
CoQ in the blood plasma and the baseline percentage
of DIOC6(3)-negative cells (R =—0.45, p <0.05).

DiOC6(3)-positive cells exhibit high fluorescence
in the green region of the spectrum, which is associ-
ated with active accumulation of the DiOC6(3) dye.
This indicates preservation of MMP and, consequent-
ly, the main processes aimed at its formation. Thus,
against the background of ubidecarenone therapy, an
increase in the functional activity of M is observed.
It is known that ubidecarenone, penetrating into cells,
is involved in the work of the respiratory chain and
participates in cellular energy supply [19, 20]. In ad-
dition, ubidecarenone has antioxidant properties and
reduces production of reactive oxygen species (ROS).
ROS, through the activation of MAP kinases, includ-
ing p38 and p53, activate proapoptotic factors (Bax,
Bak, and others) and contribute to opening of mito-
chondrial pores. A drop in ROS production leads to a

decrease in the release of proapoptotic proteins from
the mitochondrial matrix into the cytosol, suppression
of apoptosis, and, as a consequence, a decrease in
subsequent cell death. Thus, the functional activity of
M, including the work of the respiratory chain, is pre-
served. As a result, the release of protons into the in-
termembrane space is restored, leading to restoration
of the MMP.

Against the background of ubidecarenone therapy,
a decrease in the percentage of DiOC6(3)-negative
cells was observed, which may be associated with a
decrease in ROS production and suppression of apop-
tosis intensity. Due to the increased concentration of
protons in the intermembrane space of M, DiOC6(3) is
more intensively accumulated in M, leading to an in-
crease in the fluorescence intensity in the green region
of the spectrum. At the same time, due to the preser-
vation of the cell membrane structure following a de-
crease in the activity of lipid peroxidation, penetration
of another dye (PI) into cells and its accumulation in
them decreases. This is manifested through a decrease
in the fluorescence intensity in the red region of the
spectrum, which indicates a decrease in the number
of cells at the stage of early apoptosis and dying cells.

CONCLUSION

Thus, flow cytometry revealed an increase in the
functional activity of M in patients with CHF during
ubidecarenone therapy, which is confirmed by a sig-
nificant increase in the percentage of DiOC6(3)-pos-
itive cells. Determination of the functional state of M
of peripheral blood mononuclear leukocytes using
flow cytometry can be used to assess the functional
state of M and monitor the effectiveness of therapy in
patients with CHF.
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Morphological analysis of a local tissue response to subcutaneously
implanted acellular dermal matrix fragments
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Asyakina A.S.', Kartashevskaya M.l.", Gurevich K.G ? Bykov I.M.’
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4, Mitrofana Sedina Str., Krasnodar, 350063, Russian Federation
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20/1, Delegatskaya Str., Moscow, 127473, Russian Federation

ABSTRACT

Acellular dermal matrices (ADMs) are gaining popularity as surgical materials for operations on the pelvic organs,
as well as in burn therapy and plastic surgery. Evaluation of the biocompatibility of surgical materials is an
important and necessary step in the development of new ADMs.

The aim of the study was to compare the results of subcutaneous implantation of ADM and native porcine skin in
rats.

Materials and methods. To obtain ADMs, detergent — enzymatic decellularization was used. On days 7, 14, 21,
and 60 after the implantation of ADMs (the experimental group) and native porcine skin (the control group), the
animals were removed from the experiment. The histologic sections were stained with hematoxylin — eosin and
Masson’s trichrome stain, then an immunohistochemical reaction with antibodies to CD3 and CD68 was performed.
Computer morphometry was carried out using the ImageJ software.

Results. On day 7 after the implantation, moderate sterile inflammation in the experimental group and pronounced
sterile inflammation with eosinophil infiltration in the control group were observed. On day 14 of the experiment,
the samples from the experimental group were characterized by a relatively low content of macrophages and
T-lymphocytes with insignificant edema and no signs of ADM biodegradation. The control group showed
pronounced inflammation, a large number of infiltrating macrophages and T lymphocytes, as well as fragmentation
of collagen fibers. On day 21 of the experiment, a thin capsule was formed around ADM, there was a small number
of infiltrating T lymphocytes and macrophages, the collagen fibers of the implant were intact. In the samples of
the control group, there was pronounced inflammation with the presence of a significant number of lymphocytes
and macrophages, as well as fragmentation and vascularization of the implant. On day 60 of the experiment, no
inflammatory response was observed around ADM, biodegradation was minimal, and a dense fibrous capsule was
formed around the fragment of the native porcine skin.

Conclusion. The experimental ADM has low immunogenicity and a low degree of biodegradation, which makes
it possible to use it for further research to create efficient surgical material that is safe for use in clinical practice.

Keywords: regenerative medicine, skin, decellularization, morphological analysis, subcutaneous implantation,
acellular dermal matrix
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Mopd¢onornyecknin aHanns MeCTHO TKaHeBON peaKLnN Ha NOAKOXKHYI0
nMnnaHTauuio pparmMeHTOB auennioNApHOro AepmasbHOro maTpukca

MenkoHsaH K.I.", BepeBkuH A.A.", CoTHnueHko A.C.", PycuHnosa T.B.', Kosman A.A.",
AcakunHa A.C.", KapTawesckaa M.WU.', l'ypesnu K.I' 3, Bbikos U.M."

I Kybanckuii 2ocyoapecmeennoiii meouyunckuil ynueepcumem (KyolI'MY)
Poccus, 350063, 2. Kpacnooap, ya. um. Mumpogana Ceouna, 4

2 Mockosckuii 2ocyoapcmeennulii Meouxo-cmomamonocuyeckuil ynusepcumem (MIMCY) um. A.U. Eéooxumosa
Poccusa, 127473, 2. Mocksa, yn. enecamckas, 20/1

PE3IOME

AlenTiossipHbIe JilepMabHble MaTpUKChl (AJIM) HaObuparoT OOJIBLIYIO HOMYJIIPHOCTE B KAUECTBE XUPYPTrUUECKUX
MaTepHaloB IIPU ONepaLUsX Ha OpraHax Majioro Ta3a, B 03KOrOBOH Tepaluu U mactTuyeckoil xupypruu. Ilposepka
OMOCOBMECTHMOCTH MaTEPUAJIOB SIBJSIETCS BAXKHBIM U HEOOXOAMMBIM 3TaIloM IpU pa3padoTke HOBBIX AJ[M.

Leapb ucciieqoBaHus — IPOBECTH CPABHUTENBHBIN aHAIN3 PE3yJIbTaTOB MOAKOKHOM UMILTIaHTalUK Kpbicam AJIM
Y HATMBHOM JI€PMbI CBUHbBU.

MatepuaJnbl 4 MeTobl. {11 momyuerns AJIM HCTIONB30BaH IETEPTEHTHO-IH3UMATHYECKUI METO/T IETIEIUTIOS-
puzamuu. Yepes 7, 14, 21, 60 cyt mocie umruiantauu A/IM (3KcriepuMeHTanbHas TPyIIa) U HATUBHON JepMbI
CBUHBH (KOHTPOJIbHAS TPYIIIA) )KUBOTHBIX BBIBOIMIN U3 SKCIEpUMEHTa. [ McTomornueckne cpesbl OKpaIluBaInl
TeMaTOKCHIIMHOM U 503HHOM, TPHUXPOMOM MO MaccoHy, BBIOTHSIN HIMMYHOTUCTOXUMHYECKYIO PEAKIUIO C aHTH-
tenamu k CD3 u CD68. KomnprorepHyto MOpGOMETPHIO IPOBOAMIN C TOMOLIBIO TporpaMmbl Imagel.

PesyabTathl. Ha 7-¢ cyT B 3KCIIepUMEHTAIBHOH IpyIIle 0TMEYAIOCh YMEPEHHOE aceNTUYECKOe BOCHAICHHE, B
KOHTPOJILHOH IpyIIIe — BEIPAKEHHOE aceNTHYECKOe BOCIAIeHHE ¢ 03uHOGHIaMu B MHGHIbTpaTe. Ha 14-e cyt B
IKCIIEPUMEHTAJILHOW IPYIIIE [I0KAa3aHO OTHOCUTENBHO HHU3KOE cojepikanne Makpodaros u T-muM(pOLUTOB ¢ He-
3HAYUTEIBHBIM OTEKOM, 0e3 6ronerpaganuu AJIM. B KOHTPOIBHOM TPYIIIE BBISBICHO BRIPAKEHHOE BOCIIAICHHE,
UHOUILTPALHs OOIBIINM KOINYecTBOM Makpodaros 1 T-nmumdonuTos, a Taxke GpparMeHTaIus KoiIareHoBbIX BO-
nokoH. Ha 21-e cyt Bokpyr AJIM cdopmupoBaach TOHKas Karcya, B iHGUIbTpaTe Manoe KoaudecTBo T-mumMdpo-
LIUTOB ¥ Makpo(aros, KoJIareHOBbIC BOJIOKHA UMILIaHTaTa ObUIM MHTAKTHBI. B 00pasiax KOHTPOIBLHOI IPyIITbL —
BBIPQ)KCHHOE BOCIIAJICHUE C MIPUCYTCTBHEM 3HAYMTEIBHOIO KOJIMuecTBa JIUM(OLUTOB U Makpodaros, GpparMen-
Tanys U BacKyJysipusanus umiuianrata. Ha 60-e cyT Bokpyr AJ/IM BocnanuTenbHONW peakiuu He HaOJIrolalloch,
Oouonerpasanus Oblla MUHUMAJIBHOM, BOKPYT ()parMeHTa HATHBHOW JepMbl CBUHBH C(hOpMHpOBanach IIIOTHAsS
(bubposHas Karcyna.

3akaouenne. Pazpaborannsiii AJ/IM o6nagaeT HU3KOH MMMYHOTEHHOCTBIO M MAJIOH CTENEHBI0 OMOJerpalalni.
DT0 03BOJIAET UCIIOIB30BATh JAHHYIO KOHCTPYKIUIO ISl 1 IbHEHIITNX UCCIIEI0BAHUH 10 CO3AaHUIO OIHOLIEHHOTO
XHPYpPTUUECKOro MaTeprasa, 0€30MacHOro s IPIMEHEHHS B KIIMHHIECKOH MpaKTHKE.

KuroueBrble ciioBa: pereucpaTuBHas MEAULIMHA, A€pMa, ACUCIUIIOIApU3anus, MOpC])OJTOFH‘-ICCKI/Iﬁ aHaJu3, noa-
KOXHas UMILIJIaHTallus, aHeHH}OHHpHLIﬁ )Z[epMaJ'[LHI:Iﬁ MaTpPUKC

KonpaukT uHTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKeil HACTOSIIEH CTaThH.

Hcrounuk ¢punancupoBanmsi. ViccienoBanue BBIMOIHEHO MPH (pUHAHCOBOH moaepkke KyOaHCKOro Hay4yHOTro
¢doHaa B pamkax HayyHoro npoekra Ne MOU-I1-20.1/11.
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CooTBeTcTBHE NMPUHIHIAM THKH. VccienoBanue o100peHO HE3aBUCHMBIM 3THYECKUM KomuteToM KyoI'MY

(npotokou Ne 87 ot 24.03.2020).

s uutupoBanus: MenkonsH K.1., Bepeskun A.A., Cotanuenko A.C., Pycunosa T.B., Ko3wmaii SI.A., Acsku-
Ha A.C., Kapramesckas M.I., I'ypesuu K.I'., beikoB .M. Mopdonorunueckuii aHaan3 MECTHOI TKaHEBON peak-
[IMH Ha TOJIKOKHY0 HMINIAHTALMIO (PPArMEHTOB AllEJUTIONISIPHOTO JIEPMalIbHOTO MaTpHKca. Broaiemensb cubupckoll
meduyunsl. 2022;21(2):97-104. https://doi.org/10.20538/1682-0363-2022-2-97-104.

INTRODUCTION

In recent years, researchers have widely used de-
cellularized (acellular) materials to create tissue-engi-
neered scaffolds and culture cells on them [1]. There
are various methods of decellularization in regenera-
tive medicine [2]. It is possible to create tissue-specif-
ic scaffolds that most accurately mimic the physical
and chemical signals that are essential for cell adhe-
sion, proliferation, migration, differentiation, and res-
toration of function [3].

Some of the most promising advances in surgical
practice are acellular dermal matrices (ADMs) [4].
ADMs are gaining increasing popularity as surgical
materials for operations on the pelvic organs, in burn
therapy, and plastic surgery, including reconstructive
mammoplasty [5]. In plastic surgery, they are used
both in radical skin-sparing mastectomy and in sec-
ondary operations for breast deformities as materials
supporting the endoprosthesis [6]. ADMs can be in-
corporated into the patient’s connective tissues with
further ingrowth of vessels and nerves and, therefore,
function as these tissues [7]. The advantages of ADMs
include the possibility to avoid the use of tissue ex-
panders, reduction of postoperative pain, decrease in
operation time, optimization of regeneration process-
es, and a better aesthetic result [7, 8]. A particular ad-
vantage of ADM is the presence of collagen as one of
the main components of the dermis. Compared with
scaffolds based on other biological or synthetic poly-
mers, collagen scaffolds are optimal for cell growth
and adhesion both in vitro and in vivo, have good bio-
compatibility and low immunogenicity, and make it
possible to regulate biodegradation due to their ability
to form complexes with biologically active substanc-
es. The latter stimulates proliferation of fibroblasts
and formation of patient’s own tissues [6].

There are several ADM-based surgical materials
used in reconstructive surgery for soft tissue resto-
ration — AlloDerm, Strattice, DermaMatrix, Surgi-
Mend, Permacol, Veritas, and FlexHD. Some analogs
cannot be used in Russian surgical practice due to leg-

islation (AlloDerm, DermaMatrix, Dermalogen, Allo-
Derm, Cymetra), while materials from bovine colla-
gen can cause a severe allergic reaction.

The most promising are ADMs based on porcine
skin (Evolence, Strattice, Fibroquel, Permacol) that
significantly reduce the risk of allergic complications
in surgical practice [9]. The possibility of obtaining
porcine skin from secondary raw materials increases
the efficiency of the method for obtaining the mate-
rial. Nevertheless, these ADMs are extremely expen-
sive, which poses a challenge for modern regenerative
medicine to create a more economical analog. The
first stage in the creation of any ADM is assessment
of its biocompatibility [10]. It should not damage cells
or cause rejection, while its biomechanical proper-
ties should be comparable to those of native tissues.
Therefore, to assess the characteristics of the matrix,
it is necessary to compare early and long-term results
of heterotopic xenotransplantation of the developed
ADM and native porcine skin.

The aim of the study was to conduct a comparative
morphological analysis of the results of subcutaneous
implantation of the developed ADM and native por-
cine skin in rats.

MATERIALS AND METHODS

Samples of native skin of the Landrace pig with
a thickness of 0.7 mm were taken after preliminary
removal of the epithelial layer with a dermatome un-
der sterile conditions and frozen at —80 °C. To obtain
ADM, the skin was incubated for 6 hours (3 cycles,
2 hours each) at 37° C in a trypsin — Versene solu-
tion (Biolot, Russian Federation). Then, 2 treatment
cycles were carried out with 1% Triton X-100 (Sig-
maAldrich, USA) and 4% sodium deoxycholate solu-
tion (SigmaAldrich, USA) combined with 0.002 M
Na -EDTA for a total duration of 12 hours at room
temperature in the incubator shaker (170 rpm). Then
the samples were incubated in a solution of porcine
pancreatic DNase (SigmaAldrich, USA; 2,000 U in
200 ml of phosphate-buffered saline (PBS)) at 37°
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C for 4 hours. To ensure sterility of the samples, 1%
solution of gentamicin and amphotericin B was added.
The samples were washed with deionized water for
10 minutes between the cycles and at each change of
solution. For the quantitative determination of resid-
ual DNA in the matrix, a NanoDrop ND-1000 spec-
trophotometer (Thermo Fisher Scientific, USA) and
a DNeasy Blood and Tissue Kit (Qiagen, Sweden)
were used. To assess the quality of decellularization,
the samples of decellularized skin were stained with
hematoxylin — eosin (Histolab, Sweden) and DAPI
fluorophore (4’, 6-diamidino-2-phenylindole; Sigma
Aldrich, USA).

Subcutaneous implantation of the samples was per-
formed on male Wistar rats weighing 200-230 g and
aged 6 months (n = 32). The samples (3 x 3 mm) were
placed in a subcutaneous pocket on the withers. The
animals were divided into the control and the experi-
mental groups, each of which included 4 subgroups of
4 animals. The rats of the control group were implant-
ed with samples of native porcine skin, and those of
the experimental group — with ADM samples.

Biopsy material was taken for histologic and im-
munohistochemical analysis on day 7, 14, 21, and 60
after the subcutaneous implantation. The morpho-
logical analysis was performed on five independent
biopsy fragments of the samples, for each of them
nine sections were performed and analyzed. Tissue
staining with hematoxylin — eosin and Masson’s stain
(BioVitrum, Russian Federation) was performed ac-
cording to the standard protocol. Immunohistochemi-
cal study used heat-induced antigen retrieval, as well
as polyclonal antibodies to T-lymphocyte receptor —
CD3 (cat. Number ab11089, Abcam, UK) and to the
macrosialin of monocytes and macrophages — CD68,
(cat. Number ab955, Abcam, UK). All the samples be-
fore and after the implantation were examined using
the Olympus CX 41 microscope (Olympus, Japan) at

different magnifications. Computerized morphometry
was performed using the ImageJ software (National
Institution of Health, USA) and the IHC profiler. The
diameter of the blood vessels and collagen fibers was
assessed using the freehand selection tool. For quan-
titative analysis of the immunohistochemistry results,
we used color segmentation with highlighting of the
green channel, color binarization, and the particle an-
alyzer tool.

Statistical processing of the data was performed
using the MedCalc Statistical Software (Belgium).
The Shapiro — Wilk test was used to check the na-
ture of the distribution in the variational series. Since
the distribution was different from normal, the results
were presented as the median, as well as the first and
the third quartiles Me [Q,; Q,]. The significance of
differences was assessed using the Mann — Whitney
U-test. The differences were considered statistically
significant at p < 0.05.

RESULTS AND DISCUSSION

The spectrophotometry data showed that the quanti-
tative DNA content in the native porcine skin was 314.4
[300.7; 333.7] ng per 1 mg of tissue, and in ADM — 60.14
[55.34; 63.58] ng per 1 mg of tissue, which complied with
the criteria for tissue decellularization quality [11]. The
relatively low content of residual nucleic acids in ADM
indicated low immunogenic potential of the matrix.

ADM had specific milky-white color; the histologic
structure examination revealed no intact cells or nuclear
fluorescence after DAPI staining (Fig. 1).

On day 7 after the implantation, pronounced ster-
ile inflammation was registered in the animals of the
experimental group. The immunohistochemical anal-
ysis and computerized morphometry detected 12.70
[12.19; 13.09] macrophages and 1.87 [1.56; 2.04]
lymphocytes per 1 mm? of the section and an insignif-
icant number of neutrophils in the cell infiltrate. Intact

Fig. 1. Stages of skin decellularization and histologic analysis of the resulting ADM: a — appearance of the native porcine skin, b —
appearance of ADM, ¢ — hematoxylin — eosin staining, no cell nuclei after decellularization; x20
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collagen fibers of the implanted structure with thick-
ness of 12.88 [11.87; 13.60] um were clearly visible
when stained with the Masson’s trichrome stain. In the
meantime, in the samples of the control group, pro-
nounced sterile inflammation with an admixture of eo-
sinophils in the inflammatory infiltrate and congestion
of skin vessels and muscular arteries were identified.
Infiltration of the implant with blood and inflamma-

tory cells was noted — 9.03 [8.94; 9.16] macrophages
and 1.91 [1.84; 1.99] lymphocytes per 1 mm? of the
section (Fig. 2) were revealed after staining with the
Masson’s trichome. It was noted that the number of
lymphocytes in the experimental group did not differ
from that of the control group (p = 0.062), and the
number of macrophages was significantly greater
(p = 0.043) (Fig. 3).

Fig. 2. Histologic evaluation of ADM and native porcine skin specimens after subcutaneous implantation in the experimental
animals on day 7: « — ADM, hematoxylin — eosin, b — native porcine skin, hematoxylin — eosin, ¢ — ADM, Masson’s trichrome, d —
native porcine skin, Masson’s trichrome; x20
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Fig. 3. Immunophenotyping of the inflammatory infiltrate at different periods of the experiment: ¢ — changes in the content of

T-lymphocytes (on the left), b — changes in the content of macrophages (on the right), Me [Q; Q,]. * — the significance of the

differences between the control and experimental groups, p < 0.05; # — the significance of the differences for the values in the control

group for different periods, p < 0.05; * — the significance of the differences for the values in the experimental group for different
periods, p <0.05
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On day 14, the formation of a thin connective tis-
sue capsule around the implanted structure was noted
in the experimental group. The thickness of the cap-
sule was 18.17[14.73; 20.32] um, single macrophages
(3.50 [3.44; 3.54] CD68" cells per 1 mm? of the sec-
tion according to the computerized morphometry find-
ings) were observed in the capsule walls. There was
a thin layer of granulation tissue outside the capsule.
Weakly pronounced vascular congestion was noted
at the site of the implantation; the average diameter
of the vessels was 30.97 [29.71; 31.82] um. No evi-
dence of degradation of ADM collagen fibers and no
evidence of ADM infiltration by inflammatory cells
were identified. We observed inflammation around the
foreign body with predominance of a relatively large
number of macrophages (11.13 [9.79; 13.11] CD68*
cells according to the computerized morphometry
data) in the samples of native porcine skin compared

On day 21 after the ADM implantation, the thick-
ness of the capsule around the implant was 10.02
[9.95; 10.10] um, and a small number of inflammatory
cells was observed — 2.73 [2.54; 2.89] CD68" macro-
phages and 1.90 [1.76; 1.99] CD3* lymphocytes per
1 mm? of the section, which was significantly lower
than in the control group (p = 0.012 and p = 0.009,
respectively). The average capillary diameter was
26.61 [19.48; 31.52] um; no congested vessels were
observed. The collagen fibers of the encapsulated
ADM were completely preserved and had the diam-

with the same parameter in the experimental group on
day 14 (p = 0.007) and in the control group on day 7
(»=0.033). Around the implant, a denser, thick-walled
capsule with the average thickness of 165.2 [152.90;
188.80] um, compared with the experimental group
(» =0.003), was formed.

The collagen fibers of the implant were fragmented,
edematous, infiltrated with blood with an admixture of
neutrophils and macrophages, and characterized by a
pronounced oxyphilic reaction of the medium. A large
number of thin congested vessels were found in imme-
diate proximity to the capsule (the average diameter was
20.81 [19.41; 21.61] um) (Fig. 4). There was a greater
number of CD3-positive cells in both groups relative to
the previous period of sample explantation — 3.66 [3.42;
4.01] cells per 1 mm? of the section for the experimental
group (p =0.039) and 7.14 [6.87; 7.93] cells per | mm?
of the section for the control group (p = 0.041).

Fig. 4. Histologic evaluation of ADM and native
porcine skin specimens after subcutaneous
implantation in the experimental animals on
day 14: a — ADM, hematoxylin — eosin, b —
. native porcine skin, hematoxylin — eosin, ¢ —
* ADM, Masson’s trichrome, d — native porcine
skin, Masson’s trichrome; x20

eter of 11.67 [10.02; 14.50] pm. There was no accu-
mulation of leukocytes in the ADM or its infiltration
with blood. At the same time, the formation of a dense
connective tissue capsule with the thickness of 66.53
[61.24; 7.59] um was observed in the animals of the
control group. Numerous small clusters of T-lympho-
cytes, CD68-positive macrophages (the content was
14.37 [12.33; 15.65] cells per 1 mm? of the section),
and foreign body cells were detected. Moreover,
along with pronounced encapsulation, the presence of
congested vessels with the diameter of 23.80 [19.24;
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27.76] pm was noted inside the sample, which indicat-
ed active sample biodegradation. The collagen fibers
were swollen and partially destroyed — their thickness
ranged from 5 to 37 um. Macrophages and T-lym-
phocytes were present in the thickness of the implant,
which also confirmed immune rejection.

On day 60 after the subcutaneous implantation, the
ADM was surrounded by the connective tissue cap-
sule (its thickness was 13.83 [12.03; 15.54] pm), and
inflammation was completely absent. Immunohisto-
chemistry did not show the presence of macrophages
and T-lymphocytes at the implantation site. Atrophy
of surrounding tissues was absent; focal reactive lipo-
matosis was noted. The collagen fibers of the implant

Therefore, the results of immunophenotyping of
the inflammatory infiltrate around and directly inside
the implant at different periods of the experiment sug-
gested that the ADM had minimal immunogenicity
compared with the native porcine skin. A relatively
weak inflammatory response and a thin connective tis-
sue capsule around the implanted fragment, noted at
later stages of the experiment, confirmed low antigen-
ic properties of the ADM. Collagen fibers, which are
the main component of the extracellular matrix that
determine its mechanical properties, remained prac-
tically intact throughout the entire experiment. In the
meantime, the implanted native porcine skin under-
went significant biodegradation due to a pronounced

with the diameter of 15.06 [12.45; 15.99] um were
completely preserved, biodegradation was minimal.
In the control group, significant implant degradation
due to its lysis by macrophages and persistent peri-
focal inflammation were observed. A quantitative as-
sessment showed the presence of 15.79 [14.50; 17.67]
T-lymphocytes and 18.86 [16.09; 20.22] macrophages
per 1 mm? of the section, which was significantly
higher than the previous control value (p = 0.008 and
p = 0.048, respectively). A multilayer capsule with
the thickness of 107.20 [91.32; 117.50] um formed
around the fragment of the native porcine skin, the
vessels surrounding it were congested and had the di-
ameter of 28.50 [26.32; 31.45] um (Fig. 5).

Fig. 5. Histologic evaluation of ADM
and native porcine dermis specimens
after subcutaneous implantation in the
experimental animals on day 60: a —
ADM, hematoxylin — eosin, b — native
porcine skin, hematoxylin — eosin, ¢ —
ADM, Masson’s trichrome, d — native
porcine skin, Masson’s trichrome; x20

inflammatory response, which was confirmed by the
fragmentation of collagen fibers, the presence of con-
gested capillaries, and a dense connective tissue cap-
sule surrounding the implanted fragment.

CONCLUSION

The study showed that the developed ADM was
characterized by low immunogenicity and a low de-
gree of biodegradation. It allows to test the protocol
of its development and use this construct as a starting
point for further research on the biological and bio-
mechanical properties of ADM to create valuable sur-
gical material that is safe for application in clinical
practice.
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ABSTRACT

Aim. To assess the possibility of combined application of screening methods for early detection of risks of bipolar
disorder in adolescents.

Materials and methods. The study included 139 adolescents aged 13—16 years. A clinical psychopathology
assessment as well as screening methods were used. The screening methods included the Bipolar Spectrum
Diagnostic Scale ((BSDS), R. Pies, 2005) and the Mood Disorder Questionnaire (MDQ), R.M. Hirschfeld, 2000).

Results. The clinical psychopathology assessment was performed in accordance with criteria of ICD-10, Class
V. No mental and behavioral disorders (F00-F99), including affective pathology, were identified. Following the
MDQ screening, the risk of bipolar disorder was revealed in 63 individuals (45.3%; 95 % confidence interval (CI):
(36.8-53.9). When the BSDS method was used, the risk of bipolar disorder was revealed in 16.2% of cases (CI:
(11.9-28.3)). The combined use of the screening scales (MDQ and BSDS) confirmed their consistency in detecting
values both not exceeding (48.7% of the cases) and exceeding the threshold rates (17.1% of the cases).

Conclusion. Early diagnosis of a risk of bipolar disorder in adolescents, along with a clinical psychopathology
assessment, may include application of screening scales. Combined use of several screening methods is justified
by polymorphism of initial hypomanic and depressive states, as well as by difficulties in subjective assessment of
symptoms of bipolar disorder in adolescents.

Keywords: adolescents, bipolar disorder, hypomania, screening methods
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an/IMEHEHI/Ie CKPVUHUHroBbIX MmeToauk ansa pa|-||-|e|7| ANArHOCTUKN pnckKa

6unonsapHoro adpPpeKTUBHOIro paccTpPomnCcTBa y NOAPOCTKOB

Ocunosa H.H.', BapaeHwTein J1.M.", Namey N1.%, Amntpuesa E.B.2

'Mockoeckuii 2ocydapcmeentviti meouro-cmomamonozuyeckuti ynusepcumem (MIMCY) um. A.H. Esdoxumosa

Poccusa, 127473, 2. Mocksa, yn. [Jenecamckas, 20/1

2Cmonencruil cocyoapemeennviil meouyunckutl ynusepcumem (CI'MY)
Poccus, 214019, o. Cmonenck, yn. Kpyncroi, 28

PE3IOME

Heas. M3yuenne BO3MOKHOCTH KOMIUIEKCHOTO IIPUMEHECHUS] CKPUHUHTOBBIX METOAUK B PAaHHEH ANarHOCTHKE PH-
cka ounossipHoro paccrpoiictsa (bP) y mogpocTkos.

MatepuaJnbl 4 MeToAbl. B nccienoBannu npuHsiu yyactue 139 moapoctkos B Bozpacte 13—16 net. beum uc-
T0JIL30BAHbI KIIMHUKO-IICUXOIATOIOTMYECKHI METO/L M CKDHHMHIOBBIE METO/IbI HCCIICIOBAHMS: TUATHOCTHYCCKAs
IKaja paccTpoiicts Ounossipaoro criektpa (Bipolar Spectrum Diagnostic Scale, BSDS, R. Pies, 2005); BonpocHHK
paccrpoiictBa HacTpoerus: (Mood Disorder Questionnaire MDQ, R.M. Hirschfeld, 2000).

Pe3yabratsl. [Ipy KIMHUKO-IICHXONATONIOTMYECKOM HUCCIICA0BAHUN MOJPOCTKOB B COOTBETCTBUU C KPUTECPUSIMHU
MKB-10 (knacc V: ncuxuueckue paccTpoicTsa u paccrporictBa noseaenus (F00-F99)) ncuxuueckue paccTpoicTsa,
B TOM uncie apdeKTuBHAs aTONOrHs, HE BhIsABIICHBL. [0 pe3ynprataM CKpUHUHIOBOM MeToaukn MDQ nokasaxn
puck BP y 63 pecionnentos (45,3%; 95-it noBepurenbHbiii naTepBan (JN): 36,8-53,9). C nomoIib0 METOIMKU
BSDS puck BP ormeuen y 16,2% pecnionaentos (JAW: 11,9-28,3). CoBmMecTHOE UCTOIB30BAHUE CKPUHUHIOBBIX
wkas (MDQ u BSDS) npoaeMoHCTpHpOBaio coriiacoOBaHHOCTh UX PA0OTHI 10 BBISIBJICHHUIO 3HAYEHHUH, KaK HE TIpe-
BBILIAIOUIUX [TOpOroBblie (48,7% ciaydaeB), Tak U MPEBbILIAONINX TOporosele nokaszatenu (17,1% cioydaes).

3aximoyenne. Panuas nuarnoctuka pucka bP y moapocTkoB Hapsly ¢ KIMHUKO-IICUXONATOJIOIMYECKUM METO-
JIOM MOXKET BKJIIOYaTh UCIIOJIb30BAHUE CKPHMHUHIOBBIX IKal. KOMIUIEKCHOE MCIOIb30BaHUE HECKOJIBKUX CKPH-
HUHTOBBIX METOJIOB 00OCHOBAaHO Mpo0IeMoil noimMopdu3Ma HadaabHBIX TUIIOMAHWAKAIBHBIX M JAEIPECCHBHBIX
COCTOSIHUIA, a TAKKe€ TPYAHOCTIMH CyObEKTHBHOI OIIEHKH CHMIITOMOB OHITOIISIPHOTO aheKTHBHOTO paccTpoiicTBa
MOJPOCTKAMH.

KoroueBrble ciioBa: noapoctky, ounossipHoe ahGeKTHBHOE pacCTPOHCTBO, TUITOMAHUSI, CKDHHHHTOBBIE METO/IBI

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKEeil HACTOSIIEH CTaThH.

HUcTounuk (l)HHaHCHpOBaHI/IH. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/Iﬂ Ipyu OpOBEACHUU HUCCIIEN0-
BaHUA.

CooTBeTcTBHE MPUHIMNAM 3THKH. VTHPOPMUPOBAHHOE COTIIACHE ITOIIMTICAHO POJUTEIISIMU IOAPOCTKOB II0 COOT-
BeTcTByMOIICH (hopme. MccnenoBanne ogodpeno stnaeckum komuretoM CI'MY (mporokon Ne 3 ot 02.12.2018).

Ja nuruposanusi: Ocunosa H.H., bapnenmrreiin JIL.M., Jiamen JLJIL., JImurpuesa E.B. Ilpumenenue ckpuHuH-
TOBBIX METO/IVK JUISI paHHEH IMarHOCTUKH PUCKa OUIIOISIPHOTO aGEeKTHBHOTO paccTpoiicTBa Y MOJAPOCTKOB. bro-
Jnemens cubupckot meouyunsl. 2022;21(2):105-114. https://doi.org/10.20538/1682-0363-2022-2-105-114.

Application of screening techniques for early diagnostics of bipolar

INTRODUCTION

Bipolar disorder (BD) is a chronic, almost lifelong
disease involving not only episodes of mood disor-
ders (subdepression, depression, hypomania, mania,
and mixed episodes), but also a wide range of comor-
bid disorders, decreased neurocognitive functions,
and a significant decline in social functioning [1].

BD is one of the leading causes of disability in
the population and is associated with high rates
of premature mortality, both from suicide [2] and
concomitant diseases [3, 4]. Among patients with
BD, especially those with mixed episodes and psy-
chotic disorders, the risk of suicidal behavior is one
of the highest among all mental disorders, especial-
ly in adolescence [5].
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BD is characterized by high prevalence in the
general population (from 0.6 to 5.84%), and with
account of subsyndromal manifestations, it reaches
12% [6]. The issue of studying BD manifesting in
adolescence seems relevant in the light of the in-
crease in the proportion of this pathology in puberty
[7, 8].

An important aspect of this issue is a difficul-
ty in diagnosis, largely associated with the atypical
clinical presentation of subdepressive, depressive,
hypomanic, manic, and mixed episodes debuting in
adolescence, its polymorphism, and syndrome incom-
pleteness due to the characteristics of the developing
adolescent psyche [9]. This leads to the fact that a sig-
nificant part (up to 70-80%) of adolescents suffering
from BD do not receive timely adequate treatment or
do not come to the attention of a psychotherapist or
psychiatrist at all [10].

Depression is a frequent clinical manifestation of
most mental illnesses at puberty, especially at their
initial stage, which is probably due to the prevalence
of the emotional and ideological response at this
stage of ontogenesis [11, 12].

Hypomanic states often precede BD in adoles-
cence [13]. A significant problem is differentiation
between hyperthymic temperament, as an extreme
variant of the norm, and hypomanic states in BD. In
addition, adolescent behavioral features that deter-
mine developmental crisis during puberty (reaction
of emancipation, opposition, grouping with peers,
etc.) [12] are often associated with the onset of sub-
stance abuse, which may not exclude early symp-
toms of hypomania [13, 14].

Hypomania presents significant problems in the
diagnosis of bipolar II disorder. Hypomanic states
are difficult to recognize both by patients themselves
and their relatives; most patients do not consider
such states painful and, therefore, do not seek medi-
cal care [15]. This is especially true for adolescents,
who may enjoy a state of heightened mood and ela-
tion. They can exacerbate this state by taking psy-
choactive substances followed by risky behavior
[16].

Irritability, as one of the diagnostic criteria for
mood disorders (hypomania, mania, subdepression,
depression), is also quite common in the prepuber-
tal and pubertal developmental periods. Irritability is
often accompanied by various forms of aggressive
behavior in adolescents and requires thorough dif-

ferential diagnosis. In the study by F. Benazzi, H.
Akiskal (2004), irritability was more often detected
in bipolar II disorder. BD with irritability had an ear-
lier onset, high comorbidity rates, as well as aggra-
vated family history for BD [17].

Over the decades, international diagnostic sys-
tems have changed approaches to the diagnosis of
hypomania, as one of the criteria for bipolar II dis-
order. This concerned both the duration of the hy-
pomanic episode and the number of symptoms it
should correspond to. The ICD-11 project includes
changes concerning the diagnosis of a hypomanic
episode [18-20].

J. Angst et al. (2020) conducted a comparative
analysis of diagnostic criteria for BD using DSM-V
(APA, 2013) and the ICD-11 project. They noted
that, unlike DSM-IV-TR and ICD-10, in DSM-V
and the ICD-11 project, among the main criteria
for diagnosing a hypomanic episode, in addition to
mood changes (euphoria, irritability), the emphasis
is placed on increasing activity, a surge of strength,
and a subjective feeling of vitality, which, accord-
ing to the authors, is essential to describe a more
complete and accurate clinical presentation of the
disorder. In the DSM-V, the number of additional
symptoms for the diagnosis of hypomania is limited
to three or more for increased mood and to four or
more for irritability. In the ICD-11 project, “a few”
additional symptoms are necessary to make a diag-
nosis. The differences also concern the duration of
the hypomanic episode: in DSM-V, symptoms must
be present for at least 4 days, while there are no such
restrictions in the ICD-11 project, and a period of
“several days” is mentioned.

J. Angst et al. (2020) note that the diagnostic
criteria for a hypomanic episode in the ICD-11
project enable to detect it twice more often than in
DSM-V. The issues requiring further study are so-
cial and psychological consequences of hypomania
which are not always subjectively undesirable for
the patient (increased efficiency, acceleration of as-
sociative processes, reduced duration of night sleep,
increased creative abilities). The authors point out
that for a more accurate diagnosis, it is necessary
to take into account episodes of seeking outpatient
medical care, which may be associated to a greater
extent with the negative consequences of a hypo-
manic episode and will maximize objectification of
the patient’s mental state [21].
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Researchers indicate that the average age at the
onset of BD varies from 20 to 30 years. Some au-
thors note two peaks of BD debut: 15-24 years and
45-54 years. There are also indications of an earli-
er (up to 12 years) onset of the disease, associated,
among other things, with the impact of a traumatic
event [22]. Certain BD symptoms in the form of cy-
clothymic mood swings can be detected in adoles-
cence and are characterized by a risk of progression
to BD [23, 24].

Researchers are also discussing the diagnosis of
prepubertal bipolar disorder (PPBD) [25]. However,
clinical manifestations of the main BD symptoms in
childhood differ significantly from those in adults,
and in some cases are not similar. Mixed episodes
that are difficult to diagnose and are common in
adults, can also occur in childhood and adolescence,
which further complicates early diagnosis of affec-
tive pathology in these age periods [26].

At the onset of BD in childhood, the disease is
characterized not only by a more unfavorable course
compared with the debut in adults (more episodes,
substance use and disability), but also by a longer
delay in the initiation of treatment. J.S. Kroon et al.
(2013) found that the first episode of BD that occurred
at the age of 15-24 years subsequently contributed to
a more severe course of the disease in patients aged
45-54 years [27].

BD in adolescents is often complicated by comor-
bid mental and somatic disorders that significantly
increase the risk of suicidal behavior. This primarily
concerns substance abuse. According to M.H. Swahn
et al. (2007), early initiation of alcohol consumption
(especially at the prepubertal age) statistically sig-
nificantly increases the risk of suicidal thoughts and
can provoke suicidal attempts in both boys and girls
[28].

Researchers attribute great importance to identify-
ing prodromal symptoms that precede the onset of the
disease. According to the study by G.A. Fava et al.
(2007), the majority of patients had such symptoms as
difficulty with falling asleep, irritability, and anxiety
before the onset of clinically defined syndromes [29].
A.R. Van Meter et al. (2016) noted that more than half
of the respondents had a symptom of a significant in-
crease in energy before the onset of a manic episode
[30]. There is evidence that behavioral disorders, ag-
gressiveness, and impulsivity in adolescence also pre-
cede BD [31].

Along with the main clinical and psychopatho-
logical method, screening tools are widely used for
the diagnosis of BD, especially for timely detection
of hypomanic episodes. These include the Mood
Disorder Questionnaire (MDQ) developed in 2000
by a team led by R.M.A. Hirschfeld [32], the Bipolar
Spectrum Diagnostic Scale (BSDS) developed by R.
Pies and improved by a group of researchers led by
S.N. Ghaemi in 2005 [33], and the 32-item Hypoma-
nia Checklist (HCL-32) [34] proposed by J. Angst et
al. in 2005 and validated in Russia by S.N. Mosolov
et al. [35]. These screening methods are used in both
clinical and non-clinical populations.

Thus, studies on hypomania in a non-clinical ado-
lescent population using HCL-32 showed the relation-
ship of hypomania with sleep disorders and person-
ality traits, which confirms the validity of using this
screening method as a tool for identifying adolescents
at risk of developing BD [36]. A. Péiren et al. (2012),
studying adolescents (n = 2,300) with a positive
screening result for hypomania, upon re-examination
after 15 years, revealed hypomanic episodes in 3—6%
of cases [37].

According to many researchers, the use of screen-
ing techniques in non-clinical populations to identi-
fy the risk of BD causes many difficulties, since the
sensitivity and specificity parameters vary widely.
A subjective assessment of the emotional state (hy-
pomania) in adolescents is also complicated. In ad-
dition, the debut of BD is characterized by a high
degree of polymorphism, which poses additional
challenges for the diagnosis of the disease at early
stages [38].

