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POSSIBILITIES OF APPLYING PHYSIOTHERAPEUTIC TREATMENT METHODS
FOR THE PURPOSE OF PREVENTION OF RESTRICTIONAL DISORDERS
OF EXTERNAL RESPIRATORY IN PATIENTS AFTER BREAST ENDOPROSTHETICS
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Abstract. Introduction. Implantation of foreign silicone implants during breast replacement is accompanied by structural and
functional changes in the surrounding tissues. Developing chronic inflammation, fibrosis, severe pain and the compression
effect of the implant lead to severe restrictive disorders of external respiration functions, reducing the patient’s quality of life in
the postoperative period. One of the possible ways to solve this problem is to use an electromagnetic field with a frequency of
448 kHz. Purpose of the study: to evaluate the effectiveness of physiotherapeutic methods of influence as methods for the
prevention of restrictive disorders of external respiration in patients after breast replacement. Materials and methods. The
study is based on the results of a survey of 89 females who underwent breast replacement with silicone implants. All women
were divided into 4 groups, taking into account the approach to the use of physiotherapy. The study assessed respiratory
rate, vital capacity, forced vital capacity, formed expiratory volume in the first second, and peak expiratory volumetric flow
rate. Results. It was found that all patients in the early postoperative period had impairment of external respiratory function
by an average of 30% of the reference values. The combined use of electrophysiological effects and botulinum toxin made
it possible to reduce the frequency of identified respiratory system disorders. By the 7th day of treatment, the frequency of
shortness of breath, as well as the magnitude of the deviation from the norm of vital capacity of the lungs, forced vital capacity
of the lungs and forced expiratory volume were less, respectively, by 12.3 times, 6.4 times, 8.7 times. 8.1 times compared
to control. Conclusion. A set of preventive measures, including electrophysiological therapy, can significantly increase the
efficiency of restoration of external respiratory functions in patients after breast replacement in the first week after surgery.

Key words: breast replacement; external respiration disorders; spirometry; botulinum toxin; electrophysiological effects.
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Pe3tome. BeedeHue. VimnnaHTawumus MHOPOAHbIX CUIIMKOHOBbIX MMMIAHTOB BO BPEMSI SHAOMNPOTE3MPOBAHNS MOMOYHbIX
KEnes conpoBoXAaeTcs CTPYKTYPHLIMU W DYHKLMOHATBHBIMU U3MEHEHUSIMI OKPYKaoLWMX TKaHel. PasBuBaloLieecs
XPOHWYeckoe Bocnanexune, pubpos, BoipaxeHHbIM 601EBON CUHAPOM M KOMIPECCMOHHOE BO34ENCTBME UMNNaHTa
NPUBOAMT K BbIPaXX€HHbIM PECTPUKTUBHBIM HaPYLIEHUAM (DYHKLMIA BHELIHEro AblXaHMS, CHUXAIOLLMM Ka4eCTBO XKU3HU
nayyneHTkn B nocneonepawlmoHHom nepuoge. OAHUM M3 BO3MOXHbIX MyTelt pelueHns 4aHHoM npobnemsl sBnseTcs
NpUMEHEHNE SNEKTPOMArHMTHOro nons ¢ yactotoit 448 k'L, Yenb uccnedogarHus — oLueHUTb 3PHEKTUBHOCTD
hum3noTEepaneBTUYECKNX METOAMK BO3LENCTBUSA B Ka4eCTBe METOA0B NPOMUNAKTUKN PECTPUKTUBHBIX HAPYLLEHWI
BHELUHEro AblXaHus y NaLuWeHTOK Nocne 3HA0NPOTEe3MPOBaHNS MOMOYHbIX Xene3. Mamepuanbi u memodsl. Wc-
cnefoBaH1e 0CHOBaHO Ha pesynbratax obcnenoBaHns 89 nuL XeHCKOro nona, NepeHecLUnxX 3HA0NPOTe3npoBaHue
MOJIOYHbIX Xenes CUIMKOHOBbIMY MMNNaHTaMun. Bee XeHLWwmHbI 6binu pasgeneHsl Ha 4 rpynnbl ¢ y4€TOM NOAXoAa K
NCnonb30BaHWo U3MoTepaneBTUYECKOro METOAA BO3AENCTBISA. B Xoge uccnefosanus oueHnBanacs 4actora fbl-
XaHW$, XXM3HEHHas eMKOCTb Nerkux, PopcMpoBaHHas XnU3HeHHast EMKOCTb nerkux, 06bem opcUpoBaHHOrO BblgoXa
3a nepByto CeKyHAy, MKkoBas 06beMHas CKOPOCTb BblAoXa. Pe3ynbmambl. YCTaHOBIIEHO, YTO Y BCEX NALMEHTOK
B paHHeM nocreonepalnoHHOM Nepuoae 0TMEeYanoch HapyLweHne QyHKLMUIA BHELWHEro AblXxaHWNs B CPEAHEM Ha
30% oT pechepeHCHbIX 3HaveHun. KombuHMpoBaHHOE NCMNOMNb30BaHME 3NEeKTPON3NMONOTMYECKOrO BO3AENCTBUSA U
DOTYNOTOKCMHA NO3BONNIO CHU3WTL YACTOTY BbISIBMIEHHbIX HAPYLLIEHWIA AbIXaTenbHOM cucTeMbl. K cegbMbiM CyTkam
NeYeHns YacToTa OAbILLKM, a TaKXe BENUYMHA OTKMNOHEHNS OT HOPMbI XU3HEHHO EMKOCTM NEerkunx, popcMpoBaHHOM
XM3HEHHOM eMKOCTM Nerknx n obbema hopCcMpoBaHHOrO Bbig0Xa OKa3anuch MeHbLUe, COOTBETCTBEHHO, B 12,3 pasa,
B 6,4 pa3a, B 8,7 pa3a u B 8,1 pasa no cpaBHEHMIO C KOHTPONEM. 3akrodeHue. Komnnekc npogunaktTnieckmnx me-
POMPUSATWIA, BKITHOYAKOLLWA SNIEKTPOPU3MONOTMYECKYI0 Tepaniuio, NO3BOMSET AOCTOBEPHO NOBLICUTL 3P DEKTUBHOCTD
BOCCTaAHOBEHUS (PYHKLMIA BHELLIHErO AblXaHWUs Y NaLWeHTOK Nocne 3HL0NPOTe3NPOBaHMS MOMOYHbIX XENE3 B NEPBYH

HeZenio nocne onepawuu.

KnioueBble cnoBa: QHAOONPOTE3NPOBAHNE MOJIOYHbIX Xefe3; HapyLeHNA BHELWHEro AbiXxaHns; CMPOMETPNSA;

60TyJ'IOTOKCVIH; SJ'IeKTpO(*)I/I3I/IOJ'IOFW-IeCKO€ BO3JENCTBME.

INTRODUCTION

At present, breast replacement is one of the most de-
manded surgical interventions in aesthetic medicine [6]. An-
nually, no less than 100.000 surgeries with silicone implant
use are performed in plastic surgery clinics not only in Rus-
sia but abroad as well, and these data do not tend to decline
but steadily grow [4].

Breast enlargement and change of its structure is
gained by the use of implant mostly on the hydro-gel

silicone basis [8]. Installation of the latter in the chest re-
sults in a number of possible physiological and functional
changes often leading to pathological conditions, e.g.
pneumonitis. V.S. Paredes et.al have demonstrated by
their study (2010) that approximately in one third of all
women who underwent breast replacement with silicone
implants infiltrates in the parenchymatous tissue of the
lung were identified within the 1st week after the surgery
[10]. At the same time, there was a chronic inflammatory
process in the tissues surrounding the foreign implant,
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which was a normal body response. This provides silicone
fibrous encapsulation and pulmonary tissue fibrosis with
participation of macrophages, T-cells as well as active B-
lymphocytes [1, 7].

Pain syndrome, an expected surgical intervention ef-
fect, is one of the most significant problems in mammary
gland endoprosthetics. Trauma of anatomical structures, as
well as excessive overstretching of tissues cause constant
pain impulsation development which may persist for several
years following the surgery [11]. This results in emotional
health deterioration and lowed satisfaction from breast im-
plantation.

Abnormal changes of the soft tissues surrounding sili-
cone implant as well as of the lung parenchyma combined
with surgical interventions in the region of the thorax lead
to marked restrictive impairment of external respiration func-
tions [9]. Moreover, compressing effect of a foreign body in
the region of the chest initiates these changes leading to
new chains of pathogenesis developing with the latter joining
to vicious circles. Numerous findings of spirographic studies
of females after breast implantation show significant reduc-
tion in all available external respiration data [3]. Absence of
possibility to ventilate the lungs properly lowers quality of life
in both the early and the late postoperative period [2].

One of the possible ways of accelerated arresting of
tissue inflammatory changes and pain syndrome follo-
wing the mammary gland endoprosthetics is the use of
an electromagnetic field with a frequency of 448 kHz that
activates ion exchange due to which natural cell regenera-
tion processes are effected more efficiently. Such physio-
therapeutic equipment makes electric potential of the cell
membrane restored in the postoperative period, activates
collagen production; improves microcirculation and tissue
trophicity, produces antiedematous effect, promotes hema-
toma reorganization and stem cells proliferation as well [5].
Noted properties are of particular interest considering their
use to prevent restrictive impairment of external respiration
in patients after breast endoprosthetics.

OBJECTIVE OF THE STUDY

To evaluate the effectiveness of physiotherapeutic me-
thods of influence as methods for the prevention of restric-
tive disorders of external respiration in female patients fol-
lowing breast replacement.

MATERIALS AND METHODS

An open, randomized, mono-centered and prospective
study has been carried out to evaluate the possibility of the
use of physiotherapeutic methods as preventive measures

of external respiration restrictive impairment after mammary
gland endoprosthetics. The work is based on the findings of
89 implantations with the silicone implants use performed
in the Plastic Surgery Unit of the “Relax Med Service” clinic
in Samarkand, the republic of Uzbekistan for the period of
2021-2023.

Female patients were involved into the study according
to the following criteria: aged 25-50, the presence of clini-
cally meaningful hypomastia, asymmetry of the mammary
glands, no earlier surgeries in the regions of the chest and
breast, patient’s voluntary consent to be involved in the
study on the assessment of postoperative rehabilitation
measures effectiveness.

Female patients were not involved under the following
conditions: the age under 25 and over 50 years, some
chronic diseases as well as their acute stage, CAD, ob-
structive lung disease, respiratory failure of any degree,
skin infectious and non-infectious diseases in the region of
the chest, hyper and hypocoagulation, HIV, previous hepa-
titis B, C, tuberculosis, any gestational age, lactation, car-
diac pacemaker, thrombophlebitis, refusal to be involved in
the study on the assessment of postoperative rehabilitation
measures effectiveness.

All the patients were divided into four groups considering
pre- and postoperative management: botulinum toxin type A
injection into the musculus pectoralis major 14 days before
endoprosthetics (n=23), botulinum toxin type A injectioon
into the musculus pectoralis major 14 days before endo-
prosthetics with the postoperative 1 week physiotherapeu-
tic treatment with the help of the INDIBA apparatus (n=24),
0.9% saline solution injection into the musculus pectoralis
major 14 days before endoprosthetics with the postopera-
tive 1 week physiotherapeutic treatment with the INDIBA
apparatus (n=22), 0.9% saline solution injection into the
musculus pectoralis major 14 days before endoprosthetics
(control, n=20).

The botulinum toxin type A “Botox” in the dose of
100 units was injected bilaterally in concentration 1 to 25
in 10 symbolic muscular sectors presented in Figure 1. The
amount of the preparation administered into one spot did
not exceed 2.5 ml, 0.9% saline solution was injected simi-
larly.

Electrophysiological therapy of the chest region was
conducted by means of the INDIBA active 801 apparatus
(Spain). The procedure of radiofrequency cellular electro-
therapy was performed with a frequency of 448 kHz in ca-
pacity regime within 15 minutes daily during the 1% weak
after the surgery.

The assessment of external respiration was carried out
by determining spirometry findings a day before breast en-
doprosthetics and on the 1%t and the 7" day following the
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operation. Instrumental investigation was conducted with
the help of microprocessor portable spirograph SMP-21/01-
R-D (Scientific and Production Enterprise “Monitor”, Rus-
sia). Registration and analysis of dynamic findings of the
vital capacity of the lung (VCL), forced vital lung capacity
(FVLC), forced expiratory volume in the 1%t second (FEV,),
peak expiratory flow rate (PEFR) were performed accor-
ding to recommendations of the Russian Respiratory So-
ciety.

Statistic processing of the study data used common
methods of variation statistics. To assess the significance of
differences student’s t-test was used. The belonging of the
samples to the normal distribution was determined using
the Kolmogorov—Smirnov criterion. An alternative hypo-
thesis was accepted at p <0.05.

STUDY RESULTS AND THEIR DISCUSSION

While analyzing parameters of external respiration
and spirograms of 89 females it was identified that mam-
mary gland endoprosthetics with silicone implants caused
tachypnea developing in 59.5% of observed cases in the
first day after the trauma. By the second day, the analyzed
parameter reduced in up to 40.4% of cases (32 patients)
and reached its minimum by the end of the week in 9 pa-
tients or 10.1% of observed cases.

Analysis of VCL, FVLC, FEV, and PEFR parameters
in all patients on the 1%t day after breast implantation

4

514
s|7]6 2—:
10[9 I
‘ \ "
Cocok Apeona
Nipple Areola
Fig. 1.
Puc. 1.

showed their significant reduction, correspondently by
26.8, 31.1, 29.2 and 25.3% (p <0.05). During the next
week, follow-up disorders became less prominent. As-
sessed parameters reduced only by 8.9, 11.2, 7.4, and
13.2% (p >0.05) (Table 1).

In-depth analysis of the presented in Table 1 data makes
it possible to conclude that decrease of respiratory volume
and external respiration parameters taken within the first
24 hours after breast replacement is due to restrictive dis-
orders characterized by severe pain syndrome and limited
chest excursion because of the silicone implant.

The findings of assessment of external respiration and
spirogram parameters in four patients’ groups divided ac-
cording to the way of arresting pathological conditions
progressing following breast endoprosthetics are given in
Table 2.

Examination findings presented in Table 2 testify that
within first 24 hours after the surgery on aesthetic mammary
gland endoprosthetics in the group of patients who were pre-
liminary administered botulinum toxin type A dyspnea was
recorded in 31.2% of cases. At the same time VLC, FVLC,
FEV, and PEFR reduced by minimum 30% compared to their
values before the surgery in 34.1, 22.8, 33.2 and 12.1% of
observed cases. By the 71" day of follow up the noted para-
meters were found to be restored compared to the first day of
postoperative period by 150-200% (p <0.05).

When a combination of botulinum toxin type A with
a course of physiotherapeutic treatment INDIBA is

lpyaHas mMbllya
Pectoral muscle

Scheme of injection of botulinum toxin type A and saline solution into the musculus pectoralis major
CxeMa MHbeKLMOHHOro BBeAeHUs 6oTynoTokcuHa Tuna A u 0,9% Hatpus xnopuaa B musculus pectoralis major
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Table 1
Spirometry parameters in the first week after breast replacement
Tabnuya 1
MapameTpbl cAMpOMETPUK B NEPBYHO HEAENHO Nochne 3HAONPOTE3UPOBaHMA MOJSIOYHbIX Xerne3
BenuumHa aHanusupyembix napameTpos B rpynne /
The value of the analyzed parameters in the group
AHanuaupyemble napameTpb! / o
; CPOK, CyT / umncno HabnoaeHui (%) /
Studied parameters duration cpearee, Mtm / number of observations (%)
' average, M+m
days B Hopme / normal BHE HOpMbI / not normal
YacToTa abixaHus, 11/ Respiration rate, | 1 23,3124 36 (40,5) 53 (59,5)
7 18,4+2,5 80 (89,9) 9(10,1)
XKu3HeHHas eMKoCTb nerkux, n/ 1 74,2+6,2 37 (41,6) 52 (58,4)
Vital capacity of the lungs, | 7 831478 64 (72,0) 25 (28.0)
®dopcrpoBaHHas Xn3HeHHast EMKOCTb Nerkux, 1/ 1 79,4+6,6 35(39,3) 54 (60,7)
Forced life lung capacity, | 7 851473 66 (74.1) 25,9 (3,5)
06beM hopcnpoBaHHOrO Bblgoxa, 11/ 1 65,1+5,1 40 (44,9) 49 (55,1)
Forced volume exhalation, | 7 714463 72 (80,8) 17 (19,2)
MukoBas 06bemMHas hopcupoBaHHas CKOPOCTb 1 76,8+8,2 70 (78,7) 19 (21,3)
Bblgoxa, n/c /
Peak volumetric forced expiratory flow, I/s ! 80,26,3 8191.1) 8(8.9)
Table 2
Respiratory system examination results after breast replacement
Tabnuua 2
PesynbTaThl 06cnenoBaHus gbixaTesisHOM CUCTEMbI NOCHE SHAONPOTE3NPOBAHUA MOMOYHbIX Xere3
YacToTa BbisiBneHuns HapyleHni, % / Frequency of detection of violations, %
NWUKOBOW 06BEMHO
; ; obbema y
Cpok, ¢yt / Mogrpynna / KU3HEHHOM (hopcrpoBaHHOM hopcrpoBaHHON
: y thopcupoBaHHOro
Duration, days Subgroup OObIWKA /| eMKOCTW Nnerkux / KI3HEHHOM BLIIOXE | CKOpOCTK Bblgoxa /
dyspnea vital capacity €MKOCTU nerkux / oX: peak forced
. .| forced expiratory )
of the lungs forced vital capacity expiratory
volume .
volumetric flow rate
1 1 31,2 34,1 228 33,2 12,1
2 35,4 32,2 245 31,2 13,6
3 433 471 46,4 37,5 24,8
4 96,4 98,1 96,1 100 34,5
7 1 18,4 16,8 18,4 211 0
2 1,5 2,6 21 2,6 0
3 23,1 26,3 215 19,4 0
4 54,3 438 414 375 0
pwmexagy 1u2/ 1-e cyT >0,05 >0,05 >0,05 >0,05 >0,05
p between 1 and 2 7-e oyt <0,01 <0,05 <0,01 <0,05 0
pwmexagy 1und/ 1-e cyT <0,01 <0,01 <0,01 <0,01 >0,05
p between 1 and 2 7-e oyt <0,05 <0,05 <0,05 50,05 0
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used the prevalence of identified expiratory respiration
function disorders differed from the value of the corre-
sponding parameters in the first group not more than
by 8-14% (p>0.05). By the end of the week the preva-
lence of dyspnea, VLC, FVLC, FEV, turned out to be less
by 12.3 times (p <0.05), 6.4 times (p <0.05), 8.7 times
(p <0.05), 8.1 times (p <0.05) correspondingly compared
to the findings of the group where patients received only
botulinum toxin type A.

In the control group at both points of examination in
most clinical cases, impaired external respiration functions
were marked. On the first day of the postoperative period
the frequency of dyspnea as well as parameters of VLC,
FVLC, FEV, and PEFR were minimum 30% below the
normal level correspondingly in 96.4, 98.1, 96.1, 100 and
34.5% of cases. On the seventh day of the examination, the
frequency of mentioned impairments decreased almost by
half, but had significant statistical differences with the first
and second study groups data where botulinum toxin type
A was combined with physiotherapeutic treatment INDIBA.

External respiration and spirogram parameters findings
in the third group that received isolated physiotherapeutic
therapy with INDIBA apparatus were analyzed separately
(Table 3).

Spirograms results given in Table 3 show that within the
whole course of physiotherapy the respiration frequency
tended to decrease till 19 per minute compared to 22 per
minute recorded in the group where patients received pla-
cebo (p >0.05). After seven days of electrophysiological

exposure VLC, FEV, and PEFR parameters turned out
to be higher than control only by 5, 4 and 5% respective-
ly (p >0.05). Considering data received on the basis of a
profound calculation with the use of student’s t-test none
statistically significant differences in spirogram parameter
values in the postoperative period after endoprosthetics of
the breast taking into consideration electrophysiological ef-
fect were revealed. One may conclude about the absence
of a proven effect of the isolated use of INDIBA apparatus
on external respiration function in the postoperative period
in our follow-up groups.

CONCLUSIONS

1. Breast endoprosthetics is accompanied by marked re-
strictive disorders of patients’ external respiratory functions
such as reduction of vital lung capacity, forced vital lung
capacity, forced expiratory volume in the 1%t second and
peak expiratory flow rate. The above mentioned spirometry
parameters changes reached their peak in the first week
following the aesthetic surgery.

2. Isolated physiotherapeutic treatment with INDIBA ap-
paratus did not produce any significant effect on the rate
of expiratory respiration functions restoration in female pa-
tients after mammary gland replacement.

3. A set of preventive measures based on the botulinum
toxin type A administration in the large pectoral muscle
before the operation as well as a course of anti-inflamma-
tory electrophysiological therapy make it reliably possible

Table 3

Respiratory system examination results after a week after endoprosthetics of mammary glands,
taking into account electrophysiological effects

Tabnuya 3

PesynbTaTbl 06cnenoBaHus AbixaTenbHOi CUCTEMbI Yepes HeAesto Nocne 3HA0NPOTE3MPOBAHUA MOFOYHbIX Xenes
C y4eTOM 3IeKTPOU3UONOrNYECKOrO BO3AENCTBUA

CpenHsas Benn4MHa napameTpoB
npv Bosaeictsun INDIBA / PasHOCTb
AHanuavpyemble napameTpbl / Average parameter values cpeaHunx /
Analyzed parameters when exposed to INDIBA Difference P
ecTb HeT average
yes no
YacToTa AbixaHus, 1 / Respiration rate, | 1819 54 20 22 53 205=1.0¢5 0,05
JKusHeHHas emkocTb nerkux, n/ Vital capacity of the lungs, | 7081 g 76 17 79 0770655 0,61
O6bem opcrpoBaHHOro Bblfoxa, n/ 7718 19 4157 0170206 0,06
Forced volume exhalation, |
lnkosas o6bemHas hopcupoBaHHas CKOpoCTb Bblgoxa, 11/c / g2 83 g5 77719 g 030,27 0,07
Peak volumetric forced expiratory flow, l/sec

lpumeyaHue: rpaHnLbl 95% [0BEPUTENbHBIX MHTEPBANOB ANa MeAuaHbl NOACTPOYHO.

Note: limits of 95% confidence intervals for the median line by line.
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to increase the rate of expiratory respiration functions resto-
ration in patients following breast endoprosthetics in the first
week after the surgery.

4. Combination of botulinum toxin and one of the physio-
therapeutic methods provided both the complete musculus
pectoralis major denervation and effective anti-inflammatory
and metabolic effect on the injured by the surgery tissues,
which resulted in marked analgesic effect development.
In the absence of pain, no impaired external respiration
parameters resulted from, with respiratory volume being
normal and breast excursions being painless in the early
postoperative period. Combined use of physiotherapy and
botulinum toxin proved to be more effective than their iso-
lated application.
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AOMNOJIHUTENIbHAA NHOOPMALIUA

Bknag aBTOpOB. Bce aBTOPbI BHECIU CYLLECTBEHHDI
BKNag B pa3paboTKy KOHLEeNuuu, NpoBeAeHne uccneosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYIY M 0f00pUNM hUHANBHYIO
Bepcuio nepep nybnukauyuen.

KoHnukt mHTepecoB. ABTOpPbI AEKNapupyT OTCyT-
CTBME SBHbIX U MOTEHUManbHbIX KOH(IMKTOB MHTEPECOB,
CBSI3aHHbIX C NybnukaLye HacTosLen cTaTby.

WUcTounuk cmHaHcupoBaHmMA. ABTOpbI 3asBnstOT 06
OTCYTCTBUM BHELUHEro PUHAHCMPOBAHUSA NpU NPOBELEHUM
uccnenoBaHms.

WUHhopMmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbI MOSTYYUNN NUCbMEHHOE COrnacue nauueHToB Ha ny-
Brmkaumio MeAULIMHCKNX AaHHBbIX.
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Abstract. Introduction. Criteria for the effectiveness of therapy for ventricular arrhythmias (VA) take into account only
the antiarrhythmic effect of pharmacological agents, which does not correspond to the modern personalized approach
in medicine. Currently beta-blockers (BB) have the greatest evidence base in the treatment of VA. Their hypotensive
and antianginal properties have been sufficiently studied. However, there is evidence of a possible negative impact of
BB on the regulatory-adaptive status (RAS), characterizing the global functional state, ability to regulate and adapt.
Thus, the issues of optimizing diagnostics in patients with VA are relevant. Aim. To study the effect of B-blockers on
the parameters of the cardiorespiratory synchronism (CRS) test in patients with VA. Materials and methods. The
study included 120 patients with VA and essential hypertension (EH) or its combination with coronary heart disease
(CHD), randomized into three groups for the treatment of BB with different pharmacochemical properties: bisoprolol,
nebivolol and sotalol. As part of combination therapy, an angiotensin-converting enzyme inhibitor, lisinopril, was
prescribed, and if indicated, a disaggregant, acetylsalicylic acid, and a lipid-lowering drug, atorvastatin. Initially and
after 24 weeks of therapy, the following were performed: CRS test, daily monitoring of the electrocardiogram and
blood pressure. Results. In all three groups of patients, comparable hypotensive and antiarrhythmic effects were
recorded. When nebivolol was prescribed as part of combination therapy in patients with VA against the background
of stage Ill EH or its combination with CHD, an increase in the synchronization range and RAS index was observed,
in contrast to bisoprolol and sotalol. Conclusion. In patients with VA and EH or its combination with CHD, the CRS
test makes it possible to determine the optimal combination therapy option that has the most positive effect on the
functional state and RAS index.

Key words: regulatory-adaptive status; ventricular arrhythmias; bisoprolol; nebivolol; sotalol.
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Pestome. BeedeHue. Kputepumn achhekTUBHOCTY Tepanum xenyaoukoBbIX HapyweHun putma cepaua (XKHPC), kak
NpaBuno, yYUTbIBAKOT NULLb aHTUAPUTMUYECKOE AECTBIE hapMakonpenapaTos, YTO He COOTBETCTBYET NPeACTaBEHNO
0 NepCcoHNMULIMPOBaHHOM NOAX0AE B MeanumHe. Hanbornbluen fokasatensHor 6a3on B neyennn XXHPC B HacToswee
Bpems obnagatot 6eta-agpeHobnokatopsl (BAB). B 4OCTaTOUHOM CTENEHN U3yYEHbI TUMOTEH3WUBHBIE U aHTUAHTUHAMb-
Hble VX CBOMCTBA, O4HAKO MMEKTCS AaHHbIe O HeraTuBHOM BnnsHWKM BAB Ha perynsTopHo-aganTueHbii cTatyc (PAC),
XapakTepusytLui rnobanbHoe PYHKUMOHANBHOE COCTOSHUE OpraHnama, ero cnocobHOCTb K perynsauum u agantauu.
B cBs13M ¢ 3TMM BONPOCHI ONTUMM3ALMM AUArHOCTUKKM Y nauneHToB ¢ XKHPC npeacraBnstTcs akTyansHbIMy. Lens.
M3yunTs BnnsHue BAB Ha napameTpsl npobbl cepaevHo-AbIxaTenbHoro cuHxporuama (CAC) y naumenTtos ¢ XKHPC.
Mamepuanbi u memodsl. B nccnegosanne BkntoyeHo 120 nauynentos ¢ XXHPC v runeptoHnyeckoin 6onesHbio (I'b)
UK ee coyeTaHneM ¢ uwemnyeckon 6onesHbio cepaua (MBC), paHZoMW3NPOBaHHLIX B TP rpynnbl 4ns neveHns BAb
C pasnuyHbIMK hapMakoXMMUYeCcKMMm cBoicTBamMu: Guconpononom, Hebrusononom u cotanonom. B coctase kom-
BUHMPOBaHHOM Tepanuu Ha3HaYanUcb UHIMBUTOP aHMMOTEH3NH-NPEeBPAaLLAOLLLEro (DepMeHTa — NIM3NHONPWUII, a Npu
HanWyuu NoKasaHuit JesarperaHT — aleTuncanuuyuioBas KucnoTa u runonMnuaeMUYeckuin npenapar — aTopBacTaTH.
McxoaHo v vepes 24 Hegenu Tepanumn npoBogunuce: npoba CAC, cyToYHOe MOHUTOPUPOBaHME 3NEKTPOKapANOrpaMMbl
W apTepuanbHoro fasneHus. Pesynbmamsl. Bo BCex Tpex rpynnax nayueHToB percTpupoBanuch ConocTaBuMble
rMNOTEH3NBHbIE M aHTUapUTMUYeckne achekTbl. Mpn HasHaveHnn HebuBonona B cocTaBe KOMBUHMPOBAHHON Tepaniy
y naumenToB ¢ XHPC Ha coHe I'b Il cTagnm unn ee coyetanms ¢ IBC oTMevanock yBenumyeHme guanasoHa CUHXpo-
Hu3aumm u nagekca PAC, B otnnume ot Guconponona u cotanona. 3akatoveHue. Y naumentos ¢ XKHPC u b unm ee
covetanus ¢ VIBC npoba CLIC no3sonsieT onpefenutb ONTUMarbHbIA BapraHT KOMOWHMPOBaAHHO Tepanuu, Hanbonee
MO3NUTUBHO BNMAKOLLWA Ha PYHKLMOHANBHOE cocTosHe U nHaekc PAC.

KntoueBble cnoBa: perynsiTopHo-afanTUBHbIN CTaTyC; XenyLoYkoBble HapyLLeHus putMa cepaua; buconponon;

HeOwmBoon; cotasnon.

INTRODUCTION

In the context of a modern personalized approach in
medicine interest in methods of investigation the body’s
functional state characterizing global health parameters —
quality of life, tolerance to exercise, regulatory-adaptive sta-
tus (RAS) is expected to increase. [1, 9].

RAS index, integral parameter of cardiorespiratory syn-
chronism (CRS) test considering interaction of the two main
vegetative functions — cardiac and respiratory, has been
devised and is being introduced into clinical practice for
evident based quantitative evaluation of RAS [13]. The test
has been devised at the department of normal physiology of
Kuban State Medical University under the head of the pro-
fessor V.M.Pokrovskiy. To record CRS a portable automated
system is used (Fig. 1) [6].

The baseline HR (BHR) and synchronization range (SR)
parameters — the width of the range, minimal and maximal
limits, duration of synchronization development at a minimal
and maximal limits (DSD,;,) are assessed during the test
(Fig. 2). After that, on the basis of the data received RAS

is calculated using the formula: RAS index = synchroniza-
tion range width / duration of synchronism development at
a maximal level x 100. RAS index of 100 and higher means
high regulatory-adaptive reserve, 99-50 — good, 49-25 —
satisfactory, 24-10 — low, 9 and lower — unsatisfactory [14].

Findings of clinical investigations of RAS index in healthy
individuals and patients with different pathologies have
been published in recent years. Differences of RAS index in
a person according to the age and gender characteristics,
personal peculiar features and temperament are deter-
mined. A clear reverse correlation of RAS index and seve-
rity of the pathological process have been demonstrated in
patients of obstetric-gynecologic, surgical and therapeutic
profiles, in clinics of neurology and psychiatry, sports and
military medicine [4, 14].

At the same time, scientific literature has it that posi-
tive progress of aimed clinical parameters on treatment is
not always accompanied by functional parameters improve-
ment [1]. Thus, in patients with chronic heart failure (CHF)
without marked sympathicotonia effective therapy with BB
metoprolol succinate use led to no RAS improvement [2].
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Fig. 1. Portable system for obtaining cardiorespiratory synchronism and analyzing its parameters in humans
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Fig. 2. Indicators of cardiorespiratory synchronism
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The mentioned phenomenon is likely to be due to specific
pharmaceutical drug effect on the affected chains of the
vegetative nervous system.

BB are widely used in the routine cardiological practice.
Their prescription is most relevant in VA. Ventricular arrhyth-
mias wide spreading and impact on both the prognosis and
quality of life explain increased scientific and practical interest
in this form of the heart rhythm disorder [8]. Despite the avai-
lable literature information, currently there is no clearly stated
VA treatment strategy. The leading criteria of pharmacothe-
rapy effectiveness is traditionally thought to be the achieve-
ment of the antiarrhythmic effects targeted [15]. It is evident
that the question of optimal medicine choice should not be
reduced to curing arrhythmia. The antiarrhythmic drugs use
should provide both achieving clinical effects targeted and
positive effect on the functional body state as a whole.

In previous studies reproducibility of CRS and sufficient
RAS index responsitivity in patients with VA were shown.
And the impact of arrhythmic syndrome etiology and its se-
verity on the RAS index have been demonstrated [7]. Ho-
wever, in modern literature there is no enough evident of BB
with different pharmacochemical properties effect on RAS
of patients with VA.

OBJECTIVE OF THE STUDY

To study the effect of B-blockers on the parameters of
the CRS test in patients with VA.

MATERIALS AND METHODS

The study was carried out on the basis of department of
normal physiology of Federal State Budget Educational Insti-
tution of Higher Education “Kuban State Medical University”
of Ministry of Health of the Russian Federation, department of
pathological physiology of Federal State Budget Educational
Institution of Higher Education “Military Medical Academy
named after S.M. Kirov” of Ministry of Defense of the Russian
Federation and department of cardiology of the State Budget
Healthcare Institution “Krai clinical hospital Ne 2" of Ministry of
Health of Krasnodar Krai. The study was performed following
ethics principles of Declarations of Helsinki [17] and with ap-
proval of independent Ethics Committee of FSBEI HE “Kuban
State Medical University” of Ministry of Health of the Russian
Federation (minute Ne 65 dated 21.09.2018).

The object of research was 120 people with VA with un-
derlying stage Ill EH or its combination with coronary heart
disease (CHD) who were later randomized into three groups
with 40 patients in accordance with antiarrhythmic medicine
prescribed as a part of combined therapy: group 1 — biso-
prolol, group |l — nebivolol and group Il — sotalol.

Criteria for inclusion were: age 30-70 years, I-IV grades
VA according to B.Lown classification, |-l — according to
J.T. Bigger classification, symptomatic hemodynamically in-
significant with stage Ill EH presence and its combination
with CHD with safe left ventricle systolic function (ejection
fraction =50%), without preceding 2 week treatment with
prescribed drugs.

Exclusion criteria were: past acute cerebral and cardiac
vascular accidents, effort-induced angina pectoris of high
grades (llI-IV functional classes), severe hypertension
(Il degree), CHF of high grades (lll-1V functional classes)
by New-York Heart Association classification and left ven-
tricular systolic dysfunction, contraindications to the medi-
cines being tested, past cardiosurgical and neurosurgical
interventions, drug and alcohol abuse, decompensated
respiratory, hepatic and renal failure, malignant neoplasms,
autoimmune diseases in the exacerbation phase, decom-
pensated endocrine diseases, pregnancy and lactation.

Initial daily dose of bisoprolol and nebivolol is 2.5 mg
(a single intake), sotalol — 80 mg (in two divided doses).
Daily doses varied with the interval of 14-28 days: bisopro-
lol and nebivolol — up to 10 mg, sotalol — up to 320 mg
(hemodynamic and subjective ecceptability parameters
were taken into account). All participants of the study were
administered lisinopril, and if necessary atorvastatin in
daily dose of 16.1+4.9 mg (n=17), 15.4+4.8 mg (n=15),
15.7£5.1 mg (n=19) and acetylsalicylic acid in daily dose of
94.2+17.7 mg (n=20), 92.84£17.1 mg (n=22), 93.2+15.6 mg
(n=12) in the groups correspondingly (Table 1).

Initially and after 24 weeks of treatment a complete
physical examination was performed (Table 2).

Statistical processing was made by means of applied
program set STATISCICS (version 6.0) and included meth-
ods of variation statistics with calculation of arithmetical
mean (M), arithmetical mean standard deviation (SD), the
t-Student criterion after evaluating the sample according
to the Kolmogorov-Smirnov criterion. The differences were
considered statistically significant at p <0.05.

RESULTS

In group | on combined therapy with bisoprolol there
was a decrease of RAS (according to the CRS test du-
ration of synchronism development at the minimal level
of the synchronization range increased by 26.3% (p <0.01),
synchronization range decreased by 19.2% (p <0.01) and RAS
index decreased by 38.6% (p <0.01)). At the same time an-
tiarrhythmic effects targeted were induced (according to the
daily electrocardiogram monitoring the average HR reduced by
21.1% (p <0.01), the number of ventricular premature beats —
by 77.3% (p <0.05), number of episodes of ventricular allo-

& POCCHIICKHE BUOMETMIIMHCKIE HCCTEIOBAHIAL  TOM 8 Nod 2023

eISSN 2658-6576




16

ORIGINAL PAPERS

Table 1

Baseline data of patients with VA included in the study and doses of the main pharmacological agents used (M*SD)

McxopHble faHHbIe BKNKOYEHHbIX B UccnenoBaHue naumeHToB ¢ XKHPC
1 [803bl OCHOBHbIX NpMMeHsAeMbIX thapmakonpenapaTtos (M£SD)

Tabnuua 1

Mokasatens / Indicator I'pynna |/ Group | (n=40) | Tpynna Il / Group Il (n=40) | F'pynna lll / Group III (n=40)
Bospact (rogbl) / Ages (years) 53,2+10,8 52,1+12,7 49,8+11,2
MMon (Myx4mHbl / xeHwuHbl) / Gender (men/women) 19/21 20/20 21719
[OnutenbHocTb b (rogkl) / Duration of EH (years) 7,123 6,8+2,0 6,7+2,1
OnutensHocTb MBC (rogpt) / Duration CHD (years) 4.8+1,2 4141,3 4,514
YCC (B 1 muHyTy) / HR (in 1 minute) 78,7198 80,2+10,4 81,2£12,3
ApTtepuansHoe aasnenue: / Blood pressure: /
— cuctonuyeckoe / systolic 152,1£10,1 158,9+12,2 156,0+10,8
— nuactonuyeckoe (Mm pt.cT.) / diastolic (mm Hg) 98,3+4,1 97,0+4,8 98,645,4
BAB / beta blocker Buconponon / Bisoprolol Hebweonon / Nebivolol Cotanon / Sotalol
CyTOuHas go3a (Mr B cyTkm) / daily dose (mg per day) 6,7+1,4 6,4+2,8 166,5+49,1
Tuannonpun / Lisinopril 12,0+4,6 13,5+4,1 14,745
CyTOuHast go3a (Mr B cyTkm) / daily dose (mg per day)
Table 2
Research methods
Tabnuua 2

MeTtoabl uccnegoBaHus

Metopn / Method

Annapar / Apparatus

Llenb nccneposanust / Purpose of the study

Mpoba CAC [5]/ CRS test

BHC MUKPO (npoussoautens Poccus) /
VNS MICRO (manufacturer Russia)

KonuyecTBeHHas oLieHKa perynsaTopHo-
afanTuBHOro pesepsa /
Quantitative assessment of the regulatory-
adaptive reserve

CyTO4HOE MOHWUTOPUPOBaHME
anekTtpokapauorpammbl (CMOKT) [11] /
Daily electrocardiogram monitoring

MWOKAPQ XONTEP
(npomssoauTens Poccus) /
MYOCARD HOLTER (manufacturer Russia)

KoHTpornb aHTUapuTMu4eckon
3(hheKTUBHOCTM NeYeHus /
Monitoring the antiarrhythmic effectiveness
of treatment

CyTOYHOE MOHWUTOPUPOBaHME
apTepuanbHoro faenexus (CMAL) [12] /
Daily blood pressure monitoring

BPLab (npoussoautens Poccus) /
BPLab (manufacturer Russia)

KoHTponb rMnoTeH3nBHON
3(hheKTUBHOCTM NeYeHus /
Monitoring the antihypertensive effectiveness
of treatment

rhythmia — by 80.5% (p <0.05)). Moreover, according to the
daily blood pressure monitoring targeted decrease of the ave-
rage systolic arterial blood pressure in the day and night time by
21% (p <0.05) and 12,8% (p <0.05) correspondingly and ave-
rage diastolic blood pressure in the day and night time by 17.9%
(p <0.05) and 14% (p <0.05) correspondingly was observed.

In group Il a combination of the combined treatment and
nebivolol made it possible to improve RAS index (according
to the CRS test SR increased by 34.8% (p <0.05), RAS index
increased by 27.9% (p<0.05), duration of synchronism deve-
lopment at the minimal level of the synchronization range did

not change essentially. At the same time antiarrhythmic effects
targeted were induced (according to the daily electrocardio-
gram monitoring the average HR reduced by 16% (p <0.01),
the number of ventricular premature beats — by 72.8%
(p <0.05), number of episodes of ventricular allorhythmia — by
79.8% (p <0.05)). Apart from that, according to the daily blood
pressure monitoring targeted decrease of the average systolic
arterial blood pressure in the day and night time by 25.1%
(p <0.05) and 18,2% (p <0.05) correspondingly and average
diastolic blood pressure in the day and night time by 18.6%
(p<0.01) and 17.1% (p <0.05) correspondingly was observed.
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Table 3
Results of the CRS test in patients with VA after 24 weeks of therapy (M£SD)
Tabnuya 3
PesynbTtatbl npo6bl CAC y nauueHToB ¢ XXHPC uepes 24 Hepenu Tepanuu (M£SD)
Mokasatens / Indicator Ipynna |/ Group | (n=40) Mpynna Il / Group Il (n=40) Ipynna Il / Group Ill (n=40)
OPCmin / Duration of synchronism 17,1+4.2 13,1+2,8 12,8+3,6
development at the minimal level p<0,05 Pyi>0,05
of the synchronization range Ppi<0,05
[C / Synchronization range 5,9+1,7 10,2+2,5 6,8+2,0
p<0,05 Py-i<0,05
Pri0,05
NHaekc PAC / RAS index 34,7184 77,4+13,6 53,1+12,4
p<0,01 Py-i<0,01
Pr<0.01
MpumeyaHue: p,_, — Npu cpaBHeHUM nokasatens Mexay rpynnamu | u Il; p,_, — npu cpaBHeHUN nokasatens mexay rpynnamu | u lll; p,_, — npu cpaBHeHUN Nokasatens
mexay rpynnamu Il u 1.
Note: p._, — when comparing the indicator between groups | and II; p,_,, — when comparing the indicator between groups | and Ill; p,,_,, — when comparing the indicator

between groups Il and IIl.

In group Il the sotalol use in addition to the combined treat-
ment was accompanied by RAS reduction (in accordance with
CRS test there was a decrease of SR by 12.4% (p <0.01), RAS
index by 13.7% (p <0.01), and there was no any significant
change of duration of synchronism development at the minimal
level of the SR). Thus, antiarrhythmic effects targeted were
induced (according to the daily electrocardiogram monitoring
the average HR reduced by 18.2% (p <0.01), the number of
ventricular premature beats — by 77.1% (p <0.05), number of
episodes of ventricular allorhythmia — by 80.6% (p <0.05)).
Apart from that, according to the daily blood pressure moni-
toring targeted decrease of the average systolic arterial blood
pressure in the day and night time by 24.3% (p <0.05) and
9,1% (p <0.05) correspondingly and average diastolic blood
pressure in the day and night time by 19.9% (p <0.01) and
19.9% (p <0.05) correspondingly was observed.

The analysis of the finding progress differences be-
tween the groups showed that only in group Il RAS status
improvement was marked. At the same time, comparable
antiarrhythmic and hypotensive effects were recorded in all
the groups (Table 3).

DISCUSSION

In this study the comparison of three antiarrhythmic
drugs with distinct pharmaco-chemical differences was per-
formed. When studying clinical efficacy of bisoprolol, which
belongs to the group of selective lipohydrophil antiarrhyth-
mic medicines of class Il, we paid attention to its ability to
stabilize cellular membranes. In BIMS, BISOMET, TIBBS,
MIRSA studies the efficacy was demonstrated in the pre-
vention of myocardium remodeling in patients with chronic

heart failure and a decrease of acute cardiac complications
and total mortality in EH and CHD [3, 10].

No less effective lipophilic antiarrhythmic drug of class Il
is nebivolol with high cardiac selectiveness, which mediates
vasodilatory effects due to nitrogen oxide (NO) synthesis by the
endothelium. Unlike other BB it does not affect erectile function
and also provides fat and carbohydrate metabolism improve-
ment. In clinical projects MR NOED, NEBIS, SENIORS in
treatment of EH, CHD and CHF nebivolol reduced total mor-
tality and number of acute cardiac complications, caused
left ventricular hypertrophy regressing and controlled arte-
rial hypertension [16].

Sotalol is a hydrophilic nonselective BB presenting the
properties of class Ill antiarrhythmic drugs, as well as the
two previous drugs it demonstrated high clinical efficacy. In
earlier clinical projects, such as ESVEM, VT-MASS, AVID,
sotalol prevented supraventricular cardiac rhythm disorders
and ventricular arrhythmias of high grades, provided arterial
blood pressure improvement [9].

In this study bisoprolol, nebivolol and sotalol as part of
combined therapy demonstrated comparable antiarrhythmic
and hypotensive efficacy in patients with VA with underlying
stage Ill EH or its combination with coronary heart disease
(CHD), with differences of the drugs effect on the CRS test pa-
rameters being revealed. Nebivolol compared to bisoprolol and
sotalol increased synchronization range and RAS index. Sotalol
compared to bisoprolol increased duration of synchronism
development at the minimal level of the synchronization range
in a lesser degree, decreased RAS index less significantly.

Currently, there is no overwhelming scientific evidence
explaining multidirectional effect of antiarrhythmic medi-
cines on RAS revealed in the work. We suppose that diffe-
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rences in the ability to penetrate through hematoencephalic
barrier and different pharmacodynamic and pharmacokine-
tic properties of the mentioned drugs define the direction
and degree of changes.

The results obtained require further detailed research
within clinical and laboratory studies. The importance of global
reserve, adaptive and regulatory reactions is ambiguously inter-
preted, the role of secondary organ and systemic pathological
changes is overestimated. Thus, study of RAS helps estimate
functional state of the organism, the impact of pathological
process and pharmacotherapy on it that will allow us in future
optimize and individualize program of treatment and prevention
of cardio-vascular complications in patients of this category.

CONCLUSIONS

1. As part of combination therapy bisoprolol, nebivolol
and sotalol caused equal targeted antiarrhythmic and hypo-
tensive effects in patients with VA with underlying stage IlI
EH or its combination with CHD.

2. While administering nebivolol as part of combination
therapy patients with VA with underlying stage Ill EH and its
combination with CHD were reported to have increased SR
and RAS index compared to bisoprolol and sotalol.

3. The use of CRS test in patients with VA with under-
lying stage lll EH and its combination with CHD makes it
possible to determine the most suitable type of combined
pharmacotherapy that does not affect RAS.
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AONONMHUTENBbHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOpbI BHECW CYLUECTBEHHbIN
BKNapj B pa3paboTKy KOHLENuuu, npoBeAeHne uccnenoa-
HWS 1 MOArOTOBKY CTaTbM, NPOYY M 0f0BpUNn UHaNbHYH0
Bepcuto nepeq nybnvkayuen.

KoHnukt mHTepecoB. ABTOpPbI AEKNapupytT OTCyT-
CTBME SBHbIX U MOTEHUMAnbHbIX KOH(IMKTOB UHTEPECOB,
CBSA3aHHbIX C NyBrnkauuei HacTosLen CcTaTbMm.

WUcTouHMK chmHaHCcMpoBaHuA. ABTOpbI 3asBRsOT 00
OTCYTCTBWW BHELIHEro (hMHAHCUMPOBAHWUS NP NpOBEAEHUM
uccnenoBaHus.

WUHhopMmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbI MOMYYUNN NUCbMEHHOE COrfacue NauueHToB Ha ny6-
NnKaLUMo MeaULMHCKMX OaHHbIX.
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Abstract. Introduction. Currently, the Russian Federation and economically developed countries of the world have
achieved a high level of development of aviation technology. At the same time, until today there is no data on changes
in the dental health of cadets during their studies at the university, taking into account the factors of military labor. The
purpose of the work — to study the change in the indicators of dental health of cadets during their studies at the university,
taking into account the factors of military labor. Materials and methods. The condition of the organs and tissues of the
chewing apparatus was studied in 200 1st-year cadets and 185 graduates of combined-arms military educational institutions
and 117 cadets and 111 graduates of military educational institutions for the training of flight personnel to determine the
degree of influence of flight work on dental morbidity and its structure, for which an in-depth dental examination was
conducted according to generally accepted rules. Results. Cadets of the 1st year, as well as graduates of combined
arms and military educational institutions for the training of flight personnel, as representatives of the same population,
had almost the same prevalence and intensity of major dental diseases, as well as the structure of pathology of organs
and tissues of the chewing apparatus with a satisfactory level of dental care upon admission to university, and a good
level of dental care in the final year university, despite a slight increase in the prevalence and intensity of the course
of dental caries and periodontal diseases during the training period, which is associated with the planned sanitation of
the oral cavity. Taking into account the high prevalence of inflammatory periodontal diseases (gingivitis, periodontitis)
among cadets of the 1st and final courses of the higher military educational institutions (HMEI), dentists serving cadets
should, in addition to routine preventive examinations, ensure regular (up to 2 times a year) professional oral hygiene
and provide training to the entire serviced contingent of the relevant rules of dental care and the organs of the mouth.

Key words: cadets; military educational institutions; dental health; dental caries; non-carious dental lesions; oral
hygiene; periodontal diseases; pathology of the oral mucosa; sanitation; medical examination.
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Peslome. BeedeHue. B HacTosiiee Bpems B Poccuitckon ®eaepaLmm n 3KOHOMUYECKM pasBUTbIX CTpaHax Mupa
[OCTUTHYT BbICOKMI YPOBEHb Pa3BUTUS aBUALMOHHON TEXHWKW. B TO e Bpems [0 CEeroaHsLIHero AHS OTCYTCTBYHOT
AaHHble 06 U3MEeHeHU CTOMaTONOMMYecKoro 340pPOBbs KypCaHTOB 3a BpeMsi 0by4YeHus B By3e C y4eTOM (PakTopoB
BOEHHOrO Tpyaa. Llesib pabombi — n3y4nTb U3MEHEHME NokaaTenei CTOMaTonor1Myeckoro 340poBbs KypCaHToB 3a
Bpems 0by4yeHust B By3e C y4eTOM (hakTOpOB BOEHHOTO TpyAa. Mamepuanbi u memodsl. 13y4eHo COCTOSIHWE OpraHoB
1 TKaHel xeBaTenbHoro annapata y 200 kypcaHToB 1-ro kypca 1 185 BbINYCKHUKOB OOLLEBOMCKOBbIX BOEHHbIX y4€OHbIX
yupexaeHuin n 117 kypcaHToB 1 111 BbIMYCKHUKOB BOEHHO-YYEOHBIX YUpEXAEHUIA N0 NOATOTOBKE NETHOr0 COCTaBa Afs
onpeneneHns CTeNeHn BAMSHUSA NeTHoN paboTbl HA CTOMATONOrMYeckyto 3a60neBaeMoCTb 1 ee CTPYKTYPY, ANS Yero
npoBeeHo yrnybneHHoe cTomaTtonornyeckoe obenegosanue no obLenpuHATLIM Npasunam. Pesynbmamel. KypcaHTbl
1-ro Kypca, a Take BbIMyCKHUKM 06LLEBOMCKOBBIX 1 BOEHHbIX y4eOHbIX YYpexaeHNA No NOArOTOBKE NIETHOro COCTaBa,
kak npeAcTaBUTENY OLHON NONYNSALMW, UMENN NPAKTUYECKU OAMHAKOBYI) PacnpoCTPaHEHHOCTb U UHTEHCUMBHOCTb
OCHOBHbIX CTOMATONOrM4ecknx 3aboneBaHni, a Takxe CTPYKTYpPy NaToNorMm OpraHoB M TKaHelW XeBaTenbHoro anna-
paTta npu y4oBNeTBOPUTENbHOM YPOBHE OKa3aH!st CTOMAaTONOr14eCckoi MOMOLLM Npu NOCTYNNEHNN B BY3, 1 XOPOLLUIA
YPOBEHb CTOMATONIOTMYECKON NOMOLLY Ha BbINYCKOM KypCe By3a, HECMOTPS Ha HE3HAYMTENbHOE HapacTaHue pacnpo-
CTPaHEHHOCTU N MHTEHCUBHOCTM TeYeHus kapueca 3y60B 1 6onesHeit napofoHTa 3a nepuoa 06yyeHus, 4To CBA3AHO
C NPOBEIEHNEM WM MIAHOBOW CaHaLuu NonocTu pra. lNpuHumas Bo BHUMaHKe 60MbLUyo pacnpoCTPaHEHHOCTb CPEAM
KYPCaHTOB 1-T0 1 BbIMYCKHOIO KYPCOB BbICLUNX BOEHHBIX Y4eOHbIX yupexaeHui (BBYY) BocnanutenbHbIx 3aboneBaHui
napofoHTa (TMHMMBWT, NAPOAOHTMT), BpPayuM-CTOMATONOrM, 06CyKMBatoLLMe KypCaHTOB, JOSKHbI, TOMAMO NAaHOBbIX
npodmnakTNiecknx 0CMOTPOB, 06ecneynTb perynspHoe (4o 2 pas B roa) NpoBeAeHre NpoheCcCoHanbHON MMrmeHsbl
NOSIOCTY pTa U OCYLLECTBNATL 06yYeHe BCEro 06CNyKMBAEMOro KOHTUHIEHTa COOTBETCTBYHOLMM NpaBunam yxoga
3a 3ybamu 1 opraHamu pra.

