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Abstract. Relevance. Cognition is an important physiological and higher mental functions in human being. There are
various studies showing that inflammatory condition could negatively affect fronto temporal cognitive abilities such as memory,
attention and executive functions. A non-invasive test P300 a component of Auditory events related potentials and Mini mental
state examination (MMSE), a questionnaire based test reflect cognitive function, and haematological parameter neutrophil/
lymphocyte ratio (NLR) is a convenient parameter of systemic inflammation. Aim of present study was to assess the cognitive
function assessment by P-300, MMSE and academic performance and find an association with neutrophil to lymphocyte ratio in
first year medical students. Materials and Methods. This was an observational study conducted on 79 first year medical students
of age group 18-25 years in the department of physiology RUHS College of medical sciences Jaipur. For cognitive assessment
non-invasive test P300, MMSE and academic performance was recorded. A haematological parameter NLR was calculated by
dividing the absolute neutrophil count with the absolute lymphocyte count. To find an association statistical analysis was done
by MEDCALC 16.4 version software. Results and Discussion. The association between P-300 amplitude and latency and MMSE
with NLR was found non-significant. Marks have a significant positive correlation with NLR (0.015). Conclusion. In the present
study neurocognitive function test P-300 and MMSE found non-significant association with inflammatory marker NLR although
academic performance (marks) have a significant positive correlation with NLR.
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Introduction

Cognition is a broad concept which includes: per-
ception, attention, working memory, reasoning, problem
solving, language skills and decision making [1]. It
represents important physiological and higher mental
functions in human being. There are various evidence
has linked inflammation (an immune response to injury,
pathogens, irritants, oxidative stress) to cognitive decline
and risk of dementia [2]. Normally, inflammation is
a protective response that facilitates the healing process;
however, prolonged inflammation can cause tissue
damage.

Cognition test can be assessed by a non-invasive
test P300 a component of Auditory events related po-
tentials (AERP) which reflects attention and memory
process and give characteristic features of information
processing in terms of latency and amplitude in the
central nervous system. Recent neurophysiological
studies investigated individual variation in different
cognitive processes including information processing,
working memory, and intelligence by measuring event-
related potentials (ERPs) [3, 4].

The MMSE is a brief cognitive screening ques-
tionnaire based instrument frequently used to evaluate
cognitive function, has related brain structures that are
responsible for this function.
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It has been well documented that inflammatory pro-
cesses may cause mental illness by brain degeneration.
A haematological parameter neutrophil/lymphocyte ratio
(NLR) is a convenient parameter of systemic inflamma-
tion [5] that can be easily calculated from white blood
cell essay, the ratio of absolute neutrophil count to the
absolute lymphocyte count, very easy, inexpensive,
reliable, objective and convenient method. Regulation
of immuno-inflammatory control is one of the relevant
processes involved in the pathogenesis of neurodegen-
erative disorders. There are various studies showing that
inflammatory condition could negatively affect fronto-
temporal cognitive abilities such as memory, attention
and executive functions [6]. It was shown that NLR
have diagnostic and predictive value in diseases like
Alzheimer’s disease [7]. Dementia, Schizophrenia etc.
and may guide the treatment of cognitive dysfunction.
In our study we tried to find the association of cognitive
status with NLR. There are several studies that have
shown an association between the increase in NLR and
psychopathologies. This has been observed for patients
with schizoaffective disorder and schizophrenia [8],
attention deficit hyperactivity disorder [9], obsessive
compulsive disorder [10], hypomania in bipolar mood
disorder [11], and major depressive disorders [12,
13]. Aim of present study was to assess the cognitive
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function assessment by P-300, MMSE and academic
performance and find an association with neutrophil to
lymphocyte ratio in first year medical students.

Materials and methods

The study was an observational study conducted
on first year students of RUHS-CMS in Department of
Physiology, RUHS-CMS, JAIPUR after taking permis-
sion from the institutional ethics committee (letter no.
RUHS-CMS/ETHICS Comm./2019/09 dated 12—3-19,
No.EC/P-54.1/2018).The age group of students were
18-25 years. Written consent was taken before enrolling
the students and participants information sheet was
given to them. 100 students were enrolled but only 79
were continued in study. The duration of study was six
months from March 2019 to September 2019. Subjects
with hearing and visual defects, neurological, psychi-
atric, haematological disorders and genetic disorders
and with chronic diseases like diabetes, hypertension,
gastrointestinal diseases (GI ulcers, haemorrhoids) were
excluded during subject selection time. General physical
examination was done and histories were taken (per-
sonal, family history of HT, DM, neurological illness,
socioeconomic status, dietary history etc.).

Following parameters were taken for data collection:

Anthropometric parameters — height, weight, body
mass index (BMI) etc. were taken using the standard
protocol of Weiner and Lourie. Haematological inves-
tigations — blood sample was collected with the help
of technician using aseptic technique uniformly from
all the subjects and sent to the laboratory for estimation
of complete blood counts (CBC). The NLR ratio be
calculated by dividing the absolute neutrophil count
with the absolute lymphocyte count: [neutrophil count]/
[lymphocyte count].

Neurological investigation for measurement of
cognitive function:

A. Auditory cognitive evoked potential (P300)-by
using (NCV/EMG machine — make-clarity); the P300
was measured using auditory odd ball paradigm. The
stimulus that was being given in order to evoke an endog-
enous potential is auditory in nature. In a dimly lit room
the subject was asked to sit on a chair, comfortably with
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closed eyes and remain awake and alert. The subject was
instructed in prior to restrict the eyeball movement in
order to avoid any electro— ocular artefacts or contami-
nation. The subject was instructed to keep a mental count
of the numbers of target stimuli by raising the finger.

Electrodes were fixed on the scalp with the help of
a conductive paste. Electrodes were placed according to
10-20 international system of EEG electrode placement.
Active electrode was placed at Cz. Reference electrodes
were linked to right and left mastoid (A1 and A2). The
ground electrode was placed at Fpz. Two tones were
used as stimulus, a frequent low pitched tone and a rare
relatively high pitched tone. Subject was asked to at-
tentively count the number of rare stimuli and ignore
the frequent stimuli. As soon as a novelty stimulus i.e.
a rare stimulus was attended by the subject, it results in
recording of an evoked potential. Approximately two
traces were taken per recording. N1 and P1 waves were
recorded in response to the frequent stimulus, while P3
or P300 was a large positive deflection of wave captured
on attending the rare stimuli. Responses were averaged
until minimum 25 stimuli, 100 frequent are stimuli given
and amplitude and latency was recorded as data [14].

B. Mini mental state examination (MMSE): the
MMSE is a brief cognitive screening instrument
frequently used to evaluate cognitive disorders. This
comprises of 11 questions and assesses 6 cognitive
functional areas: awareness, focus, immediate memory,
short-term recall, vocabulary, and ability to follow
basic verbal and written commands. The assessment
is developed as a standardised instrument which of-
fers a total score that allows the patient to be put on
a cognitive functional scale. Each MMSE-evaluated
cognitive function has related brain structures that are
responsible for this function. The subject maximum
score is 30 and scores <24 are associated with cognitive
impairment [15].

C. Marks of 1ST M.B.B.S. university exam were
maintained as data to assess cognition.

Statistical analysis was performed using unpaired ‘t’
test; p<0.05 (significant). The study findings are re-
ported as mean + S.D. Statistical analysis was done by
MEDCALC 16.4 version software. In this p-value if
lower than conventional 5 % (p <0.05) the coefficient
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is called statistically significant and the 95 % confidence
interval for the correlation coefficient shows true cor-
relation coefficient.

Mean university marks in male and female was
(344.62 + 39.0) and (387.05 + 36.64) respectively and
found significant difference (p value <0.001).

Table 2
Results and discussion Comparison of variables between two groups (male and female)
There were 100 students enrolled. All the required | Variables | Sex | N |Mean| SD Median| Min. | Max. |'p’ value*
parameters were taken as per approval condition of the | . Male | 39 |19.39/109] 19 | 18 | 24 | o
ethical committee and research protocol. Only 79 out Female| 40 |18.88/079] 19 | 18 | 20
of 100 students had been continued in the study. There |gm Male | 39 |2315] 4.63 | 22.2 | 151 | 386 ]
Female| 40 |25.71(20.48| 21.9 | 17.1 | 150
were 39 male and 40 were females. o (30 1172 Tose 17 oo 134
ale . . . . .
Table 1 showed the Mean+ SD of age, BMI, NLR, |[NLR Formaid 20 1207 To76 T 19 Too7 5| 0%
P-300 latency & amplitude and MMSE, marks of 79 : : : '
N y p , Avg (amp) | Male [ 39 [ 298195 29 [01 [ 10 [
subjects. Table 1 () Female| 40 [ 3.00 [2.06 | 235 | 06 | 7.9
Baseline characteristics and laboratory data of the studied groups P3 avg (ms) Male | 39 [259.63/37.17) 264.4 | 184.4 333.15 0.649
Female| 40 [263.71/42.02 264.1 [186.25| 345
N [ Mean | SD |Median|Minimum|Maximum Male | 39 [26.08] 2.08| 26 21 30
Age 79[ 1913 | 0.98 | 19 18 24 MMSE - 0.137
BMI 79 | 2444 [ 1490 | 22 151 150 Female| 40 |26.73|1.74| 27 | 22 | 29
E;EOA oI ;g ;gg 238 12~771 gz 1% Mark Male | 39 [344.62|39.07| 345 | 275 | 427 0.001
- vg (@amp)(uv, . . . ) arks <0.
P300 Avg latency (ms)| 79 | 261.70 | 39.50 | 264.4 | 184.4 345 Female| 40 [387.0536.64| 393 | 263 | 443
MMSE 79 [ 2641 | 1.93 | 27 21 30 . _ - . _ -
Marks 5 T3ee 1013595 T 553 T yTE Note: BMI — body mass index; NLR — neutrophil/lymphocyte

Note: BMI — body mass index; NLR — neutrophil/lymphocyte ratio;
MMSE — mini mental state examination.

Table 2 showed that the male and female mean age
was (19.39 +1.09 years,18.88 +0.79years) respective-
ly and found a significant difference (p value 0.020).
The male and female having mean BMI (23.15+4.63,
25.71£20.48) respectively and found non-significant
differences (p value 0.449). The male and female mean
NLR value was (1.72 +0.58, 2.07+0.76) respectively
and found a significant difference (p value 0.023).

For cognitive assessment the P-300 amplitude and
latency were measured. The mean value of P-300 am-
plitude in male and female was found (2.98 + 1.95 pv)
and (3.00£2.06 pv) respectively with a non-significant
difference (p value 0.972). The mean value of P-300
latency in male was (259.63 + 37.17ms), and in female
(263.71 £ 42.02 ms) and found non-significant differ-
ence (p value 0.649).

Mean MMSE score in male and female was
(26.08 + 2.08) and (26.73 + 1.74) respectively and
non-significant difference was found (p value 0.137).
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ratio, MMSE — mini mental state examination; * — unpaired ‘t’
test; p < 0.05 (significant).

Table 3 showed that the correlation was done of
cognitive function assessment parameters with age, BMI
and NLR. The P-300 Amplitude and Latency have no
significant correlation with age, BMI and NLR. MMSE
and BMI found significant negative correlation (0.010).
Academic performance (marks) have significant neg-
ative correlation with age and BMI (0.0028, 0.0132)
respectively and significant positive correlation with
NLR (0.015).

In the present study we tried to find the association of
cognitive status with inflammatory marker neutrophil to
lymphocyte ratio. Cognitive assessment done by neuro-
physiological tests-event related potential -300, MMSE
questionnaire based test and on the basis of academic
performance in first MBBS university exam. There were
many studies showing that inflammatory condition could
negatively affect fronto temporal cognitive abilities such
as memory, attention and executive functions [16]. Neu-
trophil lymphocyte ratio (NLR) regarded as a marker of
the body’s immune response and considered as a rapid
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Table 3
Correlation of dependent variables with other studied variables
in studied subjects

Dependent Variables Age BMI NLR

Sample size 79 79 79
P-300 Amplitude Avg Correlation coefficient r -0.00573 -0.08116 -0.03868
(Hv) Significance level 0.960 0.4771 0.735

95 % Clforr -0.2266-0.2157 -0.2969-0.1425 -0.2576-0.1840

Sample size 79 79 79
P-300 Latency Correlation coefficient r 0.1816 -0.01048 0.03712
avg (ms) Significance level 0.1092 0.927 0.7453

95 % Cl forr -0.04114-0.3872 -0.2311-0.2111 -0.1855-0.2561

Sample size 79 79 79

Correlation coefficient r -0.1495 -0.2884 -0.1085

MMSE Significance level 0.1885 0.010 0.3413

95 % Cl forr 10.3588-0.07405 g -0.3219-0.1154

Sample size 79 79 79

Correlation coefficient r -0.3316 -0.2779 0.2729

Marks Significance level 0.0028 0.0132 0.015

95 % Cl forr '9'311‘1‘(‘;2_ 'f)bf‘ggg 4; 0.05511-0.4659

Note: BMI — body mass index; NLR — neutrophil/lymphocyte ratio, MMSE — mini mental state examination.

and simple parameter to indicate the systemic inflamma-
tion and stress, that causing increased permeability of the
blood-brain barrier, exposing the brain to toxins, reactive
oxygen species originating in the systemic circulation and
may leads to the process of oxidization and inflammation
and eventually results in causing neurodegeneration [17,
18]. NLR is the ratio of absolute neutrophil count to the
absolute lymphocyte count. In recent years, an increasing
number of studies have focused on NLR. Prognostic role
of NLR is continually being investigated and emerging
as a robust predictor of deleterious outcomes in many
diseases. The potential role of NLR in Alzheimer’s
disease (AD) was first investigated by Kuyumcu et al.
(2012) who found that NLR was significantly higher in
AD patients compared to controls [19]. The relationship
of NLR with cognitive impairment has been suggested
by liu et al (2020) and found higher NLR in patients with
cognitive decline [20]. Neutrophils are the first line of
immune defence: they exhibit phagocytic and apoptotic
action through the secretion of various inflammatory
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factors, in particular, cytokines [21]. Inflammation trig-
gered by cytokines can induce further inflammation due
to cell dysfunction and to oxidative stress. On the other
side lymphocytes are specific inflammatory mediators,
with a regulatory or protective function; low lympho-
cyte counts reflect poor general health and physiologic
stress [22], Mechanism of how systemic inflammation and
increased NLR result in cognitive impairment is unclear.
Inflammation characterized by increased neutrophils and
decreased lymphocytes can reduce plaque stability and
promote atherosclerosis, which may increase the risk of
delirium through micro infarcts.

The cognitive function tests we have done was
P300 and it may have multiple intracerebral generators,
with the hippocampus and various association areas
of the neocortex all contributing to the scalp-recorded
potential and represent the transfer of information to
consciousness, a process that involves many different
regions of the brain.
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Patrice Forget, Céline Khalifa et al (2017), found
in their study normal NLR value in adults is 0.78 to
3.53 [23]. In our study mean NLR Value in male and fe-
male is 1.72 and 2.07 respectively and found significant
difference was found between male and females (P value
0.023). In our study we tried to find the relationship of
neurophysiological test of cognition with NLR. The
subjects participated was healthy students and we found
no significant association between P-300 and MMSE
and marks with NLR.

Study done by Jaime ramos cejudo et al in 2021
found an association between NLR and risk of subse-
quent dementia in the Framingham heart study [24].

Hadi J. Halazun et al. studied the neutrophil-
lymphocyte ratio as a predictor of cognitive dysfunction
in carotid endarterectomise patients and found that the
patients with cognitive dysfunction had significantly
higher NLR than those without cognitive dysfunc-
tion [25]. Kalelioglu1 et al. studied the neutrophil and
platelet to lymphocyte ratios in people with subjects
of mild cognitive impairment and early Alzheimer’s
disease [26]. Gorelick P.B. et al. show the role of in-
flammation in cognitive impairment [27].

Conclusion

In the present study cognitive function test P300 and
MMSE were found no association with NLR. Marks have
a significant positive correlation with NLR. Correlation
with in dependable parameter shows that MMSE have
significant association with BMI, and marks have signifi-
cant association with age, gender and BMLI. In the present
study neurocognitive function test P-300 and MMSE
found non-significant association with inflammatory
marker NLR although academic performances (marks)
have a significant positive correlation with NLR.
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Heitpodusunonornyeckas oLeHKa KOrHUTUBHbIX PYHKLUI
U CBAA3b C COOTHOLLUEHUEeM HeliTpodunos u numpouuTos

PampxIIpabxa g, A.IlTlapma , C.Kakep

» 4. CopyT , H. Jbkanruj,

Konnemx MeMLIMHCKKMX HayK PajkacTaHCKOrO yHUBEpPCUTeTa MeMLIMHCKUX Hayk, 2. Jowcaiinyp, Padxcacman, Hndus
P Rajprabhajp7@gmail.com

AnHoTanusa. AkmyaibHocmb. [1o3HaHue sIBsieTCsl BaXKHOU (H3M0/I0rMUeCcKoil U BhICIIel NCUXUueckon (pyHKIHel
yesnoBeka. CyI1leCTBYIOT pa3/IMuHbIe UCCIe/l0BaHNs, I0Ka3bIBaloII[1e, UTO BOCIAJUTeIbHOE COCTOSIHHE MO)KeT HeraTUBHO
TIOB/TUSITH Ha JIOOHO-BUCOUHBbIE KOTHUTHUBHBIE CTTOCOOHOCTH, TaKHe Kak MaMsiTh, BHUIMaHVe U UCTIOHUTEe/bHbIE (QYHKLIVH.
HewnnBa3suHblii Tect P300, KOMIOHEHT MOTEHIIMAIOB, CBSI3aHHBIX CO CTyXOBBIMHU COOBITHSIMU 1 MUHMMAJTBHOM OLIEHKOM TCH-
XMUECKOT0 COCTOSIHHS, a TaKXKe TeCT Ha OCHOBE ONPOCHUKA OTPakatoT KOTHUTUBHYHO (PYHKILIMIO, a FeMaTo/I0ruyeCcKuii mapaMmeTp
COOTHOIIIeHUsI HEUTPO(dUIOB/ TUMGOLUTOB SIB/sIeTCS Y[00HBIM [TapaMeTpoOM CHCTEMHOT0 BocrasieHus1. Llesib HacTosiiero
WCC/IeZIOBaHUSI COCTOSI/IA B TOM, UTOOBI OLIEHUTh CTeleHb KOTHUTUBHBIX (QYHKIUH 110 orpocHUKY P-300, MUHMMAa/IbHYO OLIEHKY
TICUXUUEeCKOTO COCTOSIHUS Y aKaZleMUUeCcKoil yCrieBaeMOCTH U HalTHU CBfI3b C COOTHOILIeEHHEM HeNTpoGhuIoB U MTMMQOLIUTOB
y CTYZeHTOB-MeJUKOB MepBoro Kypca. Mamepuanbl u MemooObl. 3TO ObUIO 0OCepBal[MOHHOE UCC/Ie/J0OBaHKe, TIPOBeleHHOe
Ha 79 nepBOKypCHHKax-MeJjuKax Bo3pacTHo! rpynnbl 18-25 neT Ha Kadezape ¢usnonorud RUHS konnefka MegULIMHCKHAX
Hayk I. [[xaiinypa. [Iis1 OLjeHKM KOTHUTUBHBIX (DYHKIMI perucTprpoBaiyd OTBEThI Ha He MHBa3uBHBIN TecT P300, mpoBoauamn
MHUHHMAJIbHYI0 OLIeHKY IICUXUUeCKOro COCTOSTHUSL U aHaIU31MPOBaJIM yCIieBaeMOCThb. [eMaToornueckuii mapaMeTp COOTHOLIIEHUST
HeHTPodUI0B/MMM(OLIMTOB paCCUUTHIBAIU ITYTEM JlesieHust abCOTFOTHOTO KOJTMYeCTBa HeHTPOGH/IOB Ha aOCOIOTHOE KOTMUECTBO
muMdoruToB. 17151 00Hapy>KeHHs aCCOLMALIMK ObLT MPOBe/IeH CTaTUCTUYeCKUM aHa/MN3 C TIOMOLIIBIO TTPOrpaMMHOTO 00ecrieyeHu st
MEDCALC Bepcuu 16.4. Pe3yribmambi u 06¢cyxcderue. CBsi3b Mexxy aMruutyzoi P-300 1 MUHMMa IbHOM OLIEHKOM CUXHUUeCKOTo
COCTOSIHUSI C COOTHOLIIeHHeM HelTpo(huI0B/MMM(OLMTOB OKa3aaach He3HAYUTeTbHON. YCIIeBaeMOCTb UMeeT 3HAUUTEe/TbHYIO
TMIOJIOKUTE/IbHYI0 KOPPEJISLIUI0 C COOTHOLIeHneM HelTpodusos/mumdorutoB (0,015). Bbigodsl. B HacTosieM 1ccie[0BaHUN
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TECT HEHPOKOTHUTHBHBIX QyHKIMK P-300 1 MUHUMAa/IbEHOM OLIEHKU TICHXHUECKOTO COCTOSTHUSL OOHAPY>KU/IM He3HAUUTETBHYIO
CBSI3b C BOCTIA/IUTE/IbHBIM MapKepoM COOTHOIIEHUsT HeHTPOGhHIOB/MMMQOLUTOB, XOTS aKaJjleMUJecKasi yCrieBaeMOCThb (OLIeHKH)
VIMeeT 3HaUMTe/IbHYIO TI0JI0KUTE/TEHYI0 KOPPEJISILIUIO C COOTHOLIIeHHeM HeHTpoGhuIoB/ MMMGOLIUTOB.

KiiroueBble C/10Ba: N0O3HaHKWE, COOBITUIHBIN MOTEHLWa, HEHPOKOTHUTHUBHAs (PYyHKLIVSI, COOTHOILEHUE HEUTPO(HIOB
1 IMMQOLIUTOB, MUHU-00C/IeJOBaHIE ICUXUUYECKOTO COCTOSIHUS

MNudopmarnus o puHaHCHpPOBaHUH. ABTODHI He MOTyvasay (UHAHCOBOM NOZ/IeP>KKH [J1s1 UCCIIel0BaHus 1 ITyOIMKaLyy JaHHOH
CTaThby.

Bkuag aBropoB. PamkIIpabxa — 0630p MTepaTyphbl, HAaNMCaHKUe TeKCTa, CO0p JaHHBIX ¥ 06paboTKa MaTeprasioB, CTaTUCTUYECKAst
06paboTka AaHHbix; AHinyn [IlapMa — KOHILEMLUS ¥ JU3aiH UCC/Ie[0BaHus, HanrcaHue Tekcrta; [pxurergep Copyt — cbop
[AHHBIX U 00paboTKa MaTepuaioB, HarmcaHue Tekcta; Sudhanshu Kacker — koHIemnius U Au3aiiH UCC/Ie0BaHMUSA, HAlTUCAHUe
Tekcta; HavHa [I)kaHruj — HarvcaHye TeKcTa. Bce aBTopbl BHEC/IM 3HAUMTE/TbHBIN BK/Ia/| B pa3pabOTKy KOHLEILNM, HCC/Ie0BaHUH
Y TIOAATOTOBKY PYKOITHUCH, TIPOYUTAJTH U YTBEPW/IN OKOHUATE/ILHYIO BEPCHUIO Tiepe/] IyO/IMKaLyei.

Hudopmanus 0 KOHQIMKTEe HHTEPECOB. ABTOPbI 3asB/ISTIOT 00 OTCYTCTBUY KOH(IMKTA HHTEPECOB.

ITHueckoe yTBepkAeHue. [lepes Haua/oM MCCae0BaHUs OBIIO MOJyUeHO pa3pelleHre ITUUECKOTO KOMUTEeTa
(Ne RUHS-CMS/ETHICS Comm./2019/09 ot 03.12.19, Ne EC/P-54.1/2018) Komnnenyka MeAULIMHCKUX HayK PapkacTaHCKOro
VHHUBEPCHUTETa MEAULIMHCKUX HayK, PamykactaH, xaumyp, HaWs.

BiiarogapHocTi. Mbl XO0TUM 1M06/1arofiapyuTh BCEX YUAaCTHHUKOB 3a YCIEIHOe IIPOBe/IeHre UCC/IeI0BaHUs.

HudopmupoBaHHoe coriacue Ha my0ukanui. OT yUaCTHUKOB MCC/IeZJOBaHUs OBLIO MOTy4YeHO JOOPOBOIBHOE MICbMEHHOEe
coryiacue Ha WCC/e[JoBaHHe U MyO/IMKAI[I0 COOTBETCTBYIONIEH MeJUIIMHCKOM HH(GOPMALIH B COOTBETCTBUM C XeJTbCUHKCKOU
Jeknapateid WMA — DTudeckue NpUHLUIBI MeAULIMHCKUX UCC/Ie[l0BaHMH C yyacTheM desioBeka, 2013 T.
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Oco6eHHOCTH LiepebpanbHOro KpoBoo6paLLeHus
CTYA,EHTOB-NepPBOKYPCHMKOB CEeBEPHOro peruoHa

A.A.ToBopyxuna ~ , B.Il. ManbueB , O.A. ManbkoB , Y.B. HaroBununa =

CypryTckuii rocyZ,apCTBeHHBIH Mejaroruueckuil yuusepeurer, 2. Cypeym, Poccutickas ¢edepayus
> infinitt@mail.ru

AHHOTanysA. AKmyaibHocmb. VIHTeHCUBHBIe TICKX03MOL[MOHA/IbHBIE Y UHTE/IeKTYya/IbHble HarPy3KHU B [1epUOJ, TIOMyUYeHUs
BbICIIEro 00pa3oBaHuUs B COYETAHMU C KIIMMAaTO-3KOIOTMYeCKUM TIPeCCUHTOM MPOKUBAKOIIUX B CEBEPHBIX PETMOHAX BBICTYTIAIOT
KOJIOCCATbHBIM CTPeCCoM Jiist YOPMUPYIOILErocsl OpraHu3Ma U MOTYT TIOB/eUb 3a C000i HapyiieH s (yHKIMOHATBHOTO COCTOSTHUS
OpraHu3Ma B 1]eJIOM U LiepeOpanbHOM reMOAMHAMUKK B YaCTHOCTH. B 3TO CBf3U aKTya/bHBIM SIBJISIETCSI PAHHEe BhISIB/IEHHEe
obyyaroryxcsi ¢ hakTopaMu pucKa JUCYHKLIMUA CUCTeMbI KpOBOOOpAIieHUs /ijIsi CBOeBPeMeHHOH TIOMOILM U KOPPeKLIMU UX obpasa
»u3HU. Llesb uccienoBaHus: IPOaHATM3UPOBaTh 0COOEHHOCTH LiepebpabHOro KpOoBOOOpallleH!s CTY/IeHTOB IePBOKYPCHUKOB
CypryTCKOro rocyZiapCTBEHHOIO I1elaroruueckoro yHuBepcuretra. Mamepuanbt U memoobl. B paMKax MUI0THOTO UCC/Iel0BaHUS
TIPUHS/IN yuacTye CTyAeHThI IepBoro Kypca (n = 30; 13 aeByiek u 17 roHoleid, cpefHuii Bo3pact 18 + 0,6 net) Cypryrckoro
rOCYapCTBEHHOTO T1e/Jaroruueckoro YHUBepCcruTeTa, MPOKMBAKOLIIMe Ha TepPUTOPHH, ITPUPaBHEHHOM K ycoBusM KpaiiHero ceBepa.
[Toka3aresu 1jepebpabHOrO KpoBooOpaiieHust 06c/ie[0BaHHBIX AWarHOCTUPOBAHO TIPY MOMOIIM peorpadrueckoro KoMIuieKca
«Peo-Criektp» (OOO «HeiipocodT», I. IBaHOBO) B UeThIpex CTaH/japPTHBIX OTBeieHUsiX: (hpoHTO-MacTouanbHbIX (FM) cieBa
U CTpaBa, U OKLUMHUTO-MacTouAanbHbX (OM) ciieBa ¥ cripaBa. JJuarHoCTHKA OCyIIeCTB/IeHa B COOTBETCTBUU C OMO3THYE CKUMU
HOpMaMm¥ C 10OpOBOJILHOTO MMCEMEHHOTO COTJIacHsl Ha MPOBe/ieHUsI UCCejoBaHus. Pe3yibmamsl u obcyscdeHue. B xone
TIPOBE/IEHHOT0 MCC/Ie/I0BaHUs OBIZI0 YCTAHOBJIEHO, UTO MOKa3aTe/iv peo3HIjedanorpadguu y 60IbIIMHCTBA 00C/Ie[0BaHHBIX
IOHOILIeH BBISIB/ISIIOT HEIOCTAaTOUHOE KPOBEHAMOHEHHE BO BCEX IMarHOCTUPYEeMbIX apTepuabHbBIX OacceiiHax roJIOBHOTO
Mo3ra. [Ipu 3TOM TOHYC apTepuii pa3HOro Kanubpa COOTBETCTBYIOT HOPMATHBHBIM IMOKa3aTesisiM. M03roBoii KPOBOTOK Y HUX
obecrieurBaeTCs B OCHOBHOM 3a CUeT TIOBBIIIEHHS] TOHYCA apTepyosl. Y IOHOILIeH afleKBaTHbIM OTTOK KPOBH /JUarHOCTHUPOBaH
Ha (poHe HOPMasbHOTO TOHYCa BEHO3HBIX COCY/IOB. Y JieByllleK BO BCeX OTBeZEHHUSIX T0JIOBHOTO MO3ra MOBBIILIEH TOHYC MeJTKHX
cocynoB, B bacceliHe COHHOM apTepyy OTMEUaeTCsl MOBbIIIeHre 00eMHOT0 KPOBEHAIOIHEHHsT COCYZI0B MO3Ta Ha ()OHe MOBbI-
LIIEHHOTO TOHYCa KPYITHBIX COCY/I0B, UTO MO’KHO pacCMaTpUBaTh KakK pery/isTOPHbIA MeXaHU3M [JIs1 HOpMau3aLii CHIKEHHOTO
KPOBEHAI0/IHEeH!sI COOTBETCTBYIOLIETO COCYAUCTOr0 peroHa. OTTOK KpOBU U3 apTePUOJI U TOHYC BeH MOBBIIIEH TO/IBKO CJIEBa.
Bbi600b!1. [171s1 BbIsiB/IeHMs1 0COOeHHOCTeH 1jepeOpaTbHOT0 KPOBOOOPAILleHUs! CTY/IeHTOB-TIePBOKYPCHUKOB CEBEPHOTO PervoHa
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HeoOX0JUMO JajbHelIlee 3yueHre TeMOAMHAMUYECKUX MEXaHU3MOB PEryIsALUA TOHYCa COCY/IOB, a TAK)XXe B3aUMOCBSI3b
C L|eHTpaJTbHbIM KPOBOOOPAIleHHEM.
KinroueBble cjioBa: 1iepebpabHOe KpoBooOpalleHue, 3710pOBbe, CTYIeHTHI, peosHLedanorpadusi, CeBepHbI PerHoH

Hudopmanus o GuHAHCHPOBAHUH. ABTOPEHI 3asiB/ISIIOT 06 OTCYTCTBUM BHELITHEro (pUHaHCHPOBAHUSI.

Bku1aj; aBTOpoB: Bce aBTOPBI BHEC/IH CYII|eCTBEeHHbIN BK/Ia/| B pa3pab0TKy KOHLIENIIMU 1 TIOATOTOBKY CTaThH, TIPOYIN U 0f00pHIn
¢buHaMBHYI0 Bepcuio niepef; Iy6/MKaryei.

Hudopmanus 0 KOHGIMKTe HHTePeCcoB. ABTOPHI 3asB/ISIIOT 00 OTCYTCTBUY KOH(/IMKTA HHTEPECOB.

JTUuecKoe yTBEpIXKAaeHHue. HpOTOKO]'I nucc/iegoBaHus YTBepP>XKAeH 3STUYEeCKUM KOMUTETOM Cpry'TCKOFO rocyapCTBeHHOI'O
rneaarorndyeCKoro yHMBepCcureTad.

BiaropapHoCcTH — HeNpyUMeHUMO.

HudopmuporanHoe coryiacue Ha myomkanuio. [lepe/i Haua0M UCC/IeI0BaHUS BCe YUaCTHUKU MCC/IeJOBAHUS Jaiu J00po-
BOJIbHOE MUCbMEHHOe MH(OPMUPOBAHHOE COTVIacHe Ha yuacTHe B UCC/Ie/[0BAHUM U 00pabOTKy MepCOHATBHBIX JIAHHBIX COTVIACHO
Xe/IbCUHKCKOH Jleknapaiuu BecemupHol meauiuackor accouuariyi (WMA Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects, 2013).

IMoctynuna 15.08.2023. TIpunsra 15.09.2023.

Jnsa qurupoBanus: I'oeopyxuna A.A., Maabyeg B.I1., Maabkos O.A., HazosuyuHa Y.B. OcobeHHOCTH 11epeGpanbHOTO
KpOBOOOpAILeHUs CTY/IeHTOB-TIePBOKYPCHHUKOB CeBEPHOT0 pervoHa // BectHuk Poccuiickoro yHUBepcHTeTa Ipy>KObI HApOZIOB.
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Cerebral circulation features of first-year students
of the northern region

Alena A. Govorukhina ', Viktor P. Maltsev ~, Oleg A. Malkov ~, Ulyana V. Nagovitsina >

Surgut State Pedagogical University, Surgut, Russian Federation
X infinitt@mail.ru

Abstract. Relevance. Intense psycho-emotional and intellectual loads during the period of higher education, combined with
climatic and environmental pressure, living in the northern regions, cause enormous stress for the emerging organism and can
lead to violations of the functional state of the organism as a whole and cerebral hemodynamics in particular. In this regard, early
identification of students with risk factors of circulatory system dysfunction for timely assistance and correction of their lifestyle
is relevant. The purpose of the study was to analyze the features of cerebral circulation of first-year students of the northern
region. Materials and Methods. Within the framework of the pilot study, first-year students (n = 30; 13 girls and 17 boys, average
age 18 + 0.6 years) of Surgut State Pedagogical University living in the territory equated to the conditions of the Far North took
part. Indicators of cerebral circulation of the examined patients were diagnosed using the rheographic complex «Reo-Spectrum»
(LLC «Neurosoft», Ivanovo) in four standard leads: front-mastoid (FM) on the left and right, and occipito-mastoid (OM) on the
left and right. The diagnosis was carried out in accordance with bioethical norms with the voluntary written consent to conduct
the study. Results and Discussion. In the course of the study, it was found that rheoencephalography indicators in the majority
of the examined young men reveal insufficient blood filling in all the diagnosed arterial basins of the brain. At the same time,
the tone of the arteries of different calibers correspondes to the normative indicators. Cerebral blood flow in them is provided
mainly by increasing the tone of arterioles. An adequate blood outflow was diagnosed against the background of normal tone
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of venous vessels In young men. The tone of small vessels of girls was increased in all brain leads, in the carotid artery basin
there was an increase in volumetric blood filling of brain vessels against the background of increased tone of large vessels,
which can be considered as a regulatory mechanism for normalizing reduced blood filling of the corresponding vascular region.
The outflow of blood from arterioles and vein tone was increased only on the left. Conclusion. To identify the peculiarities of
cerebral circulation of first-year students of the northern region, it is necessary further to study the hemodynamic mechanisms

of regulation of vascular tone, as well as the relationship with central circulation.
Keywords: cerebral circulation, health, students, rheoencephalography, northern region
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BesepneHue

Meavko-couyanbHast 3HaUMMOCTh TTPO0O/IeMsI Lie-
pebpasibHOr0 KpoBoobpariieHus: 00yC/IoB/ieHa IIUPOKOH
pacrpoCTPaHeHHOCTbIO COCYJUCTHIX 3ab0eBaHm
T'0JIOBHOTO MO3ra, MPUBO/SIINX K HETPYA0CIOCOOHO-
CTU, UHBAIMAM3AI[MA U CMEePTHOCTH HaceseHus [1].
B Poccuw 3a 2020 rog, CMEPTHOCTB OT 1LjepeOpoBacKy-
JSIPHBIX 3a00/1eBaHMiA cocTaBu/Ia Oosee 277 ThIC. Uesio-
BEK, a unc/io 3abonesmux bonee 6,408 MIH Ye0BeK.
3HauuTebHAasi PacrpoCTPaHeHHOCTD LiepebpanbHON
COCYZAMCTOM MaTOI0TUU, OMOJIO)KeHUEe KOHTUHTEeHTa
OOJ/IBHBIX, TSDKesIble, TPYAHO TIOAAI0IINeCs IeYeHHI0
MOC/e/ICTBUS, 3a4aCTyIO MPUBO/ASILYE K UHBAIUAU3a-
LM, U BBICOKAsl JIeTaJIbHOCTD OTpe/ie/isitoT Heobxo-
IMMOCTh CBOEBPEMEHHOW IUarHOCTUKU Haua/bHbIX,
JOKJIMHUYECKUX TPOSIBIEHUIN HeJL0CTaTOYHOCTH
MO3TOBOTr0 KpoBooOparieHus [2—4].

PHYSIOLOGY

[To MHeHHIO psiia aBTOPOB, MPOXKUBAHUE B yCJI0-
BUSIX BBICOKHMX IIUPOT TPUBOJUT K 00Jiee BEICOKUM
3Hepro3arparam roJ0BHOTO M0O3ra, YTo, B CBOIO OyYe-
pe/ib, TOBBIIIAeT IMOTPeOHOCTL MO3ra B KMCIOPO/e
U TIUTaTe/IbHbIX BEIl|eCTBaX, YCU/IUBAET LiepeOpabHy0
reMO/IMHaMUKY U TIOBBIIIIaeT PUCKU HapyIiieHus (QyHK-
L[MOHAJILHOTO COCTOSIHMS opraHu3Ma [5, 6]. Kmimaro-
3KOJIOTUUeCKUe YCIOBUS TIOSIPHBIX Y MPUMNOJISIPHBIX
PErvoHOB B COYeTaHWU C TeXHOT€HHBIMU (paKTOpaMu
TIPUBOJIST K HAapYIIIEHUSIM TIPHCTIOCOOUTETbHBIX U Pa3BH-
THIO XPOHUUYECKUX CTPECCOBBLIX PeakLUii B OpraHr3Me,
CTAHOBATCS TIPUUMHON 60J1ee MHTEHCUBHOTO HCIIO/Th-
30BaHUS M OBICTPOTO UCTOIEHUS a/lalTal[uOHHBIX
pe3epBOB OpraHy3Ma 4eJioBeKa B BBICOKUX ITIMPOTax [7].

CBoeobpa3ue kinmara B XaHTbI-MaHCUHCKOM
aBTOHOMHOM OKpyre — FOrpe cka3biBaeTCs Ha CaMo-
YyBCTBUU HacejleHUs ¥ 00yC/laB/IMBaeT YHUKATbHOE
TpOTeKaHKe BCeX OMOIOrNUeCKHX TPOL[eCCOB, OKa3bIBast
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B/IMsTHUE Ha BCe (PYHKI[MOHA/IbHbIE CHCTeMbI OpraH13Ma
yesioBeka [8, 9].

AHam3 COBpeMEHHBIX HayUYHBIX MTyO/IMKALH MOKa3aJl,
YTO HaHOOJIBIITHI UHTEPEC [11s1 ICCTIeIOBAHMS 1iepedpasib-
HOTr0 KpOBOOOPpAIIleHH s MPe/ICTAB/ISIFOT TPYIIIbI ATl
U TioAipocTkoB [10—12], crioprcmeHoB [13, 14], a Takke
CTYZIeHTOB B TIep1O/], 9K3aMeHallMoHHOro crpecca [15-19].

Ha Har B3r71si;, 0c000T0 BHUMAaHUST 3aC/TyKHBAOT
CTYZeHThI-[IePBOKYPCHUKH, IMOCKOIBKY Hayaso CTy-
JleHue CKOM >KU3HU COTIPOBOKAeTCSI apUTMHUYHOCTHIO
B paboTe, U3MeHEeHUEM COI[UA/IbHOTO OKPY)KEeHUs,
MOBLIIIIeHHeM MH(POPMaI[MOHHBIX Harpy30K, yCuie-
HUeM urnoAuHamMuu U T.7. [20]. Bce 3T0 yBe/murBaeT
(hyHKI[MOHA/bHYI0 aKTUBHOCTb MO3Ta M MTHTEHCUBHOCTh
1epebpasibHOr0 KPOBOTOKA [171s 00ecriedeHust BO3poC-
X MeTabomueckux rorpedHocTel [21, 22]. TanHast
rpymra CTyAeHTOB U3yuaeTcs J0CTaTOUHO UHTEHCHB-
HO [23-27], oaHako 0co06eHHOCTH 11epeOdpanbHOr0 Kpo-
BOTOKa, 110 HallleMy MHEHUIO, U3y4YeHbl He/J0CTaTOuHO.

[IpencraBneHHbIN BbIlle aHAIM3 COBPEMEHHOM
HayYHOM JIUTepaTypbl MO3BOIUI HaM C(HOPMY/IUPOBATh
1e/Ib JJaHHOM padoThI: TPOaHa/M3UPOBATh 0COOEH-
HOCTH 1jepeOpaibHOr0 KPOBOOOPAILL[eHUS CTY/I€HTOB
TepBOKYPCHUKOB CEBEPHOT0 PervoHa.

MaTtepuanbl n meTogbl

Pa6ora BhIno/IHEeHa Ha 6a3e HayuHO-UCCJIe-
JloBaTe/IbCKOM Taboparopu «bromoruueckue 0CHOBbI
Ge3omacHocTH 06pa30BaTesIbHOro MpOCTpaHCTBa» CypryT-
CKOT'0 IOCY/JapCTBEHHOT 0 TeIlarOrMueCcKoro yHUBepcureTa
B pPaMKax MCC/IeI0BaHHI 10 HAayYHOU Teme /1abopaTopumn
«CoxpaHeHue 1 (JOpMHUPOBaHKE UeI0BeueCKoro Karmrasa
PervoHa: repCcoHM(UKaLsi 00pa3oBaTe/IbHbIX U Mpodec-
CHOHAJIbHBIX TPAaeKTOPHI 310pOBbecOepeKeHHs yuacT-
HHKOB 00pa30BaTe/IbHOr0 MPOL{eCCa» B MEXCeCCHOHHbIN
rieprog, Mapre-aripesie 2023 roga.

B uccnemoBanuu npuHsiim ydactue 30 cTyneH-
TOB TiepBOT0 Kypca (13 geByiiek u 17 roHOLLIEH),
cpeanuit Bo3pact 18 + 0,6 sneT. UIHCTpyMeHTa/lb-
HOe HCc/iejoBaHKe MPOBOAMINCH C COO/IOileHeM
CaHUTAPHO-TUTMeHnYeCKUX TpeOOBaHUM 1 Ha OCHOBE
J106pOBOIEHOTO MH(GOPMHUPOBAHHOTO COT/IacHs obcrte-
JiyeMblx. VlccnenoBaHye MPOBOAUIOCH B COOTBETCTBUN
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C 3TUUECKHMMHU CTaHapTaMu Xe/lbCUHCKOU AeK/iapaluu
BcemupHOI1 MeIULIMHCKOM accoLaliuy «OTHYeCcKre
TIPUHLUIIBI TIPOBEAEHUST MeJULMHCKUX UCC/IeJOBaHUM
C yJacTHeM Jitofielt B KaueCTBe CyObeKTOB UCCIef0Ba-
HUsI» C JOTIONIHEeHUsIMU, BHeceHHbIMU B 2013 rogy. Bee
obcrieryeMble He MMeJTH Kal00 Ha COCTOSTHHE 3/10POBbSI
B TIepUO/] POBe/IeHHs1 MCClefiloBaHusl. Kputepuem ajis
WCKJTFOUeHUsI U3 BLIOODKH SIBJISUTUCH JUCHYHKLIAM HEePB-
HOM, KapAuopeCUpaTopHOM, SHIOKPUHHOW CUCTeM
B aHaMHe3e U OCTPbIe BOCIA/UTe/IbHbIe 3a00/1eBaHus
Ha MOMEHT 00C/Ie[JOBaHMS.

Ananu3 1iepebpanbHOTO KpOBOOOpaIieHus Tpo-
BO/IAJICS TIPU TIOMOILIUA peorpadryecKoro Komriiekca
«Peo-Cnektp» (OOO «HeitpocodTt», r. IBaHOBO).
Peosniiedanorpadurueckoe uccieoBaHue MPOBOIU-
JIOCh B YeTbIpeX CTaHAApPTHBIX OTBEJEHUSIX: (PPOHTO-
MacTtouganbHbix (FM) cieBa U cripaBa, MO3BOJISTFOLLUX
PerucTpupoBaTh KPOBOTOK B OacceiiHe BHYTPEHHUX
COHHBIX apTepuii U OKLMIUATO-MacTornganbHbiX (OM)
cneBa U cripaBa, HHOOPMUPYIOIUX 00 YPOBHE KpPO-
BOCHaO)keHUs1 B bacceliHe TO3BOHOYHBIX apTepui [2],
JlJIS1 BBISIBJIEHUSI 0COOeHHOCTel 1epebpasibHOTO
KpOBOOOPpAIL[eHUS Y CTY/I€HTOB ITePBOKYPCHUKOB UC-
T0/1b30Ba/IMCh HOPMAaTHBHbIE 3HaUEHUs [1apaMeTpPOB
peosHijedanorpammel (POI7) no gaHHbEIM MakcrMeH-
kKo .M. u gp., 1986.

Craructrueckast 00paboTKa Mo/TyYeHHbBIX JaHHBIX
MPOBOAN/IACH C TIOMOIIBI0 TIPOrpaMMBI «Statistica 8.0».
[nst onivicaHus KONMUeCTBEeHHBIX JAHHBIX BBIUKC/ISIN
cpefiHee 3HaUeHUe, CTaHJAapTHOe OTK/IOHeHue. [1ist
aHanu3a pas3/vuuil MeXKay MoKasaTe/isiMU B CDaBHUBa-
eMbIX IpyMIiax UCMo/ab30BaaM t-Kputepuii CThrofieHTa
MIpU YCJIOBUM HOPMAJTBHOTO pacrpezesieHusi, KpUTepu
MaHHa-YWUTHU IIpU YC/I0BUU HEHOPMaJ/IbLHOI'O pacrpe-
IeneHusi. Bo Bcex MCMO/b30BaHHBIX CTaTUCTUUECKUX
KPUTEPUSIX 3a TOPOTOBbIM YPOBEHb 3HAYMMOCTH TPHU-
HUMaM BennuuHy p <0,05.

Pe3ynbraTtbl M 06CyXAEHME

[TokasaTeny MO3roBOro KpOBOTOKA FOHOLIIeH U Jie-
BYIIIeK, TIpe/[CTaB/IeHHbIe B Tabsuiie 1, O0CTOBEPHO
OT/IMUAIOTCSl BO (PPOHTO-MACTOW/ATbHBIX OTBEI€HUSIX,
XapaKTepu3yIOLIMX COHHble apTepuu. B xoze ucciezo-

OUBNONOT A
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BaHUs BbIlLlIeyKa3aHHbIX OTBe/leHUH ObLIN TIOMy4eHbl
CTAaTUCTUYECKU 3HAUMMbIe MEKITI0/IOBbIe Pa3IMuMs 10
peorpaduyeckomMy UH/EKCY, MaKCUMaIbHON CKOPOCTH
OBICTPOrO HAIOMTHEHHUS, CPe/jHel CKOpPOCTH MeJi/IeHHOTO

HaroJIHeHUsI, TUKPOTUUeCKOMY UH/EKCY, AuacToInue-
CKOMY MH/IEKCY. B OKIUIHATO-MaCTOW/a/IbHBIX OTBe/Ie-
HUSIX MEXKIT0/IOBbIE Pa3/IMUMs CTaTUCTUYECKU 3HAUKMMBI
TOJILKO TIO TUKPOTUUECKOMY UH/IEKCY.

Tabnuya 1/ Table 1

MokasaTtenu peoaHuedanorpammbl y cTyaeHTOB nepeoro Kypca / Rheoencephalography indices in first-year students

MokazaTenu/ ) lOHowwn/Boys Deywku/ Girls Hopma/
. OTBeaeHusi/Regoins p
Indicators Me(Q,-Q,) Me(Q,-Q,) Standard
Fms 1,03 (0,83-1,37) 1,53 (1,27-1,72) 0,007* 12-16
Fmd 1,11 (0,75-1,25) 1,47 (1,23-1,95) 0,006* o
PU.y.e./Rl, c.u. oms 0,65 (0,54-0,87) (0,62'28195) 0,198 ro0-14
Omd 0,67 (0,61-0,92) 0,94 (0,62-1,19) 0,170
Fms 1,38(1,23-1,71) 2,19 (1,95-2,76) 0,002* 11-21
VMaKe, ¢ / MaxS, sec Fmd 2,15 (1,67-3,05) 1,59 (1,22-1,99) 0,005* v
' ’ Oms 0,98 (0,78-1,28) 1,19 (1,03-1,52) 0,145 07-15
Omd 1,10 (0,93-1,32) 1,51 (1,03-1,95) 0,065 v
Fms 0,80 (0,69-0,98) 1,20 (0,99-1,37) 0,002* 06-14
Vep, ¢ / Avers, sec Fmd 0,86 (0,67-1,16) 1,15 (0,97-1,60) 0,031* Y
' ' Oms 0,50 (0,43-0,63) 0,62 (0,48-0,74) 0,229 02-08
Omd 0,57 (0,43-0,78) 0,79 (0,50-0,84) 0,079 o
Fms 54,21 (37,70-62,15) 69,93 (66,88-84,87) 0,020* 50-65
VK, %/ Dicl, % Fmd 52,40 (39,41-62,08) 67,93 (60,07-77,52) 0,009*
’ ! Oms 58,55 (49,60-63,87) 72,51 (66,26-91,89) 0,012* 55-70
Omd 56,25 (43,83-69,54) 77,10 (64,86-91,60) 0,009*
Fms 64,17 (54,27-66,53) 72,34 (62,98-79,74) 0,086 55-80
[IMA, %/ Dial, % Fmd 63,30 (57,86-66,74) 72,92 (62,78-75,61) 0,043*
' ' Oms 77,47 (61,68-81,28) 77,00 (69,04-105,62 0,408 60-85
Omd 80,05 (69,53-84,90) 83,52 (77,91-101,62) 0,094
Fms 8,00 (6,00-13,00) 9,00 (4,00-16,00) 0,711 0-20
MBO, % /VOL % Fmd 19,00 (8,00-28,00) 20,00 (9,00-27,00) 0,742
' ' Oms 16,00 (11,00-20,00) 9,00 (4,00-24,00) 0,341 0-20
Omd 16,00 (10,00-24,00) 16,00 (5,00-27,00) 0,773

MpumeyaHne: PV — peorpaduyeckuii MHaekc, VMake — MakcimasbHas CKopoCcTb 6bICTPOro HanosHeHus!, Vep — cpeaHsis CKOPOCTb
MeZneHHOro HanonHenus, ANK — ankpoTtunyeckunn niaexc, ANA — anactonmyeckuin nnaekc, NBO — nokasaTesib BEHO3HOMO OTTOK3;

* — IOCTOBEPHbI MeXrpynnoBble pasnuyns, npu p < 0,05.

Note: Rl — rheographic index, MaxS — maximum speed of rapid filling, AverS — average slow filling speed, Dicl — dicrotic index,
Dial — diastolic index, VOI — venous outflow index; * — significant inter group differences, at p < 0.05.