MATERIALS AND METHODS

The aim of the study was to investigate diagnostic
capabilities of combined use of the Mood Disorder
Questionnaire (MDQ) and the Bipolar Spectrum Di-
agnostic Scale (BSDS) to identify the risk of BD in a
non-clinical adolescent population.

The study involved 139 adolescents studying at a
specialized school in the Smolensk region within the
programs of the Federal State Educational Standard
of Secondary (Complete) General Education (57
(41.1%) boys and 82 (58.9 %) girls). The average
age was 14.61 + 0.09 years (min = 13; max = 16).
The study participants were comparable in age and
social and educational status. No significant differ-
ences were found by gender (p > 0.05).
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The informed consent was signed by the parents
of the adolescents according to the standard form.
The study was conducted in groups of 15-20 peo-
ple. A preliminary permission had been received to
ask clarifying questions from a psychiatrist present
during the study. In most cases, adolescents did not
have any difficulties with filling out the question-
naire. On average, it took them 30 minutes to fill out
the printed copy of the screening questionnaires.

The clinical and psychopathological meth-
od and screening methods were used in the work:
the Bipolar Spectrum Diagnostic Scale (BSDS; R.
Pies, 2005) [33]; the Mood Disorder Questionnaire
(MDQ; R.M.A. Hirschfeld, 2000) [32].

Statistical processing of the data included methods
of descriptive statistics. The 95% confidence interval
(CI) was calculated using the Wald’s equation; for
small values, it was calculated using the Wald’s equa-
tion modified according to the method of Agresti —
Coull. The significance of the differences between
the studied features was assessed using the Pearson’s
chi-squared test (y*) and Fisher transformation. Sta-
tistical significance was recognized with a probabili-
ty of >95% (p < 0.05). The relationship between the
features was assessed by Spearman’s rank correla-
tion coefficient. Statistical analysis of the results
was performed in Microsoft Excel 16 using the Data
Analysis and AtteStat add-ons and the R statistical
package.

RESULTS

During the clinical and psychopathological as-
sessment of the adolescents in accordance with the
criteria of ICD-10, class V, mental and behavioral
disorders (FO0—F99) and mental disorders, including
affective pathology, were not identified.

The next stage of the research was to study the
risk of developing BD using the Mood Disorder
Questionnaire (MDQ). 139 adolescents took part
in it. The MDQ consists of 3 sections: the first in-
cludes 13 questions reflecting symptoms of mania
(hypomania), the second registers the simultaneous
presence of one or more symptoms, and the third
registers the degree of habitual activity interference
due to the presence of symptoms. The average value
of positive answers among the respondents in this
sample was 7.14 £ 0.26 points (min = 1; max = 15).
These values do not exceed the screening threshold
of 7 points [20]. The results of the study are present-
ed in Table 1.

Table 1

The results of the distribution of positive responses according
to the MDQ scale, n = 139

The distribution of The number of the

positive answers according | respondents who gave a 95% CI
to the MDQ scale, points | positive answer, 1 (%)

15 1(0.72) 0.13-3.96
14 2 (1.44) 0.4-5.1
13 3(2.16) 0.74-6.16
12 3(2.16) 0.74-6.16
11 12 (8.63) 3.96-13.30
10 12 (8.63) 3.96-13.30
9 14 (10.07) 5.07-15.08
8 16 (11.51) 6.21-16.82
7 16 (11.51) 6.21-16.82
6 16 (11.51) 6.21-16.82
5 16 (11.51) 6.21-16.82
4 9 (6.47) 2.38-10.57
3 10 (7.19) 2.90-11.49
2 6(4.32) 0.94-7.70
1 3(2.16) 0.74-6.16

Note: 95% CI with respect to the relative rate of a positive response,
p <0.05 (here and in Table 2).

To identify the proportion of respondents with an
increased level of screening values, grouping was
carried out according to the screening threshold. The
respondents were divided into two groups. The first
group included 76 respondents, which is 54.7% (CI:
46.1-63.1), who scored 7 or less points (not exceed-
ing the screening threshold); the second group in-
cluded respondents in the amount of 63 individuals,
which is 45.3% (CI: 36.8-53.9), who scored more
than 7 points (exceeding the screening threshold).

No significant differences were found between
the groups ¢ *emp = 1.329 (p > 0.05), i.e. the pro-
portion of the respondents with screening values not
exceeding the screening threshold does not signifi-
cantly differ from the proportion of the respondents
exceeding the screening threshold; the respondents
of both groups are seen in the studied social environ-
ment with equal likelihood.

The next stage of the study was to investigate the
possibilities of using the Bipolar Spectrum Diagnos-
tic Scale (BSDS) screening technique to identify the
risk of developing BD. From 139 individuals, the
study involved 99 adolescents aged 13—16 years.

BSDS is a technique that, along with the manifes-
tations of depression, takes into account the symp-
toms of hypomania (mania). The respondent’s agree-
ment with any of the proposed statements is equal
to 1 point. The total BSDS score can be in the range
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of 0-25. The probability of BD is estimated accord-
ing to the sum of points: 20 points or more — bipolar
spectrum disorder is very likely, 13—19 points — a
moderate probability of bipolar spectrum disorders,
7-11 points — low probability of bipolar spectrum
disorders, less than 7 points — BD is unlikely. The
screening threshold is 13 points.
The average score for positive responses among
the respondents in this population was 8.93 £+ 0.39
(min = 1; max = 20), which is below the screening
threshold (13 points). The results of the study are
presented in Table 2.
Table 2

The results of the distribution of the total score for positive
responses according to the BSDS, n =99

The total score for positive The number of
responses according to the | respondents who gavea| 95% CI
MDAQ scale, points positive answer, n (%)
20 and more 1(1.01) 0.18-5.5
13-19 28 (28.28) 20.35-37.83
7-11 50 (50.51) 40.83-60.15
less than 7 20 (20.20) 13.47-29.15

The table shows the prevalence of low (50.51%)
and moderate (28.28%) trends toward BD in the re-
spondents. To identify the proportion of the respon-
dents with an increased level of screening values
(13 or more points), grouping was carried out ac-
cording to the screening threshold. The respondents
were divided into two groups. The first group includ-
ed 83 respondents, which is 83.8%, CI: (75.1-90.5),
who scored less than 13 points (not exceeding the
screening threshold); the second group consisted of

25
20
15 15.00
10
9.00
7.00
5 5.00
0

16 individuals, which is 16.2%, CI: (11.9-28.3), who
scored 13 or more points (exceeding the screening
threshold).

When comparing the two groups, significant differ-
ences were revealed ¢ *emp = 10.501 (p < 0.05), i.e.
the proportion of respondents with values not exceed-
ing the screening threshold significantly differs from
the proportion of respondents exceeding the screening
threshold. This sample is dominated by respondents
with values not exceeding the screening threshold
(less than 13 points), respectively, who do not have a
risk of developing BD.

The next stage of the research was to study the si-
multaneous (combined) use of the MDQ and BSDS
screening techniques; a comparative analysis was
carried out. As a result, the MDQ scale revealed a
tendency toward BD in a non-clinical population
of adolescents to a greater extent than the BSDS;
¢ *emp = 6.36 (p < 0.05) (Fig. 1). The average value
according to the MDQ scale approached the screen-
ing threshold value of 7 points (7.14 £ 0.26, min = 1;
max = 15), and the average value according to the
BSDS (8.93 £ 0.39, min = 1; max = 20) was 13 points
lower than the screening threshold. The results ob-
tained may indicate difficulties experienced by adoles-
cents in assessing the emotional state, which justifies a
comprehensive approach to the diagnosis of a tenden-
cy toward affective pathology.

Further, we performed a correlation analysis of
the survey results on the BSDS and MDQ scales. A
noticeable direct, positive relationship was revealed
(r = 0.55; p < 0.05), which indicates the possibility
of combined use of these screening scales (Fig. 2).

#20.00
18.00

11.00
9.00

6.00

1.00

I MDQ [M BSDS

Fig. 1. Distribution of average values on the BSDS and MDQ scales
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Fig. 2. Study of the correlation between the MDQ and BSDS

To assess the possibility of combined use of the two
scales, the Pearson’s test was used. When analyzing
the statistical relationship between the parameters
of the MDQ and BSDS screening methods (above /
below the screening value for both scales), %2
was 12.6, which indicates a high degree of its sta-
tistical significance (p = 0.0004). Combined use
of the two techniques in the groups exceeding the
screening threshold was revealed in 17.1% of cas-
es. In the groups of respondents where the screening
values on both scales did not exceed the threshold
values, the combined use of the methods was detect-
ed in 48.7% of cases.

The data obtained may indicate the effectiveness
of comprehensive research in non-clinical samples.
In this study, the combined use of the two screening
scales (MDQ and BSDS) revealed a risk of develop-
ing affective disorders in 17% of the respondents. At
the same time, with the use of each of these techniques
separately, contradictory results were obtained: ac-
cording to the MDQ data, a tendency toward affective
pathology was revealed in 45.3% of the respondents,
while according to the BSDS, only 16.2% of the re-
spondents in the non-clinical sample were found to
exceed the screening threshold.

The findings obtained are consistent with the re-
sults of studies on possibilities of applying screening
scales in the general population. Scholars discuss a
significant variation in the sensitivity and specific-
ity of screening methods in non-clinical samples.
R.M. Hirschfeld et al. (2003), when studying validity
of the MDQ scale for application in the general pop-
ulation, found that the sensitivity of the method was

28.1% and the specificity was 97.2%, which signifi-
cantly limits its use [39].

The study of possibilities of the BSDS in outpa-
tient psychiatric practice shows greater sensitivity
with regard to exclusion of the diagnosis of BD. At the
same time, some experts consider the BSDS a useful
screening tool for detecting subclinical manifestations
of hypomania [40]. In order to optimize screening for
BD, according to many researchers, the combined use
of several diagnostic questionnaires may be recom-
mended. An increase in the efficiency of BD screening
was shown with the combined use of the MDQ and
the HCL-32, the BSDS and the HCL-32, as well as the
BSDS and the MDQ [41, 42].

Therefore, this analysis has shown that the com-
bined use of two screening scales and clinical and
psychopathological assessment can contribute to
more reliable results in detecting mood disorders in
non-clinical populations of adolescents and minimize
the problem of over- and underdiagnosis of subde-
pression and hypomanic states.

CONCLUSION

In the clinical and psychopathological assessment
of adolescents in accordance with the criteria of ICD-
10, class V (mental disorders and behavioral disorders
(FO0-F99)), mental disorders, including affective pa-
thology, were not detected. Based on the results ob-
tained, it may be assumed that in this study, the MDQ
and BSDS screening methods can work in unison, to
detect respondents with values both not exceeding
and exceeding the screening threshold. In particular,
consistency of measurements of the methods in iden-
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tifying values that do not exceed the screening thresh-
old is confirmed in 48.7% of cases, which indicates
that there is no risk of BD in the studied population of
healthy adolescents. In 17.1% of cases, the consisten-
cy of measurements of the two methods in identifying
the excess of the screening threshold corresponds to
the risk of developing BD in this population of re-
spondents.

Identifying the risk of BD in adolescents is very
complicated due to significant polymorphism of both
prodromal and initial manifestations of BD. Ado-
lescence, characterized by complex neuroendocrine
changes in the body, also causes certain alterations
in the initial manifestations of BD. Psychological
features typical of adolescence (reactions of emanci-
pation, opposition; active and passive protest; aggra-
vation of characterologic traits, etc.) can act both as
psychological phenomena and psychopathological
symptoms and require thorough differential diagnosis.

Early diagnosis of the risk of BD in adolescents,
along with the clinical and psychopathological as-
sessment, may include the use of screening scales.
The combined use of several screening methods is
justified by polymorphism of initial hypomanic and
depressive states, as well as the by difficulties in sub-
jective assessment of BD symptoms by adolescents.
Further research on possibilities of early diagnosis
of the risk of BD requires a comprehensive approach
with use of the basic clinical and psychopathologi-
cal assessment and additional psychometric scales, a
thorough assessment of anamnestic data, and subse-
quent follow-up.
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Serum concentrations of interleukin-6 and tumor necrosis factor alpha
in patients with spondyloarthritis: a relationship between systemic
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ABSTRACT

Aim. To assess the relationship between the activity of systemic inflammation and the hemoglobin level in patients
with spondyloarthritis (SpA).

Materials and methods. We examined 92 patients with SpA aged 42.9 + 11.6 years (SpA duration — 14.8 +
9.6 years, 55 (60%) men). We calculated the BASDAI and ASDAS-CRP scores, performed complete blood count,
evaluated erythrocyte sedimentation rate (ESR), ferrokinetic parameters, C-reactive protein (CRP) level, and serum
concentrations of tumor necrosis factor a (TNF-a) and interleukin-6 (IL-6).

Results. Anemia was found in 52 (57%) patients: 13 (25%) patients were diagnosed with anemia of chronic dis-
ease (ACD), 39 (75%) individuals had a combination of ACD and iron deficiency anemia. A significant increase
in CRP (17.8 vs. 9.0 mg / 1, respectively; p = 0.001) and ESR (23 vs. 10 mm / h, p < 0.001), a tendency toward
an increase in IL-6 levels (5.4 vs. 4.1 pg/ ml, p = 0.051), and no difference in TNF-a levels (3.4 vs. 3.0 pg / ml,
p = 0.245) were revealed in patients with anemia compared with patients without the disease. The hemoglo-
bin concentration was negatively correlated with the CRP level (» = —0.327, p = 0.001) and ESR (r = —0.527,
p<0.001). IL-6 was positively correlated with the levels of TNF-a, CRP, and ESR (»=0.431, »=0.361, = 0.369;
all p <0.001). With the IL-6 concentration >10 pg / ml, the odds for anemia were 5.3 times higher (95% confidence
interval: 1.4-19.9, p = 0.009).

Conclusion. The relationship between the activity of systemic inflammation and anemia in patients with SpA was
confirmed. Taking into account the pathogenesis of ACD, the aim of antianemic treatment is to achieve remission
or minimal activity of SpA. Additional studies are required to determine the effect of backbone anti-inflammatory
therapy on the development and course of anemia in patients with SpA.
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CbIBOPOTOYHAA KOHLEHTPaLMA NHTep/IeNKNHA-6 n pakTopa HeKpo3a
onyxoJin a y nayeHToB CO CMOHANNoAPTPUTaMN: CBA3b MeXAY
CUCTEeMHbIM BOCNaseHnemM n aHeMmumen

CadapoBa K.H.', DegotoB 3.A.%, Pe6poB A.I."

ICapamosckuil 2ocyoapcmeennviti meouyunckuil ynusepcumem (I'MY) um. B.H. Pazymosckozo
Poccus, 410012, 2. Capamos, yn. borvwas Kazauvs, 112

2Capamosckas obnacmuas cmanyus nepeiusaniusi Kposu
Poccus, 410033, 2. Capamos, yn. ['eapoetickas, 27

PE3IOME

Henp — omeHHTH B3aMMOCBSI3M MEXKTY JIAOOPATOPHOH AKTUBHOCTBIO CHCTEMHOTO BOCHAJCHHUS H YPOBHEM
reMOTJI00MHA y MAalueHTOB co crioHamnoaptpuramu (CoA).

Marepuajbl 1 MeToabl. O6cnenoBansl 92 mammenta co CnA (Bospact — 42,9 + 11,6 rona, umrensHocts CA —
14,8 £ 9,6 net, 55 (60%) myxuun). Paccuntansr nanexcst BASDAI, ASDAS-CRP, nccnenoBansl KIMHUYECKUH
aHaM3 KPOBHU, CKOPOCTh ocemanus sputpountoB (COD), mapaMeTpsl GeppOKHHETHKH, YPOBeHb C-peakTUBHOTO
oenka (CPbB), criBopoTodHas KOHIEHTpaus ¢axTopa Hekposa omyxonu o (PHO-o) n naTepneiikuna-6 (1J1-6).

PesyabTatbl. Y 52 (57%) nauueHToB BbisBiIeHa aHeMust: y 13 (25%) nuarHocTUpOBaHa aHEMHsI XPOHHUYECKOIO
BocrianeHust (AXB), y 39 (75%) — xomOunarms AXB u xenezoneduunTHol aHeMuH. Y MALMEHTOB C aHEMHEH
[0 CPaBHEHHUIO C OOJBHBIMU 0€3 aHEMHUYECKOrO CHHAPOMA OTMEUEHO CTATHCTHYECKU 3HAYUMOE YBEIMUYCHHE
ypoBasi CPb (17,8 u 9,0 mr/a coorBerctBenHo, p = 0,001) u COD (23 u 10 mm/u cootBeTcTBeHHO, p < 0,001),
yCTaHOBJICHA TEHJACHIMS K moBbimeHuto ypoBHs WUJI-6 (5,4 u 4,1 nr/mn cootBetcTBeHHO, p = 0,051), KOHIICH-
tpauuss PHO-o cratucTuyecku 3HaunMo He pasiauyanack (3,4 u 3,0 nr/mia, p = 0,245). YcranoBnena obpaTHas
B3aMMOCBSI3b MY YpOBHEM remoryioouna u yposuem CPb (r=-0,327; p = 0,001), COD (r=-0,527; p <0,001).
Konuentpauus MJI-6 cratuctuuecku 3HauuMo B3auMocBszaHa ¢ ypoHeM ®HO-a, CPb u COD (r = 0,431; r =
0,361; r=0,369; p <0,001 s Bcex). [Ipu kounenTparwu MJI-6 >10 nr/mit rraHchl pa3BUTHS AHEMHUH Y TTAIIUCHTOB
co CnA yBenunuuBaiuch B 5,3 paza (95%-it noseputensubiii unrepsai 1,4-19,9; p = 0,009).

3akimouenne. B Xone wccienoBaHMS TOATBEPKACHA B3aMMOCBSI3b MEXKIY Ja0OpaTOpHON aKTHBHOCTBHIO
CHCTEMHOTO BOCHANEHNs U aHemuel y 0oibHBIX CrA. YunthiBas matoreHe3 AXB, 0CHOBOW aHTHaHEMHYECKOM
TEpaIH SBJISIETCS JOCTHKEHUE PEMUCCHH, a TP HEBO3MOKHOCTH — MUHUMAIEHOU akTuBHOCTH CrA. Tpebyercs
MIPOBEICHHE JTOTTOTHUTEIFHBIX UCCIICIOBAHHUHN JUTS OTIPECICHUS BIHSHUS 0a3MCHOW MPOTHBOBOCTIATUTEIBHON Te-
panuu Ha pa3BUTHE U TEYEHHE aHEMHHU y ManueHToB co ChA.

KiroueBble c10Ba: aHeMus1, reMOITIOONH, BOCIIAJICHUE, HHTEPICHKUH-0, (GaKTOp HEKPO3a OITyXOJIH 0, CHOHAMIIO-
apTpUT

KonpaukT unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKEeil HACTOSIIEH CTaThH.

HUcTounuk (l)HHaHCHpOBaHI/IH. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/Iﬂ Ipyu OpOBEACHUU HUCCIIEN0-
BaHUA.

CooTBeTcTBHE MPUHIMIIAM dTHKH. Bce manueHTs! moamucam HHOOPMHPOBAHHOE COTIIACHE HA YYacTHE B HC-
cienoBanuu. [IpoBeneHue Mccne0BaHus 0100peHo dTHYeckinM KomureToM CapatoBckoro I'MY um. B.U. Pa3y-
MoBckoro (mpotoxos Ne 3 ot 07.11.2017).

Jist nurupoBanusi: Cadaposa K.H., ®enoros D.A., Ped6pos A.Il. CriBOpOTOUHASI KOHIIEHTPALHS HHTEPIICHKH-
Ha-6 1 (akTOopa HEeKPO3a OIyXOJIU 0. y HMALMEHTOB CO CIOHIUIOAPTPUTAMU: CBSI3b MEXKIY CHCTEMHBIM BOCIAJle-
HUEM U aHeMuel. brotemens cubupckot meouyunst. 2022;21(2):115-121. https://doi.org/10.20538/1682-0363-
2022-2-115-121.

116 BlonneteHb cMbupckoi meguuuHbl. 2022; 21 (2): 115-121



Original articles

INTRODUCTION

Anemia of chronic discase (ACD) 1is the
second most prevalent type of anemia after iron
deficiency anemia (IDA) and is characterized by
high prevalence among different groups of patients
[1-3]. Anemia is a common comorbid pathology in
patients with rheumatic diseases, which is associated
with the pathogenesis of autoimmune diseases [4].
Overproduction of interleukin-6 (IL-6) and tumor
necrosis factor o (TNF-a) plays a key role in the
pathogenesis of ACD and leads to impaired iron
homeostasis and erythropoiesis [4, 5].

Significant effects of IL-6 include stimulation of
hepcidin production in the liver. Increased levels of
circulating hepcidin result in suppression of nutritional
iron absorption in the duodenum and impairment of
endogenous iron recirculation due to its sequestration
in cells of the macrophage — monocyte system [4, 5].
TNF-a directly inhibits intestinal iron absorption by
the hepcidin-independent mechanism, reduces the
erythrocyte life span, promotes erythrophagocytosis,
suppresses proliferation of erythroid progenitor cells
via implementation of proapoptoptic effects, and
inhibits erythropoietin production [4, 5]. Following
the combined effect of hepcidin and cytokines,
functional iron deficiency develops, accompanied by
hypoferremia with normal or elevated serum ferritin,
heme synthesis is disrupted, and erythropoiesis
decreases [4, 5].

Spondyloarthritis (SpA) is a chronic autoimmune
disease characterized by persistent systemic
inflammation, damage to the axial skeleton, entheses,
and peripheral joints, and possible extra-articular
manifestations, such as psoriasis, uveitis, Crohn’s
disease or ulcerative colitis [6]. SpA is highly
prevalent in the general population, but currently
there is no convincing evidence of the incidence and
features of anemia in this category of patients. Proper
identification of the pathogenetic type of anemia
contributes to the choice of the optimal therapeutic
strategy for correcting anemia in SpA. The presence
of ACD is considered as a marker of the activity of
systemic inflammation, its severity and pathogenetic
features may influence the choice of backbone
antirheumatic therapy, determining a personalized
approach to SpA treatment. Therefore, it is of
interest to study the relationship between anemia and
inflammation in SpA.

The aim of'the study was to evaluate the relationship
between hemoglobin levels and markers of SpA

activity, such as serum concentrations of TNF-q,
IL-6, C-reactive protein (CRP), and erythrocyte
sedimentation rate (ESR).

MATERIALS AND METHODS

The study included 92 patients with SpA (55
males and 37 females aged 42.9 + 11.6 years, SpA
duration — 14.8 £ 9.6 years), who were admitted
to the Department of Rheumatology at Saratov
Regional Hospital from 2017 to 2019. Inclusion
criteria were the following: people aged 18 years
and older, a confirmed diagnosis of SpA according
to the Assessment of Spondyloarthritis International
Society (ASAS) classification criteria (2009) [7], a
signed informed consent to participate in the study.
Exclusion criteria included therapy with biological
disease-modifying antirheumatic drugs (bl DMARDs);
true iron deficiency, posthemorrhagic, megaloblastic
or hemolytic anemia; cancers; tuberculosis, HIV,
HBYV and HCV infections; stage 3—5 chronic kidney
disease; pregnancy and lactation.

The study was carried outaccording to the principles
set out in the Declaration of Helsinki and approved
by the local Ethics Committee at V.I.Razumovsky
Saratov State Medical University (Protocol No. 3 of
07.11.2017).

The SpA activity was determined by calculating
the Bath Ankylosing Spondylitis Disease Activity
Index (BASDAI) and the Ankylosing Spondylitis
Disease Activity Score with CRP (ASDAS-
CRP). Complete blood count (CBC) and serum
biochemistry parameters, including iron status and
CRP, were evaluated. Serum TNF-o and IL-6 levels
were measured in all patients by enzyme-linked
immunosorbent assay (ELISA) using alpha-TNF-
EIA-BEST and Interleukin-6-EIA-BEST reagent kits
(Vector-Best, Russian Federation). According to the
instructions, the reference concentrations were TNF-a
<6 pg/mland IL-6 <10 pg/ ml.

Anemia was defined at a hemoglobin concentration
of <130 g/ 1 for men and < 120 g/ | for women. ACD
was diagnosed when serum ferritin was > 100 ng / ml,
transferrin saturation (TSAT) was < 20%, and CRP
was > 5 mg /1. Combined ACD / IDA was diagnosed
when serum ferritin was 30-100 ng / ml, TSAT was <
20%, and CRP was > 5 mg/1[8].

Statistical processing of the data was performed
using SPSS version 26.0 software (IBM SPSS
Statistics, USA). Normality of sample distribution was
examined by the Shapiro —Wilk and Kolmogorov —
Smirnov tests, the distribution was considered
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normal at p > 0.05. Normally distributed, quantitative
variables were presented as the mean and standard
deviation (M £ SD). Variables characterized by non-
normal distribution were presented as the median and
the upper and lower quartiles Me [Q ; Q,]. Depending
on the type of data distribution, parametric and non-
parametric methods were used. To compare the
differences between quantitative variables in two
independent groups, the Student’s #-test was used
for normally distributed variables, and the Mann —
Whitney test was used for non-normally distributed
variables. To assess the differences between the
categorical variables, the Pearson’s chi-square test
x> or Fisher’s exact test was used. The odds ratio
(OR) with 95% confidence interval (CI) was used
for assessing the effect of cytokine overproduction
on the development of anemia in patients with SpA.
Relationships between variables were tested using
the Spearman’s rank correlation coefficient. The
Chaddock scale was used to determine the strength
of the relationship. The differences were considered
statistically significant at p < 0.05; p < 0.1 was
considered as a trend toward a difference.

RESULTS

Anemia was detected in 52 (57%) patients
included in the study: ACD was found in 13 (25%)
patients, combined ACD / IDA was detected in
39 (75%) patients. In 47 (90%) patients, the severity
of the disease was mild, in 5 (10%) patients,
the severity of anemia was moderate. SpA patients
with and without anemia were comparable in
gender, age, disease duration, and SpA activity, and
according to the BASDAI and ASDAS-CRP scores,
the majority of patients had high disease activity
(Table 1). In SpA patients with anemia, a trend
toward more frequent use of multiagent therapy,
including non-steroidal anti-inflammatory drugs
(NSAIDs), glucocorticoids, and synthetic disease-
modifying antirheumatic drugs (DMARDs), was
observed. Among SpA patients without anemia, in
most cases (70%), NSAID therapy was prescribed
without the additional use of glucocorticoids, and
synthetic DMARDs were used in 40% of patients
(Table 1).

The main CBC and iron status parameters and
markers of systemic inflammation in SpA patients
included in the study are shown in Table 2. Aniso-
cytosis and a trend toward microcytosis and hypo-
chromia of red blood cells were detected according
to the obtained values in the patients with anemia.

These patients were characterized by a higher platelet
count, reduced TSAT, and a trend toward a decrease
in serum iron, which is typical of ACD. A trend to-
ward an increase in serum IL-6 concentrations and
a significant increase in CRP and ESR values were
identified in anemic patients compared with patients
without anemia (p = 0.051, p = 0.001, and p < 0.001,
respectively). Nevertheless, no significant differences
in the TNF-a concentrations in patients with and with-
out anemia were revealed (p = 0.245).

Table 1

Main demographic and clinical characteristics of SpA patients

All patients with SpA (n = 92)
Parameter Withoy t With anemia | 7
&nira“oa) (n=52)

Age, years, M SD 45.113.0 41.310.3 0.139
Males, 7 (%) 25 (63) 30 (58) 0.641
Disease duration, years, 12.3 15.8 0521
Me [0 -0,] [7.4-20.3] [8.7-21.6]
BASDAIL M SD 4.82.2 5.62.1 0.117
BASDAI >4, n (%) 22 (55) 33 (64) 0.799
ASDAS-CRP, M SD 3.31.0 3.81.2 0.062
ASDAS-CRP 2.1, n (%) 27 (68) 42 (81) 0.434
SpA treatment, n (%): - - -
NSAIDs 28 (70) 26 (50) 0.053
NSAIDs + glucocorticoids 11 (28) 24 (46) 0.068
isnycrl‘fll;eiE;:DMARDs’ 16 (40) 3160) | 0.103
Methotrexate 8 (50) 14 (45) 0.472
Sulfasalazine 7 (44) 12 (39) 0.608
Methotrexate +
sulfasalazine L(6) 413) 0.383
Hydroxychloroquine - 1(3) -

A correlation analysis was performed to determine
the relationship between markers of systemic
inflammation, disease activity scores, and hemoglobin
levels (Table 3). The hemoglobin was inversely
correlated with CRP and ESR (p=0.001 and p <0.001,
respectively). A positive correlation between serum
IL-6 concentration and other markers of systemic
inflammation, such as TNF-o, CRP, and ESR, was
observed (p < 0.001 for all).

The analysis of the frequency of anemia depending
on excess serum levels of TNF-o and IL-6 is presented
in Table 4. The odds for anemia were 5.3 times higher
with elevated IL-6 concentration > 10 pg / ml (95%
CIL: 1.4-19.9). Moderate strength of the relationship
between the compared features was noted (Cramer’s
V =0.281).
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Table 2
Hematological and ferrokinetic parameters and systemic inflammatory markers in patients with SpA
All patients with SpA (n =92)
Parameter without anemia (n = 40) with anemia (n = 52) p
n Me [0 -0,] n Me[Q-0.]

Hemoglobin, g /1 40 139 [134-149] 52 116 [107-120] <0.001*
Mean corpuscular volume (MCV), fl 40 90.4 [88.9-92.9] 52 85.3[79.3-91.0] 0.002*
Mean corpuscular hemoglobin (MCH), pg 40 30.3 [29.5-30.9] 52 27.3[24.6-29.7] | <0.001*
Red cell distribution width (RDW), % 40 13.5[12.9-14.3] 52 15.1[13.6-16.8] | <0.001*
Platelets, 10°/1 40 278 [236-319] 52 297 [265-362] 0.028*
ESR, mm /h 40 10 [6-15] 52 23 [12-32] <0.001*
Serum iron, pmol / 1 16 13.8 [10.5-14.0] 52 8.7 [6.3-13.7] 0.071
Ferritin, ng / ml 16 69 [49-162] 52 70 [46-98] 0.640
Transferrin, g / 1 16 2.2 [2.0-2.3] 52 2.2[2.1-2.3] 0.688
TSAT, % 16 24.9 [18.0-27.5] 52 15.7 [11.2-23.0] 0.038*
CRP, mg/1 40 9.0 [3.9-16.6] 52 17.8 [9.5-30.5] 0.001*
TNF-a, pg / ml 40 3.0 [2.4-4.0] 52 3.4[2.74.1] 0.245
IL-6, pg / ml 40 4.1[2.0-6.7] 52 5.4[2.4-11.7] 0.051
*p<0.05

Table 3

Correlation analysis of systemic inflammatory markers and
clinical and laboratory parameters in patients with SpA

Parameter CRP ESR IL-6 TNF-a
r=0.147 | r=0.105 |r=-0.094| r=0.102
BASDAI p=0202 | p=0362 | p=0417 | p=0.378
r=0489 | r=0358 | r=0.160 | r=0.208
ASDAS-CRP |6 001% | p=0.001* | p=0.167 | p=0.071
Hemoalopin | 7= -0327 | r=-0.527 [ r=—0.155|r=-0.104
g p=0.001* | p<0.001* | p=0.142 | p=0.323
r=0.153 | r=0233 | r=0431
TNF-a p=0.146 | p=0.025% | p<0.001* !
L6 r=0361 | r=0369 | r=0431
g p<0.001* | p<0.001* p<0.001*
*p <0.05
Table 4

Comparison of the frequency of anemia depending on
increased serum concentrations of TNFa and IL6

Frequency of anemia
T e
n (%) n (%)
g;}:r.li ~6 4(80.0) 48(552) | 0383 (0'337'330.3)
;1;/6;110 16(342) | 36(500) | 0.009*| | 4:39.9)
*p<0.05
DISCUSSION

Inthis study, we attempted to assess the contribution
of'systemic inflammation to the development of anemia
in patients with SpA. No significant differences in the
TNF-a levels in patients with and without anemia

were revealed. At the same time, a trend toward an
increase in the serum IL-6 concentrations in patients
with reduced hemoglobin levels was observed, and
overproduction of this cytokine caused a more than
five-fold increase in the odds for developing anemia.
The traditional inflammatory markers, CRP and
ESR, were significantly higher in SpA patients with
anemia, and these parameters were correlated with
ASDAS-CRP score, hemoglobin level, and serum
IL-6 concentration.

It was found that serum IL-6 concentration in
patients with SpA was significantly higher than in
healthy individuals [9, 10]. However, according to
the results of clinical trials reported by J. Sieper et al.
[11, 12], the efficacy of IL-6 inhibitors (tocilizumab,
sarilumab) in the treatment of ankylosing spondylitis
(AS) has not been confirmed. Despite a significant
decrease in the laboratory markers of disease activity,
no improvement in symptoms related to the axial
skeleton and peripheral joints in patients and no
significant differences in the ASAS20 and ASAS40
response rate compared with the control group were
identified. It is worth noting that these studies did not
analyze the relationships between hemoglobin and IL-6
concentrations and did not evaluate the hematological
response to treatment with [L-6 inhibitors. At the same
time, IL-6 inhibitors are preferred in patients with
rheumatoid arthritis who have anemia and other signs
of IL-6-dependent inflammation due to their proven
high clinical efficacy [13]. It should be assumed that
the use of IL-6 inhibitors in SpA patients with severe
ACD may be justified.
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Anti-TNF-o therapy in patients with psoriatic
arthritis [14] and AS [15] with isolated ACD without
signs of true iron deficiency led to a significant increase
in hemoglobin levels and a decrease in serum CRP and
ferritin concentrations. It is known that cytokines are
able to potentiate the effects of each other, especially
this is typical of the triad of inflammatory mediators
— TNF-a, IL-1B, and IL-6. The opposite effect is also
realized — TNF-a blockade in the cytokine ensemble
can reduce IL-6 expression playing a key role in the
development of ACD.

Long-term use of NSAIDs as first-line drug
treatment is recommended in patients with axial
SpA. Y. Yan et al. in their study [16] demonstrated
a significant decrease in laboratory inflammatory
markers in AS patients treated with NSAIDs:
statistically significant reduction in the levels of
ESR, CRP, IL-6, and TNF-a was shown. Taking into
account the pathogenesis of anemia, it is obvious
that appropriate anti-inflammatory therapy with
NSAIDs can prevent the development of anemia in
patients with SpA. On the other hand, continuous
NSAID requires monitoring of potential side effects,
especially developing drug-induced gastrointestinal
bleeding and IDA. In this study, 75% of patients
were diagnosed with combined ACD / IDA, but had
no signs of NSAID-induced enteropathy. Previously,
there were no data confirming the association between
IDA and the use of NSAIDs in patients with SpA [17].
The presence of iron deficiency in anemia should be
considered as a consequence of hepcidin-induced
alteration of iron homeostasis under the conditions of
chronic systemic inflammation.

The results of this study confirm the existence
of a relationship between the activity of systemic
inflammation and hemoglobin levels in patients
with SpA. Taking into account the above, correction
of anemia in patients with SpA should be based on
suppression and, if impossible, minimization of
disease activity, which is the immediate therapeutic
goal, provided appropriate basic antirheumatic therapy
is chosen.

CONCLUSION

The study confirmed the relationship between
the activity of systemic inflammation and anemia
in patients with SpA. The majority of patients had
mixed anemia (ACD / IDA) with a slight or moderate
decrease in hemoglobin levels. Inflammation
should be considered as the main component in the
development of anemia. Taking into account the

pathogenesis of ACD, the basis of antianemic therapy
is to achieve remission, and if impossible, minimal
SpA activity. Additional studies are required to
determine the effect of NSAIDs and synthetic and
biological DMARDs on the development and course
of anemia in patients with SpA.
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Platelet aggregation under the conditions of vortex flow in vitro
in patients with chronic heart failure

Trubacheva O.A., Kologrivova I.V., Suslova T.E., Swarovskaya A.V., Garganeeva A.A.

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

ABSTRACT

Aim. To compare the effect of increased concentrations of aggregation inducers (five-fold addition) under standard
conditions and under the conditions of vortex flow in vitro on platelet aggregation in patients with chronic heart
failure (CHF).

Materials and methods. The study included 28 patients. The activity of platelet aggregation in platelet-rich plasma
(PRP) was evaluated according to light transmission curves (%) and the average size of aggregates (relative units
(rel. units)). The aggregation inducer was added once at 10 seconds of the study (standard procedure) and five times
at 10 seconds, 1, 2, 3, and 4 minutes of the study with a constant stirring rate of 800 rpm. The same parameters were
evaluated under the conditions of vortex flow, which was created by changing the stirring rate of the PRP from
800 rpm to 0 rpm and again to 800 rpm by pressing the centrifugation button on the analyzer.

Results. In the course of the study, the size of the aggregates increased in patients with CHF only under the
conditions of vortex flow. When a collagen aggregation inducer was added both at the concentration of 2 mmol / 1
and 10 mmol / 1, platelet aggregation parameters increased under the conditions of vortex flow. During the study
of epinephrine-induced platelet aggregation in patients with CHF, an increase in the aggregation parameters was
revealed, both at five-fold addition of the inducer and under the conditions of vortex flow compared with the
standard method.

Conclusion. The proposed methodological approaches to creating the conditions for vortex flow in vitro and
to five-fold addition of epinephrine showed an increase in the size of the aggregates and the degree of platelet
aggregation. Collagen-induced aggregation under the conditions of vortex flow revealed 7 (25%) patients with high
residual platelet reactivity (HRPR), and epinephrine-induced aggregation detected 15 (54%) patients with HRPR.

Keywords: aggregation, platelets, collagen, epinephrine, chronic heart failure, residual reactivity
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Arperauyuna Tpom6oLMTOB B YCI0OBUAX <BUXPEBOro» NOTOKa in vitro
y NauMeHTOB C XPOHNUYECKON cepieHHON He,0CTaTOYHOCTbIO

Tpy6aueBa O.A., Konorpusosa WU.B., CycnoBa T.E., CBapoBckas A.B., FapraHeeBa A.A.

Hayuno-uccneoosamenvcruii uncmumym (HUH) xapouonocuu, Tomckuli HAYUOHATbHBIT UCCTE008AMENbCKULL

meouyunckuil yewmp (HUMI]) Poccutickoii akademuu Hayk

Poccus, 634012, 2. Tomck, yn. Kueeckas, 111a

PE3IOME

I_Ie.m, — CPaBHUTECIBbHOC U3YYCHUE BIIUAHUSA TTOBBIIIICHHON KOHICHTpalu MHAYKTOPOB arperainu npu nsaTukpar-
HOM Z[O6aBJ'IeHI/II/I B CTAaHAAPTHBIX YCJIOBUSAX U B YCIIOBUAX «BUXPEBOI'0» IMMOTOKA in vitro Ha arperanuro TpOM60HPI-
TOB y NAalUCHTOB C XpOHPI‘IGCKOfI cepael{Hoﬁ HEAOCTATOYHOCTBIO.

Marepuajbl # MeToAbl. B uccienoBaHne BKIOUCHBI 28 MAllMEHTOB. AKTHBHOCTD arperaiid TpOMOOLMTOB B
6oraroii TpombormTamu 1rasme (BTII) onenmBamm mo KpuBBIM cBeTompomyckaHus (%) M CpeqHero pasmepa
arperataM (B OTHOCHTEJIBHBIX €JMHMIAX, OTH. ¢i.). OmpeneseHne MPOBOJHIN C WHAYKTOPOM arperauyu IpH
OJIHOKpaTHOM J100aBneHuu Ha 10-if ¢ uccnenoBanus (CTaHzapTHAs METOIMKA) M IIPH ISATUKPATHOM JOOABICHUH
uHaykropa Ha 10-it ¢, 1, 2, 3 u 4-if MUH HCCcleOBaHMs, [PU MOCTOSHHOM HEPEMEIIMBAHUH CO CKOPOCTBIO
800 00/MuH. DTH e mapameTpbl OLCHHMBAIM B YCIOBHSAX «BHXPEBOr0» IMOTOKA IUIA3MBI, YTO JOCTHUTAIOCH
n3MeHenueM ckopoctu nepememmmBanus bTII ¢ 800 no 0 06/MuH 1 BHOBB 10 800 006/MUH € TIOMOIIBIO KHOIIKH
BBIKJIIOUCHHS M BKIIOUYCHUS LICHTPU(YrHpOBaHUs HA aHAIM3aTOpeE.

PesyabTaTthl. B xo/e MPOBEIEHHOTO HCCIEIOBAHUS y TAIMEHTOB YBEIWYMIICS Pa3Mep arperatoB TOJIBKO B
YCIOBHAX «BHUXPEBOTO» MOTOKa. Ilpu noGaBleHMM WHIYKTOpa arperalnuy KoJulareHa Kak B KOHIEHTpaluH
2 MMOJIB/1T, Tak 1 10 MMOJIB/JTT TIOKa3aTeH arperaiy TPOMOOLUTOB YBEIHIMINCH B YCIOBHSIX «BHXPEBOTO» I10-
Toka. B Xoze uccnenoBanus s3MuHEPPUH-NHIYITUPOBAHHOM arperarun TpoMOOIUTOB y MAllMEHTOB BBISBUIIN BO3-
pacTaHue napaMeTpoB arperaiuu, Kak Mpy MATUKPATHOM 00aBIeHUH HHAYKTOPA, TaK U B YCTOBUSAX «BUXPEBOTO
MOTOKA 10 CPABHEHUIO CO CTAHJAPTHOM METOJUKOM.