KnioueBbie crioBa: KypcaHTbl; BOEHHO-y4eGHble YYPEXAEHIUS; CTOMATONOTMYECKOE 310POBbE; kapuec 3y6oB;
HeKkapno3Hble NopaxeHus 3y6oB; r1riueHa NonocTy pra; 3abonesaHns NapoAoHTa; NaTomNorMs CrM3UCToN 060NOYKM

NoNI0CTK pPTa; CaHauusa; oucnaHcepunsaunsa.

INTRODUCTION

OBJECTIVE OF THE STUDY

At present, the Russian Federation and economically de-
veloped countries of the world have reached a high level of
development of aviation technology. New types of airplanes
have appeared, they possess not only large payload, high
power and capacity, but also high speed, maneuverability,
and “high ceiling” [1, 2]. Obviously, such improvement of
aviation equipment leads not only to the relief of pilots’ labor
and increase of its efficiency, but also to increased neuro-
emotional and physical stress, which affects their somatic
and dental health [3, 4, 11, 12]. That is why the protection
and improvement of health of the flight personnel of the
Military Space Forces of the Ministry of Defense of the Rus-
sian Federation (MOD RF) and civil aviation is relevant. It is
associated with high willingness to combat of the country’s
air forces and flight safety [8-10]. It is known that dental
diseases occupy one of the leading places in the structure
of general morbidity of servicemen of all branches of troops
and civilian population [3, 4, 6, 11]. At the same time, until
now there are no data on the changes in the dental health
of cadets during their higher education that would take into
account the factors of military labor.

To study the changes in the indicators of dental health of
cadets during their higher education taking into account the
factors of military labor.

MATERIALS AND METHODS

To implement the ongoing research to study the state
of organs and tissues of the masticatory apparatus in ca-
dets and to determine the degree of influence of military
labor factors on dental morbidity and its structure, there
were examined 200 1st year cadets and 185 graduates of
general military educational institutions and 117 cadets and
111 graduates of military educational institutions for trai-
ning flight personnel. The study included men whose age
at the 1st year of study at military educational institutions
was 17-22 years, and at their graduation — 22-27 years.
It should be noted that graduates of militaryflight personnel
training institutions were exposed to aviation flight factors
to a greater extent than other similar categories of general
military cadets during their training, namely, during training
flights and flight practice.
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To determine the prevalence and intensity of carious pro-
cess, periodontal diseases, diseases of the mucous mem-
brane of the oral cavity, tongue and lips (SOPR), mastica-
tory muscles, temporomandibular joint (TMJ), an in-depth
dental examination of the cadets was conducted. They were
examined using a dental mirror and probe, a special gradu-
ated button probe to assess the state of periodontal tissues.
The intensity of dental caries was assessed by CFU indi-
ces (C — carious teeth; F — filled teeth; U — extracted
teeth). The prevalence of dental caries, periodontal and
SOPR pathology, as well as the need of personnel in oral
cavity sanitation was expressed in percentages. The level
of dental care was determined according to the generally
accepted method [5]. The hygienic state of the oral cavity
(hygiene index) was determined according to Y.A. Fedorov
and V.V. Volodkina [5]. Volodkina [5]. Pathologic changes in
the periodontium were evaluated using the Schiller-Pisarev
test, Svrakov iodine number, and the CFl index (periodontal
index) [5], which has proven itself in our earlier epidemio-
logic surveys of Russian army personnel and the civilian
population of the Russian Federation [3, 4, 6].

Based on complaints and objective data of clinical ex-
amination (pain sensations in the area of masticatory mus-
cles or TMJ, including palpation data, displacement of the
esthetic center of the jaws in the position of central occlu-
sion, presence of mandibular deviation when opening the
mouth, etc.), the condition of masticatory muscles and TMJ
was evaluated [7].

The digital material obtained in the clinical study was pro-
cessed on a personal computer using a specialized package for
statistical analysis STATISTICA 6.0. Differences between the
compared groups were considered reliable at p <0.05. Cases
when the probability values of the p value were in the range
from 0.05 to 0.10 were considered as “presence of a trend”.

RESULTS

It was found that the prevalence of dental caries in 1st-
year cadets of general military higher military educational in-
stitutions (HMEI) (hereinafter cadets) and 1st-year cadets of
flight training HMEI (flight cadets) averaged 89.5 and 87.2%
(Fig. 1), and the caries intensity index was 4.66 (C — 1.65;
F—2.35;U—0.66)and 4.82 (C —1.95; F — 2.44.9; U —
0.43), respectively (p =0.05). Non-carious lesions of teeth in
the form of erosion, enamel hypoplasia and wedge-shaped
defects were equally frequent in both groups of patients, in
11.5 and 7.7% of cases, respectively (p <0.01). Pathologic
erasability of the hard tissues of teeth was not diagnosed in
any of the examined patients. However, while 70% of the
cadets needed treatment for dental hard tissue pathology,
this figure was 65.0% (p <0.05) in the flight cadets, and

the level of dental care (LDC) in both groups was evalu-
ated as satisfactory (Fig. 2), and the numerical expression
of the LDC index was 55.6 and 51.0% in the above groups,
respectively (p =20.05).

The hygienic state of the oral cavity assessed by the
hygiene index (HI) of Y.A. Fedorov-V.V. Volodkina had no
significant differences in all examined groups of 1st year
cadets. The level of oral hygiene was considered as unsa-
tisfactory (IG was 1.90-1.91).

When assessing the state of periodontal tissues, gin-
gival bleeding (positive Ainamo test) and positive Schiller—
Pisarev test were detected in 66.5% of 1st year cadets and
65.8% of 1st year flight cadets with Svrakov iodine number
of 0.83+0.11 and 0.69+0.11 units, respectively (p <0.05),
which indicated the presence of gingivitis and required man-
datory professional oral hygiene.

Supragingival and (or) subgingival tartar deposits were
diagnosed in the studied groups in 18.5 and 16.2% of cases,
respectively (p 20.05). At the same time, periodontal pockets
up to 5 mm deep were found in 6.5% of cadets and 5.1% of
flight cadets (p =0.05). This category of subjects (Fig. 3) cer-
tainly needed comprehensive treatment of periodontitis.

It should be emphasized that cadets and cadets of flight
in the 1st course were mostly diagnosed with mild (in sin-
gle cases — of medium intensity) periodontal diseases. The
KPI index in the studied groups respectively amounted to
1.914£0.21 and 1.90+0.22 units (p =0.05). The dystrophic
form of periodontal disease was not diagnosed in any of the
examined patients.

In both groups, diseases of the oral mucosa, lips and
tongue were rarely detected (Fig. 3), respectively in 2.0
and 1.71% of cases (p 20.05). Among these diseases were
glossitis (folded, “geographic” tongue), chronic recurrent
herpetic stomatitis, and meteoric cheilitis.

In 2.0% of the 1st year cadets and 1.71% of the 1st year
PLS cadets various pathological symptoms from the TMJ side
were determined, which allowed to diagnose the presence
of TMJ dysfunction, and in 50% of them this pathology was
combined with parafunction of masticatory muscles (bruxism).

Obviously, from the data obtained, we can conclude that
cadets entering military educational institutions, regardless
of the military specialty of the higher educational institution,
require full-fledged dental rehabilitation, which should and
can be realized within the scheduled oral cavity sanation of
these groups of servicemen.

The study has shown that caries prevalence in cadets —
graduates of general military higher military educational in-
stitutions (hereinafter referred to as graduates) amounted to
92.4%, and in graduates of flight training in general military
higher military educational institutions (hereinafter referred
to as graduates of flight trainig) — 91.0%, the intensity of
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Fig. 1.
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Fig. 2.
Puc. 2.
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caries — the CFU index — was 6.2 (C — 0.9; F — 4.7; year cadets, should be assessed by prevalence as mas-
U—0.6)and 6.34 (C—1.12; F — 4.6; U — 0.62), respec- sive, and by intensity as high. The study of the caries course
tively. According to the World Health Organization (WHO) dynamics during the period of training in the HMEI allowed to
grid, the caries incidence in graduates, as well as in 1st reveal some increase in the prevalence and intensity of the
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carious process regardless of the HMEI profile (p 20,05).
The prevalence of non-carious tooth lesions in both groups
of graduates was 7.6 and 8.1%, respectively (p 20.05). It
is important to emphasize that due to medical examination
and dental therapeutic and preventive measures in HMEI,
31.4% of graduates and 34.2% of PLS graduates needed
treatment of dental diseases, and the level of dental care
(LDC) in both groups was assessed as good. The LDC in-
dex scores were 79.03 and 74.4%, respectively (p <0.01,
compared to those in the 1st year of HMEI).

There were significant changes in the state of periodontal
tissues in graduates of both groups. The incidence of perio-
dontitis increased according to age in both groups. The level
of oral hygiene remained unsatisfactory (HI was 1.9). When
evaluating the condition of periodontal tissues, gingival ble-
eding and positive Schiller-Pisarev test were detected in 40.2%
of graduates and 44.9% of flight graduates, respectively. The
Svrakov iodine number in these groups were 1.21+0.11 and
1.31£0.17 units, respectively (p =20.05). Dental tartar deposits
(supragingival and/or subgingival) were diagnosed in 46.5 and
38.7% of the examined graduates and flight training graduates,
respectively. At the same time, periodontal pockets up to 5 mm
deep were found in 15.7% of graduates and 12.6% of PLS
graduates (p <0.05). It should be emphasized that all graduates
of both study groups were mostly diagnosed with mild intensity
of periodontal diseases — CFU index = 1.64+0.22 (CPU index
ranged from 1.2 to 2.4). The dystrophic form of periodontal
disease was not diagnosed in any examined person.

Occurrence of periodontitis and pathology of the oral mucosa in the examined (%)
BcTpeyaeMocTb NapoAoHTMTa U NATONOrMK CIIM3UCTON 060NI04KM pTa y o6cnefoBaHHbIX (%)

The diseases of the oral mucosa, tongue and lips also
became more frequent in graduates and PLS graduates — in
5.4 and 7.2% of cases, respectively. Among this pathology,
herpetic stomatitis, cheilitis, fissure of the red border of the
lower lip and glossitis (folding and desquamative tongue)
were more frequent.

The prevalence of TMJ disorders in graduates was 2.1%
and 1.8% in PLS graduates who simultaneously suffered
from masticatory muscle pathology, namely teeth grinding
(bruxism).

DISCUSSION

Graduates of general military higher military educa-
tional institution (HMEI) and HMEI flight trainig graduates
represent the same population and have similar prevalence
and intensity of major dental diseases. We could not no-
tice any influence of flight work factors on the masticatory
apparatus of flight trainig graduates of HMEI. Despite the
insignificant increase in the prevalence and intensity of
dental caries during the period of training at HMEI, both
groups have a good indicator of dental care level, which
can be explained by the most advanced form of dental
care (medical checkup) used in the Armed Forces of the
Russian Federation for all groups of servicemen. At the
same time, periodontal diseases are more frequent and
intensive in HMEI graduates, which requires their complex
treatment. The unsatisfactory hygienic condition of the oral
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cavity of cadets and graduates of the HMEI, regardless of
their specialty, plays a certain important role in this, which
determines the high prevalence of inflammatory periodon-
tal diseases (gingivitis, periodontitis) among them. It also
requires regular training of the entire institution body under
examination in the appropriate rules of dental and oral ca-
vity care and professional oral hygiene.

CONCLUSIONS

1. As a result of the planned sanation work in HMEI, the
1st year cadets, as well as graduates of general military and
flight schools, as representatives of one population, have
practically the same prevalence and intensity of the main
dental diseases, as well as the structure of pathology of or-
gans and tissues of the masticatory apparatus, with a satis-
factory level of dental care on admission, and a good level
of dental care on graduation.

2. The volume and quality of dental work among young
people of pre-conscription and conscription age does not
correspond to the modern requirements. In this regard,
we can predict a sharp change in the structure of dental
morbidity among military personnel towards increasing
the intensity of caries and its complicated forms, as well
as increasing the prevalence and intensity of inflammatory
periodontal diseases. This should be taken into account
when drawing up the sanation calendar plan in HMEI.

3. The implementation of regular (up to 2 times a year,
combined with preventive examinations) professional con-
trolled oral hygiene and dental hygiene training in the struc-
ture of dental care will reduce the prevalence of inflamma-
tory periodontal diseases (gingivitis, periodontitis) among
cadets and trainees of HMEL.
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AONONMHUTENBbHAA UHOOPMALINA

ABTOp NpounTan 1 04o6pun uHanbHy BEPCUIO Nepes
ny6nukauuen.

WUcTouHuk dmHaHcuMpoBaHuA. ABTOp 3asBnseT 06 oT-
CYTCTBMM BHELUHETO (PUHAHCMPOBAHMS NpU NMPOBESEHNN UC-
CnefoBaHms.

WHdopmupoBaHHOe cornacue Ha nybnukauumio. As-
TOP NOMYYWN NUCbMEHHOE COrnacue NauueHToB Ha nyGnu-
KaLuio MeauLMHCKNX AaHHBIX.
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Abstract. Introduction. Acrylamide plastics are widely used in orthopedic dentistry. Studies of their susceptibility to
microbial adhesion are relevant, since the restorative material made on the basis of these polymers can become a
reservoir for microorganisms that can infect peri-implant tissues and cause inflammation. The purpose of the study
was to test the adhesive ability of clinical strains of Candida to samples of acrylamide plastics. Materials and methods.
50 clinical strains of Candida fungi have been studied for the formation of biofilms during cultivation on acrylamide
plastics. Plastic samples were treated with an inoculum of fungal cultures for 48 h at 37 °C. The values of their optical
density (A=560 nm) were a quantitative assessment of the biomass of the formed films. The results of the study.
Quantitative analysis of the biofilm biomass showed that after 48 h all fungal strains formed a biofilm on the surface
of the tested polymer discs. The highest quantitative values of the biofilm biomass were noted in the cultivation of
C. albicans. Conclusion. It was noted that the type of material is not a key growth restriction factor for C. albicans.
A set of measures is needed that combines optimal mechanical processing methods with the use of antimicrobial drugs
to prevent the formation and accumulation of biofilms.

Key words: fungi of the genus Candida; Candida albicans; biofilms; acrylamide plastics.
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nofMMepoB pecTaBpaLyOHHbI MaTepuan MOXET CTaTb pe3epByapoM 151 MUKPOOPraH3MOB, KOTOPbIE MOTYT Mo-
paxaTb NEPUMMMNNAHTHbIE TKaHM U Bbi3blBaTb Bocnanexue. Ljesbto uccnedosaHus 6bin0 NpOBEPUTL afre3NOHHYH0
CnocobHOCTb KNMHNYeCKMX WTammoB rpubos poaa Candida k o6pasuam akpunammaHbix nnactmacc. Mamepuansi
u memoosl. Viccnenosaro 50 KnuHUYeckux WwtammoB rpubos poaa Candida Ha npeameT o6pasoBaHns GuonneHok
Npw KyNbTUBMPOBAHMM Ha akpunaMmuaHbix nnactmaccax. Obpasubl nnactmacc obpabatbiBanit MUHOKYNSTOM KynbTyp
rpn6os B TeveHne 48 4 npu 37 °C. KonnyeCTBEHHOI OLeHKON BruoMacchl CPopMUpOBaBLUMXCS NAEHOK Bblv 3Ha4YEHUS
NX OnTU4ecKor NNoTHocTU (A=560 HM). Pe3ynbmambi uccnedogaHust. KonniecTBeHHbI aHanna briomacchl GronneHku
nokasarn, 4to yepes 48 4 Bce wrammbl rpubos obpasosBany GONEHKY Ha NOBEPXHOCTU TECTUPYEMbIX NOMIMMEPHbIX
anckoB. Camble BbICOKWE KONMYECTBEHHbIE 3HaYeHUst Guomacchl BrionneHok Bblav OTMEYEHbI NPK KYNbTUBUPOBAHWN
C. albicans. 3aknroyeHue. Bbino 0TMEYEHO, YTO TUN MaTepuana He SBISETCS KNoYeBbIM PaKTOPOM OrpaHnyeHus pocTa
ans C. albicans. Heo6xoanm KoMnnekc MeponpuUsaTUiA, COYETatOLMIA ONTUManbHble METOAbI MeXaHn4eckon 0bpaboTku

C UCMOMNb30BaHMEM aHTUMUKPOGHbIX NMpenapaToB Ans NpefoTBpaLleHns 06pa3oBaHus 1 HaKoMeHUs GUONMEHOK.

KnioueBble cnosa: rpubsl poga Candida; Candida albicans; Gnonnexku; akpunamugHbsie nnactTmMaccsl.

INTRODUCTION

The oral cavity is the most important biotope of the hu-
man body which is inhabited by various microflora repre-
sented by more than 700 kinds of the microorganisms and
which plays an important role in cooperation of the human
body with its environment [6]. A specific microbiota inhabits
the oral cavity and tends to colonize the surfaces of the
teeth, tongue and mucous membranes of the mouth, soft
tissues, tooth implants and restorative materials.

The microorganisms colonizing the oral cavity mainly
remain in the biotopes where the biofilm formation takes
place. As a part of biofilms the microbes become more
resistant to the immune factors, antibiotics etc. instead of
those solely inhabiting ones, this factor promotes and ag-
gravates such oral conditions as caries, periodiodontal dis-
orders, infections associated with the implants and candi-
dosis of oropharynx. Polymicrobial biofilm infection on the
teeth implants is considered to be the main cause of peri-
implant diseases. Oral streptococci such as Streptococcus
sanguinis, Streptococcus mutans, Streptococcus oralis and
Streptococcus mitis are considered to be the colonization
‘pioneers” prior to plague formation [11], the process in-
volves both the bacteria and the fungi. Thus the oral cavity
is being colonized by various genus Candida fungi which
are commonly associated with the disorders of the mucous
membranes of the oral cavity. Candida albicans, Candida
tropicalis, Candida parapsilosis, Candida glabrata, Candida
krusei and Candida dubliniensis are most common types
among them antibiotic-resistant strains are present [1, 4]. It
is revealed that genus Candida fungi are characterized by
expressive adhesive properties and they can be absorbed
in biotic and abiotic surfaces including acrylic dentures. Ad-
hesion and colonization seem the first and the most impor-
tant stage in infectious process underlying and preceding

the biofilm formation which involves not only the mucous
membranes but also the surfaces of the medical devices [3],
thus, resulting in infection and the following medical assis-
tance. Nowadays the genus Candida fungi ability to produce
biofilms is considered as the most important factor of viru-
lence [5], resulting in grave clinical conditions. Genus Can-
dida fungi present in biofilms is highly resistant to antifungal
therapy and resists to some immune factors of the host.

OBJECTIVE OF THE STUDY

The purpose of the study was to test the adhesive ability
of clinical isolates of Candida strains to samples of acryla-
mide plastics which is used in prosthetics.

MATERIALS AND METHODS

Methyl methacrylate plastics Belacryl-M HO (Russia),
ethyl methylmethacrylate plastics Belacryl-E HO (Russia)
and Protacryl-M material (Ukraine) samples were inves-
tigated. 10 samples from each material with the diameter
of 20 mm and height of 8 mm were involved. 50 strains of
Candida fungi were studied: C. albicans — 23, C. tropica-
lis — 14, C. krusei — 8, C. glabrata — 5. All the strains
were cultivated in 5% blood agar (24 h at 37 °C) to obtain
separate colonies. To prepare inoculum the cultures were
suspended in fluid Biomedia (Saburo) environment until
they reached the density of Dy, 0,025+0,005 (NanoPho-
tometer N60-Touch, Germany). The tested materials were
placed in the plates (Fudau Biotechnology, Russia) were
2 ml of inoculum were introduced. Cultivation lasted 48 hours
at 37 ° C. After incubation the samples were thoroughly
washed twice in phosphate buffered saline (PBS), pH 5.0,
to remove planktonic cells. The biofilm biomass was as-
sessed by the method [2] according to the research modi-
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Table 1
Quantitative characteristics of biofilm biomass based on absorption values depending on the type of restoration material
Tabnuuya 1
KonunyecTBeHHble XapakTepuCTUKN Guomacchl 6UONNEeHKU Ha OCHOBE 3HaYeHWIA NOTMOLEHUs B 3aBUCUMOCTH
OT TUNa pecTaBpaLMOHHOro MaTepuana
Matepwan / Material C. albicans C. glabrata C. tropicalis C. krusei

Benakpun-M XO / Belacril-M HO 2,62 1,29 1,54 1,9

Benakpun-3 XO / Belacril-E HO 2,07 1,43 1,8 1,54

MpoTtakpun-M / Protacril-M 2,19 2,0 2,04 1,62
Table 2

Number of viable microorganisms in biofilms, expressed in colony forming units (CFU/ml)

Tabnuua 2

KonnyecTtBo xM3HECNOCOOHBLIX MUKPOOPraHN3MOB B G1ONNeHKax, BbIpaXeHHOe B KONIoHWeobpa3ytowwmx eamHuuax (KOE/mn)

Matepwan / Material C. albicans C. glabrata C. tropicalis C. krusei
Benakpun-M XO / Belacril-M HO 5,87x108 1,63x108 2,28x108 2,86x108
Benakpun-3 XO / Belacril-E HO 5,14x106 1,80x108 2,62x106 2,24x106

MpoTakpun-M / Protacril-M 5,99x108 3,05%x108 3,14x108 2,24x108

fication: the biofilm stained by gentian violet was extracted
with ethanol, decanted, and separated 20 times to assess
the optical density by spectrophotometer (PE-5400 UV) at a
wavelength of 560 nm. Sterile disks were used as a nega-
tive control.

The amount of viable microorganisms in the biofilm was
detected by counting colony forming units (CFU). After bio-
film formation the samples were thoroughly washed three
times in 1 ml of PBS to remove the cells which were not
detached. Then they were placed in centrifuge tubes filled
with 1 ml of PBS, they were vigorously shaked for 2 min
in LAUDA Varioshake VS 15 R (Germany) to disperse the
cells which sticked to the disk surface. The cellular sus-
pension of each sample was three times consequently dis-
solved in PBS ten times and applied Saburo agar. They
were incubated for 48 h at 37° C. The amount of the viable
cells which formed the colonies was indicated in CFU/mL.
All the results are represented statistically according to
STATISTICA 12.0.

RESULTS AND DISCUSSION

The quantitative analysis of the biomass formed on the
biofilm revealed that all strains of the fungi formed the bio-
film on the surface of the tested polymer disks in 48 h. The
quantitative analysis noted the highest number of biofilm
biomass represented by of C. albicans (Table 1).

High values of biofilm biomass in cultivation of C. albi-
cans to a great extent are associated with the adhesive

activity of these fungi. In comparison with the other Can-
dida genus, C. albicans forms complicated biofilms which
are composed of a merging basal layer of blastospores and
covered with thick layer of matrix and containing extracellu-
lar material and hypha. The other isolates form only blasto-
spore basal layer [8;10]. Morphological transition of C. albi-
cans from yeast to micelial cells is one of the main factors
of virulence as it contributes not only to significant spread
of the culture on the polymer surface but also impairment
of the mucous membrane of the oral cavity caused by acid
proteases.

The results of calculation of the viable cells derived from
the biofilms referred to the dynamic of biofilm biomass for-
mation by different genera of Candidae (Table 2).

It was noted that the type of the material was not a limi-
ting key factor for C. albicans growth. Though there was de-
crease of C. glabrata and C. tropical growth on the surface
of Belacryl-M HO.

Survival rate of C. albicans on polymer materials is as-
sociated with extracellular polymer matrix formation ability,
which overlaps the cells and pseudohyphae of the fungi,
thus, it prevents the inhibiting factors [12].

Acrylamyd plastics are the most common type of polymer
materials in dentistry. Nevertheless there are no extended
research works concerning biofilm formation on these ma-
terials. Microorganisms which adhere to the dental implants
and dentures can cause different infectious processes, ag-
gravating pulp pathology in particular [7, 9]. Intensive bio-
film formation on the restorative materials in the oral cavity
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is revealed in a day, even a temporary restorative mate-
rial can aggravate the oral health condition, which requires
measures to prevent accumulation of the microorganisms
and formation of the biofilm.

CONCLUSION

All the investigated genus Candida types have shown
high capability in biofilm production in all mentioned above
acrylamide plastic samples. It was revealed that Candida
albicans was characterized by the highest quantitative
value prevalence. Intensive biofilm formation by the fungi
on these materials during the restorative work in the oral
cavity is a risk factor for infectious complications. Complex
of measures including optimum mechanical debridement in
combination with antimicrobial medications are required for
effective oral hygiene.
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AOMNOJIHUTENIbHAA UHOOPMALIUA

Bknapn aBTopoB. Bce aBTOpbI BHECTN CYLLECTBEHHBIN BKITAA
B pa3paboTky KOHLENLM, NpoBEAeHNe UCCenoBaHNs 1 NOLro-
TOBKY CTaTbil, MPO4NM 1 0R0BPUNM (OUHANBHYIO BEPCUIO Nepes
ny6nmkaupen.

KoHdnukT uHTepecoB. ABTOpbI [eknapupyoT OTCyT-
CTBME SIBHbIX W MOTEHLMANbHBIX KOH(IUKTOB MHTEPECOB,
CBSI3aHHbIX C NyOnukaLyeit HacTosLen cTaTbi.

WUcTouHMK ¢hmHaHCcMpoBaHUA. ABTOpbI 3asBRsOT 00
OTCYTCTBWW BHELLHEr0 (DUHAHCUPOBAHWS MpU NPOBELEHWM
“ccnegoBaHus.
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Abstract. Introduction. Articular cartilage, due to the peculiarities of its structure and the lack of active trophism, is not
capable of independent regeneration. Existing clinical methods for cartilage tissue restoration have many limitations.
The development of tissue-engineered structures remains an urgent task in the fields of medicine, biology, and materials
science. Purpose of the study: to analyze existing materials for chondroplasty and identify their advantages and
disadvantages. Materials and methods. The study design was a non-systematic literature review. The data search
was carried out in the following databases: PubMed, ScienceDirect, eLibrary, Google Scholar. The search period was
15 years; most of the works included in the study were published in the last 5 years. Criteria for inclusion of works:
availability of the full text of the articles, availability of histological studies, availability of statistical data analysis.
The exclusion criteria for works were the absorbing nature of articles by one author (a more recent publication was
included in the analysis). Results. During the work, it was found that both biological and synthetic polymers are used
in the development of chondroplastic materials. Biological polymers have a high affinity for cell cultures but are not
able to withstand significant mechanical loads. The solution of mechanical strength is the use of synthetic polymers.
Chondrocytes are used as the main cell culture that influences the acceleration of defect restoration. Differentiation
factors, especially factors from bone morphogenetic proteins group (BMPs), are also actively used. Conclusion.
Biopolymers and synthetic polymers have both advantages and disadvantages, which leads to the need to use different
types of polymers to ensure the mimicry properties of the structures being developed. The use of growth factors,
differentiation factors, cell cultures and biologically active substances accelerate regeneration processes.

Key words: chondroplasty; tissue engineering; biological polymers; chondrocytes.
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Pestome. BeedeHue. CycTaBHOM XpsiLL, BBUAY OCOBEHHOCTEN CBOErO CTPOEHWS U OTCYTCTBUSA aKTUBHOM TPOUKM, HE
cnocobeH K camocTosTeNnbHO pereHepaumu. CyLLecTBYOLLME KNMHUYECKE METOAbI BOCCTAHOBMNEHUS XPSALLEBOMN TKaHU
MMEIOT MHOXKECTBO OrpaHUYEHUIA, N3-3a Yero pa3paboTka TKaHeWHXEeHEepHbIX KOHCTPYKLMIA OCTaeTCs akTyanbHoM 3aga-
yen B 0bnacTu MeanuyHbl, Gronorum u matepuanosefeHns. Ljesab uccnedoeaHus: NPOBECTY aHaNN3 CyLLECTBYOLLNX
MaTepuasnos Ans XOHAPOMIACTMKN W BbISIBUTb WX MPEUMYLLECTBA U HefocTaTkin. Mamepuanbi u MemodsbI. [usaiiH vc-
CcnefoBaHus NpeacTaBieH Hecuctematuyecknm 063opom nutepatypbl. [onck AaHHbIX ocyLecTBNANM B 6a3ax AaHHbIX
PubMed, ScienceDirect, eLibrary, Google Scholar. lnybuHa noucka coctasuna 15 net, 60MbWNHCTBO PaboT, BKMOYEHHbIX
B UccnegoaHue, onybnukoBaHbl B nocnegHue 5 net. Kputepuu BknoYeHns paboT: Hannume NomHoro TeKcTa pykonuey,
Hanuume rmcToNOrMYECKINX MCCNEeA0BAHNIA, CTaTUCTUYECKOrO aHann3a AaHHbIX. KpuTepusimu uckioueHus pabot cuntani:
MNormnoLaloLLMin XxapakTep ctatein OAHOMO aBTopa (B aHanu3 Bkovanu Gonee nosgHiow nybnukaumto). Pesynbmamei
uccnedoeaHust. B xone paboTbl ObIno yCTaHOBNEHO, YTO B pa3paboTke XOHAPONIACTUYECKNX MaTEPUANoB NPUMEHSIOTCS
kak Guonoruyeckune, Tak U CUHTETUYECKIE NONMMEPLI. Bruonornyeckne nonumepbl 06naaatoT BbICOKMM CPOACTBOM K
KynbTypam KNeToK, Npu 3TOM He CrnocobHbI BblAEepkMUBaThb 3HAUNTENbHBIE MEXaHUYeckue Harpy3skiu. PelueHnem npobnemsi
MeXaHU4eCKOM NPOYHOCTN SBASETCS NPUMEHEHUE CUHTETUYECKUX MONMMEPOB. B kaueCTBE OCHOBHOM KYNbTYpPbl KNETOK,
KoTOpas BNMSIET HA YCKOPEHWE BOCCTAHOBNEHMUS AedpeKTa, MCNONb3YTCS XOHAPOLMUTLI. AKTUBHOE NPUMEHEHWE HaxoasT
TaKxe auddepeHLpoBOYHbIE hakTopbl, B 0COBEHHOCTM (DaKTOPbI U3 YKCra KOCTHBIX MopdoreHeTuyeckux benkos (BMP).
3aknroyeHue. / npupoaHsle GuononnMepsbl, U CUHTETUYECKME NONMMEPDI MMEIOT Kak NPenMyLLECTBa, Tak U HeocTaTky,
YTO NPUBOANT K HEOBXOLMMOCTH NPUMEHEHNS Pa3HbIX TUMOB NOIMMEPOB AN 06ecneyYeHns MUMUKPUYECKNX CBONCTB
pa3spabaTbiBaeMblx KOHCTPYKLWA. [pumeHeHne hakTopoB pocTa, (pakTopoB AN PEPEHLMPOBKN, KNETOUHbIX KyMNbTYp 1

B1ONOrYECKM aKTUBHbIX BELLECTB CNOCOOCTBYET YCKOPEHMIO MPOLIECCOB PEreHepaLyy.

KntoueBble cnoBa: XOHApoONMacTuka, TKaHeBadA NHXKEHEPUS, Buonornyeckue NoJNIMMEPbI; XOHOPOLMUTHI.

INTRODUCTION

The treatment of traumatic injuries and degenerative
changes in articular cartilage represents one of the chal-
lenging tasks in the practice of orthopedic traumatologists.
Articular cartilage (AC) is a unique connective tissue that
plays a pivotal role in maintaining joint mobility by reducing
mechanical friction at joint surfaces and absorbing shock
during load transmission.

The absence of vascularization and innervation, the
limited number of progenitor cells, and the restricted pro-
liferative potrntial of mature chondrocytes contribute to the
inability of cartilage tissue to repair itself. The currently em-
ployed methods of cartilage tissue transplantation, as well
as subchondral bone transplantation, offer numerous clini-
cal benefits but also possess drawbacks such as insufficient
material availability, immunogenicity risks, and the complex
preparation of implantable samples. Synthetic and natural
biopolymers, which are devoid of these limitations, may
be considered an alternative. Moreover, complex polymer

compositions in conjunction with cells, growth factors, and
differentiation factors can be used for cartilage tissue en-
gineering. Biocompatibility, an extended resorption period,
the enhancement of chondrogenesis, and the replication of
the extracellular matrix structure of cartilage tissue are the
main requirements for synthetic cartilage transplants.

Currently, there is no unified classification for articular
cartilage damage across different localizations. The most
widely used classifications in clinical practice are those pro-
posed by Outerbridge [60] and by Bauer and Jackson [9].
The most comprehensive classification is that proposed by
the International Cartilage Repair Society (ICRS) in 2000.
Each of these classifications is based on the histomorpho-
logical changes in articular cartilage, characterized by the
stage of progression or the severity of the damage. In de-
scribing the state of AC, the size of the defect as well as its
anatomical and functional localization are also taken into
account.”

A great number of publications in the unit “Clinical Medi-
cine are devoted to the epidemiologically most significant dis-
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eases that lead to the development of degenerative-dystrophic
changes in AC. Among the primary causes of osteoarthritis
associated with autoimmune-driven pathogenesis are juvenile
idiopathic arthritis and ankylosing spondylitis. Researchers
also note that high doses of glucocorticosteroids used in the
therapy of such conditions, as well as alterations in the com-
position and volume of synovial fluid, play a part. There have
also been reports on osteochondritis dissection of the femoral
condyle, or Konig's disease [15, 71]. Legg-Calvé—Perthes di-
sease is recognized as the most frequent condition leading to
hip osteoarthritis, attributed to the development of multiplanar
deformities in the proximal femur and joint decentration. The
ischemic component of this disease’s pathogenesis may be
associated with the subsequent degeneration of the femoral
head’s articular cartilage, with progression to deforming os-
teoarthritis consistently documented in multiple studies. [56,
62]. Limited research has focused on pediatric osteochon-
dropathies, such as Osgood-Schlatter and Blount's disease,
various forms of epiphyseal dysplasia, and congenital or ac-
quired lower limb deformities. When these conditions persist
with an aggressive course, they can lead to incongruence of
the articular surfaces, resulting in uneven load distribution on
the cartilage that, in turn, causes its thinning and degenerative
changes [4].

The present work provides an analysis of the advan-
tages and disadvantages of the materials most frequently
used in cartilage tissue engineering. The article discusses
methods to improve cell adhesion and proliferation, as well
as the application of composite formulations designed to
overcome the shortcomings of the scaffolds under review.

MATERIALS AND METHODS

The study design is presented as a non-systematic lite-
rature review. Data were searched in the following databases:
PubMed, ScienceDirect, eLibrary, and Google Scholar. The
search spanned a period of 15 years, with most of the works
included in the study published within the last 5 years. The
inclusion criteria were as follows: availability of the full text of
the manuscript, the presence of histological studies, and the
inclusion of statistical data analysis. Studies were excluded if
they represented repetitive work by the same author (only the
most recent publication was included in the analysis).

RESULTS AND DISCUSSION

Cartilage tissue — a special type of connective tissue
distinguished by its dense and elastic extracellular matrix.
Three types of cartilage are recognized:

+ Hyaline cartilage — a translucent cartilage tissue with

a high content of collagen fibers; it forms the articular

surfaces of long bones as well as the edges of the

ribs.

+ Elastic cartilage — yellowish in appearance due to the
presence of elastic fibers; it forms the auricle and the
laryngeal cartilages.

« Fibrocartilage — a variant of hyaline cartilage that
contains numerous bundles of collagen fibers;
fibrocartilage forms intervertebral discs and serves as
the attachment sites for tendon-muscle fibers to bones.
Articular cartilage is a type of hyaline cartilage that covers

the epiphyses of bones and serves as an interlayer between

them. AC is composed of collagen fibers and chondrocytes,
which are spherical cells with an average diameter of 13 um

[44]. Chondrocytes constitute 5-10% of the cartilage volume,

and their primary role is the formation of the extracellular

matrix (ECM), which consists of collagen and proteoglycans.

The matrix also contains a large amount of water with dis-

solved sodium, chloride, and potassium ions. In addition to

its joint function, the ECM serves as a barrier protecting the

chondrocytes from damage [34].

Articular cartilage is entirely devoid of nerve endings
and vascular structures. Chondrocytes are nourished by dif-
fusion from the synovial fluid. The lack of direct nourishment
and innervation does not allow cartilage tissue to recover
independently, which is why the development of highly ef-
fective materials for the repair of articular surfaces remains
a critical challenge in medicine [50].

In addition to its protective function for the bone epiphy-
ses, articular cartilage also performs an amortizing role; the
presence of synovial fluid and its smooth surface reduce
friction in the joints during movement, thereby ensuring the
congruence of the articular surfaces. Despite these adap-
tive features, AC remains vulnerable to degeneration under
various stressors.

MATERIALS FOR CARTILAGE REPAIR

The aforementioned histological and morphological
features of hyaline cartilage, along with the multitude of
pathologies that lead to its damage, underscore the need
to develop materials that can restore and replace the lost
cartilage volume.

Materials for chondroplasty — whether for complete or
partial restoration of articular cartilage in surgery — can
be classified into the following groups: biological materials
(including autografts and allografts, xenografts, and biologi-
cally active molecules of both protein and non-protein na-
ture), synthetic materials (for example, polyethylene glycol
and polylactide), which are obtained by chemical synthesis,
composite materials which combine several biological and/
or synthetic materials.
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TRANSPLANTS

When discussing cartilage transplants, it is essential
first to classify them into three categories: autologous trans-
plants (the donor is the same as the recipient), allogeneic
transplants (the donor and recipient belong to the same
species), and xenotransplants (the donor and recipient be-
long to different species).

Autotransplantation. Autologous repair is considered
the “gold standard” in regenerative medicine. Since the
graft is harvested directly from the recipient's own donor
site, many immunological issues associated with defect re-
pair are eliminated. In practice, small fragments of cartilage
tissue or pieces of bone tissue with overlying cartilage are
often used as grafts [2].

The primary drawback of this approach is the extremely
limited volume of tissue that can be harvested. Apart from
that, extra surgical interventions are required for the autopsy
of the graft, which may cause pain at the donor site [24].
Nevertheless, according to I.M. Zazirny and R.Ya. Shmigelski
(2015), more than 70% of the interventions resulted in im-
proved outcomes [3]. In cases of massive cartilage surface
defects, the insufficiency of donor tissue and the limited
available harvest sites become a significant problem. To over-
come this issue, some groups of clinicians have adopted a
combined repair approach that uses autotransplantation sup-
plemented by various materials (including collagen sponges)
to compensate for the lost volume of articular cartilage [5].

Allotransplantation. Another approach to address the
challenges associated with autotransplantation is the use
of allogeneic transplants. Cartilage allografts were actively
used until around 2010, after which the number of publi-
cations on the subject began to decline. Nevertheless, this
method has been studied extensively. Typically, the grafts
consist of fragments of bone tissue with an adjacent layer of
cartilage [51], which is due to the fact that cartilage receives
nourishment not only from the synovial fluid but also via dif-
fusion from the subchondral bone [49].

Since 1981, allotransplantation has been introduced
into pediatric orthopedic practice by Professor V.L. Andri-
anov, who proposed to use a demineralized bone-cartilage
allograft (DBCA) of cadaveric origin for treating the con-
sequences of acute hematogenous osteomyelitis of the
proximal femur, which was accompanied by destructive hip
dislocation. Later, in 1992, S.V. Filatov proposed the use of
perforated DBCA, and the technique was validated by satis-
factory functional outcomes in the postoperative period. The
surgical technique involves reshaping the femoral head into
a spherical form in cases of pronounced deformity and fix-
ing the graft with its cancellous surface facing the acetabu-
lum, followed by joint decompression.

The cadaveric origin of the graft can significantly in-
crease the available donor material compared to autografts.
It is worth mentioning that cadaveric grafts have been wide-
ly used in the production of composite materials [14].

Allogeneic grafts require specific preparation and pre-
servation methods for transportation. Currently, there is no
consensus on which preservation method for cartilage tissue
is preferable for future transplantation into the defect area.
The main approaches which minimally affect the structure of
cartilage tissue are divided into two types: the use of native
chondral structures and the application of cryogenic tech-
nologies to preserve the cartilage for later implantation [10].

Xenotransplants. In many countries, ethical and le-
gal challenges complicate the preparation of allografts.
At the same time, the availability of animal tissues makes
xenotransplants an attractive alternative to allo- and au-
totransplantation.

Xenogeneic transplants are tissues obtained from vari-
ous animals, particularly pigs and cattle. In many cases, it
is not the tissue fragments themselves that are used, but
rather cells harvested from the animal donor [6].

The primary challenge associated with xenotransplants
is their immunogenicity. Various approaches have been em-
ployed to reduce it, including lyophilization, freezing, chemi-
cal treatment, and gamma irradiation. However, due to the
unique composition of cartilage tissue, these methods can
lead to a reduction in its chondrogenic potential. Another sig-
nificant concern is the potential transmission of infections [1].

Despite these challenges, the literature reports both
positive and negative outcomes in experimental studies
[63]. In a study [80], it was suggested that the observed
results might be related to the duration of the studies. In
short-term experiments, the outcomes were better than in
long-term ones. Moreover, the choice of the experimental
model and the corresponding type of recipient plays a cru-
cial role: studies conducted in small rodents have obtained
better results than those in other species.

BIOLOGICAL POLYMERS

Natural polymers such as collagen, chitosan, alginate,
gelatin, and many others are actively employed in carti-
lage tissue engineering. Many of these natural polymers
exhibit high cell affinity, are easily modified, resorbed, and
effectively mimic the extracellular matrix (ECM) of cartilage
tissue. However, their autonomous use is limited by low
mechanical properties and, in many cases, a high resorp-
tion rate, which does not allow the effective restoration of
cartilage function.

Collagen. Collagens are a family of proteins that are
among the most widely represented in the human body.

& POCCHIICKHE BHOMETIIMHCKIE HCCTEJIOBAHMAL  TOM S Nod 2023

¢ISSN 2658-6576




36

REVIEWS

They constitute the most important component of the
ECM and, in their native state, offer excellent biocom-
patibility, low immunogenicity, and bioresorbability. Col-
lagens are composed of polypeptide chains that contain
tripeptide sequences of glycine, proline, and hydroxypro-
line. These tripeptide sequences form a structure that
ensures the stability and mechanical properties of col-
lagen matrices [76].

Collagens serve as an excellent matrix for cultivating
various cell lines and actively interact with growth and dif-
ferentiation factors, thereby enhancing the proliferation and
adhesion of cell cultures [74]. Collagen matrices can be pro-
duced from collagen obtained from fish [79], cattle [86], or
recombinant human collagen [88]. Despite their outstanding
biological characteristics, collagens exhibit low mechanical
strength [35] and a high rate of biological resorption [31],
which considerably limits their application — especially for
articular cartilage replacement.

A primary strategy to overcome the limitations of col-
lagen is to employ composite materials. For example, in
study [29], polylactide and chitosan were used to improve
the mechanical properties of collagen matrices. Other stu-
dies have modified mechanical characteristics by incor-
porating elastin, polyglycolic acid (PGA), or polyethylene
glycol (PEG) [61].

While collagen itself is an excellent biological polymer
for cell cultivation and implantation into defect areas (as
demonstrated in [19]), the addition of various biologically
active molecules can further enhance tissue repair proces-
ses or influence cell proliferation on collagen matrices [68].
Since chondrogenesis is closely linked with osteogenesis,
bone morphogenetic proteins (BMPs) are often used [69] —
under certain conditions, they can direct the differentiation
of mesenchymal stem cells (MSCs) toward a chondrocytic
way and affect the rate of ECM formation during long-term
in vitro cultivation on collagen substrates [46].

Chitosan. Chitosan is a natural, hydrophilic, polycatio-
nic biopolymer obtained from chitin. Structurally, it resem-
bles cartilage and bone tissue, which makes it a good can-
didate for mimicking the ECM [78].

Chitosan is a deacetylated product of chitin and is com-
posed of B-(1—4)-2-acetamido-D-glucose and B-(1—4)-2-
amino-D-glucose units [18]. Due to the presence of amino
and hydroxyl groups, the polymer forms both intermolecular
and intramolecular hydrogen bonds. The abundance of mul-
tifunctional surface chemical groups enables modification of
its surface with growth factors and cell differentiation factors
[8]. Chitosan exhibits excellent biological and cytological
compatibility and bioresorbability; its surface easily facili-
tates the formation of a protein coating, creating a native-
like environment for cells [23].

The disadvantages of chitosan include low mechanical
strength and poor thermal stability. These issues are typi-
cally handled by applying composite materials; for example,
a study [41] utilized polylactide. PEG has also been applied
to improve its mechanical properties [89].

Alginate. Alginate is a polysaccharide obtained from
brown algae. It is widely used in medicine due to its bio-
compatibility and non-immunogenicity. Due to its gel-like
structure, alginate serves as an excellent substrate for cell
growth [21].

Alginate is composed of two types of blocks: D-mannu-
ronic acid (M-block) and L-guluronic acid (G-block). Varia-
tions in the ratio and chain lengths of these blocks lead to
changes in the mechanical characteristics of alginate scaf-
folds [12].

Alginate is degraded by enzymes of the alginate lyase
class which are not typically found in mammals rendering
this material essentially non-resorbable when implanted in
vivo. Nonetheless, it exhibits a high capacity for chondro-
genesis and osteogenesis, permitting its use in both in vitro
and in vivo studies [48]. Another limitation of alginate is its
gelation, which prevents the formation of complex porous
structures.

To handle these issues, various composite formulations
have been developed, they combine alginate with chitosan
[67], collagen [32], or numerous synthetic polymers [75] to
impart additional mechanical and biological properties. Like
many other biological polymers, alginate is frequently used
in conjunction with growth and differentiation factors [25].
Moreover, numerous studies have demonstrated the posi-
tive effect of incorporating hydroxyapatite particles into algi-
nate matrices [92].

Silk fibroin. Silk fibroin is one of the oldest biomedi-
cal polymers. It consists of thin fibroin fibers coated with
a globular protein known as sericin. The presence of this
foreign protein often triggers an immune response; as a
consequence, several simple and accessible methods —
physical, enzymatic, and chemical — have been developed
to remove sericin from fibroin fibers [47]. Silk fibroin is ta-
ken from various organisms and is subsequently purified to
remove sericin. Depending on the source and processing
methods, the mechanical properties of fibroin fibers can
vary [64].

Due to their fibrous structure, materials derived from fi-
broin can tolerate prolonged cyclic loading — an important
feature for implantation as a replacement for defective car-
tilage tissue [37]. Besides that, fibroin-based constructs ex-
hibit a long in vivo resorption time, allowing for the gradual
replacement of cartilage tissue [38].

The primary disadvantage of silk fibroin is its immuno-
genicity; despite high-quality purification processes, there

& RUSSIAN BIOMEDICAL RESEARCH

VOL8 N4 2023

ISSN 2658-6584




0B30PbI

37

is considerable evidence of delayed immune responses to
both silk fibers and the implanted constructs [26].

Hyaluronic Acid. Hyaluronic acid is a disaccharide
composed of N-acetylglucosamine and glucuronic acid.
It is favored because it is one of the main components of
synovial fluid, naturally supports chondrocyte proliferation,
and enhances cartilage tissue repair. Its molecular structure
promotes easy cell adhesion to its surface [52].

Hyaluronic acid is a resorbable, biocompatible, and
non-toxic material. Depending on its molecular weight, it
exhibits varying mechanical properties and lubricating cha-
racteristics — both essential for cartilage tissue function
[96]. According to [36], at certain shear rates, hyaluronic
acid behaves similarly to water, which limits its use as a
friction-reducing material on joint surfaces.

With advances in bioprinting using hydrogels, hyaluronic
acid is now used either as a base material or as a coating
for various printed constructs [84]. In addition, hyaluronic
acid is used in composite formulations with alginate [11],
collagen, and gelatin [58] as bio-inks for 3D bioprinting. Its
widespread use as a component in intra-articular injections
for gonarthrosis of varying severity has long been estab-
lished as an effective and minimally invasive method [95].

Gelatin. Gelatin is a fibrous protein obtained from par-
tially hydrolyzed collagen. It exhibits high biocompatibility
and is bioresorbable, which makes it suitable for various
medical applications. Due to its functionalization, gelatin is
widely used for drug delivery and in tissue engineering. Its
polyionic nature allows for the easy conjugation of polysac-
charides, growth and differentiation factors, proteins, nu-
cleotides, and other therapeutic molecules [59].

In recent years, gelatin has become important in the
development of materials for cartilage tissue engineering
due to the ease with which printed samples can be sta-
bilized post-3D printing. In particular, methacryloyl gelatin
(GelMA) has attracted considerable attention. Hydrogels
based on GelMA possess an ECM-like structure, enabling
the creation of scaffolds that closely mimic native tissue
[91]. GelMA can be synthesized by various methods, which
allows for the modulation of the mechanical and chemi-
cal characteristics of the resulting matrices [43]. However,
according to a study [85], methacryloyl gelatin may have
negative effects on cell cultures, which is attributed to the
need for photoinitiators during the crosslinking process fol-
lowing printing.

Bacterial cellulose. Among naturally occurring poly-
mers, cellulose is one of the most common. It forms the cell
walls of plants and is also secreted by many bacteria [7].
Bacterial cellulose (BC) is preferred because it has a more
branched nanofiber structure, providing a greater surface
area at the same volume. According to [70], cellulose fibers

are easily modified, which allows one to modify the structure
and properties of matrices based on BC.

The mechanical strength, crystallinity, and moisture-
retention characteristics of bacterial cellulose depend not
only on the type of bacteria used to produce the material
but also on the composition of the culture medium, the ad-
dition of various substances, and the cultivation conditions.
Despite these advantages, BC exhibits a very long resorp-
tion period, and cells do not show a high degree of adhe-
sion to its surface [66]. The main method of dealing with
cell compatibility issues is the addition of collagen [94] or
alginate [65].

Synthetic polymers

Synthetic polymers have a longer resorption period
compared to natural polymers, and controlling the degree
of polymerization makes it possible to influence mechanical
characteristics, matrix structure, and degradation.

Synthetic polymers are generally preferred because
of their superior mechanical properties compared to
natural polymers. Nevertheless, purely synthetic poly-
mers are currently almost never used independently for
cartilage tissue repair due to low cell compatibility and
the absence of therapeutic features. In most cases, syn-
thetic polymers — such as polyglycolic acid, polylactic
acid, polyethylene glycol, and polycaprolactone — serve
as scaffolds in combination with natural polymers, cells,
and agents that enhance proliferation and influence cell
differentiation.

