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The aim was to determine the features of the NO system status in the left ventricular myocardium in the rats with intermittent
hypoxic hypobaric hypoxia during 15 and 60 days.

Material and methods. The study was conducted on the 30 Wistar male rats, which were divided into 3 experimental groups:
the 15— control, the 2™ —rats exposed to intermittent hypoxia during 15 days and the 3 group — the rats exposed to intermittent
hypoxia during 60 days. Blood pressure was measured in all the rats. The objects and methods of the study were blood plasma
(nitrotyrosine detection with immunoassay) and the myocardium of the left ventricle (concentration of nitrites by Griess nitrite
test and content of immunoreactive material to the nitric oxide synthase isoforms by immunofluorescence method). mRNA
expression of NOS isoforms was determined by PCR-RT method in the myocardium.

Results. In the rats with 15-day hypoxia there was an increase in systolic pressure compared to control, and in 60-day hypoxia,
there was also an increase in diastolic pressure although this changes were within the normotensive range. mRNA to all the
myocardial NOS isoforms was characterized by an increase in both hypoxia groups.

At the same time, the indices of the immunoreactive material content to the NOS isoforms were dependent on the hypoxia
term. The concentration of the nitrotyrosine increased in both hypoxic groups, but in the long term it occurred along with a
decrease in the level of nitrite, which indicates the possibility of nitro-oxidative stress.

Conclusions. The 15-day intermittent hypoxia changes the myocardial NO system: an increase in the expression of all 3
isoforms, an increase in the nitrite and the nitrotyrosine content. INOS becomes the predominant form of the enzyme in the
myocardium with the increasing its mRNA. In 60-day hypoxia, the profile of the NOS enzyme is characterized by increased
expression of the constitutive isoforms and decreased inducible NOS expression that was accompanied with significant
increase in mRNA of all three forms. The level of terminal metabolites of NO was characterized by a decrease in the nitrite
while the content of the nitrotyrosine increased.

0co6AMBOCTI CUCTEMM OKCUAY a30TYy B MiOKapAi AiBOro LAYHOUKA LLypiB
3 eKCNepUMEeHTaAbHOIO NepepUBUYACTOIO FiNOKCIEI pi3HOi TPUBAAOCTI

0. M. KonecHuk, M. |. IcaueHko, O. B. MeAbHikoBa

Meta po6oTu — BcTaHoBUTM 0cobnmneocTi cTaHy cuctemn NO B Miokapai NiBOro LUMAYHOYKA LLypiB NpY NEPepUBYACTil TiNok-
CWYHiIN rinoBapuyHii rinokcii TpusanicTio 15 i 60 aHiB.

Matepianu Ta metogu. [locnimkeHHs 3aincHunm Ha 30 wypax-camuax nikii Wistar, skux noginunu Ha 3 ekcnepumeHTanb-
Hi rpynu: 1 — KOHTPONbHa, 2 — LWypy, SKi 3a3HaBany BNNMBY NepepuBYacToi rinokcii npotarom 15 gHis, 3 rpyna — wypu 3
rinokcieto npotsirom 60 AHiB. YciM Lypam BuMiptoBanu aptepianbHuin Tuck. O6'ekT JOCNIMKEHHS — nna3ma KpoBi, B sikil
iMyHODEPMEHTHUM METOLOM BU3HAYaNM KOHLEHTPAL0 HITPOTUPO3NHY, Ta MiOKapA, MIBOrO LLYHOUKa, B IKOMY GioXiMiYHUM
meToAoM [picca AoCnimpKyBany KOHLEHTPALto HITPUTIB, iIMyHOMyOpPEeCLEHTHM METOLOM BU3HA4Yanu BMICT iMyHOpeaKTvB-
HOro mMatepiany Ao i30hopm C1HTa3M okcuay asoTy. Takox y Miokapai Metogom [MITP-PY BusHavanu ekcnpecito MPHK go
isodpopm NOS.

Pe3ynkraTun. Xova nokasHuku AT y LLypiB i3 rinokcieto nepedyBatoTb y HOPMOTEH3UBHUX MEXaX, Y rpynax i3 rinoKcieto cno-
cTepirany 306iMbLUEHHS CUCTOMIYHOO TUCKY MOPIBHSHO 3 KOHTPONEM, a Npu 60-AeHHil FiNoKCii — 36iNbLIEHHS | AiacToniYHOro
Tncky. MPHK fo Beix i3ochopm y miokapai xapakTepuayBanach 36inbLUeHHsIM B 060X rpynax i3 rinokcieto.

Moka3Hukn BMICTy iMyHOpeakTMBHOro matepiany 4o i3odopm NOS 3miHOBanucst He Tak OOQHO3HAYHO Vi Manu 3anexHiCTb
BiZ, TEPMiHy rinokcii. KoHueHTpaLis HITpoTUpo3uHy 36inbLumnack B 060X MMOKCUYHKX rpynax, ane npu Tpusanii rinokcii ue
BiAOYNOCS Ha TNi 3MEHLLEHHS PIBHSA HITPUTIB, LLO AAE 3MOry MPUMYCTUTW PO3BUTOK HITPO30OKCUAATUBHOTO CTPECY.

BucHoBku. 15-aeHHa nepepyBYacTa rinokcis Npu3BoANTb [0 3MiHW MiokapaianbHoro isochopmHoro npodinto NOS, 36inbLueHHs
NOKa3HWKIB EKCMPECT BCIX TPbOX i30Ch0pM, MiABULLEHHS BMICTY HITPUTIB i HITPOTUPO3MHY. [epeBaxHO0 (hopMOoto (hepMeHTY
B Miokapai ctae iINOS Ha Tni 36inblwenHs it MPHK. TMpu 60-gerHin rinokcii npodinb depmeHty NOS xapakTepuayeTbest
30iNbLUEHHAM eKCrpecii KOHCTUTYTUBHMX i30000PM i 3HKEHHSAM iHAYLMOEnbHOT i30¢popMK Ha TNi iICTOTHOTO MiABULLEHHS!
MPHK ycix Tpbox hopm. PiBeHb KiHLeBnx MeTaboniTiB NO xapakTepusyeTbCs 3HWKEHHSIM HITPUTIB, ane 30inbLUeHHsSIM BMICTY
HITPOTMPO3NHY.
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OcobeHHOCTH cUCTEeMbl OKCHAQ a30Ta B MUOKapAe AeBOrro XXeAyAouka KpbicC
C 3KCﬂepMMeHTaI\bH0ﬁ ﬂpeprBMCTOﬁ rMNoKcuen pa3IWIlIHOﬁ MPOAONKUTEAbHOCTHU

0. M. KonecHuk, M. U. UcaueHko, O. B. MenbHUKOBA

Llenb paboTbl — ycTaHoBUTL 0COBEHHOCTU cocTosHUSA cucTembl NO B MoKkapae NeBoro xenyaoyka KpbIC Npy NpepbiBUCTON
TUNOKCMYECKOW rMnobapuyeckor rMnokeun NpoJoKMTENBHOCTLIO 15 1 60 gHen.

Matepuans! u metoabl. Viccnegosanune npoeeaeHo Ha 30 kpbicax-camuax nuHun Wistar, KoTopbix nogenunum Ha 3 akcne-
PUMEHTarbHbIE rpynMbl: NepBasi — KOHTPOSbHAs, 2 — KPbIChI, KOTOPbIE NOABEPrannch NPepbIBACTON MMMOKCUM B Te4eHue 15
[Heid, 3 rpynna — KpbICbl C rUnokcuen B TedeHne 60 gHeil. Bcem kpbicam namepsinu apTepuanbHoe fasneHne. O6bekThl
1CCrenoBaHns — nnasma KpoBw, B KOTOPON MMMYHOHEPMEHTHBLIM METOLOM ONPEAENsN KOHLEHTPALMIO HUTPOTUPO3WHA, U
MUOKapz NEBOTO Xenynoyka, B KOTOPOM B1OXMMUYECKUM MeToLOM Ipucca ncenenoBanit KOHLEHTPaLMK HUTPUTOB, UMMY-
HodbnyopecLEHTHbIM METOLOM OMpeaensany CoaepkaHue MMMYHOPEeaKTUBHOTO MaTepuana k u3odopMam CUHTa3bl okcuaa
asota. Takke B muokapae metogom MNLP-PY onpepensnu akcnpeccuto MPHK k nsogopmam NOS.

Pesynbratbl. Xota nokasatenu ALl y KpbIC C rMMOKCUeN HaxoasaTCs B HOPMOTEH3MBHbIX Npedernax, B rpynnax ¢ rurokcuen
Habntoaany ysenuyeHne CUCTONNYECKOro AaBMNEHMUS MO CPABHEHMIO C KOHTPOIEM, a Npy 60-4HEBHON rMMOKCUN — YBENUYEHNe
1 anactonunyeckoro. MPHK ko Bcem n3ochopmam B MUOKapae XxapakTepr3oBasnach yBenuyeHneM B 06enx rpynnax ¢ runokcuen.
[NokasaTenu cogepxaHns MMyHOpeakTUBHOrO matepuana k nsoopmam NOS 13MEHANUCh He Tak OAHO3HAYHO W UMenu
B3aVIMOCBS3b C NPOAOIKNTENBHOCTBIO TUMOKCMU. KOHLEHTPpaLMS HUTPOTUPO3NHA YBENNYMIACh B 06ENX MUMOKCUYECKMX rpyn-
nax, HO NP1 ANUTENBHON MMMNOKCUM 3TO COMPOBOXAANOCH YMEHbLUEHNEM YPOBHS HUTPWUTOB, YTO NO3BONSET NPEANONOXUTL
pasBuTV e HUTPO3OOKCMAATMBHOIO CTpecca.

BbiBogbl. 15-gHeBHas NpepbIBUCTas MMMOKCUS MPUBOAMT K M3MEHEHWIO MUOKapamansHoro nsodgopmHoro npocuns NOS,
YBEMNUYEHNIO NoKasaTeren 3KCnpeccumn BCcex Tpex M30dhopM, MOBLILLEHWIO COAEPKaHNS HUTPUTOB U HUTPOTUPO3MnHa. Mpeob-
napatoLen dopmoi hepmeHTa B Mmokapae craHoutcs INOS Ha dore yeenuueHus ee MPHK. Mpu 60-gHeBHONM runokcumn
npocunb pepmeHta NOS xapakTepusyeTcs yBENnuYeHeM KCNPeCcCU KOHCTUTYTUBHBIX M30POPM U CHIKEHUEM UHOYLN-
6enbHol n3odhopMbl Ha doHe noBbileHns MPHK Bcex Tpex dhopM. YpoBeHb koHeuHbIX MeTabonntoB NO xapakTepuayetcs

CHWXEHUEM HUTPUTOB W yBENUYEHNEM COLEPXKaHUA HUTPOTUPO3MHA.

Nitric oxide (NO) system is a gasotransmitter system
that is widely represented in all tissues of the body. Its
main effector is the NO molecule, which is the universal
regulator of cellular metabolism and intercellular relation-
ships under physiological conditions. But the effect of NO
depends on the concentration, the presence of substrates,
metabolites of oxidative stress and antioxidants. With their
excess, the amount of NO increases, and its signaling and
physiological functions change to pathological, triggering
processes that lead to apoptosis or cell necrosis. The pur-
pose of changing the state of this system in response to
physiological effects or stressors is to improve functioning
and adapt to new conditions [1].

Hypoxia is one of the classic examples of physiologi-
cal stress, but the extent of its manifestation depends on
the duration, severity and origin. In this case, the organism
and its regulatory systems will change their function in
the context of the adaptive response. The cardiovascular
system is not an exception to these changes. The heart
adapts to this effect by remodeling myocardium, which is
named physiological [2,3].

The issue of hypoxic effects on the state of the NO
system of organism is very relevant today, including both
experimental studies and clinical observations. Itis neces-
sary to emphasize the researches devoted to the effects
on the heart muscle. Thus, in the works of E. B. Manukhina
(2006) and A. Treuer (2014) it was proved that the NO
system is an important component of adaptation to the
conditions of intermittent hypoxia [4,5]. It has been estab-
lished that it affects the state of the myocardial NO system
in several ways: firstly, it generates substrate deficiency
and, through limiting O, influx, reduces NO production
[4]; alters the isoform profile of NOS through activation of
Ca?* [calmodulin-dependent isoforms of NOS (eNOS and
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nNOS), mainly endothelial (eNOS), which compensates
for the reduction of NO, increases its bioavailability and
improves tissue vascularization [5]; secondly, it activates
heat shock proteins, including HSP90, which not only
stimulates constitutive isoforms but also prevents the
formation of anion superoxide during NO synthesis [6]
and stimulates hypoxia-induced factor 1a (HIF-1a)and 18
(HIF-1B) acting as a transcriptional mediator. This protein
is inactivated by an oxygen-dependent ubiquitin-proteas-
ome system under normoxic conditions. HIF-1a translo-
cates to the nucleus and induces target genes that lead
to the development of myocardial hypertrophy, increases
angiogenesis, erythrocytosis, stimulates cell metabolism
by activating pyruvate dehydrogenase-1 and/or lactate
dehydrogenase enzyme under hypoxic conditions [7].

Our previous studies of the NO system role in the
pathologic myocardial remodeling caused by essential
arterial hypertension in SHR rats have confirmed the
assumption of the pathogenetic importance of this system
as one of the possible conductors of cardiac muscle recon-
struction [8]. However, the question of changes in the NO
system under physiological effects, such as intermittent
hypoxia, remains open. NO system triggers probably an
entire cascade of adaptive responses in the conditions of
oxygen deficiency modified by the mechanisms described
above that is aimed to improvement of the myocardium
function. But there is no complete information about the
NO system status, the characteristics of the isoform profile
of NOS and terminal metabolites in the myocardium at
the hypoxic exposures of different duration.

Aim
Therefore, in order to understand the role of the nitric oxide
system in myocardial remodeling caused by hypoxia of
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different duration, the aim of our study was to determine
the features of the NO system status in the left ventricular
myocardium in the rats with intermittent hypoxic hypobaric
hypoxia during 15 and 60 days.

Materials and methods

The experiment was conducted on the 30 male Wistar
rats, 67 months old which were divided into 3 experi-
mental groups: the control group — intact rats (mean heart
mass —0.722 + 0.03 g; specific density of the heart 1.724 +
0.07 g/cm®), the second group —IH15 — the rats with inter-
mittent hypoxia during 15 days (mean heart mass — 0.851
+0.03 g; specific density of the heart 1.817 £ 0.07 g/cm?®),
the third group — IH60 — the rats with intermittent hypoxia
during 60 days (mean heart mass — 0.902 + 0.03 g;
specific density of the heart 2.102 + 0.26 g/cm?).

Hypoxic training was performed in a ventilated pres-
sure chamber with a volume of 1.0 m® at an altitude of
6000 m (pO, = 9.8 %) using a model widely used in the
research of the Department of Pathological Physiology of
ZSMU [9]. Animals were housed in the pressure chamber
daily from 10 am to 4 pm. The training was conducted in the
following mode: the 1% day oxygen tension in the pressure
chamber corresponded to the height of 1 km, the 2™ day
— 2 km, the 3 — 3 km, the 4" — 4 km, on the 5" — 5 km,
on the 6" and during the following days — 6 km. Hypoxic
training at a height of 6 km was performed for 10 days for
15-day hypoxia and 55 days for 60-day. The “lift height”
in the pressure chamber was registered by an altimeter.

The experimental part of the study was carried out
exactly according to the National “Common Ethical Princi-
ples of Animal Experiments” (Ukraine, 2001), which are in
accordance with the Directive 2010/63EU of the European
Parliament and of the Council of September 22, 2010 on
the protection of animals used for scientific purposes.
The protocol of the study is agreed with the local ethics
committee (from March 1, 2018). [10].

The experiment was conducted on the basis of
the Training Medical Laboratory Center (TMLC) of the
Zaporizhzhia State Medical University. All devices used
for study are certificated and undergo annual metrological
control (certificate of technical competence Ne 033/18,
dated December 25, 2018, valid until December 25, 2023;
Laboratory of Experimental Pathophysiology, License
2CK2 YMK2 T6PB SG5N SJLS4).

Systolic and diastolic blood pressure (BP) levels were
measured in all the rats using a system of non-invasive
arterial pressure measurement BP-2000 (Visitech Sys-
tems, USA).

The animals were euthanized via rapid decapitation
after thiopental anesthesia (45 mg/kg body weight, in-
traperitoneally). The study objects in the experimental
animals were blood plasma, in which the nitrotyrosine
level was determined, and the left ventricle fragment,
which was divided into two parts, one of which was
homogenized using a Silent Crusher S homogenizer
(Heidolph, Germany), the second fragment of the heart
after standard histological preparation was fixed in
paraplast blocks.

The blood plasma nitrotyrosine concentration in the
rats was determined by immunoassay according to the
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instructions for the reagent set (Hycultbiotech, HK501
— Nitrotyrosine). The level of nitrites in homogenates of
the first fragments of the left ventricular myocardium was
determined by the biochemical Griess nitrite test on the
Libra S 32 PC spectrophotometer [11].

The second fragment of the myocardium was sec-
tioned into 5 um-thick slices using a rotary microtome
Microm-325 (MicromCorp, Germany). In these slices
concentration of the immunoreactive material to NOS
isoforms was determined with immunofluorescence
method in accordance with the protocol of the immuno-
histochemical study [12].

To study nNOS and eNOS expression serial slices
after procedure of deparaffinization and rehydration were
incubated with primary polyclonal rabbit anti-nNOS and
anti-eNOS antibodies, respectively, (1: 200; Santa Cruz
Biotechnology, Inc., USA). After rinsing sections were
incubated with the secondary FITC-conjugated rabbit
anti-mouse antibodies (1: 200; Santa Cruz Biotechnology,
Inc.). To determine the iINOS expression, the slices of the
myocardium were incubated with monoclonal FITC-con-
jugated mouse antibodies against INOS (1: 200; Santa
Cruz Biotechnology, Inc.).

The immunofluorescence study was performed sep-
arately in transverse and longitudinal fibers. The sections
were examined with ultraviolet microscopy (AxioScope
microscope, Carl Zeiss, Germany) in AxioVision 40 V
4.8.2.0 software program (License No. 3005339) with
an excitation wavelength 390 nm, using a filter 38HE
with high emission (Carl Zeiss, Germany). Zones with
statistically significant fluorescence were identified while
analyzing the images in the interactive mode and then
analyzed in ImageJ software (National Institutes of Health,
USA). At least 100 fields of view from each series were
subjected for study.

The study of NOS mRNA isoforms expression in the
left ventricular myocardium homogenates was carried out
using a real-time polymerase chain reaction (RT-PCR)
in the Department of Molecular Genetic Researches of
the TMLC of ZSMU [8]. For RT-PCR in real time with the
gene specific primers CFX96 ™ Real-Time PCR Detection
Systems (Bio-Rad Laboratories Inc., USA) were used in
accordance with the manufacturer’s recommendations
and Maxima SYBR Green/ROX qPCR Master Mix (2X)
reagent kit (Thermo Fisher Scientific, Inc.).

All statistical computations were performed in the
Microsoft Excel 2016 table processor (Microsoft Corp.,
USA). For all parameters, the arithmetic mean (M), its
dispersion and mean error (m) were calculated. To deter-
mine the significance of differences between the results
of the research in the experimental and control groups
of the rats, the Student’s coefficient (t) was calculated,
after that the significance of the difference between the
samples (p) and the confidence interval of the mean
according to the Student distribution tables were de-
termined. Valid values for P, < 0.05 were considered
statistically significant [13].

Results

Analysis of the BP in the experimental rats showed that the
systolic and diastolic pressure was in the normotensive
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range, but in the IH15 rat group, the systolic pressure
significantly increased by 8 % in comparison with the
control group.

Moreover, IH60 showed a significant increase of
both systolic by 17.4 % and diastolic pressure by 21.3 %
compared to the control values (Table 1). Increase of
blood pressure occurred both with an increase in mean
heart mass and specific heart density of the rats in the
IH15 group by 17.9 % and by 5.4 %, in rats with IHG0 by
25.0 % and 21.9 %, respectively, compared with controls.

The study of mMRNA expression of all three NOS iso-
forms demonstrated that intermittent hypoxia, regardless
of its duration, leads to increase of INOS mRNA, whereas
nNOS and eNOS mRNA increases only after prolonged
training — IH60 (Fig. 1).

Analysis of the nNOS expression indices in IH15
group of the rats showed a significant decrease of the
IRM content to nNOS in the transverse fibers by 20.6 %,
while in the longitudinal ones the content of the IRM
did not change compared to the control (Table 2). The
nNOS mRNA content in the left ventricular myocardial
homogenates did not change significantly (Fig. 1). IRM
content of INOS increased by 7.2 % compared to control in
transverse fibers, and significantly increased by 14.7 % in
longitudinal fibers (Table 2). At the same time, the content
of INOS mRNA in myocardial homogenates significantly
increased by 2.9 times compared to the control (Fig. 1).
The analysis of eNOS expression indices revealed a
significant increase in the IRM content to eNOS by 6.6 %
in the myocardial transverse fibers, whereas there were
no significant changes in the longitudinal fibers (Table 2).
The expression of eNOS mRNA in this group did not
change significantly.

In the IH60 group, the expression of IRM to nNOS
showed more significant changes than in the IH15 group
as compared to control. At the same time, the transverse
fibers showed a significant increase in the content of IRM
to nNOS by 25.4 %. In the longitudinal fibers, the nNOS
content was significantly increased by 45.7 % (Table 2),
and the corresponding mRNA in myocardial homogen-
ates was 2-fold increased compared to the control group
(Fig. 1). In the study of the content of IRM to iNOS, both
in transverse and longitudinal myocardial fibers, there
was a significant decrease in the content by 26.1 % and
33.3 %, respectively, compared to the control (Table 2).
The content of INOS mRNA after a prolonged hypoxia dur-

Table 1. Blood pressure in the rats of experimental groups

g, mtig 13 o

115.05+1.76
68.10 + 1.23

Systolic
Diastolic
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ing 60 days increased 5.7 times significantly compared to
the control (Fig. 1). In this group, compared to the control,
there was a significant increase in the content of IRM to
eNOS by 7.5 % in the transverse fibers, but a decrease
of 11.9 % in the longitudinal fibers (Table 2). The mRNA
content of this isoform demonstrated significant 4.1-fold
increase compared to the control group (Fig. 1).

For better understanding of the myocardial nitric ox-
ide system state during intermittent hypoxic exposure, it
is necessary to investigate not only the isoform profile of
the NOS enzyme, but also the terminal metabolites of
NO: nitrite and nitrotyrosine. The nitrites concentration
is considered by most scientists as the equivalent of
NO formation, demonstrating the enzymatic activity of
NOS and the physiological orientation of the effects
of the nitric oxide system [14]. In our study, nitrites
concentration in the IH15 group increased by 21 %
compared to controls, but in the IH60 group, this indi-
cator decreased significantly by 21.8 %. At the same
time, nitrotyrosine, which is synthesized from the NO
derivative — peroxynitrite under conditions of excessive
formation of reactive oxygen species, is an indicator
of nitrosative-oxidative stress, so it is considered as
a marker of NO-dependent damage in vivo [15]. The
concentration of the nitrotyrosine in the IH15 group
significantly increased by 40.8 %, in the IH60 rats
group — by 80.6 % compared to the control (Fig. 2).

mRNA concentration
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Fig. 1. mRNA expression of NOS isoforms in the left ventricular myocardium of experimental rats.

The data are presented as M + m.

*: significance of the differences in comparison with the control group P < 0.05.

135.10 £ 1.69°
82.60 +3.18

123.40 £2.05%
69.30 + 1.948

*: significance of the differences in comparison with the control group P < 0.05; §: significance of the differences in comparison with the IH60 group P < 0.05.

Table 2. The content of IRM of NOS isoforms (NNOS, iNOS and eNOS) in the left ventricular myocardium of the experimental rats, M = m

oot ws  we
longitud. fbers longitud. fbers longitud fvers

nNOS 1198.0 £ 19.7 1236.0 £29.6 951.7 £25.9° 1218.6 £30.8 1501.8 +33.8°% 1800.8 + 26.4°
iNOS 1102.1 £ 16.8 1185.2+21.9 1181.7 £ 36.6° 1359.8 £32.1° 814.6 £27.9% 790.3 £22.9%
eNOS 1099.6 £ 18.5 1252.7 £17.7 1727 +22.3 1254.7 £35.5 1182.0 £ 23.4° 1103.9 £ 21.2%

*: significance of the differences in comparison with the control group P < 0.05;
§: significance of the differences in comparison with the IH60 group P < 0.05.
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Fig. 2. Concentration of nitrites in left ventricular myocardium homogenates and nitrotyrosine in blood plasma of the experimental rat groups. The data are presented as median,
the 1% and the 3" quartiles, min and max.

*: significance of the differences P < 0.05.
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Discussion

An interesting result of our study was an increase in sys-
tolic pressure in IH15 rats and both systolic and diastolic
in IHB0 compared to the control group. Such increased
BP is within the reference values and may be associated
with an increase of stroke volume. It is possible that the
increase in stroke volume is explained by myocardial
hypertrophy, as it is evidenced by the gradual increase in
mean heart mass and specific density of the rat’s heart.
Normally, the phenomenon of Euler-Liljestrand develops
as the component of adaptation to hypoxic condition. The
essence of the phenomenon is the decrease in the tone
of the systemic circulation vessels, their vasodilation,
which reduces the peripheral vascular resistance and
compensates for the oxygen demand of organs and the
heart, in particular. These processes are accompanied by
an increase in the vascular reserve, which enhances my-
ocardial capacity, improves blood supply and contractility
in conditions of increased pumping function [16,17]. The
BP of the rats with long-term hypoxia suggests a possible
increase in total vascular resistance. Moreover, it evi-
dences the presence of these systemic rearrangements
that is based on structural and functional changes at the
cellular level which is provided with the whole complex of
gasotransmitter and mediator systems, the key element
of which is the NO system.

The obtained data of the myocardium NO system
of the rats with intermittent hypoxia prove numerous
facts of other researchers who argue that the short-
term intermittent hypoxia leads to activation of urgent
adaptation mechanisms, an important component of
which they considered nitric oxide and NOS isoforms
[1,4,5]. Zhang Y. (2017) considers that the features of
compartmentalization, translocation, transcription, and
post-translational modifications of constitutive NOS
isoforms mediate the effects of NO in the myocardium
during physiological and pathological stress [18]. Inter-
estingly, their expression is regulated by negative feed-
back: if nNNOS expression increases, eNOS expression
decreases. Such interrelation is aimed to prevent NO
overproduction under normal conditions and maintain its
stable level under stress. In the case of “blocking” of one
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isoform the other isoform will compensate for the lack of
NO due to its increased expression and activity [19]. In
our case, the increase in the IRM content of nANOS and
eNOS in IH15 rats along with an increase in their mMRNA
can be considered as confirmation of this hypothesis
and considered as the one of the components of urgent
adaptation to hypoxia in the myocardium. Such activation
of the constitutive isoforms expression is likely to improve
cardiomyocyte contractility, modulation of sympathetic
and parasympathetic effects, control of cardiac rhythm
and regulation of cell metabolism, by improving local
vascularization and innervation.

Several years ago, the increase inINOS expression in
the myocardium in IH15 rats was explained by its injuring
ability, but recent studies have proven the cardioprotec-
tive role of inducible NOS isoforms. So, according to
D. J. Lefer, iNOS is the primary source of cardioprotective
NO, which modulates coronary circulation, mitochondrial
function, cellular respiration and reduces platelet aggre-
gation [20]. In the condition of oxygen deficiency and
insufficient activity of constitutive NOS isoforms, iINOS
activation is believed to be a component of the adaptive
response to hypoxia and maintenance of stable NO
level. But INOS excessive activity leads to the explosive
formation of NO, which has a cytostatic effect, due to the
excessive formation of the free radicals. An interesting
finding was that the mRNA increase of this isoform was
2.9-fold with 15-day hypoxia compared to control. Such an
increase in mRNA s likely to indicate myocardium signifi-
cant need for INOS with the stimulation of transcriptional
mechanisms [21].

In our opinion, a 21 % increase in nitrites level in IH15
rat myocardial homogenates is an important indicator
of increased NO synthesis due to the high activity and
expression of NOS. The same pattern was obtained by
La Padula (2018) group, who proved the effect of inter-
mittent hypoxia on the increase of terminal metabolites
of NO level [22].

Another result of the study was the establishment of
elevated nitrotyrosine level in myocardial homogenates
after 15 days of hypoxic training. Today, the mechanism
of nitrotyrosine formation and its role in pathological
conditions is well defined, so the increase in its level
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together with the high expression of all 3 isoforms, espe-
cially INOS, is associated with the switching of NOS from
NO-production to ROS formation and the development of
the nitrosative-oxidative stress. That is, 15-day hypoxic
training contributes not only to the activation of adaptive
abilities of the body, as it is defined in our work. Whereas,
there are pathological changes, isoform imbalance in the
NO system, which contributes for the development of
oxidative stress at this stage.

Long-term 60-day hypoxic training also led to signifi-
cant changes in the myocardial nitric oxide system, which
is characterized by an increase in constitutive isoforms
with a simultaneous decrease in INOS and a significant
increase in concentrations of stable NO metabolites, and
these changes had significant difference compared to
IH15 results. The study of the NOS isoform profile showed
increased expression of NANOS in the both transverse and
longitudinal fibers of the myocardium sections with a 2-fold
increase in its MRNA compared to the control. Moreover,
the nNOS content in transverse and longitudinal fibers
increased by more than one third compared to IH15. This
high expression of nANOS, according to other researchers,
is associated with its proven cardioprotective role. Along
with the synthesis of NO nNOS also forms H,O, in the
wall of large vessels forms, which improves vasculariza-
tion and is a component of adaptation to hypoxia. At the
same time, nNNOS inhibits cardiac oxidases, decreases
sources of oxidative stress, thus exhibiting antioxidant
properties [23].

Expression of eNOS isoform in transverse fibers of
IH60 rats increased compared to control. This occurred
with a significant 4.1-fold raise in its mRNA, which indi-
cates an increase in eNOS synthesis and content after
prolonged hypoxic training is related to its cardioprotective
properties [24]. According to many studies, this isoform is
associated with the activation of vasodilation and collateral
circulation that maintain the metabolism of cardiomyo-
cytes and protects it from free radical damage. Hypoxia
has been shown to increase Ca?* influx through L-type
Ca? channels, which activates eNOS and stabilizes HIF-
1, thereby maintaining a feedback loop. All these reactions
lead to the enhancement of NO synthesis and myocardial
adaptation development [25,26].

Analysis of INOS expression indices after prolonged
hypoxic training for 60 days showed a decrease in its con-
tent compared to the control, in contrast to its increased
expression as in IH15. However, this was accompanied
with significant 5.7-fold increase inINOS mRNA compared
to control and almost 2-fold increase compared to IH15.
Such ambiguous results, in our opinion, indicate genome
activation, the presence of the transcriptional block of
iNOS expression and the accelerated destruction of the
enzyme in the myocardium. Rus A. (2011) supposed that
negative effects associated with the lack of protective NO
in the myocardium are formed, which reduces the activity
of antioxidant enzymes and the expression of the coding
genes, accelerates lipid peroxidation, increases the for-
mation of ROS [27]. The decrease in the concentration of
nitrites along with increased levels of the nitrotyrosine is
an indirect fact that confirmed this assumption. The data
obtained indicate the reduction of NO formation by NO
enzymatic pathway and demonstrate the switching of the
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NO system to nitrosative-oxidative stress, which obtains
a systemic character.

Thus, the results of our study revealed that hypoxic
effects, regardless of their duration, activate the NO
system in the myocardium by quantitative increase in
content of NOS isoforms and terminal NO metabolites.
Whereas, it should be noted that the nature of the NOS
isoform profile and the type of the terminal metabo-
lite NO depend on the duration of hypoxic exposure.
Thus, in short-term training an increase in endothelial
vasodilating factor NO due to excessive synthesis
of INOS, which activity, unlike constitutive isoforms,
remains high, regardless of oxygen concentration and
intracellular Ca** level to compensate blood flow in the
myocardium. Whereas, under the action of long-term
hypoxia, the mechanisms of adaptation involved in
the classical scheme of a “systemic structural trace”
formation are activated: maintenance of metabolic pro-
cesses, restoration of blood supply, genome activation,
and stimulation of mMRNA expression of all three NOS
isoforms. But the large amount of NO which is formed
with excess of peroxynitrite and nitrotyrosine in hypoxic
condition that damages the tissue components of the
myocardium trigger a cascade of reactions which yields
in nitrosative-oxidative stress. The last one, in turn, has
additional injuring effect on the myocardium, causing its
pathological remodeling instead of physiological one.

Conclusions

1. 15-day intermittent hypoxia leads to a change
in the myocardial NOS isoform profile, an increase in
the expression of IRM to all 3 isoforms, an increase in
the nitrite and nitrotyrosine content. INOS becomes the
predominant form of the enzyme in the myocardium that
is proved with increasing its mRNA.

2. 60-day hypoxia, compared with 15-day hypoxia,
results in opposite changes in the isoform composition
of myocardial NOS. The profile of the NOS enzyme is
characterized by increased expression of constitutive
isoforms and decreased inducible with significant
increase in mRNA of all three isoforms. The level
of terminal metabolites of NO is characterized by a
decrease in the nitrite content while the nitrotyrosine
content increased.
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PeMoaeAlOBaHHA MiOKapAa Ta XXOPCTKiCTb apTepiu
3aA€XXHO BiA PiBHA aAbAOCTEPOHY B NaL€HTIB

i3 XpOHiUHOIO XBOP060IO HUPOK Ta apTepiaAbHOIO rinepTeH3ielo
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MeTa po60oTH — BU3Ha4MTM 3B'30K MK PIBHEM arnbOCTEPOHY B CUPOBATLL KPOBi Ta pEMOLENOBAHHSM MioKapaa, 3MiHaMM Npyx-
HO-€MacTUYHUX BNAcTUBOCTEN apTepii y NaLieHTiB i3 XpOHIYHO XBopoboto H1pOK (XXH) Ta apTepianbHoto rineptensieto (AlN).

Marepianu Ta meToau. 3ailicCHNNM OOHOMOMEHTHE AocnimkeHHs 44 nauieHTis (14 yonosiki i 30 xiHok Bikom 56,0 [52,0;
60,5] poky) i3 XXH Ta Al, siki npuiManu iHribiTopy aHrioTeH3nH-NepeTBOpOBanbHOro0 hepMeHTy abo briokatopu peLenTopis
aHrioTEH3UHY Y cTabinbHin fo3i npoTsrom 3 abo BinbLue Mmicsiuis. Bu4any piBeHb anbLoCTEPOHY CUPOBATKM KPOBI, MPYXKHO-
enacTW4Hi BNacTUBOCTI apTepil | BUKOHyBanm TpaHCTopakanbHy exokapaiorpadito 3a CTaHAAPTHOI MeTOAMKO. XKOpCTKICTb
apTepiit BU3Ha4Yanm K WBUAKICTb MOLUMPEHHS MyNbCOBOI XBUMi, KOTPY 0buMCntoBany 3a Ghopmysiow, Lo 3anponoHoBaHa
ToBapuCTBOM apTepianbHOi XOPCTKOCTI, Ta BUMIpIOBany 3a JOMOMOrow npuctpoto BAT41-2.

Pesynbratu. Y 8 nauienTis (18,2 %) BCTaHOBWMM piBeHb anbaocTepoHy cuposatku noHad 90 nr/mn. KinbkicTb XiHOK cepeq
nawjieHTiB i3 HOpManbHUM piBHEM anbaocTepoHy Gyna BiporigHo GinbLwoto (p = 0,03). Y nauieHTiB i3 NiABULLEHHAM piBHS
anbaoCTEPOHY 3apEECTPOBAHO Ha 5 pokiB BinbLUMIA cepepHin Bik i Ha 10 MI/XB MeHLUY LWBMAKICTb KNy©O4KoBOI (hinsTpaLii.
PiBeHb anbgocTepoHy cMpoBaTKy KPOBI BIiPOTiAHO KOPENoBaB i3 Noka3HUKaMu CTPYKTYPHO-OYHKLOHANbHOTO CTaHy Miokapaa
(KiHLeBO-AiaCTOMIYHMI | KIHLIEBO-CUCTOMIYHUIA PO3MipY NiBOTO LyHouka (JLL), KiHLeBO-AiacToniYHNIA | KIHLEBO-CUCTONIMHNA
o6’emm JLL, maca miokapga (MMJILL), iHaekc macu miokapaa (IMMIILL), ToBLUMHA MiXKLLAYHOUKOBOI NEPETUHKM) Y YOMOBIKB
i nawjieHTiB BikoM NoHag 55 pokiB. Y XiHOK BUSBIIM CabK1in 3BOPOTHUI B3aEMO3B'AI30K PIBHS aflbAOCTEPOHY i3 CUCTOMIYHUM
i AjiacToNiYHMM apTepianbHUM TUCKOM.

BucHoBku. BcTaHoBUNM 3B'30K MiX piBHEM anbaocTepoHy cupoBaTku kposi noHag 90 nr/mn y nauienTis i3 XXH Ta Al i3
avnaravjiero MoPOXHUH NIBOTO LLUMyHOYKa Ta nepeacepmpb, a TaKoX 3 rinepTpodieto NiBOro LLUMyHouKa (3a nokasHukamy MMIILL i
IMMIILL). Lis 3anexHicTb Mana GinbLue CTaTUCTUYHE 3Ha4eHHs AN NavieHTiB YonoBi4oi cTaTi Ta AN nawjieHTis Bikom noHad 55
pokiB. 3B’A30K Mix PiBHEM anbOCTEPOHY Ta XXOPCTKICTIO apTepin (iHAEKC ayrMeHTaLii Ha NeYoBil apTepii Ta aopTi) BUSABUNK
TiNbKW B NaLieHTIB, siki cTapLui 3a 55 pokis.

PemoaenpoBaHHe MMOKapAa U XXECTKOCTb apTepuit B 3aBUCUMOCTH OT YPOBHSA aAbAOCTEPOHA
Yy NaUUEHTOB C XPOHUUECKOM HOAE3HbIO NOYEK U apTepUaAbHOU TMNEepTEH3NEN

A. B. Kypsra, B. B. CemeHoB

Llenb paboTbl — onpeaenuTs CBA3b MeXAY YPOBHEM arbAOCTEPOHA B CbIBOPOTKE KPOBM M PEMOLENUPOBaHNEM MUOKapaa v
V3MEHEHUSIMU YNPYro-3nacTUYECKVX CBOCTB apTepuii y NaLmneHTOB C XpOHUYECKor 6onesHbto novek (XBI) n apTepuansHoi
runepteHaven (Al).

Marepuansi u meTtoabl. [poBeaeHO OAHOMOMEHTHOE MccnenoBaHue 44 nauneHToB (14 MyxunH 1 30 XEHLUMH B BO3pacTe
56,0 [52,0; 60,5] neT) ¢ XBI 1 Al, NpUHUMABLLKX MHIMOUTOPbI AHTMOHTEH3MHNPEBpPaLLatoLLero hepmeHTa unu brokartopsb!
peLienTopoB aHrMOTeH3NHa B cTabunbHOM Ao3e B TedeHre 3 unu bonee mecsueB. [NpoOBOAUIM UCCTIEA0BAHWS YPOBHS anbao-
CTepOHa CbIBOPOTKY KPOBU, YNPYro-3riaCcTUYEeCKMX CBOVICTB apTeEPUI 1 TPAHCTOPaKaribHyt axokapanorpaduio No CTaHAapTHOM
meToauke. XKecTKoCTb apTepuii onpeaensnu kak CKopoCTb pacnpoCTpaHeHUs MynbCOBOW BOMHbI, KOTOPYHO BBIMUCASAN MO
chopmyne, npeanoxeHHon OBLLECTBOM apTepuanbHOM XeCTKOCTH, N U3MEPSITIM C MOMOLLBI yCTporcTBa BAT41-2.

Pesynkrathl. Y 8 naunenToB (18,2 %) B 1uccnenoBaHny yCTaHOBIEH YPOBEHb arbhoCTEPOHa CbiBOPOTKW Bbille 90 nr/mn.
Cpenu nauyeHToB ¢ HopMaribHbIM YPOBHEM arbocTEPOHa Gbino JOCTOBEPHO Gonblue eHWwmH (p = 0,03). Y naumneHToB ¢
MOBbILLEHWEM YPOBHS anbAOCTEPOHA 3apervcTpUpoBaHo Ha 5 net Gonbluni CpegHUin BospacT v Ha 10 MI/MUH MEHbLLYIO
CKOPOCTb KiTy6O4KOBOW chunbTpaLmm. YpoBeHb anbaoCcTepoHa ChIBOPOTKM KPOBY JOCTOBEPHO KOPPENMpoBan ¢ nokasatensmu
CTPYKTYPHO-(hYHKLIMOHANBHOMO COCTOSIHUS MIOKapaa (KOHEYHO-AUACTONNYECKUI 1 KOHEYHO-CUCTONUYECKUIA pa3Mepbl IEBOTO
xenygouka (J1X), koHeUHo-aracToNMYECKIIA M KOHEHHO-CUCTONMYeckuiA 06bembl JTK, Macca Muokapaa (MMITDXK), nHaeke maccbl
muokapaa (VMIMMIILL), TonwmHa MexokenynoHKoBOM NePeropoakm) y My>KUMH 1 NaLMEHTOB cTaplue 55 neT. Y eHLMH yCTaHoB-
neHa cnabas obpaTHas Koppensuus ypOBHS arnbAoCTEPOHA C CUCTOMMYECKM M ANACTONUYECKM apTepuarnbHbIM JaBneHneM.

BbiBoAbI. YcTaHOBNEHa CBS3b MeXy YPOBHEM anbL0CTEPOHA CbIBOPOTKM kpoB Bbiwle 90 nr/mn y naumenToB ¢ XbIN un Al
C Aunatauyei NonocTen NEBOTo Xenyaoyka v Npeacepani, a Takke ¢ rmnepTpodmelt NeBoro xenynoyka (no nokasarensm
MMITK 1 UMMIDXK). 3Ta 3aBuCcMOCTb MMena 60MbLUY0 CTaTUCTUYECKYIO 3HAYUMOCTb 415 NALMEHTOB MY>KCKOrO nona u ans
nauveHToB B Bo3pacTe cTapLue 55 net. CBa3b Mexay yPOBHEM arnbA0CTEPOHA U XKECTKOCTbLIO apTepuin (MHAEKC ayrMeHTaumm
Ha Nne4yeBomn apTepum 1 aopTe) YCTaHOBNEHA TONBKO Y NaLMEHTOB cTapLue 55 nert.
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Myocardial remodeling and arterial stiffness depending on aldosterone level
in patients with chronic kidney disease and arterial hypertension

0. V. Kuryata, V. V. Semenov

The aim. To analyze the relationship between serum aldosterone levels and myocardial remodeling and changes in elastic
properties of arteries in patients with chronic kidney disease (CKD) and hypertension (AH).

Materials and methods. A cross-secitonal study of 44 patients (14 men and 30 women, aged 56.0 [52.0; 60.5] years) with
CKD and AH who were treated with angiotensine-converting enzyme inhibitors or angiotensine receptor blockers at a stable
dose for at least of 3 months was performed. Serum aldosterone levels, elastic properties of the arteries, and transthoracic
echocardiography using a standard method were performed. Arterial stiffness was defined as a pulse wave velocity, which
was calculated using equation proposed by Arterial Stiffness Society and was measured using a device BAT41-2.

Results. In 8 patients (18.2 %) we detected serum aldosterone levels above 90 pg/ml. The proportion of female patients among
patients with normal aldosterone levels was significantly higher (P = 0.03). Patients with elevated aldosterone levels had a
5-year higher median age and 10 ml/min lower glomerular filtration rate. Serum aldosterone levels correlated significantly with
myocardial structural and functional parameters (left ventricle (LV) end-systolic and end-diastolic dimensions and volumes, LV
myocardial mass and LV mass index, thickness of interventricular septum) in men and patients over 55 years of age. Women
showed a weak correlation of aldosterone levels with systolic and diastolic blood pressure.

Conclusions. An association was found between serum aldosterone levels above 90 pg/ml in patients with CKD and
hypertension with dilatation of left ventricular and atrial cavities, and with left ventricular hypertrophy (by LV mass and mass
index). This association was stronger for males and for patients aged >55 years. A correlation between aldosterone level and
arterial stiffness (augmentation index on the brachial artery and aorta) has only been found in patients over 55 years of age.

MavjeHTn 3 XpoHivHOK XBOPOGOK HMpOK (XXH) MatoTb
BVCOKWIA PU3NK CMEPTI Bif, CEPLEBO-CYANHHOI naTonorii
[1]. Y maixe 80 % Bunagkie XXH cynpoBomXyeTbcs
apTepianbHoto rinepTeHsieto (Al), 3i 3binbLIeHHaM cTaii
XXH pocsrHeHHs LinboBoro aptepiansbHOro TUCKY CTae
6inbL npobnematyHum [2]. HagiTb 3@ yMOBM yCMiLLHOTO
nikyBaHHs! iLuemiyHoi XxBopobu cepust Ta Al y nauieHTiB
i3 XXH BM3Ha4atoTb BUCOKWI PU3MK PanTOBOI CEPLIEBOI
cmepTi [3], uen pusnk 36inblUYETbCA 3i 3HWKEHHAM
HUPKOBOI oyHKUIT [1]. IHriGITOPK aHrioTEH3NH-NEPETBO-
proBanbHoro gepmenty (iAM®) Ta Gnokatopu peuen-
TopiB aHrioTeHauHy (BPA) € npenapartamn Bubopy Ans
nikysanHst Al npu XXH [4,5] i BiporigHo BnnmBaioTb Ha
PU3NKN CEPLIEBO-CYANHHUX YcknaaHeHb [6,7]. Jo 50 %
nauieHTiB, ki npuimatotb IAMN®, mMaTb NigBULLEHUN
piBeHb anbAoCTEPOHY (MEHLLOK MIpOK Lie CTOCYETbCS
BPA) [8]. Liei heHOMEH OTpMMaB Ha3By «BUCMM3AHHS
anbaocTepoHy» [8]. Y Takomy BUNaaKy Ha T1i cTabinbHoro
LIeHTparnbHOro Ta nepudgepuyHoro apTepianbHOro TUCKY
[8] anbaocTepoH BusiBNsE NPodibpOTMYHI Ta Npo3anarbHi
BNACTWBOCTI (HEreHoMHi ecpekTy anbaocTepoHy) [9], wo
noripLuye KniHiYHW NPOrHO3 NaLlieHTIB NepeBaxHo Yepes
ypaXeHHs CepLIeBO-CyANHHOI cuctemu [3].
lnepTpociyHe peMoaentoBaHHS CepLs BUSBMSIOTb Y
GinbLocTi naujieHTie i3 XXH [10], Horo BBaXatoTb KOMMEH-
caTopHot peakuieto [11], HasBHICTb AKOI, ogHaK, yaBiYi
MiABULLYE pU3VK panToBoi cepLieBoi cmepTi [3]. PosBuTok
rinepTpodii nisoro wnyHouyka (ML) moxe GyTv noB’s3a-
HUI i3 NepeBaHTaXeHHAM 06’'€MOM, NiABULLEHUM PiBHEM
3ananexHs Ta iHWMMK hakTopamu, LLO CYNpOBOMAXYHOTb
3HWDKEHHS HUPKOBOI (pyHKUi [12]. XKopcTkicTb apTepin
nepebyBag B LLiNbHOMY (hyHKLiOHaNEHOMY B3aEMO3B’ 3Ky
3 NIiBUM LLNYHOYKOM i MOXEe BNMMBATU Ha TUM PO3BUTKY
CepLeBoi HeOCTATHOCTI. BogHouac XOopCTKiCTb apTepil
€ NepcnekTUBHUM (haKTOPOM PU3VKY CEPLIEBO-CYANHHUX
3axBoptoBaHb [13,14]. Y uncneHHnX 4OCTiIKEHHSX NoKa-
3aHO acoujiaLito anbaOCTEPOHY 3 MiokapaianbHUM ¢ibpo-
30M, eHZoTenianbHOK AMCHYHKLIED, TPOTPOMOOTUYHOK
aKTUBHICTIO KpOBI, pu3aukom po3sutky Al [9,15,16]. Y
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KMiHIYHUX [OCRIAXEHHSAX 3aCTOCYBaHHS aHTaroHiIcTiB
MiHepanokopTukoigHWx peuenTopis (AMP) npuasoauno
[0 3BOPOTHMX 3MiH y MiOKapAi Ta apTepianbHii CTiHL;
[17-19]. OocnimxeHHs acouiauii piBHS anbaoCTepPoHy 3i
3MiHaMV CepLEBO-CYAMHHOI CUCTEMM B YMOBaX rnonepes-
HbOro 3acTocyBaHHst IAN® abo BPA € HeuncneHHumm [20].
Pesynbratn gocnimkeHHs RALES [21], y sikomy cTyniHb
3HWKEHHS NETANbLHOCTI Ha TNi 3aCTOCYBaHHS CMiPOHOMNaK-
TOHY 3yMOBWB [JOCTPOKOBE MPUNUHEHHS AOCTIKEHHS, Ta
pocnimkeHb ASPIRANT-EXT [22] i PATHWAY-2 [23], y
AKUX NPOAEMOHCTPOBaHO NPIOPUTET CMiPOHOMAKTOHY Nif,
yac nikyBaHHs pe3ucTeHTHoi Al godatoTb BaXKMMBOCTI
BVBYEHHIO e(PeKTiB anbJOCTEPOHY Y MaLieHTIB Pi3HNX
KNiHIYHWX rpyn.

lMepeBaxaHHs OpraHiB cepLeBO-CyAMHHOI CUCTEMU
cepeq MilleHeln anbaoctepoHy [9] BnnmHyno Ha Bubip
exokapaiorpadii Ta BUMIpHOBaHHS XXOPCTKOCTI apTepiit
ANs 0OCNimKeHHs! BNIUBY PiBHS anbAoCTEPOHY CUPO-
BaTKU.

MeTta pobotu

BusHaumti 38’'A30K MiX piBHEM anbOOCTEPOHY Y CUPO-
BaTL|i KPOBi Ta CTyNeHeM pemopertoBaHHs Miokapaa Ta
3MiHaMK MPYXHO-ENacTUYHWX BMAacTUBOCTEN apTepin y
naujeHTiB i3 XXH ta ATl

Martepianu i meToAU AOCAIAKEHHA

Ha 6asi K3 «[HinponetpoBcbka obrnacHa KriHiyHa ni-
KapHs imeHi |. |. MeyHvkoBay 3ainCHUNM OQHOMOMEHTHE
pocnimkeHHst 44 nauieHTis (14 yonogikiB i 30 XiHOK) i3
XXH T1a Al Kputepii 3anyyeHHsi B gocnimkeHHs: XXH
1-3a cTagii (weunakicTb knyboykosoi dinbrpauii (LLUKP)
245 mn/xs) [24], Al |-l cTynens, npuimanHs iAMN® abo
BPA y cTabinbHin gosi npotsarom 3 abo Ginblue MicALiB.
Kpuepii BUkntodeHHs 3 gocnimkeHHs: XXH cragii 36 i
e (LUK® < 45 mn/xB), HeppoTyHMIA cuHapom (npo-
TeiHypia >3,5 r/poby), rinepkaniemis (>5,5 mmonb/n),
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rinokaniemisi (<3,0 Mmonb/n), iHdapkT Miokapga abo
iHCYNbT B @aHamHe3i, NOPYLUEHHS pUTMY cepus, Lo no-
TpebytoTb MeaMKaMEHTO3HOT KOpeKLii, LiykpoBui fiabet
1260 2 Tvny, WwWo noTpedye NpusHaYeHHs iHcyniHoTepanii,
NOPYLUEHHS yHKUIi WMTONOAIOHOI 3amo3u, HasiBHICTb
L0BPOSAKICHMX UM 3MOSIKICHUX HOBOYTBOPEHb, YPOIKEHI
3aXBOPOBAHHSI HUPOK (MOMIKICTO3, aHOMarnii pO3BUTKY).

[JiarHo3 Al 6a3yBaBcs Ha pekomeHAaaLisx €sponen-
Cbkoro ToBapucTea kapgionoris 2013 p. WoAo BeAeHHs
nauieHTie 3 Al [6]. [liarHo3 XXH BcTaHoBntoBanu Ha nig-
craBi pekomeHgauin KDIGO 2012 p. [24]. 13 naujeHTam
(29,5 %) npuaHaunnun iAM®, 31 nauieHty (70,5 %) — BPA
y cknagj KoMBiHOBaHOi aHTUriNepTEH3NBHOI Tepanii. Ycim
navjieHTam Teparnisi npu3HaveHa 3rigHo 3 €BponencuKUMm
Ta NokansbHUMW cTaHgapTamu [6,24,25].

LLK® BraHauanm 3a gonomoroto chopmynu CKD-EPI
[24]. KpeaTuHiH KpoBi B3Ha4anu 3a CTaH4apTHOK METO-
Avkoto. TpaHcTopakanbHy exokapaiorpadito BUKOHanm
3a CTaHAAPTHOI MeToaumkow Ha anaparti Vivid 7 PRO,
General Electric Medical System.

JocnigxeHHs piBHS anbAOCTEPOHY CMPOBATKM
KPOBI 3AiMCHXNM, BUKOPUCTOBYHOYM peakTus Diagnostics
Biochem Canada Aldosterone Elisa Kit, CAN-ALD-450.
KpoB anst focnimkeHHs anbgoCcTepoHy cMpoBaTky Gpanu
HaTLe nicns nepebyBaHHA nauieHTa B cuas4oMy noro-
XeHHi npoTarom 15 XBunuH. HeraHo nicns B3ATTS KPOB
LieHTpudpyryBanu npu KiMHaTHil Temnepatypi Ha LWBKua-
kocti 2000 06epTiB 3a xBUNMHY NpoTArom 15 xeunuH. Cu-
poeatky 36epiranu npu Temnepartypi-20 °C. MNigBrLLEHHS
PiBHS1 anb40CTEPOHY BU3HaYaM Npu piBHi anbA0CTEPOHY
cuposatkv 90 nr/mn i Binblue [26]. JocnimKeHHs BUKO-
Hanv 3a JOMOMOroK aBTOMaTK30BaHOMO aHanisaropa
mikpornaHweTtis ELx808 (BIO-TEK® INSTRUMENTS,
INC., Highland Park, P.O. Box 998, Winooski, Vermont
05404-0998 USA).

KopCTKiCTb apTepin BU3Ha4Yanu sk WBMAKICTb NOLWK-
PEHHSI MyNbCOBOIT XBUIi, KOTPY 064McnoBanm 3a hopmy-
oMo, WO 3anporoHoBaHa ToBapMCTBOM apTepianbHol
XopcTkocTi [27] (po3paxoBaHa), Ta BUMipioBanu 3a
fonomoroto npuctpoto BAT41-2 (kapotugHo-demo-
panbHa) [28].

OnpautoBaHHsl, aHani3 AaHuX 3MiicHI0OBanM 3a [o-
nomoroto nakeTiB nporpam Libre Office Ta R [29-31].
MoHag 50 % AaHyx Manu BigMiHHWI Big HOPManbLHOTO TUM

Original research

po3noginy 3a Tectom LLanipo-Yinka, Tomy nig yac aHanisy
BVKOPUCTany MeTOAM HenapameTpuyHoi CTaTUCTUKK, AaHi
onvcyBanu sk mediany Ta 25 i 75 ksapTuni. [opiBHto04M
KiflbKiCHi MOKa3HWKW, BUKOPUCTOBYBanm TecT MaHHa—YiTHi;
MOPIBHIOKYMN SIKICHI MOKa3HMKKM, BUKOPUCTOBYBaNW TecT
Xi-kBagpar (x?) MipcoHa. KopenswjiHuii aHania BukoHanu
3a J0MOMOTOH HENapameTPUYHOTO KoediLlieHTa kopensiuii
Cnipmena (p). NiHii TpeHay Ha fiarpamax BignosigatoTb
NiHii NiHINHOT perpecii. KpuTuyHMiA piBeHb p Npu nepesipui
CTaTUCTUYHUX rinoTes B3sTo <0,05.

[JocnigxeHHs 34inCHUNKU BIANOBIZHO MPUHLMNIB
[enbciHcbKoi [leknapalii, cxBaneHe ETUYHUMM KOMICIaMM
3 «[HinponeTpoBcbka MeanyHa akagemia MO3 Ykpai-
H1» Ta K3 «[JHinponeTpoBcbka obnacHa kniHivHa nikapHs
imeHi |. |. Me4HukoBay. Yci nauieHTu ganv iHgopmoBaHy
n1cbMoBY 3rofy Ha 36ip Ta 06pobky iHdopmaLii.