3axioyenne. IIpennoxeHHble HAMH METOJMYECKHUE IIOAXOABI IO CO3JAHUIO YCIIOBUH «BUXPEBOIO» IOTOKA
in vitro M 1O TATHKPaTHOMY J00aBJICHHs] MHAYKTOpa dNHHEe(pHHA MOKa3all yBEJIMYCHHE Pa3MEpOB arperaton
W CTeNeHH arperanuu TpomoOoruToB. KoiareH-uHIylMpoBaHHas arperanusi B yCJIOBUSIX «BHUXPEBOTO» ITOTOKA
M03BOJIMJIA BBISIBUTE 7 (25%) MalMEeHTOB ¢ BBICOKOH OCTATOYHOH PEakTUBHOCTHIO TPOMOOIMTOB, a dNHHE(PUH-
nHaynupoBanHas — 15 (54%) nanueHTos.

KunroueBble cioBa: arperanusi, TpOMOOINT, KOJJIAreH, SITHHE(PPHH, XPOHUUECKask cepAedHasi HeA0CTaTOUYHOCTb,
OCTAaTOYHAsI PEaKTUBHOCTh

KOH('I).]'IMKT HHTEPECOB. ABTOpBI JCKIIApUPYIOT OTCYTCTBHUC SABHBIX U NOTCHIHUAIbHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’IHKaHHCﬁ HaCTOS[H.[efI CTaTbU.

HUcrounuk ¢unancupoBanusi. VccnenoBanue BBINOIHEHO B pamkax mnouckoBoit tembl HUU kapamosnoruu
AAAA-A20-120041090007-8.

CooTBeTcTBHE NMPHHUHUIAM 3THKH. Bce manmenTsl moamucanu MHOOPMUPOBAHHOE COTJIAacHE Ha ydacTHE B
nccnenoBanun. lccnenoBanne on00peHO JTOKalnbHBIM 3THYecKMM komutetoM HWU kapamomormu Tomckoro
HUML (mpotoxon Ne 139 ot 18.11.2015).

Js nutupoBanusi: Tpy6aueBa O.A., Komorpusosa U.B., Cycnosa T.E., Caposckast A.B., 'apraneeBa A.A.
Arperaryst TpOMOOLIUTOB B YCIOBHSX «BHXPEBOTO» MOTOKA i1 Vitro y TMAI[MEHTOB C XPOHUYECKOH cepaedHOil He-
JIOCTATOYHOCTBI0. Bronemens cubupcrou meduyunsl. 2022;21(2):122—128. https://doi.org/10.20538/1682-0363-
2022-2-122-128.

INTRODUCTION

Cardiovascular diseases (CVDs) are the main
cause of morbidity worldwide, while chronic heart
failure (CHF) is a progressive disabling condi-
tion with a high mortality rate. Despite advances
in treatment, patients with CHF have an increased

risk of thrombosis. The causes of thrombosis in pa-
tients with CHF include impaired hemodynamics,
changes in rheological properties of the blood, co-
agulation disorders, and increased platelet activity.
Platelets are crucial for the development of blood
clots in blood vessels [1, 2]. In case of vascular le-
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sions, pathological activation of platelets may oc-
cur, leading to uncontrolled growth of a blood clot,
which causes subsequent ischemic events. High re-
sidual platelet reactivity (HRPR) in patients is as-
sociated with the development of ischemic events,
which has been proven in numerous studies and
meta-analyses [2—6].

The mechanisms of platelet aggregation are inves-
tigated by standard methods without taking into ac-
count turbulence or vortex flow. However, in cardio-
vascular pathology, the rheology of the blood changes,
and vortex flow has strong prothrombotic effects. The
adhesion of several platelets creates a snowball effect,
inducing pronounced platelet aggregation with high
residual reactivity, which results in rapid vessel occlu-
sion. It is known that the gold standard and the most
accessible method for assessing platelet aggregation
is light transmission aggregometry (LTA), which an-
alyzes aggregation by light transmission curves and
aggregate sizes [6]. However, the sensitivity of the
methods currently used in routine practice for assess-
ing residual platelet aggregation is insufficient [7].
Therefore, there is a need to search for new promis-
ing methods for the diagnosis of increased proaggre-
gant potential of platelets for preventing thrombosis.
Thus, the study of platelet aggregation in patients with
CVDs under the conditions of vortex flow in plate-
let-rich plasma (PRP) is relevant. Knowledge in this
research area is relevant both for clinical and funda-
mental medicine, as well as for development of new
diagnostic methods.

The aim of the study was to compare the effect
of increased concentrations of aggregation inducers
(five-fold addition) under standard conditions and un-
der the conditions of vortex flow in vitro on platelet
aggregation in patients with CHF.

MATERIALS AND METHODS

A single-stage cross-sectional study was conduct-
ed. Recruitment of patients was carried out at the
Cardiology Research Institute upon planned hospi-
talization in the Department of Myocardial Pathology
(under the guidance of Professor A.A. Garganeeva) in
accordance with the principles of the Declaration of
Helsinki. The study included 28 patients aged 41-83
years (18 men and 10 women). Inclusion criteria:
stable coronary artery disease in combination with
functional class (FC) I-1II CHF according to the New
York Heart Association classification and continuous
use of antiplatelet therapy for 6 months. All the ex-
amined patients received regular combination therapy

in accordance with modern recommendations for the
treatment of coronary artery disease with comorbid
CHF. Laboratory and instrumental research meth-
ods were used in all patients in accordance with the
recommendations for the diagnosis and treatment of
coronary artery disease with comorbid CHF. Exclu-
sion criteria: non-adherence to therapy; acute vascular
complications which occurred no later than 6 months
ago; severe concomitant pathology; clinical and labo-
ratory signs of acute inflammation; atrial fibrillation;
high-grade ventricular arrhythmia according to the
Lown grading system; and refusal to participate in the
study.

A special study on assessing platelet aggregation
was carried out using the Born method as modified by
Z.A. Gabbasov on a laser two-channel analyzer (220
LA, Biola Scientific, Russian Federation). To isolate
a suspension of human platelets, peripheral venous
blood was used, collected in the morning on an emp-
ty stomach in a 7 ml vacuum tube with 3.8% sodium
citrate as an anticoagulant, with a 6:1 blood / antico-
agulant ratio.

Experimental values of light transmission were
determined for each patient’s blood sample, where
platelet-poor plasma is taken as 0%, and platelet-rich
plasma is taken as 100% aggregation in this patient,
Platelet aggregation activity in platelet-rich plasma
was evaluated by light transmission curves (%) and av-
erage size of aggregates (in relative units (rel. units)).
The aggregation inducer was added once at 10 sec-
onds of the study (standard procedure) and five times
at 10 seconds, 1, 2, 3, and 4 minutes of the study with a
constant stirring rate of 800 rpm. The same parameters
were evaluated using the method for studying plate-
let aggregation under the conditions of vortex flow,
which was created by a five-time change in the stirring
rate of platelet-rich plasma from 800 rpm to O rpm and
again to 800 rpm, with five-fold centrifugation on the
analyzer for 10 seconds, 1, 2, 3, and 4 minutes with
a delay of 10 seconds. The five-fold addition of the
inducer and creation of vortex flow conditions with
changes in the stirring rate were selected experimen-
tally. Collagen and epinephrine (Helena, Great Brit-
ain) were used as natural inducers at concentrations
of 2 mmol / 1 (standard procedure) and 10 mmol / 1
(with five-fold addition of 2 mmol / I of the inducer at
10 seconds, 1, 2, 3, and 4 minutes of the study).

Statistical data processing was carried out using
SPSS (version 19) and Statistica 10.0 software pack-
ages. The Shapiro — Wilk test was used to assess the
distribution of quantitative variables. The distribution
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of quantitative aggregation parameters did not follow
normal distribution; the aggregation data were pre-
sented as the median and the interquartile range Me
(Q,; O,). The significance of the differences for paired
or dependent samples was evaluated using the Wil-
coxon T-test. The differences between the samples
were considered statistically significant at p < 0.05.

RESULTS

Among the recruited individuals, patients with
functional class III angina pectoris prevailed (15
(53%) patients); functional class II was established in
11 (30%) cases, functional class I — in 2 (7%) cas-
es. In the anamnesis, 8 (29%) patients had a Q-wave
myocardial infarction (MI) > 6 months before. In most
cases, patients included in the study were diagnosed
with multivessel coronary artery disease (22 (79%)
patients). Cardiovascular risk factors were also wide-
spread among the patients: smoking —in 17 (61%) pa-
tients, overweight and obesity — in 22 (78%) patients,
arterial hypertension — in 20 (71%) patients, dyslip-
idemia — in 13 (46%) patients, type 2 diabetes — in
13 (46%) patients.

In the course of the study in patients with CHF,
spontaneous platelet aggregation indices determined
by the standard method were 3.1 (1.5; 4.0) % and
1.7 (1.1; 2.0) relative units. Under the conditions of
vortex flow, only the size of the aggregate significant-
ly increased to 5.4 (3.2; 6.1) relative units (p = 0.04).
The size of the aggregates in patients with cardiovas-
cular pathology should not exceed 4 relative units;
an increase in the parameter indicates HRPR. When
assessing spontaneous platelet aggregation in vortex
flow in terms of the aggregate size, 5 (18%) patients
with HRPR were identified among the CHF patients.

The degree of platelet aggregation and the size of
the aggregates in patients with CHF with the addition
of collagen at a concentration of 2 mmol / | (stan-
dard procedure) were 9.3 (2.1; 65.4) % and 3.1 (1.9;
10.1) relative units, respectively. When the stirring
rate changed from 800 rpm to 0 and then to again 800
rpm, the aggregation rate significantly increased to
47.9 (40.6; 95.0)% (p = 0.00), and the size of the ag-
gregates was 3.8 (1.3; 10.7) relative units. However,
these parameters did not exceed the reference values
(up to 50% for the degree of aggregation and up to 4.5
relative units for the size of aggregates).

Under the conditions of five-fold addition of col-
lagen at 10 seconds, and 1, 2, 3, and 4 minutes of the
study, no significant changes were observed, and the
parameters were 22.3 (17.3; 89.6)% for the degree of

aggregation and 6.42 (2.1; 39.8) relative units for the
size of the aggregates. Under the conditions of vor-
tex flow, the parameters of collagen-induced plate-
let aggregation increased, the degree of aggregation
amounted to 80.1 (13.5; 165.0) % (p = 0.04), and the
size of the aggregates increased to 32.9 (1.1; 43.7)
(» = 0.00) relative units. According to the results of
the study on collagen-induced aggregation in pa-
tients with CHF under the conditions of vortex flow,
7 (25%) patients with HRPR were identified, whereas
with five-fold addition of the inducer, no significant
differences were identified compared with the stan-
dard method.

The parameters of standard epinephrine-induced
platelet aggregation in patients with CHF at the in-
ducer concentration of 2 mmol / |1 were 46.7 (35.8;
66.2)% for the degree of aggregation and 15.0 (11.4;
18.9) relative units for the size of the aggregates. With
a change in the stirring speed (800 rpm — 0 rpm —
800 rpm), the parameters significantly increased to
52.7 (41.3; 76.5)% (p = 0.00) and 19.4 (17.3; 20.6)
(p = 0.04) relative units, respectively.

Under the conditions of five-fold addition of epi-
nephrine, only the degree of aggregation significant-
ly increased and amounted to 52.5 (41.9; 74.5)%
(p = 0.03), while the size of the aggregates remained
unchanged and amounted to 15.8 (12.2; 18.4) relative
units (p = 0.02). Under the conditions of vortex flow,
the parameters of epinephrine-induced aggregation
significantly increased. The degree of aggregation was
75.4 (62.0; 80.5)% (p = 0.04), while the increase in the
size of the aggregates was multiple and reached 356.0
(230.5; 462.5) relative units (p = 0.03). Thus, during
the study of epinephrine-induced platelet aggregation
in patients with CHF, we revealed an increase in ag-
gregation parameters, both with five-time addition of
the inducer, and under the conditions of vortex flow
compared with the standard method. As a result of
the study, HRPR was detected in 15 (54%) patients,
which was the largest number of detected HRPR cases
among all the methodological approaches used.

DISCUSSION

Significant changes in platelet aggregation param-
eters obtained during the study, with five-fold addi-
tion of the inducer and under the conditions of vortex
flow, compared with the standard technique, indicate
the need to study new methodological approaches to
assessing platelet aggregation and identifying patients
with residual platelet reactivity to prevent possible
ischemic events in CHF patients. Modern therapy in
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a hospital setting is very expensive, so the search for
simple and inexpensive diagnostic tests is becom-
ing more relevant. Discussion about the relevance of
studying platelet aggregation in patients with CHF is
still going on, which determines the need for further
research in this area [5, 8, 9].

The present work was an open, single-center,
cross-sectional study. We have shown that standard
methods for studying platelet aggregation are not
always sufficient to identify HRPR. The use of in-
creased concentrations of epinephrine with five-fold
addition during the research at 10 seconds, 1, 2, 3, and
4 minutes of the study and the use of spontaneous, col-
lagen- and epinephrine-induced platelet aggregation
under the conditions of vortex flow with a change in
the stirring rate (800rpm — Orpm — 800rpm) increase
the accuracy of aggregation assessment in detecting
HRPR in patients with CHF. The results of several in-
dependent meta-analyses involving more than 10,000
patients showed that HRPR was associated with a sig-
nificant increase in the incidence of MI, stent throm-
bosis, and death from CVDs [1, 2, 4].

Blood circulating in the vessels under the condi-
tions of a pressure drop impacts blood cells and blood
vessel walls [10]. The blood flow is laminar, with a
maximum velocity in the center of the vessel lumen
and zero velocity at the vessel wall [11]. Biomechan-
ical forces created by the blood pressure are crucial
for aggregation or separation of the main components
involved in blood clotting. Within normal hematocrit
levels (~ 40%), erythrocytes mainly circulate along
the central axis of the blood vessel due to axial migra-
tion. Consequently, platelets move in close proximity
to the vessel walls, which facilitates their binding to
adhesive ligands in the reactive endothelial layer in
damaged regions of the vessel [11-13]. Under physi-
ological conditions, the flow of blood in large arteries
is laminar, but arterial stenosis due to atherosclerotic
lesions or pre-existing blood clots can alter the blood
flow [8, 10, 14, 15].

Over decades of study, it has been established that
platelets are crucial for blood clot formation in healthy
and pathologically altered blood vessels. When the
integrity of the vessels is impaired, circulating plate-
lets linger at the site of injury, where they aggregate,
forming hemostatic thrombi, thereby preventing fur-
ther bleeding. However, under the conditions of turbu-
lence or vortex flow, transient aggregates are formed
without prior activation or shape change, which stabi-
lizes discoid platelet aggregates and leads to uncon-
trolled growth of unstable and weakly adhered throm-

bi, which, in turn, can clog a blood vessel or embolize
it, causing subsequent ischemic events [16].

The molecular processes that cause pathological
blood clotting are in many ways similar to the pro-
cesses that control physiological blood clotting. The
biggest problem of antiplatelet therapy is differentia-
tion between pathological and physiological platelet
responses. Currently, antiplatelet drugs that are avail-
able on the market are not effective against targeted
pathological blood clots without impairment of normal
hemostasis. Transition from laminar to vortex blood
flow, occurring in the bloodstream, leads to platelet
aggregation in atherosclerosis. The turbulent blood
flow in clogged blood vessels can be two times faster
than in healthy vessels. The use of vortex flow in the
microenvironment of a blood clot allows to differenti-
ate between thrombosis and physiological hemostasis
and develop selective antiplatelet therapy.

It should be noted that modern antiplatelet thera-
py fails to selectively prevent pathological thrombosis
without interfering with the physiological hemosta-
sis. One of the significant differences between these
two processes is the difference in the types of blood
flow in the vessels, and the pathological turbulent
blood is identified in pathological blood clots at the
sites of vascular occlusion or atherosclerotic plaque
rupture [17]. It is known that no existing, clinically
used antiplatelet drug is able to specifically respond
to this biomechanical force at the site of pathological
thrombosis. Aspirin, which is the gold standard for
antiplatelet therapy, cannot completely inhibit plate-
let aggregation, as shown in numerous studies [18,
19]. In pathological blood flow, selective inhibition
of cyclooxygenase-2 can even enhance platelet ag-
gregation by reducing basal production of prostacy-
clin (prostaglandin 12; PGI 2), a powerful inhibitor
of platelet aggregation [20, 21]. To date, there are no
methods that would take into account these changes
in the blood flow. Analysis of platelet aggregation by
the aggregate size curve and the degree of aggregation
under conditions of vortex flow proves the possibility
of detecting HRPR in patients with CHF, taking into
account changes in the blood flow.

The comparison of the methods showed that five-
fold addition of the inducer and creation of vortex
flow by changing the stirring rate make it possible
to identify platelets with high residual activity and a
tendency to form large aggregates. From our point of
view, identification of HRPR by new methodological
approaches will allow to determine increased cardio-
vascular risk in patients with CHF.
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Limitations of the study include its single-stage
design and a relatively small number of examined
patients. However, the results obtained prove the
need for further studies on investigating platelet ag-
gregation and identifying HRPR in patients in order
to improve techniques and prevent cardiovascular
events.

CONCLUSION

Standard methods for studying platelet aggregation
are not always sufficient to detect an increased proag-
gregant potential of platelets, which is important for
the diagnosis and prevention of cardiovascular com-
plications. The proposed methodological approaches
to creating the conditions for vortex flow in vitro and
to five-fold addition of epinephrine in collagen-in-
duced and epinephrine-induced aggregation showed
an increase in the size of the aggregates and the degree
of platelet aggregation, which proves the prospects of
these methodological approaches for detecting HRPR
in patients with CHF.
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Insulin-like growth factors and their transporter proteins in the liver

of rats with experimental diabetes, adenocarcinoma of the uterine corpus,

and their combination

Frantsiyants E.M., Bandovkina V.A., Kaplieva I.V., Sheiko E.A., Surikova E.I.,

Neskubina I.V., Trepitaki L.K., Pogorelova Yu.A., Cheryarina N.D., Nemashkalova L.A.,

Kotieva I.M., Shaposhnikov A.V., Morozova M.I.

National Medical Research Center of Oncology
63, 14" Liniya Str., Rostov-on-Don, 344037, Russian Federation

ABSTRACT

Aim. To investigate the content of insulin-like growth factor (IGF)-1, IGF-2, and their transporter proteins IGFBP-1

and IGFBP-2 in the liver of rats with experimental diabetes, Guerin’s carcinoma, and their combination.

Materials and methods. The experiment was carried out on 64 white outbred rats of both sexes, which were
divided into 4 groups of 8 animals each: group 1 — intact animals, group 2 — animals with experimental diabetes,
group 3 — animals with subcutaneously inoculated Guerin’s carcinoma, group 4 — animals with experimental
diabetes and subcutaneously inoculated Guerin’s carcinoma. In the study, biochemical and statistical analyses and

enzyme immunoassays were performed.

Results. In the liver of the outbred rats, sex specificity in the content of insulin-like growth factors and IGFBP-1
was established: the levels of IGF-1, IGF-2, and IGFBP-1 in males were lower than in females. It was shown that
the development of diabetes mellitus and the growth of Guerin’s carcinoma led to changes in the sex-specific

components in the rat liver.

Conclusion. The growth of Guerin’s carcinoma and the progression of diabetes mellitus cause multidirectional
changes in IGF and IGFBP levels in the liver of females and unidirectional changes in the liver of males. Following
the growth of Guerin’s carcinoma against the background of diabetes mellitus, sex-specific differences in the
content of the studied parameters were minimized. It was shown that diabetes mellitus changed the metabolic

profile of the liver in the animals of both sexes.
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MHcynnHonoao6Hble paKkTOpbl pocTa U X 6eNKn-nepeHoCHNKIN B NeYeHU
KpbIC NpU 3KCNepuMeHTaIbHOM AnabeTe, 310Ka4eCTBEHHOM pocTe
afleHOKApPLMHOMbI TeJla MaTKMN M NX COMeTaHnN

Opanuymany E.M., bangoskuHa B.A., Kannuesa W.B., lLlenko E.A., CypukoBa E.U.,
Hecky6una WU.B., Tpenutaku J1.K., Moropenosa 10.A., YepsapuHa H.[l.,, Hemawkanosa J1.A,,
Kotnesa U.M., LLlanowHukos A.B., Mopo3osa M.U.

HayuonanvHutii meouyunckuii ucciedogamenvckuil yewmp (HMHUL]) onxonocuu
Poccus, 344037, o. Pocmoe-na-/{ony, yn. 14-a aunus, 63

PE3IOME

Heas. Vccnenosath coneprkanre MHCYIMHONON00HBIX (hakTopoB pocta (IGF) 1 n 2, nx 6enkoB-nepeHOCUUKOB
IGFBP-1 u IGFBP-2 B nieueHu KpbIC ¢ CaxapHbIM AMa0ETOM, aJlcHOKapIIMHOMON ['epeHa u mpu UX COYeTaHUH.

Marepuajbl H MeTOIbI. DKCIIEPIMEHT HPOBOIMICS Ha 64 OelbIX 6eCOPOJHBIX KpBICax 000€ro 1oja, KOTopble
OBLTH pa3/iesieHbl Ha 4 Tpynms 0 8 0co0eit: 1-51 — HHTAKTHBIE )KUBOTHBIE, 2-51 — YXMBOTHBIE C SKCIIEPUMEHTAIBHBIM
nabeToMm, 3-s1 — KMBOTHBIE C MOJKOKHOM MepeBUBKON KapIMHOMBI [ epeHa, 4-51 — JKUBOTHBIE C SKCIIEPUMEHTaIb-
HBIM THa0ETOM U C MOAKOKHOH NepeBUBKOH omyxonu ['epena. B pabore ocymecTBisiin OHOXUMHIECKUH, HMMY-
HO(MEPMEHTHBII U CTATHCTHYECKHUH aHAITH3bIL.

Pe3yabTarhl. B neueHn 6ecriopoiHBIX KPBIC YCTAHOBJICHA TI0JI0BAs CIICHU(GUYHOCTD COACPKAHUS HHCYIHHOIIO-
n06ubIX (hakTopoB pocta 1 IGFBP-1: y camnos yposens IGF-1, IGF-2 n IGFBP-1 okazaincst Hike, 4eM y CaMOK.
Pa3BuTHe caxapHoro auabera U poCT NepPEeBUBHOM KapIIMHOMBI I epeHa B CaMOCTOSITEIbHBIX BAPUAHTAX TIPUBOIUIIH
K M3MEHEHHIO MOJIOBBIX 0COOCHHOCTEH M3y4YEHbIX KOMIIOHEHTOB B [IEYCHHU KPBIC.

3axuouenue. Poct kapiuHoMsl ['epeHa u caxapHblil AabeT BRI3BIBAIOT pasHOHAINpaBiIeHHbIe u3MeHeHns IGF u
IGFBP B neuenu caMok, HO OJHOHAIIPABICHHBIC — B IIEYCHHU CaMIIOB. B pesynpTare pa3BuTHSA KapiuHOMEI [ epeHa
Ha (hoHe caxapHOTo AuabeTa MONIOBbIE PA3IUUMA B COAEPKAHUN M3yUCHHBIX TOKa3aTelel HUBEIUPYIOTCS, caxap-
HbIH 11a0eT U3MEHseT MeTabOoINUeCKUH POQHIb IEYSHH Y )KUBOTHBIX 000€ro moJia.

Kiaouessble ciioBa: kapunHoma ['epena, caxapHsiii nuaber, nedens, IGF, IGFBP

KOHq)JIP[KT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaHI/I€I71 HaCTOHH.IefI CTaTbHU.

Hcroynuk ¢punancupoBanus. PaboTa BBINONHEHA MIPU MOJICPKKE OFODKETHOH TeMBbI Mo roczamanuio 2021—
2023 rr. «BnusiHre KOMOPOHUIHBIX 3200JI€BaHUI HA TEUEHHE 37I0KAYECTBEHHBIX IPOLIECCOBY.

CooTBeTcTBHE NPHHLIMNAM 3THKH. VccnenoBanue onodpeno studeckum komurerom HMMUL onkonoruu (mpo-
Tokoi Ne 21/99 ot 24.12.2020).

Jns untupoBanus: ®panmusan E.M., bannoskuna B.A., Karmumesa U.B., Illeiiko E.A., Cypuxosa E.W., Hecky-
ouna U.B., Tpemuraku JI.K., [Toropenosa 10.A., Uepspuna H./I., Hemamxkanosa JI.A., Koruesa .M., [llanom-
HuKoB A.B., Mopo3osa M.U. MucynuHONMOZ00HBIE (hAaKTOPEI POCTA M UX OSIKH-TIEPEHOCYNKH B IEYEHH KPBIC TIPH
IKCTICPUMEHTAILHOM JHa0eTe, 37T0KaYeCTBEHHOM POCTE aAeHOKapIIMHOMBI Tela MaTKU U UX codeTaHuu. bioiie-
meHsb cubupcrou meouyunwvl. 2022;21(2):129—-136. https://doi.org/10.20538/1682-0363-2022-2-129-136.
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INTRODUCTION

The incidence of diabetes mellitus (DM) and can-
cer has increased significantly in recent years. In ad-
dition, there are many common risk factors for both
DM and cancer. Much epidemiological evidence indi-
cates that DM is considered an independent risk factor
for increased incidence of different cancers and death
from them. Morbidity and mortality from various
types of cancer, such as cancer of the pancreas, liver,
colon, breast, endometrium, and bladder, are slightly
increased in DM patients. Although the underlying bi-
ological mechanisms are not fully understood, studies
have confirmed that the growth hormone / insulin-like
growth factor (IGF) 1 axis, hyperglycemia, and sex
hormones create favorable conditions for cancer cell
proliferation and metastasis. The growth hormone /
IGF-1 axis activates several metabolic and mitogenic
signaling pathways; hyperglycemia provides energy
for the growth of cancer cells. Thus, these factors af-
fect all cancers, while sex hormones play an import-
ant role only in breast cancer, endometrial cancer, and
prostate cancer [1].

The most common types of DM are type 1 and type
2 diabetes. On the one hand, an autoimmune disor-
der of insulin-producing beta cells causing absolute
insulin deficiency leads to type 1 diabetes mellitus
(T1DM) and accounts for about 5% from 10% of all
DM cases. On the other hand, type 2 diabetes melli-
tus (T2DM) is associated with metabolic disorders in
which cells become insensitive to insulin and, there-
fore, exhibit relative insulin deficiency. Several stud-
ies have shown that although both TIDM and T2DM
are associated with higher risks of cancer, T2DM has
a stronger association with cancer, both epidemiolog-
ically and biologically [2, 3].

Endometrial cancer (EC) is the most common gy-
necologic cancer. Compared with other cancers, EC
is often diagnosed earlier and has a better prognosis.
However, mortality from it has increased significantly
over the past 20 years. An association between DM
and EC has been consistently confirmed by cohort
studies and meta-analyses [4]. In addition, a systemat-
ic review and meta-analysis summarized results of 29
cohort studies and found the incidence of EC in wom-
en with and without DM. The cumulative relative risk
was 1.89 (95% confidence interval (CI): 1.46-2.45;
p <0.001), and the cumulative incidence rate was 1.61
(95% CI: 1.51-1.71; p < 0.001), which again confirms
that DM is an independent risk factor for higher inci-
dence of EC [5].

Insulin is a peptide hormone that regulates the
metabolism of carbohydrates and fats and improves
glucose absorption. Insulin loses the function of in-
creasing cellular uptake and utilization of glucose in
DM patients, which is clinically defined as insulin re-
sistance [6]. High insulin levels are a sign of hyper-
insulinemia, which stimulates liver cells to produce
IGF-1, when insulin binds to the insulin receptor on
the surface of target cells. IGF-1 binds to the IGF-1 re-
ceptor (IGF-1R), receptor tyrosine kinase, to activate
several metabolic and mitogenic signaling pathways
that regulate cancer cell proliferation, differentiation,
and apoptosis [7].

Insulin-like growth factors (IGFs) and IGF-bind-
ing proteins (IGFBPs) are fundamental mediators of
cell growth, development, and survival and are ex-
pressed in most tissues. Epidemiological data indicate
the relationship of IGF and IGFBP with the risk of
prostate, breast, colorectal, and thyroid cancers [8].
DM patients show higher IGF-1 levels, which makes
them more susceptible to an increased risk of many
cancer types. In addition, many studies have demon-
strated that IGF-1 is more often expressed in cells of
hormone-dependent cancer than in other types of can-
cer [9].

An experiment on a mouse model of HER2-me-
diated breast cancer confirmed that hyperinsulinemia
promotes enhanced growth of breast tumors through
the growth hormone / IGF-1 axis [10]. Epidemiolog-
ical evidence suggests that DM is associated with a
higher risk of development and death from many can-
cer types. The underlying mechanisms linking DM
and cancer are not yet fully understood; however, hy-
perglycemia as a sign of DM was suggested to con-
tribute to tumor progression [11].

The aim of this study was to analyze the levels
of IGF-1 and IGF-2 and their transporter proteins
IGFBP-1 and IGFBP-2 in the liver of rats with DM,
Guerin’s carcinoma, and their combination.

MATERIALS AND METHODS

The study included white outbred rats of both sex-
es weighing 180-220 g obtained from the Research
Center for Biomedical Technologies of FMBA, An-
dreevka branch, the Moscow region. The animals were
kept under natural light conditions with free access to
water and food. The animals were used in accordance
with the European Convention for the Protection of
Vertebrate Animals used for Experimental and other
Scientific Purposes (Directive 86/609/EEC), the Inter-
national Recommendations for Biomedical Research
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Involving Animals, and the order of the Ministry of
Health of Russia No. 267 “On the Approval of the
Rules of Laboratory Practice”, dated June 19, 2003.
The study was approved by the Ethics Committee at
the National Medical Research Center of Oncology
(Protocol No. 21/99 of 01.09. 2020).

Animals of each sex were divided into 4 groups of
8 rats each: group 1 — intact animals, group 2 — ani-
mals with experimental diabetes, group 3 — animals
with subcutaneously inoculated Guerin’s carcinoma
(control group), group 4 — animals with experimen-
tal diabetes and subcutaneously inoculated Guerin’s
carcinoma growing in presence of alloxan-induced di-
abetes (treatment group). Experimental diabetes was
reproduced by an intraperitoneal alloxan injection at
the dose of 150 mg / kg of body weight. Blood levels
of glucose were monitored for one week. High blood
glucose in the range of 15-30 nmol / | indicated the
development of DM.

The rats from the control group and the animals
from the main group after 1 week of persistent hyper-
glycemia received subcutaneous injections of 0.5 ml
suspension of Guerin’s tumor cells diluted in saline
1:5. The procedure was performed as follows: the as-
sistant shaved off the animal’s hair and treated the skin
with an iodine alcohol solution 5% downward from
the corner of the right shoulder blade; then, using all
aseptic techniques described above, the assistant fixed
the rat with its back up. The experimenter grasped the
treated skin fold with a sterile gloved hand, pierced
the skin with a syringe needle and injected the tumor
cell suspension. Then the needle was removed, and
the injection site was pressed tightly for 1 minute with
a cotton swab dipped in 70% alcohol with a small
addition of iodine in order to exclude the outflow of

the injected suspension. Subcutaneous tumor growth
could be recorded three days after the injections of the
tumor cell suspension.

At the time of the Guerin’s carcinoma inoculation,
the average blood glucose values in the animals of the
main group (n = 8) were 25.4 £ 1.2 mmol / 1, while in
the control group of intact animals (n = 8), the values
were 5.2 = 0.3 mmol / 1.

10 days after, the animals were decapitated using a
guillotine. The levels of IGF-1, IGF-2, IGFBP-1, and
IGFBP-2 (Cusabio, China) were measured in the liver
of all animals by ELISA using the Infinity F50 TEC-
AN analyzer (Austria). The results were statistically
processed using the Statistica 6.0 software. The results
were checked for normality of distribution by the Shap-
iro — Wilk test. The significance of differences between
the samples was assessed using the Student’s #-test and
the Mann — Whitney test. The data were presented as
the mean and the standard error of the mean M + m.
The differences were considered significant at p < 0.05.

RESULTS

The blood levels of glucose in the intact animals
did not have significant sex differences and were on
average 5.4 £ 0.5 mmol / 1. In the rats with inoculated
Guerin’s carcinoma, the blood glucose levels were on
average 5.1 = 0.43 mmol / l. In the animals with allox-
an-induced T1DM, the blood glucose averaged 22.5 +
2.1 mmol / I; in the rats of the main group, the blood
glucose levels were 25.3 = 2.4 mmol / | at the time of
tumor onset.

The levels of IGF-1 and IGF-2 in the liver of male
outbred white rats were 1.4 times lower than in fe-
males, and the levels of IGFBP-1 in male rats were 1.8
times lower than in female ones (p < 0.05) (Table 1).

Table 1
Levels of insulin-like growth factors and transporter proteins in the rat liver, ng / g of tissue, M +m
Groups | IGF-1 | IGFBP-1 | IGF-2 | IGFBP-2
Females
Intact 1166.5 + 98.7* 123.2+11.4% 14.6 +£1.2¢ 230.1+21.4
Jnaber 1480.4 + 120.1"3 200.5+17.6"34 329+29"3 454.0 +43.6"3*
Guerin’s carcinoma 903.5 + 87.4>4 77.4+6.7"24 16.0 + 1.42 197.4 +18.5>#
DM + carcinoma 13222+ 113.5 140.1 + 12.0*3 39.8 £3.5%3 425.7 £39.2%34
Males
Intact 843.6 +81.3 66.6+5.8 10.8+0.9 202.9 +19.1
DM 1269.2 +97.8! 140.5 +10.3%3 51.0 £4.3"3 704.8 £ 65.7' 3
Guerin’s carcinoma 1233.7+101.6' 93.8 +8.3!2 18.7+1.6"2 298.2+21.4"2
DM + carcinoma 1526.3 +132.5! 152.1 £ 11.4%3 43.0£3.7"3 726.7 + 64.3%3

Note: ! statistically significant differences compared with intact animals; 2 statistically significant differences compared with animals with DM;
3 statistically significant differences compared with animals with carcinoma; * statistically significant differences compared with males of the

corresponding groups, p < 0.05 (here and in Table 2).
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Female rats with DM showed an increase in the
levels of IGF-1 and IGF-2 in the liver samples by 1.3
and 2.3 times, respectively (p < 0.05), and a rise in
IGFBP-1 and IGFBP-2 by 1.6 times and by 2 times,
respectively, compared with the values in the intact
animals. The growth of inoculated Guerin’s carcino-
ma downregulated only the levels of IGF-1 and 1G-
FBP-1 in the liver by 1.3 and 1.6 times, respectively
(» < 0.05), and did not affect the levels of IGF-2 and
IGFBP-2. As a result of the growth of Guerin’s car-
cinoma in the presence of DM, the levels of IGF-1 in
the liver did not differ from those in the animals with
DM and were 1.5 times higher (p < 0.05) than in the
animals with malignant tumors only, while the levels
of IGF-2 were 2.5 times higher than the values in the
animals with Guerin’s carcinoma.

As for IGF-binding proteins, the levels of IGFBP-1
and IGFBP-2 in the liver of the animals from the treat-
ment group exceeded the values in the animals with
independent tumor growth by 1.8 times and 2.2 times,
respectively, while IGFBP was 1.4 times lower than in
the rats with DM.

In male rats, DM upregulated the levels of both
IGF-1 and IGF-2 by 1.5 times and 4.7 times, respec-
tively (p < 0.05), compared with the values in the
intact animals, as well as the levels of IGFBP-1 and
IGFBP-2 by 2.1 times and 3.5 times, respectively
(Table 1).

The growth of Guerin’s carcinoma also increased
the levels of IGF-1 and IGF-2 by 1.5 and 1.7 times,

respectively (p < 0.05), and the levels of IGFBP-1 and
IGFBP-2 by 1.4 and 1.5 times, respectively (p <0.05),
compared with the values in the intact animals. The
studied parameters were elevated in the animals with
malignant tumors or DM alone; the combined growth
of Guerin’s carcinoma in the presence of DM demon-
strated quite similar changes, compared with indepen-
dent processes.

Changes in the IGF / IGFBP ratios were found in
all the groups of animals (Table 2) despite the fact
that elevated levels of IGF-1, IGF-2, and IGF-bind-
ing proteins were determined in the liver of both male
and female animals with independent and combined
pathologies, except for the growth of Guerin’s carci-
noma in females. Thus, in females with DM, all ratios
decreased: IGF-1 / IGF-2 — by 1.8 times (p < 0.05),
IGF-1 / IGFBP-1 — by 1.8 times (p < 0.05),
IGF-1 / IGFBP-2 — by 1.5 times (p < 0.05), IGF-2 /
IGFBP-1 — by 1.4 times (p < 0.05), and IGF-2 / IG-
FBP-2 — by 1.3 times (p < 0.05) (Table 2).

Females with growing Guerin’s carcinoma showed
a decrease in the IGF-1 / IGFBP-1 ratio in the liver
by 1.4 times (p < 0.05), IGF-2 / IGFBP-1 — by 1.8
times (p < 0.05), and IGF-2 / IGFBP-2 — by 1.3 times
(» <0.05). In combined pathologies, the ratios of IGF-
1 / IGFBP-1 and IGF-2 / IGFBP-1 decreased by 1.4
and 1.7 times, respectively (p < 0.05), compared with
DM, and by 1.7 and 1.4 times, respectively (p < 0.05),
compared with independent growth of Guerin’s car-
cinoma.

Table 2

Ratios of insulin-like growth factors and transporter proteins in the liver of rats, M £+ m

Groups | IGF-1/IGFBP-1 IGF-1/IGFBP-2 IGF-2/IGFBP-1 IGF-2/IGFBP-2
Females
Intact 799+17.1 5.1+045 8.4+0.76 0.5+0.04
DM 45.0 4244 33+0.2753%4 6.1 +£0.5234 0.4+0.0344
Guerin’s carcinoma 56.5+5.5! 4.6 +0.422 4.8+0.33"2 0.4+0.03%¢
DM + carcinoma 332429423 3.1+£0.29"3 3.5+031"2 0.3 +£0.02234
Males

Intact 78.1+6.7 42 +0.38 6.2 +0.54 0.3+0.02
DM 249 +23"3 1.8+0.15 2.84+0.27"3 0.2+0.019"3
Guerin’s carcinoma 66.0 = 5.8 4.1+0.34 5.0+0.43"2 0.3 +0.02?
DM + carcinoma 35.5+3.1"23 2.1+£0.19 3.5+0.320%3 0.2+0.018"3

The IGF-1 / IGFBP-2 ratio decreased by 1.5 times
(p < 0.05) compared with animals with Guerin’s car-
cinoma, and the IGF-2 / IGFBP-2 ratio decreased by
1.3 times (p < 0.05) compared with the animals with
solitary pathologies.

In males, the ratio of IGF to IGF-binding proteins
decreased by 1.5-3.1 times (p < 0.05) in the DM group,

but not in the group with independent tumor growth,
compared with the intact animals (Table 2). The IGF /
IGFBP ratio in the treatment group was 1.5-2 times low-
er (p < 0.05) than in the group with independent tumor
growth. Compared with the group of males with DM, the
ratios in the treatment group did not differ significantly,
except for IGF-1/IGFBP-1, which was 1.4 times higher.
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DISCUSSION

The levels of IGFs and IGFBP-1 in the liver of out-
bred white rats were sex-specific. The levels of IGF-1,
IGF-2, and IGFBP-1 in the liver of males were lower
than in females. Changes in the sex specificity of IGF
and IGF-binding proteins were revealed in the liver
of rats with DM: the levels of IGF-1 in males did not
differ from those in females, and the levels of IGF-2
and IGFBP-2 exceeded those in the liver of females.
The differences in the content of IGF and IGFBP in
healthy and pathological tissues of the liver in females
and males are associated with the main sex steroids —
estrogens and androgens. Studies have shown that
biologically available estrogen and testosterone are
elevated in women with DM [12], while the total tes-
tosterone concentration in men with DM is lower than
in men without DM [13]. Although the mechanism
remains unclear, it may be explained by different af-
finities of steroids to sex hormone-binding globulin
(SHBG) [14, 15]. SHBG synthesis declines with an
increase in the blood levels of glucose and insulin,
which elevates the levels of free estrogen and testos-
terone. This is the main reason why DM may play an
important role in protecting men from prostate cancer,
but not protecting women from breast and endometrial
cancers. High levels of free estrogens and androgens
are associated with a higher risk of developing many
types of cancer, such as breast, endometrial, and pros-
tate cancers [16]. The subcutaneous transplantation of
Guerin’s carcinoma leveled the initially existing sex
specificity of IGF and IGFBP-1 in the liver, and the
levels of IGF-1 and IGFBP-2 in males exceeded those
in females, while the values of IGF-2 and IGFBP-1
did not differ from those in females.