PGA. Polyglycolic acid (PGA) is a linear crystalline hy-
drophilic polyester. This polymer demonstrates good adhe-
sive properties, it is non-toxic and bioresorbable, and has
high hygroscopicity, which allows it to be used as a cell car-
rier in cartilage tissue repair [13].

Due to the specifics of cartilage tissue regeneration,
polyglycolic scaffolds are often used together with cell cul-
tures [93]. Various substances that influence tissue differen-
tiation at the implantation site are also widely applied [30].

Like other polyesters, PGA is responsive to extrusion,
injection molding, and compression molding [73]. Some
studies [27, 33] have shown that PGA can serve as an
independent material for 3D printing. In addition, many re-
search workers employ the copolymerization of PGA with
polylactide (PLA) to obtain the copolymer PLGA [20], which
makes it possible to control printing quality as well as the
hydrophilic properties of the material. It should also be
noted that PGA degradation leads to the release of acidic
products, which reduces the material’s biocompatibility and
can cause inflammatory reactions at the implantation site. A
partial solution to this issue is the use of compositions with
polylactide [40].
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PLA. Polylactide is a linear polyester with lower crystal-
linity than PGA. Its key advantages include thermal stabi-
lity, biocompatibility, and the non-toxicity of both the mate-
rial itself and its resorption products. Polylactide has high
viscosity and thermoplasticity; therefore, it is primarily used
for 3D printing and for manufacturing scaffolds for tissue
repair [22].

According to [54, 87], polylactide matrices can be used
as autonomous cell carriers; however, the addition of bio-
logical polymers improves their in vitro compatibility by en-
hancing cell adhesion and proliferation [45]. Growth factors
are also employed for the same purposes, as in the case of
PGA [90].

PEG. Polyethylene is a water-soluble polymer that is not
recognized by the immune system [17]. Two main markings
are used for polyethylene: polyethylene glycol (PEG) with a
molecular weight below 20,000 Da, and polyethylene oxide
(PEO) with a higher molecular weight.

Due to its solubility, interest in polyethylene has grown
in recent years. Polyethylene is increasingly used in 3D
printing as a carrier gel [42]. Nonetheless, its native me-
chanical characteristics are inadequate for it to serve as an
autonomous material in tissue engineering. For that reason,
numerous composite materials with various synthetic poly-
mers have been proposed [28].

The primary advantage of this polymer is its rapid and
almost unhindered elimination from the body. By binding to
other substances, including resorption products, polyethy-
lene can also intensify their excretion [16]. Thanks to this
property, polyethylene glycol is frequently employed as a
carrier for drug delivery [53], including the delivery of growth
factors to the implantation site [82].

PCL. Polycaprolactone is a synthetic semicrystalline
polyester characterized by high mechanical strength, elas-
ticity, and biocompatibility, and it is also bioresorbable [77].
Like PEG, its degradation products are easily excreted from
the body [55]. Polycaprolactone is widely used in cartilage
surgery due to its biomechanical properties, which closely
resemble those of native tissue [81].

However, polycaprolactone is hydrophobic, which is its
main disadvantage since cells cannot easily spread on its
surface, leading to poor adhesion and, consequently, low
viability of cell cultures [83]. For this reason, this polymer
is primarily combined with other substances (for example,
polylactide) to improve its mechanical properties [72].
Another approach to enhancing cell adhesion is to add
natural polymers, to which cells actually adhere, while the
polycaprolactone serves as a supporting scaffold [39]. Nu-
merous studies use various agents to improve cell adhe-
sion, particularly hydroxyapatite particles, which coat the
surface and enable cells to attach more effectively [57].

CONCLUSION

Effective restoration of cartilage tissue damage remains
a challenging, yet highly significant task. As demonstrated
in this article, the most frequently used approaches and
materials have numerous disadvantages. The indepen-
dent use of natural biological polymers enables to create
constructs exhibiting biocompatibility and affinity for cell
cultures; however, these materials possess very low me-
chanical properties. This issue can be handled by emplo-
ying synthetic polymers, which, in turn, have a longer re-
sorption period, can tolerate prolonged static and dynamic
mechanical loads, and may be used for cartilage tissue
repair. At the same time, the autonomous use of synthetic
polymers is limited by poor adhesion of cell cultures to
their surfaces.

As indicated by multiple sources, the integration, proli-
feration, and regeneration of cartilage tissue at the implan-
tation site can be accelerated by using various additional
agents, especially growth and differentiation factors. Com-
posite constructs pre-loaded with cell cultures and various
factors on their surfaces demonstrate better outcomes com-
pared to implantation of composite or single materials.

The development of constructs for bone tissue engi-
neering requires the use of various synthetic and natural
polymers to ensure that the designed constructs mimic the
biological and mechanical characteristics of native cartilage
tissue. It is also necessary to apply multiple biologically ac-
tive molecules and cell cultures, thereby allowing the con-
struct to approximate native tissue as closely as possible
and speeding recovery in the postoperative period.
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AONONMHUTENBbHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOpbI BHECN CYLUECTBEHHbIN
BKNapj B pa3paboTky KOHLEeNnuuu, npoBeAeHne uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, NPOYY M 0f0BpUNn UHaNbHYH0
Bepcuto nepen nybnvkayuen.
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KoHnukT mHTepecoB. ABTOpPbI 4EeKNapupytT OTCyT-

CTBME SBHbIX W MOTEHLMANbHbIX KOH(IIMKTOB UHTEPECOB,
CBS3aHHbIX C Nybrmkaumen HacTosLWEN CTaTby.

WUcTouHMK ¢hmHaHCcMpoBaHUA. ABTOpbI 3asBRsOT 06

OTCYTCTBMM BHELIHETO (DMHAHCMPOBAHUS MpW MPOBELEHUM
nccneoBaHus.
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Abstract. In recent decades a lot of data have been accumulated on the mechanisms of tissue renewal and regeneration,
which would be impossible without the participation of stem cells. It has been proven that these processes in many tissues
are carried out by tissue-specific stem cells (TSCs), but their production, cultivation and administration for therapeutic
purposes are extremely difficult. Along with this, mesenchymal stem cells (MSCs) are a promising therapeutic agent that
has already proven its clinical effectiveness in various diseases and in tissue engineering. One of the features of MSCs
introduced systemically is the ability to find a niche in the affected tissue and remain there, having a significant impact
on inflammation, tissue remodeling processes and its regenerative potential. However, the mechanisms of differentiation
and migration of MSCs, as well as the factors influencing these processes, are not fully disclosed. This review makes
an attempt to summarize the accumulated data on the mechanisms of MSC migration and possible ways to improve it.

Key words: mesenchymal stem cells; tissue regeneration; cell therapy; migration.
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Pestlome. B nocrnesHue aecatunetus HakannmeaeTcs Bce 60Mblue AaHHbIX O MexaH3Max 0GHOBNEHMUS 1 pereHe-
paLuu TkaHei, kKoTopble Gbinv bl HeBO3MOXHbI 6€3 yyacTusi CTBOMOBbLIX KNETOK. [lokasaHo, YTO AaHHbIE NPOLECCHI
BO MHOTUX TKaHSIX OCYLLECTBNSATCS 3a CYET TKaHecneunduyHbIX cTBoNoBbIX kneTok (TCK), ogHako nx nonyyeHue,
KyNnbTUBALMS U BBEAEHWE C TepaneBTUYECKOI Lienblo KpaiiHe 3aTpyaHUTENbHbI. Hapsiay ¢ 9Tum HanbonbLumii MHTepec
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npeacTaBnsioT Me3eHxumanbHble cTonosble knetku (MCK), kotopele, 6narogapsi BO3MOXHOCTM UX BblAeNEHMS,
9KCMaHCUM U MyMNbTUNOTEHTHOCTU, ABNAKTCA MHOroo6eLarLym TepaneBTUYECKMM areHTOM, yxe JoKa3aBLUNM
CBOK KNMHNYeCKYH 3PhEKTUBHOCTb NPU Pa3MyHbIX HO30MOTUSAIX, B TOM Y/CHE B BONPOCAX TKAHEBOW UHXEHepUH.
OpnHon n3 ocobeHHocTein MCK, BBEAEHHbBIX CUCTEMHO, SBNSETCS CMOCOOHOCTL HAXOANUTb HULWY B MOPAXEHHOW TKa-
HW W 0CTaBaTbCA B Hell, OKa3blBas CyLECTBEHHOE BNUSHME Ha BOCMANeHne, NpoLecchl peMOAEeIMPOBaHNS TKaHu
1 ee pereHepaTuBHbIN noTeHuman. OgHako MexaHuamel anddepeHumpoBku n murpauun MCK, a Takxe dakTopsl,
BNMSAIOLLME HA 3TU NPOLLECChI, PAaCKPbIThI HE NONHOCTbIO. B faHHOM 0630pe 0600LLeHbl COBpEMEHHbIE AaHHbIE O
MexaHuamax murpaumm MCK 1 BO3MOXHbIX NYTSAX €€ YnyyLleHus.

KntoueBble cnoBa: Me3eHXMarbHble CTBOOBbIE KNETKK; pereHepaunsa TKaHew; KneToyHas Tepanud; murpauma.

The assumption that there are cells in the body that promote
wound healing was made by Cohnheim back at the end of the
XIX century [13]. Mesenchymal stem cells (MSCs) were first
isolated and cultured in 1968 by Friedenstein, who discovered
that transplantation of cell colonies into semi-syngeneic animals
could lead to the formation of cartilage and bone tissue containing
bone marrow [17]. Years later, it was realized that these works
described cells with multipotent ability. Further studies of the
heterogeneous population of bone marrow MSCs were carried on
by a group of scientists led by Kaplan in the 1980-1990. During
this period, the possibility of differentiation of MSCs into various
mesenchymal tissues was discovered for the first time, and the
first surface markers characteristic of MSCs (CD73, CD105) were
identified [21]. The term “mesenchymal stem cells” itself was
proposed in 1991 [12]. Since then, the era of cell therapy began.

According to the accumulated data, MSCs show a good
safety profile, have multilineage differentiation potential and a
low immunogenic profile, which makes them an attractive thera-
peutic agent [20]. By 2018, estimates of the number of patients
who have had experience with the therapeutic use of MSCs
ranges from 10,000 to 70,000 people, including children [11].
No serious adverse events associated with MSC therapy and
requiring early termination of the clinical trial were reported [11].

FEATURES OF MSC PHENOTYPE

MSCs were initially characterized by their ability to gene-
rate colony-forming units, fibroblasts (CFU-Fs). The number
of CFU-Fs in the bone marrow is about one cell per 10*-10°
mononuclear cells [16]. MSCs are characterized by the ex-
pression of various surface markers, but none of them appear
to be expressed exclusively by MSCs. In this regard, the Inter-
national Society for Cell and Gene Therapy (ISCT) proposes
at least three conditions that can characterize MSCs [52]:

+ adhesion to specialized plastic under standard cultivation
conditions;

+ expression of surface markers CD105, CD73 and CD90;
in this case, CD11b, CD14, CD19, CD34, CD45, CD79a
and HLA-DR, which are markers of hematopoietic stem
cells, should not be present;

+ ability to differentiate into osteoblasts, adipocytes and
chondroblasts in vitro.

However, controversy remains regarding the ideal set of
MSC surface markers, since many of them are expressed by
other cell types and may also vary depending on the source,
MSC culture method, and number of passages in culture me-
dia. For example, a number of surface markers (Oct-4, Nanog,
Rex-1, SSEA-3, etc.) are expressed on MSCs, isolated from
peripheral blood, liver and bone marrow of a fetus in the first
trimester of pregnancy, but are absent on MSCs isolated from
the bone marrow of adults [41].

According to the data obtained using multichromatic flow
cytometry, MSCs change their immunophenotypic profile de-
pending on the passage number (1-8), although the expres-
sion of some markers is variable and independent of time
[36]. In particular, during the first passages, high expression
of CD29, CD166 and CD201 is observed in addition to the
canonical markers CD73, CD90 and CD105. At the same
time, by the 8th passage, differences are observed in the
expression of CD34, CD200 and CD271 by MSCs, which
requires further study, especially in terms of clinical use.

The ability to express surface markers (CD13, CD29,
CD44, CD73, CD90, CD105, CD146, CD166) significantly
decreases after the 7th passage and beyond, and MSCs
themselves enter the aging phase and lose the ability to
proliferate [55]. In this regard, for therapeutic purposes it
is preferable to use MSCs that have undergone less than 6
passages in vitro [1].

STAGES OF MSC MIGRATION TO DAMAGED TISSUE

The therapeutic efficacy of MSCs largely depends on their
ability to produce juxtacrine and paracrine factors. For juxta-
and paracrine effects to be possible, migration of MSCs into
the affected organ/tissue is necessary, which may depend
on many factors, including the age of the donor, the number
of passages of MSCs, the conditions of their cultivation and
the method of delivery to the target organ [3, 4].

It has been shown that when administered systemically,
MSCs undergo a multi-stage process of transition from the
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bloodstream to the target tissue. Systemic recruitment of
MSCs can be divided into five stages: 1) attachment to the
endothelial surface; 2) activation; 3) arrest; 4) diapedesis
and 5) migration to the target. The initial binding of MSCs to
endothelial cells is facilitated by the expression of selectins.
MSCs express CD44, which was first identified as a lympho-
cyte receptor responsible for homing. CD44 interacts with
selectins and promotes the process of “rolling” MSCs along
the vascular wall [43]. To demonstrate the binding of MSCs
to endothelial cells, a parallel plate flow chamber seeded with
endothelial cells was created [42]. Antibodies to P-selectin
were shown to inhibit the binding of MSCs to endothelial
cells, whereas immobilization of P-selectin resulted in rapid
binding of MSCs to endothelial cells. As MSCs do not express
PSGL-1, it is assumed that they must use another ligand for
this purpose. Galectin-1 has been identified as one of these
ligands [49]. Another study identified CD24 as a potential
P-selectin ligand for MSCs isolated from adipose tissue [7].

The second step (activation) is mediated by G protein-cou-
pled chemokine receptors, usually in response to proinflamma-
tory signals. Expression of stromal cell-derived factor-1 (SDF-1),
a ligand for the chemokine receptor CXCR4, is crucial for this
stage [30]. Expression of SDF-1 on MSCs has a direct impact
on the rate of their migration to the site of damage in a rat model
of myocardial infarction [61]. MSCs have also been shown to
express CXCR7, which similarly binds to SDF-1 to facilitate
homing to various tissues [31]. Overexpression of CXCR4 on
MSCs promotes their return to the bone marrow [10]. Along with
CXCR4, expression of the chemokine CCL2 on cardiomyocytes
of transgenic mice with induced myocardial ischemia is able to
enhance the migration of MSCs expressing the corresponding
CCR2 receptor due to direct interaction between the ligand and
the receptor [8]. A number of studies have shown that MSCs,
both freshly isolated and at the cultivation stage, are capable of
expressing CCR1, CCR4, CCR7, CCR10, CCR9, CXCR5 and
CXCRG6 [22, 53], but their role remains to be clarified.

The third stage (arrest) is mediated by integrins. MSCs
can express the integrin receptor VLA-4, consisting of a4
(CD49d) and B1 (CD29) chains, which is activated in re-
sponse to chemokines such as SDF-1. Once activated, VLA-4
binds to VCAM-1 on endothelial cells [47]. It has been shown
that neutralizing antibodies to the 31 chain of VLA-4 inhibit
the homing of MSCs to the ischemic myocardium, which
cannot be said about antibodies blocking the a4 chain [24].
Overexpression of the VLA-4 a4 chain is thought to promote
MSC return to the bone marrow [29]. An interesting fact is that
MSCs, along with endothelial cells, are capable of expres-
sing cell adhesion molecules VCAM-1 (ligand for VLA-4), as
well as ICAM-1 (ligand for the integrin receptor LFA-1) [28].

At the next (fourth) stage, MSCs must pass through the
endothelial cell layer and the basement membrane (transmi-

gration) into the extravascular space. To achieve this, MSCs
secrete matrix metalloproteinases (MMPs) [47]. A similar
mechanism is used by white blood cells and tumor cells for
a similar purpose. The expression of MMPs is determined
by the secretion of proinflammatory cytokines, which serve
as a signal for cell migration into damaged tissue. The ma-
turation and activity of MMPs are regulated by various pro-
teins, most notably tissue inhibitors of metalloproteinases
(TIMPs). It is assumed that the balance of MMPs/TIMPs
influences the rate of migration of MSCs through the en-
dothelium. When neutralizing antibodies to MMP-2 (an en-
zyme possessing ability to break down the main component
of the basement membrane (collagen [V)) are added to the
culture medium, it leads to a significant decrease in MSC
migration in vitro. A similar result is observed when TIMP3
is added to the culture medium [14]. Neutralization of TIMP1
enhances the migration of MSCs through the endothelium,
while neutralization of MMP2, MT1-MMP or TIMP2 reduces
it [40]. The question of the participation of various MMPs
and TIMPs in MSC migration requires further study.

In the fifth stage, MSCs must migrate to the site of injury,
usually in response to signals released from the damaged tis-
sue, such as basic fibroblast growth factor (bFGF), vascular en-
dothelial growth factor (VEGF), hepatocyte growth factor (HGF),
insulin-like growth factor-1 (IGF-1), platelet-derived growth
factor (PDGF) and transforming growth factor B1 (TGF-31).

Platelet-derived growth factor-AB (PDGF-AB) and insulin-
like growth factor-1 (IGF-1) influence MSC migration to a
greater extent than the RANTES chemokines, macrophage
chemokines (MDC) and stromal-derived factor-1 (SDF-1),
which have a limited effect [38]. Preincubation of MSCs with the
tumor necrosis factor TNFa increases their migration towards
chemokines, probably due to activation of the CCR2, CCR3
and CCR4 receptors. Proinflammatory interleukin-8 (IL-8) can
promote the migration of MSCs to the site of injury, as well as
their secretion of vascular endothelial growth factor (VEGF),
which was shown in a rat model of a stroke [9]. Administration
of MSCs treated with IL-8 leads to a decrease in the volume
of brain damage and increased angiogenesis in the ischemic
border zone compared to MSC therapy without IL-8.

The bFGF factor, being a powerful mitogen, can stimulate
the migration of various types of cells, in particular MSCs [33].
Alow concentration of bFGF promotes MSC migration, while
a high concentration of bFGF inhibits MSC migration, and
this contradictory effect of bFGF allows for their directional
routing [45]. One of the possible mechanisms for enhancing
MSC migration is supposed to be their enhanced expression
of aVP3 integrin and activation of the MEK/ERK signaling
pathway. In addition to recruitment, bFGF promotes increased
secretion of VEGF by MSCs, which is important in restoring
vascular integrity after damage of endothelium [50].
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IGF-1, which is actively involved in the regulation of the
processes of growth and differentiation of various cells of the
body, can also influence the migration of MSCs. Overexpres-
sion of IGF-1 on MSCs improves survival and transplant
engraftment in a rat model of infarction and promotes MSC
recruitment, likely through the paracrine release of SDF-1 [23].
Pre-incubation of MSCs with the addition of IGF-1 to the culture
medium improves the migration ability of MSCs in a model
of acute kidney injury, with the presence of MSCs promoting
rapid normalization of kidney function [57]. IGF-1 increases
the migratory potential of MSCs by increasing the expression
of the chemokine receptor CXCR4 and its ligand SDF-1. The
response to SDF-1 can be attenuated by a PI3 kinase inhibi-
tor, but not by an inhibitor of mitogen-activated protein/ERK
kinase, which shows the importance of the PI3/Akt pathway
in the response of MSCs to various signaling molecules [32].

TGF-B1 has a broad biological activity, playing an im-
portant role in cell growth, differentiation and immune regu-
lation of cells. Remaining in an inactive form in the cell
matrix, TGF-B1 is released in an active form in response
to mechanical stress or inflammation and is involved in the
repair and regeneration of damaged tissues. The expres-
sion of TGF-B1 increases during ischemia/reperfusion injury
of the myocardium of mice, which enhances the recruitment
of MSCs by regulating the expression of CXCR4 [60]. In
a mouse model of asthma, it was shown that high levels
of active TGF-B1 in their lung tissue were associated with
allergen stimulation, and increased migration of MSCs into
the lungs was observed. It has also been shown that intra-
peritoneal administration of both TGF-B1-neutralizing anti-
bodies and a TBR inhibitor to experimental animals leads to
a decrease in the migratory ability of MSCs [19].

From the above it follows that chemical factors influencing
MSC migration act in a complex manner, activating different
signaling pathways. Understanding the molecular events
that promote MSC migration has significant implications for
strategies to optimize their delivery for therapeutic purposes.

STRATEGIES TO IMPROVE MSC DELIVERY
TO TARGET TISSUE

Despite large doses of MSCs when administered systemi-
cally (=1 million MSCs per 1 kg of patient body weight), only
a small part of them actually reaches the target tissue [15].
This is believed to be due to several factors. After systemic
administration a significant part of MSCs are retained in the
capillaries of the lungs [44]. The therapy received by the
patient may influence the migratory ability of MSCs. Vasodi-
lators and anticoagulants such as heparin have been shown
to reduce the uptake of MSCs into the lungs and increase
the number of MSCs in other organs, particularly the liver

and red bone marrow [18]. However, the migration process
of MSCs is determined, as described above, by the expres-
sion profile of specific surface molecules and their receptors,
and not simply by passive spread through the vasculature.
Another problem is that on MSC after expansion in vitro, the
expression of molecules required for migration to the target
tissue appears to be reduced [22]. There is also heterogene-
ous expression of homing molecules in MSC cultures from
different sources, such as those isolated from adipose tissue
versus those isolated from bone marrow [48].

All of these factors necessitate the development of stra-
tegies that improve the delivery of MSCs to the target tissue.
The most discussed approaches are: introduction of MSCs
into the target tissue, magnetic targeting, pre-treatment of
MSCs in the culture or changing the culture conditions,
merging the MSC culture with other cell cultures.

Introduction of MSCs into the target tissue or nearby loca-
tions is the simplest and most intuitive strategy to increase
the presence of MSCs in the lesion. Unfortunately, there
are few studies comparing the effect of different methods of
MSC delivery on the results of the therapy; however, there
is convincing evidence of some advantages of non-systemic
administration compared to systemic administration. It has
been shown that transcatheter administration of MSCs in pa-
tients with ischemic cardiomyopathy after myocardial infarction
increases myocardial contractility in the area of the permanent
scar, which influences the subsequent reverse tissue remo-
deling. However, the study design did not provide for systemic
administration [56]. According to the meta-analysis carried out
by Vu, in ischemic stroke, intracerebral administration of MSCs
appears to lead to a significant improvement in neurological
status when compared with intra-arterial and intravenous
introduction of MSC [54]. In a porcine model of myocardial
infarction, it was shown that transendocardial administration
of MSCs reduces the infarct area, while intramyocardial, intra-
coronary and intravenous administration does not lead to sig-
nificant improvements [26]. However, another meta-analysis
reported that MSC administration improved left ventricular
ejection fraction in patients after myocardial infarction in case
of intracoronary, intravenous, and intramyocardial administra-
tion of MSCs in descending order of effect size [25].

In acute lung injury syndrome, intravenous administration
is more effective than intraperitoneal administration [35].
However, the method of administration of MSCs does not
influence the results of therapy for traumatic brain injuries
[37]. Obviously, one should not assume that direct injection
of MSCs into the target tissue will provide the best results.

Another approach to targeting MSCs to target tissue is mag-
netic targeting, in which cells labeled with magnetic particles
are guided to the target organ using an external magnetic field.
MSCs labeled with iron oxide were administered intravenously
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to rats with a magnet attached to the body in the projection
of the liver and to rats without a magnet. In rats that wore an
external magnet, 15 days after MSC injection, there were ap-
proximately 2 times more labeled MSCs in the liver compared
to the control group. In rats that did not wear magnets, MSCs
were predominantly localized around the portal triads, and in
rats that wore magnets, MSCs were recorded deep in the liver
parenchyma [6]. Yanai et al. were able to concentrate MSCs
labeled with magnetic particles in the projection of the retina in
rats, both when injected into the retina and when administered
intravenously using a magnet placed in the orbital area. In rats
wearing an external magnet, higher levels of anti-inflammatory
factors (IL-10; hepatocyte growth factor (HGF)) were noted,
which indicates the therapeutic effect of MSCs [58]. Another
study used a magnet to concentrate magnetically labeled MSCs
into damaged olfactory bulbs. These cells were detected one
week after injection and were present in higher numbers com-
pared to MSCs not treated with magnetic particles. It was noted
that magnetic iron oxide particles increased the expression of
CXCR4 and SDF-1 on MSCs [59].

Due to the fact that the cultivation of MSCs in vitro reduces the
expression of surface molecules involved in recruitment on them,
pre-treatment of MSCs in culture or changing culture conditions
is considered to be the simplest and most accessible strategy to
enhance MSC migration into target tissues. One way to achieve
this goal is to add cocktails with cytokines and other growth fac-
tors to the culture medium at the stage of MSC expansion. The
combination of the cytokine receptor fIt3, stem cell factor (SCF),
IL-3, IL-6 and hepatocyte growth factor (HGF) increases both
intracellular and membrane expression of CXCR4 on cultured
MSCs, which enhances their migratory ability towards SDF-1 [46].
CXCR4 expression can also be enhanced by adding glycogen
synthase kinase-3f (GSK-3p) inhibitors to MSC culture, resulting
in improved migratory ability in vitro, without influencing cell via-
bility [27]. Short-term pretreatment of MSC culture with valproic
acid leads to an increase in the expression of CXCR4 and MMP-2
on MSCs and increases their migration towards SDF-1, without
influencing the ability of MSCs to differentiate [34].

Culture conditions also influence CXCR4 expression on
MSCs. Itis believed that this depends on the presence of hypo-
xia-inducible factor 1a (HIF-1a). Cultivation under hypoxic con-
ditions leads to increased expression of CXCR4 and improved
migration of MSCs both in vitro and in vivo, with this effect
being observed both during short-term oxygen limitation and in
response to prolonged cultivation under hypoxic conditions [5].
It is worth noting that hypoxia can influence the enhancement
of adipogenic and osteogenic differentiation of MSCs in culture,
which may be undesirable for further therapeutic use [51].

As noted previously, MSCs express low levels of CXCR4,
s0 a number of researchers have attempted transfection or
transduction, in which CXCR4 expression plasmids are delivered

into the MSC nucleus using viruses. In approximately 90% of
cases after treatment of MSCs with a retrovirus (ex vivo) there is
overexpression of CXCR4, which leads to phosphorylation of AKT
mitogen-activated proteins, as well as an increase in the expres-
sion of matrix metalloproteinases (MMPs) after SDF-1 stimulation.
MSCs demonstrate enhanced migratory ability towards SDF-1 and
homing into the bone marrow of NOD/SCID mice [10]. Viral trans-
duction is the most effective method for obtaining high and stable
levels of expression in target cells, but it is associated with the risk
of oncogenic transformation and is a rather expensive method.

Fusion of cell cultures can be considered within the frame-
work of the approach of enhancing the migration of MSCs,
while there are isolated reports on this topic. Co-culture of
MSCs derived from amniotic fluid with amniotic epithelial
cells enhances the proliferation and expression of CXCR4
[39]. Co-culture of MSCs isolated from rat adipose tissue
with Sertoli cells enhances the proliferation and migration of
MSCs, apparently due to the activation of the MAPK/ERK1/2,
MAPK/p-38 and PI3K/Akt signaling pathways. Treatment of
MSCs with conditioned media obtained from endothelial cell
cultures increases MSC migration in vitro, possibly due to the
presence of the cytokines IL-6 and IL-8 [2].

Thus, mesenchymal stem cells have the ability, when
administered systemically, to enter the affected tissue and
influence inflammation, remodeling processes and rege-
neration, therefore, further clarification of the mechanisms
of differentiation and migration of MSCs, identification of
factors influencing these processes will contribute to the ex-
pansion of their use in many fields of medicine.
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AOMNOJIHUTENIbHAA UHOOPMALINA

Bknag aBTOpOB. Bce aBTOPbI BHECIU CYLLECTBEHHDI
BKNag B pa3paboTKy KOHLEeNnuuu, NpoBeAeHne uccneosa-
HWS 1 MOArOTOBKY CTaTbM, NP0 M 0f400pUNKM hUHANBHYO
Bepcuio nepep nybnukauyuen.

KoHnukT mHTepecoB. ABTOpPbI EKNapupyT OTCyT-
CTBME SBHbIX W MOTEHUMANbHbIX KOH(IMKTOB WHTEPECOB,
CBS3aHHbIX C Nybrkaumen HacTosLEN CTaTbi.
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Abstract. Lower extremity peripheral artery disease (PAD) affects >230 million adults worldwide and is associated
with increased risk of various adverse clinical outcomes (other cardiovascular diseases such as coronary heart disease
and stroke and limb outcomes such as amputation). Despite its prevalence and clinical importance, PAD has been
historically underappreciated by health care professionals and patients. This underappreciation seems multifactorial
(eg, limited availability of the first-line diagnostic test, the ankle-brachial index, in clinics; incorrect perceptions that
a leg vascular disease is not fatal and that the diagnosis of PAD would not necessarily change clinical practice).
In the past several years, a body of evidence has indicated that these perceptions are incorrect. Several studies
have consistently demonstrated that many patients with PAD are not receiving evidence-based therapies. Thus,
this scientific statement provides an update for health care professionals regarding contemporary epidemiology (eg,
prevalence, temporal trends, risk factors, and complications) of PAD, the present status of diagnosis (physiological
tests and imaging modalities), and the major gaps in the management of PAD (eg, medications, exercise therapy, and
revascularization). The statement also lists key gaps in research, clinical practice, and implementation related to PAD.
Mastermind efforts among different parties (eg, health care providers, researchers, expert organizations, and health
care organizations) will be needed to increase the awareness and understanding of PAD and improve the diagnostic
approaches, management, and prognosis of PAD.

Key words: atherosclerosis; artery; lower extremity; epidemiology; vessel.
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Pe3stome. 3abonesaHue nepudepunyecknx apTepun HUKHUX koHeuHocTtel (3MA) nopaxaet 6onee 230 MunAMoHOB
B3POCbIX NALMEHTOB BO BCEM MUPE eXEerofHO. ITO YMCIO YKa3biBAeT Ha BbICOKYIO pacnpOCTPaHEHHOCTb JaHHOM0
3aboneBaHns 1 CBA3AHHbIX C HUM HEraTUBHbIX KMHUYECKMX UCXOLOB, HANpUMeEP, Uemmuyeckorn 6onesHn cepaua, UH-
cynbTa u amnyTauun. ctopuaecku 3MNA HegooLEeHMBANOCh MeANLMHCKUMU PaBOTHUKAMI W NaLMEHTaMM N0 HECKOMbKUM
npnumHam. OfHa U3 HUX — orpaHNyeHHas 4OCTYMHOCTb B KIIMHMKAX AMarHOCTUYECKOro Tecta nepsoi nuHum ans 3MA,
TaKOro Kak NI04bhKEeYHO-MNEYEBON MHAEKC. TOT TECT NO3BONAET ONPEAENUTL HAaNMYNEe CTEHO3A U OKKIHO3MW apTepui
HWKHUX KOHEYHocTen. Elle ogHa npuynHa — HenpaBuibHOE NPeACTaBMEHNE O TOM, YTO 3ab0orneBaHus COCyAO0B HOr He
SBNATCA atansHbiMi. OgHako 3a nocneaHue rofbl 66110 NPOBEAEHO HECKOMBKO UCCIIeA0BaHNIA, KOTOPbIE NOKasanu
HeJOCTaTO4YHOE MCMOMb30BaHWe Hay4YHo 060CHOBaHHON Tepanui y nauueHTos ¢ 3MA. 3T0 yka3biBaeT Ha TO, YTO Ham
HeobxoanMo 06HOBUTL CBOM 3HAHWS 0 3M1A 1 ynyyLwMTb NPakTUKy NeveHns. [laHHoe nccnegoBaHue npeactaBnseT
coboit HhopmaLwto 0 coBpeMeHHoN anmaemuonorm 3M1A, BKNtouas pacnpocTpaHeHHOCTb 3a60neBaHus, BpeMeHHbIE
TEHOEHUMN, (PaKTOPbI pUcKa M OCNOXHEHNS. OHO Takke OCBELLAET COBPEMEHHbIE METOAbI AMArHOCTUKM, Takue Kak u-
310nornyeckne TeCTbl 1 METOABI BU3yanu3aLuiu,  0CHOBHble npobensl B neyeHny 3MMA, BknoYas MegukaMeHTO3HYyH
Tepanuio, neyedbHyto uUaKynbTypy 1 peBackynsapusaumio. ATOT HayYHbI MaTepuan NOMOXET crneyuanucTam 3apaso-
oxpaHeHus ObiTb B Kypce nocnegHnx goctmxenuin B obnactv 3MA 1 obecneunTts nauneHTam onTUMarnbHoe neyYeHue.
B yenom 6onesHb nepudepryeckinx apTepuin HUKHUX KOHEYHOCTEN SBNSIETCS CEPbE3HON M pacnpocTpaHeHHo npobne-
MO, koTopas TpebyeT BHUMaHUS U NocnefoBaTelbHOMO NOAX0AA K AMarHOCTHKe 1 neyeHuto. HayuHble nccnegoBaqus
UrparoT BaXHyto posib B obecneyeHnn onTumanbHoi 3a60Thbl 0 nauueHTax ¢ 3MMA 1 CHKEHUM NX pUCKa OCTIOKHEHMIA.

KnioueBble cnoBa: aTepocknepos; apTepust; HUKHAS KOHEYHOCTb; ANMAEMUONOrUS; COCys.

DEFINITION OF PAD

Historically, the terms peripheral artery (or arterial)
disease and peripheral vascular disease have been used
loosely. These terminologies have often included any or
all atherosclerotic disease separate from cardiac disease,
including carotid artery, renal artery, leg artery, and aortic
diseases. Peripheral vascular disease may additionally in-
clude peripheral venous and lymphatic disease. In an era
of precision medicine, we believe that precise definitions
should be used. For the purpose of this scientific statement,
we define peripheral artery disease (PAD) as “lower extre-
mity PAD”. Specifically, we are referring to atherosclerotic
obstruction from the aortoiliac segments to the pedal arteries.

PREVALENCE AND TEMPORAL TRENDS

Overall PAD

PAD is the third leading cause of atherosclerotic morbidity,
following coronary heart disease and stroke. A systematic
review of 34 studies (22 from high-income countries and 12
from low- and middle-income countries) demonstrated that

the prevalence of PAD was =5% at 40 to 44 years of age
and =12% at 70 to 74 years of age in both men and women
in high-income countries. The prevalence of PAD in women
in low- and middle-income countries was very similar to that
in high-income countries, but the corresponding estimates
for men in low- and middle-income countries compared with
high-income countries were =2% and =8%, respectively.
Between the years 2000 and 2010, the number of persons
living with PAD increased by 13.1% in high-income countries
and 28.7% in low- and middle-income countries.

Another recent systematic review estimated that 238
million people were living with PAD in 2015: 64 million living
in high-income countries and 172 million living in low- and
middle-income countries. Thus, PAD should be recognized
as an increasingly global problem. A recent publication from
the Global Burden of Disease study also indicates that PAD
cases have risen each year since 1990. Similarly, disabili-
ty-adjusted life-years, years of life lost, and years lived with
disability increased over this period. These changes repre-
sent population growth rather than a change in age-specific
incidence. Worldwide, the age-specific prevalence has been
largely steady.
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Critical limb ischemia/amputation

Critical limb ischemia (CLI) (or chronic limb-threatening ische-
mia) is a severe form of PAD and usually defined as PAD with
rest pain, nonhealing wounds, or tissue loss [1, 18]. A systematic
review has reported that the 1-year cumulative incidence for each
of mortality and amputation is =20% among patients with CLI [18].
Because few population-based studies have investigated CLI,
the epidemiology of CLI is not well understood. Using data from
the Market scan database, which includes medical records from
large employers’ health plans, Medicare, and Medicaid, Nehler et
al reported that the prevalence of CLI is 1.3%, accounting for 11%
of diagnosed PAD cases, among the eligible study population =240
years of age. The rate of CLI admission was constant between
2003 and 2011, with =150 per 100000 population [5).

The rate of lower extremity amputation declined from 2000
to 2009, but since has started to increase in people with dia-
betes. Specifically, the total annual amputation rate per 1000
individuals with diabetes was 3 in 2009 but exceeded 4.5 in
2015. Although the exact reasons behind this increase in lower
extremity amputation in diabetes are unclear, it is important
to note that the increase was consistently observed in both
major (above ankle) and minor (below ankle) amputations. In
the same period, the annual amputation rate in people without
diabetes was constant at =0.17 per 1000 individuals.

Lifetime risk

Lifetime risk estimate is a useful parameter to communi-
cate long-term risk, especially among younger adults whose
10-year risk estimate is low and thus cannot inform long-term
decision-making of preventive therapies. The American Heart
Association (AHA) and the American College of Cardiology
(ACC) 2018 Guideline on the Management of Blood Cho-
lesterol provides a lifetime risk algorithm for people 20 to
59 years of age but does not take into account PAD. In this
regard, a recent US study estimated lifetime risk of PAD by
pooling 6 community-based US cohorts. According to that
study, the lifetime risk of PAD was estimated to be =30%
in Black men and women and =20% in White and Hispanic
women and men. The study demonstrated that, for a given
age, sex, and race/ethnicity, the lifetime risk estimate of PAD
can vary by 3- to 5-fold depending on the status of the tra-
ditional risk factors for PAD such as smoking and diabetes.

DIAGNOSIS

Physiological testing

ABI, the ratio of ankle-to-brachial systolic blood pressure,
is the first-line noninvasive diagnostic method for PAD, re-
quiring standardized measurement methodology [6]. An ABI
<0.90 is considered PAD. The diagnostic performance of ABI
to detect PAD, with >50% stenosis based on imaging modali-

ties as the gold standard, is reasonably good, with sensitivity
and specificity, respectively, at 61 to 73% and 83 to 96%.

Several studies have shown that women tend to have
lower ABls than men, potentially because of shorter height
[8, 9]. A population-based study specifically explored this
issue and found that, after accounting for demographic and
clinical factors (eg, age and height), healthy women had on
average an ABI 0.017 lower than healthy men. Nonetheless,
given the small difference from a clinical perspective for
individual diagnosis, major clinical guidelines use the same
ABI threshold of 0.90 in both sexes [1, 2, 20].

The ABI can be falsely high in the presence of stiffened
ankle arteries related to medial artery calcification, a con-
dition mostly observed in patients with diabetes or chronic
kidney disease (CKD). In this scenario, it is recommended
to measure the toe-brachial index (TBI), the ratio of the
toe-to-brachial systolic blood pressure [1], because medi-
al calcification rarely affects digital arteries (detailed tech-
niques to measure TBI can be found elsewhere). In general,
a TBI <0.70 is accepted as diagnostic for PAD [1, 2].

An ABI 0.90 to 1.0 is considered as borderline low ABI and
cannot rule out PAD [8]. As detailed later in the statement, a
body of evidence indicates that borderline low ABI is associated
with increased risk of mortality and reduced physical function.
In the case of borderline low ABI, particularly if symptoms sus-
pect for exertional leg ischemia are present, the sensitivity to
detect PAD can be improved by measuring ABI after a treadmill
test (heel raise is an alternative method) [3, 4, 9, 20]. Although
the criteria to evaluate postexercise ABI have not been stan-
dardized, postexercise ABI <0.90 or a drop of ABI >20% or
ankle pressure drop >30 mmHg are usually considered as
diagnostic [10]. Postexercise ABI should be also considered in
patients with potential intermittent claudication with normal ABI.

Another option to overcome ABI limitations is to study
the ankle arteries’ Doppler flow pattern and velocities. In my
personal investigation of patients, the addition of tibial artery
Doppler assessment identified 20% additional diseased legs
missed by the ABI. Waveform analysis enables us to detect
occlusive disease despite calcified arteries in patients with
diabetes, and to identify those at high risk of cardiovascular
disease (CVD) and limb events [3, 4].

Imaging

Noninvasive imaging for the assessment of anatomy and
severity of arterial stenosis for patients with PAD has evolved
over the past decade because of technical improvements [11].
These include the ability to image distal vessels with calci-
fication, lower contrast dose, and higher spatial resolution.
The selection of imaging modalities to diagnose PAD should
depend on several factors, including the patients’ symptoms
(eg, claudication versus CLI), kidney function, and ABISs.
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COMPUTED TOMOGRAPHIC ANGIOGRAPHY

Multidetector computed tomography scanners, including
helical and multistation axial acquisitions, have now enabled
the rapid scanning of the entire arterial system [12]. For eva-
luating the indication of revascularization in patients with PAD,
both computed tomographic angiography (CTA) and magnetic
resonance angiography (MRA) are accepted as appropriate
imaging tests. The sensitivity and specificity of multidetector
CTA compared with angiography is =90% for detecting PAD [13].
CTA uses iodinated contrast and ionizing radiation to visualize
pathology from the aorta to the lower extremity. The scan times
take a few seconds, but diagnosis can be difficult in small tibial
vessels with calcification and multiple occlusions. The recent
development of 256-row CTA has made detecting stenosis in
the tibial location possible [13], except in patients with calcified
disease. New imaging techniques are being developed, including
computed tomography perfusion to allow visualization of hypoxic
regions of the lower extremity [14, 15], which can also demon-
strate the effect of interventional treatment [7, 26, 31].

MAGNETIC RESONANCE ANGIOGRAPHY

The sensitivity and specificity of MRA in detecting PAD with
stenosis >50% is the same as CTA, 90 to 100% [35]. MRA has
several advantages in diagnosing PAD over CTA. MRA requires
no radiation, calcium does not interfere with the diagnosis, and it
can be helpful in evaluating for bone marrow edema in patients
who have ulcers with possible osteomyelitis. However, the
procedure time is considerably longer. Also, there is a concern
of gadolinium-induced nephrogenic systemic fibrosis in patients
with decreased kidney function. Also, noncontrast MRA can be
an option in some patients in capable facilities [16]. Another
advantage of MRA is that it allows for hemodynamic measure-
ments. Advanced techniques such as blood oxygenation level-
dependent imaging and arterial spin labeling allow for assessing
changes in perfusion to the calf muscle without gadolinium.

DUPLEX ULTRASOUND

This modality is safe to all patients but is operator de-
pendent. The sensitivity and specificity depend on several
factors, including the presence of calcium in the arterial wall,
the location or depth of the vessel, and the presence of mul-
tiple occlusions at different locations [16, 17]. The femoral
and popliteal arteries can usually be assessed well, whereas
the iliac vessels and aorta can be challenging because of
the presence of bowel gas and body habitus. This modality
can also take some time to perform a complete examination
[6]. Ultrasound is often used to assess the effectiveness and
patency after endovascular and surgical treatment. New

advances using contrast-mediated ultrasound are being
developed to evaluate perfusion to the lower extremity [17].

Catheter-based angiography

Catheter-based angiography remains the gold standard for
diagnosing PAD but is now limited to patients receiving endo-
vascular revascularization [1]. New techniques are available that
help to reduce the use of iodinated contrast, where CTAand MRA
imaging can be fused to the angiogram, which has the potential to
reduce the use of contrast and radiation [19]. Also, in some institu-
tions, CO, angiography is used as a replacement or supplement
(to reduce contrast) of conventional contrast-based angiography.

RISK FACTORS

Conventional risk factors

Evidence has supported traditional cardiovascular risk
factors in PAD such as diabetes, smoking, dyslipidemia, and
hypertension. A sedentary lifestyle also increases the risk in
the development of PAD. The Edinburg study reported that
the risk of PAD is inversely related to physical activity. Of
these conventional risk factors, diabetes and smoking are
particularly strongly related to the development of PAD.

Individuals with diabetes are at an increased risk of
developing asymptomatic or symptomatic PAD, with an in-
crease in claudication of 2- to 3-fold greater compared with
individuals without diabetes. Diabetes worsens outcomes
in patients with PAD, by mostly affecting infrapopliteal arte-
ries, increasing risk of CLI, amputation, and mortality [27].
Accordingly, =70% of nontraumatic lower extremity amputa-
tions occur in patients with diabetes, disproportionally to its
overall prevalence of 12% [28, 30].

From another perspective, PAD is an important contributor
to diabetes-related foot ulcer, a devastating condition with a
high mortality risk and high medical cost affecting =13% of
patients with diabetes in the United States [25, 27]. Up to half
of patients with diabetes-related foot ulcer have PAD [28, 29].
The presence of PAD significantly worsens the prognosis in
patients with diabetes-related foot ulcer with decreased hea-
ling rates, recurrence of ulceration, major limb amputation,
and long-term survival.

Like diabetes, cigarette smoking doubles the risk of PAD
compared with nonsmoking. The risk increases cumulatively
with the number of cigarettes smoked and the start age of
tobacco use, with starting before 16 years of age having the
greatest risk [32, 33]. Although smoking cessation decreases
the risk of PAD, a recent community-based cohort study
demonstrated that it takes up to 30 years for the risk for
PAD of the individuals who stopped smoking to reach that of
individuals who do not smoke, whereas the risk for coronary
heart disease returns to the baseline within 20 years (Fig. 1).
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Fig.1.  Adjusted hazard ratio of 3 major atherosclerotic diseases
according to time since quitting smoking: A — peripheral
artery disease (PAD); B — coronary heart disease (CHD);

C — stroke
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(CHD); C — uHecynbT

Puc. 1.

Several studies have demonstrated total cholesterol and
low levels of high-density lipoprotein cholesterol to be associ-
ated with PAD. In addition, apolipoprotein B and lipoprotein(a)
levels have been shown as independent risk factors. A recent
trial in patients with established CVD treated with hepato-
cyte-directed antisense oligonucleotide revealed a dose-depen-
dent reduction of lipoprotein(a) [34], although the risk reduction
of CVD including PAD is yet to be determined. A recent study

has shown that triglyceride-rich lipoproteins may be especially
important in the development of PAD. This observation has a
clinical implication because icosapent ethyl, a triglyceride-lo-
wering medication, has reduced major adverse cardiovascular
events in REDUCE-IT (Reduction of Cardiovascular Events
with Icosapent Ethyl-Intervention Trial) [37], although this trial
has not reported results for PAD as an outcome.

Nonconventional risk factors

PAD develops as an inflammatory cascade within arteri-
al walls leading to atherosclerosis. In the Edinburgh Artery
Study, inflammatory markers such as CRP (C-reactive
protein) and IL-6 (interleukin-6) were found to be elevated
in patients with symptomatic PAD. Studies have found that
elevated levels of these inflammatory markers are associ-
ated with the most severe form of PAD and at the highest
risk for CVD events. Hemostatic factors such as fibrinogen
have been associated as an independent risk factor [36]
and a strong predictor for the development of PAD.

Some studies suggest HIV as a risk factor for PAD. AUS
study including veterans showed that individuals with a sus-
tained CD4 cell count <200 cells/mm® had nearly 2-fold higher
risk of PAD than individuals without HIV. There was no excess
risk among individuals with a CD4 cell count 2500 cells/mm?®.

There is an evidence demonstrating an association
between metals and cardiovascular disease [38]. Despite
mounting evidence, the relationship is underappreciated. For
instance, lead exposure has been shown to contribute to 10
times the number of cardiovascular deaths originally estima-
ted. The association of blood lead and PAD in National Health
and Nutrition Examination Survey 1999 to 2000, revealed that
blood lead levels were 14% higher in cases with PAD than
without. The Strong Heart Study evaluated the association
of urine cadmium concentrations with the incidence of PAD,
showing a prospective association between PAD and urine
cadmium, independent from smoking. Higher urine cadmium
levels have been associated with an increase in PAD severity,
with no PAD having the lowest urine cadmium concentration
and CLI with the highest levels of urine cadmium [39].

Air pollution exposure is linked with CVD, including PAD
[39]. A population-based study of 18000 individuals, asso-
ciated urban living with a 2- to 3-fold increased risk of PAD
compared with individuals living in rural areas. Similarly,
those living near major roadways demonstrated a decrease
in ABI [39].

Depression has emerged as a risk factor for the incidence
and progression of PAD. This may be attributable to medi-
cation noncompliance or a decrease in physical activity. The
Heart and Soul study revealed a hazard ratio of 2.09 (95%
Cl, 1.09-4.00) of developing PAD in patients with depressive
symptoms after adjustment for sex and age [39]. Individuals
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with depression and PAD had worse functional outcomes,
greater need for revascularization, and worse quality of life [40].

Microvascular abnormalities

PAD is usually recognized as a manifestation of macrovas-
cular disease. However, several recent studies have indicated
the potential involvement of microvascular disease in the
progression of PAD. For example, an international consortium
of individual-level data including 0.8 million adults has shown
that albuminuria, a representative measure of microvascular
disease, is more strongly associated with leg amputation than
overall PAD (eg, adjusted hazard ratio =6 versus =3 in urinary
albumin-to-creatinine ratio >300 versus <10 mg/qg) [40, 42].
Moreover, a community-based cohort has demonstrated that
the presence of any retinopathy (eg, hemorrhage or exudates)
was more strongly associated with the incidence of CLI and
PAD than that of coronary heart disease or stroke.

These observations have important diagnostic and the-
rapeutic implications. For example, the ABI, which reflects
stenosis in relatively large arteries, may not be helpful to
classify the risk of CLI or leg amputation in some patients.
A small case series has reported wide distribution of ABI
(ranging from 0.7 to 1.1) in patients with diabetes and CLI.
Of note, this study has demonstrated that all patients had
TBI <0.7. Also, the current therapeutic options for patients
with PAD (eg, statins and antiplatelets) are mainly based
on evidence to prevent large artery disease or macrovas-
cular disease (ie, coronary heart disease and stroke). Thus,
future investigations on any therapeutic options targeting
microvascular disease would be warranted.

COMPLICATIONS/COMORBIDITIES

Leg Symptoms, Physical Function, and Quality of Life

The magnitude and significance of functional impairment
in PAD is underappreciated. Despite difficulty walking long
distances, individuals with PAD frequently have atypical leg
symptoms that can be mistaken for comorbidities such as hip
or knee arthritis or spinal stenosis. Some clinicians may attri-
bute difficulty walking to normal aging. Some people with PAD
report no exertional leg symptoms (ie, are asymptomatic)
either because they have restricted their physical activity or
slowed their walking speed to avoid ischemic leg symptoms.
Therefore, it is important for clinicians to suspect the possibi-
lity of PAD in people who report difficulty in walking because
of discomfort, weakness, cramping, or other symptoms in the
hips, lower extremities, or feet. This is particularly the case
if the symptoms resolve with rest and do not begin with rest
and if the patient is >55 years of age with cardiovascular risk
factors or a history of other cardiovascular disease. Cilostazol
is the sole medication that the AHA/ACC PAD guideline

recommends for ameliorating leg symptoms and improving
walking distance in patients with PAD [1].

The gradual but progressive nature of functional decline
in PAD is also difficult for clinicians to detect without objective
testing. Furthermore, patients with PAD who restrict their
activity to avoid leg symptoms may not appreciate that their
walking endurance has declined and may report stabilization
of leg symptoms even as their 6-minute walk distance has
declined [35, 41]. A 6-minute walk test can be used to mea-
sure objective change in walking ability. Greater declines in
6-minute walk distance over time are associated with adverse
outcomes, including mortality and mobility loss.

Atherosclerotic obstructions in lower extremity arteries
prevent delivery of oxygenated blood to lower extremity skele-
tal muscle during walking activity, and many people with PAD
cannot walk >2 to 3 blocks without stopping to rest because
of ischemic leg symptoms such as cramping, weakness, or
pain. It is important for health care providers to acknowledge
patterns of atypical symptoms in patients with PAD [18, 21].
For example, hip, buttock, and lower back pain that occur
with walking and resolve with rest are common in people with
PAD and are likely attributable to atherosclerotic disease in
locations proximal to the femoral arteries.