Peorpacduueckuii uagekc (PY), orpaxarolyii ypo-
BeHb 00BEMHOT0 IMy/TECOBOTO KPOBEHATIO/THEHUS B JIEBOM
¢bpoHTO-MacTougansHoM (Fms) orBesenuy, y 23,5 %
1oHoIIIel 1 53,8 % neByiek 661 B HopMe (puc. 1-2).
[ToBbillleHHBIN peorpadryuecKrii MHAEKC YCTaHOBIEH
y 11,8 % ronomeii u 30,8 % gesyiek, y 15,4 % paeBy-
ek u 64,7 % rHOLLEeN — CTy[,eHTOB MePBOKYPCHHKOB
PU noHuxeH. B j1eBOM OKLJUITUTO-MaCTOUJaIbHOM

PHYSIOLOGY

(Oms) orBegennu peorpacduueckuii nHaekc y 11,8 %
roHoTIIer Haxoauscs B HopMme (Puc. 3-4). 15,4 %
JleBy1LIEK-TIePBOKYDPCHUL] UMe/U MOBbIlIeHHbIM PU. [1aH-
HBIW TI0Ka3aTe/ b oHkeH y 88,2 % roHorreit 1 84,6 %
JeBylek. B nmpaBom (ppoHTO-MacTonaibHOM OTBejie-
HuM (Fmd) peorpaduueckuii uHzeKC ObLT B Tpefenax
pedepeHCHBIX 3HaueHul y 17,6 % toHoiue u 46,2 %
JeByiek (puc. 5-6). 15,4 % neyiiek u 64,8 % roHorei

297



Tosopyxuna A.A. u 0p. Bectaux PYIH. Cepusa: Mepuuuna. 2023. T. 27. Ne 3

rMesy ToHWKeHHbIM PU. TToBbIlieHHbIN peorpadu-
yeCKUM UH/IeKC BhIsIBIeH ¥ 17,6 % ob6cieoBaHHBIX
toHowel u 38,5 % o0cieoBaHHbIX AeBylleK. B mpa-
BOM OKI[UITUTO-MacTOWiabHOM OTBeieHnu (Omd)
riokasaresib PY HaxoAusicsa B HOpMe TOJIBKO Y 5,9 %
toHottieit u 38,5 % neryiiex (Puc. 7-8), 7,7 % neByiiiek-
MepBOKYPCHUL] IMeJTU TIOBBILIIeHHbIE 3HAYeHUsI TI0 3TOMY
roxasareit0. beuiv BeisiB/IeHbl HU3KUe 3HaueHus: PU
y 94,1 % roHowuel u 53,8 % geByliek. MexXIooBble
pas/nuus 1o BeJIMUrHe peorpaduueckoro MHeKca
y [leByLLEK U FOHOLIel CTaTUCTUYeCKH 3HaUYMMbl B Fms
u Fmd otBegenusix (p < 0,05).

IToka3aTesb MaKCUMaIbHOM CKOPOCTH OBICTPOTO
HarosiHeHUs1 (VMakc), Hecyiasi tHGOPMaLUIo O TO-
Hyce KpYMHbIX apTepuii, B Fms otBegenun y 70,6 %
1oHo11Iel U 53,8 % feByllieK HaXOAWU/ICS B pe)epeHCHbIX
3HaueHUsiX (Puc. 1-2). [ToHwKeHHbIe 3HaUeHHUSIX BbIsB-
nennl y 17,6 % roHomei, y 11,8 % roHoreit u 46,2 %
JIeBYIIIEK JJAHHBIN MOKa3aTe/lb ObLT BbIIIIE HOPMATUBHBIX
3HaueHUi. B ieBoM ok1unuTo-MacTouzansHoM (Oms)
otBefieHnH 11,8 % roHOLLIEH-TIePBOKYPCHUKOB UMEU
TIOHM>KeHHbIe 3HAYEeHUsI IAHHOTO TIoKa3aresisi (Puc. 3—4).
[HonycTumble 3HaueHUsi HA MOMEHT UCC/Ie/JOBaHUs UMe-
m 76,4 % roHotel 1 76,9 % paeBytiek. bulv BhIsSB/IEHbBI
BbICOKHMe 3HaueHus1 VMakc y 11,8 % toHotuei u 23,1 %
JeByliek. B mpaBom ()poHTO-MacTOUaIbHOM OTBe/e-
HuY (Fmd) 3Hauenust VMakc y 76,4 % toHotueld 1 53,8 %
JleByIlIeK ObLTM B HOPMe, HU3KHe TIoKa3aTeau ObLn
BbIsiB/ieHbI y 11,8 % toHomuel (Puc. 5-6). [ToBbIlieHHEIE
3HaYeHUs JaHHOTrO ToKa3aTess oTMedeHbl y 11,8 %
1oHoI1Ie U 46,2 % nesyiiek. B Omd oTBeieHHY 3Ha-
YyeHHsI MaKCUMaJIbHOW CKOPOCTH OBICTPOTO HAros-
HeHus1 ObUTM TTOHWKEHBI y 5,9 % toHomeli(Puc.7-8).
B pedepeHCHBIX 3HaUEHUSAX JAHHBIN MTOKa3aTenb ObLT
y 76,5 % roHotuel u 61,5 % feBylek, MOBLILIEHHbIE
3HaueHust umenu 17,6 % roHoreit u 38,5 % JieByiiiek.
Me)Xro/oBbIe pa3inuusi CTaTUCTUUECKU 3HAYUMBbI B Fms
u Fmd otBegenusix (p <0,05).

CpenHsisi CKOPOCTh Me/IJIeHHOTO HaroJIHeHUs
(Vcp), oTpaxaroiiasi TOHyC CpeJHUX U MeJIKUX ap-
Tepuii, B JIeBOM ()POHTO-MACTOUAA/IbHOM OTBeJeHUN
(Fms) Obu1a HIKe AOMyCTUMBIX 3HaueHUH y 17,6 %
toHotue (Puc. 1-2). JlaHHBIHN TIOKa3aTe/b ObIT B HOpMe
y 82,4 % o0cnemoBaHHBIX HOHOMIEH U 76,9 % 00-
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C/le/lOBaHHbBIX JleBylleK. BbICOKMe 3HaueHus uMesn
23,1 % peBymiek. B Oms otBesienuu 88,2 % roHoI1I€M
1 84,6 % pmeBylliek UMeid pedepeHCHbIe 3HaueHUs,
BBICOKME TI0Ka3aTe/u BeisiB/eHbl ¥ 11,8 % roHoIIei
TepBOKYPCHUKOB U 15,4 % [eByllleK IepBOKYPCHUL]
(Puc. 3-4). B npaBoM ¢poHTO-MacTOMaIbHOM OTBe-
nennu (Fmd) Hu3kue 3HaueHus1 Vp ObIIM OTMeUeHbI
y 17,6 % ronoweit (Puc. 5-6). B Hopme faHHBIM
roKasaresib BbIsIBAeH Y 76,5 % toHolei u 69,2 %
neBy1iek. [ToBbiieHHbIe 3HaUeHUs1 Vep 0bi y 5,9 %
toHowel u 30,8 % geByliek. B mpaBoM oKLIMNIUTO-
mactouzanbHoM (Omd) otBegernu y 100 % obcneno-
BaHHBIX FOHOIIEH U 76,9 % 00c/e[0BaHHBIX [IeBYIIEK
CpefHsisi CKOPOCTb Me/IJIeHHOTO Halo/IHeHUs Oblyia
B HOPMe, TOBBILLIEHHbIE 3HaYeHUsI OTMeueHkl ¥ 23,1 %
neByiek (Puc. 7-8). 3nauenust Vcp y fieByliieK U 1OHO-
1Iel CTaTUCTUYeCKU 3HaUMMO pas3nuyaanchk B Fms
u Fmd otBefienusx (p <0,05).

Hukpotuueckuit ungekc (JWK) 8 Fms oTse-
JleHUU COOTBETCTBOBaM HopMme Yy 47,1 % roHo1Iel-
TIePBOKYPCHUKOB, 35,3 % 006c/iel0BaHHbIX FOHOIIIEeH
u 23,1 % peByllIeK WMeJIu NOHWKEHHOe 3HaUYeHHe
10 JaHHOMY moka3saresto (Puc. 1-2). TToBbillleHHbIH
OUK 6bin BeisiBneH y 17,6 % ronHomeid u 76,9 %
pesyuiek. B Oms oTBejleHUU JUKPOTUYeCKUN UH/EKC
B pepepeHCHBIX 3HaueHUsX Ob11 y 35,3 % toHoIIEeH
ctygeHToB U 30,8 % feByiiek crygeHToK (Puc. 3—4).
Y 47,1 % roHomel u 15,4 % peByliieK ObLT BbISIB/IEH
noHwkeHHbIN AVK. TTo gaHHOMY TMOKa3aresro uMe-
/v nioBbilieHUe 17,6 % 1oHOLIel, Koraa y AeBylieK
noBbitieHHbIH VK coctaBun 53,8 %. B Fmd oTBe-
JleHUU UKpOTUYeCcKui uaaekc y 47,1 % toHoren
cTyzneHTOB U 23,1 % JeBylleK CTYAEHTOK ObLT B HOpMe
(Puc. 5-6). OHaKo JaHHBIN MTOKa3areab ObUT TOHU-
eH y 35,3 % toHoweit u 15,4 % peByiwek. 17,6 %
roHoield u 61,5 % feByIIeK UMeJH MOBbIIIeHHBIN
OUK. 41,2 % roHotue crygeHToB U 23,1 % fAeByliek
CTYZIeHTOK OBI/TM C HOPMO#A 10 AUKPOTUUE CKOMY HH-
nekcy B Omd orBegenuu (Puc. 7-8). [ToHUKeHHbIN
VK BeisiBrieH y 35,3 % toHomel u 15,4 % feByliex,
MOBBIIeHHBIN ¥ 23,5 % toHowel u 61,5 % AeByllek.
[ToBbILLIEHHBIN JUKPOTUYECKUN UH/EKC yKa3bIBaeT
Ha yBe/uyeHue rnepuepruyeckoro COnpoTHBIIeHUS
COCyZ,0B. MeXII0JIOBbIe OT/INYMSA JUKPOTHYECKOTO

OUBNONOT A



Govorukhina AA et al. RUDN Journal of Medicine. 2023;27(3)

MHZIeKca OB CTaTUCTUYECKHU 3HAaUUMbIMH B Fms,
Oms, Fmd 1 Omd otBegenusx (p <0,05).

Huactonuueckuii uagekc (JUA), KoTopbiid 0TO-
OparkaeT COCTOsTHME OTTOKA KDOBH U3 apTepuii B BEHBI,
B Fms oTBesieHM cOOTBeTCTBOBAI HOpMe y 41,2 % 1oHO-
weii u 7,7 % pesyiek (Puc. 1-2). Y 69,2 % neBy1ek
1 29,4 % roHoruedi [JIA 6w roBbiiiieH. 29,4 % roHOIIeH
1 23,1 % JeBylleK MMe/U MOHKEeHHBIN JUacTo/IYe CKUN
vHzekC. [IA B 1eBOM OKLIMIIMTO-MAaCTOUA/IbHOM OTBe-
nmenny (Oms) cootBeTcTBOBaM HOpMe ¥ 70,6 % roHOIIIeH
TIePBOKYPCHUKOB U 69,2 % neBylIeK-TIepBOKYPCHUL]
(Puc. 3-4). Ionwkennsiii IVIA 611y 17,6 % roHOIIIEH.
[ToBbIlIeH JaHHBIN MoKa3aresb 01y 11,8 % roHOILeH
u 30,8 % neBytiek. ¥Y 76,5 % roHorteit u 76,9 % neBy-
IIeK Auactomyeckuii naaekc B Fmd otBegenun 6611
B HOpMe (Puc. 5-6); 23,5 % toHortel-cTyieHToB u 7,7 %
JleByLIeK-CTYJeHTOK UMe/I1 TTIOHV)KeHHOe 3HaueHue
TI0 IAHHOMY T10Ka3aresto. [ToBbieHHbIN A ObLt
BBISIBJIEH TOMBKO V 15,4 % [eBylilieK — repBOKYPCHUL].
B Hopme IVIA B Omd otBegexun 6b11y 70,6 % roHO-
11eli — MepBOKYPCHUKOB U 53,8 % [JeBylllek — rep-
BOKypcHUL] (Puc. 7-8). [laHHbIl TTOKa3aTe b MOBbILIEH
y 23,5 % roHorel u 46,2 % aeBylleK, a TOHWKEH TOJTBKO
y 5,9 % ob6cnenoBaHHbIX foHOIIeH. [ToHwkeHne [JUA
TOBOPUT O BEHO3HOM 3acToe. MexXI10/10Bble pasinyus
10 JAHHOMY I10Ka3aTe/Ir0 CTaTUCTAYEeCKHU 3HAUMMbIMU
6bu B Fmd otBegenu (p <0,05).

[Tokaszarens BeHO3HOTO 0TTOKA ([IBO) B 1IeBoM
(poHTO-MacTouzansHoM otBeieHun (Fms) y 94,1 % 06-
C/ie[JOBaHHBIX foHOIIeH U 76,9 % /eByllieK HaX0JUICS
B pepepeHTHBIX 3HAaYEHUSIX, OIHAKO Y 5,9 % toHo1Lel
u 23,1 % peBy1ek oH Obu1 noBbILIeH (Puc. 1-2). YBenu-
YyeHue IaHHOTIO TI0Ka3aresisi XapakTepu3yeT YCU/IeHHbIN
OTTOK KPOBH U3 MOJIOCTH Yepena B cepaue. IIBO B Oms
OTBeJIeHUW COOTBETCTBOBaJ HopMe y 76,5 % obcie-
JIOBaHHBIX FOHOIIeH u 69,2 % fAeByIliek, OHAaKO OH
Obu1 MoBBIIIEH y 23,5 % roHomed u 30,8 % aeByilek
(Puc. 3-4). ITokaszaTesnb BEHO3HOTO OTTOKa y 76,5 %
toHo1eu u 61,5 % geBy1ek ObUT B pedepeHCHBIX
3HaYeHMsIX B IPaBOM (PpOHTO-MaCTOU/JaTbHOM OTBe-
neauu (Fmd) (Puc. 5-6). OgHako 5TOT IOKa3are/ib
ObLT TIOBBIIIIEH Y 23,5 % roHoIeH u 38,5 % feByIek.
IMBO B Omd oTBefieHuu B HOpMe y 58,8 % toHoI11Ie

PHYSIOLOGY

U 53,8 % peBylIeK, OJHAKO TOBLILIEH OH y 41,2 %
toHottelt u 46,2 % nesyiek (Puc. 7-8).

Puc. 1. lMokasatenu P3I B Fms oTBeAeHUM y toHOLWEN —
CTYLIEHTOB MNEePBOro Kypca ceeepHoro BY3a. PN —
peorpaduyecKknin nHaeke, VMake — MakcumasnbHast
CKOPOCTb 6bICTPOro HanonHeHus, Vcp — cpeAHsist CKOPOCTb
MeAIeHHOro HanoHeHus, ANK — AnKpOTUYECKUI MHAEKC,
ONA — anacTonmyeckum nHOekc,
MBO — nokasaTeslb BEHO3HOro OTTOKa

Fig.1. Rheoencephalography indicators in Fms indicator
of boys first-year students of the Northern University. Rl —
rheographic index, MaxS — maximum speed of rapid filling,
AverS — average slow filling speed, Dicl — dicrotic index, Dial —
diastolic index, VOI — venous outflow index

Puc. 2. lMokazatenn P3I" B Fms oTBeeHun y AeByLLeK —
CTYLEHTOK NepBOro Kkypca ceBepHoro BY3a. PV —
peorpaduyecKknin nHaeke, VMake — MakcumasnbHast
CKOPOCTb 6bICTPOrO HAaNOMHEHUS, VCp — CpefHss CKOPOCTb
MeAIeHHOro HanoHeHus, ANK — AnKpOTUYECKUI MHAEKC,
ONA — anacTtonuyeckunit nHaekc, NBO — nokasatenb
BEHO3HOIo OTTOKa

Fig. 2. Rheoencephalography indicators in Fms indicator
of girls first-year students of the Northern University. Rl —
rheographic index, MaxS — maximum speed of rapid filling,
AverS — average slow filling speed, Dicl — dicrotic index, Dial —
diastolic index, VOI — venous outflow index
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Puc. 3. lMokazatenn P3I 8 OmMs oTBeAeHNN Y FOHOLER —
CTYOEHTOB NePBOro Kypca cesepHoro BY3a. PN —
peorpaduyeckmin nHaeKe, VMake — MakcumMasnbHas
CKOPOCTb HbICTPOro HanoHeHus, Vep — CpeaHsas CKOpOCTb
MeJIEHHOro HanonHeHus, ANK — OMKPOTUYECKUIA MHAEKC,
ONA — anacTonm4yeckmin MHAeKc,
[1BO — nokasaTesib BEHO3HOr0 OTTOKA

Fig.3. Rheoencephalography indicators in Oms indicator
in boys first-year students of the Northern University. Rl —
rheographic index, MaxS — maximum speed of rapid filling,
AverS — average slow filling speed, Dicl — dicrotic index, Dial —
diastolic index, VOI — venous outflow index

Puc. 4. Mokasatenn P3IT B Oms oTBeAeHNN Y
[OEeBYLLEK — CTY[EHTOK NepPBOro Kypca ceBepHoro BY3a.
PW — peorpa®uyecknii nHaeke, VMake — MakcumasbHas
CKOPOCTb HbICTPOro HanoHeHus, Vep — cpeaHsas CKOpOCTb
MeAIeEHHOrO HanonHeHns, ANK-auKpoTuyecknin MHAeKC,
ONA — anacTtonmyecknin MHAeKC,
MBO — nokasaTenb BEHO3HOMO OTTOKA

Fig.4. Rheoencephalography indicators in Oms indicator of
girls first-year students of the Northern University.
Rl — rheographic index, MaxS — maximum speed of rapid
filling, AverS — average slow filling speed, Dicl — dicrotic index,
Dial — diastolic index, VOI — venous outflow index
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Puc. 5. lNokasatenn PAl B Fmd oTBegeHun y
FOHOLLIEN — CTY[EHTOB NePBOro Kypca ceBepHoro BY3a.
PW — peorpa®uyecknii nHaeke, VMake — MakcrmasbHas
CKOPOCTb HBbICTPOro HanosHeHus, Vep — cpeaHss CKOPOCTb
MeaIeHHoro HanonHeHus, ANK — AuKpoTUYecKnin MHAEKC,
OWVA — anactonuyeckunin MHAeKC,

[1BO — nokasaTenb BEHO3HOMO OTTOKA

Fig.5. Rheoencephalography indicators in Fmd indicator
of boys first-year students of the Northern University. Rl —
rheographic index, MaxS — maximum speed of rapid filling,
AverS — average slow filling speed, Dicl — dicrotic index, Dial —
diastolic index, VOI — venous outflow index

Puc. 6. [Nokasatenn PAI" B Fmd oTBeneHun y
[EBYLIEK — CTYAEHTOK MNEPBOro Kypca ceBepHoro BY3a.
PN — peorpadmyeckmnin MHAeKC, VMakc — MakcrumasbHas
CKOPOCTb BbICTPOro HanosnHeHus, Vep — cpefiHAst CKOPOCTb
MeJl/IEHHOr0 HanoNHeHus, ANK — OMKpOTUYECKMIA MHEKC,
ONA — anacTonmyeckunim nHOeKc,
[1BO — nokasaTesib BEHO3HOMO OTTOKA

Fig.6. Rheoencephalography indicators in Fmd indicator
of girls first-year students of the Northern University. Rl —
rheographic index, MaxS — maximum speed of rapid filling,
AverS — average slow filling speed, Dicl — dicrotic index, Dial
— diastolic index, VOI — venous outflow index
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Puc. 7. MNokasatenn P3Ol B Omd oTBeneHumn y
FOHOLLIEN — CTYLIEeHTOB MepBOro Kypca cesepHoro BY3a.
PN — peorpadunyeckmnin nHAeKC, VMake — MakcrmasbHas
CKOPOCTb BbICTPOro HanoHeHWs!, Vep — cpefHss CKOPOCTb
MeJl/IeEHHOr0 HanonNHeHus, ANK — OMKpOTUYEeCKMin MHIEKC,
ONA — gmnactonmnyeckuin nHaekc, NBO — nokasaTtenb
BEHO3HOIO OTTOKA

Fig.7. Rheoencephalography indicators in Omd indicator
in boys first-year students of the Northern University. Rl —
rheographic index, MaxS — maximum speed of rapid filling,
AverS — average slow filling speed, Dicl — dicrotic index,
Dial — diastolic index, VOI — venous outflow index

Puc. 8. lNokazatenn POl B8 Omd oTBefeHun y
[eBYLLEK — CTYEHTOK NepBOro Kypca ceBepHoro BY3a.
PW — peorpaduyecknii nHaekc, VMake — MakcrmasbHas
CKOPOCTb HBbICTPOro HanosHeHus, Vep — cpefHsAs CKOPOCTb
MeAIeHHOro HanofHeHus, ANK — AMKpoTUYeCKnin MHAEKC,
ONA — gnactonunyecknin nHaekc, NBO — nokasaTenb
BEHO3HOro OTTOKA

Fig.8. Rheoencephalography indicators in Omd indicator
of girls first-year students of the Northern University. Rl —
rheographic index, MaxS — maximum speed of rapid filling,
AverS — average slow filling speed, Dicl — dicrotic index, Dial —
diastolic index, VOI — venous outflow index

PHYSIOLOGY

Pe3ynbraThl NpOBe/JeHHOTO UCC/Ie0BaHUS MOKa-
3a/I1, UTO B Trpyrmre IOHOIIel 00beMHBIM MO3rOBOU
KPOBOTOK CHIKEH B 000MX COCYAUCTBIX OacceifHax.
[Tpu 3TOM TOHYC KPYTIHBIX, CPEAHUX U MEJIKUX apTepuii
B OOJIBIIMHCTBE C/Ty4aeB COOTBETCTBYIOT HOPMaTHBHBIM
rokasaresisiM. A/IeKBaTHBIN MO3rOBOW KPOBOTOK 00e-
CI1eYrBAeTCs MPU 5TOM B OCHOBHOM 3a CYeT TIOBbILLIEHHs
TOHYyCa apTepuo, UTO U obecrieurBaeT aJjeKBaTHbIM
OTTOK KPOBH Ha (pOHe HOpPMa/IbHOTO TOHYCa BEHO3HbIX
COCYZIOB U Jiajiee U3 M0JIOCTU Ueperna K CepzLly.

B uccnenyemoii rpymnre feByiiek B 6acceiiHe
COHHOM apTepyu OTMeYaeTCs TIOBbILIeHre 00LeMHOTO
KPOBEHaro/THeHUsI COCY/I0B MO3ra Ha (hOHe MOBbILIeH-
HOTO TOHYyCa KPYITHBIX, a TAKXXe CPeJHUX U MeJIKIX
cocyzoB. ToHyC apTepyoJI IIPU 3TOM TOBBILLIEH Y 3HAYH-
TeJIBHOTO UMCJIa UCCIeAyeMbIX ieBylieK. OTTOK KPOBH
13 apTepHoJI U TOHYC BeH TOBbILLIEH TO/IBKO C/IeBa, TOr7a
Kak CIIpaBa 3TOT M0Ka3aTe/ib COOTBETCTBYeT HOPMaJib-
HBIM 3HaueHUsM. [1pu 3TOM cripaBa oTMeuaeTcst 6osee
3HauUTeIbHOE MOBBIIIeHNe 0TTOKA KPOBU U3 TIOJIOCTH
yeperna K cepZily. Y 3HauMTe/IbHOM 4acTy 3TOM TPyMIibl
o0cnejoBaHHBIX B HacceliHe MO3BOHOYHBIX apTepuid
OTMeUaeTcsi CHIKeHHe 00beMHOTr0 KpOBeHaro/THeHHUsT
Ha poHe HOPMaJ/IbHOTO WJTY TOBBILLIEHHOTO TOHYCA
KDPYITHBIX, CDeIHUX U MeJIKUX apTepuil. ToHyC apTepuon
B 3TOM COCYZAUCTOM OacceliHe TIOBBIIIEH Y OO/bIIIei
yacTy 06c1el0BaHHBIX [IEBYIIIEK, UTO B CBOIO 0UYepe/ib
o0yC/iaB/iMBaeT MoOBbILIEHHe OTTOKA KPOBU B OOJIbIIIeN
CTereHU Crpasa.

BbiBOAbI

AHanu3 mapamMeTpoB peosHLedanorpadpuu
y 6osbIMHCTBA 00C/1e/J0BaHHBIX FOHOIIIEH TT03BO-
JIWJ1 yCTAHOBUTBH HEJl0CTaTOYHOe KPOBEeHaIloJIHeHHe
BO BCeX OTBeJ|eHHSIX TOJIOBHOTO MO3Ta, B 0COOEHHOCTH
OKLIMIIMTO-MaCTOM/Ja/IbHBIX, XapaKTepU3yHOLUX [103BO-
HOYHbIe apTepyu. TpeThb IOHOLLIeN UMe/N CHIKEHHbIe
3HaueHus [IVIK Bo Bcex oTBe/jeHUSIX FOJIOBHOI'O MO3Ta,
MPaKTUYeCKH y TI0JIOBHUHBI FOHOLLIEH B JIEBOM OKLIUITUTO-
MacTouanbHOM oTBefeHuH [IK ObuT HU)Ke HOPMBI.
l'unepronyc aprepuon (bosee yem B 35 % ciiydaeB)
T103BOJIsIeT KOMIIEHCHPOBaTh KPOBEHATO/THEHYE B [JaH-
HOM COCY[JUCTOM pervioHe.
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B oK1IMnMTO-MacTonAanbHbIX OTBEJEHUSIX Y [IeBY-
IIeK TaK)Ke HaO/TIOaeTCsl CHIKeHHe peorpaguuecKoro
WH/IeKCa, OTpakarolllero KpoBeHaro/JHeHHe B 3TOM
Gaccetine. B 1eBoM (ppOHTO-MacTOMIaTLHOM OTBEIEHUH
y OOMBIIIMHCTBA AeBYIIeK OTMeueH BbICOKHMIA AMacTo-
JIMYEeCKUM UHZEKC, YKa3bIBalOLIWK Ha MOBBILLIEHHBIN
OTTOK KPOBU U3 apTepuii B BeHbl. Bo Bcex oTBeJjeHHsIX
TOJIOBHOTO MO3Ta Y /IeBYIIIeK yCTAHOB/IEH MTOBBIIIEHHBIN
JMKPOTHYeCKWI HH/IeKC. [ToBbIlIeHre TOHyCa MeKUX
COCY/IOB SIBJISIETCSI PETY/IATOPHBIM MeXaHWU3MOM [IJist
HOpMa/I3allii CHW)KeHHOT'0 KpOBeHaro/IHeHHs COOT-
BETCTBYIOLLIETO COCYAUCTOrO pervoHa.

TakuM 006pa3oM, aHa/IM3 0COOEHHOCTeH 1iepebpastb-
HOTO KPOBOOOpAIIeHHsI CTyeHTOB-TIePBOKYPCHUKOB
CeBepHOI0 peruoHa CBU/IeTe/IbCTBYeT O CHHKEeHHUU
MO3rOBOTO KPOBOTOKA KaK Y FOHOILIEH, TaK U Y [IEBYIIIEK,
YTO, BO3MOXXHO, CBSI3aHO C HapylLLeHUSIMU PeryJisiLun
COCYZIUCTOTO TOHYCA. DTO MOBBILLIAET PUCKU COCYHU-
CTBIX HapyIIeHUH Y JaHHOW KaTeropyuu 00ciie[yemMbIxX
1 TpeOyeT BbIOOpa 3HAUMMBIX (HU3UOJIOTHYeCKUX Mapa-
MEeTpOB [/1s1 JOHO30/I0TMUeCKOM AUarHOCTUKY C Lie/Tbio
JlanbHeuIIei MpoYUIaKTUKY 3TUX HapYLLIEeHHUM.
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ORIGINAL RESEARCH
OPUT'MHAJIBHOE UCCJIEL[JOBAHUE

OcobeHHOCTH KapauopuTMa npu noctypasibHbiX U3MEHeHUAX
B 3aBUCUMOCTU OT PpeaKTUBHOCTU BeretTaTUBHbIX LLEHTPOB

JA.A. CKop/1ynkuH ™ EK. T'onybeBa , JI.J1. SIpueHkoBa

VBaHOBCKas ToCyapCcTBeHHas MeULMHCKas akajemus, 2. Meanoeo, Pocculickas ®edepayus
P> sk_dmit96@mail.ru

AnHOTanusa. AkmyaibHocms. [locTypanbHble U3MeHeHUs] COTIPOBOX/AAI0TCS (OPMHUPOBaHNEM a/lalITUBHOTO OTBETA
CepeyHO-COCYIUCTOM CUCTeMBI. JTO MPOSIB/ISIeTCS U3MeHeHHeM Baprabe/IbHOCTH cepziedHoro putMa. OcobeHHOCTH peakui
BO MHOTOM 3aBUCST OT BO30yIUMOCTH (PeaKTHBHOCTH) BereTaTUBHBIX L|eHTPOB. L[eb: BBISIBUTh MHAUBUAYAIbHBIE 0COOEH-
HOCTH PeryJIsiUY CepAeYHOro PUTMA MPU MOCTYPaIbHBIX U3MeHEeHUsIX B 3aBUCIMOCTU OT PeaKTUBHOCTH CHMIIaTHUeCKUX
Y TIapacHMIaTHUeCKUX BereTaTUBHBIX LIEHTPOB Y CTyZeHToB. Mamepuan u memoost. Y 50 My>KUUH OIpefie/isiyTi BpeMeHHbIe,
YaCTOTHBIE, TeOMEeTPHUUECKHe U PacyeTHBIe ITOKa3aTe/l BapHabe/ITbHOCTH CEPAEUHOTO PUTMA B TOPU30HTA/IEHOM ITOIOKEHVH, TIPH
aKTHBHOM OPTOCTa3e, IaCCUBHOM OPTOCTa3e ¥ MAaCCMBHOM aHTHOPTOCTa3e. PeakKTMBHOCTE CUMITAaTHUeCKON CHCTEMBI OL{eHHUBaIN
T10 U3MEHEHHIO YaCTOThI Cep/IeuHbIX COKpAIL|eHUH ITPU aKTUBHOM OpTOCTa3e. PeakTMBHOCTh MapacMMITaTHUeCKON CUCTeMbI
onpegessii o K30:15. Pesyabmambi u ob6cyxcoeHue. T1py HOpManbHOW U BLICOKOM CUMITaTHUeCKOW PeaKTHUBHOCTH aKTHBHBIN
OPTOCTAa3 BBI3bIBAET yBeJMUeHe HU3KOUaCTOTHOM MOIIHOCTH CIeKTPa, CTPeCC-UH/eKCa, YaCTOTHI CepAeUHBIX COKPAIleHHH,
yMeHblIIeHHe BRICOKOUaCTOTHOTO KOMITOHEHTA U AJTUTeIbHOCTH KapIHOUHTepBanoB. M3MeHeHust 60Jiee BbIpa’KeHbI TIPU BEICOKOH
CHMIaTHUYeCKOH peakTUBHOCTH. [Ipy MacCHBHOM OpPTOCTa3e BBICOKAsi CUMITaTHUeCKast PeaKTUBHOCTh MPOSIBIISETCS OOBIINM
yBe/MUeHHeM YaCTOThI CePAeUHbIX COKpAIL|eH!id, yKOPOUeHHeM KapIHOMHTEPBa/IOB U YMeHbIIeHWeM /10T BEICOKOUaCTOTHOTO
KOMITOHEHTa B crieKTporpamme. I1acCHBHBIN aHTUOPTOCTa3 IPX HOPMa/IbHOY CUMIIaTHYeCKON PeakKTUBHOCTY BbI3bIBaeT CHIDKEHHe
TI0Ka3aTers a/leKBaTHOCTH TPOL|eCCOB Pery/isiliii 1 pacllMpeHre CKaTTeporpaMmbl. Y HUCTIBITYeMbIX C BBICOKOH IapacMIaTH-
YeCKOM peakTUBHOCTBLIO TIPH aKTHBHOM OPTOCTa3e YBeIWUeHre HHAEKCa HarpsDKeHHs MeHbIIIe, UeM MPY HOPMa/IbHOUM ¥ HU3KOM
PeakTUBHOCTH. I1pH HU3KOI MapacyMIIaTHueCKOl peaKTHBHOCTH MOKa3aTe/lb a[IeKBaTHOCTHU MPOLIECCOB PEery/siLuy OoJble, ueM
TIPY HOPMA/TbHOM U BBICOKOW PEaKTUBHOCTH, a YBeJMUeHHe YaCTOThI Cep/IeuHbIX COKpAIeH|H U yKOpOueHHe MUHUMAIbHOTO
KapJMOoMHTepBasa OOoJblile, UeM TIPH HOpMasibHOM. ITpy TTaCCBHOM OPTOCTa3e YMEHbLIAeTCs 10715 BLICOKOUACTOTHOIO KOMITOHEHTa,
YBETMUMBAETCS [I0/Isl CBePXHHU3KOYaCTOTHOTO KOMITOHEHTA, YKOPaurBaeT st MOZA/IbHbINA KapIUOMHTEPBAJI, UTO O0siee BEIpayKEHO
TIpY HM3KO# MapacuMmaTiyeckoll peakTUBHOCTH, YeM IPY HOpMaJIbHOM. [1py maccMBHOM aHTHOPTOCTA3e y /L] C HOpMaIbHOU
PEaKTHUBHOCTBIO CHIKAeTCsl CBePXHU3KOUaCTOTHBIM KOMITOHEHT. [Ipy BBICOKOI peakTHBHOCTH BO3pacTaeT MakCHMaabHOe
3HayeHHe BbICOKOYACTOTHOTO KOMITOHEHTA 1 CHIDKAeTCsI IT0Ka3aTeslb afleKBaTHOCTH ITPOLIeCCOB PerysLvd. BbigoObl. AKTUBHBIN
Y TIaCCHBHBIM OPTOCTA3 COTIPOBOXK/IAETCS aKTHBALMel CHMITaTHYeCKHX LIeHTPOB. JTO 60siee BBIPayKeHO MPU BBICOKOW PeAaKTUBHOCTH
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Cardiorhythm in postural changes depending
on the autonomic centers reactivity

Dmitry A. Skorlupkin > Elena K. Golubeva ~, Larisa L. Yarchenkova

Ivanovo State Medical Academy, Ivanovo, Russian Federation
> sk_dmit96@mail.ru

Abstract. Postural changes are accompanied by the formation of an adaptive response of the cardiovascular system. This
is manifested by a change in heart rate variability. The features of the reaction largely depend on the excitability (reactivity)
of the vegetative centers. The aim of the study was to identify individual features of heart rate regulation in postural changes
depending on the reactivity of sympathetic and parasympathetic autonomic centers in students. Material and Methods. In 50
men, temporal, frequency, geometric and calculated indicators of heart rate variability were determined in a horizontal position,
with active orthostasis, passive orthostasis and passive antiorthostasis. The reactivity of the sympathetic system was assessed by
the change of heart rate in active orthostasis. The reactivity of the parasympathetic system was determined by K30:15. Results
and Discussion. With normal and high sympathetic reactivity, active orthostasis causes an increase in the low-frequency power
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of the spectrum, stress index, heart rate, a decrease in the high-frequency component and the duration of cardiac intervals. The
changes are more pronounced with high sympathetic reactivity. In passive orthostasis, high sympathetic reactivity is manifested
by a large increase in heart rate, shortening of cardiac intervals and a decrease in the proportion of the spectrogram high-frequency
component. Passive antiorthostasis with normal sympathetic reactivity causes a decrease in the adequacy of the regulation processes
and an expansion of the scatterogram. In subjects with high parasympathetic reactivity with active orthostasis, the increase in
the stress index is less than with normal and low reactivity. With low parasympathetic reactivity, the indicator of the adequacy
of the regulation processes is greater than with normal and high reactivity, and the increase in heart rate and shortening of the
minimum cardiac interval is greater than with normal. In passive orthostasis, the proportion of the high-frequency component
decreases, the proportion of the ultra-low-frequency component increases, the modal cardiointerval shortens, which is more
pronounced with low parasympathetic reactivity than with normal. In passive antiorthostasis, the ultra-low frequency component
decreases in individuals with normal reactivity. With high reactivity, the maximum value of the high-frequency component
increases and the adequacy of the regulation processes decreases. Conclusion. Active and passive orthostasis is accompanied by
activation of sympathetic centers. It is more pronounced with high reactivity of the sympathetic department and low reactivity of
the parasympathetic. Passive antiorthostasis stimulates the activity of parasympathetic cardiac centers in subjects with normal,
high parasympathetic reactivity and normal sympathetic reactivity.
Key words: orthostasis, antiorthostasis, heart rate, autonomic nervous system
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BeepeHue

3MeHeHUs TTO/IOXKeHUS TeJsia SIBASIIOTCS He-
OTbeMJIeMbIM KOMITIOHEHTOM HOBCE,E[HEBHOfI JKNU3HU
yesioBeka. Ocoboe 3HaueHHe OHU MPUOOPETAIOT TIPU
CIIOPTHUBHBIX TPEHHWPOBKAX, B TOM UHMCJ/I€ BbIIIOJIHEHHNU
yIpa>KHeHUM oru. Pa3nuuHble MoCcTypasbHbIe M0JI0-
JKeHHUA UCII0/Ib3YHOTCA B JUAI'HOCTHUYECKHX, J'IE‘IE6HI:IX
Y peabUIMTAIIMOHHBIX MeponpusTysix [1]. Vi3meHeHue
T10/I0’KeHHA TeJld B IPOCTPAHCTBE aKTUBHUPYET KOMIL/IEKC

PHYSIOLOGY

TOHUYECKHX pe(eKCoB, HanpaB/IeHHbIX Ha (PUKCALI0
L|eHTpa TsUKeCTH uesioBeKa U COXpaHeHHe YCTOMYUBOU
1o3sI [2]. DTO AocTUTaeTCs 3a CYET UHTErpariiu OHo-
MexaHHYeCKHX MpoLieccoB U apepeHTHOM ceHCcop-
HOW MH(OPMALMU C LIMPOKOTO CIIeKTpa UCTOYHUKOB,
BKJ/ItOUasi peljeNTOpHbIe 30Hbl COMaTOCEHCOPHOTO,
3pUTEeFHOTO U BeCTUOY/ISIPHOTO aHAM3aTopoB [3].
AXTHBHpYyeMble MeXaHU3MbI TIOCTYPabHOTO KOHTPOJIS
COMPOBOXK/JAIOTCST PA3BUTUEM aAITUBHBIX peaKLvi
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CO CTOPOHBI Pa3/IMUHbIX (PU3UOOTHYECKHUX CUCTEM
C yyacTheM BeretatuBHOU HepBHOU cucTtemsl (BHC),
UTO HalpaBJ/ieHO Ha MojJep>KaHue aJleKBaTHOTO
ypOBHS (DYHKITMOHATbHOW aKTUBHOCTH OpraHu3Ma
Y coXpaHeHUe roMmeoctasa [4]. VIameHeHue CTerleHU
aKTMBHOCTU CUMIaTHU4YeCKUX U TapacuMmiaTuyeCKUX
LIEHTPOB PEry/siIUU OKa3bIBaeT BIMSIHYE Ha Cep/IeuHY0
ZIesITeNTbHOCTh, MOZIY/TUPYS TIePUO/UeCKHe KojieOaHust
ripopo/pkuTenbHOCTH R-R vHTepBanos [5, 6]. B cBsi3u
C 3TUM O00BEKTUBHBIM MH/IMKAaTOPOM C/IBUTA BEreTaTuB-
HOTO PaBHOBECHSI SIB/ISIETCS U3MeHeHHe BapuabeTbHOCTH
cepaeunoro putma (BCP) [7, 8]. BpemeHHbIe, criek-
TpaJibHbIe, HeJTMHeKHbIe, TeOMeTPHUYeCKUe U pPacueTHbIe
rapameTpbl BCP Mo3Bo/SIOT faTh Hauboiee TOUHYIO
KOJINYeCTBEHHYIO OL[eHKY BKJiafla CUMIaTU4e CKUX
Y MTapacMMIIaTHUe CKUX BIUSHUM B PETY/SIIUIO eATe Tb-
HocTu cepAtia [9, 10]. TTpu 5ToM cTerneHb OTK/IOHEHUST
nokasaresneit BCP npu nocTypasbHbIX U3MEeHEeHUsIX
3aBUCHUT OT UH/IUBU/IyaIbHBIX 0COOEHHOCTEN peak-
TUBHOCTH (BO30yZMMOCTH) BereTaTUBHBIX I[€HTPOB,
YTO Ha CErofHSLIHUN JeHb U3yUYeHO HeJ0CTaTOYHoO,
UeM U OMpe/iesisieTCsl aKTyaabHOCTb HaCTOSIIero uc-
cnemoBanus [11].

Henp ucciegoBanmsi — BbISIBUTH UHIWBU/Tyalb-
HbIe 0COOEHHOCTHU PETY/ISLUY CepPIeUHOr0 PUTMA TPH
MOCTYpaIbHBIX U3MEHEHUSIX B 3aBUCUMOCTHU OT pe-
aKTUBHOCTU CUMIIaTUYeCKUX U TlapacuMraThuueCcKux
BETreTaTUBHBIX L[IEHTPOB y CTY/IEHTOB.

MaTepMan bl U M€TOA Dbl

Pabora BrITioTHeHa Ha 6a3e HayyHO-UCCIIe0-
BaTe/IbCKOU JlabopaTopuu Kadeapbl HOpMaIbHOU (Hu-
310/10TUY VIBaHOBCKOM roCy/lapCTBEeHHOW MeIUITMHCKOM
akageMuu. bbiio o06csienoBaHo 50 MpakTHUECKU 30pO-
BBIX CTY/IEHTOB MY>KCKOT'O T10J1a C MH/IEKCOM MacChl Tefa
22,55+0,39 kr/m? [12]. CpesHuii BO3pacT y4aCTHUKOB
nccnepoBanud cocrasun 19,35+0,21 net. Kpurepusimu
WCKJTIOUeHUs ObI/IM OCTPble HH(PEKI[MOHHbIE U HEWH-
(bekLMOHHBIe 3a00/1eBaHMs1, XPOHUUECKHe 3a00/1eBaHMs
B CTa 1 000CTpEHUSs], a TaK)Ke UHAEKC MacChl Tesa
MeHee 18,5 kr/m? u 6ostee 25 kr/m% IlpeaBapuTenbHO
BCe YUaCTHUKHU HCC/IeZ0BaHUS ObIIM 03HAKOMJ/IEHBI
C MPOTOKOJIOM UCC/IefloBaHus (YTBEPXKeH TUYeCKUM

308

komutetoM PI'BOY BO MBI'MA Mun3zgpasa Poccun,
ripotokost Ne 5 ot 16.11.2020 r.) 1 samm fo6poBoIBHOE
NMCbMeHHOe HHPOPMUPOBAHHOE COT/Iackie Ha yJacTHe.
PaboTa BbITIO/IHEHA B COOTBETCTBUU C TUUECKUMU
MpUHLMIIaMU XeTbCUHCKOM JleKaapaluu 110 MpoBe-
JeHUI0 OMOMeIUIIMHCKUX UCC/IeIOBaHUM C y4acTHeM
yesioBeka [13]. Bapruabe/nbHOCTE CepAieuHOro puTMa
orieHnBau ¢ iomoiisio ATTK «ITonmu-ciekTp» («Het-
pocodT», I. IBaHOBO). Y UCIIBITYeMbIX PeTMCTPUPOBAIA
OKI' B I cTaHgapTHOM OTBe/IeHUM B TeUeHUe 5 MUHYT
B TOPU30HTAILHOM TIOJI0’KeHUU TeJia (KOHTPOJIb), a TaK-
JKe B TeUeHre 5 MUHYT MPU CJIEAYIOLIMX MOCTypabHbIX
M3MeHEeHUsIX: aKTUBHBIA OPTOCTa3, TaCCUBHBIN OPTOCTa3
(yron Hak/0Ha 25°) ¥ TaCCUBHBIA aHTUOPTOCTA3 (Yron
HaksoHa 15°) [14].

Omnpegensiivi BpeMeHHble, YaCTOTHbIE, TeOMeTpU-
yeCKUe Y pacuéTHbIe MoKasaTe/ld: YacTOTy CepAeUYHbIX
cokpamienuii (UCC, yzi/MUH), Cpe/THIO0 TIPO/0/DKU-
Te/IbHOCTb KapauouHTepBanoB (RRNN, mc), gosnto
KapJUOUHTEPBAJIOB, OTJTUYAIOIIUXCS MEXAY CoO0i
Ha 50 u 6osiee mc (pNN50, %), MUHUMAJTBHYIO TPO-
JIOJDKUTENBHOCTh KapAuouHTepBaia (R-Rmin, mc),
MaKCHMa/TbHYO MPOJI0/DKUTETBHOCTb KapIMOWHTepBaa
(R-Rmax, mMC), MOLL[HOCTb CIIeKTpa B Auara3oHe HU3-
KUX YaCcTOT B HOpMa/iM30BaHHbIX eAuHULaxX (LFnorm,
N.U), MOLJHOCTb CMeKTpa B iUara30oHe BbICOKUX YaCTOT
€ HopMasnm3oBaHHbIX efuHULaX (HFnorm, n.u.), uHgekc
cuMmnaToBarasibHoro B3aumMogeiicteus (LF/HF, y.e.),
JIOJIF0 MOILTHOCTH CTeKTpa B AUarna3oHe BBICOKUX Ya-
crot (HF, %), Moo MOIIHOCTH CTieKTpa B Ailara3oHe
Hu3Kkux yactoT (LF, %), 70o/t0 MOIIHOCTHU CrieKTpa
B /inara3oHe cBepxHU3Kux yactoT (VLFE, %), makcu-
MaJibHO€e 3HaueHHe MOIIHOCTH CIeKTpa B Auara3oHe
BeIcOKMX YyacToT (HFmx, mc%/T'11*1000), npoaomxu-
TeJbHOCTb MeJJMaHHOTO KapAuouHTepBana (Me, c),
MPOJO/DKUTEIbHOCTh MOJAbHOTO KapAXOMHTEpPBasia
(Mo, c), aMmIuTyny MoZaJbHOTO KapJAUOUHTEepBasa
(AMo, %), mIMpUHY 3/TUTICa CKaTTeporpaMMel (ell_w,
MC), IJIUHY J/IATICa cKkarTeporpammei (ell_L, mc),
OTHOLLIEHMe [IJTMHBI 3/UTUIICA CKaTTePOrPaMMBbI K eé
mmpuHe (L/w, y.e.), UHeKC HarpsbKeHUsT Pery/IsiTOPHbIX
cucreM (S, y.e.), mokasaresb afleKBaTHOCTH MPOLIECCOB
perynsituu (ITATIP, y.e.). PaccunTbiBaiu OTK/I0OHEHUe
niokasareseid BCP (A) npu mocTypabHbIX U3MEHEeHUSIX
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Y UCIIBITYeMbIX C pa3HOU CUMIIaTUYeCKOW U IapachM-
MaTUYeCKO PeaKTUBHOCTBIO.

PeakTUBHOCTH CMMMaTUUeCKUX BereTaTHBHBIX
LIEHTPOB OLleHKBaJIU 10 cTereHn u3MeHeHust HCC B pe-
3yJIbTare akTUBHOTO oprocTasa. [1pu ysemmuennn YCC
Ha 6-24 yJ/MUH PeakTUBHOCThL CUMITaTH4eCKOM HEPBHOM
CUCTeMbI CUMTaIA HOpMasbHOU, Tipy yBenrnyeHnyd UCC
6onee ueM Ha 24 y/I/MUH — BBICOKOM, TIPH yBeTMU€HUN
MeHee yeM Ha 6 ya/MUH — HM3Kou. Ha ocHOBaHUU
3TOrO0 OBIIO BbIZIE/IEHO 2 TPYIIIBI UCTIHITYEeMBIX: C HOP-
MasibHOH (n = 21) u BbicoKoM (n=29) cumMmnaTuyeCcKoi
PeaKkTUBHOCTBIO. PeakTMBHOCTB TTapacMIaTiueCKUX
BereTaTUBHbBIX LIEHTPOB OL{eHUBA/IY 10 BeJTMUYKHe KO3(-
¢urmenta K30:15 [15]. ITpu 3Hauennu K30:15, cocTas-
ssroeM 1,25-1,75 equHuL, peakTUBHOCTD IapacuMm-
MaTUYeCKOl HEPBHOM CUCTEMbI CUMTAIM HOPMaJIbHOM,
nipu 3HaueHuu K30:15 6osee uem 1,75 — BBICOKOH, MpU
3”HaueHny K30:15 meHee uem 1,25 — Huskol. Ha ocHoBa-
HUH 3TOTO UCTIbITYeMble ObUTH pa3ziesieHbl Ha 3 TPYTITIBL:
€ HopMasibHOM (n=33), HU3KoM (n=9) U BbICOKOM (n=8)
rapacMMITaTUYeCKOU PeakTUBHOCTBIO.

CratrcThyeCKril aHaM3 MOTyYeHHbIX pe3y/bTaToB
TIPOBOZIM/IY C TIOMOLIIBIO 371eKTPOHHBIX Tabsmr Microsoft

Excel 2007 u nporpammsl Statistica 12.0. [TpoBepka
TUTOTE3bl O HOPMAJIBHOCTH pacrpezeeHus SKCIie-
PUMEHTAaJIbHBIX JaHHbIX IPOU3BOAMIIACH C TTIOMOLLBIO
kputepus [lanrpo—Yunka (rpu n <50). [Ipunumas
BO BHUMaHMe TO, YTO pe3y/IbTaThbl He MMO4UUHSINCH
3aKOHY HOPMAJ/IbHOTO pacrpeziesieHus], 1JI1 ONUCaHUs
KOJIMYeCTBEeHHBIX [TlepeMeHHbIX paCcCUMThbIBAIU Me/In-
aHy U MHTepKBapTU/IbHbIN padmax Me [Q1; Q3]. Jns
OLIEHKU I0CTOBEPHOCTU pa3nuuri rokasateneid BCP
ObLTH MCII0/Tb30BaHbI HeTlapaMeTpryueCKU KpUTepui
Bunkokcona g5 3aBUCHMMBIX Tpynil U U-Kpurepuit
MaHHa—YWTHHU fiJ1s1 He3aBUCHUMBIX rpymil [16]. Pazmiuns
CUUTA/INA CTAaTUCTUYECKU 3HaUMMBbIMU 11pU p < 0,05.

Pe3ynbraTthbl M 06CyXAEHME

Ananu3 BCP npu akTMBHOM 0pTOCTa3e mokasarsi,
YTO B CIIEKTPOrpPaMMe UCHBITYeMbIX C HOPMabHON
Y BbICOKOM peaKTHBHOCTBI CUMIIaTHYeCKUX LieHTPOB
YBEJIMUMBAETCs] MOLJHOCTD B jara30He HU3KUX 4aCTOT
TIPU CHUKEHUU BBICOKOUACTOTHOIO KOMIIOHEHTa, UTO
CONPOBOXK/IAETCSI BO3paCTaHWEM MH/IeKCa CUMIIaTOBa-
raJibHOrO B3auMoelcTBus (Tabm. 1).