IGFs and proteins that affect their bioavailability
act in an autocrine / paracrine manner, reducing in-
flammation and fibrosis in the liver and inhibiting the
activation of hepatic stellate cells [17]. High insulin
levels stimulate liver cells to produce IGF, and IGF
bind to IGF receptors (IGF-R) to activate some meta-
bolic and mitogenic signaling pathways that regulate
proliferation, differentiation, and apoptosis of cancer
cells [7]. Our study established that IGF levels in the
liver increased in both male and female rats with DM,
but only in males with Guerin’s carcinoma. It is worth
noting that IGFs bind to IGFBP, including IGFBP-2
[18]. Our study revealed an increase in IGFBP levels
in the liver of animals of both sexes with DM. Ele-
vated levels of IGFBP-1 and IGFBP-2, in particular
in older men, were suggested to be associated with a
decline in insulin sensitivity [8].

The significant increase in IGFBP-2 in the liv-
er of rats under the influence of DM, both alone
and in a combination with developing malignant
process, was worth noting. The role of IGFBP-2 in
physiological and pathological conditions is still not
fully understood. However, IGFBP-2 has been re-
lated to metabolic syndrome, T2DM, and fatty liv-
er disease. Altered IGFBP-2 secretion may indicate
cellular dysfunction of hepatocytes [19]. IGFBP-2
is believed to be a non-invasive biomarker of lipid
accumulation in the liver indicating the disease pro-
gression [1].

Changes in the levels of IGF and IGFBP during the
growth of Guerin’s carcinoma in the presence of DM
are unidirectional in animals of both sexes and charac-
terized by increasing levels of the studied substances
compared with the values in the intact animals. DM as
an endocrine disease induced in experimental animals
determines the status of the IGF-1 axis. This fact was
confirmed in female rats, as the growth of Guerin’s
carcinoma alone caused a decrease in IGF-1 in the liv-
er, while in the presence of DM, its levels, as well as
the levels of IGFBP, increased.

Thus, Guerin’s carcinoma and DM cause multidi-
rectional changes in IGF and IGFBP in the liver of
females, but unidirectional changes in males. The de-
velopment of Guerin’s carcinoma in the presence of
DM reduces sex differences in the studied parameters,
and DM changes the metabolic profile of the liver in
animals of both sexes. Only experimental studies can
solve a number of issues related to the pathogenesis of
cancer in presence of comorbid diseases [20].

The global incidence of DM and cancer is believed
to be growing rapidly due to changes in lifestyle and
increasing life expectancy. Since the internal het-
erogeneity of DM and cancer complicates research,
many questions remain, and the main ones are how
endocrine comorbidity affects the risk, course and
outcome of malignant disease and what the main bio-
logical mechanisms of the malignant development in
the presence of such a serious concomitant pathology
as DM are. Further research is required to provide a
broader range of preventive and therapeutic options
for treating cancer patients with DM.
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Screening of local hyaluronic acid injection modes to increase
the efficiency of treating crush injury of soft tissues
Shperling I.A., Shulepov A.V., Shperling N.V., Kuzmina O.Yu.

State Scientific Research Testing Institute of Military Medicine
4, Lesoparkovaya Str., St. Petersburg, 195043, Russian Federation

ABSTRACT

Aim. To study the state of microcirculation and metabolic activity of the soft tissues in the compression area in
experimental crush injury after local hyaluronic acid injection and to determine the effective mode of its application.

Materials and methods. The experiments were carried out on 178 male Wistar rats aged 4-4.5 months and
weighing 280-340 g. The study design included anesthesia, modeling of crush injury (CI), local injection of 1.75%
hyaluronic acid (HA) solution into the compression area, systemic intravenous injection of 0.9% sodium chloride
solution daily for 3 days, and a study of microcirculation and metabolism of the soft tissues in the damaged area 3,
7, 14, and 28 days after the injury.

Results. Early (3 hours after the injury) local application of HA for CI improved microcirculation, increased
oxygen consumption, and activated oxidative metabolism in the skeletal muscles, which helped reduce the severity
of destructive processes in the damaged area. The most effective injection mode was two-fold administration of
HA: 3 hours after the compression cessation and additionally 24 hours after the injury.

Conclusion. In the crush injury, early local intramuscular injection of HA into the damaged area in the first few
hours after the cessation of compression is a sanogenetically substantiated method for correcting traumatic ischemia
of the muscles.

Keywords: crush injury, traumatic ischemia of the muscles, microcirculation, metabolic state, hyaluronic acid,
laser Doppler flowmetry
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CKPVHWHI peXXNMOB N10KaJIbHOro NPMMEeHEeHUA rmanypoHOBOW KUCIOTbI
ANA noBbiweHnA 3 PeKTUBHOCTU JiIeYEeHNA KOMNPECCOHHO TPaBMbl

MArKnx TKaHemn

Wnepnunr U.A., LUynenos A.B., LLinepauur H.B., Kysbmuna O.10.

TocyoapcmeeHmblil HAYUHO-UCCACO08AMENbCKUL UCTIBIMAMENbHBILL UHCIMUMYm goeHHoU meouyurvl (I HUHUW BM)

Poccus, 195043, 2. Canxm-Ilemepbype, Jleconaprosas, 4

PE3IOME

Heab. 3yunTh coCTOSHNE MUKPOLUPKYJISLUHM U META0OIMYECKOH aKTUBHOCTH B MATKUX TKAHSX 00JIACTH KOM-
HPECCUH IIPH SKCIIEPHUMEHTAIBHON KOMIIPECCHOHHOM TPaBMe M0CJIE JIOKAJILHOTO BBEJCHUS IMAITyPOHOBOM KHCIIO-
ThI U ONpeeNnTh 3GPEKTUBHBIN PEKUM €€ TPUMCHEHUS.

MatepunaJibl M MeTOAbl. DKCIIEPUMEHTHI BHINOJIHEHbI Ha 178 camuax kpbic uHuM Bucrap Becom 280-340 r B
Bo3pacte 44,5 mec. /lu3aiin uccienoBanus BKIIFOYAlI B ce0st 00€300IMBaHUE, MOJICITUPOBAHIE KOMIIPECCHOHHOMN
tpaBmbl (KT), nokansHoe BBenenue 1,75%-ro pactBopa ruamyponoBoii kuciotsl (I'K) B obiacts xommpeccun,
cucteMHOe BHyTpHuBeHHOe BBeaeHue 0,9%-ro pacTBopa HaTpus XJIOpUIA €KEIHEBHO 3 CyT, UCCIIEOBAHUE MU-
KPOILUPKYJISAIMA ¥ METabOJIM3Ma MATKHX TKaHeH 00JiacTu oBpexaeHus uepes 3, 7, 14 u 28 cyT nociie TpaBMBIL.

Pe3yabTathel. Pannee (uepes 3 4 mocie TpaBmebl) TokaiabHoe mpuMeHenne ['Kpu KT ynydmaer MUKpOITHPKYJIISIINIO,
MOBBIMIAET MOTPEOJICHNE KHCIOPO/A, AKTHBUPYET OKHCIHUTEIbHBI METa0OJM3M CKENETHBIX MBI, YTO
CIOCOOCTBYET yMEHBIICHHIO BHIPAKEHHOCTH AECTPYKTHUBHBIX IIPOIecCOB B obiactu moBpexxaeHus. HambGomee
s dexTuBHBIM sBIsIETCS BYKpaTHOE BBeAeHne 'K uepes 3 4 mocie npekpareHnst KOMIPECCHHU U JIOTIOTHATETBHO
gepe3 24 | 1ocie TpaBMEI.

3ak04enne. [Ipun KOMIIPECCHOHHON TpaBMe MSTKHX TKaHEH paHHEe JIOKAIbHOE BHYTPHMBIIIEYHOE BBEICHHE
THATypOHOBOH KHCIIOTHI B 00/IACTh MOBPEKACHUS B MEPBBIE HECKOIBKO YaCOB MOCIIE MPEKPAIIEHHST KOMIPECCHH
SIBTISIETCS] CAHOT€HETUIECKH 0OOCHOBAHHBIM CIIOCOOOM KOPPEKIMHU NIIEMUYECKHUX TTOBPEKACHNUI.

KnrodeBble ciioBa: KOMIPECCHOHHAS TPaBMa, TPABMaTHUECKas HIIEMHST MBI, MUKPOILIUPKYIIAIHS, METa00IN3M,
THATypPOHOBAs KHCIJIOTA, JIa3epHas JONIIIEPOBCKast (DII0yMeTpHs

KoudaukT nHTEpeCcoB. ABTOpHI 3asBISIFOT 00 OTCYTCTBUHM KOH(IUKTA WHTEPECOB, CBSI3aHHBIX C MyOJIMKAIMCH
HACTOSIICH CTATHH.

Hcrounuk ¢QuHAHCHPOBAHUSA. ABTOPHI 3asBISIOT 00 OTCYTCTBHHM (MHAHCHPOBAHHUS IIPH IIPOBEJCHUH
HCCIIEIOBAHMS.

CooTBercTBHE NPpUHLIMNIAM 3THKU. VccnenoBanue o100peHo TokaabHBIM KomMuTeToM 10 3THKe PI'BY « "HUUN
BM» MO P® (mpotokon Ne 13 ot 22.06.2020).

Jas uurupoanus: [nepnuar U.A., Hlynenos A.B., Hnepnuar H.B., Ky3pmuna O.}O0. CkpHHUHT pe:KIMOB
JIOKaJBHOTO MPUMEHEHHs THATyPOHOBOH KHUCIOTBI JUISl OBBIIICHUS 3()(OEKTUBHOCTH JICUCHHUsS KOMIIPECCHOHHOI
TpPaBMBI MATKHUX TKaHEH. brontemens cubupckoi meduyunwvt. 2022;21(2):137-144. https://doi.org/10.20538/1682-
0363-2022-2-137-144.

INTRODUCTION

Crush injury (CI) (or traumatic ischemia of mus-
cles) is a pathological process that develops after pro-
longed pressure on soft tissues, mainly skeletal mus-
cles of the extremities, leading to the destruction of
muscle fibers and formation of extensive defects of
muscle tissue with their subsequent replacement with
connective tissue [1]. For normal functioning of skel-
etal muscles under physiological conditions, as well
as during their regeneration after injury, the state of
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local microcirculation, which provides the metabolic
demand for oxygen and nutrients for muscle tissue, is
of particular importance [2]. High microcirculation in
the muscles stimulates proliferation of myoblasts and
facilitates migration of other cells to the injured area
[3]. The creation of local matrix-mediated conditions
for intercellular interactions promotes activation of a
cambial reserve of muscle tissue [4].

One of the promising approaches is the use of bio-
degradable hydrogels based on hyaluronic acid (HA),
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which induce proliferation and migration of poorly
differentiated cells [5]. The positive regenerative ef-
fect of HA during local application is associated with
improved microcirculation, activation of metabolism,
and increased angiogenesis and reparative myogene-
sis [6]. Even a single local injection of HA in the ear-
ly post-injury period contributes to the restoration of
microcirculation and activation of metabolism in the
skeletal muscles of the injured area [7]. To determine
the therapeutic potential of HA and to identify the
mechanisms of its effect on skeletal muscle regenera-
tion in CI, studying the effects of HA on microcircula-
tion and tissue metabolism of the injured area after its
single and multiple administration at different times
of the post-injury period is required. This will make
it possible to develop a method for the local applica-
tion of HA which will help improve the techniques for
treating patients with CI.

The aim of the research was to study the state of
microcirculation and metabolic activity of the soft tis-
sues in experimental CI of the limb after local injec-
tion of HA into the injured area at different times after
the injury.

MATERIALS AND METHODS

The experiments were carried out on 178 adult
male Wistar rats weighing 310 + 30 g, obtained from
the Rappolovo nursery (Leningrad region, Russian
Federation), in the laboratory of the State Scientific
Research Testing Institute of Military Medicine. The
rats were 4—4.5 months old. Prior to the experiment,
all animals were quarantined for 14 days (air tempera-
ture 25 £ 2 ° C, free access to food and water). The
study was approved by the local Ethics Committee at
the State Scientific Research Testing Institute of Mil-
itary Medicine (Protocol No. 13 of 22.06.2020) and
conducted in accordance with the Directive 2010/63/
EC, the Declaration of Helsinki, and the “Rules for
Conducting Work with the Use of Experimental An-
imals”.

The study design included the following stages:
local anesthesia; CI simulation; local injection of HA
into the injured area; systemic intravenous adminis-
tration of 0.9% sodium chloride solution daily for 3
days; study of microcirculation and metabolism in soft
tissues of the injured area at day 3, 7, 14, and 28 after
the injury.

For local anesthesia before CI simulation, the rats
were intramuscularly injected with zoletil (Virbac,
France) and xylazine (Pharmamagist Ltd., Hungary)
at a dose of 10 mg / kg for each drug. CI modeling was

carried out by controlled mechanical compression of
the soft tissues of the thigh according to the technique
described above [7].

All animals were divided into 6 groups consisting
of 28 animals each: 5 main (I-V) groups and a control
group. The animals of the main group I (HA-3) were
locally injected with a sterile disposable syringe by
the fan technique with an aqueous solution of HA in
the injured area once 3 hours after the cessation of the
compression; in group II (HA-24), HA was injected
once after 24 hours; in group III (HA-48), HA was
administered once after 48 hours; in group IV (HA-3
+ 24), HA was injected twice, after 3 hours and addi-
tionally after 24 hours; in group V (HA-3 + 24 + 48),
HA was injected three times, after 3 hours and addi-
tionally after 24 and 48 hours. The rats of the control
group (n = 28) did not receive local treatment. Intact
animals (n = 10) were not subjected to compression.

For the study, HA was used in the form of an aque-
ous solution of Hyalift 3.5 gel (Aestetic Dermal SL,
Spain), which was diluted with 0.9% sodium chloride
solution in the 1:1 ratio immediately before adminis-
tration to obtain 1.75% HA solution with the neces-
sary fluidity. HA solution was injected intramuscular-
ly into the compression area of experimental animals
using a fan technique in a total volume of 0.5-0.8 ml
per animal. In order to prevent dehydration, all ani-
mals with CI for 3 days were injected daily into the
tail vein with 0.9% sodium chloride solution at a dose
of 2.0 ml / kg of body weight.

In the course of dynamic observation of experi-
mental animals, microcirculation and metabolism in
the skeletal muscles of the thigh (pelvic) limb region
were assessed using the LAKK-M complex (SPE
LAZMA, Russian Federation) at days 3, 7, 14, and
28 after the injury. Under anesthesia, a skin incision
was made in the compression area, and a measuring
sensor of the device was placed on the thigh muscles.
The duration of measurement was 10 min, the depth
of probing the muscle tissue volume was 1.0-1.5 mm.
In the Laser Doppler Flowmetry (LDF) mode of the
device, the amplitude of the parameters M and 6 (con-
stant and variable components of microcirculation)
was measured; the coefficient of variation (K , %) was
calculated using the formula: K = o /M x 100%. An
increase and (or) decrease in the K value indicated
improvement and (or) deterioration in the state of mi-
crocirculation, respectively.

In the Optical Tissue Oximetry (OTO) mode of the
device, the parameter of blood oxygen saturation in
the microvasculature of the probed biological tissue
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(S0,, %) was measured, and the index of specific ox-
ygen consumption in the tissue (U, relative units) was
calculated. The metabolic rate in the skeletal muscles
in the injured area was measured in the Laser Fluores-
cence Diagnosis (LFD) mode, and the amplitude of the
fluorescence spectra of the reduced form of nicotin-
amide adenine dinucleotide (N, , relative units) and
the oxidized form of flavin adenine dinucleotide (,,,
relative units) was determined. After that, we calculat-
ed the oxygen consumption rate (OCR, relative units)
according to the formula: OCR = _, '/ N, . The com-
plex state of microcirculation and metabolism of the
skeletal muscles was assessed using the parameter of
the efficiency of oxygen metabolism (EOM, relative
units), calculated as EOM =M x U x OCR. EOM and
OCR are the most informative parameters that charac-
terize the relationship between the state of microcircu-
lation and the intensity of metabolism in tissues.

The levels of myoglobin and potassium in the
blood serum were determined using the automated
enzyme-linked immunosorbent assay (ELISA) and
biochemistry analyzer ChemWell 2910 (Awareness
Technology, Inc., USA). An increase in the potassi-
um level indicated the destruction of cells following
trauma, while an increase in myoglobin indicated the
destruction of muscle tissue [1]. The intact rats were
used in the experiment to obtain the average static val-
ues of the norm.

The data obtained were processed using the Sta-
tistica 10.0 software (StatSoft Inc., USA). After test-
ing the hypothesis for normality of distribution using
the Kolmogorov — Smirnov test, the median and the
upper / lower quartiles Me (Q,.-Q,) were calculat-
ed. When comparing the data, the nonparametric
Mann — Whitney U-test was used. The differences be-
tween the values were considered statistically signifi-
cant at p < 0.05.

RESULTS

The death of the animals in the main, control, and
comparison groups was observed in the first 4 days
and averaged 33%. CT scans showed pronounced mi-
crocirculation disorders in the injured area. So, the K
coefficient in all periods of the follow-up was reduced
by 35-49% (p < 0.05) relative to the intact rats, with
minimum values on days 3—7 after injury. Local cir-
culation disturbances in the injured muscles led to a
decrease in tissue oxygen consumption, the SO, in-
dex initially (on days 3—7) increased by 2.7-2.8 times
(p < 0.05) and then, by day 28, decreased slightly
(by 2.2 times at p < 0.05) compared with the intact

animals, which indicated high levels of oxygen in the
blood that was not metabolized by tissues.

Similar oppositely directed changes were noted in
the dynamics of the U index. Low oxygen consump-
tion by soft tissues led to disruption of oxidative pro-
cesses in them. The OCR index on day 3 increased by
90.1% (p < 0.05) relative to the values in the intact
animals and then recovered on days 7-28. Changes in
the EOM parameter were recorded, which was at most
reduced by 10.7 times by the end of day 7 (p < 0.05)
compared with healthy animals. It is possible that the
increase in the intensity of metabolic processes in the
soft tissues of the injured area in the early periods af-
ter the cessation of compression (3 days) was due to
the activation of anaerobic metabolism using energy
resources (glycogen) located in the preserved muscle
fibers. Depletion of these reserves led to a decrease in
oxidative processes in tissues against the background
of low oxygen consumption by cells.

Local injection of HA in the injured area improved
tissue perfusion. The most pronounced positive
changes in the studied parameters were observed in
the animals that were injected with HA, starting from
3 hours after the cessation of compression (HA-3,
HA-3/24, HA-3/24/48), while in the groups of animals
with two-fold and three-fold injection, the microcir-
culation parameters were significantly better. So, the
K, index in the HA-3/24 and HA-3/24/48 groups in-
creased by 38.6-60.3% (p < 0.05) compared with the
control group during all observation periods and by
9.9-11.2% (p < 0.05) compared with the HA-3 and
HA-24 groups in the early post-compression period
(on days 3—7). HA injection in a later period (48 hours)
did not lead to an increase in microcirculation in the
injured area. It should be noted that tissue perfusion in-
dices in all the experimental groups showed a positive
trend during the entire observation period. According
to K data, by the end of day 28 in the HA-3/24 and
HA-3/24/48 groups, microcirculation in the injured
area was restored to values of the intact animals.

Improvement of microcirculation in the injured
area contributed to an increase in oxygen consump-
tion by tissues. So, according to SO, and U data, the
intensity of oxygen utilization was the highest in the
animals from the HA-3, HA-24, HA-3/24, and HA-
3/24/48 groups at all periods of observation. In the
groups with two-fold and three-fold injection, the SO,
parameter on days 3 and 28 was lower by 7.6—16.6%
(» <0.05), and the U parameter was higher by 20.0%
(» <0.05) only on day 28 compared with rats from the
HA-3 group. The worst values of oxygen consumption
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were observed when HA was injected 48 hours after
the cessation of compression. Complete restoration of
tissue oxygen saturation was not observed in the com-
pression area after the injection of HA.

All animals from the experimental groups showed
pronounced changes in the FAD and NAD amplitude
ratio. As a result, OCR in the HA-3 and HA-24 groups
was elevated on days 14-28, and in the HA-3/24 and
HA-3/24/48 groups — starting from day 7 — by 1.8-2.6
times (p < 0.05) compared with the control group.
Late use of HA (48 hours after the cessation of com-
pression) led to an increase in metabolism in the ear-
ly stages (3 days) due to the activation of anaerobic
processes and had no significant differences with rats
from the control group. Changes in microcirculation,
oxygen consumption, and metabolism in the tissues of
the compression area were reflected in the dynamics
of EOM, which had minimum values on day 7 in all
the experimental groups.

The maximum EOM values were observed in the
HA-3 and HA-24 groups on days 14-28 and in the
HA-3/24 and HA-3/24/48 groups — at all periods of
the observation. The use of HA after 48 hours led to
a slight increase in EOM only by the end of day 28.
Two-fold and three-fold injection of HA significantly
increased the efficiency of oxygen metabolism in the
injured area (by 37.3—48.2%, p < 0.05) on days 14-28
compared with rats from the group with a single early
injection of HA after 3 hours. It should be noted that
in the rats from the HA-3/24 and HA-3/24/48 groups,
the EOM index was restored to the values of the intact

animals by the end of the observation period (day 28).
Considering that the EOM index reflects the state of
tissue perfusion, oxygen saturation, and metabolism,
the presented dynamics indicates a positive and (or)
negative effect of HA on tissue metabolism with its
early and (or) late injection.

Impaired tissue metabolism in CI leads to the de-
velopment of necrobiotic processes in soft tissues. The
breakdown products of damaged muscles enter the
systemic circulation with the development of myoglo-
binemia and hyperkalemia. Early single and (or) two-
fold local injection of HA (after 3 and 24 hours) led to
a decrease in the myoglobin level by 19.7-38.7% (p <
0.05) on days 3—14 compared with the control group.
The use of HA at a later time (after 48 hours) did not
cause a decrease in myoglobin in the blood. By the
end of the observation period, the severity of myoglo-
binemia decreased, but it remained 4.1 times higher
(» < 0.05) than in the intact animals. Similar changes
were observed in the dynamics of the blood potassium
level, which on day 3 decreased on average by 36.8%
(» < 0.05) in the HA-3/24 group compared with the
control group. Later (days 7-28), the concentration of
potassium in the blood normalized and was equal to
the values in the intact rats.

In Tables 1 and 2, the groups of animals with the
best values for microcirculation, oxygen consump-
tion, and oxidative metabolism and with low levels of
myoglobin and potassium in the blood serum are at
the top of the table; the groups with the worst values
are at the bottom.

Table 1

Parameters of microcirculation and metabolism in the soft tissues of the thigh of rats after local injection of hyaluronic

acid in different modes in experimental crush injury, Me (Q,-0..)

Exp;zumptesntal Oabff::ﬁ};?; p(;r}l](;d n K, % SO,, % U, rel. units OCR, rel. units | EOM, rel. units
Ima(‘;tj?g)nals 10 | 13.5(12.5-14.3) | 31.6 (30.3-32.9) | 3.10 (3.04-3.16) | 0.51 (0.43-0.56) | 22.5 (21.5-23.6)
3 o 1091 64.1 1.50' 0.90' 9.713
(10.4-11.7) (62.7-65.4) (1.42-1.66) (0.84-0.96) (8.6-10.9)
TR ; R 117 78.6" 1.22! 0.63%3 6.1
(HA3 0 (11.1-12.3) (77.5-80.2) (1.10-1.30) (0.57-0.75) (4.8-7.6)
P 4 . 11.8>3 59.812 1.641 0.79' 12.6
(11.3-12.5) (58.0-60.6) (1.59-1.74) (0.70-0.89) (11.7-13.8)
2 . 12.223 39.8 246 0.90' 22.84
(11.6-12.9) (39.0-40.6) (2.42-2.59) (0.81-1.00) (21.6-24.6)
3 o 1144 635 1.5413 0.89! 10.1%
(10.3-11.8) (62.1-64.8) (1.46-1.70) (0.85-0.97) (9.0-11.2)
Main group V ; o 11.8 77.813 1.26' 0.60° 5.8
P (11.2-12.4) (76.7-79.4) (1.16-1.39) (0.52-0.73) (4.6-7.0)
PR ’ 4 . 12.0% 60.11 1.63 0.811 125
(11.4-12.6) (59.0-62.1) (1.58-1.73) (0.72-0.91) (11.1-13.8)
2 . 12.123 402 24414 0.89'% 21.9%
(11.4-12.7) (39.4-41.0) (2.40-2.57) (0.79-0.94) (21.3-23.6)

Bulletin of Siberian Medicine. 2022; 21 (2): 137-144

141



Shperling I.A., Shulepov A.V., Shperling N.V., Kuzmina O.Yu.

Screening of local hyaluronic acid injection modes to increase

Table 1 (continued)

E"lzr;‘:;‘zmal Oabf::ﬁﬁl‘?; p;:;‘;d n K., % SO, % U, rel. units | OCR, rel. units | EOM, rel. units
3 3 9.8!:2 69.413 1.38"2 0.90! 8.6"2
(8.7-10.2) (67.5-71.4) (1.34-1.48) (0.84-0.98) (7.5-9.8)
Main group I 7 3 10.13 79.713 1.20 0.50 4.1
(A (9.2-10.5) (77.3-80.9) (1.10-1.33) (0.41-0.58) (2.7-5.1)
n=28 14 6 10.6%2 62.1'3 1.5813 0.77'3 8.513
(10.0-11.3) (61.0-64.1) (1.55-1.65) (0.70-0.82) (7.5-10.1)
23 6 11.1%2 47.73 2.05'3 0.89! 16.6'3
(10.4-11.7) (46.8-48.6) (2.02-2.13) (0.79-1.00) (15.2-17.8)
3 3 9.31:2 72.8173 1.35 0.93! 8.41:2
(8.6-10.3) (70.9-73.9) (1.17-1.42) (0.85-0.98) (7.2-9.6)
Main group 1T 7 3 9.7'3 82.513 1.19! 0.46 3.4!
(HA-24), (9.0-10.7) (80.2-83.8) (1.03-1.33) (0.34-0.56) (2.0-4.4)
0 =28 14 6 10.4%2 65.6' 1.491° 0.67"2 6.7"2
(9.5-11.2) (64.2-66.5) (1.46-1.56) (0.57-0.77) (5.2-7.8)
23 6 11.02 45413 2.16"3 0.79'- 15.213
(10.3-11.6) (44.0-46.7) (2.08-2.17) (0.70-0.88) (13.9-16.5)
3 3 8.3! 80.1"2 1.22! 0.95! 6.4!
(7.7-8.8) (77.7-81.5) (1.18-1.32) (0.89-1.03) (5.2-7.5)
Main group I1I 7 8 | 7.9'(7.2-8.7) | 86.1'(84.4-88.3) | 1.14'(1.02-1.26) | 0.41 (0.34-0.49) | 2.8'(1.6-4.3)
(HA-48), 14 6 9.2! 74.5"2 1.32! 0.53 4.5!
n=28 (8.3-9.9) (72.7-78.0) (1.24-1.39) (0.44-0.62) (3.4-6.1)
23 6 9.9! 57.1%2 1.7212 0.57 8.41:2
(9.1-10.4) (55.3-58.0) (1.71-1.74) (0.48-0.65) (7.2-9.7)
Control o 3 8 | 7.41(6.7-8.0) | 86.5'(84.6-87.6) | 1.11'(0.95-1.15) | 0.97'(0.89-1.06) | 6.0'(5.1-6.9)
(V(V)ith:uﬁ(zﬁ 7 8 | 6.8(6.3-7.8) |89.7(87.4-91.0) [ 1.07'(0.91-1.21) | 0.36 (0.27-0.44) | 2.1'(0.8-3.2)
injection), 14 6 | 85'(7.7-9.2) | 81.4'(80.0-82.3) | 1.20' (1.09-1.23) | 0.35 (0.26-0.45) | 2.6'(1.1-3.7)
=28 28 6 | 8.8(7.9-9.5) | 69.1'(67.4-70.5) | 1.42' (1.39-1.47) | 0.34(0.28-0.48) | 3.7'(2.3-4.9)
1.2.3.4 p <0.05 — differences with parameters in animals of intact, control, HA-48, and HA-3 groups (here and in Table 2).
Table 2

Dynamics of myoglobin and potassium levels in the blood serum of rats after local injection of hyaluronic acid in different modes with
experimental crush injury Me (0,. 0.)

Experimental groups Observation period after injury, days n Myoglobin, ng / ml Potassium, mmol / 1

Intact animals n=10 10 775 (69.0-90.0) 41(3.94.4)

. 3 8 780.42(731.8-829.0) 482(4.55.4)
?ﬁi‘f}%‘;‘;’ 1 7 8 647.517 (583.0-660.7) 4.6 (42-4.9)
DR 14 6 409.02(357.1461.1) 3.6 (3.1-4.0)
28 6 32241 (272.2-374.4) 3.6 (3.3-4.4)

. 3 8 7862122 (740.9_831.2) 492(4753)
?ﬁ&n v z;I) 7 8 634212 (586.8-679.1) 45 (4.0-4.8)
P : 14 6 411.42 (368.9-453.0) 3.6 (3.3-3.8)
28 6 318.1(267.3-370.3) 3.6 (3.3-42)

. 3 8 776.1-2(716.9-838.3) 5.0 (4.7-5.6)
1(\1/[{11}3%r0up I 7 8 694.0-23 (630.4-707.3) 4.1(3.5-4.4)
R 14 6 447.22(386.0-507.2) 3.5(33-3.9)
28 6 354.6' (303.9-406.4) 4.4 (4.1-5.0)

, 3 8 794.92(741.2-848.4) 5.812(5.56.4)
?I’[ﬁ‘fg)"“p v 7 8 768.212(721.2-815.7) 45 (3.948)
i 14 6 549.312(497.9-601.6) 3.6 (3.3-3.8)
28 6 346.5' (295.7-398.3) 3.8 (3.5-4.4)

. 3 8 912.6'(861.9-964.7) 5.812(5.5 6.4)
1(\;13;11 4g§)°“p v 7 8 804.11(757.1-851.6) 45(3.9438)
e 14 6 584.5' (542.0-626.1) 3.4 (32-3.8)
28 6 340.0' (289.2-392.2) 3.8 (3.5-4.4)

142 BlonneteHb cMbupckoin MeguuuHbl, 2022; 21 (2): 137-144



Original articles

Table 2 (continued)

Experimental groups Observation period after injury, days n Myoglobin, ng / ml Potassium, mmol / 1
Control group 3 8 971.0'(959.5-1,000.5) 7.6'(7.3-8.2)
(without local 7 8 890.5'(832.50-960.0) 4.8 (4.2-5.1)
injection), 14 6 701.0' (636.0-758.0) 3.6 (3.1-4.0)
n=28 28 6 363.5'(318.0-409.0) 3.1(2.8-3.9)

Thus, local administration of HA early after the
cessation of compression (3 hours) in CI led to im-
provement in microcirculation in the injured area, in-
crease in oxygen consumption, and activation of met-
abolic processes in tissues, which reduced the severity
of destructive processes in them. The best effects were
observed in the group of animals, which were inject-
ed with HA in the area of compression twice (3 and
24 hours after the cessation of compression).

DISCUSSION

The analysis of the obtained results showed that
pronounced microcirculation and metabolism disor-
ders with the predominance of the anaerobic oxidation
pathway developed in the soft tissues of the compres-
sion area in CI. In response to local injection of HA,
improvement in microcirculation in the damaged soft
tissues was observed, as evidenced by the increase in
the K coefficient by 32.4-72.1% (p < 0.05) compared
with the control group. At the same time, circulation
in the injured area had the highest values after local
injection of HA after 3 and 24 hours in the early stages
(3—7 days) after the cessation of compression.

The restoration of impaired microcirculation con-
tributed to an increase in tissue oxygen saturation,
which was reflected in the dynamics of SO, and U
parameters. Thus, after local application of HA, re-
gardless of the dosage regimen, a decrease in SO,
was observed at all periods of the observation, which
indicated an increase in tissue oxygen consumption
against the background of circulation restoration. The
greatest decrease in SO, values was observed in the
animals that were injected with HA after 3 and 24
hours. Significant changes were revealed when assess-
ing the U index, which tended to be higher when there
was an increase in tissue oxygen consumption.

Local injection of HA led to an increase in U index
mainly at a later time (days 14-28), which may be due
to the fact that oxygen was required for intensive repair
of soft tissues. Early single or two-fold (after 3 hours
and additionally 24 hours) injection of HA contributed
to an increase in tissue oxygen consumption not only
on days 14-28, but also by day 3 of the observation.
The injection of HA at a later time (24 or 48 h) after the

injury led to an increase in tissue oxygen uptake only
by the end of the observation period (day 28).

The average values of OCR and EOM after local
injection of HA, reflecting the intensity of oxidative
metabolism in compressed soft tissues corresponded
to the microcirculatory status and oxygen consump-
tion parameters. The most significant positive effect
of HA was observed in the groups with its early ad-
ministration (3 and 24 hours after the cessation of
compression): in the HA-3 and HA-24 groups on days
14-28, in the HA-3/24 group — on days 7-28. Late
injection of HA (after 48 hours) did not significantly
affect the intensity of metabolic processes in the tis-
sues of the injured area. The dynamics of EOM had a
clear dependence on the mode of HA injection. Thus,
local injection of HA in the HA-48 group contributed
to an increase in its values by day 28, in the HA-24
group — by days14-28, and in the HA-3, HA3/24, and
HA-3/24/48 groups — throughout the observation peri-
od compared with the values in control group.

In case of soft tissue damage, therapeutic mea-
sures are primarily aimed at replacing the tissue de-
fect and activating regeneration mechanisms, which
are possible only with the restoration of intercellular
interactions [8]. HA in the injured area, possessing
hydrophilicity and high biocompatibility, provides
conditions for diffusion of nutrients and oxygen and
migration of cells of the immune system [9].

The positive effects of HA in the early post-injury
period are associated with facilitating the migration
of immune cells capable of limiting the necrotic zone
and disposing of destroyed cellular structures from
tissues. The study showed that the most pronounced
effect of HA was manifested with its early local ad-
ministration (after 3 hours), while late injection (after
48 hours) was ineffective. This can be explained by
the physiological mechanisms of restoration of in-
jured tissues, which are activated immediately after
the injury. These processes are genetically determined
and proceed under the control of neurohumoral mech-
anisms [10].

In the early periods after the termination of com-
pression in CI, local defense systems are activated in
the tissues of the injured area in response to massive se-
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Screening of local hyaluronic acid injection modes to increase

cretion of inflammatory mediators, which is necessary
to localize the lesion, eliminate the factors that caused
it, and remove decay products. All this contributes to
the preservation of the metabolic activity of cells in
necrobiosis and triggers regeneration. Therefore, the
biological action of HA is implemented at both cellu-
lar and intercellular levels. The cellular effects of HA
are due to its ability to activate the receptors of cell
membranes and change ion fluxes; intercellular effects
are aimed at maintaining tissue homeostasis by form-
ing a biochemically stable intercellular environment.
In this regard, it is obvious that local injection of HA
in the injured area in CI is ineffective when it is car-
ried out later (48 hours after the injury). At the same
time, single (after 3 hours) and multiple early (after 3
hours and 24 hours) local injection of HA is pathoge-
netically substantiated and has a positive effect on the
formation of sanogenesis in CI.

CONCLUSION

1. Early local injection of HA in the injured area
3 hours after the cessation of compression improves
microcirculation, increases oxygen consumption by
tissues, positively affects the metabolism in the skel-
etal muscles, and reduces the severity of destructive
processes in them.

2. The most effective method for correcting CI is
early repeated injection of HA in the compression area
3 and 24 hours after the injury.

3. In case of CI, a single or multiple intramuscular
injection of HA in the injured area in the early post-com-
pression period is a sanogenetically substantiated meth-
od for correcting traumatic ischemia of muscle.
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Features of the clinical presentation and course of community-acquired

pneumonia against the background of type 2 diabetes mellitus
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ABSTRACT

Community-acquired pneumonia remains the leading infectious cause of death around the world. Many factors
influence the prognosis and outcome of this disease. Compared with healthy individuals, patients with diabetes
mellitus are at increased risk of respiratory tract infections, such as community-acquired pneumonia. Diabetes
mellitus contributes to the development of pulmonary thrombotic microangiopathy, changing the functional state
of the lungs.

In numerous studies involving patients with diabetes mellitus, data on the state of the lungs were obtained by
instrumental tests, such as spirometry, ventilation / perfusion scintigraphy, perfusion computed tomography, and
diffusing capacity of the lungs for carbon monoxide. In patients with community-acquired pneumonia, diabetes
mellitus causes vague clinical symptoms, leads to a severe course of the disease, and contributes to development
of complications. Diagnosing the functional state of the lungs in patients with community-acquired pneumonia
against the background of diabetes mellitus has not been studied.
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Oco6eHHOCTUN KNNHNKN N TeYeHNA BHEOOIbHNYHON NHEBMOHUN

Ha ¢poHe caxapHoro guaberta 2-ro TMna

3anueBa A.A., bykpeeBa E.b., AreeBsa T.C., 3opkanbueB M.A., Canpuna T.B., Yaonos B.[1.,
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PE3IOME

BHeOonpHIYHAS THEBMOHHS OCTAeTCsl BeAylIed WHPEKIMOHHOW MPUYMHONW CMEpPTH B MUpe. MHorHe (HhaKTOpbI
BJIMSIIOT Ha TIPOTHO3 U UCXOJ JaHHOTO 3aboneBanus. [1o cpaBHEHMIO CO 3M0POBBIMHY JIMI[AMH TAI[UEHTHI C caxap-
HBIM A1a0eTOM ITOABEPTaroTCs HOBBIICHHOMY PHCKY HH(EKIUH ABIXaTeTbHBIX TyTeH, TAKNX KaK BHEOOIbHUIHAS
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nHeBMoHuUs. CaxapHblil 1naber crocoOCTBYeT Pa3BUTHUIO MUKPOAHTHOMATHH JIETKHUX, H3MEHsS (DYHKIIMOHATIBHOE
COCTOSIHUE JJAHHOI'O OpraHa.

B MHOTOYHCIICHHBIX HCCIIEAOBAHUAX MAIMCHTOB C CAXapHBIM TMa0ETOM ITOJy4EHbI JaHHBIE O COCTOSIHHH JIETKHX
HMHCTPYMEHTAIBHBIMA METOJAMHU, TAKUMH Kak crmporpadusi, BEHTHIALHOHHAs CUUHTHrpadus, nepdy3roHHas
KOMITBIOTEpHAsI TOMOTpadusi ¥ METOJ ONpeAeeHust AP Py3HOHHON CIOCOOHOCTH JIETKHUX 110 MOHOOKCHLY yTJie-
poxa. Y manueHToB ¢ BHeOOIbHNYHOM ITHEBMOHUEH caXxapHbIH JHabeT BBI3bIBACT CTEPTYIO KIMHUYECKYIO CHMIITO-
MAaTHUKY, IIPHBOJUT K TSDKEJIOMY TEYCHHIO BHEOOJIBHHMYHOW ITHEBMOHHH ¥ CIIOCOOCTBYET PAa3BUTHIO OCJIOKHEHUI.
JluarnocTuka ke ()yHKIIMOHAJIBHOTO COCTOSIHMS JIETKUX Y TAI[MEHTOB C BHEOOJHHUYHOM NMHEBMOHHEH Ha (hoHe
caxapHOro juadera He U3ydueHa.

KiroueBble cjioBa: BHEOOTbHUYHAS ITHEBMOHHUSI, CaXapHbIH qradeT

KOHq)J’IHKT HHTEPECOB. ABTOpI;I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq;)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaHI/IeI71 HaCTOHH.[eﬁ CTaTbHU.

Hcrounuk ¢puHaHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM (\HHAHCHPOBAHUS TPH NMPOBEICHHN UCCIENO0-
BaHMSI.

Jast uurtupoBanms: 3aiinesa A.A., bBykpeesa E.b., Areesa T.C., Sopkansues M.A., Canpuna T.B., Yionos B./I.,
ApnampoB M.M. OcoOGeHHOCTH KIIMHUKH W T€YCHHsI BHEOOTBHUYHON MHEBMOHUHU Ha ()OHE caxapHOro jauadera
2-ro tuna. broanemensv cubupckoi meouyunsl. 2022;21(1):145-151. https://doi.org/10.20538/1682-0363-2022-2-
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INTRODUCTION

Community-acquired pneumonia is one of the
key causes of emergency hospitalization in inpatient
facilities of internal medicine and a potentially le-
thal disease [1, 2]. The World Health Organization
(WHO) reports that lower respiratory tract infec-
tions, including pneumonia, are still the deadliest
infectious diseases. In 2015, 3.2 million people died
of these diseases in the world. The severity and out-
come of community-acquired pneumonia also de-
pend on such comorbidities as chronic obstructive
pulmonary disease (COPD), heart failure, cerebro-
vascular and kidney diseases, metabolic syndrome,
and diabetes mellitus (DM) [2-9].

Many scientific publications thoroughly describe
combinations of cardiovascular pathologies and DM
as mutually exacerbating conditions. Only few stud-
ies analyze the course of community-acquired pneu-
monia against the background of DM. Most existing
publications show data on the incidence of commu-
nity-acquired pneumonia and analyze the risk of a le-
thal outcome due to community-acquired pneumonia
and concurrent DM.

Currently, DM is one of the most common chron-
ic diseases in the world. In 2016, WHO called it one
of the most dangerous noncommunicable epidemics
of the XXI century along with cardiovascular dis-
eases, COPD, and cancers [10]. The number of DM
patients increases at a rate exceeding the forecasts of

experts from the International Diabetes Federation.
The research findings from NATION, a large epide-
miological study conducted in 2013-2015 and aimed
at detecting type 2 diabetes mellitus (T2DM) among
the Russian population, show that the prevalence of
this disease is 5.4% (about 6.5 million people). DM
is characterized by macrovascular and microvascu-
lar complications. The latter include complications
affecting the kidneys, eye retina, and nervous system
[12, 13].