Consistent with the phenomenon of walking-induced ische-
mia, people with PAD have lower physical activity levels,
poorer walking endurance, slower walking velocity, and poorer
balance than people without PAD. More severe PAD is associ-
ated with lower physical activity levels and greater functional
impairment. In the Walking and Leg Circulation Study cohort
of 460 participants with PAD and 240 without PAD, lower
ABI was progressively associated with a higher odds ratio of
stopping to rest during a 6-minute walk test (eg, 11.7 [95%
Cl, 4.9-27.7] in ABI <0.50 and 6.6 [95% ClI, 3.1-14.1] in ABI
0.50 to <0.70 compared with participants with ABI 0.9-1.5).

People with asymptomatic PAD also have significantly
poorer functional performance than those without PAD. In
2 large observational studies of older community-dwelling
men and women, =65% of those with an ABI <0.90 consis-
tent with PAD were asymptomatic (ie, reported no exertio-
nal leg symptoms). Yet these individuals with asymptomatic
PAD still had significantly slower walking velocity, lower
physical activity, and poorer walking endurance than people
without PAD who also report no exertional leg symptoms.
Of note, borderline low ABI 0.9 to 1.0 has also been inde-
pendently associated with reduced physical function.

In addition to poorer performance on objective assessments
of functional performance, people with PAD report poorer quality
of life than those without PAD. In the ARIC Study with 5115 older
adults, lower ABI was independently associated with lower quality
of life. The association was more evident for physical domains
than mental domains of quality of life. This pattern was consistently
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observed in other studies. Nonetheless, in a study of 957 patients
with PAD presenting to 16 specialty clinics in the United States,
Netherlands, and Australia, 336 (35%) had significant mental health
concems consisting of depressive symptoms, anxiety, and stress.

Despite the significant functional impairment and im-
paired quality of life, people with PAD have traditionally been
considered to have a benign natural history with regard to
lower extremity outcomes [23]. This is because relatively
few people with PAD will develop CLI or require amputation
[31, 41]. The gradual decline in walking performance may
be less perceptible to patients and to clinicians than acute
events such as ALI, creating a false perception of a benign
natural history of lower extremity PAD.

Leg outcomes (CLI/ALI, leg amputations)

Lower extremity major amputations (typically defined at
the level of the ankle or above) and ALI are often considered
major adverse limb events. Amputation is not simply a com-
plication but an important treatment option to save lives and
proximal limbs. The association of PAD with mortality and
other cardiovascular outcomes like myocardial infarction and
stroke has been extensively evaluated. However, few studies
have quantified the association of PAD (versus no PAD) with
severe leg outcomes, although several clinical studies are ex-
ploring those outcomes only among PAD patients [35]. There
are no validated models to identify patients with PAD who are
likely to develop CLI or need amputation. To the best of our
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Fig.2. Cumulative incidence of major adverse cardiovascular
events in the placebo group according to CVD status at
baseline. CVD indicates cardiovascular disease; Ml —
myocardial infarction; PAD — peripheral artery disease
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MH(apkT Muokapaa; PAD — 3aboneBaHus nepudepuye-
CKUX apTepum

knowledge, whether ABI is associated with future CLI or leg
amputation in the general population has yet to be reported.
ALl is a vascular emergency requiring immediate treat-
ment for limb salvage and has recently attracted attention
as an important complication of PAD. ALI usually represents
a rapid or sudden (eg, <2 weeks) decrease of leg perfusion
causing pain, pulseless, pallor, sensory loss, or paralysis.
However, to efficiently establish evidence on ALI, the field
needs to develop a standardized definition of ALI [41].

Mortality and cardiovascular outcomes

The ABI Collaboration reported a robust association of a low
(=0.90) and high (>1.40) ABI with all-cause and cardiovascular
mortality from a meta-analysis of 16 population-based cohort
studies. In persons with an ABI between 0.81 and 0.90, total
mortality was doubled and in those with an ABI <0.70 it was
quadrupled. In this study, borderline low ABI also demonstrated
significantly elevated mortality. Multiple studies in diverse po-
pulations have demonstrated that persons with PAD have higher
risk of other CVDs such as coronary heart disease, stroke, and
abdominal aortic aneurysm [1, 39]. Another study adds heart fai-
lure to these outcomes. The elevated CVD risk has been shown
to be only partially attributable to shared CVD risk factors, such
that at any given level of CVD risk factors, PAD is independently
related to future CVD events and mortality. PAD has also been
shown to be predictive of future CVD events even when adjusted
for other markers of subclinical atherosclerosis [40].

PAD recently gained attention in the context of polyvascular
disease. This refers to a subset of patients with atheroscle-
rotic involvement of multiple vascular beds, including PAD. In
several trials assessing new lipid-lowering or antithrombotic
therapies in the field of cardiovascular prevention such as the
FOURIER ftrial (Further Cardiovascular Outcomes Research
With PCSK9 Inhibition in Patients With Elevated Risk) and
the COMPASS trial (Cardiovascular Outcomes for People
Using Anticoagulation Strategies), patients with polyvascular
disease demonstrated higher risk than those without, which
was translated into higher absolute risk reduction with these
new treatments. For example, in the FOURIER trial, as anti-
cipated, PAD plus myocardial infarction/stroke had the highest
risk of major adverse cardiovascular events (CVD mortality,
myocardial infarction, and stroke), with 2.5-year risk of 14.9%
(Fig. 2). It is notable that PAD without myocardial infarction/
stroke had a higher risk of major adverse cardiovascular events
(10.3%) than myocardial infarction/stroke without PAD (7.6%).

CHALLENGES IN PAD MANAGEMENT

Underutilization of evidence-based preventive therapy

The most recent PAD guideline was developed in 2016
[1] and lists antiplatelet therapy, statins, antihypertensive
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agents, glycemic control, and smoking cessation as the Class
| (strong) and lla (moderate) recommendations. Despite these
evidence-based guideline recommendations, patients with
PAD remain undertreated. In an analysis of persons with PAD
(defined by ABI <0.9) from the National Health and Nutrition
Examination Survey, the use of aspirin, statins, and renin-an-
giotensin system inhibitors was only 35.8, 30.5 and 24.9%,
respectively. A more contemporary study of patients undergoing
peripheral revascularization, a subgroup at heightened risk for
cardiovascular and limb ischemic outcomes, reported use of
aspirin, P2Y,, inhibitor, and renin-angiotensin system inhibitors
in 67.3, 57.7 and 47.6% of patients, respectively, at discharge.
In the latter analysis, only 61.7% of patients were discharged
on a statin. Provider efforts to help patients with smoking ces-
sation were examined among 1272 patients with PAD cared
for in vascular specialty clinics followed in the PORTRAIT
Registry (Patient-Centered Outcomes Related to Treatment
Practices in Peripheral Arterial Disease: Investigating Trajec-
tories). In this study, 37.3% (n=474) were smoking actively at
baseline. Of these, only 16% were referred to smoking ces-
sation counseling, and 11% were prescribed pharmacological
treatment. At 12 months, 72% of all individuals who smoked
at baseline continued to smoke. The illustrated underutilization
of preventive therapies may reflect the lack of clarity regarding
prevention goals in PAD, because many trials have included
PAD as a minority subgroup of broader atherosclerotic CVDs
such as coronary heart disease and stroke. Nonetheless, these
data clearly highlight the need for efforts to improve the use of
evidence-based therapies in patients with PAD.

Underutilization of supervised exercise therapy

Supervised exercise is first-line therapy to improve walking
impairment in people with PAD. Supervised treadmill exercise
is the most thoroughly studied exercise therapy for people
with PAD. More than 30 randomized clinical trials of super-
vised treadmill exercise in people with PAD involving >1400
participants have been completed. In 1 meta-analysis, mean
improvement in treadmill walking distance was 180 meters and
mean improvement in pain-free walking distance was 128 me-
ters, compared with a nonexercise control group. Supervised
exercise also significantly and meaningfully improves 6-minute
walk distance and health-related quality of life in people with
PAD. Several randomized trials have also demonstrated that
arm and leg ergometry exercise, respectively, each significant-
ly improve walking distance in people with PAD.

Structured home-based walking exercise interventions
receive Class Ila recommendations in the AHA/ACC 2016 PAD
guideline and have the potential to overcome some barriers of
supervised exercise programs. However, home-based walking
exercise interventions have had mixed benefits for improving
walking ability in people with PAD [43, 44]. Three randomized

trials of home-based walking exercise significantly improved
walking ability, measured by 6-minute walk distance and tread-
mill walking performance, compared with a control group that
did not exercise. These effective interventions have required
periodic visits to the medical center for in-person coaching
and feedback. A 6-month home-based exercise intervention
that included weekly on-site visits to the medical center while
helping patients with PAD adhere to walking exercise at home
improved the 6-minute walk distance by 52 meters relative to a
control group. In contrast, a 9-month randomized trial of home-
based exercise that primarily relied on telephone calls, tapering
to once per month did not show significant benefit compared
with usual care. Although home-based exercise interventions
can significantly and meaningfully improve 6-minute walk
distance, it is important to keep in mind that the most effective
interventions have incorporated regular visits to the medical
center. A recent randomized clinical trial of home-based exer-
cise in 305 participants with PAD demonstrated that exercise
at an intensity that induced ischemic leg symptoms, but not
exercise conducted at a comfortable pace without ischemic leg
symptoms, significantly improved walking performance [44].

CHALLENGES IN REVASCULARIZATION

Revascularization for intermittent claudication

Guidelines from the AHA/ACC [1] and the Society for
Vascular Surgery [22] recommend best medical treatment as
the first-line treatment for claudication, with revascularization
reserved for only refractory cases. These recommendations
are based on data showing that there is a relatively low likeli-
hood of limb loss associated with mild PAD and that long-term
improvements in symptomatology may be limited. For exam-
ple, recent data from the Invasive Revascularization or Not in
Intermittent Claudication trial demonstrated that, after 5 years
of follow-up, revascularization for claudication lost any early
benefit and did not result in long-term health-related quality of
life compared with best medical therapy. Despite guidelines
recommending medical management as the first-line therapy
for claudication, recent registry data from the Vascular Quality
Initiative demonstrate that 27% of all open bypass procedures
and even a higher percentage of endovascular interventions
are performed for claudication. It is possible that many of the
patients undergoing revascularization for claudication expe-
rienced severe claudication symptoms and that conservative
management failed. For instance, in the CLEVER study (Clau-
dication: Exercise Versus Endoluminal Revascularization)
[45], the revascularization group and the supervised exercise
therapy group had better 18-month outcomes than optimal
medical care alone. Quality improvement initiatives aimed at
reducing unnecessary procedures are emerging to address
outlier behavior in the overuse of invasive interventions for
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mild disease [47]. Higher-quality data about the benefits of re-
vascularization for severe claudication symptoms are needed.

PERCUTANEOUS REVASCULARIZATION

The impact of percutaneous intervention in CLI is a sub-
ject of emergent research and the focus of active investiga-
tion. In a large observational study, percutaneous intervention
compared with surgical therapy was associated with reduced
in-hospital mortality (2.34% versus 2.73%, P<0.001), length
of stay (8.7 days versus 10.7 days, P<0.001), and cost of
hospitalization ($31679 versus $32485, P<0.001) despite
similar rates of major amputation (6.5% versus 5.7%, P=0.75)
[5]. Also, the increase in percutaneous leg revascularization
has been related to a decline in leg amputation in the United
States [5]. Although many observational studies have sug-
gested the benefit of percutaneous intervention in decreased
amputation rates and mortality, to date, only one trial has
compared percutaneous intervention with medical or surgical
therapy in patients with CLI.

Furthermore, most studies to date have failed to account
for anatomic factors that may influence patient selection to-
ward percutaneous versus surgical intervention. The Society
for Vascular Surgery has developed 2 limb-staging classifi-
cation schemes to allow for more objective comparison of
revascularization outcomes. The Wound, Ischemia, and foot
Infection (WIfl) stage [48] and the Global Anatomic Staging
System (GLASS) are 2 classification systems intended to
permit more meaningful analysis of outcomes for various
forms of therapy in heterogeneous populations with CLI and
should be reported whenever possible in major comparative
studies moving forward.

With the increased use of percutaneous intervention in
PAD, restenosis has been a continual obstacle. A growing
proportion of patients are undergoing lower extremity bypass
for a prior failed percutaneous intervention, and these se-
condary revascularization procedures have been associated
with inferior 1-year outcomes. Although many devices lack
comparative proof to support their use as a definite ap-
proach, multiple randomized studies of drug-eluting stent or
drug-coated balloon show promising results for decreasing
restenosis rates in the femoral-popliteal segment. Among
the current therapeutic options, the paclitaxel-eluting or pac-
litaxel-coated devices consistently show a significantly higher
primary patency rate, better target lesion revascularization
rate, and cost effectiveness. Although a meta-analysis has re-
ported an increase of mortality in patients receiving paclitaxel
drug-coated balloon/drug-eluting stent DES compared with
controls, there is some recent evidence against this finding.
Nonetheless, the continued use of these devices should be
individualized, carefully balancing the risks and benefits.

SURGICAL REVASCULARIZATION

The majority of open surgery for lower extremity revascula-
rization is performed for CLI [18, 21, 26]. Although lower
extremity revascularization for PAD is becoming increasingly
common in the Russian Federation and all around the world,
the rate of open surgery is stable or declining [31, 35, 41].
Approximately 40% of all lower extremity revascularization
procedures performed in the Russian federation are open by-
pass surgery (versus 60% endovascular) because of the lower
morbidity associated with endovascular procedures [46,48].

However, there is still substantial debate about the ef-
ficacy of open surgery versus endovascular interventions
for the treatment of PAD. In the BASIL trial (Bypass versus
Angioplasty in Severe Ischemia of the Leg), which is the only
randomized controlled trial on the topic to date, a bypass-first
strategy had overall outcomes similar to an angioplasty-first
strategy [24]. However, there was a significant overall survival
benefit and a trend toward a benefit for amputation-free survi-
val associated with open surgery among patients who survived
>2 years. Since that trial concluded >15 years ago, there have
been major advances in endovascular technology that are
associated with better long-term outcomes at higher costs. As
a result, the efficacy of endovascular versus open surgery
revascularization for PAD remains unknown. The BEST-CLI
trial (Best Endovascular vs Best Surgical Therapy for Patients
with Critical Limb Ischemia), which just completed enroliment,
will hopefully clarify optimal therapies for CLI [31]. As noted
earlier, the application of objective anatomic staging systems
such as WIfl or GLASS are necessary to equalize clinical and
anatomic factors in addition to baseline patient risk factors in
clinical trials and observational studies moving forward.

Lower extremity PAD is a global public health issue that
has been systematically understudied and underappreci-
ated. This statement summarizes major gaps in research,
clinical practice, and implementation related to PAD. Health
care professionals, researchers, expert organizations, health
care organizations, government agencies, industry, and the
community should collaborate to increase the awareness
and understanding of PAD and improve the quality of PAD
diagnosis, management, prognosis and treatment.
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AOMNOJIHUTENIbHAA UHOOPMALIUA

Bknag aBTOpoB. Bce aBTOPbl BHEC/U CYLIECTBEHHbIN
BKNag B pa3paboTKy KOHLEeNnuuu, NpoBeAeHne nccneosa-
HWS, NpoYnn 1 ogobpunu uHanbHy Bepcuio nepes ny6-
nnkauuen.

KoHdnuktT uHTepecoB. ABTOpbI [EKNapupytT OTCyT-
CTBME SBHbIX W MOTEHLMaNbHbIX KOH(IIMKTOB WHTEPECOB,
CBS3aHHbIX ¢ nybrnukaumen.

WUcTouHuk cmHaHcupoBaHmA. ABTOpbI 3asBnstoT 06
OTCYTCTBUM BHELIHEr0 PUHAHCMPOBAHUS NPU NPOBELEHUM
1CCneaoBaHms.
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Abstract. Transdermal drug delivery systems are more advantageous due to non-invasive treatment and pharmacokinetics,
which makes / makes this method attractive in pediatric practice. Pharmacokinetic advantages consist of increasing
bioavailability due to the absence of the effect of primary passage through the liver and uniform intake of the active
substance into the systemic circulation, which is why the concentration curve of the medicinal substance is more uniform.
Currently, plasters are used as transdermal delivery systems in the world, but the legal difficulties of commercialization
of drugs for obstetric and pediatric audiences limit the possibilities of using transdermal therapeutic systems. In this
review, transdermal drug delivery systems based on deep eutectic solvents are discussed. Due to unique properties
such as ease of synthesis, low toxicity and cost, high stability and biocompatibility, deep eutectic solvents are attractive
delivery systems for active pharmaceutical substances for use in pediatrics.

Key words: deep eutectic solvents; transdermal drug delivery; vaccine; active pharmaceutical substance.
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Pestome. CucteMbl TpaHcLepManbHON JOCTABKM NEKapCTBEHHbIX CPEACTB UMEIT psif NpenmyLecTs Gnarogaps He-
NHBA3MBHOMY BBEAEHNIO U 0COBGEHHOCTSM (hapMakOKMHETUKM, YTO JenaeT faHHbIN cnocob KpailHe NpuBreKaTenbHbIM
B NeanaTpuyeckoil npakTuke. dapMakoKMHETUYECKNE NPEUMYLLECTBA 3aKN0YaTCs B NOBbILEHUM GUONOrNYEecKom
AOCTYMHOCTU W3-3a OTCYTCTBUS 3dh(heKTa NEePBUYHOTO NPOXOXKAEHNS Yepes NeveHb, PAaBHOMEPHOTO NOCTYNEHUS
AECTBYIOLLEro BeLleCTBa B CUCTEMHbIN KDOBOTOK, Gnarofapst Yemy Kpusasi KOHLEHTPaL/MN NEKapCTBEHHOTO BELLECTBa
npuobpeTaeT 6onee paBHOMEpHbIN XapakTep. Ha JaHHbIi MOMEHT B MUPE B Ka4eCTBE CUCTEM TpaHCAepMarbHOM
[0CTaBKM NCNONb3YTCS NNaCcTbIpK, 04HAKO rnobanbHble CIIOXHOCTY NPaBONPUMEHUTENBHOI NPaKTUKK BbiBOAA
npenapaToB N5 aKyLIEPCKOil 1 NeanaTpuyeckomn ayauTopUi Ha pbIHOK MIMMUTUPYIOT BOSMOXHOCTY CO3AaHUs TPaHC-
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AepManbHbIX TepaneBTU4eckux cucteM. B gaHHoM 0630pe paccMoTpeHbl CUCTEMBI TPAHCAEPMAlbHOM A0CTaBKM
NeKapCTBEHHbIX CPEACTB Ha OCHOBE IMy6OKMX 3BTEKTUYECKUX pacTBOpuTEnen. Bnarogapsi CBOUM yHUKambHbIM
CBOWCTBaM, TakUM Kak MPOCTOTa CUHTE3a, HU3Kast TOKCUYHOCTb U CTOMMOCTb, BbiCOKast CTabUbHOCTb M BUocoBMeE-
CTUMOCTb, IMy6oKMe 9BTEKTUYECKIE PACTBOPUTENM SBNIAKOTCS NPUBIEKATENbHBIMU CUCTEMaMM [LOCTABKM aKTUBHBIX
thapmalieBTMYeCknx cyGCTaHUMil A NPUMEHEHMS B NeanaTpum.

KnioyeBble cnoBa: rny60|<|/|e OBTEKTUYECKNE paCTBOPUTENN; TPAHCAEPMaAlibHaA AOCTaBKa NEKapCTB; BakLMHa;,

aKTMBHaA ¢apmau,eBTw4eCKa;| CyGCTaHLWIFI.

For a few last decades transdermal drug delivery sys-
tem (TDDS) has become the third common type of the drug
delivery after oral drug introduction and injections. Popula-
rity of transdermal drug delivery systems in the therapy is
characterized by convenience of its application and phar-
macokinetic peculiarities; taking into account that transder-
mal introduction is a preferable type of drug introduction for
certain groups of patients. This cohort is represented by
the patients with chronic pain syndrome when the uniform
analgesic introduction maintains analgesic action; with the
digestive system disorders, when the absorption of the drug
can be disturbed in different parts of the gastro-intestinal
tract and with those having difficulties in oral drug delivery,
e.g. young children with maxillofacial, neck and mediasti-
num traumas and with dysphagia of different origins. It
should also be noted that oral intake is limited by hydrolytic
resistance issue caused by the active substance in acidic
environment of the stomach and enzyme activity in the in-
testines; these substances can be delivered only parente-
rally.

TRANSDERMAL DRUG DELIVERY SYSEMS
FOR ACTIVE PHARMACEUTICAL INGREDIENTS

Effective transdermal drug delivery systems development
is relevant for the broad spectrum of active pharmaceutical in-
gredients. It is known that approximately 40% of available oral
medications and 90% of new chemical compounds have low
solubility and penetration via the skin which decreases their
bioavailability when applied onto the skin [32, 51]. To solve
the following issues different methods have been developed
which were aimed at physical (dispersion), pharmaceutical
and chemical modification of the active pharmaceutical ingre-
dients. Increase of penetration due to chemical methods is
achieved by interaction of such substances as water, hydro-
carbon (alkanes and ethylenes), alcohol, acids, ether, alkyl es-
ters of amino acids, amides, urea and its derivatives, amines
and their bases, sulfoxides, terpens, steroids, dioxanes,
pyrrolidone and imidazole derivatives, laurocapram (Azone)
[41]. It results in: 1) changes in viscosity of the medication
in the stratum corneum due to the lipid alkyl chain modifica-

tions; 2) increase of distribution coefficient of the ingredient
on the skin; 3) drug reservoir formation on the outer layers of
the skin associated with the formation of hydrophilic pores.
However, relatively low number of the additional chemical
substances (sulfoxide, terpenoid, glycoside, ethanol) are used
in commercial drug production which increase transdermal
penetration most commonly due to absence of toxicity and
characteristic features of active substance interaction and also
high cost of clinical trials. Thus, development and research
of new biocompatible and biodegradable transdermal drug
delivery systems for active medical ingredients in children is
a relevant and modern task.

Present day methods of transdermal drug delivery sys-
tem (TDDS) can be divided into two huge groups: transder-
mal delivery via active methods (the methods are associ-
ated with the drug delivery via ultrasound, current of the
certain rate or laser) and transdermal delivery via passive
methods (the methods are based on the application of the
active pharmaceutical ingredient on different chemical sub-
stances or biological objects, which due to their specific
functions can penetrate through stratum corneum: natural
polymers, vesicles, nanoemulsions).

The active methods are sonophoresis, iontophoresis,
electroporation, photomechanical waves, thermal ablation
and microneedle drug delivery.

Sonophoresis. A method of sonophoresis is based on
low-frequency ultrasound which affects the outer layer of
the skin cavitating the connective tissue and inhancing skin
permeability. The medication is combined with gel or cream,
which conduct ultrasound waves into the skin. Thus, the
drug is delivered by the routes permitted by ultrasound with
frequency ranging from 20 kHz to 16 MHz. The method al-
lows to increase temperature on a localized part of the skin
thus creating heat effect which contributes and enhances
permeability of the medical substance [33;38].

The advantages of this method are:

1) Rapid penetration of the medical substance into the

affected area and maximum concentration in it;

2) Prolonged effect of the medical substance which is

stored in the tissues and released gradually after-
wards;
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3) Additional destruction of the clots.

The disadvantages may include:

1) More frequent medical procedures that are necessary
when compared with the invasive methods;

2) Possible after-effects like tingling, irritation and bur-
ning sensations;

3) Inability to use the method when the stratum corneum
is damaged.

lontophoresis. This method is based on the use of
the galvanic current of low-frequency, which can affect the
outer and medial skin surfaces enhancing release and flow
of the ionized active pharmaceutical substances which are
characterized by low absorption / permeability. Efficiency
of iontophoresis depends on polarity, valence and ability of
the medical substance molecule to move (thermodynamic
activity), nature of the applied electrical current and compo-
sitions of the agent which contains the medical substance
[12, 13, 34, 38]. The advantages of the method are:

1) Delivery of polar molecules and high molecular weight

compounds;

2) Targeted introduction of the medical substance into
the affected area bypassing other organs which re-
duces allergic reactions and inflammations;

3) By hyperpolirising nerve endings it increases excita-
bility threshold and enhances more analgesic effect.

The disadvantages may include:

1) Risk of burn if the electrodes are applied incorrectly;

2) Difficulty to control stability of the drug agent in the
carrier;

3) Difficulty in drug release from the carrier;

4) It is contraindicated to the patients with cardiac pace-
makers and metallic implants.

Electroporation. A method is based on application of
electric impulses of high current ranging from 5 to 500 V.
A short-term exposure of the skin (~ms) results in formation
and opening of the minute pores in the stratum corneum.
The medical substance is diffused through these pores. The
method has confirmed its efficacy in drug delivery both with
low-molecular weight such as doxorubicin, mannitol or cal-
cein and high molecular weight anti-angiogenic peptides,
oligonucleotides and negatively charged heparin anticoagu-
lant [8, 49].

The advantages of the method are:

1) Muscle stimulating effect which improves tonus and
blood circulation, it activates cell metabolism and in-
creases skin rejuvenation;

2) High efficiency in targeted drug introduction.

The disadvantages are, that:

1) it can be used only in small areas;

2) there can be damage of the skin cells due to heating
effect;

3) medical substance can be destroyed due to high vol-
tage.

Photomechanical waves generated by the laser ex-
pose the skin and extend stratum corneum allowing the
medical substances to pass through temporary channels.
These waves produce limited ablation due to low radia-
tion dose (nearly 5-7 J/icm?), with the channel depth of
50-400 um. For instance, dextran macromolecules with
molecular weight of 40 kDa and latex particles with 20 ns
can be delivered by photodynamic laser impulse 23 nm [27].

The advantages of the method are:

1) it transports the molecules of the medical substance
through plasma membrane in vitro, thus preserving
cell viability;

2) it does not affect the skin;

3) it is painless procedure.

The disadvantages are absence of clinical trials.

Microneedles. Micron sized needles penetrate the outer
layer of the skin that results in drug diffusion through the
epidermis or outer dermal layer. As the needles are short
and fine the unpleasant pain sensations can be prevented,
thus allowing the drug to be delivered directly to the blood
capillaries. The microneedles can be: 1) microneedles that
create a route allowing the drug to enter the body; 2) mi-
croneedles can be coated with the drug; 3) microneedles
can be produced by the drugs which are absorbed in the
body by “melting”; 4) different patches with microneedles
(3, 16, 19, 23].

The advantages are:

1) painless introduction of the active pharmaceutical in-

gredient;

2) quick recovery of the injected area.

The disadvantages are:

1) only small doses of the substances can be used;

2) the secondary introduction decreases absorption in a
certain topical area resulting from microclots and/or
change in the blood flow at this site.

Thermal ablation. This method of the pointed distruc-
tion of the stratum corneum by local heat exposure delivers
the drugs through the microchannels in the skin produced
during the procedure. This method is based on exposure
to high temperature more than 100 °C, resulting in heating
and evaporating of keratonin. Thermal exposure lasts for
microseconds and prevents epidermis damage. The defects
resulting from the thermal ablation are small enough 50—
100 mkm in diameter it allows to prevent painful sensations,
bleeding, irritation and infection. The method allows deli-
vering effectively small molecules and high molecular com-
pounds. Thermal ablation can be performed by laser or high
radiofrequency methods [3]. Laser thermoablation facilitates
the drug delivery for more than 100 times and increases
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delivery of both lipophilic and hydrophilic substances inclu-
ding peptides, proteins, vaccines and DNA. The radiofre-
quent thermal ablation method allows to release and deliver
broad spectrum of drugs with hydrophilic origin, including
macromolecules [25;37].

The advantages are:

1) the procedure is painless;

2) not expensive and disposable materials are used;

3) quick recovery.

The disadvantages are: the method is not recommended
in hemostasis system disorders.

Passive methods are represented by (extracellular)
vesicles, nanoparticles and nanoemulsions.

Vesicles are lipid bubbles which are secreted mostly by
all the types of the cells. Being the carriers of RNA, mem-
branous and cytoplasmatic proteins, lipids and carbohy-
drates they perform different functions in the human body,
for instance, they take part in intracellular communication.
According to their origin the vesicles are divided into ec-
tosomes (originating from the neutrophils/monocytes), ve-
cosomes (associated with the vector of adenovirus) etc.
According to the biogenesis mechanism they are divided
into exosomes, microvesicles and apoptotic bodies [14].
The size of the vesicles varies, for example the size of
the exosomes is between 40-120 nm, microvesicles vary
50-1000 nm [4]. Due to such properties as biocompatibility,
low immunogenicity (when obtained from the correct type
of the cell) and ability to penetrate the blood-brain barrier
(BBB) the vesicles appear to become a prospective mean
to deliver different molecules.

The advantages are:

1) Controlled release of the medical substance;

2) Control of the drug absorption due to multileveled

structure.

The disadvantages are:

1) Chemical instability;

2) High cost;

3) Restrictions associated with the volume of the drug

upload.

Nanoparticles are represented by the nanocarriers with
the size of 1-1000 nm. Introduction of the medical sub-
stance by means of nanoparticles leads to targeted and
controlled release, changes in substance dynamics in vivo
and increase of duration of the uploaded substance in the
body which results in better bioavailability, decrease of to-
xicity and side effects. Nanoparticles can be polymerized
or bound; most commonly biodegradable polymer materials
like gelatin and polylactic acid are used [13, 18].

The advantages may be:

1) Targeted drug delivery;

2) Mechanical resistance of the carrier;

3) Different biodegradable materials can be used;

4) Both hydrophilic and hydrophobic substances can be

delivered;

5) No immune reaction to the carrier.

The disadvantages are:

1) Difficulty for substance release;

2) Incomplete assessment of toxicity.

Nanoemulsions are represented by mixture with low
viscosity, isothropic, thermodynamic and dynamic stabi-
lity. Mixture is composed of transparent or semitranspa-
rent oil globules dispersed in water phase which is sta-
bilized by interphase membrane which is formed due to
molecules of the outer active substance. The size of the
particles in nanoemulsions varies from 100 to 1000 nm.
Due to their small size, significant specific surface area
and low surface tension of nanoemulsions determine
excellent wettability which allows close contact with the
skin. Nanoemulsions demonstrate better properties of
transdermal absorption than any of the commonly used
local appliances [21, 36].

The advantages are:

1) Thermodynamic stability;

2) High solubility and physical stability.

The disadvantages are: variable kinetics of the process-
es of distribution and clearance of drug delivery (mecha-
nisms).

DEEP EUTECTIC SOLVENTS

Deep eutectic solvents open promising perspectives of
the controlled transdermal drug delivery. It is known that
such solvents can penetrate the barrier of the stratum cor-
neum and increase transdermal, intercellular and paracellu-
lar transport due to the cell integrity destroy, creation of the
diffusion routes and solution of the lipid components of the
stratum corneum [44, 47].

Deep eutectic solvents (DESs) were first described by
Abbott et al [1]. If DES is composed of components of natu-
ral origin it is further described as natural deep eutectic sol-
vent (NADES) [45]. DES/NADES are mixtures of two and
more components, namely hydrogen bond acceptors (HBD)
and hydrogen bond donors (HBD) which may compose eu-
tectic mixtures characterized by very low melting tempera-
ture than in their components.

DESs have several advantages like thermal and chemi-
cal stability, fast solubility of the chosen substances, inflam-
mability and low melting temperature. Moreover, DES can
be obtained simply and cheaply by combination and heating
natural and/or widely used substances. As a result these
solutions are cheap, biodegradable with very low or lack of
toxicity [52].
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DES can be classified into several classes according to
the nature of HBA and HBD which was used in their obtai-
ning; thus, the salts of quaternary ammonium and anhydrous
metal halides (type 1), the salts of quaternary ammonium
and hydrated metal halides (type 2), the salts of quaternary
ammonium and neutral organic compounds (type 3), salts
of metal chlorides and neutral organic compounds (type 4)
and mixtures of nonionic compounds (type 5) [2, 48]. Within
these five types of DES the separate components can form
binary or ternary eutectic mixtures.

NADES is a DES subgroup, which is composed of natu-
ral components like sugar, organic acids, (poly)alcohol,
aminoacids, choline chloride and water. NADESs in terms
of biological systems may serve as solvents which can be
alternative to water and lipids, participate in biosynthesis,
storing, transporting of poorly soluble in water biomolecules
and conserving organisms at very low temperatures [10].
NADES turn to be highly attractive due to their low volatility;
they are biodegradable, stable to the solved substances,
resistant to air and simple in synthesis. One of the main
advantages of NADES is that their properties can be mode-
led by changing their components, dissolving with water or
synthesizing the targeted mixtures for certain purposes [20].

ChCl (Ch, 2-hydroxyethyl-trimethylammonium, vita-
min B,) is the most investigated and well-known component
of DES which is quarternary ammonium salt and alcohol. In
eutectic solvent mixtures ChCl acts as acceptor of hydrogen
bond with different donors like urea, alcohol, sugar, hydro-
xyl acids and amino acids [45]. ChCl based DESs are very
simple, their synthesis allows to control the characteristic
features decreasing or increasing viscosity, pH and polarity;
these properties make them attractable for pharmaceutical
use, food production and cosmetology [11].

ChCl based DES can be grouped according to hydrogen
donor relations: alcohol- and sugar containing, acidic, ami-
dic, aqueous and triple mixtures. Most of such mixtures are
liquid at a room temperature and can be used as solvents
in various fields.

In alcohol- and sugar containing DES glycol, glycerin
and different sugars are commonly used as HBD. These
solvents have neutral pH in mixtures; it can be applied in
various fields [31].

Acid based DESs are composed of natural carbon acids
(lactic, lemon, wine etc.) and amino acids.

The mixture of ChCl and urea is one of the most well-
known and investigated among amide DES with a ratio of
1:2 [1]. The synthesis of the triple mixtures by introducing
of the third donor of hydrogen relation to DES is also pos-
sible. Most commonly water is the third donor. Besides wa-
ter glycerin, methanol, ethanol, 2-propanal etc. can also be
used [42].

DEEP EUTECTIC SOLVENTS AS SYSTEMS
OF INSULIN DELIVERY

Insulin is a most common medication in the treatment
of diabetes and diabetic complications. Nowadays insulin is
introduced subcutaneously, such invasive method is rather
painful for the patients; the clinicians and scientists look
for non-invasive methods of diabetes therapy. A. Vaidya,
S. Mitragorty (2020) used choline and geranic acid based
solvents as transdermal system of insulin delivery and con-
trolled release [50]. The medication had a form of viscous
gel, which could be introduced perorally, the pharmacologi-
cal effect of insulin was preserved. It was proved that the
local introduction of insulin containing DES (insulin dose
25UN/kg) considerably reduced glucose in blood within
4 hours [24].

The method of nasal introduction of insulin based on
DES (deep eutectic solvent was based on choline chloride
mixture: malic acid) was studied, the method showed hypo-
glycemic effect [24]. The trial compared to systems of insulin
delivery: on the base of hydrogel and on the base of deep
eutectic solvents, it was proved that the system of DES in-
sulin delivery was better than the system of hydrogen based
insulin delivery and other traditional insulin solvents. The
results show the possibility of deep eutectic solvents ap-
plication as systems for insulin delivery in diabetes therapy.

Thus, it can be concluded that DES applications to be
prospective carriers of insulin in the treatment of endocrine
diabetes by means of introducing the mixtures transdermal-
ly, through mucous membranes of nasal and oral cavities.

DEEP EUTECTIC SOLVENTS AS SYSTEMS
OF NON-STEROIDAL ANTI-INFLAMMATORY
DRUG DELIVERY

Non-steroidal anti-inflammatory drugs (NSAIDs) are
commonly prescribed medications to relieve pain syndrome
and inflammation. The main effect of these medications
is achieved by blocking specific prostaglandin synthesis
through inhibition of cyclooxygenase-1 (COX-1) and cy-
clooxygenase-2 (COX-2) enzymes. The inhibition of COX-2
plays an important role in the anti-inflammatory mechanism
and analgesic effect of the medications, besides these ef-
fects it can result in disorders of the cardio-vascular sys-
tem. The disadvantages of the inhibition of COX-1 are in
severe gastrointestinal ulceration and nephrotoxicity. If the
side-effect on the gastrointestinal tract can be inhibited by
phospholipids or simultaneous intake of stomach protecting
medications (like proton pump inhibitors), there is still noth-
ing to prevent heart and kidney side effects [17]. Taking into
account that NSAIDs are commonly prescribed medications
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the transdermal way of introduction seems to be alternative,
effective, safe and psychologically comfortable during the
course of treatment.

The trials showed that the drugs traditionally introduced
intravenously can penetrate transdermally, too [15]. Thus,
many kinds of NSAIDs have become available in various
forms like creams, gels, patches and solutions (lotions),
which are mainly prescribed to patients with muscular-
skeletal pains. However, the production of such NSAIDs
systems is complicated due to low water-solubility of the ac-
tive ingredient, which requires highly concentrated organic
solvents, e.g., ethanol.

In order to avoid organic solvents and improve delivery
of poor water-soluble molecules deep eutectic solvents
were investigated as alternative to pharmaceutical solvents
and inhancers of transdermal penetration [6, 39]. It was
proved that DES can improve solubility of anti-inflammatory
drugs (e.g., ibuprofen, naproxen, ketoprofen [26] and para-
cetomol [29]), and also increase transdermal penetration of
the drugs.

DEEP EUTECTIC SOLVENTS AS SYSTEMS
OF ANTINEOPLASTIC (ANTITUMOR) DRUGS

In a case of malignant tumor, driver and “passenger” mu-
tations result in significant alteration of signaling pathways
which considerably change metabolism of the tumour cells.
The area of tumor formation and character of bloodstream
in tumor altered tissue form nucleus, lacking oxygen sup-
ply, and conditionally considered as a geometrical center
of the neoplasm and/or metastases, where more resistant
to nutrient and oxygen deficiency cell clones are selected,
thus resulting in local evolution of signaling pathways and
tumor cell metabolic reprogramming [30]. Thus metabolic
pathways turn to appear most preferable targets in therapy
of oncological diseases. For example, it was revealed that
limonene induces apoptosis through mitochondrial pathway
and affects survival potential / apoptosis of the cells passing
through PI3K/Akt signaling pathway in a case of cholorectal
cancer [5, 7].

Nowadays a significant number of antitumor drugs are
synthesized, they affect different metabolic routes; nonethe-
less, the issues of selective drug delivery are at the cut-
ting edge of science. There are scientific investigations
when deep eutectic solvents were used to treat cancer due
to their own antitumor activity or their ability to solve ac-
tive pharmaceutical substances. It revealed that limonene-
based DES (ibuprofen: limonene with a molar ratio of 1:4)
can effectively inhibit HT-29 colonic cancer cell proliferation
without affecting healthy cell viability [40]. The system could
preserve not only the therapeutic effect of limonene and ibu-

profen but also increased solubility of the both components
reducing limonene side effect concerning healthy cell lines.

Betaine and mandelic acid-based DES was synthesized
to deliver antineoplastic drugs perorally (cyclopeptide RA-
XII). Solubility and bioavailability of RA-XII by peroral intro-
duction increased 17.5 and 11.6 times respectively [28]. It
should be underlined that choline and its metabolite betaine-
based DES is of great interest, as these compounds partici-
pate in basic physiological processes: sustaining structural
stability and membrane elasticity due to phosphatidylcholine
formation during the metabolic process, acetylcholine syn-
thesis and participation in homocysteine metabolism [28].

Cytotoxicity of N, N-diethylammonium chloride — based
DES and choline chloride-based DES by interaction of these
solvents and (HelaS3, AGS, MCF-7 n WRL-68) tumor cell
lines were investigated with the help of the methods of mo-
lecular dynamics [35, 46]. As a result N,N-diethylammonium
chloride-based DES showed higher cytotoxicity than choline
chloride-based DES, it indicates that N,N-diethylammonium
chloride-based DES is potent as independent anticancer
drug.

Interesting results are represented by the research of
P. Pradeepkumar et al (2021) [43]. The reserarchers de-
veloped serine and lactic acid-based DES, the obtained
solvent and biotine were introduced to chitosan a polymer
carrier. Then doxorubicin for controlled release was applied.
Hela cell line was the model of anticancer activity and
in vitro apoptosis investigation.

DEEP EUTECTIC SOLVENTS AS SYSTEMS
OF STORING AND VACCINE DELIVERING

The vaccines are usually stored at low temperature
(2-8 °C) for stability and safety of vaccine efficiency. The
vaccines require certain low temperature and they are at
risk of unexpected sudden changes of storage; these fac-
tors motivate the researchers to find new systems to sus-
tain increased stability that can prolong vaccine storage,
facilitate its storage condition avoiding cooling. Moreover,
the vaccination is invasive procedure though nasal introduc-
tion has become more popular recently. Both methods have
great psychological load to small children. That is why new
systems of storing at milder conditions as well as non-inva-
sive drug introduction are urgent and relevant tasks.

The scientific investigation [22] performed DES to store
human interferon-a, at room temperature, and to stabilize
and carry the live attenuated vaccines [53]. The other in-
vestigation [9] demonstrated natural deep eutectic system
application consisting of trehalose and glycerin to store and
deliver the vaccine based on virus-like particles (VLP) and
influenza hemagglutinin (HA). DES supported stability and
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activity of HA-VLP from 4 to 50 °C (increased stability in-
vestigation). Moreover, HA-VLP were stable in the solvent
for more than a month in an area with standard room tem-
perature (short-term stability investigation).

These investigations show the prospectives in the field
of temperature regimen changing in large protein molecules,
vaccines and sera, that will allow cost and storage decrease
in the near future.

CONCLUSION

The field of deep eutectic solvents application including
pharmaceutical industry has considerably increased for the
last decade; it is due to their unique characteristics as low
toxicity, thermal and chemical stability, biodegradability and
high bioavailability. These solvents can be used for solu-
bility and stability of the systems of transdermal drug de-
livery and transdermal drug delivery system on their base
it seems to be highly important for pediatrics. It should be
noted that DES themselves have antibacterial, antifungul
and anticancer properties. Due to specific properties of DES
“smart” nanovaccines development seems to be attractive.
The solvents may include modified nanoparticles to achieve
controlled and prolonged transdermal immunization. Unlike
the traditional method of invasive drug delivery DES allows
to arrange a reservoir of medication in the skin thus pro-
longing duration of drug activity and showing low toxicity in
transdermal immunization, absence of pain syndrome and
psychological comfort in pediatric therapy.

Nonetheless, despite all advantages it is difficult to
achieve stable and long lasting effect of medication release
in most cases of drugs based on deep eutectic solvents;
these combinations turn to be the variant for single nonin-
vasive drug delivery. Various investigations to study kinetics
of the solved drug release should be carried out to develop
transdermal therapeutic systems. Moreover, law enforce-
ment practice of clinical trials with drugs introduced trans-
dermally in the form of gels and based on deep eutectic
solvents should also be clarified.
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AONONMHUTENBHAA UHOOPMALINA

Bknap aBTOpoOB. Bce aBTOPbI BHECIN CYLLECTBEHHbIN
BKNag B pa3paboTKy KOHLEeNnuuu, npoBeAeHne uccnegosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0f406pUNN UHANBHYHO
Bepcuto nepep nybnukauyuen.

KoHhnukT mHTepecoB. ABTOPbI AeKnapupytoT OTCyT-
CTBME SBHbIX W MOTEHUWANbHbIX KOH(IIMKTOB WHTEPECOB,
CBSI3aHHbIX C NybnnkaLnen HacTosLLen cTaTbi.

WUcTouHnk ¢huHancupoBaHusa. ABTOpbI 3asBNsOT 06
OTCYTCTBUM BHELIHEr0 PUHAHCMPOBAHUS NpU NPOBELEHUM
ncecnenoBaHus.
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Abstract. The review focuses on post-traumatic stress disorder associated with pregnancy and childbirth. In the
literature, there is the concept of post-traumatic stress disorder associated with pregnancy and childbirth, which
describes mental disorders in parents during the period from the beginning of pregnancy to 12 months after childbirth.
In contrast to the classical concept of post-traumatic stress disorder, this term is used in most cases in relation to the
mother, less often in relation to the father of the child, in the presence of traumatic events associated with pregnancy
and childbirth, starting from the beginning of pregnancy and up to 1 year after childbirth. The uniqueness of this term
is emphasized from the perspective of mental disorders in parents associated with traumatic events during pregnancy,
childbirth and the subsequent fate and prognosis for a premature child and/or a child with pathology. Data is provided
on the complexities of terminology used to describe traumatic events from the beginning of pregnancy to 12 months
after childbirth. Information is presented on the prevalence of stressful conditions during the period associated
with pregnancy and childbirth in parents, risk factors are described in detail, including obstetric, socio-economic,
pathophysiological, and psychiatric. The stressful conditions of parents whose children are in the intensive care unit
are described separately, with a description of the parents’ reactions to different outcomes of the child’s hospitalization.
Options for the prevention of stressful conditions in parents are highlighted, and recommendations are provided for
identifying patients suffering from post-traumatic stress disorder associated with pregnancy and childbirth, and for the
interaction of maternity workers with this group of patients.

Key words: post-traumatic stress disorder; postpartum post-traumatic stress disorder; perinatal loss; postpartum
period; traumatic birth.

MOCTTPABMATUYECKOE CTPECCOBOE PACCTPOUCTBO,

CBA3AHHOE C BEPEMEHHOCTbIO U POOAMU: AEOUHULIUN,
COBPEMEHHBIE NMPEACTABNEHUA, MATO®U3UONOrMYECKUE MEXAHU3MBI,
®AKTOPbI PUCKA, AUATHOCTUKA

© EkatepuHa BuktoposHa Koxagen, AHgpen Imebosuy Bacunbes

CaHkT-MeTepbyprekuid rocynapCTBEHHbIN NeanaTpuyecknii MeguumHekuin yuusepcuteT. 194100, Poccuiickas Gepepauus,
r. CaHkT-MeTepObypr, yn. JiutoBckas, 2

KoHTakTHas uHdopmauua: EkatepuHa BuktoposHa Koxagen — Bpay-ncuxuarp, Bpay-ncMxoTepanesT, acninpaHT kadeapbl NaTonornieckon
cusnonoruv ¢ kypcom ummyHonatonoruu. E-mail: ekaterinakozhadey@gmail.com ORCID ID: 0009-0005-7552-8533 SPIN: 8727-9660

Ans yumupoeaHus: Koxagei E.B., Bacunbes A.l. MocTTpaBMaT4eckoe CTPECCOBOE PacCTPOMCTBO, CBA3aHHOE ¢ GEPEMEHHOCTBIO 1 pofamu:
AeduHNLMN, COBPEMEHHbIE NMPeCcTaBNeHMs, NaToPU3N0NOrMyeckue MexaHnambl, hakTopbl pucka, auarHocTuka // Poccuiickue bromeaunumHekme
nccnegosanns. 2023. T. 8. Ne 4. C. 74-84. DOI: https://doi.org/10.56871/RBR.2023.84.68.009

MocTtynuna: 22.09.2023 Opobpexa: 01.11.2023 MpuusTa k nevatu: 20.12.2023

& RUSSIAN BIOMEDICAL RESEARCH VOLS N4 2023 ISSN 2658-6584




0B30PbI

75

Pe3tome. O630p nocasilLeH NOCTTpaBMaTUYECKOMY CTPECCOBOMY PacCTPOWCTBY, CBA3aHHOMY C 6EPEMEHHOCTbIO
W pogamu. B nutepatype CywecTByeT NOHATKE NOCTTPABMaTUYECKOTO CTPECCOBOrO PacCTPONCTBA, CBA3AHHOTO C
BepeMeHHOCTbIO 1 pofamu, KOTOPOe OMKUCLIBAET NCUXUYECKME HApYLLEHNS Y pOAMTeNeit B nepuog oT Havana 6epe-
MeHHOCTU A0 12 MecsaLeB nocne pogos. B oTnnume 0T Knaccuyeckoro NOHATUS NOCTTPaBMaTUYECKOrO CTPECCOBOMO
pacCTPOICTBA JaHHbIN TepMIUH ynoTpebnseTcs B 60NbLUMHCTBE CyYaeB NO OTHOLLEHWIO K MaTepy, pexe no OTHOLLe-
HWI0 K OTUY pebeHka, Npu Hanu4uu TpaBMUPYHOLLNX COBbLITUI, CBS3aHHBIX C BEPEMEHHOCTBIO M poAaMu, HayuHas ot
Hayana 6epeMeHHOCTU 1 BKIIOYMTENbHO 40 1 roga nocne pofos. MoayepkuBaeTcs yHUKanNbHOCTb AaHHOTO TEpMUHA
C NO3ULMN NCUXMYECKNX HapYLIEHW y pOAUTENEN, YTO CBA3AHO C TPaBMUPYIOLLMMU COBBITUAMI Ha NPOTSKEHUM
GepeMeHHOCTH, POLOB 1 AanbHeNLen cyabboi n NPOrHo3oM Ans HefOHOLIEHHOro pebeHka u/unu pebeHka ¢ natono-
ruen. MpnBoaATCA faHHbIe O CAIOXHOCTAX TEPMUHONOMAK, UCMOMb3YeMON NS ONUCaHUs TPaBMUPYHOLLMX COBbITUA OT
Hayana 6epemeHHoOCTN 00 12 MecsLeB nocne poaoB. ManoxeHa nHopmayms 0 pacnpoCTPaHEHHOCTU CTPECCOBbIX
COCTOSIHUI B NepuoA, CBA3aHHbIA C BEPEMEHHOCTbIO U pogamu, y poanTenei, noapobHo onuckiBaoTcs akTopb!
pucka, B TOM YMCIE aKyLIepCKue, CoLmManbHO-3KOHOMMYECKNe, NnaTouanonoruyeckue, ncuxmatpuyeckme. OTaenbHo
ONMKCbIBAKTCS CTPECCOBbIE COCTOSHUS poaUTENeN, YbM AeTU HAXOAATCA B OTAENEHUN peaHuMaL  UHTEHCUBHOM
Tepanuu, C OnMcaHMeM peakLun poguTenei npy pasnumyHoM ucxode rocnutanusauyumn pebexka. OcselyatoTcs Ba-
pUaHTbl NPOPUNAKTKA CTPECCOBLIX COCTOSIHUI Y POAMUTENEN, @ TaKKe NPUBOAATCS PEKOMEHAALIMM NO BbISBIEHUIO
nawuMeHTOB, CTPaAaloLWMX NOCTTPaBMaTUYECKUM CTPECCOBLIM PAacCTPOCTBOM, CBSI3aHHLIM C GEPEMEHHOCTBIO U
poAamu, B3aUMOAENCTBMIO C AJaHHOW rPynnomn nauneHToB paboTHUKOB POAOBCMOMOraTeNbHbIX YUpEXAEHUN.

KnioueBble crioBa: NocTTpaBMaTYeckoe CTPECCOBOE PacCTPONCTBO; MOCEPOA0BOE NOCTTPaBMATUYECKOE CTPECCOBOE

PaCcCTPOICTBO; NepuHaTanbHas yTpaTa; nocnepoaoBblil Nepuoa; TpaBMaTUyHbIe Poabl.

Posttraumatic stress disorder (PTSD) is defined as “a
complex of somatic, cognitive, affective and behavioral con-
sequences of a psychological trauma” [19, 20]. PTSD as-
sociated with pregnancy and childbirth (P-PTSD) is a type
of PTSD, but it is a unique variety of the latter and it has
common features with the classical PTSD, with which an
average of 4 to 8% of the general population are affected at
any given time. Classical PTSD is more common in women
[6, 13, 17, 38].

PTSD associated with pregnancy and childbirth occurs
after experiencing a traumatic event in women at any time
after conception and up to 6-12 months after childbirth, it lasts
longer than 1 month and has an extremely negative impact
on the health of the mother and child [8]. From 3 to 15% of
women experience PTSD during pregnancy and childbirth [8].
Approximately 3.3% of pregnant women suffer from PTSD and
4% of women suffer from postpartum PTSD [3]. According to
a number of data, the incidence of pregnancy-related PTSD
in women ranges from 2.3 to 24% [13]. Thus, the data on the
prevalence of PTSD during pregnancy and childbirth vary.