Ta6nunya 1
BapuabenbHocTb puTMa cepALa Npy akTUBHOM OPTOCTa3e y MY)XYMH B 3aBUCMMOCTH
OT peakKTUBHOCTM CMMMaTUYeCKoi HepBHOi cucTembl, Me [Q1; Q3]
MokazaTenb BCP
[MonoxkeHune Tena
LFnorm, n.u. HFnorm, n.u. LF/HF, y.e. Sl y.e.
HopMarnbHasa peakTUBHOCTb
KomTpone (n = 21) 41,50 58,50 0,71 41,17
P [33,30; 55,40] [44,60; 66,70] [0,50; 1,24] [34,59; 56,97]
AKTUBHbIN OpTOCTa3 77,00 23,00 3,25 99,89
(n=21) [67,50; 82,90] [17,10; 32,50] [2,08; 4,84] [70,60; 216,69]
* (p=0,0001) * (p<0,0001) * (p =0,0008) * (p =0,0003)
Bbicokasi peakTMBHOCTb
KoHTpone (n = 29) 36,40 63,60 0,57 55,73
P [30,40; 49,35] [50,65; 69,60] [0,44; 0,97] [38,60; 72,75]
82,65 17,35 4,75 205,49
AKTUBHbI OpTOCTa3 [74,78; 88,80] [11,20; 25,23] * [2,96; 7,96] [145,30; 265,42]
(n=29) *(p <0,0001) (p<0,0001) *(p<0,0001) *(p<0,0001)
# (p=0,05) #(p=0,05) #(p=0,05) #(p=0,03)

MpumedaHue: * — CTaTUCTUYECKM 3HAUMMble Pasnnums ¢ KOHTponeM (p < 0,05); # — CTaTUCTUYECKM 3HAYUMbIE PA3NINYKS OTKIIOHEHWS]
nokasatenei BCP y ncnbiTyeMbix ¢ HOpManbHOM 1 BbICOKOW CUMMaTUYECKOM peakTUBHOCTbLHO (p < 0,05).
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Table 1
Heart rate variability with active orthostasis in men depending
on the reactivity of the sympathetic nervous system, Me [Q1; Q3]
HRV indicator
Body
position LFnorm, n.u. HFnorm, n.u. LF/HF, c.u. Sl c.u.
Normal reactivity
Control (n = 21) 41.50 58.50 0.71 41.17
[33.30; 55.40] [44.60; 67.70] [0.50; 1.24] [34.59; 56.97]
Active orthostasis 77.00 23.00 3.25 99.89
(n=21) [67.50; 82.90] [17.10; 32.50] [2.08; 4.84] [70.60; 216.69]
* (p=0.0001) * (p<0.0001) * (p =0.0008) * (p =0.0003)
High reactivity
Control (n = 29) 36.40 63.60 0.57 55.73
[30.40; 49.35] [50.65; 69.60] [0.44; 0.97] [38.60; 72.75]
82.65 17.35 4.75 205.49
Active orthostasis [74.78; 88.80] [11.20; 25.23] * [2.96; 7.96] [145.30; 265.42]
(n=29) * (p<0.0001) (p<0.0001) * (p<0.0001) * (p<0.0001)
# (p=0.05) # (p=0.05) # (p=0.05) # (p=0.03)

Note: * — statistically significant differences with control (p < 0.05); # — statistically significant differences in the deviation of HRV
indicators in subjects with normal and high sympathetic reactivity (p < 0.05).

OT0 CBU/IETENLCTBYET 00 OTK/IOHEHHUH BereTaTUBHO-
T'0 paBHOBECHsI B CTOPOHY CUMITaTHUeCKUX BIUSHUMN [17,
18]. M3menenus B Gonbliieii CTereHu BEIPaXKeHbI y CTY-
JIeHTOB C BBICOKOM CHMMIaThueCKON peakKTUBHOCThIO,
YeM C HOpMaJIbHOM.

[Tpu BBICOKOM CcHMIaTUUeCKOW peaKTUBHOCTH
B pe3y/bTaTe akTUBHOTO OPTOCTa3a OTMeUaeTCsl TIpy-
POCT MH/IeKCa HarpsbKeHUs1 PeryasiTOPHbIX CUCTEM.
YCC yBemmuuBaetcs /10 98,65 [91,95; 103,48] yn/mun
T10 CPaBHEHUIO C KOHTPOJIbHBIM 3HaUeHHeM, COCTaB/Isi-
toium 63,20 [58,73; 70,25] ya/mus (p <0,0001). Takxke
MIPOUCXOUT YKOPOUeHUe CpeiHel MPoI0/IKUTeTbHOCTH
Kap/JMOMHTEPBAJIOB, KOTOpasi B TOPU30HTA/ILHOM I10J10-
»keHuHu cootBetcTByeT 949,00 [853,75; 1022,25] Mmc,
a npu akTruBHOM opTtocTta3e — 608,00 [580,00; 652,50]
Mc (p<0,0001).

Y cTyzieHTOB C HOpMa/TbHOM CUMITaTUUeCKOW peak-
TUBHOCTBIO U3MeHeHUsI BbIpayKeHbl B MeHbIIIel CTeTleHH .
Tak, UCC B koHTpOJIe cocTarssieT 65,80 [56,60; 74,60]
y[/MUH, a NPy aKTUBHOM OPTOCTa3e yBeJIMUHMBaeTCst
Zo 86,30 [78,20; 91,90] yz/muH (p<0,0001). Cpennsist
TIPOJO/DKUTE/TBHOCTb Kap/IMOMHTEepBasia yKOpaulBaeTCst
1o 695,00 [653,00; 767,00] mc o cpaBHenwuto ¢ 913,00
[805,00; 1059,00] Mc B ropu30HTaILHOM TIOJIOKe-
Huu (p <0,0001). To ecTb y UCIIBITYEMBIX C BHICOKOM
CUMITaTUueCcKoi peakTUBHOCTHIO UCC yBeTMurBaeTcst
Ha 31,60 [29,10; 34,90] ya/mun, RRNN ymeHbIt1aeTcs
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Ha 341,00 [-361,75; —265,00] mc, uTo Gorbiiie, ueM y JivI]
C HOPMasIbHOM peakTHBHOCThIO, TIPH KOTOPOM yBerye-
nue UCC cocrasnsier 20,50 [18,00; 22,10] ya/muH, a cHU-
»xeHne RRNN — 218,00 [-290; —156] mc (p<0,0001,
p=0,0001 cOOTBETCTBEHHO).

[TaccuBHBIM OPTOCTa3 TakXkKe y BCEX UCTIBITYeMbIX
TIPUBOZMT K aKTUBAI[UH CUMITaTHUYe CKUX MEXaHHU3MOB
peryJisLi puT™Ma cepAiia. Y CTy[eHTOB OTMeuaeTcst
yBenuuenre YCC, ykopoueHUe CpeIHETO U MeJaH-
HOTO 3HaueHHsl KapAMOWHTEepBasa, UTo MpH BbICOKOM
peakTUBHOCTU cuMmmaThudeckoro otaena BHC Bbi-
pakeHO B OoJbIlIel CTereHH, YeM Y UCIIBITyeMbIX
C HOpMa/IbHOW PeakKTUBHOCTHIO, KaK U CHIDKeHHe
[0/ BBICOKOYACTOTHOTO KOMITOHEHTa B CYyMMapHOM
mortrHocTH criektpa BCP (Tabs. 2). Kpome Toro, y uig
C BbICOKOM PeaKTUBHOCTBIO CUMIIaTUUeCKUX LIEeHTPOB
B pe3y/ibTaTe MacCUBHOTO OPTOCTa3a OTMeuaeTcs
ymenbiieHre pNN50 go 20,50 [15,30; 36,20] % npu
(hoHOBOM 3HaueHUH ToKa3are/si, cocTapJsitorieM 33,70
[24, 30; 40,50] % (p=0,005). NHgekc cuMIiaToBa-
rajibHOTO B3aUMO/IeCTBUS yBenuurBaeTcs o 1,17
[0,56; 1,60] y.e. mo cpaBHenwuto c 0,64 [0,39; 0,87]
y.e. B kouTpouie (p =0,0009).

[TaccuBHBIN aHTHOPTOCTA3 Y CTY/IEHTOB C HOpMaJlb-
HOM peakTUBHOCTbIO cuMnaTtuueckoro otgena BHC
COTIPOBOXK/IA€TCS yMeHbllIeHueM MoKa3aTe/s aflek-
BaTHOCTH TIPOL[€CCOB PeryJIsiiA, KOTOPhIN B TOPHU30H-
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Ta/JILHOM TTOJIOKeHuU cocrasistet 41,70 [36,80; 55,30]
y.e., a Ipy IaCCMBHOM aHTHopToCTase — 36,70 [29,60;
47,60] y.e. (p=0,01). 3T0 yKa3biBaeT Ha CHIW>KeHHE
aKTHBHOCTH TeliCMeKepHBIX K/IeTOK CHHOATPUA/ILHOTO
y3/1a IPOBOZSIIIEN CUCTeMBI cepiua. B cBs3u ¢ aTum
HabmoIaeTCs yBeIMueHre BapuaTHBHOCTH BPEMEHHBIX
PSI/I0B KapJUOMHTEPBAJIOB, O UEM TOBOPUT YMEHbILIEHHE
aMIUIUTYAbI MOABI U PaCIlIUPEHYE 3/IIUICA CKaTTepo-

rpaMMbl. AMIUIUTYZa MOAa/IbHOro R-R vHTepBana
B TOPU30HTABLHOM TI0/IoKeHUU paBHa 35,00 [30,50;
40,20] %, a rnpu MacCMBHOM aHTHOPTOCTAa3e OHa
yMeHbImaetcs a0 33,40 [27,10; 43,70] % (p=0,04).
[ITrpyHa 3/MICca cKaTTeporpamMMsl YBe/IMurMBaeTCst
o 91,00 [50,00; 114,00] mc 1io cpaBHenuto ¢ 79,00
[49,00; 96,00] mc B koHTpOse (p=0,04).

Tabnuya 2
Bapua6enbHocTb puTMa cepAua npu NnacCCUBHOM OPTOCTa3e y MYXUMH
B 3aBUCMMOCTM OT PeaKTMBHOCTU CUMNaTHUYeCKOi HepBHoi1 cuctembl, Me [Q1; Q3]
MokasaTenb BCP
MonokeHue Tena
YCC, ya/MuH RRNN, mc Me, ¢ HF, %
HopmanbHasi peakTUBHOCTb
KokTpons (n = 21) 62,95 939,00 0,94 46,30
P [58,90; 66,90] [889,00; 1010,00] [0,89; 1,00] [31,70; 54,70]
[MaccmBHbIN opTOCTas 64,00 941,00 0.95 39,10
(n=21) P [61,10; 70,00] [869,00; 1027,00] [0,86; 1,02] [29,10; 44,40]
*(p=0,01) *(p=0,04) *(p=0,03) *(p=0,04)
Bbicokasi peakTMUBHOCTb
KonTposnb (n = 29) 61,70 973,00 0,98 4010
P [59,30; 69,60] [862,00; 1012,00] [0,86; 1,02] [30,00; 52,40]
65,40 918,00 0,92 24,50
MaccuBHbIii opTOCTas [63,60; 71,30] [841,00; 944,00] [0,84; 0,96] [18,00; 44,50]
(n=29) * (p=0,0001) * (p<0,0001) * (p=0,0001) * (p=0,001)
# (p =0,0002) # (p =0,0004) # (p=0,002) # (p=0,03)

MpumedaHue: * — CTaTUCTUYECKM 3HAUMMbIe Pasnnums ¢ KOHTponeM (p < 0,05); # — CTaTUCTUYECKN 3HAYUMbIE PA3NINYMS OTKIIOHEHWS
nokasatenein BCP y ncnbiTyeMbix ¢ HOpManbHOR 1 BbICOKOW CUMMaTUYECKOW peakTUBHOCTbHO (p < 0,05).

Table 2
Heart rate variability in passive orthostasis in men depending on the reactivity of the sympathetic nervous system, Me [Q1; Q3]
Body HRV indicator
position
HR, bpm RRNN, ms Me, s HF, %
Normal reactivity
Control (n = 21) 62.95 939.00 0.94 46.30
[58.90; 66.90] [889.00; 1010.00] [0.89; 1.00] [31.70; 54.70]
Passive orthostasis 64.00 941.00 0.95 39.10
(n=21) [61.10; 70.00] [869.00; 1027.00] [0.86;1.02] [29.10; 44.40]
* (p=0.01) * (p=0.04) * (p=0.03) * (p=0.04)
High reactivity
Control (n = 21) 61.70 973.00 0.98 40.10
[59.30; 69.60] [862.00; 1012.00] [0.86;1.02] [30.00; 52.40]
65.40 918.00 0.92 24.50
Passive orthostasis [63.60; 71.30] [841.00; 944.00] [0.84; 0.96] [18.00; 44.50]
(n=21) * (p =0.0001) * (p<0.0001) *(p=0.0001) *(p=0.001)
# (p = 0.0002) # (p = 0.0004) # (p = 0.002) # (p = 0.03)

Note: * — statistically significant differences with control (p < 0.05); # — statistically significant differences in the deviation of HRV
indicators in subjects with normal and high sympathetic reactivity (p < 0.05).
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ITomo6Hble n3meHeHuss BCP cBUeTe/bCTBYeT
00 yBe/TMYeHNH TIapaCUMITaTHUe CKUX BJIMSTHUM Ha cep-
JleYHBbIN PUTM Y UCTIBITYeMbIX C HOPMa/IbHOW CUMIIa-
THYECKOM PeaKTUBHOCTBIO. Y CTYZIEHTOB C BBICOKOM
CUMIaTAYeCKOW peakTUBHOCTHI0 BCP npu naccuBHOM
aHTHUOPTOCTa3e He U3MeHsIeTC .

Ananmu3 ocoberHocteli BCP B 3aBUCUMOCTH OT pe-
aKTMBHOCTH MapacMMIaThueCKOi HEPBHOW CHCTEMbI
10KasaJ/l, YTo IPU aKTUBHOM OPTOCTase y UCHbITye-
MBIX C BBICOKOM PeaKTUBHOCTBIO TTapacMMIaTHieCKUX
LIeHTPOB MH/IEKC HallpsbKeHUsl pery/siTOPHbIX CUCTeM
YBEJIMUMBAETCS B MEHbIIIeH CTeNeHU, UeM y CTYZeHTOB
C HOpMaJIbHOW ¥ HU3KOW PeaKTUBHOCTHIO (Tabs. 3).

MakcuMasbHbIN MPUPOCT MOKa3aresist afleKBaTHO-
CTU MPOLIECCOB PeTryJIsLiMY OTMeYaeTcs y JINL C HU3KOU

TlapacUMITaTHYeCKOl peakKTUBHOCTBIO TI0 CPABHEHUIO
C UCTIBITYeMbIMH IPYTHX TPYTI. Bo30yKIeHre cUMITaTy-
YeCKHX KapJUaIbHbIX LIEHTPOB Y UCTILITYeMbIX C HU3KOM
MapacUMIIaTHUe CKOW PeaKTUBHOCTBIO COTIPOBOXK/IAeTCSI
yBemuenrem YCC go 106,80 [101,00; 108,70] ya/mux
10 cCpaBHEHUIO ¢ ()OHOBLIM 3HaueHWeM, paBHbIM 73,50
[67,60; 82,40] yo/muH (p=0,007). OTK/IOHEHHe COCTaB/IsIeT
33,30 [31,40; 37,00] ya/mMuH. 310 GOsbIIle, YeM Y CTyIeH-
TOB C HOPMaJTbHOM MapaCUMIIaTUUeCKON PeaKTUBHOCThIO,
y kotopbix UCC yBemumBaetcs Ha 28,35 [20,63; 29,80]
ya/muH (p=0,004). B koHTpOsie Py HOpMAaJTbHOM peak-
TUBHOCTH Cep/ilie COKpaIlaeTcsi ¢ yactoroi 63,45 [56,73;
69,75] ya/muH, a ripu akTiBHOM opTocta3e — 91,80 [82,83;
98,50] yz/muH (p <0,0001).

Tabnuya 3

Bapua6eanocn; puTMa cepaua npu akTUBHOM opTocTa3e Y My)>X4YUH B 3aBUCUMOCTHU

OT peaKTMBHOCTM NapacMmnaTU4ecKomn HepeHoi cuctembl, Me [Q1; Q3]

lMonoxeHue Tena

[Mokasatenb BCP

Sl y.e.

NAMP y.e.

Hopmaanaﬂ PEaKTUBHOCTb

KoHTposb (n = 33)

47,63 [36,50; 72,75]

35,80 [30,75; 42,50]

AKTMBHbI opTocTas (n = 33)

193,57 [102,89; 257,50]
* (p<0,0001)

72,25 [49,88; 85,73]
* (p<0,0001)

Hu3kasa peakTMBHOCTb

KoHTponb (n=9)

58,22 [43,06; 59,51]

53,90 [38,00; 57,50]

AKTUBHbIN opTocTas (n=9)

295,30 [107,34; 366,44]
*(p=0,01); # (p=0,03)

95,60 [90,50; 107,40]
*(p=001);* (p=0,04); # (p =0,05)

Bbicokas PE€aKTUBHOCTb

KoHTposnb (n = 8)

42,47131,63; 53,11]

37,15[29,38; 41,40]

AKTMBHbIN opTocTas (n = 8)

133,83 [78,22; 160,62]
*(p=0,01); «(p=0,01)

67,40 (48,85, 81,75]
*(p=001)

[MpumeyaHme: * — CTaTUCTUYECKM 3HAYMMBbIE PA3IMUKs ¢ KOHTPoNeM (p < 0,05); # — cTaTUCTUYECKM 3HAUVMbIE PA3/INYKS OTKIIOHEHUSA
rnokasaresien y UCMbITyeMbIX C HOPMasIbHOM U HU3KOW PeaKTUBHOCTbBHD; « — CTaTUCTUYECKM 3HaYMMble Pas3Nyns OTKITIOHEHUA
nokasaTtesien y UCMbITYEMbIX C HOPMasibHOW W BbICOKOW PEaKTUBHOCTLIO; # — CTaTUCTUYECKM 3HAYUMbIE Pa3INYNA OTKIIOHEHNS
nokasaTesniei y UCMbITYeMbIX C HU3KOM 1 BbICOKOW peakTMBHOCTbLHO (p < 0,05).

Table 3

Heart rate variability with active orthostasis in men depending on the reactivity of parasympathetic nervous system, Me [Q1; Q3]

Body position

HRV indicator

SI, c.u.

PAPR, c.u.

Normal reactivity

Control (n = 33)

47.63[36.50;72.75]

35.80[30.75;42.50]

Active
orthostasis (n = 33)

193.57 [102.89; 257.50]
* (p<0.0001)

72.2549.88; 85.73]
* (p<0.0001)

Low reactivity

Control (n=9)

58.22 [43.06; 59.51]

53.90[38.00; 57.50]

Active
orthostasis (n=9)

295.30[107.34; 366.44]
*(p=0.01); # (p = 0.03)

95.60 [90.50; 107.40]
*(p=0.01);" (p=0.04); # (p=0.05)

High reactivity

Control (n =8)

42.47[31.63; 53.11]

37.15[29.38; 41.40]

Active
orthostasis (n = 8)

133.83[78.22,160.62]
*(p=0.01); « (p=0.01)

67.40 [48.85; 81.75]
* (p=0.01)

Note: * — statistically significant differences with control (p < 0.05); » — statistically significant differences in the deviation of indicators
in subjects with normal and low reactivity; « — statistically significant differences in the deviation of indicators in subjects with normal
and high reactivity; # — statistically significant differences in the deviation of indicators in subjects with low and high reactivity (p < 0.05).
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¥ nuyg ¢ Beicokoi peakTuBHOCTHI0 HCC yBemmuun-
Baetcs 70 90,55 [83,90; 97,15] yi/MuyH o cpaBHEHUIO
c 64,15 [61,10; 68,15] yz/MyH B rOPU30HTAILHOM TI0-
noxxenuu (p=0,01). OTknoHeHue cocTassieT 26,40
[20,23; 30,73] ya/MUH, UTO JOCTOBEPHO HIKE, YeM IPU
HW3KOM Mapacumriatiyeckoi peaktuBHoctH (p =0,02).
Y UCTBITYeMbIX C HU3KOM TTapacuMIiaTuyeckou peak-
TUBHOCTBIO OTMeUaeTCsl YKOpoueHHe MUHUMAaIbHOTO
KapAuouHTepsana. B koHTpose oH cocTtasiseT 631,00
[614,00; 733,00] mc, ripu akTBHOM opTocTa3e — 493,00
[470,00; 508,00] mc (p=0,007). 310 U3MeHeHHe Oomee
BBIPA)KEHO, UeM Y JIUI] C HOPMaTbHOW PeakTHBHOCTHIO,
y KOTOphIX R-Rmin B ropu30HTa/IbHOM MOJI0KEHUH pa-
BeH 709,00 [648,25; 788,50] Mc, a mpy akTMBHOM OpPTOC-
taze — 570,00 [522,25; 599,75] mc (p=0,0003). OTK/10-
Henue R-Rmin coctasnseTr —233,50 [-265,75; -149,50]
MC TIpU HU3KOM peakTMBHOCTH U —155 [-210,00;-95,75]
Mc Tipu HopMasbHoM (p=0,02).

B pesynbrare nmacCMBHOTO OpTOCTa3a B CIIeKTPO-
rpaMMe UCIBITYeMbIX C HU3KOM MapacuMIlaTuyeCcKon
PEeaKTUBHOCTBIO0 OTMEeUaeTCs1 CHIKeHHUE 0JT MOLLIHOCTH
CrieKTpa B /iarna3oHe BbICOKMX yactoT o 18,80 [16,50;
24,62] % 1o cpaBHEHUIO CO 3HAUeHUeM B KOHTDOJIe,
paBabM 43,50 [36,50; 48,63] %, (p=0,01), yBermueHue
IO CBEPXHU3KOUACTOTHOTO KOMITOHEHTa, KOTopasi
B TOPU30HTAIbHOM MOJIOXKEeHUM cocTaBasieT 28,85
[21,00; 34,80] %, a ripu naccuBHOM opTtocTaze — 46,20
[40,32; 59,00] % (p=0,01). TakKe IPOUCXOAUT YMEHb-
1IeHre Mo/la/IbHOTO KapAauouHTepsasa ot 0,85 [0,79;
0,98] c 10 0,79 [0,77; 0,92] c (p=0,01). N3meHeHue
3TUX T0Ka3aresieil pyU HU3KOW NapacuMIiaTh4yeckoi pe-

AKTUBHOCTH BBIDXEHO B OOJIbIIIEH CTEIeHH, YeM Y JIHI]
C HOpPMa/bHOMN pPeaKTUBHOCTHIO, Y KOTOPKIX /I0JIsI MOII]-
Hoctu HF komrioHeHTa B KOHTpoOse cocTtasiseT 39,35
[30,35; 51,98] %, a npu maccuBHOM opTocTasze — 34,70
[20,50; 46,78] % (p=0,01). dons mowHoctu VLF
cocTaB/sitollel crieKTpa B KoHTpoJie — 28,60 [22,53;
43,65] %, a ripu nmaccuBHOM opTocTaze — 37,10 [25,88;
50,90] % (p=0,006). BenyuriHa MofianbHOTO Kap/IUOWH-
TepBaJia y UCITbITYeMbIX C HOPMa/IbHOW PeaKTUBHOCTBIO
rapacrMMIIaTUYeCKUX LieHTPOB yMeHbiuaeTcs 10 0,95
[0,88; 1,03] c o cpaBHeHMIO C (HOHOBBIM 3HaUEHUEM,
cocrasssorim 0,99 [0,90; 1,05] ¢ (p=0,007). TTaccug-
HBIM OPTOCTa3 y BCeX HCIBITYeMbIX COITPOBOXKJAETCS
yBeJIMUeHHEeM YaCTOThI CepPZIeYHbIX COKpaIlleHU U VKO-
poUyeHHeM MPO/I0/KUTEBHOCTH KapAUOWHTEePBAJIOB,
TIPY 3TOM OTHOITIEHHe JIJTUHBI 3/UIATICA CKAaTTePOTrPaAMMBI
K eé ImMpuHe cTaHOBUTCS Oosblie (L/w) (Tabm. 4).

IMpu maccMBHOM aHTHOPTOCTa3€e Y UCTILITYEeMbIX
C HOpMaJIbHOM TlapacUMIIaTHYeCKOW peaKTHBHOCTBIO
OTMeuaeTCsl CHKEeHUE /07T CBePXHU3K0UaCTOTHOTO
KOMITOHEHTa B 00111l MorHocTH criektpa BCP o 28,05
[17,13; 41,33] % 1o cpaBHEHUIO C KOHTPO/IbHLIM 3Haue-
HueMm, paBHbIM 30,15 [22,65; 43,65] %, (p=0,03). 310
yKa3bIBaeT Ha CHIKEHWe aKTUBHOCTH CUMTIaTUYeCKUX
peryasiTOPHbIX MEXaHU3MOB. Y CTYIEHTOB C BbICOKOM
MapacUMIaTHYeCKoi PeaKTUBHOCTHIO TIPY TTAaCCUBHOM
aQHTHOPTOCTAa3e BO3pacTaeT MaKCMMaabHOe 3HaueHue
MOIITHOCTH CIIeKTpa B iara3oHe BLICOKMX YacTOT, KOTOpPOe
B FOPU30HTA/ILHOM TO/IOXKeHUH cocTaBsieT 46,25 [21,35;
86,60] Mc2T'11*1000, a rpy TaCCMBHOM aHTHOPTOCTa3e —
61,10 [44,23; 112,95] mc¥T'11*1000 (p=0,04).

Ta6nuya 4
Bapua6enbHocTb puTMa cepAua NpyM NaCCMBHOM OPTOCTa3e Y MY)XUUH
B 3aBMCUMOCTM OT peaKTUBHOCTU MapacuMnaTnyecKoii cuctemol, Me [Q1; Q3]
[MonoxkeHune lMokasaTenb BCP
Tena YCC, ya/MuH | RRNN, mc | L/w, y.e.
HopmarnbHasi peakTUBHOCTb

KoHTponb 60,90 985,50 1,67
(n=33) [57,45; 66,63] [901,00; 1044,00] [1,26; 2,08]

939,00 1,97
MaccuBHbIii opTocTas (n = 33) 63'2?[3[5;86708632)’65] [874,25; 1020,75] [1,64;2,76]
! * (p=0,005) * (p=0,01)

Hu3skasi peakTMBHOCTb

KoHTponb (n = 9) 71,50 839,50 1,55

[61,98; 73,08] [811,50; 968,50] [1,48; 2,26]
MaccusHbIl opTocTas (n = 9) 75,30 [66,52; 78,35] 797,00 [766,25; 902,25] * 2,36 [2,19; 2,79]

*(p=0,01) (p=0,04) * (p=0,03)
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OkoHyYaHue Tabn. 4

[MonoxkeHune [MokazaTenb BCP
Tena YCC, ya/MuH | RRNN, mc L/w,y.e.
BbicoKasi peakTUBHOCTb
. . 953,50 _
KoHTponb (n = 8) 62,95 [61,10; 68,05] [882,00; 982,75] 1,51[1,32;1,72]
65,70 [63,45; 69,83] 214,50 1,80 [1,72;2,31]
MaccuBHbIf opTocTas (n = 8) Y [859,25; 945,00] S
(p=001) *(p=0,01) (p=001)

[pumedaHme: * — CTaTUCTUHECKM 3HAUYUMbIE Pa3nunumns ¢ KoHTponem (p < 0,05); # — CTaTUCTUYECKM 3HAUMMbIE PA3INUMS OTKIIOHEHWS
nokasaTenen y UCnbITyeMbIX C HOPMabHOW N HU3KOM PEaKTUBHOCTLIO; « — CTAaTUCTUYHECKM 3HAYMMbIE PA3INYNS OTKIIOHEHNS
nokasareniei y UCbITyeMbIX C HOPManbHOW Y BbICOKOW PEAKTUBHOCTbBHO; # — CTaTUCTUYECKM 3HAUYVMbIE Pa3INYNg OTKIOHEHNS
nokasaTenei y UCrbITyeMblX C HA3KOM 1 BbICOKOW peakTMBHOCTbHO (p < 0,05).

Table 4
Heart rate variability in passive orthostasis in men depending on the reactivity of the parasympathetic system, Me [Q1; Q3]
Body HRYV indicator
position HR, bpm RRNN, ms L/w, c.u.
Normal reactivity
Control 60.90 985.50 1.67
(n=33) [57.45; 66.63] [901.00; 1044.00] [1.26;2.08]
Passive 63.95 939.00 1.97
orthostasis (n = 33) [58.78; 68.65] [874.25; 1020.75] [1.64;2.76]
* (p = 0.0006) * (p = 0.005) *(p=0.01)
Low reactivity
Control 71.50 839.50 1.55
(n=9) [61.98; 73.08] [811.50; 968.50] [1.48;2.26]
Passive 75.30 797.00 2.36
. _ [66.52; 78.35] [766.25;902.25] [2.19;2.79]
orthostasis (n=9) *(p=0.01) *(p = 0.04) *(p=0.03)
High reactivity
Control 62.95 953.50 1.51
(n=8) [61.10; 68.05] [882.00; 982.75] [1.32;1.72]
Passive 65.70 914.50 1.80
; _ [63.45; 69.83] [859.25; 945.00] [1.72;2.31]
orthostasis (n = 8) *(p=0.01) *(p=0.01) *(p=0.01)

Note: * — statistically significant differences with control (p < 0.05); * — statistically significant differences in the deviation of
indicators in subjects with normal and low reactivity; « — statistically significant differences in the deviation of indicators in subjects
with normal and high reactivity; # — statistically significant differences in the deviation of indicators in subjects with low and high

reactivity (p < 0.05).

Takke 1py BLICOKOW PEaKTUBHOCTH YBeJTUUMBAETCS
IITMPUHA 3/TATICA CKaTtTeporpammel 1o 111,00 [74,00;
138,75] mc nipu poHoBOoM 3HaueHuu 95,00 [64,50;
131,50] mc (p=0,01). [Toka3aTenb a/leKBaTHOCTH
TIPOLIECCOB PETryJ/ISILUN Y UCTIBITYeMbIX 3TOU TPYTIITbI
cHwkaetcs 10 32,10 [24,98; 47,03] y. e. 110 cpaBHeHUIO
C KOHTPO/JIbHBIM 3HaueHueM 44,65 [31,25; 53,37] y.e.
(p=0,01). 3TO CBUAETENBCTBYET 00 AaKTUBALIUM TIapa-

314

CUMIIaTHUUe CKUX MeXaHU3MOB Pery/isiLiu. Y UCIIbITye-
MBIX C HU3KOW PeaKTUBHOCThIO MTaCCUBHBINA aHTHOPTO-
CTa3 M3MeHeHUM puTMa cep/ilia He BbI3bIBaeT.

AHanu3 pe3y/bTaToOB MMPOBEIEHHOT0 UCC/IeI0BaHUS
T0Ka3aJl Ha/Inure WHAUBH/IyaTbHbIX 0COOEHHOCTel pea-
TMPOBAHKS UCTILITYEMbIX Ha pa3/IMuHble TOCTypasbHbIe
V3MEeHEeHUs], UTO B 3HAUMTE/IbHOM CTereHu onpeesisi-
€TCsl YyDOBHEM BO30YyIIMOCTH LIEHTPOB BereTaTUBHOMN
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HEPBHOM CHUCTeMbI. JTO COI/IACyeTCs C pe3yabraTaMu
pabor psizia yueHsIx [19, 20], uTo 1Mo3BOISIET HE TOJTBKO
000CHOBaTh BO3MO>KHBIE BAPUAHTHI ITPUCIIOCOOUTETh-
HOW peakIi[uy CepfieYHO-COCYIMCTON CHCTeMBI YesloBeKa
TIpU M3MeHeHUU TI0/I0XKeHHsI TeJla, HO U UCTI0/b30BaTh
MarepHasibl HacTosTiel paboThl B 00/1aCTH CITIOPTUBHOM
MeULIMHBI U PeaOUTTO/IOTHH.

[anHoe ucciiejoBaHNE UMEeT Psijfi OTpaHAYeHUH:
y3Kui Bo3pacTHo# auara3zoH (19,35+0,21 siet) u oguH
o1 (My>KCKOM) y4aCTHUKOB UCCJIeZIOBaHMS.

BbiBOAbI

Takum 06pa3om, aKTUBHBIN U ITaCCUBHBIN OPTOC-
Ta3 CONMPOBOXK/AETCS BO30OY>KIeHUEeM CUMITaTHUe CKUX
CTPYKTYP, YYaCTBYIOI[UX B PEryJISII[AA CEepP/IeYHOTrO
PUTMa, UTO B OOJIbIIIEH CTEeHH TIPOSIBIISIETCS Y JIUL]
C BBICOKOUM PeaKTUBHOCTBLIO CUMITAaTHUYEeCKOTO OT/iesa
BereTaTHBHON HEPBHOW CHCTeMbI U HU3KOW PeaKTHB-
HOCTBIO MapacUMITaTH4YeCcKoro. B pe3ysbTaTe maccug-
HOT'O aHTHOPTOCTAa3a y UCIbITyeMbIX C HOPpMabHOM
U BBICOKOM MapacUMIIaTHueCKOW peakTUBHOCTHIO,
a Tak)Ke C HopMalbHOW peaKTUBHOCTbIO CUMIIaTUue-
CKOM CHCTeMbl BO3pacTaeT PO/ib TTapacUMIIaThye CKUX
Kap/IMa/IbHBIX LIeHTPOB B PeTy/ISLUY CepAeUHOro pUTMa.
Y u1] C BBICOKOW CUMIIAaTAUeCKOM peaKTUBHOCThIO
Y HU3KOM TapacumraThyeCcKol peakTUBHOCTBIO Tac-
CUBHBIM aHTUOPTOCTAa3 He TTPUBO/IUT K U3MEeHEeHUIO
aKTMBHOCTU BereTaTMBHBIX Kapua/bHbIX L[eHTPOB.
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Techniques for assessing hearing loss in infants
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Abstract. The ability to hear is one of the five major senses that allows us to communicate effectively with others.
Unfortunately, individuals frequently take their sense of hearing for granted, and they do not know how important it is until it is
lost or compromised. Hearing loss was not a top concern for the Indian government until recently. Prevention, early diagnosis,
and care can prevent half of all occurrences of deafness and hearing impairment. The auditory sense is critical for a child’s
brain development. This will also reduce the strain of hearing loss, preventing the loss of many potentially productive years.
The most cost-effective strategy to lessen the burden of hearing loss is to screen new-borns and babies. Hearing loss is the most
frequent sensory deficiency in people all over the world. The severity of hearing loss can range from mild to severe. Kapoor Set
al. suggested that by screening, the condition is detected earlier than it would otherwise be diagnosed. Because of the urgent
need to prevent infectious causes of mortality, neonates and new-borns are not regularly checked for any specific disease in
India. The Department of Prevention of Communication Disorders of All India Institute of Speech and Hearing (AIISH) located
in the Southern India, conducts infant screening for hearing disorder on regular basis in different hospitals attached to it using
Behavioural Observational Audiometry, Otoacoustic Emissions (OAE) screening, and administering High Risk Register (HRR).
In the year 20092010, a total of 12416 new-borns in 10 hospitals associated with AIISH were screened for hearing disorder.
The following paragraphs deals with various issues related to the hearing screening of infants in India. Methodology of study
was as we searched PubMed Central and Google Scholar for relevant articles with key words «hearing, screening, hearing loss
and infants». Full-text articles were downloaded dated July 2022 to September 19, 2022. Relevance was judged according
to articles describing theories of hearing screening of infants India. Conclusion. Hearing screening for new-borns is critical
for detecting congenital hearing loss and providing early management. Every person has the right to live a healthy lifestyle.
Hearing impairment, like communication disorders, begins early in life. Infants with hearing loss will only be able to reach
their full potential as fully active, contributing, and integrated members of society if systematic early screening programmes
are implemented. Hearing screening for new-borns is critical for detecting congenital hearing loss. The AABR is considered
necessary for HRNHS in high-risk new-borns (prematurity, anoxia, hyperbilirubinemia) who are at risk of auditory neuropathy
that cannot be detected using the OAE test. The OAE test is faster and easier to conduct, but it has a larger false positive rate
than the AABR. The ideal hearing procedure is still being developed. As a result, the hearing screening technique should be
adapted to the specific demands of each centre.
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Introduction

The ability to hear is one of the five major senses
that allows us to communicate effectively with others.
Unfortunately, individuals frequently take their sense of
hearing for granted, and they do not know how important
it is until it is lost or compromised. Hearing loss was not
a top concern for the Indian government until recently.
With the establishment of the National Program for the
Prevention and Control of Deafness (NPPCD), there
is a renewed focus on this massive public health issue
Age, excessive noise exposure, head and ear injuries,
use of ototoxic medicines, infectious disorders such as
meningitis, measles, mumps, and chronic ear infections,
and congenital anomalies are all common causes of
hearing loss. Prevention, early diagnosis, and care can
prevent half of all occurrences of deafness and hearing
impairment. The auditory sense is critical for a child’s
brain development. Early detection of hearing loss will
prevent the problem from becoming out of hand. This
will also reduce the strain of hearing loss, preventing
the loss of many potentially productive years. The most
cost-effective strategy to lessen the burden of hearing
loss is to screen new-borns and babies.

Hearing loss is the most frequent sensory deficiency
in people all over the world. The severity of hearing loss
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can range from mild to severe [1]. According to World
Health Organization estimates from 2012, moderate
to profound hearing loss is a debilitating illness that
affects 360 million individuals globally [2].Hearing loss
is the second most prevalent cause of years lived with
disability (YLD), accounting for 4.7 percent of overall
YLD, according to Mathers C et al [3]. According to the
widely cited prevalence figures for India, 6.3 percent
of Indians have significant hearing loss [4].Garg S.
et al. suggested that Hearing loss is more common
in rural settings than in urban areas [5].According
to the 58th round of the National Sample Survey
Organization survey in 2002, there are 291 people per
100,000 who have severe to profound hearing loss.
Children aged 0—14 years make up a large portion of
this group. According to the report, around 7 % of
persons have a congenital hearing loss [6]. Deafness
acquired as a youngster has a significant influence on
an individual’s social, economic, and productive life.
Simultaneously, there is a significant human resource
shortage in health care to tackle this issue. The Indian
government has chosen primary health care (PHC) as
the preferred option for providing and implementing
deafness prevention.

The term «hearing impairment» (synonyms:
«hardness of hearing,» «hypoacusis») refers to a loss
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of hearing capacity in the broadest sense, ranging
from barely perceptible abnormalities to complete
deafness. An interruption of sound conduction to the
inner ear, sound perception by the sensory cells of the
cochlea, or sound processing in the cochlear nerves,
auditory pathway, or cortical auditory centres causes
hearing impairment. As a result, hearing loss is a sign
of a variety of disorders that damage the auditory organs.
It differs from other hearing problems such hyperacusis
(sound sensitivity), fluctuating hearing, and tinnitus.
Hearing loss in world and India Kapoor S. et al.
suggested that by screening, the condition is detected
earlier than it would otherwise be diagnosed. Because
of the urgent need to prevent infectious causes of
mortality, neonates and new-borns are not regularly
checked for any specific disease in India. Though India
has succeeded in decreasing death rates, the burden of
disability has not decreased; in fact, it has increased
over time [7]. Many disabilities can be avoided if we
have a proper screening program. Nagapoornima P.
et al. suggested that out of every 1000 children born
in India, there may be 5-6 such children who cannot
hear properly [8].Cunningham M. et al. suggested
the overall lestimates prevalence of hearing loss in
new-born are between I and 6 per 1,000 new-borns [9].
Mukherjee SS et al. suggested that the prevalence of
hearing impairment in high- risk infants. Taking BERA
out of 87 high risk infants10.34 % had bilateral severe
to profound hearing loss, 17.24 % had bilateral mild
to moderate hearing loss and 12.64 % had impaired
hearing in one ear [10].Because there are no visible
clues, most hearing-impaired children who are not
examined at birth are not detected until they are
between the ages of 1.5 and 3, far after the key period
for normal speech and language development has
passed. A hearing challenged infant can be discovered
and treated early with the help of neonatal hearing
screening. In this instance, the infant will most
likely develop language, communication, and social
skills on level with his or her normal hearing peers,
avoiding hearing loss-related problems for the rest
of his or her life [11]. In India, there has never been
a large-scale initiative to test new-borns or babies for
hearing abnormalities. The Department of Prevention
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of Communication Disorders of All India Institute of
Speech and Hearing (AIISH) located in the Southern
India, conducts infant screening for hearing disorder on
regular basis in different hospitals attached to it using
Behavioural Observational Audiometry, Otoacoustic
Emissions (OAE) screening, and administering High
Risk Register (HRR). In the year 2009-2010, a total
of 12416 new-borns in 10 hospitals associated with
AIISH were screened for hearing disorder. Of them,
1010 infants were referred for further checkup [12].
The following paragraphs deals with various issues
related to the hearing screening of infants in India.

Time of screening. The Joint Committee on Infant
Hearing has recommended universal hearing screening
by in month of age, diagnosis of hearing loss by 3
months of age, and enrolment in early intervention by
6 months of age [13]. Similar formula can be followed
in India with best screening of every child delivered in
a health centre before discharging the mother and child.

The aim of this review was to make clear picture
of which screening technique will be helpful in hearing
loss screening.

Screening techniques

Historical context

Sir Alexander and Lady Ewing in Great Britain
were among the first to investigate systematically
infant responses to auditory stimuli for purposes of
hearing screening. Their technique involved observation
of the infant’s response to common sounds such as
noisemakers, toys, crumpled paper, and the human
voice. Ewing and Ewing observed and described
a classic unconditioned orienting response to sound
including eye-shifts and head turns in the direction of
the stimulus [14].

Froeschels and Beebe provided early investigations
of hearing in new-born infants. They reported that new-
born infants responded to whistles but not to tuning
forks. The most commonly observed response was the
«acoustopalpebral reflex» (blinking). These investigators
encouraged use of hearing tests during the new-born
period and at monthly intervals thereafter to detect
hearing loss early in life [15].
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Hardy et al. also evaluated new-born responses
to a «clacker,» a doorbell, and a «tonette,» each
producing a moderately-loud (e.g., 61-80 dB SPL]
sound at a distance of three feet from the infant’s ear.
Their criterion response was a complete or partial Moro
response. These investigators reported that new-born
infants responded best to the «clacker,» a custom-made
device that produced a broad-spectrum signal [16].

Early «objective» techniques for UNHS

Observing the behaviour of new-borns in reaction
to sound is susceptible to observer bias.

To eliminate observer bias and enhance test
reliability Simmons and Russ described the crib-
o-gram, a new-born hearing screening device that
automated detection of new-born reaction to sound, to
minimise observer bias and improve test reliability. In
the crib-o-gram, a motion detector was placed beneath
the infant’s mattress. The detector was connected to
a strip-chart recorder or, in later models, an electronic
chip that compared the infant’s movement in response
to a sound stimulus to movement during silent
intervals [17]. Durieux-Smith et al. suggested that the
crib-o-gram contributed fundamental ideas of unbiased
observation and automated reaction detection to UNHS,
while being unreliable in neonatal intensive care unit
population and unworkable for short-stay well-baby
populations [18].The auditory response cradle (ARC)
included physiologic response detection in the study
of new-born infants’ behavioural responses. The ARC
was developed in the 1970s in the United Kingdom
and it examined motor response to sound as well as
detection of changes in the infant’s heart rate and
breathing [18-20].

Current universal neonatal hearing screening
methods practice

According to Narendra Rai et al., the significant
prevalence of hearing loss necessitates the establishment
of universal neonatal hearing screening (UNHS). In
light of our country’s economic constraints, we may
begin by screening «at risk» populations [21].

Newborn hearing screening (NHS) is the process
of diagnosing hearing loss in newborns using
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electrophysiological methods such as brainstem evoked
response audiometry (BERA) and/or otoacoustic
emission (OAE) [22, 23].

Both the ABR and OAEs have benefits and
limitations, and the team of specialists in charge of
implementing UNHS in any given setting should choose
the best approach based on the population to be tested
and the testing environment

Auditory brainstem response

Both Israeli and American scientists first
characterised the ABR in the late 1960s and early. The
origins of the numerous response components, the effects
of maturation and gender on the response, and therapeutic
applications for audiologic and neurologic objectives
were all investigated in the beginning [24, 25].

Schulman-Galambos and Galambos, introducedits
application in newborn hearing screening [26].

The auditory brainstem response, also known as
an auditory evoked potential, is an electrophysiologic
response to an acoustic stimulus recorded from
the auditory and central nervous systems. Surface
electrodes placed to the subject’s scalp can capture
a series of auditory evoked potentials. The latency
of these potentials, or the time it takes for them
to appear after auditory stimulation, is usually
used to classify them. The auditory brainstem
response (ABR) is one of the first auditory evoked
potentials, occurring within 20 milliseconds of
sound stimulation. To detect any auditory evoked
potential, including the ABR, certain stimulus and
recording settings are required.

The ABR is derived from components in the eighth
nerve and the brainstem auditory system. Within the
first 20 milliseconds following stimulation by a short-
duration, broad-spectrum auditory stimulus, often
a click, this modest amplitude (less than 1.0 microvolt)
response is recorded. Because the reaction is time-
locked to the stimulus, automated signal-averaging
algorithms may extract it from the subject’s continuing
electroencephalogram (EEG). Responses to more than
1,500 stimuli provided at rapid click rates (e.g., 10 to
30 clicks/second) are averaged at close-to-threshold
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Fig. 1. Objective hearing threshold determination. Wave V remains visible up to 30 dB HL, defining this patient’s threshold. ABRs
reliably explore only between 2000 and 4000 Hz [30]

intensities to produce a clearly recognisable waveform
(Fig. 1).

As a technique for UNHS, A-ABR provides
a number of advantages. It’s a well-established procedure
with well-defined response characteristics. In new-
born and preterm neonates, the reaction is consistently
present. Specific elements such as maturation, peripheral
and central auditory abnormalities, subject condition,
and physiologic variables have well-defined effects
on response.

According to Herrmann et al and Sininger et al.
the ABR is obtained by automatic response detection
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technologies such as template matching or calculation
of the noise vs. noise plus signal variance ratio, which
eliminates observer bias and allows the test to be conducted
by nonprofessional screening personnel [27, 28].

Finally, because the response is generated by
both sensory (cochlea) and neural (eighth nerve and
brainstem structures and path ways) components of the
auditory system, A-ABR screening will detect infants
with auditory neuropathy, a relatively uncommon but
important disorder [29].
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The use of A-ABR for UNHS has a few drawbacks

Gorga et al. and Vohr et al. suggested that there
are just a few drawbacks to adopting A-ABR for
UNHS. Some manufacturers’ disposable supplies are
quite expensive, increasing the overall cost of screening
per baby [31, 32]. Norton et al., 2001c suggested that
the Test time is longer by several minutes than test time
for OAE screening; longer test time is largely related
to preparation for electrode application [33].

Gorga M. et al and Kileny P.R. et al suggested that
the ABR response generated by a click corresponds
well with hearing sensitivity in the 2k-4k Hz frequency
range, but only moderately with hearing sensitivity
below 1k Hz [34, 35].So low-frequency hearing loss,
an atypical audiometric configuration, may thus be
missed by A-ABR screening.

Otoacoustic emissions
Acoustic signals generated by the cochlea either
spontaneously or in response to sound stimulation
are known as otoacoustic emissions. As part of the

natural hearing process, movement of the outer hair
cells (OHC) creates OAEs. As a result, OAEs may
be thought of as «cochlear energy» that travels via
the middle ear and external ear canal. This cochlear
energy might be detected using a sensitive tiny
microphone sealed inside the subject’s external ear
canal. OAEs are produced both spontaneously and in
response to auditory stimulus. Because spontaneous
OAE:s are not consistently present in all people with
normal hearing, they are not currently employed in
clinical audiology.

European scientists were reporting the presence of
highly distinct OAEs in infants [36]. Early studies found
that OAEs are consistently present in premature and new-
born infant, infant OAEs are typically larger in amplitude
than adult or even child OAEs and OAEs in new-borns
are best obtained 48 hours or longer after birth [37—41].

The type of auditory signal used to elicit a response
is usually used to classify evoked otoacoustic emissions

(Fig.2).

Fig. 2. Right-side transient evoked otoacoustic emissions, indicating normal right-ear hearing [30]

PHYSIOLOGY
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Transient evoked OAEs (TEOAESs), which are
stimulated by a short duration acoustic transient such
as a click or tone burst, and distortion product OAEs
(DPOAES), which are stimulated by two continuous pure
tones delivered to the ear at the same time, have both
proven therapeutic uses. DPOAEs are the result of the
inner ear’s natural asymmetrical amplification process.
Similar to A-ABR, using OAEs in UNHS provides
various advantages. It’s a tried-and-true approach with
well-understood response characteristics. The response
is always present in new-borns and preterm new-borns.
Specific factors affecting response include maturation,
peripheral auditory abnormalities, subject condition,
and physiologic variables. OAEs may be obtained using
automated methods, which eliminate observer bias
and allow nonprofessional screening employees to do
the test.

Using OAEs in UNHS provides a number of
benefits. It’s a tried-and-true approach with well-
understood response characteristics. The test is non-
invasive, requires no special subject preparation (e.g.,
electrode attachment), and provides low risk to the
new-born.

There are few disadvantages in using OAEs for
UNHS. According to Vohr et al., there is a higher refer
rates in the first 24 hours of life result in higher follow-
up costs and unnecessary parental anxiety [42]. Because
these refer rates are frequently associated with transient
external or middle ear conditions that do not produce
significant hearing loss, detection of infants with these
conditions does not contribute to the goal of UNHS.

The discovery of new-borns with these disorders
does not contribute to the UNHS target since these refer
rates are commonly linked with temporary external or
middle ear diseases that do not cause severe hearing loss.
Another issue with OAEs for UNHS is false negative
findings in new-borns with auditory neuropathy. Because
OAEs are a preneural phenomenon, they do not identify
issues at the sensory cell— neural element synapse, the
eighth nerve, or higher auditory structures.

According to Sininger, infants with auditory
neuropathy and severe hearing impairment usually
display intense and recurrent OAEs [43].
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Comparison

The AABR pass rate (67.9 %) was greater than
the DPOAE pass rate (50.1 percent). With increasing
age, both DPOAE and AABR pass rates improved
dramatically (p-value 0.001). Between the ages of 36
and 48 hours, the highest pass rate for both DPOAE and
AABR was 73.1 percent and 84.2 percent, respectively.
With a p-value of 0.001, the mean testing duration for
AABR (13.54 min 7.47) was substantially longer than
DPOAE (3.52 min 1.87) [44].

The OAE is an automated hearing test that
records sounds released by the cochlea in people with
normal hearing, whereas the AABR is an automated
hearing test that evaluates the auditory nerve system.
According to previous studies by B.R. Vohr et al.,
N.K. Apostolopoulos et al, J.T. Jacobson et al., and
B.S. Hermmann et al., OAE has a sensitivity of 90
percent-95 percent and a specificity of 89 percent-91
percent, while AABR has a sensitivity of 100 percent
and a specificity of 96 percent-98 percent [45—48].

The AABR is judged required for HRNHS
in high-risk new-borns (prematurity, anoxia,
hyperbilirubinemia), who are at risk of auditory
neuropathy that cannot be diagnosed by OAE, according
to I. Rapin, J. et al. [49].

According to Benito-Orejas, AABR is more
expensive and time demanding than OAE, but it has
less false positives and referral rates [50].

According to Gabbard and Akinpelu AABR is less
impacted by temporary circumstances in the middle ear
(presence of amniotic fluid) and external auditory canal
(presence of debris and vernix) than OAE at 24-48
hours after birth [51, 52].

Conclusion

Hearing screening for new-borns is critical for
detecting congenital hearing loss and providing early
management. Every person has the right to live a healthy
lifestyle. Hearing impairment, like communication
disorders, begins early in life. Infants with hearing
loss will only be able to reach their full potential as
fully active, contributing, and integrated members
of society if systematic early screening programmes
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are implemented. Hearing screening for new-borns is
critical for detecting congenital hearing loss.