Now there is an increasing amount of data con-
firming that the lungs are one of the target organs
for diabetic microangiopathy. An extensive network
of pulmonary capillaries is involved in respiratory
metabolism through alveoli that form a single mem-
brane. Hyperglycemia causes structural changes in
the pulmonary capillary walls, and these changes
have a negative impact on the blood-air barrier, lead
to microangiopathy in the DM-affected lungs, and
change the functional state of the entire organ [14]. It
is proved that DM patients are characterized by pul-
monary function impairment, regardless of the dura-
tion of the disease [15, 16]. W.A. Davis et al. showed
that in the group of DM patients without pulmonary
diseases and with 4% reduction in the lung function
parameters, the all-cause mortality rate increased by
12% [17].

In addition, some studies show that blood glu-
cose-lowering drugs ensure a 10% increase in lung
function parameters (forced expiratory volume in
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one second (FEV)), vital capacity (VC)) compared
with the baseline values in T2DM patients [18].

A longitudinal, observational study conducted
in the USA in 2005 including 1,443 male patients
aged 21-88 years analyzed lung function parameters
and blood glucose values and detected statistically
low FEV, and VC in patients several years before
the emergence of DM compared with same aged pa-
tients without DM [19].

N. Guvener et al., using the gaseous diffusion
method, demonstrated decreased alveolar capillary
membrane permeability in DM patients compared
with the control group (p = 0.037) [20]. At the same
time, some studies provide exactly opposite data. In
the study by K. Ozsahin, the gaseous diffusion meth-
od did not show differences in alveolar capillary
membrane permeability between DM patients and
healthy people, while it was significantly reduced in
the group of DM patients (p = 0.01) when ventilation
/ perfusion scintigraphy was performed [21]. These
findings confirm that impaired pulmonary function
in DM patients causes subclinical changes in the
lung structure that may aggravate such an acute in-
fectious process as community-acquired pneumonia
and promote complications.

A review studying patients who are susceptible
to invasive pneumococcal infections shows that the
risk of such infections, including community-ac-
quired pneumonia, increases in case of DM [22,
23]. Most authors believe that DM contributes to
an increase in hospital stay and acts as a predictor
of higher mortality in patients with community-ac-
quired pneumonia [24, 25]. For instance, the stud-
ies conducted by J.B. Kornum et al. in Denmark in
2007-2008 showed that patients with HbAlc > 9%
were statistically often characterized by more severe
community-acquired pneumonia and a 60% increase
in the risk of hospitalization in relation to pneumonia
[26, 27].

The findings of CAPNETZ, a multicenter, pro-
spective cohort study, show that in 2007-2014, the
mortality rate within the first month of hospitaliza-
tion for community-acquired pneumonia amounted
to 12.1% in DM patients vs. 3.8% in patients without
DM (p = 0.001) [28]. The study carried out in Japan
in 2005-2011 revealed that the mortality rate with-
in the first month among DM patients hospitalized
for community-acquired pneumonia was signifi-
cantly associated with the degree of hyperglycemia

at the moment of hospitalization (p < 0.0001) [29].
S. Yende et al. demonstrated that hospitalization for
community-acquired pneumonia was a significant
risk factor for a lethal outcome within the first year
after inpatient treatment for DM patients (hazard
ratio (HR) = 1.87) [23]. M. Falcone et al. detected
significantly higher annual mortality rates in DM pa-
tients hospitalized for community-acquired pneumo-
nia vs. patients hospitalized for other reasons (30.3
vs. 16.8%, p <0.001) [9].

The risk factors for mortality in patients with
community-acquired pneumonia against the back-
ground of T2DM are bacteremia, septic shock, and
comorbidities [30, 31]. It is proved that age has a
strong impact on mortality rates in patients with
community-acquired pneumonia and DM.

The findings from the NHANES I1I study (USA)
and the analysis of 3,770 death certificates of peo-
ple aged 65+ years allow to conclude that every year
of life increases the risk of death due to communi-
ty-acquired pneumonia by 16%. It was shown that an
increased risk of death due to community-acquired
pneumonia is typical of not only DM patients (34.1
per 10,000 person — years), but also of patients with
impaired glucose tolerance (16.9 per 10,000 person —
years) [23, 32].

The findings from a prospective cohort study (6
years) conducted in Finland (2014) showed that DM
and postprandial hyperglycemia newly diagnosed
in non-diabetic patients with community-acquired
pneumonia were associated with a higher risk of
late mortality within several years after experienced
community-acquired pneumonia. The mortality rate
at the end of the follow-up amounted to 54, 37, and
10% in DM patients, non-diabetic patients with di-
agnosed postprandial hyperglycemia, and patients
without DM and postprandial hyperglycemia, re-
spectively (p < 0.001). In addition, hyperglycemia
has a prognostic value as a severity criterion for pa-
tients with severe community-acquired pneumonia
[33]. Only single publications show practically simi-
lar mortality data. However, in the authors’ opinion,
the reason for that was that the studied patients were
older and experienced a more severe condition at the
moment of admission, so DM had an insignificant
impact on their mortality rates [12, 34, 35].

At the same time, many authors are sure that high-
er mortality rates are typical of DM patients after
inpatient treatment of community-acquired pneumo-

Bulletin of Siberian Medicine. 2022; 21 (2): 145-151 147



Zaytseva A.A., Bukreeva E.B., Ageeva T.S. et al.

Features of the clinical presentation and course of community-acquired

nia vs. patients hospitalized for noncommunicable
pathologies [23, 34]. Few publications describe the
clinical aspects of community-acquired pneumonia
with concomitant DM, and these findings are con-
tradictory.

The clinical features of community-acquired
pneumonia are different in DM patients. Patients
with community-acquired pneumonia against the
background of DM experience less pronounced
clinical symptoms, such as cough, chills, and acute
onset of the disease. This may be the reason why pa-
tients with community-acquired pneumonia and DM
score less on the CURB-65 and PSI/PORT scales at
the moment of admission, however, the duration of
hospital stay for patients with community-acquired
pneumonia with concomitant DM is longer than for
patients without DM [34, 36].

Fever, cough, shortness of breath, and tachycar-
dia, i.e. the classical symptoms of community-ac-
quired pneumonia, disappear, become silent or are
absent at all in DM patients. These symptoms are
often accompanied by radiographically detected
multilobar lung infiltrates, pleural effusion, and em-
pyema. M.A.Saibal reported significant differences
(» < 0.001) following X-ray examinations. DM
patients with community-acquired pneumonia are
more often characterized by multisegmental pulmo-
nary lesions than patients without DM [37]. Some
other studies show no significant difference in the
pulmonary infiltration area in community-acquired
pneumonia patients with and without DM [25, 36].

Low symptom intensity makes the disease dif-
ficult to diagnose. Extrapulmonary manifestations,
such as altered mental state, mental block, hypoto-
nia, and tachypnea, are often prevailing or the only
symptoms detected in patients with community-ac-
quired pneumonia with DM during a physical exam-
ination. DM patients hospitalized for community-ac-
quired pneumonia more often suffer from metabolic
disorders and cardiovascular events [12, 37].

The authors of this study have not found litera-
ture data on the features of physical examinations in
patients with community-acquired pneumonia and
concomitant DM. Community-acquired pneumonia
often cannot be diagnosed based only on clinical
symptoms and laboratory findings, especially in se-
nior patients and patients with comorbidities, such
as DM [38-40]. Community-acquired pneumonia
is definitely diagnosed only if infiltration signs are

detected using diagnostic radiology methods. At the
same time, these instrumental procedures allow to
obtain information only on structural changes in the
lungs [38, 41, 42].

In some cases, in patients with community-ac-
quired pneumonia and comorbidities, including
DM, instrumental methods are not always capable
of determining the contribution of pneumonia to
the severity of patients’ condition. To determine the
functional state of the lungs, several methods are
used, such as inspiratory and expiratory computed
tomography and ventilation / perfusion scintigraphy
[43, 21].

In 2006, K.Ozsahin conducted a study on alveolar
capillary membrane permeability in DM patients and
healthy individuals using two methods: gaseous dif-
fusion and ventilation / perfusion scintigraphy. The
first method did not detect any difference between the
groups. Ventilation / perfusion scintigraphy revealed
a significant increase in the half-life of a radiophar-
maceutical in DM patients vs. the control group
(T, = 112.7% and T, = 84.6%, p = 0.01) [21]. It
was demonstrated that the walls of pulmonary ar-
terioles became thicker due to the development of
chronic inflammation [44], an increase in collagen
and elastin levels, and fibroblast proliferation [45].
Therefore, ventilation / perfusion scintigraphy is a
more sensitive method to determine the alveolar cap-
illary membrane permeability.

In the study by K. Kuziemsky et al., carried out
in Poland in 2011, perfusion computed tomography
detected upward quantitative changes in the blood
flow volume, blood filling, and vascular wall perme-
ability parameters in DM patients compared with the
control group of healthy individuals (p = 0.01) [46].
The authors have not found any data on the sensitiv-
ity and specificity of diagnostic radiology methods
in patients with community-acquired pneumonia and
T2DM in the available literature.

CONCLUSION

Therefore, DM is characterized by lung damage
accompanied by functional disorders in the lungs.
Changes in the pulmonary microvasculature are
more diffused than in the renal arteries or vessels
in the eye. Therefore, they may remain compensat-
ed and have no clinical manifestations for a long
time. However, there is much evidence of subclini-
cal manifestations of diabetic lung associated with a
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high risk of a lethal outcome in community-acquired
pneumonia.

For instance, data on the information value of
ventilation / perfusion scintigraphy and perfusion
computed tomography in DM patients are available,
but the capacities of these methods in patients with
community-acquired pneumonia and DM have not
been completely unveiled yet. Therefore, the sensi-
tivity and specificity of such methods as inspiratory
and expiratory computed tomography and ventila-
tion / perfusion scintigraphy in patients with com-
munity-acquired pneumonia and T2DM should be
further explored.
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ABSTRACT

The authors analyzed the problem of diuretic resistance (DR) in patients with chronic heart failure (CHF). Most
of the symptoms and signs of CHF are associated with hypervolemia and vascular congestion in the systemic and
pulmonary circulation. The severity of the latter is the main factor which negatively affects the overall assessment
of life satisfaction in patients with CHF. Since the patient, even at the incurable stage of CHF, primarily expects a
rapid decrease in the severity of manifestations of decompensation from the prescribed therapy, achieving euvolemia
is the essence of its short-term objective. Without diuretics, these immediate effects, according to which most CHF
patients judge the qualifications of the doctor, are almost impossible to achieve. Unfortunately, apparently, not
a single clinician was able to avoid disappointment in the effectiveness of CHF therapy associated with DR in
their practice. As a rule, DR reflects the progressive course of CHF and is often associated with a poor prognosis.
The review consistently covers the issues of terminology, diagnosis, pathogenesis, and prevention of DR, which
aggravates CHF, and discusses measures aimed at restoring sensitivity to diuretics.
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Pe3ncTeHTHOCTb K ANypeTrKaMm y NaLeHTOB C XPOHUYECKON cepaevHomn
HeA0CTaTOYHOCTbIO: MeXaHU3Mbl, NpodUNaKTVIKa N NpeogonieHne

KantoxuH B.B.", Tennakos A.T.2, becnanosa U.A.', KanioxunHa E.B.', TepeHTbeBa H.H.3,
Jinswny U.K.', Octanko B.J1.', I'pakoBa E.B.?, KonbeBa K.B.?, YcoB B.10.?, FTapraneesa H.I.},
Fopenosa l0.B.'

'Cubupcruii cocyoapcmeennvlii meouyunckuil ynusepcumem (Cubl MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

’Hayuno-uccredosamenvcxutl uncmumym (HHUH) kapouonocuu, ToMCKULl HAYUOHATbHBIIL UCCIC008ATNENbCKULL
meouyunckuti yenmp (HUML]) Poccutickoii akademuu HayKk
Poccus, 634012, 2. Tomck, yn. Kuesckaa, 111

SCypeymckuii 2ocyoapcemesennviii ynusepcumem (Cypl'y)
Poccus, 628412, 2. Cypeym, np. Jlenuna, 1

PE3IOME

[Mpoananmm3upoBana mpodieMa pe3UCTeHTHOCTH K auyperukam (P/l) y marueHToB ¢ XpOHWYECKOH cepiaedHon
HenoctaTouHoCThIO (XCH). bompmmHcTBO cumnToMoB 1 nipu3HakoB XCH cBs3aHBI ¢ THIIEPBOJIEMHUEH U 3aCTOEM
KPOBH B OOJIBIIIOM H MAJIOM KpyTax KpoBOOOpaIeHusI. BEIpakeHHOCTD IOCIIETHNX SIBISIETCS OCHOBHBIM (haKTOPOM,
HETaTHBHO BIHSIOMINM HAa OOIIYIO OIEHKY YAOBIECTBOPEHHOCTHIO XM3HBIO marueHToB ¢ XCH. Tak xak marueHt
naxe B HHKypabenbHOU cTagnu XCH B mepByro ouepenp OKHAaeT OT HA3HAUCHHOH BPauoM Tepanuy OBICTPOTO
CHIDKEHHS BEIPAXEHHOCTH TPOSIBICHUH JTEKOMIIEHCAIINH, TOCTHKEHHE SYBOJIEMHH MPEACTABIsET cO00H CyTh ee
KPaTKOCPOYHOH 3a1auu. be3 quypeTHKoB 3TUX HeMeUIeHHBIX (PEKTOB, 0 KOTOPEIM OOJIBIIMHCTBO MAINEHTOB
¢ XCH cyzsaT o kBamudukanuy Bpada, T0OUThCSA MPAKTHYECKH HEBO3MOXKHO. K coxaneHuio, mo-BHANMOMY, HU
OJHOMY KJIMHHUIINCTY HE yJaJIoCh H30eXKaTh B CBOCH MPAKTHKE Pa304apoBaHus B 3()(hEeKTUBHOCTH TEPAIINH CepaeH-
HOU HEe0CTaTOYHOCTH, cBsi3anHOTO ¢ PJI. Kak mpaBmio, P/] otpakaer mporpeccupytomee Tedeane XCH u gacto
ACCOLUMPYETCS C HEOIarONPUATHBIM IIPOTHO30M.

B nexiun nocnenoBaTeNbHO PACCMOTPEHBI BOIIPOCH! TEPMHHOJIOTHH, TMATHOCTHKH, TATOreHe3a U MPOQHIAKTHKH
P, otaromaromeit XCH, a Takxke 00cykaaeTcs KOMIUIEKC MEPONPHUITHIL, HAlpaBJICHHbIH HAa BOCCTAHOBJIICHUE
JyBCTBUTEIBHOCTH K IHYyPETHKAM.

KuiroueBble ci10Ba: XpoHHYeCKas Cep/ieuHass HeJOCTaTOYHOCTh, PE3UCTEHTHOCTD K JHypPETHKAM, TEPMHHOIOTHS,
MEXaHU3MBI, BOAHO-COJIEBON PEKHM, CeKBEHIHANbHAs Onokana HepoHa, TIH(IO3UHEI, BallTaHbl, HHOTPOTIEI, Ba-
30KOHCTPHUKTOPHI, TTIOKOKOPTHKOCTEPOHIBI, CEPETAKCHH, HECUPUTHU, AbOYMUH, YIbTPa(QUIbTPAITHS

KOHq).]Il/lKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SAIBHBIX U INOTCHIUAJIBHBIX KOH(I)J'H/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6JII/IKaHI/Ieﬁ HaCTOS{H.[eﬁ CTaTbu.

HcTounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM (PHHAHCHPOBAHUS TPH MPOBEICHHN HUCCIEN0-
BaHMSI.

Jast umtupoBanus: Kamoxun B.B., Terusaikos A.T., becnanosa W. /1., Kamoxuna E.B., TepentseBa H.H., JIus-
i M.K., Ocranko B.JI., I'pakosa E.B., KonseBa K.B., YcoB B.1O., I'apraneesa H.I1., 'openosa FO.B. Pe3ucrent-
HOCTh K JIMyPETUKAM y MAIMCHTOB C XPOHUYECKOW CEpJICUHON HETOCTATOYHOCTHIO: MEXAHU3MBI, TPOQUIAKTHKA
U TpeojoyieHue. broinemens cubupckou meouyunvl. 2022;21(2):152—-167. https://doi.org/10.20538/1682-0363-
2022-2-152-167.
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INTRODUCTION

Many definitions of chronic heart failure (CHF)
include a description of its main manifestations [1].
In particular, the experts of the European Society of
Cardiology define clinically pronounced CHF as “a
clinical syndrome characterized by typical symptoms
(e.g. shortness of breath, swelling of the ankles, and
fatigue) that may be accompanied by signs (e.g. el-
evated jugular venous pressure, rales, and peripheral
edema) caused by a structural and / or functional car-
diac abnormality...” [2]. Most of the symptoms and
signs presented in this definition are associated with
hypervolemia and blood stasis in the systemic and
pulmonary circulation. The severity of the latter is the
main factor that negatively affects the overall assess-
ment of life satisfaction in patients with CHF, includ-
ing those with comorbidity [3-5].

Despite the fact that apologists for evidence-based
medical practice consider an increase in life expec-
tancy as the main aim of pharmacotherapy for CHF,
it is equally important to ensure quality-adjusted
life years during treatment [1, 6]. This determines
the need for the most complete elimination of CHF
symptoms, even at the incurable stage of the disease
[7]. Since the patient primarily expects a rapid de-
crease in the severity of CHF manifestations from
the therapy prescribed by the doctor, achieving eu-
volemia is the essence of its short-term objective [8].
Without diuretics, these immediate effects, according
to which most CHF patients judge the qualifications
of the doctor, are almost impossible to achieve [9]. It
is no coincidence that diuretic therapy is sometimes
called a cornerstone of treatment of patients with de-
compensated CHF [7, 10, 11].

Unfortunately, apparently, not a single clinician
was able to avoid disappointment in the effectiveness
of CHF therapy associated with diuretic resistance
(DR) in their practice [7, 12, 13].

DR is a serious clinical issue which often portends
a poor prognosis; hence this issue is actively discussed
in peer-reviewed scientific journals [14]. Despite the
fact that an expert consensus paper of the European,
North American, and Russian task force on the use
of diuretics in CHF has been published recently [9,
14, 15], there are still disputes about the most optimal
strategy in a situation when it is impossible to achieve
euvolemia and / or maintain it.

The titles of articles published in peer-reviewed
scientific journals testify to the severity of this issue:
“Diuretic resistance in acute decompensated heart

failure: a challenging clinical conundrum”, “The use
of diuretics in heart failure with congestion: we can’t
judge a book by its cover”, “The never-ending quest
for the appropriate role of ultrafiltration” [16—18].

The aim of this review was to consider modern
views on the issue of diuretic resistance that develops
in up to 20-35% of patients with chronic heart failure
(in acute decompensated heart failure — in 50% of pa-
tients) and on the possibility of overcoming it.

TERMINOLOGY AND DIAGNOSTIC CRITERIA

As the Persian poet As-Samarqandi said, if the dis-
ease is not defined, it is impossible to treat it. Since
correct recognition of any pathology is not conceivable
without a clear understanding of the aim its diagno-
sis, first of all, one should decide on the terminology.
The problem consists in the fact that not all materials
reflecting expert consensus statements on the use of
diuretics in CHF attempt to define the concept of DR.
In turn, the definitions of DR and the criteria for its
verification may differ in various documents, which
prevents establishing the boundaries of the application
of this term (Table 1).

The experts of the American College of Cardiology
suggest using the term DR to describe insufficient na-
triuresis, despite adequate diuretic therapy [14]. This
non-quantifiable definition is scientifically grounded,
but hardly acceptable for point of care testing, since
in the vast majority of cases in clinical practice, the
doctor evaluates not natriuresis (as well as not the vol-
ume of extracellular fluid during transpulmonary ther-
modilution, hematocrit, intrathoracic impedance, the
number of hyperechoic artifacts on lung ultrasound or
ventricular filling pressure according to invasive he-
modynamic monitoring), but diuresis followed by a
change in body weight [1, 19-21].

It is necessary to understand what adequate diuret-
ic therapy implies, since we can talk about mono- or
combination therapy with drugs of different groups,
its different duration, as well as a wide range of drug
dosages [22]. Since loop diuretics form the basis of
diuretic therapy in CHF, the term DR in the vast ma-
jority of cases is used to denote resistance specifically
to drugs that act along the thick ascending limb of the
loop of Henle [9].

In addition to diverse ways of diuretic administra-
tion, the choice of which depends on the specific clin-
ical situation, optimal therapy with saluretics involves
the use of differentiated approaches to its escalation,
taking into account the absence of a linear relationship
between the change in the drug dose and the diuretic
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effect. For example, increasing the dose of furosemide
by 20 mg in a patient who previously received 20 mg
of the drug per day will give a significantly greater
increase in urine output than 20 mg added to therapy
at a dose of 220 mg per day [14].

It is clear that the same dose of a loop diuretic
can cause a variable diuretic effect in a population

of patients with CHF. Conversely, the same volume
of urine can be obtained in different patients with the
use of saluretics in a wide range of doses. Therefore,
when considering DR, the focus should be placed on
evaluating the efficacy of a drug in promoting diuresis
rather than on the absolute dose of the diuretic or urine
levels [23].

Table 1

Examples of criteria for diagnosing diuretic resistance

1. Based on the assessment of natriuresis
Failure to increase sodium excretion by at least 90 mmol within 72 h with 160 g of furosemide given twice a day orally [24]

FES less than 0.2% [25]

Calculated by the formula: [25] 100 x (Scr x Una) / (Sna x Ucr), where Scr is serum creatinine; Una is urine sodium; Sna is serum sodium;

Ucr is urine creatinine.

Cumulative 6-hour natriuresis of less than 50 mmol after intravenous administration of 2—4 mg of bumetanide (median — 3 mg) [26]
Daily sodium excretion of less than 100 mmol after intravenous administration of bumetanide at a dose of 2—4 mg (median — 3 mg) [26]
Sodium concentration of less than 50 mEq / 1 or Na+ / K+ ratio of less than 1.0 in a urine sample obtained 8 hours after diuretic

administration [27]

The ratio of the sodium concentration / furosemide concentration in the urine is less than <2 mmol / mg [28]
Expected cumulative natriuresis of less than 100 mmol 6 hours after intravenous administration of a loop diuretic [26]

Calculated by the formula:

GFRx(BSA/1.73)%(Scr/Ucr)x150%(Una/1000); [26] where GFR is the glomerular filtration rate; Scr is serum creatinine; BSA is body surface

area; Una is urine sodium; Ucr is urine creatinine

1I. Based on the assessment of diuresis
Diuresis of less than 1,400 ml on the first day after the prescription of 40 mg of furosemide (or an equivalent dose of another diuretic) [28]
Diuresis of less than 2,000 ml / day after intravenous administration of 40 mg of furosemide [29]

111. Based on body weight dynamics
No weight loss within 48-96 hours after the initiation of therapy with furosemide 40 mg / day (or an equivalent dose of another diuretic) [28,

30]

1V. Based on the dose and route of administration of diuretics
The need for intravenous administration of furosemide at a dose of more than 80 mg / day [31]
Persistent stagnation despite the use of furosemide at a dose equal to or exceeding 80 mg / day [32]
The need for taking furosemide at a dose greater than 3 mg / kg / day (or an equivalent dose of another loop diuretic) [33]

Note: FES (fractional excretion of sodium) is a part of the electrolyte excreted with urine from the total amount passed through glomerular filtration.

Since impaired sensitivity to diuretics limits the
possibility of achieving euvolemia, failure to achieve
the so-called dry weight when using high doses of
diuretics (primarily loop diuretics) (the ideal weight
of the patient without excess body fluid) can be used
as a DR criterion in clinical practice [9, 34-36]. Dry
weight is the term most often used by renal replace-
ment therapists to describe the patient’s weight when
they are euvolemic. This is the weight above which
symptoms and signs of fluid retention are observed,
and below which the patient develops hypotension
(with normal dry weight, systemic blood pressure, as
a rule, is not lower than 110 / 50 mm Hg) and often
signs of kidney disease [37, 38].

The desire of physicians, starting to treat a patient
with CHF, to achieve euvolemia, according to the fig-
urative expression of K. Watson et al. [38], is as clear
as that “the night is dark and the day is bright”. How-
ever, the lack of a reliable and at the same time simple

point of care method for determining euvolemia (dry
weight) leads to the fact that on the way to the cov-
eted euvolemia, internists have to give it a go and be
ready to make mistakes, empirically trying to estab-
lish the optimal point for discontinuing / de-escalating
anti-edematous therapy, determine the time for its in-
tensification without a delay, and timely recognize the
development of DR [9, 35].

The situation is deteriorated by the fact that cli-
nicians are forced to act in a vacuum of generally
accepted qualitative and quantitative criteria for DR
verification. Unfortunately, we have to state that we
should not expect quick changes for the better, since
identification of a decisive diagnostic rule in this case
can be compared with an attempt to solve an equation
with many unknowns, which is known to have an in-
finite number of solutions.

Finally, we should not forget about the very com-
mon pseudo-resistance to diuretics, which the doctor
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must exclude before speaking about DR. Pseudo-DR
should be considered when a patient is not receiving
optimal diuretic therapy for any reason. For exam-
ple, when the doctor chooses an inadequate saluretic
therapy strategy (prescribing a low dose of a loop di-
uretic or an intermittent use of it, as well as an unsuc-
cessful combination with drugs that reduce the effec-
tiveness of the diuretic) or in case of poor patient’s
adherence to treatment. Moreover, before discussing
DR, the doctor should exclude edematous syndrome
secondary to venous insufficiency, impaired lymph
circulation (lymphedema), hypoalbuminemia, and
endocrine gland disorders (for example, hypothy-
roidism or syndrome of inappropriate antidiuretic
hormone secretion), as well as that associated with
drug therapy (for example, with the use of dihydro-
pyridine derivatives) [20].

MECHANISMS OF DEVELOPMENT OF
DIURETIC RESISTANCE

The pathogenesis of fluid retention in CHF cannot
be reduced to a single mechanism, since the expansion
of extracellular fluid is a complex multistage process
[39]. In turn, the pharmacokinetics and pharmaco-
dynamics of saluretics include a number of discrete
stages, and diverse disturbances at each stage provide
the key to understanding the heterogeneity of the DR

mechanisms [9, 14, 40].

Identification of the mechanism(s) of DR can con-
tribute to the development of an effective individual
strategy for improving the response to diuretics in
a patient with CHF. It is important to consider that
many mechanisms of DR have been described in stud-
ies performed in a population of healthy individuals
and patients with arterial hypertension or chronic kid-
ney disease. The intuitive conclusion that these re-
sults are fully applicable to patients with heart failure
may be erroneous [20]. Thus, it is obvious that kidney
dysfunction (a decrease in the glomerular filtration
rate) as a cause of DR in patients with CHF is less sig-
nificant than in chronic kidney diseases. We believe
that, taking into account a large number of phenotypes
of heart failure, which is not accidentally called multi-
faceted, caution is also necessary when extrapolating
the results of studies in a cohort of patients with acute
heart failure to the population of patients with CHF.

Z.1. Cox and J.M. Testani in their work “Loop di-
uretic resistance in a patient with acute heart failure”
[36] identified the extrarenal and renal forms of DR
and systematized the key mechanisms of development
of the latter based on identifying predominantly in-
volved segments of the nephron. The adapted results
of this systematization, supplemented by other au-
thors, are presented in Table 2.

Table 2

The main mechanisms of development of diuretic resistance [14, 36, 41]

Prerenal disorders

The level of real shifts

Before the loop of Henle

The loop of Henle

After the loop of Henle

Cardiorenal syndrome (types 1 and 2)

Pathology of renal blood flow
Hypoalbuminemia

High sodium

intake

Reduction of the number of
nephrons

Decreased glomerular filtration
rate

Competition for the penetration
of diuretics into the nephron

Low dose of the loop diuretic
Non-optimal frequency of loop
diuretic prescription

Weak natriuretic response

at the level of the loop of Henle

Distal tubular
hypertrophy
Hyperfunction of the
distal tubules

Impaired absorption of the diuretic

. . among organic anions
Increased intra-abdominal pressure £ 018

Albuminuria

Note: the list is not comprehensive.

The enumeration and detailing of the mechanisms
of primary and secondary DR could be continued. For
example, increased expression of the pendrin gene,
polymorphism of other genes encoding ion transport-
ers, cotransporters (symporters) or exchangers (anti-
porters), as well as vasopressin-induced activation of
the incorporation of aquaporin-2 channels into the api-
cal membrane of collecting duct epithelial cells [14,
41, 42]. Their prevalence and clinical and prognostic
significance remain unclear and require future study.

Hypochloremic alkalosis

It is assumed that the most common forms of DR are
associated with structural and functional changes that
develop at the level of the distal tubules [36], and the
most important causes of resistance to diuretics in-
clude compensatory sodium reabsorption in the distal
tubules (regardless of the fact that only 10% of sodium
is normally reabsorbed in this segment of the nephron)
and a low dose of a loop diuretic [14]. However, the
latter has nothing to do with DR, since true resistance,
as noted above, implies the presence of adequate di-
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uretic therapy that can provide a sufficient intrarenal
diuretic concentration [20].

Despite the concurring opinion of the majority of
experts on the association of DR with a poor prognosis
in patients with heart failure (especially with acute de-
compensated heart failure) [41, 43], the mechanisms
of resistance to saluretics cannot be considered as
solely pathological [20]. The physiological meaning
of the mechanisms of renal autoregulation and neu-
rohormonal reactions is to eliminate excessive devi-
ations in the fluid — electrolyte balance that develop
after massive natriuresis already at the start of therapy
with high doses of diuretics [44].

The first dose of a diuretic often causes encourag-
ing diuresis. However, when the volume of extracellu-
lar fluid decreases after profuse diuresis, activation of
the sympathetic and renin — angiotensin — aldosterone
systems leads to the development of the so-called in-
hibition phenomenon [20, 44, 45]. The impossibility
in all cases to effectively modulate the severity of the
inhibition phenomenon with the help of neurohumoral
blockers makes it possible to discuss alternative, vol-
ume-independent mechanisms of early DR. In particu-
lar, a hypothesis has been put forward about the mem-
ory effect of the epithelium of the renal tubules on the
effect of diuretics [46]. Regardless of its mechanism,
inhibition of the effect within certain limits is useful
because it saves from diabetes, on the one hand, and,
paradoxically, prevents the development of hypovo-
lemia-related DR. If the initial diuretic effect associ-
ated with an increase in the excreted fraction of Na*
by 20% persisted with continuous infusion of a loop
diuretic, at a glomerular filtration rate of 120 ml/ m in,
the patient would lose 280 grams of salt and 50 liters
of osmotically bound water per day [20].

In contrast to early DR associated with the inhi-
bition phenomenon, late refractoriness develops after
weeks and months of continuous diuretic therapy. Di-
uretic-induced chronic intraluminal overload of the
distal convoluted tubules and collecting ducts with
Na" and CI- ions triggers structural and functional ad-
aptation of the kidneys [40]. The leading mechanism
of late DR is hypertrophy and hyperfunction of cells
of the simple cuboidal epithelium of the distal convo-
luted tubules, as well as primary and intercalary cells
of the collecting duct epithelium, which are some-
times erroneously called tubules [20].

Remodeling of the distal segment of the nephron
and collecting ducts is associated with activation of
the thiazide-sensitive Na*-CIl- cotransporter, aldoste-
rone-sensitive epithelial sodium channel, chloride —

bicarbonate exchanger (pendrin), which leads to an
increase in tubular sodium reabsorption [47]. Thus,
with chronic intravenous use of a high dose of the loop
diuretic (median is 160 mg of furosemide per day),
fractional sodium excretion in patients with acute
heart failure increased by only 4.8% [48], indicating
that about 70% of sodium ions leaving the loop of
Henle undergo distal tubular reabsorption [20].
Along with remodeling and hyperfunction of the
distal tubules, the development of hypochloremic
metabolic alkalosis, usually caused by the simultane-
ous use of loop and thiazide diuretics, which promote
the retention of bicarbonates, can also be noted as an
important mechanism of DR. Even mild metabolic
alkalosis, which is the most common acid — base dis-
order in CHF patients, leads to a decrease in the na-
triuretic effect of the loop diuretic by about 20% [46].

PREVENTION AND MANAGEMENT
OF DIURETIC RESISTANCE

CHF is a syndrome and not a disease, and when de-
veloping individual treatment strategy, its etiological
heterogeneity should be taken into account [49]. Prop-
erly selected treatment of the disease underlying CHF
in many cases can significantly reduce the severity of
manifestations of cardiac decompensation, and some-
times allows the patient to completely eliminate them
(for example, after successful surgical correction of
heart disease) [50]. Therefore, timely prescribed effec-
tive treatment of the underlying disease is the first step
toward preventing the development of CHF requiring
the use of diuretics, which reduces the likelihood that
the doctor will face the problem of DR.

The key to the second step in the prevention of
DR is understanding the multifaceted mechanisms of
hypervolemia and congestion in patients with heart
failure, which leads to the conclusion that diuretics
should be considered only as one of the components
in the complex of measures for secondary prevention
of CHF, including non-drug interventions, optimal
pathogen-specific combination pharmacotherapy,
electrophysiological methods of treatment, surgical
interventions, and the use of circulatory assist devices
[1, 15, 51].

The use of diuretics should be preceded by non-
drug interventions, which should be initiated already
at the stage of latent CHF and continued after the ap-
pearance of signs of decompensation; the more pro-
nounced the congestion, the more active the measures
should be. Careful adherence to nutritional recom-
mendations is perhaps the most effective and the least
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costly non-pharmacological measure [1, 52]. Since
observational studies suggest an association between
sodium intake with fluid retention and the risk of hos-
pitalization in patients with CHF [53-55], and sodium
intake in the general population is usually high (>4 g
/ day), limiting daily intake of Na* to the level recom-
mended by WHO experts, equal to 2.5-3 grams (67
grams of table salt), is a reasonable goal for patients
with moderate CHF [15, 46]. This approach prevents
Na* retention in the postdiuretic period and is consid-
ered as a way to overcome the inhibition phenomenon
[45]. For patients with DR, even more severe restric-
tion of Na* intake to the level of 2 g per day is re-
quired (in this case, the help of a nutritionist is usual-
ly needed) [45]. Compliance with a diet with a more
significant restriction of Na* in the outpatient setting
is challenging, and its implementation may even sig-
nificantly increase the risk of overall mortality and re-
hospitalizations due to exacerbation of CHF [56-58].

Limiting fluid intake to 1.5-2 liters per day is rele-
vant only in severe CHF requiring intravenous admin-
istration of diuretics [15, 57]. It is worth noting that
severe CHF is a term traditionally used in the Russian
Federation to denote heart failure corresponding to
stage II B [57] and functional class IV [59, 60]. With
severe hypervolemic hyponatremia (Na* concentra-
tion in blood plasma below 125 mmol /1), more severe
restriction (up to 800—1,000 ml / day) of fluid intake
may be required [51]. In dilutional hyponatremia, the
use of tolvaptan, i.e. a selective, competitive vasopres-
sin V2 receptor antagonist, is indicated (the efficacy
and safety of other vaptans, in particular, the non-se-
lective V1a/ V2 receptor antagonist pecavaptan [61]),
without which in such a situation, effective and rapid
DR management is practically impossible [62, 63].

To prevent the development of the inhibition phe-
nomenon, diuretic therapy should be started with the
lowest effective dose of the drug (preference should
be given to a loop diuretic) [45]. For the same pur-
pose, diuretics should be prescribed in combination
with neurohumoral modulators (angiotensin-convert-
ing enzyme inhibitors or a combination of valsartan
and sacubitril, beta-blockers, mineralocorticoid / al-
dosterone receptor antagonists) and sodium-glucose
cotransporter-2 inhibitors (dapagliflozin or empagli-
flozin). Such combination therapy is also optimal in
the development of late DR associated with adaptive
changes in the distal nephron segments during long-
term diuretic therapy [45, 51].

In the active phase of therapy, the dose of the di-
uretic should be gradually selected so that the excess

of diuresis over the fluid taken is 1-2 1 / day, with a
daily body weight decrease by 0.75—1 kg. More rap-
id dehydration cannot be justified and only leads to
hyperactivation of neurohormones and rebound fluid
retention in the body [15, 45]. The strategy of using a
diuretic in an intermittent mode with “shocking” di-
uresis once every few days is definitely flawed (every
other day, once a week, etc.), as it inevitably leads to
pseudo-resistance. Nevertheless, intermittent intrave-
nous bolus administration of diuretics may be useful
to maintain the euvolemic state in hemodynamically
stable outpatients receiving continuous oral saluretic
therapy [64]. This strategy leads to a decrease in the
number of hospitalizations due to cardiac decompen-
sation by preventing the development of resistance to
oral forms of loop diuretics. In particular, in moder-
ately decompensated patients, euvolemia may require
as little as one or two doses of intravenous diuretics
[64-67].

In the maintenance phase of therapy, which pro-
ceeds after reaching the euvolemic state, the dose of
the diuretic can be reduced. But in any case, the latter
should be above the natriuretic threshold (the steep
part of the dose — response curve) providing balanced
diuresis and maintaining lean body mass [45]. Like in
the active phase, taking into account the pharmacoki-
netic features that reduce the likelihood of developing
DR (high and predictable bioavailability, smooth and
prolonged action with minimal postdiuretic sodium
retention even with a single use during the day) and
pleiotropic anti-aldosterone activity, torasemide is the
drug of choice [68—70].

Patients should be taught to self-adjust diuret-
ic doses based on monitoring of symptoms / signs
of congestion and daily weight measurements [51].
In the event of a significant increase in dyspnea and
edema, or an unexpected weight gain of more than 2
kg in 3 days, the patient should immediately inform
their physician [51]. In such a situation, the first step
in escalating therapy is to double the dose of a loop
diuretic (if for some reason it has not been used be-
fore, then a dose should be equivalent to 40-80 mg of
furosemide) until the effect or the maximum safe dose
is reached [14, 45, 51]. At the same time, intravenous
administration of a loop diuretic is preferable to its
oral administration (Figure) [64].

It should be borne in mind that it is often not enough
to simply increase the dose of an intravenously admin-
istered diuretic to overcome DR. With preserved kid-
ney function, the maximum daily dose of furosemide,
above which there is only a slight further increase in
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natriuresis, is 80-160 mg; in patients with stage 3—4
chronic kidney disease or nephrotic syndrome, this
dose is 160—240 mg [46]. Very high doses (500 mg of
furosemide or more) may be required in patients with
end-stage renal disease [45]. Most experts agree that
shortening the intervals between diuretic administra-
tion (or their continuous infusion) allows to overcome
postdiuretic sodium retention and is more effective
than a single high-dose administration of the drug [9,
14]. Thus, a daily dose of a diuretic divided into two
injections gives a greater effect than the same dose

administered once a day, provided that both doses ex-
ceed the diuretic threshold [45].

Combination therapy with diuretics of different
groups is the next step in overcoming DR after in-
creasing the dose [14]. The effect is achieved both due
to sequential blockade of the nephron and mutual po-
tentiation of diuretic activity [21, 29]. For example,
acetazolamide increases sensitivity to loop diuretics
by correcting metabolic alkalosis [71, 72] and to thi-
azide diuretics by reducing the expression of pendrin
[40].

Empirically determine the dose of a loop diuretic for intravenous administration*
e increase the dose of previously used diuretic by 2-2.5 times
o furosemide at a dose of 40-80 myg if the patient did not take a diuretic

Ask the patient to empty their bladder

‘s1ojowrered

no

Initial assessment of the effectiveness of treatment with natriuresis and diuresis
o sodium concentration in a portion of urine after 1-2 hours > 50-70 mmol / 1
o diuresis after 2-6 hours > 100-150 ml / h

yes

Double the dose of diuretic *

Repeat the administration of the diuretic at this dose every 6-12 hours ®

o diuresis > 100-150 ml / h

Reassessment of treatment efficacy within 6 hours
e sodium concentration in a portion of urine after 2—6 hours > 50-70 mmol / 1
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no
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o Increase the diuretic dose *

o Prescribe combination therapy

First line: add thiazide diuretic

Second line: add acetazolamide, amiloride, or aldo-
sterone antagonist at a diuretic dose

Third line: add SGLT?2 inhibitor

o Rescue ultrafiltration

Continue therapy
until euvolemia
is achieved ¢
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Figure. Block diagram of the use of diuretics in decompensated heart failure and resistance to diuretics [9, 14, 51].