Currently, the number of studies on PTSD during preg-
nancy and childbirth is limited. In the 1990s, the first studies
aimed at postpartum PTSD began to appear, but none of
the mothers met the criteria of classical PTSD [3, 6].

PTSD during pregnancy and after childbirth can be a
continuation of pre-existing post-traumatic stress or reacti-
vation of post-traumatic stress in remission [17].

Post-traumatic stress disorder associated with pregnan-
cy and childbirth, at times with pronounced clinical manifes-

tations, can also be observed in health professionals of ob-
stetric institutions when they provide medical care in difficult
situations involving a risk for a woman and her child, as well
as if these factors are combined with personal psychologi-
cal trauma [32].

PATHOPHYSIOLOGY OF POST-TRAUMATIC STRESS
DISORDER ASSOCIATED WITH PREGNANCY
AND CHILDBIRTH AND STRESS RESPONSE

In a perinatal loss, one of the factors in the development
of post-traumatic stress disorder is the interruption of the
chemically mediated connection between mother and child
by reproductive hormones [8].

Post-traumatic stress disorder during pregnancy is asso-
ciated with impaired regulation of cortisol, vasopressin and
oxytocin. Disruption of the regulation of the latter can cause
complications in childbirth [9, 16, 26].

Studies of post-traumatic stress have shown that memo-
ries of a traumatic event activate the amygdala and stimu-
late the emergence of a fear reaction in a person as the
Jfight-or-flight” response, increasing the breathing and heart
rates, increasing blood pressure and contributing to the
shift of blood flow from visceral muscles to skeletal ones
[14]. When adapting to dangerous situations, the ,fight-or-
flight* response may become predominant by default with
the activation of the hypothalamic-pituitary-adrenal axis, re-
maining in non-dangerous situations when exposed to the
trigger [14].
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There is a polyvagal theory of stress, also known as Ste-
phen Porges’ vagus nerve theory, according to which, in the
case of stressful events, the sympathetic nervous system
is involved through the hypothalamic-pituitary-adrenal axis
by releasing catecholamines and the parasympathetic sys-
tem — by releasing oxytocin, as a result of which a person
tries to reduce the level of stress looking for a partnership
with another person who does not experience a ,fight-or-
flight* response [14].

Upcoming childbirth can contribute to the activation of the
Jfight-or-flight* response, alter the functioning of the hypotha-
lamic-hypophyseal-adrenal axis and the level of catechola-
mines [14]. The search for support among the environment and
staff, mutual regulation of the sympathetic and parasympathetic
systems can be a therapeutic response to stressful events
through the anti-stress properties of oxytocin [14].

One of the theories of post-traumatic stress disorder is
the failure of the fear reaction to subside [14]. Under the
action of the trigger that causes the fear reaction, the acti-
vation of the hypothalamic-pituitary-adrenal axis continues,
since the hippocampus and prefrontal cortex (which usually
reduce the fear reaction in the absence of real danger) do
not react in the usual way. The trigger-specific reaction in
post-traumatic stress disorder is not sufficiently modulated
[14]. A hypermodulated reaction similar to freezing or fain-
ting is possible. To interrupt the fear reaction, it is necessary
to use the cognitive processes that control the trigger and
transform the provoking automatic repeated experiences
and hypo- and hyperexcitation reactions [14, 17, 25, 36].
Current research shows that the use of cognitive behavio-
ral therapy works by inhibitory learning when a person rea-
lizes that s/he can tolerate triggers, thereby weakening the
habitual fear and avoidance reactions to reminders of the
traumatic event [14, 25, 27, 36].

In addition, stress during pregnancy leads to the sup-
pression of the placental enzyme 11-B-hydroxysteroid de-
hydrogenase type 2, which performs a protective function
by blocking excess cortisol, which contributes to survival in
difficult conditions, but has a negative impact on the further
development of the child [14].

Post-traumatic dysregulation of oxytocin may result in pain
syndrome, which is secondary to the dysregulation of smooth
muscle peristalsis in patients with pelvic pain, irritable bowel
syndrome, bladder pain. There is a cascade theory, according
to which traumatic experiences in childhood, such as abuse,
lead to a cascade of adaptive functions of oxytocin, catechola-
mines and to emergence of the hypothalamo-pituitary-adrenal
axis, that may persist into adulthood [14].

Thus, there are a few distinct theories of postpartum af-
fective disorders, such as postpartum depression and post-
partum psychosis. However, as to post-traumatic stress dis-

order and stress reactions associated with pregnancy and
childbirth, then changes in the level of hormones, genetic
mechanisms, changes in the neuroimmune system cannot
fully explain the stress reactions during pregnancy and af-
ter childbirth. This undoubtedly requires additional study of
the pathophysiological mechanisms of stress during these
periods. So the possible difficulties with working out clinical
criteria and treatment of post-traumatic stress disorder as-
sociated with pregnancy and childbirth may result [26, 27].

CLINICAL PRESENTATION OF POST-TRAUMATIC
STRESS DISORDER ASSOCIATED WITH PREGNANCY
AND CHILDBIRTH. DIAGNOSTIC CRITERIA

1-2 months after childbirth, 33% of women experienced
the so-called intrusion symptoms (obsessive memories, night-
mares, somatic manifestations) associated with the stress du-
ring pregnancy and childbirth, 33% of women reported constant
nervous tension, agitation [6]. Post-traumatic stress disorder
associated with pregnancy and childbirth is characterized
by depressive symptoms, suicidal thoughts, feelings of guilt,
anger, immediate stress reactions, feeling of grief, obsessive
thoughts and memories (often memories are vivid), a feeling of
being retarded, a feeling of emotional numbness, avoidance of
the child delivery reminders or other events related to the child,
increased irritability, a feeling of losing control over one's life, a
feeling of being trapped [4, 17, 36]. Concentration of attention
is significantly reduced, the normal daily functioning of patients
is disturbed, intra-family relationships and relationships with
others can noticeably deteriorate [4, 12].

At present various researchers are trying to identify and
summarize the criteria for postpartum post-traumatic stress
disorder associated with pregnancy and childbirth, but doc-
tors continue to be guided by the main criteria for post-trau-
matic stress disorder.

In the current international classification of diseases,
post-traumatic stress disorder is classified under the hea-
ding F43 ,Reaction to severe stress and adaptation disor-
ders®. Directly post-traumatic stress disorder is encoded
with the code F43.1. Diagnostic criteria, according to ICD-
10, are: an exceptionally strong, but short-lived (within
hours, days) traumatic event that threatens the mental or
physical integrity of the individual, an abrupt change in so-
cial status or environment [1].

DSM 5 (Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition) also describes the main symptoms
of post-traumatic stress disorder: repetition of obsessive
thoughts and dreams associated with a traumatic event,
constant avoidance of any reminders of trauma, sleep disor-
ders, irritability, outbursts of anger and aggression, negative
changes in mood and thoughts [2, 5, 18].
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It is worth noting that criteria for post-traumatic stress
disorder such as a real threat to life, trauma, violence can-
not be applied to post-traumatic stress disorder associated
with pregnancy and childbirth, since most women have had
no real threat to their, neither to the life or their newborn [5].

Thus, the main distinctive features of pregnancy and
childbirth related PTSD are associated with such events as
traumatic child delivery, death of the child or his or her stay
in the resuscitation or intensive care unit.

In the clinical presentation of post-traumatic stress disor-
der associated with pregnancy and childbirth, typical manifes-
tations are: repeated experiences of psychotrauma in the form
of obsessive memories (reminiscences), such as intrusive
memories of emergency caesarean section or hemorrhage,
nightmare dreams, fantasies and visions; making up a back-
ground to repeated experiences of psychotrauma, there is a
feeling of ,numbness* and flattening of affect, social alienation,
reduced reaction to surrounding people and events, anhe-
donia, avoidance of situations reminiscent of psychotrauma,
avoiding the place where psychotraumatic events occurred;
in rare cases, a woman can avoid her child, trying to spend
less time with him/her, at times there may be acute episodes
of fear, panic, aggression caused by unexpected memories
of psychotrauma or reaction to it, a state of increased ner-
vous tension, which, for example, is manifested by flinching
at the crying of the child, insomnia. There is also increased
autonomic excitability, increased wakefulness with insomnia,
pronounced fright reactions. The onset of the disorder after a
latent period is from a few weeks to six months [1, 2, 6, 8, 36].

In the clinical presentation of post-traumatic stress dis-
order associated with pregnancy and childbirth, there is a
concept of internal and external distress. Externalization
of distress consists in negative reactions aimed at other
people. Such reactions seem to be caused by a feeling
of despair or revenge. Internal distress reactions seem to
occur in a person previously traumatized in his childhood.
However, these manifestations do not occur in all people
experiencing stress during pregnancy and after childbirth.
Patients with behavioral disorders who exhibit aggression in
obstetric institutions should be under constant supervision
of medical staff [6].

In case of internalization of distress during pregnancy
and after childbirth, patients tend to blame themselves for
all events that have occurred, one can see psychosomatic
manifestations, deterioration of general well-being, exacer-
bation of chronic diseases, possible short-term manifesta-
tion of these phenomena or long-term ones, up to several
months or years. There are manifestations of anxiety and
depression, the possible development of eating disorders
such as anorexia nervosa, overeating, etc. [6, 22]. The pro-
longed course of maternal depression affects the mother—

child dyad, affection that gets disturbed (insecure attach-
ment), which also affects subsequent generations [3].

Thus, post-traumatic stress disorder associated with
pregnancy and childbirth, although it is similar to the classic
post-traumatic stress disorder, it has its own unique criteria
related to pregnancy and childbirth, which should be taken
into account when diagnosing, treating and working with
this group of patients.

RISK FACTORS

Identification of risk factors makes it possible to prevent
or reduce clinical manifestations of post-traumatic stress
disorder associated with pregnancy and childbirth [8, 17].

CHARACTERISTICS OF THE CHILDBIRTH PROCESS

Risk factors include traumatic child delivery. Women, refer-
ring to the process of traumatic childbirth, mean the loss of
a child in the perinatal period, the use of forceps or vacuum
extractor, emergency caesarean section, labor pain, fear of
epidural anesthesia, fear of labor, insufficient anesthesia,
postpartum bleeding, post-hemorrhagic anemia, preterm labor,
multiple pregnancy, severe toxicosis, a sense of loss of dignity
or humiliating experiences for a woman during child delivery
[5, 8, 17-19]. The risk group also includes patients who have
experienced preterm labor, suffered from preeclampsia and
hyperemesis of pregnant women [5, 8].

Six weeks after childbirth, the incidence of post-traumatic
stress disorder ranges from 2.8 to 5.6%. After the process of
traumatic childbirth, the prevalence of post-traumatic stress
disorder associated with pregnancy and childbirth ranges from
3.1 to 15.9% in mothers from high-risk group. About 50% of
women report having experienced a traumatic child delivery
[8]. One of the first studies found that 75% of women within a
few days after an emergency caesarean section considered it
a traumatic event, 48% of women noted obsessive memories
of child delivery, and 24% of women reported constant nerv-
ous tension [6]. Women who consider childbirth traumatic
are more likely to meet the criteria for post-traumatic stress
disorder [15]. This group of patients may not meet all the
criteria for post-traumatic stress disorder, but it is possible
to develop post-traumatic syndrome after childbirth, which
significantly impairs their quality of life [15, 17].

Birth pain is one of the predisposing factors for the deve-
lopment of post-traumatic stress disorder, which emphasi-
zes the importance of determining a woman's need for pain
relief in time [19, 20]. Fear of labor pain and the process of
childbirth can act as a factor causing the development of
symptoms of PTSD associated with pregnancy and child-
birth. Even with a successful completion of the labor, these
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also contribute to a negative subjective assessment of the
delivery, regardless of its objective characteristics [13, 15].
Fear of labor and labor pain increases women's requests for
caesarean section and is an important and unique predictor
for the development of post-traumatic stress disorder as-
sociated with pregnancy and childbirth [15, 17].
Thus, the fear of childbirth and a woman’s experience
of childbirth, both subjective and objective, can serve as a
marker of the possible development of psychopathology in the
postpartum period, which is important, in our opinion, to take
into account in the clinical observation of such patients [15].
The risk factor is a subjective distress during child delivery,
which includes the presence of negative emotions, loss of
control over what is happening, the development of such a
state as dissociation, characterized by a loss of expression
of emotions, temporary loss of sense of reality [8, 17]. Lack
of support during childbirth from medical staff or relatives
reduces the woman'’s sense of control during childbirth, which
increases the risk of postpartum mental disorders. Four weeks
after childbirth, a woman's subjective perception of the deli-
very process is associated with post-traumatic syndrome, but
eight weeks after childbirth this connection is less pronounced
[15]. These indicators are associated with the fact that the
subjective perception of childbirth by a woman is temporary,
weakening over time from the moment of childbirth [15, 17].
Dissatisfaction with the delivery process also increases the risk
of developing mental pathology in the postpartum period [17].
However, after childbirth, the importance of other factors that
may affect the developing and continuing psychopathological
symptoms increases. These may be difficulties with breastfe-
eding, difficulties in childcare, marriage problems, etc. [15, 17].
Prevention of post-traumatic stress disorder associated
with pregnancy and childbirth is known to include a birth
plan, when the woman is psychologically prepared for all
stages of childbirth, the use of epidural anesthesia and skin-
to-skin contact between the mother and the baby. The age
of the mother of 35 years and older also contributes to this.
The use of the Kristeller maneuver, instrumental delivery or
delivery by caesarean section, ruptures of the perineum of
degree Il and IV, as well as the use of general anesthesia,
manual separation of the placenta are risk factors for the
development of post-traumatic stress disorder [19, 20].
Maternal assessment of the quality of communication
with medical personnel of obstetric institutions is also a risk
factor for the development of post-traumatic stress disorder
associated with pregnancy and childbirth. These risk factors
include lack of support from medical staff, lack of empathy,
lack of information about their health and/or the child‘s health,
negative communication between staff and patients [8, 19,
20]. For example, mothers whose children are in the intensive
care unit often do not have a complete picture of the child‘s

actual health status and believe that the child is healthier than
s/he actually is [24]. Thus, in parents whose children are in
the intensive care unit, factors related to the severity of the
child‘s condition and the parent‘s perception of this condition
are added to the main risk factors for post-traumatic stress
disorder [24, 28]. Such cognitive and behavioral factors as
negative cognitive perception of the childbirth process, the
nature of memories of the psychotraumatic factor, avoidance
behavior that consolidates the psychotraumatic event, con-
tribute to the development of post-traumatic stress disorder
associated with pregnancy and childbirth [9, 21].

Thus, in the process of childbirth, there is a large num-
ber of factors that can affect the development of post-trau-
matic stress disorder associated with pregnancy and child-
birth, these ranging from fear of child delivery, objective and
subjective characteristics of the delivery process itself to the
woman's communication with medical staff, which, in our
opinion, is important to take into account when working in
obstetric institutions.

PRESENCE OF A PSYCHIATRIC HISTORY
IN THE MOTHER AND A TRAUMATIC EVENT
IN THE HISTORY. PERINATAL LOSS

There is evidence that psychiatric morbidity may be the
leading cause of maternal mortality in the postpartum period
[3]. An 80-fold increase in suicides has been estimated in
women suffering from severe mental illness within a year
after childbirth [3].

The risk factors for developing post-traumatic stress dis-
order associated with pregnancy and childbirth include: psy-
chiatric history in the mother, anxiety and depression during
pregnancy and after childbirth, unfavorable obstetric history,
a traumatic event or several traumatic events experienced,
perinatal loss, sexual abuse and the mother’s specific per-
sonality features [5, 6, 8, 10, 13, 19, 20, 23].

Women who do not have other children experience more
pronounced symptoms of grief and stress after perinatal
loss [21]. Women with post-traumatic stress disorder asso-
ciated with pregnancy and childbirth are at a five-fold risk of
having a major depressive disorder and at a three-fold risk
of generalized anxiety disorder [11].

Previous traumatic experience has been found to mode-
rately influence the likelihood of developing post-traumatic
stress in case of a new traumatic experience. Most often,
additional traumatic events make it possible to predict the
development of stress in certain population groups. Such
predictors include exposure to multiple traumatic events,
interpersonal trauma. The clinical prognosis tends to get
worse when the woman is exposed to several stressful
events within a short period of time [6].
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Patients with confirmed or suspected personality disor-
ders, such as borderline personality disorder, narcissistic
personality disorder and dissocial personality disorder are
atincreased risk of developing a post-traumatic stress disor-
der, including the one associated with pregnancy and child-
birth [6]. The presence of a neurotic disorder increases the
risk of post-traumatic stress disorder emergence, with those
associated with pregnancy and childbirth belonging there. It
is possible to fully assess the impact of neurotic conditions
on the development of post-traumatic stress disorder in the
postpartum period only if exposure to a traumatic event has
been identified in the process of direct clinical examination
in the postpartum period [6].

Women suffering from affective disorders are at risk of
relapse during pregnancy and after childbirth, especially if
they do not take any medication [3, 36]. Mental disorders
such as major depressive disorder, obsessive-compulsive
disorder and post-traumatic stress disorder associated with
pregnancy and childbirth have common risk factors, they are
often comorbid with each other, but each of these diseases
represents a separate nosology [15, 33, 34]. The frequent
combination of postnatal depression and post-traumatic
stress disorder makes it difficult to distinguish the unique
characteristics of post-traumatic stress disorder associated
with pregnancy and childbirth, such as traumatic intrusions
and avoidance [15, 17].

During pregnancy the risk of recurrence of bipolar dis-
order (at least of one) is estimated to be 71%. The risk is
doubled in women who have stopped taking mood stabili-
zers [3]. In patients with a major depressive episode, du-
ring pregnancy the frequency of recurrence was assessed
to be 68% in the women who had stopped taking suppor-
tive medication, compared to 26% of women continuing to
take the therapy [3]. It is very important to take supportive
therapy during pregnancy, because in women with a his-
tory of bipolar affective disorder the frequency of postpar-
tum psychoses can increase by 300 times, in women with a
previous episode of postpartum psychosis, the frequency of
relapse is more than 50% [3, 26].

The prevalence of post-traumatic stress disorder in the
postpartum period significantly increases with stillbirth, the
infant admission to the resuscitation or intensive care unit,
the infant death in the intensive care unit, it accounts for 25
to 35% [8, 28]. In couples experiencing perinatal loss, an
increased level of intensive stress in the man was noted to
contribute to an increased stress level in the woman, and
vice versa [4]. Perinatal loss is a traumatic experience that
negatively affects not only the physical condition of patients,
but also their mental state and social life [12]. According to a
number of authors, in case of a perinatal loss, especially of
an early one, parents are not given due attention, although

the consequences of an early perinatal loss can become
quite severe, as well as it happens in case of other severe
traumatic events [12]. According to statistics, up to 25% of
pregnancies result in perinatal loss, after which 50-80% of
women repeat their pregnancy. However, such families do
not receive sufficient specialist professional assistance. Up
to 25% of women may have clinical manifestations of the
post-traumatic stress disorder in the first month after their
perinatal loss [12]. Symptoms of the post-traumatic stress
disorder may occur in the subsequent pregnancy after a peri-
natal loss, and 4% of women develop a chronic post-traumatic
stress disorder [12]. Women with symptoms of post-traumatic
stress associated with pregnancy and childbirth are less
likely to become pregnant again, they have a longer interval
between pregnancies, their quality of life deteriorates in both
the short and long term [7, 19, 20]. A year after the birth of a
healthy child from a pregnancy after the perinatal loss, the
prevalence of post-traumatic stress disorder associated with
pregnancy and childbirth ranges between 4 to 6% [12]. Other
factors aggravating a perinatal loss are: guilt and shame
experienced, additional stress due to being in the intensive
care unit, which is also supplemented by sleep disturbance
and neuroendocrine changes, also by impaired relationship
in the parental couple [8].

Often women who have suffered from a perinatal loss
are not included into studies on post-traumatic stress dis-
order associated with pregnancy and childbirth, since the
diagnosis of this condition can be confused with a pro-
nounced component of loss [13].

Symptoms of post-traumatic stress disorder associated
with pregnancy and childbirth are also observed in fathers
actively involved into the follow up of their spouse’s preg-
nancy, in particular, it concerns fathers who would see their
child on an ultrasound scan [4].

The decrease in the symptoms of post-traumatic stress
occurred faster in working women, as well as in men who
did not drink alcohol, having a good education and income,
as this enhanced their psychological protective mecha-
nisms [4]. In contrast, the alcohol or psychoactive substan-
ces consumption increases the risk of post-traumatic stress
disorder in men. In people using psychoactive substances,
manifestations of post-traumatic stress disorder double as
compared to the general population [4, 6]. The state of men-
tal health deteriorates significantly in people simultaneously
suffering from the post-traumatic stress disorder and begin-
ning to use psychoactive substances [6, 31].

In a study focusing on the level of stress after a child loss,
the stress level in women whose pregnancies resulted in a
loss between the 22nd and 29th gestation weeks and after
the 38th week was found to be higher than in those women
who had a pregnancy loss between the 30th and 37th weeks.
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It is believed that the increased level of stress in the loss
of a child between the 22nd and 29th weeks is associated
with unexpected pathological causes. Thus, premature birth
is an important factor in the development of post-traumatic
stress disorder associated with pregnancy and childbirth [4].
Mothers perceive premature birth as a threatening event, and
often parents fear that the child may die [6]. After the 38th
week of pregnancy with perinatal loss, the increased level
of post-traumatic stress disorder is associated with the fact
that at that point of gestation a woman is looking forward to
seeing her child and is preparing for a normal outcome of
pregnancy [4]. Also, the symptoms of post-traumatic stress
disorder associated with pregnancy and childbirth were less
pronounced in those men who saw their children after birth [4].

In a study of parents whose newborn had stayed in the
intensive care unit, at the time of the baby’s discharge, more
than half of the fathers and over 60% of mothers reported
that they had feared the child would die. The parents whose
baby has survived feeling grief was similar to the response
of parents who faced perinatal loss [6]. Of the 94 mothers
whose babies had stayed in the intensive care unit, after their
baby discharge 89 mothers reported that they used to have
involuntary traumatic memories, the most common of which
was experiencing the memory of their child possible death [6].

In some cases, parents did not give a name to their child
fearing that he might not survive. Such manifestations at
first can indirectly facilitate the emotional state of parents
whose child is in the resuscitation unit, but it can also inter-
fere with the development of child-parent attachment, with
the development of an avoidance type of attachment [3, 6].
In some cases, mothers preferred not to visit the intensive
care unit and not to see their baby [6]. During the first 24
hours after delivery 76% of mothers who have given birth
to a term newborn experience feeling of love for their child,
compared to 31% of those who have given birth to a pre-
term newborn. Half of the mothers of premature newborns
had a 2-month delay in developing love for their child [6].
Both parents of a child with a very low body weight have
a higher level of postpartum post-traumatic stress than the
parents of a full-term infant [18].

Mothers whose child was born with a very low body
weight have an increased risk of acute stress disorder
(ASD), and subsyndromal levels of post-traumatic stress
are equally high in both parents whose child was born with
a very low body weight. The decreased number of mother’s
visits to the intensive care unit may result from her reaction
to the traumatic event — the birth of a very low body weight
baby [18]. Traumatic stress can limit parents‘ perception of
information concerning the child's condition or the treatment
measures [18]. According to the literature, after a perinatal
loss, women have a higher risk of developing post-trauma-

tic stress disorder associated with pregnancy and childbirth
than men [4, 10]. From 18 to 78% of mothers whose baby
was born prematurely are known to experience at least one
symptom of PTSD [24].

Thus, a psychiatric history of a mother, as well as trau-
matic events in her life, tend to play an important part in the
development of PTSD associated with pregnancy and child-
birth. They appear to be its predictors. If a confirmed men-
tal illness is already present, the patient’s therapy should
be under a strict control. This should be taken into account
when working with these patients.

In our opinion, parents whose child was born premature
and possibly with a somatic pathology, and staying in the
resuscitation or intensive care unit should be separated into
a special risk group. It should be considered by specialists
in the perinatal departments who should develop measures
to reduce the chances of post-traumatic stress disorder in
this group of patients.

SOCIO-ECONOMIC FACTORS AND AVAILABILITY
OF SOCIAL AND FAMILY SUPPORT

It is necessary to note a number of important socio-eco-
nomic factors that can further increase the level of stress
during pregnancy and after childbirth, they are: parents’
young age, low income, low level of education, their unem-
ployment/ no occupation, poor quality housing, living in dis-
advantaged areas [4, 8, 10, 17, 30].

In rare cases, in certain cultures birth of a child of a non-
desired sex can aggravate manifestations of postpartum af-
fective disorders [30].

One of the main risk factors and predictors of the de-
velopment of post-traumatic stress disorder associated
with pregnancy and childbirth is lack of social and family
support. It includes problems in marriage, single mother/
pregnant woman, lack of a positive response to pregnancy
from the father of the future child and close friends or rela-
tives, lack of a health professional nearby who could answer
questions of interest, chronic somatic diseases present du-
ring pregnancy [17, 30]. Moreover, the lack of social sup-
port is a stronger predictor of post-traumatic stress disorder
than a previous traumatic event [6, 8]. Insufficient marital
support, as well as insufficient social support, contributes to
the increase of symptoms [23]. Social support can have a
stress-buffering effect (it can reduce the influence of stress
factors on a person) by suppressing stress reactions, such
as an inflammatory response to stressors and weakening
the activity of the sympathetic and hypothalamic-pituitary-
adrenal axis. Women with insufficient social support are
more likely to have concerns about childbirth and assess
the child delivery process as negative [15].
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RECOMMENDATIONS FOR MEDICAL STAFF
OF OBSTETRIC INSTITUTIONS

It is important to clarify the medical history data concer-
ning psychopathologically burdened heredity and presence
of any psycho-traumatic factors and situations both during
pregnancy and throughout the patient's life. Screening
should be conducted to identify risk groups, since post-trau-
matic stress disorder associated with pregnancy and child-
birth may not have been diagnosed or diagnosed incorrectly
[8, 13, 35, 37]. This impairs the quality of patient’s life, the
functioning of the mother-child dyad and the well-being of
the family as a whole [7, 13, 39, 40].

In order to detect post-traumatic stress disorder, medi-
cal staff of obstetric institutions should pay special attention
to patients with a confirmed psychiatric iliness, personality
disorders included. It is essential to identify patients with be-
havioral disorders showing pronounced negative emotions.
It is important to encourage manifestations of goodwill and
positive emotions in parents experiencing stress due to the
birth of a child and its condition [6].

In order to detect post-traumatic stress disorder during
pregnancy and after childbirth, medical staff of obstetric in-
stitutions should closely monitor parents with low spirits, ag-
gressive trends. It is possible to use special questionnaires
used to detect classical post-traumatic stress disorder, as
well as various modifications of these questionnaires for the
period of pregnancy and the postpartum period [6].

A promising objective is to create new questionnaires
specifically for post-traumatic stress disorder associated
with pregnancy and childbirth. These questionnaires can be
answered by the patients themselves or by a mental health
specialist. It is also possible to adapt and validate some fo-
reign questionnaires for this purpose [9].

If a pronounced mental health disorder of the mother is
found out, it is necessary to consult a psychiatrist and, in rare
cases, to take the mother to a psychiatric hospital [13]. The
severity of clinical manifestations of post-traumatic stress
disorder, as well as of other mental disorders during preg-
nancy and after childbirth can be perceived differently by the
patient and the staff, so in each case an individual approach
is necessary in assessing the severity of symptoms [14].

It has been shown that psychoeducation during pregnancy,
cognitive psychotherapy, visiting groups teaching relaxation
during childbirth, significantly reduce fear of childbirth and
the number of caesarean section interventions [15, 25, 27].
One of the risk factors for post-traumatic stress disorder
associated with pregnancy and childbirth is lack of a health
professional who could answer questions concerning preg-
nancy, the infant's stay in the resuscitation or intensive care
unit [17]. Thus, there is an urgent need to work out special

measures diminishing anxiety in parents whose child is in
the intensive care unit. There should be specially trained
staff or an opportunity to communicate with the doctors more
often, so that patients’ questions could be promptly replied.
[23]. The effectiveness of calm non-verbal music has been
proven for parents suffering from stressful experience. It can
also be used, against the background of the baby’s stay in
the resuscitation unit, in clinical practice [29].

With timely and quality medical care, including, avai-
lability to consult a psychiatrist, psychotherapist, the risks of
development and manifestation of post-traumatic stress dis-
order associated with pregnancy and childbirth, as well as
other mental disorders of the postpartum period becomes
significantly reduced [17]. It is very important to study the
mother‘s mental state, and it is also important to develop a
successful progress of relations in the mother-child dyad [3].

Thus, post-traumatic stress disorder associated with
pregnancy and childbirth is a unique type of classical post-
traumatic stress disorder and this nosology requires a further
detailed study, development of clear diagnostic criteria, com-
petent differential diagnosis within the range of other mental
disorders of the postpartum period, as well as the pregnancy
period. In our opinion, it is necessary to involve specialists of
different profiles for a more detailed study of post-traumatic
stress disorder associated with pregnancy and childbirth in
order to create preventive measures, as well as to develop a
plan for referring patients to specialist staff if a psychopatho-
logy was revealed during pregnancy and after childbirth, since
the well-being of the mother-child dyad, the well-being of the
family and further well-being of future generations depend on
competent and timely medical care.
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Abstract. Traumatic brain injury (TBI) is the leading cause of mortality and psychiatric disorders among neurologic
pathology. In many patients, TBI leaves long-term sequelae that may involve both mild cognitive impairment and
severe disability. It is known that the mechanisms of damage in traumatic brain injury can be primary, related
to the mechanical impact on the brain, and secondary, mainly caused by astrocytes, microglia and infiltrated
immune cells from peripheral tissues that lead to neuronal and vascular dysfunction. Because these mechanisms,
particularly secondary injury, remain incompletely understood, there are difficulties associated with the diagnosis
and treatment of TBI. In search of a solution to this problem, substantial data on the quantification of biomarkers
of traumatic brain injury have accumulated in recent decades, which may provide a clinically accessible window to
study the mechanisms, diagnosis, monitoring, and prediction of brain injury outcomes. The article is a brief review
of posttraumatic changes in brain tissue associated with ionic disturbances, activation of astro- and microglia,
involvement of immune system cells, and major biomarkers of brain injury isolated from blood and cerebrospinal fluid.

Key words: traumatic brain injury; astroglia; microglia; damage; biomarkers.
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ObITb CBSA3aHbI Kak C IerkMM HapyLIEHUSIMI KOTHUTUBHBIX (DYHKLIMIA, TaK 1 C TSKENOi MHBanuan3aumei. M3secTHo,
4YTO MexaHu3Mbl noBpexaeHNs npu YMT MoryT BbITb NEPBUYHBIMM, CBSA3AHHBIMY C MEXaHUYECKNM BO3LEeNCTBUEM
Ha rONOBHOW MO3T, 1 BTOPUYHBIMM, B OCHOBHOM BbI3BaHHbIMU aCTPOLMTAMM, MAKPOTTIMEN U MHGUNBTPUPOBAHHLIMMU
UMMYHHBIMM KNeTkamu U3 nepudepruyeckux TkaHe, KoTopble MPUBOAAT K HEMPOHANbHOM U COCYANCTON AUCHYHK-
Luu. BBuay TOrO, YTO 3TU MEXAHM3MbI, B YaCTHOCTM BTOPUYHOE NOBPEXAEHMUE, OCTAKTCS HE 40 KOHLA U3YYEHHbIMY,
CYLLECTBYHT CMOXHOCTH, CBSI3aHHble C AMarHoCcTukoii u nevyennem YMT. B nouckax peLueHus 3Toi npobnems B
nocneaHue AecaTUNeTs HaKOMMUNCH CYLLECTBEHHbIE AaHHbIE O KONMYECTBEHHON oLeHke Guomapkepos UMT, uto
MOXET 06€CNeyunTb KNMHNYECKM JOCTYNHOE OKHO NS M3yYeHUs MeXaHU3MOB, AMArHOCTUKM, MOHUTOPUHIA U NPO-
rHO3MPOBAHWS UCXOAOB TPaBMbl rONIOBHOMO Mo3ra. MpeAcTaBieH kpaTkuii 0630p NOCTTPaBMATUYECKUX UMEHEHNI B
TKaHM FOMOBHOI0 MO3ra, CBSA3aHHbIX C MOHHBIMU HapYLLEHWUSIMU, aKTUBaLMEiA acTPO- 1 MAKPOTIUK, Y4acTUEM KNETOK
WMMYHHOW CUCTEMBI, @ Take OCHOBHbIX BYIOMapKEPOB NOBPEXAEHNS FONIOBHOTO MO3ra, BblAENEHHbIX 13 KPOBH 1

LiepebpocnuHanbHO XMAKOCTH.

KnioueBble cnoBa: YepenHo-M03roBasi TpaBma; acTPOInus; MUKPOrNsS; NOBPEXAeHNe; Bruomapkepbl.

Traumatic brain injury (TBI) is a global problem of public
health service in the modern world. Traumatic injuries of the
brain are the most relevant forms of neurologic pathology
[7]. Epidemiological studies identify a stable increase of the
number of traumatic brain injuries, particularly in big cities
[6]. The prevalence of traumatic brain injury in the Russian
Federation is 130-400 cases per 100 thousand population
[9]. The risk of head injury has increased taking into ac-
count new dynamics of modern technological society deve-
lopment. Car accidents, extreme sports, and armed conflicts
have increased the frequency of TBI [6].

According to the World Health Organization TBI is annu-
ally diagnosed in over 10 million patients worldwide within
the period of 5 years, and 200-300 thousand people die.
The principal causes of the population disabilities following
TBI are considered mental and cognitive disorders, severe
motor and speech impairments, posttraumatic epilepsy, etc.
A stable rise of disability following TBI in able-bodied popu-
lation (mean age 20-40 years old) has increased [13, 14].
Due to this fact there is a negative increase in realization of
labour potential of the country (budget loss of about 495 mil-
liard roubles a year), but at the same time huge resources
are spent to provide medical institutions with everything re-
quired for the treatment and rehabilitation of disabled peo-
ple [1, 12].

Disability in case of traumatic brain injury is caused by
both primary involvement of the brain, and development of
new clinical syndromes of dysregulation mechanisms and
decreased adaptable reserves after some time period and
during the period of complications [3].

This paper presents a review of relevant studies aimed
at understanding the problems connected with TBI diagno-
sis. The paper gives an analysis of such problems as da-
mage of the brain cells in case of TBI, participation of micro-
glia and astroglia in TBI pathogenesis, , as well as the issue
connected with the study of TBI biomarkers.

ETIOLOGY AND PATHOPHYSIOLOGY
OF TRAUMATIC BRAIN INJURY

TBI results from intense collision, acceleration-delay
and rotary motion of the brain that leads to its functioning
disorder. It is possible to make pathophysiological differen-
tiation between primary and secondary brain damage. Pri-
mary brain damage can be caused by: a) direct action of
mechanical force leading to local damage, characterized by
fractures, cerebral hemorrhage, and local neuron necrosis,
or b) fast accelerating and slowing forces which determine
stretching of the brain tissue with associated diffuse axon
damage mainly manifested on the level of brainstem and
callous body that can remain there within several months
after the trauma. The secondary brain damage caused by
biochemical and cellular changes, which are secondary to
primary damage, is connected with numerous factors, in-
cluding lipid peroxidation, mitochondrial dysfunction, oxi-
dative stress, excitotoxicity, neuroinflammation and axonal
degeneration.

DAMAGE OF THE BRAIN CELLS
IN CASE OF TRAUMATIC BRAIN INJURY
Direct mechanical exposure leads to immediate

appearance of irreversible mechanical damages of the skull
bones, its coats, the brain vessels and tissues,differing in
severity [2]. In case of primary damage there is a disor-
der in the structure of neurons and glial cells, followed by
axon synaptic ruptures or distensions formation, damage of
blood-brain barrier, vascular thrombosis appearance, and
the integrity of vascular wall is disturbed [47].

After the trauma a perifocal zone is formed around the
centre of the primary damage where the cells remain viable
[16], but become extremely sensitive to the mildest changes
of oxygen and nutrition transportation (penumbra zone) [8].

& RUSSIAN BIOMEDICAL RESEARCH

VOL8 N4 2023

ISSN 2658-6584




0B30PbI

87

Due to considerable oxygen and glucose demand by the
brain tissue there is a displacement of perfusion in the area
of damage that leads to lack of substrates and accumula-
tion of toxic metabolites. The speed of energy production by
brain cells is changed which means failure of ionic gradi-
ents, decreased membrane potentials.

The involved cells release glutamate from intracellular
reserves [25, 53]. Glutamate causes death of nervous cells by
some mechanisms. It initiates both types of glutamate recep-
tors, NMDA (N-methyl-D-aspartic acid) and AMPA (a-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid) that leads to
Na* afflux, K* efflux, and intensive Ca?* afflux to neurons [29].
This process is called excitotoxicity. It leads to uncontrollable
and stable increase of cytosolic calcium that causes disorders
in mitochondrial transportation of electrons and stimulates the
functioning of many calcium-dependent enzymes, including
lipases, phospholipases, calpains, nitrogen oxide synthase,
protein phosphatase and different protein kinases [15].

In case of prolonged lack of energy neurocytes and glial
cells are depolarized, being changed functionally and struc-
turally [34]. Damage and energy deficiency of cells in tissue
leads to disorders in their interaction, change of intercellular
fluid components, release of proinflammatory agents that
causes glia activation.

ROLE OF MICROGLIA IN NEUROINFLAMMATION

Microglia is a subtype of CNS glial cells that have the
function of resident macrophages [36]. They usually utilize
the accumulated metabolism products and also influence
the processes of training and memory, regulating destruc-
tion of cells and neurogenesis.

Similar to peripheral cells, microglia releases pathogen
recognition receptors, such as toll-like receptors (TLR) and
NOD-like receptors (NLR), and, therefore, reacts to path-
ogen-associated molecular patterns (PAMP), and endog-
enously produced damage-associated molecular patterns
(DAMP) that are secreted by broken neurons and other
CNS cells [32]. They also express receptors of some
other factors that are released by broken neurons, including
adenosine triphosphoric acid, glutamate, growth factors and
cytokines. Microglia is composed by antigen-presenting
cells and interacts with T-lymphocytes and activates mar-
kers of cellular surface, such as MHC Il and CD86, as well
as molecules of adhesion and complement receptors [32].

There are known to be two phenotypes of activated mi-
croglia: pro-inflammatory M1 and anti-inflammatory M2. Ac-
tivation according to M1 type leads to the synthesis of tumor
necrosis factor a (TNF a), interleukins (IL)-12, -6, -1 3, NO,
oxygen active forms (OAF), chemokines CCL2, CXCLS9,
CXCL10 [23]. M2-microglia produces anti-inflammatory IL-4,

IL-13 that have neuroprotective action [52]. However, it is
obvious that highly reactive condition of activated microglia
according to M1 type in response to DAMP and other extra-
cellular signals of damage leads to release of high levels of
proinflammatory and cytotoxic mediators that promote the
dysfunctions of neurons and death of cells [24, 38]. After
TBI activated microglia quickly migrates to the zone of dam-
age and creates a barrier between involved and healthy tis-
sue and stimulates phagocytosis in the involved tissue that,
consequently, is a positive side of microglia participation.

For example, after an experimental study of fluid-per-
cussion TBI model in rats Iba-1 labelling demonstrates that
microglia is hypertrophic and gets amoebiform in the cere-
bral cortex and thalamus that remains within 7 and 28 days
after TBI and correlates with subacute and chronic course
in experimental TBI model [22].

ROLE OF ASTROGLIA IN NEUROINFLAMMATION

Astrocytes of the brain are subdivided into fibrillar, loca-
ted mainly in the brain white substance, and protoplasmic,
located in the brain grey substance. Damage of these cells
leads to disturbance of their basic functions: those of neu-
ron energy supply, synaptogenesis, transportation of neuro-
transmitters, normal ionic balance maintenance, formation
of blood-brain barrier (BBB).

In response to mild or moderate tissue damage astro-
cytes are exposed to hypertrophic reactive astrogliosis that
includes molecular, structural and functional changes. Se-
vere tissue damage causes degeneration of nervous and
glial cells, destruction of vessels and intense immune an-
swer that leads to formation of tissue compartments with
various forms of reactive astrogliosis. Directly near the da-
mage astrocytes proliferate and intertwine, forming astro-
glial cicatrix that surrounds and limits distribution of inten-
sive inflammatory reaction in the damaged area [20].

Under the influence of DAMP, ionic changes and defi-
ciency of energy there is transformation of cells to reactive
astrocytes, and the amount of them increases in the damaged
area after the trauma. Patients with TBI and experimental
TBI mice had increased expression of endothelin-1 (ET-1)
[42], and ET-1 increase promoted transformation to reactive
astrocytes through ETB receptor in mice with fluid-percussion
TBI model [42]. Some inflammatory cytokines and chemokines
also cause astrogliosis. IL-1 provides transformation of astro-
cytes to the reactive form [30], at the same time IL-1 recep-
tor antagonist reduces astrogliosis of hippocampus in such
experimental TBI model, as controlled cortical damage [50].

Damaged neurons release high mobility group protein
B1 (HMGBH1) that induces IL-6 secretion by microglia cells,
IL-6 activates the water channel of astrocyte aquaporine-4

& POCCHIICKHE BHOMETIIMHCKIE HCCTEJIOBAHMAL  TOM S Nod 2023

¢ISSN 2658-6576




88

REVIEWS

(AQP4), participating in water absorption [39]. The negative
side of reactive astrocytes is that they can directly increase
intracranial pressure because of cytotoxic hypostasis and
develop harmful mediators of inflammation which aggravate
brain damage.

Activated astrocytes can also release matrix metallo-
proteinase-9 in response to mechanical pressure [48]. As
a result of its activation intercellular contacts that influence
the increase of penetration of blood neutrophiles, leuko-
cytes and monocytes into the trauma center that leads to
the increase of BBB permeability and, as a consequence, to
edema aggravation.

To protect the neurons astrocytes produce soluble fac-
tors, such as transforming growth factor B (TGF-B) and
prostaglandins which can inhibit microglia activation [37], as
well as provide with nutrients and support homeostasis of
extracellular liquid due to glutamate and potassium absorp-
tion increase [33].

According to the information above it could be said that
glial cells can render various effects, both negative and po-
sitive that, in turn, will be reflected in restoration of neuron
functions and plasticity during tissue reorganization. At the
beginning glia activation has a protective character, delimi-
ting the damage area and supporting viability of damaged
neurons, stimulating neurogenesis, but subsequent pro-
longed release of proinflammatory cytokines and formation
of glial cicatrix causes brain disorders. To understand these
activities better, further studies of their participation in TBI
pathogenesis are necessary.

By the present moment a considerable number of bio-
markers that can indicate damages of neurons and neuro-
glia have been studied. The scientific community actively
conducts researches on identification of the biomarkers
unambiguously characterizing TBI which could be included
further in its diagnostic criteria.

Search of these biomarkers is important to predict possi-
ble complications and to use them as indicators for assess-
ing the severity of TBI in patients.

LIQUID BIOMARKERS

1. Neurofilament light polypeptide (NfL), released from
damaged axons, was suggested as a viable biomarker of
mild TBI [31, 51, 59].

2. Soluble vascular adhesion protein 1 (sVAP-1) is in-
creased in plasma correspondingly with TBI severity [41].
The threshold value was 8,61 nmol/ml per hour, and those
patients who had higher levels, presented 25% death rate
increase.

3. Galectin-3, a member of lectins family, participating in
microglia activation, has increased concentration in plasma

in TBI patients, and is also an indicator of hospital mortality
[46].

4. High mobility group box 1 protein (HMGB1) is trans-
located from nucleus to cytoplasm at the beginning of TBI,
later it penetrates phagocytic microglia and represents cy-
tokine and inflammation marker which is a predictor of one-
year death in patients with TBI [55, 56], like an increased
level of copeptin hormone [26].

5. §100B is an endocellular calcium-binding protein
found in astrocytes, which is one of the most widely studied
TBI biomarkers [17]. It has been demonstrated that serum
S100B concentration during an acute phase of TBI nega-
tively correlates with brain communication at rest condi-
tion that is identified by functional MRI [54]. One study has
shown that addition of S100B test to the clinical guidelines
on TBI management can become economically effective
and lower the frequency of CT [21]. It has been shown that
serum S100B concentration is considerably changing in the
course of time that is significant for early prognosis [28].
It is interesting that the patients who had surgeries due to
their fractures of backbone or lower extremities, demon-
strated essential increase of blood S100B concentration
compared with presurgical concentration [57]. It has also
been shown that the placement of external ventricular drai-
nage influences the levels of S100B though this time S100B
cerebrospinal fluid and serum levels above 0.7 mkg/dl cor-
relate with 100% death in case of TBI and subarachnoid
hemorrhage [35].

It has been identified that S100B levels vary depend-
ing on type and number of TBI lesions. S100B test can be
used in a group of patients with mild TBI with alcoholic in-
toxication. S100B test was more accurate in sober patients
compared with alcohol intoxication patients. Serum S100B
24-hour levels can be used as a screening tool for early
identification of patients with brain death risk following se-
vere TBI. S100B can be an effective tool of TBI treatment
monitoring, and one study has shown that S100B levels de-
crease after hyperosmolar therapy. It has been supposed
that S100B samples taken within 12 hours after traumatic
damage, have smaller prognostic value compared with
S100B samples taken 12-36 hours after the trauma. It
was also suggested that urine S100B levels had prognos-
tic value compared with serum S100B levels. It has been
shown that the combination of S100B levels with glial fibril-
lary acidic protein levels (GFAP) leads to precise prognosis
of one-year death following TBI.

6. Tau-protein  (Microtubule-associated protein tau,
MAPT) is a protein that has its role in neuron development,
axon stabilization and neuron polarity. It has been noticed
that serum and cerebrospinal fluid tau-protein levels can be
considered as TBI biomarker, because pathologicoanato-
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mic examination demonstrated the increased levels of tau-

protein even if macroscopically visible damages were not

noticed, this means that some damages nevertheless could

occur [45].

It has also been shown that the levels of the split serum
tau-protein are significantly higher in case of severe TBI
compared with control group [49]. The levels of total tau cor-
related positively with clinical and radiological TBI indicators
[18]. Poor outcomes in case of severe TBI were identified
in patients with higher level of blood serum tau-protein [40].

7. Neuron-specific enolase (NSE) increases similarly to
S100B in TBI patients [44], and it is progressive depending
on the trauma severity [60]. Medicine treatment (meman-
tine) of patients with moderate TBI leads to significant de-
crease of blood serum NSE level and to the improvement of
indicators according to Glasgow coma scale [43]. However,
some foreign authors consider that NSE can be not so ac-
curate or clinically useful compared with S100B [54]. But,
again compared with S100B, the increase of NSE has been
more closely connected with brain death prognosis after se-
vere TBI [19].

8. Nesfatin-1 is connected with inflammation and is an
independent predictor of hospital mortality. Its concentration
in plasma is connected with TBI severity, and it can become
a reliable prognostic marker of these traumas [58].

9. Resistin, also called adipocyte-specific secretory fac-
tor (ADSF), is a secretory factor specific to adipose tissue.
Plasma resistin levels increase from the 6th hour after the
trauma, and reach its peak in 24 hours [27]. The study de-
monstrated that resistin is an independent predictor of one-
month death of patients.

Experimental and clinical studies have shown that in
case of TBI microglia cells and astrocytes more frequently
produce such cytokines as [4]:

* Interleukin-1 B8 (IL-1 B) is an anti-inflammatory cytokine
stimulating apoptosis and phagocytosis of the cells,
causing fever. Active IL-1 B secretion after TBI contributes
to the increase of excitability and excitotoxicity by
glutamatergic and gamma-aminobutyric acid-ergic
mechanisms and to change of concentration of calcium
ions that can potentially lead to epilepsy development.
Increased correlation of IL-1 f in liquor and blood serum
during TBI acute phase is connected with an increased
risk of posttraumatic epilepsy development [11]. Thus,
IL-1 B plays a significant role in inflammatory processes
in case of TBI and can be a marker of TBI severity and
risk of posttraumatic epilepsy development.

* Interleukin-6 (IL-6) is characterized by both
proinflammatory, and anti-inflammatory features.
IL-6 is considered to be the basic regulator of
inflammatory responses which provides short-term

protection against infectious process and tissue

damage, has neuroprotective function. The role of

IL-6 in case of TBI has been investigated in some

clinical studies [5]:

— The increase IL-6 in the cerebrospinal fluid of the
ventricles patients with TBI, and also communication
between IL-6 and production of the factor of neuronal
growth was noticed that has allowed to assume con-
siderable intracranial production IL-6 after TBI,

— Blood IL-6 level increase within 48 hours after severe
TBI is connected with unfavourable delayed clinical
outcomes;

- The analysis of serum IL-6 levels in patients with
severe TBI has demonstrated that the highest IL-6
concentration has been found on the first day of hos-
pitalization and was associated with the formation of
multiple organ disfunction, sepsis and adverse neuro-
logic outcome;

— Liquor and blood IL-6 level reaches its peak in 24-28
hours after TBI;

- IL-6 blood plasma concentration is increased by the
time of making the diagnosis of the brain death.

Thus, high levels of IL-6 measured in blood and liquor,
are associated with poor outcomes of trauma and higher
risk of death outcome, being a possible predictor of intrac-
ranial hypertension after isolated TBI.

« Tumor necrosis factor a (TNF a) is involved in
pathophysiological processes in case of many diseases
and conditions, particularly systemic inflammatory
response syndrome (SIRS), combined trauma, massive
burns and rheumatoid arthritis [10]. The experimental
studies have identified that:

- TNF a activity is increased during the first hours after
TBI and it is not found in blood serum on 3-7 days
after the trauma;

— Due to the influence of IL-1 on astrocytes and micro-
glia there occurs the production of proinflammatory
cytokines, including TNF a which will also stimulate
IL-6 production by glial cells;

— There is lack of studies describing the role of TNF a
in TBI pathogenesis; TNF a concentration reaches its
peak during the first hours after TBI and correlates
with high mortality and formation of multiple organ
disfunction;

- Correlation of TNF a level and development of intrac-
ranial hypertension is noted.

In general, cytokines, belonging to the group of hor-
mone-like proteins and peptides, which activation, accor-
ding to the opinion of both Russian and foreign scientists,
leads to various phenomena which can be observed in the
brain after TBI, for example pyrexia, neutrophilia, edema,
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disorders in BBB permeability, that have an important role in
intercellular communications and stimulate reparative pro-
cesses, such as gliosis.

However, gliosis, in its turn, causes further production of
cytokines by hypertrophied astrocytes and microglia cells,
in addition to mediators secreted by cells of peripheral im-
mune system: polymorphonuclear leukocytes which pene-
trate through the weakened BBB that can lead to further
brain damage.

Despite a considerable number of biomarkers known
nowadays that can be associated with damages in case
of TBI, most part of them are not highly specific and can
be characteristic for other pathologies. Thus, among the
above described biomarkers it is possible to allocate a
number of the most perspective for diagnosis and asses-
sment of dynamics in patients with TBI. They are neuro-
filament light polypeptide, neuron-specific enolase and
glial fibrillary acidic protein. So, for example, GFAP was
included in TBI diagnostic criteria by U.S. Food and Drug
Administration [61].

CONCLUSION

TBI still remains one of the most severe types of trauma,
even in case of mild TBI patients are likely to have pro-
longed disorder of cognitive functions that can be connec-
ted with a prolonged neuroinflammation course which types
differ in pathology and outcome.

Detailed studies and evidences are needed to have a
clear idea about the damage and regeneration of nerves.
The available data do not make it possible to specify a defi-
nite role of inflammation after TBI due to its complex mole-
cular and cellular interactions. The studies demonstrate that
the mechanisms provoked by the trauma, have a protective
function during acute inflammation and influence negatively
in long-term prospect. The basic participants starting the
cascade of these responses, are astrocytes and microglia,
that is why biologically active factors and functional mo-
lecules, formed by them are, therefore, likely to be attractive
targets for studying.