The AABR is considered necessary for HRNHS
in high-risk new-borns (prematurity, anoxia,
hyperbilirubinemia) who are at risk of auditory
neuropathy that cannot be detected using the OAE test.
The OAE test is faster and easier to conduct, but it has
a larger false positive rate than the AABR. The ideal
hearing procedure is still being developed. As a result,
the hearing screening technique should be adapted to
the specific demands of each centre.
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AnHoTtaums. AKnyaibHocmb. CIIOCOOHOCTB CITBIILIATH — OJHO W3 MSATH 0CHOBHBIX UyBCTB, TI03BOJISIOLINX HaM 3((heKTHBHO
o01IaTees ¢ ApyruMu. K coxkasieHuro, JIFAX 4acTo BOCIIPUHUMAIOT CBOM C/TyX Kak HEeUTo camo coboi pa3yMeroliieecs U He 0C03-
HAFOT, HACKOJIbKO OH BaKeH, TI0Ka OH He yTpaueH WM He HapylleH. [loTepsi ciyxa /[0 HeZJaBHero BpeMeHH He Obla T/1aBHOM
npo6sieMoil MHAMKACKOTO TipaBUTe/bCTBA. [IpodrIakTHKa, paHHSS JUarHOCTHKA U YXO/ MOTYT TPeAOTBPaTUTh MOJIOBUHY BCEX
CJIy4yaeB IIYXOThI U HapylIeHni ciayxa. Cyx UMeeT pellarolee 3HaueHHe /sl Pa3BUTHS Mo3ra peOeHKa. PaHHee BbIsBIIeHHe
TIOTEPH CJTyXa He MO3BOJIUT Mpo0bsieMe BBIATH U3-110J] KOHTpOsis. Hanbosee SKoHOMUUeCKH 3 eKTUBHOM CTpaTerrei CHIKeHUs
OpeMeHH MOTepPH CTyXa sIB/seTCs 00CIe0BaHe HOBOPOXKIEHHBIX U MiiaZieHLeB. [ToTeps ciyxa siBisieTcsi Haubosiee 4acTbiM
CEHCOpHBIM Zle(PHIUTOM Y JItofiel Bo BceM Mupe. TshKeCTh TIOTepH Ciyxa MOKeT BapbHUPOBaThCs OT JIETKOH [0 Tshkeston. Kamyp
Cert Jip. TIPeATIOJIOXKUIIH, UTO C TOMOLIBI0 CKPHHHHTA 3a60/1eBaHIe BBISB/ISIETCS paHblle, YeM B MPOTUBHOM CJTyuae OHO ObLIO ObI
[MarHOoCTUPOBaHO. M3-3a ocTpoii Heo6X0AMMOCTH MpeI0TBPaILeHNs] HHGEKLMOHHBIX MPUYUH CMEPTHOCTH HOBOPOXK/I€HHbIE
B VIH/IUM He MTPOBEPSIFOTCS PETY/ISIPHO Ha Ha/lMuMe KaKUX-/TM00 KOHKPeTHBIX 3aboseBanuit. OTen IpopUIakTHKA KOMMYHHKa-
TUBHBIX pacCTPOUCTB BeenHamiickoro nHCTUTYTa peur U cinyxa (AIISH), pacniosioxkeHHBIH Ha tore VIHAWY, PeTryaspHO MPOBOAUT
CKPUHHUHT MJIaZIeHLIEB Ha HapylleHre CTyXa B pa3/IMUHbIX OO/BHUIIAX, CBA3aHHBIX C HUM, C UCIO/Ib30BaHHEM TI0BeeHueCKOH
00cepBaLMOHHOH ayIUOMETPHH U CKPUHMHTa 0TOaKycThueckoi amuccun (OAD) u BefieHue Peructpa Beicokoro prcka (HRR).
B 2009-2010 rozax B o6iijeii cnoxkHocty 12 416 HoBopox/jeHHbIX B 10 6onbHUIIax, cBsi3aHHBIX ¢ AIISH, 66111 00C/1e/10BaHbI
Ha TIpeIMeT HapylLIeHUH ciyxa. B 0630pe mpoaHanm3upoBaHb! pa3iMyuHbIe BOMPOCHI, CB3aHHbIE C MPOBEPKOM C/IyXa M/laJieHLIeB
B Unauu. MeTozomnorust McciefoBaHus 3aK/Ii0uanach B ITOMCKe COOTBeTCTBYHOMMX crareii B PubMed Central u Google Scholar
TI0 K/TFOUEBBIM CJIOBAM «CJTyX, CKDUHUHI, TIOTEPS C/TyXa ¥ MJIaJIeHIIbI». [10/THOTEKCTOBbIE CTAaThu ObLIM 3arpy>KeHbl ¢ utosist 2022 1.
1o 19 cents0ps 2022 1. PesieBAHTHOCTB OLIEHWBA/IACh 10 CTaThsIM, OMMCHIBAFOIIM TeOPUM CKPMHUHTA CJTyXa MyiaJieHLeB B VIHAWM.
BriBoz. [TpoBepka ciiyxa y HOBOPOKZEHHBIX IMeeT pelliaroliiee 3HaUeHe IS BBISIB/IEHHs BpOXKJEHHOM TyroyX0CTH U 00ecrie-
YeHUsI paHHero JieueHunsi. Ka)kpli yesoBeK UMeeT MpaBo Ha 3[0pOBbIi 06pa3 u3Hu. HapyleHure ciyxa, Kak U pacCTpOiCTBa
001I1eHNs1, HAUMHAETCS B paHHEM Bo3pacTe. MUlaZieHIIbI C IoTepeii c1yxa CMOTYT TOJTHOCTBEO Peaii30BaTh CBOM TOTEHLMaI KakK
TIOJTHOLIEHHbIE, aKTUBHBIE ¥ MHTEr PUPOBAHHBIE U/ieHbI 00IeCTBA TOJILKO B TOM C/Iydae, eC/ii OyyT pean30BaHbl CUCTEMATHYeCKHe
TIpOrpamMMbl paHHEero CKpUHUHIa. CKpUHHHT C/TyXa HOBOPOXK/IEHHBIX MeeT pellarolijee 3HauUeHe /151 BbISIBIeHNS! BDOXKAEHHOU
tyroyxoct. AABR cumraetcst Heobxopumem it HRNHS y HOBOPOXK/JeHHBIX C BHICOKUM PUCKOM (HEZOHOIIEHHOCTh, aHOKCHS,
runepOuIMpyOrHEeMHUS), KOTOPBIE TOABEP>KeHbI PICKY CTyXOBOW HeHpOIaTHH, KOTOPYIO HEBO3MOXXHO 0OHaPY>KUTh C TIOMOLL[BIO
tecta OAD. Tect OAD npoBoAUTCS OBICTPee U MpOLLle, HO Y Hero 6osiee BEICOKHMHA YPOBEHB JIOKHOTIOIOKUTENBHBIX Pe3y/IbTaToB,
yem y AABR. VjieanbHasi poLielypa MPOBEPKHU CIyXa ellje HaXOAWTCS B CTafiuK pa3paboTKu. B pesynbrare MeTovKa POBEPKH
CIlyXa JJOJDKHA OBbITh alanTHPOBaHa K KOHKPETHBIM TPeOOBaHUAM KaXK[Oro [ieHTpa.

KiroueBbie c/10Ba: C/1yx, CKPUHUHT, IT0TEPsI C/IyXa, eTH paHHero Bo3pacTa

MNudopmanus o puHAHCHPOBAaHUM. ABTODBI He TIOMy4aay (YHAHCOBOM MOAJEPIKKH JJ1s TPOBe|eHHsI MCCIIe/l0BaHus,
aBTODPCTBA U MyO/MKaLuK 0030pHOM CTaThH.

BkJiag aBropoB: CoHU P. — KOHIIeNLsI MCC/leJoBaHMs, TIOUCK iuTepatypbl; Kakep C. — aHanu3 faHHbiX; Caby H. — Ha-
TMFICaHHe TeKCTa U KOHLIENTYasbHbINA 0630p. Bce aBTOPBI BHEC/IM 3HAYMTENBHBIN BK/IA/ B pa3paboTKy KOHLEIWH, UCCIeJOBaHIe
Y MTOATOTOBKY PYKOIMCH, IPOYNTAIA U YTBEPAWIN OKOHUATEe/TbHY0 BEPCHUIO Tiepes Iy O/iKarye.

Hudopmanys o KOHGUIMKTe HHTePecoB. ABTOPHI 3asB/ISIOT 00 OTCYTCTBHY KOH(/IMKTa HHTEPECOB.

JTHYeCKOe yTBepKeHHe — HelTlpUMeHHMO.
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Abstract: Relevance. Inflammation is a defense response of an organism to a pathogen. It appears in order to maintain
homeostasis and is regulated by the immune, nervous, and endocrine systems. The hormones epinephrine and norepinephrine are
produced in the adrenal medulla and in the brain, and are universal messengers that trigger the transmission of nerve impulses at
synapses, and also have a receptor-mediated effect on immunocompetent cells. The aim of this study was to investigate adrenergic
pathway regulation of inflammation on the neutrophil granulocytes in the presence of activators of innate immunity receptors.
Materials and Methods. Neutrophil granulocytes were obtained from peripheral blood of healthy volunteers in a density gradient
of Histopaque 1077 and Histopaque 1119 (Sigma Aldrich, Steinheim, Germany), and cultured in the presence of LPS, GMDP,
epinephrine and norepinephrine. The amount of human neutrophil peptides 1-3 (HNP1-3) was examined using an enzyme-linked
immunosorbent assay; the gene expression of TLR4, NOD2, ATF3 and A20 was determined using RT-PCR. Results and Discussion.
Norepinephrine (noradrenaline) was found to decrease the synthesis of human neutrophils peptides 1-3 (HNP 1-3 defensins,
alone and in the combination with agonists of TLR4 and NOD2 receptors — LPS and GMDP respectively. It was found out that
there was no a statistically significant effect of epinephrine (adrenaline) on the production of HNP 1-3, including when combined
with LPS and GMDP. As a result of the study, an increase in the levels of expression of the genes TLR4, NOD2 and regulator of
inflammatory reactions A20 both in LPS- and GMDP- induced neutrophil culture were uncovered, while ATF3 was increased only
in LPS-induced neutrophil culture. Epinephrine demonstrated the absence of a statistically significant effect on the expression
of the studied genes. While norepinephrine significantly increased the expression of A20 genes. Conclusion. The data obtained

© Guryanova S.V., Ferberg A.S., Sigmatulin I.A. 2023

This work is licensed under a Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by-nc/4.0/legalcode

IMMUNOLOGY 329


https://orcid.org/0000-0001-6186-2462
mailto:svgur%40mail.ru?subject=Svetlana%20V.%20Guryanova
https://orcid.org/0009-0001-8107-089X
https://orcid.org/0009-0008-2254-6932
mailto:svgur%40mail.ru?subject=Svetlana%20V.%20Guryanova

Guryanova S.V., Ferberg A.S., Sigmatulin I.A. Bectauk PYJH. Cepusa: Mepuuuna. 2023. T. 27. Ne 3

shows that norepinephrine can reduce the synthesis of HNP 1-3, including the one induced by LPS and GMDP. Moreover, the
ability of norepinephrine to induce the expression of A20 may play a significant role in modulation of inflammation.
Key words: innate immunity, TLR4, NOD2, LPS, muramyl peptide, defensins, human neutrophil peptides 1-3, epinephrine,

norepinephrine, catecholamine, inflammation regulation
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Introduction

Human immune homeostasis is maintained by
adequate reactions of immunocompetent cells to
external factors, including microorganisms inhabiting
the skin and mucous membranes. The commensal
microbiota can either directly affect pathogens,
preventing their penetration and reproduction, or
do it indirectly through the host’s immune system.
Pathogen-associated molecular pattern (PAMP) sensors
are pattern recognition receptor (PRR) belonging to
several families of innate immunity receptors: Toll-like
receptors (TLRs), Nod-like receptors (NLRs), retinoic
acid-induced gene I (RIG- I)-like receptors (RLRs),
C-type lectin receptors (CLRs), and some others [1].
Orthologues of innate immunity receptors found in
cnidarians indicate that they appeared in the first
metazoans hundreds of millions of years ago and are
an ancient and universal way of recognizing foreign
organisms [2, 3]. The interaction of PRR with its ligands
triggers cascades of intracellular processes, which result
in the synthesis of cytokines and mediators, changes in
the cell phenotype, additional recruitment of various
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cell populations to the pathogen penetration site, and
elimination of the pathogen. Regulation of the intensity
and type of the immune response depends on many
factors, including readiness of the immune system
to quickly and accurately recognize and respond to
a pathogen. Active search is underway for compounds
that prevent the development of inflammatory processes,
including those from natural raw materials [4-9].
Commensal microorganisms help to keep the immune
system in constant readiness for an adequate response.
And from another side, commensal microorganisms take
part in maintaining a tolerance to resident microflora
keeping a balance of host proinflammatory and anti-
inflammatory incentives.

During the course of life, microorganisms
inhabiting the mucous membranes and skin not only
produce a large amount of substances necessary for
the existence of the host organism, they also, when
disintegrated under the action of host enzymes, release
pathogen-associated molecular patterns that constantly
interact with innate immunity receptors. Interaction
of the ligand with PRR induces production of pro-
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inflammatory cytokines that activate anti-infective
defenses and, later, anti-inflammatory factors that
stop inflammation [10]. Individuals with genetic
mutations in innate immunity receptors develop chronic,
autoimmune, and oncological diseases [11-13]. When
establishing the ligands’ mechanisms of action, it is
necessary to take into account numerous «classical»
and «non-classical» pathways, the presence of positive
and negative feedback, as well as the action of factors
associated with various physiological conditions of
the body.

It is known that stress and enhanced physical exercise
lead to changes in the state of the immune system and the
spectrum of cytokines [14,15], and additional exposure to
bacterial ligands during stressful exposure can modulate
negative effects. Lipopolysaccharides (LPS) and muramyl
peptides (MPs) are the most studied fragments of
bacterial walls due to their ubiquitous activity [16—18].
Lipopolysaccharides are components of the cell walls
of Gram-negative bacteria and specific ligands of the
innate immunity receptor TLR4 [17-20]. Muramyl
peptides are included in the structure of the cell wall
of all known bacteria and implement their biological
activity through specific binding to NOD2 receptors of
innate immunity related to NLR [21]. Muramy] peptides,
acting on cells of the immune system and epitheliocytes,
stimulates production of cytokines, immunoglobulins and
defensins, changes the phenotype of immunocompetent
cells [22-26].

Stress and exercise can have both positive and
negative effects on immune function and disease
susceptibility. Changes to stressful impact must
occur very quickly following the principle of
«fight-or-flight» to save the life of an organism in
the event of a serious threat [27]. Rapid reactions are
mediated primarily by catecholamines, epinephrine
and norepinephrine, secreted by the adrenal
medulla and brain [27]. Epinephrine (adrenaline)
and norepinephrine (noradrenaline) interact with
adrenergic receptors present on the cell membranes
of all internal organs and smooth muscles, leading
to activation of signaling pathways and subsequent
changes in organ function, smooth muscle tone
and blood pressure. Endogenous catecholamines

IMMUNOLOGY

such as epinephrine and norepinephrine can have
a direct modulating effect on immune cell activity
through interaction with adrenoreceptors (AR) on
their cell membrane [28]. Adrenergic pathways
represent the main communication channel between
the nervous system and the immune system [29,30].
Adrenoreceptors al and 1 respond to norepinephrine
activity. Adrenoreceptors a2 — respond to
norepinephrine and epinephrine, and norepinephrine
inhibits its own release, forming a negative
feedback loop [31]. f2-ARs have a high affinity
for epinephrine, and 32-AR-induced cAMP has an
immunosuppressive effect [30]. It was shown that
2-adrenoreceptor agonists suppress the functions
of Ca-dependent neutrophils, inhibit neutrophil
extracellular traps in human polymorphonuclear
leukocytes [32, 33], while a2-ARs are involved
in the stimulation of neutrophil functions during
exercise [32—34]. Antimicrobial components of
granulocytes of neutrophilic granulocytes — alpha-
defensins (Human neutrophil peptides 1-3, HNP1-
3) — are constitutively produced by neutrophilic
granulocytes and make up to 50 % of all proteins in
neutrophils [35, 36]. HNP1, 2, and 3 have the same
chemical structure, are differing in the N-terminal
amino acid. HNPs are released upon activation
of innate immune receptors and protect against
pathogenic bacteria, fungi, and protozoa [37, 38].

It is known that fragments of bacterial cell walls
activate signaling pathways, as a result of which the
transcription factor NFkB induces synthesis of pro-
inflammatory cytokines and the receptors of innate
immunity, initiating positive feedback regulation [39,
40]. Negative feedback develops much later under
certain conditions and contributes to the weakening
of the inflammatory process [41]. The inflammatory
response is downregulated by several pathways, in
particular, by deubiquitinase A20 and the activating
transcription factor ATF3. Thus, under the action of
LPS and GMDP, the expression of the TLR4 and
NOD?2 genes indicates a positive regulation of the
inflammatory response, while the expression of A20
and ATF3 contributes to the negative regulation of
inflammation [42, 43].
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The aim of this study was to uncover the effect
of bioregulators of bacterial origin, when combined
with catecholamines, on the production of alpha-
defensins HNP 1-3 by human neutrophils, as well
as their effect on the expression of genes for TLR4
and NOD?2 receptors and regulators of inflammatory
responses ATF3 and A20.

Materials and Methods

Isolation of Human Neutrophils

Human neutrophils were isolated from
peripheral blood from healthy volunteers on
a gradient of Histopaque 1077 and of Histopaque
1119 (Sigma Aldrich), and centrifuged at 300g for
8 min. The granulocytes were washed in DPBS
medium (Paneko, Russia), centrifuged at 800 g for
10 min, and resuspended in complete RPMI medium.
Cell viability was 96 % determined by trypan blue
staining [44].

In Vitro Studies

Primary human neutrophils were cultured (37 °C,
5% CO,) for 4 h in the presence of 10 ng/ml LPS (E.
coli:055: B5, Merck), 5 pg/ml GMDP (JSC Peptek,
Russia), 0.1 pM epinephrine and 0,1 uM norepinephrine
(all from Sigma-Aldrich, Germany) and DPBS as
control. Then the medium was removed and collected
for ELISA, cell lysates were collected for analysis of
gene expression.

HNP1-3 Quantification
For detection of quantity of HNP1-3 in supernatants
commercial ELISA kits (Hycult Biotech) were used,
according to the manufacturer’s protocols. Samples
were diluted in 5 times with PBS.

Quantitative RI-PCR
The study of gene expression was performed using
real-time reverse transcription polymerase chain reaction
(RT-PCR), described previously [45]. Primers used in
RT PCR are represented in Table 1.

Statistical analysis
The results were processed in the Prism 8 program
with two-way ANOVA followed by Bonferroni post-
hoc tests to determine significance. Differences were
considered statistically significant when reaching
p<0.05.

Results and discussion

At the first stage, the levels of HNP1-3 were
determined after 1, 2, 4, 8, 12 and 24 hours of exposure
to GMDP. It was found that the HNP1-3 synthesis
significantly in-creased after 4 hours and remained at
a high level for 24 hours (Figure 1). For further studies,
an incubation time of 4 hours was chosen, due to the fact
that after this exact time the level of defensin synthesis
reaches a plateau.

Table 1
Primers used in RT PCR analysis
Genes Forward primer Reverse primer
A20 5-GGACTTTGCGAAAGGATCG-3' 5-TCACAGCTTTCCGCATATTG-3'
ATF3 5-CATCTTTGCCTCAACTCCAG-3' 5-GACACTGCTGCCTGAATCCT-3'
NOD2 5-GCCACGGTGAAAGCGAAT-3 5'- GGAAGCGAGACTGAGCAGACA-3’
TLR4 5-TGGGCAACCTGCTCTACCTA-3' 5-GCTGTAGCTCGTTGGCAGA-3'
GAPDH 5-AGGTCGGAGTCAACGGATTTG-3' 5-GTGATGGCATGGACTGTGGT-3'
332 VIMMYHOJ10T A
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Fig. 1. Levels of HNP 1-3 in neutrophil samples in the presence of GMDP after 1, 2, 4, 8, 12 and 24 hours after GMDP or PBS
(in control) exposure. Data for experiments are expressed as the mean + SEM of the mean of three experiments; * p < 0.05

The investigation of the effect of LPS and GMDPin by 3.2 times (p<0.05) (Figure 2. and LPS increased the
the presence of epinephrine and norepinephrine and on  production of HNP1-3 by 5.8 times (p <0.05) compared
the production of alpha-defensins by neutrophils in vitro ~ with unstimulated cells (Figure 3).
revealed that GMDP increased the synthesis of HNP1-3
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Fig. 2. Levels of HNP 1-3 in neutrophil samples in the presence of GMDP, epinephrine and norepinephrine.
Data for experiments are expressed as the mean + SEM of the mean of three experiments; * p < 0.05
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Fig.3. Levels of HNP 1-3 in neutrophil samples in the presence of LPS, epinephrine and norepinephrine.
Data for experiments are expressed as the mean + SEM of the mean of three experiments; * p < 0.05

Changes in the synthesis of HNP1-3 under
epinephrine impact had no statistical significance.
Norepinephrine (norepinephrine), when exposed to
neutrophils, reduced the synthesis of defensins HNP
1-3 by 3 times (p <0.05) in unstimulated cell culture.

Epinephrine activity did not abolish the stimulating
effect of LPS, while norepinephrine significantly
decreased the LLPS-induced HNP1-3 synthesis by
4.4 times (p<0.05). A similar effect of catecholamines
was also observed in GMDP-induced neutrophil culture.
Epinephrine did not abolish the stimulating effect of
GMDP, and norepinephrine statistically significantly
decreased the synthesis of HNP1-3 induced by GMDP
by 3.6 times (p <0.05) (Figures 2, 3).

In order to identify a possible correlation between
changes in the synthesis of HNP1-3 and changes in the
expression levels of receptors responsible for the binding
of LPS and GMDP, we studied the effect of catecholamines
and bacterial cell wall fragments on the genes expression
levels of their receptors, TLR4 and NOD_2, respectively.
The innate immunity receptors TLR4 and NOD2, when
interacting with their ligands, not only trigger a cascade
of downstream pathways to stimulate pro-inflammatory
responses, but also increase the expression of their own
receptors, demonstrating positive feedback. The study of
the expression levels of the TLR4 and NOD?2 receptor
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genes revealed the stimulating effect of bacterial cell
wall fragments, which is consistent with the previously
obtained data [45,46]. Moreover, bacterial fragments of
LPS and GMDP increased the expression of not only the
genes of their own receptors, their cross-effect was also
observed. In particular, LPS increased the expression of
its own TLR4 receptor genes by 9 times (p <0.05) and
the expression of the NOD?2 receptor gene by 3 times
(p<0.05). GMDP increased the expression of its own
NOD?2 receptor gene by 5.8 times (p <0.05), and also
increased by 4.4 times (p<0.05) the gene expression of
TLR4, which is responsible for binding to LPS (Figure 4).

The catecholamines epinephrine and norepinephrine
did not affect the expression levels of the TLR and
NOD2 genes and did not abolish the stimulating
effect of LPS and GMDP on the expression of innate
immunity receptor genes. Epinephrine did not affect
the expression of the A20 and ATF3 genes too. The
increase in expression of A20 gene in the presence
of norepinephrine in unstimulated cell culture and
in combination with stimulated LPS and GMDP cell
culture by 110 %, 169 % and 141 %, respectively,
was statistically significant. Thus, the study of genes
expression levels of A20 inflammation regulator showed
a statistically significant effect of norepinephrine on
its expression.
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Fig.4. Relative expression (RT-gPCR) of TLR4, NOD2, ATF3 and A20 genes in human neutrophils. Relative expression was
normalized to GAPDH. Data are represented as an average of three independent samples and error bars represent standard
deviation; Nor — norepinephrine; Epi — epinephrine; * p < 0.05

Neutrophil granulocytes are important participants
in inflammatory processes of bacterial and viral
etiology, as well as inflammatory processes in allergic
pathology. They are the first to go to the site of
pathogen entry, activating pro-inflammatory reactions
and use 3 strategies to destroy the pathogen: using the
contents of their granules, throwing out extracellular
traps or phagocytosis. Neutrophils play an important
role in chronic diseases such as atherosclerosis,
diabetes mellitus, non-alcoholic fatty liver disease and
autoimmune diseases, their role in these diseases is
not yet well understood [47]. Neutrophils, along with
a protective function, can aggravate the disease with
tumor growth and ischemia-reperfusion damage of the
heart and brain [48].

IMMUNOLOGY

Effector functions of neutrophils are implemented
by releasing content of their granules, which not only
destroys microorganisms, but also protects cells from
death, for example, when combined with LL-37 [49].
Dysregulation of neutrophil functions can provoke
a respiratory burst, as well as death of neutrophils,
including necrosis, apoptosis, necroptosis, pyroptosis,
netosis, and autophagy observed during the progression
of sepsis [50, 51]. At the same time, high levels of
human neutrophil peptides 1-3 can be markers of
serious pathologies, such as myocardial infarction,
lupus nephritis, and colorectal cancer [52—-54]. In the
study of HNP1-3 in the development of colorectal
cancer, it turned out that HNP1-3 is expressed by
tumor cells and significantly contributes to tumor
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development [54]. The negative effect of HNP1-3
is also associated with their ability to enhance the
development of viral and bacterial infections in certain
biological conditions [55].

Our study demonstrates an increase in HNP1-3
levels under the impact of fragments of bacterial
cell walls, which is consistent with the results of
other researchers on a several-fold increase in the
concentration of HNPs in the blood serum during
inflammation [56]. Our data is consistent with the
previously established dependence of HNP-1 secretion
on NOD2 and absence of HNP1-3 secretion in the case
of the NOD2 3020insC mutant variant associated with
increased susceptibility to Crohn’s disease [57].

For the first time this study shows the absence of
effects of epinephrine to reduce levels of HNP 1-3 in
both unstimulated culture and if induced by LPS and
GMDP. The decrease in HNP1-3 synthesis in 3 times
(p<0.05) under the impact of norepinephrine alone was
statistically significant. Norepinephrine significantly
reduced the level of HNP 1-3 by 4.4 times (p<0.05) in
stimulated by LPS culture, and by 3.6 times (p<0.05) in
GMDP- induced cell culture. This observation is important
because HNPs, along with their antimicrobial properties,
can also have a negative effect under certain conditions,
acting as a «double-edged sword» in host immunity, in
infectious, oncological and cardiovascular diseases [52,
54-57]. On the other hand, it is important to distinguish
between the effects of epinephrine and norepinephrine on
the synthesis of HNPs with subsequent extrapolation of
the obtained data on the state of immunity under various
types of stress. In this regard, it is interesting to observe the
immune system in a state of clinical depression and acute
stress [58]. After analyzing levels of pro-inflammatory
cytokines in a stressful situation, the authors of this study
suggested that the state of depression is associated with
greater resistance to molecules that normally stop the
inflammatory cascade [58].

When examining the plasma level of endogenous
epinephrine in children, it was found that in exercise-
induced asthma, bronchoconstriction was accompanied
by an increase in the level of norepinephrine. This increase
in norepinephrine was much more pronounced than in the
control group of children with allergen-induced asthma [59].
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The process of induction of inflammatory reactions
is studied quite widely, at the same time; reactions
aimed at stopping inflammation require close study.
The limitation of inflammation by LPS and GMDP
on the cellular level was demonstrated in a mouse
model of asthma [60]. In this experiments if LPS
and GMDP were administered before the allergen,
the level of eosinophilia and IgE in bronchoalveolar
lavage decreased. Joint introduction of the allergen and
LPS or GMDP, resulted in increasing of eosinophils,
neutrophils, and Ig E. Other studies have also observed
with a time delay the anti-inflammatory effect of LPS
in mouse macrophages. Time delay was associated
with the need for autocrine activity of type I interferons
(IFN) and the subsequent formation of IL10 [61-63].
It was also found that cAMP transiently regulates
IL-10 transcription in LPS-stimulated macrophages
by synergism with LPS only in the early but not in the
late phase. This has been demonstrated at the level of the
IL-10 reporter promoter, mRINA expression and protein
secretion. In addition, this finding has been replicated
in primary macrophages as well as in vivo in an LPS
3-induced mouse model of septic shock [64-66].

Intracellular regulators of biological processes also
contribute to limiting inflammation. It is known that
transcription factors, such as activating transcription
factor 3 (ATF3) and deubiquitinase, in particular A20,
can act as negative regulators of inflammatory
processes [67, 68]. ATF3 is produced during
physiological stress and, depending on the context,
can be an activator or suppressor of transcription
[69, 70]. Deubiquitinase A20 removes ubiquitin
from ubiquitinated substrates, thus inhibiting signal
transduction in downstream pathways, stopping the
inflammatory cascade. A20 is required for normal NF-
kB signaling and suppression of inflammation [68]. At
the same time, both TLR4 and NOD2, when activated,
trigger the translocation of NF-kB to the nucleus, and,
as a result, the synthesis of pro-inflammatory cytokines.

Experimental material was accumulated
confirming the possibility of regulation of both pro-
inflammatory and anti-inflammatory reactions by
bacterial fragments [71]. In the present work, one of
the possible explanations for the negative regulation

MMMYHOOT 1A



Guryanova SV, Ferberg AS, Sigmatulin IA. RUDN Journal of Medicine. 2023;27(3)

of inflammation is proposed — through the activation
of ATF3 and A20. The effect of norepinephrine
significantly increasing the expression of A20 genes
requires further study. It is a first study of the influence
epinephrine and norepinephrine on the neutrophils from
healthy donors. Investigation of the detailed mechanism
of anti-inflammatory properties of pathogen associated
molecular patterns requires a wide range of experiments.

The data obtained confirms the critical role of
adrenergic mechanisms in the regulation of innate
immunity [72]. Regulation of the innate immune system
via sympathoadrenergic pathways may represent novel
anti-inflammatory and immunomodulatory targets with
significant therapeutic potential.

Conclusion

Through research, analysis and experiments we
meticulously studied the influence of bioregulators of
bacterial origin LPS and GMDP, when combined with
catecholamines, on the production of alpha-defensins
HNP 1-3 by neutrophils, as well as their influence on
the expression of genes of TLR4 and NOD2 receptors
and regulators of inflammatory reactions ATF3 and A20.

As a result of this work, we uncovered that there
was no effect of epinephrine on the production of HNP
1-3 when combined with LPS and GMDP, and the
ability of norepinephrine to reduce the level of HNPs
induced by LPS and GMDP.

Next, there was an increase in the expression levels of
the TLR, NOD2 genes and A20 regulator of inflammatory
responses in LPS- and GMDP- induced neutrophil culture
and there was an absence of a statistically significant
effect of epinephrine upon co-administration.

Besides, when using norepinephrine, its ability
to reduce the level of HNPs alone and in cell culture
with LPS or GMDP should be taken into account.

Thus, the ability of norepinephrine to reduce the
level of alpha-defensins, thereby reducing nonspecific
resistance, must be taken into account during exercise
in order to maintain immune homeostasis.

Therefore, it is crucial to highlight that the
fragments of bacterial cell walls and norepinephrine
are involved in the regulation of inflammatory processes,
demonstrating the relationship between the immune
and nervous systems (Figure 5).

Fig. 5. Norepinephrine reduces production of human neutrophil peptides 1-3
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Histopaque 1077 u Histopaque 1119 (Sigma Aldrich, IllTaituxaiim, ['epManysi) ¥ Ky/ITUBHPOBA/IN B TIPUCYTCTBUH JIMTIOTIONH-
caxapuga (JIIIC), rmoko3amununmypamuigunentyzaa (CM/IT), agpeHaniza v HopagpeHannHa. KosmuectBo HeHTpOGhHIBHBIX
renTrzAoB yenoBeka 1-3 (HNP1-3) uccremoBasnu ¢ moMoIIbio MMMyHO(ePMEHTHOTO aHaslN3a; SKcrpeccuto reHoB TLR4, NOD2,
ATF3 u A20 onpepensinu ¢ nomoiibio RT-PCR. Pe3yabmambl u 06cysicoeHue. YCTaHOBIEHO, UTO HOPaZipeHaIMH CHUXKAeT
cunTe3 AiedensrHoB HNP 1-3 Kak oT/ie/ibHO, TaK U B coueTaHUU ¢ aroHrctamu petiernropoB TLR4 u NOD2 — JITIC u TMTT
COOTBETCTBEHHO. YCTAHOBJIEHO OTCYTCTBHE CTaTUCTUUECKH 3HAUMMOTO BMSHUSA afipeHannHa Ha npoaykuuto HNP 1-3, B Tom
uucsie npu couetanuu ¢ JITIC u 'M/II. B pe3ynbrarte ucciejoBaHYs BbISB/IEHO MOBBILLIEHHE YPOBHS SKCIpeccuu reHoB TLR4,
NOD2 u perynsaropa BocnanutenbHbIX peakiuii A20 kak B JITIC-, Tak u B 'M/III-uHAYIIMPOBaHHO# KyJIBTYpe HeUTpo(dHios,
Torzia Kak ypoBeHb ATF3 noBbiiiasncs TonbKo B JITIC-UHAYIMPOBaHHOW KyABEType HeHTpoGhIoB. A[peHanyH MpoAeMOHCTPHUPOBa
OTCYTCTBHE CTaTUCTUUECKH 3HAUMMOTO B/IMSIHUS Ha 3KCIIPECCUI0 UCC/IelyeMbIX IeHOB, TOr/la KaK HOpaJipeHa/luH 3HauuTe/bHO
noBbIan skcrpeccuto A20. Bbigodb!. TToyueHHbIe ZaHHbBIE TIOKa3bIBAOT, YTO HOPa/ipeHa/IMH CriocobeH cHkaTb cuHTe3 HNP
1-3, B ToM uncie uaayrupyemslit JITIC u TM/III. Bosee Toro, CmiocOOHOCTh HOpaIpeHaIMHA UHAYIIUPOBATh SKCIpeccuio A20
MO)KeT UrpaTh 3HAYUTEeIbHYI0 PO/ib B MOAY/ISALIMM BOCHA/IEHNS.

KiroueBbie ¢j10Ba: BpoxkAeHHBIM uMMyHuTeT, TLR4, NOD2, JITIC, MypamMuienTy, AedeH3UHbI, TeNTUIBI HEUTPOGhHIOB
yesioBeka 1-3, afipeHa/IMH, HOpaJpeHa/IVH, KaTexX0/JIaMHUHBI, PerysLys BOCMaTeHus
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REVIEW
OB30PHAA CTATbA

MMMYHOHOFI/I‘-IGCKOG NMporHo3npoeaHue ad)q)eKTMBHOCTM
BCrioMoraTeJibHbIX PernpoaAyKTUBHbIX TEXHONOrnm

JI.B. MarBeeBa E, I'.B. ®omunoBa , E.B. I'pomoBa ",

E.A. Anamkusa — , A.C. I'anbiaa

HaronanbeHbIl UccnenoBaTenbckuii MopAoBCKuii rocyaapcTBeHHblN yHuBepcuTeT UM. H.IT. OrapéBa, 2. CapaHck,
Poccutickas ®@edepayus
< Matveeval jubovl@mail.ru

AmnHoTanus. Bricokas yactora 6ecruiofiyst SB/IsSieTCs 3HAaYMMOM MeIMKO-COL[UA/IbHOM MPo0/ieMoi MHOTHX CTpaH MUPA, /IS
pellieHNs] aKTUBHO ITPUMEHSIIOTCS BCIIOMOTraTe/IbHble perpoyKTHUBHbIe TexHomoruu (BPT). YuutkiBasi, uTo B pa3BUTUX U COXpa-
HeHUY OepeMeHHOCTH BaXKHYIO POJIb UTPAlOT MMMYHHBIE Deakl[uH, U3yueHre U3MeHeHU UIMMYHHBIX MapaMeTPOB aKTyalbHO
B pa3HbIX TPUMeCTpax OepeMeHHOCTH, a TaK)Ke Ha JTarle MperpaBulapHOM MoAroToBKY. CUMTAeTCs, UTO MaTepPUHCKO-(heTanbHbIe
OTHOIIIeHHSI He MCUepNbIBalOTCsl pa3BUTHEM MaTepUHCKOW TO/IePaHTHOCTU K aHTUreHaM II0/ia, a JAOIO/HSOTCS CIIOKHBIMU
LIMTOKWHOBBIMU B3aUMOZENCTBUSIMY, yTIPaB/ISIOLMMU CelIeKTHBHOM IMMYHHOU peryrsiyeli, KOHTPOJeM MPOL|eCCOB aAre3nu
Y BacKy/IsIpH3aliiy BO BpeMs UMIUIaHTaLUK SMOpHoHa 1 6epeMeHHOCTH. Llesibro 0630pa cTasn aHaIu3 UMEIOIIUXCsT HayYHbIX
CBeJIeHUH 0 MPUMeHeHUY UMMYHHBIX TIapaMeTpoB [i71st POrHo3upoBanus 3¢ dekrrusHocty BPT. [TpoBeseH 0630p poCccHiACKUX
1 3apy0eKHbIX HayYHbIX PaboT M0 pacrpoCTpaHeHHOCTH, IMMYHOTIAaTOreHeTHUe CKUM MeXaHH3MaM U IMarHOCTHKe OeCrioivs.
Ocy111eCTBIEH MHOTOKPUTEPUABHBIHN MOUCK 110 N300peTeHusIM, ped)epaTaM MaTeHTHBIX JOKYMEHTOB 110 UMMYHOJIOTUYECKOMY
MporHo3upoBaHuio 3¢dextrBHOCTH BPT. B KauecTBe npeAUKTOPOB IMpe/CcTaBlieHbl UMMYHOKOMIIeTeHTHbIe KiieTKy (CD3*-,
CD4*-, CD3-CD16'56"-mumdoruTtsl BeHo3HOH KpoBH, CD95*-Makpodaru 6uortara SHZOMETPUs), IATOKUHBI, TTHKOIPOTEHHEI
HepeMeHHOCTH, ayTOAHTUTeNIa, UMMYHOTeHeTHUeCKe MapKepbl. VlcciieZjoBaHYe B CHIBOPOTKE KPOBH, (DO/UTMKY/ISPHOMN XKUAKOCTU
SIMUYHUKOB Y SHJ,OMETPUU KOJIMUeCTBEHHOT'O YPOBHS LUTOKMHOB KaK MeIMaTOPOB MEKK/IeTOUHBIX M ME)KTKaHEeBbIX B3aUMO/eliCTBUI
VIMeeT HeCOMHEHHBIM HayuHO-TIpaKTHUeCKUil MHTepecC B IJlaHe YCTaHOB/IEHUs UX AUCKPUMHUHALMOHHBIX YPOBHEM, Crielii(UUHbIX
1S Pa3HbIX TPUMECTPOB HOPMaJIBHO TIPOTeKarolTieli GepeMeHHOCTH, yrpo3bl HeBbIHAIIMBaHWM, Oecruioaus. OTMeueHa accoLuarys
C HeHACTYTUIeHHeM OepeMeHHOCTH BCJIeICTBHE SKCTPAaKOPIIOPaIbHOTO OTIOA0TBOPEHHS MOBBIIIEHHOTO CO/Iep>KaHus B (POJIIHKY-
JISIpPHOM »kuakocTy uHTepseiikuHa (IL)-2 u untepdepona (IFN)-y, B CbIBOPOTKe KpOBU — pacTBOpuMoro perienropa IL-2-«, IL-8
1 nakrodepprHa. IMMyHOCYTIpeCCHBHOE JIeHCTBYE aCCOLMMPOBAHHOTO C OepeMeHHOCTHIO O2-TIMKOTIPOTeHa, TPO(hobIacTHIeCKoro
B1-rmukonpoTtenHa, o-(heTorpoTerHa, a2-Makporno0yrHa CriocoOCTByeT Pa3BUTHIO U COXPaHeHHI0 OepeMeHHOCTH, HO OLIeHKa
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WX TIPOTHOCTHUeCKOH LeHHOCTH He OffHO3HayHa. VcciejoBaHye B OJUTHKYIISIPHOM XKHUAKOCTH M CBIBOPOTKE KPOBH COJlep>KaHNs
UMMYHOT/I00y/TMHOB G K 02-MaKpOT/Io0y/TiHY, TaKTO(QepPUHY, POreCTePOHY, 3CTPAAUONY, KADAUOTUTIMHY MO3BOJISET MPOTHO-
3UpOBaTh pe3y/bTar npumeHennss BPT. BeiBogpbl. M3yueHne UMMYHHBIX [TOKa3artesieid, 0COOeHHO B KOMOWHAL[UU C TTOJIOBBIMU
TOPMOHAaMH U XapaKTePUCTUKON COCTOSTHUS IMOPHOHA, Y MH(GEPTUIBHBIX JKEHIUH 00/1a/jaeT JUarHOCTUYECKOH LIEHHOCTBIO
Y MPOrHOCTUUECKOH 3HAYMMOCTBI0, MOXKET CITOCOOCTBOBaTh CBOEBPEMEHHOM KOPPEKLUY Teparuu ¥ porpammel BPT.

KiioueBsle cj10Ba: aHTHTe I, OeCrioye, KOJIOHUe CTUMY/TUPYIOLIMIA (akTop, IUTOKWH, MPOrHO3MPOBaHHe OepeMeHHOCTH,
PerpoJyKTHUBHbIE TEXHOJIOTHH, IKCTPAKOPIIOPaJbHOe OII00TBOPeHe

Hudopmanus o puHAHCHPOBaHUH. ABTODEHI 3asiB/ISIOT 06 OTCYTCTBUM (PUHAHCUPOBAHUS Ha TIOATOTOBKY CTaThH.
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The effectiveness of assisted reproductive technologies
immunological prediction

Ljubov V. Matveeva ‘E, Galina V. Fominova ', Elena V. Gromova ,

Elena A. Alyamkina ', Anastasiya S. Galynya

Ogarev Mordovia State University, Saransk, Russian Federation
< Matveeval jubovl@mail.ru

Abstract. The high frequency of infertility is a significant medical and social problem in many countries of the world;
assisted reproductive technologies (ART) are actively used to solve it. Given that immune responses play an important role in
the development and maintenance of pregnancy, the study of changes in immune parameters is relevant in different trimesters
of pregnancy, as well as at the stage of preconception preparation. It is believed that the maternal-fetal relationship is not
limited to the development of maternal tolerance to fetal antigens, but is complemented by complex cytokine interactions
that control selective immune regulation, control of adhesion and vascularization processes during embryo implantation and
pregnancy. The purpose of the review was to analyze the available scientific data on the use of immune parameters to predict the
effectiveness of ART. A review of Russian and foreign scientific papers on prevalence, immunopathogenetic mechanisms, and
infertility diagnostics was carried out. A multi-criteria search was carried out for inventions, abstracts of patent documents on
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immunological prediction of the effectiveness of ART. As predictors, immunocompetent cells (CD3+-, CD4+-, CD3-CD16+56+-
venous blood lymphocytes, CD95+ macrophages of endometrial biopsy), cytokines, pregnancy glycoproteins, autoantibodies,
immunogenetic markers are presented. The study of the quantitative level of cytokines in blood serum, ovarian follicular fluid
and endometrium as mediators of intercellular and intertissue interactions is of undoubted scientific and practical interest in
terms of establishing their discriminatory levels specific to different trimesters of a normal pregnancy, the threat of miscarriage,
and infertility. There was an association with non-occurrence of pregnancy due to in vitro fertilization of an increased content of
interleukin (IL)-2 and interferon (IFN)-y in the follicular fluid, and a soluble receptor IL-2-q, IL-8 and lactoferrin in the blood
serum. The immunosuppressive effects of pregnancy-associated a2-glycoprotein, trophoblastic $1-glycoprotein, a-fetoprotein,
o2-macroglobulin contribute to the development and maintenance of pregnancy, but their prognostic value is not unambiguous.
The study of the content of immunoglobulins G to a2-macroglobulin, lactoferrin, progesterone, estradiol, cardiolipin in the
follicular fluid and blood serum makes it possible to predict the result of ART. Conclusion. The study of immune parameters,
especially in combination with sex hormones and characteristics of the state of the embryo, in infertile women has diagnostic
value and prognostic significance, and can contribute to the timely correction of therapy and the ART program.

Key words: antibodies, infertility, colony-stimulating factor, cytokine, pregnancy prediction, reproductive technologies,
in vitro fertilization.
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BeepeHue

NMmmyHOCYnpeccrBHBIE MEXaHU3MBbI, Pa3BUBAO-
Mecst Ipyu 6epeMeHHOCTH U TO/|JiepKUBAtoIINe ee
TeueHHe, BeCbMa pa3HooOpas3Hsl [1]. B ¢popmupoBanum
TOJIEPAHTHOCTU UMMYHOLIUTOB MaTepy K aHTHUreHaM
/1048 Ba)KHYKO POJIb UT'PaeT yCUjleHWe aKTUBHO-
ctu CD4 Foxp3*-T-perynstopHbix muMboruTtoB (Treg),
uHtepnaerikuHa (IL)-10 1 uagonaMuH-2,3-110K-
curenasbl (IDO), 00ycioB/IMBaroIee yMeHbIIeHHe
nutotokcnuHoctr CD16*CD56%-knetok [2]. YcraHoB-
JIeHOo, uTo TIpy 6epeMeHHOCTH ICTPHOJ UHYLIMPYeT
cekperyto IDO B MOHOIMTaX, yepe3 MPOTEMHKUHA3y
A crioco6CTBYeT MOBBILIIEHHIO KosmmyecTBa Treg, yrHe-
TaeT 3KCIpeccrro MoseKyapl CD16™ Ha HaTypasibHBIX

344

KuiepHbIx Knetkax (NK), Tem caMbIM ycunuBaeT
TJI0ZI0COXPaHsIoLe UIMMYHHbIe peakiuu [2]. Tak-
K€ IMMYHOCYITIpeCCUBHBIM JieficTBHeM 006/1ajjaroT
aCCOLMUPOBaHHbBIN ¢ 6epPeMEeHHOCTBIO O2-TTTUKOTIPO-
teuH (CBAT'), Tpodobnactuueckuii 31-rukorpore-
vH (TBI'), a-detonpotenn (ADIT). Tak, ADII nogasns-
eT 3Kcrpeccuto MosiekKyn MHC 11, paroutupyoiiyto
Y aHTUTeHPe3eHTUPYIOLYIO CII0COOHOCTh MaKpogaros,
TIPOJYKLIMIO aHTUTeJI Ila3MaThyeCKMMHU K/IeTKaMH,
nponvdepaTUBHBINA OTBET JTUMQOITUTOB HAa MUTOTEH,
cekperuto IL-1[3 ¥ TymMmopHeKpoTU3UpYyIOIiero dak-
topa (TNF)-a monouuramu, aktuBHOCTh NK [1, 3].
[TFOKOKOPTHKOU/IBI Y GepeMeHHBIX >KeHII[H BIIUSIOT
Ha ¢ depeHMpoBKy T-xenmepHbix umdorutos (Th),
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Gnokupys npoaykiuio Th1 mpoBocHamMTebHBIX [IUTO-
KUHOB (TNF-a, nntepdepona (INF)-y) u crumynmpys
obpa3zoBanue Th2 IMMyHOCYTIpe CCMBHBIX MeJIaTOPOB
(IL-4, IL-5, IL-10), uTo siBNsI€TCS BayKHBIM JJIs1 TOAJEp-
JKaHWs TeCTaLMOHHOTO TOMe0CTa3a U HeoCJI0KHEHHOTO
ucxoza poJios [1].

[Ipy cpbiBe UMMYHHOM TO/IEPAHTHOCTH BC/Ie[ICTBHE
WH(ULIMPOBAHMUS, CTPeCca, FTOPMOHA/ILHOTO AvcbanaHca,
TeHUTAJTbHBIX WJTH SKCTPareHUTasbHbIX 3a00/1eBaHuUMH,
psifia ApyruX aKTOPOB TIOBBIIIAETCS PUCK O CTIous
Y HeBbIHAIIIMBaHUS OepeMeHHOCTH.

BricKa3aHO mpeAnosio)KeHre, YTO MaTePUHCKO-
(eTanbHbIe OTHOIIIEHUSI HE UCUEPITBIBAIOTCS TOJBKO
pa3BUTHEM MaTepPUHCKOM TOJIEPAHTHOCTH K aHTUI'eHaM
/10713, a JOTIO/THSIIOTCS C/IOKHBIMU LIMTOKUHOBBIMU
B3aWMO/eHCTBUSIMH, YIIPaB/ISIOIIUMU CeJTIeKTUBHON
UMMYHHOU pery/siLiiei, KOHTPOJIEM TIPOLIeCCOB aJre3nuu
Y BaCKy/IsIpU3aLiiy BO BpeMsi UMIIaHTaL[1 SMOpHOHa
u bepemeHHOCTH [4].

B HacTosiiiee BpeMsi BbICOKasi YacToTa Oecriiogust
SIB/ISIETCST 3HAUYMMOU Me/IUKO-COL[Ma/TbHOM MPo0/ieMoit
MHOTHUX CTpaH MUpa H, 1o ga"HHbeiM BO3, kacaet-
cs1 96-186 MuMOHOB uesioBek [5]. B pernonax Poccuun
yacTora becrioaus Konebaercsa ot 17,2 1o 24 % [6],
B Kamepyne cocrasnsier 19,2 % [7], B Kazaxcrane —
20 % [8], B crormuiie Dduormiu — 27,6 % [9]. Bo ®pan-
Uy y 3,3 MWIJIMOHOB Ue0BeK AUarHOCTUPOBAHO
6ecrioaue [10].

Inst neuenus: 6eCruIoNUsl aKTUBHO TTPUMEHSTIOTCS
BCIIOMOTare/ibHble penpoAyKTUBHbIe TexHooruu (BPT):
3KCTpakopriopaibHoe orogoTeopeHue (OKO) u nepe-
Hoc 3MOproHoB (I19), MHTpanMTOIIa3MaThYe CKast
WHBeKLUs criepmato3ouzia B oouut (MKCH), BHYTpH-
MaToyHasi hHcemMuHalusl (BMU), kpuokoHcepBaLys
rameT, 3MOpHOHOB U fpyrHe [6, 8]. [IpumeHenre BPT
T0Ka3aHo npu He3pheKTUBHOU Tepanuy OeCriiofust
B TeueHue 12 MecsLeB y JKeHIWH [0 35 jieT Wi
B TeueHUe 6 MecCsILieB PU BO3pacTe KEHIIUHBI 35 J1eT
u crapiie [6].

B Utanuu B 2017 1. flons geTen, poXKAeHHbIX
BCJ/ie[CcTBUe TipuMeHeHus BPT, B cTpyKType Bcex
HOBOPOXK/IeHHBIX cocTaBua 2,7 %, uTo Ha poHe CHU-
YKeHUs1 00I11el pOXKJaeMOCTH SIB/ISIETCS TIO3UTUBHOM
crabunbHOM quHaMuKow [11]. B 2018 1. Bo ®panimum

IMMUNOLOGY

Ob1710 TIpUMeHeHo okosi0 150000 BPT, uTto rpuBesno
K 6omee 25000 pozoB (>3 % pokeHHBIX feTel) [12].

Ha coBpemenHom starne KO cuuTaeTcs caMbIM
3G eKTUBHLIM METO/IOM [I0CTHKeHUSI OepeMeHHO-
ctu [6]. Tak o fjaHHBIM HccaefoBaHus B Januu [13],
13 JKEHIIWH, HauaBIIMX JiedeHre Oecriioaus ¢ BMU,
35 % pogunu B TeyeHue 5 ieT, 24 % —noce repexoga
Ha nporpammy JKO, 17 % — nocsie eCTeCTBEHHOTO
3ayatus. Harpotus, nocse Havasia jeyeHus ¢ OKO
B TeueHue 5 jieT poauan 53 % >keHiyH, 11 % —mocnie
eCTeCTBEHHOr0 3ayarvs U meHee 1 % —nocsie BMU.

[1gTHneTHY MoKas3aTe/b POXKAaeMOCTH CWIBHO 3aBU-
CHUT OT BO3pacTa >KeHIIVH U KosiebrieTcst ot 80 % y XKeHIIH
1o 35 net 110 26 % y >kenimH >40 siet [13]. B yactHOCTH,
YacToTa HaCTYTI/IeHUs1 OepeMeHHOCTH B pe3ysbrare BPT
3HAUUTEJTEHO CHIKAETCS C yBe/IMYeHHeM BO3pacTa Nary-
eHTKH Y y JKeHIMH [0 35 JsieT cocTasgeT okomno 30 %,
rocste 35 JieT CHYDKAeTCs B 2 pasa, B 40 j1eT He MpeBbILIaeT
10 %, nocsie 43-neTHero Bo3pacta CTPEMUTCS K HYJIFO.
BeposAATHOCTb POSOB CHUKAETCS C yBeJIMUeHHEM UrCiIa
HeyauHbIX LIWKI0B BPT [6, 14].