PesyAabTratu

Y 8 i3 44 nauieHTis (18,2 %) B foCRimKeHHI BUSIBMEHO pi-
BeHb anbaoCcTepoHy cuposatku noHag 90 nr/mn (mabn. 1).
Cepep navjeHTiB i3 HOpPManbHUM PIBHEM arnbaoCTEPOHY
6yno BiporigHo GinbLue xiHok (p = 0,03). Y naujeHTiB i3
MIOBMLLEHHAM PIBHSA anbA0CTEPOHY 3apeecTpoBaHO Ha
5 pokiB BULLMIA cepepHil Bik i Ha 10 Mn/xB Hux4y LLK®.
Bcranosunn cratuctuyHo BiporiaHo (p < 0,05) By
cepepHi nokasHuku CTITA, KiHLEBO-AiaCTOMIYHOro po3mipy
niBoro wnyHodka (KOP JLW), kiHueBo-cucToniyHoro
poamipy LW (KCP L), kiHueBo-cucToniYHOro po3mipy
JIW (KCP 1), macn miokapaa J1W (MMIILL), a Takox
6inbLuniA po3mip niBoro nepeacepas Ta BinbLuy noLy
npaBoro nepeacepas y NauieHTiB 3 anbAoCTEPOHOM
cupoBartkum norag 90 nr/mn (mabr. 2). BctaHoBUM TeH-
AeHuito (p < 0,10) fo BiAMIHHOCTI iHAEKCY Macy Miokapaa
JIW (IMMJILL) i TOBLUMHM MIKLLAYHOYKOBOI NEPETUHKM
(TMLLITT) mix rpynamm 3a piBHEM anbgoCTEPOHY CUPO-
BaTKM KPOBI, LLI0 He Habyna cTaTncTUYHOI BiporigHocTi. 3a
KOOHWM i3 MOKa3HMKIB MPY>XHO-eNacTU4HWX BIaCTUBOCTEN
apTepi 3HavyLLi BiGMIHHOCTI HE BUSIBUNN.
KopensuinHui aHania i3 3any4eHHsIM yCix nauieHTis
Y BOCRIDKEHHI HE BUSIBUB B3AEMO3B'AA3KW PIBHSA anbdo-
CTEepOHy CMPOBATKM 3 NPOaHarni3oBaHUMM MOKa3HUKamu.
Micns posnoainy nauieHTiB 3a piBHEM anbAOCTEPOHY
BCTaHOBWIIN CWITbHUIA NO3NTVBHWIA 3B'A30K PiBHSA arb-

Ta6nuus 1. MopiBHAHHSA KNiHIYHUX XapaKTEPUCTVK NaLiEHTIB i3 HOpManbHUM | BUCOKVM PIBHEM anbOCTEPOHY CUPOBATKW KPOBI

MapameTp, oAuHULI BUMipIOBaHHA Yci nauieHTn AnbpoctepoH cupoBatku <90 nr/mn | AnbaocTepoH cupoBatku 290 nr/mn
(n=44) (n=36) (n=8)

XKinku, n (%) 30 (68,2) 27 (75,0) 3(37,5) 0,03
Llykposuit piabet, n (%) 10 (22,7) 9 (25,0) 1(12,5) 0,44
Bik, poku 56,0 [52,0; 60,5] 55,0 [50,0; 59,2] 60,0 [56,5; 62,5] 0,09
IMT, kr/m? 32,0 [27,5; 34,5] 31,2[26,3; 34,2] 34,4 [30,9; 42,0] 0,12
CAT, MM pT. CT. 140,0 [130,0; 150,0] 140,0 [130,0; 150,0] 140,0 [135,0; 162,5] 0,61
[AT, MM pT. CT. 90,0 [80,0; 100,0] 90,0 [80,0; 100,0] 90,0 [87,5; 100,0] 0,38
lemorno6iH, r/in 143,0 [133,5; 149,0] 143,0 [135,5; 148,5] 148,0 [133,0; 151,5] 0,77
KD, mn/xB 75,8 [66,9; 85,1] 77,7 [68,0; 87,0] 67,8 [65,1; 75,4] 0,06
ntoko3a cupoBaTku, MMOMb/N 5,4 14,9; 6,2 5,4 14,9; 6,2] 5,21[5,0; 6,7] 0,82
3aranbHuii XonecTepuH, MKMorb/n 5,5[4,4;6,2] 5,5[4,9; 6,1] 4,3[3,9; 6,1] 0,52
CeyoBa KkucroTa, MKMOnb/n 354,0 [281,0; 421,0] 339,0 [275,0; 427,0] 380,0 [318,0; 407,0] 0,83
Mpoteinypis, n (%) 27 (62,7) 21 (58,3) 6(85,7) 0,17
[lo6oBa npoTeinypisi, Mr/goby 0[0; 115] 0[0; 110] 37,5 [0; 333] 0,66

IMT: iHgekc macu Tina; CAT: CUCTOMIYHWIA apTepianbHuii TUCK; AAT: giacToniyHui apTepianbHUiA TUCK; LLK®: BuAakicTb kny6oukoBoi dinsTpatii.
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Tabnuus 2. MNoka3HUKN CTPYKTYPHO-(PYHKLIOHANBLHOrO CTaHy MiokapAa Ta XOPCTKICTb apTepii 3anexHOo Bia PiBHS anbA0CTEPOHY CUPOBATKY

MapameTp, oanHULI BUMiptOBaHHSA AnbpocTtepoH cupoBatku <90 nr/mn (n = 36) AnbpocTtepoH cupoBatku 290 nr/mn (n = 8) _

CTIA, Mm pT. CT. 23,0[19,5; 25,4]
KOP MW, cm 4,714,549

KCP N, cm 3,1[2,9; 3,3]

KOO N, mn 100,0 [92,0; 112,0]
KCO N, mn 37,0 [32,5; 44,0]
YO, mn 63,0 [57,5; 74,5]
®B, % 64,0 [59,5; 66,5]
MMIILL, r 212,0 [185,2; 235,8]
IMMIIL, r/m2 111,0 [95,2; 124,8]
IBTC LU, Mm 0,5[0,4; 0,5]
TMLUM, cm 12[1,1;1,3]

Iise nepencepas (po3mip), cm 3,8[3,5; 4,0]
MpaBe nepencepas (nnotua), cm? 14,1 [12,6; 15,4]
KepLLUMMX, m/c 9,1[8,6; 9,8]
pLUNMX, m/c 8,7[7,8;10,9]

32,5[29,8; 34,5] 0,001
5,6 [5,0; 6,1] 0,05
3,6[3,4;3,9] 0,02
153,5 [110,5; 189,8] 0,15
54,5 [48,5; 63,2] 0,02
80,5 [63,2; 106,0] 0,17
60,0 [56,5; 63,5] 0,15
312,0 [283,8; 333,5] 0,02
140,0 [136,8; 149,2] 0,06
0,5[0,4; 0,6] 0,86
1,5[1,3; 1,6] 0,09
4,2[3,8;4,6] 0,001
22,9 [22,2; 23,6] 0,002
9,2[8,8;10,1] 0,62
9,1[8,3; 13,1] 0,46

CTAA: cepefHiln TUck B nerexesiit apTepii; KAP ALLL: KiHLEBO-AiacToniYH1in poamip niBoro LwnyHouka; KCPALLE: KiHLeBO-CcuCTONYHMIA po3mip niBoro wwyHouka; KAO ALL: kiHLeBo-
fiacToniyHuiA 06’em niBoro LunyHouka; KCO ALL: KiHLeBo-cucTonivHMin 06’'em niBoro WwnyHouka; YO: yaapHuii 06’em; ®B: dpakuis Bukuay; MMALL: maca miokapga niBoro
LwnyHouka; IMMALLE: iHgekc Mack Miokapaa NiBoro WiyHouka; IBTC ALL: iHAEKC BiAHOCHO! TOBLLUMHM CTiHKM NMIBOrO WNyHOuKa; TMLLIM: TOBLUWHA MiXLLYHOYKOBOT NEPETUHKN;
KGLUMMB: kapoTnaHo-hemopanbHa LWBMAKICTb NOLUMPEHHS NynbcoBoi XBuni; pLUMMX: po3paxoBaHa LWBMAKICTb NOLUMPEHHS MyNbCOBOI XBUTII.
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- anbAoCTEPOHY CUPOBATKN Ta
KCP NI y rpynax 3a ctatTio (A)
Ta Bikom (B).

KiHuesocucToniunuii poamip JLL, cm KinuesocucToniunui poamip JILL, cm

foctepoHy cuposatkn 3 MMJILW (p = +0,89; p < 0,05)
1a 3 IMMILWW (p = +0,83; p < 0,05) y rpyni naujeHTiB i3
NiABULLEHHAM anba0CTEPOHY CUPOBATKM KPOBI.

Bepyun [o yBary CTaTUCTUYHO 3HaYyLLY BiAMIHHICTb
MiX rpynamm 3a po3noginoM 3a CTaTTio Ta CyTTEBY PisHULIIO
3a BiKOM, BUKOHaNM KOpensUinHWiA aHania piBHa anbgo-
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CTEpOHy 3 MoKasHWKaMmu, SKi 4OCHiMpKyBanw, micns cTpa-
TudpikaLji nauieHTiB 3a cTaTTio Ta MediaHoto BiKy (55 pokis).

Y rpyni YOnoBikiB BUSBUMW CEPEAHLOI CUMK B3ae-
MO3B’30K MiX piBHeM anbpocTepory Ta KOP I (p =
+0,55; p=0,08), KCP JILL (p = +0,68; p < 0,05), KOO JILL (p
=+0,57; p = 0,06), KCO W (p = +0,67; p < 0,05), MMIILLI
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(p=+0,67;p<0,05), IMMIL (p =+0,57; p=0,06), TMLLUM
(p=+0,65; p <0,05). Y rpyni iHOK BsiBUnM criabkuii 380-
POTHWIA B3AEMO3B'A30K PIBHS anb0CTEPOHY 3 CUCTOMIYHUM
(p =-0,34; p = 0,06) i giactoniuHum (p = -0,37; p < 0,05)
apTepianbHum TuckoMm (AT). Cepea nauieHTiB BikoM NoHaz,
55 pokiB piBeHb anbaocTepoHy kopentosas i3 KCPTILL (p =
+0,62; p <0,05), KCO I (p = +0,64; p < 0,05), MMJILL (p
=+0,58; p <0,05), IMMIILL (p = +0,47; p = 0,06), inoekcom
ayrmeHTauji Ha nnevosin aptepii (p =-0,42; p = 0,07) Ta
aopri (p =-0,42; p=0,07). Y rpyni najieHTiB BikoM MeHLLe
Hi>X 55 POKIB CTAaTUCTUYHO 3HAYYLLIMX KOPENALIIMHWX 3B'A3KIB
He Byno. Ha puc. 1i puc. 2 HaBeaeHWin B3aEMO3B’A30K MK
piBHEM anbgoctepoHy cuposatku i MMIILL i KCO LW y
rpynax 3a CTatTio Ta BiKOM.

06roBopeHHA

Mepwmin pesynbrat poboTH — BUSIBNEHHST BUCOKOTO Bifl-
cotka (18,2 %) nauieHTiB i3 NigBULLEHHAM anbAoCTEPOHY
CcupoBaTkW Ha TNi npuiiManHs IAT®/BPA, wo Mmoxe ByTu
noB’si3aHe 3 (DEHOMEHOM «BWCIM3aHHS anbAOCTepo-
Hy» (mabn. 1). Y nauieHTiB i3 BUCOKAM i HOpMAnbHUM
anbJOCTEPOHOM CUCTEMHMIA AT, IO CYTTEBO BMNMBae
Ha pemogentoBaHHS cepusd [32], BigpisHABCSA HECYTTEBO.

[Opyruin pesynstat JOCRIMKEHHS — BCTAHOBMNEHHS
acouiauii Mk piBHEM anbJOCTEPOHY Ta NMOKa3HWKaMu
CTPYKTYPHO-(hyHKLIIOHANBHOTO CTaHy Miokapaa (mabn. 2).
Yci nauienTw, 3anydeni y AoCnimkeHHs, oTpumysanu iArd
abo BPA y cknagi aHTurinepTeHsvBHOI Tepanii, xova ce-
penHin AT B 060ox rpynax 6yB BULLWM Bif ONTUMAnNbHOTO
(2140/90 mm pr. cT.). YacToTa JOCATHEHHS LjifIbOBOrO
piBHA AT <140/90 MM pT. CT. y rpynax i3 HOpManbHUM i
BUCOKUM anbA0CTEepOHOM 3HauyLLO He BigpidHsanacs (11
(30,5 %) i3 (37,5 %), p=0.91). Binblwa ToBLUMHA CTIHOK
i po3mipu kKamep cepus Y rpyni 3 BULLWM arnbL0CTEPOHOM
CUPOBAaTKN MOXYTb BKa3yBaTW Ha CyTTEBUIN BNMWB anb-
[IOCTEPOHY Ha pEMOAENIOBaHHS cepus Ta JOUMbHICTb
3actocyBaHHa AMP y Wi rpyni nauieHTis. BupaxeHiwi
3MiHW CTPYKTYPHO-(PYHKLIIOHAmNLHOTO CTaHy Miokapaa B
NavjieHTiB i3 MiABULLEHHAM PiBHA anbdOCTEPOHY CUPO-
BaTKM NMPW CXOXUX NOKasHukax cuctemuoro AT (mabr. 1)
NiATBEPIKYIOTh LItO TE3Y.

BusaBunu pisHOCNPSIMOBaHWI B3aEMO3B’SI30K Mix
NiABULLEHHAM anbAoCTEPOHY CUPOBATKM KPOBI Ta XOPCTKi-
CTIO apTepilt. Y BCiii BUGIpL NauieHTiB He Oyno cyTTeBKX
BiAMIHHOCTE 3a XOPCTKICTIO apTepin Npy HopMaribHOMy
11 BUCOKOMY anbA0CTEPOHi cMpoBaTku kpoBi. Kopensuis
MiX piBHEM anbJOCTEPOHY Ta iHAEKCOM ayrMeHTaLil Ha
nrevoBii apTepii Ta aopTi y rpyni nauieHTiB BikOM no-
Hap 55 pokiB 36iraeTbea 3 pesynsratamm JOCNImKEHHS
PARAMETER [33], B sxomy 3acTtocyBaHHst AMP npu3Bo-
AMNO A0 3MEHLLEHHS XXOPCTKOCTI apTepin y CTapLumx 3a
60 pokiB mavjieHTiB. HakonumyeHo AaHi Npo MO3UTUBHWIA
BnnuB iAM®/BPA Ha piBeHb npoTeiHypii Ta eHgoTenians-
Hy dpyHkuito npy XXH [34]. Y ymcneHHux pocnimkeHHsX
BUSIBUNM BIPOriZHWIA BNAWB anbAOCTEPOHY Ha XOPCTKICTb
apTepii Ta eHgoTeniansHy dyHkLito [15,16,35], ane B ycix
LMX JocnimKeHHsx 6pany y4acTb nauieHTy 3 3aranbHoi
nonynauii. HaseHicTb y nauieHTiB i3 XXH gogaTkosux
(hakTopiB PU3NKY CepLIEBO-CYANHHWX NOAIN (NepeBaHTa-
)KEHHS! PiOVHOLO, BULLMIA PiBEHb 3ananeHHs, NopyLIEHHS
ioHHOrO GanaHcy) Moxe «MackyBaTV» edhekTU anbaocTe-
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POHY Ha CyauHHy cTiHky [12]. OTpumani faHi 3biratoTbest
3 pesynsratamy AOCHIMKEHHS 3a yyacTio 19 nauieHTiB i3
KOHTponboBaHWUM AT, koTpi npurimanu iANO/BPA, B sikomy
«BWCINM3aHHSY anbAOCTEPOHY TAKOX HE acoLlitoBanocs 3i
3MiHamu LeHTpanbHoi remoauHamikm [20].

BMBYEHHSI NPUYMH CYAMHHOIO PEMOAENIOBAHHS
cknagHe, i peaynstaTv AOCRiMKeHb 3 Uiei TeMU He
MOBHICTIO y3romKytoTbesl. CUCTEMHWIA apTepianbHNiA TUCK
BBaXXal0Tb 3HaYYLLWM (haKTOPOM 3BiMbLLIEHHS XXOPCTKOCTI
aptepiit [36], LS 3anexHicTb NoknaaeHa B OCHOBY ¢hop-
Mynu ans i pospaxyHky [27]. OgHak B ornsifoBii cTarTi
D. R. Jacobs et al. Buknagera gymka npo cynepeynusi
pesynetath gocnimkeHHs Chen et al., 06roBopeHo Mox-
NUBICTb NEPBUHHKX 3MiH CTiHKM apTepin [36,37]. Y go-
cnipkeHHi MESA (Multi-Ethnic Study of Atherosclerosis)
TOBLLVHA KOMMIEKCY iHTUMa-Mefja COHHUX apTepii byna
MOTYXHWM NpeankTopom possuTky Al [38]. HeratueHa
Kopensis piBHS anb4OCTEPOHY 3 CUCTOMIYHIM, 4iacToniY-
HUM AT i BiOCYTHICTb iHLIMX 3aKOHOMIpHOCTEN Yy rpyni
XIHOK BKa3ytoTb Ha BiMIHHOCTI nepebiry pemoaentoBaHHs
cepust 3anexHo Bif cTaTi. FfeHaepHi BigMiHHOCTI pemoje-
OBaHHS CepLIEBO-CYANHHOI CUCTEMM MOXHA NOSICHUT
NPOTEKTUBHUM BMIIMBOM XIiHOUYMX CTAaTEBMX FOPMOHIB [39)].
Mpu MepiaHi Biky XiHOK y HaLOMy JOCRimKeHHi 56 [52;
60] pokiB iMOBIPHO, LLO B BirnbLIOCTI NaLEHTOK MeHoMNay3a
BXe HacTana. Lle fae MOXNMBICTb NOSICHUTY BIACYTHICTb
Pi3HMLLI 3a XOPCTKICTIO apTepin MK rpynamu Ta BiasHa-
YNMTK 3B'A30K HaLLMX pe3ynbrarTis i3 poboToto T. Continho
et al., ski cnoctepiranu BinbLuy XOpCTKICTb apTepin y
XIHOK, HiX y Yonosikis [40].

PemogentoBaHHs kamep i CTIHOK cepus nepenye
PO3BUTKY CepLIeBOI HEQOCTATHOCTI, PU3NK PO3BUTKY SIKOT
ans nauieHTis i3 XXH yTpudi BULLMIA, HXX ANs 3aranbHoi
nonynsauii [11]. MMJILL € npeankTopoM cepLeBo-CyanH-
HUX nofin, ocobrnMBo AnNs NauieHTiB cTapLuoi BikOBOT
rpynu (noHap 65 pokis) [41]. HassHicTb 6eacumnToMHOi
rinepTpodii Miokapaa, 3rigHo 3 pekoMeHaaLiaMn Amepu-
KaHCbKOI Konerii kapaionorie, knacudikyotb sk CTagito
B cepueBoi HegocTaTHOCTI, WO noTpebye NpusHaYeHHs
iAMNP/BPA ons npodinaktkm mMaHidhecTHoi cepLeBoi
HepocTaTHocTi [42]. CepueBa HedoCTaTHICTb CknagHo
MipaaeTbCs MikyBaHHIO, ane MOXMUBO CMOBIMbHUTK 1T
PO3BUTOK Yepes 3MeHLLEHHS rinepTpodii Miokapaa [42].
Mpwn3aHayeHHs AMP € nepcnekTVBHAM NS NOMiNWeHHs
AiacTonivHoi yHKLii, ane iXHe 3aCTOCyBaHHS B MaLieHTiB
3i 3HKEHOI HUPKOBOIO hyHKLIiEt0 obmexeHe [42]. BuaHa-
YEHHS1 PiBHS anbAOCTEPOHY Mepeq iHiliauieto Tepanii
[IOMOMOXE BU3HAYNTY MaLiEHTIB, ANs SIKUX KOPUCTb Bif
Tepanii nepeBaxuTb NOTEHLINHUI PU3NK NOBIYHNX edhek-
TiB (nepegnycim rinepkaniemii) [6].

BucHoBKHM

1. BusiBneHo 38’130k Mix piBHEM anbAoCTEPOHY CU-
posartku kposi noHaz 90 nr/mn y navieHTis i3 XXH ta Al i3
AvnaraLliero MoOpOoXHMH NIBOTO LUyHOuKa Ta nepeacepab,
aTaKoX i3 rinepTpodieto NiBoro LwyHouka. Lis 3anexHicts
mMana Oinblle cTaTUCTUYHE 3HaYeHHS AnS nauieHTiB
YOmOBIYOI CTaTi Ta ANs NaLieHTiB BikoM noHag 55 pokis.

2. 3B’130K Mix piBHEM anbO0OCTEPOHY Ta XKOPCTKICTIO
apTepin (iHaeKc ayrMeHTaLii Ha NeYoBil apTepii Ta aopTi)
BUSIBWIIN TiNbKM B NaLieHTiB BikoM noHag 55 pokis.
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OpuriHaAbHI AOCAIAXKEHHS

06MeXXeHHs AOCAIAKEHHSA

1. MNepeBaxaHHs YOMOBIKIB y rpyni NALEHTIB BiKOM
noHag 55 pokiB MOrMO BNAMHYTU Ha pe3ynsTaTv Jocnia-
XEHHS Yepe3 BiAMIHHICTb HOPMATMBHUX MOKa3HWUKIB MO-
POXHWH i CTIHOK CepLs B YOMOBIKiB i xiHOk [43]. CTapLuun
BiK YOMNOBIKiB pa3oM i3 BinbLu paHHiM AebroTom Al y Hux [6]
MOITIV 3yMOBUTM JOBLUMI TepMiH nepebiry Al i po3BuToK
PEMOZENNIOBAHHS CepLis 3 reMOANHAMIYHUX NPUYKH.

2. He gocnimKyBanu peHiH KposBi, Lo He Aano 3mory
BU3HAYMTV reHe3 NiaBULLEHHS anbAOCTEPOHY.

3. He pocnimkyBanu anbaoCTepOH KpoBi nepes no-
YaTKOM aHTUriNepTeH3WBHOI Tepanii, TOMy HEMOXINBO
NOSICHUTM MIABULLEHHS NOMO PIBHA B YaCTWHW NaLieHTIB
(heHOMEHOM «BUCIN3AHHSI.

MepcnekTuBM noganbwux AgocnigXeHb. He-
obxigHi JoaaTKoBI AocnigkeHHs edekTiB npenaparis
ANst KOHTPOMIO Kanito KpoBi Ans naujieHTiB i3 XXH, wo
oTpumytoTb AMP (BU3HAYEHHS IHTEHCUBHOCTI NiKyBaHHSI,
HeoObXigHOCTI KopeKLi 1031 3anexHO Bif piBHSA Kanito Ta
PYHKUIT HUPOK, LliNbOBUX KaTeropin NaLieHTiB, Lo NoTpe-
OytoTb Npu3HaYeHHs Lmx npenapari). [epcnekTnBHUMU
LNsxaMn Kopekwii Ta npodinakTuku rinepkaniemii €
3aCTOCYBaHHS Mpenaparis, L0 MOCUIIOIOTh BUBEAEHHS
Kanito Yepes LLINYHKOBO-KVLLIKOBUI TPaKT (kariesi GiHaepw)
ab0 BrKoprCcTaHHS HOBUX Npenaparis i3 knacy AMP, sik-ot
(hiHepeHoH [44].

Moaska

ABTOPU BUCAOBAIOKOTb BARUHICTb A3 «/AHINPONETPOBCHKa MeAYHa
akapemisa MO3 YkpaiHu» 3a iHaHCOBY AONOMOTY Nia yac 3akyniBai
PEeaKT1BY AAA BU3HAUYEHHS PiBHA aAbAOCTEPOHY CHPOBATKW KPOBI
Ta NPOBEAEHHS AOCAIAKEHHS.
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OKCUAAQTUBHOIO CTpECy B neyviHui muwen 3a yMOB eKCHepMMeHTaI\bHO.I.

eHAOTOKceMii

H. T. Tpywka*A-2F 0. A. KoHapaubka®CF, C. . MaBroBuu™EF, H. O. MinbkeBuu®, P. |. AHYIKES

[HcTUTyT digionorii imeni 0. O. boromoabusa HAH Ykpainu, m. Kuis

A - KoHLLenLis Ta AM3alH AOCAIAXEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnpeTauis paHux; D - HanucaHHs cTaTTi; E - peaaryBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHS CTaTTI

Meta po6otu — gocnigutu gito iHribitopa pepmenty noni(AA®P-puboso)nonimepasu 1 (MAPII-1), 4-rippokcuksiHasoniHy
(4-TK), Ha cTaH Npo- Ta aHTUOKCUAAHTHOI CUCTEMM NEYiHKV MILLEN NpU 3ananeHHi, Wo iHaykoeaHe ninononicaxapugom (MM1C).

Marepianu Ta meTogu. CUCTEMHY €HOOTOKCEMIO B MULLE MOAEMNOBaNy 3a JOMOMOrOK BHYTPILLHBOOYEPEBUHHOIO (B/0)
BBegeHHs JMNC (E. coli 0111:B4; 3 mr/kr). PosuunH 4-I'K 3actocoBysanm B/o B fosi 100 mr/kr 3a 1 roguHy no BeegeHHs JIMC.
Mpouecy nepekucHoro okucHeHHs ninigis (MOJT) ouiHoBanu 3a BMICTOM y TKaHWHI neYiHKu KiHuesvx npoaykTie MO y peakuii
3 Tiobapbityposoto kucnototo (TBK). KoHueHTpauito BigHoBneHoro rnytartioHy (BIM) y neviHui Bu3Hayanu cnektpodotome-
TpuyHUM MeTodoM Enmana. PiseHb Lepynonnaaminy (L) y cupoBaTtui KpoBi OLiHIOBaM KONOPUMETPUYHUM METOLOM PaBiHa
3a fonomoroto TecT-Habopy (MpAT «PeareHT», YkpaiHa) BianosigHo [0 iHCTPYKLUii BUpOBHMKa Ta BUpaxaniu y mr/n.

Pesyniratu. Betanounm, wo yepes 24 rog nicns BegeHHs JMNC 3HauHo 36inbliyBaecs BMICT TBK-peakTnBHMX NpoaykTiB
(TBK-PTT) y TkaHWHi neviHku, Lo Bkasye Ha nocunenHs MOJT. 3a ymos aii JINC 3HkyBanucs kinbkicTs B Ta aktvehicTs LMy
CcypoBaTLi KpoBi. 3acTocyBaHHs Ha Tii eHgoTokceMii iHribiTopa MAPI-1, 4-TK npru3soaunno o 3MeHLweHHs B 1,7 pasa KinbkocTi
TBK-PIy TkaHuHi neviHku (p < 0,05 nopieHsHo 3 JIMC) i nigeuwysano Bmict B (8 2,9 pasa; p < 0,05) TaLyf1( 1,2 pasa; p < 0,05).

BucHoBku. OTpumaHi Ha Mogeni eHgoTokcemil AaHi caigyatb Npo 3anyyeHHs MAPTI-1 go iHTeHcudikavii MOJ1. dapmakonoriyHe
iHribyBaHHS LibOro hepMeHTY Crpusnio nocnabneHHo OKCMAATUBHOMO CTPECY B NEYiHL MULLIEeV | NoMinLyBano CTaH aHTMOK-
CUOAHTHOTO 3aXMCTY OpraHiamy, TO6TO YMHIIO BUPAXKEHNIA NPOTEKTUBHUIA €CHEKT 3a YMOB EKCTIEPUMEHTANBHOI EHAOTOKCEMIT.

WUHrubuposanue noau(AAD-pubo3a)nornumepasbl cnoco6CTBYET yMEHbLLEHUIO
OKCUAQTUBHOIO CTpecca B NeYEHU MbilLel B YCAOBUAX IKCNEPUMEHTaAbHON IHAOTOKCEMUH

H. T. Tpywka, E. A. KoHapaukas, C. U. MaBaoBuy, H. A. MuabkeBuy, P. U. AHuKi

Llenb pabotki — nccnenoBatb Aeictare nHrbutopa depmenta nonu(ALd-pubosa)nonumepassl 1 (MAPI-1), 4-rugpokeu-
KBUHa3onmHa (4-rK), Ha cocTosiHe NPo- U @aHTUOKCUAAHTHOW CUCTEMbI NEYEHN MbILLEN MPY BOCMANEHWN, UHOYLMPOBAHHOM
nvnononucaxapugom (JMC).

Matepumanb! n metogbl. CUCTEMHYHO SHAOTOKCEMMIO Y MbILLIEN MOAENMPOBAY C NOMOLLIbHO BHYTPMOPHOLLMHHOTO (B/0) BBEAEHNS
JINC (E. coli0111:B4; 3 mr/kr). Pacteop 4-TK npumensinu B/6 B go3e 100 mr/kr 3a 1 vac go BeegeHus JMNC. Mpowecch nepekvucHoro
okucneHust nunuaos (MOJT) oueHMBanM No coaep)KaHuto B TKaHW neYeHn KoHevHbIX npogykTos MOJT B peakuum ¢ TMobapouty-
poBoi kucnotoi (TBK). KoHueHTpaumio BocctaHoBMNEHHOro rmyTatvoHa (BIM) B neyeHu onpeaensnm cnekTpod)oToMETpUYECKUM
mMeToaom OnnmaHa. YpoBeHb LiepynonnasmuHa (L) B CbIBOPOTKe KPOBMW OLIEHWBANN KOMOPUMETPUYECKUM METOAOM PaBuHa
¢ nomoLLbto TecT Habopa (YAO «PeareHT», YkpanHa) B COOTBETCTBUM C MHCTPYKLIMEN NPOV3BOAMTENS W BbIpaXkan B Mr/.

Pesynbrathbl. YCTaHOBMNEHO, YTO Yepes 24 4 nocne BBeaeHus JMNC 3HaumTensHoO Bo3pacTarno cogepxarne TBK-peakTuBHbIX
npoayktoB (TBK-PIM) B TkKaHK neyeHm, 4To ykasbieaeT Ha yeunerwe MOJ. B ycnosusx gevictaus JTNC cyLlecTBeHHO CHBKanNMch
konuyecTBo BIM u aktneHocTb LM B cbiBOpOTKE KpoBw. [prMeHeHve Ha doHe aHgoTokcemMumn nHrmbutopa MAPTI-1, 4-TK
NPVBOAMIO K yMeHbLUeHMIo B 1,7 pasa konnyecTsa TBK-PIT B TkaHu nevenm (p < 0,05 no cpaeHeHuto ¢ JIMC) v 3HauMTensHO
nosblwano cogepxxanve B (8 2,9 pasa, p < 0,05) n LM (8 1,2 pasa, p < 0,05).

BbiBoapbl. [MonyyeHHble Ha MOAEnM SHOOTOKCEMMM [JaHHble CBUAETENbCTBYIOT 0 BoBneveHun MAPTI-1 B nHTeHcudmkaumo
MON. dapmakonornyeckoe MHIMOMPOBaHWE AaHHOTO hepMeHTa cnocobCTBOBaNo ocnabneHnio OKCUaaTUBHOIO cTpecca B
MeYeHN MblLLe W yryYLano CoCTOSHUE aHTUOKCUMAAHTHOM 3aLUMThbl OPraHn3ma, TO eCTb OKa3blBaro BbIPaXEHHbIN NPOTeK-
TWBHbIN 3OEKT B YCIIOBUAX SKCTIEPUMEHTANBbHOW 3HAOTOKCEMUM.

Inhibition of poly(ADP-ribose)polymerase contributes to the reduction of oxidative stress
in murine liver under the conditions of experimental endotoxemia

N. H. Hrushka, S. I. Pavlovych, O. A. Kondratska, N. O. Pilkevych, R. I. Yanchii

The aim of the work is to investigate the effect of the enzyme poly(ADP-ribose)polymerase 1 (PARP-1) inhibitor,
4-hydroxyquinazoline (4-HQN), on the state of the pro- and antioxidant system of murine liver, under the conditions of
lipopolysaccharide (LPS) induced inflammation.
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Materials and methods. Systemic endotoxemia was induced by the administration of LPS (E. coli 0111:B4) at a dose of
3 mg/kg intraperitoneally (IP). A solution of 4-HQN was applied IP at a dose of 100 mg/kg an hour before LPS administration.
The processes of lipid peroxidation (LPO) have been evaluated by the content of the end products of LPO in liver tissue by their
reaction with thiobarbituric acid (TBA). The concentration of reduced glutathione (GSH) in liver was determined by Ellman’s
spectrophotometric method. The level of ceruloplasmin (CP) in serum was measured by colorimetric method of Ravin using
a test kit (JSC Reagent, Ukraine) in accordance with the manufacturer’s instructions and expressed in mg/l.

Results. It was established that 24 hours after LPS administration the content of TBA-reactive substances (TBARS) in liver
tissue significantly increased, that indicates intensification of POL. The level of GSH and the activity of CP in serum significantly
decreased under the conditions of LPS action. The use of the inhibitor PARP-1, 4-HQN, during endotoxemia resulted in 1.7-fold
decrease in the amount of TBARS in liver tissue (P < 0.05 compared with LPS) and increased significantly the GSH content

(2.9-fold, P < 0.05) and the CP (1.2-fold, P < 0.05).

Conclusions. The data obtained using murine model of endotoxemia indicate the involvement of PARP-1 in intensification of
POL. Pharmacological inhibition of this enzyme contributed to the reduction of oxidative stress in murine liver and improved
the state of antioxidant protection of the body, that is, it had a pronounced protective effect during endotoxemia.

MopyLweHHs BanaHCy NPOOKCMAAHTHOI Ta aHTMOKCH-
[AHTHOI CUCTEM CTIPUYMNHSIE BUHUKHEHHS OKCUAATUBHOMO
cTpecy. lNpoBigHa ponb y po3BUTKY OKCMAATUBHOIO
CTPeCy KNiTWH i TKaHWH HanNeXuTb akTUBHUM hopmam
kucHio (A®K), wo iHgykytote npouecu MOJI. Hagnuw-
koBa npoaykuis APK, ocobnmeo pasom i3 HegocTaTHIMU
KOMMEHCATOPHUMK MOXITMBOCTSIMU @HTUOKCUAAHTHOTO
3axuCTy, MOXe MPU3BECTU A0 PO3BUTKY HOBMX abo
YCKNafHEHHS BXe HasiBHUX MaTONOri4YHNX NPOLECB (imMy-
Ho3anarbHi XBopobu, CepLeBO-CYAVHHI 3aXBOPIOBaHHS)
[1,2], 3okpema 1 natonorii, iHAyKOBaHi eHOOTOKCEMIED
[3,4]. EHgoTOKCEMISA, 3yMOBREHA HAsABHICTIO B OpraHi3mi
GakTepianbHOr0 EHAOTOKCUHY (SIK-OT ninononicaxapuz
(ITMNC)-koMnoHeHT BakTepianbHOI CTiHKW rpaMHeraTUBHIIX
GakTepiit), € HaranbHOK MeAMYHO NPOBNEMOto, OCKinb-
K MOXe BYTV NPUYMHOK YLLKOMKEHHS KNITWH | TKaHWH.
Lie moxe npoBokyBaTu neBHi iMyHo3anarnbHi npouecu B
OpraHi3mi NoAUHY, TBAPUH | BUKIMKATU 3aXBOPHOBAHHS
Pi3HUX OpraHiB i cUCTEM OpraHiamy [5-7].

Bigomo, wo JIMC yepes Toll-nogi6Huii peuentop 4
(TLR4) akTnBYE KNITUHW HECNELMMIYHOT PE3NCTEHTHOCTI
1 nocuntoe ixHi GakTepuumaHi BNacTUBOCTI (MPoAyKLito
ADK, nizocomanbHux hepmeHTiB, haroLmTos TOLLO).
Pesynbraty, siki oTpUManu Ha BUKOPUCTaHIN Y L poboTi
eKCnepuUMeHTanbHi Mogeni eHOOTOKCEMIi, oKasanu, Lo
BBefeHHs J1IMNC MuLLamM CNpUYmHSIE 3HaYyLLE MiABULLEHHS
npoayKuii cynepokcuay Hemtpodinamu [5]. HeapgeksarHa
aKTVBaLlia HeTpodinie i Makpodarie nig snnveom JINC
npu3BOaUTbL A0 cekpelii Yumanoi kinbkocTi APK i, 3a
YMOB HEA0CTATHLOMO aHTUOKCUAAHTHOIO 3aXMCTY, MOXe
CNPUYUHATY OKCUOATUBHWIA CTPEC KNITWUH Ta opraHiB. Lle
0co6nNMBO CTOCYETLCS NeYiHKKM, Ae nepebiratoTb CkNaaHi
npoLecy eniMiHaLlii eHOOTOKCUHY Ta SIKa € OPraHoM i3 Hal-
BinbLUOIO NONYNALIE0 TKAHMHHUX MaKkpodaris B OpraHiami
(knitTuHn Kyndbepa) [8,9]. Mpobnema okcugatnBHOrO
CTpecy 3a yMOB eHL0TOKCEMIi NOTpebye AeTanbHOro BrB-
YEHHS AN BUSIBNEHHS 3ac06iB BiHOBMNEHHS GanaHcy Mix
iHTEHCMBHICTIO NPOLECIB BiNbHOPaANKANbHOTO OKUCHEHHS
11 aHTUOKCWUAHTHOTO 3aXMCTY. Y LIbOMY acnekTi nepcrnek-
TWBHWM BUOAETLCS 3aCTOCYBaHHS iHribITOpiB hepmeHTy
noni(AA®-pnbdo3o)nonimepasu (MAPM). AP — poguHa
i3 18 chepmenTiB. MAPI1-1, HannowwupeHiwa isocopma,
Bigirpae BaXnmBy isionoriyHy porib, 34iINCHIOYM NOCT-
TpaHCnALiInHy MoamdikaLito BinkiB. ®epMeHT akTUBYETb-
cs npu pospusax AHK, cuHTesye naHutorn nonimepa
ALlP-pnb0o3u Ta NpreaHYe ix [0 ricToHiB, Ginkis penapadii
[HK, TpaHckpunuinHmX dhakTopis TOLLO. Taka nocTTpaHc-
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nsuinHa mogmdikauis 6inkis gonyveHa B peMoaerntoBaHHi
CTPYKTypW xpomatuHy, penapadii [HK, perymioBaHHi
eKcnpecii reHiB, y nogini ta saarmbeni knituH Towo [10,11],
LU0 3yMOBrHoE ghigionoriyHe 3HaveHHs MAPT1. OgHak BcTa-
HOBIEHO, LU0 3a YMOB HafMipHOi aKTuBaLlii Liei eH3unm
3any4yeHunin y NOLUKOMKEHHS TKaHWH NpW HK3L XBOPOO.
BiH € kno4oBMM MegjiaTopom KniTUHHOI 3arnbeni npu
PO3BUTKY OKCMZATUBHOTO Ta HITPO3ATMBHOIO CTPECY, a Ta-
KOX MOXeE NMepemMuKaTh Lnsx 3arnbeni KniTuH 3 anonTosy
Ha HEKPO3 i3 BiANOBIAHMM NOCUEHHIM 3ananeHHs [11].
MokasaHo BupaxeHy NpoTeKTVBHY Aito iHribiTopis MAPIT
Ha KiNbKOX MOZensix iMyHOONoCcepeakoBaHux Xeopob, a
Takox 3a yMoB iHaykoBaHoro JIMC 3ananeHHs B nereHsix,
HUpKax i Mo3ky [12,13]. Takox € AaHi Npo y4acTb LbOro
(hepMeHTY B NaToreHesi 3axBoptoBaHb NEYiHKK, OCKINbKM
npu i ypaxeHHi BUSIBNSIETLCS BUCOKWIA PiBEHb BiNTbHMX
pagukanis i NEPeKUCHOrO OKUCIEHHS MiMifgiB, WO MOXe
npu3BOANTM A0 HaaMipHoi akTueauii MAPT yHacnigok
pospueie AHK [14]. OTxe, NpaKTU4HWUIA iIHTEPEC CTAHOBUTH
BMBYEHHS 30aTHOCTI PEYOBMH, LLO MpurHivytoTb MAPTT,
3MEHLLYBATW OKCUMAATUBHWIA CTPEC NPW MOLUKOKEHHI
neviHkK, Wwo Buknukaxe JMC.

Merta po6otu

DocniguTu gito inribitopa MAPTI-1, 4-rinpokcukeiHaszo-
niny (4-TK), Ha cTaH Npo- Ta aHTMOKCUAAHTHOI CUCTEMU
neviHky Muweit 3a ymos JIMC-iHgykoBaHOi eHA0TOKCEMIl.

Marepianu i meToAM AOCAIAKEHHA

JocnifXeHHs BUKOHANM Ha CTaTEBO3PINUX cCammusx
muLei nidii AnbbiHo (Maca 18-22 r) y Bigaini imyHo-
isionorii IHcTuTyTy dhisionorii imeni O. O. BoromonbLs
HAH Ykpaitu. Muwen yTpumyBanu Ha ctaHdapTHOMY
paLjoHi BiBapito BignoBigHO A0 «CTaHAapTHMX MpaBun
Mo YNOpsiAKyBaHHIO, YCTaTKyBaHHIO Ta YyTPUMAHHIO eKc-
nepuMeHTanbHux BionoriyHux kniHik (BiBapiia)», 4oTpU-
MYIOYUCh 3ararnbHUX NpUHLMNIB BioeTykY BigNoBIgHO [0
lenbciHebkoi aeknapaii (BcecBiTHS MeaguyHa acambnes,
1964). Mpotsrom poboTu Takox AoTpumMyBanmcst MixHa-
POAHMX MPUHLMNIB €BPONENCLKOI KOHBEHLIi MPO 3axmcT
xpebeTHux TBapuH Pagn €sponu (Ctpacbypr, 1986).
Cu1CTEMHY eHLOTOKCEMIlD MOoAEentoBanu 3a [onoMOrow
BHYTpIiLLUHbOO4epeBuHHOTO (B/0) BBeaeHHs JIMNC (E. coli
0111:B4, Sigma, USA). ns BuB4eHHs edoekTy 4-TK 3a
YMOB eHOO0TOKCEMIi camMmuLb Nodinumnm Ha 3 rpynu:
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1) rpyna MNC: mywwi, sii otpumanu JMC y goai 3 mr/kr;

2) 4-TK + NINC: muwi, sxi oTpumany B/o iH'ekuii 4-NK
(Sigma, USA) y nosi 100 mr/kr 3a 1 roguHy 10 BBEAEHHS
JING;

3) KOHTPOMbHI TBAPWHW, AKUM BBOAMWIM PO3YNHHIK —
izionoriunnii posunH (PP) y BignosigHomy o6’emi.

Yepes 24 rog TBapuH nigaasany eipHOMy Hapkosy
i BUNyyanu matepian ans JOCnimKeHb.

IHTeHcuBHICTb NpoLecis nepokeuaadii ninigis (MOJT)
OLLiHHOBanNV 3a KOHLIEHTPALLIE B NeYiHLj KIHLEBUX NPoayK-
TiB MOJ1 (ManoHoBoro fianbaerigy Ta iHWKUX anbaeriais),
Lo 6asyeTbea Ha iXHIl 30aTHOCTI B3aemopdiath 3 2-Tio-
6ap6ityposoto kucrototo (TBK). FomoreHaT neviHkv ons
NPOBeAEHHS peaKLii OTPUMYBanM LWMSXOM PO3TUPaHHS
500 Mr TKaHuHM B MOPLENSHOBIN CTyMLUi Ha nMboay B 5
mn PBS i ueHTpudpyrysanu npu 4 °C npotsrom 7 X8 npu
12 000 g. Bwmict TBK-peaktusHux npogykris (TBK-PI)
y cynepHaTaHTax, Lo OTpUMani, BU3Hayanu Komnopu-
METpUYHUM MeTogoMm [15] i Bupaxanu B HMonb MOA Ha
1 T TKaHWHW, BUKOPUCTOBYIOYM KOEQILIEHT MOMNAPHOro
MOrMWHaHHS, KM aopieHioe 1,56 x 10° M'-cm™'. [Inq
XapaKTEPUCTUKN aHTMOKCUAAHTHOMO 3aXMCTy BU3HaYa-
v piBeHb BigHOBMNEHOro rnyTatioHy (BIM) y nediHui Ta
BMicT uepynonnasmiHy (LIM) y cuposarui kposi. Bmict
Bl BM3Ha4anu cTaHgapTHUM CnekTpohOTOMETPUYHIM
METOAOM i3 3aCTOCYyBaHHAM peakTuBy Enmana [16], Bu-
KOPWCTOBYIOUM CyMepHaTaHTV FOMOreHi30BaHOI NEYiHKY,
OTpPUMaHi METOZOM, Lo BXe onucanu. PiBeHb Liepyno-
nna3miny (L) y cupoBarLi KpoBi oLjiHoBanm konopume-
TpUYHUM mMeToaoM PaBiHa 3a gonomorow TecT-Habopy
(MpAT «PeareHT», YkpaiHa) 3rigHO 3 iHCTpyKLieto Ta
BUpaxanu B Mr/n.

[lnsa cTaTMCTUYHOrO OnpaLitoBaHHS pe3ynbTaTiB BUKO-
puctoyBanu nporpamy GraphPad Prism version 5.00 for
Windows (GraphPad Software, USA). lMicns nepesipku
Ha HOpMasbHICTb Po3noginy 3a kputepiem Konmoropo-
Ba—CMMpHOBA (HE MEHLLE HiX 7 MULLE y KOXHIi rpyni)
CTaTUCTUYHWIA aHani3 BUKOHYBANuU, BUKOPUCTOBYOUU
one-way ANOVA i3 HaCTyNMHUM MHOXUHHUM MOPIBHSIHHAM
3a Tectom Newman-Keuls. BigmiHHOCTi BBaXanu cratu-
CTUYHO 3HavyLmmMu npu p < 0,05. PesynstaTii HaBogunm
Ak M £ m (cepenHe  cTaHgapTHa noxvoka).

Pe3yabTati

MokasaHo, wo JIMNC E. coli (cepotun 0111:B4) B poasi
3 mr/kr macm Tina muLi, 3a pesynsratamu nonepeHix Ao-
ChifKeHb, CpUYMHSNa Yepes 24 rof, 3aMiH1 Macu TBapuH,
peKTanbHOi TeMnepaTypy Ta nenkorpamy Kposi. 3a AaHu-
MU Nenkorpamu, BifCOTOK HENTPOMINbHMX rpaHyNoLMTIB
3pocTaB y 3,1 pasa, 30kpema nanuukosiiepHux y 4 pasm
(p < 0,001 nopiBHSAHO 3 KOHTPONEM B 060X BUNaakax), Lo
CBiuYMTb MPO PO3BUTOK 3ananbHOro npowecy [5].
Jocnigytoun ctaH MOJ y nevdiHWi Muwwen 3a ymoB
€HIL0TOKCEeMii, BCTAHOBWIN: Yepes 24 rof nicns BBEAEHHS
JINC Bmict TBK-PI'y TkaHuHi 3pocTae BABIi LLOAO KOH-
Tponto (p <0,05) (puc. 1A). 3a HawmMmmM AaHUMK, 38 YMOB
eHpoToKceMii BifbyBanocs CyTTeBe 3MEHLLEHHS BMICTY
BaXMMBOTO KOMMOHEHTA CUCTEMU AHTUOKCUAAHTHOTO
3axucty — Bl y neviHui. BmicT iHLWOro BaxnnBoro kom-
MOHEHTa aHTUOKcMAaHTHOT cuctemm — LM — 3a uyx ymos
TakKoX 3HavyLLo 3meHLyBaBcs (puc. 1B). Omxe, 3a ymoB
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Puc. 1. Bmict TBK-PIMy TkaHuHi neviHku, Hmonb/mr (A), BMiCT BITy TkaHuHi nediHkn, Mkmorb/r (B)
i epynonnaaminy y KpoBi, Mr/n (B) y KOHTPONbHIX MuLLei 3a ymoB yBeaeHHs JINC i 4-TK+MNC.

*%:p<0,01; ***:p < 0,001 wopo koHTponto; #: p < 0,05 wogo JMNC.

€HA0TOKCEMIi B NEYiHL MULLEN BiOyBanocs nopyLUeHHs
piBHOBary Mix npouecamm ninonepokcuaaLii Ta akTme-
HICTIO aHTUOKCHMAAHTHOTO 3axucTy B Gik akTuauii MOJI.

3acrtocysaHHs iHribitopa MNAPT1-1, 4-TK, 3a ymoB
Aii NNC npr3BogmMno A0 3HaYYLLOro 3MEHLLEHHS BMICTY
TBK-PT B neviHui — B 1,7 pa3a nopieHsaHo 3 gieto JMC
(p <0,05) (puc. 1A). BeenenHs 4-I'K muiuam 3 eHAOTOK-
cemieto NpraBoanno 4o 30inbLueHHs BMicTy By neviHui
y2,9pa3a,alll1-8 1,2 pasa (Puc. 15,B). OTxe, BCTaHOB-
neHo, wWo iHribysanHs MAPT-1 cyTTeBo nocnabntoano
OKCUAATUBHUI CTPEC, skui inaykosaHui M1C, i cnpusino
MOCUIEHHIO CUCTEMM aHTUOKCUAAHTHOTO 3aXUCTY MULLIEHA.
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06roBopeHHA

BeenenHs JIMC nabopatopHm TBapUHaM — noLumpeHa
anpoboBaHa MoZenb SK CUCTEMHOrO, TaK i OpraHHOro
iMyHOIHZLyKOBaHOTO 3ananeHHs, oaHaK pisHi BUAu Ta niHii
nabopaTopHVX TBapWH, a Takox 0cOBNMBOCTI Npenaparis
JINC E. coli piaHnx cepoTunis 3yMOBIIOKOTh BUPaXEHICTb
peakuji Ha EHAOTOKCUH. Ha Tri Ha3BaHUX CUCTEMHUX 3MiH
(macw, Temnepatypy Ta nefkorpamu KpoBi) Bigbysanocs
MOPYLLEHHS PYHKLIi OpraHiB, 30Kpema nediHKu.

MapkepoMm YLUKOIKEHHSI KIITUH Ta OKCUAATUBHOMO
CTpecy, 30Kpema 3a YyMOB reHepani3oBaHoi iMyHo3a-
nanbHoOI BiANOBidi, BBAXalOTb HAAMMULLIKOBE YTBOPEHHS
BTOPUHHMX npoaykTie MO (TBK-PIM, GinbLwicTb i3 Hux
CTaHOBUTbL MarnoHoBwii dianbgerig — MAOA). Kpim Toro,
MIA € myTareHOM i Mae BUpaxeHy LIUTOTOKCUYHICTb, LLIO
CMPUYUHSIE 3MIHWN Y CTPYKTYPI KIITUHHOT MemMBpaHu i Moxe
npu3BoaAMTM Ao ii po3pmsy [2]. O4eBMAHO, LLO BUCOKMI
pieHb MOJ1, 3ymoBneHwin yBegeHHsm JINC muwam, €
O[HUM i3 MExXaHi3MmiB, SKUN NPU3BOANTb 4O BUCHAKEHHS
AHTUOKCUAAHTHOI CUCTEMMW Ta MOXE BWKIMKATU HOBY
XBUIHKO YLLIKOMKEHHS MEYiHKM.

BcraHoBuUnK, WO 3axMCT TKaHWH, OpraHiB Big arpe-
CUBHOI Aii BiNbHUX pagukanis i NpOAYKTiB iX AiAnbHOCTI
3abe3neyyeTbcs Aiel0 aHTUOKCUAAHTHOT CUCTEMM.
JOectpyktuHomy Bnnusy MO NpoTUCTOITH BHYTPILL-
HbOKMITWHHA aHTUOKCMAAHTHA CHUCTEMa, sika BKITOYae
aHTWOKWCMIoBanbHI )epMeHTH, Hanpuknaz, BigHOBMe-
HUIA rnyTaTioH. BN — ronoBHWiA (hakTop NiATPUMaHHS
BHYTPILUHBOKNITUHHOTO pPeaoKc-romeocTady, besnoce-
penHbo iHakTveye ADK, a Takox 6epe yyacTb y perynsuii
aKTVMBHOCTI H3WMIB i nigTpUMLi PyHKLA MemBpaH [2,17].
LIM — ronoBHMIN NO3aKNiTUHHUIA aHTUOKCUAAHT, iHribye
NEPEKNCHE OKVWCHEHHS NiNifiB LUISXOM NEePexXoneHHs
Ta iHaKTMBaLii CynepoKCaHOro paavkana, Mae noTyxHy
npoTtu3ananeHy i, 34iINCHIE TPAHCMOPT Midi TOLWO
[2,17].

BupaxeHa npoTekTuBHa Ais iHribiTopis MAPI-1, siky
BUSIBUMW, CBiAYUTb NPO MOXIUBICTb IXHBOrO Tepanes-
TWYHOTO 3aCTOCYBaHHS 3a YMOB eHAoTokceMii. MoxHa
MPUMYCTUTK Kilbka MexaHi3miB Takoi fii. 3a gaHumu,
Aki oTpumanu paHiwe, 6nokatop MAPTI-1 3ano6iras
HaAMIpHIN akTvBaLji KniTuH-edekTopiB 3ananeHHs [18].
AKTVBOBaHI HENTPOINK 11 Makpodari reHepyoTb BENUKY
Kinbkictb AQK, ki 3a He0CTaTHbOro aHTUOKCUAAHTHOMO
3aXUCTY CMPUYMHSIOTL OKCUAATUBHWIA cTpec. IHWwi me-
XaHi3Mu NpoTeKTMBHOI Al iHriGiTopis MAPI npu eHpo-
TOKCEMIl, KOTpi NOTPeby0Tb NPOAOBKEHHS AOCTILKEHD,
MOXYTb Oy TV NOB’S3aHi 3 iXHIMU MPSAMUMU @HTUOKCUAAHT-
HUMKW BMACTMBOCTAMM, NpoTM3anansHUMKU edekTamm
Yyepes MoaynsLilo ekcrpecii npo3ananbHuX reHis, Wo
onocepeakoBaHa NF-kB Ta iHLMMK TpaHCKpUnUiiHUMM
(hakTopamu, a Takox NMoB’s3aHi 3i 3aaTHICTIO nocnabnto-
BaTU HEKPOTUYHY 3arnbenb knitH [10,11].

BucHOBKU

1. BegeHHs JIMNC yepes 24 rognHW NpusBoaMIoO
[0 nigeuieHHs Bmicty TBK-PIT y nediHui mvwen i go
3MeHLLeHHs BMicTy B, LIM, wo Bkasye Ha nopyLueHHs
piBHOBarK Mix npouecamu ninonepokcuaavii Ta aHTu-
okcmaaHTHoro 3axucty B 6ik MOJ. IHaykosaHwui JINC
OKCUAATUBHUIA CTPEC Y NOEAHAHHI 3 MocnabneHHsaM aH-
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TUOKCUZAHTHOTO 3aXUCTY MOXe GYTI OfHWM i3 MexaHiamiB
NOCUNEHHS, NIATPMMKN HaZani 3ananeHHs B NeviHLj.

2. 3actocyBaHHs 4-K Ha tni JINC mano mogynio-
BasbHWIA BNIMB Ha MPOOKVUCHO-aHTUOKCUAAHTHUIA roMeo-
CTa3 y neviHLj, Npo WO CBIOYNTH 3HaYyLLe 3MEHLLEHHS
MOJ1y TKaHuHi 1 36inbLueHHs BmicTy Bl i LT

3. Pesynbrati, WO oTpUMManu Ha Mogeni eHOoTOK-
ceMii, nokasanu no3uTueHWA BNuB 4-NK, akui nepeLu-
KO[KaE PO3BUTKY OKCMAATMBHOIO CTpecy 1 3abeanedyye
MOMINLWeHHS aHTWOKCMAAHTHOTO 3aXWUCTy OpraHiamy
MULLEN, LLO CBiAYUTL NPO NEPCMEKTUBHICTb 3aCTOCYBaHHS
iHribiTopie MAPT1-1 nig yac xBopob, siki iHaykosaHi JIMC.

MepcnekTMBM nopanblinx gocnigxeHb. [lep-
CMEKTVBHUIA HaNpsM — MOLYK GaraTodyyHKLiOHaNbHMUX
AHTUOKCVAAHTIB, LLO MOEAHYIOTb @aHTVOKCUAAHTHY Ta iHLL
doyHKUiOHanbHI BNacTuBOCTi. Takumu GaraToyHKLio-
HanbHMMK 3acobamu € iHridiTopu MAPT, aki nocnabnto-
t0Tb OKCMAATUBHMIA CTPEC, @ TAKOX 3MEHLUYOTb 3anarbHi
npouecy, HaaMIpHy akTvBaLilo KniTWH-edekTopiB 3ana-
NEeHHS Ta HEKPOTWYHY 3arnbenb. MNepcrnekTyBHICTb iXHBO-
ro 3aCTOCyBaHHS NOTpebye NPOAOBXEHHS JOCNIMKEHHS
3a Pi3HNX NaTonoriYHNX yMOB.
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MeTa po60TH — B ekcrepuMeHTansHoOMy AOCTIMKEHH BU3HAYUTUN XapaKTep 3MiH CTaHy Tion-aucynbdigHoOi CUCTEMM LLYPIB
3 eHLedanonarieto, Lo 3yMOBMeHa BMIMBOM KOMIMEKCY NPOTUTY6epKynbO3HWX Npenaparis Ans NikyBaHHS XiMIOpe3nCTeHT-
HOro Ty6epKynb0o3y, Ta MOXIIMBOCTI iXHbOI MEAMKAMEHTO3HOI KOPEKLT, 3aCTOCOBYHOUM aleMETIOHIH 1,4-6yTaHaucynbgoHar.

Matepianu Ta metoau. [JocnimkeHHs 3aiicHuny Ha 30 wypax niHii Wistar, skux noginunu Ha 3 rpynu: 10 — iHTakTHa, 10 —
KOHTpOIbHa (OTpUMyBanu NpoTUTY6epKynbo3Hi npenapatyt), 10 — 0CHOBHa (OTpUMYBanu NPOTUTY6EpKYNbO3HI NpenapaTty Ta
a[leMETIOHIH 5K 3acib kKopeKLii TOKCMYHOI AjT). [ocnignnum ctaH CUCTeMU ryTaTioHy Ta BMICT TOMOLMCTETHY, HITpaTMpasuHy.

Pesynkratu. EkcnepumeHTanbHa Tepanis aieMeTiOHIHOM Y LLypiB, siki OTpUMYyBanu NpoTuTyBepkynbo3Hi npenaparty, cnpusie
3HVKEHHIO IHTEHCUBHOCTI XPOHIYHOTO OKCUAATUBHOIO CTPECY B HEPBOBIN TKaHWH. [1in Yac BBeAeHHs renTpany BCTaHOBUIN
onTUMarbHe CNiBBIOHOLLIEHHS MiX PIBHAMM BiZHOBIMEHWX Ta OKUCTIEHWX TIOMbHWIA TPy, @ TaKoX rMyTaTiOHy, O CBiAYMTL Mpo
aKTMBHY Mobinisauito Tion-aucynbdiaHoi cucTemMu Ta HeiiTpaniaalilo NPoayKTIB BiNbHOPaAMKaNbHOrO OKVUCHEHHS. B ymoBax
HITPO3yBabHOTO 1 OKCUAATMBHOIO CTPECY BMBYEHI 3acobM 30inbLuyoTh CTINKICTb HEPBOBOI TKAHWMHM 4O SBWLL, iHTOKCUKALYi.
Omxe, ofHieto 3 NaHOK HEPOMNPOTEKTUBHOMO eekTy afeMeTIOHIHY cTana Moro 3gatHicTb cTabinidyBaTu Tion-aucynbiaHy
piBHOBary.

BucHoBKkW. Y oyHKLiOHYBaHHI rnyTaTiOH3anexHoi (hepMeHTaTUBHOI CUCTEMU Y TKaHMHAX MO3KY LLypiB, LIO OTPUMyBanu
npoTUTY6EpKYNbO3HI NpenapaTty, 3apeecTPOBAHO 3HVKEHHS aKTUBHOCTI MMyTaTioH S-TpaHcdepasw, rnyTaTioHnepokcuaasm
i rnyTaTioHpeaykTa3u Bagidi, B 1,7 i 2,4 pasa BignosiaHo. B ymoBax Tepanii aaeMeTioHiHOM BU3Haumau 30inbLUeHHs BigHOB-
NEeHUX iHTepmMesiaTis Tion-gucynbgigHoi cuctemun — SH-rpynu B 1,7 pasa, nigBULLEHHS PiBHS BiZHOBEHOrO rnyTaTioHy B 1,9
pasa Ha T1i BipOriHOroO 3MEHLLEHHS! BMICTY 110ro okucneHoi hopmm B 1,4 pasa. 3acTocyBaHHs afeMETIOHIHY NpU3BOANIIO i
[10 3HWKEHHS BMICTY Y TKaHWHAX MO3KY MOTEHLINHO HEMPOTOKCUYHUX CMOMYK — HITPOTMPO3WHY Ta romouucteiny B 1,4 1a 1,5
pasa, Lo 306iMbLUye CTilKICTb HEPBOBOI TKAHWHW [0 SBWLL, IHTOKCUKALii.

CocTofiHWe THOA-AUCYAbOUAHOM CUCTEMDI Y KPbIC C 3HUedaronaTHen,
06yCAOBAEHHOMH BAMSIHUEM NPOTUBOTYOEPKyAe3HbIX NpenapaTos

A. B. AeBuuy, H. 0. CkopoxopoBa, A. I. XXusuua, H0. B. [lpocseToB

Llenb paboTbl — B 3KCNEPUMEHTAINBHOM UCCIIE0BaHNM ONPEAENUTL XapakTep U3MEHEHNIA COCTOSIHUS TUOM-ANCYNb(UOHON
CUCTEeMbI KPbIC C 3HLiedanonaTtuelt, o6ycroBneHHo BIUSIHUEM KOMMIIEKCa MPOTMBOTYOEpKyNe3HbIX NpenapaToB A neye-
HUS XMMUOPE3NCTEHTHOTO Ty6epKyneaa, 1 BO3MOXHOCTM UX MEOQUKAMEHTO3HOM KOPPEKLMN C MPUMEHEHUEM aleMETUOHIHA
1,4-6yTaHancynboHara.

Matepuanb! n metoabl. Viccnegosarue npoeaeHo Ha 30 kpbicax nuHum Wistar kotopeix nogenunu Ha 3 rpynnbl: 10 — nH-
TakTHasi, 10 — KOHTpOnbHas (Nony4aBLUKe NPOTUBOTYOEPKYNesHble npenapatsl), 10 — 0CHOBHas (KOTOpble NomyYanu npoTu-
BOTYOEepKynesHble Mpenapatbl 1 aAeMETUOHUH Kak CPEACTBO KOPPEKLMM TOKCUYeCKoro AencTaus). iccnenoBaHo cocTosiHe
CUCTEeMbI FMyTaTMOHa U CoAepXKaHue roMOLMCTENHA U HUTPaTMPa3uHa.