* the maximum daily dose of an intravenous diuretic is a dose equivalent to 400—600 mg of furosemide (for example, bumetanide —

10-15 mg), however, in patients with severe renal dysfunction, an increase in the dose to 1,000 mg may be required; ® in patients

with good diuresis after a single administration of a diuretic, dosing once a day may be considered; ¢ consider reducing the diuretic

dose if daily urine output exceeds 5 liters; > 50 mg / day; IV — intravenously (in the form of continuous infusion, or bolus); CHF —

chronic heart failure; MCRA — mineralocorticoid receptor antagonists; BP — blood pressure; SGLT2, sodium-glucose cotransporter
type 2

In addition to evaluating the effectiveness of
combination therapy, careful clinical and laboratory
monitoring of its safety is required. At the start of ag-
gressive combination therapy with diuretics, which
is combined with the use of modern neurohumoral

modulators, some decrease in blood pressure, an in-
crease in the level of urea and creatinine in the blood
(a decrease in the estimated glomerular filtration rate),
and a change in the concentration of potassium in the
blood plasma are expected. Asymptomatic hypoten-
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sion usually does not require any change in therapy.
Faintness / slight dizziness is common and often stops
over time — patients should be soothed by careful mon-
itoring of blood pressure. An increase in creatinine by
20-30% above the baseline level is acceptable [51].
The key point of therapy in DR is that, although ag-
gressive anti-edematous treatment is associated with
deterioration in renal function, survival paradoxically
improves [46, 73, 74].

The algorithm shown in the figure is fully appli-
cable only to hemodynamically stable patients with
hypervolemia demonstrating DR [14]. Clinicians are
well aware that one of the main reasons preventing
the use of high doses of diuretics (as well as titration
of the dose of disease-modifying drugs to the target
level) in patients with decompensated heart failure is
systemic hypotension [75, 76]. Between 5 and 25%
of patients with symptomatic CHF have low systolic
blood pressure with or without signs and / or symp-
toms of hypoperfusion [75—78]. Symptomatic or se-
vere asymptomatic hypotension (SBP < 90 mm Hg)
may be aggravated by diuretic-induced vasodilation
and hypovolemia [51].

Despite the fact that routine use of non-glycoside
inotropic agents and vasoconstrictors as a tool to solve
the problem of DR is not recommended [14], in a clin-
ical situation with low cardiac output and hemody-
namic instability, they cannot be avoided [51]. In this
case, their use can have dramatic effectiveness and en-
sure DR management [36]. The arsenal of well-stud-
ied drugs and those currently under study includes
vasoconstrictors (e.g., norepinephrine, midodrine, and
vasopressin), inotropes with vasoconstrictive prop-
erties (e.g., dopamine, epinephrine, and droxidopa),
cardiotonic agents (e.g., dobutamine, milrinone, and
omecamtiv mecarbil), and inodilators, among which,
according to some experts, the use of levosimendan
is the most promising (the use is acceptable in the ab-
sence of a pronounced decrease in systolic blood pres-
sure > 85 mm Hg) [51, 79-84].

If DR is associated with persistent clinically pro-
nounced hypotension, which is figuratively called the
Achilles heel of a patient with heart failure [85], short-
term use of glucocorticoids may also be required,
which not only contribute to an increase in blood pres-
sure, but also have a positive effect on the functional
state of the kidneys, demonstrating an increased renal
response to diuretics in the experiment and in the clin-
ical setting [85-88].

In patients with normal or elevated systemic blood
pressure, a combination of diuretics with vasodilators,

in particular, serelaxin (a recombinant analogue of
human relaxin-2), low doses of nesiritide (a recombi-
nant human brain natriuretic peptide), the vasopressin
antagonist tolvaptan (especially in dilutional hypona-
tremia when an aquaretic has a significant advantage
over a saluretic), and adenosine type 1 receptor antag-
onists (for example, aminophylline) may be effective
[7, 14, 45, 89-96].

The use of drugs from the group of sodium — glu-
cose cotransporter 2 inhibitors (for example, dapagli-
flozin or empagliflozin), which not only improve the
prognosis in CHF, but also have diuretic and nephro-
protective effects, can contribute to achieving euvole-
mia in refractory edema [14, 97-100].

In the presence of hypoalbuminemia (less than 35
g /1) in a patient with CHF (for example, in com-
bination with nephrotic syndrome or liver cirrhosis),
the effectiveness of diuretics is significantly reduced
[15, 36]. In this case, to enhance the diuretic effect
(especially at albumin levels below 25 g / 1), intrave-
nous administration of albumin immediately before
diuretic therapy should be discussed [40, 101, 102],
although the feasibility of this approach is not always
supported by the results of clinical studies [45, 103].
Albumin should also be administered to compensate
for its loss after laparocentesis (20-50 g with each
procedure) with the evacuation of a large volume
of ascites fluid (sometimes 4-6 liters per day are re-
moved), which is performed in patients with CHF
complicated by stable DR at the terminal stage of the
disease [45].

Renal replacement therapy is the last resort for
some patients with DR [9, 104]. So, one should
not wonder why it is called life-saving [105]. Tak-
ing into account the fact that at the stage of decid-
ing on renal replacement therapy, many patients
have clinically pronounced hypotension (remem-
ber, the Achilles heel), it is preferable to choose
sparing regimens using a minimum volume of ex-
tracorporeal blood and an ultrafiltration rate of
no more than 250 ml / hour or peritoneal dialysis
[79, 106-108].

It should be clearly understood that if it comes to
ultrafiltration, its use does not always improve the fate
of a patient with advanced heart failure. Mortality in
patients with DR who need dialysis support is higher
than among those patients for whom optimized phar-
macotherapy was enough to achieve euvolemia (the
probability of all-cause mortality is 3 times higher)
[109]. Mechanical circulatory support (mono- and
biventricular) can improve the prognosis in this cohort
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of severe patients, often with unstable hemodynamics
[79, 110-112].

Promising approaches aimed at overcoming DR,
which are currently being discussed, include admin-
istration of hypertonic saline in combination with a
high dose of a loop diuretic [113, 114], the subcutane-
ous route of furosemide infusion [115, 116], improve-
ment of sequential nephron blockade due to the chro-
notherapeutic approach (for example, prescription of
a thiazide drug 30 minutes before a loop diuretic) [43,
117], the use of non-neutralizing monoclonal anti-ad-
renomedullin antibodies, which increase its half-life
and promote movement of this vasoactive peptide
from the interstitium into the bloodstream (Adreci-
zumab) [117, 118], effects on the apelinergic system
[119, 120], as well as thoracic sympathetic ganglia
blockade (at the level from T6 to T11) with lidocaine
[121, 122]. The results of prescribing anticoagulants
in the nephrology clinic [19, 123] allow to hope that
their use in DR will help restore sensitivity to loop
diuretics in patients with CHF [19, 124]. Taking into
account the well-known role of inflammatory medi-
ators in the mechanisms of renal dysfunction in pa-
tients with type 1 and 2 cardiorenal syndrome, un-
loading of the heart and kidneys may also be useful
[125-128].

CONCLUSION

The term “diuretic resistance” remains poorly de-
fined, but it is usually considered that this is an in-
ability to maintain natriuresis and diuresis at a level
sufficient to ensure euvolemia, despite an adequate
dose and regimen of loop diuretic administration. DR
can develop both at the start of diuretic therapy and
during their long-term use and is determined by var-
ious mechanisms. As a rule, DR reflects the progres-
sive course of CHF and is often associated with a poor
prognosis. Prevention, early detection of progression,
and a set of measures aimed at overcoming DR con-
tribute to improving the prognosis and significantly
increasing the quality of patients’ life.
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Allergen-specificimmunotherapy in allergic rhinitis

Klimov V.V., Koshkarova N.S., Sviridova V.S., Klimov A.V.

Siberian State Medical University
2, Moscow Trakt, Tomsk, 634050, Russian Federation

ABSTRACT

The review focuses on allergen-specific immunotherapy (AIT), a treatment method for atopic diseases, including
allergic rhinitis. The theoretical and practical basics, development prospects, indications and contraindications to
AIT, peculiarities of AIT execution in allergic rhinitis, and tolerogenic effects of immunotherapy are considered.
Advantages and disadvantages of each of the two preferable routes of allergen administration in AIT, subcutaneous
and sublingual, are described. The main goals of further AIT advancement include shortening of treatment protocols
with no significant loss of efficacy, creation of a safer adverse effect profile, and distribution of AIT in developing
countries.
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PE3IOME
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KoHdauKT uHTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE SIBHBIX M NMOTEHIUAIBHBIX KOH(IMKTOB MHTEPECOB,

CBSI3aHHBIX C MyOJUKAINEil HACTOSIICH CTAThH.

Hcrounuk Q)HHaHCI/IPOBaHHﬂ. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU q)HHaHCI/IpOBaHI/ISI py MPOBCACHUUN UCCIIEN0-

BaHUA.

Js murupoBanus: Kimumos B.B., Komikaposa H.C., Ceupumosa B.C., Knumos A.B. Amepren-crenuduyeckas
UMMYHOTEpAIHMs IPH AJUIEPIHYECKOM puHUTe. Bromiemens cubupckou meduyunsl. 2022;21(2):168—174. https://

doi.org/10.20538/1682-0363-2022-2-168-174.

INTRODUCTION

Allergen-specific immunotherapy (AIT) was invent-
ed by an outstanding British researcher Leonard Noon
(1877-1913) (Fig.1), who published his revolutionary
article “Prophylactic inoculation against hay fever” in
The Lancet in 1911 [1]. Throughout all his life, L. Noon
was involved in research; he stayed at the laboratory
till past midnight and often worked till three or four in
the morning and sometimes till dawn. Dying from tu-
berculosis, he continued to think about his remarkable
invention long before allergy medications appeared [2].

AIT has been used in healthcare for over 100 years,
helping millions of atopic patients, children, females,
and males and creating novel unexpected trends in
medicine. Currently, AIT efficacy and safety have
been demonstrated in multicenter, placebo-controlled,
double-blind studies, and protocols of AIT execution
and clinical comments to them have been approved
in the international position papers [3]. AIT, the only
available disease-modifying method for atopic con-
ditions, is classified as a treatment modality with the
highest level of evidence-based medicine with advan-
tages exceeding those in pharmacotherapy. In partic-
ular, AIT can halt the allergic march in patients with
allergic rhinitis [4-6].

BASICS AND FUTURE PROSPECTS
OF ALLERGEN-SPECIFIC IMMUNOTHERAPY

There are at least five described routes of allergen
administration into the body: subcutaneous [7-9],
sublingual [10-12], oral [13—15], epicutaneous [16,
17], and intralymphatic [18, 19]. Currently, two main,
well-studied, and documented routes of AIT are being
used in clinical practice: subcutaneous [7] and sublin-
gual [10]. The third route, oral AIT, is being deve-
loped and standardized.

The main indications to AIT are atopic diseases,
allergic rhinitis, allergic asthma, and atopic dermatitis.
The additional indications include [20]: failure to ef-
fectively control the symptoms by pharmacotherapy;

serious adverse events caused by pharmacotherapy;
reluctance of patients to receive continuous or long-
term pharmacotherapy.

AIT is contraindicated in relapses of atopies, un-
controlled and severe asthma, severe cardiovascular
disorders, psychoses, malignant tumors, severe sys-
temic autoimmune diseases, pregnancy at the start of
immunotherapy, and acute infections [21]. Adverse
events in the course of AIT are divided into system-
ic and local ones. Systemic adverse events occur ex-
tremely rarely and are monitored by World Allergy
Organization (WAO) [22, 23].

The recommended age to start AIT ranges in dif-
ferent countries from 3 to 5 years [7, 20]. The effi-
cacy and patient-relevant benefits of AIT are proven
and evident [24]. Unfortunately, low compliance with
treatment in some children and their parents results in
violation of conventional AIT protocols and decreased
treatment efficacy.

Fig. 1. Leonard Noon (1877-1913)
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Subcutaneous AIT [7-9] is a classical therapeutic
method for atopic diseases that has been used for a
long time. However, there is an enormous potential
to improve this administration route by using combi-
nations of allergens or allergoids with biologics like
omalizumab and a great number of adjuvants (recom-
binant allergens, hypoallergenic variants, conforma-
tional variants, deletion mutants, allergen fragments
and oligomers, as well as hybrid and mosaic antigens)
[25]. Although clinical developments were mainly fo-
cused on sublingual AIT, interest in the subcutaneous
route of administration has increased over the past de-
cade. However, the need for repeated injections and
the risk of serious adverse events associated with sub-
cutaneous AIT limit wide use of this method in clin-
ical practice. In the opinion of some researchers, the
future of immunotherapy may belong to sublingual
AIT [26].

Sublingual AIT is currently widely used. Allergens
can be administered in the form of tablets and liquid
formulations (drops). Both allergen forms are admin-
istered under the tongue and held there until swal-
lowed or spit out. The potential for development of
sublingual AIT is associated with its safety, low risk of
systemic adverse reactions, long-term post-treatment
benefits, and a lack of necessity to visit the hospital
and consult allergists frequently [10, 11]. Therefore,
treatment can be quickly modified in terms of allergen
composition, if necessary.

Currently, oral AIT in food allergy is extremely
relevant, however, it has not been proven, whether
this route really results in desensitization to food al-
lergens. The method involves regular oral administra-
tion of small but gradually increasing amounts of food
allergens. Mild adverse reactions during oral AIT are
frequent, for example, mouth or throat itching and ab-
dominal pain. Today, oral AIT has been standardized
only for peanuts [13—15], but preliminary clinical tri-
als have shown substantial benefits of this method in
treating cow’s milk, hen’s egg, and peanut allergies.

Epicutaneous AIT is based on high density of pro-
fessional antigen-presenting cells in the epidermis
that are administered with an allergen for a greater
impact on immunity. At the same time, it is possible
to use both allergens and tolerogenic adjuvants [16].
A modification of the method consists in applying in-
terchangeable skin patches for daily maintenance of
the allergen dose [17]. Since the epidermis is not vas-
cularized, the risk of systemic adverse events is lower
than in routine AIT. Epicutaneous AIT demonstrated
a more prolonged treatment effect in food allergy.

Intralymphatic AIT includes three ultrasound-guid-
ed injections of indoor, pollen, and animal allergens in
the inguinal lymph nodes at 4-week intervals, making
it possible to receive the entire treatment within two
months. However, in total, AIT typically takes ap-
proximately three years [19]. Continuously increasing
numbers of published trials on intralymphatic AIT are
promising, but still insufficient for its routine use [27].

Before the start of AIT, the allergist prescribes a
medication, a route of administration, and a treatment
schedule. The trained nurse performs subcutaneous
injections in the allergist’s office [28]. After that, the
patient must remain under observation for at least 30
minutes following the injection. Monthly patient vis-
its to the hospital for these procedures are mandatory.
Sublingual formulations (drops or tablets) are taken
by the patient at home daily. In case of adverse events,
the patient should inform the allergist about them.

The prospects of AIT include development of al-
ternative application routes, immune-modulating
adjuvants, allergoids [29, 30], recombinant vaccines
[18, 31-33], and containers for allergens, such as vi-
rus-like particles and liposomes. The principal aim of
AIT development is to shorten existing long protocols
without a significant loss of efficacy, create a better
adverse effect profile, and distribute AIT in develop-
ing countries [3].

ALLERGEN-SPECIFICIMMUNOTHERAPY IN
DIFFERENT POPULATIONS OF PATIENTS
WITH ALLERGIC RHINITIS

In allergic rhinitis, AIT has been used for over
100 years, showing high efficacy. Sublingual AIT is
generally recommended for treating seasonal and pe-
rennial allergic rhinitis in adults and children, with
some limitations in perennial allergic rhinitis due to
house dust mite (HDM) allergens [34]. However, due
to heterogeneity of allergens, different approaches to
publishing study reports, and a lack of the established
dose, standardization of sublingual AIT in HDM sen-
sitized patients is being approved. The study [35]
reported long-term effects, which lasted for up to 7
years, after 2-year sublingual AIT in mono- and poly-
sensitized children. In the monosensitized children, a
more sustained benefit was observed.

In another study [36], the efficacy and safety of 300
index of reactivity HDM allergen extract tablets were
assessed in 5—16-year-old children with allergic rhini-
tis in a randomized, double-blind, placebo-controlled
study. The HDM sublingual tablets significantly im-
proved symptoms of HDM-induced perennial allergic
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rhinitis, caused the required immune response, and
their safety profile in pediatric patients was consistent
with that in adults, with no new safety concerns.

In adults with HDM-induced perennial aller-
gic rhinitis who suffered from other atopic diseases,
such as asthma, conjunctivitis, and atopic dermatitis,
the sublingual AIT efficacy was studied [37]. It was
demonstrated that the therapy improved not only the
outcomes for allergic rhinitis, but also its comorbid
conditions. A prolonged positive effect after 3-year
sublingual AIT was observed in elderly patients with
HDM-induced allergic rhinitis [38]. In another study
[39], 41.9% of elderly patients with HDM-induced al-
lergic rhinitis discontinued treatment within 2 years of
sublingual AIT, and the most frequent reasons for that
included unavailability of medications and persistent
symptoms of the disease.

In the study [40], most patients with allergic rhi-
nitis (average age — 27.3 years) were satisfied with
3-year sublingual AIT, as the therapy reduced the se-
verity of symptoms and improved the quality of life.
There has been no significant difference in the efficacy
between subcutaneous and sublingual AIT in recent
meta-analyses, but the sublingual route had more local
adverse effects though less systemic ones [41]. The
cost minimization analysis indicated that HDM tablets
were a cost-minimizing alternative to subcutaneous
AIT with HDM allergen extracts, when considered
from a societal perspective [42]. For the treatment of
persistent moderate to severe HDM-induced allergic
rhinitis, HDM tablets, in addition to pharmacothera-
py, had cost efficiency of 12,276 over the 9-year time
period compared with pharmacotherapy plus placebo
which cost 7,519. Besides, persistent moderate to se-
vere HDM-induced allergic rhinitis was not well con-
trolled by allergy medications [43].

The effects of AIT on local allergic rhinitis have not
been documented yet. A randomized, double-blind,
placebo-controlled phase II trial was carried out that
included D. pteronyssinus sensitized patients with lo-
cal allergic rhinitis receiving subcutaneous AIT [44].
The primary markers included symptoms, medication
scores, and medication-free days, whereas the second-
ary markers included skin testing, serum-specific IgE
and IgG4, nasal allergen provocation test, and adverse
events. AIT resulted in significant improvements in
both primary and secondary markers versus placebo.
After 12 months of the AIT, a substantial and pro-
nounced increase in allergen tolerance with negative
nasal allergen provocation test in half of the patients
and significant serum-specific 1gG4 were observed.

The immunotherapy was well tolerated; no systemic
reactions occurred. This study demonstrated that sub-
cutaneous AIT is a safe and clinically effective treat-
ment method for local allergic rhinitis, confirming that
this disease is a new indication for AIT [44].

TOLEROGENIC EFFECTS OF
ALLERGEN-SPECIFICIMMUNOTHERAPY

AIT is executed by administering gradually in-
creasing doses of the causative allergen up to the
maintenance dosage to achieve long-term tolerance
to this allergen [45]. AIT triggers the tolerogenic im-
mune response to the culprit allergen, resulting in the
T helper 2 (Th2) cell allergen tolerance and T helper
1 (Th1) cell polarization. Therefore, allergen-specif-
ic IgE antibodies switch to IgG, and IgA, blocking
antibodies [46, 47], and allergen-specific memory
cells (memory Treg cells, memory T and B cells) are
formed [48]. The whole spectrum of tolerogenic cells
and molecules is implemented closer to mid-year [49—
52], causing stimulation of Thl cells in terms of up-
regulating antibody isotype switch. In individuals who
respond to AIT, the IgE level is initially elevating but
returning to the baseline value by the end of the first
year of the immunotherapy. The IgG, level is rising,
but an increase in IgG, stabilizes after the second year
of the immunotherapy [51] (Fig.2).

By the end of the first year and later, the levels of
immunosuppressive cytokines interleukin (IL)-10,
transforming growth factor (TGF)-B, IL-27, IL-35,
and IL-10-secreting Breg cells that inhibit Th2, Tth,
Th17, Th22, and ILC2 increase. It is worth noting that
the level of Bregs rises earlier than that of Tregs [53],
reaching the maximum after the second year of the im-
munotherapy [51]. However, a medium level of Tregs
is observed after 30 weeks of immunotherapy; then it
continues to increase, slightly declining by the end of
the third year of AIT [51].

Regulatory cells (Tregs and Bregs) play an import-
ant role in formation of memory cells (memory Treg
cells, memory B and T cells), which are required for
long-term efficacy of AIT [48, 50, 52, 54].

CONCLUSION

AT is disease-modifying treatment for atopic con-
ditions, having the highest level of evidence-based
medicine with advantages exceeding those in pharma-
cotherapy. It is essential that AIT can halt the allergic
march in patients with allergic rhinitis [4-6]. AIT has
more than a 100-year history after Leonard Noon in-
vented this method. Currently, allergen quality is be-
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ing improved and new medication combinations and
protocols are being developed and approved, expand-
ing research of allergen tolerance after AIT and accu-
mulating clinical experience.

Treg

1 T T I I I 1 I I | | I | T T T 1

AT 6 12 18 24 30 3
months

Fig. 2. Sequence of changes in immunological parameters
in AIT: blocking IgG, antibodies increased by month 12 and
stabilized after the second year, whereas IgE antibodies initially
increased and diminished after the first year. Regulatory B cells
(Bregs) reached a high level at the end of the second year, but
regulatory T cells (pTregs) significantly increased from week
30 of the therapy, slightly declining by the end of the third year.
According to [51]

AIT showed high efficacy in allergic rhinitis, mak-
ing it possible to use this method in a new form of
pathology, local allergic rhinitis [44]. Among routes
of allergen administration, the sublingual AIT is con-
sidered preferable due to a better adverse effect pro-
file and efficacy similar to that in subcutaneous AIT.
AIT may be combined with allergy medications, in-
cluding biologics, making this modality perspective
in allergy [3].
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and interdisciplinary approaches

Kornetov A.N.

Siberian State Medical University
2, Moscow Trakt, Tomsk, 634050, Russian Federation

ABSTRACT

The review is devoted to the consideration of the history of paradigms in the study of depressive disorders in terms
of modern understanding of depression in psychiatry and clinical and medical psychology and its correlation with
the biopsychosocial model in medicine. The review also contains works devoted to the study of the prevalence and
comorbidity of depressive disorders and their relationship with suicidal behavior. The existing limitations in the
study of depressive disorders in psychiatry and clinical psychology and the issues of interdisciplinary integration
and interdisciplinary barriers are considered in detail.

The review includes publications indexed in the Web of Science, Scopus, Russian Science Citation Index, and
PubMed databases. Depression is a major medical and psychological problem due to its widespread prevalence
in the general population, in primary care, among patients with various chronic somatic symptom disorders
who receive treatment in community and specialized hospitals and clinics, and among clients of psychological
centers and social services. In 1996, the Harvard T.H. Chan School of Public Health, based on the materials of the
World Health Organization (WHO) and the World Bank, published estimates and prognosis for the prevalence of
depressive disorders around the world. According to their data, depression in 1990 was ranked 4" in terms of the
severity of the leading causes of the burden of the disease, and according to the baseline scenario of development,
by 2020 it should have been ranked 2" after coronary artery disease.

The review is focused on the need to revise the baseline scenario of development and start a new discussion
on the study of depressive disorders under new conditions, such as the psychological state of society during the
COVID-19 pandemic and lockdown, as well as on the eve of healthcare transition to the 11" Revision of the
International Classification of Diseases.

Keywords: depression, depressive disorders, biopsychosocial model, comorbidity of depression, depression
concepts, depression diagnosis, depression classification

Conflict of interest. The author declares the absence of obvious or potential conflict of interest related to the
publication of this article.

Source of financing. The study was funded by RFBR project No. 20-113-50299.

For citation: Kornetov A.N. Evolution of paradigms in the study of depression: from a unitary concept to a
biopsychosocial model and interdisciplinary approaches. Bulletin of Siberian Medicine. 2022;21(1):175-185.
https://doi.org/10.20538/1682-0363-2022-2-175-185.

>4 Kornetov Alexander N., alkornetov@gmail.com

Bulletin of Siberian Medicine. 2022; 21 (2): 175-185

175



Kornetov A.N.

Evolution of paradigms in the study of depression: from a unitary concept to a biopsychosocial model

DBonoLUA Napagnurm B U3y4eHUy Aenpeccumn: oT yHUTapHOW KOHLenuum
K 6uoncuxocounanbHO Mogenin N MeXXagucLunnanHapHbiM nogxogam

KopHeToB A.H.

Cubupckuii cocyoapcmeennblil meOuyurckull yrugepcumem (Cudl’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Hacrosmmit 0630p auTepaTyphl MOCBAIIEH PACCMOTPEHUIO UCTOPUH MAPAIUIM B U3Y4E€HHHU JETIPECCUBHBIX pac-
CTPOICTB B acleKTe COBPEMEHHOTO MOHMMAHUS ACHPECCHU B NICUXMATPUH, KIMHUYECKOH U MEIUIMHCKON TCH-
XOJIOTHH, €€ COOTHECEHHUS ¢ OMONCHX0CONNAIbHON MOJIENbIO B MeuLIuHe. B 0030pe Taxske coaepskarcst paboTsl,
MIPEIMETOM KOTOPBIX OBLIO H3yUEHHE PACTIPOCTPAHEHHOCTH M KOMOPOUIHOCTH I€MPECCUBHBIX PACCTPONCTB, CBA3b
C CyunuAanbHbIM noseaeHneM. OTAeTbHO PACCMOTPEHBI CYIIECTBYIOMINE OTPAHHUYEHUS B U3YyUEHHHU JIETIPECCUB-
HBIX PACCTPONCTB, UMEIOMINECS B TICUXHATPUH U KIIMHUYECKOH MCUXOJIOTUH, BOMPOCH MEXIUCIUIUTHHAPHOH NH-
Terparyu 1 MeXIUCIUTUTMHAPHBIX 6apbepoB.

B 0030p BKITIOYCHBI TTyOIHKanuy, nHaekcupyemoie B Web of Science, Scopus u Russian Science Citation Index, a
Taroke B 6aze PubMed. [lenpeccust siBisieTcsl BOKHEHIIEH METUIIMHCKON U TICHXOJIOTHUECKOH ITPOOJIeMOM B CBSI3M C
ee IMUPOKUM PacIIpOCTPaHEHNEM B O0IIEH MOIYJISINY, B TIEPBUYHOI MEIHMIIMHCKOI CETH, Cpe/IN MalleHTOB, CTpa-
JTAFOIINX PA3IMYHBIMA XPOHHYECKHIMH COMAaTHYECKUMHU 3a00JIeBaHUAMHE, KOTOPbIE MOJIy4YaloT JICYeHUE B OOJIbHHU-
[ax ¥ KIMHAKAX OOILETro U CIEHAIN3NPOBAHHOTO IPOQMIIS, KIMEHTOB IICUXOJIOINYECKHUX IIEHTPOB M COIUATBHBIX
ciyx6. B 1996 r. apBap/ckas 1koJia 31paBoOXpaHeHH s, OCHOBBIBAsICh Ha MaTepraiax BeceMupHOIt opranu3anuu
31paBooXpaHeHust 1 BecemupHoOro 0aHka, omyOnMKoBalla pacdeThl U HPOTHO3 PACIPOCTPAHEHHOCTH JIETIPECCUB-
HBIX paccTpoiicTB B Mupe. CoryiacHo NMpUBEAEHHBIM JaHHbIM, aenpeccus B 1990 1. o TsKecTH BeAyHIMX TPUYHH
OpeMeHn Oosie3HM 3aHUMana 4-e MecTo, a 1o 6a30BoMy creHapuio pa3BuTus k 2020 r. qomkHa ObLIa BBIATH Ha
2-e MECTO IT0CIIe MIIEMHIECKOH O0JIe3HH cep/ua.

0O030p OpHEHTHPOBAH Ha HEOOXOIUMOCTh PEBU3UH 0a30BOTO CIICHAPHS Pa3BUTHS U OTKPBHITHS HOBOH JUCKYCCHH
1o mpoOsIeMaM M3ydeHUs! IeTIPECCUBHBIX PAaCCTPOHCTB B HOBBIX YCIOBHSIX — IICHXOJIOTHIECKOE COCTOSHHE 00-
mectBa B repuoxa nangemun COVID-19 u kapaHTHHHBIX Mep, a Takke HAKaHyHE Iepexofa 3ApaBOOXPaHEHHS
Ha 11-if mepecMOTp MEXIyHAPOIHOH KilacCHPUKAINU OOJIC3HEH.

KiroueBrblie ciioBa: Aenpeccusi, NEIPECCUBHBIC paCCTpOfICTBa, 6I/IOHCI/IXOCOHI/IaJ'H)Ha${ MOJCIIb, KOMOp6I/IZ[HOCTI)
JACNpeCcCum, KOHICIIUN ACTIPECCHUU, TUArHOCTUKa ACTIPECCHH, KJ'[aCCI/I(bI/IKaHI/ISI JAcnpeccun

KoHduukT nHTEpecoB. ABTOP ACKIAPUPYET OTCYTCTBUE SIBHBIX U IOTCHIMAIBHBIX KOH(IMKTOB HHTEPECOB, CBS-
3aHHBIX C MyONUKael HacTOsIIEeH CTaThu.

Hcrounuk punancuposanus. VccnenoBanue BEINOIHEHO P (HUHAHCOBOH moyiepxkke PODU B pamkax Hayd-
Horo npoekra Ne 20-113-50299.

Jisi nurupoBanusi: KopueroB A.H. DBomoinus nmapagurM B H3yYeHHH IEMPECCHUH: OT YHUTApHOH KOHIETI-
A K OMOTICHXOCOIMATBHOW MOJEIN U MEKIHUCIUIUTHHAPHBIM MOIX0/aM. broiemens cubupckot mMeouyuHul.
2022;21(2):175-185. https://doi.org/10.20538/1682-0363-2022-2-175-185.

INTRODUCTION

Depression was systematized and described for
the first time in the nosology by E. Kraepelin [1]. He
noted that manic-depressive insanity, on the one hand,
covers the entire area of the so-called periodic and
circular psychoses and, on the other hand, includes
simple mania, most of the clinical presentations re-
ferred to as melancholia, as well as a significant num-
ber of amentia cases. It should also definitely include
a light, but long-lasting, painful mood, which should

be considered either as a previous stage of severe dis-
turbances, or as a transition without clear boundaries
into the area of personal predisposition. He also noted
that over time he became more convinced that these
clinically diverse presentations are manifestations of
a single process. In addition, E. Kraepelin suggested
that later, new studies would result in a number of
clinical subforms of circular psychosis or separate
groups of nosologies, one way or another associated
with depression [1]. He believed that, if this happens,
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the signs that had hitherto been brought to the fore-
front could become a definite measure.

The entire subsequent history of the study of de-
pression has shown that these statements very accu-
rately anticipated the identification of various subtypes
of depression on the basis of the clinical presentations
that form its symptom complexes.

CHANGES IN THE CLASSIFICATIONS
OF MENTAL AND BEHAVIORAL DISORDERS

This unitary concept dominated for more than fifty
years and began to be revised only in the second half
of the XX century. The most significant innovations
were made by K. Leonhard [2] and, somewhat later,
by J. Angst and C. Perris [3] based on the study of
hereditary and constitutional factors in patients with
depression. Their aim was to correlate heredity and
premorbid personality traits with the clinical pre-
sentation, course, and outcome of depression. These
works and further changes in the taxonomy of mood
disorders classified manic-depressive psychosis into
a proper bipolar variant and recurrent depression.
Despite this, in a later revision of the International
Classification of Diseases ICD-9 [4], they were still
considered as different types of the course of man-
ic-depressive psychosis, that is, they were still as-
signed to the same nosology.

Large-scale changes in the classifications of mental
and behavioral disorders at the end of the XX century
most profoundly affected the cluster of mood disor-
ders. Avoiding the nosological principle of building a
taxonomy while maintaining the categorical approach
became a compromise between the progress in clin-
ical psychiatry and the difficulties in finding the eti-
ology and pathogenesis of affective disorders. Thus,
the era of manic-depressive psychosis was replaced
by the time of the “depressive episode” [5] or “ma-
jor depression” [6—10]. After fundamental changes in
psychiatric classifications, their authors began to de-
velop adapted versions for other specialties, including
nursing. It contributed to closer integration with psy-
chosomatic medicine and marked the beginning of a
new milestone in psychiatry, which can be described
as “general medical”.

In parallel with this process, psychopharmacolo-
gy of antidepressants saw a breakthrough. It was pri-
marily associated with the emergence of drugs with
a selective effect on certain neurotransmitters. The
breakthrough not only tangibly changed the quality of
depression therapy, but also increased the treatment
effectiveness of concomitant chronic somatic symp-

tom disorders [11]. Being a mental disorder, depres-
sion manifests itself through a number of symptoms,
including a somatic component. It leads to the forma-
tion of symptoms similar to those that occur in various
lesions of organs and systems, which makes diagnosis
quite difficult. Meanwhile, the development of infor-
mation systems to support clinical decision-making
based on machine learning and knowledge in the field
of diagnosis and treatment of depressive disorders has
by now reached the level that can algorithmize the
entire diagnostic and treatment process [12, 13]. This
makes it accessible not only to psychiatrists, but to all
medical and non-medical specialties and specializa-
tions involved in the diagnosis and treatment of de-
pression. The exceptions here are cases of severe and
resistant conditions, which require psychiatric qualifi-
cations and proper experience. As a rule, such patients
need inpatient treatment in specialized facilities.

At the same time, information technologies remain
dependent on existing clinical concepts, classification
approaches, therapy standards, and clinical proto-
cols. In this regard, the remark of I.V. Davydovsky
[14] made in the middle of the XX century is still rel-
evant. He insisted that a medical thought has a risk
of drowning in particulars, getting lost in details, and,
therefore, it is time to look for new concepts and new
generalizing theories and ideas based on the accumu-
lated facts. In relation to depressive disorders as very
common ones, this means that the continuous search
for their biological markers as an alternative for clini-
cal diagnosis can lead to the fact that non-specific and
unstable biological parameters can be introduced into
diagnostic criteria. It will make refinement of the clin-
ical classification difficult. However, limiting such a
search is categorically unacceptable, since it is the in-
troduction of laboratory and instrumental parameters
into diagnostic criteria. It is one of the best opportuni-
ties to overcome the psychosomatic dualism that still
exists and the psychiatric stigma that follows it, exist-
ing both in the society and medical community. These
two factors continue to prevent patients from seeking
psychiatric care, which results in their not receiving
proper treatment. On the contrary, timely diagnosis
and treatment of depression is the key to success in
helping people suffering from this disorder.

Mental health services in different countries some-
times have fundamentally different organization. This
concerns the issues of deinstitutionalization of mental
healthcare, the number of days patients spend in hos-
pitals, the degree of integration with psychosomatic
medicine, the presence or absence of sectoral services,
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and the presence or absence of general practitioners
or family doctors. However, if we do not take into
account population-based epidemiological studies,
which are extremely few, we have some understand-
ing of mental disorders, including depression, only
from the data of requests for care. It means that the
population scale of the mental health problem is either
not known or is known for major mental disorders.
Data on a group and risk factors are generally contra-
dictory [15]. This fact resulted in four negative trends.

1. Lack of complete information on the number of
new cases and the number of people in need of ther-
apy.

2. Uncertainty in the outcome of cases in which
patients disappeared from the sight of mental health
services during treatment.

3. Impossibility to assess psychosocial impacts and
adaptation of patients.

4. Self-treatment.

Similar generalizations were made somewhat ear-
lier by G. Thornicroft et al. [16]. They focused on
possible prospects for changing the current situation.
For instance, the need for further transition of psychi-
atry in the field of general medicine was emphasized.
Among other things, it would increase the availability
of care to people suffering from depressive disorders,
especially since they have a high level of comorbidity
with somatic symptom disorders. W. Rutz et al. [17]
compared the prevalence of depression, as well as the
severity of symptoms in people suffering from it, with
an epidemic requiring immediate intervention.

In addition to these factors, the evolution of para-
digms in the study of depression was influenced by the
increase in its prevalence [18], the emergence of anti-
depressants, their improvement with subsequent psy-
chopharmacological research [19], reforms in mental
health services [20], the integration of psychiatry with
psychosomatic medicine [21], and breakthroughs in
biological psychiatry [22], clinical psychology [23],
and suicidology [24].

Thus, we participate in the events in which depres-
sive disorders are studied from many different angles.
It turned out that its clinical presentation in patients of
mental hospitals is mostly manifested as vital depres-
sion [25], which, in turn, is a depressive syndrome in
the classical sense [1]. For many decades of the last
century, it was considered a manifestation of endog-
enous depression, but after fundamental changes in
psychiatric taxonomies, primarily in the United States
[6—10], the depressive syndrome was verified as major
depression and considered independently. In patients

who do not seek psychiatric care, the clinical presenta-
tion of depressive disorders is more variable.

Therefore, gradual departure from the unitary par-
adigm in understanding the clinical features of depres-
sion has made room for other concepts. Back in the
1970-80s, a number of researchers [26-29] began to
differentiate depressive spectrum disorders, which, in
addition to depression and its clinical variants, includ-
ed mixed anxiety — depressive disorder, brief and pro-
longed depressive reactions, etc. Symptoms and clin-
ical polymorphism of depression are reflected in the
following concepts: the “simple depression — complex
depression” ratio [30], depressive affect modality [31],
a binary (two-level) typological model of depression
[32] or its clinical dynamics: the concept of depressive
affect evolution by stages [33]. In addition to clinical
concepts, psychological concepts appeared through-
out the XX century, some of which have experimental
confirmation. The most well-known concepts among
them are psychodynamic [34], behavioral [35], and
cognitive [36], which have made an important con-
tribution both to the understanding of the psychologi-
cal mechanisms of depression development and to its
non-drug therapy. Drug treatment of depressive disor-
ders also resulted in the emergence of new paradigms.
Here it is necessary to single out monoamine [37], cy-
tokine [38], and neurotrophin [39] hypotheses, which
gave impetus to the study of depression pathogenesis.
The concept of responding to psychopharmacotherapy
of depression [40] has become the basis for improving
the quality of evaluating treatment effectiveness. The
study of depression epidemiology also provides op-
portunities for expanding its concepts. In this regard,
the theory of lower rates of depression in large urban
areas of the United States [41] is of interest, which
makes early studies of its prevalence in different pop-
ulations relevant.

Taking the above into consideration, it becomes
clear that the epidemiological rates of depression ob-
tained in studies may differ depending on the concept
that the researchers adhered to and the methodology
used. Therefore, these parameters noticeably differ. At
the same time, the accumulation of data on the prev-
alence of depressive disorders in differentiated pop-
ulations provides opportunities for the emergence of
more complete paradigms.

In the USA, 50% of people with major depres-
sion are managed by general practitioners and only
20% — by psychiatrists [42]. In the United Kingdom,
only 10% of patients end up in a psychiatrist’s office
[43]. In Greece, this figure is lower than 5% [44].
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These data indicate that depression is a general med-
ical problem, not only a psychiatric one. The above-
mentioned does not diminish the role of psychiatry in
the study of this phenomenon [45], treatment of severe
[46] and resistant [47] cases, and educational activi-
ties [48]. This is one of the world’s health priorities, as
primary care physicians are interested in making de-
pression screening and diagnosis as short as possible.

According to B.C. Montano [49], about one third
of 20-30 patients that a doctor may see on a weekday
will have depressive symptoms, and 2—3 of them will
have clinical major depression. At the same time, the
practice of a family doctor includes measuring blood
pressure, but does not include screening for depres-
sion, even though it is as common as hypertension.
The screening method involves filling out a question-
naire by the patient, which can be done while wait-
ing for a doctor’s appointment. Therefore, all patients
should be screened, even if it is obvious that there is a
somatic symptom disorder in the foreground.

Suffering caused by depressive disorders and so-
matic symptom disorders is quite pronounced and
often causes psychological pain. This is a long-term
unpleasant and unstable feeling, characterized by a
perception of oneself as incapable and inferior, as well
as by unmet psychological needs and social isolation.
Psychological pain is an important aspect of depres-
sive disorder and is associated with a higher risk of
suicidal thoughts and suicidal behavior. Depression
increases sensitivity to psychological and physical
pain. Conversely, higher tolerance for physical pain
is associated with suicidal behavior [50]. Therefore,
the earliest possible diagnosis of depression is crucial
to prevent suicidal behavior through timely initiation
of depression therapy. It is common knowledge that
depression and suicidal behavior, along with a genetic
link, have a number of common psychosocial factors:
low education level, low-paid work or unemployment,
unstable socio-psychological situation, frustration of
basic needs, losses, etc. [51]. It should also be under-
lined that more than 90% of people who committed
suicide, had suffered from at least one mental disor-
der related to major psychiatry, with major depressive
disorder being the most common — 56—-87% [52]. It is
one of the leading causes of chronic disability [53] and
affects 350 million people worldwide [54].

Before moving on to the question of depression
prevalence in general medicine, we will focus on
the prevalence of depressive disorders in the gener-
al population, showing the baseline scenario of the
problem.

PREVALENCE OF DEPRESSIVE
DISORDERS IN THE WORLD

The most famous international large-scale multi-
center study, which was carried out in different coun-
tries on all continents, showed the average prevalence
of depression within 1 month. It amounted to 5.8%
[55]. At the same time, another major prospective
epidemiological study (Epidemiologic Catchment
Area) of the US National Institute of Mental Health
was published. According to its data, 9.5% of the US
population over 18 years suffered a mood disorder
within one year [56]. Another epidemiological study
(National Comorbidity Survey) found that within one
year, the incidence of affective disorders in US resi-
dents was equal to 11.3% [57]. On the European con-
tinent, the level of major depression was approximate-
ly 7% [58]. In 1996, the Harvard T.H. Chan School
of Public Health published estimates and forecasts
for the prevalence of depressive disorders around the
world, based on materials from WHO and the World
Bank. According to their data, in 1990, depression
was ranked 4" in terms of severity of the leading caus-
es of the disease burden, and according to the baseline
development scenario, it should have been ranked 2"
after coronary artery disease by 2020 [59]. Currently,
there is a need to revise the baseline scenario of devel-
opment and start a new discussion on the problems of
studying depressive disorders under new conditions,
such as the psychological state of society during the
COVID-19 pandemic and lockdown, as well as on the
eve of healthcare transition to the 11" Revision of the
International Classification of Diseases.