V3yuyeHuie n3ameHeHU IMMYHHBIX TTapaMeTpPOB akK-
TyaJIbHO B pPa3HbIX TPUMeCTpax OepeMeHHOCTH, a TaKXKe
Ha 3Tarle rperpaByUIapHOM TTOATOTOBKH, 0COOEHHO TIPH
MPUMeHeHUH BCTIOMOTaTe/TbHbIX PENPOIYKTUBHBIX TEXHO-
Joruid. Ba)XHOCTb OLIEHKM IMMYHHOT'O M TOPMOHA/IbHOTO
CTaTyCOB OTpeJesisieTCsl JUarHOCTUUe CKOU LIeHHOCThIO
Y IPOTHOCTUYECKOM 3HAYMMOCTBEO MapKepOB, KOppe/n-
PYIOLUX C TEUEHUEM U UCXOZIOM GepeMeHHOCTH.

Hensro anHOro 0630pa CTasl aHaIN3 UMEROIIIX-
Csl HAyUHbBIX CBeJleHUM O TIPUMEeHeHUU UMMYHHBIX
rapameTpoB [i/isl IPOrHO3UPOBaHus 3 (PeKTUBHOCTH
BCIIOMOTaTe/IbHbIX PENPOJyKTUBHBIX TEXHOJIOTHH.

MaTepMan n MeToabl

[TpoBezsieH 0630p POCCUMCKUX U 3apyOesKHBIX
Hay4HbIX PabOT, Mpe/ICTaB/IeHHbIX B HAYYHOU 3J/1€K-
TPOHHOU O6ub/MoTeke eLibrary u B 6a3ax gaHHBIX
PubMed, Scopus, mo pactipocTpaHeHHOCTH, UMMYHO-
raToreHeTHUYeCKUM MeXaHW3MaM, IMarHOCTHKe Oec-
riozusi. KiroueBbIMU C/TIOBAMU CITY>KUIH «aHTUTEa»,
«becriofye», «KOJIOHUECTUMY/TUPYIOIUH (haKTop»,
«LJUTOKUH», «TIPOTHO3MPOBaHue OepeMeHHOCTH», «pe-
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MPOYKTUBHBIE TEXHOJIOTHM», «3KCTPAKOPIIOpabHOE
OTUIOI0TBOPeHUe», «antibodies», «infertility», «colony-
stimulating factor», «cytokine», «pregnancy prediction»,
«reproductive technologies», «in vitro fertilization».
Ocy11iiecTB/IeH MHOTOKPHUTEPHAIBbHBIN TIOWCK 110 H300pe-
TeHUsIM, pepepaTaM MaTEeHTHBIX JOKYMEHTOB Ha pycC-
CKOM U aHIVIMMCKOM $13bIKaX 110 UMMYHOJIOTHUe CKOMY
MPOrHO3UpoBaHuI0 3¢ dekTrBHOCTH BPT.

MMMyHOKOMMNETEHTHbIE KJIETKU
Kak npeaukTopbl addekTuBHoCcTU BPT

VIMMYHOLIMTBI IMUHUKOB 3a CUeT CeKpeLjuy LIUTO-
KWHOB CITOCOOHBI PEry/IMpOBaTh MPOIeCChl (HOITHUKY-
JIoTeHe3a, OBYJISILIMY, Pa3BUTHSI U PerpeCcCUu KeJTOro
Tesia, CUHTe3 CTePOUHBIX TOPMOHOB [15].

Panee nipeyioxkeHo niepes; OKO y »KeHIIUH ¢ TpyOHO-
TIepUTOHEea/IbHbIM OeCTIofreM B JIFOTEUHOBYIO (ha3y LIVIK-
Jia OTIpefiesiATh OTHOCUTENIbHOE KomruecTBo CD95 -ma-
Kpo(aroB B IeMKOLIUTaPHOM UH(UIBTpaTe bronTara
SHJOMeTpUS U NpU 3HauUeHnH >48,8 % c TouHocTsro 80 %
TMPOTHO3MPOBATh HACTYTUIeHHe OepeMeHHOCTH, TIPU MeHb-
11eM COZiep>KaHuH — OTCyTCTBHe. [IpeAronoxxuTensHo,
Oonbiast uncieHHOCTE CD95%-Makpodaros B 3HA0Me-
TPUU OTpa’kaeT a/|eKBaTHYH0 aKTHBAL[MIO MaKpoQaros,
HeoOXOIMMYTO ZI/Isl YCTIeIIHOW UMITIAHTALIMU U Pa3BUTHS
GepemenHocTH [16].

Pa3pabotaH criocob MporHo3MpoBaHust HACTYTUIEHHST
K/IMHAYeCKoW 6epeMeHHOCTH Y >KeHI[|H C UHJeKCOM
Macchl Tena > 28,5 B iporpamme JKO 110 OLjeHKe 0THOCH-
TeIbHOr0 KO/IMUeCcTBa MOHOHYK/1eapoB Tepreprieckoil
KPOBH C BBICOKOMO/ISIPU30BAHHBIMU MUTOXOH/ZIPUSIMU
JI0 ¥ TIOCJIe CTUMYJISILIAY CYTIePOBY/ISILIMA U U3MepeHn
obbema tarmmu. [To ganabM [opimiosoii B.K. u co-
aBTOPOB, TOUHOCTb [TPOTHO3UPOBAHUS HACTYTI/IEHUS
OepeMeHHOCTH TI0 TIpe/I/IOKeHHOMY YPaBHEHUIO JIOTH-
CTUYECKOM perpeccuu coctaBuma 82,6 % [17].

Panee nipejio)keHO y MH(EPTUIBHBIX KEHIUH
TIpY JieueHnH OecCriyIofus 0 CTaHAAPTHOMY JJIMHHO-
My ripotokosy OKO B cepefyiHe TOTEMHOBOU (Pa3bl
MEHCTPYaJIbHOIO LJUKJ/Ia UCC/Ie[,0BaTh KOJIMYeCTBO pe-
LIeNITOPOB NPOrecTepoHa B MOHOHYK/IeapHOW (pakLyu
KJIeTOK Teprdeprueckoii KpoBY U NpU BerunHe > 700
TNpeZicKa3bIBaTh HaCTyIieHrne bepemeHHocTH [18].
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W3BecTHO, uTO MaTouHble NK-K/IeTKU BBIITO/IHAOT
B&)KHYIO POJIb B MPOL|eCCe UMIUIaHTAL[W: aKTUBUPY-
SICb U HaKaIl/IMBasiCb B MaTOYHBIX JKeJjle3aX U BOKPYT
MaTOYHBIX apTepyii B MeCTe UMIUIaHTALIMH, YYaCTBYIOT
B peMogieTupoBaHuu cocyoB [19]. CuuTaeTcs, uTo
PeLieNTHBHOCTb MaTKi ONTUMaJIbHA MPU J0CTaTOUHOM
Ko/muecTBe akTUBUpoBaHHbIX NK-kieTok [4]. LluTo-
KUHOBBIY /IMCOaaHC MOYKeT COTIPOBOXK/IaThCsT TPAHC-
(opmarueit NK-k1eTok B TMM(OKUH-aKTHBUPOBAHHbIE
kusiepsbl (LAK), criocobHbie TM3UPOBaTh KJIETKH TPO-
(obnacra [20], cekperrpoBath TNF-o 1 INF-y, KoTOpbIe
B BBICOKHX /I03aX MHAYLMPYIOT CIIOHTaHHBIN abopt [19].

M3BecTeH criocob MpOTHO3HWPOBaHUS pUCKA
ripepbiBaHusi 6epeMeHHOCTH Ha paHHeM CPOKe TI0CJie
OKO wu 13D y maiueHToK ¢ TpyOHO-TIepUTOHEeaTbHbIM
OecritoareM 1o nporHoctuyeckomy uHzaekcy (PI)
Ha 0CHOBe abCOJTFOTHOTO KOJTUeCTBa JIEWKOL[UTOB, /M-
tdorutoB, CD3*-, CD4*-, CD3-CD16*56"-nomnynisimii
mumdoLUToB BeHo3HOM Kposu. [1pu PI <-0,1 genator
G1aronpusATHLIN MTPOrHO3 BhIHAIIIMBAHUS OepeMeHHOCTH,
ripu 0,1 < PI >-0,1 nauneHTOK BKJ/IFOUYAIOT B CPYIIITY
PUICKa TI0 paHHeMY TpepbIBaHUI0 OepeMeHHOCTH, TIPH
PI >0,1 npencka3biBalOT BBICOKMM PUCK TIPEPBIBAHUS
bepemenHocty B I TpumecTpe. CrieliupuHOCTb U UyB-
CTBUTEJILHOCTH onpeesienusi PI >80 % [21].

LIUTOKMHBbI KaK NpeaAnKTopbI
apdekTuBHOCTU BPT

VccnenoBaHue B CbIBOPOTKE KPOBH, (POJIJIUKY-
JISPHOW >KUJKOCTH SIMYHUKOB Y SH/IOMeTPUU KOJTU-
YeCTBEHHOI'0 YPOBHS LIUTOKWHOB KakK MeJuaTOpPOB
MEeXXKJIeTOUHBIX U MeXXTKaHeBbIX B3aUMOJeHCTBUMN
MIMeeT HeCOMHEHHbIN HayYHO-TNpaKTU4eCKUi UHTepec
B [/IaHEe YCTaHOB/IeHUS AVCKPYMHUHALMOHHBIX YPOBHEN
VMMYHHBIX TTapaMeTpOB, CrieLiu(UYHbIX /1JI1 pa3HbIX
TPUMeCTPOB HOPMAJbHO MPOTeKarleil GepeMeHHO-
CTH, yTPO3bl HeBbIHALIMBaHUS, Oecriiogus. TpygHoCTH
VIHTeprpeTaLuy CojepKkaHusi UMMYHOMeuaToOpOB
C orpejesieHMeM X JUarHoCTUYeCKOW U IPOTHOCTHYe-
CKOM 11eHHOCTH 00y C/I0B/IeHbl MHOTOOOpa3ueM, Tiieii-
OTPOITHOCTBIO U MOMU(YHKIIMOHATBHOCTBIO LIMTOKUHOB.

B ponu npegukTopoB 3¢ dextrBHOCTH BPT ps-
JloM ucciienoBarenedi [15, 22] mpeaiaraeTcst oljeHKa
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cojiep>KaHusl UHTep/IeHKUHOB, HHTep(epOHOB, KOJIOHU-
ecTuMynupyromux ¢axkropo, TNF-q, (hakTopoB pocTa
C JJOMUHUPYIOLLel PO- WU NIPOTHUBOBOCIIA/IUTE/IbHON
aKTHUBHOCTHIO. [Ipe/icTaBneHHbIe B HAYUHOM JIUTEpaType
JlaHHble He OJIHO3HAYHBI M3-3a Jyajn3Ma JeUCTBUS
HeKOTOphIX UTOKKUHOB (IL-1fB, IL-2, IL-6, INF-y)
B YCJIOBUSIX MUKPOOKpPY>KeHus [4, 23, 24].

PaHee ycTaHOB/IEHO, UTO NPU NIPEKEBPEMEHHBIX
poJiax u NpH IpeXxJeBpeMeHHOM pa3pblBe IJI0AHBIX
o6osiouek ypoBHU IL-1p u IL-6 yBenuuuBaroTcs.
Ha MoneKy/nsipHOM ypOBHe BbISIB/IEHO, UYTO B @MHHO-
XOpHUOHE WHAYLIMPOBa/Iachk SKCIpeccus Kacrnas 8 u 9
nog, AevictueM IL-1f u IL-6, kacra3 2 v 3 npu CTU-
myssioyu IL-1B, kak v dparmenTtams JHK. Cnenosa-
TesibHO, IL-1[ siB/IsSieTCs MHYKTOPOM ariornTo3a KJ1eToK
TJIOAHBIX 000/10UeK uesioBeKa B OOJbIlel cTerneHy,
yeM IL-6, a moBbILLIeHHe ero0 KOJIMYecTBa KOppenvpyeT
C TIpepbIBaHreM OepeMeHHOCTH Ha PaHHeM Cpoke [23].

BrIsiB/ieHa accoLpiaLiyis C HeHacTyTuieHHeM bepemMeH-
HoctH BeaeactBre OKO copepkanus B (GOMMKYISIPHOM
)ugkoctu IL-2 > 15 nir/mi, IFN-y > 11 nir/min. BeposiT-
HBIM 00bsICHEHHEM HeO/IaronpUsiTHOTO UCXO/A CITY>KAT
vHAyurpoBaHHas [L-2 akTyBanys UTOTOKCUUHOCTH
CD3"CD4CD8"- u CD3-CD16"56"-knetok. Kpome
TOro, yBesmueHve komruecrsa IFN-y conpoBokzanocs
yMeHbIlIeHHeM YacTOThI Apo0sieHNst 1 JOPMUPOBAHUS
6nacroruct [22].

VwmeroTcs cBUeTENBCTBA aCCOLMALIMM YBeTNUeH-
HBIX CBIBOPOTOYHBIX YPOBHEM pacTBOPUMOTIO peLier-
topa IL-2-a (IL-2 sR-a) u INF-y c HeBbIHaIIMBaHEM
6epemennocTH nocse OKO. B pabore Fasouliotis S.J.
et al. [24] moka3zaHo, uTo cojiep>kanue I1.-2 sR-a y ma-
[IMeHTOK C HeBbIHAIIMBaHWeM OepeMeHHOCTH Ha paH-
HMX CPOKax 3HAYWTEbHO MPEeBBIIAI0 KOJIUUeCTBO
peLienTopa y >KeHIIMH C HOPMa/bHbIM TeueHueM Oe-
PeMEeHHOCTH, a IpY 3HaueHHUssX Mapkepa > 1000 rir/mn
TIPOrHO3MPOBAJICS HebIaronpusTHLIN ucxof bepe-
MeHHOCTH. YacToTa UMIIaHTaluu 3M0proHa Obina
Hke y [FN-y-nosioxkutenbHbIX alueHToK (37,6 %)
110 cpaBHeHuro ¢ IFN-y-oTpuLiaTe/bHbIMU JKeHIU-
Hamu (50 %), P 3TOM pPUCK HeBIaronpUsSTHOTO
ncxoza 6epemenHoctu ripu DKO B aBa pa3a ObL1
BblIllle y ITepBbIX. He BbISIB/IIEHO 3aBUCHMOCTH UCX0ZA
6epemenHoctu ot ypoBHs TNF-a.

IMMUNOLOGY

ITo manueiM H.O. MoToBuI0BO#M U coaBT. [15],
nocsie KO y 60bpHBIX OecIiiofreM >KeHII|UH HacTy-
TUIeHHe WM OTCYTCTBHe G6epeMeHHOCTH He COTIPOBOXK/Ia-
JIUCh I0CTOBEPHBIMH Pa3IMUUsIMU COZIepyKaHUs B (OII-
JIUKYSIPHOW »KUKOCTU rpanyaonuTtapHoro (G-CSF)
Y rpaHy/nonurapHo-makpogaransHoro (GM—-CSF)
KOJIOHHe CTUMY/IUPYIOLUX (akTopoB. OTMeueHbI
cs1abble MO3UTUBHBIE KOPPEeJISILIUOHHBIe CBSI3U MEXAY
ypoBHeM GM—CSF u unciioM pacTyliux Ipu roHa-
JOTPOMHOW CTUMYJISILMU (HOJITTUKY/IOB, KOJTMUECTBOM
SAULEK/IeTOK, ITOJTyYeHHBbIX [IPY MYHKLUU SUUHHUKOB.
[Tpu 3TOM, HampOTUB, BhIsIBJIeHa c/labast HeraTUBHas
B3aMMOCBSI3b CO/iepKaHusl B (DO/UTUKY/ISPHOMN >KUZKO-
¢ty aMUHUKOB GM—CSF 1 yacToThI OI710,0TBOpEHys],
TIpe/II0/I0KUTEIBHO SIB/ISIFOLLASACS C/Ie[|CTBUEM BIIUSHUS
Ha OOLUT CTUMYJISLIUU SIMYHUKOB TOHA/JOTPOITMHAMH.

Wwmetorcst sanHble 00 yuactit GM—CSF Bo B3anMo-
JIeCTBUM OOLMTa M COMaTMYeCKUX (TpaHy/Ie3HbIX) K/IETOK,
B aKTHBU3aL[M pocTa (POJUIMKY/Ia, CUHTe3a IPOorecTepoHa,
nipostudepariviv ¥ AuddepeHLMPOBKH K/IeTOK 61acTo-
L[UCTBI, SMOPHOHA, B JOPMUPOBAHUU TOIEPAHTHOCTH
VMMYHOLIMTOB MaTepy K aHTUreHam rioga [1, 15].

Ikcnipeccust G-CSF U ero peLiernitopa oripeziesisieTcs
B FPaHy/Ie3HbIX KeTKaX SUUHUKOB, B eLya/IbHON
obonouke, Tpocdobacte [15]. KommuectBo G-CSF
B CHIBOPOTKE KPOBHU MOBHILLIAETCS B MepBou ¢aze
eCTeCTBeHHOI'0 MeHCTPYa/bHOI0 LIMK/la U BO BpeMsi
CTUMY/ISILIUM SIMUHUKOB FOHAZ0TPONIMHAMM, COJlei-
CTBys pocTy dosuuKyna u oByssiiuu [15]. A. Salmassi
Y COABT. yCTAHOBW/IY TIPSIMYIO B3aMMOCB$I3b YaCTOThI
HaCTyT/IeHHs1 6epeMeHHOCTH C Cofiep>KaHHeM B KO-
BU G-CSF Bo BpeMmsi myHKLMU (PoIMKyJI0B [25].
H.O. MoToBU/IOBO¥ 1 COABT. 0OHapy»KeHa yMepeHHOU
CWJIbI TO3UTHBHAs KOPPEJISILIMOHHAS CBSI3b COZlePyKaHUsI
B hommukynsipHoi >kuarocti G-CSF 1 Bo3pactom 6071b-
HBIX OeCTIIo[ieM >KeHILVH, TIPEATIOI0KUTETHHO SIBIISEO-
11asiCsl C/IeZICTBUEM aJjalTaliiyi IMYHUKOB K CTUMYJISILIUA
roHaziorpornHamu [15]. CoueTaHHas OLjeHKa KoJinJe-
ctBa G-CSF B (ho/TMKY/ISIPHOM »KUAKOCTH U COCTOSIHUSI
3MOPHOHOB T03BOJISIET TPOTHO3UPOBATh HACTYTIIEHHE
6epemenHocTH B iporpamMe OKO mpu 3HaueHUsAX
IUTOKWHA > 410 1r/M/1 ¥ Ha/IMuuy SMOPHUOHOB MOP-
(honorryecky xopolero KauecTsa, YyBCTBUTE/IbHOCTb
cniocoba — 80 %, crieruduyHocTh — 83 % [26].
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PaHee mpe/j/io’keH Crioco6 MporHo3upoBaHUs
s¢pextuBHOCTU NTporpamMM JKO 1o CbIBOPOTOUYHOMY
ypoBHto I1L-8 u nakrodeppuna (JI®) rpu TpyOoHO-
TepruTOHea bHOM Oecriofyy, acCOLMMPOBaHHOM
C XPOHUUECKUM 3HAOMeTpUTOM [27]. B feHb MyHKLN
¢honnukynos B mporpaMmMme DKO B CHIBOPOTKE KPOBU
MeTo/loM TBepzio(ha3HOro MMMyHO(epMeHTHOTo aHan13a
OITIpeIesIFOT KOJTMYeCTBO MapKepOB Y POTHO3UPYHOT BbI-
COKYIO BEpOSITHOCTb IT0JIOKUTe/IbHOr0 pe3y/srara KO
ripy KoHLeHTpauu JI® <1,8 mxr/m, IL-8 <10 nr/m, He-
FaTUBHOTO pe3yJisTara Npy copepkxanuu JID >2,0 MKr/Mi
u IL-8 > 10 nr/mn ¢ pekoMeHiaLieli KpUOKOHCEepPBaL1
¥ OTCPOYEHHOT0 TIepeHoca SMOpHOHa.

Nmeetcst criocob TpOrHO3UPOBaHUS UCXO/a MPO-
rpamMMbl KO u I13: B ho/mUKyISIPHOM XKUJKOCTH
onpepessitoT kKonuuectsa TNF-a, ¢hakropa pocra ¢u-
6pobsactoB-f 1 paccunteiBatoT PI 1o gopmyre. ITpu
3HaueHun PI <0,3038 nporHo3upyoT 6/1aronpusTHLIN
WCXOZ, OTJI0AO0TBOPeHHs in vitro, ripu PI >0,3038 —
HeOaronpusTHBINA Ucxop [28].

Y nareHToK o3 Hero pernposyKTUBHOIO Bo3pacTra
oOHapy’>keHO yMeHbllIeHHe IKCITPeCCUU COCYAUCTO-
sHpotemmanbHOro dakropa (VEGF), criocobcTByroiiee
HapyllIeHWsIM BacKy/sipu3aLyy sHA0MeTpust [29].

mukonpoTenHbl 6epeMeHHOCTU AJ1s1 OLL€HKM
apdekTuBHOCTU BPT

IIpu vcciefoBaHUM KOJTMYECTBEHHOIO YPOBHSA
TBI, cekpeTrpyeMoro KjaeTKkaMy CUHLUTUAIBHOIO CJ/I0S
TpodobsacTa ¥ TialeHTsl, y 6epemeHHbIX ¢ OKO mo-
JTy4YeHbI CTaTUCTUUECKY 3HAYMMBIE Pa3/nuMs B 3aBUCH-
MocTH oT rucxoa npuMmeHeHust BPT [30]. CHiwkeHHYO
koH1eHTparuio TBI" umenu okoso 60 % GepeMeHHBIX
nocsie OKO u b 3,3 % MmaljeHToK CO CTIOHTaHHOM
GepemeHHOCTHIO. [Ipy 3TOM yrpo3a npexeBpeMeHHbIX
POJOB acCOLMUPOBAJIACH C IBYKPATHBIM YMeHbIIIeHHeM
CBIBOPOTOYHOI'O KO/TMUECTBA [TIMKOIIPOTENHA, a YCTpa-
HeHUe KJIMHUYeCKUX TIPU3HAKOB COTPOBOXKAI0Ch PO-
CTOM Mapkepa Ha 56 %, HO 6e3 TOCTVDKeHHsT 3HAUeHHI
3[10pOBBIX OepeMeHHbBIX. B MpOrHOCTHUECKOM TI/IaHe
BEPOSITHOCTb CITIOHTAHHOTO TIPepbIBaHus1 OepeMeHHOCTH
paBHsetcsa 100 % ripu cHkeHur ypoBHd TBI B 5 pa3
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u 6ostee ot ucxogHoro, 30—33 % — Npu COKpalLeHNH
B 2—4 pa3a [30].

B pabote ManbiieBoit H.B. u coaBT. moka3saHo,
YTO y KeHIIWH C TPyOHbIM OecruiofreM 10 TIpuMe-
HeHud riporpamM OKO CbIBOpOTOUYHOE cofepykaHue
o2-makporno0ynrHa (MI') He oT/MUanoCh OT 3Have-
HUI 3]0POBBLIX HebepeMeHHBIX >KeHIIVH, B pe3y/bTrare
OKO 3abepemenenu 50 % marMeHTOK C Kouve-
ctBoM MI" 2,75-4,55 MKMOoiib/a1 1 36 % — C KOHLIEH-
Tpaiueit MI' <2,75 mkmons/in. [31]. TIpumeHeHue
TOHaZI0TPOIMHOB NIPUBOAWIIO K IOBBILLIEHHIO YPOBHS
MI'" y nonoBUHbI MH(EPTU/IBHBIX JKEHILWH, aCCOLIMUPO-
BAHHOT'O C OepeMeHHOCTBIO a2-T/IKorpoTernHa (ABIT) —
y 18 %. ¥ Bcex 3abepeMeHeBILIMX MailieHTOK rocie KO
Ko/muecTBO ABI" yBe/MuMBanoch B 7 pa3 OTHOCUTE/IBHO
HebepeMeHHbIX U B 4 pa3a IpU CPaBHEHWUH C YPOBHEM I1PH
(usronornyeckoit bepemenHocT. CooTHOLIeHHe MI'/
ABI" oTpuiiatreisHO KOPpPeIMPOBAJIo C (PakToM HacTyTIIe-
HUsi 6epeMeHHOCTH Y JKeHIIWH ¢ TpyOHBIM becriioarieM
B nporpamMmax JKO.

AyToaHTMTeNa Kak npeguKTopbl
addekTuBHOCTM BPT

[ 1pOrHO3upOBaHUsl PaHHUX IOTeph IJI0fa
TpYU UHAYLMPOBAHHOUN O0epeMeHHOCTH Yy >KeHI[UH
¢ HactynuBiuel B mporpamme DKO GepeMeHHOCThIO
peKoMeH/lyeTCs oTipefie/siTh B (POTUKYAIPHOU
JKUZIKOCTH YPOBeHb UMMYHHBIX KoMIlieKcoB MI'-nMm-
myHorno0ynuH (Ig) G u JI®-IgG u npu KonuuecTse
MTI'-IgG <0,6 Mkr/mia, JI®-1gG <0,8 MKr/mi mnipo-
THO3UPOBATh BBICOKYIO BePOSITHOCTD IpepPbIBaHUS
O6epeMeHHOCTHU Ha paHHeM cpoke [32]. Criocob
rpeiHa3HaueH [/1s1 CBOeBPEMEHHOM OLIeHKM pHCKa
pernpoAyKTUBHOW MIOTepy U Ha3HaYeHHs MHTEeHCUBHOU
TIO/I/IeP>KKH JIIOTEMHOBOH (ha3bl M0 TTIOKa3aHUSIM Cpa3y
nocsie 3abopa OOLIMTOB.

Y uHGepTUIBHBIX XKEeHILMH Nepej, CTUMY/ISILei
IUYHUKOB B niporpamMmax BPT B mosoBrHe ciiyuaeB
B ChIBOPOTKe KPOBM BbIAB/IsIOTCA 1gM, 1gG K mpore-
CTEePOHY U 3CTPaJHOILy, YTO COUeTaeTCsl C MATUKPATHbIM
CHWKEHHEeM YaCTOThl UMIUIAHTAL[MH; TOUHOCTb METOZA
nipeBbitiaet 70 % [33].
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C moMO1L[bI0 MCKYCCTBEHHOTO MHTeJI/IeKTa pa3pabo-
TaHbI MOZIe/T TIPOTHO3UPOBAHUSI MCX0J0B OepemMeHHO-
CTH y nafueHToK nocsie rnpuMeHeHust BPT. [TokasaHo,
yto 6osbimii TUTP IgG K KapguonuruHy 6e3 rpeBbl-
1IeHUs] AUCKPYMUHALIMOHHOIO YPOBHS aCCOLMUPOBaH
C POXKIeHNeM KUBOTO pebeHKa [34].

MMMyHOreHeTuyeckue mapkepbl
nporHo3supoBaHua adpdekTnsHoctn BPT

B nensax nporrosuposanus ncxogos OKO u 112
y UH(EePTUIBHBIX >KEeHIUH MPe/JI0KEHO OINpeensiTh
nonumopdu3m reHoB Human Leukocytes Antigens
(HLA) IT knacca B yielikoIjuTax nepudepuieckoi Be-
HO3HOU KPOBH /10 Hauasia CTUMYJISILIMM SSMYHUKOB. [1pn
BBISIBJIEHUM HOCUTenbCcTBa rarioturioB DQA1*0101-
DQB1*0501 v DQA1*0102-DQB1*0502, npes-
MOJIOJKUTE/NbHO aCCOLMUPYEMBIX C HapyLIeHHeM
MMIUIaHTal[UK 671aCTOLUCTHI TTPU CPhIBe UMMYHHOMN

TO/IEPaHTHOCTH MaTepy K aHTUreHaM /1044, Npo-
rHO3UPYIOT HebaronpusaTHbiii ucxon BPT (tabi.),
HarpoTUB, NPX OTCYTCTBUU HOCUTE/IbCTBA YKa3aHHBIX
raryIOTUITOB TPe/ICKa3bIBAOT HAaCTyIUIeHue OepeMeH-
HOCTH C TouHOCThIO 81,1 % [35].

Pa3paboTraH criocob MporHo3upoBaHUs pe-
3ynbTaToB OKO y maluueHTOK C ayTOUMMYHHBIMU
3aboneBanusiMu [36], kKorga 0 oBapyUaabHON CTUMY-
JIILIUM SIMYHUKOB OIpeJe/IsIioT Ha/lnure aZlHeKCUTa
B aHamHe3e, HLLA-anturenos B18, Cw3, Cw4 B de-
HOTHITe, KOTMYeCTBO TPOMOOIIUTOB B KOAryJorpaMmme
C BbIUKMC/IeHWEeM MporHoctuyeckoro uuzekca F. I1pu
3HaueHMsx F 6osbiie 0 npeAcka3biBatOT HaCTyTIIeHHe
OGepeMeHHOCTH B pe3ysbraTe rpoBefeHus OKO u I13,
npy UHZeKce MeHblle 0 — HebIaronpUsTHBINA UCXOZ,.
Acconyyanys MIMMYHHBIX lapaMeTPOB C pe3yJ/bTa-
TUBHOCTBIO BCIIOMOTaTe/IbHbIX PelpPOAYKTUBHBIX
TeXHOJIOTUH TIpe/iCTaB/eHbl B Tabulie.

Tabnuya / Table

Accoumauus UMMYHHbIX NapaMeTPOB C Pe3yNbTaTUBHOCTbIO BCMIOMOraTesibHbIX PenpoAyKTUBHbIX TexHonoruii / Association of immune
parameters with the effectiveness of assisted reproductive technologies

MonNoXnTenbHbIN HeraTtueHbIN
. NCTOYHMK /
MapameTp / Parameter pesynbtat / Positive pesynbtat /
- References
result Negative result
KonuuyecTBo peLenTopoB NporectepoHa B MOHOHYKeapax
nepudepnyecko KpoBu B cepefiHe ntoTemHoBon dasbl umkna / Number
. A . >700 <700 [18]

of progesterone receptors in peripheral blood mononuclear cells in the
middle of the luteal phase of the cycle
Konunuectso CD95*-mMakpodaroB B IeKoLUUTapHOM UHbUNbTpaTe
6uonTtarta aHgomeTpus, % / Number of CD95*-macrophages in the leukocyte >48,8 <48,8 [16]
infiltrate of the endometrial biopsy, %
IL-2 B ponnukynapHon xugkocTtu, nr/mn / 1L-2 in follicular fluid, pg/ml <15 215 [22]
IL-2 sR-a B cbiBOpOTKe, Nr/mn / IL-2 sR-a in serum, pg/ml <1000 >1000 [24]
IL-8 B cbiBOpOTKE, Nr/mn / IL-8 in serum, pg/ml <10 >10 [27]
INF-y B donnukynsipHoi xxuakoctu, nr/mn / INF-y in follicular fluid, pg/ml <11 211 [22]
G-CSF B ponnukynapHoi xugakoctu, nr/mn / G-CSF in follicular fluid, pg/ml =410 <410 [26]
INakTodeppuH B cbiBopoTKe, MKr/Mn / Lactoferrin in serum, meg/ml <18 >2,0 [27]
a2-MakpornobynuH-1lgG B GonnmkynapHom XXnaKocTun, Mkr/mn /

B : : . >0,6 <0,6 [32]
a2-macroglobulin-IgG in follicular fluid, mcg/ml
.ﬂaKT(.)CbeppVIH.-lgG B DONNUKYNSIPHON XunakocTu, Mkr/mn / Lactoferrin-IgG 508 <08 132]
in follicular fluid, mcg/ml
HocutenbctBo rannotuna DQA1*0101-DQB1*0501 HLA Il knacca B
neikouuTax BeHo3Hoi kposu / Carriage of haplotype DQA1*0101- OTcyTcTByeT / absent | UmeeTcs / available [35]
DQB1*0501 HLA class Il in venous blood leukocytes
Hocutenbctso rannotuna DQA1*0102-DQB1*0502 HLA Il knacca B
nevikoumTax BeHo3Hoi kposu / Carriage of haplotype DQA1*0102- OTcytcTByeT / absent | MUmeeTcs / available [35]
DQB1*0502 HLA class Il in venous blood leukocytes
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BbiBOAbI

Pa3ButHio u coxpaHeHuto 6epeMeHHOCTH CII0-
COOCTBYeT CJIOKHAs Pery/IsiLivst UMMYHHBIX peakiui
B JKEHCKOM opraHu3me. MatepuHCKO-(deTaabHbIe
OTHOLLIEHNs] He MCUepIIbIBAIOTCSl pa3BUTHEM TOJIepaHT-
HOCTH K aHTUT'eHaM IJI0Ja: CyTpeCCUBHbIE MeXaHHU3MbI
JIOTIO/THSIOTCS] U3MEeHEeHHUSIMU LIUTOKUHOBOT'O TTPOQUIS
W UMMYHOKOMIIETEHTHBIX KJIETOK, aKTUBHDYIOLUMU
Y KOHTPO/IMPYIOLLMMU MPOLIeCChl afire3uy U BacKyJisi-
pU3aliy BO BpeMsi UMILJIaHTaluu SMOproHa U Oepe-
MEHHOCTH.

BenienctBue HQULIMPOBaHUS, CTpeCcca, TOpPMOHA/Ib-
HOTo /iucOasaHca, FeHUTalbHBIX WM SKCTPareHUTallb-
HBIX 3a00/1eBaHNH, psifia APYTUX PAaKTOPOB HAPYIIAKOTCS
VMMYHHbIe B3aUMOJelCTBYUS B CUCTeMe MaTb-II0f,
Y TTOBBIIIAeTCST PUCK HeBbIHAIIMBAaHUS OepeMeHHOCTH
u Gecruioaus.

B neuennu Gecriioaysi aktBHO nipuMeHsitoTcst BPT,
13 Kotopbix DKO cuuTaercsi caMbiM 3(PPeKTUBHBIM
METO/IOM IOCTYKeHUs OepeMeHHOCTH.

15 TIpPOrHO3UpOBaHUs pe3ynbTaTUBHOCTH BPT
YCIIEIIHO MOXKeT HCIT0/Ib30BaThCS OLIeHKa UMMYHHBIX
rapaMeTpoB, 0COOeHHO B KOMOMHALMH C TTOJIOBBIMU
TOPMOHaMH U XapaKTepPUCTUKOW COCTOSTHUSI SMOPHOHA.
AKTyaJIbHBI MCC/Ie[J0BaHNsI KOJTMUeCTBEHHOIO YPOBHS
Y (DYyHKLMOHA/IBHOTO COCTOSIHUSI IMMYHOKOMITETEHTHBIX
KJIETOK, LINTOKMHOB U UX PeLielITOPOB, [NIMKOIIPOTENHOB
OepeMeHHOCTH, ayTOAHTUTE/ K TI0JIOBBIM TOPMOHAM
Y JPYTM aHTUreHaM, IMMYHOTeHeTUYeCKHUX MapKepoB.

Onpepenenre 4aCTU UMMYHHBIX [1apaMeTpOB
B nepr¢epruecKoil KpoBH, CbIBOPOTKe, (hO/UTHUKY/ISIp-
HOM >KUJJKOCTH COTMOCTaBUMO IO UyBCTBUTENBHOCTH,
Crel(UYHOCTH U C BBICOKON TOUHOCTBIO [103BOJISIET
[IPOTHO3UPOBaTh pesysbTar puMeHeHus BPT. Pap
VIMMYHOLIMTOB ¥ LINTOKUHOB CTaTUCTUYeCKU 3HAYMMO
pas/inyaeTcs 110 COLep KaHUI0 B UCC/IeyeMOM MaTepu-
asie Ha pasHbIX 3Tarnax rnperpaBUjapHOM MOATOTOBKU
1 6epeMeHHOCTH.

Takum 06pa3omM, u3ydyeHre IMMYHHBIX ITOKa3are-
neil y uH($epTUIbHBIX >KeHILWH aKTya/lbHO, 00aiaeT
JMarHOCTUYeCKOM LIeHHOCTBIO M NIPOTHOCTHUYECKOM
3HAUMMOCTBI, MOXKET CTTI0COOCTBOBATH CBOEBPEMEHHOU
KOPpPeKLIU Tepanuu 1 nporpaMMel BPT.
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OueHKa ya0B/eTBOPEHHOCTU YC/IOBUSIMU OKa3aHUSi MeAULIUHCKON
NOMOLL M NaLmeHTaMmn ¢ HOBOU KOpOHaBUPYCHON UHpeKLmen

P.P. Ucmarunos g’ @®.C. bunanos ~, M.A. IllapagyTauHoB

Bamkupckuii rocynapcTBeHHbIN MeAULIMHCKUM YHUBEpCUTET, I. Y pa, Poccuiickas ®efeparius
DX Ismagilovruslan92@bk.ru

AnHoTtamma. Ocobyro akTyasbHOCTE Ha CeroHSILIHNAMN 1eHb MTPe/CTaB/sieT U3yueHre Y 0B/IeTBOPEHHOCTH MallieHTOB
YCJIOBUSIMU OKa3aHHsI MeJULIMHCKON TIOMOILM B TOCIIUTA/ISIX «C HOBOM KOPOHAaBUPYCHOM MH(eKLIMeil», KOTOpble B OCHOBHOM ObIIN
Tniepenpo(U/IMPOBaHbI U3 Creliianu31pOBaHHBIX MEIMLIMHCKUX OpraHM3alliii B TedeHue KpaTyaiiiiero BpeMeHu. Lleab uccie0osaHusl.
OrleHKa y/I0B/IeTBOPEHHOCTH YCJIOBUSIMU OKa3aHUs MeJULIMHCKOM TTOMOIIY TIaljieHTaM C HOBOW KOPOHABUPYCHOM MH(peKLHeH.
Mamepuanbi u memoObl. VicciiefoBaHe MPOBOJUIOCH METO/IOM aHKeTUpOBaHusl. Pa3paboTaHHasi aBTOpaMU aHKeTa BKJTHOUasa
29 BoripocoB. AHKeTa COCTOsi/Ia U3 3 TPYIIT BOIIPOCOB: TiepBasi IPyIIa MMeJsia OTHOIIeHHe K COLMaabHO-/eMorpaduueCcKimM
XapaKTepUCTHKaM OTpallMBaeMbIx (TI0J1, BO3PACT, CEMeMHOe MoJIoKeHHe, 00pa30BaHue U Jip.); BO BTOPOU IPYTIIe PecrioH/IeHThbI
OL|eHVBA/IM CBOE COCTOSIHUE 3/I0POBbSl HA MOMEHT OI1p0Ca; B TPeThell rpyIie — pecloH/leHThb! OTBeUaId Ha BOTIPOCHI, Kacaroliyecs
VZI0B/IETBOPEHHOCTH YC/IOBUSIMU OKa3aHWsI MeIULIMHCKOM TIOMOIIIY 1 HY>K,aeMOCTH B [IOTIO/IHUTE/IbHON ITOMOILY. BK/toueHHble B
WCCIIeioBaHMe pe3yrbTaThl orpoca 341 narpenTa ¢ quarto3oM «U07.1 KoponasupycHas ungekuys COVID-19», Obimu paszienieHs! Ha
2 rpynmbl: 1 rpyrina — TaLeHTsl, JieueHHe KOTOPBIX MPOXOUIIO B YCIOBHSIX aMOy/IaTOpPHO-TIO/IMK/IMHAYeCKoro 3BeHa (173; 50,9 %);
2 rpyrrna — MalyeHThl FOCMUTAa/el «C HOBOM KOpOHABUPYCHOH nHpekiupei» (167; 49,1 %). U3 obiijero urcsia 06c/iejoBaHHbIX
MYy»KurHbI coctaBuu 20,8 %, sxxeHIIMHbI — 79,2 %. Cpenuit Bo3pacT coctaBut 43,2+ 12,1 nieT. Bonbliyto 4acTb cpey >KeHIH
3aHs/M uta B Bospacte 4049 net (38,2 %), cpeau My»unH — B Bo3pacte 50-59 et (43,7 %). Pe3yribmambi u obcyxcoeHue. Ha
MOMEHT OIpOoca MalMeHThbI TOCIUTAaIS «C HOBOM KOPOHaBUPYCHOM MH(eKI1ei» OLjeHUBaIl CBOe 3[,0poBbe B cpeiHeM Ha 3,58+0,11
6asa, a maLeHTHI, 00paTHBIIVECs B MOMKIMHUKY, Ha 3,72+0,09 (p<0,05) 6anna. YpoBeHb AOCTYIHOCTH JUArHOCTUYECKUX
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WCC/IeJOBaHWH, OeCrIaTHOrO JIeKapCTBEHHOr0 00eCrieyeH sl U OTHOILIEHHE Bpauel MaleHThI TIOJIMK/TUHUKH OLIEHV/TA HECKOJTBEKO
Hike. HarpoTus, yc/ioBusi ipeObIBaHUST B MEAWULIMHCKON OpraHU3aLliy MalUeHThl MOJTMKTMHAKY OLIeHU/TH BBILIe, YeM MalieHTh
TOCITATANs «C HOBOM KOpOHaBUPYCHOM mHpeKIei». [Tocie nepeHecénHoro COVID-19 onporieHHbIe MalfieHThl OTMeTHTN
He0OX0JUMOCTD B JOMOJHUTE/IbHOU TTomMoty. Hanbosiee yacTbiMU U3 HUX ObUIH: CAaHATOPHO-KypOpTHOE jeueHne — 39,3 %;
JIOTIO/THUTE/TbHASA AMarHOCTUUeCKast IIOMOIIIb (06cenoranue) — 15,0 %; mpoduiakTHueckas momoiils (mpodocMoTpbl) — 15,0 %.
3akmoueHue. TIpoBeAEHHBIN COLMOIOTMUECKUI OTPOC TT03BOIWJI YCTAHOBUTH U CPAaBHUTh YPOBEHB YI0BIETBOPEHHOCTH OKa3aHUeM
MEeJULIMHCKOM TIOMOILLH TIalIMEHTOB C HOBOM KOPOHABUPYCHOM MH(EKIIMeH B jieue6HO-MPOGUIAKTUUECKUX YUPEXKIEHUIX. BakHO
B Jla/IbHEHIIIEM OTC/IeKMBaTh MHEHVE TaljleHTOB 110 X y/I0B/IeTBOPEHHOCTY OpraHu3aLfieil MeIULIMHCKON ITOMOLLY 1 OTIPeZIesisiTh
MOTPe6HOCTH, KOTOPbIe MOTYT CJTY>KUTh OCHOBOM /17151 T/IAHUPOBAHWUs], TIPeJOCTABIEHNS U TIO//IeP>KaHusI KaueCTBa YCIyT BO BpeMsi
na"gemur COVID-19 u pyrux upe3BbIYaliHbIX CUTYaLUi.
KiroueBrble c10Ba: y0B/IETBOPEHHOCTD, YCIOBHS, OpraHu3als MeIULIMHCKOM roMotiy, naipentel, COVID-19

Nudopmanus o puHaHCHUPOBAHUM. ABTOPbI He UMeJM CIIOHCOPCKOM MOAIep>KKU MpY NTPOBeJeHUH UCC/leloBaHuUs
Y y06/MKaLuy IaHHOH! CTaThy.

Bknajg aBropoB: P.P. VicMaruinoB — nurtepaTypHbIM 0630p, pOBe/ieHHe aHKeTUPOBaHMSI, CTaTUCTHKA, HAalMCAHUE CTaThy;
@.C. buanoB — KOHILIEMLS, TU3aliH, pelakTipoBaHue ctatbu; M.A. [1lapadyTauHOB — romoIik B cOope 1 aHa/IHu3e MaTepuaia.
Bce aBTOpBI BHEC/IM 3HAUUTE/IbHBIN BK/IaJ B Pa3pab0TKy KOHLIETIIMU, UCC/IeJOBaHUSI U TIOATOTOBKY PYKOITUCH, IPOUYMTAIA U
YTBEP/W/IM OKOHUATE/IbHYIO BEPCUIO TIepe/ MyOIMKare.

HNudopmanys o KOHGINKTe HHTEPecoB. ABTOPHI 3asB/ISIIOT 00 OTCYTCTBUY KOHGJIMKTa UHTEPECOB.

OTHueckoe yrBepx/eHue. [IpoBoarMoe nccieqoBaHue ObII0 006PeHO Ha 3ace/laHuM JIOKA/IbHOTO 3TUYeCKOT0 KOMUTETa
OT'BOY BO BI'MY Mun3szapasa Poccuu B fiekabpe 2021 1.

BiarogapHoCcTH — HETIPUMEHHUMO.

HudopmupoBaHHoe coryacue Ha my0IMKaLMI0. Y BCeX MalMeHTOB ObUIO MoyueHo J06poBoibHOe MHG)OPMUPOBAHHOE COTyIacHe
Ha yJacTHe B UCC/IeIOBAHUH COTVIaCHO Xe/TbCUHKCKOM JleKapanuy BceMyupHoOUM MequiMHCKoH accoranyu (WMA Declaration
of Helsinki — Ethical Principles for Medical Research Involving Human Subjects, 2013) 1 06pab0TKy repcoHaIbHBIX JaHHBIX.

IMoctynuna 11.01.2023. Ipunsra 16.02.2023.

Jns nuTupoBanusn: VMcmazunos P.P., Buaanog @.C., IllapachymouHoe M.A. OlieHKa y[0B/IeTBOPEHHOCTH YCIOBUSMU
0OKa3aHUs1 MeJULIMHCKON TIOMOLIM MaljieHTaMH C HOBOWM KOpOHaBUPYCHOU uHdekIMeli // BectHuk Poccuiickoro yHuBepcureTa
Ipyx60b1 HapogoB. Cepusi: MeaunmHa. 2023. T. 27. No 3. C. 354—367. doi: 10.22363/2313-0245-2023-27-2-354-367

Satisfaction assessment with the care conditions
of patients with new coronavirus infection

Ruslan R. Ismagilov |E’ Fanil S. Bilalov ~, Marat A. Sharafutdinov

The Bashkir state medical university, Ufa, Russian Federation
DX Ismagilovruslan92@bk.ru

Abstract. The study of patient satisfaction with the conditions of medical care in «COVID» hospitals, which were mainly
repurposed from specialized medical organizations within the shortest time, is of particular relevance. The purpose of the study
was an assessment of satisfaction with the conditions of medical care for patients with a new coronavirus infection. Materials
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and Methods. The study was conducted by questionnaire. The questionnaire was developed by the authors included 29 questions.
The questionnaire consisted of 3 groups of questions: the first group was related to the socio-demographic characteristics of the
respondents (gender, age, marital status, education, etc.); in the second group, respondents assessed their health status at the
time of the survey; in the third group — respondents answered questions regarding satisfaction with the conditions of care and
the need for additional care. The results of a survey of 341 patients diagnosed with U07.1 Coronavirus infection COVID-19
included in the study were divided into 2 groups: 1 group — patients treated in outpatient care (173; 50,9 %); group 2 — patients
of « COVID « hospitals (167; 49,1 %). The total number of examined men was 20.8 %, women — 79.2 %. The median age was
43,2+12,1 years. Most of the women were persons aged 4049 years (38.2 %), among men — aged 50-59 years (43.7 %). Results
and Discussion. At the time of the survey, patients of the «covid» hospital rated their health on average by 3,58+0,11 points,
and patients who applied to the clinic by 3,72+0,09 (p < 0.05) points. The level of availability of diagnostic studies, free drug
provision and the attitude of doctors, patients of the clinic rated slightly lower. On the contrary, patients of the clinic rated the
conditions of stay in the medical organization higher than patients of the «covid» hospital. After suffering from COVID-19, the
interviewed patients noted the need for additional assistance. The most frequent of them were: spa treatment — 39.3 %; additional
diagnostic care (examination) — 15.0 %; preventive care (professional examinations) — 15.0 %. Conclusion. A sociological
survey made it possible to establish and compare the level of satisfaction with the provision of medical care for patients with
a new coronavirus infection in medical and preventive institutions. It is important to further monitor patients’ opinions on their
satisfaction with the organization of medical care and identify needs that can serve as the basis for planning, providing and
maintaining the quality of services during the COVID-19 pandemic and other emergencies.
Key words: satisfaction, conditions, organization of medical care, patients, COVID-19
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BesepeHue
[TangemMust HOBOY KOpOHAaBUPYCHOU MH(MEKLIMN
TIpUBeJIa K MacIITaOHbIM U3MeHeHUsIM B cepe 37pa-
BooxpaHeHus. [ocygapCcTBOM U 0011[eCTBOM OBLIH
MPUHSTHI MephI 110 TPeI0TBPAllleHHUI0 pacipocTpa-
HeHUsI UH(MEKI[UH, 0COOeHHbIe MePOTIPUSATHS ObLIH
MpoBe/ieHbl B MeIUIIUHCKUX opraHu3ainusax (MO),
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KOTOpbIe ObI/TM BBIHY)K/IeHbI pab0TaTh B YCUIEHHOM
pexxume. [IpakTHUecKy B KaxKj0M CyObekTe Poccuiickoii
®epneparun ObUTH OTKPBITHI CIIELMATM3UPOBAHHbBIE TO-
CMUTA/IA «C HOBOM KOpPOHABUPYCHOM MHbeKLe» [1-3],
a MeIULIMHCKYe pabOTHUKY Ha CerofHs BCerJja TOTOBBI
K 0UepeJJHOI «HOBOM» BOJTHe POCTa 3aboneBaeMOCTH
COVID-19.

OPTAHVBALIMA 3APABOOXPAHEHMA M OBLLECTBEHHOE SAOPOBBLE
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Yn0B1eTBOPEHHOCTh MalMeHTOB SIBJISIeTCS TIOMy-
JISIPHBIM UHJMKaTOPOM U3MepeHUs KauecTBa YCI0BUN
OKa3aHUs MeJULIMHCKUX YCJIYT, U He BCerja oTpakaeT
(hakTMUeCKOe KaueCTBO TIpe/I0CTaB/IeHHON MeII[MHCKOM
romoriiu [4, 5].

HecmoTpsi Ha CyObeKTUBHOCTh TPAKTOBKH KpUTe-
pYeB yIOBIETBOPEHHOCTU MeAULIMHCKUMU YC/IyTaMu
raLeHTaMu, Kak Mephbl OLIeHKH KauecTBa OKa3aHMs
MeJUI[MHCKOH TTOMOIIH, HEOOXOAUMOCTD U3YUeHUs
OTHOLLIeHUs MALIMEeHTOB K JOCTYITHOCTU U KaYeCTBY Me-
JULIMHCKOM MOMOLLY Ha MOCTOSTHHOM OCHOBE SIB/ISIETCS
aKTya/IbHbIM U He0OXoAUMbIM. B Takom ciydae raiu-
€HTbI BOBJIEUEHBI B JieueOHBIN MPOL[eCC ¥ UYBCTBYIOT
CBOIO 3HAUMMOCTH [6-9].

OnbIT 0OKa3aHWs MeUKO-COLMaJbHON MOMOIIU
6ompHBIM COVID-19 B yC/10BUSIX CTalMOHApPa IIUPOKO
OCBelllaeTCsl B HAyYHOU iuteparype. B To ke Bpems
Habmofaetcst JeuUT MHGOPMALHH 10 OLIeHKe Y/0B-
JIETBOPEHHOCTH YC/IOBUSIMM OKa3aHUs U JOCTYITHOCTH
MeJULIMHCKOM TTOMOIIU MaljieHTaM C HOBOUM KOpOHa-
BUpYyCHOU nHbekuumel [10-12].