Pesynbrathbl. JKkcnepyMeHTanbHas Tepanust aaeMeTMOHMHOM Y KpbIC, NONyYaBLUMX NpoTMBOTYGEpKynesHble npenapa-
Tbl, CIOCOGCTBYET CHKEHMIO MHTEHCMBHOCTW XPOHWUYECKOTO OKCMAATMBHOIO CTPecca B HepBHO TkaHu. Mpu BBEAEHMM
afleMeTMOHMHA YCTaHOBMEHO OMTUMAribHOEe COOTHOLLEHIE MEXAY YPOBHAMMU BOCCTAHOBIIEHHBIX 11 OKUCTIEHHBIX TUOMbHBIX
Tpynn, a Takke ryTaTMoHa, YTO CBUAETENbCTBYET 00 aKTUBHOWM MOBWUNIN3ALMM TUOMOB-ANCYNbMUAHBIX CUCTEMbI U Helt-
Tpanusauum npogykToB CBOGOAHOPaAMKANbHOTO OKMACTEHUS. B yCroBUSX HUTPO3MPYHOLLErO 1 OKCUAATUBHOMO cTpecca
U3y4eHHble CPEACTBA YBENUUYMBAIOT YCTOMYMBOCTb HEPBHOI TKaHW K SIBMEHWSIM WHTOKCHKaLMW. Takum o6pasoM, OfHUM 13
3BEHbEB HEMPONPOTEKTUBHOTO 3hcheKTa afemMeT1OHWHa CTana ero CrocoBHOCTb CTabnNM3NPOBaTL TUONOB-AUCYNb(UAHOE
paBHoBECHE.

BbiBoabl. B dyHKUMOHMPOBaHUM rNyTaTUOH3aBUCUMON (PEPMEHTATUBHOWM CUCTEMbI B TKAHAX MO3ra KpbiC, MONyYaBLUUX
NpOTUBOTYDEPKYye3Hble Npenapatsl, 3aperyCTPUPOBaHO CHBKEHWE aKTUBHOCTU FIyTaTMOH S-TpaHcdepasbl, MyTaTuoHne-
poKcmaassl W rnyTaTMoHpeaykTassl B 2,0, 1,7 1 2,4 pasa COOTBETCTBEHHO. B yCroBusx Tepanum ageMeTMoHHOM OTMEYEHO
YBENUYEHNE BOCCTAHOBMEHHBIX MPOMEXYTOYHBIX TUOMOB-AMCYNbUAHLIX cucTembl — SH-rpynnbl B 1,7 pasa, noBblLEHNE
YPOBHS1 BOCCTAHOBMEHHOTO riyTaTuoHa B 1,9 pa3a Ha hoHe JOCTOBEPHOIO CHUXKEHUS COAEPXaHNs ero OKUCTIEHHON (DOPMbI
B 1,4 pasa. [puMeHeHre ageMeTUOHNHA NPUBOAWMIIO K CHIDKEHUIO COAEPXaHUs B TKAHAX MO3ra NoTEHLMarnbHO HeMpOTOKCH-
YECKMX COEANHEHNI — HUTPOTUPO3UHA U romoumcTenHa B 1,4 1 1,5 pasa, 4To yBENUUMBAET YCTONYNBOCTb HEPBHOWM TKaHMW K
SBNEHNSIM UHTOKCUKALMN.
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Investigation of the thiol-disulfide system state of rats with encephalopathy
caused by the effect of antituberculous drugs

A. V. Levich, N. 0. Skorokhodova, D. H. Zhyvytsia, Yu. V. Prosvietov

Objective. To determine in an experimental study the nature of changes in the status of the thiol-disulfide system of rats with
encephalopathy, due to the influence of complex of anti-tuberculosis drugs for the treatment of chemoresistant tuberculosis
and the possibility of their drug correction with the use of ademetionine 1,4-butanedisulfonate.

Materials and methods. The study was conducted on 30 Wistar rats, which were divided into 3 groups: 10 —intact group, 10 —
control group (treated with antituberculosis drugs) and 10 —main group (treated with antituberculosis drugs and ademetionine
as means of correcting toxic effects). The state of the glutathione system and the content of homocysteine and nitrotyrosine
were investigated.

Results. Experimental therapy with ademetionine in rats treated with antituberculosis drugs helps to reduce the intensity
of chronic oxidative stress in nerve tissue. The introduction of ademetionine establishes the most optimal ratio between the
levels of reduced and oxidized thiol groups, as well as glutathione, which indicates the active mobilization of the thiol-disulfide
system and the neutralization of products of free-radical oxidation. Under the conditions of nitrosative and oxidative stress,
the studied agents increase the resistance of nervous tissue to the manifestations of intoxication. Thus, one of the links of the
neuroprotective effect of ademetionin was its ability to stabilize the thiol-disulfide equilibrium.

Conclusions. In the functioning of the glutathione-dependent enzymatic system in the tissues of the brain of rats treated with
anti-tuberculosis drugs, there was decreased activity of glutathione s-transferase, glutathione peroxidase and glutathione
reductase by 2.0, 1.7 and 2.4 times, respectively. Under the conditions of ademetionin therapy, there was increase by 1.7
times in the reduced intermediates of the thiol-disulfide system — SH-group, and an increase of the level of reduced glutathione
by 1.9 times, against the background of a significant decrease in the content of its oxidized form — 1.4 times. The use of
ademetionin also led to a decrease of the content of potentially neurotoxic compounds — nitrotyrosine and homocysteine by 1.4
and 1.5 times, respectively in the brain tissues, which increases the resistance of nervous tissue to the effects of intoxication.

OpnHieto 3 NPUYMH, IO NepeLLIKOKae 3HKEHHIO 3aXBO-
proBaHOCTi Ha Ty6epkynbo3 (Th) i JOCArHEeHHIO LinboBKX
noKasHwWKiB, nepeabayeHunx rmobanbHOK0 cTparerieto
niksigauii Ty6epkynbo3y, € nikapcbka CTilKICTb | MynbTy-
pe3uncteHTHU Ty6epkynso3 (MPTB) [8,9]. EtiotponHa
Tepanis MPTB noB'sidaHa 3 HeOOXigHICTHO 3aCTOCYBaHHS
6aratbox NpoTuTy6epkynbo3Hux npenapartis (MTI1)
y cxemi (5-8 npenapartiB), KOXEH i3 HUX OKPEMO Mae
pi3Hy TokcKuHicTb [4,9,16]. OgHak komBiHOBaHe Npu3Ha-
YeHHs Takoi kinbkocTi MTI mMoxe cyTTeBO 36iNbWMUTK
4acToTy Ta TAXKICTb TOKCUYHMX NoBiYHMX peakuin (MP)
aHTVMiKoBakTepianbHOT Tepanii, B3BAEMHO MOTEHLIiKOHYM
TOKCUYHICTb KOXHOrO OKkpemoro npenaparty [4,13,16].
MobiuHi peakuii ximioTepanii € ogHUM i3 NpeauKTopiB
HeeeKTUBHOTO NiKyBaHHS, YMHHUKAMK, SKi 3HKYIOTb
AKICTb XWTTS NawieHTiB, (OPMYIOTb HEraTUBHUM IMIZX
Tepanii i, Ik Hacni[oK, NPU3BOAATL A0 HEKOMMNITAEHTHOCTI
xBopwx [3,4,9,13]. Cepep NP ocobnuBoi yBaru 3acny-
TOBY€E JOCIIMKEHHS renaTtoTOKCUYHOT, HEMPOTOKCUYHOT
4ii TTT, cTpyKTypa Ta MeXaHiaMn BUHVKHEHHS, @ TaKox
MOXMMBOCTI KOPeKLii SKOi 3anmwatoTbCsi HEAOCTaTHLO
BuBYeHmm [3,4,10,14,16-18]. Binomo, Lo rnyTaTioHoBa
naHKka Tion-aucynbgigHOT CUCTEMM TONMOBHOMO MO3KY —
BKpail BXKNMBUIA KOMNOHEHT @HTUOKCUMAAHTHOIO 3aXUCTY
Ta Bifirpae BaXnuBy porb y MexaHi3amMax eHOOreHHoi
HemrponpoTekuii [1,2,11,12,15].

lMepcnekTnBHUM 3ac0B0M KOpEeKLLiT HEeMPOTOKCUYHOT
Oil MOXHa BBaXaTu afemeTioHiH 1,4-6ytanancynbdoHart
(apemerTioHiH), ik Bigirpae NPoBiAHY Posib Y MPOMiXKHO-
My MeTaboni3ami TakuX BaXTMBMX CMIOMYK, SIK XOMiH, LucTe-
iH, TaypyH, rNyTaTiOH, KOEH3UM-A TOLLO, BUSBASIOYN B
TaKui crocib aHTWOKCMAAHTHI BMAcTMBOCTI 3 yHiBepcanb-
HUMM NPOTEKTUBHUMM MOxnmBocTamm [1,2,7,10,11,15].
Taki LMTONPOTEKTOPHI, AHTUXONECTATUYHI, AETOKCUKALLiVHI
BMACTWBOCTI Npenapary ageMeTiOHIH MOXyTb ByTu BUKO-
pucTaHi B Tepanii nikapCbKOiHOYKOBaHUX 3aXBOPOBaHb
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MEYiHKM | ANS NOMiNWeHHs (YHKUIN LeHTpanbHoI Hep-
BoBoi cuctemu (LUHC) B ymoBax eHuedanonarii piaHoro
reHesy [1,2,8,9,15,19,20]. 3acTocyBaHHA afeMETIOHIHY
K yHiBEpCAINbHOro 3aco0y KOPEKLjii TOKCMYHMX NOBIYHMX
peakuin [MTI paHiwe He BUBYaNN.

Merta po6otu

B ekcnepumeHTanbHOMY OOCRIMKEHHI BU3HAYUTM Xa-
pakTep 3MiH CTaHy Tion-gucynbmigHOT CUCTEMM LLYPIB 3
eHuedbanonarieto, Lo 3yMOBIEHA BMIMBOM KOMMMEKCY
npoTUTYBEepKyNbO3HUX NpenapariB Ans NiKyBaHHS XiMi-
OPE3NCTEHTHOrO TYOEpKynbo3y, Ta MOXIMBOCTi iXHbOT
MeAVKaMeHTO3HOI KopeKLii, 3aCTOCOBYUM afeMETIOHIH
1,4-6yTaHancynbhoHar.

Marepianu i meToAM AOCAIAKEHHA

[JocnigxeHHs 3giicHunK BignosigHo Ao [AupekTusu
2010/63EU €EBponencbkoro napnameHty Ta Pagun €C
Big 22 BepecHs 2010 p. Npo 3axucT TBapWH, L0 BUKO-
PUCTOBYIOTLCS [Nl HAYKOBMX Liinew, a Takox [0 Hallio-
HanbHWX «CRiNbHUX ETUYHUX MPUHLMMIB EKCNEPUMEHTIB
Ha TBapuHax» (Ykpaia, 2001) i BkasiBoK, LU0 BUKMaAeHi
B «OCHOBHI 3acaay BYBYEHHS TOKCUYHOCTi MOTEHLIINHNX
¢hapmakonoriyHnx npenaparis» (OPL| Ykpainu, K., 2000).
EkcnepuMeHT cxBaneHuii komicieto 3 Gioetnkn 3 «3a-
nopisbka Meu4yHa akagemis micnsagunioMHoi OCBiTU
MO3 YkpaiHu.

JocnipkeHHs BukoHanu Ha 30 wypax niHii Wistar
Bikom 6 micsiLis macoto 220-290 r. TBapuHy nepebysanu
y CTaHAapPTHWUX YMOBaX BiBapito (12-rogvnHHWIA CBITNOBMI
umkn, Temnepatypa 22 °C).

TBapuH noginunu Ha 3 rpynu:

1) 10 TBapWH, SIKUM 3iHIOBANK BHYTPILLIHBOLLITYH-
KOBe 30HO0BOE BBeAeHHSt 1 % KpOXMarbHOro crnmay

Key words:
resistance
tuberculosis,
anti-tuberculosis
drugs, adverse
drug reactions,
neurotoxicity,
glutathione.
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(PO34MHHYK) B 06'€Mi 5 M1 i BHYTPILLHBOM S130B€ BBEAEHHS
i30TOHIYHOrO PO34MHY XITOPUAY HATPIIO, — IHTaKTHa rpyna
(Ir);

2) 10 TBapuH, KM BUKOHYBanW BHYTPILLHLOLLIYH-
KoBe 30HA0BOE BBefeHHs [T — nipasuHamig, 300 mr/kr;
etioHamig, 150 mr/kr; yuknocepuH, 150 mr/kr; ne-
BocpriokcaumH, 200 mr/kr; i kaHamiuuH, 200 Mr/kr — BHY-
TPILLHLOM’5130BO (KOHTpOMbHa rpyna — KP).

3) 10 TBapwH, siki Ha Tni BBeaeHHs Tl B aHanoriyHmx
[l03ax OTpUMYyBanu napanenbHUM KypcoMm afieMETIOHIH
y 003i 250 Mr/kr BHYTPILLHBOLLITYHKOBO (OCHOBHA rpyna
-0rn).

NepopanbHi npenapatu BBoAUnM Ha 1 % Kpoxmarnb-
Homy cnusi B 06’emi 5 mn. BeeaeHHst 3aincioBanu 1 pas
Ha foby o 10:00 B ymoBax Biapito npotsirom 90 HiB.

Micns 3aBepLUEHHS eKCnepyMeHTY TBapWH BUBOAWITN
3 eKCNEPUMEHTY Yepe3 2—4 XB Micns iH'ekuii TioneHTany
HaTpito (40 mr/kr) (oo BTpaTK pedonekcy BUNPSMIEHHS)
Ans MiHiMi3auii HempomeTaboniyHmx 3pyLueHb. 3 ro-
NOBHOMO MO3KY LUBWAKO BUAANSN KPOB, JOCTIMKYBaHi
LUIMATOYKM BiJOKPEMMIOBANM Bi MO3KOBOi 00OMOHKM
Ta nomianu B pigkui a3oT. NMoTiM nogpibHioBanu B
piokoMy a30Ti 40 MOPOLLKONOAIGHOro CTaHy Ta romore-
Higysanm B 10-pazoBomy 06’emi cepepouwia npu 2 °C,
o mictino (y Mmonb): caxapoau — 250, Tpuc-HCI-by-
¢epa — 20, EATA — 1 (pH 7,4) [17]. MNpun Temneparypi
+4 °C meTofoM AMGEPEHLIHOTO LEHTPUYryBaHHS
Ha pedpwxepaTopHin LeHTpudysi Sigma 3-30k (PPH)
BMAINAIN MITOXOHAPIanbHy pakuito. Onsg oynweHHs
MIiTOXOHApianbHOT (pakuii Big BENUKUX KNITUHHMX
(hparmeHTiB NonepeaHbO 3AIMCHIOBaNM LeHTpudyry-
BaHHs npoTsarom 7 x8 npu 1000 g, a noTiM cynepHaTaHT
NOBTOPHO LieHTpudyrysanm npotsarom 20 x8 npu 17000
g. CynepHataHT 3nmBanu i 36epiranu npu -80 °C. Ocag
MITOXOHAPI pecycrneHayBanu B cepefoBULL BUOINEHHS,
LLO MICTUTb Bryaumin cupoBaTkoBui anbbymiH (0,5 mr/mn),
i 3HoBY ocamxyBanu npotsrom 10 xsunuH npu 17000 g.
MiToxoHapii cycneHayBanu B CEpenoBULLi BUOINEHHS,
cycnensis mictuna 40—-60 mr 6inka/mn. [ns ouiHoBaHHS
CTaHy rnyTaTioHOBOI CUCTEMU BU3HAYanu BMICT BigHOB-
NEHOTO # OKWUCINEHOTO IMyTaTiOHY, aKTUBHICTb rMyTaTiOH-
nepokcuaasu i rmyTaTioHpenyKTasu, a Anst BU3HaYEHHs!
iHTEHCVBHOCTI HITPO3yBanbHOrO CTPECy BU3Ha4an piseHb
HITPOTMPO3MHY. BmicT BigHOBNEHoro rnytatioHy (GSH)
BM3HaYanu 3a peakuieto 3 o-pTanesnm anrigpuaom i
(hryopoMETPUYHOI peecTpauieto dnyopecLeHTHOro
komnnekcy [1,12]. Okucnenun rmytatioH (GSSG) Bu-
3Ha4anu aHamnoriyHo, nonepeaHbo BiAHOBMBLLM NOTO
BHECEHHsAM B iHKybaLiiHe cepeposuwe HAOPH i rny-
TatioHpeaykTasu [1,12]. ina mackyBaHHs BiGHOBNEHOO
TNyTaTioHy, Lo MICTUBCA B Lmx npobax, BHocuu 1-me-
TWUN-4-BiHIN-NipuanH. AKTUBHICTb rnyTaTioHNepokcuaasu
(F'MP) B3HaYanw 3a 3MEHLLEHHSAM BifHOBMEHOTO IMyTa-
TiOHY B peakuii posknagy rigponepokcugy TpetoyTuny
[1,2,12]. 3anuLOK BiAHOBMNEHOrO rMYTaTIOHY BU3HaYanm
CNeKTopchOTOMETPUYHO 3a peakuieto 3 5,5-auTiobic-2-Hi-
TPOBEH30IHOI KMCIOTO. AKTUBHICTb FMyTaTIOHPeayKTasm
(TP) BM3Ha4Yanu cnekTpoOTOMETPUYHO 3a LUBUAKICTIO
okucHeHHst HALI®H y peakuii BiGHOBIEHHS OKUCTEHOrO
rnyTaTtioHy [1,2]. FoMOUMCTEIH BUHAYanM eH3MaTU4YHUM
METOZOM, MPULMM SIKOrO MOMSAraB y TOMY, L0 3B'A3aHUN
ab0 1eMip130BaHuMiA rOMOLCTETH BIAHOBIHOKOTL 40 Binb-
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HOTO FOMOLIMCTETHY, SIKWiA pearye 3 CEpUHOM, y pesynerari
Y4Oro yTBOPHETLCA L-LmcTaTioHiH. Peakuis kaTtanisyeTtbes
umcTioHiH-B-cuHTasoto (L-B-C). L-umcTatioHiH poaiiennto-
€TbCS 3 YTBOPEHHAM FOMOLMCTEIHY, NipyBaTy Ta amiaky.
Peakuis kaTanisyetbcs uucTaTioHiH-B-niasot. Hapani
nipyBart nig Aieto nakTaraerigporeHasy NnepeTBOPOETLCS B
nakTart, ko)epMeHTOM y Uit peakuii e NADH. BigHoLueH-
Ha NADH go NAD+ npsmo nponopuiiHe KoHUeHTpaLii
romoumcTeiHy. PodpaxyHok 3a kanibpyBanbHOK KpuBOKO
(HKkMOnb/1T). BMiCT LMCTeiHy Ta METIOHIHY BCTaHOBMIOBAu
MeToZoM Xpomartorpadii Ha TOHKOMY Luapi CopbeHTy, 3
HACTYMHOO entoavieto Ta cnektpodpotomeTtpieto [1,2,12].

HiTpoTUPO3WH BU3HaYanu B LIMTO30MbHMX (hpaKLisx
romoreHaty cepus TBepaoasHuM iMyHOCOPOEHTHIM
ceHagimx-metonom ELISA, ELISAKIt (Cat. Ne HK 501-02)
¢hipmu Hycult Biotech i HaBogunu y HM/r Tkanmkn [1,2,12].

Pesynbrati pocnipkeHHs po3paxoByBan 3 3aCTo-
CyBaHHSIM CTaHAAPTHOIO CTATUCTUYHOTO MakeTa niLeH-
3inHoi nporpamu Statistica® for Windows 6.0 (StatSoft
Inc., Ne AXXR712D833214FAN5), a Takox SPSS 16.0,
Microsoft Office Excel 2003. HopmanbHicTe po3noginy
oujHtoBanyu 3a kputepiem LLanipo-Yinka. BiporigHictb
BiAMIHHOCTEN MK CEPEAHIMM 3HAYEHHAMW BU3HAYAM
3a kputepiem CTblofieHTa Npu HOpMarnsLHOMY PO3nogini.
Y BunagKy poanoginy, Lo BiApi3HABCS Bif HOPMarnbHOro,
abo aHanisy nopsaKoBMX 3MiHHUX BUKOPKUCTOBYBAnM
kputepin U-kputepit MaHHa-YiTHi. [Ina nopiBHAHHS
HEe3anexHUX 3MiHHUX y BinbLuU Hix 2 BUBipKax 3acTocoBy-
Banu gucnepcinHui aHania (ANOVA) npu HopmansHoMy
po3nogini abo kpuTepiit Kpackena—Yonica ans posnoginy,
L0 Bigpi3HAETLCA Big HOpManbHoro. [nsa Bcix BuaiB
aHanidy CTaTUCTUYHO 3HaYyLLMMK BBaXanu BiAMIHHOCTI
npu p < 0,05 (95 %).

PesyAbTati

Pesynbtat gocnigxeHb BKasylTb, WO BHYTPiLl-
HbOLLNYHKOBe 30HA0BOe BBedeHHs [Tl npoTarom
90 ni6 npu3BOAUTL [0 3MilLeHHs Tion-gucynbdigHoT
CUCTEMU, — 3MEHLUEHHS nyny i BiAHOBNEHUX (HOopM
(mabn. 1). Tak, y Kl 3a umMx ymoB BU3Hauunu BiporigHe
3HWXKEHHS piBHIB SH-rpyn i BiGHOBNEHOrO ryTaTioHy B
noHaz, 2 pasu NOPIBHSIHO 3 FPyNoto IHTAKTHWUX TBApWH, a
Takox 36inbLueHHs BTpudi SS-rpyn, B 1,9 pasa — piBHs
okucneHoro rnyTartioHy (p < 0,05). B OI Ha Tni BuKopu-
CTaHHs ageMeTioHiHy 1,4-6yTaHancynbdoHaty (age-
METIOHiHY) Ui MOKa3HWKY BIpOriHO He BiApi3HANMCS Big
pesyneTaTi, Ski OTPUMAanu B iHTaKTHIN rpyni, ane manu
BipOrifHi BiAMIHHOCTI 3 rpynoto KoHTponto (SH-rpynu B
1,7 pasa Ta rmyTartioH BigHOBneHui B 1,9 pasa GinbLue,
a SS-rpynu B 1,6 pasa i rmyTaTioH okucneHui B 1,4 pasa
MeHLue, Hix y KI).

Y thyHKLiOHYBaHHI rnyTaTiOH3anexHoi hepMeHTaTnB-
HOI CUCTeMU y TKaHUHaX MO3KY LLypiB, SKi OTpUMYBanu
[TIM, 3apeecTpoBaHO 3HMWKEHHS akTuBHOCTi [-S-T, 1P
iMrPy2,0,1,7i2,4 pa3a BignoBigHO NOPIBHAHO 3 rpymnoo
iHTaKTHUX TBApWUH (Mabn. 2).

MokasHUKM PepPMEHTATUBHOI NTAHKU TioN-AnCYIb-
¢igHoi cuctemm y TBapuH OF BiporigHo nepeBuLLyBanm
aHanorivHi NokasHuKy y rpyni KOHTponto (pisHi P —y 1,9
pasa,[TIP -8 1,5 pasa, [-ST-8 1,8 pasa), ane BiporigHo
He BigpisHanucs Big Takux B I,

Maronoris. Tom 16, Ne 3(47), BepeceHb — rpyaeHb 2019 p.
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Tabnuus 1. CtaH Tion-aucynbgiaHoi CUCTEMW B FONOBHOMY MO3KY TBapuH Ha 91 foby ekcnepumeHTy

Fpynu TBapuH SH-rpynu, MKMonb/r TKaHMHK SS-rpynu, MKMOnb/r TKaHUHN InyTtartioH BiAHOBNEHUN], InyTtarioH okcua,
MKMONb/I TKAHUHN MKMONb/I TKAHMHN

55,7+4,1 38+03 47+0,34 0,031 £ 0,007
KI'( = 10) 24,4 +18* 1,4+1,2° 2,22 +0,11* 0,058 + 0,003*
Or (n=10) 42,1+£21 7,1+£0,31 414+0,21 0,041 + 0,002

*: p < 0,05 wopo iHTaKkTHOI rpynu.

Tabnuus 2. CtaH dhepmMeHTaTUBHOI NaHku Tion-AncynbgigHOI CUCTEMM B FONOBHOMY MO3Ky TBapuH Ha 91 foby ekcnepumeHTy

Fpynu TBapuH P, MkMonb/Mr Ginka/xs I'MP, mkmonb/Mr 6inka/xs [-S-T, Mkmonb/Mr Ginka/xs

I (n = 10) 18,50 + 1,54 63245 16,40 £ 1,55
KT (n = 10) 7,80 +0,57* 37,2+35* 8,10 +0,63*
or (n=10) 14508 555437 14512

*: p < 0,05 wopo iHTaKkTHOI rpynu.

Tabnuus 3. Mapkepu oKCMAaTMBHOTO Ta HITPO3YyBarnbHOrO CTPeCy B rOfTOBHOMY MO3Ky TBapuH Ha 91 Aoby ekcnepumeHTy

Ipynu TBapuH FomouumcTeiH, Mkmonb/r TkKaHuHK | LIcTeiH, MKMOnb/Ir TKAHUHU MeTioHiH, MKMONb/T TKAHUHU HiTpoTnpo3uH,HmMonb/r TKAHUHK

" (n=10) 2,20£0,15 3,22+0,11 2,87+0,12 10,706
KI (n =10) 9,85+ 0,70 1,65 £ 0,08* 1,45 £ 0,09* 44,3 £3,2*
Or (n=10) 6,80 + 0,32 2,30 0,11 2,73+0,1 312414

*: p < 0,05 wopno iHTakTHOI rpynu.

Y KI" BusiBun® BiporigHe nigBULLEHHS PiBHS rOMO-
umcteiny B 4,5 pasa, HiTpoTvposuHy B 4,1 pasa (mabr. 3).

B ymoBax ekcnepumeHTanbsHoi Tepanii aaeMeTioHiHy
1,4-6yTaHancynb@OHATOM BU3HAYUMM BUPAXEH: 3MiHU,
AKi XapaKkTepuayBanucs 3HadyLmmM 36inbLUeHHAM Big-
HOBMEHWX iHTepMeaiaTiB Tion-gucynbgigHoi cuctemm
nopiHsHO 3 K. MNapanensHo BUSBUMW NiABULLEHHS PiBHS
BiJHOBMEHOTO rMyTaTioHy Ha TNi BipOriAHOrO 3HWKEHHS
BMICTY ¥1oro okucneHoi oopmu (p < 0,05). 3acTtocyBaHHs
af\eMETIOHIHY MPU3BOAWIO TAKOX [0 3HWKEHHS BMICTY
Y TKaHMHax MO3KY MOTEHLIIHUX HEeMPOTOKCUYHMX CMo-
NyK — HITPOTMPO3UHY Ta romouucteidy B 1,4 i 1,5 pasa
BiAnoBiaHo (mabn. 3).

AEMETIOHIH TaKoX MiABYLLYBaB aKTUBHICTb (hepMeH-
TiB TiON-AMCYNbMIAHOT CUCTEMM LLOAO NOKA3HWKIB TBAPUH
KI" Ha 91 poby ekcnepumeHTy.

Bioomo, wwo came 3miHu 3 6oKy TionbHOI HedpepmeH-
TaTUBHOI Ta (PEPMEHTATVBHOI NaHKN aHTUOKCUOAHTHOI
CUCTEMMU, LLO BUSABNSAOTLCS Y 3HWKEHHI BiIHOBNEHOI Ta
MiABULLEHHI OKMCINEHOT (DOPMU, € OFHIEID 3 PaHHIX 03HaK
NOPYLUEHHS 3aXUCTY KMITUH NP HEMpPOIHTOKCUKaLi eH-
[OreHHOro 1 exk3oreHHoro rexesy [1,2,5,6,11,12,15,20].

SHWKEHHS PiBHS BIAHOBMNEHOTO [MyTaTiOHy Y TKa-
HUHaX MO3KY, BUSIBMIEHE B LUYPIB MICMs 3aCTOCYBaAHHS
[TM1, moxe ByTn HacnigKoM NOPYLLEHHS OTO CUHTESY,
L0 NOB’SI3aHUIA 3 MOPYLUEHHSIM TKAHWHHOTO AWXaHHS,
3yMOBMEHOro MiToXoHApianbHot aktusauicto AOK. Lie
NPU3BOAWTL A0 3MEHLLEHHS piBHS AT®, HeobXxigHOro Ans
CUHTE3Y [TyTaTiOHY. [HLLOK NPUYMHOK 3MEHLLUEHHS Nyry
BHYTPILUHBOKITITUHHOTO FyTaTioOHy Moxe Oyt gediumnt
PiBHS LLUCTETHY BHACTILOK MO0 akTVBHOTO BUKOPUCTAHHS
K @HTUOKCUAAHTY, L0 TaKOX MOKa3aHO B AOCIIMKEHHI
(mabn. 3).

36inblueHHs YHKLIOHYBAHHS CUCTEMM TNYTaTIOHY,
a TaKoX MOB'S3aHMX i3 Ooro 0OMIHOM aHTUOKCUAAHT-
HuX hepmenTiB MIP i P 3axuwae mo3ok Big ADK i
LIMTOTOKCUYHWX [epuBaTiB MOHOOKCWZY a30Ty, NEBHUM
YMHOM [@e 3MOry BiJHOBWTM piBHOBAry Ta MominLwuTy
penoKC-perynsito.

Pathologia. Volume 16. No. 3, September — December 2019

ExkcnepumMeHTanbHa Tepanis ageMeTiOHIHOM Y LLypiB,
ki oTpumyBanu MNTTT, CNpuUsie 3HWKEHHIO IHTEHCUBHOCTI
XPOHIYHOMO OKCMAATUBHOTO CTPECY B HEPBOBIN TKAHWHI.
BBoasuu rentpan, BCTaHOBUNW ONTUMAaribHe CriBBIAHO-
LLIEHHS! MiX PIBHSMY BiHOBMEHWX Ta OKUCNEHMWX TIONbHUIA
rpyn, a TakoX rnyTaTioHy, LLIO CBiAYMTb NPO aKTUBHY MO-
6Ginisaujto Tion-aucynbgigHOI cucTeMu Ta HeMTpanisavio
NPOAYKTIB BiflbHOPAAMKANBHOIO OKUCTEHHS. IZMOBipHo,
LLIO B YyMOBAX HiTPO3yBasibHOrO ¥ OKCUAATUBHOIO CTPECY
3aBASKM UMM MexaHisMam Ha3BaHi 3acobu 36inbLuyoTb
CTIilKICTb HEPBOBOI TKAHMHM A0 ABWLL iHTOKCKKaLii. OTxe,
OfHi€l0 3 MAHOK HeMPONPOTEKTUBHOTO edhekTy afemeTi-
OHiHy cTana 1oro 3aaTHicTb cTabinisysatu Tion-gucynb-
digHy piBHoBary. Tak, HalBaXnMBILLMM e(hEKTOM LIbOro
npenapary B yMoBax XpoHiyHoro BeefeHHs MTI1 crana
HOpMani3aList akTUBHOCTi aHTUOKCUAAHTHUX (PEPMEHTIB,
a OTXXe ranbMyBaHHS OKVCHOI MoamdikaLii Ginka.

06roBopeHHA

HeraTmBHWI edekT OKUCNOBaNbHO-MOANMDIKOBAHUX
GinKiB y KNiTWHI NOB’A3aHWN i3 TUM, LLIO OKWUCNEHi Binku
MOXYTb OyTV [OOATKOBUM [DKEPENOM BiflbHUX pagu-
KaniB i BUCHaXyBaTy 3anacu BHYTPILLUHbOKIITUHHUX
aHTVOKCUAAHTIB — ackopBiHOBOI KUCMNOTW, TMyTaTioHy.
MpoayKTK BinbHOpaaMKanbHOro OKUCHEHHS! BirKiB TaKoX
onocepeaKoByOTb OKUCHtoBasbHi nowkomkeHHs OHK,
NpY3BOASATb 40 3HUKEHHS (hyHKLLT BinkiB y naHLory nepe-
HOCHWKIB eneKkTpoHiB, akTuBHoCTi AT®asu, B1bipKoBOCTi
Aii TpaHcnopTHKX Nop. 3MiHa redox-noTeHLjiany MiTOXOH-
ApianbHoi MeMBpaHu MoXe No3Ha4aTvCs Ha ANCAYHKLIT
Kackagy AnxanbHOro naHLrora, nopyLuyoyn Metaboniam
Y HEMpOHarnbHin KNiTuHi [1,2,6,12]. AemeTioHiH, sk none-
PEOHVK CUHTE3Y ITYTaTiOHY, @ TaKOX LUMISXOM aKkTuBaLii
LMCTaTIOHIH 6eTa-CMHTa3N Npu3BOAUTL 0 3BiNbLIEHHS
CUHTE3y rmyTarTioHy [2,6,7,11,15,19]. AHTUOKCMAAHTHWIA
MexaHi3M il afeMeTIOHIHY TakoX MOB’A3aHui i3 No3u-
TVBHWUM BMIIMBOM LibOro npenapaty Ha akTuBHIiCTb [TIP i
rnyTaTioH-S-TpaHcdepasu [1,6,10,12,15,20]. HewwoaasHo
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BUSIBMEHO, L0 S-aA€HO3NMMETIOHIH € e(hEKTOPHOK MO-
nekynoto pubonepemukadis (enementis PHK, wwo koH-
TPONIOKOTL EKCMPECIIO FeHIB 3aBASKN 3MiHAM BTOPUHHOT
CTPYKTYpWU, LU0 iHAYyKoBaHi MeTabonitamu). 3B'a3ytounch
i3 S-afeHo3NNIMETIOHIHOM, pubonepemukadi yTBOpIoTb
TepMiHaLiiHy CTPYKTYpY, LLO 3YNWHSE TPaHCKPUNLIO,
npurHivye cuHtes MPHK [11,12,15,19,20].

OuiHI0t041 pesynsTaTi, MOXHa NPUMYCTUTU: 3HUKEH-
HS BMICTY HITPOTUPO3MHY 3yMOBMeHe 34aTHICTIo renTpa-
ny iHaKTUBYBaTW LMTOTOKCUYHI chopmn NO, MOXNuMBO,
YTBOPIOKOYM HITPO3OTIONM, & TAKOX YHACMILOK 3HVWKEHHS
ekcnpecii INOS [1,2,12]. BctaHoBWMK, WO afeMETIOHIH
Cnpusie NiABULLEHHIO BIAHOBNEHNX CYNb@rigpunbHNX
rpyn y 6inkax, Lo yTBOPIOKTb LMKIOCTOPUH A-3anexHy
MITOXOHZpIanbHy Nopy, TUM CaMM 3MEHLLIYKo4M hopMy-
BaHHS MiTOXOHApiansHoi ancdyHkuii [10,15].

BucHoBKU

1. BHYTPIilWHbOLWIYHKOBE 30HAOBE BBEAEHHSA
npotuTybepKkynbo3Hmx npenapatis npotarom 90 A6
NPU3BOAMNO O 3MEHLLEHHS NyNy BifHOBMEHNUX opm
Tion-gucynbigHoi cuctemu, Bigbysanocs BiporigHe
3HVKEHHS piBHIB SH-rpyn i BiGHOBNEHOrO rnyTaTioHy
GinbLL HXX YABIYi NOPIBHSHO 3 rPYMO0 IHTAKTHIX TBApWH,
a Takox 30inbLueHHs y 3 pasun SS-rpyn i B 1,9 pasa piHs
okucneHoro rnyTatioHy (p < 0,05). Y dyHKLiOHyBaHHi
rnyTaTioH3anexHo! (epMeHTaTUBHOI CUCTEMU Y TKaHU-
Hax MO3Ky LLypiB, ki oTpumysanm INTT1, 3apeectpoBaHo
3HWXKeHHs akTuaHocTi [-S-T, TP iTPy 2,0,B8 1,71 2,4
pasa BignoBiAHO NMOPIBHAHO 3 FPYMOI0 IHTAKTHUX TBapWH.

2. B ymoBax exkcnepuMeHTanbHoi Tepanii aaemMeTioHiH
1,4-6yTaHamcynboHaTOM BUSIBUNW 3MiHU, LLIO Xapak-
TepusyTbCsa 3HaYyLMM 36iNblLIEHHSM BiZHOBNEHNX
iHTepmegiaTiB Tion-AMCynbMigHOI CUCTEMU MOPIBHAHO
3 KOHTpOMbHO rpynoto (SH-rpynu B 1,7 pasa Bule, a
SS-rpynu B 1,6 pa3a Huxue, Hix y KIM) (p < 0,05). Mapa-
NenbHO BCTAHOBUMM MIABWLLEHHS PIBHSA BigHOBMNEHOMO
ryTaTioHy Ha TNi BIPOMiAHOTO 3HWXEHHS BMICTY MOro
oKucreHoi chopmu (rnyTaTioH BigHoBneHwid B 1,9 pasa
BULLE, @ FMyTaTiOH OKUCIEeHW B 1,4 pa3a Huxye, HixX y
Kl (p < 0,05).

3. Ha tni sactocysanHs [TTT1y TBapuH KI BCTaHOBUMM
BiporigHe niaBuWLLEHHS piBHS romouucTeiHy B 4,5 pasa Ta
HITPOTMPO3uHy B 4,1 pa3a. OgHak 3acTocyBaHHs afeMeTi-
OHiHY NPV3BOAMIIO TaKOX [10 3HVXKEHHS BMICTY Y TKaHUHAX
MO3KY NOTEHLIINHO HEMPOTOKCUYHUX CMOMYK — HITPOTUPO-
3WHy Ta romouucTeiHy B 1,4 i 1,5 pasa BignosiaHo, Lo B
YMOBaX HITPO3y+4Oro 11 OKCMAATUBHOTO CTpecy 30inbLUye
CTiMKICTb HEPBOBOI TKAHWNHW 40 SBWLL, iHTOKCUKALLil.

MepcnekTnBM noganbLWNX AocnigkeHb. TOKCUYHI
yCKNafHeHHs1 aHTUMiKobaKTepianbHoi Tepanii — Baxnuea
npobriema Ha LWNsXy nogonaHHs enigemii ximiopeawc-
TeHTHoro Ty6epkynbo3y. Pesynstat € ekcnepumeH-
TanbHUM OBrPYHTYBaHHAM 3aCTOCYBaHHS aleMETIOHIHY
K HEMPONPOTEKTUBHOTO 3acoby B M SATUKOMMOHEHTHIN
Tepanii XiMiopeanCcTeHTHOTO TyGEPKYNbO3Y, LLO BiAKPUBAE
HOBI MOXJIMBOCTI ONTUMI3aLii Ta NigBULLEHHS eddeKTMB-
HOCTI NiKyBaHHS Takux XBOpYX i NOTpeOye NPOAOBXKEHHS!
BUBYEHHSI.
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The neuroendocrine system occupies an important place in the systemic mechanisms of the body response to stress. The
paraventricular nuclei of the hypothalamus (PVH) are one of the most important links of the brain’s neuroendocrine system
which determine the reactivity of the hypothalamic-pituitary-adrenal axis (HPA) in response to the various stressors and thereby
ensure the development of adaptive reactions by the formation of body resistance to the stress.

The aim of the research was to study the functional state of the peptidergic neurons of the medial parvocellular nuclei of
the paraventricular hypothalamic nucleus (PVHmp) during the multi-day action of intermittent hypobaric hypoxia and in
the posthypoxic period.

Materials and methods. The research was conducted on 24 male Wistar rats. Intermittent hypoxia was modeled by a daily
6-hour stay of rats at an altitude of 6000 m (pO, = 9.8 %) for 15 days, the posthypoxic period lasted for 10 days. The distribution
of corticotropin-releasing hormone (CRH), [Arg®]-vasopressin (AVP), B-endorphin, cFos and HIF-1a proteins was studied by
quantitative immunofluorescence methods in serial frontal sections of the hypothalamus.

Results. The intermittent hypobaric hypoxia stimulated the developing of mild hypertrophy of PVHmp neurons and increased
the concentration of RNA in the cytoplasm by 37 %. An indicator of PVHmp neurons response to hypoxia was 2.5-fold in-
crease in the concentration of the HIF-1a protein in them. IHH elevated the concentration of cFos protein in PVHmp by 37 %,
increased the area of immunoreactivity to AVP by 2.5 times, to CRH and B-endorphin by 3 times. There was an increase in
the synthesis of neuropeptides in response to hypoxia, which led to the elevation in the concentration of AVP in PVHmp by
6.6 times, B-endorphin by 7 times, and CRH by 8.5 times. The immunoreactivity indicators for the HIF-1a protein and its con-
centration in PVYHmp remained at a high level in the posthypoxic period. At the same time, high immunoreactivity to CRH and
B-endorphin in PVHmp was noted, as well as a high concentration of these neuropeptides in neurons against the background of
AVP synthesis inhibition in neurons. It is possible that high rates of neurosecretory activity of PVHmp in the posthypoxic period
may indicate the formation of neuroendocrine mechanisms of adaptation of the HPA axis to the long-term effect of hypoxia.

Conclusions. Intermittent hypobaric hypoxia stimulates the neurosecretory activity of the PVHmp neurons, increases
the synthesis and secretion of CRH and AVP hormones that activate the HPA axis. Synthesis of the secretory response
indicator cFos protein and a central regulator of hypoxic responses HIF-1a protein is also increasing in the peptidergic
neurons of the PVHmp. High levels of the PVHmp neurosecretory activity at the posthypoxic period are preserved and indicate
the formation of neuroendocrine mechanisms of the HPA axis adaptation to the long term intermittent hypoxia exposures.

HeWpoeHAOKPHHHA peaKuia APiIOHOKAITUHHMX HEUPOHIB NapaBEHTPUKYAAPHOTO AApPa
rinoraramyca npu nepepuBYacTii Aii rino6apuuHoi rinokcii

B. 0. LWameHko, €. B. KapxapsH, A. B. AbpamoB

HelpoeHOoKprHHa cucTema Nociaae BaxIMBe MicLe B CUCTEMHUX MeXaHiaMax BignoBiai opraHiamy Ha ctpec. [apaBeHTpu-
KynsipHi sigpa rinotanamyca (PVH) BU3Ha4atoTb peakTUBHICTb rinoTanamo-rinodisapHo-aapeHoKOpTUKanbHOT OCi y BiAnoBiab
Ha pito cTpecopa Oyab-sKoi Npupoay Ta 3abesnevytoTb PO3BUTOK afanTauiHWX peakuii i (hOpMyBaHHS PE3UCTEHTHOCTI
OpraHiamy [jo CTpecy.

MeTta po6oTy — BUBUMTI OCOBNMBOCTI (PYHKLIOHANBHOTO CTaHy NENTUAEPTiYHUX HEMPOHIB MedianbHOro ApiGHOKMITUHHOMO
cy6’sgpa napaBeHTPUKYNsipHOro siapa rinotanamyca (PVHmp) npu GaratogeHHin gii nepepusyactoi rinobapuyHoi rinokcii
Ta B NOCTTIMOKCUYHUI Nepiof.

Matepianu Ta metoau. locnimkeHHs 3aivicHMM Ha 24 camugsax Lwypis niHii Wistar. MepepvByacTy rinokcito mogentoan
WofeHHM B-roanHHIM nepebyBaHHAM LypiB Ha BucoTi 6000 M (pO, = 9,8 %) npotarom 15 AHiB, NOCTHNOKCUYHMIA Nepion
TpueaB 10 AHiB. Po3nogin kopTukoTponiH-puniauHr ropmoHa (CRH), [Arg®l-BasonpecuHa (AVP), B-eHgopdiny, 6inkie cFos Ta
HIF-1a gocnimkyBanu metogamm KinbKicHoT iMyHodyopecLeHLii B cepiiHnx (ppoHTanbHuX 3piax rinotanamyca.

Pe3ynkraTtu. MNepepyisyacra rinobapuyxa rinokcist CTuMyntoBana noMipHy rineptpodito HelipoHis PVHmp i nigBuLLyBana koH-
ueHTpauito PHK y uutonna3ami Ha 37 %. IHavkatopom peakuii HeripoHis PVHmMPp Ha rinokcito Byno 3pocTaHHs B HUX KOHLEHTpaLyji
6inka HIF-1a'y 2,5 pasa. nokcyyHi BNnvBwW NigBuLLYBanu KoHLeHTpauito 6inka cFos y PVHmp Ha 37 %, 36inbLuyBanu nnoLy
imyHopeakTtusHocTi o AVP y 2,5 pasa, no CRH i B-eHgoopdiHy — BTpudi. BCTaHOBMM NOCUNEHHSA CUHTE3Y HelponenTuais
y BignoBiab Ha rinokcito, Lo Npu3Boauno Ao 36inblieHHs koHueHTpauii AVP y PVHmp y 6,6 pasa, B-eHoopdiHy B 7 pasis,
CRHy 8,5 pa3sa. Y nocTrinokcuyHuin nepiog 36epiranmncst Ha BUCOKOMY PiBHI MOKa3HMKKM iMyHopeakTuBHOCTI Ao Ginka HIF-1a

Maronoris. Tom 16, Ne 3(47), BepeceHb — rpyaeHb 2019 p.



Original research

i ioro koHueHTpauis B PVHmp. BctaHoBunw BUCOKI nokasHukn imyHopeakTueHocTi 4o CRH i B-eHgopdiny B PVHmMp, a
TaKOX BUCOKY KOHLIEHTPALLit0 LIMX HEeMpOnenTUAIB y HepoHax Ha Tri NPUrHiYeHHs cuHTesy AVP. MoXnvBO, BUCOKi MOKa3HMKK
HENpOCEKPETOPHOI akTMBHOCTI PVHMP y NOCTriNOKCMYHMIA Nepiog, MOXYTb CBIAYMTY NPO (POPMYBaHHS HEPOEHAOKPUHHUX
MexaHi3MiB aganTauii rinotanamo-rinogizapHo-agpeHOKOPTUKaNbHOI OCi 40 TPUBANOI Aii rinokKcil.

BucHoBku. [MepepuByacTa rinobapunyHa rinokcis CTUMymtoe HEMPOCEKPETOPHY aKTUBHICTb HEMpOHIB PVHMP, 36inbLuye cuHTe3
i cekpedito ropmoHiB CRH i AVP, Lo akT1BYI0Tb rinoTanamo-rinogisapHo-agpeHoKopTUkarbHy Bick. CuHTES Binki-inaukaTopis
CeKpeTOPHOI BiANOBIZi nenTuaepriYHX HepoHiB (Binka cFos) i kniTuHHOI peakuii Ha rinokcito (6inka HIF-1a) Takox HapocTae.
Bucoki nokasHuku HEMpPOCeKpeTOpHOI akTMBHOCTI PVHmMP y nocTrinokcnyHuiA nepiog 36epiratoteest i caigvate npo opmy-
BaHHS HEMPOEHZOKPMHHMX MEXaHi3MiB aganTauii rinotanamo-rinodisapHo-agpeHOKOPTUKaNbHOI OCi 40 TPMBANOI Aii FiNOKCil.

Heiipo3HAOKPUHHAA peakuUs MEAKOKAETOUHBIX HEMPOHOB NapaBeHTPUKYAIPHOrO AApa
runotanamyca npu npepbiBUCTOM A€CTBUU rMN0OaPUUYECKON TUNOKCUN

B. A. LLlameHkKo, E. B. KapxapsH, A. B. Abpamos

HelipoaHOoKpuHHAs cucTeMa 3aHUMAET BaXkHOE MECTO B CUCTEMHbIX MEXaHW3Max OTBETa OpraHuama Ha cTpecc. [lapaBen-
TPUKYNspHble fapa runotanamyca (PVH) onpenensoT peakTMBHOCTb rvnoTanamo-rnoduapHo-agpeHoKOPTYKanbHOM
0CU B OTBET Ha AieiicTBMe cTpeccopa Ntoboi Nprpodsl M obecneynBatoT TeM caMbiM pasBUTUE aganTaUMOHHbIX peakuuii 1
¢hopMMpOBaHUE PE3NCTEHTHOCTM OpraHn3ma K CTpeccy.

Llenb pa6oTbl — N3y4nTb 0COBEHHOCTU (DYHKLMOHAMNBHOTO COCTOSHWS NENTUAEPTNYECKUX HEAPOHOB MEAManbHOTO MENKO-
KneTo4Horo cybbsapa napaBeHTPUKYNSpHOro siapa runotanamyca (PVHmMp) npy MHOrOQHEBHOM AEWCTBUM NPEPLIBACTON
runobapuyeckoi r1rnoKCHM 1 B NOCTIUMOKCUYECKUIA NEPUOL,

MaTtepuanb! u meTogbl. Miccnenosanve nposegeHo Ha 24 camuax kpbic niuHmm Wistar. [pepbIBUCTYHO MNOKCHI0 MOAENMpO-
Banu exenHeBHbIM 6-4acoBbIM NpebbiBaHneM KpbiC Ha BbicoTe 6000 M (pO, = 9,8 %) B TeueHme 15 AHeil, NOCTIUMOKCMYECKMIA
nepvog anuncs 10 aHeit. Pacnpenenexne kKopTUkoTponuH-punuauHr ropmora (CRH), [Arg®]-Basonpeccuna (AVP), B-aHaop-
dmHa, 6enkos cFos n HIF-1a uccnegosanv MeToaamm KonmyYeCTBEHHOM MMMYHOGITYOPECLIEHLIMN B CEPUIAHBIX (DPOHTASBHBIX
cpesax rynoranamyca.

Pe3ynirathl. [pepbiBrcTas runobapunyeckas rmnokeus CTUMynmpoBara yMepeHHyto rnepTpodntio HermpoHoB PVHMp v noBbI-
Lana koHueHTpaumto PHK B uutonnasme Ha 37 %. MHaykaTopom peakuwmm HeiipoHoB PVHmMp Ha runokcuto 6bno HapactaHue
B HWX KOHUeHTpauuu Genka HIF-1a B 2,5 pasa. lNpepbiBUCTas rnokcus nosbilana KoHueHTpauuio benka cFos 8 PVHmp
Ha 37 %, yBenuuusana nnoLagb MMMyHopeakTuBHocTH K AVP B 2,5 pa3a, a k CRH u B-endorphin — B 3 pasa. OTmeyeHo
yCuneHne CHTe3a HeiponenTUAOB B OTBET Ha MMMNOKCUIO, YTO NPUBOAMIO K HapacTaHmto koHueHTpauum AVP B PVHmp B 6,6
pasa, B-aHgopdhuHa B 7 pa3, CRH B 8,5 pasa. B nocTrunokcuyeckuii neprog Ha BbICOKOM YPOBHE COXPaHANMUChL Nokasareni
UMMyHopeakTuBHOCTM Kk 6enky HIF-1a 1 ero koHueHTpauwms B PVHmMp. OTmeueHb! BbICOKME NoKasaTeny MMMYHOPEaKTUBHOCTM
k CRH v B-aHgopduHy B PVHmMPp, a Takke BbICOKas KOHLEHTpaLUs 3TUX HEMpPONenTUaoB B HEMPOHaxX Ha (POHe yrHeTeHns
cuHTe3a AVP. Bo3aMOXHO, BbICOKME NokasaTeny HeMpoCceKpeTOpHOW akTuBHOCT PVHMP B NOCTIMNOKCUYECKU Nepuos MoryT
CBWAETENbCTBOBATL 0 (hOPMUPOBAHWNW HEMPOIHAOKPUHHBLIX MEXaHM3MOB adanTaLmmn runoTanamo-runousapHo-aapeHoKop-
TUKaNbHOM OCU K ANUTENBHOMY AENCTBUIO MUMOKCUN.

BbiBogb!. MpepbiBucTas runobapuyeckas runokcust CTUMYNMpYET HEMPOCEKPETOPHYK akTMBHOCTb HelpoHoB PVHMP,
YBENUYMBAET CUHTES 1 cekpeLyto ropMoHoB CRH 1 AVP, akTMBMpYHOLLMX rUNoTanamo-runomusapHo-aapeHoKOPTUKAbHYH
0Cb. CuHTE3 GEMNKOB-MHANKATOPOB CEKPETOPHOIO OTBETA NENTUAEPrNYECKNX HEMPOHOB (Genka cFos) 1 KNETOYHON peakumum
Ha runokeuio (benka HIF-1a) Takke HapacTaet. Beicokme nokasatenu HepocekpeTopHol aktueHocT PVHmMp B noctru-
MOKCUYECKUIA NEPUOL, COXPAHSIKOTCS U CBUAETENLCTBYIOT O (DOPMMPOBAHUN HEMPOIHAOKPUHHBIX MEXaHU3MOB afanTauum
runoTanamo-runoduaapHo-aapeHOKOPTUKaNbHON OCK K ANUTENBHOMY AEMCTBUIO MUMOKCUN.

The brain is the central organ of the body adaptation to
various social and physical stressors, because it deter-
mines the strategy of neurophysiological, neuroendocrine
and behavioral reactions, which can be either destructive
or protective for the organism in conditions of acute or
chronic stress. Brain reactions are associated not only with
the stimulation of the hypothalamic-pituitary-adrenal axis
(HPA) and the autonomic nervous system, but also with
the regulatory effects of these systems on the metabolism
and the activity of pro- and anti-inflammatory components
of the immune system [1,2]. The paraventricular nuclei of
the hypothalamus (PVH) are one of the most important
links of the brain neuroendocrine system they determine
the reactivity of the HPA axis in response to the various
stressors and thereby ensure the development of adaptive
reactions by the formation of body resistance to the stress
[3.4]. The key mechanism of the HPA axis activation is
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formed due to the secretion of corticotropin-releasing
hormone (CRH) in the neurons of the medial parvocellular
nuclei of the PVH (PVHmp) [5,6]. The concentration of
ACTH and glucocorticoids in the blood increases because
CRH triggers the cascade of the integrated neuroendocrine
response of the adenohypophysis and adrenal cortex to
stress [5,7]. Adegree of glucocorticoid secretion elevation
significantly defines the strength and specificity of stress
action and the consequences of its influence on the organ-
ism [7,8]. The neurosecretory cells of PVHmp in addition
to CRH synthesize [Arg8]-vasopressin (AVP), which has
a stimulating and, together with CRH, permissive effects
on the ACTH and corticosteroids synthesis [4,9,10]. Also
these structures produce B-endorphin, which regulates
the intensity of the neuroendocrine stress response [11].

The hypoxic hypoxia due to the nature of its action on
the organism is considered to be a universal stressor. The
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long-term dosed hypoxic effects cause a stable increase
in the body overall resistance to many pathogens such as
acute hypoxia, hypercapnia, hyperoxia, hypokinesia, ionizing
radiation, physical activity [4,12,13]. The most effective way
to increase the body resistance is to use the intermittent
breathing regime with gas mixtures containing 14-16 % O, for
humans and 8-11 % for laboratory rats [12,14]. Single studies
carried out on rats showed that a single 2-hour (pO, =10 %)
[15], as well as a 3-week (6 hours, pO, = 9.8 %) [16,17]
hypoxic hypoxia action led to the hypertrophy of peptidergic
PVH neurons and to an increase inimmunoreactivity to CRH,
AVP and B-endorphin in the hypothalamus.

The aim

The aim of the work was to study the functional state of
the peptidergic neurons of the medial parvocellular nuclei of
the paraventricular hypothalamic nucleus (PVHmp) during
the multi-day action of intermittent hypobaric hypoxia and
in the posthypoxic period.

Materials and methods

Experimental animals. The study was carried out on adult
male Wistar rats 220-250 g weight, which were divided into
3 groups of 8 animals in each: 1) intact animals (control),
2) animals with 15-day hypoxic training, 3) animals with
10-day rest after hypoxic training (post-hypoxic period).
The animals were kept in standard vivarium conditions
under natural light without restriction of access to water
and food. The studies were conducted in accordance with
the requirements of international principles of the European
Convention (Strasbourg, 1985).

Simulation of intermittent hypobaric hypoxia.
Intermittent hypobaric hypoxia (IHH) was modeled by
daily 6-hour stay of rats in a ventilated pressure chamber
(volume 1.0 m3): from the 1% to the 5" days the exposure’s
altitude was increased daily by 1000 m, in the next 10 days
the animals were at the altitude of 6000 m (pO, = 75 mm
Hg, that corresponds to the concentration of 9.8 % oxygen
in air at normal atmospheric pressure).

Preparation for histology. All intact rats, and 24 h
after last IHH for animals from 2" experimental group,
and 24 h after 10 days of post-hypoxic period for animals
from 3 experimental group were deeply anesthetized
with thiopental sodium (50 mg/kg ip). The brains were
immediately removed and placed in Carnoy’s solution (3
brains from each experimental group, for histochemistry)
or Bouin’s solution (5 brains from each experimental group,
for immunofluorescence) for 20 h at room temperature.
The brains were poured into paraplast (McCormick, USA)
after standard histological processing. Coronal slices of
the brain 7 um for Carnoy’s fixation and 14 um for Bouin’s
fixation through the hypothalamic PVN were cut on a rotary
microtome Microm-325 (Microm Corp., Germany).

Histochemistry and morphometry. Serial histo-
logical slices were dewaxed with xylene and rehydrated
with descending concentrations of ethanol. Then, slices
were stained with hallocyanin and chromium alum by
the Einarson method during 48 h. The stained sections
were washed in water, dehydrogenated with ascending
concentrations of ethanol, xylem, and polymer medium
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EUKITT (O. Kindler GmbH, Germany) embedded. The
digital images of the PVHmp were taking using a CCD
microscope camera COHU-4922 (COHU Inc., USA) and
an Axioskop microscope (Carl Zeiss, Germany), and were
converted to a gray scale (0-255). Allimages were analyzed
using application-oriented image analysis system software
VIDAS-2.5 (Kontron Elektronik GmbH, Germany). More
than 100 neurons were examined in each experimental
group, and the following parameters were measured and
calculated: the area of neurons (mcm?), and the RNA con-
centration (relative units of optical density — U,;).

Immunofluorescence technique and quantitative
analysis. Serial histological slices were dewaxed and un-
masked in a citrate buffer solution (pH = 9.0) in the PT-mod-
ule (Thermo Scientific, USA). CRH, AVP, -endorphin,
cFos, and HIF-1a proteins in the PVHmp were detected
by immunofluorescence method using antibodies produced
by Santa Cruz Biotechnology (USA). Primary antibodies
were incubated in dilution 1:100 (wet chamber, T = +4 °C,
24 hours), secondary antibodies conjugated with FITC
were incubated in dilution 1:64 (wet chamber, T = +37 °C,
45 min). The slices were washed in phosphate buffer and
then enclosed in a mixture of glycerin/phosphate buffer
(9:1). Specificity of antibody binding was controlled in a
similar way, except for incubation with primary antibodies.
Immunofluorescence reaction was studied using the Axio-
Imager-M2 fluorescence microscope (Carl Zeiss, Germany)
with the 12-bit digital camera AxioCam-HRm (Carl Zeiss,
Germany) and with the use of the high-emission 38HE filter
(A= 470/40 nm, A= 525/50 nm) (Carl Zeiss, Germany).
Quantitative analysis of the immunofluorescence reaction
was carried out using digital image analysis system soft-
ware AxioVision-4.8.2 (Carl Zeiss, Germany). At least 4
hypothalamic regions with PVHmp were examined in each
brain, and the following parameters were measured and
calculated: the relative area of the immunopositive material
(the percentage of the immunopositive material in the area
of the PVHmp), and the concentration of proteins in endo-
crinocytes (the module of the logarithm of the background
fluorescence to the fluorescence of immunopositive material
ratio, expressed in relative units of fluorescence — U ).