Pathophysiological markers of the brain tissue damage
give evidence to a variety and mosaic structure changes in
case of different types of trauma that underlines importance
of continuation of TBI and its markers study. Allocation of
the spectrum of the basic biomarkers — TBI indicators of
different severity levels — could help to simplify diagnostics
and further control of patients after trauma.

Thus, future studies of neuroinflammation mechanisms
will allow to develop new algorithms of treatment, able to
limit influence of secondary brain damage and to improve a
long-term prognosis for patients.
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AONONMHUTENBbHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOpPbl BHEC/M CYLLECTBEHHbIN
BKNag B pa3paboTKy KOHLEeNnuuu, npoBeAeHne uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0f06pUNM UHANbHYHO
Bepcuto nepep nybnukauuen.

KoHhnukT mHTepecoB. ABTOPbI AeKnapupytoT OTCyT-
CTBME SIBHbIX W NOTEHUMANbHBIX KOH(IIMKTOB MHTEPECOB,
CBSA3aHHbIX C Nybrnukauuein HacTosLen CcTaTbMm.

WUcTouHnk ¢huHaHcupoBaHusa. ABTOpbI 3asBNsOT 06
OTCYTCTBUM BHELIHEr0 PUHAHCMPOBAHUS NPU NPOBEeAEHUM
1cCneaoBaHms.

REFERENCES

1. Annikov Yu.G., Krom I.L., Yerugina M.V. Patsiyenty s perenesennoy
cherepno-mozgovoy travmoy ob udovletvorennosti reabilitatsiyey.
[Patients with traumatic brain injury about satisfaction with rehabili-
tation]. Psikhosomaticheskiye i integrativnyye issledovaniya. 2019;
5(1): 102-2. (in Russian).

2. Dubrovin ILA. i dr. Sudebno-meditsinskaya ekspertiza cherep-
no-mozgovoy travmy. [Forensic medical examination of traumatic
brain injury]. Uchebnoye posobiye dlya vuzov. Litres Publ.; 2019. (in
Russian).

3. Yemel'yanov A.Yu., Andreyeva G.O., Barsukov I.N. Osobennos-
ti klinicheskikh proyavleniy dekompensatsii posttravmaticheskikh
asteniy. [Features of clinical manifestations of decompensation of
post-traumatic asthenia]. Neotlozhnyye sostoyaniya v nevrologii:
sovremennyye metody diagnostiki i lecheniya. 2017: 139-9. (in
Russian).

4. Zudova A.l., Sukhorosova A.G., Solomatina L.V. Cherepno-mozgo-
vaya travma i neyrovospaleniye: obzor osnovnykh biomarkerov.
[Traumatic brain injury and neuroinflammation: a review of key
biomarkers]. Acta Biomedica Scientifica. 2020; 5(5): 60-7. (in Rus-
sian).

5. Kade AKh. idr. Dinamika interleykina-6 u bol'nykh s izolirovannoy
cherepno-mozgovoy travmoy sredney i tyazheloy stepeni tyazhes-
ti. [Dynamics of interleukin-6 in patients with isolated traumatic

& RUSSIAN BIOMEDICAL RESEARCH

VOL8 N4 2023

ISSN 2658-6584




0B30PbI

91

10.

1.

12.

13.

14.

15.

16.

17.

brain injury of moderate and severe severity]. Mezhdunarodnyy
zhurnal eksperimental’nogo obrazovaniya. 2014; 5(2): 23-4. (in
Russian).

Kasimov R.R. i dr. Kliniko-epidemiologicheskaya kharakteristika
tyazheloy travmy u voyennosluzhashchikh v mirnoye vremya. [Clini-
cal and epidemiological characteristics of severe trauma in military
personnel in peacetime]. Skoraya meditsinskaya pomoshch’. 2022;
23(2): 4-13. (in Russian).

Konovalov A.N., Likhterman L.B., Potapov A.A. Cherepno-mozgo-
vaya travma. [Traumatic Brain Injury]. Klinicheskoye rukovodstvo.
Moskva: Meditsina Publ. 2001; 2. (in Russian).

Krylov V.V., Puras Yu.V. Patofiziologicheskiye mekhanizmy 4
vtorichnogo povrezhdeniya mozga pri cherepno-mozgovoy travme
[Pathophysiological mechanisms 4 of secondary brain damage in
traumatic brain injury]. Nevrologicheskiy zhurnal. 2013; 18(4): 4-7.
(in Russian).

Likhterman L.B. Ucheniye o posledstviyakh cherepno-mozgovoy
travmy. [The doctrine of the consequences of traumatic brain injury].
Neyrokhirurgiya. 2019; 21(1): 83-9. (in Russian).

Maslova N.N., Semakova Ye.V., Meshkova R.Ya. Sostoyaniye tsi-
tokinovogo statusa bol'nykh v raznyye periody travmaticheskoy
bolezni golovnogo mozga. [The state of the cytokine status of pa-
tients during different periods of traumatic brain disease]. Immu-
nopatologiya, allergologiya, infektologiya. 2001; 3: 26-30. (in Rus-
sian).

Muzlayev G.G. i dr. Dinamika interleykina-1b u bol'nykh s izoliro-
vannoy cherepno-mozgovoy travmoy sredney i tyazheloy stepeni
tyazhesti. [Dynamics of interleukin-1f in patients with isolated trau-
matic brain injury of moderate and severe severity]. Mezhdunarod-
nyy zhurnal eksperimental’nogo obrazovaniya. 2014; 5(2): 24-5. (in
Russian).

Ovsyannikov D.M. i dr. Sotsial'nyye i epidemiologicheskiye aspekty
cherepno-mozgovoy travmy. [Social and epidemiological aspects of
traumatic brain injury]. Saratovskiy nauchno-meditsinskiy zhurnal.
2012; 8(3): 777-85. (in Russian).

Poshatayev K.Ye. Epidemiologicheskiye i klinicheskiye aspekty
cherepno-mozgovoy travmy. [Epidemiological and clinical aspects
of traumatic brain injury]. Dal'nevostochnyy meditsinskiy zhurnal.
2010; 4: 125-8. (in Russian).

Trofimov A.O., Kravets L.Ya. Apoptoz neyronov pri cherep-
no-mozgovoy travme. [Apoptosis of neurons in traumatic brain
injury]. Sovremennyye tekhnologii v meditsine. 2010; 3: 92-7. (in
Russian).

Atkins C.M. et al. Activation of calcium/calmodulin-dependent pro-
tein kinases after traumatic brain injury. Journal of Cerebral Blood
Flow & Metabolism. 2006; 26(12): 1507-18.

BK S. Glutamate. calcium, and free radicals as mediators of ische-
mic brain damage. Ann Thorac Surg. 1995; 59: 1316-20.

Blyth B.J. et al. Validation of serum markers for blood-brain barrier
disruption in traumatic brain injury. Journal of neurotrauma. 2009;
26(9): 1497-1507.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Bogoslovsky T. et al. Increases of plasma levels of glial fibrillary
acidic protein, tau, and amyloid 8 up to 90 days after traumatic brain
injury. Journal of neurotrauma. 2017; 34(1): 66-73.

Bohmer A.E. et al. Neuron-specific enolase, S100B, and glial fibril-
lary acidic protein levels as outcome predictors in patients with se-
vere traumatic brain injury. Neurosurgery. 2011; 68(6): 1624-31.
Burda J.E., Bernstein A.M., Sofroniew M.V. Astrocyte roles in trau-
matic brain injury. Experimental neurology. 2016; 275: 305-15.
Calcagnile O., Anell A., Undén J. The addition of S100B to guide-
lines for management of mild head injury is potentially cost saving.
BMC neurology. 2016; 16: 1-7.

Cao T. et al. Morphological and genetic activation of microglia after
diffuse traumatic brain injury in the rat. Neuroscience. 2012; 225:
65-75.

Colton C.A. Heterogeneity of microglial activation in the innate im-
mune response in the brain. Journal of neuroimmune pharmacolo-
gy. 2009; 4: 399-418.

David S., Kroner A. Repertoire of microglial and macrophage re-
sponses after spinal cord injury. Nature Reviews Neuroscience.
2011; 12(7): 388-99.

Demediuk P., Daly M.P., Faden A.l. Free amino acid levels in lami-
nectomized and traumatized rat spinal cord. Trans. Am. Soc. Neu-
rochem. 1988; 19: 176.

Dong X.Q. et al. Copeptin is associated with mortality in patients
with traumatic brain injury. Journal of Trauma and Acute Care Sur-
gery. 2011; 71(5): 1194-8.

Dong X.Q. et al. Resistin is associated with mortality in patients with
traumatic brain injury. Critical care. 2010; 14(5): 1-5.

Ercole A. et al. Kinetic modelling of serum S100b after traumatic
brain injury. BMC neurology. 2016; 16(1): 1-8.

Farooqui A.A., Ong W.Y., Horrocks L.A. Neurochemical aspects of
excitotoxicity. New York: Springer. 2008: 1-290.

Gayen M. et al. Exosomal microRNAs released by activated as-
trocytes as potential neuroinflammatory biomarkers. International
journal of molecular sciences. 2020; 21(7): 2312.

Guedes V.A. et al. Exosomal neurofilament light: A prognostic bio-
marker for remote symptoms after mild traumatic brain injury? Neu-
rology. 2020; 94(23): e2412-23.

Hanisch U .K., Kettenmann H. Microglia: active sensor and versatile
effector cells in the normal and pathologic brain. Nature neurosci-
ence. 2007; 10(11): 1387-94.

Jeong H.K. et al. Repair of astrocytes, blood vessels, and myelin
in the injured brain: possible roles of blood monocytes. Molecular
Brain. 2013; 6(1): 1-16.

Karve I.P., Taylor J.M., Crack P.J. The contribution of astrocytes and
microglia to traumatic brain injury. Br J Pharmacol. 2016; 173(4):
692-702. DOI: 10.1111/bph.13125. Epub 2015 Apr 24. PMID:
25752446; PMCID: PMC4742296.

Kellermann |. et al. Early CSF and serum S100B concentrations for
outcome prediction in traumatic brain injury and subarachnoid he-
morrhage. Clinical neurology and neurosurgery. 2016; 145: 79-83.

& POCCHIICKHE BHOMETIIMHCKIE HCCTEJIOBAHMAL  TOM S Nod 2023

¢ISSN 2658-6576




92

REVIEWS

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Kierdorf K. et al. Microglia in steady state. The Journal of clinical
investigation. 2017; 127(9): 3201-9.

Kim J. et al. Astrocytes in injury states rapidly produce anti-inflam-
matory factors and attenuate microglial inflammatory responses.
Journal of neurochemistry. 2010; 115(5): 1161-71.

Kumar A., Loane D. J. Neuroinflammation after traumatic brain in-
jury: opportunities for therapeutic intervention. Brain, behavior, and
immunity. 2012; 26(8): 1191-1201.

Laird M. D. et al. High mobility group box protein-1 promotes ce-
rebral edema after traumatic brain injury via activation of toll-like
receptor 4. Glia. 2014; 62(1): 26-38.

Liliang P.C. et al. T proteins in serum predict outcome after severe
traumatic brain injury. Journal of Surgical Research. 2010; 160(2):
302-7.

Lin Z. et al. Soluble vascular adhesion protein-1: decreased activity
in the plasma of trauma victims and predictive marker for severity
of traumatic brain injury. Clinica Chimica Acta. 2011; 412(17-18):
1678-82.

Michinaga S. et al. Endothelin receptor antagonists alleviate blood-
brain barrier disruption and cerebral edema in a mouse model of
traumatic brain injury: A comparison between bosentan and ambri-
sentan. Neuropharmacology. 2020; 175: 108182.

Mokhtari M. et al. Effect of memantine on serum levels of neu-
ron-specific enolase and on the Glasgow Coma Scale in patients
with moderate traumatic brain injury. The Journal of Clinical Phar-
macology. 2018; 58(1): 42-7.

Nekludov M. et al. Brain-derived microparticles in patients with se-
vere isolated TBI. Brain injury. 2017; 31(13-14): 1856-62.

Olczak M. et al. Tau protein (MAPT) as a possible biochemical
marker of traumatic brain injury in postmortem examination. Foren-
sic science international. 2017; 280: 1-7.

Ondruschka B. et al. Acute phase response after fatal traumatic brain
injury. International journal of legal medicine. 2018; 132: 531-9.
Pabon M.M. et al. Brain region-specific histopathological effects of
varying trajectories of controlled cortical impact injury model of trau-
matic brain injury. CNS Neuroscience & Therapeutics. 2016; 22(3):
200-11.

Pan H. et al. The absence of nrf2 enhances nf-b-dependent inflam-
mation following scratch injury in mouse primary cultured astro-
cytes. Mediators of inflammation. 2012; 2012.

Pandey S. et al. A prospective pilot study on serum cleaved tau
protein as a neurological marker in severe traumatic brain injury.
British journal of neurosurgery. 2017; 31(3): 356-63.

Semple B.D. et al. Interleukin-1 receptor in seizure susceptibility
after traumatic injury to the pediatric brain. Journal of Neuroscience.
2017; 37(33): 7864-77.

Shahim P. et al. Time course and diagnostic utility of NfL, tau, GFAP,
and UCH-L1 in subacute and chronic TBI. Neurology. 2020; 95(6):
€623-36.

Shahim P., Zetterberg H. Neurochemical markers of traumatic brain
injury: relevance to acute diagnostics, disease monitoring, and neu-

53.

54.

55.

56.

57.

58.

59.

60.

61.

ropsychiatric outcome prediction. Biological psychiatry. 2022; 91(5):
405-12.

Sundstrom E., Mo L.L. Mechanisms of glutamate release in the rat
spinal cord slices during metabolic inhibition. Journal of neurotrau-
ma. 2002; 19(2): 257-66.

Thelin E.P. et al. Utility of neuron-specific enolase in traumatic brain
injury; relations to S100B levels, outcome, and extracranial injury
severity. Critical care. 2016; 20(1): 1-15.

Thompson W.H. et al. Functional resting-state fMRI connec-
tivity correlates with serum levels of the S100B protein in the acute
phase of traumatic brain injury. Neurolmage: Clinical. 2016; 12:
1004-12.

Wang K.Y. et al. Plasma high-mobility group box 1 levels and pre-
diction of outcome in patients with traumatic brain injury. Clinica
chimica acta. 2012; 413(21-22): 1737-41.

Wolf H. et al. Preliminary findings on biomarker levels from extra-
cerebral sources in patients undergoing trauma surgery: potential
implications for TBI outcome studies. Brain Injury. 2016; 30(10):
1220-5.

Wu G. Q. et al. The prognostic value of plasma nesfatin-1 concen-
trations in patients with traumatic brain injury. Clinica Chimica Acta.
2016; 458: 124-8.

Zetterberg H., Blennow K. Fluid biomarkers for mild traumatic brain
injury and related conditions. Nature reviews neurology. 2016;
12(10): 563-74.

Zurek J., Fedora M. The usefulness of S100B, NSE, GFAP, NF-H, secre-
tagogin and Hsp70 as a predictive biomarker of outcome in children with
traumatic brain injury. Acta neurochirurgica. 2012; 154: 93-103.

URL: https://www.fda.gov/news-events/press-announcements/
fda-authorizesmarketing-first-blood-test-aid-evaluation-concussion-
adults (date of acssess: 01.08.23).

NIUTEPATYPA

Antukos (0.1, Kpom W.JN., Epyrusa M.B. MauueHTbl ¢ nepeHecen-
HOW YepenHO-MO3roBol TpaBMoil 00 yAOBNETBOPEHHOCTU peabu-
nutaumen. NcuxocomaTnyeckne U UHTErpaTUBHbIE UCCTe[0BaHUS.
2019; 5(1): 102-2.

[HybposuH N.A. n gp. CyaebHo-MeanumHckas sKkcnepTmsa YepenHo-
MO3roBOM TpaBMbl. YuebHoe nocobue ans By3oB. Litres; 2019.
EmenbsaHo AlO., Anppeesa I.0., Bapcykos W.H. OcobeHHocTy
KIMHUYECKUX MPOSIBMEHNA [EeKOMNeHcaLuy NocTTpaBMaTUYeCcKnX
acTeHWn. HeoTnoxHble COCTOSIHUS B HEBPONOMN: COBPEMEHHbIE
MeTOoAbl AnarHocTukM 1 nevenns. 2017: 139-9.

3ynosa A.W., Cyxopocosa A.l., Conomatuna J1.B. YepenHo-mosro-
Basi TPaBMa 1 HelpoBocnaneHue: 0630p OCHOBHbIX GMOMapKEPOB.
Acta Biomedica Scientifica. 2020; 5(5): 60-7.

Kage A.X. v op. [iuHamuka uHTepnerknHa-6 y 6onbHbIX ¢ N30nMpo-
BaHHOW YepenHo-MO3roBOM TPaBMOW CPEAHEN 1 TSKENOoN CTEneHu
TSKeCTU. MexayHapoaHbIil XypHan 3KkCnepuMeHTanbHoro 0bpaso-
BaHus. 2014; 5(2): 23-4.

& RUSSIAN BIOMEDICAL RESEARCH

VOL8 N4 2023

ISSN 2658-6584




0B30PbI

93

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Kacumos P.P. n ap. Knunnko-anugemmonornyeckas xapakrepucTu-
ka TSKenoil TpaBMbl Yy BOEHHOCTTYXallnx B MupHoe Bpemsi. Ckopas
MeamuuHckas nomouys. 2022; 23(2): 4-13.

Konosanos A.H., Jluxtepman J1.b., MoTtanos A.A. YepenHo-mos-
roBasi Tpasma: KnuHuyeckoe pykoogctso. M.: Meguuuna. 2001; 2.
Kpbinos B.B., Mypac t0.B. Matocusmnonornyeckne mexaHnsmbl 4
BTOPMYHOTO MOBPEXAEHNS MO3ra MpW YepenHO-MO3roBo TpaBMme.
Hesponoruyeckuit xypHan. 2013; 18(4): 4-7.

JinxtepmaH J1.6. YueHne o0 nocneacTeusx YepenHo-Mo3roBoii Tpae-
Mbl. Heipoxupyprusi. 2019; 21(1): 83-9.

Macnosa H.H., Cemakosa E.B., Mewkosa P.A. CocTosiHue uuto-
KWHOBOrO cTaTyca 60MbHbIX B pasHble Nepuoabl TpaBMaTUYECKON
6onesHu ronosHoro Mosra. ViMmyHonaTonorus, annepronorus, uH-
tekronorus. 2001; 3: 26-30.

Mysnaes '.I. n gp. [uHamuka vHTepneiikuHa-1B y GonbHbIX C
1307IMPOBAHHOM YepernHO-MO3roBO/ TPaBMOW CPesHeN U Taxenoin
CTeneHn TsxecT. MexayHapoaHbIA XKypHa 3KCNEPUMEHTANBHOMO
obpasoBanus. 2014; 5(2): 24-5.

Oscsnunkos A.M. n gp. CounanbHble W anuaemuonornyeckme
acnekTbl YepernHo-Mo3roBoi TpaBmbl. CapaToBCKWiA Hay4HO-Meau-
UmHckuia xypHan. 2012; 8(3): 777-85.

Mowatae K.E. 3nuaemuonoruyeckne W KIUHUYECKME acneKTbl
YepenHo-Mo3roBoil TpaBMbl. [lanbHEBOCTOYHbBIN MEANLMHCKUI Xyp-
Han. 2010; 4: 125-8.

Tpodmmos A.O., Kpasew, J1.4. AnonTos HeMpoHOB npy YepenHo-Mo3ro-
BOW TpaBme. CoBpeMeHHble TexHonorv B meguumne. 2010; 3: 92-7.
Atkins C.M. et al. Activation of calcium/calmodulin-dependent pro-
tein kinases after traumatic brain injury. Journal of Cerebral Blood
Flow & Metabolism. 2006; 26(12): 1507-18.

BK S. Glutamate. calcium, and free radicals as mediators of ische-
mic brain damage. Ann Thorac Surg. 1995; 59: 1316-20.

Blyth B.J. et al. Validation of serum markers for blood-brain barrier
disruption in traumatic brain injury. Journal of neurotrauma. 2009;
26(9): 1497-1507.

Bogoslovsky T. et al. Increases of plasma levels of glial fibrillary
acidic protein, tau, and amyloid B up to 90 days after traumatic brain
injury. Journal of neurotrauma. 2017; 34(1): 66-73.

Bohmer A.E. et al. Neuron-specific enolase, S100B, and glial
fibrillary acidic protein levels as outcome predictors in patients with se-
vere traumatic brain injury. Neurosurgery. 2011; 68(6): 1624-31.
Burda J.E., Bernstein A.M., Sofroniew M.V. Astrocyte roles in trau-
matic brain injury. Experimental neurology. 2016; 275: 305-15.
Calcagnile O., Anell A., Undén J. The addition of S100B to guide-
lines for management of mild head injury is potentially cost saving.
BMC neurology. 2016; 16: 1-7.

Cao T. et al. Morphological and genetic activation of microglia after
diffuse traumatic brain injury in the rat. Neuroscience. 2012; 225:
65-75.

Colton C.A. Heterogeneity of microglial activation in the innate im-
mune response in the brain. Journal of neuroimmune pharmacolo-
gy. 2009; 4: 399-418.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

David S., Kroner A. Repertoire of microglial and macrophage re-
sponses after spinal cord injury. Nature Reviews Neuroscience.
2011; 12(7): 388-99.

Demediuk P., Daly M.P., Faden A.l. Free amino acid levels in lami-
nectomized and traumatized rat spinal cord. Trans. Am. Soc. Neu-
rochem. 1988; 19: 176.

Dong X.Q. et al. Copeptin is associated with mortality in patients
with traumatic brain injury. Journal of Trauma and Acute Care Sur-
gery. 2011; 71(5): 1194-8.

Dong X.Q. et al. Resistin is associated with mortality in patients with
traumatic brain injury. Critical care. 2010; 14(5): 1-5.

Ercole A. et al. Kinetic modelling of serum S100b after traumatic
brain injury. BMC neurology. 2016; 16(1): 1-8.

Farooqui A.A., Ong W.Y., Horrocks L.A. Neurochemical aspects of
excitotoxicity. New York: Springer. 2008: 1-290.

Gayen M. et al. Exosomal microRNAs released by activated as-
trocytes as potential neuroinflammatory biomarkers. International
journal of molecular sciences. 2020; 21(7): 2312.

Guedes V.A. et al. Exosomal neurofilament light: A prognostic bio-
marker for remote symptoms after mild traumatic brain injury? Neu-
rology. 2020; 94(23): e2412-23.

Hanisch U.K., Kettenmann H. Microglia: active sensor and versatile
effector cells in the normal and pathologic brain. Nature neurosci-
ence. 2007; 10(11): 1387-94.

Jeong H.K. et al. Repair of astrocytes, blood vessels, and myelin
in the injured brain: possible roles of blood monocytes. Molecular
Brain. 2013; 6(1): 1-16.

Karve I.P., Taylor J.M., Crack P.J. The contribution of astrocytes and
microglia to traumatic brain injury. Br J Pharmacol. 2016; 173(4):
692-702. DOI: 10.1111/bph.13125. Epub 2015 Apr 24. PMID:
25752446; PMCID: PMC4742296.

Kellermann |. et al. Early CSF and serum S100B concentrations
for outcome prediction in traumatic brain injury and subarachnoid
hemorrhage. Clinical neurology and neurosurgery. 2016; 145:
79-83.

Kierdorf K. et al. Microglia in steady state. The Journal of clinical
investigation. 2017; 127(9): 3201-9.

Kim J. et al. Astrocytes in injury states rapidly produce anti-inflam-
matory factors and attenuate microglial inflammatory responses.
Journal of neurochemistry. 2010; 115(5): 1161-71.

Kumar A., Loane D. J. Neuroinflammation after traumatic brain in-
jury: opportunities for therapeutic intervention. Brain, behavior, and
immunity. 2012; 26(8): 1191-1201.

Laird M. D. et al. High mobility group box protein-1 promotes ce-
rebral edema after traumatic brain injury via activation of toll-like
receptor 4. Glia. 2014; 62(1): 26-38.

Liliang P.C. et al. T proteins in serum predict outcome after severe
traumatic brain injury. Journal of Surgical Research. 2010; 160(2):
302-7.

Lin Z. et al. Soluble vascular adhesion protein-1: decreased activity
in the plasma of trauma victims and predictive marker for severity

& POCCHIICKHE BHOMETIIMHCKIE HCCTEJIOBAHMAL  TOM S Nod 2023

¢ISSN 2658-6576




94

REVIEWS

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

of traumatic brain injury. Clinica Chimica Acta. 2011; 412(17-18):
1678-82.

Michinaga S. et al. Endothelin receptor antagonists alleviate blood-
brain barrier disruption and cerebral edema in a mouse model of
traumatic brain injury: A comparison between bosentan and ambri-
sentan. Neuropharmacology. 2020; 175: 108182.

Mokhtari M. et al. Effect of memantine on serum levels of neu-
ron-specific enolase and on the Glasgow Coma Scale in patients
with moderate traumatic brain injury. The Journal of Clinical Phar-
macology. 2018; 58(1): 42-7.

Nekludov M. et al. Brain-derived microparticles in patients with se-
vere isolated TBI. Brain injury. 2017; 31(13-14): 1856-62.

Olczak M. et al. Tau protein (MAPT) as a possible biochemical
marker of traumatic brain injury in postmortem examination. Foren-
sic science international. 2017; 280: 1-7.

Ondruschka B. et al. Acute phase response after fatal trauma-
tic brain injury. International journal of legal medicine. 2018; 132:
531-9.

Pabén M.M. et al. Brain region-specific histopathological effects of
varying trajectories of controlled cortical impact injury model of trau-
matic brain injury. CNS Neuroscience & Therapeutics. 2016; 22(3):
200-11.

Pan H. et al. The absence of nrf2 enhances nf-b-dependent inflam-
mation following scratch injury in mouse primary cultured astro-
cytes. Mediators of inflammation. 2012; 2012.

Pandey S. et al. A prospective pilot study on serum cleaved tau
protein as a neurological marker in severe traumatic brain injury.
British journal of neurosurgery. 2017; 31(3): 356-63.

Semple B.D. et al. Interleukin-1 receptor in seizure susceptibility
after traumatic injury to the pediatric brain. Journal of Neuroscience.
2017; 37(33): 7864-77.

Shahim P. et al. Time course and diagnostic utility of NfL, tau, GFAP,
and UCH-L1 in subacute and chronic TBI. Neurology. 2020; 95(6):
€623-36.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Shahim P., Zetterberg H. Neurochemical markers of traumatic brain
injury: relevance to acute diagnostics, disease monitoring, and neu-
ropsychiatric outcome prediction. Biological psychiatry. 2022; 91(5):
405-12.

Sundstrom E., Mo L.L. Mechanisms of glutamate release in the rat
spinal cord slices during metabolic inhibition. Journal of neurotrau-
ma. 2002; 19(2): 257-66.

Thelin E.P. et al. Utility of neuron-specific enolase in traumatic brain
injury; relations to S100B levels, outcome, and extracranial injury
severity. Critical care. 2016; 20(1): 1-15.

Thompson W.H. et al. Functional resting-state fMRI connectivity
correlates with serum levels of the S100B protein in the acute
phase of traumatic brain injury. Neurolmage: Clinical. 2016; 12:
1004-12.

Wang K.Y. et al. Plasma high-mobility group box 1 levels and pre-
diction of outcome in patients with traumatic brain injury. Clinica
chimica acta. 2012; 413(21-22): 1737-41.

Wolf H. et al. Preliminary findings on biomarker levels from extra-
cerebral sources in patients undergoing trauma surgery: potential
implications for TBI outcome studies. Brain Injury. 2016; 30(10):
1220-5.

Wu G. Q. et al. The prognostic value of plasma nesfatin-1 concen-
trations in patients with traumatic brain injury. Clinica Chimica Acta.
2016; 458: 124-8.

Zetterberg H., Blennow K. Fluid biomarkers for mild traumatic brain
injury and related conditions. Nature reviews neurology. 2016;
12(10): 563-74.

Zurek J., Fedora M. The usefulness of S100B, NSE, GFAP, NF-H,
secretagogin and Hsp70 as a predictive biomarker of outcome in
children with traumatic brain injury. Acta neurochirurgica. 2012; 154:
93-103.

URL: https://www.fda.gov/news-events/press-announcements/
fda-authorizesmarketing-first-blood-test-aid-evaluation-concussion-
adults (nata obpawerus: 01.08.23)

& RUSSIAN BIOMEDICAL RESEARCH

VOL8 N4 2023

ISSN 2658-6584




0B30PbI 95

DOI: 10.56871/RBR.2023.60.25.011
UDC 576+577.29

CHAPEROME: HISTORICAL PERSPECTIVE
AND CURRENT CONCEPTS

© Viacheslav S. Fedorov' 23 Nadezhda V. Remizova' 4, Maxim A. Shevtsov? 3 5.6

' Saint Petersburg State University of Veterinary Medicine, Department of Inorganic Chemistry and Biophysics. Chernigovskaya 5,
Saint Petersburg, Russian Federation, 196084

2 |nstitute of Cytology, Russian Academy of Sciences (RAS), Tikhoretsky pr., 4, Saint Petersburg, Russian Federation, 194064

3V.A. Almazov National Medical Research Center. Akkuratova str., 2, Saint Petersburg, Russian Federation, 197341

4 Saint Petersburg State University of Architecture and Civil Engineering, Department of Geotechnics. 2" Krasnoarmeyskaya st., 4,
Saint Petersburg, Russian Federation, 190005

5 Center for Translational Cancer Research at the Technical University of Munich (TranslaTUM), Radiation Immuno-Oncology Group,
Clinic Rechts der Isar. str. Einstein 25, Munich, Germany, 81675

6 Far Eastern Federal University. Ajax Bay, 10, Russky Island, Vladivostok, Russian Federation, 690922

Contact information: Viacheslav S. Fedorov — Assistant of the Department of Inorganic Chemistry and Biophysics, Saint Petersburg State University
of Veterinary Medicine. E-mail: fedorovvs.biotech@gmail.com ORCID ID: 0000-0002-0239-7473 SPIN: 4424-5821

For citation: Fedorov VS, Remizova NV, Shevtsov MA. Chaperome: historical perspective and current concepts // Russian biomedical research
(St. Petersburg). 2023;8(4):95-102. DOI: https://doi.org/10.56871/RBR.2023.60.25.011

Received: 05.10.2023 Revised: 22.11.2023 Accepted: 20.12.2023

Abstract. The life cycle of cells is accompanied by constant synthesis, transport and degradation of polypeptide
chains — proteins and signal sequences. Each polypeptide chain has four levels of structure, and its adoption of the
correct spatial conformation is necessary for the expression of the function of the molecule. Hydrophobic interactions
or the formation of sulfide bridges can prevent the formation of the correct conformation. Moreover, the high-order
structures of proteins are disrupted by various stress responses to the cell. In the course of studying the processes
of protein synthesis and aggregation, specific highly conserved proteins were identified that can bind to a newly
synthesized or damaged polypeptide, imparting a functional structure due to the sequential connection with recognition
domains. These proteins are called molecular chaperones. This includes the superfamily of heat shock proteins, the
synthesis of which is a nonspecific cell response to stress. To study the processes of proteostasis, it is necessary to
understand that these proteins act only in close relationship with cochaperones and other auxiliary molecules. Such
aggregates are called chaperomes, or chaperone machineries, and are of considerable interest in biomedical research.
This review discusses the historic perspective for chaperones and chaperome as a supramolecular complex as well
as their place in cell proliferation.

Key words: molecular chaperones; heat shock proteins; chaperome.
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Pe3tome. XK13HEHHbI LMK KNIETOK CONPOBOXAAETCS NOCTOSHHbIM CUHTE30M, TPAHCMOPTOM W AerpagaLuent no-
NUNENTUAHBIX Lieneit — 6enKoB 1 CUrHanbHbIX NocneaoBaTenbHocTeln. Kaxaas nonunentugHas uens obnagaet
YeTbIpbMsl YPOBHAMMW CTPYKTYPbI, U NPUHATUE €10 NPaBUbLHON NPOCTPAHCTBEHHOM koHopMaLuu Heobxoaumo
ANs aKCnpeccun yHKLUKM Monekynbl. MpensTcTBoBaTH POPMUPOBAHNIO NPABUbHOK KOHGOPMaLUKM MOTY T
rMApPodoOHbIE B3aUMoaencTBMS Unn obpasoBaHne cyNibGUAHbIX MOCTUKOB. Bonee Toro, CTPYKTYpbl BbICOKOrO
nopsiaka 6enkoB HapyLalTcs Npyu pasnuyHbIX CTPECCOBbLIX OTBETAX Ha kNeTky. B xoae uccnegosaxus npoLeccos
CMHTe3a u arperauuy 6enkoB 6binn BbiISBNEHb 0COObIE KOHCEPBATUBHbIE NMPOTEUHbI, CNOCOOHbIE CBSA3bIBATHCS
C HOBOCWHTE3MPOBAHHbIM UM NOBPEXAEHHLIM NONUNENTUAOM, NpKUAaBas 3a CYET NOCEA0BaTENbHON CBA3N C
AOMeHaM1 y3HaBaHMs DYHKLMOHANbHYI CTPYKTYpPY. IMeHHO aTn Genku Ha3Banu MonekynsipHbIMM LWanepoHa-
M. B 1x 4ncno BXxoanT cynepcemencTBo 6enkoB TEMMOBOrO LOKA, CUHTE3 KOTOPbLIX SIBNSieTCS HecneLmduyHbIM
OTBETOM KNETKM Ha cTpecc. [Ins U3y4yeHns npoLeccoB npoTeoctasa HEOOXOANMO NOHUMAaHWE, YTO AaHHbIE
Gernku LeiicTBYT NNLLb B TECHOI B3aUMOCBS3M C KOLIanepoHamu U ApYrMMu BCnoMoraTenbHbIMIW MOMeKynamu.
Takue COBOKYNHOCTM Ha3blBAKOTCA LANEPOMOM, UMW LUanepoOHHON MalUMHOW, U OHW NPeACTaBNSAOT 3HAYUTEMb-
HbI MHTepec B GMOMeaMLMHCKUX UccnefoBaHusX. B aaHHoM 063ope nutepaTypbl NpecTaBieHbl OCHOBHbIE
NcTopUYeckne aTanbl NOHUMAaHUS WanepoHOB M LanepoMa Kak cynpamonekynsipHoro KoMniekca u ux Mecto B

KN3HEOEATENBbHOCTU KNETKN.

KnioueBblie cnoBa: MonekynsipHble WanepoHbl; 6enku TennoBOro WokKa; Wanepom.

Thanks to the research of the early twentieth century,
it became clear that many polypeptides (typically small
single-domain proteins) can easily restore their native struc-
ture by themselves in vitro, while others (more complex,
multi-domain or oligomeric proteins) adopt the necessary
topology only in the presence of additional molecules that
are not part of the polypeptide of the final native protein.
[22]. These molecules were identified as proteins and were
named molecular chaperones. The term “molecular chape-
rone” was first used in 1968 in order to describe the role of
nucleoplasmin in the assembly of DNA and histones into
nucleosomes [11]. The name arose from the fact that nu-
cleoplasmin promotes histone-histone interactions with the
formation of a correct oligomeric form, preventing aggrega-
tion. It does this without forming a part of the nucleosome by
itself or defining the modification of the nucleosome. There-
fore, nucleoplasmin assumes the role of a chaperone.

Later, the term “molecular chaperone” was expanded to
include a widespread chloroplast protein called the RuBiSCo
(ribulose bisphosphate carboxylase) large subunit binding
protein now known as chloroplast chaperonin, which pre-
vents the formation of insoluble precipitate by newly syn-
thesized large rubisco subunits. These large subunits are
known to be prone to improper assembly not because of

electrostatic interactions, but because they expose highly
hydrophobic surfaces to the aquatic environment. Although
early experiments did not determine whether chaperonin
promotes folding or assembly, more recent work with mito-
chondrial chaperonin has proven that this protein functions
at the stage of folding [15, 29]. For some time, the term
“molecular chaperone” was limited to two proteins; its mo-
dern use began with the assumption that its meaning should
be expanded to describe the function of a larger group of
proteins that were supposed to promote folding and assem-
bly reactions in various cellular processes [9, 17]. Since the
1990s, this definition has been constantly being refined to
take into account other discoveries concerning the role of
chaperones in the processes of cell proteostasis.

The role of molecular chaperones in the folding, assem-
bly, and intracellular translocation of proteins is a constant
subject of research. The following conclusions are valid for
normally functioning cells.

Chaperones of organelles such as EPR (endoplasmic
reticulum) play a key role in the folding of newly synthe-
sized proteins [16, 23]. Mitochondrial membranes have an
isolated population of chaperones responsible for correcting
or disassembling proteins damaged during cellular respira-
tion [40].
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Cytosolic chaperones play a key role in the folding,
transport, and biological activity of a number of proteins
used for transport to specific organelles, such as the nu-
cleus and mitochondria [7, 28, 42].

Nuclear chaperones, unlike others, bind to proteins after
folding due to ionic forces, and play a supportive role in the struc-
tural organization of macromolecular chromatin complexes [30].

Membrane-bound chaperones, found only on cells of
solid and hematological tumors, are involved in the prolife-
ration, migration, and immunogenicity of cancer cells [4, 38].

The list of detected chaperones is constantly updated.
Enzyme-like cofactors protein disulfide isomerase and
peptidyl-prolyl cis-trans-isomerase, which catalyze trans-
to cis-proline isomerization and are usually considered as
EPR chaperones, were only discovered in 1992 [37]. The
chaperone family included both prokaryotic and eukaryotic
proteins of different structures and localization.

However, differences in names and the lack of a clear
division into families significantly complicated the studies
of chaperones. A significant part of human chaperones be-
gan to be identified as human heat shock proteins (HSP),
stress-sensitive proteins necessary to combat heat and
other protein-toxic stresses. Soon after that, in 2003-2005,
it became clear that constitutively expressed members such
as Hsc70 (HSPAS8) in the HSP70 family can also be en-
coded within the HSP family. This is how the division into
stress-induced and constitutive chaperones appeared [18].

With the development of protein crystallography and ge-
netic analysis, the first attempts to improve the classifica-

tion were made — there appeared a division into families
(by molecular weight), within which specific representatives
were identified (by coding genes). However, even after
analysis of the human genome, the names used for human
chaperones in the literature were rather chaotic: up to ten
different names could be found for the same gene product.
Moreover, almost identical names were used to refer to dif-
ferent gene products. For example, HSPA1B was named
HSP70-2, whereas HSP70.2 refers to the member HSPA2,
which is specific for testicles. The first steps in dividing
chaperones by genes and functions at the same time were
only made by 2000.

The revolutionary work of Professor Harold Kampinga was
particularly successful in shaping the classification [20]. The
proposed nomenclature was based on the encoding assigned
by the HUGO Gene Nomenclature Committee and used in
the National Center of Biotechnology Information Entrez
Gene database for the heat shock genes. In addition to this
nomenclature, a list of the human Entrez gene identifiers
and the corresponding Entrez gene identifiers for the mouse
orthologs was provided. In this work, tables were presented
for each superfamily of human chaperones (Fig. 1).

Chaperones seem to act sequentially in protein fol-
ding pathways, binding to intermediates that are at various
stages of topology formation, and then transferring them to
the next chaperone or chaperone complex in the cascade,
eventually releasing the competence native protein. Binding
usually involves the interaction of chaperones with hydro-
phobic residues on the surface of unfolded proteins, and

Gene name Protein name Old names Human gene ID Mouse ortholog ID
HSP A
1 HSPAIA HSPAIA HSP70-1; HSP72; HSPA1 3303 193740
2 HSPAIB HSPA1B HSP70-2 3304 15511
3 HSPAIL HSPAIL hum70t; hum70t; Hsp-hom 3305 15482
4 HSPA2 HSPA2 Heat-shock 70kD protein-2 3306 15512
5 HSPAS HSPAS BIP; GRP78; MIF2 3309 14828
6 HSPA6 HSPA6 Heat shock 70kD protein 6 (HSP70B’) 3310 X
7 HSPAT* HSPA7 Heat shock 70kD protein 7 3311 X
8 HSPAS HSPAS HSC70; HSC71; HSP71; HSP73 3312 15481
9 HSPA9 HSPA9 GRP75; HSPA9B; MOT; MOT2; PBP74; mot-2 3313 15526
10 HSPA124 HSPA12A FLJ13874; KIAA0417 259217 73442
11 HSPAI2B HSPA12B RP23-32L15.1; 270008 INO6Rik 116835 72630
12 HSPA13° HSPA13 Stch 6782 110920
13 HSPAI4 HSPA14 HSP70-4; HSP70L1; MGC131990 51182 50497
HSP H
1 HSPHI HSPH1 HSP105 10808 15505
2 HSPH2" HSPH2 HSPA4; APG-2; HSP110 3308 15525
3 HSPH3" HSPH3 HSPA4L; APG-1 22824 18415
4 HSPH4® HSPH4 HYOU1/Grp170; ORP150; HSP12A 10525 12282
Fig.1. HSP70 family classification [20]

Puc.1. Knaccudmkaumusa cemeiictea HSP70 [20]
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release often involves the hydrolysis of ATP. The formation
of functional complexes is not related to certain consensus
amino acid sequences in the substrate protein, but rather
is determined by the location of hydrophobic residues and
conserved recognition sites [14, 43]. The researchers un-
derstood that a single chaperone would not provide stable
work to maintain proteostasis. That is why, at the turn of
the century, the identification of various adapter proteins,
transport proteins, and signaling molecules in combination
with chaperones also began.

The term “chaperome” was introduced in 2006 to denote
a combination of chaperones, co-chaperones, and related
factors [41]. The initial list of the human chaperome was
published in 2013, and it reported 147 bioinformatically pre-
dicted members [13]. It included members of heat shock
protein 90 (HSP90), HSP70, HSP60, HSP110, HSP40 (also
known as DNAJ proteins), HSP10 and small HSP (sHsp),
as well as their co-chaperones and participants of folding,
the enzymes peptidyl-prolyl-isomerase (PPI) and protein
disulfide isomerase. The name of each HSP family comes
from the molecular weight of the original founding member
and follows the current nomenclature. In eukaryotes, most
families also include components specific to organelles,
such as those expressed in the endoplasmic reticulum and
mitochondria. Later studies expanded the list to 332 cha-
perones and co-chaperones, represented by 88 chaperones
(27%), 50 of which were ATP-dependent, and 244 co-cha-
perones (73%) [2, 3]. Several proteins containing tetratrico-
peptide repeats (TPR) domain were also included based on
their functional interactions with selected chaperones.

Analysis of protein expression in immortalized human
cells (both in untransformed and cancer cells) identified
chaperome components as some of the most common
proteins in these cells [36]. HSP90 were the most common
ones, accounting for an average of 2.8% and, together with
HSP70, up to 5.5% of the total protein mass. Referring to
the aforementioned database of 147 chaperome members,
these proteins together account for 7.6% of the total num-
ber of polypeptides and 10.3% of the total protein mass in
human cervical cancer cells HeLa. The chaperones HSP60
and HSP110 accounted for another 3.3% of the total protein
mass, and 1.5% of the total mass consisted mainly of regu-
latory co-chaperone proteins for HSP90 and HSP70. More
specifically, isoforms HSP90AA1 and HSP90AB1 (HSP90a
and HSP90B) and two HSP70 proteins, constitutive HSPAS
(heat shock 70-related, HSC70) and heat shock-induced
HSPA1A/B proteins represented the vast majority of cha-
perones of the corresponding families. In addition, all known
HSP90 co-chaperones were substoichiometric with respect
to HSP90. For example, the ratio of co-chaperone to HSP90
was 1:34 for AHA1, an activator of HSP90 ATPase activity,

1:46 for kinase-binding CDC37 [26], and 1:16 for HOP
(HSP70-HSP90 adapter protein, also called STIP1, which
binds HSP90 to HSP70) [5, 34]. Similarly, the ratio of co-
chaperones to HSP70 was 1:5.5 for various J-domain co-
chaperones that activate HSP70 to certain functions, and
1:7 for HSP110, which act as nucleotide exchange factors
for HSP70 [10, 31].

These chaperones and co-chaperones are organized as
interacting protein networks (Fig. 2). In eukaryotes, there are
distinct and independent networks of chaperomes, with the
main chaperone, such as HSP90 or HSP70, functioning with
the help of a number of co-chaperones, each of which has a
specific set of functions necessary for cell proteostasis. Not
only RNA and ribosomes are involved in the synthesis of each
protein, but also chaperome complexes characterized by close
interconnection that can give the newly synthesized protein
the topology required to perform its functions, and then send
it to the appropriate cell compartment.

The chaperome is an extremely dynamic structure:
HSP representatives included in it, the strength of bonds
between proteins, and the functions performed depend on
the state of the cell and its microenvironment. For example,
studies of yeast cells have shown that Hsp82 is able to form
stable networks with other chaperones during heat shock
induction [19]. The accumulation of damaged proteins acti-
vates the expression of HSP110, which are able to “direct’
HSP to the function of protecting and refolding protein ag-
gregates [12]. Moreover, it has been found that constitutive
and stress-induced forms of HSP70 and HSP90 are capa-
ble of forming functional oligomers in response to toxins or
nutrient elimination [1, 27]. Thus, various manifestations of
cellular stress can change the strength of interaction be-
tween both chaperone members and individual complexes.
This reorganization of a higher order than the chaperone-
substrate can lead to the emergence of new functions that
are not normally expressed, but which may be required to
counteract stress factors. It is worth noting that the same
feature can maintain cell viability in case of a pathology.

It is known that chaperone complexes with high interaction
strength are characteristic of tumor cells. Since the 2000s,
researchers have been actively identifying and describing
HSP70/90/110 complexes with AHA, JAK, BAG, HOP, BiP, and
others in solid and hematological tumor cells [8, 21, 24, 25].
Unlike more dynamic complexes of normal cells, chaperomes
isolated from tumors remain stable during in vitro studies. The
inclusion of chaperome components in such stable complexes
does not depend on the level of tissue expression, origin, or
genetic mutations [6, 32]. Moreover, it was found that, despite
their activity, such HSP complexes represent only a small part
of the chaperome of a tumor cell, and not all isolated cultures
are able to express them, which may serve as a basis for di-
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viding cancer cell cultures into two types. Cancer cells require
the formation of stable protein networks and maintenance of
proteostasis. The chaperome is the main platform supporting
the synthesis, organization, and protection of polypeptide
pathways, also mediating signaling, transport, and intercellular
contact [26, 35, 39]. This set of functions places the chaperone
in the central position of the protein network, surrounding it
with lower-order protein complexes and auxiliary molecules.
This location is important in the diagnosis and treatment of
cancer and opens up a chaperomic approach in personalized
medicine: labeling or inhibiting the HSP protein knot with a high
degree of connectivity is more likely to lead to the detection or
apoptosis of cancer cells than targeting individual chaperones
or dynamic complexes. It is this integrated approach that
guides modern chaperome research both in the framework
of cell biology and cancer theranostics.
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Abstract. Mycoplasmas are a unique group of prokaryotes, a characteristic feature of which is the absence of a cell
wall. The features of mycoplasmas also include a minimal set of organelles, the presence of sterols in the cytoplasmic
membrane, which microorganisms themselves cannot synthesize, the smallest known self-replicating genome structure,
as well as membrane parasitism. The growing interest in these microorganisms is due to a number of factors: the variety of
biological properties, the undoubted relevance of the pathology caused by them and many unsolved problems in the world
health system. Mycoplasmas have received the greatest importance as pathogens of urogenital and respiratory infections,
however, a wide range of virulence factors of these microorganisms, features of their interaction with the cellular and humoral
immunity of the host causes damage to other organs associated with autoimmune mechanisms and hypersensitivity of
the macroorganism. There is information about possible involvement of mycoplasmas in the process of carcinogenesis
through the release of the DnaK protein, which impairs the ability of a mycoplasma-infected cell to repair DNA damage by
reducing the activity of important cellular proteins such as p53. The ecological plasticity of mycoplasmas, a wide range
of hosts and their ubiquity, which actualizes the problem of mycoplasma infections for almost any geographical region.
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Pestome. Mukonnaambl npeacTaBnsoT COG0M yHUKaNbHY0 rpynny NpoKapuoT, OTANYNTENbHBIM MPU3HAKOM KOTOPbIX
SIBNSETCA OTCYTCTBME KETOYHOW CTEHKM. K 0COBEHHOCTSM MUKOMNA3M OTHOCATCS TakXe MUHUMAanbHbIA Habop
OpraHoMgoB, Hanuuyne CTepPONoB B COCTaBE LMTOMNNa3mMaTnieckon MmemopaHbl, KOTOpble CamMu MUKPOOPraHU3MbI
CWHTE3MpOBaTb HE MOTYT, HAUMEHbLUWIA N3 U3BECTHBIX CaMOPenMLMPYIOLLNXCA CTPYKTYP FEHOM, a Takxe MeM-
OpaHHbIil napa3nTaM. BospacTarwwuin MHTEpeC K 3TUM MUKPOOpraHuamMam 06yCroBIieH LefbiM pSaoM hakTopoB:
pasHoobpa3snem B1MoNorMyecknx CBOMCTB, HECOMHEHHON aKTyanbHOCTHIO BbI3bIBAEMOWN UMW NATONOTMW U MHOTUMM
HEpPELLeHHbIMM 3afa4aMi B CUCTEME MUPOBOTO 34paBoOXpaHeHns. HanbonbLyto 3HaYMMOCTb MUKOMMAa3Mbl Mony-
4nnmn Kak Bo30yaMTENN yPOreHMTanbHbiX U PECMPATOPHbBIX MHAEKLMA, OAHAKO LNPOKMIA CNEKTP hakTOpOB BUPY-
NEHTHOCTW, NPUCYLLMX STUM MUKPOOPraHU3Mam, 1 0COBEHHOCTMW 1X B3aUMOAENCTBMUS C KIIETOYHbIM U FyMOpanbHbIM
WMMYHUTETOM X035I1Ha 06yCNOBAMUBAIOT NOPaXeHne ApYrux OpraHoB U CUCTEM, CBA3AHHOE C ay TOMMMYHHbIMU
MexaHu3mMamm n annepruveckoin NnepecTponkon opraHnama. focnenHne gaHHbIE roBOPSAT O BO3MOXHOM y4acTuu
MUKOMMa3M B NpoLecce kaHLeporeHesa 3a cyeT BbicBOOOXaeHus 6enka DnaK, KoTopbil HapyluaeT cnocobHOCTb
VHUUMPOBAHHOW MUKOMNMA3Moi KNeTk BoccTaHaBnMBaTh nopexaeHns JHK 3a cyeT ymMeHbLIEeHMS aKTUBHOCTH
BaXHbIX KNETOYHbIX 6ENIKOB, Takux kak pS3. Jkonornyeckas nnacTMYHOCTb MUKonasM 0bycroBnuBaeT LWMPOKIIA
Kpyr X0351€B W UX NOBCEMECTHOE pacnpoCTpaHeHue, YTo AenaeT npobnemy MMKonnasMeHHbIX MHAEKLMA KpanHe
aKkTyanbHOW npakTUyeckn Ans nboro reorpauyeckoro permoHa.

KntoueBble cnoBa: Mukonnasmel; Mycoplasma pneumoniae; Mycoplasma genitalium; Mycoplasma hominis; Ureaplasma

urealyticum; Guonornyeckne CBONCTBA, PakToPbl BUPYNEHTHOCTM.