Oco0yro aKTyalbHOCTb Ha CETOAHSIIHUMN JIeHb
npeJcTaBsieT U3yueHUe yJ0BAeTBOPEHHOCTH MaLu-
€HTOB YCJIOBUSIMU OKa3aHUS MeJULMHCKON TOMOLIN
B TOCIIUTAJIAIX «C HOBOM KOPOHAaBUPYCHOU MH(}eK-
L[eii», KOTOpble B 0CHOBHOM ObL/N Tiepernpoduiu-
pOBaHbI U3 criejuaau3upoBaHHbiXx MO B TeueHHe
KpaTualmero BpeMeHu. [IoMUMO KIWHUYECKUX
cumntomoB COVID-19, y rocruTann3upoBaHHbIX
MalUeHTOB MOTYT BO3HUKHYTb HeraTUBHbIE TICHU-

X0COLMaJbHbIe PacCTPOMCTBA: U30JALUS, B TOM
YyHc/ie CBsI3aHHas C NMPO(UIAKTUKON HeJOMyLLeHUs
pacrnpocTpaHeHUs UH(PEKIUU; OTCYTCTBUE KOH-
TakTa C CeMbell U /Ipy3bsIMU, Heorpe/le/leHHOCTh,
CBsi3aHHas C Jla/ibHeUILIUM MPOTHO30M TeueHUs
3aboseBanusd [13,14].

esb ucciefoBaHUA — Ha OCHOBE MeJIUKO-
CoIMabHBIX WCCeIOBAHUN OLIEHUTH Y/I0B/IETBOPEH-
HOCTb Mal[MeHTOB, MOTyYaBIINX MEAULIMHCKYHO TTOMOILb
B cBs13U C 3abomeBanueM COVID-19, ycioBusiMy OKa3a-
HUSI MeTULIMHCKOM TIOMOIIIY Ha MpUMepe MeAULIMHCKUX
opraHu3aiyii . Y bl.

Matepuanbl n metogbl

ViccnenoBaHre MPOBOAWIOCH METO/IOM aHKETH-
poBanust. PaspaboraHHasi aBTopaMy aHKeTa BK/THOUasa
29 BOMpOCOB. AHKeTa COCTOsi/Ia U3 3 TPyNN BOMPOCOB:
nepBasi rpymnma uMesa OTHOLLEeHUe K COLiMabHO-
JeMorpapuuecKiM XapakTepuCTHKaM OMpalliyiBaeMbIX
(o1, Bo3pacT, ceMeitHOe MoJioXKeHHe, 0Opa3oBaHue
Y Jp.); BO BTOPOU I'pyIIie peCrOH/eHThI OLleHUBaIn
CBOe COCTOSIHME 3/]0POBbsi HA MOMEHT OIPOCa; B TPeThel
TpyTIie peCcroH/eHThl 0TBeYa/ I Ha BOTIPOCHI, KACArOLLH-
ecsl y[J0BJIeTBOPEHHOCTH YC/IOBUSIMU OKa3aHHUsl MeJju-
LJUHCKOM TTOMOLLM U TOTPeOHOCTH B IOTIO/THUTETbHOU
rioMol1y. Boripockl 2 1 3-i TpyIin OLeHUBAJIUCh 10 TIsi-
THOANIBHOM 1IKaie, rae: 1 6ai1 — «04eHb M/I0X0»,
2 6asia— «I/10X0», 3 Oaslia — «yAOBIETBOPUTE/THHO»,
4 6asina — «XopoIo», 5 6amoB — «OTIUYHO» (Tab. 1).

Tabnuya 1/ Table 1

AHkeTa / Questionnaire

N2 Bonpoc/Question

v

BapuaHT oTBeTa/Answer option

1 YkaxuTe cBoi non/Please enter your gender:

XeHckuit/Female

My>ckoi/Male

2 YkaxxuTe cBoi Bo3pacT/Enter your age:

A0 20 net/up to 20 years

20-29 net/20-29 years old

30-39 net/30-39 years old

40-49 net/40-49 years old

50-59 net/50—-59 years old

60 n cTapLue net/60 years and older
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Mpogomuxenne Tabn. 1/ Continuation of Table 1

Ne Bonpoc/Question \/ BapuaHT oTBeTa/Answer option
CpepHee/ Average
3 Ykaxwure caoe °6paaoBaHl.4e/_P|ease indicate your CpepHee npodeccrnoHanbHoe/Secondary vocational
education:
Bbicluee/Higher
npoMbiLneHHocTb/industry
3apaBooxpaHeHue/healthcare
TpaHcnopT/transport
o6LlecTBEHHOe NUTaHNe/catering
4 OTpacnb Npou3BOACTBEHHOMN aeaTenbHocTu/Branch of X
production activity: obpasoBaHue/education
ToproBensi/trade
topucnpyaeHums/jurisprudence
Typuam/tourism
npeanpuHUMaTenbcTeo/entrepreneurship
dunanyeckmir/physical
5 Mpeo6nagatowmin BUA prna{The predominant type of yMETBEHHBI/mental
labor:
cMeLaHHbIn/mixed
Lebununt aBuratenbHomn akTuBHocTH/Lack of physical activity
Bbicokas cteneHb ¢uanyeckoro HanpsixeHusi/High degree of
physical stress
BbIHy>kfeHHOoe nonoxeHue Tena/Forced position of the body
CBsizaHa Ny Ballia TpyfoBas AeATENbHOCTb
6 CO creayrowmmMm hakTopamm (BO3MOXHO HECKONbKO HapyLueHue pexxuma cHa 1 nutanus/Sleep and eating disorders
oTteeToB)/Is your work activity related to the following
factors (multiple answers are possible): YacTble cTpeccoBble cuTyaumn/Frequent stressful situations
HeHopmupoBaHHbI paboumin aeHb/Irregular working hours
[pyroe (noxanyicTa, yKaxure) /Other
(please specify)
) cocTouTe B 6pake/married
7 CemeitHoe nonoxeHne/Marital status:
He cocTouTe/you are not a member
Bblcokmii/high
8 Kak Bbl oLeHMBaeTe ypoBeHb CBOEI'O. noxop.f?\/How do you cpeaHmit/average
assess the level of your income:
Hu3Kkmit/short
HeT/no
9 NmeeTe nu Bbl xpoHunyeckmne 3a6onesaHunsa/Do you have
chronic diseases: Aa (kakve )
/yes (which )
CocTounTe N1 Bbl Ha AUCNAHCEPHOM y4eTe No NoBOAY HeT, He cocToro/No, | am not
10 XpoHUMYeckoro 3a6osneaHus?/Are you registered with
a dispensary for a chronic iliness?
[a, coctoro/Yes, | am
358 OPTAHNSALMA SAOPABOOXPAHEHVA 1 OBLLIECTBEHHOE 3[10POBBE
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Mpogomixenne Tabn. 1/ Continuation of Table 1

Ne Bonpoc/Question BapuaHT oTBeTa/Answer option
11 Bbl BaKLUMHUpoBaHbl oT COVID-19?/Are you vaccinated Aa/yes
against COVID-19?
HeT/no
na/yes
Bbinu nin y Bac npucTynbl NaHWKK, TPEBOrM 3a BCe BPeMs
12 6one3Hn?/Have you had panic attacks, anxiety during the HeT/no
entire time of illness?
3aTpyaHsatock oTBeTuTh/hard to answer
OutyuiaeTe v Bbl HeAOCTaTOK KUCOPOAa, 0AblluKy?/Do na/yes
13
you feel a lack of oxygen, shortness of breath?
HeT/no
14 WcnbiTbiBaeTe Ny Bbl Npo6sieMbl CO CHOM Ha [laHHbI Aa/yes
MomeHT?/Are you currently experiencing sleep problems?
HeT/no
Kak Bbl oLeHBaeTe CBOe 3,0POBbE B LIe/IOM
15 | no naTu6annbHow wkane?/How would you rate your overall 12345
health on a five-point scale?
nepsble cyTku/first day
16 Kak gonro Bam npuwnoch xgaTtb Bpaya Ha gomM?/How
long did you have to wait for a doctor at home? 2-3 cyTku/2-3 days
Hepento/week
10-15 MuH/10-15 min
15-30 MuH/15-30 min
2
17 Kak gonro Ba.M nNpULLNOCH )K,D,{:lTb cKopyto nomolb?/How 30-60 MnH/30-60 min
long did you have to wait for an ambulance?
6onee 1 yaca/more than 1 hour
6onee 2 yacos/more than 2 hours
YposneTtBopeH/Satisfied
Bonblie ynoBneTBopeH, YeM He yaoBneTsopeH/More satisfied
YnoBneTBopeHbl i Bbl CBOEBPEMEHHOCTbLIO HanpaseHus than dissatisfied
18 Ha MeauLMHCKyo nomMolb?/Are you satisfied with the
timely referral to medical care? YaosnetsopeH He nonHocTbio/Not fully satisfied
3atpyaHsitocb otBeTUTb/Difficult to answer
He ynosnetBopeH/ Not satisfied
B ambynaTopHoi nomoluu/in outpatient care
Bawe neuenmne ot COVID-19 npoxoamnno B Kakmx
19 ycnousx?/Under what conditions did you receive B cTaumoHape/in hospital
treatment for COVID-19? )
He obpaluancs 3a Mea. nomouybto/did not apply for honey help
Kak Bbl OLleHVBaeTe OTHOLLEHWE Bpayei (xvpypr,
HEBPOJIOT, OKY/IUCT, KapZMoJIor v Aip.) B LIESIOM
20 no naTuéannbHow wkane?/How would you rate the 12345

attitude of doctors (surgeon, neurologist, ophthalmologist,
cardiologist, etc.) in general on a five-point scale?
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Mpogomuxenne Tabn. 1/ Continuation of Table 1

Ne Bonpoc/Question \/ BapuaHT oTBeTa/Answer option
Kak Bbl oLleHMBaeTe OTHOLLEHWE CpeAHEro MeanLMHCKOro
21 nepcoHana B LesioM no naTubanibHou wkane?/How do 12345
you rate the attitude of the nursing staff as a whole on
a five-point scale?
YaoBneTBopeHbl v Bbl MaTepuanbHO-TEXHUYECKUM
obecneyeHnem (Hannyme MarHOCTUYECKOM annapaTypbl,
29 nabopaTopHOW AMarHOCTUKU U Ap.)? OLeHUTE B LIeIoM 12345
no nsATM6annbHou wkane/Are you satisfied with the
logistics (availability of diagnostic equipment, laboratory
diagnostics, etc.)? Overall, rate on a five-point scale
OueHunTe ypoBEHb AOCTYMHOCTM [UArHOCTUYECKUX
uccnepoBaHuii (naéopatopus, KT-kabuUHeT, peHTreH-
23 KabuHeT, GyHKLMOHaNbHas MarHoCTMKa) B LLeNoM 12345
no naTu6annbHoi Wwkane?/Assess the level of availability
of diagnostic studies (laboratory, CT room, X-ray room,
functional diagnostics) in general on a five-point scale?
Kak Bbl oLeHMBaeTe AOCTYNHOCTb NeKapCTBEHHOro
24 obecrneyeHus B Lienom no natnéannbHoi wkane?/How do 12345
you assess the availability of drug provision in general on
a five-point scale?
Kak Bbl oLieHMBaeTe ycnoBusiMv npebbiBaHus
B NOMIMKJIMHWKE UM CTaLMOHapa B LLEe/TOM
25 no nsTuéannbHou wkane?/How do you assess the 12345
conditions of stay in the polyclinic or hospital in general on
a five-point scale?
YpoBneTBOpPEHbI v Bbl pesynbTataMy okasaHHOW
26 nomowm? OueHnTe B LENOM MO NATUGANbHON WwKane/Are 12345
you satisfied with the results of the assistance provided?
Overall, rate on a five-point scale.
[OnuTenbHas oyepeaHOCTb Ha MeMLMHCKYH nomollb/Long
waiting list
[LnuTenbHOE OXMAaHne KOHCYbTaLUi UK OTCyTCTBUE
Bpaueii-cneumnanuctos/Long waiting times for consultations or
absence of specialist doctors
OTKa3bl B HaMpaB/eHUN Ha FOCNUTANM3aLMIO UK ANIMTeSIbHOe
0XWJaHue N1aHoBOMW rocnMTanusauumn B cTaumoHap
1 [IHEBHOW CTaLMOHap A5l NpOBeAEHUS MEANLIMHCKOM
nomolum/Denial of referral for hospitalization or long waiting
for scheduled hospitalization in a hospital and day hospital for
medical care
YeM Bbl He yaoBneTBopeHbi?/What are you dissatisfied OTkasbl B HanpaBeHne Ha KOHCYNbTaLMIO K APYrim
27 with? crneymanucTam, Ha obcnepoBanme, huanonedeHune/Refusal to
refer for consultation with other specialists, for examination,
physiotherapy
Ipy60CTb, HEBHUMATENBHOCTb MEAMLMHCKOMO nepcoHana/
Rudeness, inattention of medical personnel
CoobLLeHne CBeAEHNI O MOEM 34,0POBbE APYrUM nuLam 6e3
Moero cornacus/Sharing my health information with others
without my consent
OTcyTCcTBUE HHDOPMUPOBAHHOCTH O 3a60s1IeBaHuUM,
BO3MOXHbIX OC/TOXHEHUSIX, BbI6paHHOW MeToAMKeE NledeHns/
Lack of awareness about the disease, possible complications,
the chosen method of treatment
360 OPTFAHMN3ALNA 3APABOOXPAHEHWA 1 OBLLUECTBEHHOE 3J0POBLE
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OkoH4aHue Tabn. 1/ End of Table 1

N2 Bonpoc/Question \/ BapuaHT oTBeTa/Answer option
He npuxogunocb/Didn’t have to
[Mpuxoannock N1 Bam nnatutb B Bawein NOANKANHUKE UK .
CTalMoHape 3a 06CNeA0BaHIe, NleueHMe, KOHCYNbTaLMMN Onnauusan B Apyrmx n?eélﬂblxt){q?emp,eHMﬂx/Pald in other
08 cneuuanuctos?/Did you have to pay in your polyclinic medical institutions
or hospital for examination, treatment, consultations of Mpuro6peTtan(a) MeanKamMeHTbl UK U3AENNA MEAULMHCKOTO
specialists? HasHayeHus (LWNpuLbl, CUCTEMbI, NepyaTKn) B AHEBHOM
cTauunoHape/Acquired medicines or medical products (syringes,
systems, gloves) in a day hospital
B npodumnakTuueckoi nomoty (Npod.ocmoTp)/In preventive
care (prof.examination)
[unarHoctuyeckoit nomolum (B o6cnegosanum)/Diagnostic
assistance (in examination)
B neye6HbIX MEpPONpUATUAX (GHEBHOI cTaLMOHap Mim
cTaumoHapHoe nedenue)/In curative activities (day hospital or
Kak Bbl cunTaete, HyxaaeTech i Bbl B criefylolmx BUgax inpatient treatment)
nomotuu B pesynbtate COVID-19 (BO3MOXHO HECKONbKO CaHaTOpHO-KypOPTHOM NeueHnu/Spa treatment
29 oTtBeToB)?/Do you think you need the following types of - - —
assistance as a result of COVID-19 (multiple answers MeauumHckoi peabunutayun/Medical rehabilitation
possible)? B ncuxonornyeckoi peabunutauum/In psychological
rehabilitation
B npodeccroHanbHoi peabunutauum (o6yyeHune, NOMOLLb
B TpyAoycTpoiicTae u Ap.)/Vocational rehabilitation (training,
employment assistance, etc.)
B npaBoBOI (fopUANYECKUE KOHCYNbTaLMW, topuamnyeckas
nomolyb)/Legal (legal advice, legal assistance)

KpurepursiMu MCK/TFOUeHHST U3 UCCIIe/JOBaHUs ObLTH:
aHKeThl, B KOTOPbIX OTCYTCTBOBa/IO0 MH()OPMUPOBaH-
Hoe I006poBOJIBHOE COT/IacKe; aHKeThI OT OepeMeHHbIX
JKEHILWH; aHKeThbI OT PeCTIOH/|€HTOB, BO3PACT KOTOPBIX
MeHee 18 s1eT; U aHKeThbl, B KOTOPBIX OTCyTCTBOBAa/IN
oTBeThl Ha 1 u Gosiee BomipocoB. Bcero u3 uccne-
JIOBaHUS OBLIO UCK/TIOUeHO 18 aHKeT. BK/IIOueHHbIe
B MCCJIelOBaHMe pe3ynbTarhkl ornpoca 341 manueHTta
ObIM paszesieHbl Ha 2 TPYMIbL: 1 rpyTira — MalyeHTsl,
JleueHHe KOTOPBIX TIPOXOZIU/IO B YCIOBUSIX aMOy/1aTOPHO-
MOMK/IMHAYecKoro 3BeHa (173; 50,9 %); 2 rpyrmna —
MaleHThl TOCIUTanel «C HOBOW KOPOHABUPYCHOM
vHpekuei» (167; 49,1 %). Onpoc yuaCTHHUKOB HC-
CrieJOBaHUS MPOXOJW/ HA MOMEHT BBIITMCKY TaljieHTa
U3 CTallMOHapa W/WIK Ha MOMEHT 3aKpBITHsI 60/TbHAY-
HoOro jiicTta ¢ guarHosom «UQ7.1 KopoHaBupycHas
nHbekuys COVID-19» B MoMMKIMHUKAX.

Ornpoc pecrioHIeHTOB NTPOBOJWICS B IIEPHOZ, C Jie-
Kabps 2021 r. mo mapT 2022 I. TOCpeICTBOM 3arl0/THEHUST
3/1eKTPOHHBIX aHKeT. Ccbuika (mo QR-kozy) Ha cTpaHu-
1]y C aHKeTOM pacrnpOoCTpaHslach yepe3 MeAULIMHCKUM
repcoHasn yupexxjeHuil. [IpoBogumoe rcciaefoBaHme

HEALTH POLICY AND PUBLIC HEALTH

Ob1710 0106peHo Ha 3ace/laHUH JIOKA/TLHOTO 3THYeCKOTo
KOMHUTeTa BalllKhpCcKoro rocyjapCTBeHHOTO Meu-
LIMHCKOTO yHUBepcuTeTa B Ziekabpe 2021 1. ¥ Bcex
TIAL[MEHTOB OBIIO TIO/TyYeHO ZI06pOBOIbHOE MHPOPMUPO-
BaHHOe COIVIacue Ha y4yacTHe B UCC/Iel0BaHUY COIVIaCHO
XenbCUHKCKOM JleKnapariui BceMupHO MeTUIUHCKOM
accormanuu (WMA Declaration of Helsinki — Ethical
Principles for Medical Research Involving Human
Subjects, 2013) 1 06pabOTKy NlepCOHA/TBHBIX IaHHBIX.

CrnefyeT OTMETUTD, UTO yU4acTHE B aHOHUMHOM
AHKeTUPOBAHUH Ob1I0 J0OPOBOILHBIM U €r0 pe3y/ibTaThl
OTPaXaloT MHeHHe Hanbosiee aKTUBHBIX U /1eeCrioco0-
HBIX JIML], JAHHOE MHeHUe MOXKeT He COOTBeTCTBOBATh
00BbEKTUBHOM OlIeHKe.

O6paboTka 1 aHa/IK3 MOyUeHHbIX Pe3y/IbTaToB
TIPOBOZIU/IUACH C UCTIO/Ib30BaHUEM abCOMIOTHBIX, OTHO-
CUTeJIbHBIX, CPeJHUX Be/IMYMH U PAHTOBOM KOPPeJIALIUH.
BeposTHOCTB 10CTOBEpPHOCTH pPe3y/bTaToB UCC/Ie/I0Ba-
HUS OLIeHHBaJIU C MOMOLLBIO t-KpyuTepust CThrOJ|eHTa.
Paznuuus cuutanuck gocTtoBepHbIMU Tipu p <0,05.
CTaTUCTUKY BBITIOHAJIN C TIOMOLLBIO TIPOrpammel SPSS
(Bepcust 26.0) u Microsoft Excel 2010.
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PesynbraTtbl 1 06cyxaeHue

N3yueHure cocTaBa OMpPOIIEHHBIX T10 MOy MOKa-
3aJ10, UTO Cpe/id HUX J0/1d My>kKurH coctaBuia 20,8 %,
Jo7st KeHLMH 79,2 %. Cpepnuii Bo3pacTt 43,2+ 12,1 neT.

BbI1 IpoBeZieH OMpoC JIMLL pa3/IiyHOro BO3pacTa, Cpeiu
KOTOPBIX OOJIBIITYIO UacTb coCcTaBuIu yinia 40—49 et
(38,2 %) »eHckoro 1osna, u 50-59 net (43,7 %) Myx-
ckoro mona (tabm. 2).

Ta6nuya 2/ Table 2
PacnpepaeneHue onpawimBaeMbix peCloHAEHTOB Mo Bo3pacTy u nony, n=341/Gender and age distribution of respondents, n=341
Nen/n Mon/ Gender My»umnH/Male, n=71 XeHwmH/Female, n=270
20-29 | 30-39 | 40-49 | 50-59 | Crapwe | Wtoro, | 20-29 | 30-39 | 40-49 | 50-39 | Crapwe | WToro,
1 BospgcTeHa?Oprnna/ net/ net/ net/ net/ | 60net/ |myxunr/| net/ net/ net/ net/ | 60net/ |KeHwmH/
ge group years years years years years male years years years years years | female
B ycnosusx
2 crauunoHapa/ In a 0 28 16,9 26,8 56 52,1 22 44 22,2 11,9 10,7 51,5
hospital setting, %
B ycnosusx
3 | noauknmHukw/ In of 28 99 16,9 16,9 14 479 11,5 11,9 159 52 41 485
a polyclinic, %
4 Bcero/Total, % 28 12,7 338 437 7,0 100 13,7 16,3 382 17,0 14,8 100

YpoBeHb 00pa30BaHUs JIHLI, PHUHSIBLINX Y4acTHe
B OIPOCe, OKa3aJICs J0CTaTouHO BbICOKUM: 70,9 % nmenm
BhICIIIee oOpa3oBanue; 19,4 % — cpexnHee npodec-
cuoHanbHoe; 9,7 % — cpezHee obiriee o6pa3oBaHue
(Tabn. 3). Takke B x07ie aHKETUPOBAHYSI OBLIO YCTaHOBIIe-
HO, UTO B 3aPerMCTPUPOBaHHOM Opake coctosiiu 68,9 %
OTIPOLLIEHHBIX, He cocTosiv B Opake 31,1 %. I1pu sTom
CpeJy OMpPOLLEHHbIX PeCIIOH/|eHTOB IOCIIUTAIS «C HOBOK

KOPOHABUPYCHOW MH(EKLIMei», COCTOSIMX B Opake ObLTO
Oosiblie, ueM Cpe/j OTIPOILIEHHBIX B MO/TMK/IMHUKE, U CO-
ctaBuia 73,8 %. VI3yueHue XxapaKTeprUCTUKU TPYZ0BOM
JlesiTeIbHOCTH TT0Ka3aso, uto y 70,1 % mpeobnagaeT
YMCTBEHHbIW BUJ TpyAa, Y 24,6 % — cMelllaHHbIH,
5,7 % — ¢r3ryeckuii TpyA. YcTaHoB/IeHO, uto 73,9 %
PeCrHoH/EeHTOB OLIeHU/IM CBOW YPOBEHbB /10X0/a KaK
cpegHuit, 17,6 % — Huskui u 8,5 % — BBICOKUI.

Ta6nunya 3/ Table 3

PacnpegeneHue no couuanbHbIM XapaKTepuMcTUKaM onpaluvBaembix pecnoHgeHTos/Distribution by social characteristics
of respondents surveyed

MauneHTbl rocnuTanst «C HOBOM
Mokasatens/ Indicator KOpOHaBMngg\(I)iV(Ij >l:IEdOJSe[l)(ilt-laMI?IT»=/'IP6aglents of the Eg&gﬁg%bgggﬂgr}t‘ﬂf% Bcﬁrfgﬁtal.
O6pa3oBaHue/Education, n (%)
CpeaHee/ Secondary 18(10,7) 15(8,7) 9,7
s 31(185) 35(202) 194
Bbiciee/ higher 119 (70,8) 123 (71,1) 70,9
CeMeliHoe nonoxeHue/Family status, n (%)
CocTosiT B 6pake/ Been married 124 (73,8) 111 (64,2) 68,9
He cocToAT B 6pake/ not married 44 (26,2) 62 (35,8) 31,1
Mpeo6nagatowuii Bug, tpyaa/Type of work, n (%)
YMcTBeHHbI/ Mental 121 (72,0) 118 (68,2) 70,1
®usunueckuin/Physical 7 (4,2) 11 (6,4) 57
CMeluaHHbIn/ Mixed 40 (23,8) 44 (25,4) 24,6
YpoBeHb goxoaa/Income level, n (%)
Bbicokuit/High 21 (12,5) 8 (4,6) 8,5
CpeaHuit/ Medium 118 (70,2) 134 (77,5) 739
Huakuii/ Low 29 (17,3) 31(17.9) 17,6
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CornacHo mpejCcTaB/IeHHbIM OTBeTaM Ha BO-
npoc «Kak BrbI o1jeHHBaeTe CBOe 340pPOBbLE B LIeJIOM
10 NMATUOA/ITEHOM I1IKa/ie», CPeHSIS OL[eHKa Tal[UeHTOB
TOCHUTAS «C HOBOM KOPOHAaBUPYCHOW UH(EKLIMei»
coctapuna 3,58 + 0,11 6as1a, olleHKa MaI[UeHTOB T10-
mUKIMHUKYA — 3,72+ 0,09 (p <0,05) 6anna (Tabm. 4).
Takum 06pa3oM, y pecrioH/IeHTOB, TOTyYaroL[UX jieve-
HYe B YCJIOBUSIX TOCTIUTA/IST «C HOBOW KOPOHABUPYCHOM
vHbeKLrel», cpefHss OLjeHKa 3/[0POBbs HUXKe, UeM y
MalMeHTOB MOJMK/IMHUKY. Pa3nynyre B 0TBETaX MOXKHO
00BSICHUTBL CyOBEKTUBHOM OLIEHKOW COCTOSIHUS 30POBbSI
OTpallvBaeMbIX PeCIIOH/EHTOB B 3aBUCMMOCTH OT BU/A
OKa3blBaeMOU UM MeJULIMHCKOW TTOMOLLH.

CBOeBpeMeHHOCTh HallpaB/eHUs Ha FOCIUTa-
JIU3allMI0 WU B MOJUKIWHUKY Ha TIpUeM K Bpauy
W/ TIOCelljeHre Bpaua O0/bHOTr0 Ha ZIOMY SIBIISIETCSI
OJHUM U3 OCHOBHBIX KPUTEPHEB YCJIOBUSI OKa3aHUs
MeJULIMHCKOW MOMOLLY, MTO3BOJISIOLIUIN Y/IOBIETBO-
pATh MOTpebHOCTH TareHToB [15, 16]. [Ipu orjeHKe
YZAOB/IETBOPEHHOCTH CBOEBPEMEHHOCThIO HarpaB/eHUsT
Ha MeJULIMHCKYHO TOMOILb CPe/IU OMPOILLIEeHHBIX pe-
CITOH/IEHTOB TOCITMTAJISI «C HOBOW KOPOHABUPYCHOU
uHpeKLHen» U MOMKIUHUKY Mbl He 00Hapy>KUIH
3HAYMMBIX OTJIMYUM B OTBETaX.

[Tpu aHanM3e AOCTYMHOCTH AWAarHOCTUYECKUX
rccienoBaduii (maboparopust, KT-kabuHeT, peHTreH-
KaOWHeT, GyHKLMOHA/IbHAST JUAarHOCTUKA) TIALIUeHThI
TOCIHUTanel «C HOBOM KOPOHABUPYCHOM UH(EKIei»
ObLTH OOJiee yIOB/IETBOPEHBI B CDaBHEHUWH C TaLU-
eHTaMM MOJIUKJIWUHUKH, CPeJHSsl OLjeHKa COCTaBU-
na 4,02 + 0,12 u 3,67+0,09 (p<0,05) 6anioB cooT-
BeTCTBeHHO. OJjHa U3 MPUYMH pa3HULIbI B pe3y/ibTare
OLIEHOK MOXKEeT 3aK/IH0UaThCsl B OrPaHUUEHHOM MepeyHe
JOCTYIHBIX IUarHOCTUYECKUX YCIYT B MOMK/IMHUKE
U, KaK CJefiCTBHe, CyObeKTUBHON HU3KOM OLIeHKe.
Hwuskast iportyckHasi CrioCOOHOCTB TUarHOCTHUECKOTO
o0opysoBaHUs ¥ HaiMuKe ouepe/ield B TOTUK/TMHUKE
TaK)Ke MOIVIM MOB/IMSITh Ha pe3y/bTaT OTBeTa Ha JaHHbIN
BOIIPOC.

CornacHo otBeTam Ha Bonpoc «Kak BrI oLieH1Baere
JOCTYITHOCTb JIEKAPCTBEHHOTO 00€eCIeueHus B 1IeJIOM
TI0 MATUOA/TEHOM CUCTeMe» CPeIHSIS OlleHKa MarjieHToB
TOCITUTAJIsA «C HOBOM KOPOHABHUPYCHOM HMH(DeKIreli»
coctaBuia 4,02 +0,12 6amna. OLieHKa NalKeHToB I0-
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JIUK/TUHUKY Oblsia 6o/ee caep>kaHHoi — 3,65+ 0,12
(p <0,05) 6amnna.

B3avmMmooTHoOIIeHNsI, CKIa/bIBatoIecs B Xo/e
JleueOHOTO Mpoliecca MeXK/y TarfueHTaMu U MeJv-
I[UHCKMMU PabOTHUKAMU, OKa3bIBAIOT CYII[eCTBEHHOE
B/IMSIHME Ha YI0BJI€TBOPEHHOCTh MeIUIIMHCKUMU
ycjiyraMy ¥ ()OpMHUPYIOT ZiloBepHe TMaljeHTa K Meiu-
IMHCKOMY CTielianucTy. B xoze neueGHOrO miporiecca
MalyeHTaM Ba)kKHO TO/yuYaTh SMOLIMOHAIBbHYIO MOA-
JIeP>KKY, BHIMaHUe U J00pOosKe/aTe/TbHOCTh. [1al[eHTsI,
KaK MOTpeOuTe I MeAUI[MHCKOW TOMOIIIH, TIPEX/e
BCET0 PYKOBO/ICTBYIOTCSI CyOBE€KTUBHBIMH, COOCTBEH-
HbIMM BIieuaT/ieHusiMU. Tak OTBeThI PeCIOHJEHTOB
Ha Boripoc «Kak Brl o1jeHrBaeTe OTHOLLIEHUe CpeJHero
MeUIIMHCKOTO TIepCOHAsIa» T0 MOJTUKTUHUKE OTBETHI
coctaBsuid 4,38+ 0,11 6asia, B rocruraje «C HOBOH
KOpOHaBUPYCHOU nHPekueh» — 4,43 +0,13 6asnna
(p>0,05). OgHako OTHOIIIEHWe Bpayei MalfueHThl ro-
CMUTAsIsl «C HOBOM KOPOHABUPYCHOM HHGeKIel» oLie-
HWJ/IY BbIIlle, UeM MaljueHThbl OJUK/IMHUKY, 4,47 + 0,15
u 4,17 +£0,10 6asma (p <0,05) COOTBETCTBEHHO.

Hamu 6b110 yCcTaHOB/IEHO, UTO TIpeObIBaHuE B TIO-
JIMK/TMHYKE [17151 TIALIMeHTOB 0Ka3anoch bomee komdopT-
HBIM, UeM TpeObIBaHue B cTarioHape. OTBeThbI PeCTIOH-
JIEHTOB pacIpe/ie/TUINCh CIeAYIOIIM 00pa30M: OLieHKa
MALIMEeHTOB MOIMK/IMHUKY cocTaBua 4,59 + 0,09 6anna;
OL|eHKa Mal[MeHTOB TOCIUTAa/s «C HOBOW KOPOHaBU-
pycHo uHpekmei» — 3,43 + 0,13 6anna, (p <0,05).
BeposiTHO, Ha OLIEHKY yZ0BJI€TBOPEHHOCTH yC/IOBUSM
npeObIBaHYS B 3HAUMTETbHOM CTETIeH! BIUSET JI/TUTE Th-
HOe BpeMsi TIpeObIBaHuUs B rocruTane. B jaHHOM Bo-
TPOCe MaL¥eHThbl TOCIUTAIST «C HOBOM KOPOHABUPYCHOM
uHGeKLHei» 60/1ee KPUTUUHBI U CKOpee «00beKTHUBHBI».

HecoMHeHHBIM yCIOBHEM B OIeHKe Y/I0B/IETBOPEH-
HOCTU YCJIOBUSIMU OKa3aHUsT MeJULIMHCKOUW TTIOMOLLIUA
MalueHTaM SBJISIeTCSl MaTepUua/ibHO-TeXHHUUECKOe
o6ecrieuerne MO. OlieHKa y/JOBI€TBOPEHHOCTH
MaTepHaTbHO-TEXHUUECKUM O0ecrieueHrueM Cpeiu
OTIPOIIEHHBIX PEeCTIOHJEeHTOB CTal[MOHapa COCTaBU-
na 3,95+0,16, a nonukauHuku 4,01 +0,12 6anna.
Pe3ynbTaThl OTBETOB Ha [JaHHBIXA BOTIPOC MOTYT KOC-
BEHHO OTpaykaTh, UTO pecypcHoe obecrieuenrne MO
Ha JI0OCTaTOUYHO XOPOIIeM YDPOBHe.
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Ecnn oxapakrepusoBarh y/0B/eTBOPEHHOCTb pe-
3y/lbTaTaMy OKa3aHWsl MeJULIMHCKOU TTOMOILLIY B L{eJIOM,
KOTOpbIe 0600111at0T Tpe/bIAyIIe BOIIPOCHI, OL[eHKa
OTPOLIEHHBIX PeCMOH/IEHTOB IOCIIUTAs «C HOBOM KOPO-
HaBUPYCHOM vHGeKIMeli» coctaBunia 4,4+0,13 6asia,
a OLleHKa OTPOIIEeHHBIX PECTIOHIEeHTOB TONMMK/ITMHUKY —
4,52+0,13 6amnna (p >0,05). JJoMuHUpYIOLFM (haKTOPOM

VI OBJIETBOPEHHOCTH pe3y/ibTaTaMU OKa3aHUs Meu-
LUHCKOM TTOMOIITH SIB/ISI€TCS YTy UllleHHe CaMOUyBCTBUS
B TIPOLIeCCe JIeUeHUs], TaK)Ke B OO/IBIIMHCTBE C/TyUYaeB
TaI[MeHThl MOT'YT OL[€HHUBAaTh He TOJIBLKO (haKTHUeCKUH
pe3y/bTaTt, HO U B3aUMO/IeCTBHE C MEeAULIMHCKUM
yupeXxieH’eM, JOCTYITHOCTb MeAULIMHCKUX YCIIYT,
yCJI0BUs TIpeObIBaHMSA U T. 2. [17—-19].

Ta6nuya 4 / Table 4

AHanu3s oLeHKN YAOBNETBOPEHHOCTH OKa3blBa€MOi MeAULIMHCKO NOMOLLLM
B MeJMLMHCKNX OpraHn3aLusiX onpalMBaeMbIX PecroHAEeHTOB No NaTu6annbHoli Wkane (n=341)/
Analysis of satisfaction assessment of medical care provided in medical organizations of respondents on a five-point scale (n=341)

- . [MayuneHTbl rocnuTans «C HOBOWM
MokazaTenn yA0BNEeTBOPEHHOCTM OKa3blBaEMOI MeNLMHCKOWM o ~ . MauneHTbl NOANKAUHUKK/
. SER ) - KOPOHaBUPYCHOMN MHdeKUMeit»/ Patients L - -
nomouyu/ Satisfaction indicators of medical care provided . . - Polyclinic patients, n=173
of the «covid» hospital, n=168
QOCTOHHMe 3[0poBbs Ha MOMeHT onpoca/Health status at the 3,58+0,11 3,7240,00%
time of the survey
Cgoe;pemeHHOCTb Hanpae/IeHNs Ha MeANLIMHCKYIO nomotyb/ 3,9140,09 3,93£0,10
Timeliness of referral for medical care
ﬂ,.OCTyrIH.OCTb AMarHocTUYeckux uccnegoBanuin/ Availability of 4,02£0,12 3,670,00%
diagnostic tests
D,OC'TyI'I.H.OCTb 6ecnnaTtHoro NIeKapCTBEHHOro obecrneyeHus/ 4,2340,08 3,65£0,12
Availability of free drug provision
OTHOLUeHWE cpefiHero MeMLMHCKOro nepcoHana K naumeHTam/ + +
The attitude of nursing staff to patients 4431013 4,3820,11
OTﬂomeHme Bpayey K nauneHTam/The attitude of doctors to 4474015 41740,10%
patients
Ycnosus npe6biBaHus/Conditions of stay 3,430,113 4,5910,09*
yp.oaneTBopeHHoch MaTepuabHO-TeXHNYECKUM 3954016 4,0140,12
o6ecneyeHnem/Satisfaction with logistics
B LLenom y0BNeTBOPEHHOCTb pe3ybTaTamMm OKa3aHus
MeauumMHcKol nomolum/Satisfaction with the results of medical 4,4+0,13 4,52+0,13
care

anMe‘-IaHMeI*-FIpeﬂCTaBﬂeHbl CTaTUCTUYHECKN JOCTOBEPHbIE MOoKa3aTesin p<0,05

Note:*- statistically reliable indicators of p are presented p<0,05.

ITocKonBKY BOMPOCHI TOTPeOHOCTH MALIMEeHTOB
B JIONIOJTHUTE/IHOM MTOMOLLM M0C/Ie [TepeHeCEHHOIo
COVID-19 HenoCTaTOUHO U3yUeHbl, HAMU B aHKETY
ObUTM BK/TFOUEHBI HECKOJIBKO BOTIPOCOB. [1o MHeHUI0
pecroHieHToB, noce nepeHecéHHoro COVID-19
y HUX UMeeTCsi HeoOXOAUMOCTD B CIeYIOLINX BUAAX
TIOMOLL[Y: B CAHATOPHO-KYpOPTHOM JjieueHun — 40,0 %,
1pu 4eM OOJIbIlIe TOJIOBUHBI MALIMEeHTOB TOCIIUTAIS
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«C HOBOM KOpOHABUPYCHOM MH(eKLINei» OTMeTUIN
JaHHYI0 1oTpebHOCTh (52,4 %); IpoduIakTHye CKoi
MeIULIMHCKOU oMot — 15,0 %; B 0NOTHUTEIEHOM
JuarHocTuueckoM obcnenoBanuu — 15,0 %; B me-
OULUHCKOW peabunutauuu — 12,0 %; B eueOHbIX
mepornpusTusix — 8,0 %; B Tcuxosiornueckon peabu-
mutaguu — 5,0 %; u ap. (Tab. 5).
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Ta6nuya 5/ Table 5
AHanus noTpe6HOCTM B AOMONIHUTENBHOW NOMOLLLM Noc/ie nepeHeceHHoro COVID-19 (n=341) /
Analysis of the need for additional assistance after suffering COVID-19 (n=341)
MauneHTbI rocnuTans «C HOBOK MauneHTbI Bcero/
o . ) KOPOHaBMPYCHOMN MHbeKLUnen» / NONMNKAVHUKN/
Bugabl okasbiBaemoit nomoLumn/Types of assistance provided ) . . . . Total,
Patients of the «covid» hospital, Polyclinic patients, n=341 (%)
n=168 (%) n=173 (%) ?
CaHaTopHO-KypopTHOe fledeHne/Sanatorium and resort 88 (52,4) 46 (26,6) 393
treatment
,D,MngocmquKag nomolub (o6cnepoBaHme)/ Diagnostic 23(137) 28 (162) 150
assistance (examination)
I'IpodJmnaKngeCKaﬂ nomoLus (npodocmoTp)/ Preventive 24 (14.3) 27 (15,6) 15,0
care (professional examination)
MepuumnHckas peabunutaums/Medical rehabilitation 22 (13,1) 19(11,0) 12,0
JNeuyebHble MeponpusaTUs (IHEBHOW CTaLMOHaPp UK
cTauuoHapHoe nedeHue)/Therapeutic measures (day 6(3,6) 21(12,1) 79
hospital or inpatient treatment)
HCMX(:)J?IOF!dquKaﬂ peabunutaums/Psychological 11 (6,5) 6 (3.5) 50
rehabilitation
MpodeccroHanbHan peabunutaums (06y4yeHne, MOMoLLb
B TpymoycTpoiicTee)/Vocational rehabilitation (training, 4(2,4) 3(1,7) 2,1
employment assistance)
MpaBoBasi NoMoLLpb (opuAMYecKue KOHCYbTaLuy,
topuanyeckas nomMolub)/Legal assistance (legal advice, legal 4(24) 2(1,2) 18
assistance)

B cooTBeTCTBUM C [IelCTBYIOIIMMY BpeMeHHbIMU
MeTO[HUeCKMMH PeKOMeH/IaliusIMU T0C/Ie TiepeHe-
cegHoro COVID-19 pekomeHayeTcs TIpOBeJeHUe
yrayO/ieHHOMN AucTiaHCepu3aLiy JIKL, TiepeHe CIIuX
3abosieBaHMe B CpeJiHE U TSKeJIOH CTeTleH! TSKeCTH,
B XOZie KOTOPOTO BO3HHKaeT HeOOXOAUMOCTD B TIPUHSI-
THH [JOTIOJTHUTEIbHBIX JieueOHO-peabuIMTaloHHBIX
MmepornpusTyi [20]. B To >xe BpeMsi, Kak MoKasas onpoc,
MaL{eHTbI HY>KAAI0TCS B IMHAMIUeCKOM HaO/roieHUN
C LIeJIbI0 UCKJ/TFOUEHMsI OTCPOYEHHBIX 0C/IOXKHEHUH,
OLIeHKH OOI1Iero COCTOSTHUS, BbISIB/IEHUS [leTIpeCCHUH,
CUMITITOMOB TO/J03PUTENBHBIX Ha TPOMO03MOO0/THIO
WU IPYTUX CHH/IDOMOB U 3a60/1eBaHUiA, TpeOyromux
BHHMaHHUSI.

AHanu3vpysi MHeHUs MaleHTOB, He0OX0AUMO
OTMETUTb, UTO 3TO CyOBeKTHBHasI OL[eHKa, HO B K&XKZOM
OTBeTe OTIpe/ieNIA0TCsl TpeOOBaHHs MAL[IeHTOB, KOTOPbIe
MOTYT MOBLICUThH Y/IOBI€TBOPEHHOCTh OpraHU3aLuei
MeIMLIMHCKOW nioMolu. [IpoBesieHre aHKeTUPOBaHUS
TaLMeHTOB SIBJIIETCS OJHHUM M3 KOMIIOHEHTOB BHY-
TPeHHero ayJyTa KaueCTBa OKa3aH!s MeJULMHCKON
TIOMOLLM B MeJULIMHCKON OpraHu3alyy, KOTOpOoe Mo-

HEALTH POLICY AND PUBLIC HEALTH

3BOJIsSIeT BLISIBUTH OTpe/ieIéHHbIe MPo0/ieMbl B X07ie
eé oka3aHus. Ba)XHO B [ja/ibHelIlIeM OTC/Ie)KUBaTh
Y[, 0B/IeTBOPEHHOCTh IallMeHTOB MeJULIMHCKOM I10-
MOILBIO CO CTOPOHBI aMUHUCTPALA MeJIULIMHCKIUX
OpraHu3aLyii, KoTopasi MOXKeT CJIy’KUTb OCHOBOM [i/1s1
TJIAHUPOBAHWS, NIPeJ0CTaB/IeHNs U MO lepyKaHus Kaue-
cTBa ycayr Bo BpeMd nangemurd COVID-19 u gpyrux
Yype3BbIUaliHbIX CUTYyaLIWH.

BbiBOAbI

1. WUccnenoBaHue nokasasno, 4YTO Cpesy OIpo-
meHHbIX Ao My>xunH 20,8 %, cpeiHUI BO3pacT Bcex
onpoieHHbIX — 43,2+ 12,1 seT. BosbITyo YacTh KeH-
ILIUH COCTaBW/IM /ivLa B Bo3pacte 40—49 net (38,2 %),
MY>KUMH B Bo3pacte 50-59 net (43,7 %). Ha momeHT
OTpoca MalyeHThbl TOCMUTAas «C HOBOW KOPOHaBUPYC-
HOM UH(eKIMel» OI[eHUBaIM CBOE 3/10POBhE B CPeTHEM
Ha 3,58+0,11 6asna, a malyeHThl, 0OpaTHUBLIMECS B TIO-
JIMKTMHUKY, Ha 3,72 £ 0,09 (p<0.05) 6anmna.

2. Tlpu cpaBHEHUU yPOBHS YAOBIE€TBOPEHHOCTH
MaleHToB, MOMYUYaBIINX JIEYeHUe B TOCTUTae «C HO-
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BOI KODOHaBHPYCHOW HMH(eKLel» U MONHUK/INHUKE,
OBL/I0 YCTaHOBJIEHO, UTO YPOBEHb I0CTYITHOCTH JUAarHO-
CTUYeCKHX MCC/IeI0BaHMM, OeCriyiaTHOTrO JieKapCTBeH-
HOTO o0ecrieueHusi U OTHOILIIEHUs Bpayel MaljeHThbl
TTO/IMK/IMHUKHU OLleHUM HKe. Hanporus, ycioBus
nipeObIBaHYS MALMeHThI MTOJIMK/TMHUKY OLIeHU/TH BBILIIe,
YyeM TaljeHThbl TOCTIUTAIS «C HOBOM KOPOHAaBUPYCHOM
rH(eKUren».

3. Ilocne nepenecénnoro COVID-19 ormpoies-
Hble MalyeHThl OTMEeTH/IA HeoOX0JUMOCTh B I0TIOJI-
HUTe/IbHOW [TOMOLLY: B CAHATOPHO-KYPOPTHOM Jleue-
Hun — 40,0 %, npoduiakTHUeCKON MeAULUHCKON
riomoty — 15,0 %; B OMIOTHUTEIBHOM JUarHoCTAYe-
ckoM obcnemoBaHur — 15,0 %; B MeAMIIMHCKOM pea-
ounmurarmu — 12,0 %; B 1eueOHBIX MEPOTPUITUSX —
8,0 %; B rnicuxonorudeckoi peabumuraiud — 5,0 %;
¥ 7Ip. AHanu3 oTpeGHOCTU B [JOTIOTHUTE/THOM MOMOILUA
rocste mepeHeceHHoro COVID-19, MOKHO 0OBSICHUTD
COCTOSTHMEM TsDKeCTH 3a0b0/1eBaHusi, XapakKTepoM ero
TeueHUs1 U NPOZO/DKUTETbHOCTBIO MOTyUYeHNs Mefiu-
LIMHCKUWM TTOMOIIIN.
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Modern osteoplastic materials
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Abstract. Relevance. Bone tissue regeneration and the development of methods for directed influence on the processes of
bone healing are of the most urgent problems of modern medicine. Defects in the jaw bones are widespread, which in turn leads
to the search for modern bone — replacing materials that meet the basic characteristics of the bone. Information was searched
based on the PubMed and E-library databases, using the keywords: “bone tissue” AND “bone regeneration” AND “osteoplastic
materials” AND “osteoinduction” AND “osteoconduction”. Autologous bone is considered the clinical gold standard and the
most effective method of bone regeneration. It is the autograft that has three main characteristics: osteogenicity, osteoinductive
and osteoconductive. The autograft has limitations due to the limited amount of bone tissue and the soreness of the donor site.
A viable alternative to autologous bone is an allograft. The most widely used allograft is demineralized freeze — dried bone
allograft (FDBA). The freeze — drying process promotes damage to osteoblasts, which limits its osteoinductive potential, but it is
a profitable alternative in terms of convenience, abundance of choice and absence of pain due to the absence of additional surgical
intervention. The main component of xenogeneic materials is collagen, which has the ability to resorb in tissues and stimulate
regenerative processes. The material has osteoconductive properties and is capable of bone ingrowth, with the formation of a new
bone directly from the xenomaterial bed with the deposition of bone cells on its surface. Subsequently, the xenomaterial undergoes
resorption with complete replacement with new bone tissue. Alloplastic materials are fully synthetic materials synthesized from
inorganic sources. Alloplastic materials have the property of osteoconduction, and when various growth factors are added to
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their composition, the property of osteoinduction is added to osteoconductive. The clinical use of bone substitutes is limited by
their fragility as well as their unpredictable rate of resorption, which render these materials generally less favorable in clinical
outcomes. Conclusion. Until now, a scientific search for various materials capable of replacing an autogenous transplant is
being carried out. At the moment, none of the currently available materials has all the desired characteristics and the choice of
materials directly depends on the specific clinical situation in the oral cavity.

Key words: bone tissue, bone regeneration, osteoplastic materials, osteoinduction, osteoconduction
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Introduction

Bone tissue is one of the few body tissues capable
of restitution, to complete regeneration with the resto-
ration of the original structure [1]. Bone remodeling
entails a genetically determined process in which bone
ages or is then lost, replaced by osteoclasts, and replaced
by new bone formed by osteoblasts. There is a close
relationship between bone formation and resorption to
ensure that bones are resistant to changes in bone mass
or quality after each remodeling [2].

The problem of bone tissue regeneration and
the development of methods for directed influence
on the processes of bone healing are one of the most
urgent problems of modern medicine [3,4]. Defects
of the jaw bones are widespread and can be caused
by trauma resulting from the growth of odontogenic
cysts, benign tumors, the consequence of osteomy-
elitis processes, congenital malformations, infections
and surgical interventions. Even though bone has
a great capacity for self — healing, some defects or

DENTISTRY

fractures are too large to regenerate. To initiate bone
regeneration, bone growth must be induced by a range
of bioactive implantable materials, cell types, and
intracellular and extracellular molecular signaling
pathways. Because mesenchymal stem cells (MSC)
and their differentiation during remodeling processes
play an important role in bone regeneration, under-
standing the involved molecular signaling pathways
is believed to be critical for the development of bone
replacement materials and cell — based scaffolds for
bone regeneration [5-7].

The need to create new osteoplastic materials for
maxillofacial surgery and surgical dentistry is due to
the fact that about 4 million operations are performed
annually in the world [8]. Based on this, the choice of
osteoplastic materials that satisfy the basic properties
of bone tissue becomes relevant.

The modern range of osteoplastic materials for
surgical dentistry and maxillofacial surgery is divided
into several groups presented by figurel.
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Fig.1. Osteoplastic materials used in dentistry

Autogenous materials

An ideal bone graft has three characteristics: oste-
oinduction — the ability to provide a scaffold for bone
regeneration, osteoconduction — the content of growth
and regulation factors that produce bone formation, and
osteogenic— have cells that promote bone formation [9, 10].

Autologous bone or autograft with its inherent
osteogenic, osteoinductive and osteoconductive prop-
erties is still considered clinically the “gold standard” in
bone regeneration, in comparison with other groups of
osteoplastic materials. Only autologous bone contains
viable osteoblasts and stem cells. Autogenous bone
does not contain antigens, which leads to the absence
of an immune response. The use of an autograft at
the defect site promotes the creation of a bone matrix
with the differentiation of local stem cells into bone
tissue cells — all this demonstrates the manifestation of
a combination of osteoinductive and osteoconductive
properties [11-14].

The site of autograft sampling can be both from
intraoral sites — maxillary tubercle, retromolar area,
oblique branch of the lower jaw, and extraoral sites —
rib and iliac crest [15].

However, the limited amount of bone and ten-
derness of the donor site are the most important dis-
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advantages of autotransplantation. In view of these
shortcomings, improved biomaterials are needed to
match the characteristics of the autograft, as it continues
to outperform other groups of bone materials [16, 17].

Allogenic materials

Advances in allografts over the past decades have
contributed to the creation of viable alternatives that
allow them to be equated with autografts. The most
widely used allograft is the demineralized freeze — dried
bone allograft (FDBA), which is freeze — dried during
manufacture to reduce its antigenicity. Lyophilization
is a stabilizing process in which the substance is first
frozen and then the amount of solvent is reduced first
by sublimation (primary drying) and then by desorption
(secondary drying) [18].

However, osteoblasts are damaged during this
process, which limits its osteoinductive capacity and
participation in the process of osteogenesis. Due to the
inevitable immune response associated with FDBA, the
period of integration with surrounding tissues is longer
than that of autologous bone material [19].