Statistics. The results are reported as mean + S.E.M.
Experimental data were processed with the EXCEL 2003
(Microsoft Corp.) statistical analysis software package. The
significance of the differences between the experimental
groups was assessed using the Student’s criterion t, con-
sidering the differences to be reliable at P < 0.05.

Results

The intermittent hypobaric hypoxia (IHH) stimulated the devel-
oping of mild hypertrophy of PVHmp neurons. These changes
manifested by an increase in the neurons body area by 10 %
as well as the concentration of RNA in the cytoplasm by
37 % (Table 1). Itis known that normal parvocellular PVHmp
neurons in rats have poor cytoplasm, less neurosecretory
granules and low quantity of neuropeptides in the cytoplasm
which can be seen during immunohistochemical reactions.
Nevertheless, an increase in the area of the neuronal cy-
toplasm after IHH and the elevation in the RNA level may
be the evidence of the enhanced functional and secretory
activity of PVHmp. An indicator of the neurosecretory activity
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Table 1. Indicators of the functional activity of the PVHmp neurons (M + m)

Experimental groups of animals
Intermittent hypobaric hypoxia Post-hypoxic period

Indicators (Markers)

Area of neurons, mcm? 88.71+1.76 98.08 + 1.97* 123.21 + 2.45*
RNA concentration, U, 4.50 £0.16 6.16 £ 0.33* 5.87 +0.28*
CRH area of IRM, % 1.19+£0.21 3.56 +0.29* 1.88 £0.15*
concentration, U, 0.46 £ 0.08 3.92+0.33" 146£0.15%
AVP area of IRM, % 2271+ 243 55.72 + 1.58* 5.23 +0.19*
concentration, U 0.77 £0.07 5.13+0.32* 0.47 £0.03*
B-endorphin area of IRM, % 0.81+0.12 2.51+£0.25* 1.74 £ 0.19*
concentration, U 0.35+0.05 2.49 +0.26* 2.03+0.16*
cFos area of IRM, % 414 +0.32 4.63+0.25 3.92+0.26
concentration, U 1.83+£0.19 2.51+0.11* 1.88+0.21*
HIF-1a area of IRM, % 2.67+0.10 424 +0.37* 4.55+0.31*
concentration, U 0.20 +0.01 0.49 +0.03* 0.40 £ 0.03*

IRM: immunoreactive material, U_: units of optical density, U : units of immunofluorescence, significance P < 0.05 of differences in comparison with control (*) and with rats

after the finish of IHH (*).

of hypothalamic neurons is the cFos protein. Indeed, the IHH
elevated the cFos protein concentration in PVHmp by 37 %,
increased the area of immunoreactivity to AVP by 2.5 times
as well as to CRH and B-endorphin by 3 times. The icreasing
of immunoreactivity indicated the neuropeptides synthesis
enhancement and the elevation of the concentration of AVP
in PVHmp by 6.6 times, B-endorphin by 7 times and CRH
by 8.5 times in response to IHH.

We believe that the increasing of the neuroendocrine re-
action of PVHmp neurons is directly caused by hypoxia and
can be mediated by the hif-1a gene activation. Really, under
the influence of IHH the area of immunoreactivity to HIF-1a
in PVHmp was 60 % increased, as well as the concentration
of HIF-1a protein was 2.5 times elevated. The data obtained
indicate that IHH stimulates the neurosecretory activity of
PVHmp neurons and leads to an increase in the synthesis
and secretion of hormones that activate HPA.

It's an interesting fact that after a 10-day posthypoxic pe-
riod, signs of mild hypertrophy of PVHmp neurons persisted.
Moreover, the area of neurons increased by 25 % (P < 0.05)
in comparison with the IHH end date. The immunoreactivity
indices for the HIF-1a protein and its concentration in PVHmp
remained at a high level against the background of the resto-
ration of the concentration of the marker of the cFos protein
neurosecretory activity (Table 7). Despite this, high immu-
noreactivity to CRH and -endorphin remained in PVHmp,
as well as a high concentration of these neuropeptides in
neurons. At the same time, during the posthypoxic period,
the area of AVP immunoreactivity was 4 times reduced, and
the concentration of this neurohormone in PYHmp neurons
was decreased by 40 % as compared with the control. It is
possible that high rates of neurosecretory activity of PVHmp
in the posthypoxic period may indicate the formation of neu-
roendocrine mechanisms of adaptation of the HPA axis to
the long-term effect of hypoxia.

Discussion

Considering the mechanisms of the body adaptation to social
and physical stressors, it should be understood that the brain
is a key link in adaptation since it determines the specificity of
the stressor, its intensity and potential threat to the organism.
The brain stores in memory not only the fact of the stressor
action, but also the sequence of physiological and beha-
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vioral responses to the stress as well as the effectiveness of
the chosen response strategy, which can be either protective
or destructive for the body. One of the common stressors
the organism can be faced by is hypoxia. Even during em-
bryogenesis hypoxia stimulates neurogenesis and is neces-
sary for normal brain development, although intense hypoxia
can lead to brain damage. [18]. In adults, periodic hypoxia
is a concomitant pathogenic factor that accompanies many
clinical diseases, such as sleep apnea, chronic obstructive
pulmonary disease, pulmonary fibrosis and nocturnal asthma
[19]. At the same time, preconditioning and adaptation to
hypoxia protects the brain from acute hypoxic damage [18]
and also causes a persistent increase in the body overall
resistance to many pathogens [4,12,13].

Among the varied brain structures involved in response
strategy choice to the stress of diverse etiology, PVH seems
to be the most important structure that regulates HPA activity
through CRH secretion [1,2]. It has also been proven with
respect to the role of PVH and HPA in adapting to long
term hypoxia [20]. The physiological significance of HPA
in adaptation mechanisms is determined by the key role of
glucocorticoids, which can influence on neuronal plasticity
using genomic and non-genomic effects [2,21]. Glucocorti-
coids can directly stimulate release of excitatory amino acids
via membrane-associated receptors, and they can indirectly
regulate both glutamate and GABA release through induction
of local synthesis of endocannabinoids [22]. In addition, gluco-
corticoids can also regulate mitochondrial oxidation and free
radical formation and membrane potential, and affect apop-
tosis via Bcl-2/Bax proteins [23]. Furthermore, CRH, which
is synthesized in PVHmp, plays a key role in stress-induced
hippocampal dendritic remodeling in the CA1 region [24].

Our studies convincingly demonstrate that IHH con-
siderably elevates the neuroendocrine potential of PVH
not only at the end of hypoxic trainings, but also retains it
in the remote posthypoxic period. This preserves the in-
creased functional level of HPA activity for a long time and
reflects the formation of a stable systemic structural trace
of adaptation to hypoxia.

Conclusions

1. Intermittent hypobaric hypoxia stimulates the neu-
rosecretory activity of the PVHmp neurons, increases
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the synthesis and secretion of CRH and AVP hormones that
activate the HPA axis. Synthesis of the secretory response
indicator cFos protein and a central regulator of hypoxic re-
sponses HIF-1a protein is also increasing in the peptidergic
neurons of the PVHmp.

2. High levels of the PVYHmp neurosecretory activity at
the posthypoxic period are preserved and indicate the for-
mation of neuroendocrine mechanisms of the HPA axis
adaptation to the long term intermittent hypoxia exposures.

Prospects for further research. Future studies will
focus on the response of the neuroendocrine hypothalamus
to hypoxia by such factors as hypoxia-induced factors 1
and 3, vascular endothelial growth factor, both pro- and
anti-apoptotic stimulators of cell death.
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Aim of the work - to analyze measles complications in adults depending on the severity of the course and to find out their
relationship with the functional state of the autonomic nervous system.

Results. Clinical manifestations of measles in adults under present conditions retain typical signs, but the feature is the pre-
servation of Filatov—Koplik sign in the period of rashes (77.1 %). In severe course of measles more often (P < 0.01), than
with a moderate course, scleroconjunctivitis with eye irritation, hoarseness, hemorrhagic manifestations, nausea, vomiting is
recorded, the period of fever is prolonger. In most adult patients, measles had a complicated course (70.5 %), with the spectrum
of complications mainly represented by the damage of the respiratory system (61.4 %) and the gastrointestinal tract (43.8 %).
The frequency of development of complications and their range clearly depended on the severity of the disease. Complications
such as bronchitis (P < 0.05) and pneumonia (P < 0.0001) were more common in patients with severe course of measles.
Some patients with a severe course of measles developed such complications as pulmonary edema and left lung atelectasis.
The most severe complications from the respiratory organs arose in pregnant women. Gastrointestinal complications such
as hepatitis and enteritis were recorded in 43.8 % of patients with measles, and the frequency of their development was also
dependent on the severity of the disease (P < 0.01). The Mallory—Weiss syndrome was detected in one patient with a severe
course of measles. Analysis of HRV indicators in adult patients with measles showed that in the presence of complications,
the functional state of the ANS is characterized by a decrease in power in all regulatory units with the development of imbal-
ance in the direction of sympathicotonia, compared with healthy people (P < 0.01). In patients with a complicated course of
measles, indicators that characterize the total power of vegetative regulation, the parameter characterizing the humoral effects
on the ANS (VLF), were lower (P < 0.05), and part of the sympathetic effects in the general spectrum of vegetative regulation
is higher (P < 0.05) than in patients without complications of this infection.

Conclusions. Clinical manifestations of measles in adults under present conditions remain typical, but in most adult patients
(70.5 %) measles has a complicated character. The complications from the respiratory system (61.4 %) and the gastrointes-
tinal tract (43.8 %) are often recorded, the frequency and spectrum of which depend on the severity of the disease. Com-
plications from the nervous system and the organs of vision develop in single adult patients with severe course of measles.
Disorders of ANS functional state play a role in depending of measles complications in adults. In the presence of complications,
the functional state of ANS is characterized by a decrease in power in all regulatory units with the development of imbalance
in the direction of sympathicotonia.

KAiHiuHa xapaKTepuCTUKa YCKAaAHEHb KOPY B AOPOCAMX Y B3aEMO3B’A3KY 3i 3MiHaMH
$YHKUiOHaAbHOTO CTaHy BeretaTUBHOI HEPBOBOi CUCTEMMU

10. 10. PsbokoHb, C. 0. binokobuaa, O. B. PabokoHb

MeTa po60Tu — npoaHanisyBaTu yCKNagHeHHs! Kopy B JOPOCIUX 3aNexHO Bif, TSKKOCTI nepebiry Ta 3'acyBaTty ixHil B3ae-
MO3B’'A130K i3 (DYHKLIIOHaNbHWM CTaHOM BEereTaTMBHOI HEPBOBOI CUCTEMM.

Pesynkratu. KniHika Kopy B AOPOCHMX Y Cy4acHUX ymoBax 30epirae TUMOBI 03HaKK, 0COBNMBICTIO nepebiry € 30epexeHHs
cumnTomy Pinatosa—Konnika B nepiog BucunaHb (77,1 %). Mg yac Tsxkoro nepebiry vacTiwe (p < 0,01), Hix npu cepen-
HbOTSDKKOMY, PEECTPYHOTb CKIEPOKOH'OHKTYBIT i3 Pi3siMu B 04ax, OCUMIICTb ronocy, remopariyHi Nposiev, HygoTy, 6ntoBoTy,
TpuBaniumM € nepiog rapsyki. Y GinbLLIOCTi JOPOCNMX XBOPKX Kip MaB ycknagHeHuii nepebir (70,5 %), cnekTp ycknagHeHb
NPeacTaBNeHN i NEPEBAXHO YPaXKEHHAM OpraHiB AuxanbHoi cuctemm (61,4 %) Ta LWNyHKOBO-KULLKOBOMO TpakTy (43,8 %).
YacToTa po3BWTKY YCKNMagHEHD i iXHill CNEKTp YiTKO 3anexanu Big TSHKKOCTI nepebiry 3axBOptoBaHHS. YCKNaAHEHHS!, SK-0T
BpoHxiT (p < 0,05) Ta NHeBMOHiIs (p < 0,0001), YacTile BUHMKANM y XBOPKX i3 TskkMM nepebirom kopy. B okpemux xsopux i3
TSOKKMM Nepebirom Kopy po3BUHYNMCh Taki yCKNaaHEHHs, ik Habpsik nereHb Ta atenekTas niBoi nereni. Hantsykui ycknagHeHHs
3 OOKy OpraHiB AuXaHHs BUHUKIM Y BariTHUX. YCKNagHeHHs 3 GOKy LLyHKOBO-KULLKOBOTO TPAKTY, SIK-OT renaTtut Ta eHTepuT,
3adpikcoBaHi B 43,8 % XBOpUX Ha Kip, @ YacToTa iXHbOro PO3BUTKY TaKOX 3anexana Bif TSHKKOCTI nepebiry 3aXBoptoBaHHs
(p<0,01). Cungpom Menopi-Belica Busiunmv B 0fHOro XBOporo 3 TshxkvmM nepebirom kopy. AHanis nokasnukis BPC y nopocnux
XBOPUX Ha Kip MOKasa., L0 3a HasiBHOCTI ycknaaHeHb yHKUiOHanbHWA cTaH BHC xapakTepuayeTbCst 3HMKEHHSIM MOTYX-
HOCTI B YCiX NaHkax perynsuii 3 po3sutkom aucbanaHcy B 6ik CMNATUKOTOHIT nopiBHSHO 3i 3goposumK (p < 0,01). Y xBopUX
3 yCKIagHeHnM nepebirom Kopy NoKasHUKK, L0 XapaKkTepU3yoTb 3aranbHy NoTyXHiCTb BereTatueHoi perynsii (SDNN, Total
power), napaMeTp, Lo xapakTepuaye rymopasnbHi Bnnvsu Ha BHC (VLF), BusiBunucs Hwkye (p < 0,05), a YacTka cumnaTuiHux
BMIMBIB Yy 3aranbHOMY cnekTpi BeretatveHoi perynauii (LF norm) — Buwe (p < 0,05), Hix y nauieHTiB 6€3 ycknagHeHb Ljei
iHcpekuil.
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BucHoBku. KniHiuHi nposiBu kopy B AOPOCINX HUHI 36epiratoTb TMMOBI 03HaKK, ane B GinbLuocTi fopocnnx xBopux (70,5 %)
Kip Mae ycknagHeHuin xapakTep. Halvacrilie peecTpytoTb ycknaaHeHHs 3 60Ky anxanbHoi cuctemu (61,4 %) Ta winyHko-
BO-KMLLKOBOrO TpakTy (43,8 %), 4acTota Ta CneKTp SKUX 3anexuTb Bif TSHKKOCTI nepebiry 3aXBoproBaHHs. YCKnagHeHHs 3
60Ky HepBOBOI CUCTEMU Ta OpraHiB 30py PO3BMBAOTLCS B MOOAMHOKMX XBOPUX JOPOCIIMX 3a YMOB TshKOro nepebiry kopy.

lMopyLueHHs dyHKuioHanbHoro ctaHy BHC BigirpatoTb neBHy ponb Y hopMyBaHHi yCKnagHeHb Kopy B JOPOCMX. 3a HasiBHOCTI
ycknagHeHb doyHKuUioHanbHUn ctaH BHC xapakTepusyeTbCs 3HMKEHHSM MOTYXXHOCTI B YCiX NaHKax perynsii 3 po3BUTKOM
ancbanaHcy B Bik CUMNATUKOTOHIT.

KAMHMuecKasA XxapaKTepucTUKa OCAOXKHEHWH KOPH Yy B3POCAbIX BO B3aUMOCBA3U
C U3MEHEHUAMU PYHKLIMOHAABHOIO COCTOAHUA BereTaTMBHOM HepBHOﬁ CUCTEMbI

10. 0. Psi6okoHb, C. A. Benokobblina, E. B. PA6okoHb

Llenb pabotbl — npoaHanM3npoBaTb OCIOXHEHUA KOPW Y B3POCIIbIX B 3aBUCMMOCTU OT TAXECTU TEYEHNA U BbIACHUTDb UX
B3aMMOCBA3b C beHKLWIOHaﬂbeIM COCTOSIH/EM BETETaTUBHON HEPBHOMN CUCTEMbI.

Pesynbrarthl. KnHudeckve nposiBneHnst Kopu y B3pOCTbIX COXPaHSIOT TUMUYHBIE NPU3HaKK, 0COBEHHOCTBIO TeUEHUS ABNSIETCS
coxpaHeHvie cumnToma Punartosa—Konnuka B nepuog Beicbinanuii (77,1 %). Mpw Tshxkenom TedeHum kopu vade (p <0,01), yem
NPy CPELHETSHKENOM PETVCTPUPOBAIN CKIIEPOKOHBIOHKTUBUT C Pe3siMU B r11a3ax, OCUMIIOCTb Forioca, reMopparMyeckyHo Chbib,
TOLLHOTY, pPBOTY, 60nee AnNMTENbHBIA MXOPafoYHbIV Neproa. Y GoNbLUIMHCTBA B3POCTIbIX KOPb MpoTeKana ¢ OCNIOXHEHUSMI
(70,5 %), cnekTp OCMOXHEHMIN NPEeACTaBINEH NPENMYLLECTBEHHO NOPaXXeHWEM OpraHoB AblxaTensHon cuctemsl (61,4 %) n
XenynoyHo-kuLeyHoro TpakTa (43,8 %). YacToTa passuTus OCNOXHEHUI 1 UX CNIEKTP 3aBUCENW OT TSHKECTW TeveHns 3abone-
BaHws. BpoHxuT (p < 0,05) 1 nHeBMOoHWS (p < 0,0001) YaLle Bo3HMKaANM y BOMbHbIX C TSXKENbIM TEYEHUEM KOPU. Y OTAEMNbHbIX
NauyeHTOB C TSXKENbIM TEYEHNEM KOPY Pa3BUIMNCh OTEK IETKIX 1 aTernekTas Nesoro nerkoro. Hanbonee TsKenble 0CNOXHEHNS
CO CTOPOHbI OPraHoOB AbIXaHusi 0TMeYeHb! y GepeMeHHbIX. OCNOXHEHWS CO CTOPOHbI XKemnyA04HO-KMLLIEYHOTO TPaKTa, Takve Kak
renaTuT 1 SHTepuT 3acukenpoBaHbl y 43,8 % GoNbHBIX KOPbIO, @ YacToTa UX PasBUTUS TAKKE 3aBUCENa OT TSHKECTU TEYEHNS
3abonesaHus (p < 0,01). Cungpom Mannopr—Beiicca yctaHoBneH y 0gHOTO BOMbHOTO C TSHXKENbIM TEYEHUEM KOpU. AHanu3
nokasateneit BPC y B3pocrbix 60rbHbIX KOPbo NOKasar, YTo Npu Hanuyum OCAOXHEHUN YHKLMOHaNbHoe cocTosiHne BHC
XapaKTepu3yeTcsl CHKEHEM MOLLIHOCTM BO BCEX BETBSIX PerynsiLym ¢ pa3BuTueM aucbanaHca B CTOPOHY CUMNATUKOTOHUN
Mo CpaBHEHMIO CO 300poBbIMYU (P < 0,01). Y GOMbHBIX C OCNIOKHEHHBIM TEYEHNEM KOPU NOKa3aTeni, KOTOpble XapakTepuayoT
06LLyto MoLHoCTL BeretatveHoi perynsaumm (SDNN, Total power), napameTp, xapakTepuayoLumi rymopanbHble BIUSIHAS Ha
BHC (VLF), 6binu Hiwke (p < 0,05), a fonst cumnaTnyeckux BIUSIHWAA B CEKTPEe BeretaTuBHoi perynsuum (LF norm) Bbiwe
(p < 0,05), 4em y 60MnbHbIX 6€3 OCNOXHEHMIA.

BbiBogbl. KnuHMKa Kopy y B3pOCTbIX COXPAHSET TUMWMYHbIE NPU3HAKK, OfHaKo y 6onblunHCTBa naumeHTos (70,5 %) pa3su-
BalOTCS OCNOXHEHUs. Hanbonee 4acTo pervcTpupytoT OCIOXKHEHWS CO CTOPOHBI AbIXaTerbHOM cuctemsl (61,4 %) v xeny-
[OYHO-kMLIeYHoro TpakTa (43,8 %), YacTota W CneKTp KOTOPbIX 3aBWUCUT OT TSKECTU TedeHus 3abonesanns. OcnoxHeHns
CO CTOPOHbI HEPBHOWN CUCTEMBI 11 OPraHOB 3PEHNS Pa3BUBAIOTCS Y €ANHNYHBIX B3POCTbIX MAaLMEHTOB MPU TSHKENOM TEYEHUN
kopu. HapyLeHns dyHKumoHansHoro coctosHus BHC urpatot onpegeneHHyto porb B hOpMUPOBaHIN OCIIOXKHEHUI KOpY Y
B3pocbIX. [1pn HanMuMM 0CNOXHEHUN yHKUMOHanbHoe coctostHne BHC xapakTepuayeTcs CHDKeHeM MOLLHOCTM BO BCEX
BETBSAIX PErynsLum ¢ passuTeM gucbanaHca B CTOPOHY CUMMATUKOTOHMM.

Measles is a highly contagious viral infectious disease,
which is guided by immune prophylaxis. In the early
2000s in the European Region, WHO set the goal of
eliminating measles, that is, stopping the local circulation
of the measles virus [1], but in 2017-2019 in Europe,
particular in Ukraine, a significant increase in measles
was noted. During the elimination period for the first time,
measles ceased to be a childhood infection, and seasonal
factors almost lost their impact on the internal dynamics
of the epidemic process [2,3]. A significant increase in
adult measles patients is due to the loss of protective
antibodies after 10 years in most vaccinated ones, since
only 36 % of vaccinated individuals have these antibodies
more longer [4].

In the periods of increased morbidity of measles, a
part of the serious and complicated course of the disease
naturally increases. Many studies show the dependence
of the risk of developing complications from the age of
patients, while it is believed that children of the first year
of life and older adults often have a complicated course
of the disease [5,6]. A considerable number of modern
studies indicate a certain prevalence of adults among
measles patients in modern conditions, in particular in
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Germany [7], Italy [8], and Belgium [6]. The pathogenetic
mechanisms of the development of complications in pa-
tients with measles are being studied today. On the one
hand, the risk of developing a complicated course of mea-
sles correlates with the degree of immunosuppression
expressiveness that develops in patients with measles.
However, on the other hand, the measles virus can par-
adoxically cause the induction of a strong virus-induced
specific immunity, which in the future remains viable [9].

Today, the pathogenetic mechanisms that determine
the peculiarities of the course of diseases and their conse-
quences are intensively studied. Particular attention is paid
to the assessment of the functional state of the autonomic
nervous system (ANS), which plays an important role in
the course of various diseases, and heart rate variability
(HRV) is considered as a measure of energy reserves of
regulatory systems, is an indicator of stress tolerance,
the quality of compensatory and adaptation mechanisms,
and resources for recovery [10,11]. It is believed that
cardiac rhythm is an indicator of deviations in regulatory
systems that outperform not only hemodynamic but also
metabolic disturbances. Therefore, changes in HRV can
be considered as an early prognostic sign of the develop-
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ment of many pathological conditions, which enables us
to assess the degree of adaptive capacity of the organism
[12]. In recent years, a number of scientific studies have
been published on the role of changes in the functional
state of the ANS in infectious pathology [13,14], in particular
in patients with measles [15], but the pathogenetic signif-
icance of these changes in the development of measles
complications in adults remains unexplored.

Aim
Aim of the work — to analyze measles complications in
adults depending on the severity of the course and to find

out their relationship with the functional state of the auto-
nomic nervous system.

Materials and methods

The study included 210 patients with measles aged 18
to 58 years old, with an average age of 28.8 [23.0; 37.5]
years. There were 96 men and 114 women. All patients
were treated in the department number 1 of the commu-
nal institution “Zaporizhzhia Regional Clinical Infectious
Disease Hospital” of the Zaporizhzhia Regional Council
from July 2017 to March 2019. Confirmation of measles
diagnosis based on clinical, epidemiological and laborato-
ry data with the determination of IgM immunoglobulins to
measles virus was performed according to WHO criteria
(2013) [16]. All patients underwent traditional clinical la-
boratory examinations and instrumental studies according
to the indications. In the presence of changes in liver tests,
serological tests were performed on the markers of viral
hepatitis B and C. For the analysis of the frequency and
range of complications of measles, depending on the se-
verity of the disease, patients were divided into groups:
178 patients with moderate duration; 32 patients — with
severe course of measles.

To evaluate the functional state of the ANS, a method
of computer cardiointervalometry with the definition of
HRV parameters was used. The research was conduc-
ted using the electrocardiographic diagnostic system
CardioLab-2000 according to the standard method. The
CardioLab-2000 program for recording, storing, analyzing
and interpreting cardio heart rate parameters works in
the Windows operating system environment and allows
for a detailed spectral analysis of HRV characteristics in
accordance with the protocol of the European Society
of Cardiology Working Group and the North American
Society for Cardiac Stimulation and Electrophysiology
[17]. The study was conducted on 116 patients with
measles and 30 healthy controls. For the analysis of
the relationship between the functional state of the ANS
with the development of complications, the patients were
divided into groups: 78 patients with complicated course
and 38 patients with uncomplicated flow of measles.

Statistical processing of the material was car-
ried out using the software «Excel» (Microsoft, USA)
and Statistica for Windows 13 (StatSoft Inc., JP-
Z8041382130ARCN10-J). Descriptive statistics inclu-
ding median and interquartile range — Me [Q25; Q75]
were calculated to express the variables, which were
not normally distributed. In order to assess the validity
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of the differences between the quantitative features in
the independent groups, the Mann—-Whitney criterion was
used, and the quality method x? was used between quali-
tative features. Spearman correlation was used to detect
relationships between quantitative features, while Kendal
correlation — between quantitative and ordinal values.

Results

According to the results of the research, it was found
that clinical manifestations of measles in adults under
present conditions retain typical signs. The presence
of a prodromal period of 1 to 6 days, an average of
3.1 [2.0; 4.1] days, body temperature increase to 38.8
[38.0; 39.0] °C, cough, scleroconjunctivitis, presence of
a maculopapular rash with merging of elements were
characteristic. At the same time, a number of clinical
signs are significantly more likely to be registered with
a severe course of measles than with moderate. Thus,
scleroconjunctivitis was accompanied by eye irritation in
all the patients with severe course against 118 (66.3 %)
patients (x?= 12.7, P < 0.004) with moderate course;
hoarseness in 25 (78.1 %) versus 52 (29.2 %) patients
(2= 23.3, P < 0.0001); hemorrhagic manifestations — in
4 (12.5 %) versus 2 (1.1 %) patients (x?= 9.7, P <0.001);
nausea — in 12 (37.5 %) versus 14 (7.9 %) patients
(x2= 17.4, P < 0.001); vomiting — in 10 (31.3 %) versus
9 (5.1 %) patients (x?= 14,1, P < 0.001); the duration of
the fever was 9.0 [8.0; 11.0] versus 7.0 [5.0; 8.0] days
(P < 0.01). A definite feature of measles in adults was
the preservation of the Filatov—Koplik signs during the pe-
riod of rash in 162 (77.1 %) patients.

In most adult patients, measles had a complicated
flow (70.5 %), with the spectrum of complications mainly
represented by the defeat of the respiratory system
(61.4 %) and the gastrointestinal tract (43.8 %). The
frequency of complications development and their range
clearly depended on the severity of the disease. Such
complications from the respiratory organs as bronchitis
(X2=5.6, P <0.05) and pneumonia (x?= 82.6, P < 0.0001)
were more common in patients with severe course of
measles. Some patients with severe measles course
developed such complications as pulmonary edema and
left lung atelectasis (Table 7).

The most severe complications from the respiratory
organs arose in two pregnant women. So, for a patient
C., 30 years old, who was vaccinated against measles
by schedule in childhood, the severe course of measles
emerged on the background of a twin pregnancy with
gestational age of 26 weeks and was characterized by
the development of several complications. From the first
days of rash there were clinical manifestations of enteri-
tis, and on the 3 day of rash against the background of
bronchitis there were acute respiratory failure of the Il
degree, which appeared as a breath to 46 per minute
and a decrease in oxygen saturation to 93 %. Pulmonary
edema was confirmed by X-ray, on the background of
the treatment with oxygen therapy in the mask mode in
two days, it was possible to achieve a significant positive
dynamics, and the complicated course of measles did
not affect the course of pregnancy. In another 25-year-old
patient who had not been vaccinated against measles
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Table 1. Characteristics of spectrum and frequency of measles complications in
adults, abs (%)

Patients Patients with measles
with measles  ['mogerate severe course
(n=210) course (n=178) | (n = 32)

The presence of complications 148 (70.5 %) 116 (65.2 %) 32 (100 %)*
from the respiratory system organs: 129 (61.4 %) 97 (54.5 %) 32 (100 %)*
bronchitis 113 (53.8 %) 96 (53.9 %) 20 (62.5 %)*
pneumonia 16 (7.6 %) 1(0.6 %) 15 (46.9 %)
pulmonary edema 1(0.5 %) 1(3.1%)
left lung atelectasis 1(0.5%) 1(3.1%)
from the gastrointestinal tract: 92 (43.8 %) 63 (35.4 %) 29 (90.6 %)*
hepatitis 89 (42.4 %) 63 (35.4 %) 26 (81.3 %)*
enteritis 19 (9.0 %) 7(3.9 %) 12 (37.5 %)*
the Mallory-Weiss syndrome 1(0.5 %) - 1(3.1%)
from central nervous system: 2(1.0%) - 2(6.2 %)
serous meningitis 1(0.5 %) 1(3.1%)
encephalopathy, cerebral edema 1 (0.5 %) 1(3.1%)
from the organs of vision:
cyclitis 1(0.5 %) - 1(3.1 %)

*: the difference is significant compared with patients with moderate course of measles (P < 0.01).

in childhood, measles was on the background of a first
pregnancy of 29-30 weeks and the first identified chronic
hepatitis C. At the end of the first day of rash there was
a tachypnoe to 32 per minute while maintaining oxygen
saturation 95 %, X-ray diagnosis of bilateral pneumonia.
During the next 24 hours, the patient’s condition rapidly
deteriorated due to the progression of the signs of res-
piratory failure to grade Ill, namely, increased tachypnoe
to 45-50 per minute, oxygen saturation decreased to
88 %, by X-ray detected signs of left lung atelectasis,
clinical manifestations of toxic-hypoxic encephalopathy,
in connection with which the patient was transferred to
artificial ventilation of the lungs. On the fourth day of rash
(the second day of artificial lungs ventilation), preterm
labor began, which was conservative through natural birth
canal, the baby was born alive. After delivery, control lung
radiograph showed regression of left lung atelectasis while
maintaining signs of pneumonia. After 6 days of artificial
lung ventilation, the positive dynamics of the course of
the disease and the radiological picture was recorded.
For further treatment, the patient was transferred to
the pulmonology department.

Complications from the gastrointestinal tract were
recorded in almost half of the adult patients with measles,
and the frequency of their development also depended
on the severity of the course of the disease. Complica-
tions such as hepatitis (x>= 6.9, P < 0.01) and enteritis
(x?=37.1,P <0.001) more often developed under severe
illness. One patient for 29 years suffered from severe
rash with hemorrhagic component, thrombocytopenia
at the height of the disease to 70 x 10%1, the formation
of several complications such as bronchitis, hepatitis,
Mallory-Weiss syndrome, which arose on the 3 day and
was manifested by vomiting blood that required a fibro-
gastroduodenoscopy for diagnostic purposes (Table 1).
The development of hepatitis in adult patients with
measles was characterized by biochemical changes in
the functional state of the liver at the time of hospitalization
in the absence of clinical manifestations of hepatitis. In all
patients with measles, which was complicated by hepa-
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titis, an increased activity of ALT in serum was detected,
while the level of increase of this indicator depended on
the severity of the course of measles. Thus, in patients
with a moderate course of activity, the activity of AIAT in
serum was 2.3 (1.6; 4.1) mmol/hour vs. 3.5 (2.7; 4.8)
mmol/hourl in patients with severe course (P = 0.019).
The presence of a reverse correlation between the activity
of ALT in serum and the blood platelet count (r= -0.38,
P < 0.05) confirms the relationship between the develop-
ment of hepatitis in adult patients with measles with the se-
verity of the disease. The presence of cytolysis syndrome
in almost half of patients was combined with biochemical
features of intrahepatic cholestasis. If the level of alkaline
phosphatase activity did not depend on the severity of
the measles, the level of gamma-glutamyltranspeptidase
activity was higher (P = 0.0003) with severe measles
course than with a moderate course and amounted to
79.2 (56.3; 155.4) unit/l against 228.8 (116.8; 379.8) units/
liter. The transient increase in the total bilirubin level to
26.0 and 39.7 micromole/l was recorded in two patients.

During the observation period, only one patient
of 52 years reported a complication of measles from
the nervous system, namely the development of serous
meningitis on the 5" day of rash period with signs of
cerebral edema. Eye lesions occurred in a patient of 33
years with a severe course of measles, accompanied by
a combination of such complications as acute bronchitis,
hepatitis, cyclitis (Table 1).

Analysis of HRV indices in adult patients with measles
showed that in the presence of complications, the func-
tional state of the ANS is characterized by a decrease
in power in all regulatory units with the development of
imbalance in the direction of sympathicotonia, compared
with healthy people (P < 0.01). In addition, in patients with
a complicated course of measles, indicators that char-
acterize the total power of vegetative regulation (SDNN,
Total power), the parameter characterizing the humoral
effects on ANS (VLF) was lower (P < 0.05), and the part of
sympathetic effects in the general spectrum of vegetative
regulation (LF norm) is higher (P < 0.05) than in patients
without complications of this infection. Sympathicotonia
in patients with complicated flow of measles confirms an
increase of 90 % (P < 0.05) of the vegetative balance index
(LF/HF), compared with healthy people. Compared with
patients with complicated course of disease, in patients
without complications of measles, the index of vegetative
balance did not differ (P > 0.05) from the indicator of
healthy people, despite an increase (P < 0.01) of the part
of sympathetic effects and a decrease in the parasympa-
thetic effects in the general spectrum of vegetative regu-
lation (P < 0.01), compared with healthy people. It should
be noted that in the absence of complications in patients,
the power of sympathetic (LF) and parasympathetic (HF)
effects were lower (P < 0.01) than in healthy subjects, but
the spectral parameter reflecting the total power of vege-
tative regulation (Total power) , did not differ statistically
(P > 0.05) from the indicator of healthy people (Table 2).

The revealed correlation connections confirm
the clinical and pathogenetic role of functional changes
of the ANS in the formation of measles complications
in adults. According to the results of our study, patients
with measles most often develop complications from
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the respiratory organs, and the oxygen saturation index
has a direct correlation with the parameters of ANS:
SDNN (r = 0.40, P < 0.05), RMSSD (r = 0.32, P < 0.05),
pNN50 (r = 0.31, P < 0.05), HRVT (r = 0.30, P < 0.05),
Total power (r = 0.40, P < 0.05), VLF (r=0.39, P < 0.05),
LF (r=0.29, P < 0.05), HF (r = 0.28, P < 0.05). Direct
correlation was detected between platelet count and
RMSSD (r=0.51, P <0.01). The inverse correlation with
HRV parameters has hematological parameters that char-
acterize the development of viral-bacterial complications,
namely, the quantitative content of blood leukocytes with
the HRVTi index (r = 0.32, P < 0.05), the share of band
neutrophils with parameters SDNN (r = -0.36, P < 0.05),
RMSSD (r = -0.30, P < 0.05), Total power (r = -0.37,
P <0.05), VLF (r=-0.30, P <0.05), LF (r=0.34, P <0.05),
HF (r = 0.28, P < 0.05). The correlation of the functional
state of the ANS with the formation of hepatitis in adult
patients with measles confirms the inverse correlation
of pNN50 with gamma-glutamyltranspeptidase activity
(r=-0.36, P <0.05) and alkaline phosphatase (r =-0.37,
P <0.05).

Discussion

Data from modern literature indicate that the last epidemic
increase in measles morbidity is characterized by preva-
lence of adult patients not only in European countries [6-8]
butalso in Asian countries [18]. There are many studies that
show a higher incidence of comorbidity in adults, but data
on the frequency of individual complications varies greatly
[19,20]. It is believed that the most frequent complication
is the development of pneumonia, but according to various
authors, the frequency of pneumonia in adult patients with
measles varies from 15.3 % [19] to 57.1 % [20]. According
to the results of our study, the frequency of pneumonia in
adult patients with measles was 7.6 %, but under severe
conditions, this figure was 46.9 %. In our opinion, certain
differences in this indicator in various studies are related
to the peculiarities of indications for the hospitalization of
patients with measles in different countries. According to
the literature, hepatitis in children with measles is devel-
oping in isolated cases, and the rate of development of
this complication among hospitalized children is 1.4 % [5],
whereas in adults this complication is registered in 81 %
of hospitalized patients [21]. The results of our research on
the incidence of hepatitis show that this figure is 42.4 %, but
in adults with severe iliness it reaches 81.3 %. In analyzing
the severity of the course of complications, in our opinion,
the special attention should be paid to the course of mea-
sles in pregnant women. In our study, the extremely severe
course of measles with the development of complications
from the respiratory system in two pregnant women has
been demonstrated, in one case, the pregnancy ended
with preterm labor. About the severe course of measles in
pregnant women and the adverse effects on the course of
pregnancy are reported by other authors [6].

According to modern ideas of changes in vegetative
regulation in any disease, it is possible to determine
the nature of adaptive reactions, from which the pe-
culiarities of the course of the disease, in particular
the infectious, and its consequences depend to a large
extent. On the other hand, any pathological process is ac-
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Table 2. Comparison of HRV indices in adult measles patients depending

on the presence of complications, Me [Q,; Q.|

Healthy people Patients with measles (n = 116)
(n=30) without complications | with complications
(n=38) (n=78)

SDNN 53.4 [41.1; 63.9] 47.3[36.3; 53.0]*
RMSSD 46.8[33.2; 63.3] 38.9[29.4; 41.7]
pNN50 22.119.1;39.3] 14.1[6.1; 18.6]

HRVT 11.9 [10.1; 14.7] 8.8 [6.5; 10.4]*

Total power, mc?  2581.8 [1815.4; 3428.6] 1917.8 [1148.8; 2656.0]
VLF, mc? 893.9[588.1; 1348.8]  789.4 [397.1; 1383.6]
LF, m¢? 850.9 [588.1; 1348.8]  380.7 [173.8; 835.6]*
LF norm, % 49.4[34.4; 53.9] 57.1[45.9; 66.1]"

HF, mc2 1008.9 [655.7; 1597.6] ~ 328.1[126.9; 531.3]*
HFnorm, %  50.7 [46.1; 65.6] 42.9[33.9; 54.1]*
LF/HF 1.0[0.7;1.3] 1.3[0.8;2.0]

39.5 [25.8; 45.6]%,,
28.6[18.9; 37.4T"..
6.6 [2.4; 15.4]*
7.3[5.3;10.7]*

1423.8 [517.5; 1868.7]",
476.1[215.6; 808.0] .
456.9 [126.6; 661.6]°

66.4 [55.2; 73.4]",.

223.4[103.3; 482.1]*

34.1[26.6; 46.6]*
1.9[1.1; 2.8]*

*: the difference is significant compared with healthy people (P < 0.01); **: with patients without

complications (P <0.05).

companied by vegetative disorders, and the appearance
of autonomic dysfunction is an unfavorable background
for the emergence of other pathological conditions, in
particular complications [22]. In our study, the reduction
of power in all regulatory units with the development of
imbalance towards sympathicotonia in adult patients with
measles with complicated course of illness, suggests
the presence of a clinical and pathogenetic link develop-
ment of complications with disorders of autonomic regu-
lation. Data from modern literature [10,23] demonstrate
that the shift in vegetative balance towards sympathetic
anions with the decrease in HRV indicates an increase
in the pathological process. Therefore, the definition and
evaluation of changes in the functional state of the ANS
has a strategic significance, since it further provides an
opportunity to develop an individual approach in the treat-
ment of the patient [24].

Conclusions

1. Clinical manifestations of measles in adults under
present conditions maintain typical signs, but a certain
feature of measles in adults is the preservation of Fila-
tov-Koplik signs during the period of rash (77.1 %). A
number of clinical signs are significantly more likely to
be registered with severe course than in the moderate
course: scleroconjunctivitis with eye irritation (100.0 %
vs. 66.3 %, P < 0.004), hoarseness (78.1 % vs. 29.2 %,
P < 0.0001), hemorrhagic manifestations (12.5 % vs.
1.1 %, P <0.001), nausea (37.5 % vs. 7.9 %, P < 0.001);
vomiting (31.3 % vs. 5.1 %, P < 0.001), longer period of
fever (P <0.01).

2. The course of measles in most adult patients
(70.5 %) has a complicated character. The complications
from the respiratory system (61.4 %) and the gastrointes-
tinal tract (43.8 %) are often recorded, the frequency and
spectrum of which depend on the severity of the disease.
Complications from the nervous system and vision organs
develop in single adult patients in severe cases.

3. Violations of the functional state of the ANS play
a role in shaping the measles complications in adults.
In the presence of complications, the functional state of
the ANS is characterized by a decrease in power in all
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regulatory units with the development of imbalance in
the direction of sympathicotonia, compared with healthy
people (P < 0.01). In adult patients with complicated
courses, the indicators of total vegetative regulation
power (SDNN, Total power), humoral effects (VLF) are
lower (P < 0.05), and the part of sympathetic effects in
the general spectrum of vegetative regulation (LF norm)
is higher (P < 0.05) than in patients without complications
of this infection. Sympathicotonia in patients with compli-
cated course confirms an increase of 90 % (P < 0.05) of
the LF/HF index, compared with healthy people.
Prospects for further research. Taking into account
the data we have received about changes in the functional
state of ANS, in our opinion, it is advisable to find a way to
correct the pathogenetic treatment of adult patients with
measles with complicated course of the disease.
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According to the WHO, the prevalence of metabolic syndrome (MS) is 20-40 %. Thyroid hormones are involved in the regu-
lation of almost all physiological processes in the body, including carbohydrate metabolism.

The aim of the research was to study the dependence of carbohydrate metabolism on C/T polymorphism in the DIO 1 gene
in patients with metabolic syndrome.

Material and methods. The C/T polymorphism in the DIO1 gene was studied in 102 patients and 97 healthy subjects. To
assess the dependence of carbohydrate metabolism on the C/T polymorphism in the DIO 1 gene, the following groups has
been formed: 19 patients with CC genotype, 69 individuals — with CT and 14 ones — with TT genotypes.

Results. Disorders of distribution of genotype frequencies contributed by the reduction of CC genotype frequency was revealed
in the group of enrolled patients comparing to the control group (x? = 6.8, P < 0.05), while there was no significant difference
between the frequencies of CT and TT genotypes in the main and control groups (x> = 2.4, P > 0.05 and x? = 1.2, P > 0.05).
Taking into account that the difference in genotypes frequencies occurs mainly due to a decrease in the number of patients
homozygous for C allele, it can be assumed that the C allele has protective properties against deiodinase 1 activity reduction,
that indicates the assotiation of C/T polymorphism in the DIO1 gene with the development of thyroid hormone disturbances in
the patients with metabolic syndrome as compared to the control group. Elevation of HOMA-IR index was established in patients
with TT genotype. Insulin resistance develops in the carriers of T allele, that causes disturbances in carbohydrate metabolism.

Conclusions. Presence of the T allele in genotype is associated with HOMA-IR index elevation as a consequence of
the triiodothyronine level reduction and further development of insulin resistance.

0co6AMBOCTI ByrAeBOAHOT0 06MiHY B Naui€HTiB i3 MeTaboAIYHMM CUHAPOMOM
3anexHo Bia C/T nonimopdisamy reHa DIO 1

H. 0. A6pamoga, H. B. MawwkoBcbka

3a aaHumm BOOS, nowwmpenictb MetaboniyHoro cungpomy (MC) ctaHoButb 20-40 %. TupeoiaHi ropmoHu 6epyTb yyacTb y
perynsuii Maiixe Bcix cisionoriyHux NpoLEeCiB B OpraHiami, 30kpema Ta ByrneBogHOro 06MiHy.

MeTta poGoTH — BUBYMTM 3aNEXHICTb MOKA3HWKIB ByrneBogHOro 06MiHy B nauieHTiB i3 meTaboniyHum cusgpomom Big C/T
nonimopdiamy reHa DIO 1.

Matepianu Ta meTogm. Y 102 ocib i3 meTaboniyHum cuHapomom i 97 npakTuyHo 3aopoBwx ocib gocnigunu C/T nonimopdiam
reHa DIO 1. [1ns owiHIOBaHHS 3anexHOCTi ByrnesoaHoro o6miy Big C/T nonimopdiamy reHa DIO 1 xBopux noginunu Ha rpynu:
19-i3 CC, 69 —i3 CT, 14 —i3 TT reHoTUnom.

Pesyniraru. [MopiHsHHS po3noginy YacTot reHoTunis reHa DIO1 nokasano, wo C/T nonimopdiam reHa DIO1 acouiioaHuii i
PO3BUTKOM MOPYLLUEHHS 0OMiIHY TUPEOIAHNX FOPMOHIB Y NALEHTIB, SIkUX 06CTEXMIM, MOPIBHSHO 3 rpynoto KOHTposko (p < 0,05).
Busasunw, Wwo Taki 3MiHun 3ymoBneHi 3MeHLeHHaM vyactot CC reHoTuny y rpyni ocib i3 MeTabonivyHnm CUHAPOMOM MOPIBHSHO
3 rpynoto koHTponto (%= 6,8, p < 0,05), iporigHoi piaHuLi Mix yactotamm CT i TT reHOTUNIB B OCHOBHIM | KOHTPOMBHIN rpynax
He Byno (x?= 2,4, p > 0,05; x*=1,2, p > 0,05). BpaxoBytou, LLO Pi3HMLA YACTOT reHOTUNIB BUHWKAE NEPEBAXHO BHACHILOK
3MEHLLEHHS KinbKOCTi 0Cif, roMo3uroTHUX 3a anenem C, MoxHa npunyctut: C-anenb XxapakTepusyeTbCsi MPOTEKTOPHUMM
BMacTMBOCTSIMM, a Lie cBiguuTb Npo ponb C/T nonimopcpiamy reHa DIO1 y po3BuTky TvpeoigHoro gucbanaHcy. AHanisyroum
[aHi NoKa3HWKiB BYrneBOAHOMO 0OMiHY 3aneXHO Bif reHoTuny, y rpyni ocib i3 TT reHoTMNOoM BCTaHOBWIW BipOTigHE 3pOCTaHHs
HOMA-IR nopieHsHO 3 rpynoto oci6 i3 CC reHotunom (p < 0,05).

BucHoBku. HocilictBo «myTaHTHOro» T-anens reHa DIO 1 acouitoBaHe 3 BiporigHum 3poctaHHamM HOMA-IR sk Hacnigok
3HVKEHHS PIBHSA CTUMYITIOBAIbHOTO TPUMOATUPOHIHY 3 PO3BUTKOM iHCYNIHOPE3NCTEHTHOCTI.

0co6eHHOCTH YTAeBOAHOTO 06MeHa y NauueHToB ¢ MeTaboAuYeCKUM CUHAPOMOM
B 3aBucumoctu ot C/T noaumopdusma resa DIO 1

H. A. AbpamoBa, H. B. MawikoBckas

Mo manHbIM BO3, pacnpocTpaHeHHocTb MeTabonmnyeckoro cuHapoma (MC) coctansier 20-40 %. TupeonaHble ropMOHbI
YYaCTBYIOT B PETYNSALIMN NMPAKTUYECKN BCEX (PU3MONOMMYECKIX NPOLIECCOB B OPraHU3Me, B TOM YiCHe U YrNeBOgHOMo obMeHa.

Pathologia. Volume 16. No. 3, September — December 2019

ISSN 2306-8027  http://pat.zsmu.edu.ua

Key words:

C/T polymorphism
in the DIO 1 gene,
carbohydrate
metabolism,
insulin resistance,
metabolic
syndrome.

Pathologia
2019; 16 (3), 345-349

DOI:
10.14739/2310-1237.
2019.3.188838

*E-mail:
natalloka84@gmail.com

KatouoBi croBa:
C/T nonimopdiam
reHa DIO 1,
BYTAEBOAHWI
06MiH, iHCYAIHO-
PESUCTEHTHICTb,
MeTaboAuHN
CHHAPOM.

Martonoris. - 2019. -
T. 16, Ne 3(47). -
C. 345-349

345



OpuriHaAbHI AOCAIAXKEHHS

KaloueBble cnoBa:

C/T noavmop-
$u3m reHa DIO

1, yrAeBOAHBIN
06MEH, MHCYAUHO-
PE3UCTEHTHOCTb,
MeTaboAnYeCcKuit
CHMHAPOM.

Matonorus. - 2019. -
T. 16, Ne 3(47). -
C. 345-349

Llenb pa6oThbl — M3y4nTb 3aBUCUMOCTb MoKasaTereii yrneBogHoro oomMeHa y naluMeHToB ¢ MeTabonyeckum CUHAPOMOM OT
C/T nonumopdwuama reHa DIO 1.

Matepuansi u metogbl. Y 102 nauneHToB ¢ METABONMYECKMM CUHAPOMOM U 97 NpaKTUYeCKu 300POBLIX MWL, UCCneLoBanm
C/T nonumopduam reqa DIO 1. [ins oueHku 3aBUcumMocTy yrneogHoro obmera ot C/T nonnmopduama reHa DIO 1 6onbHbIx
pasgenunu Ha rpynnbl: 19 — ¢ CC, 69 — ¢ CT, 14 — ¢ TT reHoTuMnom.

Pesynbratbl. CpaBHeHWE pacnpeaeneHus yactot reHoTunos reHa DIO1 nokasano, yto C/T nonumopdmam reqa DIO1 acco-
LMMPOBaH C Pa3BUTMEM HapyLLeHUsi 0BMeHa TUPEoUaHbIX TOPMOHOB Y ob6CrnesyeMblX NaLUYeHTOB N0 CPABHEHNIO C rpynnon
koHTpons (p < 0,05). OBHapyxeHo, 4TO Takue u3MeHeHus 0byCroBneHbl yMeHbLIeHeM YacToTbl CC reHoTunma B rpynne
naLWeHTOoB ¢ MeTabonnyeckUM CUHAPOMOM MO CPaABHEHMIO C rpynnoi koHTpons (X2 = 6,8, p < 0,05), Toraa kak [OCTOBEPHOM
pasHuLbl Mexxay Yactotamu CT v TT reHOTUNOB B OCHOBHOW M KOHTPOSbHOW rpynnax He 6bino (X2 = 2,4, p > 0,05; x2=1,2,
p > 0,05). YuntbiBas, YTO pasHML@ YacTOT reHOTUMNOB BO3HWKAET MPEVMYLLECTBEHHO 3a CHET CHIDKEHWS KONMYecTBa nuu,
rOMO3UrOTHbIX Mo C-annenu, MOXHO NpeanonoXuTb, 4To C-annens 06nagaeT NPOTEKTOPHLIMM CBOWCTBAMM, YTO CBUAETENb-
cTByeT 0 porn C/T nonumopdmama reHa DIO1 B pa3sutum TupeonaHoro ancbanaHca. AHanuanpyst AaHHble nokasartenein
yrneBofHOro obMeHa B 3aBMCMMOCTM OT FeHOTWNa, B rpynne nuu ¢ TT reHoTUNOM YCTaHOBMEHO [OCTOBEPHOE YBENMNYEHE
nokasarens HOMA-IR no cpasHeruio ¢ rpynnoi nnu, ¢ CC reHoTunom (p < 0,05).

BbiBoabl. Hocutenbcto «MyTanTHOW» T-annenu reHa DIO 1 accoummposaHo ¢ goctoBepHbiM yBennieHnem HOMA-IR B

pesynbTaTe CHUXEHWS YPOBHSI CTUMYIUPYIOLLEro TPUAOATUPOHWHA C PA3BUTUEM MHCYNMHOPE3NCTEHTHOCTH.

According to the WHO, the prevalence of metabolic
syndrome (MS) is 2040 % [11]. MS most often occurs
in people of middle and senior age (3040 %). Besides,
about 30 % (16.8 % of women and 14.9 % of men) of
the planet’s population are overweight [6].

The pathophysiological processes, that accompany
obesity, cause the development of arterial hypertension,
carbohydrate metabolism disorders, dyslipidemia, which
are components of MS [8].

Thyroid hormones bind to their nuclear receptors a
and (3, which are present in all tissues of the human body
and participate in the regulation of most physiological
processes, including carbohydrate metabolism [2,4,10].

Particularly important in the activation of nuclear re-
ceptors is triiodothyronine (T,), which partially regulates
gene transcription by modulation of post-translational
histone modifications [3,7,14].

The regulation of carbohydrate metabolism under
the influence of thyroid hormones is directly influenced
by the expression of genes that regulate the production
of insulin in liver and skeletal muscles, and stimulate
the expression of additional factors such as the complex
of ChREBP (carbohydrate response element-binding
protein), which subsequently affect the body’s ability to
secrete insulin in response to glucose intake [5,9].

Therefore, the enzymes deiodinase 1 (D1) and deiodi-
nase 2 (D2) that catalyze the conversion of prohormone T,
to T, are important for the functioning of this mechanism
of carbohydrate metabolism [17].

D1 is one of the deiodinases family, which is active
in liver, kidney, thyroid tissue. Transcripts of DIO1 are
also found in the pituitary gland, intestine, placenta and
gonads [12,13,20].

In our study we selected C/T polymorphism at position
785 in the DIO1 gene of complementary DNA[16].

R. Peeters et al. revealed that the presence of minor
T-allele in the genotype is associated with an increase
in the reverse T, (rT,) content, an increase in rT,/T, ratio
and a decrease in the T,/rT, ratio. Similar results were
obtained by Frank Jan de Jong et al [1].

However, the effect of the polymorphism in the genes
that regulates the metabolism of the thyroid hormones on
the carbohydrate metabolism needs further investigation.
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Aim
To investigate the dependence of carbohydrate meta-

bolism in patients with metabolic syndrome on C/T poly-
morphism in the DIO1 gene.

Materials and methods

102 patients with MS were examined. The average age
of patients was 52.5 + 8.8 years: 35 patients (34.3 %)
were women, 67 (65.7 %) patients — men. The control
group included 97 practically healthy persons at the age
0f48.90 + 7.96 years: 58 persons (59.8 %) were men and
39 —women (40.2 %).

In the following study the principles of bioethics were
respected: the main provisions of the European Conven-
tion on Human Rights and Biomedicine (from 04.04.1997),
GCP (1996), Helsinki Declaration of the World Medical As-
sociation on the Ethical Principles of Human Medical Sci-
entific Research (1964-2000) and the Ministry of Health
of Ukraine Order No. 281 dated back to 01.11.2000. The
study protocol and Informed Consent form for patient was
approved by the Ethics Committee of the Bukovinian State
Medical University, Ukraine.

Inclusion criteria: diagnosed arterial hypertension,
combined with abdominal obesity, a violation of carbo-
hydrate metabolism in the form of impaired tolerance to
glucose or type 2 diabetes mellitus, dyslipidemia, informed
consent of the patient to participate in the study.

Exclusion criteria: secondary arterial hypertension,
hypothyroidism, thyrotoxicosis, decompensated kidney
and liver damage, chronic heart failure above FC I, left
ventricular ejection fraction up to 45 %, acute cerebrovas-
cular accident and acute coronary syndrome less than 3
months before the study, mental disorders, pregnant wom-
en, lactating, any chronic diseases in the acute stage and
acute inflammatory processes, other comorbid diseases in
the stage of decompensation or acute conditions capable
to influence research results.

MS was determined according to the recommenda-
tions of the International Diabetic Federation (IDF), 2005.

The research was conducted on the basis of clinical
and diagnostic laboratories of the Department of Internal
Medicine, the Department of Medical Biology, Genetics
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and Pharmaceutical Botany of the Bukovinian State
Medical University, the Regional Endocrinologycal Center,
the Chernivtsi Regional Hospital of Veterans of War.

C/T polymorphism in the DIO1 gene was studied in
102 patients and 97 healthy individuals by isolation of
genomic DNA from peripheral blood leukocytes, after
that amplification of the polymorphic area in the state
of polymerase chain reaction (PCR) was performed
on the programmed PCR thermal cyclers “Amply-4L”
(“Biocom”, Moscow, RF) at individual temperature re-
sponse. Reagents «DNA sorb-V» option 100 (Federal
State Institution of Science «Central Research Institute
of Epidemiology» of the Federal Service for Supervi-
sion in the Sphere of Protection of Human Rights and
Human Welfare, RF) were used for DNA isolation from
lymphocytes according to instructions. PCR samples
were prepared by means of the set “AmpliSens-200-1"
(Federal State Institution of Science “Central Research
Institute of Epidemiology” of the Federal Service for
Supervision in the Sphere of Protection of Human Rights
and Human Welfare, RF).

The following primer set were used: to determine
the C/T polymorphism in the DIO1 gene — forward —
5-GAACTTGATGTGAAGGCTGGA-3" and reverse —
5-TAACCTCAGCTGGGAGTTGTTT-3'. Discrimination
of DIO1 gene alleles was performed using the specific
restriction enzyme Bcl | (“Fermentas®’, USA).

Products of PCR were separated using electrophore-
sisin 3 % agarose gel in the presence of tetraborate buffer,
concentrated with ethidium bromide. Fragments were
visualized by transilluminator in the presence of a marker
of molecular mass 100-1000 bq (“Fermentas?’, USA).

Pearson’s x?-criterion was used to estimate the cor-
respondence of the genotype frequencies in the study to
theoretically expected distribution at Hardy-Weinberg’s
equilibrium. Odds ratio (OR) with determination of 95 %
confidence interval (Cl) was calculated with the aim to es-
tablish the association of polymorphic variant of the gene
with a pathological phenotype.

To evaluate the dependence of carbohydrate me-
tabolism depending on C/T polymorphism in the DIO 1
gene we divided the patients into groups in the following
way: 19 patients with CC, 69 individuals with CT and 14
ones with TT genotypes. The control group included 20
healthy individuals.

Disorders of carbohydrate metabolism were diag-
nosed according to WHO criteria (1999). Fasting immu-
noreactive insulin (IRIl), C-peptide were determined by
immunoassay method on analyser of inmune-enzymatic
reactions “Uniplan” using DRG (Germany) reagents.

Glucose content was determined by glucose oxidase
method using standard set of reagents of the “Fylisyt
diagnosis” (Ukraine).

Content of glycated hemoglobin (HbA, ) was studied
by the method of ion-exchange high performance liquid
chromatography (HPLC) on Automatic analyzer of glyca-
ted hemoglobin D10 “Bio-Rad Laboratories Inc.”, using
the “Biomedinvest” reagents (Ukraine).

To study the proinflammatory activity of adipocytes,
the level of leptin was studied by immunoassay method
on analyser of immune-enzymatic reactions “Uniplan”
using DRG (Germany) reagents.

Pathologia. Volume 16. No. 3, September — December 2019

Original research

To assess the degree of insulin resistance a small
model of homeostasis (Homeostasis model assessment—
HOMA) was used, calculated by means of the HOMA
Calculator Version 2.2 Diabetes Trials Unit at the Univer-
sity of Oxford (UK).

Anthropometric indices were calculated: such as
waist to hip (W/H) ratio and body mass index (BMI) by
Quetelet, 1832.