Epidemiological studies in psychiatry are consid-
ered some of its scientific foundations [60] and are tra-
ditionally extremely relevant due to high prevalence
of mental and behavioral disorders, the emergence
of new assessment tools, and changes in approaches,
for example, a gradual transition from the categori-
cal diagnostic approach to the dimensional one. The
data obtained in epidemiological studies outline the
priority tasks of psychiatry, which determines the
leading research areas aimed at improving diagnosis,
quality of care, and its organization. Epidemiology in
psychiatry is contributing to the progressive growth
of the evidence base needed to determine the cost-ef-
fectiveness of such initiatives and measures [61]. The
large epidemiological studies mentioned above and
many others not included in this review have marked
a steady increase in the prevalence of depressive dis-
orders. Moreover, they established the importance of
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interdisciplinary research on mood disorders and cre-
ated a platform for the development and integration
of methods of care for patients with depression based
on biological, psychological, and social approaches.
It is also epidemiological studies that emphasize that
there are fewer patients with depressive disorders in
mental health services. This showed the need to intro-
duce standards for their diagnosis and treatment into
somatic healthcare, including primary healthcare [62].

Over the past three decades, many countries have
made enough changes to provide patients in the pri-
mary care setting with access to affordable diagnosis
and treatment of depression, including screening for
depression and evaluation of the effectiveness and
safety of ongoing therapy. Besides, due to break-
throughs in psychopharmacology, psychotherapy, and
engineering technologies, the range of effective psy-
chotropic and non-pharmacological treatment options
has expanded significantly. There have been dozens
of trials showing the benefits as well as cost-effective-
ness of treating depression in the primary care setting
and some attempts to destigmatize the mental disor-
der. Depression has become a medical priority along
with such somatic symptom disorders as hypertension
and diabetes [63].

Among patients in somatic healthcare, the preva-
lence of depressive disorders ranges from 9 to 66%.
On the one hand, this variation is due to different fre-
quency of depression associated with certain diseases
and, on the other hand, due to different research meth-
odologies [64]. It is illustrated by the data obtained in
comorbidity studies on depression and somatic symp-
tom disorders in different years (Table).

Table
Prevalence of depression in somatic inpatients
Depression
Diseases prevalence, Study
%
Post-stroke period 47-50 Carota, J. ]?ggg]ousslavsky
Traumatic brain injury ~20 G.P. Prigatano [66]
Epilepsy 23 A.C. Viguera et al. [67]
Huntington’s disease 38 A.M. Codori et al. [68]
Multiple sclerosis 18-27 R.M. Sobel et al. [69]
Postinfarction period ~9-=66 L. Feng et al. [70]
Coronary artery disease
requiring coronary 40-50 E. Hayes et al. [71]
artery bypass grafting
Coronary artery disease 17 W. Jiang, J.R. Davidson
at an early stage [72]
Diabetes 9-27 N. Hermanns et al. [73]
Addison’s disease 50 M. Fornaro et al. [74]
Hyperthyroidism 30 A. Suwalska et al. [75]

Table
Depression
Diseases prevalence, Study
%
Chromc pain associated >15 M.E. Geisser et al. [76]
with cancers
Pancreatic cancer 50 C.P. Carney et al. [77]
Cancer of the mouth and 29-40 S. Reisine et al. [78]
throat
Colon cancer 13-25 M. Stommel et al. [79]

Based on the meta-analysis data [70], with the
greatest dispersion, it can be stated that the cumula-
tive prevalence of depression in the postinfarction pe-
riod varies significantly by region, instruments used
to define depression, study quality, sex, race, extent
of myocardial damage, and diabetic status. Thus, this
study showed that depression prevalence in any pa-
thology can be influenced by a third disease or a num-
ber of concomitant diseases. The same study shows
overall prevalence of depression in patients with myo-
cardial infarction, which is 28.7%. In total, it is esti-
mated that 50% of patients with cardiovascular diseas-
es are diagnosed with mood disorders [80]. Moreover,
there is evidence that depression can contribute to the
development and progression of heart disease [81].

Data on depression prevalence among patients in
somatic inpatient hospitals clearly show that it occurs
quite often in somatic symptom disorders. Taking into
account the above trends in the burden of the disease
[59], there is a good reason for developing and tak-
ing urgent measures of specific psychoprophylaxis for
both somatic symptom disorders and depressive disor-
ders. This also applies to treatment of such comorbid-
ity cases. The challenges that healthcare faces today
affect not only purely clinical problems, but also raise
questions of economic and humanitarian significance.
This is primarily due to the COVID-19 pandemic,
which has had a serious impact on the mental health
of the world’s population, exacerbated the course of
somatic symptom disorders, and led to implementa-
tion of lockdown measures that contributed to the de-
terioration of mobility and accumulation of stressful
experiences including those associated with a loss of
beloved people, narrowed the circle of contacts, and
deteriorated the availability of medical care [82].

The comorbidity of depression and somatic symp-
tom disorders is not a homogeneous phenomenon.
There are dependent and independent cases. But
modern classifications [5, 10] divide them into differ-
ent clinical categories. For example, depression is not
considered as a reaction to a somatic symptom disor-
der, and symptoms typical of depression, such as poor
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mood, anergy, anhedonia, insomnia, melancholy, and
anxiety, are not symptoms of somatic symptom dis-
orders [49]. The presence of somatic symptom dis-
orders in patients with depression can be explained
by mediating mechanisms, such as unhealthy lifestyle
and adverse pathophysiological disorders [83]. There
are alternative explanations for somatic comorbidity
in people with depression: genetic pleiotropy, iatro-
genic effects, and the “somatic depression” phenom-
enon. In the latter, the symptoms of depression are
the result of clinical or subclinical somatic symptom
disorders [84].

Clinical epidemiology has made a significant con-
tribution to the understanding of comorbidity, but has
not yet resulted in a common research methodology.
On the one hand, this is due to a constant shift in par-
adigms. On the other hand, it can be explained by the
diagnostic traditions adopted in different countries.
This applies not only to duplicating classifications [5,
10], but also to psychometry, which in some cases is
used in the form of questionnaires, in others — in the
form of rating scale scores.

Disunity in diagnostic approaches also applies to
medical specialties, including clinical and medical
psychology, which are not in adequate demand in
public health. However, it was psychology that gave
impetus to the development and progress of psycho-
logical counseling and psychotherapy, including de-
pressive disorders [85]. Medicine, for its part, has
limitations in the interaction in the “doctor — patient”
system. This is due to implementation of high technol-
ogies into medicine, including artificial intelligence,
which depersonalizes both medical care and patients
themselves [86].

Based on the presented data, it can be stated that
depression is an extremely common and severe dis-
ease, often leading to disability in patients. In addition,
depressive disorders tend to be chronic and recurrent
[87] and occur in all age groups [88]. At the same
time, the level of depression is higher in people with
various types of physical [89], psychological [90] and
social [91] problems. In addition, high prevalence of
depressive disorders and understanding of limitations
of mental health service coverage contributed to trans-
fer of psychiatric approaches into physical medicine
[92]. Therapy of depression outside traditional psychi-
atric services is also possible due to the emergence of
new generations of antidepressants. They cause less
adverse events in the course of therapy, which allows
for treatment of mild depression in the outpatient set-
ting [40].

THERAPY FOR DEPRESSION

It is also necessary to mention the opportunities
for non-drug treatment of depression in the primary
care. Here we are talking primarily about psychother-
apy [93] and social counseling [94]. In this regard,
improving the organization of care models used in
general medicine for depression treatment is becom-
ing a topical issue [95]. Summarizing the above, there
is a steady trend — medical and clinical psychologists
are interested in studying the conditions resulting in
depressive disorders, their psychodiagnostics, as well
as development and improvement of standards for
psychological counseling and therapy. In turn, social
workers provide necessary assistance to restore lost
skills and work capacity and help in adaptation. Thus,
depression is a kind of model of movement into an
interdisciplinary space.

This movement is most fully reflected in the bio-
psychosocial model, which turned out to be relevant
for depression as well [96]. The system of care with-
in this model is much broader than the conventional
approaches adopted in institutional psychiatry, where
drug treatment dominates. Therefore, approaches to
the organization of care for depression cannot be the
only field of activity in biomedical psychiatry. This
process of interdisciplinary integration has a posi-
tive effect, which is to increase availability of mental
healthcare for the population. The development of a
high-quality interdisciplinary approach and integra-
tive medicine can play a serious role in creating a
common understanding of a person in their somato-
psychic integrity at different levels of the hierarchical
organization with multiple-valued correlates.

Therefore, studying depression, conditions for its
initiation, clinical course, and comorbidity is of para-
mount importance for modern development of public
healthcare. The transition from a unitary concept of
depression to a biopsychosocial model and interdisci-
plinary approaches both provides great opportunities
for understanding it and expands the arsenal of meth-
ods for helping patients.

CONCLUSION

This review examines the background and evolu-
tion of views on the understanding of depression, its
biological nature, psychological determinants, social
causes, and changes in classification approaches and
basic concepts. Despite the clinicians’ clear under-
standing of significant psychological experiences and
problems in their patients that meet the diagnostic cri-
teria for clinical depression, it is not yet well recog-
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nized in somatic medicine. For this reason, patients
with depressive disorders often endure long-term suf-
fering that places a heavy burden on them, their loved
ones, relatives, social environment, health systems,
and society. Currently, there are significant achieve-
ments in the recognition, pharmaco- and psychother-
apy of depressive disorders, and the study of their
etiology, pathogenesis, clinical presentation, course,
and prognosis. Therefore, the most important task for
specialists is to transfer the knowledge and experience
accumulated on this issue by researchers in the field of
mental healthcare to somatic healthcare and psycho-
social rehabilitation centers in order to increase the ef-
fectiveness of these services for clients suffering from
depressive disorders.
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ABSTRACT

Vascular aging plays a key role in morbidity and mortality in the elderly. With age, the vasculature undergoes
changes characterized by endothelial dysfunction, wall thickening, decreased elongation, and arterial stiffness. The
review focuses on the main cellular and molecular mechanisms of aging, including oxidative stress, endothelial
dysfunction, inflammation, increased arterial stiffness, and molecular genetic aspects. Their role in the pathogenesis
of diseases associated with aging is considered. Some of the molecular mechanisms underlying these processes
include increased expression and activation of matrix metalloproteinases, activation of transforming growth factor
B1 signaling, increased levels of C-reactive protein, interleukin (IL)-1, IL-6, tumor necrosis factor (TNF)a, and
N-terminal pro B-type natriuretic peptide (NT-pro-BNP), and activation of proinflammatory signaling pathways.
These events can be caused by vasoactive agents, such as angiotensin II and endothelin-1, the levels of which
increase with aging. For prevention of cardiovascular diseases, it is important to understand the mechanisms
underlying age-related pathophysiological changes in the blood vessels.
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BHMMaHHE OCHOBHBIM KJIETOYHBIM U MOJIEKYJIIPHBIM MEXaHHW3MaM CTapeHMs, BKIIOYas OKHCIMTENBHBIN cTpecc,
SHJIOTEIHAIBHYIO TUCOYHKIMIO, BOCTIAICHHE, MOBBIIICHHYIO apTePUAIbHYIO JKECTKOCTh; MOJICKYJISIPHO-TeHETH-
YecKHM acrekTaM. PaccMaTpuBaeTcst ux poiib B maToreHese 3a001eBaHuil, CBsA3aHHBIX co cTapeHneM. Hekoropsie
MOJIEKYJIIPHBIE MEXaHNU3MBI, JIS)KAIIMEe B OCHOBE 3THX MPOLECCOB, BKIIOYAIOT MTOBBIIICHHYIO SKCIPECCUIO U aKTH-
BAIIMIO MAaTPUYHBIX METAJUIONPOTEHHA3, aKTUBALIMIO Mepead CHUIHAIOB TpaHcdopmupymomero gakropa pocra
B1, noBblieHne KoHIeHTpanuu C-peakTHBHOIO MIPOTEUHA, HHTepIIeiikuHa- 1, nHTepielkuHa-6, hakTopa HeKpo3a
OIyXOJHM 0. U HaTpUilypeTHyecKoro mentuaa N-KOHLEBOro mpo-B-Tuma, akTHBAIMIO NPOBOCTANIUTENbHBIX CUT-
HAJbHBIX MyTel. DTH COOBITUSI MOTYT OBITh BBI3BaHBI Ba30AKTHBHBIMU areHTaMH, TAKUMH Kak aHrnoteHsuH I,
SHJIOTEIMH- |, KOHIIEHTPAIUs KOTOPBIX YBEIMUMBACTCS IPH CTapeHUH. {71t TpOHITaKTHKU CepIeuHO-COCYAUCTBIX
3a00NeBaHN BaKHO MTOHMMaHHE MEXaHNU3MOB, JISXKAIMX B OCHOBE BO3PACTHBIX MAaTO(PH3MOIOTHUECKUX H3MEHE-
HUI COCYJIOB.

KiioueBble €lI0Ba: COCYAMCTOE CTApeHHE, CEPICYHO-COCYIHCThIC 3a00JIeBaHMS, OKHMCIMTENBHBIN CTpecc,
SHAOTEINANbHAS TUCHYHKINSL

KonpaukTt untepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKanuel HaCTOSIIEeH CTaThH.

Hcrounuk ¢unancupoBanmns. Pabora BBINIONHEHa B paMKax OIO/UKETHOW TEMBI IO T'OCYAAapCTBEHHOMY
3a1aHUI0 «ONUAEMHUONIOTHYECKU MOHUTOPUHI COCTOSHMSI 3/I0POBbSl HACEJIEHHS U U3YYCHUE MOJIEKYJISIPHO-
TeHETHYECKNX M MOJIEKYJISIPHO-OMOJIOTMUECKNX MEXaHW3MOB Pa3BUTHSI PACIPOCTPAHEHHBIX TEePareBTHUECKNX
3abosieBanuii B CHOMPH 715l COBEPIICHCTBOBAHMS ITOJIXO0B K MX AMArHOCTHKE, MPO(UIIAKTHKE 1 JICYSHHIO» (per.
Ne 122031700094-5) u rpanta PH® (21-15-00022).

Jast umtupoBanus: Craxuésa E.M., Kamrranosa E.B., [Tononckas 5.B., [lIpamko B.C., Paruno FO.1. Mexanuzmbl
COCYIIUCTOTO CTapeHust. broinemens cubupckoi meduyunst. 2022;21(2):186—194. https://doi.org/10.20538/1682-

0363-2022-2-186-194.

INTRODUCTION

Cardiovascular diseases are the most common
cause of death worldwide. At the same time, vascu-
lar aging is the main and irreversible risk factor for
disease development [1-4]. Obviously, aging leads to
certain changes that make cardiovascular system pre-
disposed to diseases even in the absence of traditional
risk factors, such as hypertension, diabetes mellitus,
smoking, etc. [5]. Although aging is inevitable, gain-
ing knowledge about the mechanisms underlying this
process in the cardiovascular system has changed the
perception of vascular aging as a modifiable risk fac-
tor [6]. At the molecular and cellular levels, aging is
associated with structural, mechanical, and functional
changes in blood vessels, characterized by increased
arterial stiffness, decreased nitric oxide production,
increased production of reactive oxygen species (0oxXi-
dative stress), and endothelial dysfunction.

Cardiovascular aging reduces the contractile
and mechanical efficiency of blood vessels. Specific
changes include increased smooth muscle tone, in-
creased collagenolytic and elastolytic activity, and
arterial wall thickening. These changes contribute to
an increase in systolic blood pressure, an increase in
cardiac load, and systemic vascular resistance [7].

Progressive hypertrophy of cardiomyocytes, inflam-
mation, and gradual development of cardiac fibrosis
are signs of cardiac aging [8]. Age-related arterial wall
remodeling contributes to the pathogenesis of vascu-
lar diseases leading to an increase in morbidity and
mortality.

Thus, arterial aging is the main factor contributing
to an increase in the incidence and prevalence of car-
diovascular diseases, mainly due to chronic inflamma-
tion of arteries. Inflammatory signaling driven by the
angiotensin II cascade causes unfavorable age-related
structural and functional remodeling of arteries [9].

In order to prevent an increase in mortality from
cardiovascular diseases in aging population, it is
necessary to understand the mechanisms underlying
age-related pathophysiological changes in blood ves-
sels, including oxidative stress, mitochondrial dys-
function, and chronic inflammation.

ENDOTHELIAL DYSFUNCTION IN AGING

Vascular endothelium is a dynamic structure that
performs many vital functions. The vascular endo-
thelium must constantly maintain a balance between
oxidants and antioxidants, vasodilators and vasocon-
strictors, pro- and anti-inflammatory molecules, and

Bulletin of Siberian Medicine. 2022; 21 (2): 186-194 187



Stakhneva E.M., Kashtanova E.V., Polonskaya Ya.V. et al.

Mechanisms of vascular aging

pro- and antithrombotic signals. Endothelial function
in young people is regulated by traditional risk fac-
tors for cardiovascular diseases, but old age is inde-
pendently associated with the development of vascu-
lar endothelial dysfunction [10]. Increased prevalence
of cardiovascular diseases in aging is caused by ag-
ing of vascular endothelial cells and the associated
vascular dysfunction. Aging of endothelial cells is a
pathophysiological process involving functional and
structural changes, such as dysregulation of vascu-
lar tone, increased endothelial permeability, arterial
stiffness, impaired angiogenesis and vascular repair,
and decreased mitochondrial biogenesis in endothelial
cells [11].

Among various mechanisms leading to vascular
dysfunction, endothelial dysfunction is one of the ear-
liest and most important events. Impaired endothelial
vasodilation is an early sign of vascular aging, preced-
ing clinical manifestations of vascular dysfunction. It
is also the first step toward cardiovascular diseases. [6].
Many pathophysiological changes in the endothelium
contribute to vascular dysfunction associated with ag-
ing, such as decreased nitric oxide (NO) production
and activation of calcium signaling (Ca?*), increased
endothelial permeability, impaired angiogenesis and
vascular repair, and decreased mitochondrial biogen-
esis in endothelial cells. Thus, cell cycle regulation,
oxidative stress, altered Ca** signaling, and vascular
inflammation are involved in the pathophysiological
process [11]. In addition, the accumulation of genet-
ic damage changes normal expression and activity of
genes, which leads to cellular senescence and vascular
dysfunction [11]. Both macrovascular and microvas-
cular endothelial dysfunction are the key markers of
endothelial health and independent predictors of car-
diovascular risk in the elderly [12].

OXIDATIVE STRESS IN AGING

Oxidative stress is involved in the pathology of
many human diseases. Oxidative stress is recognized
as a major factor in the pathophysiology and patho-
genesis of such age-related diseases as metabolic
syndrome, atherosclerosis, osteoporosis, obesity,
dementia, diabetes, cancer, and arthritis [7, 13, 14].
Constant formation of free radicals, mainly reactive
oxygen species (ROS), is the main characteristic of all
living systems that use oxygen for their metabolism.
The most common ROS are superoxide radical (O%)
and hydrogen peroxide (H,0,), which can stimulate
sequential reactions causing further free radical pro-
duction and associated oxidative damage to cellular

components. Oxidative stress and inflammation in-
duce endothelial dysfunction resulting from decreased
NO bioavailability [10]. Oxidative stress is involved
in the pathogenesis of arterial stiffness, since oxidative
damage can lead to increased vascular inflammation
and cell proliferation, which can subsequently result
in impaired arterial elasticity [15]. Oxidative stress in
endothelial cells increases with age. It is caused by in-
creased production of intracellular enzymes (NADPH
oxidase and endothelial NO synthase (eNOS)), as well
as by mitochondrial respiration in the absence of a
corresponding increase in antioxidant defense regulat-
ed by appropriate transcription factors [10].

VASCULAR INFLAMMATION AND
MARKERS OF INFLAMMATION IN AGING

Aging is associated with chronic low-grade in-
flammation (sterile inflammation), i.e. a type of in-
flammation caused by mechanical trauma, ischemia,
and stress. Chronic inflammation is associated with
many pathological conditions related to aging, for
example, atherosclerosis, Alzheimer’s disease, etc.
[16]. Inflammation is characterized by increased ex-
pression of inflammatory cytokines, adhesion mole-
cules, and endothelial cell chemokines. Aging is asso-
ciated with increased levels of circulating cytokines
and proinflammatory markers. Age-related changes
in the immune system, known as immune aging, and
increased secretion of cytokines by adipose tissue
are the main causes of chronic inflammation [17].
Chronic inflammation is thought to be related to dys-
function of immune cells, such as cell migration and
signaling of pattern recognition receptors (PRRs),
which are necessary to respond to pathogens. This
immune dysregulation can affect conditions asso-
ciated with chronic inflammation (atherosclerosis
and Alzheimer’s disease). The mechanisms under-
lying this inflammation seem to include changes in
the number and function of innate immune cells and
PRR activation by endogenous ligands which leads
to cytokine secretion [18].

In addition, a proinflammatory response is associat-
ed with activation of nuclear factor-kappa B (NF-kB)
signaling, which is an important nuclear transcription
factor that promotes expression of inflammatory cy-
tokines in endothelial dysfunction and cardiovascular
diseases [10]. Alarmins mediating sterile inflamma-
tion contribute to aging. At the same time, activation
of metalloproteinase-2 (MMP-2) is worth noting. It is
responsible for SI00A9 alarmin degradation, which
limits signals that cause inflammation [16].
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An age-related increase in such inflammatory pep-
tide biomarkers as interleukin (IL)-6, IL-1, tumor ne-
crosis factor (TNF)-a, and C-reactive protein (CRP)
[19] is one the most studied markers of aging. Higher
plasma concentrations of such inflammatory factors
as IL-6 and TNF-o were associated with lower mus-
cle mass and lower muscle strength (smaller muscle
area, lower appendicular muscle mass with lower grip
strength). It demonstrated a relationship between im-
mune and functional status in the body of an elderly
person [20]. CRP was associated with all causes and
mortality, and IL-6 was found to be a predictor of
mortality [21, 22]. However, when studying markers
of inflammation, it turned out that centenarians have
fewer signs of inflammation [23, 24]. Inflammatory
peptides are either absent or lower in centenarians
compared with younger cohorts, while the levels of
anti-inflammatory cytokines, such as IL-10 and trans-
forming growth factor (TGF)-p, are increased [25].

Adipokines, such as adiponectin, leptin, and visfa-
tin, are regulators of inflammation [26]. It is interest-
ing that adiponectin concentration changes with age
and is associated with age-related health effects [27].
In the study including healthy elderly people aged
69-79 years, higher adiponectin levels were associat-
ed with an increased risk of overall and cardiovascular
mortality [28].

Traditionally, N-terminal pro B-type natriuretic
peptide (NT-pro-BNP) and troponin have been asso-
ciated with myocardial injury and heart failure. NT-
pro-BNP measurements provide predictive informa-
tion about mortality and serious cardiovascular events
in addition to traditional risk factors. NT-pro-BNP
was a stronger biomarker of cardiovascular diseases
and death risk than CRP in non-hospitalized individ-
uals aged 50-89 years [29]. The study of 4,979 re-
spondents (2,567 men and 2,412 women) who were
divided into six age groups concluded that age over
70 years and male sex were associated with increased
levels of NT-pro-BNP (> 400 pg / ml) (odds ratio
(OR) 1.41; 95% confidence interval (CI) 1.20-1.65
for males) [30]. Despite their reliability as predictors
of cardiac damage and cardiovascular diseases, both
NT-pro-BNP and troponin increase with age, which
successfully characterizes them as biomarkers of hu-
man aging [31].

INCREASED ARTERIAL STIFFNESS IN AGING

Increased arterial stiffness is an independent pre-
dictor of cardiovascular diseases that does not depend
on blood pressure. Blood vessels undergo structural

and functional changes characterized by remodeling
(thickening) of the arteries, vascular fibrosis, and stiff-
ness, which are manifested in aging and hypertension.
Arterial stiffness is common and occurs in over 60%
of people over 70 years of age and is a major indepen-
dent predictor of serious cardiovascular events [32].

Arterial stiffness is assessed by pulse wave veloci-
ty measurement, pulse wave analysis, arterial stiffness
analysis using 24-hour ambulatory blood pressure
monitoring, and endothelial function assessment. Aor-
tic stiffness causes an increase in pulse wave velocity
and early reflection of waves with increased central
hemodynamic load, which leads to damage to small
arteries [33]. Patients with early vascular aging are at
an increased risk of developing cardiovascular diseas-
es. Its main component is arterial stiffness measured by
an increased carotid-femoral pulse wave velocity [34].

Profibrotic processes play a significant role in the
development of vascular stiffness. Fibrosis occurs in
both large and small arteries. In large vessels, arterial
stiffness leads to hemodynamic damage to peripheral
tissues, which results in impaired endothelial function
and increased vasomotor tone [32].

At the molecular and cellular levels, vascular aging
and vascular changes are associated with increased ex-
pression and activation of matrix metalloproteinases
(MMP), activation of transforming growth factor-bl
signaling, activation of galectin-3, and activation of
proinflammatory and profibrotic signaling pathways.
These events can be caused by such vasoactive agents
as angiotensin II, endothelin-1 (ET-1), and aldoste-
rone, the number of which increases with age [32].

THE ROLE OF MATRIX
METALLOPROTEINASES IN VASCULAR
REMODELING

In healthy vessels, deposition and exchange of
extracellular matrix proteins are regulated, and the
collagen / elastin ratio remains relatively constant.
The imbalance of these processes leads to excessive
deposition of extracellular matrix proteins, especially
collagen and fibronectin, which contributes to vascu-
lar fibrosis and arterial stiffness in aging [32]. Extra-
cellular matrix proteins are regulated with the help
of metalloproteinases. In turn, they are activated by
many factors associated with aging, such as interleuk-
ins, growth factors, and vasoactive agents.

Activated MMPs are capable of destroying colla-
gen, elastin, and other extracellular matrix proteins,
leading to aging and atherosclerotic effects in the
arterial wall, for example, fibrosis, calcification, en-
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dothelial dysfunction, and increased intima — media
thickness, which further affects vascular remodeling
and arterial stiffness [35—37]. Arterial remodeling me-
diated by MMP activation is a histopathological fea-
ture of aging arteries, hypertension, and atherosclero-
sis [35]. An imbalance between the activity of MMPs
and their endogenous tissue inhibitors (TIMPs), which
are produced by various cell types, including fibro-
blasts and macrophages, is important for extracellular
matrix remodeling and arterial stiffness [15]. MMP-1
contributes to aging of endothelial cells through p53
activation [38].

In ischemic cardiomyopathy with progressing heart
failure, there are mainly processes of collagen destruc-
tion in the extracellular matrix. They are accompanied
by an increased MMP-1 level [39]. MMP-2 plays a
major role in degradation of the extracellular matrix,
supporting both angiogenesis and apoptosis of endo-
thelial cells. An intermediate MMP-2 form supports
survival and migration of the cells, while a fully active
MMP-2 form leads to endothelial cell death. The p38
apoptotic pathway enhances synthesis and activation
of the intermediate MMP-2 form. Caspases enhance
synthesis and complete activation of MMP-2, but de-
crease the intermediate MMP-2 form [40]. In addition,
MMP-2 promotes platelet aggregation and thrombus
formation in response to arterial damage, and inac-
tivation of the MMP-2 gene prevents thrombosis
caused by weak stimuli in mice [41]. When studying
age-related changes in MMP activity in animal mod-
els, a decrease in MMP-2 activity and an increase in
MMP-9 activity with increasing age were found [42].

When studying the pathophysiology of aging in
humans using the example of a healthy population of
different ages, including centenarians (> 95 years), it
was found that the MMP-2 serum activity is increased
in centenarians compared with younger subjects. The
authors suggested that the observed increase in MMP-
2 in old age may play a positive role in achieving lon-
gevity [43].

MMP-9 is a major mediator of increased stiffness
in the aging left ventricle. Aging is associated with
increased MMP-9 expression in the left ventricle and
decreased cardiac function. [44]. Elevated blood lev-
els of MMP-9 and MCP-1 are positively correlated
with an increase in end-diastolic volume, indicating
that MCP-1 and MMP-9 are potential circulating bio-
markers of cardiac aging. Increased density of macro-
phages in the left ventricle and stable co-localization
of MMP-9 in macrophages indicate that macrophages
are the main source of MMP-9 in the left ventricle and

that they might provide the main inflammatory mech-
anism of cardiac aging [45].

MOLECULAR GENETIC PREDICTORS OF
AGING

Aging can be described as a multifactorial process
involving complex interactions between biological
and molecular mechanisms [2]. The ability to distin-
guish between normal biological aging and impaired
health is important. There is little experimental evi-
dence in this area. Providing accurate indicators or
predictors of ill health, as well as the ability to char-
acterize age-appropriate optimal health, remains an
important goal [2].

Aging is a major risk factor for almost all non-
communicable diseases, including cardiovascular dis-
eases, cancer, diabetes, etc. Suggested mechanisms
that contribute to aging and the development of these
chronic age-related diseases include DNA damage,
mitochondrial dysfunction, changes in gene expres-
sion and non-coding RNA, genotoxicity, oxidative
stress, and telomere shortening [46—48]. It is known
that the production of ROS by mitochondria accumu-
lates throughout life, which leads to a state of chronic
oxidative stress in old age. Since the mechanisms of
antioxidant defense and the ability to repair DNA in
the elderly are apparently impaired, DNA damage is
considered to be a consequence of aging [49].

Impaired DNA stability is closely associated with
age-related diseases. At the age of 60, chromosome le-
sions cease to accumulate, but in people over 85 years,
the frequency of such lesions decreases [50]. Telo-
meres are shortened due to cell division and oxidative
stress and are lengthened due to telomerase and DNA
exchange in mitosis. Longer telomeres and higher
telomerase activity contribute to genome stability and
DNA integrity. Short telomeres are an indicator of ox-
idative stress and a biomarker of aging [51].

Several genetic pathways are involved in aging.
A large number of microRNAs (miRs) are expressed
differently during aging [52]. MiRs are found to be
stable molecules even in blood serum; therefore, they
are considered as promising markers in the clinical set-
ting. Moreover, age and gender can influence the pat-
tern of circulating miRs. [53]. MiRs are also important
post-transcriptional regulators of gene expression in
skeletal muscle and are associated with aging. MiRs
play an important role in age-related changes in mass,
composition, and function of skeletal muscles [54, 55].

Blood level of miR-126-3p significantly increas-
es with age. It was significantly higher in the oldest
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subjects compared with the youngest healthy subjects
(<45 versus >75 years; relative expression: 0.27 +0.29
versus 0.48 £ 0.39, p = 0.047) [56]. Moreover, some
miRs can serve as circulating prognostic biomarkers
of cardiovascular aging [57].

PROTEOMIC STUDIES IN VASCULAR AGING

Structural and functional changes occur in aging
vessels. They are reflected in the proteome of con-
stituent cell types. Advances in proteomics technol-
ogies have made it possible to analyze the amount
of proteins associated with the natural history of
aortic aging. These changes reflect the molecular
and cellular mechanisms of aging and may provide
an opportunity to predict vascular health [58]. The
characteristics of age-related arterial remodeling in-
clude thickening of the aortic wall, increased vas-
cular stiffness, endothelial dysfunction, increased
proliferation (invasion and / or secretion of vascular
smooth muscle cells), fragmentation of elastic fibers,
and collagen deposition.

Proinflammatory arterial remodeling develops with
age in both humans and animals. Remodeling leads
to changes in the levels of key regulatory proteins
involved in pathophysiological processes. The angio-
tensin II signaling pathway is central in this process.
Numerous protein molecules in the angiotensin II sig-
naling pathway are activated and influence vascular
remodeling in aging and associated diseases [58].

To identify biomarkers associated with aging,
blood samples from 1,890 people aged 18-82 years
were analyzed (1,136 men and 754 women) using
MALDI-TOF mass spectrometry. The study identi-
fied 44 peptides the concentration of which differed in
different age groups. The concentration of apolipopro-
tein A-I (ApoAl) gradually increased between 18 and
50 years of age, the levels of fibrinogen a decreased
during the same age period, while albumin significant-
ly degraded in middle-aged people. In addition, the
levels of fibrinogen, albumin, and ApoAl are closely
correlated with age [1].

Comparison of young and old rats resulted in the
identification of 18 peptides, whose levels vary signifi-
cantly with age. Analysis of transcription and transla-
tion showed that the levels of mRNA and MFG-ES§
protein (Milk Fat Globule Protein-Epidermal Growth
Factor-8) in the aorta increase with age. Dual immu-
nolabeling shows that MFG-ES8 colocalizes with both
angiotensin II and monocytic chemoattractant pro-
tein-1 in vascular smooth muscle cells of the thick-
ened and aging aortic wall [59].

CONCLUSION

It is known that cardiovascular diseases associat-
ed with atherosclerosis are the main cause of morbid-
ity, disability, and mortality in developed countries.
Steady aging of the population is considered to be one
of the causes of morbidity. The accumulated data in-
dicate that arterial stiffness, arterial wall remodeling,
and endothelial dysfunction are independent risk fac-
tors for cardiovascular diseases in the elderly. Tradi-
tional cardiovascular risk factors, such as high blood
pressure, dyslipidemia, obesity, diabetes mellitus,
smoking, etc., interact with age-related changes and
contribute to the activation of atherosclerotic process.
Therefore, in order to prevent the development and
growth of cardiovascular diseases in the elderly pop-
ulation, it is necessary to understand the mechanisms
underlying age-related pathophysiological changes in
blood vessels.
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The role of surfactant proteins SP-A and SP-D in viral infection:
a focus on COVID-19
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ABSTRACT

An immune response to invasion of viral pathogens is an integral part of maintaining the physiological functioning
of the bronchopulmonary system and effective gas exchange. Collagen-containing C-type lectins (lung collectins)
are some of the key proteins in the identification of viral particles. They have image-recognizing receptors that
identify pathogen-associated molecular patterns, particularly viral glycoproteins. The surfactant proteins SP-A and
SP-D, which are composed of trimerized units, belong to pulmonary collectins and oligomerize into higher-order
structures. These proteins play an essential role in recognition and elimination of microbial pathogens (viruses,

bacteria, fungi, parasites, nanoparticles, allergens) through a variety of mechanisms.

Taking into account the burden of the novel coronavirus infection caused by the SARS-CoV-2 virus, it is important
to consider the role of the surfactant proteins SP-A and SP-D in the pathogenesis of the immune response to viral
invasion. Currently, there are data on the direct relationship between surfactant proteins and viruses belonging to
the Coronaviridae family. The SP-A and SP-D proteins modulate inflammatory responses and cytokine synthesis,
but prevent an excessive inflammatory response (cytokine storm). There is also an assumption that SARS-
CoV-2 directly suppresses and alters the production of surfactant proteins. Thus, the key pathogenetic role of the
surfactant proteins SP-A and SP-D in the response to the viral pathogen SARS-CoV-2 is evident. Today, this is a
promising area of translational medicine, which will contribute to a profound understanding of the pathogenesis
of coronavirus infection for assessing the diagnostic and prognostic potentials of the surfactant proteins SP-A
and SP-D in COVID-19. Additionally, it will help evaluate the therapeutic potential of recombinant fragments of

human SP-A and SP-D.

Keywords: surfactant, surfactant protein A, surfactant protein D, biomarker, viral infection, coronavirus infection,

COVID-19, SARS-CoV-2
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PE3IOME

HeoTrpemnemoii yacTbio oaaepkanust Gu3noI0rn4eckoro GyHKIHOHUPOBAHUS OPOHXOJIECTOYHON CHCTEMBI U 3()-
(eKkTHBHOrO Ta3000MeHa SBISIETCS MMMYHOJIOTHYECKHH OTBET Ha MHBA3MIO BHPYCHBIX MaToreHoB. OJHUMH M3
KJIIOYEBBIX OCJKOB, yYaCTBYIONIIMX B MACHTH(HUKAIUKY BHPYCHBIX YaCTHII, SBIISIOTCS MPEICTABUTENN CEMEHCTBA
KOJIJTareHcoepyKamux JIeKTHHOB Tuna C (JierouHble KOIeKTHHBI). OHM 00a1aloT 00pa3-pacio3HAIOIUMH pe-
LIENTOPAMHU, KOTOPbIE UACHTU(GUIMPYIOT aCCOLMUPOBAHHBIC C MTATOTCHAMH MOJICKYJISIPHBIC TTATTEPHBI, B 4aCTHO-
CTH, BUPYCHBIC TIIMKONPOTEHHBL. K JIETOUYHBIM KOJJIEKTHHAM OTHOCATCS Oenku cypdaktanta SP-A u SP-D, ko-
TOPBIC COCTOAT M3 TPUMEPU30BAHHBIX CIMHHI] 1 OJUIOMEPU3YIOTCS B CTPYKTYPBI 00JIee BBICOKOTO HOpsiKa. DTH
OCIIKM WIPaAlOT KIIOYEBYIO POJb B PACIO3HABAHWHU M AIIMMHHAIIMA MHKPOOHBIX MATOTCHOB (BUPYCOB, OaKTEpHIA,
rpudoB, Iapa3nuToOB, HAHOYACTHI], AJUIEPTCHOB) OCPEACTBOM Pa3HOOOPa3HBIX MEXaHH3MOB.

C yderom OpeMeHH MaHIeMUH HOBOM KOpOHAaBUpPYCHOI nHdekimu, Ber3BanHol SARS-CoV-2, kpaiine BaxxHO 00-
paTUTh BHUMaHHE Ha pojib OenkoB cypdakranta SP-A u SP-D B matoreHese oTBeTa Ha JaHHYIO BUPYCHYIO HH-
Ba3uIo. B Hacrosiiee BpeMsi M3BECTHBI YKa3aHHS Ha HEMOCPEACTBEHHOE B3ammojeicTBue OenkoB cypdakranTa
U BHPYCOB, HpHuHauIexanmx k cemeiictBy Coronaviridae. benku SP-A u SP-D moxnysupyroT BocnanuTenbHbIe
PEaKLIUK M CHHTE3 LIUTOKHHOB, IPH 3TOM IIPEA0TBPAIlas Ype3MEPHYIO BOCIIAIUTEIbHYIO PEAKIHIO (LIUTOKHHOBBIIT
mropM). Takxke cyliecTByeT NpeanonokeHue, 4To HenocpeaAcTBeHHO SARS-CoV-2 noaaBisieT 1 U3MEHSET BbIpa-
601Ky OenkoB cypdakranta. TakuM 00pa3oM, OUeBH/IHA TATOICHETHYECKasl KII0UeBast PoJib OIKOB cypdakTaHTa
SP-A u SP-D B orBete Ha BupycHbIil matoreH SARS-CoV-2. D10 Ha CeroqHsMIHUN JeHb SBISETCS NePCIEeKTUB-
HBIM HAIPaBJICHUEM TPAHCIALMOHHON MEMIMHBI KaK C TOUKH 3PEHUS AETAIBHOIO OHUMAHUS TATOTeHE3a KOpo-
HABUPYCHOI MH(EKIMY Il OLICHKH IMArHOCTUYECKHX M MPOTHOCTHYECKUX MOTEHLHANOB OelKoB cypdakraHTa
SP-A u SP-D npu COVID-19, Tak 1 ¢ TOUKH 3peHHs TePareBTHIECKOro NOTeHInaaa PeKOMOMHAHTHBIX (parMeH-
ToB yenoBedeckux SP-A u SP-D.

KiaoueBsble ciioBa: cypdakrant, cyphakTaHTHbII Oenok A, cypdakranTHbiil O6enok D, Gnomapkep, BUpyCHas HH-
ek, kopoHnasupycHas uHpekus, COVID19, SARS-CoV-2

Konpaukt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIMAIBHBIX KOH()JINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJIUKalKeil HaCTOSIIEH CTaThU.

Hcrounux ¢unancupoBanus. Martepuan cratey siBIsieTcst 4acThio OrojpkeTHON Tembl HUUTIIM — ¢uman
NIul" CO PAH «2OnuaeMuonoru4eckuii MOHUTOPUHT COCTOSIHUS 310pOBbsl HACCIICHUS U U3Y4YECHUE MOJICKYJIIp-
HO-TEHETHYECKHX M MOJICKYJIIPHO-OMOIIOTHYECKIX MEXaHH3MOB Pa3BUTHS PacIIPOCTPAHCHHBIX TEPANleBTUUECKIX
3aboneBanuii B CHOMPH ISl COBEPIICHCTBOBAHMS ITOJIX0/IOB K X JIMArHOCTHKE, TPOPHIAKTHKE U JICUCHHION.

Jas uuruposanusi: Xapnamosa O.C., Huxonaes K.1O., Paruno }0.W. Pons 6enkoB cypdakranra SP-A u SP-D
npu BupycHoit nadexuum,poxyc Ha COVID-19. bromemens cubupcxroii meduyunwt. 2022;21(2):195-2006. https://
doi.org/10.20538/1682-0363-2022-2-195-206.