Bone allograft is a beneficial alternative to autograft
in terms of convenience, abundance, and absence of
pain in patients associated with additional surgery at
the donor site. Variants of allografts include structural
shape, particle shape, and demineralized bone matrix.
Commonly used allografts include synthetic calcium
sulfate/phosphate materials — these grafts provide their
osteoconductive properties. In addition, various growth
factors, including bone morphogenetic proteins released
during the demineralization process, can accelerate the
healing process of bone defects [20-23].

Xenogeneic materials

Another area of research is the search for xeno-
geneic materials that satisfy the basic properties of
bone tissue. As previously described, autografts and
allografts have inherent limitations despite their excel-
lent success rates in bone grafting practice. Therefore,
natural bone substitutes have been developed to stim-
ulate the improvement of osteogenic, osteoconductive
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and osteoinductive potentials by creating a favorable
microenvironment for bone growth. Xenografts are
materials obtained from a genetically unrelated species,
in particular, deproteinized bovine bone is a common
source of materials for xenografts in dentistry [24].

One of the groups of xenogeneic materials is the
materials whose main basis is collagen. Collagen is
synthesized by fibroplastic cells. Of all the types of
collagens, it is type 1 collagen that is used to interact
with the bone. Collagen materials have the ability to be
resorbed in tissues and stimulate regeneration processes.

Materials based on collagen have been successfully
used in medical practice since the second half of the
20th century [25].

Collagen materials have the ability to be resorbed in
tissues and stimulate regenerative processes, including
bone. In the process of deep cleaning of the matrix,
natural collagen is preserved, which is a supporting
protein that provides physiological bone regeneration.
However, the negative property of collagen materials
is their immunogenicity, which, as already empha-
sized earlier, increases the period of integration with
surrounding tissues.

Another group of xenogeneic osteoplastic mate-
rials is deproteinized materials, which are the mineral
component of the bone, completely purified from all
organic elements. Most often, xenogeneic materials
from bovine bone are used, which have undergone
special processing, as a result of which there is
a decrease in immunogenicity and the likelihood of
rejection of the material in the body. The material has
osteoconductive properties and is capable of bone
ingrowth, with the formation of a new bone directly
from the xenomaterial bed with the deposition of bone
cells on its surface. Subsequently, the xenomaterial
undergoes resorption with complete replacement by
new bone tissue [26—-30].

Alloplastic materials

Alloplastic materials belong to the group of fully
synthetic materials synthesized from inorganic sourc-
es. Materials that include calcium or phosphate, or
a combination of them, are the main synthetic materials,
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because. they are the chemical constituents of natural
bone and are known to promote bone regeneration,
although they do not necessarily resemble its natural
structure. Alloplastic materials are osteoconductors and
differ in the degree of dissociation.

Since the regenerative abilities of alloplastic
materials are weak, they are often used with vascular
endothelial growth factors that have the ability to in-
duce human endothelial cells and neoangiogenesis, as
well as with ions of micro — and macroelements that
affect the regenerative potential, as a result of which
an osteoinductive property is added to the property of
osteoconductive [31-34].

Synthetic alloplastic materials have varying degrees
of dissociation and resorption, which are inextricably
linked with the formation of interstitial fluid and os-
teoclast activity. Materials having low dissociation
and resorption include some preparations of synthetic
hydroxyapatite. Highly dissociated materials include
TCP and sulfates; studies indicate a high degree of
metabolic activity of these substances [35].

The general advantages of alloplastic bone materials
are the standardized quality of the product, the absence
of the risk of infectious diseases compared to allogeneic
and xenogeneic bone grafts. Also, the advantages of
alloplastic materials lie in their biological stability and
volume maintenance, which ensures bone remodeling.
Synthetic alloplastic materials based on calcium sulfate,
calcium phosphate, bioactive glass, and combinations
thereof are the most common synthetic bone substitutes
currently available. They are of particular interest be-
cause they are similar in composition to native bone.
The use of calcium phosphate — based materials has
received little attention for bone applications due to
its biocompatibility, biodegradability, and similarity in
structure to the inorganic composition of bone minerals.
Materials based on hydroxyapatite, beta— tricalcium
phosphate and their combinations have demonstrated
the ability to partially integrate into natural bone tissue.
Based on the fact that hydroxyapatite is the main mineral
of bone tissue, it exhibits osteoconductive ability when
implanted into a bone defect, stimulates osteoblast
differentiation, osteoblast growth, and inorganic matrix
deposition.
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However, the clinical use of bone substitutes is
limited by their fragility compared to bone, as well as
their unpredictable rate of absorption and the inability
to maintain defect volume, making these materials
generally less favorable clinical outcomes. Thus, new
bone tissue cannot withstand the mechanical load
compared to natural bone, and such biomaterials are
mainly used and used to fill bone cavities with low
load [36-38].

Combined materials with growth factors
and morphogens

Among the bone graft materials that are not part
of the general classification, numerous studies have
developed combined materials with the addition of
growth factors and various substances that enhance
osteoinductive properties. Due to the fact that autograft
remains the gold standard and other materials have
their own advantages and disadvantages, and mostly
possess osteoconductive properties, the search for the
most effective bone graft material remains a relevant
problem.

One direction in bone engineering is the creation of
various carriers for placing factors that promote bone
tissue induction. In particular, the use of VEGF and
BMPs is a promising direction.

VEGF — vascular endothelial growth factor regen-
erates bone tissue by influencing osteogenesis processes,
stimulating angiogenesis. BMPs — bone morphogenetic
proteins regulate the growth and differentiation of cells,
particularly osteoblasts. So, let’s examine each of the
factors in more detail.

BMPs are extracellular multifunctional signaling
cytokines and members of the TGF-3 superfamily,
which are powerful growth factors that influence
bone formation. These pleiotropic growth factors
play a crucial role in bone formation and remodeling.
The use of BMPs has become clinically accessible
for enhanced bone regeneration and predictable re-
sults in complex cases. They are one of the potential
growth factors inducing osteogenic differentiation
and bone formation. Based on studies of osteogenic
mechanisms in fracture models, it has been proven
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that growth factors and cytokines interact with BMPs
to participate in its recovery. All of this serves as the
basis for incorporating BMPs into synthetic bone
graft materials, which serve as a delivery platform for
BMPs to the site of bone defects, ensuring prolonged
release of target molecules throughout the remodeling
period [39, 40].

VEGEF plays a key role in the early stages of os-
teogenesis and a significant role in the mechanisms
underlying skeletal growth and recovery. The pro-an-
giogenic activity of VEGF affects endothelial cells,
promoting increased vessel permeability and cell mi-
gration. The interaction of VEGF with BMPs initiates
the mechanism of bone tissue repair by stimulating
osteogenic processes, increasing cell migration, and
inducing angiogenesis [41-44].

In a study by Senatov F. et al. (2022), scaffolds
were recreated with the inclusion of recombinant
BMP-2 and erythropoietin, followed by studying their
properties in vivo on a model of critical-sized cranial
defects in mice. The study demonstrated that the intro-
duction of BMP-2 leads to the induction of new bone
formation. The introduction of erythropoietin leads to
enhanced angiogenesis in the implantation area of the
scaffold. Thus, scaffolds with recombinant proteins
can be used as bone implants for the reconstruction
of bone defects [45].

In another study by Vasyliev A.M. et al. (2019),
the biocompatibility and osteoinductive properties of
a hydrogel based on highly purified collagen and fi-
bronectin, impregnated with BMP-2, were demonstrat-
ed. In vitro cultures of human mesenchymal stem cells
(MSC) using PCR and in vivo ectopic osteogenesis
models in male Wistar rats showed that the minimum
effective dose of BMP-2 is 10 pg/ml. Analysis of
cytotoxicity on MSC cell cultures showed high cyto-
compatibility of the material in vitro. The absence of
inflammation on subcutaneous injection of the material
to rats also indicated high biocompatible properties of
the material in vivo. The collagen-fibronectin hydrogel
containing BMP-2 showed pronounced osteogenic
properties and by the end of 28 days was replaced by
newly formed bone tissue by 8 £4 % of its volume
when subcutaneously implanted in the area of the
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withers, by 17+ 10 % when intramuscularly implanted
in the triceps muscle of the thigh, and by 26+ 11 %
when intracortically implanted in the area of critical
defects of the temporal bones. The optimal combina-
tion of biocompatibility and osteogenic properties of
the collagen-fibronectin hydrogel impregnated with
BMP-2 allows considering this material as a promising
basis for creating new generation bone graft materials
in dentistry [46].

Regarding VEGF, Zha Y. et al. (2021) developed
a cell-free tissue engineering system using functional
exosomes. Gene-activated engineered exosomes were
used to encapsulate the VEGF gene. The results of
this study showed that the constructed exosomes play
a dual role as an osteogenic matrix inducing osteo-
genic differentiation of MSC and as a gene vector for
controlled release of the VEGF gene for remodeling
the vascular system. Under natural conditions, eval-
uation also confirmed that constructed bone scaffolds
mediated by exosomes can effectively induce a large
part of vascularized bone regeneration. The authors
demonstrated a new bone restoration technology using
exosomes that provide vascularized bone restoration
for segmental bone defects [47].

Equally promising is the development of materials
based on various biocomposites for creating advanced
bone graft materials. Creating biocomposite bone graft
materials in dentistry is one of the most promising areas
in the development of modern medicine. Biocomposites
have high biocompatibility, which helps to avoid the
risk of allergic reactions and other complications.

In an article by Profeta A.C. et al. (2016), the use
of bioactive glass in maxillofacial surgery is discussed.
The potential benefits of using bioactive glass in bone
regeneration, wound healing, and implant coatings
are emphasized. The authors suggest that bioactive
glass could become a valuable alternative to traditional
materials in this field [48].

In another article, Apanasevich V. et al. (2020)
investigated the potential of a synthetic biocompos-
ite CaSiO3/HAp, made from calcium silicate and
hydroxyapatite powder, for bone regeneration. The
authors conducted a study to assess the morphological
characteristics of the biocomposite and its ability to
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support osteoplastic activity. The results showed that the
biocomposite has a porous structure, which is favorable
for bone regeneration as it provides cellular infiltration
and vascularization. Additionally, the biocomposite
demonstrated good osteoconductivity, meaning it sup-
ports the growth of new bone tissue.

The authors concluded that the synthetic powder
biocomposite CaSiO3/HAp has potential for use in
maxillofacial surgery, especially in cases where tradi-
tional materials may not be suitable [49].

In another study by Dunaev M.V. et al. (2014),
a comparative analysis and clinical experience of using
osteoplastic materials based on non-demineralized bone
collagen and artificial hydroxyapatite for closing bone
defects was described.

The study revealed that the use of both types of
materials allows for effective closure of bone defects.
However, the use of materials based on non-demin-
eralized bone collagen showed higher effectiveness
in bone tissue regeneration. It was also noted that the
use of osteoplastic materials based on non-demineral-
ized bone collagen does not cause negative reactions
from the body, making it more preferable for surgical
interventions.

Thus, the use of osteoplastic materials based on
non-demineralized bone collagen is an effective meth-
od for bone tissue regeneration when closing bone
defects [50].

The saturation of bone grafting materials with
VEGF in combination with BMPs, as well as the crea-
tion of composite bone grafting biocomposite materials,
can significantly modulate the processes of reparative
bone tissue regeneration, allowing for the development
of tissue engineering in recreating and using combined
bone grafting materials.

Conclusion

Tissue engineering of bone continues to devel-
op steadily. A vast number of materials have shown
excellent results in the restoration of bone defects,
but each material group has its own advantages and
disadvantages, as presented in Table.
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Comparative characteristics of osteoplastic materials

Material Definition Advantages Disadvantages Examples References
Excellent biocompatibility, | An additional operation
Autogenous contains live osteoblasts | is required, causing pain Cortical or cancellous
bgne Patient’s own bone and bone stem cells. in the postoperative bone [12,13,17]
There are no antigenic period. There may be
proteins complications
A transplant taken from Presence of growth
. - - - h Immune response. Long .
Allogeneic a genetically different factors, including bone eriod of intearation with Cortical or spongy bone of [19, 20, 22]
bone member of the same morphogenetic proteins. P Surrounding tissues a corpse. FDBA e
species No additional operation ¢
Xenogeneic Transplants derived from Large volume of material
bogne animals (particularly gbone conduction ’ High antigenicity Bio — Oss [24,27,29]
cattle)
. Wide choice, similar in . .
Alloplastic Synthetic materials from composition to native Brittleness, unpredictable Calcium sulfate, calcium
(synthetic) ’ inorganic sources P bone absor' tio[; rate phosphate, TCP, synthetic | [32, 33, 36]
bone 9 . . o P hydroxyapatite, etc.
biological stability !

Currently, there is an active direction in the recrea-
tion of completely new bone graft materials that include
growth factors and morphogens in their composition,
which promote bone tissue induction. Additionally, the
creation of biocomposite materials is also a promising
direction in bone engineering. At present, there is no
perfect option for bone graft material, and its selection
depends directly on specific conditions, factors, and
clinical situations in the oral cavity.
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COBpeMeHHbIe KOCTHONM/NacTnu4yeckume Mmatepuanbli

K.M. Canex B, A.B. IpiMHMKOB , P.®. MyxameriunH , C.I. IBalikeBuu

Poccuiickuii yHuBepcuTeT Apy6bl HapogoB, 2. Mockea, Poccuiickas ®edepayus
> ms.s.karina@mail.ru

AnHoTanus. PereHepauysi KOCTHOW TKaHU U pa3paboTKa METO/[OB HAMPABIEHHOTO BO3AEHCTBHUS Ha MPOLIeCCHI 3a)KUB/IEHUS
KOCTel SIBJISTIOTCS aKTyaIbHbIMU 1Tpo6JieMaMy COBpeMeHHOH MeJULIMHEL. [le(eKThl UeTFOCTHBIX KOCTeH IMPOKO PacrpocTpa-
HEeHBI, 4TO, B CBOIO O4Yepe/ib, 00y C/IaB/IMBaeT MOMCK COBPEMEHHBIX KOCTHO3aMellarLUX MaTepHasIoB, OTBEUYAIOIINX OCHOBHBIM
XapaKTepUCTHKaM KoCTH. [Tonck nH(opMaLyy IpoBogu/IM Ha ocHOBe 0a3 fanHbiX PubMed u E-library mo k/roueBeiM ciioBaM:
«bone tissue» AND «bone regeneration» AND «osteoplastic materials» AND «osteoinduction» AND «osteoconduction». AHam3
JIMTepPaTyPHBIX JJaHHBIX TI0Ka3aJsl, YTO ayTONIOTHYHAs KOCTh CUMTAETCS KJIMHIYeCKH 30JI0TBIM CTaHZApTOM U Harbosiee 3 deKTrB-
HBIM METOZIOM KOCTHO# pereHeparjuy. VIMeHHO ayTOTpaHCIUIaHTaTy MPHUCYIIY TPYU OCHOBHBIX XapaKTepPUCTUKH: 0CTeOTeHHOCTh,
OCTEOMHAYKTUBHOCTb M OCTEOKOHZYKTUBHOCTb. AyTOTPaHCII/IaHTaT MMeeT HeIOCTaTKY B CBSI3U C OIPAaHUUEHHBIM KOTMUeCTBOM
KOCTHOM TKaHHU U 00J1e3HEHHOCTBIO JOHOPCKOTO yuacTKa. YKu3HecrmocoOHOH abTepHaTUBON ayTOIOTMYHOM KOCTHU SIB/ISIETCST
asioTpaHcIviaHTar. Harbosiee IMPOKO MCTIO/B3yeMbIM a//IOTPAHCIUIAHTATOM SIBJIeTCS JeMUHepaIM30BaHHbBIN JTHOGUIM3POBaHHBIHN
KOCTHBIN amnorpaHcrnanTar (JJIKA). TTpouecc muodunmsarmy crocobCTBYeT MOBPeXXIeHUI0 0CTe001acToB, UTO OrPaHUYMBAET
€ro OCTeOMHZAYKTHUBHBIN MOTEeHUal, OHAKO UMEHHO OH SIB/ISI€TCSl BBITOAHOW a/IbTepHATUBOM TI0 YA0OCTBY, 00MIHI0 BEIOOpa
Y OTCYTCTBUS O0/Ie3HEHHOCTH MOCJIe JOTIOJTHUTEILHOTO OTIePaTUBHOTO BMellare/ibCTBa. OCHOBHOM COCTaB/ISTIOILel KCeHOTeHHBIX
MaTepHyasioB sIB/ISIeTCS KOJIIareH, 00/1aaroliii CrioCOOHOCTBIO pe30pOHpOBaThCs B TKAHSIX U CTUMY/IMPOBAaTh pereHepaTHBHbIe
nipoLjeccel. Matepuai 06/1a/jaeT 0CTeOKOHAYKTHBHBIMU CBOWCTBaMH, M CIIOCOOEH K KOCTHOMY NPOpACTaHHIo, ¢ 00pa3oBaHHeM
HOBOW KOCTH HeIoCpe/ICTBEHHO OT JIoKa KCeHOMarepHaJia C OT/I0KeHHeM Ha ero MoBepXHOCTH KOCTHBIX KJIeToK. B anbHeliem
KCeHOMarepHaJl Io/jBepraeTcsl pacCachIBaHUIO C TIOJIHBIM 3aMelljeHHeM HOBOW KOCTHOW TKaHbI0. AJUIOIUIaCTHYeCKre MaTeprasibl
TI0JTHOCTBI0 CHHTeTHUeCKHe MaTepHaJsibl, CHHTe3UpyeMble U3 HeOpraHMueCKNX UCTOYHHKOB. AJIIOIJIaCTUYeCKHe MaTepHasibl
00/1a1at0T CBOWCTBOM OCTEOKOH/YKLIMH, a ITPH BHECEHHH B UX COCTAaB Pa3/TUUYHbIX (paKTOPOB POCTa K OCTEOKOHAYKTHBHOCTH
TIPHUCOe/IMHSIETCS] CBOMCTBO OCTeOMHAYKUMH. KiHIueckoe MpUMeHeHre KOCTHBIX 3aMeHHTesIel OrpaHM4YeHO MX XPYIIKOCTbIO,
a TakKe WX HerpeZcKa3yeMol CKOPOCTBIO pe30pOIuy, UTo HaJiesisieT 3TH MaTepHasbl B 1IeJIoM MeHee 0/1arornpysiTHBIMU K/TH-
HUUYEeCKUMU pe3ysbTaTaMu. Bbigoobl. 1o CHX TIOp MPOBOJUTCS HAayUHbIH MOUCK Pa3/IMUHbIX MaTeprasioB, CIIOCOGHBIX IO CBOUM
XapaKTeprCTUKaM 3aMeHWThb ayTOTeHHbIN TpaHCIiaHTatr. Ha jaHHBI MOMEHT HU OJMH W3 [JOCTYIHBIX B HACTOsII[ee BPeMst
MaTeprasioB He 00/laZjaeT BCeMH KeJlaTe/IbHbIMHU XapaKTepUCTHKaMH, U BLIOOD MaTepurasia HarpsiMyIo 3aBUCUT OT KOHKPETHOMH
KJIMHAYEeCKOM CUTYal[{ B TTOJIOCTH PTa.

KiroueBble €/10Ba: KOCTHas TKaHb, KOCTHAsI pereHepariyist, KOCTHOI/IACTHYeCKHe MaTepraJibl, 0CTEONHYKLMS, OCTeOKOH YKL

Hudopmanus o hpuHAHCUPOBaHUH. ABTOPEHI 3asiB/ISIIOT 06 OTCYTCTBHUM BHELTHero (pUHAHCHPOBAHHSI.

Bkuap aBropoB: Canex K.M. — 0630p /iMTeparypsbl, HaricaHue TekcTa; JeiIMHUKOB A.B., MyxamerumH P.®., Vsamkesny C.I. —
TIOZITOTOBKA Y peJJaKTIPOBAHHE PYKOIMCH. Bce aBTOPBI BHEC/H CyIIleCTBeHHBIN BK/Ia/| B Pa3pabOTKy KOHLIETIL[UHU, [TOATOTOBKY
CTaTby, TIPOWIN U 0[00pH/IN (HGHHATBEHYIO BEPCHIO Tiepes My O/mKarye.

Hudopmanus 0 KOHGIMKTe HHTEPeCcoB. ABTOPHI 3asB/ISTFOT 00 OTCYTCTBUY KOH(/IMKTa UHTEPECOB.

JTHYecKoe yTBep)KAeHne — HelIPUMEeHUMO.

bsarogapHoCcTH — HENpYMeHHMO.

HudopmupoBaHHoe coryiacue Ha My0/IMKALUI0 — HETPUMeHUMO.

DENTISTRY 377


https://orcid.org/0000–0003–4415–766X
mailto:ms.s.karina%40mail.ru?subject=Salekh%20Karina%20Mustafaevna
https://orcid.org/0000–0001–8980–6235
https://orcid.org/0000–0001–6975–7018
https://orcid.org/0000–0001–6995–8629
mailto:ms.s.karina%40mail.ru?subject=Salekh%20Karina%20Mustafaevna

Salekh K.M. et al. Bectaux PYJTH. Cepusi: Memuiuna. 2023. T. 27. Ne 3

INoctynuna 17.05.2023. TIpunsra 06.07.2023.

Jnst purupoBanusn: Marouf R., Ermolaev A.A., Podoprigora L. V., Senyagin A.N., Mbarga M.J.A. Modern osteoplastic materials //
BectHuk Poccuiickoro yHuUBepcuTeTa Apy»K0bl HapogoB. Cepusi: Meaununa. 2023. T. 27. No 3. C. 368—378. doi: 10.22363/2313-
0245-2023-27-2-368-378

Corresponding author: Salekh Karina Mustafaevna — PhD student of the Department of Oral and Maxillofacial Surgery and
Surgical Dentistry, Institute of Medicine, RUDN University, 117198, Miklukho-Maklaya str., 6, Moscow, Russian Federation.
E-mail: ms.s.karina@mail.ru

Salekh K.M. ORCID 0000-0003-4415-766X

Dymnikov A.B. ORCID 0000-0001-8980-6235

Mukhametshin R.F. ORCID 0000-0001-6975-7018

Ivashkevich S.G. ORCID 0000-0001-6995-8629

OmeemcmeenHbll 3a nepenucky: Canex Kaprnna MycradaeBHa — acripaHT Kadezpbl Yemr0CTHO — JIMLEBOM XUPYPruu
Y XMPYPrU4yecKod CTOMAaTo/Iorny, MeguLMHCKA nHCTUTyT PY/IH, Poccuiickas ®epeparus, 117198, Mocksa, yn. Muxinyxo —
Makmnas, 10. E — mail: ms.s.karina@mail.ru

Canex K.M. SPIN 1798-1439; ORCID 0000-0003-4415-766X

IOemvunkoB A.B. SPIN 7254-4306; ORCID 0000-0001-8980-6235

MyxametumH P.@. SPIN 8369-0862; ORCID 0000-0001-6975-7018

Wgammkesuu C.I. SPIN 1070-5070; ORCID 0000-0001-6995-8629

378 CTOMATONOT NA



il

BectHuk PY[QH. Cepus: MEAULIUHA 2023;27(3)
F' RUDN Journal of MEDICINE. ISSN 2313-0245 (Print). ISSN 2313-0261 (Online) http://journals.rudn.ru/medicine

MICROBIOLOGY
MUKPOBUOJIOIMMNA

DOI: 10.22363/2313-0245-2023-27-3-379-390
EDN: PZXLKU

ORIGINAL RESEARCH
OPUTMHAJIBHOE UCCJIEJOBAHUE

Antibacterial activity of Clove Syzygium aromaticum L.
and synergism with antibiotics against multidrug-resistant
uropathogenic E. coli
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Abstract. Relevance. Urinary tract infections pose a growing threat to humanity due to the rise of antibiotic resistance in
uropathogens. Exploring natural sources for alternative treatments has become a prominent approach. The aim of the research
was to investigate the antibacterial effects of clove (Syzygium aromaticum L.) against uropathogenic Escherichia coli (E. coli).
Materials and Methods. The research was performed on three clinical multidrug-resistant uropathogenic E. coli isolates and E. coli
ATCC 25922. Clove hydroalcoholic extract was obtained by cold maceration technique. To evaluate the antibacterial activity
of the extract, agar well diffusion method was performed. Minimum inhibitory and minimum bactericidal concentrations of the
extract were determined by microbroth dilution method. Light microscopy was used to investigate morphological changes in
uropathogenic E. coli after exposure to clove extract. Checkerboard assay was used to assess synergism between clove extract and
antibiotics. All obtained data were statistically processed. Results and Discussion. In well diffusion method, bacterial responses to
clove extract were concentration-dependent with inhibition zone diameter of 7-10/10—-15 mm for uropathogenic strains and E. coli
ATCC 25922, respectively. Minimum inhibitory and minimum bactericidal concentrations of clove extract against uropathogenic
strains were 25 mg/mL. The extract showed a lower minimum inhibitory concentration against E. coli ATCC 25922 (6.25 mg/mL)
with minimum bactericidal concentration being 25 mg/mL. Minimum inhibitory and minimum bactericidal concentrations
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ratio showed that clove extract tends to be bactericidal agent. Synergy test revealed that the combination of clove extract and
nitrofurantoin or ciprofloxacin resulted in no interaction. However, minimum inhibitory concentrations of all tested agents in
combinations exhibited varying degrees of decrease. Incubation of uropathogenic strains with the extract transformed them to
unstable spherical L-form in percentage of 96-99 %. Conclusion. This study highlights clove as a potential natural antibacterial
agent against multidrug-resistant uropathogenic E. coli, warranting further investigations into its antibacterial properties.

Key words: clove, Syzygium aromaticum, urinary tract infections, uropathogenic Escherichia coli, phytochemicals,
antibacterial agent, antibiotic resistance
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Introduction

Since ancient times, spices have represented an
essential part of traditional medicine for their prominent
therapeutic properties. Among spices, clove stands out
as a highly effective medicinal plant that has advan-
tages over others [1], especially in terms of the high
content of polyphenols and antioxidant compounds [2].
The scientific name of clove is Syzygium aromaticum
L. and it belongs to the family Mirtaceae [3]. Cloves
grow as medium-sized evergreen trees that are native
to eastern Indonesia [4]. The dried flower buds are
the commercial part of clove trees and can be used
mainly in three forms: ground spice, whole buds and
essential oil. Particularly, clove essential oil is the most
commonly used form with a wide range of documented
therapeutic effects [5]. Clove is traditionally used in
many health conditions, including toothache, dental
infections, burns, wounds, nausea, vomiting, bloating,
disorders of the stomach, intestines and liver, nerves
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stimulation, food preservation and as an insecticide in
agriculture [1, 3]. As per studies, several pharmacologi-
cal activities of clove have already been validated, such
as antibacterial, antifungal, antiprotozoal, antiviral, an-
algesic, antispasmodic, antioxidant, anti-inflammatory,
antidiabetic, antidepressant, antiulcer, antithrombotic,
antinociceptive, among others [3].

In microbiology, clove represents a substantial and
promising antimicrobial agent as its efficacy against
many pathogenic microorganisms has been intensively
reported [6—-11]. Moreover, in some countries clove is
widely used to tackle malaria, scabies, tuberculosis,
cholera, food-borne pathogens, worms, candida and
viruses [12]. Many research have shown clove to be
a highly effective antibacterial agent against many
gram-negative and positive bacteria [3].

From the phytochemical point of view, clove contains
a broad spectrum of active compounds to which its immense
pharmacological activities are attributed. Clove is considered
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one of the richest plant sources of phenolic compounds, such
as flavonoids (e.g., kaempferol and quercetin), phenolic acids
(e.g., gallic, hydroxybenzoic, hydroxycinnamic, ellagic,
caffeic, ferulic, and salicylic acids) and tannins. Eugenol
is the most abundant bioactive compound found in clove
essential oil, other compounds in lower concentrations are
eugenol acetate, carvacrol, thymol, cinnamaldehyde, o-hu-
mulene, 3-cariofileno, B-pinene, limonene, benzaldehyde,
farnesol and ethyl hexanoate [1, 3, 5].

Urinary tract infections (UTIs) are one of the most
prevalent infections with significant mortality, morbidity
and recurrence rate. The extensive use of antibiotics
and the lack of clinical investigations have emerged
in high resistance among uropathogens. Consequently,
UTIs are a worrisome burden that significantly affects
the quality of life, of individuals and societies alike.
Among uropathogens, uropathogenic Escherichia coli
(UPEC) are the most prevalent in hospitals and commu-
nity with multidrug-resistance (MDR) being extensively
reported [13]. The problem of antibiotic resistance is
emerging alarmingly on a global level. Conventional
antibiotics gradually lose their effectiveness and annually
many patients die because of the exhaustion of antibiotic
treatment options [14]. This issue is of keen interest
to researchers and new approaches are being actively
developed to treat resistant bacteria and to prevent the
development of resistance [15]. Recently, medicinal
plants are being intensively studied by researchers all
over the world as they present promising natural alter-
natives to conventional antibiotics. Many plants have
been validated to possess a potent antibacterial activity
against a wide range of bacterial species, including MDR
strains [16]. Searching two of major databases (Science
Direct and Google scholar), we found few research on
the antibacterial activity of clove against UPEC, thus
this in vitro study aimed to investigate the antibacterial
potential of clove extract against MDR-UPEC.

Materials and methods

Bacterial strains and inoculums preparation
The research was performed on three clinical
MDR-UPEC isolates (UPEC 1, 2 and 3) and one refer-
ence strain E. coli ATCC 25922. Bacteria were provided
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by the laboratory of the department of microbiology
named after V.S. Kiktenko, RUDN University, Moscow.
UPEC strains utilized in this study were obtained from
urine samples collected from patients (children aged
9 months to 18 years old) diagnosed with symptomat-
ic UTIs, which were confirmed through laboratory
testing. Bacteria were isolated and identified at the
laboratory of the Russian Children’s Clinical Hospi-
tal. All UPEC strains were resistant to tetracyclines,
ceftazidime/ clavulanic acid, ceftazidime, ceftriaxone,
trimethoprim and ampicillin. UPEC 3 were additionally
resistant to ciprofloxacin and imipenem.

For inoculums preparation, bacteria were cul-
tured overnight in BHIB (Brain Heart Infusion Broth)
(HIMEDIA®, Ref 173-500G) for 16-18 h at 37 °C,
aerobically. Afterwards, the cultures were centrifuged
(for 10 minutes at 3000 RPM in Eppendorf Centrifuge
5415 R), washed twice with phosphate buffer saline
(PBS) and resuspended in NaCl (0.9 %). Finally, the
turbidity of inoculums was adjusted photometrically
to equal that of 0.5 McFarland standard.

Plant material and extraction

Dried clove buds (Russian Grocery Company “Indi-
ana”, Shchelkovo, Russia) were obtained from a supermar-
ket in Moscow. To prepare a hydroalcoholic clove extract,
cold maceration technique [17] was carried out as follows.
Clove buds were first grinded to fine particles using elec-
tric blender after which they were placed in a flask with
the addition of 80 % ethanol in a sample/solvent ratio
of 1/10 (w/v). The flask was tightly closed to prevent
evaporation and incubated with shaking (300 RPM), at
22 °C for 24h. Afterwards, the extract was filtered thrice
by vacuum filtration (using Whatman filter paper Ne 1),
then the filtrate was evaporated in rotary evaporator (IKA
Werke, Staufen, Germany) at 40 °C. The obtained crude
extract was in form of dark brown semisolid mass. Extract
was stored in darkness at 4 °C.

Agar well diffusion method
Agar well diffusion method was performed to investi-
gate the antibacterial effect of clove extract, as previously
described [18]. Briefly, Muller Hinton Agar (MHA) (HI-
MEDIA®, Ref 173-500G) plates were seeded with fresh
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bacterial inoculums, then cork borer (4 mm) was used to
made wells in agar. Afterwards, 45 pL of clove extract were
added into the wells in the following concentrations: 25, 50,
100 and 200 mg/mL in dimethyl sulfoxide (DMSO, VWR
International LL.C, USA) (10 % v/v in dH20). DMSO
(10 %) was added alone as a negative control. Plates were
let to stand for 30 minutes until fully distribution of the
extracts, and then incubated for 24 h at 37 °C. Following
respective incubation period, diameters of inhibition zones
were measured in mm.

Quantitative antibacterial assay

Quantitative antibacterial assay of clove extract
was performed by determining minimum inhibitory
concentrations (MICs) and minimum bactericidal
concentrations (MBCs) using previously described
microdilution method [19]. Briefly, in a sterile U-bottom
96-well microplates serial twofold dilutions of clove
extract were made in BHIB, followed by inoculation the
wells with respective bacteria. Serial dilutions of 10 %
DMSO served as negative control and all used solution
except bacteria were included as sterility control. Plates
were then incubated for 24 h at 37 °C. The lowest con-
centration that resulted in no visible bacterial growth
was considered MIC. Further, all wells > MIC were
subcultured on MHA plates and incubated for 24 h at
37 °C. The lowest concentration with no growth on agar
plates were evaluated as MBC. To determine whether
the antibacterial effect of clove extract is rather bacteri-
cidal or bacteriostatic, MBC/MIC ratio was calculated
for each strain. Values < 4 indicate bactericidal effect
whereas values > 4 indicates bacteriostatic effect [20].

Morphology

Light microscopy was used to investigate any morpho-
logical changes in general shape of UPEC after exposure to
clove extract. Standardized concentrations (OD492 = 0.05)
of overnight cultures were incubated with the extract at a fi-
nal concentration of MIC/2 in BHIB for 24 hours at 37 °C,
after which cultures were washed twice and resuspended in
PBS. Finally, bacteria were simple stained with crystal violet
1 % and observed under a light microscope at 1,000x. In
each sample, 100 random cells in random fields of view were
observed. Control cultures consisted of bacteria incubated
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with 10 % DMSO. To investigate whither the morpholog-
ical changes will persist in the 1% generation in absence of
the extract, a subculturing in BHIB was performed and
bacteria were observed as previously described. Images
were obtained by Levenhuk M300 Base Digital Camera
and Levenhuk ToupView (3.7.6273) software.

Checkerboard assay

To assess synergism between clove extract and
antibiotics, checkerboard assay was performed [21].
Nitrofurantoin and ciprofloxacin (Sigma-Aldrich) were
the tested antibiotics, and their MICs were firstly de-
termined as described for clove extract. UPEC isolates
were subjected to the assay. Briefly, 77 combinations of
the tested agents were prepared in 96-microplates and
inoculated with bacterial inoculum. Final plate setting
is shown in Figure 1. Control plates (background plates)
contained the same solutions except bacteria. Plates
then were incubated at 37 °C for 20 h. The next day,
wells were mixed, and optical density (OD) was read in
a microplate reader at 492 nm. The mean of three reads
was obtained and the percentage of bacterial growth
was calculated as follows:

The lowest concentration that inhibited the bacterial
growth by more than 80 % was considered as MIC. Data
obtained from checkerboard method were further ana-
lyzed by Loewe additivity-based model [22]. This model
is a nonparametric approach commonly used to define
the theoretical additive effects based on the fractional
inhibitory concentration index (FICI). First, XFIC for each
MIC was calculated as follows: ZFIC =FIC (antibiotic) +
FIC (plant extract); FIC (antibiotic) =MIC of antibiotic
in combination/ MIC of antibiotic alone, and so for FIC
(plant extract). In each plate, the lowest ZFIC (ZFIC__ )
when the highest ZFIC (ZFIC_ ) is smaller than 4 was
considered as FICI. As all obtained XFICs were lower
than 4, ZFIC__ always expressed FICI. Results were then
interpreted in accordance with the following criteria:
synergy (FICI < 0.5), no interaction (0.5 < FICI < 4) or
antagonism (FICI > 4).
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Fig. 1. Checkerboard final microplates setting [21].

Statistical analysis

All trials were performed separately in triplicate.
Three repeats for each tested case were included in each
experiment. The obtained data were reported as the
mean of all trials + standard deviation (SD). Synergy
assay was modeled using the Loewe additivity-based
approach. Excel 2019 and XLSTAT 2023 were used to
analyze data, calculate means and SD.

Results and discussion

Well diffusion

Well diffusion method was used to investigate the
antibacterial activity of clove extract against E. coli
strains. Clove extract exhibited antibacterial activity
against all tested strains in a concentration dependent
manner (Table 1, Fig. 2). UPEC isolates were sensitive
only to the 100 and 200 mg/mL concentrations with
inhibition diameters of 7—10 mm, while the lower
two concentrations (25 and 50 mg/mL) resulted in no
inhibition zone. In contrast, the standard strain E. coli
ATCC 25922 showed sensitivity to all extract concen-
trations with diameters of 10—-15 mm, which is quietly
predictable. The correlation between antimicrobial
effect and the concentration of plant extract is reported
in literature [23]. Generally, our findings support those
reported for clove extracts and essential oil against
many pathogens. For example, an inhibition diame-
ter of 16-20 mm was reported for clove essential oil
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H, and H, present the tested antibacterial agents

(10 pL/disc) against gram negative and positive bac-
teria, including E. coli, Salmonella spp, P. aeruginosa,
Streptococcus group D and S. aureus [24]. In another
study, clove ethanolic extract showed a significant
antibacterial activity against high level gentamicin
resistant enterococci, with a dimeter of 25-26 mm, by
well diffusion method [25]. Similarly, clove aqueous
and ethanolic extract resulted in inhibition zones of
12.2-25.2 mm against many pathogens, such as E. coli,
Vibrio parahaemolyticus, P. aeruginosa, Salmonella
enteritidis, Bacillus cereus, S. aureus and Candida
albicans [23]. Thus, here we confirm the potency of
clove as antibacterial agent against MDR-UPEC.

In this study, we did not analyze the phytochem-
ical composition of clove extract to identify possible
active compounds, but we present a theoretical con-
cept based on a similar work. In their phytochemical
analyses, Rosarior et al. [26] revealed that the major
constituents of clove ethanolic extract were phenolic
compounds, mainly eugenol, kaempferol, gallic acid
and catechin. As per studies, phenolic compounds
are well known for their antibacterial activity
against a wide range of bacterial pathogens [27-29].
Moreover, it is proposed that phenolic compounds,
especially kaempferol, possess a synergistic effect
with eugenol, which results in enhanced antibacterial
activity of extracts containing this combination [26].
Hence, the antibacterial activity we observed for
clove extract could be attributed mainly to the rich
phenolic content of this plant.
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Diameters of inhibition zones (in mm) for clove extract against E. coli strains

Table 1

Clove extract (mg/mL)

Strains
25 50 100 200
UPEC 1 0x0.0 0x0.0 7+0.8 9+0.0
UPEC 2 0+0.0 0+0.0 7+0.0 85105
UPEC 3 000 0x+0.0 7+0.6 10+0.0
E. coli ATCC 25922 10+0.6 11+0.8 12+0.0 15+£0.3

Note: UPEC — uropathogenic E. coli.

Fig. 2. Inhibition zones of clove extract against E. coli strains. Extract concentrations: 25 (1), 50 (2), 100 (3) and 200 mg/mL (4).
DMSO 10 %: negative control. UPEC: uropathogenic E. coli
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Quantitative antibacterial assay

Antibacterial activity of clove extract was as-
sessed quantitatively by determining MICs and MBCs
(Table 2). MIC of clove extract against UPECs was
25 mg/mL and the same concentration resulted in no
growth on agar plates which indicates the MBC to
be also 25 mg/mL. The extract showed a lower MIC
against E. coli ATCC 25922 (6.25 mg/mL), while the
MBC for this strain was 25 mg/mL. These results are
in correlation with those of well diffusion method, as
UPECs showed quite similar sensitivity to the extract,
while the reference train was the most sensitive to all
tested concentrations. Similar MIC (25 mg/mL) was

reported for clove ethanolic extract against E. coli,
while the aqueous extract had a MIC of 50 mg/mL [23].
However, it is well known that many factors affect the
content of antibacterial compounds in plant extracts,
this includes the extraction method and the type of sol-
vent, which in turn results in such differences between
various extracts of the same plant [30,31]. MBC/MIC
ratio is a commonly used indicator of the antibacterial
nature as it gives an idea whether the agent tends to be
bacteriostatic or bactericidal [20]. Here, clove extract
has been shown to be bactericidal agent against all
tested strains, with a ratio of 1 for UPECs and 4 for
the reference strain.

Table 2
MICs and MBCs of clove extract against E. coli strains
Strains MIC (mg/mL) MBC (mg/mL) MBC/MIC ratio
UPEC 1 25+0.0 25+0.0 1
UPEC 2 25+0.0 25+0.0 1
UPEC 3 25+0.0 25+0.0 1
E. coli ATCC 25922 6.25+0.0 25+0.0 4

Note: MIC — minimum inhibitory concentration, MBC — minimum bactericidal concentration, UPEC — uropathogenic E. coli.

Morphological changes
in bacteria after exposure to clove

The capacity of clove extract to cause morpholog-
ical changes in UPEC was investigated (Fig. 3). All
tested UPEC isolates underwent morphological change
to spherical L-form in percentages of 96-99 %. Howev-
er, the 1* generations restored their walled rod-shaped
state. For control samples with DMSO, no abnormalities
were observed as they all contained normal rods. Phy-
tochemicals have been shown to cause morphological
changes in bacterial cells, such as shortness [32, 33]
or filamentation [34], probably depending on tested
bacteria and chemical nature of these compounds. The
cell wall is an essential protective structure in a bacterial
cell, giving it its shape and maintaining the integrity of
the cell. Cell wall mainly consists of peptidoglycan (PG)
which is synthesized via a well-conserved biochemical
pathway that begins in the cytosol with the synthesis of
the precursor lipid- II which is then transported out of
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the cell membrane where cell wall is finally assembled
by specialized proteins [35]. The cell wall is one of the
most important targets of antibiotics such as -lactams.
Despite the great importance of the cell wall, some
bacteria can transform into L-form; a wall-deficient
cell that possesses spherical or pleomorphic shape
[36]. This transformation is usually induced by cell
wall-targeting antimicrobials or innate immune effectors
such as lysozyme, thus considered as a resistance mech-
anism [37]. L-form bacteria can be stable or unstable,
i.e., remain L-form or revert back to original shape
after withdrawal of the inducing agent. By switching
to L-form, bacteria can resist [3-lactams, lytic bacteri-
ophages and probably innate immune response [36,
37]. Precise molecular mechanism underlying L-form
formation and its role in human infections remains
undefined and controversial [36, 38]. However, using
genome-wide transcriptome analysis of unstable L-form
E. coli, Glover et al. [39] reported an up-regulation of
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many genes with unknown function and stress pathways,
which are also found in persister cells and biofilms,
have been also over-expressed. In addition, it has been
suggested that a rigid outer membrane is essential for
L-form E. coli to survive [40].

Here, we showed that clove extract at MIC/2 was
able to cause UPEC to convert to unstable L-form.
This transformation is likely due to targeting the bac-
terial cell wall by certain substances in the extract.
Thus, bacteria have turned into L-form as a defense
mechanism to protect themselves from phytochemicals.

These observations highlight the importance of using
the extract at concentration of MIC or higher to avoid
creating resistant forms of bacteria that are difficult
to target and destroy later, especially with antibiotics
that act on the cell wall such as -lactams. In addition,
outer membrane inhibitors can be useful in this case
if companied with the extract to prevent L-form cells
from dividing and surviving. Thus, clove extract may
represent a simple and affordable way to obtain L-form
bacteria in laboratory for further characterization and
studies.

Fig. 3. Morphological changes in uropathogenic E. coli (UPEC) after exposure to clove extract. A: control (normal rods).
B: with extract (L-form spherical cells). C: 15! generation after extract withdrawal (normal rods). Magnification x1,000

Synergy test

Besides the keen interest in developing plant-based
antibacterial compounds, using medicinal plants as
resistance modifying agents is another promising
approach that emerges noticeably, as synergism be-
tween plant extracts and conventional antibiotics can
enhance the antibiotheraby and, to some extent, restore
the sensitivity or prevent the emergence of resistance.
Moreover, this approach would bring back to use old
and cheap antibiotics that are relatively no longer
effective [16, 41]. Indeed, synergism between clove
and antibiotics is already reported in literature. For
instance, water and ethanolic clove extracts exhibited
a synergistic effect with different antibiotics against
S. aureus and K. pneumoniae [42]. Eugenol, which is
the major constituent of clove essential oil, has been
shown to work synergistically with antibiotics such as
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vancomycin, ampicillin, and gentamicin [4]. Here we
evaluated the synergistic effect between clove extract
and two antibiotics from different classes of antimi-
crobial agents; nitrofurantoin and ciprofloxacin, which
are commonly used to treat UTIs [43, 44]. Results are
presented in Table 3. MICs of antibiotics alone were of
8, 64 pg/mL for nitrofurantoin and 0.5, 1024 pg/mL for
ciprofloxacin. Loewe additivity-based model revealed
that the combination of the antibiotics and clove extract
resulted in no interaction against all tested strains, with
FICI of 0.63, 0.75 for clove and nitrofurantoin and 0.63,
0.75, 1 for clove and ciprofloxacin. Regardless of FICI
interpretation, in was observed that all the MICs of anti-
microbial agents in combinations decreased in different
degrees i.e., MICs decreased by 2, 4, 8 folds for clove
and ciprofloxacin and by 2 folds for nitrofurantoin.
Thus, to some extent we can conclude that clove can
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potentiate the efficacy of these antibiotics if used in
combination. While analyzing the available literature
on synergy effects between antimicrobials, we found an
inconsistency in term of interpretation criteria of FICI
values and the agreement in the interpretation of the
FICI and other evaluation models. For example, some
studies considered a FICI of 0,5-1 as additive effect [19,
45, 46] while others considered it as indifference [47,

48]. Moreover, high variability was observed between
the interpretation of FICI and the response surface
approach (Bliss model) [22]. In general, our results
are an impetus to study the synergistic effect of clove
with antibiotics against UPEC and more investigations
with different models should be performed to assess the
agreement in the interpretation of the FICI.

Table 3
MICs of clove extract (mg/mL) and antibiotics (ug/mL), alone (A) and in combination (B), and FICI values. (SD # 0.0 for the three trials)
NIT+ Clove CIP + Clove
Strains NIT Clove CIP Clove
FICI FICI
A B A B A B A B

UPEC 1 8 4 25 6.25 0.75 0.5 0.125 25 12.5 0.75
UPEC 2 8 4 25 6.25 0.75 1024 128 25 12.5 0.63
UPEC 3 64 32 25 3.125 0.63 1024 512 25 12.5 1

Note: MIC —minimum inhibitory concentration, FICI — fractional inhibitory concentration index, NIT — nitrofurantoin, CIP — ciprofloxacin,

UPEC — uropathogenic E. coli

Conclusions

UTIs pose a significant health concern globally,
with antibiotics resistance becoming a growing problem.
As traditional antibiotics face increasing challenges in
effectively treating UTTIs, the exploration of alternative
treatments has become crucial. Medicinal plants hold
great promise as potential alternatives, with their diverse
bioactive compounds and historical use in traditional
medicine. Harnessing the therapeutic potential of me-
dicinal plants may provide new avenues for combating
UTTIs while reducing the risk of antibiotic resistance.
The results of this study highlight the promising appli-
cations of clove extract in combating MDR-UPEC. The
significant antibacterial effects observed, as evidenced
by concentration-dependent inhibition zone diameter
and minimum inhibitory and bactericidal concentrations,
indicate the effectiveness of clove extract in inhibiting
the growth of these bacteria. Moreover, the combination
of clove extract with commonly used antibiotics demon-
strated a potential synergistic effect, as evidenced by
a decrease in their minimum inhibitory concentrations.
Additionally, the incubation with clove extract resulted
in the transformation of uropathogenic strains into un-
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stable spherical L-forms. Further research is needed to
investigate the mechanism behind this transformation
and evaluate the implications for potential therapeutic
uses.

In conclusion, this in vitro study serves as a foun-
dation for more comprehensive research aimed at
identifying the active antibacterial compounds present
in clove and exploring its potential synergistic effects
with other antibiotics, which in turn will offer valuable
insights into the potential utilization of clove as a potent
antibacterial agent in clinical practice.
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AHTH6aKTepuanbHas aKTUBHOCTb 3KCTPaKTa rBO34UKH
Syzygium aromaticum L. n cuHeprusm ero aeucTeus
C aHTUOMOTUKAMM MO OTHOLLEHUIO K YPONaTOreHHbIM KULLEYHbIM
nasoykamM C MHOXXECTBEHHOMW 1IeKapCTBEHHON YCTOMUYMBOCTbIO

P. Mapyd &, A.B. EpmosiaeB , 1.B. ITogonpuropa ~, A.H. Censirua ~ , M.JI.A. M6apra

Poccuiickuii yHuBepcuTeT Jpy>KObI HApOZoB, 2. Mockea, Pocculickas dedepayus
X razanma3rouf@gmail.com

AnHoTanus. AkmyanbHocmb. VIHGEKIMY MOUYeBbIBOJSILNX ITyTeH Mpe/iCTaB/SIOT PACTYIIYI0 yrpo3y Uesl0BeueCcTBY U3-3a
pOCTa yCTOHUMBOCTH YPOIAaTOr€HOB K aHTUOMOTHKAM. V3yueHre MPUPOJHBIX UCTOUYHUKOB /IJIs1 aJIbTEPHATUBHBIX METOZIOB
JieyeHUsl CTasI0 BXKHBIM TIOX0f0M. L]eab vcciieoBaHUs 3aK/Ii0danach B U3yueHWH aHTHOAKTepUaIbHOTO JIeMCTBUS TBO3AUKA
(Syzygium aromaticum L.) TI0 OTHOIIEHHIO K yporaroreHHBM E. coli. Mamepuaibl u memodsl. ViccnenoBaHue TIPOBEIEHO Ha TPEX
KJIMHUYeCKUX U30/ISTaxX ypornaroreHHbIX E. coli ¢ MHOKeCTBEHHOM JieKapCcTBeHHOU ycToitunBocThio U E. coli ATCC 25922.
BoJHO-CNIMPTOBOM 3KCTPAKT MBO3/IMKY MOJTyYeH MeTO/[0M XOJIOAHON Mariepaluu. [/ist OLeHKU aHTHOaKTepUanbHOTo JelCTBYs
JKCTpaKTa MpUMeHsA U dy3HOHHBIN MeTo/| B arapoBbIX JIyHKaX. MUHHUMa/TbHYI0 UHTMOUPYIOIIYIO U MUHUMA/bHYIO OaKTe-
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PULIMAHYIO KOHLIEHTPALMU KCTPAKTa ONpe/esisyii MEeTO0M MUKpopa3baeseHus OyiboHa. C MOMOIIBI0 CBETOBOW MUKPOCKOITUH
nccrieioBanu Mopgosioruueckre U3MeHeH sl yporiatoreHHbIX E. coli ociie Bo3zieliCTBUsI 9KCTPaKTa rBO3AUKU. [/ OLleHKH
CHHepru3Ma MeX/ly SKCTPAKTOM IBO3/MKU M aHTUOMOTHKAMU UCTI0/IB30BaIl METOZ, 1lIaXMaTHOH 0CKU. Bce rnoyyeHHble JaHHbIE
OBITM CTaTUCTHUECKH 00paboTaHbl. Pe3yabmambl u 06cysicdeHue. T1py MCI0OIb30BaHUY AU (Y3HOHHOTO METOAA B arapoBBIX
JIYHKax [IelCTBYe IKCTPAKTa Ha OaKTepUH 3aBUCEJI0 OT ero KOHLIEHTPALMH TIPY IMaMeTpe 30HbI 33/1ep>KKu pocta 7—10/10-15 MM
II7Is yporaToreHHbIX mtammoB U E. coli ATCC 25922, cooTBeTcTBeHHO. MUHHUMA/TBbHYO MHTHOVPYIOIYI0 1 MUHUMA/IbHYIO
HaKTepULMHYIO KOHLIEHTPALMK KCTPAKTa BO3ZMKH 110 OTHOIIEHUIO K YPOIaTOreHHBIM IITaMMaM COCTaBJIsiia 25 MI/MIL.
OKCTpakT noKasan Hosiee HU3KYI0 MUHUMAJIBHYIO HHTHOUPYIOLIYI0 KoHLeHTpaLuto Ha E. coli ATCC 25922 (6.25 mr/mit) ipu
MHHHMa/bHON 6akTepuIMHON KOHL|EHTpaLly, COCTaBJsoleli 25 Mr/mi. COOTHOIIeHHe MUHUMabHOW HHrHOMpyoLeit
Y MUHMMaJbHOM GaKTepULIMZAHOW KOHLIEHTPAL[MM TTOKa3asio, YTO SKCTPAKT I'BO3AUKY 00/1ajaeT GaKTePULIUIHBIM JeHCTBUEM.
TecT Ha CHEPry3M II0Ka3aJsl, YTO KOMOMHALIMS KCTPaKTa T'BO3AMKY ¥ HUITPO(YPaHTOMHA WM LUNPOo¢JIOKCalliHa He TIPUBO/H/IA
K B3auMo/eiicteuto. OfjHakKo MUHHUMa/IbHbIe MHTUOWPYIOLe KOHLIEHTPALlMK BCeX IIPOTeCTUPOBAHHbIX areHTOB B KOMOMHAIIHAX
CHWDKAJIUCh B Pa3HOM cTerneHH. VIHKyOUpOBaHKe yPOIaToreHHbIX IITAMMOB C SKCTPAaKTOM TPaHC()OPMHUPOBAJIO UX B HECTaOM/Ib-
Hy10 chepryeckyto L-dopmy B porjeHTHOM cooTHo1eHNH 96-99 %. BbigoObl. DTO HCC/eOBaHUE MT0UePKUBaeT IBO3AUKY
Kak I0TeHL{1aIbHOe TIPUPOHOe aHTHOaKTepralbHOe CPe/iCTBO M0 OTHOLIEHUIO K yporartoreHHbIM E. coli ¢ MHOXXeCTBeHHOH
JIEKapCTBEHHOU YCTOWUYMBOCTBIO, UTO TPeOyeT JanbHeHIIero u3yueHus ee aHTHOAKTePUATbHBIX CBOMCTB.