All statistical computations were performed by means
of the licensed software package Statistica for Windows
6.0, serial number 31415926535897 and Microsoft Excel
2016 table processor (Microsoft Corp., USA). For all
parameters, in the groups of patients with CC, CT and
TT genotypes and control group, the arithmetic mean
(M), its dispersion and mean error (m) were calculated.
All data corresponded to the normal distribution law. To
determine the significance of differences between the re-
sults of research in groups of patients with CC, CTand TT
genotypes and control group, the Student’s coefficient (t)
was calculated, after that the significance of the difference
between the samples (P) and the confidence interval of
the mean according to the Student distribution tables were
determined. Valid values for P < 0.05 were considered
statistically significant.

Results

When assessing the distribution of genotype frequencies
in the DIO 1 gene, it was revealed that C/T polymorphism
in the DIO1 gene is associated with the violation of thyroid
hormones metabolism in patients with MS (Table 1).

The frequency of CC genotype in patients with MS
was significantly lower, compared with the control group
(x?= 6.8, P < 0.05), while there was no significant diffe-
rence between the frequencies of CT and TT genotypes in
the group of patients and control group (x?= 2.4, P >0.05
and x2=1.2, P > 0.05).

In patients with CT polymorphism the risk of distur-
bance of D1 activity increases by 5.7 times (P < 0.05;
OR = 1.89, 0.95 % CI =1.06-3.35) than in those with
CC genotype.

So, the risk of reduction of D1 activity is associated
with the presence of minor T allele, while homozygous for
C allele had significantly lower risk of this disturbance de-
velopment. Considering that the difference of genotypes
frequency occurs mainly due to decrease in the number
of individuals homozygous for C allele, it can be assumed
that C allele has protective properties concerning the de-
velopment of thyroid hormones metabolism violation.

When studying the dependence of carbohydrate
metabolism on the C/T polymorphism in the DIO1 gene,
it was found that carriers of minor T allele had significantly
higher HOMA-IR index than homozygous for C allele
(P < 0.05) (Table 2). No significant changes in glucose,
HbA1C, leptin, C-peptide, IRI levels and anthropometric
parameters were revealed.

Discussion

According to our data, the risk of reduction of D1 activity
is associated with the presence of minor T allele, while
homozygous for C allele had significantly lower risk of this
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Table 1. The distribution of genotype frequencies depending on CT polymorphism in the DIO1 gene in patients with metabolic syndrome and the control

group

GenOtypes _-_ o e
I

Genotype frequency CC
Genotype frequency CT
Genotype frequency TT

0.186 0.412
0.676 0.526 47
0.137 0.062 12

P <0.05 0.33 0.17-0.62
P <0.05 1.89 1.06-3.35
P >0.05 2.41 0.89-6.56

X% Pearson criterion, OR: odds ratio, CI: confidence interval.

Table 2. Peculitaries of carbohydrate metabolism indices and anthropometric parameters in patients with metabolic syndrome according to C/T
polymorphism in the DIO1 gene (M  m)

Index, units of measurement

Glucose, mmol/l

Immunoreactive insulin, 1U/ml

HOMA-IR
C-peptide, ng/ml
BMI, kg/m?
Leptin, ng/ml
HbA, ., %

W/H ratio

Genotypes of the GPX 1 gene, n = 102 Control group, n = 20

CC,n=19 CT,n=69 T,n=14

5.27 £0.28" 5.64 +0.26"
17.45 + 2.24* 19.79 + 2.32*
4.09 + 0.24%/** /> 4.96 +0.32"
4.85+ 017" 5.12+0.16*
30.88 + 1.46* 32.64 + 1.63*
2412 +£3.24* 27.93 +4.10*
5.96 +0.61* 6.14 £ 0.38"
0.97 £ 0.05" 1.01 £ 0.06*

6.18 £ 0.39% 4.73+0.17
20.89 £ 1.52* 6.11+£1.31
5.74 £0.23* 0.97 £0.04
5.62+0.15 1.29+0.12
34.62 +3.76* 24.88+2.28
30.38 + 4.58* 4.72+0.15
6.58 £ 0.47* 4.42 +0.58
1.13 £ 0.05* 0.68 £ 0.03

n: number of observations; *: the probability of changes in relation to control; **: the probability of changes in relation to the group with CT-genotype; ***: the probability of
changes in relation to group with TT genotype.

disturbance development. Considering that the difference
of genotypes frequency occurs mainly due to a decrease
in the number of individuals homozygous for C allele, it
can be assumed that C allele has protective properties
concerning the development of thyroid hormones me-
tabolism violation.

Our data coincide with the statement that thyroid
hormones participate in the regulation of carbohydrate
metabolism by stimulation of expression of genes that
regulate the production of insulin in liver and skeletal
muscles, and stimulate the expression of additional
factors such as the complex of ChREBP (carbohydrate
response element-binding protein), which subsequently
affect the body’s ability to secrete insulin in response to
glucose intake [5,15].

In our study HOMA-IR was higher in the group of pa-
tients with TT genotype (homozygous for “mutant” allele)
as compared to the group with CC genotype (homozygous
for “wild” allele) of the DIO1 gene (P < 0.05).

In the study of Sikandar Hayat Khan et al. carbohy-
drate metabolism in euthyroid and hypothyroid patients
was examined. It was revealed that patients with hypo-
thyroidism had significantly higher HOMA-IR index, com-
pared to control group, suggesting that reduced thyroid
hormones levels contribute to insulin resistance [18].

Vlyakaranam S. at al. also revealed that HOMA-IR
index values were higher in subjects with subclinical
hypothyroidism compared with euthyroid subjects. More-
over, TSH positively correlated with insulin and HOMA-IR
values, whereas fT, and fT, inversely correlated with
insulin and HOMA-IR [19].

Authors of both these studies suggested that these
changes develop as a reflection of alterations of tissue
thyroid hormones metabolism — deiodination impairment,
with further tissue hypothyroidism development in hepato-
cytes, which leads to insulin resistance thus leading to
decreased glucose metabolism

Ana C. Panveloski-Costa et al. found that T, treat-
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ment of obese rats leads to improvement of insulin
sensitivity (T,-treated rats presented higher constant rate
for the insulin tolerance test (kITT)) and negative modu-
lation of inflammatory cytokine expression in adipose
tissue. Furthermore, T, treatment reduced the serum
levels of triglycerides and cholesterol, body weight gain
was decreased in these animals [20]. The results of this
study suggests positive effect of thyroid hormones on
components of metabolic syndrome and necessity to keep
the levels of thyroid hormones in normal ranges not only
in serum but also in tissues, taking into account the fact of
impaired thyroid hormones metabolism in them as result
of deiodinases inhibition.

[t can be assumed, that elevation of HOMA-IR index in
our study is caused by decreased level of the most active
hormone of thyroid gland - T, due to the inhibition of D1
activity in patients with MS, with subsequent reduction
of insulin receptors sensitivity and development of IR.

Conclusions

1. Taking into account that the difference in genotypes
frequencies occurs mainly due to a decrease in the num-
ber of patients homozygous for C allele, it can be as-
sumed that the C allele has protective properties against
deiodinase 1 activity reduction, whilst T allele presence
is associated with the inhibition of peripheral conversion
of thyroid hormones.

2. The presence of T alleles in the genotype of patients
with metabolic syndrome is associated with a violation of
carbohydrate metabolism as a result of insulin resistance
development.

Prospects for further research. The survey results
indicate the necessity of effective measures for carbohy-
drate dysfunction correction development in patients with
metabolic syndrome.
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In our previous studies it was established that the remodeling of pancreatic islets with decreasing B-cell population density
is formed in hypertensive SHR rats. The imbalance between the synthesis of proapoptotic and antiapoptotic factors may be
one of the possible causes of disturbed formation of the endocrinocyte population in the pancreas.

The aim of the research was to study the parameters of Bcl2 and p53 proteins synthesis in pancreatic islets in normotensive
and hypertensive rats in the streptozotocin-induced diabetes mellitus development.

Materials and methods. The study was performed on 30 normotensive male Wistar rats (systolic BP = 105.0 + 1.1 mm Hg)
and 25 hypertensive SHR rats (systolic BP = 155.7 + 0.9 mm Hg) with fasting normoglycemia (4.73 £ 0.10 mmol/l). Bcl2 and
p53 proteins were detected in histological pancreas sections by immunofluorescence method. The relative area of Bcl2- and
p53-immunopositive material, concentration of proteins in endocrinocytes, their content in the islets and apoptosis index
p53/Bcl2 were analyzed in pancreatic islands.

Results. The area of relative immunofluorescence to the Bcl2 protein was 2 times less, and the protein content was 3 times
lower in pancreatic islets of hypertensive rats (SHR) compared with normotensive Wistar rats. At the same time, no statistical
differences in the area of the immunopositive material to the p53 protein and its content in the islets between the experimental
groups were revealed. The development of streptozotocin-induced diabetes in Wistar rats was accompanied by approximately
2-fold decrease in the Bcl2 protein expression in pancreatic islets, a significant increase in the specific content of p53 protein
and a 3.8-fold increase in the apoptosis index of p53/Bcl2. In pancreatic islets of SHR rats, diabetes mellitus development
was accompanied by 2-fold increase in the specific content of the proapoptotic protein p53 without the reduction of the an-
tiapoptotic protein Bcl2 synthesis. At the same time, the p53/Bcl2 apoptosis index in SHR rats remained statistically higher
than in Wistar rats.

Conclusions. Endocrine cells of pancreatic islets of SHR rats are characterized by the prevalence of proapoptotic protein
p53 expression as compared with Wistar line normotensive rats. The development of streptozotocin diabetes in Wistar rats
leads to a significant decrease in the number of endocrinocytes synthesizing the antiapoptotic protein Bcl2. At the same time,
an increase in the synthesis of the proapoptotic protein p53 in endocrinocytes in diabetes is observed both in normotensive
and in hypertensive rats.

OcobauBocTi cuHTe3y binkiB Bcl2 i p53 B naHKpeaTMUHUX OCTPIiBLAX HOPMOTEH3UBHUX
i rinepTeH3UBHUX LYpIB 3i CTPENTO30TOLMH-IHAYKOBAaHMM AiabeTom

T. B. Abpamoga, T. B. IBaHeHko, 0. B. MenbHUKOBa

Y nonepeaHix AOCTiMKEHHSX BCTAHOBWIW, LLO B riNepTeH3MBHYX LLypiB NiHii SHR dhopmyeTbesa pemogentoBaHHs naHKkpeaTudHmnx
OCTPIBLB 3i 3MEHLUEHHAM LUinbHOCTI nonynauii B-knitnH. OQHiE 3 MOXIMBUX NPUYMH NOPYLLIEHHS (hOpMyBaHHS nonynswii
€HAOKPUHOLMTIB NiALLTYHKOBOI 3251031 Moxe ByTu AncbanaHc Mixk CUHTE30M NPOANONTOTUYHIX Ta @HTUANONTOTUYHMX (DAKTOPIB.

MeTta po6oTu — BUBUMTH napameTpm cuHTe3y binkie Bel2 i p53 B naHkpeaTWyHWX OCTPIBLSX Y HOPMOTEH3VBHUX i rinepTeH-
3MBHUX LLYPIB NPY PO3BUTKY CTPENTO30TOLMH-IHAYKOBAHOTO LIyKpOBOTO Aiabery.

Matepianu Ta metoau. JocnimkeHHs 3giicHunu Ha 30 HOPMOTEH3MBHMX camusx WypiB niHii Wistar (cuctoniyHmin
AT =105,0+ 1,1 Mmm pT. cT.) i 25 rinepTeHanBHUX Lypax NiHii SHR (cuctoniynmi AT = 155,7 + 0,9 MM pT. CT.) 3 HOpMOrnikemieto
Hatwe (4,73 0,10 MMonb/n). Y riCTONOrYHMX 3pi3ax NifgLLnyHKOBOT 321031 iMyHOhTyOpPECLIEHTHUM METOLOM BUSBNSNN Binku
Bcl2ip53. Y naHkpeaTnyHWx OCTpiBLsAX aHanidyBanu BigHOCHY nnoLuy Bcl2- i p53-imyHono3nTuBHOro matepiany, KOHLEHTpaLito
6inkiB B eHOOKpUHOLWMTAX, IXHIl BMICT B OCTPIBLSAX Ta iHAekc anonTo3y p53/Bcl2.

Pesynbrati. Y naHkpeaTMyHUX OCTPIBLUAX riNepTeH3MBHMX LypiB niHii SHR niii nnowa BigHOCHOI iMyHodnyopecueHLii
no 6inka Bcl2 6yna BaBivi MeHLUOI0, @ BMICT Giflka BTPUYi HUXKYMM, HiXK Y HOPMOTEH3WBHMX TBapUH Niii Wistar. CtatncTuyHi
BiZIMiHHOCTi NMOLLi iMyHONO3UTUBHOTO Martepiany Ao Ginka p53 i oro BMICTY B OCTPIBLISIX MK EKCEPUMEHTaNBHUMU rpynamMu
He BUsSBUNM. PO3BWUTOK CTPENTO30TOLIMHOBOTO AiabeTy B HOPMOTEH3UBHUX LLYpiB NiHii Wistar cynpoBomKyBaBCS 3MEHLIEHHAM
ekcnpecii 6inka Bcl2 B naHkpeaTnyHUXx OCTPIBLAX NPUMONM3HO BABIY, iCTOTHUM 30iNbLUEHHSM NMTOMOrO BMICTY Ginka p53 Ta
36inbLUeHHAM iHaekcy anonTody p53/Bcl2 y 3,8 pasa. Y naHKpeaTUyHUX OCTPIBLSAX MiNepTEH3MBHMX LLypiB NiHii SHR po3snTok
AiabeTy CynpoBOAXXyBaBCS 2-pa30BUM 36iMbLUEHHAM NUTOMOrO BMICTY NpoanonToTuyHoro Ginka p53 6e3 peaykLii cuHTesy
aHTManonToTuyHoro Ginka Bel2. IHgekc anonTosy p53/Bcl2 y wypis niHii SHR 36epiraB cTaTUCTUYHO BULL 3HAYEHHS, HiX Y
LypiB ninii Wistar.
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BucHoBku. [Nt eHAOKPUHOLMTIB MaHKpeaTUyHUX OCTPIBLIB LLypiB NiHii SHR xapakTepHe nepeBaxaHHs ekcrpecii npoanon-
TOTUYHOrO Binka p53 NOPIBHAHO 3 HOPMOTEH3MBHUMM Lypamu Nikii Wistar. Po3aBuTok CTpenTo3oToLmHoBOrO AiabeTy B LiypiB
niHii Wistar npnsBoanTb 4O CYTTEBOTO OOMEXEHHS KiNbKOCTi eHLOKPUHOLMTIB, L0 CUMHTE3YHTb aHTUANONTOTUYHMIA Binok
Bcl2. 36inbLUeHHs CUHTE3Y MPoanonToTMYHOrO Ginka pS3 B eHAOKPUHOLMTY Npy AiabeTi BUSHAYWMM | B HOPMOTEH3MBHUX, i B
rinepTeHsNBHYX LLYPIB.

OcobeHHOCTH cUHTEe3a 6eAkoB Bcl2 u p53 B naHKpeaTMUeCKUX 0CTPOBKaX
HOPMOTEH3UBHbBIX U TMNEPTEH3UBHBIX KPbIC CO CTPENTO30TOLUH-MHAYLIMPOBAHHbIM
Anabetom

T. B. Abpamosa, T. B. UBaHeHko, O. B. MeAbHUKOBa

B npeablayLLnX UCCENoBaHNsIX YCTaHOBIIEHO, YTO Y TUMEpTEH3UBHBIX KPbIC NMHUKM SHR dhopmmupyeTcs pemogenvposaHue
NaHKPeaTNYeCKNX OCTPOBKOB C YMEHbLLEHMEM MIOTHOCTW NOMyNsALummM B-knetok. OAHOMN 13 BOIMOXHBIX MPUUYMH HAPYLIEHMS
(hopMUPOBaHMS NONYNALMN HAOKPUHOLIMTOB NOZKENYA0YHON XKernesbl MOXET BbITb AnuchanaHc Mexay CUHTE30M Npoanor-
TOTMYECKMX 11 @HTUANONTOTUYECKMX (DaKTOPOB.

Llenb pabotbl — 13yunTb napameTpbl cuHTe3a 6enkoB Bcl2 1 p53 B naHkpeaTuyecknx OCTPOBKAX Y HOPMOTEH3MBHLIX W
TUNEPTEH3NBHBIX KPbIC MPY PasBUTUM CTPENTO30TOLMH-MHAYLIMPOBAHHOMO caxapHoro AnabeTa.

Matepuanb! u Metoabl. iccnenosanue npoeeaeHo Ha 30 HOPMOTEH3MBHBIX camuax kpbic NMHUM Wistar (cuctonmnyeckoe
A =105,0% 1,1 Mm pT. CT.) 1 25 rMNepTeH3nBHbIX kpbicax MHUM SHR (cuctonuyeckoe ALl = 155,7 £ 0,9 MM pT. CT.) C HOpPMO-
rmykeMuen Hatowak (4,73 + 0,10 mmonb/n). B rycTonornyeckux cpesax nomKenyno4Hoi xenesbl UMMYHO(NYOPECLEHTHBIM
meToaoM Bhisenany Genku Bel2 n p53. B naHkpeaTuyecknx 0CTpoOBKax aHanM3vMpoBani OTHOCUTENbHYH nnowaae Bel2- n
p53-MMMYHOMNO3NTUBHOTO Matepuana, KOHLeHTpaLmio 6enkoB B SHAOKPUHOLMTAX, NX COOEepXaHWe B OCTPOBKaX U UHAEKC
anonTosa p53/Bcl2.

PesynbraTtbl. B naHkpeaTM4yeckux OCTPOBKaX Yy rMNepTeH3NBHbLIX KPbIC NMHMM SHR nnHUM nnoLlaab OTHOCUTENBbHON UM-
MyHodnyopecLeHUun k 6enky Bcl2 Gbina B 2 pasa MeHblue, a cogepaHue benka B 3 pasa Hike, YeM Y HOPMOTEH3UBHbIX
XMBOTHbIX NHMKM Wistar. CTatucTuyeckue otnmumns nnoLyaam MMMyHONO3UTUBHOTO MaTepuana k 6enky p53 1 ero cogepxanus
B OCTPOBKax Mexay aKCnepyMeHTanbHbIMU rpynnaMu He yCTaHoBneHbl. Pa3BuTie CTpenTo3oTOLMHOBOMO AnabeTa y Hop-
MOTEH3UBHbIX KpbIC NiHKMK Wistar conpoBoxaanock yMeHbLLeHneM akcnpeccum 6enka Bel2 B naHkpeaTnyeckux ocTpoBkax
NPUMEPHO B 2 pasa, CyLLECTBEHHbIM HapacTaHWeM yaenbHOro cogepxanns 6enka pS3 v yBenuyeHnem nHaekca anontosa
p53/Bcl2 B 3,8 pasa. B naHkpeaTnyeckmx oCTpoBKax rMnepTeH3NBHbIX KpbIC MMHUMM SHR pa3suTue gnabeta conpoBoxaanoch
2-KpaTHbIM HapacTaHWeM yOernbHOro coaepaHus npoanontoTudeckoro 6enka p53 6e3 pesykumm CUHTE3a aHTUaNoNToTU-
yeckoro 6enka Bcl2. MHaeke anontosa p53/Bcl2 y kpbic nuHun SHR coxpaHsan ctatucTuyecky Gonee BbICOKME 3HAYEHMS,
4yeM y Kpbic nimHun Wistar.

BbiBogbl. [Nt SHAOKPUHOLIMTOB MaHKPeaTUYECKX OCTPOBKOB KpbiC NHMM SHR xapakTepHo npeobnaaaHue akcrnpeccum
npoanonToTuyeckoro Genka p53 no cpaBHEHNIO C HOPMOTEH3UBHBIMM Kpbicamu nuHuy Wistar. PassuTie cTpenTo3oToLmHOBOrO
avabeta y kpbic nuHUM Wistar npuBoauT K CyLLECTBEHHOMY OTPaHUYEHIIO KOMMYECTBA 3HOOKPUHOLMTOB, CUHTE3MPYIOLLIMX
aHThanonToTuyeckuin 6enok Bel2. Hapactanve cuHTesa npoanonTtoTuyeckoro 6enka p53 B aHAOKpUHOUMTAX Npu auabete
OTMEYEHO 1 Y HOPMOTEH3VBHBIX, W Y MMNEPTEH3NBHBIX KPbIC.

Essential hypertension is one of the most common
chronic diseases, the incidence of which ranges from
29.0 % in adults to 64.9 % in people over 60 years [1].
Patients with arterial hypertension present the majority of
the cardiological group of patients; type 2 diabetes mellitus
accompanies from 20 % in the USA to 30 % of cases in
Italy [2]. The combination of essential hypertension and
diabetes mellitus in patients is known as a metabolic
syndrome that increases the clinical severity of single
nosologies and worsens the prognosis for life [3]. We
reported previously that fasting glycemia does not exceed
5.5 mmol/L in 2/3 of the SHR rats with hereditary arterial
hypertension [4]. Nevertheless, the signs of pancreatic
islet cytoarchitectonics are revealed: the decrease in
the population density of B-cells [5,6] and an increase in
the number of a-cells in the pancreas[7]. It is proved that
diabetes mellitus modeling with streptozotocin in Wistar
rats normally leads to the formation of stable hyperglyce-
mia, decrease in B-endocrinocytes number [8-10] and a
rise in a-cells quantity in the pancreas [10-12].

We have demonstrated that streptozotocin-induced
diabetes in SHR rats also leads to hyperglycemia, while a
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lesser degree of 3-cell death is noted in the pancreas than in
normotensive Wistar rats [9]. Moreover, the development of
diabetes mellitus in SHR rats leads to a decrease in the popu-
lation density of a-cells in the pancreas, in contrast to Wistar
rats [9]. We suppose that the number of endocrinocytes
in the pancreas under normal and pathological conditions
can be affected not only by B-cytopathic factors, such as
streptozotocin, antibodies to intra-islet antigens, hypoxia, but
also the level of intracellular expression of proapoptotic and
antiapoptotic factors, such as p53 and Bcl2 proteins [13,14].

The aim

The aim of the research was to study the parameters of
Bcl2 and p53 proteins synthesis in pancreatic islets in
normotensive and hypertensive rats subjected to strep-
tozotocin-induced diabetes mellitus development.

Materials and methods

The research was carried out on 30 normotensive male
rats of Wistar line (systolic BP = 105.0 + 1.1 mm Hg)

KnaloueBble croBa:
rMnepToHWYeckKas
6one3Hb,
caxapHbli pnaber,
naHKpeaTnyeckue
OCTPOBKM, AnomnTo3.
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and 25 hypertensive rats of SHR line (systolic BP = 155.7 +
0.9 mm Hg) with fasting normoglycemia (4.73 + 0.10
mmol/L). The animals were kept in standard vivarium
conditions under natural light without restriction of ac-
cess to water and food. The studies were conducted
in accordance with the requirements of international
principles of the European Convention (Strasbourg,
1985). Diabetes mellitus was modeled in 15 Wistar rats
and 10 SHR rats by a single intraperitoneal injection
of streptozotocin (SIGMA Chemical, USA) in a dose of
50 mg/kg dissolved in 0.5 ml of 0.1 M citrate buffer
(pH =4.5). 3 weeks after, the concentration of glucose in
the blood was measured in animals with the help of Glu-
coCard-Il glucometer (Japan), and systolic blood pressure
was measured with the help of BP-2000 non-invasive
pressure control system (Visitech Systems, USA).

The pancreas was extracted after decapitation
of experimental animals under thiopental anesthesia
(50 mg/kg), fixed in Bouin solution (20 hours) and
poured into paraplast (McCormick, USA) after standard
histological processing. Serial histological slices of
the pancreas 5 um thick were dewaxed and unmasked
in a citrate buffer solution (pH = 9.0) in the PT-module
(Thermo Scientific, USA). Bcl2 and p53 proteins in
pancreatic islets were detected by immunofluores-
cence method using antibodies produced by Santa
Cruz Biotechnology (USA). Primary antibodies were
incubated in dilution 1:200 (wet chamber, T = +4 °C,
24 hours), secondary antibodies conjugated with
FITC were incubated in dilution 1 : 64 (wet chamber,
T =+37 °C, 45 min).

The slices were washed in phosphate buffer and
then enclosed in a mixture of glycerin/phosphate buffer
(9:1). Specificity of antibody binding was controlled
in similar way, except for incubation with primary an-
tibodies. Immunofluorescence reaction was studied
using the Axiolmager-M2 fluorescence microscope
(Carl Zeiss, Germany) with the digital camera Axio-
Cam-HRm (Carl Zeiss, Germany) and with the use
of the high-emission 38HE filter (A, = 470/40 nm,
A, = 525/50 nm) (Carl Zeiss, Germany). Quantitative
analysis of the immunofluorescence reaction was
carried out with the help of AxioVision-4.8.2 digital
image analysis system (Carl Zeiss, Germany). At least
75 pancreatic islets were examined in each series
and the following parameters were measured and
calculated:

1) the relative area of the immunopositive material
(the percentage of the immunopositive material in the islet
area);

2) the concentration of proteins in endocrinocytes
(the module of the logarithm of the background fluores-
cence to the fluorescence of immunopositive material
ratio, expressed in relative units of fluorescence — U,.);

3) the protein content in pancreatic islets (calculated
as the product of the specific concentration of proteins
and immunopositive material area in 1 cm? of the area of
the islets, expressed in U/ cm?);

4) apoptosis index (the ratio of p53 protein content to
Bcl2 protein content in pancreatic islets).

Experimental data were processed with Excel 2003
(Microsoft Corp.) statistical analysis software package.

ISSN 2306-8027  http://pat.zsmu.edu.ua

The reliability of the differences between the experimen-
tal groups was assessed using the Student’s criterion
t, considering the differences to be reliable at P < 0.05.

Results

The development of streptozotocin diabetes led to the for-
mation of hyperglycemia both in normotensive Wistar rats
(17.69 = 1.10 mmol/L) and in SHR rats with hereditary
hypertension (11.45 £ 0.89 mmol/L). Earlier, we attributed
this to significant reduction of the a-endocrinocyte pool in
the pancreas of hypertensive rats, which does not lead
to excessive glucagon synthesis, which is observed in
Wistar rats along with of intensive a-cells proliferation [9].

The area of relative immunofluorescence to the Bcl2
protein was 2 times less in pancreatic islets, in hyperten-
sive rats than in normotensive animals, while the area of
p53 protein immunopositive material was almost the same
(Table 1).

Despite the fact that the parameters of protein con-
centration in the cells in normo- and hypertensive rats
did not statistically differ, their ratio indicated the pre-
dominance of pro-apoptotic p53 protein expression in
the endocrinocytes in SHR rats (Table 2).

Calculation of the Bcl2 protein content in pancreatic
islets demonstrated its 3-fold decrease in hypertensive
rats in comparison with normotensive animals (Table 3).
The p53 protein content in the islets of both animal lines
did not statistically differ. It is possible that low indices of
Bcl2 antiapoptotic protein expression in pancreatic endo-
crinocytes in SHR line rats may be one of the reasons for
the decrease in the B-cell population in these animals [5,6].

The development of experimental diabetes in normo-
tensive rats led to a 2-fold decrease in the area of Bcl2
immunopositive material in pancreatic islets accompanied
with an increase in the area of immunoreactivity to p53
protein by 55 %. In contrast, there was an increase in im-
munoreactivity both to Bcl2 and p53 protein by more than
50 % in pancreatic islets of hypertensive animals (Table 1).

The development of diabetes led to an increase in
the concentration of p53 protein in endocrinocytes in
normotensive and hypertensive rats by 24 % and 31 %, re-
spectively. At the same time, the development of diabetes
in normotensive animals did not affect the concentration of
Bcl2 protein in the cells, while in hypertensive animals a
decrease in the concentration of Bcl2 protein by 33 % was
observed (Table 2). This resulted in the fact that the index
of apoptosis —Bcl2/p53 in endocrinocytes in normotensive
animals with diabetes decreased only by 12 % (P < 0.02),
and in hypertensive rats — by 40 % (P < 0.001).

Changes in the parameters of Bcl2 and p53 proteins
immunoreactivity in the diabetes mellitus development in
normotensive rats resulted in a 40 % decrease in the spe-
cific content of the antiapoptotic Bcl2 protein in pancreatic
islets, combined with 2.3-fold increase in the specific
content of the proapoptotic p53 protein (Table 3). Where-
as, the development of diabetes in hypertensive rats of
resulted only in 2-fold increase in the specific content of
the p53 protein in the pancreatic islets as compared with
the control group. Moreover, the development of diabe-
tes in normotensive animals resulted in the increase of
the apoptosis index by 3.84 times, while in hypertensive
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Table 1. Relative area (%) of immunopositive material in pancreatic islets (M + m)

Parameter Hypertensive ras
Control, n =91 Diabetes, n =76 Control, n =83 Diabetes, n =78

Bcl2 4.966 + 0.728* 2.798 +0.184* 2.475 £ 0.144* 3.771 £ 0.597%
p53 2.157 £0.195 3.344 +0.258* 2.123 £0.180 3.209 £ 0.225*
Bcl2 / p53 2.302 £ 0.083* 0.836 + 0.074* 1.165 + 0.096* 1.175 + 0.095*

Reliability P < 0.05 of differences in comparison with normotensive (*) and hypertensive (¥) rats without diabetes; n: the number of pancreatic islets that were examined.

Table 2. Protein concentration (U,.) in endocrinocytes (M + m)

Parameter Normotensive rats Hypertensive rats
Control, n =91 Diabetes, n =76 Control, n =83 Diabetes, n =78

Bcl2 0.611+0.079 0.664+0.040% 0.514x0.011 0.397 £0.019*
p53 0.449 £ 0.017 0.556 + 0.042* 0.448+0.021 0.587 £ 0.030*
Bcl2 / p53 1.360 £ 0.050 1.194 £+ 0.048* 1.147 £ 0.020* 0.676 + 0.052*#

Significance (P < 0.05) of differences in comparison with normotensive (*) and hypertensive (*) rats without diabetes; n: the number of pancreatic islets that were examined.

Table 3. Protein content (U/cm?) in pancreatic islets (M + m)

Parameter Hypertensive rats
Control, n =91 Diabetes, n =76 Control, n =83 Diabetes, n =78

Bcl2 3.570 + 0.203* 2.118 £ 0.265* 1.271 £0.079" 1.549 £ 0.232*
p53 0.98410.102 2.242 +0.372% 1.063 £0.133 2.104 £ 0.252*
apoptosis index p53/Bcl2 0.275 + 0.059* 1.058 +0.077* 0.836 + 0.026* 1.358 + 0.065*

Significance (P < 0.05) of differences in comparison with normotensive (*) and hypertensive (*) rats without diabetes; n: the number of pancreatic islets that were examined.

rats this index increased only by 1.62 times. However, in
hypertensive animals the apoptosis index in pancreatic
islets was still significantly higher (P < 0.05) than in nor-
motensive rats.

Discussion

The data obtained in the current research indicate that
the development of experimental diabetes mellitus leads
to a significant decrease in quantity of the endocrinocytes
that synthesize the anti-apoptotic protein Bcl2 only in
normotensive rats. At the same time, an increase of proap-
optotic p53 protein synthesis in endocrinocytes in diabetes
is observed both in normotensive and hypertensive rats.

It is known that Bcl-2 family of proteins include pro-
teins both with anti-apoptotic and pro-apoptotic activity.
Such proteins as Bcl2-protein (Bcl2), B-cell ymphoma-ex-
tra-large (Bcl-xL), Bcl-2-like protein 2 (Bcl-w), Bcl-2-like
protein 10 (Bcl-B), myeloid cell leukemia 1 (MCL-1) and
Bcl-2 related gene A1 (A1) prevent apoptosis [15]. They
realize their anti-apoptotic effect at the mitochondrial level,
and also block the activity of caspases and proapoptotic
proteins Bcl-2 family members in the cell [16]. Other pro-
teins of Bcl-2 family such as Bcl-2-associated X protein
(Bax) and Bcl-2 antagonist killer 1 (Bak), in contrast,
have a proapoptotic influence [15,16]. It is believed that
the balance between pro- and anti-apoptotic proteins
of the Bcl-2 family is a key parameter that determines
the choice between life and death for a cell [17]. It has
been established that in type 1 and type 2 diabetes Bcl2
production increases in 3-cells along with other molecular
regulators of apoptosis, [16], that might have a protective
value and to some extent reflect the compensatory po-
tential of -endocrinocytes in diabetes.

It was noted that apoptosis of B-cells in diabetes,
caused by overproduction of pro-inflammatory cytokines

Pathologia. Volume 16. No. 3, September — December 2019

and a decrease in the mitochondrial transmembrane
potential in endocrinocytes is inhibited by stimulation of
Bcl2 expression [18].

Aproduct of the TP53 gene (tumor suppressor gene)
activity — p53 protein is an important regulator of apoptosis
in cells along with the Bcl-2 family proteins [17]. Being a
kind of “guardian of the genome”, the p53 protein initiates
apoptosis in DNA damage caused by radiation, chemical
agents, reactive oxygen species, hypoxia, and other
injuring factors. Furthermore, the p53 protein realizes its
proapoptotic potential by inducing pro-apoptotic proteins
of the Bcl-2 family: Bax, PUMA (p53 upregulated mod-
ulator of apoptosis) and Noxa (phorbol-12-myristate-13-
acetate-induced protein 1) [17,19]. It is proved that p53
protein can trigger B-cell dysfunction and suppress insulin
secretion in them [19]. At the same time, inhibition of p53
activity or knockout of the TP53 gene in mice preclude
apoptosis of B-endocrinocytes and prevent insulin resist-
ance development in adipocytes [19].

Therefore, the estimation of the balance between
the synthesis of anti- and proapoptotic factors in pan-
creatic endocrinocytes can be a prognostic factor for
assessing the resistance of B-endocrinocytes to the action
of pathogenic factors, as well as for assessment the risk
of diabetes mellitus development. In the present study, we
revealed a deficiency of anti-apoptotic potential caused
by a decrease in the Bcl2 protein synthesis in pancre-
atic islets that led to an increase in the endocrinocyte
apoptosis index in normoglycemic hypertensive SHR
rats to the level typical to normotensive Wistar rats with
streptozotocin-induced diabetes. This fact to some extent
explains the low specific density of the B-endocrinocyte
population in spontaneously hypertensive rats compared
with normotensive Wistar animals [5,6]. In addition to that,
adaptive hypobaric hypoxic training of Wistar rats with
streptozotocin-induced diabetes increases the anti-apop-
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totic potential of 3-cells and reduces the index of apoptosis
that ultimately leads to a rise in 3-endocrinocytes pool,
increase of insulin synthesis in them and a decrease in
glycemia level [13,14].

Conclusions

1. The endocrinocytes of pancreatic islets in normo-
tensive Wistar rats demonstrate higher level of the anti-
apoptotic protein Bcl2 synthesis than hypertensive rats of
the SHR line, while the level of the pro-apoptotic protein
p53 expression is almost the same.

2. Experimental diabetes mellitus development
in normotensive Wistar rats is accompanied by 2-fold
decrease in the expression of Bcl2 protein in pancreatic
islets, a significant increase in the specific content of p53
protein, and an increase in the p53/Bcl2 apoptosis index
by 3.8 times.

3. The development of diabetes in SHR rats is
accompanied by 2-fold increase in the specific content
of the pro-apoptotic protein p53 in the pancreatic islets
without reduction of anti-apoptotic protein Bcl2 synthesis.
At the same time, the p53/Bcl2 apoptosis index in SHR
rats remains statistically higher than in Wistar rats.

Prospects for further research. Further study of
the mechanisms of endocrinocyte death in diabetes, due
to the interaction of key molecular regulators of apoptosis
B-cells such as Bcl2, Bel-xL, Bax, Bak, and MST1 proteins
are proposed.
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Carotid arteriosclerosis is a recognized leader among causes of ischemic disorders of the cerebral circulation. Itis known that
brain infarction occurs with atherosclerotic stenosis and thrombosis of the carotid arteries in approximately 40 % of cases. The
peculiar geometry of carotid bifurcation creates conditions for the development of atherosclerotic plaques.

The aim of the work is determination of pathomorphological features of the structure of atherosclerotic plaques in carotid
atherosclerosis.

Materials and methods. Histological, histochemical and immunohistochemical studies of surgical material in 680 patients
were performed.

Results. On the basis of pathomorphological analysis of the plaque in carotid AS they can be divided into complicated and
uncomplicated.

The first type is atheromatous unstable plaques with the prevalence of foci of atheromatosis, lympho-macrophage infiltration,
intraplaque hemorrhage, necrosis of fibrous elements and edema. Immunohistochemically they are characterized by high
expression of MMP-9 in macrophages and lymphocytes with degradation of type | collagen in the surface and deep layers
of the plaque coating and its replacement by type Il collagen (P < 0.05). The second type of plaque is stable uncomplicated
with the advantage of fibrosis, hyalinosis and petrification. Immunohistochemical structure of plaques was collagen type |,
expression of collagen type Il was low, expression of MMP-9 was moderate (P < 0.05).

Conclusions. High expression of MMP-9 in carotid atherosclerosis in macrophage-lymphocytic infiltrates in atheromatosis
and neovascularization sites was found to result in degradation of type | collagen with its replacement by type Ill collagen.
Such pathomorphological changes underlie plaque instability — the development of intraplaque hemorrhages, ulcers with
embolic complications. Synthesis of collagen type | with low expression of type lll collagen and MMP-9 has been found to
determine the basis of the structure of fibro-muscular plaques. This ensures their hemodynamic stability and stable vascular
stenosis.

0co6AuBOCTi NaTOMOPHONOTiUHOI CTPYKTYPH aTePOCKAEPOTUUYHUX BAALLOK
NPU KapoOTMAHOMY aTepOCKAEpPO3i

10. I. Ky3uk

ATepocKnepo3 COHHWX apTepil — BU3HaHUIA Nigep cepen NPUYMH iLIeMIYHWX NOpyLLEHb MO3KOBOTO kpoBoobiry. Bigomo, Lo npu
aTepOCKNepoTUHHOMY CTEHO3i Ta TPOMBO3i COHHMX apTepii NpudnuaHo B 40 % Bunaakie BUHMKAE iHbapkT Mo3sky. Ocobnmea
reoMeTpis BidhypkaLlii COHHMX apTepii CTBOPIOE YMOBM AMst PO3BUTKY aTePOCKNEPOTUHHUX GRSLLIOK.

MeTa po60TH — BU3HA4YEHHS NAaTOMOPONOriYHNX OCOBNMBOCTEN CTPYKTYPU aTePOCKNEPOTUYHIX BMSALIOK NpW KapoTUAHOMY
aTepockneposi.

Matepianu Ta meTogu. 3AiACHUNN FiCTONOrIYHE, FCTOXIMIYHE Ta iIMYHOTICTOXIMIYHE JOCIIKEHHS onepaLiiHoro martepiany
680 xBopwX.

Pesynkratu. Ha nigctasi natomopdhonoriyHoro aHanisy CTpykTypu GrisiLLOK Npu KapoTUAHOMY aTepOCKNepO3i PO3PisHAN
iX yCKnagHeHUn i HeycknagHeHuin Tunu. Mepwuin Tun — aTepoMatosHi HecTabinbHi GMsLLIKM 3 NepeBarod BOTHWLL, atepo-
maroasy, fimcomakpodaranbHoi iHiINbTpaLlii, BHYTPILLHLOOMSLIKOBUX KPOBOBUMBIB, HEKPO3Y BOMOKHUCTUX €MEMEHTIB i
Habpsiky. IMyHoriCTOXiMiYHO Ansi HUX xapakTepHa Bucoka ekcripecis MMIM-9 y makpodbarax i nimdountax i3 gerpapavieto
opraHisoBaHoro konareHy | Tvny B noBepxXHeBUX i MWUOOKMX Luapax MOKPULLKW BRsilkv Ta 3amiHoto 1oro Ha konareH |l
Tmny (p < 0,05). Opyrvi Tmn 6nswok — ctabinbHi HeycknagHeHi 3 nepesaroto Gibpoay, rianiHo3y Ta netpudikaii. IMyHo-
ricTOXiMiYHO CTPYKTYpY GnsiLLOK yTBOPtOBaB konareH | Tuny, ekcnpecist konareny |l Tuny Hu3bka, excnpecis MMIM-9 nomipHa
(p <0,05).

BucHoBku. Bucoka ekcnpecis MMIT-9 npu kapoTuaHOMy atepockneposi B MakpodaranbHo-niMpoLmUTapHuX iHinstpartax y
BOTHMLLi@X aTepoMaTo3y Ta HeOBaCKynsipu3aLlii Npu3BoanTL A0 AerpafaLlii konareHy | Tvny 3 3amiHoto horo Ha konareH Il Tuny.
Taki naToMopchonoriyHi 3MiHWM CTaHOBMNSATL OCHOBY HECTaBINBHOCTI BNSILLIOK, 3yMOBIIHOIOHYM PO3BUTOK BHYTPILLUHBLOBMSLLIKOBNX
KPOBOBUMNMBIB, BUPa3KyBaHHs 3 eMOONIYHUMK YCKNagHEeHHAMU. BCcTaHoBUNM, WO CUMHTE3 konareHy | Ty 3 HU3bKOK eKc-
npecieto konarexy Il Tuny Ta MMI1-9 BusHayae ocHoBy ¢hibpo3HO-M's30BKX BnsiLok. Lie 3abesnevye ixHio remoguHamiyHy
CTabinbHICTb i CTIAKNIA CYOVHHUIA CTEHO3.
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0co6eHHOCTH NaTOMOPPOAOTUYECKOH CTPYKTYPbl aTEPOCKAEPOTHUECKHX OASILLEK
NPU KapOTMAHOM aTepoCKAEpo3e

0. U. Kysbik

ATepoCcKNepo3 COHHbIX apTepUI — NPU3HAHHBIM MAEP CPeamn NPUYUH ULLEMUYECKUX HapyLLIEHWUIA MO3roBOro KpoBoobpalle-
HUS1. MI3BECTHO, YTO NPy aTePOCKIIEPOTYECKOM CTEHO3€E U TPOMBO3€e COHHbIX apTepuii NpuMepHo B 40 % cnyvaeB BO3HUKAET
MHGpapKT mo3ra. Ocobasi reomeTpus BudypkaLmn COHHbIX apTepuii CO3AAET YCMOBKS A4S Pa3BUTUSA aTEPOCKIIEPOTNYECKMX
Gnsex.

Llenb pa6oTbl — onpegeneHre natoMoponorMieckux 0COBEHHOCTEN CTPYKTYPbI aTePOCKIEPOTUYECKIX BrisLLek Npn Ka-
POTWUAHOM aTepoCKNepose.

Marepuanbi u MeToabl. [poBEAEHO rMCTONOTMYECKoe, TMCTOXMMUYECKOE U UMMYHOMMCTOXMMUYECKOE UCCHENOoBaHUs orne-
paumoHHoro matepuana 680 GomnbHbIX.

PesynbraTbl. Ha ocHoBe naToMOphonornyeckoro aHanmsa CTpykTypbl BRsiLLKW NpW KapOTUAHOM aTepoCckepo3e Bbiaenunm
X OCTTIOXHEHHBIV 1 HEOCNOXHEHHBIA TWMbI. MepBbI TUM — aTepomaTo3Hble HecTabunbHble OMSLLKM C NpeBan1poBaHNEM
o4aroB aTepomMarosa, numdgomakpodaranbHoi UHPUNETPaLMN, BHYTPUONSLLEYHBIX KDOBOMSMUSIHWIA, HEKPO3a BOMOKHUCTbIX
3M1EMEHTOB ¥ oTeKa. IMMYHOTMCTOXMMMYECKM TSt HUX XapaKTepHa Bbicokas akcnpeccus MMIM-9 B makpodbarax v numdoLmtax
C AerpagaLyeit opraHM30BaHHOrO KonnareHa | Tuna B MoBEPXHOCTHbIX U FMyBOKMX COSIX MOKPBILLKY BRSILLKY 1 3aMeHO ero
Ha konnareH |l Tuna (p < 0,05). Bropoit Tun bnsiwek — ctaburnbHble HEOCMOXHEHHbIE ¢ NpeobnagaHnem ¢ubposa, rmannHosa
1 neTpudmkaumm. VIMMyHOrMCTOXMMUYECKM CTPYKTYPY BnsiLuek coctaensan konnareH | Tuna, akcnpeccus konnarena Il Tuna
Hu3kas, akcnpeccus MMI-9 ymepeHHas (p < 0,05).

BbiBoabl. Beicokas akcnpeccus MMI-9 npy kapoTuaHOM atepocknepose B MakpodharansHO-MMMGOLMTapHbIX MHGULTpa-
Tax B ovarax atepomaro3a U HeoBacKynsipusaLmm NpMBOANT K ferpafaumm konnareHa | Tuna ¢ 3ameHoi ero Ha konnareH |l
TMna. Takue naToMopdonorniyeckne N3MEHEHNS nexar B OCHOBE HECTabUINbHOCTW ONsLLEK — Pa3BUTKS BHYTPUOMSLLKOBbIX
KPOBOM3MUSHWIA, 53BbI C IMBONNYECKNMI OCIIOXKHEHUAMU. YCTaHOBNEHO, YTO CUHTE3 KornareHa | Tuna ¢ HU3Kom akcnpeccuen
konnarena Ill Tuna n MMI1-9 onpegensiet 0cHOBY (h1BPO3HO-MbILLEYHBIX BisiLLek. DT 06ecnevnBaET 1X reMOAMHAMMYECKYHO

CTabMNBHOCTb 1 YCTONYMBBIA COCYANCTBIN CTEHO3.

Carotid arteriosclerosis (AS) is a recognized leader among
causes of ischemic disorders of the cerebral circulation.
It is known that brain infarction occurs with atheroscle-
rotic stenosis and thrombosis of the carotid arteries
(CA) in approximately 40 % of cases [2,19,23]. Given
the high frequency and emphasizing the importance of
atherosclerotic CAlesions in the development of cerebral
disorders, some authors view it as a separate nosological
unit, referring to the term “International Carotid Artery
Disease” [17,23]. The authors dispute this because of
the peculiarities of the geometric configuration of the CA
bifurcation. Special geometric configurations in the ar-
teries, such as bifurcations, bends, and anastomoses,
can create focal areas of reduced tangential wall tension
and promote smooth muscle cell proliferation. The con-
cave surface of the convoluted arteries contributes to
the reduction of the tangential stress of the wall, and in
this place intimal thickening or atherosclerotic plaques
(AP) develops. The most characteristic area of localized
significant reduction of the tangent wall tension is carotid
bifurcation. Atherosclerotic lesions of this localization
account for 75 % of all lesions of the extracranial arteries
of the brain [8,14,20]. A number of researchers have
studied the factors of AP progression, possibly predic-
ting the development of instability and complications,
including intracranial bleeding, thrombus progression,
and inflammation [1,2,7,10-12,19,21-23,25]. Tan F. P. P.
et al. [4] focuses on the distribution of hemodynamic
forces, the appearance of turbulent flows in the stenosed
artery in AS, which contributes to the growth of plaque
size and the development of its instability. Makris G. C.
et al. [18] proved that a change in the stress-deformed
state of a vessel in AS, together with the redistribution of
effective and tangential stresses, leads to plaque rupture
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due to the progression of intraplaque hemorrhages [5].
Therefore, the question of pathomorphological study of
the structure of AP of CA is important for the establish-
ment of possible features of plaques, prognosis and
development of possible complications and correction of
management of patients with carotid AS.

The aim

The aim of the work is determination of pathomorphologi-
cal features of atherosclerotic plaques structure in carotid
atherosclerosis.

Materials and methods

Altogether, over the 16-year period (2000-2015), surgical
material of 680 patients operated at the Department of
Vascular Surgery of Lviv Regional Clinical Hospital was
analyzed and investigated. The operative material was
815 cases, as 135 patients underwent surgery on both
CAs at different times. Surgical material, which was de-
pendent on the type of surgery performed, was received
in 10 % neutral formalin solution. In each case, histological
examination of the vascular wall preparations stained with
hematoxylin eosin was performed. The sections were
also stained with resorcinol-fuchsin by Hart, picrofuchsin
by Weigert, Masson'’s trichrome. Immunohistochemical
studies of CAbiopsies were performed in paraffin sections
using monoclonal and polyclonal antibodies. We used
primary monoclonal antibodies to: collagen type | (Clone
RAH C11-0,1 “Thermo Fisher Scientific Inc.”, USA); col-
lagen type Il (Clone RAH C33 “Thermo Fisher Scientific
Inc.”, USA); type IV collagen (Clone CIV 22 “Thermo
Fisher Scientific Inc.”, USA); matrix metalloproteinase-1
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inhibitor — Mo a-Hu TIMP-1 Ab-2 TIMP-1 (Clone 102D1,
“Thermo Fisher Scientific Inc.”, USA); polyclonal anti-
bodies to matrix metalloproteinase-9 — Rb aHu MMP-9
(92 kDa Collagenase IV, “Thermo Fisher Scientific Inc.”,
USA). Incubation with primary antibodies was performed
according to the instructions of the manufacturers,
visualization of the immunohistochemical reaction was
performed using the DAKO EnVision + System (DAKO,
USA) detection system with diaminobenzidine (DAB).
The sections were stained with Mayer’s hematoxylin and
enclosed in Canada balsam. The expression intensity was
evaluated by the semi-quantitative method as follows:
“” — negative immunohistochemical reaction; “+” — low
intensity of expression; “++” is a moderate intensity of
expression and “+++” is a clear intensity of expression.

A statistical survey of the data obtained was per-
formed using the applications MS Excel 2003, Statistica
7 and IBM SPSS Statistics 19.

Results

Among the operated AS was identified in 286 (42.1 %)
patients. The number of men was eight times higher than
women (men 255, women 31). Patients’ age ranged from
34 to 83 years. Most often, AS occurred in people aged
50-70 years — 209 (73.0 %) patients. The predominant
localization of the atherosclerotic process were both
ICA - 156 (54.5 %) patients (P < 0.05). In second place
in the lesion are both internal and external carotid arteries.
AP practically in half of the cases captured the bifurcation
of the external CA and moved to the initial departments of
the internal CA. The first place in the frequency of lesions
is the initial departments of internal CA — about 30 %.
In the third place — up to 15 % of AP were localized on
the bifurcation of the external CA.

In the overwhelming majority (82 % of patients), caro-
tid endarterectomy — classic or eversion, and combina-
tions of endarterectomy with other operations — resection,
with redressing or reimplantation, were performed. With
endarterectomy, plaque, intima, part of the media, and
adventitia were removed according to protocols of opera-
tions of medical histories. The operating material included
327 biopsies, 162 of which were right carotid arteries, 165
left carotid arteries. Most of the biopsies — 153 (46.7 %)
had a conical shape and were represented by the inner
parts of the sinus wall of the internal CA with AB, 110 bio-
psies (33.6 %) by the inner parts of the bifurcation walls
of the common CA and the initial sections of the internal
and external carotid arteries with plaques in their walls.
In each of the biopsies, a longitudinal surgical incision of
the sinus wall of the CA was observed.

Pathomorphological examination revealed that most
plaques had a complex structure due to the combination
of various components both in circumference and in
the depth of the bioptate. The revealed components of
the plaque are characteristic for the severe form of AS:
foci of atheromatosis, necrosis and edema, newly formed
vessels, hemorrhages, inflammatory infiltration, sclerosis
and calcinosis, thinning and ulceration of the plaque cap,
parietal and obstructive thrombi (P < 0.05).

Sclerosis was a typical component of different types
of AP. The degree of severity and prevalence of sclerotic
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changes in plaques varied: in 24 (7.3 %) biopsies fibrosis
foci occupied practically the entire thickness of the slice, in
222 (67.7 %) plaques the fibrosis was focal and occupied
the same area as atheromatosis, and calcinosis, in 77
(23.4 %) the fibrosis was insignificant (P < 0.05). Sclerosis
was observed in the superficial layers of the plaque, in
combination with hyalinosis formed a plaque. Stromal
hyalinosis in half of cases was combined with vascular
hyalinosis in the plaque.

Fibro-muscular plaques were observed in 26 (7.9 %)
cases and consisted of a combination of diffuse fibrosis
with proliferation of muscle fibers. Such plaques lacked
lipid components. The muscle fibers were arranged in an
orderly or chaotic fashion, with interlaced tufts forming.
Fibro-muscular proliferation spread throughout the thick-
ness of the vascular wall, occupying media and adventitia.
Infive cases, muscle plaques made of proliferating muscle
fibers and smooth muscle cells (SMCs) were found.

Calcification was observed in 257 (78.4 %) cases.
Significant foci of calcite were found in 127 AP (38.7 %).
They were located in atheromatous masses and occupied
up to half of a piece of plaque. In 82 plaques (25 %), cal-
cification foci destroyed vessel structures and penetrated
deep layers of the medium, partly beyond the operating
material.

Atheromatosis was observed in 231 (70.4 %) of
complicated AP. The severity of atheromatosis varied
quantitatively: in 51 biopsies, it occupied small areas in
superficial or deeper layers of plaque. In half of the cases,
atheromatosis was quite pronounced, reaching up to half
of the plaque area and located in its deep layers. Athero-
matosis was almost scattered in 28 cases, accounting
for the bulk of the plaque. In such APs the destruction
of atheromatous masses was completed by intraplaque
tears and dissection with of large plaque fragments in
the lumen of the ICA. In one third of cases of complicated
plaques on the border with foci of atheromatosis areas of
fibrinoid necrosis were detected, limited on the periphery
by accumulations of macrophages and proliferating fibro-
blasts. The deposition of cholesterol crystals in the foci
of atheromatosis was observed in 62.5 % of cases. At
the destruction of the cap atheromatous masses with
cholesterol crystals penetrated into the lumen of the ICA.

Cellular infiltration in plaques was observed in 240
(73.1 %) cases. Foamy macrophages were the most
common cells in the infiltrate, forming significant foci or
small-focal infiltrates. Macrophages were localized on
the border with foci of atheromatosis and fibrous elements
in the superficial and deep layers of plaques. In 134
(40.8 %) biopsies, a large number of foamy macrophages
were observed; in 82 (25.0 %) there were moderate clus-
ters. In half of AP lymphocytes were detected. In a third of
the plaques, they were observed near the new vessels,
among macrophage infiltrates, both in the superficial and
deep layers of the plaques. Lymphocytes in AP were
defined as clusters of single cells — 90 (27.4 %), in 63
(19.2 %) — in the form of focal clusters (P < 0.05). Near
atheromatous masses, in particular near the cholesterol
crystals, numerous or single giant cells were observed
in 13 (3.9 %) cases.

A high level of MMP-9 expression was observed in
the cell infiltrate at the foci of atheromatosis. Intensive
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granular cytoplasmic expression was determined in mac-
rophages and lymphocytes (Fig. 7). The activity of MMP-9
in the studied plaques was parallel to the increase in
inflammatory cellinfiltration (P < 0.05). In areas of cellular
infiltration with high expression of MMP-9, the expression
of TIMP-1 was negative.

Newly formed vessels in plaques were detected in
94 (28.6 %) cases of operating material. According to
the peculiarities of the structure, we have three types of
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Fig. 1. High expression of MMP-9 in the cell infiltrate

in the atheromatous site: A, B — high expression

of MMP-9 in macrophages and lymphocytes. Rb aHu
MMP-9, visualization system DAKO EnVision + System
with DAB.

Maghification: A,B x200.

Fig. 2. The expression of I, Il and IV types of collagen
in carotid AS:

expression of type | collagen: A: in atheromatous plaques,
B: in fibro-muscular plaques;

expression of type Ill collagen: C, D: in atheromatous
plaques, E: in fibro- fibro-muscular plaques;

expression of IV types of collagen: F: in atheromatous
plaques, G: in fibro-muscular plaques plaques.

Clone RAH C11-0,1; Clone RAH C33, Clone CIV
22 visualization system DAKO EnVision + System
with DAB.

Maghification: A, B, E x100, C, D x200, F, G x40.

vessels — sinusoidal, capillary and closed types. Sinu-
soidal vessels of different diameters were prevalent in
the superficial layer, some of them localized in the mar-
ginal layers of the plaques, that is, on the border with
the preserved or slightly altered inner ICA layer. Most of
these vessels are located along the length of the vessel
and are sometimes connected to the vascular lumen. In
a third of cases, capillary-type vessels were observed
among thin-walled sinusoidal vessels. They were located
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in groups immediately adjacent to the intraplaque hema-
toma and foci of hemosiderosis. The third type of vessels
in the areas of neovascularization had the structure of
closed arteries with thick, relative to their lumen, walls
due to the proliferation of SMCs and elastic fibers. Nine
cases of closed-type vessels revealed signs of fibrinoid
necrosis with pronounced swelling of adjacent tissues,
and 12 (3.6 %) of AP had sclerosis with lumen oblite-
ration. Groups of capillaries and sinuses were adjacent
to the individual closed arteries. A significant number of
thin-walled vessels were found in 20 (6.1 %) plaques,
a moderate number in 28 (11.7 %), and single (60
(18.3 %)) vessels; the closed arteries in all plaques were
single. In 52 (15.8 %) AP, there was a close location of
closed type arteries and thin-walled vessels, suggesting
the formation of arterio-venular anastomoses in plaques.
Neovascularization in the plaque had a direct correlation
with intraplaque hemorrhage (r = 0.89; P < 0.05).

Intraplaque hemorrhage was observed in 118 (36 %)
cases. The hemorrhage foci were of different sizes and
spread: small —in 45 (13.7 %) plaques and large —in 73
(22.2 %). Small foci of hemorrhage were localized mainly
in the deep layers of AP and didn’t disturb its integrity,
although they led to an increase in its volume and progres-
sion of stenosis. Great focal hemorrhages in 70 (21.3 %)
cases were complicated by plaque dissection — multiple
or single internal ruptures with a significant dissection
hematoma were observed, which in 63 (19.2 %) cases
resulted in partial or complete detachment of plaque
fragments. Intramural hematomas with plaque dissection
and detachment of its fragments formed multiple dissec-
tion zones. This led to the development of a multi-storey
dissection with involvement of surface and deep layers
of the plaque in the process.

The plaque caps consisted of a variety of muscle
and connective tissue fibers, often with hyalinosis, which
limited foci of atheromatosis or calcification from the lu-
men of the ICA. Fibroblasts, foamy macrophages and
lymphocytes were often identified in fibers in various
amounts and ratios. In 93 plaques (28.3 %), the cap was
thinned and calcined, with 15 (4.5 %) defective plaque
cap, where calcification foci penetrated its surface. In
areas of atheromatosis in 22 (6.2 %) plaques, the cap
was thinned and consisted of connective tissue. In 83
(25.3 %) cases, atheromatosis revealed ulcerations and
destruction of the cap. The sections of the ulcer varied in
length and depth. The largest ulcers were determined in
12 (3.6 %) cases and had a length of up to 25 mm with
destruction of more than 1/3 of the cap. In 35 (10.6 %)
plaque ulcerations were found in the area of thinning with
foci of atheromatosis. In 35 (14.7 %) cases, the plaques
cap was peeled off and partially detached as a result of
intraplaque hemorrhage.

Fresh and organized thrombi were detected on
the surface of 85 (25.9 %) AP. Parietal thrombi were
observed in 38 (16 %) cases in the areas of thinning
and ulceration of the cap with atheromatous masses, in
six cases they were located on the unchanged surface
of the plaques. Obstructive thrombi were detected in 41
cases (17.2 %). Of these, signs of organization were
observed in 12 (3.6 %), in two cases the thrombi were
organized. Obstructive thrombus in 20 cases occurred in
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the areas of ulceration and thinning of the plaque surface,
in other cases — on a sclerosing surface.

Analysis of the expression of types I, Ill and IV colla-
gen in carotid AS showed the following (Fig. 2).