INTRODUCTION

Mycoplasmas represent an evolutionarily distinct group
of microorganisms characterized by the absence of a rigid
cell wall. The increasing interest in this group of prokaryotes
is driven by the uniqueness of their biological properties, the
undeniable clinical significance of the diseases caused by
them, and a number of unresolved issues in global health-
care. Mycoplasmas are the smallest prokaryotes capable of
independent reproduction. They belong to the class Mollicutes
(“soft skin”) and evolved by a regressive reduction of the
genome of ancestral Gram-positive bacteria [5]. Mycoplasma
genome is the smallest among all known self-replicating
structures (450-500 mD), which makes these microorganisms
an extremely attractive and convenient model for genetic
and molecular biological research (including transcriptomic
and proteomic studies). Another interesting feature of the
mycoplasma genome is a deviation from the universal genetic
code: in these microorganisms, the TGA triplet (normally a stop
codon) codes for tryptophan. Mycoplasmas are widely distri-
buted in nature. Their large host range makes them ubiquitous
microorganisms capable of infecting various types of plants
and animals (insects, amphibians, fish, birds, and mammals),
including humans. Many species exist as saprophytes in soil
and water. In human pathology, mycoplasmas are most sig-

nificant as pathogens of infections of the urogenital tract and
respiratory system, but the spectrum of diseases associated
with them is much broader. Today, these microorganisms
are considered cofactors in numerous pathological condi-
tions and syndromes, including rheumatoid arthritis, Crohn’s
disease, and others. Mycoplasmas from various sources can
spontaneously contaminate cell cultures used in virology,
significantly complicating the production of vaccines and diag-
nostic reagents [10]. In the etiology of pneumonia, especially
among school-aged children, Mycoplasma (Mycoplasmoides)
pneumoniae often takes the leading position, accounting for
18-44% of cases during epidemics in recent years. There is no
official registration of respiratory mycoplasmosis in the Russian
Federation, but according to the World Health Organization,
in various countries, M. pneumoniae accounts for about 21%
of respiratory diseases in children aged 5 to 14. Moreover, it
has been proven that in addition to respiratory tract infections,
mycoplasmas can serve as triggers for autoimmune rheumatic
diseases and allergic disorders (bronchial asthma, Stevens—
Johnson syndrome), and, in combined infections with acute
respiratory viral infections and herpes infections, can also
be implicated in hemorrhagic vasculitis. In adults, along with
classic sexually transmitted infections (STls), there is a notably
higher prevalence of urethritis and cervicitis in certain social
groups caused by “new-generation” pathogenic microorga-
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nisms, including Mycoplasma (Mycoplasmoides) genitalium.
Most mycoplasmas, including Mycoplasma (Metamycoplas-
ma) hominis and Ureaplasma urealyticum, are not absolute
pathogens. Transmitted sexually, they can cause infectious
and inflammatory processes in the urogenital organs under
certain conditions, often in association with other pathogenic
or conditionally-pathogenic microorganisms. Consequently,
many authors describe mycoplasmas as “microorganisms in
the service of disease” and classify them as resident microor-
ganisms associated with STls [8]. Currently, the global situation
concerning mycoplasma infections affecting both the reproduc-
tive system and the respiratory system is complicated by the
emergence and spread of M. genitalium and M. pneumoniae
strains resistant to macrolides [11, 15] and fluoroquinolones [1,
27], which are widely used to treat conditions associated with
mycoplasmas. In the Russian Federation, mycoplasmas and
the infections they cause present certain challenges for clinical
diagnostic laboratories and practicing physicians— specifically,
in interpreting laboratory results and clinical manifestations,
as well as in selecting adequate treatment strategies given
growing antibiotic resistance of these pathogens.

HISTORY

The term “mycoplasma” (from the Greek uUkng, mykes —
fungus, and mAGopa, plasma — formed) was first used in 1889
to describe a modified state of plant cell cytoplasm resulting from
the penetration of fungus-like microorganisms. For a long time,
mycoplasmas could not be detected by microscopic or cultural
methods. In 1898, researchers at the Pasteur Institute isolated a
pathogenic microorganism [19], now known as Mycoplasma my-
coides (part of the pleuropneumonia-like organism group) [17, 20].
This pathogen causes pleuropneumonia in cattle, characterized
by severe lesions of the pleura and pulmonary parenchyma, with
serous inflammation of the interlobular connective tissue and
accumulation of exudate in the pleural cavity. In calves, M. my-
coides can cause arthritis; in pigs, serous-catarrhal inflammation
of the lungs and bronchi; in goats and sheep, lesions of the
joints, eyes, and mammary glands. Later, it became clear that
the pathogen passes through bacterial filters and does not grow
on simple media (it can only be cultivated on complex serum-
containing media). Today, Mycoplasma mycoides is included
on the list of highly dangerous animal pathogens and is strictly
quarantined. Next significant stage in the study of mycoplasmas
and mycoplasmosis occurred in 1910, when the morphology
of Mycoplasma mycoides was clarified [8, 22]. Nineteen years
later, in 1929, the term “mycoplasmas” was proposed to indicate
a group of certain filamentous microorganisms [8], which were
believed (at the time) to have both cellular and acellular stages in
their life cycle. This could have explained how they, while being
visible under a microscope, were at the same time able to pass

through bacterial filters. In 1937, M. hominis was isolated for the
first time from an abscess of the Bartholin’s gland [8]. A year
later, in 1938, first cases of atypical pneumonia were described
in Philadelphia; this pneumonia did not respond to sulfonamide
therapy [6]. The findings were published in the Journal of
the American Medical Association (JAMA). The disease was
observed in adults and began as a mild infection, progressing
to severe diffuse pneumonia with signs of encephalitis. The
main clinical symptoms were shortness of breath, cyanosis,
hoarseness, a non-productive cough, drowsiness, and profuse
sweating. Fever lasted on average for about three weeks, and
in most cases the disease resolved with recovery. First steps
in studying the immunology of mycoplasma infections were
taken in 1943 when a rise in antibody titers against mycoplasma
antigens was noted in the cold agglutination test among pa-
tients with symptoms of atypical pneumonia [21]. This became
the first available diagnostic test. In 1944, three strains of the
atypical pneumonia agent (“walking pneumonia”) were obtained
by infecting chicken embryos with sputum from patients. The
pathogen passed through bacterial filters and was designated
as the “Eaton agent,” considered a virus of atypical pneumonia
[18]. The mycoplasma nature of this disease in humans was
established after the etiological agent, called M. pneumoniae,
was isolated on a specialized growth medium (Hayflick medium)
[13], and its pathogenicity was confirmed by infecting volunteer
with a pure culture of the microorganism [12]. Eventually, the
ability to culture the pathogen on serum agar confirmed its
bacterial nature and simplified the development of diagnostic
preparations for serological tests [13]. In 1963, the atypical
pneumonia agent was formally classified as a mycoplasma [8].
In 1954, U. urealyticum was isolated from the urethra of a patient
with nongonococcal urethritis [8, 23], but its etiological role in
urogenital pathology was established in volunteer studies only
much later [25]. In the 1990s, genomes of several mycoplasmas
were deciphered. In 1995, shortly after Haemophilus influenzae
became the first microorganism with a fully sequenced genome,
the genome of M. genitalium (the smallest bacterial genome) was
also sequenced [9]. In 1996, the genome of M. pneumoniae was
read, and in 2001, the nucleotide sequence of the U. urealyticum
genome was determined [6]. Studying these genomes formed
the basis of modern molecular-biological diagnostic methods
for mycoplasmosis. Key historical milestones in the study of
mycoplasma infections are presented in Table 1.

TAXONOMY AND BIOLOGICAL PROPERTIES
OF MYCOPLASMAS

A phylogenetic tree constructed based on 16S rRNA
analysis allows us to explore certain aspects of the evolution
of Mollicutes. It is believed that mycoplasmas diverged from
the streptococcal branch of Gram-positive bacteria about
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Table 1
History of the study of mycoplasma infections
Tabnuua 1
WcTopusa usyyeHuss MMKonnasMeHHbIX MHGEKLUNA
ron/ CobbiTvie / Event AsTopbl / Authors
Year
1898 lMepBoe onucaHne BO3OYAMTENS aTUMNYHON NEBPOMHEBMOHNM KPYMHOMO POraToro ckota E. Nocard,
(Bnocnepctsun Mycoplasma mycoides) / E. Roux
The first description of the causative agent of atypical pleuropneumonia in cattle
(later Mycoplasma mycoides)
1910 YT0o4HEeHre Mopdonorm OnMCaHHbIX MUKPOOPraH3moB / J. Bordet
Clarification of the morphology of the described microorganisms
1929 HassaHwue «mukonnasmel» / Name "mycoplasma" J. Nowac
1937 BblineneHune Mycoplasma hominis w3 abeuecca 6onbLuoii BeCTMOYNSPHON xenesbl / Dienes
Isolation of Mycoplasma hominis from an abscess of the great vestibular gland Edsall
1938 [MepBble Cryyan aTUnUYHON MHEBMOHUM Y YernoBeka / H. Reimann
First cases of atypical pneumonia in humans
1943 BbIsiBNeHMe aHTMTEN K MUKONMa3Mam B peakuum arrnioTrHaumm / J. Peterson
Detection of antibodies to mycoplasmas in agglutination test
1944 AreHT UToHa (BO30YAMTENb aTUMNYHON NHEBMOHNM) / M. Eaton
Eaton's agent (causative agent of atypical pneumonia)
1954 Bbigenenue T-mukonnasmbl (Ureaplasma urealyticum) u3 ypeTpbl 60MbHOrO HErOHOPERHbIM YPETPUTOM / M. Shepard
Isolation of T-mycoplasmas (Ureaplasma urealyticum) from the urethra of a patient with nongonorrheal urethritis
1963 HassaHne Mycoplasma pneumoniae / Name Mycoplasma pneumoniae R.M. Chanock
1995 CekseHnpoBaHue reHoma Mycoplasma genitalium / Genome sequencing Mycoplasma genitalium
1996 CexkseHnposaHue reHoma Mycoplasma pneumoniae / Genome sequencing Mycoplasma pneumoniae
2001 CekBeHupoBaHue reHoma Ureaplasma urealyticum / Genome sequencing Ureaplasma urealyticum
Taxonomy of Mollicutes :
Phylum: Mycoplasmatota
Class: Mollicutes
Order: Mycoplagmoidales Mycoplasmatales Acholeplasmatales
Family: Mycoplasmoid: Metamycoplasmataceae Mycoplaslmataceae Spiroplasmataceac  Acholeplasmataceae
Genus: Mycoplasma Acholeplasma
‘ — www.vetbact.org .
BY-NC-ND 4.0
Fig. 1. Modern classification of mycoplasmas (the source: http://www.vetbact.org/displayextinfo/136)

Puc. 1.

CoBpeMeHHas knaccudmkauusa Mukonnasm (uctouHuk: http:/lwww.vetbact.org/displayextinfo/136)
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Fig2.  Morphology of mycoplasmas (Katola V.M., 2018). Scanning electron microscopy: 1 — rat bronchopneumonia mycoplasma growing
in a nutrient solution (micrograph by E. Kleinberger-Nobel, 1955); 2 — M. mycoides (according to Brock, 1970, x20 000); 3-4 —
mycoplasmas inside and on the surface of Penicillium canescens spores (drawing V.M. Katola, x10 000); 5-6 — elementary bodies of
L-form bacteria and filamentous forms in the blood plasma of a patient with progressive fibrous-cavernous pulmonary tuberculosis
(x1200 and 1300, respectively)

Puc. 2. Mopdonorua mukonnasm (Katona B.M., 2018). Ckanupytowas aneKTpoHHasa MMKpockonus: 1 — pacTylume B nMTaTeNlbHOM PacTBo-
pe MuKkonnasmbl 6poHXONHEBMOHMM Kpbic (MukpodoTorpadma E. Kneiinbeprep-Hobensb, 1955); 2 — M. mycoides (no Bpoky, 1970,
%20 000); 3-4 — mukonna3mbl BHYTPU 1 Ha noBepxHocTu cnop Penicillium canescens (pucynok B.M. Katonel, x10 000); 5-6 — ane-
MeHTapHble Tenbua L-opm 6akTepuin n HUTeBMAHLIE (hOPMBI B Na3Me KpoBM 6onbHOro nporpeccupyowmm hubposHo-kasep-
HO3HbIM Ty6epkynesom nerkux (1200 u 1300 cooTBETCTBEHHO)
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65 million years ago through divergent evolution associated
with a parasitic lifestyle. Mycoplasmas are classified under the
phylum Mycoplasmatota (Fig. 1). This phylum is represented
by a single class, Mollicutes, which includes three orders:
Mycoplasmatales, Mycoplasmoidales, and Acholeplasmatales.
Within the order Mycoplasmoidales is the family Mycoplasmoi-
daceae, which contains the genera Mycoplasmoides (species
M. pneumoniae, M. genitalium) and Ureaplasma (species
U. urealyticum, U. parvum). The order Mycoplasmoidales also
includes the family Metamycoplasmataceae, which include
the genus Metamycoplasma (species M. hominis). These
microorganisms are of primary medical importance, although
more than 255 species of mycoplasmas and 11 species of
ureaplasmas have been described to date. Accordingly, under
the current classification, mycoplasmas and ureaplasmas
belong to different orders and different families.

Morphological Properties

A unique morphological feature that distinguishes myco-
plasmas from other prokaryotes is the absence of a rigid cell
wall [7]. This determines a number of their biological properties,
particularly their polymorphism (Fig. 2). Mycoplasmas exhibit
large and small spherical forms, elliptical or discoid shapes,
flask-like structures, rod-shaped or filamentous branching
forms of various lengths, and other unusual morphologies [4].
Their polymorphism is related to the lack of peptidoglycan or
any substitutes that stabilize cell shape. These bacteria are
surrounded only by a three-layer cytoplasmic membrane, which
maintains the cell’s osmotic integrity but does not provide
a fixed form. Unlike other prokaryotes, mycoplasmas have
a high sterol content (e.g., cholesterol) in their cytoplasmic
membrane, which they are unable to synthesize on their own.
These sterols provide stability, rigidity, and strength to the
membrane. Absence of peptidoglycan also determines natural
resistance to beta-lactam antibiotics. Mycoplasma pathogens
are the smallest bacteria, with sizes ranging from 0.1 to 0.6
micrometers, enabling them to pass through bacterial filters
with a pore diameter of 0.22 micrometers. Mycoplasmas have
a minimal set of organelles: only a cytoplasmic membrane,
a nucleoid, and ribosomes. They do not form spores, do not
have flagella, and some species can form a microcapsule.
When Gram-stained, they appear Gram-negative.

Despite absence of flagella, certain mycoplasmas are
capable of movement. For a long time, it was assumed that
bacteria, unlike eukaryotic cells, do not have a cytoske-
leton. However, later research revealed that cytoskeleton-
like structures form during division and growth in almost
all bacteria, including mycoplasmas. These cytoskeletal
structures can enable motility. For instance, spiroplasmas,
which have a spiral shape, can bend, crawl, and swim by
twisting like a corkscrew, but unlike spirochetes, they do not

possess endoflagella. Instead, they rely on special protein
filaments twisted into a spiral, whose secondary structure
is provided by an actin-like protein. Among mycoplasmas,
there are both motile and non-motile variants. Motile forms
move by sliding along solid surfaces. Mycoplasma (Meso-
mycoplasma) mobile is the fastest species, moving across
glass surfaces at speeds of 2.0-4.5 um per second. The
cytoskeleton of this microorganism resembles a jellyfish in
appearance.

Most mycoplasma species present a low G+C ratio in
their DNA (about 30%), with the exception of M. pneumo-
niae, which has a G+C content of 38.6-40%. U. urealyti-
cum has the lowest G+C ratio among all known bacterial
genomes (25.5%). The theoretical minimum G + C content
necessary to encode proteins with the normal set of amino
acids is about 26%; for this reason, mycoplasmas stand at
the “edge of life”.

Cultural and Biochemical Properties

Mycoplasmas are generally facultative anaerobes, except
for M. pneumoniae, which is a strict aerobe. The minimal
genetic information in mycoplasmas translates into a minimal
number of metabolic pathways, explaining their dependence
on host cells. All mycoplasmas studied to date are characte-
rized by shortened respiratory chains with flavin terminals,
excluding oxidative phosphorylation as a mechanism for ATP
generation. It is thought that non-fermenting mycoplasmas
use arginine breakdown via the arginine dihydrolase pathway
as their main source of ATP. Ureaplasmas have a unique
requirement for urea that is not observed in other living
organisms. Because they are neither glycolytic nor have
an arginine dihydrolase pathway, it was hypothesized (and
later experimentally confirmed) that ATP is generated via an
electrochemical gradient created by ammonia released during
the intracellular hydrolysis of urea by urease.

A variety of reproductive mechanisms have been de-
scribed in mycoplasmas (fragmentation, binary fission,
budding). A portion of the newly formed cells turn out to be
nonviable. As noted, mycoplasmas are the smallest known
cellular organisms—some even smaller than the theoretical
threshold for independent cell reproduction on nutrient me-
dia (0.15-0.20 pm for spherical cells and 13 um in length
and 20 nm in diameter for filamentous forms). The limited
biosynthetic capabilities of mycoplasmas determine their
extreme nutritional and cultural demands. Enriched media
containing precursors of nucleic acids, proteins, and lipids
are essential for their growth. Mycoplasmas, in particular,
are highly dependent on sterols (cholesterol and its deriva-
tives) and fatty acids, with cholesterol dominating among
membrane lipids and providing stability to the cytoplas-
mic membrane. In the infected host, mycoplasmas obtain
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Fig. 3.
Puc. 3.

o

Fig.4. Spherical colonies of M. genitalium after 10 days of
incubation.  Microphotography, magnification %100
(Ken B. Waites et al., 2023

Puc.4. Cdepuyeckme kononunm M. genitalium nocne 10 AHen

uHKyGaumuun.  MukpodoTorpadus, %100

(Ken B. Waites et al., 2023)

yBenuniyeHune

sterols from host cells, which justifies their classification as
“membrane parasites”. It has been demonstrated by confo-
cal electron microscopy that they can fuse with and invade
into host cell membranes. For cultivation, media enriched
with horse serum, yeast extract, arginine, urea, glucose,
vitamins, and amino acids are used. Mycoplasmas grow
slowly: U. urealyticum colonies appear within 24-48 hours,
while other species may take 3-5 days. The optimal tem-
perature is 37°C. To suppress contaminating flora, penicil-
lin and its analogs are used for mycoplasmas or lincomycin
for ureaplasmas. Most mycoplasmas grow well in an atmo-
sphere of 95% nitrogen and 5% carbon dioxide.

Colonies of mycoplasmas, similar to fried eggs. Microphotography, magnification x100
KonoHun mukonnasm, noxoxue Ha AMYHULY-rnasyHblo. MukpodoTorpacus, ysenuuenme x100

Because of their small size and absence of a rigid cell wall,
most mycoplasmas can penetrate the spaces between agar
fibers and multiply below the agar surface. After 18 hours, a tiny
spherical colony forms beneath the surface; by 24-48 hours
of incubation, it reaches the surface water film, creating two
zones of growth—a turbid granular center ingrown in the agar
and a flat, translucent, lacy periphery—giving colonies their
characteristic “fried egg” appearance (Fig. 3). Colonies are
small, measuring 0.1-0.3 mm for most mycoplasmas (Fig. 4),
and ureaplasma colonies are even smaller.

In semi-solid agar, colonies appear as small pinfea-
thers. In broth, mycoplasmas exhibit opalescence; in
contrast, broth cultures of ureaplasmas remain clear, and
their growth is detected by a change in the color of the
indicator.

Mycoplasmas have low biochemical activity, which va-
ries by species and strain. Currently, two groups of myco-
plasmas are distinguished:

1. Those that ferment glucose, maltose, mannose, fruc-

tose, starch, and glycogen to form acid.

2. Those that reduce tetrazolium compounds, oxidize glu-

tamate and lactate, but do not ferment carbohydrates.

Members of the genus Ureaplasma spp. exhibit high
urease activity and degrade urea, are inert to sugars, do not
reduce diazo dyes, and are catalase-negative. An important
feature of mycoplasma metabolism is the ability to produce
saturated and unsaturated fatty acids. For the differentiation
of isolated mycoplasma strains, it is extremely important
to determine a range of biochemical characteristics such
as phosphatase, proteolytic, and phospholipase activity.
In addition, tests for tetrazolium reduction and reactions
with erythrocytes are used, along with other biochemical
assays (Table 2).
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Table 2
Biochemical properties of mycoplasmas
Tabnuya 2
Broxmmuyeckue cBonMcTBa MUKONNasM
MeTabonuam / = ,\4_3 Baaumoneiicraue )
. 2 o S > | — ¢ aputpoumtamm / Interaction
Metabolism g o o £ © © !
B s€e| 85 |2 with red blood cells
napl S S =8 33
s S o0o35 [+ » O
mukonnasm / 3 :I‘) g 22 § % € 2 | Pepykuus TeTpasonuyma / S = &
Mycoplasmas | S o | s e| 2 |[EXceo| €& 2 Z Tetrazolium reduction .= B8 S ox0c @
28| =< e & °=E o5 3 IS8 SESGE
Spp. e8| £E T 2 e« S @ o =s3° s5=FL=2
c2| 22| & SE°| 52 | £8 CEB| 55228
E@lg°| 2 o = ga | = 8e| C@FEE
) $ o &L T o
= © T <
M. pneumoniae + - - - - - + + +
M. hominis - + - - - - - - -
M. genitalium + - - - - - Cnabas B aspobHbix + -
YCroBUSIX, B aHa-
9p0oBHbIX — oTCyTCTBYET /
Weak under aerobic
conditions, in anaerobic —
absent
M. fermentans + + - + + - B a3pobHbix ycnoBusix —, - B-remonu3a aputpo-
B aHa3poOHbIX + / uuToB GapaHa — /
Under aerobic conditions -, B-hemolysis of
under anaerobic + sheep erythrocytes
M. penetrans + + - - + - B a3pobHbIx ycnosusix +, + Cnabeble /
B aHa9pOBHbIX — Weak
Under aerobic conditions +,
under anaerobic conditions
Ureaplasma spp. - - + - + + - + OpuUTpoLuTbI
KponvKa +, MOpCKOiA
CBUHKM + /
Erythrocytes of a
rabbit +, guinea
pig +

Antigenic Properties

Mycoplasmas have a complex, polymorphic antigenic
structure that differs by species and is defined by a high fre-
quency of spontaneous and induced mutations. Because they
lack a cell wall, the principal antigens of these microorganisms
are found in the cytoplasmic membrane and certain surface
structures. Mycoplasmal membrane antigens are numerous
and diverse. Chemically, they include proteins, polysaccha-
rides, and lipids. The most immunogenic are surface antigens
containing carbohydrates as part of complex glycolipid,
lipoglycan, or glycoprotein complexes. Antigenic structure
may change after multiple passages in cell-free media. For
example, M. hominis contains more than nine integral mem-
brane proteins, of which only two are consistently present in

all strains. More than 16 serovariants of ureaplasmas have
been identified, differing in the antigenic structure of their
surface polypeptides. Notably, some mycoplasma species
have a polysaccharide capsule, underlining the antigenic
diversity of these microorganisms and contributing to resis-
tance against phagocytosis. Certain membrane antigens of
mycoplasmas have been studied and characterized, including
the P1 antigen of M. pneumoniae (molecular weight 168 kDa)
and Pa antigen of M. genitalium (140 kDa). These antigens in
their respective species are major immunogens. Cytoplasmic
antigens are less diverse and less immunogenic compared
to membrane antigens, exhibiting similarities across different
mycoplasma species; for that reason, they are not used for
immunoserum production or identification. Some mycoplasmal
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antigens resemble human cell and tissue components and
induce various immunomodulatory effects (superantigenicity),
which undoubtedly play a role in mycoplasma virulence and
the pathogenesis of the infections they cause.

Virulence Factors

The pathogenicity of mycoplasmas is currently a topic
of active debates in numerous publications on their viru-
lence and its contributing factors. The frequent detection of
M. hominis and U. urealyticum in asymptomatic individuals
complicates the question of their etiological and pathoge-
netic role. M. pneumoniae and M. genitalium are uncondi-
tionally accepted as pathogenic, whereas M. hominis and
U. urealyticum are considered conditionally-pathogenic and
can cause infection under certain conditions. Most of the re-
maining mycoplasma species likely exist as harmless com-
mensals of mucous membranes. At the same time, there is
evidence that mycoplasmas release the DnaK protein, one
of the chaperone family proteins [28]. This protein impairs
an infected cell’s ability to repair DNA damage by reducing
the activity of key cellular proteins (e.g., p53) that are in-
volved in DNA repair and tumor suppression, as a result
increasing the risk of cancer. Additionally, DnaK may enter
neighboring uninfected cells. By suppressing p53, DnaK
can also reduce the efficacy of anticancer drugs [28], high-
lighting the complex and ambiguous nature of host-myco-
plasma interactions and the importance of further research.

Mycoplasmas are membrane parasites. Their key
virulence factor is the ability to attach to host cells. Some
species possess specialized organelles in which adhesin
proteins, necessary for cell binding, are structurally and
functionally co-localized. In other species, specialized or-
ganelles are absent, and the function of adhesins is per-
formed by any areas of the cell surface containing the cor-
responding proteins. For example, in M. pneumoniae and
M. genitalium, P1 and P140 proteins, respectively, perform
this function. Within 24 hours of infection, M. pneumoniae
begins to adhere to the respiratory epithelium. This mecha-
nism protects the microorganism from mucociliary clea-
rance and is considered the onset of disease. Mycoplasma
has an “attachment organelle” that not only binds tightly to
the host cell but also enables gliding motility. By penetra-
ting between the cilia, it induces desquamation of epithelial
cells. Recently, the unique gliding mechanism of mycoplas-
mas and the structure of the “attachment organelle” have
been described. This organelle is a membrane protrusion at
the anterior pole of the cell composed of 15 proteins, with
the P1 adhesin (168 kDa) on the surface.

The gliding speed of Mycoplasma averages 0.2-
0.5 um/s but can reach 1.5-2 um/s, meaning the micro-
organism traverses the length of a cell within one second.

Certain mycoplasma adhesins are heterogeneous in struc-
ture and function. For instance, based on some properties
of the P1 protein, mycoplasmas are subdivided into eight
groups, which may underlie variations in strain pathogeni-
city. In addition to these proteins, other molecules such as
P32, HMW1, HMW2, and HMW3 (in M. genitalium), lipopro-
teins P120, P50, and P60 (in M. hominis), and the MVA pro-
tein (in U. urealyticum) have been described. Mycoplasma
adhesins are rich in proline, which increases cell binding,
and function as immunogens. Mycoplasmas interact with
multiple receptor types on the host cell: sialylated oligosac-
charides, with which they have high affinity (abundant on
epithelial cells), non-sialylated glycoproteins, and sulfated
glycolipids. A very important and interesting feature of my-
coplasmas is their ability to cause hemolysis when adsorbed
onto erythrocytes, likely via hydrogen peroxide release (with
the possible exception of ureaplasmas). M. pneumoniae ex-
hibits the highest hemolytic activity. In most other pathogenic
bacteria, hemolysins are protein or lipid in nature. This un-
derscores the uniqueness of mycoplasmas and their signifi-
cant adaptive capacity, despite their limited genome.
Penetration and adhesion are undoubtedly fundamental
steps in the infectious process, as they control the further
development of disease. However, just high adhesive capa-
bility alone would not allow mycoplasmas to overcome the
cellular-tissue barrier and immune defenses. Some myco-
plasma species can produce invasive enzymes that destroy
cells. For instance, mycoplasmas produce neuraminidase,
which affects cellular receptors and intercellular contacts.
Various proteases induce cell degranulation and degrade
essential amino acids (e.g., arginine), potentially leading
to apoptosis. Of particular note are IgA proteases, which
degrade IgA and deprive it of its protective function. Among
virulence enzymes, phospholipase A and aminopeptidases
are especially significant for their ability to hydrolyze phos-
pholipids of cell membranes, including those of the placenta
and fetus (M. hominis and U. urealyticum). Other enzymes
include RNases [3], DNases, and thymidine kinases that
disrupt nucleic acid metabolism in host cells. Nucleic acid
destruction leads to genome instability. DNases of U. urea-
Iyticum degrade sperm DNA; the P40 endonuclease of My-
coplasma (Malacoplasma) penetrans induces apoptosis in
human peripheral blood lymphocytes and monocytes. It has
been suggested that the pathogenesis of mycoplasmoses
is associated with impaired transcription in host cells due
to mycoplasmal RNA polymerases. Besides enzymes, my-
coplasmas can produce metabolites with cytotoxic effects,
such as ammonia and acidic byproducts, which raise pH
and destroy infected cells. As mentioned earlier, hydro-
gen peroxide and superoxide anion generation leads to
red blood cell hemolysis. There is an opinion that some
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mycoplasmas can invade host cells, though the mecha-
nisms are not fully understood. It is assumed that myco-
plasmas may fuse with the cell membrane and penetrate
the perinuclear region. Such mycoplasmas are called “fu-
sogenic” — for example, Mycoplasma (Mycoplasmopsis)
fermentans, which can reorganize the host cell cytoske-
leton. It is now known that mycoplasmas possess protein
substances (referred to in the literature as “mycoplasma
endotoxins”) that damage the ciliated epithelium of the res-
piratory tract and inactivate neutrophils. Such substances
have been described in M. pneumoniae and M. fermen-
tans. Over the past decade, research into the pathogeni-
city of M. pneumoniae has led to the discovery of a unique
mycoplasmal CARDS toxin (Community Acquired Respira-
tory Distress Syndrome toxin) that causes vacuolization

of bronchial epithelial cells and reduces ciliary motility.
CARDS toxin directly damages the respiratory epithe-
lial cells, causing extensive peribronchial and perivas-
cular inflammation. A direct correlation has been found
between the amount of CARDS toxin secreted by M.
pneumoniae and the severity of lung tissue damage [2].
Interestingly, CARDS toxin shares similarities with Borde-
tella pertussis exotoxin [16, 24]. The cytotoxic effects of
CARDS toxin manifest in catarrhal symptoms observed
in acute respiratory viral infections. There have been re-
ports of fulminant mycoplasma infection with severe res-
piratory failure and acute respiratory distress syndrome
(ARDS) in very young children [2] and elderly patients,
presumably associated with the action of CARDS toxin [2,
26]. Experiments have shown that recombinant CARDS

Table 3

Mycoplasma virulence factors

Tabnuua 3

q)aKTOpr BUPYNEHTHOCTU MUKOMJ1a3M

dakTopb! BUpyneHTHocTu / Virulence factors

Boi3biBaemblit achdpekT / Effect caused

AgpreauHbl (P11 gp.) / Adhesins (P1, etc.)

MpukpenneHue k knetkam / Attachment to cells
Mem6paHHbIiA napaautuam / Membrane parasitism

Heipamuhuaasa / Neuraminidase

[lelicTBUE Ha peLLenTopbI KNETOK U MEXKNETOYHbIE KOHTaKTbI /

Effect on cell receptors and intercellular contacts

®doconunasa A / Phospholipase A

PaspyweHnue membpan knetok / Destruction of cell membranes

IgA-npoteasa / IgA-protease

Pacwennenue IgA, CHWXeHre 3aLwmuTHON yHKLMN /
IgA breakdown, decreased protective function

Mpoteassbl / Protease

[lerpaHynsiuus KneTok, pactyenseHne HeaamMmeHMbIX aMUHOKUCTOT /

Cell degranulation, breakdown of essential amino acids

[HK-a3a / DNAase [lectabunnsaums kneToyHoro reHoma, paspyLierne JHK cnepmatosonaos,
WHAYKUMS anonTosa /
Destabilization of the cellular genome, destruction of sperm DNA,
induction of apoptosis
PHK-a3a / RNAase HapyLueHue npoLeccoB TpaHCKpUNLMy B KneTkax /

Disruption of transcription processes in cells

TokcuyHble MeTabonuTbl (aMmnak, Kuenotbl)/
Toxic metabolites (ammonia, acids)

MoBbiweHve pH, fecTpykums KneTok /
Increased pH, cell destruction

leMonmanHbl (Mepekucb BOAOPOAA,
CYyNepoKCHAHbIE aHUOHBI) /
Hemolysins (hydrogen peroxide, superoxide anions)

l'emonu3 apuTpoynToB /
Hemolysis of red blood cells

BenkoBble cybcTaHLUun («3HOOTOKCUHbIY MUKONNaam) /
Protein substances (“endotoxins” of mycoplasmas)

MoBpexaeHne pecHYeK anNUTenins, Ae3aKTuBaLns HenTpoduos /

Damage to epithelial cilia, deactivation of neutrophils

AHTUreHHas mumukpms / Antigenic mimicry

MepcucTeHLKs B OpraHuame, ayTouMMyHHble NPOLeceh! /

Persistence in the body, autoimmune processes

CynepaHture / Superantigen

/IMMYyHHbIE NOBPEXAEHNS KNETOK 1 TKaHEe! LIMTOKMHaMu /

Immune damage to cells and tissues by cytokines

Ok3oTokcuH CARDS-TokcuH (community acquired
respiratory distress syndrome toxin) /
Exotoxin (CARDS-toxin)

LiuToTokCHuyeckoe AenCTBIE Ha 3NUTENNIA pECNNPaTOPHOTo TpakTa, anneprusauus /
Cytotoxic effect on the epithelium of the respiratory tract, allergization
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toxin can induce a potent allergic inflammation in the lungs
and hyperproduction of cytokines, suggesting a possible
role for M. pneumoniae in the pathogenesis of bronchial
asthma [2, 14]. Mycoplasmas can persist for long periods
inside phagocytes (leukocytes, macrophages), thanks to
the presence in some strains of a microcapsule as well
as antigens that cross-react with human tissue antigens
(“antigenic mimicry”). Some mycoplasmas (Mycoplasma
(Metamycoplasma) arthritidis) produce superantigens that
trigger nonspecific polyclonal lymphocyte proliferation
and a massive cytokine release (interleukins 6, 8, and 12,
tumor necrosis factor, etc.), leading to toxic shock, joint
damage, necrosis, and secondary immunodeficiency. Nu-
merous mycoplasma virulence factors are listed in Table 3.

CONCLUSION

Mycoplasmology is reasonably recognized as a dis-
tinct branch of medical microbiology with its own research
strategies and diverse investigative methods at the core of
laboratory diagnosis of mycoplasma infections. Undoub-
tedly, urogenital and respiratory mycoplasmas have the
most clearly established clinical associations, yet the com-
plexity and ambiguity of mycoplasma-host cell interactions
suggest their potential role in many other diseases, inclu-
ding serious systemic pathologies. The unique morphology
of these bacteria, along with their wide range of virulence
factors, underlies their ecological plasticity, their capacity to
cause mixed infections with other bacteria and viruses, the
development of antibiotic-resistant strains, and the possibi-
lity of acting as a trigger in the development of immunopa-
thology and oncological diseases.

Thus, continued study of the biological properties of my-
coplasmas, their metabolic features, and their interactions
with the host organism will not only improve methods for
laboratory diagnosis of mycoplasma infections but also elu-
cidate subtle mechanisms in the pathogenesis of numerous
diseases of high clinical relevance.
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AONONMHUTENBbHAA UHOOPMALINA

Bknag aBTOpoB. Bce aBTOPbI BHECIN CYLLECTBEHHbIN
BKNag B pa3paboTKy KOHLEeNnuuu, npoBeAeHue uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0f406pUNN UHANBHYHO
Bepcuto nepep nybnukauyuen.

KoHhnukT mHTepecoB. ABTOPbI AeKnapupytoT OTCyT-
CTBME SBHbIX W MOTEHUWANbHbIX KOH(IIMKTOB WHTEPECOB,
CBSI3aHHbIX C NybnnkaLnen HacTosLLen cTaTbi.

WUcToununk ¢hmHaHcupoBaHuA. ABTOpbI 3asBnAT 06
OTCYTCTBUW BHELIHEro (hMHAHCUMPOBaHWUS NP NPOBEAEHUM
“ccnegoBaHus.
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Abstract. In November 2023, Natalia R. Karelina, Doctor of Medical Sciences, Professor, Head of the Department of
Human Anatomy of the St. Petersburg State Pediatric Medical University of the Ministry of Health of Russia, member of
the Board of the Scientific Medical Society of Anatomists, Histologists and Embryologists of Russia, turned 80. Natalia
Rafailovna is a graduate of the Leningrad Pediatric Medical University. Since 1967 he has been working as a pediatrician,
and since 1970 as an assistant at the Department of Human Anatomy. In 1980 successfully defends his dissertation for
the degree of Candidate of Sciences, and in 1994, Doctor of Sciences. From 1995 to 2000 Natalia Rafailovna holds the
position of Professor of the Department of Morphology of the Institute of Medical Education at the Novgorod University
Yaroslav the Wise, from 2000 to 2003 in charge of it. The activity of Professor Karelina at that time was not limited to
the department: from 1995 to 1997. She is the vice-rector for Science, and from 1997 to 2000 — Dean of the Medical
and Dental Faculties. In 2003 She was elected to the position of Head of the Department of Human Anatomy of the St.
Petersburg Pediatric Medical Academy. In the period 2013-2014 he holds the post of Dean of the Faculty of Additional
and Vocational Education. N.R. Karelina is the supervisor of nine PhD dissertations, scientific consultant of two doctoral
dissertations. N.R. Karelina is the scientific supervisor of nine PhD theses, scientific consultant of two doctoral
theses, author of more than 300 scientific publications. The founder and president of the St. Petersburg Symposium
on Morphology, Biochemistry, Normal and pathological Physiology of the child, whose goals are to popularize medical
science. The University Administration, the Academic Council, the St. Petersburg Branch of the Scientific Medical Society
of Anatomists, Histologists and Embryologists, the Editorial Board of the journal “Russian Biomedical Research’, the
staff of the Department of Human Anatomy and students cordially congratulate Natalia Rafailovna, wish her good health,
inexhaustible energy and creative success for the benefit of her beloved science and her native university.

Key words: Natalia Rafailovna Karelina; Professor N.R. Karelina; St. Petersburg State Pediatric Medical University;
human anatomy; morphology.
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Pe3stome. B Hos6pe 2023 . ucnonHunock 80 net Hatanbe PachaunosHe KapennHon — JOKTOPY MeLULMHCKNX HayK,
npodeccopy, 3aBegytolen kachenpon aHatomun yenoseka GrbOY BO «CaHkT-MeTepbyprckuini rocyaapCTBEHHbIN
neanaTpuyecknin MeamumHckun yHusepcutet» Munagpasa Poceuu, uneny npasneHns Hay4Horo MeauLnHCKoro
obLecTBa aHaTOMOB, rMCTONOroB U ambpuonoroe Poccun. Hatanbs PadannoBHa — BbinyckHMLA JIEHMHIpagCcKoro
negmaTpuyeckoro MeauumHekoro yHmnesepcuteta. C 1967 r. pabotaet Bpayom-neguatpom, a ¢ 1970 r. — acCUCTEHTOM
katheapbl aHaToMuu yenoseka. B 1980 r. ycneLwHo 3alimiiaeT anccepraumio Ha CoMckaHue y4eHoi CTeneHun kaHanaata
Hayk, a B 1994 . — poktopa Hayk. C 1995 no 2000 r. Hatanbst PachanunoBHa 3aHMMaeT LOMmKHOCTb Npodeccopa kade-
Apbl Mopdonornm MHCTUTYTa MeuLMHCKOro obpasoBaHus B cocTaBe HOBropoackoro yHuBepcuteTa umM. Apocnasa
Mygporo, ¢ 2000 no 2003 rr. 3aBegyeT eto. [JeatenbHocTb Npodeccopa KapenuHon Ha TOT Nepuoj He orpaHNynBaeTcs
kacbeapoir: ¢ 1995 no 1997 r. oHa aBnseTCA NPOPEKTOPOM Nno Hayke, a ¢ 1997 no 2000 r. — gekaHoM neyebHOro n
ctomaTtonoruyeckoro dakynstetos. B 2003 r. usbpaHa Ha fOKHOCTb 3aBeaytoLlen kadeapoit aHaToMUy Yenoseka
CaHkT-leTepbyprckon neanaTpuyeckoin MeamunHekon akagemun. B nepmog 2013-2014 rr. 3aHMMaeT nocT AekaHa
thakynbTeTa AONOMHUTENBHOIO U NpodeccuoHanbHoro obpasosaHus. H.P. KapenuHa gBnseTcs HayYHbIM pyKkoBO-
OUTENEM AEBATU KaHANAATCKUX AUCCepTaLnii, HayYHbIM KOHCYTbTaHTOM ABYX LOKTOPCKUX AUCCEPTaLMiA, aBTOPOM
6onee 300 HayyHbIx nybnukaumin. Cosgatens n npeangeHT CaHkT-MNeTepbyprckoro cuMnosnyma no Mopdhonoruu,
Broxumumn, HopmMasnbHOW 1 NaTonornyeckon usnonorum pebexka, B Lienn KOTOPOro 3anoxeHa nonynspuaayus
MEANLMHCKON Haykn. AAMUHUCTpaumns YHuBepcuTeTa, YyeHbin coBeT, CaHkT-MeTepbyprckoe otaeneHne HayyHoro
MeauunHCKoro obLlecTBa aHaTOMOB, rMCTONOMOB U 3MO6PMONIOroB, pefakums xypHana «Poccuiickne GuomeanLmH-
CKue uccnefoBaHns», COTPYAHWKM kadeapbl aHATOMUM YeNOBEKA U CTYAEHTbI CepAeYHO No3apasnsioT Hatanbio
PachannoBHy, enawT el Kpenkoro 340p0Bbsl, HEUCCAKAEMOI SHEPTUM 1 TBOPYECKMX YCMEXOB Ha Brnaro nbnumon
HayKuM 1 pOAHOr0 YHUBepcuTeTa.

KnioueBbie cnoBa: Hatanbs PadaunosHa Kapenuna; npodeccop H.P. Kapenuna; Cankt-lNetepbyprekun
roCcyfapCTBEHHbI NeANaTPUYECKNn MESULMHCKNIA YHUBEPCUTET; aHaTOMWS YesioBeka; Mopdhosorus.

Tho’ much is taken, much abides; and tho’

We are not now that strength which in old days
Moved earth and heaven, that which we are, we are,-
One equal temper of heroic hearts,

Made weak by time and fate, but strong in will

To strive, to seek, to find and not to yield.

Alfred Lord Tennysson

In November 2023 Natalia Rafailovna Karelina, Doctor
of Medical Sciences, Professor, Head of the Department of
Human Anatomy of the St. Petersburg State Pediatric Medi-
cal University of the Ministry of Health of Russia, member

of the Board of the Scientific Medical Society of Anatomists,
Histologists and Embryologists of Russia, turns 80.

Natalia Rafailovna is an outstanding Soviet and Russian
scientist-anatomist, beloved teacher of many generations of
graduates of our university (Fig. 1).

Career of Professor N.R.Karelina began from her stu-
dent days in Leningrad Pediatric Medical Institute (LPMI),
which she entered after finishing secondary school in 1961
(Fig. 2).

After the very first classes at the Anatomy Department
Natalia Rafailovna fell in love with the subject once and for
all. And she could not help falling in love with anatomy being
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taught by brilliant Grigory Ivanovich Korchanov (Fig. 3). He
was a radiologist, surgeon, excellent lecturer, expert in tea-
ching methodology, very well educated and intelligent. His
high culture, amazing modesty and kindness earned him
love and respect of the staff of the Department and students.
Grigory Ivanovich gave classes on radiology and headed the
study group on dissection where Natalia got her first skills
on how to use a scalpel and forceps. She still cherishes the
memory of her first teacher reminiscing him frequently.
After graduation in 1967, Natalia Rafailovna left her na-
tive Leningrad for Belarus for a career assignment, where
she worked as a pediatrician for 3 years. In 1970 there was
a turning point in the life of the future professor Karelina —
she returned to Leningrad. And she faced the difficult choice
of her future specialty — Shall she choose pharmacology
(Head of the Department was professor 1.V. Markova) or
anatomy? Answering the call of her heart and her fate Na-
talia Rafailovna chose anatomy, where the young lecturer
had enjoyed love and care of the same people who had
supported her during her student years (Fig. 3): L.N. Korob-
kova, E.N. Dolgopolova, Z.V. Galtsova, V.N. Verbitskaya,
and, of course, G.I. Korchanov. The Department of Anatomy
of LPMI was headed by professor Georgy Filippovich Vse-
volodov at that time (from 1964 to 1977). G.F. Vsevolodov
received the classical anatomical education at academician
V.N. Tonkov’ school. As a lecturer and methodologist Vs-
evolodov was a unique person, his methods of presenting
the subject were specified by his distinctive personality and

Fig. 1. Professor Karelina Natalia Rafailovna, 2023
Puc. 1. Mpodcreccop KapenuHa Hatanbsa PachannosHa, 2023 r.

Fig. 2.

Puc. 2.

Fig. 3.

Puc. 3.
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N.R. Karelina — a student, together with her classmates at
the cleaning of the territory (first on the right)

H.P. KapenuHa — cTypeHTKa, BMecTe ¢ OAHOKYpCHULaAMK
Ha yb6opke TeppuTopum (nepBas cnpasa)

Grigory . Korchanov (in the center ) in class with students,
1963

puropuii UBaHoBMY Kop4yaHoOB (B LieHTpe) Ha 3aHATHUAX CO
cTyaeHTamu, 1963 r.
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Fig. 4.
Puc. 4.
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N.R. Karelina is a young teacher with students at the Alma mater, in the center at the table
H.P. Kapenuna — monopoii npenoaasatens co ctyaeHTamu B Alma mater, B LieHTpe 3a CTONOM

Fig. 5. Georgy F. Vsevolodov, staff of the Department of Human Anatomy and students of the FPC, 1971

Puc. 5.

artistry. Bright lecturing temperament, pitch of his voice, diction,
perfect knowledge of the lecture subject attracted listeners.
This formed the young lecturer Karelina’s future style (Fig. 4).
Soon Georgy Filippovich Vsevolodov suggested Natalia
Rafailovna a theme for her thesis within the framework of
the Department’s research “Vascular System in Age-Rela-
ted aspect” and referred her to the Faculty of Advanced Trai-
ning of the Department of Anatomy of the Second Medical

[eopruit ®ununnosuy BeceBononos, coTpyaHukm Kadeapbl aHaToMun Yenoseka u cnywarenu ®MK, 1971 r.

Institute named after N.I. Pirogov to Academician Vassiliy
Vassilyevich Kupriyanov (Fig. 5, 6).

At the laboratory of microcirculation and electron micros-
copy under the supervision of experienced staff and acade-
mician Kupriyanov himself Karelina acquired new tech-
niques on how to produce preparations for research (Fig. 7).

In 1977 G.F. Vsevolodov retired having worked for
LPMI for more than 20 years. From this moment, Margarita
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Academician V.V. Kupriyanov congratulates

Fig. 6. Fig. 7.
N.R. Karelina on being awarded the degree of
Candidate of Medical Sciences

Puc. 6. Axagemuk B.B. KynpuaHoB nosgpasnser Puc.7.

H.P. KapenuHy ¢ npucyxpeHuem yuyeHoi cre-
NeHn KaHanaaTa MeAULIMHCKUX HayK

Alexandrovna Dolgova headed the Department (Fig. 8). Owing
to Margarita Alexandrovna Natalia Rafailovna continued
her study within her thesis work “Intra-organ small intestine
blood stream in the early post-natal ontogenesis”. The re-
search was completed in 1979 and in 1980 N.R. Karelina
successfully defended it in front of the Dissertation Commit-
tee at the Yaroslavl Medical Institute (Fig. 6).

Having won a Candidate degree Natalia Rafailovna did not
rest: her scientific work gradually grew to a doctorate thesis
on which Margarita Alexandrovna insisted. Thus, by M.A. Dol-
gova’s idea and on academician V.V.Kugriyanov’s proposal an
agreement on scientific cooperation was concluded between
the Department of Human Anatomy of the Leningrad Pediatric
Medical Institute and the Department of Microcirculation and
Electron Microscopy of the Il Moscow Medical Institute. Natalia
Rafailovna was attached to the department as a senior staff
scientist at the Department of Microcirculation and Electron
Microscopy in order to complete her doctorate research.

In 1993 N.R. Karelina was chosen for the position of a
senior lecturer of the Department of Human Anatomy of the
Leningrad Pediatric Medical Institute.

One vyear later, in 1994 Natalia Rafailovna success-
fully defended a doctorate thesis on “Morphogenesis, mi-
croscopic anatomy and ultrastructure of the small intestine
villi (experimental-morphological study)” in the Dissertation
Committee of the Russian State Medical University named
after N.I. Pirogov [11, 12]. The thesis advisors were acad-
emician of RAMS, Doctor of Medical Sciences, Professor
V.V. Kupriyanov and corresponding member of RAMS, Doc-
tor of Medical Sciences, Professor A.A. Mironov.

Having got a Doctorate degree, in 1995 Natalia Ra-
failovna accepted the position of Professor of the Depart-

Students of Professor V.V. Kupriyanov at the IX Congress of
Anatomists, Histologists and Embryologists (from left to right:
V.V. Kulikov, V.N. Levin, N.R. Karelina, V.V. Banin)

Yuenuku npodeccopa B.B. KynpusiHoBa Ha IX cbe3ne aHaToMOB, ru-
cTonoroB U amb6puonoros (cnesa Hanpaso: B.B. Kynukos, B.H. Ile-
BuH, H.P. KapenuHa, B.B. BanuH)

e - -
' :
.“:5 < .
\ " » 5
e -

From left to right: Assistant of the department N.R. Karelina

Fig. 8
and head of the department, Professor M.A. Dolgova
discussing the topics of student works of the scientific
circle of the department, 1980

Puc. 8. CneBa HanpaBo: accucteHT kadpeapbl H.P. KapenuHa u 3a-

BeAaytowas kadeapon, npoceccop M.A. lonroBa o6cyx-
[aloT TeMbI CTYAEHYECKMX PaboT HayyHOro Kpyxka kadhe-
apbl, 1980 r.

ment of Morphology of the Institute of Medical Education at
the Novgorod University named after Yaloslav the Wise and
moved to Veliki (the Great) Novgorod.

At the institute, created almost from scratch, there was a
lack of highly qualified academic and teaching staff.

Academician Mikhail Romanovich Sapin recommend-
ed Natalia Rafailovna to the University management as a
highly qualified, intelligent, active and smart employee. Ac-
tively working staff is being formed at the department with
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|
Fig. 9.
Puc. 9.

. At the meeting of the St. Petersburg branch of the
NMOAGE, 2023. From left to right: Associate Professor
M.V. Tvardovskaya, Professor N.R. Karelina, Associate
Professor E.V. Toropkova

Ha 3acepanuun Cankr-letepbyprckoro otaenednsa HMOATD,
2023 r. CneBa HanpaBo: goueHT M.B. TBapmoBckas, npo-
¢eccop H.P. Kapenuna, poueHt E.B. ToponkoBa

Puc. 10.

intensive interaction of academician M.R. Sapin and profes-
sor L.E. Etingen: professor G.L. Bilich, professor N.R. Ka-
relina, professor G.S. Katinas, associate professors
L.R. Sapozhnikova, O.M. Semyonova, V.G. Kozhukhar
and young employees — anatomists, histologists and ope-
rative surgeons.

In 1997 Natalia Rafailovna was awarded academic de-
gree of Professor, and from 2000 she headed the Depart-
ment of Morphology of the Institute of Medical Education.

The staff of the Department of Human Anatomy together with the Vice-rector for Academic Affairs, professor V.I. Orel, 2021
KonnekTtuB kacdheApbl aHaTOMUM YenoBeKa COBMECTHO C NPOPEKTOpoM no y4eGHoii paboTe, npodeccopom B.U. Opnom, 2021 r.

Natalia Rafailovna devoted a lot of time and energy to
creation of the Department of Anatomy museum together
with associate professor Oksana Mikhailovna Semyonova.
She carried out active methodological work and gave lec-
tures at all faculties of IMO.

The activity of Professor Karelina at that time was not
limited to the department: from 1995 to 1997 she is the vice-
rector for Science, and from 1997 to 2000 — Dean of the
Medical and Dental Faculties.

At that time N.R.Karelina cooperated actively with LPMI
departments’ staff involving them to deliver lectures and
practicals.