KiroueBsle c/10Ba: rBO3/MKa, Syzygium aromaticum, WHGEeKIMY MOUYeBbIBOASIIMX ITyTell, yporaToreHHble KUIIeYHble
TaJIouKy, GUTOXMMHUECKHe BelllecTBa, aHTHOaKTepranbHOe CPeJiCTBO, yCTOMUMBOCTh K aHTHOMOTHKAM

Wudopmanys o hpuHAHCHPOBAaHUH. ABTOPHI 3asIB/ISIIOT 00 OTCYTCTBUM BHeIIHEro (pMHaHCHPOBaHUSL.
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Long exposure impact of antibiotics subinhibitory doses
and silver nanoparticles on uropathogenic bacteria

Manga J.A. Mbarga @, Razan Marouf ', Irina V. Podoprigora ',
Kitio L.D. Anyutoulou ~, Yuri V. Chapurin ~, Irina N. Sharova

RUDN University, Moscow, Russian Federation
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Abstract. Relevance. Although the primary purpose of using antibiotics is to treat infectious diseases, their misuse gradually
leads to loss of their effectiveness. The aim of the current investigation was to explore the changes that occur in uropathogenic
bacteria after long exposure to antimicrobials. Materials and Methods. We compared the effects of long-term exposure to
ampicillin, cefazoline, kanamycin and silver nanoparticles (AgNPs) on susceptibility, biofilm formation and planktonic bacteria
in 4 clinical uropathogenic strains namely Escherichia coli (UPEC), Staphylococcus aureus (S. aureus), Enterococcus faecalis
(E. faecalis) and Streptococcus agalactiae (St. agalactiae). The minimum inhibitory concentrations (MIC) were determined using
the microplate mircodilution method and bacteria were exposed to increasing concentrations of each antimicrobial (from MIC/2
to MIC) prepared in the brain heart infusion broth for 8 days. The susceptibility of bacteria to antibiotics was assessed using
the Kirby Bauer disc diffusion method and the biofilm formation was assessed using crystal violet bacterial attachment assay.
Results and Discussion. The data in this investigation highlight that long-term exposure to antimicrobials may induce changes
in susceptibility to other antibiotics and biofilm formation in Uropathogenic strains. Indeed, exposure to ampicillin made E.
faecalis resistant to ceftazidime and St agalactiae resistant to tetracycline, ceftazidime/clavulanate and ceftazidime. Following
exposure to cefazolin, a significant decrease in susceptibility was observed in E. coli to ceftazidime/clavulanate and ceftazidime
while S. aureus became resistant to ceftazidime/clavulanate, ceftazidime and to ceftriaxone. Similar variations were observed
on St agalactiae and E. faecalis, which in addition to the 3 antibiotics above-mentioned, have become resistant to tetracycline.
The most significant variations in susceptibility to antibiotics were observed following exposure to kanamycin: E. coli developed
resistance to ceftazidime and a decrease in sensitivity was noted on ceftazidime/clavulanate while S. aureus, E. faecalis and
St. agalactiae all 3 became resistant to ceftazidime/clavulanate and ceftazidime. In addition, except for E. coli all the bacteria
in this investigation which had undergone successive passages in AgNPs developed resistance to ceftazidime/clavulanate and
ceftazidime. Bacteria exposed to ampicillin and cefazolin produced more biofilms than their respective controls. Conclusion.
Long term exposure of uropathogens to antibiotics and AgNPs induces significant changes in susceptibility to other antibiotics
and biofilm formation and antibiotics should therefore only be used when necessary.

Key words: long exposure, antibiotics, silver nanoparticles, biofilm, adaptation
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Introduction

The use of antibiotics is essential in the treatment
of infectious diseases of bacterial origin [1,2] including
urinary tract infections (UTIs). UTIs are caused by
so-called uropathogenic microorganisms, most often
commensal bacteria or fungi, which under certain con-
ditions can become pathogenic [3]. 80 to 90 % of UTIs
are caused by so-called Uropathogenic Escherichia coli
(UPEC) while other species such as Staphylococcus
saprophyticus, Pseudomonas aeruginosa, Staphylococ-
cus aureus, Klebsiella pneumoniae, Proteus mirabilis,
Acinetobacter baumannii, Streptococcus and Entero-
coccusus are less rarely involved [3, 4].

UTTs are usually treated by antibiotics such as
trimethoprim-sulfamethoxazole (TMP-SMX), nitrofurantoin
or Fosfomycin for acute uncomplicated urinary tract infec-
tions [5]. Since resistance to TMP-SMX and ciprofloxacin
preclude their use as empiric treatment for UTIs in patients
who were previously exposed to them or who are at risk
to be infected with extended-spectrum -lactamases (ES-
BLs)-producing bacteria [6], other antibiotics are sometimes
used in second line and generally include oral cephalosporins
(fluoroquinolones, cefixime) and -lactams (amoxicillin-
clavulanate) [6]. Notwithstanding this multitude of choices
in terms of antibiotics, due to attitudes of self-medication,
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taking antibiotics without prior antibiogram and all negligent
behavior related to the misuse of antibiotics, the resistance of
bacteria to antibiotics has grown meteorically worldwide [7,
8]. Although this problem is progressively leading to the
general mobilization for the research of new antimicrobial
compounds and alternative ways of fighting bacterial infec-
tions, the mechanisms of this resistance are better and better
elucidated but the direct implication of the consumption of
antibiotic has not yet been totally established.

While previous investigations have focused on
the consequences of long-term exposure to commonly
used biocides such as polyhexamethylene biguanide
(PHMB), triclosan, benzalkonium chloride (BAC) on
the antimicrobial susceptibility of many clinical isolates
including uropathogens [9—11], there are currently not
enough investigations into the multiple phenotypic
consequences that can occur due to long-term exposure
to antibiotics and silver nanoparticles. Therefore, the
present study aimed to assess the effects of long-term
exposure to ampicillin, kanamycin, cefazoline and
AgNPs in four Uropathogenic clinical isolates namely
E.coli (UPEQ), S. aureus, E faecalis and St. agalac-
tiae. The variations induced on the susceptibility to
other antibiotics was evaluated as well as the biofilm
formation and planktonic bacteria.
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Materials and methods

Bacterial strains and culture conditions

This investigation included 4 previously isolated
Uropathogenic strains namely E. coli, S. aureus, E. fae-
calis and St. agalactiae, all provided by the laboratory
of microbiology and virology of the RUDN University.
Bacteria were cultured on BHIB (Brain Heart Infusion
Broth) (HIMEDIA®, Ref 173-500G) and Muller Hin-
ton Agar (MHA) (HIMEDIA®, Ref 173-500G) and
incubated aerobically at 37 °C for 18-24h.

Stocks solution of antibiotics and AgNPs

Stock solutions of each antimicrobial were prepared
at a concentration of 1024 pg/ml and dilutions were
made as needed. Ampicillin, cefazolin, and kanamycin
were prepared in physiological water (NaCl 0,9 %)
and 2 nm silver nanoparticles (Nanoserebro Argitos,
OOO NPP Sintek Nano, Russia) were prepared in
distilled water. All the solutions were sterilized by
microfiltration (0.45 pm) prior to use.

Susceptibility of bacteria to antibiotics

The modified Kirby-Bauer’s disc method described
in our previous study [12] was used to assess the sus-
ceptibility to antibiotics of uropathogenic strains used.
Briefly, after bringing the bacteria to room temperature,
they were cultured at 37 °C for 24 hours in sterile BHIB.
1.5ml of each overnight culture was centrifuged (Ep-
pendorf Centrifuge 5415 R) for 10 minutes at 3000 RCF
and the centrifugate was collected, washed 3 times
with Phosphate buffer saline (PBS) and resuspended
in 5ml of physiological water to obtain a concentration
equivalent to 0.5 McFarland. 100pL of the culture was
plated on Muller Hinton Agar (MHA) (HIMEDIA®,
Ref 173-500G) and the antibiotic discs were placed
aseptically using a dispenser. After 18-24 hours of
incubation, the inhibition diameters were measured
and interpreted referred to the Clinical & Laboratory
Standards Institute [13]. The petri dishes were again
incubated for 48 hours at 37 °C and the bacteria of the
second growth in the inhibition zones were isolated and
subjected to a second antibiogram as described above.
The 8 antibiotics used were: tetracyclin (TE), 30 pg/disc,
cefazolin/ clavulanic acid (CAC), 30/10 per disc;
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ceftazidime (CAZ), 30 pg/disc; ceftriaxone (CTR),
30 pg/disc; ciprofloxacin (CIP), 30 pg/disc; imipen-
em (IMP), 10 pg/disc; nitrofurantoin (NIT), 200 pg/disc
and trimethoprim (TR), 30 pg/disc.

Determination of minimal inhibitory
concentration (MIC) and minimal bactericidal
concentration (MBC)

MICs of antibiotics and AgNPs on the 4 bacte-
ria tested were determined by microbroth dilution
method as previously described [14]. Briefly, all the
stock solutions above-mentioned were submitted to
serial twofold dilutions in BHI broth sterile U-bottom
96-well microplates. 100 pL of broth were added in all
the wells of the plates and 100pL silver nanoparticles
or antibiotics (1024mg/mL) were added in the first line.
100 pL of sterile distilled water was added in column
11 and 12. Then serial dilutions were performed by
passing 100 pL of wells of the line A to the wells
of line B and so forth. In each test hole 10 pL of
the respective inoculum was added (with turbidity
equivalent to a 0.5 McFarland scale). In the column 11,
10 pL of saline solution was added (0.9 %) and served
as positive control while column 12, where 10pL of
inoculum was added served as the negative control.
Finally, plates were covered and incubated at 37 °C
for 24 h. After incubation, MIC was considered as
the lowest concentration that inhibited the visible
growth of bacteria. Further, MBCs were determined
by subculturing the wells without visible growth (with
concentrations > MIC) on MHA plates. Inoculated
agar plates were incubated at 37 °C for 24 h. MBC
was considered as the lowest concentration that did
not give any bacterial growth on agar.

Long-term exposure of bacteria to antibiotics
and silver nanoparticles
Bacteria were exposed to increasing concentrations of
ampicillin, cefazolin, kanamycin and AgNPs using U-bottom
96-well microplates. 8 concentrations of each antimicrobial
were prepared in sterile BHIB then the mixture was sterilized
by microfiltration prior to use. The concentrations varied
from MIC/2 to MIC with an increment of MIC/16. For
each antimicrobial, 200 uL of the preparation of MIC/2
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concentration was introduced into line 1 of the microplate,
then MIC/2 + 2MIC/16 in line 2, MIC/2 + 3MIC/16 in
line 3 ... and MIC in line 8. 15 L of overnight culture
of each bacterium prepared at a concentration equivalent
to 0.5 of McFarland was inoculated in the first line and
after 24H of incubation at 37 °C, the wells of line 1 were
homogenized and 15pL was transferred to line 2 of the
corresponding columns and the same operation was repeated
for the following lines until the 8th day. Bacteria passaged
8 times on antimicrobial-free medium were also included
and were considered as the controls. During incubation, the
microplates were placed in a container containing distilled
water to limit water loss by evaporation. After successive
passages, the bacteria were kept at—80 °C in cryovials
(Cryoinstant; Deltalab, Spain) for subsequent testing. The
antibiotic sensitivity of the bacteria obtained was evaluated
exactly as described above.

Evaluation of biofilm formation

by crystal violet bacterial attachment assay

The biofilm formation of original strains and ex-
posed strains was assessed in sterile 96-well microtiter
plate [15]. 200 pL of sterile BHIB was introduced in
each well and was inoculated by the corresponding
overnight culture (18 to 24 h at 37 °C and 100 rpm)
centrifugated and resuspended in physiological water
to obtain a turbidity equivalent to 0.5 of McFarland as
described above. Sterile controls were also included. The
plates were incubated statically for 48 h at 37 °C. 100 pL,
of the medium was transferred in the corresponding
well in another microtiter plate for planktonic meas-
urement. The remaining medium was removed from
the wells and replaced with 200pl of 1 % (w/v) crystal
violet solution during 90s. The wells were rinsed three
times with distilled water prior to drying at 37 °C. The
biofilm-bound crystal violet was solubilized in 200 pl
of 100 % ethanol and the A450 was determined and
compared with the negative controls. Each test was
repeated 4 t = imes and each repeat was read 3 times.

Planktonic measurement
Free bacteria were assessed simultaneously with
the biofilm assay. The 100 pl of medium transferred to
another microtiter plate during the biofilm formation

394

test were diluted with 100 pL of physiological water.
Free bacteria were evaluated by determining A450 and
compared with the negative controls [16].

Statistical analysis

All experiments were carried out at least in triplicate.
The statistical significance was set at p<0,05. T-test, princi-
pal component analysis (PCA) and Ascending Hierarchical
Classification (AHC) were carried out using the statistical
software XLSTAT 2020 (Addinsof Inc., New York, USA).
All the other graphs were plotted by Excel software or
SigmaPlot 12.5 (Systat Software, San Jose, CA, USA)

Results and discussion

Bacteria resulting from the second growth in the
inhibition zone after antibiogram are more resistant to
certain antibiotics than the parent strains.

The antibiogram is a test to assess the susceptibility of
bacteria to antibiotics and should always be done before
any prescription for antibiotics [17]. It often happens that
some bacteria, although sensitive to antibiotics, present
a second growth zone, which could be explained on the one
hand by the loss of the bacteriostatic effect of the antimi-
crobial considered and on the other hand, by the acquisition
of resistance of the bacteria tested after long exposure to
the antibiotic. During this investigation, we carried out an
antibiogram of 4 uropathogenic strains and after 24 hours
of incubation, the diameters of inhibition were measured
then the petri dishes were again incubated for 48 hours
and the colonies which grew inside the inhibition zones
were recovered. These colonies were grown and a second
antibiogram was performed. The results presented on Table
1 show the antibiotic sensitivity of the uropathogens used
and their analogues and the variations rates of inhibition
diameters relative to the parent strains. No colony was
observed in the inhibition zone of St agalactiae whereas
this was the case with S. aureus, E. coli and E. faecalis.
Except for EC-CTR (E. coli isolated from the inhibition
zone of Ceftriaxone), the greatest variations were observed
in bacteria isolated from inhibition zone of ceftriaxone,
ceftazidime and ceftazidime/clavulanate. The SA-CTR 1
strain became resistant to ceftriaxone, ceftazidime/clavu-
lanate and even more resistant to ceftazidime (Table 1).
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Similar variations were observed in SA-CAZ and EF-TR,
but EF-TR did not become resistant to ceftriaxone. Nu-
merous recent investigations have highlighted that changes
in sensitivity such as those observed in this study were
mainly due to the very strong adaptability of bacteria in
stressful environments [18-23]. Alarmingly, the results of

this study and those of similar other recent investigations
show that changes can be induced in bacteria over a very
short period of exposure to antibiotics and highlight the
importance of taking antibiotics only when necessary,
under prescription and after an antibiogram.

Sensitivity to antibiotics of uropathogens and their analogues isolated from the second growth in the inhibition zone rable 1
Strain Parameter TE CAZ CTR CAC TR CIP NIT IMP
S. aureus - 128 12R 258 16' 6R 26° 218 298
SA-CAC 1 CAC 128 138 218 128 68 228 188 238
SA-CAC 2 CAC 12R 14R 20! 12R 68 238 198 243
S. aureus SA-CTR 1 CTR 13R 6R 6R 6R 6R 238 188 228
SA-CTR 2 CTR 128 128 238 127 6R 238 243 243
SA-CAZ CAZ 13R 6R 6R 6R 6R 26° 218 26%
SA-TE TE 128 138 20' 138 68 238 208 248
. E. coli - 8R 238 258 228 6R 243 225 278
£ col EC-TR TR 6R 218 26° 238 6R 26° 218 238
E. faecalis - 15 17' 228 17' 298 328 238 318
EF-CTR 1 CTR 128 13R 19' 17' 6R 218 198 238
EF-CTR 2 CTR 13R 6R 6R 6R 338 278 228 288
E. faecalis EF-TR TR 12R 8r 225 8R 68 20s 208 2098
EF-CAC 1 CAC 11R 11R 20' 127 308 26° 198 26%
EF-CAC 2 CAC 128 6R 18! 6R 298 26° 218 26%
EF-CAZ CAZ 13R 13R 218 128 268 258 218 268

Note: The results show the mean of 3 trials rounded to the unit. The standard deviation varied between 0.0 and 1.7. R = Resistant,
| = Intermediate, S = sensible, TE = tetracycline, CAZ = ceftazidime, CTR = ceftriaxone, CAC = ceftazidime/clavulanate TR = trimethoprim,

CIP = ciprofloxacin, NIT = nitrofurantoin and IMP = imipenem.

Minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC)

The sensitivity of the tested strains to the antimicro-
bials they were subsequently exposed to was investigated
to determine the exact proportions to which these bacteria
could be subjected without however killing them. Thus,
MICs and MBCs of ampicillin, kanamycin, cefazolin, and
silver nanoparticles (AgNPs) were determined (Table 2).
The results presented in this table suggest that cefazolin,
considering the relatively low MIC and MBC (compared
to other antimicrobials) for all the uropathogens used, can
be an interesting remedy in the fight against antibiotic
resistance. Indeed, broad-spectrum antimicrobials that
have not lost their effectiveness despite the increase in
the growth of antibiotic resistance can be used as the

MICROBIOLOGY

last line to limit the damage this phenomenon has on the
health of patients and particularly on the prolongation
of hospitalizations, an increased medical expenses and
mortality. Moreover, specifically for AgNPs, the low MIC
(8pg/mL) and MBC (16pg /mL in E. coli suggests that
infections caused by this pathogen can easily be treated
by AgNPs. These results are in accordance with those
observed in previously reported studies [24, 25] but fur-
ther investigation is needed to confirm such a hypothesis.

Each of the antimicrobials whose MIC and MBC
are presented in Table 2 was prepared specifically for
each strain at 8 different concentrations varying from
MIC/2 to MIC with an increment of MIC/ 16 for re-
current exposure of Uropathogenic bacteria for 8 days.
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Table 2
Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC)
of uropathogens to antibiotics and silver nanoparticles to which they have been further exposed
MIC (ug/mL) MBC (ug/mL)
Strain
Ampicillin Kanamycin Cefazolin AgNPs Ampicillin Kanamycin Cefazolin AgNPs

E. coli 1024 32 32 8 ND 128 64 16

S. aureus 64 8 32 256 128 16 128 512

E. faecalis 32 128 64 256 64 128 64 256

St. agalactiae 32 16 16 256 128 64 32 256

Bacteria long-exposed to antimicrobials do not
present the same susceptibility to antibiotics as parent
strains.

The use of antibiotics is almost unavoidable in medicine
and in other sectors such as agriculture and animal husband-
ry. However, in recent years concerns have been raised that
exposure to antimicrobials (here mainly antibiotics and
nanoparticles) can induce cross resistance to other antibiotics
[9,10]. In the present study, the changes in the susceptibility
to antibiotics were assessed by inhibition diameters as well
as the variation rate referring to the original strains and the
results were classified as resistant (R), Intermediate (I) or
sensitive (S) as defined by the Clinical & Laboratory Stand-
ards Institute [13]. As shown in Table 3, antibiotic sensitivity
was determined for 4 Uropathogenic strains before and after
exposure to ampicillin, kanamycin, cefazolin and silver
nanoparticles (AgNPs). For all strains, long exposure to at
least one antimicrobial induced acquisition of resistance
with a high variation rate in inhibition diameter. Exposure
to ampicillin made E. faecalis resistant to ceftazidime and
St agalactiae resistant to tetracycline, ceftazidime/clavu-
lanate and ceftazidime. In addition, following exposure to
cefazolin, a significant decrease in susceptibility of E. coli
to ceftazidime/clavulanate and ceftazidime was observed
while S. aureus became resistant to ceftazidime/clavulanate,
ceftazidime and to ceftriaxone. Similar variations were
observed on St agalactiae and E. faecalis, which in addition
to the 3 antibiotics above-mentioned, have become resistant
to tetracycline. Moreover, the most significant variations
in susceptibility to antibiotics were observed following
exposure to kanamycin: On the one hand, E. coli developed
resistance to ceftazidime and a decrease in sensitivity was
noted on ceftazidime/clavulanate and on the other hand
S. aureus, E. faecalis and St agalactiae all 3 became resistant
to ceftazidime/clavulanate and ceftazidime. Finally, except
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for E. coli all the bacteria in this investigation which had
undergone successive passages in AgNPs developed resist-
ance to ceftazidime/clavulanate and ceftazidime as observed
with exposure to other antimicrobials. Surprisingly, the
E. coli strain that was initially resistant to tetracycline has
become sensitive. However, and more globally, the data in
this research highlight that long-term exposure to antibiotics
and silver nanoparticles may influence susceptibility to other
antibiotics in Uropathogenic bacteria. These results are
similar to those observed in other studies which consisted
in prolonged passage of uropathogens in biocidal agents
[9, 26, 27]. It is well known that the sensitivity of bacteria
to antibiotics depends mainly on the mode of action of the
antimicrobial, the conditions of use and the characteristics of
the bacteria tested [28]. However, exposure to low doses of
antibiotics can induce significant changes in bacteria which
may be phenotypic and/or genotypic. Phenotypically, the
potential causes of the changes in susceptibility observed
in this study may be structural variations in the bacterial
cell [9] which modify bacteria-antimicrobial interactions,
inducing changes in membrane permeability and changes
in the activity of efflux pumps that allow bacteria to expel
antimicrobials out of the cell [29, 30]. Nevertheless, Henly
et al. [9] suggested that the exact mechanisms governing
a specific adaptation depend largely on the antimicrobial
and the bacterium itself. In our study, the reversibility of
the acquisition of resistance and the observed variations in
susceptibility to antibiotics was not evaluated, but many
previous studies on the issue provide contradictories findings.
Indeed, while some authors have indicated that the observed
changes result from a reversible phenotypic adaptation
induced by the expression of variations in gene expression in
responses to stress [11], others have noted that these changes
after long exposure to antimicrobials are the result of the
selection of antimicrobial-resistant mutants with a stable
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phenotypic that cannot experience any reversibility
[9, 31]. Notwithstanding this divergence of views, it
is important to highlight that numerous investigations
carried out in both humans and animals show an increase
in resistance to antibiotics worldwide [12, 29, 32—-34].

Therefore, in addition to further investigations to shed
light on the exact mechanism of these changes, further
efforts must be made to research new antimicrobials
and reposition of existing drug to explore their potential
antimicrobial properties.

Table 3
Antibiotic susceptibility of uropathogens before and after successive passages in antibiotics and AgNPs
Strain Substance Inhibition zone in mm (variation rate in %)Sensitvity ®.1.S)
Exposure CAC CIP TE CTR IPM CAZ NIT TR
Initial 225 243 8R 258 27 238 225 68
Unexposed 22 (0)s 21 (-13)° 10 (25)% 22 (-12)8 27 (0)® 25 (9)° 21 (-5)% 6 (0)R
E coli Ampicillin_| 19 (=14 | 23 (=4)° 8 (OF 25 (0)° 26 (-4° | 18(-22° | 20(-9) 6 (OF
Cefazolin 16 (=27) | 21(-13)° 9 (13F 25 (0) 24 (-11)° | 16(=30) | 20(-9) 6 (O);
Kanamycin 17 (-23)! 25 (4)s 9 (13)R 26 (4)8 26 (-4)° 12 (-48)R 21 (=5)8 6 (O)R
AgNPs 20 (-9)° 23 (-4 | 24(200) 27 (8)° 25(=7)° | 19(=17)° | 19(-14) 6 (OF
Initial 16' 265 128 258 20 12R 218 68
Unexposed 17 (6)' 23(-12)s | 1407)% | 21(-16) | 26(=10)° | 14(17)R 20 (-5)¢ 6 (0)°
Ampicillin 16 (0)' 29 (12)° 18 (50) 24 (-4 28 (-3)¢ 13 (8)® 23 (10)° 6 (O)
S aureus 1T e zolin 6 (-63)F | 25(-4)° 15 (25) 6 (—76)7 29 (0)° 6 (—50)7 22 (5) 6 (O
Kanamycin | 11(=31)® | 16(-38) | 11(-8)5 | 19(-24) | 24(-17) 12 (O)R 20 (-5)° 6 (O)
AgNPs 12 (-25)R 26 (0)° 23(92)8 | 22(-12)s | 27 (-7)° 11(-8)F | 15(-29) 6 (O);
Initial 17' 328 15 228 318 17' 238 20s
Unexposed | 13 (=24 | 27 (-16)° 15 (0)' 22 (0)s 29 (-6)s | 15(-12) | 21(-9)% | 26(-10)
E faccalis |_Ampicilin | 12 (-29) | 27 (-16)° 15 (0)' 24 (9) 28 (-10)° | 13 (=24 | 21(-9) 27 (-7)
Cefazolin 6 (-65)% | 26(-19)° 16 (7) 15(-32) | 26(-16)° | 6(-65% | 19(-17)s | 24(-17)
Kanamycin | 6(=65F | 26(-19)° | 14(=7% | 14(-36) | 26(-16)° | 6 (-65F 22 (-4) 28 (-3)
AgNPs 12 (-29)R 25 (-22)° 16 (7)' 22 (0)° 25 (-19)8 12 (-29)/ 16 (-30)' 21 (-28)8
Initial 20s 208 218 288 278 20s 218 265
Unexposed | 23 (15)° 28 (=3 | 17(=19) | 22(-21) 27 (0)° 12 (408 | 16 (=24) 27 (4)°
St. Ampicillin 11 (-45)® 25 (-14)° 14 (-33)° 20 (-29)' 26 (-4)° 10 (-50)® 20 (-5)¢ 28 (8)°
agalactiae | Cefazolin 10 (=50)% | 22(=24)° | 14(=33F% | 20(=29) | 24(=11)° | 10(=50)% | 17 (=19) 27 (4)°
Kanamycin | 10(=50)% | 27 (=7)° 24(14)° | 24(=14)° | 26(=4)° | 10(=50)F | 17 (=19) 26 (0)
AgNPs 12 (<40R | 27 (=7)° 28(33)° | 24(=14)° | 30(11)° | 13(=35R | 19(-10° | 30(15F

Note: The results show the mean of 3 trials rounded to the unit. The standard deviation varied between 0,3 and 2,1. In bracket ()
the variation rate calculated by referring to the initial strain. The global variation in each bacterium was significant for P < 0,05.
R = Resistant, | = Intermediate, S = sensible, TE = tetracycline, CAZ = ceftazidime, CTR = ceftriaxone, CAC = ceftazidime/clavulanate,
TR = trimethoprim, CIP = ciprofloxacin, NIT = nitrofurantoin and IMP = imipenem.

Some bacteria exposed to antibiotics and AgNPs
produce more biofilm and planktonic bacteria than control
strains.

Biofilms are multicellular communities of microor-
ganisms held together by a self-produced extracellular
matrix and are known as a virulence factor and for their
involvement in certain pathologies such as catheter infec-
tion, cochlear implant infection, wound infection, cochlear
implant infection, central nervous system shunt infection,
chronic otitis media and pulmonary infection in cystic
fibrosis patient [35]. (Gebreyohannes et al., 2019). It is
well known that Bacteria that have adapted to the presence
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of antimicrobials or biocides agents may exhibit several
phenotypic alterations such as changes in growth rate and
biofilm formation [9]. In the present study, biofilm forma-
tion was assessed by crystal violet bacterial attachment
assay. Figures 1 and 2 respectively show the measurements
of the formation of biofilms and planktonic bacteria in the
4 bacteria used in this investigation as well as their analogs
having undergone passages in ampicillin, kanamycin,
cefazolin and silver nanoparticles (AgNPs). Compared to
the controls, the E. coli and St agalactiae strains exposed
to ampicillin and cefazolin produced more biofilms while
the E. coli passed in kanamycin and AgNPs produced
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less biofilms. In S. aureus, except for the strain passed in
ampicillin which produced more biofilms, no significant
variation was noted in the formation of biofilms of other
exposed strains and in their planktonic bacteria. In addition,
the E. faecalis strains exposed to AgNPs, Kanamycin and
ampicillin produced more biofilms and exhibited a greater
quantity of planktonic bacteria. Moreover E. coli passed
in kanamycin and E. faecalis and St. agalactiae passed
in cefazolin showed relatively low amounts of planktonic
bacteria compared to their respective controls. Referring
to the results on the susceptibility of strains to antibiotics,
contrary to the findings of some authors [1, 9, 36, 37],
in this study the increase in biofilm production does not
correlate with antibiotic resistance in E. coli and other
uropathogens. However, it is important to emphasize that
exposure to ampicillin induces a considerable increase in
biofilm production in all strains tested and this antibiotic
should be carefully monitored for its use to treat associated
biofilm diseases.

Several bacteria are found in a cluster different from
that of the parent strain after an ascending hierarchical

classification taking into account all the parameters
studied in this investigation.

Fig. 3 shows the ascending hierarchical classifica-
tion (AHC) of all strains having undergone exposure
to antibiotics or nanoparticles. This HCA was obtained
following a principal component analysis including
all the parameters evaluated in this study, namely the
inhibition diameter and their variation compared to the
parent strain, the biofilms formation, and planktonic
bacteria as well as their respective variations. As shown
in Figure 3, two large clusters were formed. The first
cluster (in blue) does not divide into several sub-clusters
and groups together bacteria that do not show very
significant variations. Thus, in the E. coli strain, except
those having been exposed to AgNPs, significant varia-
tions were not identified. For most of the other bacteria,
some were found in the sub-clusters of bacteria from
a completely different species and far from their control
strains, proof of the significant variations induced by
this long exposure to the antimicrobials used.

Fig.1. Biofilm formation in Uropathogenic bacteria exposed or not to antibiotics and silver nanoparticles. The data show the
mean absorbance (A450) of 12 trials, representative of biofilm formation evaluated by Crystal violet assay for each bacterium
after exposure or not to ampicillin (AMP), Cefazolin (CZ), Kanamycin (Ka) and Silver nanoparticles (AgNPs)
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Fig. 2. Planktonic bacteria in Uropathogenic strains before and after successive exposure to antibiotics and silver nanoparticles.
The data show the mean absorbance (A450) of 12 trials, representative of planktonic bacteria evaluated simultaneously with
biofilm assay for each bacterium after exposure or not to ampicillin (AMP), Cefazolin (CZ), Kanamycin (Ka)
and Silver nanoparticles (AgNPs)

Fig. 3. Dissimilarity of uropathogens long exposed or not to antibiotics and nanoparticles. The dendrogram was obtained after
a principal component analysis including the Spearman correlation test and considering the susceptibility to antibiotics, the
biofilm formation, the planktonic bacteria and the variations of the 3 above-mentioned parameters compared to the initial strains
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Conclusion

The growth of antibiotic resistance is a real danger
worldwide. It mainly occurs due to the overuse and
misuse of antibiotics. In this study we were able to
highlight the possibility of the acquisition of antibiotic
resistance in clinical isolates of uropathogens follow-
ing prolonged exposure to other antibiotics and silver
nanoparticles. In addition to the permanent monitoring
of the growth of antimicrobial resistance in each zone
in order to follow its evolution, permanent efforts must
be made to search for new antimicrobials, to reposition
the already existing molecules to exploit their antimi-
crobial properties and to study and better understand
specific resistance mechanisms. Finally, to prevent this
phenomenon from worsening, it is necessary that any
antibiotic prescription be preceded by an antibiogram
and that the antibiotics be used only when necessary.

Buénuorpaduuecknin cnucok/ References

1. Penesyan A, Paulsen IT, Gillings MR, Kjelleberg S,
Manefield MJ. Secondary Effects of Antibiotics on Microbial
Biofilms. Frontiers in Microbiology. 2020;11:2109. doi: 10.3389/
fmicb.2020.021009.

2. Joseph AMM, Jorelle AB, Sarra S, Podoprigora IV, Davares AK,
Ingrid NK, Carime BZ. Short review on the potential alternatives
to antibiotics in the era of antibiotic resistance. Journal of Applied
Pharmaceutical Science. 2021;12(1):029-040. doi: 10.7324/
JAPS.2021.120102.

3. Mbarga MJA. Podoprigora IV, Davares AKL, Esther N,
Senyagin AN. Urinary tract infections: Virulence factors, resistance to
antibiotics, and management of uropathogenic bacteria with medicinal
plants — A review. Journal of Applied Pharmaceutical Science.
2021;11(7):001-012. doi: 10.7324/JAPS.2021.110701.

4. Abraham SN, Miao Y. The nature of immune responses to
urinary tract infections. Nature Reviews Immunology. 2015; 15(10):
655. DOI: 10.1038/nri3887.

5. Gupta K, Hooton TM, Naber KG, Wullt B, Colgan R,
Miller LG. Soper DE. International clinical practice guidelines for the
treatment of acute uncomplicated cystitis and pyelonephritis in women:
a 2010 update by the Infectious Diseases Society of America and the
European Society for Microbiology and Infectious Diseases. Clinical
infectious diseases. 2011;52(5): e103-e120. doi: 10.1093/cid/ciq257.

6. Bader MS, Loeb M, Leto D, Brooks AA. Treatment of
urinary tract infections in the era of antimicrobial resistance and new
antimicrobial agents. Postgraduate Medicine. 2020;132(3):234-250.
doi: 10.1080/00325481.2019.1680052.

7. Karam MRA, Habibi M, Bouzari S. Urinary tract infection:
Pathogenicity, antibiotic resistance and development of effective
vaccines against Uropathogenic Escherichia coli. Molecular
immunology. 2019;108:56—67. doi: 10.1016/j.molimm.2019.02.007.

8. Lee DS, Lee SJ, Choe HS. Community-acquired urinary tract
infection by Escherichia coli in the era of antibiotic resistance. BioMed
research international. 2018;7656752. doi: 10.1155/2018/7656752.

400

9. Henly EL, Dowling JAR, Maingay JB, Lacey MM, Smith TJ,
Forbes S. Biocide exposure induces changes in susceptibility,
pathogenicity, and biofilm formation in uropathogenic Escherichia
coli. Antimicrobial agents and chemotherapy. 2019;63(3): e01892-18.
doi: 10.1128/AAC.01892-18.

10. Blanco P, Hjort K, Martinez JL, Andersson DI. Antimicrobial
Peptide Exposure Selects for Resistant and Fit Stenotrophomonas
maltophilia Mutants That Show Cross-Resistance to Antibiotics.
Msphere. 2020;5(5): e00717-20. doi: 10.1128/mSphere.00717-20.

11. Allen MJ, White GF, Morby AP. The response of Escherichia
coli to exposure to the biocide polyhexamethylene biguanide.
Microbiology. 2006;152((Pt 4):989-1000. doi: 10.1099/mic.0.28643-0.

12. Mbarga MJA, Smolyakova LA, Podoprigora I'V, Evaluation of
Apparent Microflora and Study of Antibiotic Resistance of Coliforms
Isolated from the Shells of Poultry Eggs in Moscow-Russia. Journal of
Advances in Microbiology. 2020;20(4):70-77. doi: 10.9734/jamb/2020/
v20i430242.

13. NCCLs: Clinical & Laboratory Standards Institute. Control
methods. Biological and micro-biological factors: Determination
of the sensitivity of microorganisms to antibacterial drugs. Federal
Center for Sanitary and Epidemiological Surveillance of Ministry of
Health of Russia. 2019.

14. Veiga A, Maria da Graga TT, Rossa LS, Mengarda M.,
Stofella NC, Oliveira LJ, ... Murakami FS. Colorimetric microdilution
assay: validation of a standard method for determination of MIC,
IC50 %, and IC90 % of antimicrobial compounds. Journal of
microbiological methods. 2019;162: 50-61. doi: 10.1016/j.
mimet.2019.05.003.

15. Manga MJA, Podoprigora IV, Volina EG, Ermolaev AV,
Smolyakova LA. Evaluation of changes induced in the probiotic
Escherichia coli M17 following recurrent exposure to antimicrobials.
Journal of Pharmaceutical Research International. 2021;33(29B):158—
167. doi: 10.9734/jpri/2021/v33i29B3160.

16. Arsene MM, Podoprigora IV, Grigorievna VE, Davares AK,
Sergeevna DM, Nikolaevna SI. Prolonged exposure to antimicrobials
induces changes in susceptibility to antibiotics, biofilm formation
and pathogenicity in staphylococcus aureus. J. Pharm. Res. Int.
2022;33(34B):140-151. doi: 10.9734/JPR1/2021/v33i34B31856.

17. Joshi S. Hospital antibiogram: a necessity. Indian journal of
medical microbiology. 2010;28(4):277. doi: 10.4103/0255-0857.71802.

18. Arsene, M. M., Viktorovna, P. 1., Alla, M. V., Mariya, M.A.,
Sergei, G.V., Cesar, E., ... & Olga, P.V. Optimization of Ethanolic
Extraction of Enantia chloranta Bark, Phytochemical Composition,
Green Synthesis of Silver Nanoparticles, and Antimicrobial Activity.
Fermentation. 2022; 8(10): 530. doi: 10.3390/fermentation8100530.

19. Arsene, M. M., Viktorovna, P. L., Sergei, G.V., Hajjar, F,,
Vyacheslavovna, Y. N., Vladimirovna, Z.A., ... & Sachivkina,
N. Phytochemical Analysis, Antibacterial and Antibiofilm Activities
of Aloe vera Aqueous Extract against Selected Resistant Gram-
Negative Bacteria Involved in Urinary Tract Infections. Fermentation.
2022;8(11): 626. doi: 10.3390/fermentation8110626.

20. Windels EM, Van den Bergh B, Michiels J. Bacteria under
antibiotic attack: Different strategies for evolutionary adaptation. PLoS
pathogens. 2020;16(5): e1008431. doi: 10.1371/journal.ppat.1008431.

21. Leonard A, Mohlis K, Schliiter R, Taylor E, Lalk M,
Methling K. Exploring metabolic adaptation of Streptococcus
pneumoniae to antibiotics. The Journal of antibiotics. 2020;73(7):441—
454. doi: 10.1038/541429-020-0296-3.

22. Akhova AV, Tkachenko AG. Multifaceted role of polyamines
in bacterial adaptation to antibiotic-mediated oxidative stress. The
Microbiological Society of Korea. 2020;56(2):103-110. doi: 10.7845/
kjm.2020.0013.

MNKPOBWMOSI0T A



Mbarga MJA et al. RUDN Journal of Medicine. 2023;27(3)

23. Paun VI, Lavin P, Chifiriuc MC, Purcarea C. First report on
antibiotic resistance and antimicrobial activity of bacterial isolates
from 13,000-year old cave ice core. Scientific reports. 2021;11(1):1-15.
doi: 10.1038/s41598-020-79754-5.

24. Devanesan S, Ponmurugan K, AlSalhi MS, Al-
Dhabi NA. Cytotoxic and antimicrobial efficacy of silver nanoparticles
synthesized using a traditional phytoproduct, asafoetida gum.
International Journal of Nanomedicine. 2020;15:4351. doi: 10.2147/
IJN.S258319.

25. Loo YY, Rukayadi Y, Nor-Khaizura MAR, Kuan CH,
Chieng BW, Nishibuchi M, Radu S. In vitro antimicrobial activity of
green synthesized silver nanoparticles against selected gram-negative
foodborne pathogens. Frontiers in microbiology. 2018;9:1555.
doi: 10.3389/fmicb.2018.01555.

26. Adamus-Biatek W, Wawszczak M, Arabski M, Majchrzak M,
Gulba M, Jarych D, Gtuszek S. Ciprofloxacin, amoxicillin, and
aminoglycosides stimulate genetic and phenotypic changes in
uropathogenic Escherichia coli strains. Virulence. 2019;10(1):260-276.
doi: 10.1080/21505594.2019.1596507.

27. Garcia Rivera MA. Antibiotic uptake in Pseudomonas
aeruginosa and its consequences on the metabolome (Doctoral
dissertation, Hannover: Institutionelles Repositorium der Leibniz
Universitat Hannover); 2021. doi: 10.15488/10509.

28. Naveed M. Chaudhry Z, Bukhari SA, Meer B,
Ashraf H. Antibiotics resistance mechanism. In: Antibiotics and
Antimicrobial Resistance Genes in the Environment. Elsevier. 2020.
p.292-312. doi: 10.1016/j.crmicr.2021.100027.

29. Papkou A, Hedge J, Kapel N, Young B, MacLean RC. Efflux
pump activity potentiates the evolution of antibiotic resistance across S.
aureus isolates. Nature communications. 2020;11(1):1-15. doi: 10.1038/
s41467-020-17735-y.

30. Green AT, Moniruzzaman M, Cooper CJ, Walker JK, Smith JC,
Parks JM, Zgurskaya HI. Discovery of multidrug efflux pump
inhibitors with a novel chemical scaffold. Biochimica et Biophysica

Acta (BBA)-General Subjects. 2020;1864(6):129546. doi: 10.1016/j.
bbagen.2020.129546.

31. Pokludova L, Pratova H. Wider Context of Antimicrobial
Resistance, Including Molecular Biology Perspective and Implications
for Clinical Practice. In: Pokludova L., editor. Antimicrobials in
Livestock 1: Regulation, Science, Practice. Cham: Springer; 2020. p.
233-279. doi: 10.1007/978-3-030-46721-0_9.

32. WHO. New report calls for urgent action to avert antimicrobial
resistance crisis. https://www.who.int/news/item/29-04—2019-new-
report-calls-for-urgent-action-to-avert-antimicrobial-resistance-crisis.
2019. Accessed 2021 January 28.

33. Banin E, Hughes D, Kuipers OP. Bacterial pathogens,
antibiotics and antibiotic resistance. FEMS microbiology reviews.
2017;41(3):450-452. doi: 10.1093/femsre/fux016.

34. Saracino IM., Fiorini G, Zullo A, Pavoni M, Saccomanno L,
Vaira D. Trends in primary antibiotic resistance in H. pylori strains
isolated in Italy between 2009 and 2019. Antibiotics. 2020;9(1):26.
doi: 10.3390/antibiotics9010026.

35. Gebreyohannes G, Nyerere A, Bii C, Sbhatu DB. Challenges
of intervention, treatment, and antibiotic resistance of biofilm-
forming microorganisms. Heliyon. 2019;5(8): e02192. doi: 10.1016/j.
heliyon.2019.e02192.

36. Behzadi P, Urbéan E, Gajdacs M. Association between biofilm-
production and antibiotic resistance in uropathogenic Escherichia
coli (UPEC): an in vitro study. Diseases. 2020;8(2):17. doi: 10.3390/
diseases8020017.

37. Katongole P, Nalubega F, Florence NC, Asiimwe B,
Andia I. Biofilm formation, antimicrobial susceptibility and virulence
genes of Uropathogenic Escherichia coli isolated from clinical isolates
in Uganda. BMC Infectious Diseases. 2020;20(1):1-6. doi: 10.1186/
s13756-016-0109-4.

BnusiHne AnnTeNbHOro BO34eNCTBUS CYOMHIM6MpPYIOLWUX 03

aHTMOUOTUKOB U HaHoO4YaCcTUL cepe6pa Ha yponaToreHHble 6aKTepm4

M.J.A. Mb6apra @, P. Mapy¢ ', 1.B. ITogonipuropa ~, K.JI.JI. AHloTyny —,

10.B. Yanypun , 1.H. IllapoBa

"MeuLHCKUR HHCTUTYT, Poccuiickuii yHUBepcuTeT npy»k0Obl Hapo#oB, Mockea, Poccutickas @edepayus
< josepharsenembarga@yahoo.fr

AnHoTauusa. AkmyaabHocmb. B TiocieiHye rofibl Bce Oosiee HepaLMOHAIBHOE HUCTI0/Ib30BaHNE AaHTUOUOTUKOB MPUBEJIO
K rotepe ux 3¢ dekTuBHOCTU. L]enb uccnedosarus. Hacrosiiee ucciefoBaHye ObIIO HATIpaB/IeHO Ha U3yUYeHHe U3MeHeHHH,
TIPOUCXO/SIINX Y YPOIIaTOreHHBIX OaKTepHii 1oc/ie A/IMTeNLHOTO BO3/1eHCTBYS TPOTHUBOMUKPOOHLIX TIperiapatoB. Mamepu-
anbl U MemoObl. Mbl OLIEHWTH BJIUSIHYE JIJTUTEIHOTO BO3JeMCTBUS aMIMLIW/UIMHA, eda3o/inHa, KaHAMULIMHA ¥ HAHOYACTHL]
cepebpa (AgNP) Ha yyBCTBUTE/LHOCTD K JPYTUM aHTUOMOTHKAM, 0Opa3oBaHre OHOTIJIEHOK U T/IaHKTOHHBIE OakTepun y 4
K/IMHAYeCKHUX YPOIIaTOreHHBIX IITAMMOB, @ UMeHHO Escherichia coli (UPEC), Staphylococcus aureus, Enterococcus faecalis
u Streptococcus agalactiae. MuHuMasbHble UHTHOUpYtoIue KoHLeHTpauuu (MUK) ornpezessiii ¢ UCTIO/Tb30BaHUEM MeTO/a
MUKpOpa3BeJleHi Ha MUKPOTUIaHIIeTaxX, ¥ 0aKTepUU MojBepraiy BO3elCTBUI0 YBeTMUUBAIOIUXCS KOHIIEHTPAIUH KaXKA0ro
MIPOTUBOMUKPOOHOTO mpenapata (ot MUK/2 no MUK) B Teuenue 8 aHeil. UyBCTBUTENBHOCTb OAKTepHl K aHTUOMOTHKAM
OLIEHMBAJIM C UCTIOTB30BaHUEM METO/ia IUCKOBOU nubdy3un Kupbu-bayspa, a 06pa3oBaHue GHOTIEHKH OLIEHUBA/IN C TOMOILLIBHO
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aHa/M3a NpUKpervieHnst 6akTeprii KpUCTa/UTNUeCKUM (hrioneToBeIM. Pe3yabmambl u ob6cyscdeHue. B pesynsrare Bo3ZelCTBHE
amnuIyuTMHa caenanno E. faecalis ycroiumBeiM K niedtasuaumy, a St agalactiae — K TeTpalyK/INHY, riedTasuuMy/KiaBy/laHaTy
u uedTazugumy. [Tocse Bo3elicTBYs 11ea30/1MHOM Hab/II0[aI0Ch 3HAUMTETbHOE CHIDKEHUE UYBCTBUTENTBLHOCTH E. coli K 1ed-
Ta3uIUMYy/K/1aBy/laHaTy U 1iedTasuumy, B TO BpeMs Kak S. aureus ipuobpeTana yCTOMUMBOCTS K 1iepTasuiuMy/KiaByiaHary,
LedTazuauMy U 1ieTpUaKCoHy. AHAJIOTMYHbIe Bapyaluu Habmoganuce y St. agalactiae v E. faecalis, koTopble B 10TIO/THEHUE
K TPEM BBILLIEYTIOMSIHY TBIM aHTUOMOTHKAM CTa/Ii YCTOMYMBBIMY K TeTpalMKIMHYy. Harbosiee 3HaunTe/TbHBIE U3MEHEHHs! B UYBCTBH-
TeJILHOCTH K aHTHOMOTHKAM HabMIoanich Mocsie BO3AedCTBYS KaHaMULIMHA: ¥ E. coli pa3Bu/iach yCTOMYHUBOCTD K LedTazugumMy
Y CHIKEHME UyBCTBUTE/IbHOCTH ObIIO OTMEUeHO K 1iedra3uiuMy/KiaBy/iaHaTy, B TO Bpemsi Kak S. aureus, E. faecalis u St agalactiae
BCe 3 CTa/M YCTOMYMBBEIMHU K e Ta3uauMy/KnaBynaHat v nedrasuanm. Kpome toro, 3a uckmoueHueM E. coli, Bce 6akreprn
B 3TOM MCCJIeIOBaHUM, TIOABEPTIINECS T0CIeA0BaTe/IbHbIM naccaxkaMm B AgNP, BbipaboTanu yCTOHYUBOCTD K LiehTasuaumy/
KJIaBy/aHaty v LedTa3uaumy. bakrepuu, noziBepriivecs: BO3eMCTBHIO0 aMITULIM/ITMHA U Ljeda30/I1MHa, IPOAYLMPOBaIu Ooblie
O1OTIIEHOK, YeM UX COOTBETCTBYHOLIME KOHTPOU. Bbigoob!. [IutensHoe Bo3aelcTBHe aHTHOMOTHKOB U AgNP Ha yporaToreHsl
BbI3bIBAET 3HAUMTE/IbHBIE U3MEHEHHS B UYBCTBUTEIBHOCTU K JPYTUM aHTHOMOTHKaM U 06pa3oBaHHe OUOTIIEHOK.
K/iroueBble €JI0Ba: [I/TUTE/TbHOE BO3/EMCTBUE, aHTUOMOTHKY, HAHOUYACTULIbI cepebpa, OUOT/IeHKa, ajlarTaryst

Hudopmanus o GuHAHCHPOBAHUH. ABTODHI 3asiB/ISIIOT 06 OTCYTCTBUM BHELIHEro (pUHAHCHPOBaHUSI.

Bkuag aBropoB: M6apra M.[I.A. — KOHLIEMIIYs 1 [iU3aiiH UCCIIeIoBaHuUs, 0030p JUTepaTypbl, 06paboTKa JaHHbIX, cOop 1 06paboTka
MarepuasoB; [Togonpuropa 11.B. — odopmnenue uccriefoBanus, Harucanue Tekcta; AHoTyny KJLJ. u Mapyd P. — koHuenius
nccieoBaHys, 00paboTka JaHHBIX, cOop M 00paboTka Matepuanos; Yanypus FO.B. u [llapoBa U.H. — cratrcTrueckasi o6paboTka
[AHHBIX, HAaMMMCaHKe TeKCTa. Bce aBTOPbI BHEC/IM 3HAUMTE/TbHBIM BKJIa/| B Pa3pab0TKy KOHLEMLUH, UCC/Ie0BAHUS U TIOATOTOBKY
PYKOITUCH, TIDOUHTAIU U YTBEPAUIM OKOHUATETbHYIO BEPCHIO repes| myOmiKaLuen.

HNudopmanys o KOHQUIMKTe HHTePeCcoB. ABTOPHI 3asiB/ISTIOT 00 OTCYTCTBUM KOH(IMKTa HHTEPECOB.

JTuuyeckKoe yTBepiKJeHue — He[IPUMEHUMO.
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