In complicated atheromatous plaques, collagen type
| expression is moderate and predominates in deep AP
layers. Immunopositive collagen deposits were located in
or near inflammatory infiltrations — between the clumps
of foam cells and lymphocytes. Expression of type |lI
collagen in atheromatous plaques is intense and hete-
rogeneous. Immunopositive type Ill collagen deposits
prevailed in the surface layers of AP beyond the foci of
atheromatosis and inflammatory infiltration. In the deep
layers within the foci of atheromatosis and inflammatory
infiltrate the expression of collagen type Ill is moderate
and in some places weakly expressed. In fibro-muscular
plaques, collagen type | expression is a clear, almost
diffuse, spread. Immunopositive collagen type | deposits
are spread along the entire length of the plaque. Type Il
collagen expression is weak in all plaque layers (P > 0.05).
The expression of type IV collagen in the plaques of
both atheromatous and fibro-muscular muscles was not
significantly different (r = 0.45; P > 0.05). It is weakly
expressed, heterogeneous, predominates in the deep
layers of the plaque on the border with the unchanged
layers of the vascular wall.

Discussion

The pathomorphological study allowed us to distinguish
two types of AP among the operating material. The first
type is complicated atheromatous unstable plaques with
the predominance of atheromatosis foci, lympho-mac-
rophage infiltration, intraplaque hemorrhage, necrosis of
fibrous elements and edema. Immunohistochemically,
they are characterized by high expression of MMP-9 in
macrophages and lymphocytes with degradation of type
| collagen in the superficial and deep layers of the plaque
coating and its replacement by type Ill collagen. It is
known that AP macrophages produce a significant num-
ber of MMPs that are involved in collagen degradation
[6,13]. Proteases initiate the process of destruction of
the structure of the atheromatous plaque, increasing
the likelihood of its separation from the vascular wall and
the appearance of emboli, the development of intraplaque
hemorrhage [11,18,19]. Increased level of MMP-9 leads to
the formation of type Ill collagen from SMCs in the form of
thin and less organized fibers. Replacement of organized
collagen type | by type Ill collagen leads to a decrease
in the mechanical stability of the fibrous capsule in AP
[15,16,24].

The second type of plaque is fibro-muscular AB,
stable uncomplicated with the advantage of fibrosis,
hyalinosis and petrification. The immunohistochemical
structure of such plaques was collagen type |, the ex-
pression of collagen type Il was low; the expression of
MMP-9 was moderate. The expression of type IV collagen
in plaques of both atheromatous and fibro-muscle is not
significantly different. It is weakly expressed, heteroge-
neous, predominates in the deep layers of the plaque
on the border with the unchanged layers of the vascular
wall. It is believed that a decrease in type lll collagen
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content and an increase in type | and IV collagen leads
to increased vessel rigidity, increased brittleness, and a
tendency to rupture [15,16].

In order to study the features of the structure of AP in
carotid AS, we conducted a study of the major components
and processes that determine plaque morphology. In AP
of CA structural changes characteristic of severe AS were
pathomorphologically revealed: foci of atheromatosis,
petrification, edema, necrosis of fibrous elements, newly
formed vessels and hemorrhages of varying degrees of
prescription, macrophage-lymphocytic infiltration, foci
of fibrosis and hyalinosis, parietal and obstructive clots.
Most researchers have studied the features of ulcera-
tive plaques as “unstable”. An equivalent complication
of AP according to our data is intraplaque hemorrhage.
The latter are described by other authors as the cause
of the sudden sharp increase in the volume of AP and
the development of massive ischemic stroke [19,22]. In
addition, an increase in plaque volume and, consequently,
a decrease in vascular lumen, intraplaque hemorrhage
threaten with dissection with impaired plaque integrity
and fragments detachment[21,23]. It should be noted that
the sizes of detached fragments in intraplaque hemorrhage
significantly exceed the size of the embologenic atheroma-
tous masses during ulceration of plaques [2,10,12,23].
This leads to the development of massive high-fatality
strokes. This massive embolization was due to the fact
that the hemorrhages are localized in the deep layers of
the plaque, the stratified intraplaque hematoma causes a
detachment of more than 1/2 the volume of the plaque.
The pathogenesis of plaque hemorrhage remains to be
fully elucidated [1,3,9]. In our opinion, closed-type vessels
are formed due to the fact that blood enters the vessels
of the plaque from the high-pressure area of the ICA, and
thus the arterio-venular anastomoses perform a bypass
function. In the case of insufficient function of the closed
vessels, the high intra-arterial pressure can be transmitted
directly to the thin-walled vessels of the plaque —the source
of hemorrhage. The basis for this assumption is the detec-
tion of clusters of siderophages around such vessels. This
mechanism of intraplaque hemorrhage can be realized with
fluctuations in systemic blood pressure, especially when it
is raised. Thus, Z. Teng et al. [12,22] also believe that high
blood pressure leads to mechanical trauma of the plaque
with next rupture of small vessels due to changes in stress-
strain state and stress fluctuations. It should be noted that
intraplaque hemorrhages among our material acted as
components of multicomponent plaques and were com-
bined with foci of atheromatosis, cholesterosis, calcification
and lympho-macrophage inflammation. Therefore, another
possible mechanism for the development of intraplaque
hemorrhage may be laceration in the area of atheromatous
plaque due to a sharp rise in blood pressure, followed by
rupture of newly formed vessels and the development of
local dissection hematoma. Q. J.van den Bouwhuijsen et
al. [11], after conducting a series of AP studies, tend to
believe that hemorrhages can occur even in asymptomatic
plagues, which in addition to newly formed vessels contain
significant foci of calcification and atheromatosis. This
suggests that the development of intraplaque hemorrhage
is related to the plaque structure and the distribution of
hemodynamic forces.
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Conclusions

1. On the basis of pathomorphological analysis of
the plaque in carotid AS they can be divided into compli-
cated and uncomplicated. The first type is atheromatous
unstable plaques with the prevalence of foci of athero-
matosis, lympho-macrophage infiltration, intraplaque
hemorrhage, necrosis of fibrous elements and edema.
Immunohistochemically, they are characterized by high
expression of MMP-9 in macrophages and lymphocytes
with degradation of type | collagen in the surface and
deep layers of the plaque coating and its replacement by
type lll collagen (P < 0.05). The second type of plaque is
stable uncomplicated with the advantage of fibrosis, hya-
linosis and petrification. Immunohistochemical structure of
plaques was collagen type I, expression of collagen type IlI
was low, expression of MMP-9 was moderate (P < 0.05).

2. High expression of MMP-9 in carotid atherosclero-
sis in macrophage-lymphocytic infiltrates in atheromatosis
and neovascularization sites was found to result in deg-
radation of type | collagen with its replacement by type
Il collagen. Such pathomorphological changes underlie
plaque instability — the development of intraplaque hemo-
rrhages, ulcers with embolic complications. Synthesis of
collagen type | with low expression of type Ill collagen
and MMP-9 has been found to determine the basis of
the structure of fibro-muscular plaques. This ensures
their hemodynamic stability and stable vascular stenosis.

Prospects of further research are to carry out a
comparative analysis of ultrasonic and pathomorpho-
logical structure of carotid plaques with determination of
diagnostic difficulties and causes of mismatch of morpho-
logical and ultrasonic structure.
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MeTa po60T1 — BUBYNTU CTPYKTYPHO-(PYHKLIIOHANBbHWIA CTaH apTepianbHOi CTIHKM Yy XBOPUX Ha peBmartoigHuii aptput (PA)
3aneXHO Bif TPUBAOCTi 3aXBOPHOBAHHS, CEPONO3NTUBHOCTI 3@ PEBMATOigHUM hakTopom (PP)/aHTUTIN 4O UMKNIYHOTO Lu-
TpyniHoBaHoro nentuay (ALLIM) Ta akTMBHOCTI 3aXBOPIOBaHHS.

Marepianu Ta metogu. Obctexunu 82 nauieHTis 3 PA: 19 yonosikie (23,1 %) i 63 xiHku (76,9 %), cepeHii Bik cCTaHOBMB
37,6 £ 5,1 poky. I'pyna koHTponto — 30 KIiHiYHO 300poBYKX OCi. YCiM nauieHTaM BUMipioBany AiaMeTp i TOBLUMHY KOMMTEKCY
iHTMMa-megia (KIM) 3aranbHux coHHmx apTepin (3CA), podpaxoByBasnm iHAEKC XOPCTKOCTI.

Pesynkratu. 47,5 % (n = 39) nauieHTis Mmanu PA 3 TpuBanicTio aHamHe3y XBOpobu MeHLLE Hix 3 poku, y 52,5 % xBopux
(n=43) TpusanicTb PA nepesuLyBana 3-piuHui nepiod. Y 48 (58,5 %) xeopux Busisunu PO/ALILIMN-ceponoanTusHuMin BapiaHT
PA, y 34 (41,5 %) nauieHTis — P®/AL|LIM-cepoHeraTuBHWiA BapiaHT 3axBoptoBaHHs. Cepen ycix obeTexeHux xsopux i3 PA
HarBuLLi 3Ha4eHHs ToBLLMHM KIM 3CA BusiBunm B nauieHTiB i3 TpuBanum (noHag 3 pokun) aHamHesom PO/ALILM — ceponoan-
TMBHOTO PA; y XBOpYX LET rpyni TakoX BU3HAYUNM BULLMIA iHAEKC xxopcTkocTi 3CA, LU0 XapakTepuaye nokansHy (kapoTugHy)
PUrigHICTb CYAMHHOI CTiHKW. KopensuiiHuii aHania BUSBMB HasiBHICTb nNpsimux 38’a3kiB Mk DAS28 i KIM 3CA, TpusanicTio
PA Ta ingekcom xopcTkocTi 3CA, ToBwmHow KIM 3CA, a Takox Mix BenmuunHoto KIM 3CA i piHem PO, ALILIM, wwo nokasye
iCTOTHMIN BHECOK aKTWBHOCTI Ta TpMBanocTi nepebiry ayToiMyHHOro 3ananeHHsi npu PA y 3MiHy apXiTEKTOHIKW CyaUHHOI
CTiHKW.

BucHoBku. Pesynsratyi cigyaTh Npo HasiBHICTb Y XBopUX Ha PA 6e3 cepLieBO-CyaMHHUX 3aXBOPIOBaHb CYOKITIHIYHOMO YpaxeHHs
3CA, 6inbLu BupaxeHoro npv Tpueanomy nepebiry (noHag 3 poku) cepono3utmaHoro 3a PO/ALILIM BapiaHTi 3axBoptoBaHHs.

Cyb6KAMHWUECKHEe NPU3HAKN aTePOCKAEPOTUUECKOTO PpeMOAEAMPOBaHUA COCYAOB
apTepuanbHOro pycAa y 60AbHbIX C peBMaTOMAHBIM apTPUTOM

U. M. ®ywrei, 0. B. TkaueHko, C. A. lMoaceBaxuHa, A. U. Manamapuyk

Llenb paboTbl — M3y4nTb CTPYKTYPHO-PYHKLIMOHASBHOE COCTOSIHUE apTepuanbHON CTEHKM Y 60MbHBIX peBMaTOMAHbLIM ap-
TpuTom (PA) B 3aBUCMMOCTM OT AIMTENBHOCTM 3ab0eBaHusl, CEPONO3NTUBHOCTY NO peBMatongHomy daktopy (PD)/aHtuten
K LIMKIIN4eCcKkoMy LmTpynuHupoBaHHomy nentugy (ALLIM) v aktvBHocTM 3a6onesanus.

Matepuanbi u metoabl. O6cnenosansl 82 nauventa ¢ PA: 19 myxumnH (23,1 %) 1 63 xeHwmHbI (76,9 %), cpeaHuin Bo3-
pact —37,6 £5,1 roga. Mpynny koHTpons coctaBuu 30 KIMHWYECKM 300POBbIX NKLL. Bcem nauyeHTam nposoauny n3amepeHve
avametpa v TonwmHbl komnnekca nHtuma-meamna (KUM) o6wmx corHbix aptepuin (OCA), paccumnTbiBani MHAEKC KECTKOCTH.

Pesynbrathl. 47,5 % (n = 39) nauveHToB nmenu PA ¢ AnutensHOCTbIO aHamHesa 6onesHu MeHee 3 net, y 52,5 % 60onbHbIx
(n =43) pnutensHocTb PA npeBbiwana 3- netHui nepuog. Y 48 (58,5 %) 6onbHbIx nmen mecto PO/ALILIM-ceponosnTuBHbIf
BapuaHT PA, y 34 (41,5 %) naumenTtoB — P®/ALILIM-cepoHeraTuBHbIN BapuaHT 3abonesaHus. Cpeamn Bcex obcneaoBaHHbIX
60onbHbIx ¢ PA Hanbonee Bbicokue 3HaveHms TonwwmHbl KUM OCA oTMeueHb y NaumneHToB ¢ AnuTtenbHeiM (bonee 3 net) aHa-
MHe3oMm PO/ALILIM-ceponoanTueHoro PA; y 6onbHbIX 3TOV rpynnbl Takke onpegeneH bonee Bblcokuin nHaekc xectkoct OCA,
XapaKTepu3yHoLLMIA NoKanbHYH0 (KapoTUAHYI0) PUTMOHOCTb COCYANCTON CTEHKW. KoppensLMOHHbI aHan13 nokasan Hanuyve
npambix ceazen mexay DAS28 n KUM OCA, anntensHocTbto PA 1 nhgekcom xectkoctn OCA, tonwmHoin KUM OCA, a Tak
xe mexay BenuynHon KMM OCA n ypoHem P®, ALILIM, 4To oTpaxaet CyLeCcTBEHHbIN BKaA akTUBHOCTU U ATIMTENBHOCTM
TEYEHWs ayTOUMMYHHOTO BocnaneHusi npu PA B U3MEHEHWs apXMTEKTOHWKN COCYANCTOMN CTEHKM.

BriBogbl. [onyyeHHble AaHHbIE CBUAETENLCTBYIOT O HANMYMK Y 60MbHBLIX PA Npy OTCYTCTBUM CEpAeYHO-COoCyamCTLIX 3abone-
BaHWi cyBknuHu4eckoro nopaxeHust OCA, Gonee BblpaxXeHHOro Npu AUTensHOM TedeHum (6onee 3 nNeT) cepono3nTUBHOMO
no PO/ALILIM BapuaHTa 3abonesaHus.

Subclinical features of atherosclerotic remodeling of arteries
in patients with rheumatoid arthritis

I. M. Fushtei, 0. V. Tkachenko, S. L. Podsevakhina, 0. |. Palamarchuk

The aim of the research — to study the structural-functional state of artery walls in patients with rheumatoid arthritis depending
of disease duration, seropositivity for rheumatoid factor/ cyclic citrullinated peptide antibodies, disease activity.
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Materials and methods. 82 patients with rheumatoid arthritis were investigated: 19 men (23.1 %) and 63 women (76.9 %),
the average age of whom was (37.6 + 5.1) years old. The control group consisted of 30 apparently healthy persons. In all the
patients measurements of diameter and thickness of intima-media complex of common carotid arteries were carried out, the
stiffness index was calculated.

Results. 47.5 % (n = 39) of patients had rheumatoid arthritis with the present illness duration less than 3 years, in 52.5 % of
patients (n = 43) the duration of rheumatoid arthritis was more than 3 years. In 48 (58.5 %) of patients rheumatoid factor/cyclic
citrullinated peptide antibodies were present — seropositive variant of rheumatoid arthritis, in 34 (41.5 %) patients — rheumatoid
factor/cyclic citrullinated peptide antibodies seronegative variant of the disease. Within all investigated patients with rheumatoid
arthritis the highest rates of intima-media thickness complex of common carotid arteries were detected in patients with longer-
term (more than 3 years) present illness rheumatoid factor/cyclic citrullinated peptide antibodies of seropositive rheumatoid
arthritis; in patients of this group higher stiffness index of common carotid arteries was also detected that characterizes the
local (carotid) rigidity of artery wall.

Correlation analysis showed the existence of direct relationship between DAS28 and intima-media complex of common carotid
arteries, the duration of rheumatoid arthritis and stiffness index of intima-media complex of common carotid arteries, and
also between their size and the level of rheumatoid factor, cyclic citrullinated peptide antibodies, which shows the substantial
contribution of activity and duration of autoimmune inflammation course in rheumatoid arthritis to changes of common carotid
arteries architectonics.

Conclusions. The data obtained demonstrate the existence of subclinical lesion of common carotid arteries in patients with
rheumatoid arthritis and absence of cardiovascular diseases, more significant in long-term course (more than 3 years) of

seropositive for rheumatoid factor/ cyclic citrullinated peptide antibodies disease variant.

Meguko-couianbHa 3HauyLLICTb peBMAaTOIAHOM apTpuTy
(PA) 3ymoBneHa 4MManolo MOLUMPEHICTIO Ta BaXKUM
nepebirom 3axBOPHOBAHHS, L0 HEYXWIIbHO NPOrpecye,
paHHbLO iHBaNiAM3aLieln, CKOPOYEHHAM TPUBANOCTI
XUTTSA XBOPWX, @ TakoX BIACYTHICTIO NO3UTUBHOI Ou-
HaMikn cepLeBo-CyANHHOI 3aXBOPIOBAHOCTI Ta CMepT-
HocTi npu PA, He3Baxaloun Ha BaroMi JOCSATHEHHS B
IXHBOMY 3HVDKEHHI B 3ararnbHili nonynsauii npoTarom
OCTaHHix gecsatunitb [1,2]. Cepen NpUYKMH BUCOKOTO
kapgioackynspHoro pusuky (KBP) y xBopux Ha PA
BMPI3HAIOTb CYKYNHICTb (haKkTopiB, WO BKIOYaOTb
HaKOMWUYeHHs TpaguuinHux dakTopis puamnky (TOP)
cepueBo-cyanHHMX 3axsoptoBaHb (CC3), nepcucty-
BaHHSA XPOHIYHOMO ayTOIMYyHHOTO 3amarneHHs, Tpueany
Tepanito 6a3CHMMKU NpoTM3ananbHUMK Npenaparamm
(BM30M) i BuCOKY nowmpeHicTb kKoMopbigHMX CTaHiB
[3,4]. Hesaxatoun Ha pocnimkeHHs 6araTbox BiTYK3-
HAHUX | 3aKOPAOHHWX BYEHUX, NUTaHHA naTodisiono-
TiYHMX MexaHi3miB po3BUTKYy Ta nporpecyBaHHs CC3
npu PA 3anuwaroTtbcs NpegMeToM HayKoBKX AUCKYCIN
[5,6].

Pesynbrati gocnimkeHb cBigyaTh: SKWO MaHidec-
TaLito KNiHIYHOro aTepockneposy (CTeHokapais, iHapkT
miokapga (IM), ypakeHHsi MO3KOBUX i nepuepuyHmnx
apTepiin) cnocTepiratoTb NpudnuaHo y 20-25 % nauieHTis
i3 PA [2], To cyGKniHiYHi 10r0 NposiBK, LLO BKIKOYaOTb
ANCCYHKLi0 eHOO0TENI0, 3HKEHHS eNacTUYHOCTI APIGHMX
i BENIMKUX CyOMWH, NiABULLEHHS CYAUHHOI PE3NCTEHTHOCTI,
30iMNbLUEHHS TOBLUWMHM KOMNnekey iHTuma-megdia (KIM)
COHHUX apTepiit i (opMyBaHHS aTePOCKNEPOTUHHNX
6nswok, peectpytotb y 35-50 % umx xBopux [7,8]. Bcta-
HOBIMEHO, LU0 B NavjeHTiB i3 PA cTaHaapTM3oBaHui Koe-
(piLieHT CMEPTHOCTI Bif CepLEBO-CyANHHUX KaTacTpod
(IM, iHcynbTy Ta panToBOi CepLEeBOi CMePTi) NiABULLEHWI
y 1,5 pasa nopisHsIHO 3 3aranbHoto nonynsuieto [9]. Lli
[aHi [aloTb MOXMMBICTb PO3rNsAaTh KapaioBackynsipHy
naTonorito Sk oAuH i3 nosacyrnobosux nposieis PA [8],
HasBHICTb SIKOI MO3WLIOHYETLCA SIK MPEAUKTOP Hecnpu-
ATIMBOrO NPOrHo3y B Takux xsopwx [10].

[JocnigXeHHAMU OCTaHHIX POKiB BCTaHOBMNEHa
3aMexHiCTb MiX 4acTOTO BUHWUKHEHHSI CepLeBO-Cy-
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LOVHHUX YCKNafHEHb i npouecamy pemMofentoBaHHs
apTepianbHOro pycna, Wo BKIKYalTb NOPYLUEHHS
NPYXHO-ENACTUYHUX | CTPYKTYPHO-(PYHKLiOHANbHUX
BACTUBOCTEN CYAUHHOI CTiHKW, @ 3HWXKEHHS NoaaTnu-
BOCTi Ta 306iMbLLEHHS XXOPCTKOCTi apTepiansbHOro piymia
MO3ULIOHYETLCA K HE3ANEXHNIA YNHHVIK PU3NKY PO3BUT-
ky CC3[11,12]. OgHak npu PA natoreHeTN4Hi MexaHiamm
¢opmyBaHHSA apTepianbHOi purigHocTi NoTpebyTh
YTOYHEHHS Y 3B'I3KY 3 HEJOCTATHLOK BMBYEHICTIO Ta
CynepeynvBicTIO AaHMX.

BaxnuBicTb OUiHIOBAHHSA NPeaMKTOPIiB aTepockrie-
po3y 1 py3VKy PO3BUTKY CEPLIEBO-CYAMHHUX YCKIAAHEHb
npy PA He BMKNWKAE CyMHIBIB, 0CODNMMBO BpaxoBytoun
BiACYTHICTb JoTenep 3aranbHOi CTpaTerii 3 KOHTPOMo
Ta 3anobiraHHs KapAioBacKynApHUM YCKINaAHEHHSAM, LLO
nepeanbayae paHHin MOHITOpUHr sk TOP, Tak i iHavBigy-
anbHux ocobnmeocTen nepebiry 3axXBOPIOBaHHS.

MeTta pobotu

BuBUMTM CTPYKTYPHO-CHYHKLIOHANBHUIA CTaH apTepianbHOi
CTiHKM Yy XBOpYMX Ha PA 3anexHo Bif TprBanocTi 3aXBopto-
BaHHS, CEPONO3NTVUBHOCTI 3a PEBMATOIAHNM (PakTopom
(P®)/aHTNTiN AO LMKNIYHOTO LMTPYNIHOBAHOTO NenTuay
(ALLIM) Ta akTMBHOCTI 3aXBOPIOBAHHS.

Marepianu i meToAM AOCAIAKEHHA

[na peanisauii meT Ha 6asi peBmaTonoriyHoro Bigai-
nexHst KHIM «Micbka nikapHst Ne 10 3MP» obctexuniu
82 nauieHTiB. Yci nignucanu iHhopmoBaHy 3rogy Ha
yyacTb y gocnimkeHHi. CepeHin Bik XBOPUX CTaHOBWB
37,6 £ 5,1 poky. O6ctexwnm 19 yonosikiB (23,1 %) i
63 xiHkn (76,9 %), To6TO NepeBaxanu xiHkn (1:3), Wwo
BiANOBiZae AaHMM haxoBoi MiTepaTypy Npo CTaTeBuUn
anmopgiam xsopux Ha PA [1]. diarHos PA BctaHoBMIM
3a knacudikauinHumm kputepismm American College of
Rheumatology/European League Against Rheumatism
(ACR/EULAR) (2010).

KinbkicHe ouiHoBaHHA akTuBHOCTI PA 3gincHunu,
BukopuctasLwy iHaekc DAS 28 (Disease Activity Score),
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Tabnuus 1. KniniyHa xapaktepuctika xBopux Ha PA (n = 82)

Cratb, 4/, n (%)
Bik, poku (M + m)

3aranbHuit xonectepuH, mmons/n (Me [25Q;75Q])
JINBLL, mmonb/n (Me [25Q; 75Q])

JINHLL, mmons/n (Me [25Q; 75Q])

IHpekc ateporeHHocTi, ym. oa. (Me [25Q; 75Q])

19 (23,1)/63 (76,9)
37,651
42[37;5,1]

1,62 [1,23:1,89]
24[2,29;3,14]
26[1,7;3,1]

KBP 3a wkanoto SCORE, n (%):

HWU3bKMIA / TOMIPHWI / BUCOKUIA | Bye BUCOKWIA
TpueanicTe PA, micaui (Me [25Q; 75Q])
Mosacyrnobosi nposieu, n (%)

BALL 6inb, Mm (Me [25Q; 75Q])

DAS 28, 6anu (Me [25Q; 75Q])

LLIOE, mm/u (Me [25Q; 75Q])

CPB, mr/mn (Me [25Q; 75Q])

17 (21,5)/52 (63) /13 (15,5)/ 0
28,6 [9,1; 47,8]

62 (75,4)

59,2 [48,0; 64,9]

52[4,2; 6,6]

41,6 [33,5; 49,6]

21,8 [15,7; 28,3]

ImyHonoriyHnin cy6Tn PA (3a P® i/abo ALILIM), n (%):

HEeraTMBHWIA / NO3UTUBHUI

34 (41,5)/ 48 (58,5)

90 %
80 %
70 %
60 %
50 %
40 %
30 %
20 %
10 %
0%

i

ceponos. PA
> 3 pokis

B wmeHLwe 75-1 npoueHTUni
O 6inbLue 75-1 npoueHTUni

ceponos. PA
< 3 pokiB

cepoHer. PA
> 3 pokiB

cepoHer. PA
< 3 pokiB

KOHTPOInb

Puc. 1. CtpykTypa AoCnimKyBaHUX rpyn 3anexHo Bif NPOLEHTUNBHOTO Po3noAiny 3HayeHb TOB-

WwyHm KIM.
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wo pekomeHposaHuin EULAR. Po3spaxoByBanu iHOoekc
DAS 28 3a chopmynoto:

DAS 28 = 0,56 x (t 28) + 0,28 x (UrIC 28) +
+0,70 x In (LLIOE) + 0,014 x 3C3,

ne t 28 — kinbkicTb cyrnobis, Lo 6onsTb, i3 28 cyrnobis; YMC 28 — kinbkicTb
cyrno6is i3 Habpsikom i3 28 cyrnobie.

BisyanisaLyjto 3aranbHuX COHHUX apTepill BUKOHYBanw,
BUKOPVCTOBYHOUM METOA AYNEKCHOTO CKaHyBaHHS B M- i
B-pexwvmax nicns 10-xBUNMHHOTO BigMOYMHKY naieHTa
Ha ynbrpassykoBomy komnnekci ULTIMAPRO-30, wo
OCHaLLeHU MiHIMHUM gatymkom 7,5 M. Y M-pexumi
BUMIpOBanu AiameTp NpOCBITY 3aranbHOI COHHOT apTepil
(3CA) B cucTony Ta fiactony, Ans NOPIBHAHHS Mix rpy-
namu BUpaxoByBari CepefHe 3Ha4eHHs, L0 JOPiBHIOE S
CYMW CMCTONIYHOrO 1 AiacTONIYHOrO AiamMeTpiB.

BumiptoeaHHs ToBWMHK KIM3CA 3giicHioBanu y
B-pexwumi BignoBigHO 4O CTaHZAPTHOrO NPOTOKOMY Ha
TPbOX PIBHAX CyAMHHOTrO piuMwa Ta binatepanbHo: y
NPOKCUMAIbHIN, MefjianbHil i AMCTanbHil To4Kax NpoTs-
rom 1 cm Big GichypkaLii No 3aaHil CTiHL 3aranbHOT COHHOT
apTepii 3 0box 6okiB. Hagani po3paxoByBanu cepefHio
ToBLWMHY KIM sik cepeHe 3 ycix 12 BUMiptoBaHb.

3a pekomeHgauiamm ASE Consensus Statement
[13], ansa ouiHoBaHHs ToBLUWHM KIM BUKOpMCTOBYBaNM
cepefHi 3Ha4eHHs, Lo oTpuMani B carotid Atherosclerosis
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Progression Study [13]. Moka3Huk1 noHag, 75-i npouer-
TUMb Y BIANOBIHIN BiKOBIW rpyni BBaXanu BUCOKUMM,
BOHM Bignosiganu 36inblenHio KBP [14]. [Ins ouiHio-
BaHHS CTPYKTYPHO-(hyHKLioHanbHWX BnactusocTen 3CA
BU3HaYanwu iHaekc xopctkocTi (stiffness index B), skun
XapaKTepuaye nokarbHy purigHICTb CYAMHHOTO pivnLia.
IHAeke xxopcTKOCTi 06paxoByBanu 3a hopMyrok:

B =log (CAT/LAT) / (AVR) (ym. on.),

ne [1— piametp 3CA B giacTony; Al - pisHuus aiametpis 3CA B cuctony i -
acrony; CAT — cucToniynmii aptepianbHui Tuck (AT); OAT — giacTonivHuin AT.

Ipyna koHTporio — 30 NpaKkTUYHO 300POBMX OCIO BikOM
38,8 £4,7 poky (25 (85,5 %) xiHok i 5 (14,5 %) HonosikiB).

CratncTyHEe onpauoBaHHs AaHWX BUKOHAMM, BUKO-
PUCTOBYHOHM MaKeT NpuKnagHux nporpam PSPP (version
1.0.1, GNU Project, 1988-2017). Y npoueci aHaniay
BMKOPUCTOBYBan! METOAM MapameTpUYHOi Ta Henapa-
METPUYHOI BapiaLiiHOI CTaTUCTMKN. XapaKTep po3noginy
BapiaHT BM3Ha4anu 3a kputepiem Konmoroposa—Cmup-
HOBA, PIBHICTb reHepanbHUX AUCNepCiii KOHTPOMoBasM 3a
ponomoroto F-kputepito Piwepa. Pesynstaty, Wwo ogep-
Xanw, HaBedeHi Sk cepeHi 3HaveHHs (M) + ctaHpapTHe
BIOXUMNEHHS (S) Y pasi HoPManbHOro PO3NogiNy 3MiHHWX
abo mepjanu (Me) 3 iHTEpKBapTUIbHUM po3mMaxom 2575
npoueHTunb [25Q; 75Q] npu po3noaini, Lo BigMiHHUA Big
HopMarnbHOro. [ins ouiHIOBaHHS B3aEMO3B A3KY MiX Kifb-
KICHAMM MapameTpamyi 3aCTOCOBYBan1 METOf, PaHroBOi
kopensji CnipmeHa (r).

PesyAbTati

Cepen 82 nauieHTiB i3 PA 47,5 % (n = 39) manu PA 3
TPVBASICTIO aHaMHE3Yy XBOPOOM MeHLUE HiX 3 poku, y
52,5 % xBopux (n = 43) TpmBanicte PA nepeswLlyBana
3-piuHunit nepiog (mabn. 1).

Y 48 (58,5 %) xBopux BusiBunn PO/ALILIM-cepono-
3uTuBHWA BapiaHT PA, y 34 (41,5 %) nauienTiB — P®/
AULMN-cepoHeraTnBHMIA BapiaHT 3axBoptoBaHHS. DAS
28 craHoBuB 5,2 [4,2; 6,6] 6ana, T06TO B nauieHTiB
BWA3HAYanu noMipHWIA i BUCOKUI CTYMiHb aKTUBHOCTI
PA. 3aranbHuin ctaH 3gopos’s 3a 100-Mm BidyanbHOO
aHanoroBoto LUkanot ctaHoBuB 59,2 [48,0; 64,9] mm. Ak
6asncHy npotu3ananbHy Tepanito xBopi Ha PA otpu-
myBanu metotpekcat (10,0-15,0 mr/TxaeHs), cepen
HUX 58 % nauieHTiB Ha TNi MeToOTpeKkcaTty npuimanm
CUCTEMHI [TIOKOKOPTUKOCTEPOIAN (METUNNPEAHI30MO0H
y cepepHin nosi 16,5 + 4,5 mr/noby). Cepen nauieHTis,
ski Oynu 3anyyeHi B gocnimkenHs, y 13 (15,5 %) xsopux
BCTaHOBUNM 06TskeHui 3a CC3 cimeriHuii aHamHes. i
yac ouiHioBaHHs 3a Lwkanot SCORE y 63,0 % i 21,5 %
XBOPUX BCTaHOBWIM NOMipHUA (n = 52) abo HU3bKMI
(n = 17) KBP BignoBigHo, Lo He cynepe4nTb AaHUM
enigemionoriyHnx AoChimKeHb, SKi BUKOHaHI B Nomynsawii
xBopux Ha PA [3]. Y Bcix nauieHTiB i3 PA 6e3 KniHiuHm1X
nposiBis CC3 nokasHWkM NinigHoro cnexkTpa Kposi 6ynu
B Mexax peepeHTHNX 3HaYeHb, L0 BU3HAYATLCS K
HopMarbHi abo «LinboBi».

AHani3 pesyneraris BuMiptoBaHb ToBLmHK KIM 3a-
ranbHOi COHHOI apTepii NokasaB CTAaTUCTUYHO 3HauyLle
36inbLeHHs ToBlwmHM KIM y BCiX rpynax XBopux Ha
PA nopiBHsiHO 3 KOHTponeM. BcTaHoBMK, WO YacTka
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Tabnuus 2. MNopiBHANbHA XapakTEPUCTUKA CTPYKTYPHO-(PYHKLiOHanbHMX nokasHukis 3CA y xBopux Ha PA 3anexHo Bif TpuBanocTi 3aXxBOPIOBaHHS

Ta cepono3ntusHocTi 3a PO/ALILIM (n = 82)

Moka3HuK (oAMHMLI BUMipIOBaHHS)

Original research

CepoHeratueHuii PA (n = 34)

NiameTp 3CA (Mm) 6,0 [5,4;6,7] 6,0 [5,6; 6,4] 5,9[5,3; 6,6] 5,8 [5,4; 6,6]
p,,=0,087; p, = 0,062; p,, = 0,056; p,,, = 0,075; p, ;= 0,085; p, ;= 0,081

ToswwmHa KIM 3CA (Mm) 0,56 [0,5; 0,7] 0,71[0,58; 0,91] 0,88 [0,65; 1,04] 0,84 [0,62; 0,98]
p,,=0,012; p, ,= 0,004; p,, = 0,038; p,, = 0,041; p, .= 0,018; p, ;= 0,001

IHAeke xopcTkocTi (yM.on) 3,6 [2,8; 4,9] 4,813,9; 5,8] 6,5[5,9; 8,1] 5,6 [4,9; 6,8]

p,,=0,014;p, ,=0,001; p,,=0,003; p,, = 0,022; p, .= 0,008; p, .= 0,005

CeponosutusHui PA (n = 48)

MeHuwe Hix 3 poku | MoHapn 3 poku MeHuwe Hix 3 poku
(n=16) (n=18) (n=23)

naujeHTiB i3 PA, ToBwmHa KIM 3CA skux nepeuLLyBana
3HayeHHs 75 npoueHTuni, Wo Bignosigae Bucokomy KBP,
cTaHoBuna 74 % (n = 61) i Oyna 3HauyLwo BULA, HiX Y
rpyni 3goposux ocib — 33 % (n = 21) (puc. 1).

Y xBopux i3 cepoHeratvBHuM 3a PO/ALILIM BapiaH-
ToM PA cnocTepiranu 36inbLUeHHS YacTOTU BUSIBNEHHS
notoBweHHs KIM 3CA 3i 36inblueHHAM TpMBanocTi
3axBOpIOBaHHs. Tak, SIKLLO NpW aHaMHe3i XBOPOOW MeH-
we Hix 3 poku notoBLeHHst KIM 3CA BusiBneHi y 62 %
XBOpWX, TO nNpw TpusanocTi PA noHaa 3 poku nogibHi
3MiHM BU3HauMnmM 'y 79 %, wo Ha 29 % i46 % (p < 0,001)
BiJNOBIAHO YacTilue, HiX y rpyni KOHTposT0. MakcumarnbsHa
yacTtota notosLeHHs KIM 3CA (84 % xBopwx) BM3Ha4eHa
npv Tpusanocti P®/ALILIMN-ceponosuTtueHoro PA noHag
3 poxu, wo Ha 16 % (p < 0,001) nepeBuLLyBano YacTky
navieHTiB i3 TpuBanicTio PA MeHLLe Hix 3 poku, i B cepen-
HbOMY Ha 6,5 % (p < 0,05) miarHocToBaHa yacTilue, Hix
Y XBOPUX NpW aHanoriyHii TpMBaNoCTi CEpOHEraTuBHOroO
3a PO/ALILIMN BapiaHTa 3axBOPHOBAHHSI.

BuBYaloumn CTPYKTYPHO-(OYHKLIOHanNbHI NOKa3HMKK
3CA y xBopux PA 3 pisHNMM KNiHIKO-IMYHONOrYHUMM
BapiaHTaMu Ta TpVUBaNICTIO 3aXBOPIOBAHHS, CTATUCTUYHO
3HauyLLi 3miHn giametpa 3CA He BusiBunv (mabr. 2).

Mpw PO/ALLIM-cepoHeratneHomy PA cepenHborpy-
noBe 3HayeHHs ToBWMHM KIM y xBopux i3 TpuBanicTio
3aXBOPIOBaHHS MeHLe Hix 3 poku Oynu Ha 19,3 %
(p = 0,038) MeHLLe HiX BiAMOBIAHMIA MOKA3HWK Y XBO-
puX 3 aHaMHe30M xBopobu noHag 3 poku, Ha 21,1 %
(p=0,012) nepeBuLLyt04M NOKA3HUK Y rpyni KOHTPOMK. Y
rpyni XBopux i3 ceponoauntusHm 3a PO/ALILIMN sapiaHTi
3 TpuBanicTio PA mMeHLwwe Hix 3 pokm Binbysanocs 36inb-
weHHs KIM 3CA B cepeaHbomy B 1,5 pasa (p = 0,004)
MOPIBHAHO 3 KOHTPOMEM, CEepPefHE rpyrnoBe 3HaYEHHS
LibOro nokasHuka byno Ha 16 % (p = 0,001) MeHLue, Hix
Y XBOPMX 3 aHaMHe30M XBOPoOM noHaa 3 poku.

Cepen ycix 06cTexeHnx XBopux Ha PA Haibinblue
3HaveHHs ToBLLmHM KIM 3CA (0,99 [0,68; 1,18] Mm) BusiBu-
NV B NALEHTIB i3 TPMBaNuM (noHag 3 poku) aHaMHe3oM
Po/ALLIM-ceponosnTrBHoro PA, Wwo B cepeaHboMy Ha
12 % (p = 0,018) nepeBuLLyBano NOKasHWK y XBOpKX 3
aHanoriYH1M 3a TpUBAnICTI0 aHaMHE30M CepoHeraTviB-
Horo 3a P®/ALILIM BapiaHTa 3axBOptoBaHHS.

BusHaueHHs iHgekcy xopcTtkocTi 3CA (stiffness
index B) y xBOpUX i3 TpMBanCT CEPOHEraTMBHOIO
3aXBOPOBAHHS MEHLLIE Hix 3 poky nokasarno 1oro 36inb-
LUeHHs B cepeHboMy Ha 25,3 % (p = 0,014) nopieHsiHO
3 KoHTponeM i Ha 35,7 % (p = 0,008) wopno rpynn PO/
AULIM-ceponosnTnBHUX navjeHTis. Mpu TpuBanocti P®/
AL|LM-ceponosuTtreHoro BapiaHTa PA noHag 3 poku Len
nokasHuk B 1,3 pa3a (p = 0,005) nepesuLLyBaB NOro 3Ha-

Pathologia. Volume 16. No. 3, September — December 2019

YeHHs! y rpyni XBOPKX 3 aHAMHE30M XBOPOOM MEHLLIE HiX 3
poku i B cepenHbomy Ha 18 % (p = 0,008) 6yB BULLMM, HiX
Yy XBOPMX i3 TaKOK CaMOto TPUBASICTIO CEPOHEraTMBHOIO
P®/ALLIN BapiaHTa 3axBOPIOBaHHS.

06roBOopeHHA

HaykoBO-npakTW4HMIA iHTEpPEeC BUBYEHHS CTPYKTYp-
HO-(hYHKLIIOHANbHMX BNAacTMBOCTEW CYAMHHOrO pycna
npu PA BM3Ha4yaeTbCA HasIBHICTIO 4OBOMI TpMBasnoro
cy6kniHiYHOro nepiogy NpoLecy WOro peMopentoBaHHs
Nnpv ateporeHesi, Lo BU3HaYae MOXMMBICTb AiarHOCTUKM
Ta KOPEKLii BUSIBNEHMX NOPYLLEHb Ha JOKIiHIYHOMY eTani.
OpHWM i3 3aranbHOMPUAHATUX NiAXOAIB 4O BUBYEHHS paH-
HiX cTagin atepockneposy Ta CTPYKTYPHUX 3MiH BEMUKUX
CyOMH Y KNiHIYHUX yMOBaX € BUMIiptoBaHHS TOBLLHM KIM
3CA [13,15]. 3a gaHumu nonynsAuUiHUX JOCNIAKEHD,
36inbLueHHs ToBLLmHY KIM COHHMX apTepilt € NpOrHOCTHY-
HUM PaKTOPOM CepLEBO-CYANHHUX ycKnaaHeHb [14,16].

Pesynbrati cBig4aTb Npo HasiBHICTb Y XBOPOro Ha
PA natonoriqHoro pemopentoBaHHs 3CA, siki xapakTe-
pu3yroTbes 36inbLueHHAM ToBLwmHKM komnnekcy KIM Ta
iHaekcy xopcTkocTi 3CA, Lo Nporpecye 3i 30inbLUEHHM
TpuBanocTi 3axsoptoBaHHsA. KpiM Toro, BCTaHOBMEHO,
L0 HanbinbLUi 3MiHW NMOKa3HWKIB, L0 XapaKkTepu3ytTb
nokanbHy xopcTkicTb 3CA, € y XBOpYX CEPONO3NUTUBHUX
3a P®/ALILIMN BapiaHTOM 3aXBOPHOBAHHS.

3 ornsagy Ha Te, WO B KITIHIYHOMY acnekTi HanGinbLL
cTabinbHUM MapKkepoM akTVUBHOCTI 3ananeHHs npu PA €
CPB, oujHioBanu 1Moro BMICT y CUPOBATLLi KPOBI XBOPUX
i3 Pi3HAMW KNiHIKO-IMYHOMOTYHUMW BapiaHTamMu Ta Tpu-
BanicTio PA. Y XBopwX i3 TpMBanicTio CeponoavnT1BHOIO
BapiaHTa PA MeHLLIe HiX 3 poKy BCTaHOBIIEHA BULLIA CUPO-
BaTKoBa koHLEeHTpaList CPB NopiBHAHO 3 CEpOHEraTUBHIM
PA (8,1 [7,8; 13,3] mr/n, p = 0,042). BusHayeHHs piBHA
CPB y cupoBarLi kKpoBi XBOpUX i3 CepoHeraTnBHUM 3a PO/
ALILIM PA nokasano 3HauyLuo BinbLuy koHueHTpaLiio CPB
npy aHamHesi XBopoby noHaz 3 poku, sika B cepeaHboMy
Ha 28,6 % (p = 0,05) nepeByLLYyBana ioro BMICT Yy XBOPYX
i3 TpVBanicTO 3aXBOPIOBAHHS MeHLUe HixX 3 poku. Mpu
TpuBanocTi ceponoaunTusHoro 3a PO/ALILIM apiaHTa PA
noHan 3 poku BmicT CPB 6yB B 1,3 pasa (p = 0,05) binbLue
MOKasHUKa y rpyni NaLjeHTiB 3 aHAMHE30M XBOPOOW MeHLLE
Hix 3 pokw i B 1,6 pasa (p = 0,001) BuLLe, Hix y XBOpUX 3
aHasorivyHo TPUBASICTIO CEPOHeraTBHOro BapiaHTa PA.

Pesynsratyt kopensuinHoro aHanisy nokasanu Ha-
ABHICTb NpAMUX 3B'A3kiB Mix DAS28 i ToswuHo KIM
3CA (r = 0,45, p = 0,008), TpuBanictio PA Ta iHaekcom
xopcTkocTi 3CA (r=0,48, p=0,028), ToBwmHoto KIM 3CA
(r=0,51, p = 0,04). Takox BUSIBNEHO KOPEMSLil0 BENMU-
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yunHu KIM 3CA 3 pisHem PO i ALILIM (r= 0,49, p = 0,04 i
r=0,45, p =0,003 BignosigHo). OTxxe, AaHi KopenALinHOro
aHanisy NiaTBEpPAXYIOTb CYTTEBUI BHECOK aKTUBHOCTI Ta
TpuBanocTi nepebiry ayToiMyHHOro 3ananeHHs npu PA B
3MiHW apXiTEKTOHIKW CYAUHHOI CTiHKW.

Kpim Toro, BCTaHOBWIM, LLIO MPOLIEC PEMOAENOBAHHS
3CA npu PA mae ae3agantvBHUIA xapakTep Ta acouino-
BaHW¥ i3 notoBLLeHHaM KIM i nigBuLLEHHAM iHAEKCY XOop-
CTKOCTi Ha Tni 36epexeHoro fiametpa aptepii. Binomo,
LLI0 NpoLeC PEMOAENOBaHHS apTepi XapakTeprnayeTbes
NOTOBLLEHHAM tunica media, 3MEHLUEHHSM MPOCBITY Cy-
AVHW Ta 36inbLUEHHSM NO3aKNiTUHHOMO MaTpukey [17]. Ha
npYKnagi XBOpuX 3 apTepiaribHOLO rinepTeHsieto J0BEAEHO:
3MiHM B CyAMHAaX €nacTM4HOro Ta M'A30BOr0 TUMY MatoTb
pisHuin XapakTep. Tak, y BENUK1X enacTuiHuX apTepisx,
AK-OT aopTa Ta COHHa apTepis, BiAOyBaeTbCA «nacuBHE»
36inbLUEHHST iXHBOrO AiameTpa, TOOTO NiABMLLEHUIA TUCK
po3TArye apTepiarnbHy CTiHKY, 8 NOTOBLLEHa iHTUMa-Meia
Hopmaniaye ii Hanpyry [18,19]. Y pasi HopmoTeHsii, 1imo-
BipHO, BIICYTHIl Tk €NEMEHT, SIK BUCHXMMBWIA BNAVB
BVCOKOrO PiBHA apTepianbHOro TuUcky, 0cobnuneo #oro
MyrnbCaLinHOTO KOMMOHEHTA, Ha TaKi eNeMeHTU CyOUHHOI
CTiHKW, SIK NACTMH i KOnareH, LLIO NEBHOKO MIPOHO HE Crpusie
[lereHepaTMBHUM 3MiHaM CYAMHHOI CTiHKM Ta 3anobirae
PO3LLUMPEHHIO Ti iHTepaaBeHTHLIanbHOro Aiamertpa.

B ocHoBi pemogentoBaHHS apTepili BENWKOro Kani-
Opy Ta noriplweHHs enacTuyHux Bnactmeocten 3CA B
obCcTexeHnx xBopux Ha PA nepegycim nexwTb po3BUTOK
eHpoTeniansHoi AMCAYHKLi, iCTOTHUIA BHECOK Y PO3BUTOK
AKOI pOBUTL XPOHiYHE iMyHHe 3ananeHrHs. MNigTBepaxeH-
HAM € (haKT HaNBINbLUMX NOPYLLEHb CTPYKTYPHO-YHKL-
oHanbHoro ctaHy 3CA npu PO/ALILIM-ceponoanTeHoMy
BapiaHTi 3aXBOPIOBaHHSA 3 TPMBAnNICTIO aHaMHE3y MoHaz,
3 poKM, ANS AKX XapaKTepHi HanbInbLL BUPaXeHi 3MiHU
iIMYHHOrO CTaTycy Ta eHgoTenianbHOI (yHKLii.

BucHOBKU

1. Cepen obcTexeHnx xBopux Ha PA HalbinbLLi 3Ha-
YeHHs ToBLLUMHM KIM 3CA BUSIBANM B NaLLIEHTIB i3 TpBanM
(noHag 3 poku) aHamHe3om PO/ALILIM-ceponoanTrBHOro
PA; y xBOpYX Lji€l rpynm Takox BU3HAYEHWIA BULLUIA IHOEKC
xopctkocTi 3CA (stiffness index B), o xapaktepuaye
nokankHy (KapoTuaHy) pUrigHICTb CYAMHHOI CTIHKK.

2. KopenaujiHuin aHania nokasae HasiBHICTb NPSMMX
3B'askiB Mk DAS28 i KIM 3CA, TpusanicTto PA Ta iHgekcom
xopcTkocTi 3CA, ToBLmHoto KIM 3CA, a Takox Mix BENu-
yuHoto KIM 3CA 11 pisHem P®, ALILIM, Lo nokasye icToTHWiA
BHECOK aKTUBHOCTI Ta TpuBanocTi nepebiry ayToiMyHHOro
3ananeHHs npu PA 'y 3MiHy apXiTEKTOHIKV CyAWHHOI CTiHKM.

3. Pesynbratui cBigyatb Npo HasiBHICTb Yy XBOPUX
i3 PA 3a BiOCYTHOCTI cepLeBO-CyAMHHWX 3aXBOPOBaHb
cy6kniHiyHoro ypaxeHHs 3CA, Binblu BUpaXeHOro npu
TpuBanomy nepebiry (noHaa 3 poku) cepono3nTUBHOMO
3a PO/ALILLMN BapiaHTi 3aXBOPIOBAHHS.

MepcnekTnBM noganbLUMX AOCHiAKEHb NONAraloTh
Y BUBYEHHI MexaHi3MiB peMoaentoBaHHs apTepianbHOro
piuvLa y xBopux Ha PA B noegHaHHi 3 apTepianbHoLo ri-
nepTeH3sieto Ta BNNMBY PisHKX BraiB 6a3ncHUX Npenapartis
Ha peMOoZentoBaHHs CyANHHOI CTIHKW.
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The changes of the factors of angiogenesis and hormones of pregnancy in pregnant women with hypertension of | and Il
stages has been studied inadequately and their interaction in such patients is not fully elucidated at present time.

Aim. To detect peculiarities of angiogenesis factors and placental hormones in pregnant women with arterial hypertension |
and Il grades in comparison with results of healthy pregnant women.

Materials and methods. A one-time study of pregnant women was performed in pregnancy of 12—13 weeks in all groups.
88 pregnant women were inspected. The 1st basic group consisted of 28 pregnant women with AH of | grade; the 2nd group
consisted of 33 pregnant women with AH of Il grade; the comparison group included 27 women without AH. The following hor-
mones were determined: HCG, PG, E. Among the angiogenesis indices, the placental growth factor (PGF), as a pro-angiogenic
factor and placental soluble fms-like tyrosine kinase (sFlt-1) was determined as an anti-angiogenic factor, sFIt-1/PGF ratio was
also estimated. Statistical analysis was done by using Statistica for Windows 13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J).

Results. Pregnant women in 1st group were the youngest: the average age was 26.4 + 0.8 years versus 33.8 £ 0.6 years in
2nd group and 32.0 £ 1.0 years in control group, P < 0.001. PGF levels were decreased in both 1st (17.5 3.4 pg/ml) and
2nd groups (13.5 £ 2.5 pg/ml) in comparison with results in 3rd group (46.1 £ 7.0 pg/ml), P < 0.001. We didn’t find statistical
differences between results of women with AH of | and Il degree, P > 0.05. Contrary to previous results, sFlt-1 levels were
increased in both 1st and 2nd groups, P < 0.05: 1703.1 £ 99.2 pg/mlin 1st group and 1673.7 + 93.5 pg/ml in 2nd group versus
1384.4 £ 77.1 pg/ml in control group, but they weren't different between basic groups, P > 0.05. As a result, sFit-1/PGF ratio
level was increased in both 1st (273.3 + 54.6 units) and 2nd (415.8 + 79.0 units) groups in comparison with control (46.6 + 9.4
units), P < 0.001. We didn’t set statistical differences in hormones levels among pregnant patients. PGF level was connected
with E (r=-0.54, P <0.01) and HCG (r =-0.42, P < 0.05) levels in pregnant women with AH of | degree. It was connected with
HCG level in control group, but this correlation was contrary: r = +0.63, P < 0.001.

Conclusions. Pregnant women with AH in | trimester have disturbances in balance between pro-angiogenic and anti-angiogenic
factors with prevalence of sFlt-1 and reducing of PGF in blood serum. Due to such disbalance in pregnant women with AH of
| grade correlation between angiogenesis factors and hormones changed from direct to inverse.

dakropu aHrioreHe3y Ta nAaLleHTapHi FOPMOHM y BariTHUX 3 apTepiaAbHOIO rinepTeHsicto

0. B. AeiHiueHko, 1. fl. KpyTb

3MiHu (hakTOpIB aHrioreHe3y Ta rOpMOHIB BariTHOCTI Y XiHOK i3 rinepTeHsieto (Al') | Ta Il cTyneHiB BMBYEHi HEAOCTATHBO, @ iXHS
B3aEMOZis B TaK1X NaLieHTOK JOCTEMEHHO He BCTaHOBMEHa.

MeTta po6oTu — BU3HAUMTK OCOONMBOCTI (haKTOPIB aHrioreHe3y Ta NnaLleHTapHWX FOPMOHIB Y BariTHUX xiHok 3 Al | Ta I
CTYNEHIB NOPIBHSHO 3 pe3yrnbTaTamm 300POBWX BariTHUX.

Matepianu Ta MmeToau. BukoHanm oqHOMOMEHTHE JOCNIMKEHHS BariTHWX Y TEPMiHaxX BariTHOCTI 12—13 TWXKHIB y BCiX rpynax.
O6cTexwnu 88 BaritHuX: y 1 0CHOBHY rpyny BBiLwKM 28 BaritHKX 3 Al | cTyneHst; 2 rpyna Bkntodana 33 saritHux i3 Al |l cTynens;
y rpyny NOPIBHSIHHS BBIMLLNK 27 BariTHWX iHok 6e3 Al [locnimkyBanu cvpoBaTky KpOBi, BU3HAYanM ropMOHU: XOPIOHIYHUIA
roHagotponiH (XI1), nporectepoH (M), ectpagion (E). Cepen nokasHUKIB aHrioreHe3y AOCHiLKyBanu nnaueHTapHuin dak-
Top pocTy (PGF) sk npo-aHrioreHHWI hakTop, a TakoX NnaleHTapHy PO34MHHY TUPO3WHKIHA3Y (SFIt-1) sik aHTK-aHrioreHHui
dhakTop; obuncnioBanu sFit-1/PGF cniigHoweHHs. CTaTUCTUYHWIA aHani3 BUKOHaNM 3a Jonomoroto nporpamu Statistica for
Windows 13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J).

Pe3ynktatu. BaritHi 1 rpynu Bynn HalmonoaLwmmm — ixHin cepegHin Bik ctaHosuB 26,4 + 0,8 poky npotu 33,8 + 0,6 poky B
XiHok 2 rpynu Ta 32,0 + 1,0 poky y BariTHUX KOHTpOrbHOI rpynu, p < 0,001. PisHi PGF Bynu aHmkerummn 8 1 (17,5 + 3,4 nr/mn)
i 2 (13,5 £ 2,5 nr/mn) rpynax nopiBHsHO 3 nokasHukamu 3 (46,1 £ 7,0 nr/mn) rpynu, p < 0,001. He BCTaHOBWMM CTaTUCTUYHY
Pi3HNLIO MiX nokasHWkamu xiHok i3 Al | Ta |l ctynewis, p > 0,05. Ha BigMiHy Big uux gaHux, pisHi Flt-1 6ynu niguweHumm B
112 rpynax, p <0,05: 1703,1 £ 99,2 nr/mn y 1 rpyni Ta 1673,7 + 93,5 nr/mn y 2 rpyni npotv 1384,4 + 77,1 nr/mn y KOHTPOnb-
Hil rpyni, ane BOHW He Bifpi3HANMCs B NaLieHToOK ocHoBHMX rpyn, p > 0,05. Ak pesynbrar, cnieeigHoweHHs sFIt-1/PGF byno
nigeuweHnm B 1 (273,3 £ 54,6 oguHu) i 2 (415,8 £ 79,0 ognHuMLi) rpynax NopiBHAHO 3 kKoHTporneM (46,6 + 9,4 oguHunui), p <
0,001. He BUABMNM CTAaTUCTUYHO 3HAYYLLY Pi3HULIO MiX rpynamu BariTHUX 3a PIBHAMMW NnaleHTapHWUX ropMoHiB. PiBHi PGF
6ynu nos’si3aHi 3 pisHsimMu E (r=-0,54, p <0,01) Ta XIJ1 (r =-0,42, p < 0,05) y BaritHux 3 Al | cTyneHsi. PiseHb PGF Takox Gy
noB'si3aHui i3 piBHem XIT1'y KOHTPOMbHIN rpyni, ane us kopensuis byna iHworo Hanpamy —r = +0,63, p < 0,001.
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BucHoBku. Y BaritHux 3 Al y | TpUMECTpi BUSHAUMMM NOPYLLEHHS! 6anaHcy Mix NpPO-aHrioreHHUMM Ta aHTW-aHrioreHHUMI
chakTopamu 3 nepeBaxaHHaM SFIt-1 i 3HkeHHsM PGF y cupoBaTtLi KpoBi. Y 38'a3Ky 3 Takum aucbanaHcom y aritHux i3 AT |
CTYNeHs! 3MIHIOETLCS Ha NPOTUNEXHY KOpensaUis Mix dakTopamu aHrioreHesy Ta ropMOHaMu.

dakTopbl aHrMoreHe3a 1 NAaueHTapHbie FOPMOHbI Y 6epeMeHHbIX
C apTepuanbHOM runepTeH3uen

E. B. AelHunueHKo, 1. . KpyTb

M3MeHeHus hakTOpOB aHrmoreHe3a v ropMoHOB 6EPEMEHHOCTM Y XKEHLLWH C apTepuanbHom runepteHsvent (Al) [ v Il crenexeit
13y4eHbl HELOCTAaTOYHO, a UX B3aMMOAENCTBIE Y TaKVX NaLMEeHTOK NOMHOCTBI0 He onpeaeneHo.

Llenb pa6oTbl — ycTaHOBNUTL OCOBEHHOCTU (PaKTOPOB aHrMoreHesa 1 NnavleHTapHbIX TOPMOHOB Y 6epemMeHHbIX ¢ Al | u 1l
CTeneHeln B CPaBHEHUN C pe3ynbTaTamm 30opoBbIX GepeMeHHbIX.

Matepuansi u metofbl. [poBeny 04HOMOMEHTHOE UCCrefoBaHMe 6epeMeHHbIX B cpokax BepemeHHocTn 12—-13 Hepenb
BO Bcex rpynnax. O6cnenosanu 88 6epemeHHbIX: 1 0CHOBHas rpynna coctosina 3 28 6epemenHbix ¢ Al | ctenexu; 2 rpynna
Bktoyana 33 6epemenHbix ¢ Al |l ctenenu; B rpynny cpaBHeHus Bowwm 27 BepemerHbIx 6e3 Al Miccnenosanm cbiBOpOTKY
KPOBW, ONPeSensny ropMOHbI: XOPUOHUYeCKuii roHagoTponuH (XMY), nporectepo (M), actpagwmon (E). Cpenu nokasatenei
aHrvoreHesa uccnefoBanu nnaweHTapHbii dhaktop pocta (PGF) kak npo-aHrMoreHHbIN hakTop, a Takke nnaleHTapHyo pac-
TBOPUMYIO TMPO3NHKMHA3Y (SFIt-1) Kak aHTW-aHmoreHHbIN pakTop; Beiumcnanu sFIt-1/PGF cootHoweHue. Ctatuctuyeckui
aHanu3 npoBenu ¢ noMoLLbto nporpammbl Statistica for Windows 13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J).