In May 2003 she was elected to the position of Head of the
Department of Human Anatomy of the St. Petersburg State
Pediatric Medical Academys (SPbGPMA) and has headed it
successfully for more than 20 years (Fig. 9). Without doubt, all
these achievements would have been impossible without the
greatest anatomical school that N.R.Karelina went through.
She is a successor to anatomical schools of academician
M.P. Sapin, V.V. Kupriyanov, and professors G.F. Vsevolodov
and M.A. Dolgova. Natalia Rafailovna has a lot of experience
in scientific, pedagogical, organizational and methodological
work, which definitely helped her in her professional way.

Under N.R. Karelina’s leadership, substantial tutorial al-
terations and additions were made in a lecture course, prac-
ticals and examination programme in accordance with new

@ POCCHIICKHE BUOMETMIIMHCKIE HCCTEIOBAHIAL  TOM 8 Nod 2023

eISSN 2658-6576




122

PERSONALITIES

Fig. 11. 11 St. Petersburg Symposium on Child Morphology, 2021

Puc. 11. 1l CankT-lNeTepbyprckuii cumnosnym no mopconorum peberka, 2021 r.

Fig. 12. From left to right: Professor Radik M. Khairullin, professor Natalia R. Karelina, professor Ivan V. Gayvoronsky with 1st year

students, 2022

Puc. 12. CneBa HanpaBo: npodeccop Paguk MaraunypoBuy XanpynnuH, npocheccop Hatanbs Padaunosna Kapenuna, npogeccop UBan
BacunbeBuy NanBopoHckuii co ctyaeHTamm 1-ro kypca, 2022 r.

anatomical terms. Reorganization of educational process
was performed.

Since 2005 studies on the complex theme “Morpho-
logical traits of human and experimental animal organism
systems in ontogenesis, normal state, experiment and pa-
thology” have been carryed out on the department led by
Natalia Rafailovna.

For more than 10 years Natalia Rafailovna was Sci-
entific Secretary of the Dissertation Committee on spe-
cialties like “Human Anatomy” and “Cellular biology, cyto-
logy, histology”, one of the most respected morphological
committees of Russia. Dozens of theses from different
regions passed through her hands, which should be care-
fully reviewed in order to decide whether to admita thesis

to defense or to make serious corrections and improve-
ments.

In 2013 Natalia Rafailovna was appointed Dean of the
Faculty of Postgraduate and Additional Professional Educa-
tion of SPbGPMA. During her work as dean N.R. Karelina
carried out significant reorganization of the dean’s office
changing approaches and methods of its work.

N.R. Karelina is the scientific consultant of two doctoral
theses [6, 21] and the scientific supervisor of six candidate
(PhD) theses [2-4, 17, 28, 32]. Professor N.R. Karelina is
the author of more than 300 scientific works [5, 7-9, 13,
14, 18-20, 22-27, 30, 31, 33, 36-44] including 8 patents
for invention, 12 methodical recommendations, 36 tutorial
guides [1, 16, 29], 5 textbooks [10, 15, 34, 35] and 3 dictio-
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Fig.13. N.R. Karelina is a young lecturer at the Department of
Human Anatomy, 1972

Puc. 13. H.P.Kapenuxa — monogon npenogasatens kadeapbl aHa-
TOMMUM YenoBeka, 1972 .

naries [1]. She reviewed articles, dissertations, often is an
opponent in candidate and doctoral thesis defense, active
participant in the activity of the St. Petersburg Branch of the
Scientific Medical Society of Anatomists, Histologists and
Embryologists (Fig. 10).

Natalia Rafailovna Karelina is deputy editor-in-chief of
the journal “Russian Biomedical Research” and a member
of editorial board of journals “Morphology”, “Pediatrician”,
“Periodontology”, “Forcipe”.

In 2020 N.R. Karelina together with professor R.M. Khay-
rullin founded and subsequently became president of the
St. Petersburg Symposium on Morphology, Biochemistry,
Normal and Pathological Physiology of the child, whose
goals are to popularize medical science (Fig. 11).

Natalia Rafailovna pays much attention to rising a
medical generation, willingly works with students within the
framework of a Student Scientific Society, a dissection cir-
cle and the “Student-Teacher” project (Fig. 12). It is worth
noting that N.R. Karelina headed the Student Scientific So-
ciety of the University for a long time. Nowadays as well as
in times past she shares her experience, knowledge and
wisdom with pleasure and eagerness. At present almost all
young lecturers at the department are direct students of pro-
fessor Karelina.

One cannot help noting Natalia Rafailonva’s refined ar-
tistic taste, and it is not without reason, because she was

grown up in the family of artists. Apart from this, N.R. Ka-
relina is marked with outstanding willpower, unyieldingness
and brilliant organizational abilities, which she owes to her
grandfather, Major General lvan Ivanovich Chezlov. In 1939
he did a 400-kilometer march on the frozen Amur river to the
construction site of the city of Komsomolsk-on-Amur without
any loss among the soldiers which is a reason for proud in
the whole family.

Natalia Rafailovna is a person of everburning energy,
optimism and faith in the best, sometimes she can be emo-
tional, strict, but at the same time she is always a very kind
and fair, creative, beautiful and charismatic woman (Fig. 13).
Whatever happens, she always knows how to help, what to
say and what to do. Natalia Rafailovna inspires everybody
with her sunny smile and helps to look into the future under
new, not always visible angle.

Natalia Rafailovna has got a big and loving family. She
is a grandmother, she has got three grandchildren and two
great grandchildren, and dozens of devoted disciples for
whom she is more than a teacher, who love and appre-
ciate her.

The staff of the Department of Human Anatomy, The
University Administration, the Academic Council, the St. Pe-
tersburg Branch of the Scientific Medical Society of Anato-
mists, Histologists and Embryologists, the Editorial Board of
the journal “Russian Biomedical Research”, and students
cordially congratulate Natalia Rafailovna, wish her good
health, inexhaustible energy and creative success for the
benefit of her beloved science and her native university.
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NMPABUNA ONA ABTOPOB

Yme. npuka3zom u.o. pekmopa
®rBQY BO CrierfiMy Munadpasa Poccuu om 23.06.16

HACTOALLME NMPABUNA ANnA ABTOPOB
ABNAIOTCA U3OATENBCKUM OTOBOPOM

Ycnosus HacTosiwero [loroBopa (fanee «[loroBopy) SBASOTCS
nybnnyHon odepToit B COOTBETCTBUM C M. 2 CT. 437 [paxaaHcko-
ro kogekca Poccuitckoin ®epepaumn. OanHbiin [Jorosop onpege-
NseT B3aMMOOTHOLIEHUS MEXAy pefakuuei xypHana «Russian
Biomedical Research» (nanee no Tekcty «KypHany), 3aperu-
cTpupoBaHHoro ®esepanbHoit cryx6oi no Haa3opy B cdepe CBs-
31, MHGOPMALMOHHBIX TEXHOMOTUIA M MacCOBbIX KOMMYHWKALMIA
(POCKOMHALSOP), caupetensctso: [ Ne ®C77-74228 ot 02 Ho-
A6ps 2018 1. (paHee M Ne TY78-01869 ot 17 mas 2016 r.), nme-
HyeMoi B AanbHeilleM «Pefakuus» 1 SBRSOLENcs CTPYKTYPHbIM
noapasaenennem ®r6OY BO CMN6IMMY Mwnsgpaea Poccuu,
aBTOPOM M/MMnM aBTOPCKIUM KONINEKTUBOM (MM MHBIM NpaBoobnazaa-
TENEeM), IMEHYEMbIM B AanbHENLLIEM «ABTOPY, MPUHABLLAM MyOnny-
Hoe npeanoxeHue (odepTy) 0 3aknoyeHUn [Jorosopa.

ABTop nepenaeT Pegakuuu ons n3paHns aBTOpCKMin OpuriHan
WU PYKONMUCh. YKa3aHHbIA aBTOPCKUIA OpUrHan AOIKEH COOTBET-
CcTBOBaTb TpebOBaHUsM, yka3aHHbIM B pasgenax «[peactaBnexne
pykonucy B XypHany, «OcopmneHue pykonucuy. lNpu paccmoTpe-
HWW NONTyYEHHbIX aBTOPCKNX MaTepuanos XypHan pyKOBOACTBY-
eTcst «EanHbIMM TpeOoBaHUSIMM K pyKOMUCSM, NPeSCTaBNseMbIM B
OuomenuumMHckme xypHansl» (Intern. committee of medical journal
editors. Uniform requirements for manuscripts submitted to biomedi-
cal journals // Ann. Intern. Med. 1997; 126: 36-47).

B XypHane nevatatoTcs paHee He ony6nmkoBaHHble paboTbl
no npodunio XypHana.

YypHan He paccmaTtpuBaeT paboTbl, pe3ynbTaTbl KOTOPbIX
no Gonbluen yactn yxe Obinu onybnmKoBaHbl UMK ONUCaHbI B
cTaTbsX, NPEACTABMEHHbIX UM NPUHATBIX AN nybnukauuu B
Opyrve nevyaTHble UNU 3NEKTPOHHbIE CPescTBa MacCOBOW WH-
copmaumu. MpeacTasnss cTaTbio, aBTOp BCErga AOSKEH cTa-
BWTb pPeAakunio B M3BECTHOCTb 000 BCEX HanpaBreHusix 3Toi
cTaTby B nevaTb U 0 NpeabiayLLmx nybnukayusx, kKoTopble Mo-
ryT paccMaTpuBaThCs kKak MHOXECTBEHHbIE UnW fybnupyoLme
nybnmkalmm Toi xe camon unm o4eHb 6rmuakor paboTbl. ABTOP
JOJIKEH YBeJOMUTb pefakuMio O TOM, COAEPXKMUT NN CTaThs Yxe
ony6nukoBaHHble MaTepuansl, 1 NPeAOCTaBUTb CCbINKM Ha Npe-
Ablaylyto, 4ToObl AaTh pefakuuu BO3MOXHOCTb MPUHSATL pe-
LUeHWe, Kak NOCTYNWUTb B AaHHOW cuTyauuu. He npuHumatoTcs
kK meyaTtu cTaTbW, NpeAcTaBnsiowme coboi oTaenbHbIE dTanbl
He3aBepLLUEeHHbIX UCCINEA0BAHNIA, @ TaKXe CTaTby C HapYLIEHUEM
«MpaBun n HopM rymaHHoro obpatyeHns ¢ GnoobbekTamn uc-
CneaoBaHmity.

Pa3smeLyeHue nybnvkaL it BO3MOXHO TOSTbKO Moche nosyye-
HWS NONOXUTENBHO PELIEH3MM.

Bce cTaTbu, B TOM Yucne cTaTbd acCNUPaHTOB U JOKTO-
paHTOB, Ny6nuKyTCA 6ecnnartHo.

Mopaya cTaten B xypHan «Russian Biomedical Research»
oCylLecTBNseTCSA N0 agpecy ANeKTPOHHON nouThl avas’@mail.ru
¢ nomeTkoi «ans Russian Biomedical Researchy.

TpeGoBaHusA k oTnpaBKe cTaTeu

Mepen 3anofHeHWeM aHKeTbl aBTOpaM PeKOMeHAyeTCs nog-
rOTOBUTb BCE Heobxoaumble ANs BBOLA [aHHbIE, @ TaKKe Bbl-
Bpatb aBTOpa (B CNyyae konnekTuea aBTopos ctatbu), OTBET-
CTBEHHOIO 3A TMEPEMWCKY. Ons ycnewHoro 3anofHeHus
aHKeTbl HE0HX0AMMO UMETb BCHO YKa3aHHYI MH(OPMaLIMIO U Ha
PYCCKOM, U Ha aHrnuickom a3bikax!!!

Bce Ha3BaHWs Ha aHTMINCKOM SA3blKe, BKIOYas Ha3BaHNS
CTaTbW, HA3BaHWUS yYPEXAEHNI, X NOAPa3AeNeHN JOMKHbI
npMBOAMTLCS C 3arnasHbiX 6yks (Hanpumep: Sex Differences
In Aging, Life Span And Spontaneous Tumorigenesis; Bulletin
of Experimental Biology and Medicine; Saint Petersburg State
Pediatric Medical University) n HenpeMeHHO B COOTBETCTBMUN C
ouunansHbIMU HaUMEHOBaHNAMU 6e3 CaMOAesTENbHOCTMU.

AHKeTHble AaHHble Bcex aBTopoB — ®MO (nonHoCTbI0), yye-
Has cTeneHb, 3BaHNe, JOMMKHOCTb, MeCTo paboThl (kadeapa, oT-
[eneHne), Ha3BaHWe yupexaeHus, agpec yupexaeHus, e-mail,
TenedoH, O aBTOpa, OTBETCTBEHHOTO 3a NEPENUCKY, U T.40. —
3anorHsioTCs B COOTBETCTBYIOLMX NONSX (DOPMbI 3aSIBKU.

Pestome, kntoyeBble CoBa U Ha3BaHWe CTaTbi — Takxe 3a-
NOMHAKOTCS OHMANH.

CraTbsl NpepoCcTaBnseTcs B ANMEKTPOHHOW opme (charn
MS Word Bepcun He cTapue 2003, T.e. ¢ pacupernem doc, 3a-
apXMBUPOBaHHbIN B chopmar .zip, .rar).

®ain cTatby HasbiBaeTcs Gamunuel nepBoro aBTopa, Ha-
npumep, NBaHos.doc nnu Petrov.doc.

CtaTbst JOMKHA COOTBETCTBOBATHL NpaBuiam 0opMieHus
cTatei K nybrukauum (CM. Huxe).

K kaxgown ctaTbe npunaraetcs ¢pann OkcnepTHoro 3a-
kntovenus (33). Ons astopos CI6IMIMY 33 MOXeT TONbKO
NOANUCHIBATLCA aBTOpaMu cTaTbi, nevaTb HeobszaTenbHa.
[nsa aBTopoB Apyrux yypexgenun — 33 odopmnserca 06s-
3aTeflbHO MOMHOCTbIO, C neyaTaMu (Kpyrnas nevaTb yypex-
[eHNs) U NOANUCAMW PYKOBOAWUTENEN U KOMWUCCUA LaHHOro
yupexzaeHus. 3anonHeHHbIR, NOANUCAHHBIA U «onevaTaHHbIN»
93 Ans oTNpaBKW OHNaNH NpeBapUTeNbHO CKaHUpyeTcs uiu
oTtorpacupyetcs. Obpasel, 33 MOXHO 3anpOCUTH N0 afpecy:
scrcenter@mail.ru

OTnpaBreHHble aHKeTHbIE AaHHble aBTOPOB, CTaTbsl, I3 Mno-
cTynatoT Ha E-mail aBTopy-0TnpaBuTenio (AN NoaTBEPKAEHUS U
NpOBEPKYM 0TNpaBky) 1 Ha E-mail pegakuum screenter@mail.ru Tex-
HUYeckoMy peaakTopy xypHana «Russian Biomedical Researchy,
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C KOTOPbIM OCYLUECTBNSIETCS BCS LanbHeiwas pabota no nogro-
TOBKe CTaTby B NevaTb. Bce Bonpockl No oTnpaeke cTaTen MOXHO
ajpecoBaTb Ha 9MEKTPOHHBIA agpec scrcenter@mail.ru TeXHW-
yeckoMy pepakTopy xypHana «Russian Biomedical Researchy»
Mapun AnekcanaposHe [laxoMoBon.

Pykonuchk cuntaetcs noctynusllei B Pefgakumio, ecnv oHa
npeacTaBneHa KOMMMEKTHO W odhopmieHa B COOTBETCTBUM C
onucaHHbiMM TpebosaHuamMK. MpegBapuTenbHoe paccmoTpe-
HUE PYKOMUCH, He 3aka3aHHoW Pepakuuen, He SBNseTCs pakTom
3aKII0YeHnst Mexay CTOpoHaMu uagatenbckoro Jorosopa.

Mpu npegctasneHun pykonucu B XypHan ABTOpbI HecyT
OTBETCTBEHHOCTb 3a PaCKPbITUE CBOWUX (PUHAHCOBBLIX U APYruX
KOH(MMKTHBIX UHTEPECOB, CMOCOOHLIX OKa3aTb BMWSHUE HA UX
paborty. B pykonucu gomkHbl 6bITb YNOMSHYTbI BCe nuua v op-
raHu3alLuu, okasaslune MHAHCOBY NOAAEPXKKY (B BUAE rpaH-
TOB, 0060pYyA0BaHNS, NEKapCcTB 1IN BCEro 3TOr0 BMECTE), a Takxe
Apyroe PUHaAHCOBOE WNU NUYHOE yyacTue.

B koHUe kaxzon ctaTbn 06s3aTenbHO yKkasbiBalOTCS BKNag
aBTOPOB B HanucaHwWe cTaTbW, WCTOYHWKM (DUHAHCMPOBaHUS
(ecnn nmetoTcs), OTCYTCTBME KOH(NMKTA MHTEPECOB, Hanmyue
cornacus Ha nyénukawuio Co CTOPOHbI NaLMEHTOB.

MpaBuna oopmneHus ctaten kK nybnukaymm

CraTbs NpefoCTaBNAETCA B 3NIEKTPOHHOMN hopme (haiin
MS Word Bepcun He ctapwe 2003, T.e. ¢ paclmpernem doc,
3aapx1BMPOBaHHbIN B hopmart .zip, .rar), wpndt — 14, uHtep-
Ban — NOMYTOPHbIN.

®ann cTatbu HasbiBaetca no Gamunun nepeoro aBTopa,
Hanpumep, MBaHos.doc unu Petrov.doc. Hukaknx gpyrux crnos B
Ha3BaHWW He JOMKHO ObITh!

OpWeHTMPOBOYHbIE pa3Mepbl CTaTbM, BKIOYAs ykasaTeslb
nnuTepaTypbl, Tabnuusl u pestome, — 10-12 cTpaHuy TekcTa
yepes nonTtopa uHTepeana unn 20-25 Thicsy 3HaKoB ¢ npobe-
namu. Pekomenayembiii pasamep 063opa — 18-20 cTpanuy «ma-
LUIMHOMMCHOTOY TekcTa unu 35-40 Thicsy 3HakoB ¢ npobenamu.
MpUMepHOe YNCMO NUTEePaTYPHbIX CChINOK AN SKCNEPUMEHTalb-
Hoit cTatb — 20, ans 0630poB 1 NpobnemHbix ctatein — 50.

®aiin cTaTby JOMKEH cogepxaThb

HA PYCCKOM U AHTTIMCKOM A3bIKAX:

+ 3arnasue (Title) gomxHo BbITb KpaTkum (He Bonee 120 3Ha-
KOB), TOYHO OTPaXaloLWMM CofepxaHue cTaTbu.

+ CepgeHus 06 aBTopax (mybnukytotes). [ins kaxgoro aBtopa
yKa3blBaloTCH: hamunus, UM 1 OTYECTBO, MECTO paboThl,
nouTOBbIA agpec mecta pabotel, e-mail, ORCID. ®amunuu
aBTOPOB PEKOMEHAYETCH TPAHCIUTEPUPOBATL TaK Xe, Kak B
npeablgywmx nyénukayusax, unm no cucteme BGN (Board of
Geographic Names), cm. canT http://www.translit.ru.

+  Pesiome (Summary) (1500-2000 3HakoB, unm 200-250 cnos)
noMeLLaloT nepes TeKCTOM cTatbi. Pestome He Tpebyetcs
npu NyBnvkaumm peLeHaunit, OTYETOB O KOH(EPEHLMAX, WH-
(hOPMALMOHHBIX MUCEM.

ABTOpCKOE pestoMe K CTaTbe SBMSETCH OCHOBHBIM MCTOYHMU-
KOM MH(OpMaLN B OTEYECTBEHHBIX U 3apyBexHbIX UHGOp-
MaLMOHHbIX cucTeMax W 6as3ax [aHHbIX, WMHAEKCUPYHOLMX
XypHan. Pestlome [OCTynHO Ha cailTe xypHana «Russian

Biomedical Research» n nHgekcupyeTcs ceTeBbIMU MOUCKO-
BbIMU CUCTEMaMW. M3 aHHOTaLMK BOMKHa ObiTb NOHATHA CYTb
1CCNeaoBaHNs, HyXHO N 0BpaLyatbes K MOfHOMY TEKCTY CTa-
Tbi AN nonyyexus Gonee nogpobHONM, WHTEpeCyLLen ero
WHdopMaLmu. Pestome JOMKHO u3naraTb TOMbKO CYLYECTBEH-
Hble (hakTbl paboTbl.

PekomeHayemas CTpyKTypa kak aHHOTaLuu, Tak 1 CaMon cTa-
o IMRAD (ons OpurMHanbHbIX MCCRER0BaHUI CTPYKTYpa
obsizatensHa): BBegeHue (Introduction), matepuansl n Meto-
abl (Materials and methods), pe3ynbtathl (Results), 0bcyx-
AeHune (Biscussion), BbiBoabl (Conclusion). Mpegmet, Temy,
Lienb paboTbl HYXHO YKa3blBaTb, €CIN OHU He SCHbI U3 3arna-
BWS CTaTbil; METOL UMM MEeTOZOMOrMI0 NpoBeseHNs paboTbl
LienecoobpasHo onuckIBaTh, ECr OHU OTAIMYAKTCS HOBU3HOM
WK NPeaCTaBsT MHTEPEC C TOYKM 3PEHNS JaHHOM paboThbl.
O61bem TekcTa aBTOPCKOrO pe3toMe OnpeaenseTcs cogep-
XaHuem nybrvkauum (06beMoM CBELEHWN, X HaY4YHOW LieH-
HOCTbIO W/ NPaKTUYECKUM 3HAYEHUEeM) U LOMKeH ObiTb B
npegenax 200-250 cnoe (1500-2000 3HakoB).

Kniouesble cnoea (Key words) o1 3 go 10 kntoyeBbIX COB Un
CNOBOCOYETaHui, koTopble ByayT cnocobCTBOBaThL NpaBIib-
HOMY NepekpPeCTHOMY MHAEKCMPOBAHUIO CTaTby, NOMELLaKTCs
Nnoj pestome C NoA3arornoBKOM «KIHYEBbIE croBa». Mcnonb-
3yNTe TEPMUHBI U3 CrIMCKa MELMULMHCKAX NPeAMETHbIX 3aro-
noskoB (Medical Subject Headings), npusegeHHoro B Index
Medicus (ecnu B 3TOM CUCKE eLie OTCYTCTBYT NOAXOAALLME
obo3HayeHns Ana HeLaBHO BBEAEHHLIX TepMUHOB, noabe-
pute Hanbonee bnnskme n3 umetolmxcs). Knioyesble crosa
pasgensTes TOUKON C 3ansToun.

TekcT cTaTbyt MOXET BbITb HanucaH 6o Ha pycckom, nubo
Ha aHrNACKOM A3biKe, Takke BO3MOXHA nybnmkauus cTatbm
C NMOMHbLIM NEPEBOAOM. Ha pycCKOM W aHrIMACKOM A3blkax He-
06X0AMMO NpefocTaBnUTb BCE PUCYHKM M Tabnunubl (3aronoBku
1 BCE HAZNMCW JOIMKHbI UMETb NepeBos).

CTpyKTypa OCHOBHOrO TEKCTa CTaTby: BBEAEHWE, U3NOXKEeHNe
OCHOBHOrO MaTepuana, 3akrniodeHve, nutepatypa. [ns opu-
TMHaNbHbIX UCCNeAoBaHU — BBELEHWE, METOAMKA, Pe3ylb-
TaTbl UCCNeAoBaHus, 06CyXaeHne pe3ynbTaToB, nuTeparypa
(IMRAD).

B paspene «meToguka» 06g3aTenbHO ykasbiBalOTCs CBeae-
HWUS O CTATUCTUYECKON 0BpaboTke SKCMepUMEHTaNbHOMO UMnm
KNWHWMYeckoro Matepuana. EouHnubl namepeHus pawotcs B
cooTBeTCTBUAN ¢ MexayHapoaHoi cuctemon eanHuy, — CU.
daMunum NHOCTPaHHbLIX aBTOPOB, LUTUPYEMbIE B TEKCTE pY-
KOMMcK, NPUBOASATCS B OPUTMHANBHOM TPAHCKPUNLWK.
Tabnuubl U PUCYHKM NPUBOAATCH HEMOCPEACTBEHHO B Tene
CTaTbil, KaXObll U3 KOTOPbIX MMEET HOMep W Ha3BaHue C
06s13aTeNbHbIMM CChINKAMU Ha HWX B TEKCTE CTaTb — B KOH-
TEKCTE NPEANOXEHNS (HanpuMep: «...Kak MoKa3aHo Ha pu-
CyHKe 1...») UNK B KOHLe NPEeLnoXeHus B Kpyrnbix ckobkax
(Hanpumep: «...BblSIBIEHA NONOXWUTENbHAS KOPPENsLMOHHas
CBA3b YMepeHHoun cTenenu (r=0,41) mexay yposHem TTI ma-
TEPW U HOBOPOXAEHHOTO (puc. 2)»; npocbba yunTbIBaTh, YTO
B MeyaTHOWM Bepcun xypHama pucyHku BygyT BOCMpOU3BO-
AMTbCS B YepHO-Oenom BapuaHTe.
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« Cnmcok nutepatypbl obszatenbHo B andaBUTHOM MOPSAKE:
CHayana BCe OTEYECTBEHHbIe, 3aTeM WHOCTPaHHble aBTOpbI C
LOMNONHUTENbHBIM TPaHCIUTEPUPOBAHHBIM CMIMCKOM (METOAMKA
TpaHcnmMTEpaLmm onucaHa noapobHO HIke).

TekeT cTaTby JOIKEH ObITb NOAFOTOBIEH B CTPOTOM COOTBET-
CTBUW C HACTOALLMMU NPaBUIaMM U TLLATENBHO BbIBEPEH aBTOPOM.
B cnyyae obHapyxeHWs 3Ha4MTEeNbHOTO KONMYeCTBA OMEeYarok,
HeBpexHOCTeN, MyHKTYaLMOHHbIX N opdorpadunyecknx owmboK,
HepacLPOBaHHbIX COKPALLEHWUA, OTCYTCTBUS OCHOBHbIX KOM-
MOHEHTOB U APYTUX TEXHUYECKNX AedeKTOB OhopMIIeHNs cTaTeln
pefakums BO3BpaLLaeT CTaTbto aBTopy Ans gopabotku. Hebonblume
MOrpeLUHOCTY pefakLmMs MOXeT ucnpaBuTb Cama bes cornacoBaHms
¢ aBTopoM. Kpome Toro, pegakumus octaBnset 3a cobomn npaso
OCYLLECTBNEHNS NNTepaTypHOro peaakTUpoBaHus cTaTen.

CokpalleHui, kpome obuweynoTpebnsembix, cnegyet nsbe-
ratb. CoKpalleHus B Ha3BaHuu CTaTbi, Ha3BaHusX Tabnuu n pu-
CYHKOB, B BbIBOAAX HeJonycTumbl. Ecnn abbpesnatypbl ncnons-
3YK0TCS, TO BCE OHU JOMKHbI BbITb HENPEMEHHO pacLNgPOBaHbI
MOMHOCTbLIO NPW NEPBOM WX YNOMUHAHUM B TekcTe (Hanpumep:
«Hapsgy ¢ gaHHbiMu 0 POH (pesngyanbHo-opraHuyeckon He-
pocTaToyHocTy), obycnosnusatowen passutue [KC (runepkuHe-
TUYECKOTO CMHAPOMA), paclUMpeH AnanasoH UCCNeaoBaHuiA no
9HJOrEHHON NPUPOAe AaHHOTO CUHAPOMAY.

Bce uutupoBanmua npounssogaTcs cnegytowmm obpasom:

®WO aBTopa, rog n3gaHns 1 npoyas HGopmayus He yno-
MUHaKTCH B TekcTe. BMeCTo 9TOro ykasbiBaeTcs CCbinka Ha
WCTOYHUK NUTEpaTypbl B BUAE HOMEPa B KBaApaTHbIX CKoOKax
(npumep: «Psfa nccnenosatener 0TMEYaeT pasnuyHble HapyLue-
HWS peyeBbIX PYHKLMIA NpKU anunencum B 4ETCKOM BospacTe [17,
21, 22].»), KOTOPbIA BKIIOYEH B paccTaBneHHbIN B andaBuTHOM
nopsigke CMCOK MCTOYHWUKOB B KOHLIE CTATbW.

Bce ccbinku [OMKHBI UMETb COOTBETCTBYIOLWMIA UCTOYHUK
B CMMCKE, @ KaXAbl MCTOYHUK B CMIUCKE — CCINKY B TEKCTE.

B Buge uckntoveHuns B Tekcte MoryT npuoantses GUO koH-
KpeTHbIx aBTopoB B hopmarte . O. damunus, rog u faxe Ha3sa-
HWe MCTOYHWKA, HO MpU 3TOM BCE paBHO obsizaTenbHa CCblnka
(B KBagpaTHbIX CkoOKax B KOHUE MPEANOXeHNs) Ha UCTOYHMK,
BKITIOYEHHbI B CMIUCOK IUTEPaTypbl.

(Hanpumep: «B 1892 rogy Benukuit Opact [aMUNETOHCKMIA
onucan B cBoeM beccmepTHoM Tpyae «O6 OTKPbITUM TPETLETD
yXa y yenosekay TpeTbe (HenapHoe) yxo» [34].)

Nutepatypa (References)

YuyutbiBas TpeboBaHWS Mex4yHapOAHbIX CUCTEM LUTMPO-
BaHWS, CMMCOK NUTepaTypbl NPUBOANTCS HE TOMBKO B 0BbIYHOM
BUAE, HO TaKXe W ONONHATENBHO B TPAHCIMTEPUPOBAHHOM (CM.
TpaHcnuTepayus).

B cTaTbe NpuBOASATCA CCbINKW HAa BCE YNOMWUHAEMbIE B TEK-
CTe UCTOYHMKM.

damunuu 1 MHULManLI aBTOPOB B MPUCTATENHOM CRUCKe
npuBOAATCS B andaBuTHOM NOpsAKe, CHaYana pycckoro, 3aTem
naTuHCKoro andasura.

B onncaHum yka3biBatoTCs BCe aBTopbl nybnmkawum.

Bubnuorpaduyeckne cCbinkn B TEKCTE CTaTbU AAIOTCA B KBa-
ApaTHbIX CKobKax.

Ccbinku Ha Heony6nmkoBaHHble paboTbl HE LOMYCKAKTCS.

Cnucok nuTepaTypbl KOMANEKTYeTCA B CNeayrolem no-
papke:

HopmamugHbie akmabi

Mpukasbl, HOPMATUBHbIE aKTbl, METOAUYECKNE NUCbMA U MPO-
une 3aKOHHbIE aKTbl, NaTEHTbI, MONE3HbIe MOAENN He BHOCATCS
B CNUCOK NUTEpaTypbl, 0hOPMAAKTCA B BUAE CHOCOK. CHOCKa —
npuMeYaHue, nomellaeMoe BHU3Y CTpaHWLbl (MOCTpaHWyHas
CHOCKa). 3HaK CHOCKM CTaBAT Ludpoin nocne parMeHTa 0CHOB-
HOrO TEKCTa, rAe ecTb YNOMUHaHue 06 3TUX NCTOYHMKax. Peko-
MEHAYeTCS CKBO3HAs HyMepaLus CHOCOK MO TEKCTY.

WHumepHem-pecypc

1. VIHTepHeT-pecype, roe ecTb HasBaHWe MCTOYHWKA, aB-
TOp — BHOCUTCS B CIMCOK NUTepaTypbl (B nopsake angasnTta) ¢
yKasaHueM Aatbl 06paLLeHns (CM. Huke npumep ohopMneHus).

2. Ecnun eCTb TONBKO CCbIfiKa Ha CallT — BHOCUTCS B CMIUCOK
nuTepaTypbl B KOHLE, C ykasaHWeM aatbl 06palleHus.

LWernos V. Hackonbko Benuka ponb Mukpodnopsl B 61uono-
TMK BUAa-xo3anHa? XuBble CUCTEMbI: HaYYHbIA 3NEKTPOHHbIN
xypHan. [Joctynen no: http://www.biorf.ru/catalog.aspx?cat_
id=396&d_no=3576 (gata obpaleHuns 02.07.2012).

Kealy M. A, Small R. E., Liamputtong P. Recovery after caesar-
ean birth: a qualitative study of women’s accounts in Victoria, Austra-
lia. BMC Pregnancy and Childbirth. 2010. Available at: http:/www.
biomedcentral. com/1471-2393/10/47/ (Accessed 11.09.2013).

KHuea

ABTOp(bl) Ha3BaHWe KHWUIM (3HaK TOYKa) MeCTO M3LaHus
(nBOeTOuME) Ha3BaHMEe nM3gaTenbCcTBa (3HAK TOYka C 3ansaTom)
roA u3ganus. Ecnu B kayecTBe aBTOpa KHUMM BLICTYNAET pefak-
TOP, TO Nocne amunuu creayer pea.

AnnamassH O.K., Hosukos B.H., 3ainynuHa M.C., ManuH-
ka [K., Pabuesa W.T., TapacoBa M.A. AkywepcTBo: y4ebHuk. 6-¢
n3a. Cro6.; 2007.

MpeobpaxeHckuin b.C., TemkuH A.C., Nlnxayes A.l. BonesHu
yxa, ropna u Hoca. M.: Meaunuuna; 1968.

PapauHckuin B.E., pea. MNepuHeonorus: yyebHoe nocobue.
M.: PYIH; 2008.

Brandenburg J.H., Ponti G.S., Worring A.F. eds. Vocal cord
injection with autogenous fat. 3 rd ed. NY:Mosby; 1998.

Domeika M. Diagnosis of genital chlamydial infection in
humans as well as in cattle. Uppsala; 1994.

[nasa u3 kHu2u

ABTOp(bl) Ha3BaHMe rnaBbl (3Hak To4ka) B kH.: unu In: ganee
onucanue kHuru [ABTOp(bl) Ha3BaHME KHUTW (3HAK TOYKa) MECTO
W3AaHus (4BOETOYME) Ha3BaHWe N3haTenbCTBa (3HaK ToYka C 3a-
NATON) rog n3gaHws] (4BOETOYME) CTP. OT U AO.

Kopobkos "A. Temn peun. B kH.: CoBpeMeHHble npobrnembi
cmsnonorumn n natonorum peyn: ¢b. Tp. T. 23. M.; 1989: 107-11.

Cmambs u3 xypHana:

ABTOp(bl) HA3BaHMe CTaTbM (3HAK TOYKA) Ha3BaHWE XypHana
(3Hak TOYKa) rog M3gaHus (3HaK Touka ¢ 3ansTor) TOM (€Cnm ecTb
B KpyrmnblX ckobkax HOMep XypHana) 3aTeMm 3Hak (4BOeTouMe)
CTPaHuLbl OT 1 J0.
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Kuptowenkos A.l., Cosun M.I,, MeaHosa M.C. MonukucTtos-
Hble SUYHUKK. AKyLLepcTBO U rtnHekonorus. 1994; N 1: 11-4.

Brandenburg J.H., Ponti G.S., Worring A.F. Vocal cord injection
with autogenous fat: a long-term magnetic resona. Laryngoscope.
1996; 106(2,pt I): 174-80.

Simpson J. et al. Association between adverse perinatal
outcomes and serially obtained second and third trimester MS
AFP measurements. Am. J. Obstet. Gynecol. 1995; 173: 1742.

Deb S., Campbell B.K., Pincott-Allen C. et al. Quantifying
effect of combined oral contraceptive pill on functional ova-
rian reserve as measured by serum anti-Millerian hormone
and small antral follicle count using three-dimensional ultra-
sound. Ultrasound. Obstet. Gynecol. 2012; 39 (5): 574-80.

Tesucni doknados, Mmamepuarbl Hay4YHbIX KOHbepeHYul

babuin AW., NleBawo M.M. HoBbIi anroputmM HaxoxaeHust
KynbMUHALMK SKCMEPUMEHTANBHOTO HUcTarma (MuHumetpus). I
cbesf oTopuHonapuHr. benapycu: Te3. gokn. Muxck; 1992: 68-70.

Canos W.A., MapuHywkud J.H. Akywepckas TakTuka npu
BHYTpUyTpo6HOM rnbenu nnoga. B kH.: Matepuans! IV Poccni-
ckoro chopyma «Matb u guta». M.; 2000; u. 1: 516-9.

Asmopeghepamei

MeTpoB C.M. Bpemsi peakumu u cnyxoBas agantauus B
HOpME W Npu nepudepMYecknx nopaxeHusx cnyxa. Astoped.
Awnc. ... kaHa. meg. Hayk. Cl16.; 1993.

[poyee

World Health Organization. Prevalence and incidence of
selected sexually transmitted infections, 2005 global estimates.
Geneva: World Health Organization; 2011.

TpaHcnumepayusi

Cnucok nuTepatypbl NOAAETCs B ABYX BapuaHTax: NepBblid Ha
A3bIke OpUrMHana (PYCCKOS3bIYHbIE WCTOYHMKM KUPUMAMLEN, aH-
rMosi3blYHbIE MaTuHMLEN), BTOpon — (References) B pomaHckom
andasute (815 Scopus U Apyrix MeXayHapoaHbix 6a3 JaHHbIX,
MOBTOPSISt B HEM BCE UCTOMHWKM NUTEPATYPbI, HE3ABMCUMO OT TOrO,
MIMELOTCS NN CPEAM HAX MHOCTPaHHbIe). ECrin B civcke eCTb CCbINKM
Ha MHOCTpaHHble Ny6nuKaLmm, OHW NOMHOCTbIO MOBTOPSIKOTCS B CK-
CKe, FOTOBSILLEMCS B POMAHCKOM andasuTe.

B pomaHckom andasute ANs PyCCKOS3bIYHbIX WCTOYHWKOB
TpebyeTca cnegyowas cTpykTypa bubnuorpaduyeckon ccbin-
ku: aBTOp(bl) (TPAHCNMTEpaLMs), [NepeBOA Ha3BaHUS KHUMW UNn
CTaTbi Ha aHIMWUACKUIA A3bIK], Ha3BaHWe UCTOYHUKA (TpaHCnuTe-
paLusi), BbIXOAHbIE AaHHbIE B LMPPOBOM popmaTe, ykasaHue Ha
A3bIK cTaTbyt B ckobkax (in Russian).

MMpumep:

Preobrazhenskiy B.S., Temkin Ya. S., Likhachev A.G. Bolezni
ukha, gorla i nosa [Diseases of the ear, nose and throat]. M.:
Meditsina; 1968. (in Russian).

TexHONorusi NOAroTOBKMU CCbINOK C UCMOMNb30BaHUEM CU-
CTeMbl aBTOMaTM4YECKON TpaHCAUTepaL M U NnepeBoaYMKa:

Ha cainte http://www.translit.ru moxHo 6ecnnatHo BOCnosb-
30BaTbCA NPOrpaMMoil TpaHCIUTEpaLMK pyccKoro TekcTa B na-
TuHULY. Mporpamma o4eHb npocTas.

Bxogum B nporpammy Translit.ru. B okoLUuke «BapuaHTbl» Bbl-
Bupaem cuctemy tpaHcnutepauun BGN (Board of Geographic
Names). BcTaBnsiem B cneunanbHoe none Becb TekCT 6ubnmo-
rpacum Ha PyCCKOM S3bIKe 1 HaXXMMAaeM KHOMKY «B TPAHCANTY.

Konupyem TpaHCIUTEpUPOBaHHbIA TEKCT B rOTOBSLLMNACS
cnucok References. NepeBognm Ha aHrnuickuii 3bik Ha3ea-
HWe KHWMM, cTaTbil, NOCTAHOBMEHMS W T.4., NEPEHOCUM ero B
roToeswmncs cnucok. Buumanue! Heobxoaum aBTopckuii kop-
PEKTHbIA NepeBof Ha3BaHMs. ABTOMaTUYeCKnil nepesog, npea-
nonaratoLnii BO3MOXHOE WCKaXEHUE CYTW Ha3BaHUs CTaTby,
HeJonycTUM.

ObbenuHsieM onucaHns B COOTBETCTBUN C MPUHATLIMU Npa-
BUMaMM W pefakTMpyeM CrMCOK. B KOHLE CCbINKM B KPYrbIX
ckobkax ykasbiBaetcs (in Russian). Ccbinka rotoea.

Mpumepbl TpaHCIUTEPALUM PYCCKOSA3bIYHBIX UCTOYHWKOB
nnTepaTypbl ANS aHrnos3bl4HOro 6noka cTaTby.

KHuea: Avtor (y) Nazvanie knigi (znak tochka) [The title of the
book in english]. mesto izdaniya (dvoetochie) nazvanie izdatel'st-
va (znak tochka s zapyatoy) god izdaniya.

Preobrazhenskiy B.S., Temkin Ya.S., Likhachev A.G. Bolezni
ukha, gorla i nosa [Diseases of the ear, nose and throat]. M.:
Meditsina; 1968. (in Russian).

Radzinskiy V. E., ed. Perioneologiya: uchebnoe posobie [Peri-
neology tutorial]. M.: RUDN; 2008. (in Russian).

[nasa u3 kHueu: Avtor (y) nazvanie glavy (znak tochka) [The
title of the article in english]. In: Avtor (y) nazvanie knigi (znak
tochka) mesto izdaniya (dvoetochie) nazvanie izdatel'stva (znak
tochka s zapyatoy) god izdaniya]. (dvoetochie) str. ot i do.

Korobkov G. A. Temp rechi [Rate of speech]. V kn.: Sovremen-
nye problemy fiziologii i patologii rechi: sb. tr. T. 23. M.;1989:107-
11. (in Russian).

Cmamas u3 xypHana: Avtor (y) nazvanie stat'i [The title of the
article in english] (znak tochka) nazvanie zhurnala (znak tochka)
god izdaniya (znak tochka s zapyatoy) tom (esli est’ v kruglykh
skobkakh nomer zhurnala) zatem znak (dvoetochie) stranitsy ot i do.

Kiryushchenkov A. P., Sovchi M. G., Ivanova P. S. Polikis-
toznye yaichniki [Polycystic ovary]. Akusherstvo i ginekologiya.
1994; N 1: 11-4. (in Russian).

Tesucsi doknados, Mamepuarbi Hay4YHbIX KOHpepeHYul

Babiy A. I, Levashov M. M. Novyy algoritm nakhozhdeniya
ku'minatsii eksperimental’nogo nistagma (minimetriya) [New
algorithm of finding of the culmination experimental nystagmus
(minimetriya)]. Ill svezd otorinolaringologov Resp. Belarus': tez.
dokl. Minsk; 1992: 68-70. (in Russian).

Salov I. A., Marinushkin D. N. Akusherskaya taktika pri vnu-
triutrobnoy gibeli ploda [Obstetric tactics in intrauterine fetal
death]. V kn.: Materialy IV Rossiyskogo foruma «Mat'’ i ditya». M.;
2000; ch.1:516-9. (in Russian).

Asmopecpepamei

Petrov S. M. Vremya reaktsii i slukhovaya adaptatsiya v norme
i pri perifericheskikh porazheniyakh slukha [Time of reaction and
acoustical adaptation in norm and at peripheral defeats of hea-
ring]. PhD thesis. SPb.; 1993. (in Russian).

OnucaHue MHmepHem-pecypca

Shcheglov |I. Naskolko velika rol’ mikroflory v biologii vi-
da-khozyaina? [How great is the microflora role in type-owner bi-
ology?]. Zhivye sistemy: nauchnyy elektronnyy zhurnal. Available
at: http://www.biorf.ru/catalog.aspx?cat_id=396&d_no=3576 (ac-
cessed 02.07.2012). (in Russian).
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INFORMATION

Mpumep cnucka nutepaTtypbl, BKNHOYAIOLWEro TpaHCAu-
TepUPOBaHHbII BapuaHT:

NUTEPATYPA

1. Kodgwmagn W.A. F'eHeTuyeckas yCTOMYMBOCTb K 3apaxeHuIo
BWY u passutuio CIMNL B monynsumsx Poccum u conpe-
AenbHbIX rocynapcts. ABToped. AuC. ... kaHA. 6uon. Hayk.
M.; 2008. LoctyneH no: http://lwww.dnatechnology.ru/ files/
images/d/0b136b567d25d4be1dfa26a8b39ec2b9.pdf (gata
obpatyeHus 18.09.2014).

2. FlynnE., Eyre S., Packham J. Childhood Arthritis Prospective
Study (CAPS), UKRAG Consortium, BSPAR Study Group,
Barton A., Worthington J., Thomson W. Association of the
CCR5 gene with juvenile idiopathic arthritis. Genes Immun.
2010; 11 (7): 584-89.

nT.A.

REFERENCES

1. Kofiadi I.A. Geneticheskaya stoychivost' k zarazheniyu VICh
i razvityu SPID v populyatsiyakh Rossii i sopredel’nykh
gosudarstv [Genetic resistance to HIV infection and devel-
opment of AIDS in populations of Russia and neighboring
countries]. PhD-thesis. M.; 2008. Available from: http://lwww.
dna-technology.ru/files/images/d/0b136b567d25d4be1d-
fa26a8b39ec2b9.pdf (accessed 18.09.2014) (in Russian).

2. FlynnE., Eyre S., Packham J. Childhood Arthritis Prospective Study
(CAPS), UKRAG Consortium, BSPAR Study Group, Barton A.,
Worthington J., Thomson W. Association of the CCR5 gene with
juvenile idiopathic arthritis. Genes Immun. 2010; 11 (7): 584-89.

Etc.

[ns ecex cmamel, umerouwyux DOI, uHdekc Heobxodumo
yKasbleamb 8 KOHUe 6ubnuo2paghuyecko20 onucaHusl.

OTBETCTBEHHOCTb 3ANMPABUJIbHOCTb BUBITUOI PA-
®UYECKUX OAHHBIX HECET ABTOP.

ABTOPCKOE NPABO
Pepakuusi otbupaet, rotoBuT K nybnukauum u nybnukyet

nepeAaHHble ABTopamu MaTepuanbl. ABTOPCKOE NpaBo Ha KOH-

KPETHYI0 CTaTblo NPUHAANEXMUT aBTOpaM CTaTbu. ABTOPCKWIA ro-

Hopap 3a nybnukauuu ctaTei B XypHane He BbiniaymMBaeTCs.

AsTop nepepaer, a Pegakuns npuHumaeT aBTopckue matepua-

Nbl Ha CRegyLMX YCNOoBUAX:

1) Pepakuuu nepefaeTcs nNpaBo Ha OGOpMMeHue, usgaHue,
nepegavy XypHana ¢ onybnmkoBaHHbIM MaTepuanom ABTO-
pa Ans uenen pecepupoBaHns ctatel U3 Hero B Pedepa-
TMBHOM XypHane BUHUTW, PHUL n 6a3ax gaHHbIx, pacnpo-
cTpaHeHue XypHana/aBTopcknx MaTepuanos B Ne4aTHbIX U
3NEKTPOHHbIX N3LAHNSIX, BKNKOYAs pa3MeLLleHmne Ha BbiOpaH-
HbIX MO0 co3aaHHbIX Pepakuueir caintax B cet MHTepHeT
B Llensx 4ocTyna K nybnukauum B UHTEPAKTUBHOM pPexume
nto60oro 3aMHTEPECOBaHHOIO Nuua 13 Ntoboro MecTa u B fo-
Ooe BpeMmsl, a Takxe Ha pacnpocTpaHeHue XypHana ¢ ony6-
NWKOBaHHbIM MaTepuanom ABTopa no NOAMUCKe;

2) TeppuTopusl, Ha KOTOPOW paspeLlaeTcs UCnonb3oBaTh aBToOp-
ckuin matepuan, — Poccuiickas ®eaepauus u cetb UHTEpHET;

3) cpok gevctans JoroBopa — 5 ner. 1o ucTeyeHumn ykasat-
HOro cpoka Pepakums octaBnset 3a cobon, a ABTop nog-
TBEpXAAET BeccpoyHoe npaBo Pepakunm Ha NpogosmKeHue
pasmMelLeHus aBTOPCKOro Matepuana B cet MHTepHer;

4) Pepakuus Bnpase No CBOEMY YCMOTPeHMI0 6e3 kakux-nmbo
cornacoBaHuin ¢ ABTOPOM 3akfoyaTb AOrOBOPbI W cornalle-
HWS C TPETBUMM NLAMK, HanpaBeHHble Ha AONOMHUTENb-
Hble Mepbl MO 3aLynTe aBTOPCKNX WU M3[aTeNbCKUX Npas;

5) ABTOp rapaHTupyeT, YTo uUcnonb3oBaHue Pepakuuen npe-
[OCTaBIEHHOTO UM MO HacToswemMy [loroBopy aBTOPCKOro
maTepuana He HapyLwWnT NpaB TPEeTbUX nuL;

6) AsTop ocTaBnseT 3a coboW npaBo MCMOMb3oBaTb Npeao-
CTaBMEHHbIN N0 HacTosLwemMy [JoroBopy aBTOPCKUiA MaTepu-
an camoCTosATeNbHO, NepeAaBaTb NpaBa Ha Hero no LOroeo-
py TPETBUM NNLAM, ECIIM 3TO HE NPOTUBOPEYNT HACTOALLEMY
[orosopy;

7) Pepakums npepoctasnsieT ABTOPY BO3MOXHOCTb 6e3B03-
ME3[HOro NOMyyYeHns cnpaBku C ANEKTPOHHBIMK agpecamm
ero othuumansHor nybnukauum B cet HTEpHeT;

8) npw nepenevatke cTaTbi UMK €e YaCTU CCbIfka Ha NEepBYyIo
nybnukaumto B XXypHane obs3atenbHa.

NOPAOOK 3AKNMIOYEHWA 0OTOBOPA

3aknioyeHmem [loroBopa CO CTOpoHbl Pepakuum sBnsetcs
onybnukoBaHue pykonucu AaHHoro ABTopa B XypHane «Russian
Biomedical Research» v pa3melLeHue ero Tekcta B ceT MIHTEpHeT.
3akntoyeHmem [loroBopa co CTOPOHbI ABTOPA, T.6. MONHbIM 11 6€e3-
0roBOPOYHbIM NpUHATMEM ABTOPOM ycroBuii [loroBopa, Aensetcs
nepegaya ABTOPOM PYKOMUCH 1 SKCMEPTHOTO 3aKMOYEHMS.

PELLEH3WPOBAHWE

CraTby, NOCTYNMBLLME B peAakunio, 00s3aTenbHO peLeHsm-
pyloTcs. Ecnm y peueH3eHTa BO3HMKaKOT BOMPOCHI, TO CTaThsl C
KOMMEHTapuaMu peLieH3eHTa Bo3BpalyaeTcs AsTopy. [laton no-
CTYNMeHus CTaTbl cunTaeTcs Aata nonyyeHns Peaakumen OKoH-
yaTenbHOro BapuaHTa ctatbu. Pepakuns ocTaBnsieT 3a cobon
npaBo BHECEHUS peJakTOPCKMX N3MEHEHWNI B TEKCT, HE UCKaXato-
LKMX CMbICIA CTaTby (TUTepaTypHas v TEXHONOrMYeckas npaeka).

ABTOPCKWE 3K3EMMNNAPbLI XXYPHANA

Pepakuus 06s3yetcs Bbigath ABTopy 1 ak3emnnsap XypHana
Ha Kaxgyt OnybnuKOBaHHYKW CTaTblo BHE 3aBWCMMOCTM OT
uncna aeTopoB. ABTOpbI, npoxusatowme B CaHkT-MeTepbypre,
nosyyatoT aBTOPCKWUA ak3emnnsp XKypHana HenocpeaCcTBEHHO
B Pepakunn. WHoropogHum ABTOpaMm aBTOPCKWMA 3K3emnnsp
JKypHana BbiCbinaeTcs Ha agpec aBTopa no 3anpocy OT aBTopa.
OK3eMNnsipbl CNELBbLINYCKOB He OTMPaBMSIOTCS aBTopam.

ALPEC PEOAKLNK

194100, Cankt-MeTepbypr, llntosckas yn., 2
e-mail: scrcenter@mail.ru. Can xypHana: http://www.gpmu.org/
science/pediatrics-magazine/Russian_Biomedical_Research.
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