INTRODUCTION fective gas exchange. Collagen-containing C-type lec-
tins, also known as lung collectins, are among the key

An immune response to invasion of viral pathogens proteins involved in identification of viral particles.

is an integral part of maintaining the physiological They have image-recognizing receptors that identify
functioning of the bronchopulmonary system and ef- pathogen-associated molecular patterns, in particular,
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viral glycoproteins [1]. Lung collectins include surfac-
tant proteins SP-A and SP-D, which consist of trimer-
ized units and oligomerize into higher-order structures
[2]. These proteins play a key role in recognition and
elimination of microbial pathogens (viruses, bacte-
ria, fungi, parasites, nanoparticles, allergens) through
a variety of mechanisms [2, 3]. Given the burden of
the novel coronavirus infection pandemic caused by
SARS-CoV-2, it is extremely important to draw atten-
tion to the role of SP-A and SP-D in the pathogenesis
of the immune response to this viral invasion. Firstly,
in viral diffuse alveolar damage with microangiopa-
thy, SP-A and SP-D modulate inflammatory respons-
es and cytokine synthesis (acting as a proactive link
between innate and adaptive immunities), while pre-
venting an excessive inflammatory response (cytokine
storm) [4]. Secondly, there are indications of direct in-
teractions between surfactant proteins and viruses be-
longing to the Coronaviridae family according to the
classical pattern [5]. Thirdly, there is an assumption
that it is SARS-CoV-2 that not only suppresses the
production of surfactant proteins [6], but also caus-
es the production of an altered surfactant [7]. This is
determined by binding of the crystal-like structure of
the receptor-binding domain (RBD) of SARS-CoV-2
spike protein to angiotensin-converting enzyme 2
(ACE-2) of alveolar epithelial type II cells [8], which
directly produce SP-A and SP-D [1].

Therefore, despite few studies on the role of sur-
factant proteins SP-A and SP-D in the novel coronavi-
rus infection, their crucial pathogenetic role in the im-
mune response to the viral pathogen SARS-CoV-2 is
obvious. Currently, it is a promising area in terms of a
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detailed understanding of the pathogenesis of corona-
virus infection and the resulting prognostic potentials
of surfactant proteins SP-A and SP-D in COVID-19,
as well as in terms of the therapeutic potential of re-
combinant molecules SP-A and SP-D.

MOLECULAR STRUCTURE AND FUNCTIONS
OF SP-A AND SP-D SURFACTANT PROTEINS

Lung surfactant is a lipoprotein complex of the
respiratory mucosa consisting of 90% lipids (mainly
phospholipids) and 10% proteins: SP-A, SP-B, SP-C,
and SP-D [3, 4]. As mentioned above, the surfactant is
predominantly produced by cube-shaped alveolar type
IT cells synthesizing surface active substances from
typical organelles called lamellar bodies [9]. Surfac-
tant proteins SP-B and SP-C are small hydrophobic
peptides involved in packaging and processing of the
surface active substance and contributing to its bio-
physical properties [10].

On the contrary, surfactant proteins SP-A and
SP-D are large, soluble, hydrophilic proteins that
are expressed on most mucosal surfaces and play the
key multifunctional role in the immune response to
pathogen invasion and in pulmonary immune ho-
meostasis [1]. As stated above, SP-A and SP-D are
calcium-dependent (C-type) lectins with collagen ar-
eas belonging to the group of proteins called collec-
tins. Collectins are oligomerized proteins consisting
of trimerized units with 3 polypeptide chains [11].
Each chain has a collagen triple helix domain con-
sisting of repeating Gly-X-Y triplets, a-helical neck,
and C-terminal end containing a C-type lectin or a
CRD (Fig. 1) [2].

Fig. 1. Structure of SP-A and SP-D surfactant
proteins (extracted from: Yasmin H., Kishore U.
Biological Activities of SP-A and SP-D Against
Extracellular and Intracellular Pathogens.
The Collectin Protein Family and Its Multiple
Biological Activities. 2021;103-133. DOI:
10.1007/978-3-030-67048-1_5)
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Through interaction of N-terminal domains, these
trimerized units oligomerize into an octodecameric
structure for SP-A, forming a 630 kDa molecule con-
sisting of 18 chains, and a dodecametric structure for
SP-D forming a 520 kDa molecule, which may further
amass composing “fuzzy balls” and (or) “astral bod-
ies” [12]. This multimerization enhances the overall
binding avidity to carbohydrate targets and increases
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the ability to agglutinate pathogens. While the SP-D
trimer is a monogenic unit, SP-A is formed from two
genetic products, SP-A1 and SP-A2, which have some
functional differences [13].

The surfactant proteins SP-A and SP-D perform
numerous functions of innate and adaptive immunity
during pathogen invasion into the bronchopulmonary
system (Fig. 2) [1].
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Fig. 2. Immune functions of surfactant proteins SP-A and SP-D (extracted from: Wright J.R. Immunoregulatory functions of
surfactant proteins. Nat. Rev. Immunol. 2005;5(1):5868. DOI: 10.1038/nri1528.)

The surfactant proteins SP-A and SP-D bind and
opsonize viruses, bacteria, worms, and allergens (in-
cluding pollen and nanoparticles) [14]. SP-A and
SP-D enhance microbial phagocytosis by such innate
immune cells as macrophages and neutrophils by op-
sonising and aggregating bacteria and viruses, acting
as a ligand for activation, and regulating the expres-
sion of surface receptors of immune cells responsible
for pathogen recognition [1]. Both proteins have direct
bactericidal effects against bacteria and fungi [15]. In
addition, SP-A and SP-D also facilitate phagocytosis
of apoptotic cells by innate immune cells and provide
context-dependent regulation of cytokine and free rad-
ical production. For example, SP-A inhibits lipopoly-
saccharide-stimulated nitric oxide (NO) production by
alveolar macrophages collected from healthy lungs,
but promotes production of NO in macrophages acti-
vated by IFN-y [14, 15].

SP-A and SP-D connect innate and adaptive im-
munities for regulation of protection against the back-
ground of pathogen invasion into the bronchopulmo-

nary system. Despite the fact that both SP-A and SP-D
can bind directly to T-cells and inhibit proliferation,
SP-A can also inhibit proliferation of T-cells indirect-
ly through suppressing maturation of dendritic cells
(DCs) [15]. SP-D has been shown to enhance absorp-
tion and presentation of the antigen [1, 14]. In vitro
results show that the combined role of SP-A and SP-D
consists in modulation of the pulmonary immune en-
vironment in order to protect the body while prevent-
ing an excessive inflammatory response that could
potentially damage the alveolar — capillary membrane
and impair gas exchange, as in the case of hyper-in-
duction of proinflammatory cytokines in development
of cytokine storm as a response to SARS-CoV-2 in-
vasion [16].

INTERACTION BETWEEN SURFACTANT
PROTEINS SP-A AND SP-D AND VIRUSES
Further, the ways of specific interaction between
surfactant proteins SP-A and SP-D and various vi-
ral particles will be considered, with a more detailed
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description of the interaction between proteins and
coronaviruses. Currently, the association between
surfactant proteins and trimerized and glycosylat-
ed proteins on the surface of such viral capsids as
SARS-CoV, SARS-CoV-2, respiratory syncytial vi-
rus (RSV), human immunodeficiency virus (HIV),
and influenza A virus (IAV) is being actively studied.
There is an assumption that surfactant proteins SP-A
and SP-D have undergone coevolution with these vi-
ruses for their neutralisation through binding to gly-
cosylated proteins for viral attachment, making their
binding to the host cell impossible [14].

This interaction also enhances their aggregation,
opsonisation, and clearance by phagocytes. Many
enveloped viruses express class I fusion proteins, in
particular, SARS-CoV-2 has spike protein (S) or S
protein [17], paramyxoviruses have homotrimeric F
protein, and influenza, Ebola virus, HIV, etc. — oth-
er class I fusion proteins [1, 14]. Fusion proteins of
IAV and RSV are represented by a trimer with three
copies of the same protein [18]. The HIV fusion en-
velope protein consists of two non-covalently asso-
ciated glycoproteins (120 kDa and 41 kDa) — gp120
and gp41, respectively [19]. The discussed fusogenic
proteins have a trimeric configuration similar to that
of SP-A and SP-D, which makes it possible to suggest
their coevolution for provision of selective binding to
these viral surface molecules [14]. This configuration
of surfactant proteins SP-A and SP-D provides direct
binding with fusion proteins of the aforementioned
viruses for their neutralisation, as well as for further
aggregation and elimination of the virus using several
fusion sites per molecule.

Annually, influenza A viruses lead to high preva-
lence of respiratory infection with excessive mortali-
ty in a number of cases [20]. The interaction between
surfactant proteins SP-A and SP-D and influenza
viruses has been investigated quite extensively. The
SP-D protein binds to high-mannose oligosaccharides
in immediate proximity to sialic acid binding sites to
influenza hemagglutinin, which neutralizes it spatial-
ly via inhibiting its attachment to host cells [21]. On
the contrary, influenza A virus demonstrates calci-
um-independent binding to the sialylated asparagine
187 residue of SP-A protein, making the binding of
the virus to sialylated receptors impossible [22, 23].
It was also confirmed that SP-A protein is involved
in the phagocytosis of influenza A virus by alveolar
macrophages by using sialic acid residues as opso-
nin [23]. Influenza A virus may impair development
of the respiratory burst of neutrophils in response to

the viral infection, which leads to degranulation and
intracellular destruction of bacteria by phagocytes,
thus increasing the susceptibility of the human to bac-
terial superinfections, which is an important factor in
mortality during the seasonal influenza pandemics [2].
Surfactant protein SP-D significantly potentiates the
respiratory burst of neutrophils in response to influen-
za A virus in vitro, thus demonstrating a proinflamma-
tory response [24].

Respiratory syncytial viruses (RSV) are the main
causes of lower respiratory tract infection in new-
borns and children [25]. RSV is the leading cause of
bronchiolitis and infant hospitalization in developed
countries [26]. It has been shown that genetic poly-
morphisms in SP-A and SP-D genes are associated
with susceptibility to severe RSV infection, which
emphasizes their importance in the immune response
to RSV [27]. It has been experimentally demonstrated
that SP-A~~ and SP-D”~ mice have both a reduced ca-
pacity for RSV clearance and an increased inflamma-
tory response in the lungs [28]. Currently, the mecha-
nism of interaction between SP-A and SP-D surfactant
proteins and RSV has not been fully studied. RSV has
two main surface glycoproteins: protein G, important
for attachment of the virus to the host cell, and protein
F, a trimeric class I fusion protein important for fusion
between the virus and the host cell membrane.

In one study, SP-A was shown to bind in vitro to
RSV F protein, but not to G protein [29]. However,
another study has shown that SP-A demonstrates cal-
cium-independent binding to RSV using G protein,
neutralizing the virus and increasing the clearance in
vivo [30]. It has been experimentally demonstrated
that a recombinant trimeric fragment of a closely-re-
lated molecule (surfactant protein SP-D) retains many
functions of the native protein, while the importance
of the oligomeric structure of SP-A in its interaction
with RSV has not been determined [26]. Therefore,
the mechanism through which SP-A and SP-D bind to
RSV remains unclear and requires further investiga-
tion. However, considering the experimental efficacy
of both rfhSP-A and rfhSP-D in RSV neutralization,
it seems likely that virus neutralization occurs via
binding of SP-A and SP-D proteins to the RSV fusion
protein, which is also a trimeric protein with a helical
conformation [31].

Human immunodeficiency virus (HIV) is one of
the most severe public health problems around the
globe [32]. HIV glycoprotein (gp)120 is required for
infiltration of the virus into the cells and is the main
target for HIV binding to various type-C lectins [33].
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At present, the ability of surfactant proteins SP-A
and SP-D to bind trimerized gp120 has been shown
[34, 35]. SP-A binding inhibits the binding of CD4
using gp120, emphasizing the potential role of SP-A
in HIV neutralization through blocking CD4-mediat-
ed fusion [35]. SP-D binding to gp120 prevents DC-
SIGN interaction (membrane protein, C-type lectin
receptor of macrophages and dendritic cells), which
has also been demonstrated, to some extent, for SP-A
[34, 36]. However, surfactant proteins SP-A and SP-D
did not prevent binding of cyanovirin to gp120 in the
experiment, which possibly confirms the DC-SIGN
— gpl120-type binding of SP-A and SP-D to gpl120,
during which none of the high-mannose N-linked gly-
cosylation sites is responsible for DC-SIGN binding
[34]. This is in contrast with cyanovirin, which is neu-
tralized through targeting of a certain set of N-linked
glycosylations [34, 35]. It is also important that SP-D
binds gp41, which is required for formation of thee
gp120 trimer and facilitates fusion between the viral
and cell membranes [37].

Since both SP-A and SP-D have been identified in
the female urogenital system, binding of these pro-
teins to gp120 may be important in HIV infection (as
a primary infection site) and in the lungs (as a com-
mon reservoir of HIV infection) [38, 39]. This binding
has been shown to neutralize HIV and prevent direct
infection of CD4+ of PM1 cells. However, SP-A and
SP-D promote infection of immature monocyte-de-
rived DCs and their transmission to the CD4+ T-cells
in case of their co-cultivation [34, 35]. Currently, the
mechanism by which collectins enhance this transmis-
sion is unclear. Further effort related to investigation
of the interaction between SP-A and SP-D and HIV
is of great importance in elucidating the role of these
proteins in HIV infection. A number of studies have
suggested that functional recombinant fragments of
surfactant proteins SP-A and SP-D may have thera-
peutic potential for preventing infection and spread of
HIV [37, 40].

THE ROLE OF SURFACTANT PROTEINS SP-A
AND SP-D IN CORONAVIRUS INFECTION

Before the emergence of severe acute respiratory
syndrome, SARS (SARS-CoV), in 2003, approxi-
mately ten coronaviruses in humans and animals were
known. Then, the discovery of the civet cat and bat
SARS-CoV viruses, as well as human coronavirus-
es NL63 and HKUI1, followed. Currently, around 40
representatives of this family of diseases are known
[41]. The sudden first pandemic of atypical pneumo-

nia (Middle East respiratory syndrome coronavirus,
MERS (MERS-CoV), 2012), its high mortality, a
quick repeated outbreak after one year, and econom-
ic losses, as well as a subsequent outbreak of MERS
led to extensive research on epidemiological, clin-
ical, pathological, immunological, virological, and
other fundamental scientific aspects of the group of
coronaviruses. Following the outbreak of SARS and
MERS, a global pandemic of another viral disease
called COVID-19, induced by betacoronavirus SARS-
CoV-2, is now observed [42]. Based on data available
to date, COVID-19 is not much different from SARS
in its clinical features. However, its mortality rate is
2.3%, which is lower than that of SARS (9.5%) and
much lower than that of MERS (34.4%). However,
COVID-19 can spread much more easily in the com-
munity than MERS and SARS [43].

MERS-CoV, SARS-CoV-2, and SARS-CoV are
RNA viruses, the latter two containing the largest
genomes among all RNA viruses [44, 45]. Genomic
RNA of SARS-CoV-2 is 26.4-31.7 kb in size [44],
being possibly the largest among all known RNA vi-
ruses [46]. The SARS-CoV-2 genome is similar to
that of the SARS-like virus ZC45 (bat-SL-CoVZ(C45,
MG772933.1) by over 85%. Together, these types of
viruses form the unique Orthocoronavirinae subfami-
ly with another SARS-like virus ZXC21 in the Sarbe-
covirus subgenus.

SARS-CoV-2 has a genomic structure similar to
that of other betacoronaviruses. Like other corona-
viruses, its genome contains 14 open reading frames
(ORF) encoding 27 proteins. ORF1 and ORF2 at the
5’ end encode 15 non-structural proteins important for
replication of the virus [47, 48]. The 3’ end of the ge-
nome encodes structural proteins, namely, the spike
protein (S), the envelope protein (E), the membrane
protein (M), and the nucleocapsid (N), as well as eight
auxiliary proteins [48]. The viruses SARS-CoV and
SARS-CoV-2 havedifferences in the spike protein (S)—
the presence of the furin-like cleavage site in SARS-
CoV-2 facilitates priming of the spike protein (S) and
may increase the effectiveness of SARS-CoV-2 trans-
mission in comparison with other betacoronaviruses
[49]. The spike protein (S) is a class I fusion protein
and is trimerized.

The conducted research showed that the majority
of proteins in SARS-CoV-2 are highly homologous
(95-100%) with proteins of SARS-CoV virus, which
indicates their evolutionary similarity. However, two
proteins (orf8 and orf10) in SARS-CoV-2 do not have
homologous proteins in SARS-CoV [50]. The protein
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orf8 in SARS-CoV-2 does not contain a known func-
tional domain that activates intracellular stress sig-
naling pathways and NOD-like receptors of NLRP3
inflammasomes [51]. This makes the analysis of the
biological function of these two specific proteins (orf8
and orf10) clinically relevant.

Pathogenic coronaviruses SARS-CoV, MERS-
CoV, and SARS-CoV-2 use the ACE2 receptor for
access, infestation, and destruction of the alveolar
lining layer and type Il pneumocytes producing sur-
factant proteins [8]. In general, pathological features
of COVID-19 resemble those observed in SARS and
MERS in many aspects [52]. Biopsy and post-mortem
samples in COVID-19 reveal diffuse alveolar damage,
protein leakage, inflammation in alveolar walls, and
desquamation of type II pneumocytes, which is typ-
ical of acute respiratory distress syndrome (ARDS)
[53]. ARDS manifests through a decline in activity of
proteins of the pulmonary surfactant and a change in
its content [54].

In COVID-19, depletion of the pulmonary surfac-
tant may also occur through virus-induced lysis of type
II pneumocytes with associated formation of the hya-
line membrane [53]. Pathophysiological data of such
severely ill adult patients resemble primary surfactant
deficiency in preterm infants with ARDS, successful
therapy of which involves application of exogenous
surfactant preparations [55]. Regarding the aforemen-
tioned, a number of studies related to the use of exog-
enous pulmonary surfactant in SARS-CoV-2-associ-
ated ARDS have been published [56]. These studies
confirm the active role of surfactant proteins in the
pathogenesis of COVID-associated severe lung dam-
age and make it possible to consider therapeutic ap-
plication of recombinant surfactant protein molecules.

However, currently, the studies devoted to specif-
ic mechanisms of interaction between SP-A and SP-D
surfactant proteins and SARS-CoV-2 are few. Further,
we will provide a more detailed description of the spike
protein (S) participating in fusion between SARS-CoV
and SARS-CoV-2 for analysis of its possible interac-
tions with surfactant proteins (SP-A and SP-D), since it
is this trimerized protein that is involved in virus neu-
tralization and its further aggregation and elimination.
It is worth noting that, despite not structurally identical
fusion of SARS-CoV and SARS-CoV-2, the fusion of
subunits eventually results into trimeric structures with
three C-terminal ends being outside the central N-ter-
minal trimeric core [57].

The spike protein (S) of SARS-CoV-2 has two
functional subunits that mediate the infiltration of

coronavirus [58]. The subunit S1 is responsible for
binding to host cell receptors via the receptor-binding
domain [59]. Binding to the receptor provides confor-
mational changes in the subunit S2, which allows the
fusion peptide to penetrate into the membrane of the
host cell [57]. HR1 or the heptad region 1 located in
the subunit S2 forms a homotrimeric orientation ex-
posing three highly conserved hydrophobic grooves
on the external surface that make it possible to bind
to the heptad repeat 2 (HR2). Further, in the fusion
process, a six-helix bundle (6 HB) is formed, which
facilitates the approach of viral and cell membranes
for viral fusion and penetration into target cells using
the ACE2 receptor [8].

It is the trimeric structure of 6 HB that characteriz-
es class I fusion proteins, which the surfactant protein
SP-D is known to interact with. SP-D demonstrat-
ed this binding to recombinant trimerized proteins
of SARS-CoV. The binding is calcium-dependent
and inhibited by maltose, showing the properties of
classical lectin — carbohydrate interaction [5]. In the
meantime, a serum collectin, mannan-binding lectin
(MBL), did not show the revealed binding to the pu-
rified S-protein of SARS-CoV in the experiment. It is
worth noting that there are ligand differences between
the collectins, and this interaction is particularly spe-
cific for SP-D [14].

Y.P. Wu et al. (2009) demonstrated that monitor-
ing the SP-D systemic level is informative for moni-
toring alveolar integrity in SARS pneumonia, as well
as revealed a significant correlation between plasma
SP-D levels and specific antibodies to SARS-CoV,
which once again confirms the role of SP-D in the re-
lationship between innate and adaptive immunity in
the pathogen invasion in the bronchopulmonary sys-
tem [60]. Considering high homology of the spike
protein (S) of SARS-CoV with that of SARS-CoV-2
(76.42%, according to J. Xu et al., 2020), it is possi-
ble to assume a similar classical lectin — carbohydrate
binding mechanism involving calcium and multim-
erization of the full-length protein for facilitation of
virus elimination [17].

In this context, the study by M.H. Hsieh et al.
(2021) aimed at investigating a probable defensive
role of the recombinant fragment of human SP-D (rf-
hSP-D) against SARS-CoV-2 infection is relevant.
Dose-dependent binding of rthSP-D to the spike pro-
tein S1 of SARS-CoV-2 and its RBD was demonstrat-
ed [61].

It is important to outline that the study showed
that rfhSP-D inhibited the interaction between the S1
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protein and the cell culture overexpressing the human
ACE?2 receptor. The defensive role of rthSP-D against
SARS-CoV-2 infection as an inhibitor of penetration
was additionally confirmed via application of pseudo-
typed lentiviral particles expressing S1 protein of
SARS-CoV-2 [61]. It is obvious that surfactant pro-
tein SP-D plays one of the key roles in the response
to pathogen invasion of coronavirus. Considering
the stated above, single studies on the potential role
of SP-D as a marker for predicting the outcome and
the possibility of treating COVID-19 have already
emerged [62].

As for the surfactant protein SP-A, it is believed
that its virus-neutralizing activity is lower than that
of SP-D. However, as already mentioned, the protein
plays an important role in the innate immune response
to different viruses [63]. Currently, there are only a
few studies devoted to the type of interaction between
SP-A and the group of coronaviruses. For example,
C.J. Funk et al. (2012) demonstrated that both SP-A
and SP-D bind to the HCoV-229E strain and inhib-
it viral infection of human bronchial epithelial cells
(16HBE) [64]. It can be assumed that the interac-
tion between the surfactant protein SP-A and SARS-
CoV-2 occurs through the direct interaction between
the lectin domain and the molecule of glycosylated
protein on the surface of the virus. Multiple direct in-
teractions of SP-A protein with trimerized proteins,
including class I fusion proteins, have been demon-
strated. For example, SP-A has been noted to bind to
herpes simplex virus [65], which also has trimerized
surface proteins similar to those of influenza and RSV
discussed earlier. The interaction between SP-A and
SARS-CoV-2 has not been studied, but it probably de-
pends both on the glycosylation status of SP-A protein
itself and on the functional variants of SP-A1 and SP-
A2 in humans.

A considerable amount of available data suggests
that innate immune proteins SP-A1 and SP-A2 play
at least an indirect role in COVID-19 infection. Thus,
the functional features of SP-A1 and SP-A2 impact
susceptibility to coinfections against the background
of COVID-19 and the presence or absence of severe
complications resulting from COVID-19 in patients
with one or more non-SARS-CoV-2 pathogens [66].
Approximately 26% of COVID-19 patients have been
noted to be infected with other pathogens, with RSV
being one of the most frequent ones. It has been shown
that it is SP-A that increases RSV clearance and that
the functional trimeric fragment of SP-A is highly effi-
cient in reducing RSV infection specifically [26]. It is

also extremely important that the association between
genetic variants of SP-A and ARDS development has
been demonstrated [27].

SP-A variants are known to exert differentiated ef-
fects on regulation and functioning of macrophages,
which is extremely important against the background
of a hyperergic immune response in COVID-19 pa-
tients, indicating macrophage activation. Thus, M.
Roschewski et al. (2020) put forward a hypothesis
that innate immunity is involved in activation of in-
flammatory processes in macrophages in the patho-
genesis of COVID-19 due to hyperergic inflamma-
tion, which shares common characteristics with the
macrophage activation syndrome [16]. It is quite pos-
sible that the magnitude of the inflammatory response
will vary depending on the SP-A genotype, which has
been shown to have differentiated effects on a number
of processes in the alveoli, alveolar macrophages, and
epithelial cells [66].

Therefore, trimerized surfactant proteins SP-A and
SP-D achieve high binding affinity to the ligand with
repetitive surface structure, which is an advantage in
binding to viral proteins. Additionally, these proteins
have broad selectivity, allowing them to recognize a
large number of rapidly changing pathogens, structur-
ally similar trimerized fusion proteins in particular,
including the spike protein (S) of coronaviruses. This
prevents their attachment to the host cell, neutralizing
the virus and increasing its clearance from the body,
simultaneously modulating adaptive immunity. Cur-
rently, the leading role of surfactant proteins SP-A and
SP-D is obvious not only in the immune response of
the bronchopulmonary system, but also in the overall
response of the body to the pathogen (in particular,
viral) invasion.

Therefore, it is obvious that surfactant proteins
SP-A and SP-D play one of the key roles in the patho-
genesis of coronavirus infection. This, considering the
burden of the COVID-19 pandemic, provides prereq-
uisites for the detailed analysis of the interaction be-
tween these proteins and SARS-CoV-2, as well as for
the analysis of the systemic role of SP-A and SP-D.

PROSPECTS IN APPLICATION OF
SURFACTANT PROTEINS SP-A AND SP-D
IN COVID-19

In conclusion, we would like to draw attention
to a number of key points that justify a more in-
depth and detailed analysis of the role of surfac-
tant proteins SP-A and SP-D in the pathogenesis
of COVID-19. First, surfactant proteins SP-A and
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SP-D, having high binding affinity to the ligand,
interact with the spike protein (S) of coronaviruses
during the initial contact with the pathogen. Second,
infection and destruction of type II pneumocytes
producing surfactant proteins take place specifical-
ly against the background of SARS-CoV-2 invasion
through the ACE2 receptor, which affects synthesis,
secretion, and function of SP-A and SP-D. Third, the
unique combined role of SP-A and SP-D in modula-
tion of a cascade of the immune response consists in
preventing an excessive inflammatory response that
could potentially damage the alveolar — capillary
membrane and impair gas exchange, as in the case
of hyper-induction of proinflammatory cytokines in
the novel coronavirus infection. The role of SP-A
and SP-D in keeping the lungs in the hyporeactive
state is essential because aberrant inflammation may
rapidly affect vitally important gas exchange in the
lungs through a thin alveolar — capillary membrane.
Fourth, SP-A and SP-D participate in the develop-
ment of severe life-threatening complications, which
are accompanied by impairment of the alveolar —
capillary membrane permeability.

It is important to assess the diagnostic and prog-
nostic potential of SP-A and SP-D in coronavirus in-
fection. Currently, surfactant proteins SP-A and SP-D
are used as diagnostic and prognostic markers in many
acute diseases of the bronchopulmonary system, such
as community-acquired pneumonia [4, 9, 11, 14],
ARDS [9, 54-56], cystic fibrosis [4, 36], interstitial
lung disease [1, 4, 36], and lung cancer [1, 9]. In ad-
dition, they play an important role in modulation of
chronic lung diseases and (or) bronchopulmonary
dysplasia [1, 4, 9]. Over the past decade, the extrapul-
monary systemic function of these proteins has been
actively studied.

CONCLUSION

One of the most promising areas is evaluating the
therapeutic potential of recombinant SP-A and SP-D
molecules in anti-inflammatory therapy of differ-
ent diseases, especially those of an infectious nature
[14]. It is promising to develop forms of recombinant
SP-D with alteration of the neck domain and CRD
with increased binding affinity to SARS-CoV-2, as it
was carried out for the molecule of mutant trimeric
SP-D with increased binding affinity to influenza A
virus [67]. Therefore, there is a potential for devel-
oping different forms of recombinant molecules of
surfactant proteins SP-A and SP-D for treatment of
COVID-19.
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Successful treatment of a severe course of coronavirus infection
in the obese polymorbid patient after bariatric surgery
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ABSTRACT

We presented a clinical case of the successful treatment of a severe course of polysegmental pneumonia caused
by the novel coronavirus infection, that developed in the postoperative period after bariatric surgery in the patient
with morbid obesity, comorbid type 2 diabetes mellitus, ischemic heart disease, arterial hypertension, pulmonary
embolism (in past medical history), and stage 3 chronic obstructive pulmonary disease.

The given clinical case demonstrates the possibility of successful treatment of coronavirus infection in the
polymorbid patient at an extremely high risk of an unfavorable outcome, given timely diagnosis, combination
therapy using drugs that block cytokine storm, and strict adherence to clinical recommendations.
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PE3IOME

[MpencraBiieHO KITMHUYECKOE HAOIIOICHUE YCIICIITHOT'0 JICUSHUSI TSDKEIIOT0 TeUSHHUS [IOJIMCerMEHTapHOM ITHEBMOHHH
KOPOHAaBUPYCHOW ATHOJIOTHH, pa3BHBLICICS B IOCICONEPALMOHHOM Ieprojie OapuaTpUuecKoil orepauuu y
HalUeHTa ¢ MOPOUHBIM OXKMPEHHEM, COITYyTCTBYIOIIUM CaXapHbIM J1a0beTOM 2-T0 THIIA, HIIEMHYECKON OOJIE3HbI0
cep/la, TUICPTOHMYECKOH O00Je3HbI0, TPOMOOIMOOIHMEH MEIKHUX BETBEH JIETOYHOW apTepuu B aHAMHE3e,
XPOHHYECKOIH 00CTPYKTUBHOM OOJI€3HBIO JIETKUX 3-1 CTeNeH .

[IpuBeneHHBIN KIMHUYECKUN CIydail IEMOHCTPHPYET BO3MOMKHOCTb YCHELIHOIO JICUCHUs KOPOHABUPYCHOU HH-
(eKxnun y TOJMKOMOPONIHOTO MalMeHTa ¢ KpaliHe BBICOKMM PHCKOM HEOJIaronpHsATHOTO MCXOJa MpPH yCIOBHU
CBOCBPEMEHHOH JMAarHOCTHKH, KOMIDIEKCHOTO JEUEHHs C MCIO0JIF30BAaHNEM IIPEIapaToB, OJOKUPYIOMNX IIHTOKH-
HOBBIH IITOPM, U CTPOTOrO BBIIOJIHEHUS KIMHUUECKUX PEKOMEHJAlUI.

KoroueBble ciioBa: MopOuaHOE OXHpPEHHE, KOpPOHABUpYCHash WHGeKuus, OapuaTpuyecKas XHUPyprus,
LIUTOKUHOBBIH IITOPM, TOLWIN3YyMaO

KoHpaukT uHTEepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaKEeil HACTOSIIECH CTaThH.

HUcTounuk q)HHchl/IpoBaHPlﬂ. ABTOpBI 3aSBJISIIOT 00 OTCYTCTBHUHU (bHHaHCPIpOBaHI/IH Inpu  NOpoOBEACHUU
HUCCIICI0OBaHMs.

CooTtBercTBHe mMpuHIHMNAM ITHKH. [lorydeHo mmcpbMeHHOe cornacue marueHrta. Mcciemosanme o100peHO
JOKaIBHBIM THYecKiM KomuteroM HUMKIJI — dprumanom UIul” CO PAH.

Jas nurupoanmsi: Crotkuna W.I1., Xa6apos J1.B., bynsrues I1.B., lemypa A.1O., Uuémna A.J]. VcenemHoe je-
YeHHE TSHKEJIOTO TeYEHHsI KOPOHABUPYCHOM HH(EKIMU Y TOJMKOMOPOUIHOTO MAIMEHTA ¢ OXKUPEHHEM Tociie Ga-
puatpudeckoii onepauuu. broitemens cubupckoi meduyunwt. 2022;21(2):207-211. https://doi.org/10.20538/1682-
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INTRODUCTION

The COVID-19 pandemic has been a huge shock,
but we should not forget about another epidemic of
the 21% century — obesity. An obese patient is always
a polymorbid patient. As a rule, their diagnosis in-
cludes: type 2 diabetes mellitus, arterial hypertension,
hypertriglyceridemia or dyslipidemia, obstructive
sleep apnea, and non-alcoholic fatty liver disease.
Since the beginning of the pandemic, obesity has been
regarded as a predictor of a high risk of developing se-
vere pneumonia, acute respiratory distress syndrome
(ARDS), thromboembolic complications (TEC), and
death [1-4].

In obesity, the springboard for viral damage is an
initially elevated level of proinflammatory cytokines,
including interleukin (IL)-6, tumor necrosis factor
(TNF)-a, C-reactive protein (CRP), and ferritin, which
leads to a higher risk of developing cytokine storm,
ultimately leading to ARDS, shock, and rapid deteri-
oration [4—8]. Activation of the coagulation cascade

in COVID-19 in obese patients has a higher risk of
fatal thromboembolic complications against the back-
ground of hypercoagulability [7]. Obesity leads to a
decrease in the reserves of the respiratory system, mi-
croatelectases, violation of the ventilation / perfusion
ratio, dysfunction and limited excursions of the dia-
phragm, and an increase in the work of the respiratory
muscles with a rise in oxygen consumption. Timely
identification of signs of an increased inflammatory
response and inclusion of drugs that block cytokine
storm in complex therapy are the key to successful
treatment. These drugs include, in particular, gluco-
corticoids, inhibitors of IL-6 and IL-1f receptors, and
Janus kinase inhibitors [8, 9].

CLINICAL CASE

PatientP., 58 years old, was admitted for bariatric sur-
gery on 12.10.2020 to the surgical department of a clinic
with a diagnosis of morbid obesity (BMI 44.4 kg / m?),
exogenous constitutional type. Obstructive sleep
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apnea syndrome. Type 2 diabetes mellitus. The target
HbAlc level was less than 6.5%. Diabetic sensorim-
otor peripheral polyneuropathy. Cardiovascular auto-
nomic neuropathy in diabetes. Diabetic macroangiop-
athy (atherosclerosis of the brachiocephalic arteries).
Ischemic heart disease. Postinfarction cardiosclerosis
(of unknown age). Stage III hypertension, stage II
arterial hypertension, risk group 4. Pulmonary em-
bolism (small branches, 2008). Stage I chronic heart
failure (CHF). Functional class I (NYHA). Dyslip-
idemia. Stage 3 chronic obstructive pulmonary dis-
ease (COPD), emphysematous type, severe course,
group C (with frequent exacerbations), stable condi-
tion. Type 2 respiratory failure. Compensated chronic
cor pulmonale. Varicose veins of the lower extremi-
ties, CEAP class 2. Gastroesophageal reflux disease
(GERD), without exacerbation. Polymerase chain re-
action (PCR) to detect SARS-CoV-2 in the pharynge-
al and nasal swabs upon admission was negative.

On 13.10.2020, laparoscopic mini-gastric bypass
was performed. The early postoperative period was
uneventful; the patient was activated, the intake of flu-
ids and nutrition was started according to the postop-
erative protocol for bariatric interventions, antibiotic
prophylaxis with cefazolin 3 g / day and TEC pro-
phylaxis with enoxaparin sodium 0.4 ml / day were
carried out. On 17.10.2020, a rise in temperature to
38.5 °C, without symptoms of catarrh, and a de-
crease in oxygen saturation to 89-90% were recorded.
The patient’s condition was regarded as moder-
ate. Nasal and oropharyngeal swabs were taken for
SARS-CoV-2 detection using PCR.

The patient was transferred to the intensive care
unit. A blood gas test revealed hypoxemia (P, 62 mm
Hg) compensated by hyperventilation (pH 7.48, P_,
29.1 mm Hg, BEecf 2 mmol /). Insufflation of humid-
ified oxygen via a face mask at a rate of 3 1 / min was
started, antibacterial therapy included cefoperazone +
sulbactam 2.0 g / day and levofloxacin 1.0 g / day;
prevention of thrombus formation was achieved by
enoxaparin sodium 0.8 ml / day; dexamethasone
24 mg/ day; inhaled bronchodilator therapy was contin-
ued (berodual 2 times / day, budesonide 2 times / day,
Spiolto Respimat 2 times / day); gastroprotectors —
esomeprazole 40 mg / day, correction of hyperglyce-
mia with short-acting insulin.

Taking into account pronounced abdominal obesi-
ty, the patient was lying alternately on the right and
left sides, in a position close to the prone position. At
the slightest improvement in the patient’s condition,
attempts to activate and improve the motor regime

were resumed. Taking into account the increase in hy-
poproteinemia, the standard diet for the bariatric pa-
tient was supplemented with Nutrison Advanced Dia-
son via sip feeding. Intravenous fluids were limited to
saline to dilute the administered drugs.

On 19.10.2020, positive PCR results for SARS-
CoV-2 were obtained in the oropharyngeal and nasal
swabs taken on 17.10.2020. Computed tomography
was not performed for technical reasons, X-ray re-
vealed no deterioration. A competing diagnosis was
made: novel coronavirus infection COVID-19, con-
firmed by PCR, severe course.

From 23.10.2020, there was an increase in respi-
ratory failure and a rise in oxygen demand up to 8-
10 1 / min. From 25.10.2020, there was increased
dyspnea, a feeling of breathlessness, a decrease in Sp,
to 83% against the background of oxygen insufflation
of 15 1/ min. Increasing hypoxemia (Pa_, 58-60 mm
Hg, oxygenation index 125-130) was observed. The
patient was in a clear consciousness and adequate. He-
modynamic parameters were characterized by a ten-
dency toward hypotension. During X-ray control of
25.10.2020, bilateral polysegmental pneumonia was
noted, multiple areas of veil-like ground-glass opac-
ity were observed in all lung fields. Laboratory tests
revealed signs of cytokine storm — the progression of
lymphopenia, an increase in the levels of C-reactive
protein and ferritin. The levels of procalcitonin, tro-
ponin I, and brain natriuretic peptide were within the
reference values. The diagnosis included a complica-
tion of the competing disease: Bilateral polysegmental
pneumonia. ARDS. Acute respiratory failure.

Taking into account the clinical presentation, the
initial status of the patient, and signs of increasing
cytokine storm on 25.10.2020, an infusion of tocili-
zumab 560 mg (4 mg / kg) was performed. There
was a short-term improvement immediately after the
infusion. On 26.10.2020, there was a resumption of
dyspnea upon minimal physical exertion, Sp_, 87—
89% against the background of oxygen insufflation
15 1/ min, and further increase in arterial hypoxemia
(Pa, up to 55 mm Hg, oxygenation index 100-110).
Repeated infusion of tocilizumab at the same dose
was performed; antibacterial therapy was changed
to imipenem + cilastatin 3 g / day and vancomycin
2 g/ day. Under the control of coagulation tests and
thromboelastography indices, the dose of enoxaparin
was increased to 1.6 ml/ day.

Against this background, a decrease in the mani-
festations of respiratory failure was noted: there was
a significant decrease in dyspnea and oxygen demand,
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from 30.10.2020, the patient did not require oxygen
support, and improvement in laboratory parameters
was also observed. On 30.10.2020, due to a re-pos-
itive PCR result for SARS-CoV-2 (sampling on

27.10.2020), etiotropic therapy with favipiravir 1,800
mg 2 times / day on the 1* day, then 800 mg 2 times /
day was started. The changes in the main clinical and
laboratory parameters are presented in Table.

Table
Dynamics of clinical and laboratory parameters

Parameter 19.10 21.10 23.10 25.10 | 26.10 | 27.10 | 28.10 29.10 31.10 02.11
Leukocytes, 10° /1 (4.00-10.00) 4.17 5.21 8.93 9.30 5.86 5.37 5.92 5.81 7.46 5.32
Lymphocytes, % (20-40) 16.6 13.1 23 5.5 9.3 8.4 10.4 11.9 6.8 9.9
Lymphocytes, ¥10? /1 (0.8-4.0) 0.7 0.68 0.2 0.52 0.55 0.45 0.61 0.69 0.51 0.53
Platelets, *10°/ 1 (100-300) 181 183 216 265 279 339 372 334 348 300
ESR, mm/h 15 21 29 31 38 27 24 18 7 7
CRP, mg/1(0-5) 34.1 349 439 72.7 91.6 333 12.9 5.4 2.1 0.8
Ferritin, pg /1 (20-250) 281.7 317.8 343.0 379.8 | 4654 | 4603 | 374.1 330 348.3 316.8
D-dimer, ng / ml (200-443) 365 273 244 283 349 394 319 302 336 267
Fibrinogen, g /1 (2.0-4.0) 5.8 4.3 4.9 53 5.1 4.1 3.8 35 2.9 2.4
SpO,, %, minimum 91 87 86 81 87 86 89 90 93 94
Respiratory rate, maximum 18 19 16 28 26 20 20 23 18 16

On 03.11.2020, the patient was transferred from
the intensive care unit to the observation unit. The
PCR result of 05.11.2020 was negative. The patient
was discharged from the clinic on 09.11.2020.

CONCLUSION

This clinical case demonstrates the possibility of
successfully treating severe coronavirus infection in a
patient with an extremely high risk of an unfavorable
outcome. Timely diagnosis, targeted pathogen-spe-
cific therapy, strict adherence to clinical guidelines,
and timely administration of tocilizumab in combi-
nation with dexamethasone allowed to prevent fa-
tal decompensation of respiratory failure and avoid
transfer to mechanical ventilation. The prescription
of antibiotic therapy, despite the negative bacterial
cultures of sputum and blood, was justified given the
concomitant diabetes mellitus and COPD, on the one
hand, and massive immunosuppressive therapy, on
the other.
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