Pesynbkratbl. bepemeHHble 1 rpynnbl 6binv caMbiMM MOMOALIMU — UX CPELHWIA Bo3pacT coctaeun 26,4 + 0,8 rona npoTus
33,8 £ 0,6 roga keHwwmH 2 rpynnbl 1 32,0 + 1,0 roga y 6epemeHHbIx KOHTponbHOM rpynnbl, p < 0,001. YposHu PGF 6binm cHi-
xeHbl B 1 (17,5 £ 3,4 nr/mn) n 2 (13,5 £ 2,5 nr/mn) rpynnax B cpaBHeHUU ¢ AaHHbIMKU 3 (46,1 + 7,0 nr/mn) rpynnel, p < 0,001.
He ycTaHoBneHa cratucTuyeckas pasHuLa mexay pesyrsratamu xxeHwuH ¢ Al | v |l ctenenei, p > 0,05. B otnnyme ot atux
[aHHbIX, YpoBHM FIt-1 6binm noBbiweHHbIMM B 1 11 2 rpynnax, p < 0,05: 1703,1 £ 99,2 nr/mn B 1 rpynne n 1673,7 + 93,5 nr/mn
BO 2 rpynne npoTue 1384,4 + 77,1 nr/Mn B KOHTPOSIbHOW rpynmne, HO OHWU HEe OTMNYANUCh Y NALMEHTOK OCHOBHBIX rpynn, p >
0,05. Kak pesynirtart, cootHoLueHve sFit-1/PGF 6bino nosbiweHHbIM B 1 (273,3 + 54,6 equnnupl) 1 2 (415,8 + 79,0 eannnupl)
rpynnax CpaBHUTENBHO C KOHTporeMm (46,6 + 9,4 eaunnuel), p < 0,001. He ycTaHoBnEHa cTaTncTM4eCKM 3HauMmas pasHuua
mexzay rpynnamm 6epeMeHHbIX Mo YPOBHAM MnaLeHTapHbIX rOpMOHOB. YpoBHU PGF cBA3aHHbI ¢ ypoBHAMKM E (r =-0,54, p <
0,01)n XY (r=-0,42, p < 0,05) y 6epemeHrHbIx ¢ AT | ctenenn. YpoBeHb PGF Takke cBs3aH ¢ ypoBHeM XI'Y B KOHTPOMbHO
rpynne, XoTs aTa koppensaums 6bina obpatHomn —r = +0,63, p < 0,001.

BbiBogbl. Y 6epemeHHbIx ¢ Al B | TpUMeCTpe yCTaHOBNEHO HapyLleHne banaHca Mexzay Npo-aHMMOreHHBIMM U aHTU-aHM-
oreHHbIMU hakTopamu ¢ npeobnagaHvem sFlt-1 n cHkeHnem PGF B cbiBopoTKe kpoBu. B ¢Bsian ¢ Takum gucbanaHcom y
6epeMeHHbIx ¢ Al | cTeneHn MeHsieTcs Ha obpaTHyto Koppensaumus Mexay dhakTtopamu aHrvoreHesa 1 ropMoHaMu.

Cardiovascular diseases have the first place among
extragenital diseases in the structure of the causes of
perinatal morbidity and mortality. Arterial hypertension
(AH) occupies a leading position among these cardio-
vascular diseases. AH promotes the development of
long-term vascular and metabolic disorders [1,2]. There
is a decrease in placental blood flow in pregnant women
with AH due to changes in the functioning of the cardio-
vascular system. Disturbances of the normal relationship
between vasodilators and vasoconstrictors in pregnant
women with AH are accompanied by dysregulation of
vascular tone and leads to placental insufficiency [3,4].
One of the leading theories of placental insufficiency is
vascular-endothelial dysfunction theory. Endothelial cells
of vessels synthesize a large number of biologically active
substances that are involved in providing a variety of pro-
cesses in the physiological and pathological gestational
processes [5].

The activity of placental angiogenesis is controlled
by a spectrum of growth factors with pro-angiogenic
and anti-angiogenic properties. The placental growth
factor (PGF) in the first trimester of pregnancy stimulates
the synthesis of trophoblastic DNA, increases the num-
ber of trophoblast cells and improves the conditions for
its infestation. During the third trimester of pregnancy
PGF expression reaches a maximum of 28-30 weeks
of gestation, gradually increasing from the first to the se-
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cond trimester of pregnancy [6,7]. Anti-angiogenic factors
include placental soluble fms-like tyrosine kinase (sFlt-1).
It counteracts the action of PGF on specific receptors [8].
The imbalance between pro- and anti-angiogenic factors
contributes to placental insufficiency [6].

Estradiol (E) is the main hormone of pregnancy.
Reduced E, its constantly low concentration, or insuf-
ficient growth indicate a violation of the fetoplacental
complex. Human chorionic gonadotropin (HCG) ap-
pears in the blood of the mother on 8-9 days after
fertilization of the egg. During the first trimester of
pregnancy, HCG levels are rapidly increasing, doubling
every 2-3 days, reaching its maximum at 8th-10th
weeks of gestation. After that, its content is somewhat
reduced and remains constant during the second half
of pregnancy [9]. Progesterone (PG) improves the con-
ditions for trophoblast migration in 1st-2nd gestational
trimesters by stimulating the growth and remodeling of
the coiled arteries of the uterus, increasing the expres-
sion of the vascular endothelial growth factor and its
receptor [10].

The changes of the factors of angiogenesis and
hormones of pregnancy in pregnant women with hyper-
tension of | and Il stages has been studied inadequately
and their interaction in such patients is not fully elucidated
at present time.

KatoueBble croBa:

daKkropsbl
aHruoreHesa,
NAaUeHTapHble
TOPMOHBI,
6epemMeHHOCTb,
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B 1 group O2group M3 group

Aim
To detect peculiarities of angiogenesis factors and pla-
cental hormones in pregnant women with arterial hyper-

tension | and Il grades in comparison with the results of
healthy pregnant women.

Materials and methods

Criteria for inclusion in the study: pregnancy, the pre-
sence of AH of | and Il grades. Criteria for exclusion from
the study: AH of Ill grade, diabetes mellitus, multiple
pregnancy, chromosomal and genetic disorders, throm-
bophilia, perinatal infections, systemic connective tissue
diseases, heart disease (heart defects, myocarditis),
anemia of moderate to severe degrees, diseases of
the lungs, oncological diseases, pregnancy that comes
with assisted reproductive technology.

A one-time study of pregnant women was performed
in pregnancy of 12—13 weeks in all groups. 88 pregnant
women were inspected. The 1st basic group consisted of 28
pregnant women with AH of | grade; the 2nd group consisted
of 33 pregnant women with AH of Il grade; the comparison
group included 27 women without AH. Anamnesis, general
clinical examination, blood pressure measurement, stan-
dard obstetric and gynecological examination according to
clinical protocols were done in all cases. AH was diagnosed
according to the existing clinical protocols.

The following hormones were determined: HCG,
PG, E. Among the angiogenesis indices, the placental
growth factor (PGF), as a pro-angiogenic factor and
placental soluble fms-like tyrosine kinase (sFlt-1) was
determined as an anti-angiogenic factor, sFlt-1/PGF ratio
was also estimated. Research of hormones and factors of
angiogenesis was performed on the basis of the Educa-
tional Medical Laboratory Center (the head is professor
A. V. Abramov) of Zaporizhzhia State Medical University.
For this purpose, the microplate reader Sirio-S (Seac,
Italy) was used. Blood serum was examined. Indicators
of hormones and factors of angiogenesis were performed
using immuno-enzymatic methods in accordance with

1800

17031

the relevant instructions using the appropriate sets of
reagents: HCG, PG, E (Monobind Inc, USA); PGF and
sFlt-1 (R&D systems, Inc, USA&tCanada).

Statistical analysis was done by using Statistica for
Windows 13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J).
Normality of data distribution in groups was determined
by Shapiro-Wilk method. Results were presented as
mean  error of mean (M = m). Differences between
groups were estimated by Student's criterion. To deter-
mine the relationship between the indicators, the cor-
relation coefficient was calculated using the Spearmen
method; statistically significant results were considered
with a coefficient of more than 0.3 and with a level of P
<0.05.

The Bioethical committee of Zaporizhzhia State Me-
dical University decided that scientific work corresponds
to all the requirements of moral and ethical standards
(Protocol number 2 from 03/22/2017).

Results

We could say, that pregnant women in 1st group were
the youngest: the average age was 26.4 + 0.8 years
versus 33.8 = 0.6 years in 2nd group and 32.0 + 1.0
years in control group, P < 0.001. It may be explained,
that progression of AH needs some time from beginning.
PGF levels were decreased in both 1st (17.5 + 3.4 pg/ml)
and 2nd groups (13.5 = 2.5 pg/ml) in comparison with
results in control group (46.1 £ 7.0 pg/ml), P <0.001. We
didn’tfind statistical differences between results of women
with AH of | and Il degree, P > 0.05. Contrary to previous
results, sFlt-1 levels were increased in both 1st and 2nd
groups, P < 0.05: 1703.1 £ 99.2 pg/ml in 1st group and
1673.7 £ 93.5 pg/ml in 2nd group versus 1384.4 + 77.1
pg/mlin control group, but they weren’t different between
basic groups, P > 0.05. As a result, sFlt-1/PGF ratio level
was increased in both 1%t (273.3 + 54.6 units) and 2nd
(415.8 + 79.0 units) groups in comparison with control
(46.6 £ 9.4 units), P < 0.001. But it was the highest in
pregnant women with AH of Il grade (Fig. 1).

450

46.1 1673.7 415.8
1600 400
1384.4
1400 350
1200 300 5733
1000 250
800 200
13.5 600 150
400 100
200 50 46.6
0 0
PGF (pg/ml) sFlt-1 (pg/ml) sFlt-1/PGF ratio (units)

Fig. 1. Angiogenesis factors and sFlt-1/PGF ratio in groups of women.

370

ISSN 2306-8027  http://pat.zsmu.edu.ua

W1 group O2group M3 group

B1group O2group B3 group

Maronoris. Tom 16, Ne 3(47), BepeceHb — rpyaeHb 2019 p.



Original research

Table 1. Hormones levels in groups of women, M + m

Indicators, units 1st group, 2nd group, Control group,
n=28 n=33 n=27

PG, ng/ml 320x24 38.6+3.0 36.1+2.7 >0.05
E, pg/ml 24491 +228.7 2522.5 +230.4 2836.2 + 268.6 >0.05
HCG, ng/ml 516.1+21.9 513.3+226 521.3+23.0 >0.05

We didn’t dedicate statistical differences among
pregnant patients in hormones levels, P > 0.05 for all
indicators. There were only a little reducing in PG level
in women with AH of | degree: 1.2 times as compared to
2 group and 1.1 times as compared to control group
(Table 1).

PGF level was connected with E (r =-0.54, P < 0.01)
and HCG (r =-0.42, P < 0.05) levels in pregnant women
with AH of | degree. It was connected with HCG level in
control group, but this correlation was contrary: r = +0.63,
P < 0.001. We couldn't detect any correlations between
indicators in patients from 2nd group, P > 0.05.

Discussion

We detected reducing of PGF and growing of sFit-1 (as
sFIt-1/PGF ratio) in pregnant women with AH of both |
and Il grades. The similar results had group of authors
[11,12]. But these authors examined patients in Il trimes-
ter of pregnancy. PGF sFlt-1 levels were also detected
[13], they included them to prognosis of preeclampsia
and showed their levels in 1st trimester. The highest sFIt-
1/PGF ratio was in pregnant women with AH of Il grade,
that may indicate progression of pathological changes
after several years of living with arterial hypertension.
But we didn’t find any statistical differences in hormones
levels between groups of patients. Another results were
received by groups of scientists [9,14,15]. They found
decrease of E levels in pregnant women. Contrary to
literature results we examined both angiogenesis factors
and hormones. We defined inverse correlations between
PGF levels and two hormones levels (E and HCG) in
women with AH of | grade versus to direct correlation
between this pro-angiogenesis factor and HCG in control
group. It may indicate disturbances in cooperation of
such indicators in case of AH beginning. We suppose,
such changes may lead to development of placental
insufficiency in future. That's why treatment/prophylaxis
of it should be administered to pregnant women with AH
of | grade in | trimester.

Conclusions

1. Pregnant women with AH in | trimester have
disturbances in balance between pro-angiogenic and
anti-angiogenic factors with prevalence of sFlt-1 and
reducing of PGF in serum.

2. Due to such disbalance in pregnant women with
AH of | grade correlation between angiogenesis factors
and hormones changed from direct to inverse.

Future researches plans. We plan to find features of
angiogenesis factors and hormones changes in patients
with arterial hypertension with fetal growth retardation
and to detect early indicators of such complication of
placental insufficiency.
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OYHKLiOHaAbHUW CTaH CepLeBO-CYAMHHOI CUCTEMU B NOPaHEHUX

3 YIWKOAKEHHAMM KiHLiBOK Ha piBHAX MeAWYHOro 3abesneyeHHs

3a AAHUMHU TeTpanoAsipHoi peorpadii

. M. XomeHko'*, C. 0. Koponb*2B8P A, A. Koxkokapy2£, b. B. MatBinuyk>°, P. M. CiuinaBa**

Ton0BHE BiliCbKOBO-MEAMUHE YNpaBAiHHA, M. KUiB, YKpaiHa, 2YKpaiHcbka BilicbKOBO-MeAMUHa akaaemis, M. KuiB, YkpaiHa,
3BiliCbKOBO-MEANUHUI KAIHIUHUI LLEHTP NPOdECIHOT NaToAOTii 0C0BOBOTO CKAAAY, M. IpMiHb, YKpaiHa, ‘YKpaiHCbKWIA HayKOBO-TIPAKTUUYHUIA LIEHTP

€HAOKPUHHOI Xipyprii, TpaHCNA@HTaLi EHAOKPUHHUX OPraHiB i TkaHWUH MiHiCTepCTBa OXOPOHHM 3A0POB’S YKpaiHu, M. Kuis

A - KOHUEeNLiA Ta AM3arH AOCAIAXEHHS; B - 36ip aaHux; C - aHani3 Ta iHTepnpeTauin AaHux; D - HanucaHHs cTatTi; E - peparyBaHHa cTaTTi;

F - octatouHe 3aTBEPAXEHHS CTaTTI

CTyniHb HE3BOPOTHMX NATOI3IONOrYHMX 3MiH NPY TPABMATUYHOMY LLOKY HE MaE paHHiX KMiHiYHUX NposiBiB, ToMy Lo B 16,7 %

KnatouoBi cnoBa:

BUMaZKIB BUSIBNSAKOTb HEBIAMOBIAHICTb aHATOMIYHOI OLIHKW TSKKOCTI TPAaBMU Ta TSKKOCTI CTaHy MOpaHEeHUX, Lo noB’sa3aHo 3 6oiosa TpaBMa
0COONMBICTIO KOMNEHCALLIMHUX MOXIIMBOCTEN OpraHiaMy, CBOEHYACHICTHO Ta SKICTHO MPOTULLOKOBWX 3aX0AiB. KiHLIBKM,

) L ) . ) ) ) . TeTpanoasipHa
MeTa po60TK — Ha NiACcTaBi KNiHIYHO-CTAaTUCTUYHOIO aHaniay 3MiH MOKa3HWKIB (yHKLIOHamNbHMX po3nagiB cepLEeBO-CYANHHOI peorpadis
CUCTEMMU 3AACHUTY naTodpisionoriyHe 06rpyHTYBaHHS 3aranbHOMO CTaHy NopaHeHuX i3 GONOBOK TPABMOIO KiHLIBOK Ha PIBHSIX TpasmamquMH
MeAMYHOro 3abe3neyeHHs. LLIOK, CEpLS
Martepianu Ta meTogu. Macus [OCNiMKEHHs CTaHOBUNM 378 NopaHeHX i3 60oBIUMM TpaBMaMm KiHLIBOK. MaTodisionoriyHe  QYHKLIOHAAbHI

TECTW.

OL|iHIOBaHHS roMeocTasy Yy rpynax nopiBHAHHA 34iNCHIOBaNM 3a 14 nokasHukamu, WO BU3HAYEHi oapasy Nicns HaaXOMmKEHHS
NOpaHeHWX y NPOTULLOKOBY Nanaty 3a METOAMKOK TeTpanonspHoi peorpadii. [ns OLiH0BaHHA THKKOCTI NOpaHeHb BUKOPK-
cTanm wwkany Admission trauma scale (AdTS).

Natonoris. - 2019. -

Pe3ynikTati. Y nopaHeHuX i3 TSKKOK Ta BKpali TSHKKOIO TPaBMOIO, MOHMHAIOHM 3 APYrOro PiBHS MEOUYHOTO 3abe3nevyeHHs, 2_2‘;'3"_2338(37)'

npW NOCNifOBHOMY BXVBAHHI NPOTULLIOKOBUX 3aX0ZiB HA eTanax MeAnyHoi eBakyaLlii cnoctepirany No3MTUBHY AVHAMIKY 3MiH

NOKa3HWKIB CTaHy CepLeBO-CYANHHOI CUCTeMU [0 nerkoro ctyneHs. MMig vyac CKOpOYeHHs eTaniB criocTepirany TeHOEHLo ?g'i 473023101237
[0 MOTIPLIEHHS! 3arasibHOr0 CTaHy NOPaHEHNX i 3HIKEHHS NoKasHNKIB Ha 41,8-53,6 % 40 He3BOPOTHUX BennunH (p, < 0,05). 20'19.3.188892 '
[nHaMiYHi 3MiHW NoKasHWKa BUPA3HOCTI (PYHKLIOHANBHMX po3nagiB cepLeBo-CyANHHOI CUCTEMU MIATBEPAKYBanM nepesary

CXeMM MOCTIAOBHOI eBakyaLlii MOpaHEHWX i3 TSHKKIMN Ta BKpaii TSKKAMM TpaBMamu. Y NOPaHEHNX i3 HETSKKOI TpaBmolo  Email:
CKOPOUEHHS! PIBHIB HE MPWU3BOAVMO A0 MOMIPLLEHHS! 3ararnkHOro CTaHy, a (hyHKLIOHaNbHi po3naav Mani NOMIpHII XapakTep. Z:gﬁfﬁ;om@

BucHoBku. MocnigoBHe HafaHHS TPaBMATOMOrYHOI JOMOMOMY Ha PIBHAX MEAUYHOTO 3abe3neyeHHs LWMSXOM CBOEYaCHO
BUKOHAHWX ONepaTUBHUX BTPYYaHb, BXXMBAHHS MPOTULLOKOBUX 3aXOfiB i 30epexeHHs pe3epBHNX CUI OpraHiaMy NopaHeHnX 3
YKpan TSXKUMM Ta TSHKKMMI GOMOBUMI TpaBMamMu KiHLBOK (5 i GinbLue 6anis) Aae 3Mory JOCAITM NOCTYNOBOI 3MiHW (DYHKLIiO-
HarbHOrO CTaHy CepLEBO-CYAMHHOI CUCTEMM 3 TSKKOTO CTYMeEHs1 10 MOMIPHOr0. HagaHHs JOnoMOru NOpaHEHUM i3 HETSHKKOO
TpaBmoto (<5 Banis) 3a CKOPOYEHOK CXEMOLO He MPU3BOANTb 0 3HUXKEHHS (DyHKLIOHAMNBHMX NOKA3HMKIB.

OYHKUMOHAAbHOE COCTOAAHME CEPAEUHO-COCYAUCTON CUCTEMDI
Y PaHeHbIX ¢ NOBPEXAECHUAMM KOHEUHOCTEN Ha YPOBHAX MEAULIMHCKOro obecneueHus

KntoueBble croBa:
6oeBas TpaBma

o KOHEYHOCTH,
Mo AaHHbIM TETPaANnoOAAPHOU peorpacbuu TETPaANoAsipHas
peorpadus,
W. M. XomeHKo, C. A. Kopoab, A. A. Koxokapy, b. B. MaTeuituyk, P. M. CuunHasa TPaBMaTUYECKMi
CreneHb HeOGpaTVIMbIX I'IaTOCbVISI/IOJ'IOI’MHeCKI/IX N3MEHEHUI npun TpaBMaTU4eCKOM LLIOKE HE UMEET PaHHUX KIMUHUYECKNX Npo- $;HKP;L(I,::(‘)JI1A;I?beIe
ABMEHWN, notomy yTo B 16,7 % cnyyaeB HabntogatoT HECOOTBETCTBIE aHATOMUYECKO OLLEHKW TSXKECTU TPaBMbl U TSHKECTU TECTh.

COCTOSIHUS PaHEHbIX B CBSA3M C OCOBEHHOCTb0 KOMMEHCATOPHbIX BO3MOXHOCTE OpraHiamMa, CBOEBPEMEHHOCTbIO 1 Ka4ECTBOM
MPOTMBOLLIOKOBLIX MEPOMPUSATHIA.

Llenb paboTbl — Ha OCHOBE KITMHUKO-CTAaTUCTUYECKOTO aHanun3a 3MeHeHWii nokasartenemn (yHKUMOHabHbIX PacCTPOMCTB
CEepLEeYHO-COCYANCTON CUCTEMBI NMPOBECTM NaTtodmanonornieckoe 060CHOBaHNE OBLLEr0 COCTOSIHUS paHeHbIX ¢ 60eBoi
TPaBMOWi KOHEYHOCTEN Ha YPOBHSX MEANLMHCKOTO obecnedeHus.

MaTtepuanb! u MeToabl. Maccys vccnenoBaHns coctaBunm 378 paHeHbix ¢ 60eBbIMY TpaBMaMu KOHeYHoCTeN. Matoduano-
NOTMYECKyto OLieHKy roMeocTasa B rpynnax CpaBHEHUSI OCYLLECTBRANM no 14 nokasaTensm, onpenerneHHsIM cpasy rnocne
MOCTYNIEHNS paHEeHbIX B MPOTMUBOLLIOKOBYHO Nanary Nno MeToavke TETPanonsipHoi peorpadmu. [ns OLEHKM TSHKECTH paHEHWI
vucnornb3oBaHa Lwkana Admission trauma scale (AdTS).

Pesynbrathbl. Y paHeHbIX C TSXKENOW v KpaiHe TSHKenomn TPaBMOWM, HaYnHas Co BTOPOTO YPOBHS MeANLIMHCKOro obecneveHus,
npw nocnesoBaTeNibHOM NPOBEAEHUMN MPOTUBOLLOKOBbIX MEPOMPUSATUIA HA STanax MEAULIMHCKON 9BaKyaLmn Habnoaanum nono-
XNUTENbHY ANHAMUKY U3MEHEHWI MoKasaTenemn CoCTOSHUS CepAeYHO-COCYANCTON CUCTEMBI [0 NIETKON CTeneHw. Mpu cokpa-
LLIeHWW 3TanoB OTMEYEHA TEHAEHLMSA K yXyALLEH0 0BLLEro COCTOSIHWS paHeHbIX U CHKEHME nokasaTenen Ha 41,8-53,6 % oo
HeobpaTMbIX Benu4uH (p, < 0,05). [uHamueckne n3mMeHeHnst nokasarers BblpaxeHHOCTI (PYHKLMOHAbHbBIX PACCTPONCTB
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CepaeyYHO-COCY/VCTON CCTEMbI MOATBEPXAAIM NPEUMYLLECTBO CXEMbI MOCIEA0BaTENLHO 3BaKyaLMi PaHEHbIX C TSHKENbIMM
1 KpaiHe TSKeNbIMU TpaBMaMu. Y paHeHbIX C HETSKENbIMW TPaBMaMU COKpaLLEHUE YPOBHEN He MPUBOAMIIO K YXYALIEHWIO
06LLero cocTosHws, a hyHKLMOHaNbHbIE PACCTPOCTBA HOCUIM YMEPEHHbII XapaKTep.

BbiBogpbl. MocnegoBatensHoe okasaHue TPaBMaToNorM4ecKon NOMOLLM Ha YPOBHSX MEAMLIMHCKOTO obecneyeHus 3a cyet
CBOEBPEMEHHO BbIMOMHEHHBIX ONEPaTUBHbLIX BMELLIATENBCTB, NPOBEAEHMS! NMPOTUBOLLIOKOBLIX MEPONPUSATUIA U COXPaHEHUS!
pesepBHbIX CAI OpraH13Ma paHeHbIX C KpaliHe TsKeNbIMU 1 TshkenbiMv 60eBbIMM TpaBMamu kKoHeuHocTel (5 v 6onee 6annos)
MO3BONSET 4OCTUYb NOCTENEHHOTO M3MEHEHUS (DYHKLIMOHAIBHOMO COCTOSIHUS CEPAEYHO-COCYANCTON CUCTEMBI C TSHXKENOW CTe-
neHn Ao ymepeHHo. OkasaHne NOMOLLM paHeHbIM C HETshKenow TpaBMon (<5 6annos) no CokpaLleHHOM cxemMe He NPUBOANT
K CHUDKEHWIO (hyHKLIMOHaNbHbIX NoKasaTenen.

Functional status of the cardiovascular system in the wounded with limb injuries
at the levels of health care according to tetrapolar rheography

I. P. Khomenko, S. 0. Korol, A. A. Kozhokaru, B. V. Matviichuk, R. M. Sichinava

The degree of irreversible pathophysiological changes in traumatic shock has no early clinical manifestations, since in 16.7 %
of cases the anatomical assessment of the severity of the injury and the severity of the condition of the injured is determined,
which is related to the peculiarity of the body compensatory capacity, timeliness and quality of quality of anti-shock measures.

The aim of the work is to conduct, on the basis of clinical and statistical analysis of changes in the indicators of functional
disorders of the cardiovascular system, a pathophysiological justification of the general condition of the wounded with combat
trauma of the extremities at the levels of medical support.

Materials and methods. An array of studies consisted of 378 wounded with combat injuries to their extremities. Pathophysio-
logical assessment of homeostasis in the comparison groups was performed according to 14 indicators determined immediately
after the admission of the wounded to the anti shock ward by the method of tetrapolar rheography. The Admission trauma
scale (AdTS) was used to assess the severity of the injuries.

Results. In the wounded with severe and extremely severe trauma, starting from the second level of medical support, during
the sequential implementation of countermeasures during the stages of medical evacuation, there was a positive dynamics
of changes in the indicators of the cardiovascular system status to a mild degree. With the reduction of stages, there was a
tendency to deterioration of the general condition of the wounded and decrease of indicators by 41.8-53.6 % to irreversible
values (P, <0.05). Dynamic changes in the severity of functional disorders of the cardiovascular system confirmed the benefits
of a sequential evacuation scheme for the wounded with severe and extremely severe injuries. In patients with mild trauma,
reducing the levels did not worsen the general condition, and functional disorders were moderate.

Conclusions. Consistent providing of traumatological care to the wounded at the levels of medical support, due to timely
performed surgical interventions, carrying out countermeasures and maintaining the reserve forces of the body of the wounded
with extremely severe and severe combat injuries of the extremities (5 points or more) allows to achieve a gradual change of
the functional state of the cardiovascular system from severe to moderate. Assistance to the injured with a minor trauma (<5
points) under the reduced scheme does not lead to a decrease in functional indicators.

AKTyanbHICTb TeMU 3ymoBrieHa GOMOBUMU AiSMU Ha
cxopi YkpaiHn Ta npoBedeHHAM 36poiHUMK cunamu
AHTUTEpPOPUCTUYHOI onepalii Ta Onepauii 06'eaHaHNX
cun (ATO/O0C). 3a ocTaHHIMU AaHUMK, NOPaHEHHS! KiH-
LiBOK CTaHOBNATb 56,7 % BUNagKiB i CynpOBOMKYHOTHCA
TpaBmaTuyHuM LwokoM (TL) y 8-10 % nopaHeHux [1,2].
MMig vac fgiarHoCTUKY i BU3HAYEHHI CTyneHs TsxkocTi TLL
OCHOBHVIMM € MOKa3HUKW 3aranbHOro CTaHy, reMoayHaMiku
Ta AvxaHHsi. Bigomo, Lo CUCTONIYHMIA apTepianbHNi TUCK
Ha nodvatkoBux ctagisax Tl He nokasye BCi€l rMMOUHM
NaTonoriYHMX NPOLECiB i YacTo He 3MiHETbCA [3-5].
CTyniHb HE3BOPOTHWUX NaTodisionoriyHmx amiH npu TLU
HEe Mae paHHIX KIiHiYHMX nposieiB, 60 B 16,7 % Bunapkis
BUSIBNSOTb HEBIAMOBIAHICTb aHATOMIYHOTO OLiHIOBAHHS
TSDKKOCTI TpaBMu Ta TskkocTi TLU, Wwo € nokasHukom
0COBNMBOCTI KOMMEHCALLIHUX MOXMBOCTEN OpraHiamy,
CBOEYACHOCTI Ta AIKOCTi NPOTULLIOKOBUX 3aXO/iB Ha PIBHSAX
MeaunyHoro 3abesneyeHHs [6-8].

Merta pobotu

Ha nigcTaBi KniHiYHO-CTAaTUCTUYHOTO aHanidy 3MiH mo-
KasHWKiB oyHKLiOHaNbHMX po3nadiB cepLeBO-CyaAUHHOI
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CUCTEMM 3MINCHATM naTodidionoriyHe 06rpyHTyBaHHS
3aranbHOro CTaHy nopaHeHux i3 601MoBO TPaBMOK
KiHLIBOK Ha PiBHSIX MEANYHOTO 3abe3neyeHHs.

Marepiaau i MeTOAU AOCAIAKEHHA

Macus gocnigxeHHs ctaHoBunn 378 nopaHeHux i3
6onoBmmn TpaBmMamm kiHuiBok (BTK), ki oTpumanu
ywkomkeHHs y 2014-2018 pp. nig yac npoBefeHHs
ATO/OOC. CepegHin Bik nopaHeHnx — 33,18 + 4,21 poky.
MopaHeHux noginu Ha 3 rpynu nopisHaHHS. pyny 1 cTa-
HoBwnn 162 nopaHeHwx i3 BTK, skum meguyHy gonomory
HajaBanu Ha BCiX piBHAX, rpyny 2 — 170 nopaHeHux,
SIKUM JOMOMOry HaJaBanu npu CKOPOYEHHI OQHOrO
piBHs1, rpyny 3 — 46 oci® npy CKOPOYEHHi ABOX PiBHIB.
Ipynu nopiBHSHHSA 3a BiKOM, CTaTTIO, TPABMOrEHE30M,
KnNiHIYHO-HO30MOTYHOK CTPYKTYPOLO, TSHKKICTHO Ta Xapak-
TEPOM BOrHenasbHWUX NopaHeHb, CErMEHTaMM KiHLIiBOK,
o ywKompKeHi, He BiapisHanucs (p,> 0,05), a macus
LOCTigpKeHHs ByB penpeseHTaTuBHUM. Y KOHTPOIbHY
rpyny 3anyyeHi 35 300pOBUMX BilCbKOBOCNYXO0BLIB
BiAMOBIAHOIO BiKY, B SIKVX NOKa3HUKW BU3HAYanu y ctaHi
¢hizionoriyHoro Crokoio.

Maronoris. Tom 16, Ne 3(47), BepeceHb — rpyaeHb 2019 p.



[ns ouiH0BaHHS TSHXKKOCTI MOPaHEHb Ha PiBHAX Me-
AnyHoro 3abeaneyveHHst BUKopucTaHa wkana Admission
trauma scale (AdTS), Wwo po3pobrneHa KONeKTUBOM
YKpaiHCbKOI BiliCbKOBO-MeaMYHOI akagemii. Ipagauis
TSKKOCTi MopaHeHb: HeTsbkka (<5 6anis), Tsxka (5-9
6anis) Ta Bkpan Tsxka (>9 6anis) Tpasma. OcobnmBeicTb
METOAVKU: YHIBEPCANBHICTb, MOXIMBICTb OLHUTU TSX-
KiCTb BiKPWTOI Ta 3aKpUTOi TPaBMM, BUCOKA CTaTUCTUYHA
BiPOriAHICTb, YYTNMBICTb | CNELMAIYHICTb 3a MPUHLMMOM
BIKMB — nomep — 89 % [9].

lMaTtodisionoriyHe OLiHIOBaHHSA rOMEOCTasy y rpynax
MOPIBHAHHA 3AilicHIOBaNM 3a 14 nokasHukamu, KoTpi
BU3HA4Yanu ogpasy nicns HaZXOMXeHS! NOpPaHeHuX y
MPOTWLLIOKOBY Nanarty 3a METOAMKOK TETPONOnApHOi
peorpadii. JocnigkeHHs BukoHanu npwu vactoTi 50 kI
3 BUKopucTaHHsam anapata «QIAMAHT-PEOIPA®y;
npunag NN: 11407. O6uncneHHs pesyneraTiB 34iCHI0-
Banu 3a nporpamoto 3A0 «[iamaHTy, C.-MeTepbypr, PO;
v.10.05.2011 p. [iBa napanensHo 3'€AHaHi enekTpoam
HaKrnaganv Ha nepeannivys, 4Ba — Ha rominku. Peorpamy
peecTpyBany Ha AiNsHLi BEPXHi KIHLIBKV — Tyny6 — HUXHI
KiHUiBKM. BuxigHWiA enexTpuyHuin 6a3oBwmid onip BrU3Ha-
yanu nicnsi nonepeaHboro GanaHcyBaHHs. IHTerpanbHy
peorpadito Tina 3anucysBanu npu WBUAKOCTI 25 mMm/c.
TouHicTb BUMipY 6a30BOro onopy Mix enektpopgamut —
11,5 Om [10].

Mig yac MiHHO-BUOYX0BKX nopaHeHHsx (MBI), wo
CyNpPOBOMXKYBANNCA BiApYBaMM BEPXHIX | HYXKHIX KIHLIBOK,
€NeKTPoaN HaKnaganm Ha He3MiHeHy LLKIpY, Ha AVCTanbHi
BiOAINN KyKCK.

Y BifiCbKOBOCNYXOOBLIB BW3HAYanm nokasHukW Te-
TpanonspHoi peorpadii:

1. Yactota ckopoyeHb cepus (YCC) — kinbkicTb cep-
LIEBUX LIMKNIB 3@ OAHY XBUINHY.

2. YpapHui iHgekc (YI) — BenumunHa pa3oBoi Npoayk-
TWBHOCTI Cepus, BiAHOWEHHS yaapHOro 06’emy niBoro
wnyHouka (YO) fo nnowi noBepxHi Tina nopaHeHoro,
mn/m?,

3. Cepuesuii iHpekc (Cl) — nokasHuk, Lo BU3HaYae
BiZIHOLLEHHS1 XBUNMHHOTO 06’eMy kpoBoobiry (XOK) mo
nroLli NoBepxHi Tina, € NOKa3HUKOM MPOAYKTUBHOCTI
cepus, n/xe/M?.

4. KoedbivjieHT pesepsy (KP) — BigHOLLIEHHS hakTuy-
Horo XOK no HanexHoro anst ymoB criokoro. KP ouiHtoe
BEMNUYMHY HeJoCTaTHOCTi KPOBOOBIry Ta CTyniHb ii nigsu-
LeHHs (4m 3HkeHHSs). KP gae amory ouiHioBaTh pisHi
riNOKCUYHI peakLii, pe3epBHi i KOMNEHCaL,iiHi MOXMNBOCTI
kpoB0oobiry, %.

5. KoediLieHT iHTerpanbHoi TOHIYHOCTi NoKasye cTaH
apTepiarnbHOro onopy CyauH y LinMx yucnax, npsiMonpo-
MOPLIHNX CUCTEMHOMY apTepianbHOMy TOHYCY, YM. Of.

6. MokasHuk ctabinisauii ToHycy (MCT) cyamH Bkasye
Ha 3MiHM OMOpY apTepil 3amnexHo Bi 3MiH yAapHOro
06’emy KpoBi, yM. 0f.

7. KoedilieHT auxanbHUX 3miH ygapHoro o6’emy
(KO3)—BennunHa, sika ae 3Mory OLHUTY AyxarnbHi 3MiHW
yaapHoro 06’emy MiBOro LUMyHOYKa, YM. Of.

8. MNokasHuk HanpyxeHHs auxanHs (MHO) xapak-
Tepuaye NobiYHi eHepreTuyHi BUTpaTy Ha poboTy au-
XaHHs1, 3@ 10ro JONOMOrOI0 BI3HAYaKTh B3aEMO3B 30K
LIeHTpanbHOi reMOAMHAMIKW i 30BHILLHBOTO AUXaHHS,
yM. ofl.
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9. MNokasHuk remoguHamiyHoro 3abeanedeHHs (Mr3)
BPaXOBYe CyKYMHICTb (haKTopiB, LLIO BepyTb y4acTb y hop-
MyBaHHi B3aEMOMOB’AA3aHMX 3MiH CUCTEMHOTO KpOBOOGiIry
Ta 30BHILUHBOTO AMXaHHS. [okasHUK reMoauHamiYHOro
3abe3neyveHHs aae 3Mory OUiHWTK BIiOMOBIAHICTb PiBHS
KpoBOODIiry CTyneHst AuxanbHOi HeLOCTaTHOCTI Ta Kuc-
He3abeaneyeHHs opraHiamy 3aranom, %.

10. MokasHuk 6anaxcy (Mb) B1kopucToByeETLCA ANS
06’eKTUBHOTO OLiHIOBaHHS 06’€My NO3aKMITUHHOI PiaVHY.
MokasHuk 6anaHcy nokasye BigHOLLEHHS (aKTUYHOTO
06’eMy NO3aKMITUHHOT PIAVMHM 4O HANEXHOT BENUYMHY T
o6’emy, ym. op.

11. MokasHWK BUPa3HOCTI PyHKLIOHaNbHWX po3nagis
cepueBo-cyanHHoI cuctemu (MBOP) — iHTerpanbHui
MOKA3HWK KOMMMEKCHOTO OLiHKOBAHHS TSHKKOCTI CTaHy
MOpaHEHOro, YM. Of,.

AHani3 NokasHWKiB BUKOHamNM NMOPIBHSHO 3 KOHTPOMb-
HOIO rPYMOH0 Ta 3iCTABMSAKYM IPYNM Ha PIBHAX MEOUYHOTO
3abe3neyeHHs.

PesyAabtatn

Mig vac Hetspkkoi BTK y nopaHeHux rpyn 1 1a 2 npu
HaOXOMKEHHI Ha ApYyrMn piBeHb crnocTepiranu oa-
HocnpsiMoBaHi Nnerki yHKUioHanbHi po3nagu cepue-
BO-CyauHHoI cuctemun (MBOP = 6,56 + 0,98 ym. oa. y
rpyni 1; 6,78 + 1,03 ym. oa.yB rpyni 2) Yepes He3Ha4HE
(Ha 12 %) 3HWXeHHs pa3oBOi NPOAYKTUBHOCTI cepLs
(YI=42,56 + 1,28 mn/m? y rpyni 1; 43,39 £ 1,87 mn/m? y
rpyni 2) Ta 3HWKEHHS Ha 17 % XBUNWMHHOT NPOAYKTUBHOCTI
cepust (Cl = 3,49 £ 0,11 n/xe/m?y rpyni 1; 3,51 £ 0,10 y
rpyni 2) NopiBHAHO 3 KOHTPOMbHO rpynoto (p, < 0,05).
KomneHcauis dyHKUiOHanbHOrO CTaHy B MOpaHeHuX i3
HeTspkkoto BTK Ha gpyromy piBHi BigbyBanach yHacni-
[IOK MiABULLEHHS YacToTu cepLieBmx ckopodeHb Ha 30 %
(UCC = 89,12 + 3,59 yn/xB y rpyni 1; 88,94 £ 3,76 ya/xs
y rpyni 2) Ta nomipHoi aputmii (MCT = 1,09 £ 0,01 ym. og.
y rpyni 1; 1,08 £ 0,01 ym. og. y rpyni 2).

Ha Tpetbomy piBHi npu HeTsxkkin BTK y rpynax
MOPIBHAHHSA BU3HaYanu nerki doyHKLioHarbHi po3naam cep-
LIEBO-CY/MHHOI CUCTEMI. XHS OCOBNMBICTL — TEHAEHLLS 10
HOpMari3aLlii MoKasH1Ka BHACMIAOK MigBMLLEHHS pa3oBoi
NPOOYKTUBHOCTI cepus B AWHAMILL Y rpynax NOpiBHAHHS
(YI'=47,12 + 1,87 mn/m? y rpyni 1; 44,56 + 2,56 mn/m? y
rpyni 2; 46,29 + 2,45 mn/M? y rpyni 3). Y rpyni 3 BU3Hauunm
BiporigHe 3HWKeHHs Ha 18 Y% XBUNMHHOT NPOQYKTUBHOCTI
cepust (Cl = 3,46 + 0,24 n/xs/M?) NOPIBHSAHO 3 KOHTPONEM
(p, < 0,05). KomneHcaLito uMpkynauiiHux posnaais y
nopaHeHuX i3 HeTshkkoto BTK Ha TpeTsoMy piBHi criocTepi-
ranv BHacnigoK nigBULLEHHS Ha 22 % 4acToTW CepLEeBKX
ckopodeHb (UCC = 82,44 + 3,55 yo/xB y rpyni 1; 90,34 +
3,79yn/xey rpyni 2; 83,36 + 4,04 ya/xs y rpyni 3) Ta nomip-
Hoi apuTmii y rpynax 2i 3 (MCT = 1,09 £ 0,01 ym. og.).

Ha yeTBepToMy piBHi ocobnmeicTio rpynm 3 cnif BBa-
XaTu NOMipHe MiABULLEHHS Ha 22 % 4acToTu CepLeBUX
ckopoyeHb (UCC = 82,11 + 2,01 yn/xB) i 36epexeHHs
nomipHoi aputmii (NMCT = 1,09 + 0,01 ym. oa.) Ha i
NiABULLEHHS Ha 14 % NOKa3HMKIB 30BHILLIHBOIO ANXaHHS
(40 = 18,03 £ 0,99 yn/xs; MHA = 19,65 + 0,87 ym. oa.)

Omxe, B nopaHeHux i3 HeTsxko BTK 3a cnpu-
ATIMBOrO NPOTHO3Y BWXWBAHHS MOMIPHI MOPYLUEHHS
remoguHamiku, Wo cnocTepirany Ha Apyromy piBHi,
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XxapakTepuayBanucs Hopmanisauielo KpoBoobiry Ha
TpeTboMy. AHani3 HaBefeHVX 3MiH NOKa3HWKIB roMeocTasy
[L0BOAMTL MOXIUBICTb CKOPOYEHHS! eTanis nig Yac HagaH-
HS MEOMYHOI JOMOMOrM NOPAHEHNM i3 BOTHENANbHUMM
YLUKOZPKEHHAMU KUCTi Ta CTONM NS SKHAWLIBUALLIOTO
crewiani3oBaHoro NikyBaHHS Y KMiHikax PeKOHCTPYKTUB-
HO-BiIHOBHOI Xipyprii YeTBEPTOrO PiBHS.

Mig Yac HagXomKeHHs nopaHeHux i3 Tskkor BTK
Ha OpyrviA piBeHb Yy rpynax MOpPIBHAHHS DyHKLiOHamMb-
HWI CTaH CepLeBO-CYAMHHOT cuctemu ByB TSXKKUM
(MB®P =5,19+0,63 ym.oa.yrpyni 1;5,21+ 0,69 ym. og. y
rpyni 2) yHacnigok NnoMipHOro 3HKeHHS Ha 32 % pa3oBoi
npoayktveHocTi cepus (Y1 = 32,15 + 3,56 mn/m? y rpyni
1; 33,18 £ 4,22 mn/m? y rpyni 2), 3HUKEHHS Ha 23 % XBUY-
nuHHoi npoaykTuHocTi cepus (Cl = 3,25 + 0,11 n/xs/m?y
rpyni 1; 3,21+ 0,13 y rpyni 2) Ta BUpaxeHoi HeAOCTaTHOCTI
30BHILLHLOTO AnxaHHs (y rpyni 1 Y = 20,89 + 0,72/xs;
KO3 =1,54 £ 0,06 ym. og; MHAO = 32,17 £ 2,10 ym. og.; y
rpyni 2 4 = 22,59 + 0,79/xs; KO3 = 1,51 £ 0,07 ym. og;
MHL = 34,10 + 2,17 ym. o4.) (p, < 0,05). KomneHcaLito
(hyHKLIOHaNbHMX po3nadiB y nopaHeHwx i3 Tsxkow BTK
Ha Apyromy piBHI JOCAHYTO LUMASXOM MiABULLEHHS Ha
60 % yacrtotu cepueux ckopodeHs (108,07 £ 3,11 ya/xs
y rpyni 1; 109,12 + 4,02 yn/xB y rpyni 2) Ta nomipHoi
aputmii (MCT =1,11 £ 0,01 ym. og.).

Y nopaHeHux i3 Tsxkkoto BTK y rpynax 1i 2 Bu3Ha-
Yunu NOMipHY LeHTpanizauito kpoBoobiry Ha Tni
rinotonii (KIT = 79,77 + 1,91 ym. og.; cucTtoniyHum
AT =82,75+1,71 mm pt. cT; KIT = 80,14 + 2,03 ym. oa.;
cuctoniyHun AT = 83,70 £ 1,82 MM pT. CT. BiBNOBIZHO).

Ha Tpetbomy piBHi npy Tshkkivt BTK y rpynax nopiBHsH-
HS crocTepiranu CyTTeBi QYHKUiOHaNbHI po3nagu cep-
ueso-cyauHHoi cuctemm (MBOP = 5,36 + 0,27 ym. oa. y
rpyni 1; 4,89 + 1,03 ym. oa. y rpyni 2; 3,12 £ 1,09 ym. og.
y rpyni 3). BctaHoBUNM TeHAEHLi0 A0 30inblUeHHs Ha-
3BaHOrO MOKa3HuKka y rpyni 1 yHacmigok 3MiHU pasoBoi
Ta XBUNMWHHOI NpogykTuBHocTi cepus (Y1 = 38,73 £ 1,87
mn/m?; Cl = 3,96 + 0,12 n/xs/M?) y auHamiui.

Y nopaHeHux 3i Tsxkor BTK y rpyni 3 nig vac
HaOXOMKXEeHHS Ha TPETiil piBeHb BCTAHOBUMM 3HaAYYLL
(hyHKUiOHaNbHI Po3naay BHACMIAOK 3HWXEHHS pasoBOi
Ta XBUIMHHOI NPOAYKTUBHOCTI CEpLA 3 PO3BUTKOM Hadani
HepocTaTHOCTI kpoBoobiry (Y1 = 22,96 + 3,42 mn/m?;
XOK = 4,67 + 0,73 n/xs, Cl = 2,16 + 0,15 n/xs/m%;
KP = 76,17 + 6,05 %) i aucrigpody Ha Tni HepoCTaTHLO
koperoBaHoi kpoosTpatu (M6 = 0,85 + 0,04 ym. og.).

Y rpynax nopiBHSHHS crocTepiranu noMipHe Hanpy-
JKEHHS1 30BHILLHBOTO AVXaHHS MOPIBHSHO 3 KOHTPOMBHOK
rpynoto (p, < 0,05).

BcraHoBunn, Wwo komneHcauis gyHKLiOHanbLHOro
CTaHy CepLieBO-CYAMHHOI CUCTEMM Y MOPAHEHVIX i3 TSHKKOK
BTKy rpynax 112 3abe3ne4yBanacst LWNsXOM NiABULLEHHS
Ha 28,02 % yacToTu cepueBmx ckopoyeHs (86,89 £ 2,02
yo/xs y rpyni 1, 85,89 + 2,23 yn/x8 y rpyni 2), nomipHoi
aputmii cepus (MCT = 1,10 + 0,01 ym. oa. y rpyni 1;
MNCT=1,12+0,01 ym. oa. y rpyni 2). Y rpynax nopiBHsHHS
1| 2 BU3HA4MIM NOMIpHY LieHTpaniaaLlito kpoBoobiry Ha
i rinotowii (KIT = 77,13 + 1,84 ym. og.; cucToniyHmiA
AT=108,72+2,01 mmpt. cT,; KIT =79,89 + 2,44 ym. 01.;
cuctoniyHun AT = 98,59 + 2,91 mm pT. CT. BiBNOBIAHO).

Y rpyni 3 B nopaHeHwx i3 Tsxkkumu BTK cnocTepiranu
niaBULLEHHS Ha 61,57 % 4acTOTW CepLeBmx CKOPOYeHb
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(108,40 £ 3,12 yn/xB) NOPIBHAHO 3 KOHTPOIBHOO IPYMO0,
are Le He MPU3BOAMITO0 A0 KOMNEHCaLlii (OyHKLIOHAMBbHMX
po3nagis. Y nopaHeHux i3 BTK, ski nomepnu, koediuieHT
iHTerpanbHOi TOHIYHOCTi Ta CMUCTONIYHWI apTepianb-
HUM TUCK XapaKTepuayBanu OfHOCNPSMOBaHI 3MiHU B
6ik rinotoHii (KIT = 72,13 + 2,55 ym. og.; cuctoniyHmi
AT = 95,62 + 3,61 MM pT. CT.).

Y rpyni 3 kKOMNAEeKCHi NOKa3HWKW TSHKKOCTI TpaBMu Ta
TSKKOCTi CTaHy nopaHeHuXx i3 Tskkoto BTK Ha TpeTbomy
piBHI B AMHaMiLi TpaBMaTU4HOI XBOpPOOM XapakTepuay-
Bav 3MiHy TSDKKOCTi TpaBMW Ha BKpaWi TSXKY 3 Hecnpu-
ATNMBUM MPOTHO30M Yy 3 MOpaHeHwX, ki nomepnu. BoHu
[0CTaBneHi 3 nons 60t0 Ha TPETIl piBEHb: 2 NOpaHEeHUX
i3 TSDKKMMM NMOEQHAHNMMW BOTHENANBHYMMW NOPAHEHHSIMM
cTerHa 3 6aratoynamKoBMMM BOTHENaNbHUMY Neperoma-
MW CTErHOBOI KIiCTKU, 1 — i3 TShKKMMM noeaHaHumm MBI i
BiZPMBOM CTOMW. [OMOBHA NPUYMHA CMEpPTi NOPaHEHNX —
HE3BOPOTHWI AekomneHcoBaHui TLL.

BcraHoBumM, WO Ha YETBEPTOMY PIiBHI MPU TSHKKIN
BTK y rpynax 1 i 2 cnoctepiranu nerki yHKLUioHanbHi
po3naaun cepLeBO-CyAMHHOI CUCTEMU 3 TEHAEHLjE 10
Hopmanisavii (MBPP =7,73+0,23 ym. og. Ta 7,56 + 0,27
yM. 0. BignoBigHo). BigsHauunu nigBuLLeHHS Lboro
nokasHuka y rpynax 1 i 2 BHacnigok Hopmanisadii pa-
30BOI NPOAYKTUBHOCTI cepus Ha T1i niasuweHHs XOK y
AVHaMILi TpaBMaTU4HOI XBOPOOY.

Y nopaxeHux i3 Tskkoto BTK nig yac HagxomkeHHs
Ha YETBEPTUI pPiBEHb Y rpyni 3 BUHAUNNMN CYTTEBI Hera-
TUBHI 3MiHW NOKa3HUKIB OYHKLIOHANBHOIO CTaHy cepLie-
BO-CyOMHHOI CUCTEMU BHACMIZOK 3HWXEHHS pa3oBoi Ta
XBWIIMHHOI NPOAYKTWBHOCTI 3 NPOrpecyBaHHsaM Hagani
HEeLO0CTaTHOCTI KpoBOODBIry B MopaHeHwuX, siki moMepnu
(rpyna 3 nopaHeHi, siki Bukunm, Y1 = 34,53 + 4,05 mn/m?;
Cl = 3,56 + 0,24 n/xe/m?;, rpyna 3 nopaHeHi, siki nomep-
nm, Yl = 18,96 + 4,11 mn/m?;, Cl = 2,05 + 0,25 n/xs/m%;
XOK = 4,59 + 0,23 n/xs; KP = 81,14 + 4,66 %) Ta auc-
rigposy B NopaHeHuX, siki TOMepnu, Ha TNi HeoCTaTHLO
koperosaHoi kpososTpaty (M6 = 0,81 + 0,05 ym. oa.).

Y rpynax 1 i 2 BU3HA4YMIM MOMIpHE HaMpyXeHHs
CUCTEMM 30BHILLUHBOTO AMXaHHs. Y rpyni 3 BCTaHOBUNW
BUPaXXEHE HaMPY>XEHHSI CUCTEMU 30BHILLHBOMO AMXaH-
Hs (B nopaHeHwx, siki Buxumu, Y = 23,71 + 0,84/xs;
KO3 = 1,38 £ 0,08 ym. og; MHA = 32,71 + 1,31 ym. og,;
y nopaHeHux, ki nomepnu, Y = 22,21 + 1,68/xs;
KO3 = 1,49 + 0,10 ym. og.; MHA = 33,08 £ 2,27 ym. oa.)
MOPIBHSIHO 3 KOHTPOITBHOK rpynoto (p, < 0,05).

Buanaunnu, wo komneHcauis yHKLioHanbHMUX
posnagaiB y nopaHeHux i3 Taxkoto BTK y rpynax 1 2 Big-
6yBanacs BHacnigoK NoMipHOro niasueHHs Ha 14,32 %
4acToTM CepLeBmX CKopoYeHb (76,70 £ 2,47 ya/xs y rpyni
1; 79,13 £ 2,07 ya/xB y rpyni 2), nomipHoi apuTmii cepus
(NCT=1,14£0,01 ym. og. y rpyni 1; 1,15+ 0,01 ym. og.
y rpyni 2).

KomneHcauito dyHKLUiOHanbHKX po3nagiB y nopaHe-
HUX, SKi BWXMK, 3 Taxkoto BTK y rpyni 3 cnocrtepiranu
BHACIIAOK NiaBWLLEHHS Ha 47,49 % 4acToTu cepueBux
ckopoyeHb (98,95 + 2,02 ya/xB), noMipHoi apuTMmii cepus
(NCT=1,10% 0,01 ym. og.).

Y rpyni 3 B nopaHeHux, siki nomepnu, 3 Tskkumm BTK
nigBuULLEHHS Ha 61,57 % YacToTK cepLeBux CKOPOYEeHb
(110,52 + 4,81 yn/xB) He NpPWU3BOAMIIO O KOMMNEHcaLji
yHKUiOHanNbHWUX po3nagiB. Y noMeprnux nopaHeHux i3
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Original research

Tabnuus 1. Pesynbratit NOPIiBHANBHOTO aHanidy NokasHuKiB YHKLIOHANMBHOTO CTaHy CepLEeBO-CyANHHOIT CUCTEMU B MOPAHEHUX i3 YKpal TSHKKOK

TPaBMOI0

Moka3Huku
romeocrasy, rpyna
y cnokoi

oauHuULi
BUMipIOBaHHA

YnapHuii iHaekc, 26,08 +1,37** 27,25+ 1,54*

mn/m?

48,48 + 3,14

XBUnuHHWA 06'em 6,41 10,04 5,37 £ 0,25"* 5,42 +0,34*
KpoBOObiry, n/xB
Cepueswit ingeke, 4,22 0,03 2,64 +0,21* 2,73 +0,24**

n/xs/m?

Yacrora cepuesnx 67,09 + 6,02
CKOpOYeHb, ya/XB
KoediuieHT
pesepsy, %
Yactorta guxanHs, 15,33 £1,00
/xB

KoediuieHT
[OMXarnbHUX 3MiH,
yM. oA,
lMokasHwk
HanpyXeHHst
LVXaHHS, M. ofi.

117,42 £3,15** 120,08 + 3,84**

104,12+£4,16  92,72+511* 9447 +4,85*

22,53 +1,02* 2253 +1,16

1,12£0,04 1,56 £ 0,04 1,54 £ 0,05

17,17+£061 3514 +£216™  34,69+241*

MokasHuk
remMognHamiYHoro
3abesnevyeHHs, %

KoediuieHT
iHTerpanbHoi
TOHIYHOCTI, yM. 0A.

17,62+512 51,14 £3,82" 52,78 £4,83™

7417517  76,19£235 75,86+ 2,11

IMokasHuk
cTabinisauii
TOHYCY, YM. Of.
MokasHuk GanaHcy, 1,05+ 0,05
yM. ofi.

MokasHnk
BUPA3HOCTI
yHKLiOHANBHMX
poanagais, yM. of.

1,01£0,02 1,06 £0,01* 1,06 £ 0,01

0,92 £0,04* 0,89 £0,05*

8,23+0,27 2,54 £0,12** 2,61+0,20"

77,31+1,98 7412+1,87  69,13+321 64,88 + 2,96
1,09£0,01* 1,06+£0,01*  0,98+0,01 0,91+0,01™
1,01 £0,05 0,87+0,04* 0,76 +0,08* 0,82 0,09

3,17 £0,18* 243+0,18™  132+£0,15" 1,47 £0,16*

piBeHb 4,

31,97+1,95* 30,13+ 1,47 2244199 1944 £1,78* 40,06 £ 1,54*
5,58 £0,37* 524+029*  368+0,74* 3,34 £0,69*
3,24+ 0,23* 2,81+£024™ 1,74£0,36™ 1,64 £ 0,29

90,17 £3,65™ 91,46 +354™ 112,01+9,81 108,86+ 843" 83,49 +2,96"

85,056+6,04*  91,11+6,98" 69,09+7,04* 7063+667 97,17+731
2439+124*  2220+1,18* 21,01£322" 2164+285" 2256+1,09
1,320,056 1,58+0,04  197%0,15" 1,86 £0,13*

32,19+2,35"™ 3507 +£217* 4138+529"  40,24+4,12* 32,71 +2,95"

51,20 £5,34™  50,35+£6,73" 32,36+527 34,02+578" 58,54 +4,74™

5,97+ 0,50

3,54 +£0,22*

1,45+ 0,04

7511£2,13

1,09 0,02

1,09 £0,04

4,96  0,54™

KoHTponbHa | MopaHeHi 3 ykpai Tskkolo 60/MOBOI0 TPABMOHO KiHLIBOK Ha PiBHAX MeAWYHOro 3abe3neyeHHs

lpyna 2

Ipyna 1 lpyna 2 Mpyna 1 Ipyna 2 lpyna 3 lpyna 1
piBeHb 2 piBeHb 2 piBeHb 3 piBeHb 3 piBeHb 3 piBeHb 4
KMBi

lpyna 2
piBeHb 4,
nomepni
17,44 £1,76*
2,99 £0,41*
1,25+ 0,33
107,91 £9,11**
67,21+4,22*

21,97 £2,03*

1,94 £0,15™

41,98 +4,19*

31,03+6,18

64,76 + 2,51

0,85+0,01™

0,61+0,09*

1,45 +£0,26*

*1 Pi3HULA CTATUCTUYHO BIPOTiHA MOPIBHAHO 3 KOHTPOMBHOI rpymoto (p, < 0,05); **: pisHMLSA CTATUCTUYHO BIPOTiaHA NOPIBHAHO 3 KOHTPOMBHOK rpynoto (p, < 0,01).

BTK koediLieHT iHTerpanbHOI TOHIMHOCTI Ta CUCTOMNIYHKI
apTepianbHUn TUCK xapaKkTepuayBanit OQHOCTPSAMOBaHI
3MiHm B Bik rinoToHii (KIT = 72,70 £ 2,21 ym. oa.; cucToniv-
Hun AT = 79,20 £ 7,49 Mm pT. CT.).

Y rpyni nopiBHSHHSA 3 i3 16 NOPAHEHMX i3 TSHKKOHO
BTK y TpbOX KOMMMEKCHI NOKa3HWKN TSHXKKOCTI TpaBMu
Ha YETBEPTOMY PiBHi B AMHAMIL|i TPaBMaTU4HOI XBOPOtU
XapaKTepu3yBanu 3mMiHy TSKKOCTi TpaBMW Ha BKpai TSHKKY
3i 3MIHOKO MPOTHO3Y BIKMBAHHS HA HECTIPUATIMBWIA. Taky
TEeHAeHLjlo cnocTepirany 4o cMepTi nopaHeHux. Monos-
HOI0 MPWUYMHOKO CMEPTI Y 2 NOPaHEHWX i3 BOTHENanbH1Mm
nepenomamu CTerHoBoI KicTku Byna »xuposa embonis, B
1 0cobu 3 BorHenanbHUMM nepenomamm KicTok roMinku —
Tpomboembonist nereHeBoi apTepii.

Omxe, B nopaHeHux i3 Tspkkoto BTK nig yac Hap-
XOMXXEHHS Ha APYruii piBeHb (PyHKLiOHaNbHWIA CTaH
CepLeBO-CyAMHHOI cuctemu ByB TspKKUM. [icns HapaHHS
MEAMYHOI AOMNOMOTN Ha [PYroMy Ta TPETbOMY PIBHSX
i HagxomkeHHs Ha yeTBepTU y rpyni 1 BigbyBanacs
NOCTYnoBa Hopmani3auist LMx MOKasHuKIB, Y rpyni 2 —
3MiHa Ha NOMIpHi, y rpyni 3 — naTtoi3ionorivHi NoKasHWKK
3anuLwanmch TSXXKMMK, Y 6 BUNaakax i3 TeHAeHLUie oo
BKpaWi TSKKUX | HE3BOPOTHMX.

Iip Yac HagXomKeHHS Ha APYTUN PiBEHb Y MOPAHEHNX
i3 Bkpat Tspkkoto BTK y rpynax nopiBHaHHS crocTtepiranu
BKpan TsHKKi (hyHKLIOHAMbHI po3naam cepLeBO-CyaANHHOT
cuctemu (MBOP =254+ 0,12 ym. o, y rpyni 1; 2,61+ 0,20
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YM. 0. Y rpyni 2) BHACIAOK 3HWKeHHs Ha 43,80 % pa3osoi
npopykTusHocTi cepus (Y1 = 26,08 + 1,37 mn/m?y rpyni 1;
27,25 + 1,54 mn/M2 y rpyni 2), 3HWkKeHHs Ha 35,31 % xBu-
nuHHOT npogykTmBHoOCTI cepus (XOK = 5,25 + 0,25 n/xs;
Cl=2,64+0,21 n/xe/m?y rpyni 1 7a XOK=5,42 + 0,34 n/xs;
Cl =273 £ 0,24 y rpyni 2) 3 po3BUTKOM BUPAXEHOT
HEeJOCTaTHOCTI KPOBOOBIry Ta 30BHILLHBOMO AWXaHHS (y
rpyni 1 40 = 22,53 + 1,02/xs; KO3 = 1,56 + 0,04 ym. of;
MHO=35,14+2,16 ym. oa.;y rpyni 240 =22,53 + 1,16/x8;
KO3 = 1,54 £ 0,05 ym. og; MHA = 34,69 + 2,41 ym. oa.)
MOPIBHSIHO 3 KOHTPOMbHOK rpynoio (p, < 0,01). Komnex-
caulis yHKLUii cepLeBO-CyAMHHOI CUCTEMY B MOPAHEHNX
i3 BKpan Tspkkoto BTK HacTaBana BHacMigoK NigBULLEHHS
Ha 60 % yacToTu cepueBux ckopodeHb (117,42 + 3,15 yn/
xB y rpyni 1 1a 120,08 + 3,84 yn/x8 y rpyni 2) (mabn. 1).

Y nopaHeHux 3 ykpan Tsxkoto BTK y rpynax 1i 2
BCTaHOBMeEHa NoMipHa LeHTpanisauis KpoBoobiry Ha
i rinoToHii (KIT = 76,19 + 2,35 ym. oa.; cucToniyHmiA
AT=58,22+2,78 mmprt.cT. TaKIT=75,86 £2,11 ym. 0.;
cuctoniyHun AT = 59,37 + 2,97 MM pT. CT. BignoBiaHoO).
MokasHuk GanaHcy xapakTepusyBaB AMCTIAPO3 Ha T
HeJocTaTHbO KOperoBaHoi kpoBoBTpaTh y rpynax 1i 2
(0,92 £ 0,04 ym. og. Ta 0,89 + 0,05 ym. oa. BiAMOBIAHO).

Ha TpetboMy piBHi y rpynax MNOpiBHSAHHSA criocTepi-
ranu BKpam TSXKKUA PyHKLIOHaNbHUIA CTaH cepLieBo-Cy-
AnHHOI cuctemu (MBOP = 3,17 £ 0,18 ym. oa. y rpyni 1;
2,43+0,18 ym.op.yrpyni2; 1,32+ 0,15 ym. og. y rpyni 3).
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OpuriHaAbHI AOCAIAXKEHHS

OcobnueicTio crig BBaXXaTy TEHOEHLO A0 MiABULLEHHS
LIbOro nokasHuka y rpynax 1 i 2 BHacnigok 3miHu pa3oBoi
Ta XBWUIIMHHOI NPOAYKTUBHOCTI CepLsi Ha Tni 36epexeH-
HS MOMIPHOI HeAOCTaTHOCTI KpoBOOBIry B AnHaMmiLi (y
rpyni 1Yl =31,97 + 1,95 mn/m?, XOK = 5,58+0,37 n/xs,
Cl = 3,24 £ 0,23 n/xs/m?; KP = 85,05 + 6,04 %; y rpyni
2 Yl =30,13 + 1,47 mn/m% XOK = 5,24 + 0,29 n/xs,
Cl=2,81+0,24 n/xa/m? KP = 91,11 £ 6,98 %).

Y nopaHeHux i3 ykpan Tsxkoto BTK'y rpyni 3 nig vac
HaOXOKEHHS HA LIbOMY €Tarni BUSHAYWUIN CYTTEBI 3MiHU
(yHKLIOHANbLHOMO CTaHy CepLeBo-CyAWHHOI CUCTEMM
BHACIIAOK 3HWKEHHS Pa30oBOi Ta XBUIIMHHOI MPOAYKTUB-
HocTi cepus (Y1 =22,44 + 1,99 mn/m? XOK = 3,68 £ 0,74
n/xs; Cl = 1,74 £ 0,36 n/xB/M?) i3 PO3BUTKOM KPUTUYHOI
HepocTaTtHocTi kpooobiry (KP = 69,09 + 7,04 %) Ta
AVCTiApO3y Ha Tri HeAOCTaTHLO KOPEroBaHOI KPOBOBTPATH
(Nb =0,76 + 0,08 ym. oz.).

Ha TpeTbomy piBHi BU3HaUMMM NOMIpHE HaNpYXeHHs
30BHILUHBOTO AMXaHHs y rpyni 1, BUpaxeHe — y rpynax
2i3 (40 =22,20 + 1,18/x8; KO3 = 1,58 + 0,04 ym. og;
MHAO = 35,07 + 2,17 ym. og. Ta Y = 21,01 + 3,22/
xB; KO3 = 1,97 £ 0,15 ym. og; MHA = 41,38 + 5,29
yM. Of. BiAnoBigHO) NOPIBHSAHO 3 KOHTPOIBHOK rpymno
(p <0,05).

KomneHcalis pyHKLOHaNbHWX po3nagiB y nopaHeHnx
i3 ykpan Tshkkoto BTK y rpynax 1 i 2 HacTaBana BHacnigok
nigBuLLEHHS Ha 34,4 % 4acToTy cepLeBMX CKOPOYeHb
(90,17 + 3,65 ya/xs y rpyni 1; 91,46 + 3,54 ya/xs y rpyni
2), nomipHoi aputmii cepua y rpyni 1 (MCT = 1,09 + 0,01
yM. 0A.). Y rpyni NOPIBHAHHA 1 BU3HAYMNM NOMIPHY LieH-
Tpanisauito kpoBoobiry Ha Tni rinepTonii (KIT=77,31+ 1,98
yM. 0f.; cucToniyHui AT = 133,52 £ 4,37 MM pT. cT.), y rpyni
2 —wa i rinoTowii (KIT = 79,89 £ 2,44 ym. 0f.; CUCTONIYHWN
AT =98,59 + 2,91 mm prT. CT.).

Y rpyni 3 B nopaHeHux 3 ykpan Tsxkumu BTK
30iNbLLUEHHS 4YacTOTK CepLEBMX CKopoyeHb B 1,5 pasa
(112,01 + 9,81 yn/xB) He NpWU3BOAMIO [0 KOMMNEHcaLi
yHKUiT cepLeBo-CyAMHHOI cucTemmn. Y nopaHeHux i3
BTK, siki nomepnu, koedilieHT iHTerpanbHOI TOHIYHOCTI
Ta CUCTOMIYHUI apTepianbHUA TUCK XapakTepudyBanu
OZHOCMPAMOBaHi 3MiHM B BiKk rimOTOHIi 3 HAaCTynHUM
konancom aptepiansHoro ToHycy (KIT = 69,13 + 3,21
yM. 04.; cuctoniyHun AT = 57,03 + 4,17 mm pT. CT.).

Ha ubomy etani y rpyni 3 KOMNAEKCHi NOKa3HWUKM
TSKKOCTi TP@BMU Ta CTaHy NOPaHEHWX i3 BKpaw TSXKO
BTKy anHamivj TpaBMaT4HOI XBOPOGM XapakTepuayBani
TSDKKICTb TP@BMU SIK YKpPaW TSHKKY 3 HECNIPUSATIIMBUM NPO-
THO30M AMNS XMTTS. Y 3B'A3KY 3 LM 3 NOpaHeHuX i3 ykpan
TSOKKUMM YLLIKODKEHHSIMU CTErHa Ta roMirnkiu nomMepnv Big,
HE3BOPOTHOrO AekoMneHcoBaHoro TLL.

Ha yeTBepTOMY piBHi B MOPaHEHWX i3 YKpan TSHKKOK
BTK, ski nomepnu, y rpynax 1 Ta 2 crnoctepirany Bkpan
TSOKKUIA (DYHKLIOHANBbHWIA CTaH CEepLEBO-CYANHHOI CUCTe-
mu (MBOP = 1,47 + 0,16 ym. og. Ta 1,45 + 0,26 ym. og.
BiAMOBIAHO). BU3Haunnu 3HWKEHHs LbOro nokasHuka
BHACMIZOK HE3BOPOTHOTO MafiHHA Pa3oBOi Ta XBUIMHHOI
NPOOYKTUBHOCTI CepLst Ta pO3BUTKY BUPaXKEHOI Heao-
cratHocTi kpoBoobiry (y rpyni 1 YI = 19,44 + 1,78 mn/
m?; Cl = 1,64 + 0,29 n/xs/m% XOK = 3,34 + 0,69 n/xs;
KP = 70,63 + 6,67 %; y rpyni 2 Yl = 17,44 + 1,76 mn/
Mm% Cl = 1,25 + 0,33 n/xs/mM% XOK = 2,99 + 0,41 n/xs;
KP =67,21+ 4,22 %) Ta 03HaK Aucrigposy Ha Tni HegocTar-
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HbO KoperosaHoi kpososTpatu (y rpyni 1 M6 = 0,82 + 0,09
ym. og. Tay rpyni 2 N6 = 0,61 £ 0,09 ym. og.).

Y rpynax 1i2 B nopaHeHux, siki NoMepsu, BU3Havanm
KPUTUYHE HAMNpYXEHHS1 CUCTEMW 30BHILUHBOTO AUXaH-
Ha (Y0 = 21,64 + 2,85/xe; KO3 = 1,86 + 0,13 ym. og;
MNHA = 40,24 + 4,12 ym. og. Ta Y = 21,97 £ 2,03/xs;
KO03=1,94+0,15ym. og; MHO =41,98 +4,19 ym. o1. BiO-
MOBIIHO) NOPIBHAHO 3 KOHTPOMBLHOLK rpyroto (p, < 0,05).

Y nomepnux 3 ykpam Tshkkoto BTK nigsuiieHHs Ha
62,26 % 4acToTM CepLeBMX CKopoyeHb Y rpyni 1 Ta Ha
60,84 % y rpyni 2 (108,86 + 8,43 yn/xe Ta 107,91 £ 9,11
yA/XB BI4MOBIAHO) NOPIBHSHO 3 KOHTPOMbBHOK FPYMOK0 He
NPW3BOAMII0 A0 KOMMNeHcaLlii (oyHKLiOHaIbHWX po3fagis.
Y nopaHeHux i3 Bkpaii Tsxkkoto BTK, siki nomepnu, koedi-
LiEHT iHTErpanbHOi TOHIYHOCTI Ta CUCTOMIYHUIA apTepianb-
HWIA TUCK XapaKTepn3yBari OQHOCTPSIMOBaHI 3MiHU B Bik
riNOTOHIT Ta HACTYMHOrO Konancy apTepianbHOM TOHYCY (Y
rpyni 1 KIT = 64,88 + 2,96 ym. oa.; cuctonivnmin AT = 58,19
12,54 mm pt. cT. Ta y rpyni 2 KIT = 64,76 + 2,51 ym. oA,
cuctoniyHun AT = 61,07 £ 3,95 mm pT. CT.).

Y nopaHeHux 3 ykpan Tspkkoto BTK, ski Buxunu,
y rpyni 2 nig Yac HagXOMKEHHS1 Ha YeTBEepTUN piBEHb
BU3HAYMITV MOMIPHI 3MiHW MOKa3HWKIB (PYHKLIIOHAINBHOTO
CTaHy BHaCMifoK 3HWXEHHS Pa3oBOi NPOAYKTUBHOCTI
cepus (Yl = 40,06 + 1,54 mn/m?). CrnocTepirany Takox
MOMIpHe HamnpyXeHHs1 CUCTEMM 30BHILLIHBOMO AWXaH-
Ha (U0 = 22,56 + 1,09/xs; KO3 = 1,45 + 0,04 ym. of;
MHO = 32,71 + 2,95 ym. oa.). KomneHcauis dyHKuio-
HanbHOrO CTaHy B NOPaHEHMX, SKi BUXWUNK, Y rpyni 2 Big-
6yBanacb yHacnigok noMipHOro nigsuLLeHHs Ha 24,44 %
YyacToTh cepueBmx ckopodeHb (83,49 + 2,96 ya/xs),
nomipHoi aputmii cepugs (MCT = 1,09 + 0,02 ym. og.).

Y rpyni NOpiBHAHHSA 1 NOMEPNM YeTBEPO NOPaHEHUX
i3 BKpan Tskkoto BTK: 3 nopaHeHux i3 noegHaHummn
YLIKOPKEHHSIMW CTErHa 3 BOrHenarbH1MKU neperiomamm
CTErHOBOI KiCTKW Ta BigpuBaMy KiHLIBKM 3 YKpal TSHKKOK
TpaBMoto, 1 ocoba — BHaCMIAOK YKpali TSKKOTO i30Mb0BaHO-
ro MBI rominky. [onosHa npuynHa cMepTi — noniopraHHa
HeJoCTaTHICTb.

Y rpyni NopiBHAHHSA 2 3 13 nopaHeHuX i3 BKpaw TSHKKOH
BTK nomepnu yeTBepo. [0MNOBHOKO NPUYMHOK CMepTi y 2
MOPaHEHMX i3 BKpal TSHKKUMY MOEAHAHUMM YLLIKOPKEHHSI-
MU cTerHa byna noniopraHHa HeaoCTaTHICTb, B 1—TpomGo-
embonist nereHeBoi apTepii, B 1 0cobu — xuposa emoonis.
Y 9 nopaHeHux ykpai Tshkka TpaBma 3 eKOMMEHCOBAHNM
3gopoTHum TL y guHamivi 3miHuna nporHos nepebiry
TpaBMaTUYHOI XBOPOOU 3 CYMHIBHOTO Ha CIPUSITIIMBUIA.

06roBopeHHA

3nilicHeHi JOCNiMKEHHS, WO NPUCBSYEHI PO3B’S3aHHI0
npobnemun natoisionoriyHoro obrpyHTyBaHHA CTaHy
MOpaHEeHUX Ha PIBHAX Medu4HOro 3abesnevyeHHs. [Ons
pOo3B’si3aHHs NPobremmn 3 No3uLLi AOKa3oBOi MEANULIMHM
npoaHanidyBanu NoKasHWK1 PyHKLIOHANbHOMO CTaHy
CepLEeBO-CYANHHOI CUCTEMMW Ha BCiX PIBHAX MegU4HOro
3abe3neyeHHs 3anexHo Big TsxkocTi BTK.

Ha nouatky npoBegeHHs ATO/OOC 6yna HeBu3Ha-
YEHICTb KaTeropii MOpaHeHMX, KX MOXHA eBaKytoBaTy
Ha HaCTyNHUI piBeHb 6e3 NOTipLLEHHS 3aranbHOro CTaHy
3a CKOPOYEHOK CXEMOH, a SiKMM HeobXigHO HagaBaTtui
MeUYHY LOMOMOrY MOCHIAOBHO 3 MOETAMNHUM BXVBaHHSIM
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MPOTULLIOKOBMX 3aXOAIB i XipypriYHOK TAKTUKOK KOHTPOMO
yLIKOMKeHb «damage control». [1exTo 3 aBTopiB pEKOMEH-
[JyBanv NpoxoamnTy BCi piBHi nocnigosHo [11,12]. Ane Togi
BTPaYaBCsl Yac Ha PEKOHCTPYKLt0 TakUX aHAaTOMO-(PyHK-
LlioHanbHUX CTPYKTYP, SIK KUCTb | CTONA, LU0 NPU3BOANIIO
[0 NoripLUeHHs (OYHKUIOHaNbHWX pe3ynbTaTiB MikyBaHHS
nopaHeHux. IHWi AOChigHWKM BBaXanu, Lo HeobXiaHo
0/pasy AOCTaBMSATY MOPAHEHUX HA YETBEPTHI PIBEHb Me-
AndHoro 3abesneyeHHs [13]. PesynsratomM Takoro nigxogy
Ha noyatky ATO 6yB BVCOKMI piBEHb NETANBHOCTI Cepes
nopaHeHux — 19,6 %.

[MpoTsarom JocnimKkeHb JOBEAEHO, LLIO B MOPAHEHNX i3
TSDKKOIO Ta BKpaw Tskoro BTK, noumHarouv 3 opyroro pisHs
MeanYHOro 3abeaneyeHHs Npu NocriZoBHOMY NPOBEAEHHI
MPOTULLIOKOBMX 3aXOZiB Ha eTanax MeauyHoI eBakyallii,
crocTepiranyt No3UTUBHY AWHAMIKY MOKa3HUKIB GOyHKLjO-
HarnbHOro CTaHy CepLeBO-CyAMHHOI CUCTEMU OO0 NErkoro
cTyneHst. [Mpu CKopoYeHHi eTanis crnocTepirany TEHAEHLLi
[0 MOTIPLLIEHHS 3aranbHOro CTaHy NOPaHEHMX | 3HUKEHHS!
(pyHKLiOHaNbHUX MokasHukiB Ha 41,8-53,6 % [0 He3so-
POTHIX BEMMYMH (p, < 0,05). [HaMiuHi 3MiHM NoKa3Huka
BUPA3HOCTI oyHKLOHaNbHUX po3nagiB CepLeBO-CYANHHOT
CUCTEMY MiATBEPMIKYBANM NepeBary CXeMu NochigoBHOT
eBaKyaLlii nopaHeHNX i3 TSHKKMMM Ta BKpaw Tshkkummn BTK.

Y nopaHeHux i3 HeTshkkoto BTK CkopoyeHHs piBHIB
MeanYHOro 3abesneyeHHs He NPU3BOAMITO A0 MOTIPLLEHHS
3aranbHOro CTaHy, a (yHKUiOHanbHi po3naam nig vac
MEeAMYHOI eBakyaLlii Manu nomipHwiA xapakTtep. 3ainc-
HEHi [OCMIMKEHHS CTanM OCHOBOH NS YAO0CKOHANEHHS!
CYCTEMM HaZJaHHS TPABMATOMOMYHOI AOMOMOTM Ha PIBHSX
MEeOMYHOro 3abesneyeHHs], Lo Aano 3Mory 3MEHLNUTU
piBeHb netanbHocTi (3 19,6 % f0 5,6 %), piBeHb MicLe-
BUX yCKNagHeHb (3 65,6 % no 49,3 %). Binbysaetbea
MOKpaLLEHHs (OyHKLOHaNbHNX pesyneTaTis: 3binblieHa
nuTomMa Bara xopoLumx (3 46,9 % 0o 53,7 %), 3aMmeHLweHa
BiJHOCHa KinbKiCTb He3a0BiNbHMX (3 18,8 % 80 11,6 %)
KinbKiCTb MopaHeHwiX, siki 6yni 3BinbHeHi 3 naB 36poiHmX
Cwn Ykpainu 3a ctaHom 3g0poB'sa (3 28,1 % fo 21,7 %)
(p, <0,05).

BucHoBKU

1. MocnigoBHe HagaHHsA TPaBMaTOSOMYHOT LOMOMOT K
NOPaHEHUM Ha PIBHSIX MeAUYHOrO 3abe3neyeHHs LLUMSXOM
CBOEYACHO BYKOHAHUX ONEPaTUBHUX YTPYyYaHb, BXUBAHHS
NPOTULLOKOBKX 3aX0AiB i 30EPEXeHHs pe3epBHUX CUn
OpraHiamMy nopaHeHyX i3 BKpam THKKUMM Ta TsHkkumMy 6oi-
OBVMU TpaBMamy KiHLBOK (5 i GinbLue 6aniB) aae amory
[OCSITN NOCTYNOBOI 3MiHW (PYHKLIOHAMBHOIO CTaHy cep-
LIeBO-CYMHHOI CUCTEMM 3 TSHKKOTO CTYMEHS 10 MOMIPHOTO.

2. HagaHHa Mefu4YHOi ONOMOrn nopaHeHuM i3
HETSDKKOI0 TPaBMOLO (<5 6aniB) 3a CKOPOYEHOK CXEMOLO
He NPW3BOAMTb 10 NOTIPLIEHHS (OYHKLOHAMBHOrO CTaHy
CepLEeBO-CYAMHHOI CUCTEMMU, NALIEHTU MOXYTb ByTI eBa-
KyWoBaHi ofpady y KniHiku pEeKOHCTPYKTUBHO-BIAHOBHOI
Xipyprii YeTBEpTOro PiBHS MEANYHOrO 3abe3neYeHHs.

MepcnekTuBM noganblumx gocnigxeHb. Ha nig-
CTaBi KOMMNIEKCHOMO aHAaTOMO-(PYHKLIOHASIbHOMO aHarniy
BCTaHOBWTU 3aKOHOMIPHOCTI 3MiH NMOKa3HWKIB roMeocTasy
B Pi3Hi Nepioay TpaBMaTUYHOT XBOPOOM Ta BU3HAYNTU Ka-
Teropii nopaHeHwux, B AKX 3aneXHO Bif TSXKKOCTI TpaBMu
PO3BMBAETLCS «(PEHOMEH B3AEMHOTO OBTSKEHHSI».
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AKTUBHICTb MaTPMKCHUX METAAONPOTEiHA3 Ta iXHIX TKAHMHHHKX iHribiTopiB
y CUpPOBAaTLi KPOBi NPX XPOHIYHOMY rPpaHYAHOBaAbHOMY NepPiOAOHTUTI

A. |. Tanpaw*®, 1. C. fanpaw*Ef, 0. 0. BoHaapb:, H0. 0. EBTyweHkoS, O. . fanpaww®

NAYraHCbKUIA AEPXaBHUIA MEAMYHWIA YHIBEPCUTET, M. PybixHe, YkpaiHa

A - KOHLIEMNLLS Ta AM3aNH AOCAIAKEHHS; B - 36ip AaHuMX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs ctatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3atBEpPAXEHHS CTaTTI

MeTa po60TH — BUBYNTY aKTUBHICTb MaTPUKCHUX METanonpoTeiHas Ta iXHiX TKaHUHHKX iHriGITOpIB y cMpoBaTLi KPoBi npu
XPOHIYHOMY rpaHyntoBanbHOMY NEPIOAOHTUTI.

Matepianu Ta metoau. [locnigunu cupoBaTtky KpoBi 15 XBOPWX Ha XPOHIYHUIA rpaHymtoBanbHWUA NEPIOAOHTUT | cupoBaTKy
KpoBi 15 300pOBKX LOHOPIB HOMNOBIYOI cTaTi BikoM 32—37 pokiB. AkTuBHICTE MMI-8, MMI1-9 i TIMI-1 BU3Ha4anm TBepaodas-
HUM iIMYHO(PEPMEHTHIM METOAOM, BUKOpPUCTOBYtouM TecT-cuctemmn (R&D Diagnostics Inc., USA) Ha aBToMaTu4HOMYy iMyHO-
depmenTHOMyY komnnekci «GBG Star Fax 2100» Bupo6HuuTa chipmun «Awareness Technology Inc.» (USA). Ctatuctnuxe
OL|iHIOBaHHS pe3ynbTaTiB 34iNCHUNM 3 BUKOPUCTaHHAM cchopMoBaHoi 6a3u gaHnx y nporpami Statistica v. 10.0 (StatSoft. Inc.,
USA), Ne STA999K347156-W.

Pe3ynkratu. BctanoBunm, Wo y ¢asi 3arocTpeHHst XPOHIYHOTO rpaHyntoBanbHOMO NEpiofoHTUTY B CUPOBATL KPOBI XBOPUX
BinbyBaeTLCA NiABULLEHHS KOHLEeHTpaLin MMI-8 i MMIM-9, siki nepesuLLytoTs BMICT TIMIT-1, O CynpOBOMKYETHCS 3MEHLLEHHSM
cnisigHowweHb MMI-8/TIMMM-1 i MMIM-9/TIMIM-1 nopiBHSHO 3 TakMMK ANs 300poBKMX 0CiD. Y hasi paHHbOT pekoHBanecLeHLii,
Ha 3-5 aeHb nicns nikyBaHHS XBOPUX i3 3arOCTPEHHSM XPOHIYHOMO rpaHymnioBanbHOMO NepiogoHTUTY, KoHUeHTpavii MMI-8 i
MMTIT-9 y cupoBaTLi KpoBi 3MEHLLYBanUCh AnHaMiYHiLLe, HK KoHUeHTpauia TIMIM-1, wo cynpoBogXyBanocs NiaBULLEHHAM
cniegigHoweHs MMI-8/TIMM-1 i MMI-9/TIMM-1, ogHak noBHa Hopmarniauis Bmicty MMIM-8, MMIM-9, TIMI-1 i cniesigHoLEHb
MMIM-8/TIMIM-1 i MMI-9/TIMI-1 He BigbyBanace.

BucHoBKM. XpOHIYHUI rpaHynioBanbHUA NEPIOROHTUT CYNPOBOMLKYETHCA 3MiHAMM B CUPOBATLi KPOBI XBOPUX BMICTY
MMTI-8, MMIM-9i TIMM-1, wo 3anexarb Big asu natonoriyHoro npouecy. HanbinbLwi koHueHTpauii MMI1-8, MMM-9i TIMIM-1
3apeecTpyBanu y hasi 3aroCTPEHHs 3aXBOPLOBaHHS. Y (hasi paHHbOI pekoHBanecLeHLii, Ha 3—5 AeHb nicns caHauii BorHuwa
3ananeHHs, koHueHTpauii MMIM-8, MMI1-9 i TIMI-1y cupoBaTLi KpOBi 3MEHLLYIOTLCS, | AMHaMika 3MeHLweHHs BMicTy MMIM-8
i MMM-9 npesantoe Hag Takoto ans TIMI-1. KoedpivieHtn MMI-8/TIMIM-1 i MMIM-9/TIMM-1, wo xapakTepusytoTe 6anaHc y
cuctemi MMIT/TIMI, gatoTb 3MOry OLHIOBATH CTaH el CUCTEMW B AWHAMIL 3aXBOPIOBaHHSI.

AKTMBHOCTb MaTPUKCHbIX METAANONPOTEUHA3 U UX TKaHEBbIX UHTMOUTOPOB
B CbIBOPOTKE KPOBU NPU XPOHUUECKOM FpaHyAUpYHOLLEM NEPUOAOHTHUTE

A. W. Tanpaw, W. C. Taipalw, A. A. BoHaapb, 0. A. EBTywweHKo, E. U. Fanaaw

Llenb paboTbl — U3y4nTb aKTUBHOCTb MaTPUKCHBIX METANNIONPOTENHA3 U X TKAHEBbIX MHTMOUTOPOB MPW XPOHUYECKOM
rpaHynv1pytoLLEM NepUOLOHTHUTE.

Matepuanbl U MeToabl. MiccnenoBany ChiBOPOTKY KPOBM 15 BOMBbHBIX XPOHUYECKUM TPaHYMMPYHOLLMM NEPUOJOHTUTOM Y
CbIBOPOTKY KpoBW 15 340pOBbLIX JOHOPOB MYXCKOro nona B Bospacte 32-37 net. AktusHocte MMIM-8, MMIT-9 v TIMIM-1
onpegenunu TeepaodasHeiM UMMYHOEPMEHTHBIM METOAOM C UCToNb3oBaHueM TecT-cuctem (R&D Diagnostics Inc., USA)
Ha aBTOMaTU4eCcKoM MMMyHodepmeHTHOM komnnekce « GBG Star Fax 2100» npoussoacTsa vpmbl «Awareness Technology
Inc.» (USA). Ctatuctuyeckoe OLEHUBaHWE pPe3ynsTaToB NPOBENM C UCMONb30BaHNEM CHOpMUPOBaHHON 6a3bl AaHHbIX B
nporpamme Statistica v. 10.0 (StatSoft. Inc., USA), Ne STA999K347156-W.

Pe3ynkratbl. YcTaHoBUAK, YTO B (ha3e 060CTPEHMS XPOHUYECKOTO rpaHynupyoLLero NepuogoHTUTa B CbIBOPOTKE KPOBY
60MbHBIX MMEET MecTo MoBblEeHWe KoHUeHTpauuin MMI-8 n MMTIT-9, kotopble npeBbiwatoT cogepxanne TUMI-1, yto
COMpPOBOXAAETCS YMeHbLUeHMeM cooTHoweHuin MMMM-8/TUMM-1 n MMMM-9/TUMIM-1, no cpaBHEHUIO C TaKOBbIMK A11st
300poBbIX. B hase paHHel pekoHBanecueHumun, Ha 3-5 AeHb nocne npoBefeHus neveHns 6onbHbIX ¢ 060CTpEHEM
XPOHWMYECKOrO rPaHynUpYHOLLEro NepuofoHTUTa, KoHueHTpauun MMMM-8 u MMI-9 B cbiBOpOTKE KPOBM yMeHbLUANUCh
AMHaMUYHee, Yem koHueHTpaumst TUMIM-1, yto conpoBoXaanock noBbileHnem cooTHowweHuin MMM-8/TUMM-1 u
MMIM-9/TMNM-1, npu 3aToM NonHas Hopmanusauus cogepxanus MMIM-8, MMIM-9, TIMI-1 u cooTHowweHun MMIM-8/TUMIM-1
1 MMIM-9/TUMIM-1 He npoucxoguna.

BbiBogbl. XpOHUYECKMIA rpaHynvpyIoLLniA NEPUOAOHTUT COMPOBOXAAETCS U3MEHEHUSIMI B CbIBOPOTKE KPOBU BOMbHBIX CO-
aepxanms MMMM-8, MMI1-9 n TUMIT-1, koTopble 3aBUCAT OT (hasdbl NaTonorM4eckoro npouecca. HanbonbLuve KOHLEeHTpaLmum
MMnM-8, MMM-9 n TUMI-1 3apernctpupoBaHsl B hase 060cTpeHust 3aboneeaHust. B hase paHHel pekoHBanecLeHUMn, Ha
3-5 feHb nocre caHaumy ovara BocnaneHust, koHueHTpauu MMI-8, MMIM-9 n TUMIM-1 B CbIBOPOTKE KPOBW YMEHbLUAKTCS,
NpW 3TOM AnHaMWKa yMeHbLueHns copepxanus MMI-8 n MMI-9 npeBanwvpyeT Hag TakoBom aAns TUMIT-1. KoadpdomumeHTbl
MMN-8/TUMM-1 n MMM-9/TMI-1, koTopble xapakTepu3ytoT 6anaHc B cucteme MMIM/TUMII, no3BonsitoT oLeHuBaTh Co-
CTOsIHWE JaHHOW CUCTEMbI B AMHaMUKe 3a60mneBaHus.
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Activity of matrix metalloproteinases and their tissue inhibitors in serum
in chronic granulating periodontitis

D. I. Haidash, I. S. Haidash, O. 0. Bondar, Yu. O. Yevtushenko, O. |. Haidash

Aim. The aim of the work is to study the activity of matrix metalloproteinases and their tissue inhibitors in chronic granular
periodontitis.

Materials and methods. We examined serum of 15 patients with chronic granulating periodontitis and 15 healthy male blood
donors aged 32 to 37 years. Determination of MMP-8, MMP-9 and TIMP-1 activity was performed by solid-phase enzyme
immunoassay using test systems (R&D Diagnostics Inc., USA) on the automatic immunoenzyme complex “GBG Star Fax
2100” produced by “Awareness Technology Inc.” (USA). Statistical evaluation of the results was carried out using the generated
database in the program Statistica v. 10.0 (StatSoft. Inc., USA), Ne STA999K347156-W.

Results. It was established that in the phase of exacerbation of chronic granulating periodontitis in the blood serum of patients
there was an increase in concentrations of MMP-8 and MMP-9, which exceeded the content of TIMP-1, which was accom-
panied by a decrease in the ratio of MMP-8/TIMP-1 and MMP-9/TIMP-1, compared with those for healthy individuals. In the
phase of early convalescence, 3-5 days after treatment of patients with exacerbation of chronic granulating periodontitis,
concentrations of MMP-8 and MMP-9 in the blood serum of the examined patients decreased more dynamically than the
concentration of TIMP-1, that was accompanied by an increase in the ratio of MMP-8/TIMP-1 and MMP-9/TIMP-1, at the same
time the full normalization of MMP-8, MMP-9, TIMP-1 and the ratio of MMP-8/TIMP-1 and MMP-9/TIMP-1 did not happen.

Conclusions. Chronic granulating periodontitis is accompanied by changes in the blood serum of patients with MMP-8, MMP-9
and TIMP-1, which depend on the phase of the pathological process. The highest concentrations of MMP-8, MMP-9 and TIMP-1
are recorded in the acute phase of the disease. In the phase of early convalescence, 3-5 days after the remediation of the focus
of inflammation, the concentrations of MMP-8, MMP-9 and TIMP-1 in serum are decreased, while the dynamics of decreasing
of the content of MMP-8 and MMP-9 prevails over that for TIMP-1. The coefficients MMP-8/TIMP-1 and MMP-9/TIMP-1, which
characterize the balance in the system of MMP/TIMP, allow assessing the state of the system in the dynamics of the disease.

lMepiogoOHTUT — 0AHE 3 NOLUMPEHMX 3anarnbHUX CTOMaTo-
NOTiYHNX 3aXBOPHOBAHb, LU0 Bpaxae CrosmyyHy TKaHUHY
MiX KICTKOIO MyHKW, B SIKill pO3TaLLOBaHWUI 3y6, | LEMEHTOM
1oro kopeHs [1]. NMuToma Bara NepiogoHTUTY Y CTPYKTYpI
cTomatonoriyHoi natonorii ctaHoButb 40-75 %, oro
peecTpytoTb 30ebinbLuIoro B oci6 Bikom 35-44 poku [2—4].
OnHUM i3 KNiHIYHWX BapiaHTIB NePIOAOHTUTY € XPOHIYHUI
rpaHyntoBanbHuiA nepiogoHTuT (XIM) — npouec, Wwo
aKTMBHO NPOrpecye B NEPiOAOHTI Ta NPUIErin KiCTKOBI
TKaHWHi, NpX LbOMY PO3POCTAETLCA rpaHynsLiiHa Tka-
HUHa, Sika 3aMilLlye NepiodoHT, @ NaTonoriYHMn npouec
MOLLIMPIOETBCA 3@ MEXI MEPIOAOHTANbHOI LWinuHuM [1].

HaityacTile nepiofoHTUT BUHUKAE Y BiANoOBiAb Ha
MPOHWKHEHHS Y TKaHWHW NepiofoHTa acouiauii Mikpo-
OpraHi3miB — rpamMno3UTUBHUX | FPaMHEraTMBHUX HECTOo-
POYTBOPHOBANbHWX aHaepobHUX GakTepin, eHOAOTOKCUHM
Ta eK30(hEPMEHTM SIKNX BPAXKAKTb HABKOMMLLHI TKAHWHM
[5,6]. BakTepianbHa iHBasisi CTUMYMOE iIMYHHY BiANOBIab,
Aka 30Kpema Mae NposiB B iHINbTpaLii ypaxeHUX TKaHWH
nenkoumTaMu, KOTpi BHACHILOK eKckpeLii BnacHmx dep-
MEHTIB Ta iHLUMX LIMTOKIHIB GepyTb y4acTb Y po3ropTaHHi
3ananeHHs B NepiogoHTi [7].

OcobnmBy porb y po3BUTKY Ta NATPUMLI 3ananeHHs B
NepiofoHTI BidirparoTb MaTpUKCHi MeTanonpoteiHasv (MMIT)
— UMHK- | KanbLii-3anexHi eHgonentuaasn — epMeHTu
karaboniamy 6GinbLIOCTi BinkiB NO3aKMITMHHOMO MAaTPUKCY
[8,9]. MMIN cekpertytoTbest eniteniouytamu, hibpobnacra-
MU, HeITpodinamu, Makpodaramm, ocTeobnacTamu TOLLO,
opHa i Ta cama KniTuHa Moxe cHTe3ysaTm pisHi MM [9]. 3
YCiX MaTpUKCHWX MeTanonpoTeiHas HabinbLL BUBHEHUMM €
MMM-1 (konareHasa-1), MMI-8 (konareHasa-2) i MMI1-13
(konareHasa-3), siki 6epyTb yyacTb y po3nagi konareHy |, 11,
Il TMNiB, a TaKoX IHLLIMX KOMMOHEHTIB BHY TPILLIHBOKITITVHHOIO
MaTpUKCy, SIK-OT HekorareHoBi Binku [9].

AxtvBHicTb MM y TKaHWHaX perymoeTbCs TKaHWH-
HUMMK iHriGiTopamm meTanonpoteiHas (TIMIT), siki 38's3y-
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10TbCA 3 aKTUBHUM LieHTpoM MM i NpurHivyoTh iXHIO
akTVBHICTb. TIMI cuHTE3yThCA KNiTMHAMK CMOMYYHOT
TKaHWHW Ta nevikoumTamu. B opraHismi mioguHu Bigomi
4 tann TIMM: TIMM-1, TIMMA-2, TIMN-3, TIMM-4 [10].
MMI € knto4oBMM (HaKTOPOM MOLUKOKEHHS TKaHWH
Npy NapofOHTUTI, epo3ii AEHTUHY. [MpuynHa 3BiNbLIEHHS
aktueHocTi MMIT nig Yac Lumx CTOMaToNOriYHNX NaTonorin
— nopyLueHHs 6anaHcy Mix MMI Ta ixHiMu iHriGiTopamu
= TIMI [11].

Y HayKoBiii niTepaTypi HaBeaeHo Barato gocnia-
XeHb KinbKicHoro Ta skicHoro cknagy MMM i TIMI npu
NapoAoHTUTI, ogHaK Npo cTaH cuctemn MMIM/TIMI npu
NepiofoHTMTAX BiZOMOCTI MOOAUHOKI Ta CTOCYHOTbCA
ctany cuctemn MMI/TIMIT y acenHin piguni [19], wo
€ NiACTaBoK ANs PETENbHOMO BUBYEHHS KiMbKICHOMO Ta
AkicHoro Bmicty MMM i TIMI y cupoBaTLi KpoBi XBOPUX
Ha NepiogoHTUTY.

Merta po6otu

BuBYNTY aKTMBHICTb MATPUKCHUX METaNonpoTeiHas Ta
TXHIX TKAHVHHVX iHTBITOPIB y CMPOBATLL KPOBI NP XPOHIY-
HOMY rpaHyIoBanbHOMY NepiofoHTUTI.

Martepianu i meToAM AOCAIAKEHHA

O6ctexwunm 15 xBopux Ha XIT1, ski oTpuMyBanu amby-
naTopHe NikyBaHHS B MiCbKili CTOMATONONYHil NONiKMiHiL
M. PyBixHe 3 rpyaHs oo ciyHs 2019 poky.

KpoB y xBopvix 6panu Agidi: y hasi 3arocTpeHHs Ta 'y
¢hasi pekoHBanecueHLii (Ha 3-5 aeHb nicns NikyBaHHS).
Yci naujieHTv —vonoBiku BikoM Big 32 8o 37 pokis (cepea-
Hilt Bik — 34,5 £ 1,7 poKy), CynyTHSI XpOHiYHa naTonoris
HEPBOBOI Ta eHOOKPWUHHOI CUCTEM, BHYTPILLUHIX OpraHiB
11 OMOPHO-PYXOBOrO anaparty B NauieHTiB i3 mposBamu
X BigcyTHS.
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Y KOHTPOIbLHY rpyny BBINLWM 15 NpakTU4HO 340pO-
BKX YOIIOBIKiB BikoM Bif 34 [0 38 pokiB (CepepHin Bik —
35,2 + 1,8 poky), B HUX Nig Yac 06CTEXEHHS HE BUSIBIIUN
JaHi o0 ypaXeHHs NepiofoHTa, a TakoX roctpoi abo
XPOHIYHOI NaTonorii HEPBOBOI Ta eHAOKPUHHOI CUCTEM,
BHYTPILLHIX OpraHiB i 0ONopHO-pPYX0OBOro anapary.

Yci obcTexeHi ocobw nignucyeanu iHhopmaLinHy
yrogy npo AoOpoBiNbHY y4acTb Yy AOCTIMKEHHI nicns
BCEBIYHOro PO3’ACHEHHS OT0 METU.

Martepian ans nabopaTopHOro AOCHIAKEHHS — CUPO-
BaTKa BEHO3HOI KPOBI, Siky 6panu 3 BeHu 0Cib KOHTPOMNbHOT
rpyny OAHOPA30BO BpaHLUi HaTwe, a y xsopux Ha XITI
ABidi — y ctagii 3aroctpeHHs X1 i Ha 3-5 geHb nicna
nikyBaHHsl. CMpoBaTKy KpOBi [0 34iNCHEHHS nabopa-
TOpHOro JocnimkeHHs 36epiranm npu -20 °C y kpiocTari.

AkTtunBHicTe MMIM-8, MMI-9 i TIMIM-1 BM3Ha4anu
TBEPAOdA3HUM IMYHOPEPMEHTHUM METOAOM, BUKOPUCTO-
BYKUM CTaHAapTHi TecT-cuctemm Human MMP-8 (total),
Human MMP-9 (total), Human TIMP-1 (R&D Diagnostics
Inc., USA) Ha aBTOMaTW4HOMY iMyHOEPMEHTHOMY
komnnekci «GBG Star Fax 2100» BupobHuUTBa dhipmu
«Awareness Technology Inc.» (USA).

CTaTMCTMYHE onpaulBaHHS pesynbraTiB AoCHi-
[DKEHHSI BUKOHANK NapaMeTpuyHUMK METOAAMM, BUKO-
pucToBytoumn nporpamu Statistica v. 10.0 (StatSoft. Inc.,
USA), niueHsinHnin Ne STA999K347156-W. BigmiHHoCTi
BBaXxanu BiporigHumu npm p < 0,05.

PesyAbTati

Y xBopux Ha XI'T1 BcTaHoBWMM NigsuLLeHHs BmicTy MMI-8,
MMMM-9i TIMIM-1'y cupoBaTLi KpoBI, i piBEHb NiABULLEHHS
3anexas Big hasu natonoriyHoro npouecy (mabs. 1).

Y hasi 3aroctpeHHs XIT1 koHueHTpauis MMIM-8 y
cupoBartLi xBopux Oyna 36inblweHa B 3,45 pasa wono
aHanoriYHOro NokasH1ka B KOHTPOIbHIN rpyi, 8 KOHLEeH-
Tpauii MMIM-9 i TIMIM-1 36inblueHi y 2,15 i B 1,48 pasa
BignosigHo.

Y 3B’A3KY 3 TVM, L0 B CMPOBATLi OBCTEXEHUX PiBHI
MMTI1-8 i MMIT-9 icToTHO nepeBuLLyBanu piseHb TIMIM-1,
koedpidieHTn MMMM-8/TIMIM-1 i MMI-9/TIMIM-1 cyTTeBO
3pocTany MOpPiBHSAHO 3 TakUMK Anst OCi® KOHTPOMbHOI
rpynu. Tak, koedidieHT MMIM-8/TIMI-1 6yB 36inbLueHM
y 2,21 pasa, a koedivjeHT MMI-9/TIMIM-1 —B 1,45 pasa.

Y hasi pekoHBanecueHLii, To6To Ha 3-5 aeHb nicns
nikyBaHHs xBopux Ha XI'T1, koHueHTpauii MMI1-8, MMIM-9
i TIMIM-1 3meHLIyBanMcb, ane NoBHa Hopmanisauis He
BinOyBanock. 3MeHLLEHHS KoHLeHTpauin MMI-8 i MMI1-9
BifOyBanocs AMHaMIYHiLLe, HX 3MEHLIEHHS KOHLIEHTpaLLi
TIMIM-1.

Tak, BmicT MMI1-8 y cupoBaTLi KpoBi NauieHTiB y
(hasi pekoHBanecLeHLi CTaHoBWB y cepeaHbomy 36,65 +
1,21 Hr/Mn, wo 6yno Hwkye pisHs MMI-8 y dhasi 3aro-
cTpeHHs XMy 2,14 pa3a (p < 0,0001), ane e piBeHb
MMr-8 B 1,62 pasa nepesuLlyBaB Takuin NOKA3HWK Yy
KOHTponbHi rpyni (p < 0,0001). Bmict MMIM-9 y dpasi
peKOHBanecLeHLi 3VEHLLBCS NOPIBHSHO 3 ha3oto 3aro-
cTpenHs XIM B 1,96 pasa (p <0,0001) i sammwascsie 1,10
pasa BULLMM 3@ aHanoriyHWi NOKa3HWK y KOHTPOIbHIN
rpyni, He JOCSratoym BiporigHOCTI Pi3HULL.

KoHueHTpauis TIMIM-1y cuposaTui nauieHTiB y ¢asi
pekoHBanecueHLii 3aMeHLWwMunacb NpoTK No4YaTKoBOro
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Ta6nuus 1. KoHueHTpaLii MaTpUKCHUX MeTanonpoTeiHas i TKaHWHHMX iHribiTopiB

meTarnonpoTeiHas y cupoBaTLi kposi xBopux Ha Xy anHamiLi xBopobu

KoHTponbHa rpyna
(n=15)

MMT-8, Hr/n 22,67+0,95 78,29+ 2,69
p,<0,0001
MMT-9, Hr/n 83,07+3,88 178,91 +8,59
p,<0,0001
TIMI-1, Hrfn 83,86+ 3,61 124,44 +5,16
p,<0,0001
MMM-8/TIMIT-1, y. 0. 0,289 + 0,02 0,640 £ 0,02
p,<0,0001
MMM-9/TIMM-1,y. 0. 0,99 £ 0,01 1,44£0,03
p,< 0,0001

3arocTpeHHs XIM
(n=15)

PekoHBanecueHLjs

nicnsa caHauii

(n=15)
36,65 £ 1,21
p,<0,0001
p, < 0,0001
91,21+2,05
p, < 0,0001
p,=0,07
109,33 £ 3,40
P,=0,02

p, < 0,0001
0,340 0,01
p, < 0,0001
p,= 0,03
0,840 £ 0,01
p,<0,0001
p,<0,0001

p,: MOPIBHSHO 3 rPYNOIo KOHTPOSTIO; p,: NOPIBHAHO 3 NOKa3HNKaMu y (hagi 3arocTperHs XITl.

piBHS y chasi 3arocTpenHst XI1 B 1,14 pasa (p < 0,0001),
NepeBHLLYHOYM BiANOBIAHUI NOKA3HUK Y KOHTPOIbHIN rpyni
B 1,30 pa3a (p = 0,02).

YHacnigok HaBeeHux 3MmiH Bmicty MMI-8, MMIM-9 i
TIMMM-1 koedpidieHT MMM-8/TIMIM-1 y ¢hasi pekoHBanec-
LieHLii ctaHoBwB y cepeaHbomy 0,34 0,01 y.0., Wwo 6yno
B 1,88 pasa BuLLe 3a Takui y ¢pasi 3arocTpeHHs XIT1iB
1,18 pasa BuLLE NOPIBHSAHO 3 KOHTPOBHOK IPYMOK (P =
0,03). KoedpivieHtT MMI1-9/TIMIM-1 y cbasi pekoHBanec-
LieHLii 3MEHLUMBCS NPOTM NOYaTKOBOrO 3Ha4YeHHs B 1,71
pa3sa, ctaHoBnsuM y cepegHbomy 0,840 + 0,01 y.o., To6TO
B 1,18 pasa ByLLe 3a aHAMOTIYHWIA MOKA3HWK Y KOHTPOMNb-
Hiv rpyni (p < 0,0001).

06roBopeHHs

Pe3ynbrati gocnimkeHHs ceigyath, WO OHieto 3i ckna-
[LOBVWX XPOHIYHOTO 3ananeHHst B NePIOLOHTI, Lo CynpoBo-
LPKYETLCS (DOPMYBAHHSM rPaHyIbOM Y KiCTKOBIN TKaHWHI,
€ aKT1BaLlis CMCTEMM MaTPUKCHUX MeTanonpoTeiHas Ta
IXHIX iHriGiTopiB.

OcHoBHUM mpkepenom noctadaHHs MMIM-8 npu XM e
noniMopdpHosAePHi HENTPOINK, ki NPSIMYHOTb Y BOTHULLE
3anarneHHs, e aKTMBYETbCS NEPIOJOHTONATOreHHa MIKpO-
drnopa [12]. MMI-8, koTpa Bigoma TakoX sik HEMTpodoisibHa
KornareHasa 1 konareHasa-2, 3a6esnedvye o 90-95 %
KonareHoNTMYHOT aKTUBHOCTI LWOAO konareHy | uny [1].
AKTVBaLit0 HEMTPOINIB Y BOTHULLI 3anarneHHs BUKIKaoTb
€HIOTOKCVHW MapOAOHTOMATOrEHHWX MIKpOOPraHiamis:
nenTuaornikaHuy, ninononicaxapuau, TEMX0eBi KUCIOTK [6].
MMicns cTumynauii eHOOTOKCMHaMM HEMTPOINKU BUAINSIOTL
3i cBoix rpanyn MMI-8 marike HeranHo [1].

MartpwkcHi MeTanonpoTeiHasu € eHgonenTuaasamm,
SKi lerpapyroTb KOMMOHEHTW NO3aKNiTMHHOMO MaTPHKCY,
ane Takox MoZynoTh 3ananerHst. Mig yac 6aktepians-
HUX iHdekuin MMPs Baxnusi B pekpyTWHIy Ta Mirpauii
3ananbHuX KnituH. Kpim nonerwerHs mirpauii KniTuH
LUAXOM Aerpagauii KOMMNOHEHTIB NO3aKNiTMHHONO Ma-
TPYKCY, BOHM MOTEHLIOIOTL [ik0 KINbKOX 3anasibHuX Mo-
neKyn, BKIKOYakoUM LMTOKIHW, XEMOKIHM Ta aHTUMIKPOOHI
nentuam [13].

Ha aymky pocnighukis [8,14], MMMM-8 € ogHum i3
HanbinbL nepcnekTUBHKUX GiomapkepiB Ans paHHLOT
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[iarHOCTVKM CTOMATOSOrIYHOI NaTomnorii, ane B AeAKUX
HeAaBHIX [OCTIMKEHHSX pesynbTaTi MatoTb NPOTUPIYYS,
Lo notpedye NpoaoBXeHHs BUB4eHHs poni MMI-8 npu
3anareHHi napoAoHTa Ta nepiofoHTa. 3a JaHnMy aBTopiB
[8], piBeHb MMTI-8 y cnvHi ByB iCTOTHO BULLMIA Y NaLLIEHTIB
i3 NepiOAOHTUTOM MOPIBHAHO 3 KOHTPOMNEM.

36inbLueHHs ekcnpecii MMI-8 B anikanbHiid TKaHWHiI
npv NepIOAOHTUTI 3apeecTpoBaHo B gocnigax [15], npu
ubomy ekcnpecis MMI-8 3a pesynsratamu noniMepas-
HOI NaHLIFOroBOI peakLii SiKk Py CUMITOMaTUYHOMY, TaK
i acuMnToMaTUYHOMY anikanbHOMYy NepioAoHTUTI Byna
[0BONi 3HAYYLLOH.

3a gaHnmu [16], MMI-8 y cnvHi ntogei, siki XBopi Ha
NEPIOAOHTHUT, HAsIBHA Y MHOXMHHMX hopmaXx: KOMMIEKCH,
akTBoBaHi Monekynu i npodopmu MMI-8 HerTpodinb-
HOrO Ta Me3eHXiManbHOro TUMiB, a TakoX doparMeHTu
20-27 k[la. KinbkicTb Lmx pparmeHTiB Byna nigsuLLeHo0
MPU Pi3HMX KIiHIYHMX hopMax XBOPOOM.

Dxepenom MMIM-9 (xenatuHasa B) € nenkouuty,
30KkpemMa MoHoLMTH, Makpodaru, dibpobnacti. Yci ui
TWNW KNITUH HasBHI y BorHULwi XIT1. MMT-9 cekpetyeTtbcst
TOMOBHWM YMHOM KIiITUHAMU, sIKi 3a3HamM 3ananeHHs.
Cyb6erpatom ans MMM-9 e pneHatyposaHuiA konareH |
TMNYy (KenaTuH), HaTUBHI KonareHu iHWuX Tunis, ubpu-
HOTreH, a TaKOX eHTaKTUH, SKUI 3'€QHYE NaMiHiH i konareH
IV tuny. MMT1-9 6epe yyactb y perynsuii 3ananeHHs
LUMISIXOM MPOLIECUHTY LIMTOKIHIB/XEMOKIHIB [17].

Y Halmx AOCHiMKEHHSX nigBuLLeHuin BmicT MMI-8 i
MMI-9 y chasi 3aroctperHst XIT1, 6e3 cymHiBy, 3ymoBne-
HUIM HASIBHICTIO Y BOTHULLLi XPOHIYHOTO 3ananeHHs B nepio-
[OHTI aKTMBOBaHMX HEMTPOiNiB, MOHOLMTIB Ta iHLUMX
KNiTUH — NpodYLEHTIB LMX MeTanonpoteinas. lNpuseptae
yBary, Lo CTyniHb 36inbLueHHs BmicTy MMI-8 y cuposart-
ui Kposi y xBopux Ha XMy ¢hasi 3arocTpeHHs 3Ha4HO
GinbLumia, Hix ans MMIM-9 (3,45 pasa npotu 2,15 pasa).

AkTuBHICTb MMy TKaHMHaxX perymioeTbes 3okpema
IXHIMW rONIOBHUMM eHAOrEHHUMY iHriBiTopamm — TIMI, siki
NPOOYKYKOTLCA KNiTMHaMu cTpoMu. Binomo, 110 0CHOBHUM
micuem ekcnpecii TIMIM-1 € kicTkoBa TkaHuHa. TIMI-1
OroKye pyiiHyBaHHSI EKCTPALENONSAPHOrO MaTpUKCy,
CTUMYIOE KMIiTUHHY nponichepaLito, Bonogie aHTuanon-
TUYHOI aKTUBHICTHO [18].

3a pesynsratamu Haworo gocnimpkeHHs, Bmict TIMIM-
1y cuposaTLi kpoBi xBopux Ha XITTy dasi 3arocTpeHHs
npw YiTKi TeHaeHuii 4o 36inbLueHHs (B 1,48 pasa npoTu
NoKa3HMKa KOHTPOMbHOI rpyni) 3anuWaeTbCs HepoCTaT-
HiM ans iHribysaHHs MMIM-8 i MMIM-9, Ha Lo Bkasye
36inbLweHHs koediuientis MMM-8/TIMM-1 i MMI-9/
TIMIM-1. OTxe, AOMIHYE OECTPYKLIS TKaHUH Y BOTHULL
3ananeHHs y gasi 3aroctpeHHs XITI.

Y hasi pekoHBanecueHLji, micns caHauii BorHuLia
3ananerHs XTI BU3HAYMNK CYTTEBE 3HUXKEHHS B CUPO-
BaTLji kpoBi navjeHTiB BMicTy MMIM-8 i MMIM-9 npu 3HayHo
MEHLUOMY TeMni 3HuKeHHs BmicTy TIMM-1. OTxe, y
¢hasi pekoHBanecLeHLi B MicLi pyliiHyBaHHS NepiogoHTa
MOYMHAOTb MPEeBarnoBaTy NpoLecu penapavii TKaHWH.
[okasom uboro € 3apeecTpoBaHe y asi pekoHBanec-
ueHuii X' 3meHwweHHs koedivieHTie MMIM-8/TIMM-1 i
MMMM-9/TIMIM-1.

CnpsimoBaHicTb A0 3HWxeHHs MMI-8 i TIMI-1 nicns
HexXipypriYHoro nikyBaHHS XBOPUX i3 NEPiOAOHTaSIbHOK
naTonorieto BU3HadYeHa B gocnigax [19].
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3aranom, pesynbraTyt OOCMIAXEHHS CBigYaTh:
MMnM-8, MMI-9 i TIMI-1 BigirpatoTb BaXnuBy porb y
naroreHesi XIT1.

BucHoBKHU

1. XpOHi4HUI rpaHymoBasribHUIA NEPIOAOHTUT CYMpo-
BOKYETbCA 3MiHAaMU B CUPOBATLL KPOBi XBOPUX BMICTY
MMTM-8, MMI-9 i TIMI-1, sii 3anexarts Big dasu naro-
noriyHoro npouecy. HanbinbLwi koHueHTpauii MMIT-8,
MMTI1-9 i TIMIM-1 3apeecTpoBaHo y hasi 3aroCTPEHHS
XIT1.'Y thasi pekoHBanecLeHLjii XpOHIYHOM rpaHyntoBasib-
HOro MEPIOAOHTUTY, NiCNA caHallii BOrHWLA 3ananeHHs
KoHueHTpauii MMIM-8, MMI-9i TIMI-1 y cupoBaTui kposi
3MEHLLYHOTLCS, | AMHaMika 3meHLWweHHs BMicTy MMI-8 i
MMT-9 npeBantoe Hag Takoto ans TIMIM-1.

2. Koedpivient MMM-8/TIMIM-1 i MMI-9/TIMM-1, siki
XapakTepu3aytoTb 6anaHc y CYcTeMi MaTpUKCHIX MeTano-
npoTeiHa3 Ta ixHix iHribiTopis, AalTb 3MOry OLiHIOBATM
CTaH Ljiel cuctemn B AMHAMILL 3aXBOPHOBAHHS.

MepcnekTMBM noganblimMx gocnigxeHb. na-
HyeTbesa gocnimkeHHs smicty MMIM-1, MMMM-2 i TIMM-2
Y KPOBi XBOPWX Ha XPOHIYHWUI rpaHymioBanbHWiA NepiogoH-
TUT y OMHaMILi 3aXBOPIOBAHHSI.
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KAiHiuHa epeKTUBHICTb €K30reHHOro L-apriHiHy y XBOPHUX Ha rinepToHiuHy
XBOpPOOY Ha TAl XpOHiUHOro 06CTPYKTMBHOIO 3aXBOPIOBAHHA AereéHb

0. B. KpawpaweHnkotf, O. C. Tarna*#BCP

3anopi3bkni AepxXaBHUIA MEeAUYHWIA YHIBEPCUTET, YKpaiHa

A - KOHLIEMNLLS Ta AM3aNH AOCAIAKEHHS; B - 36ip AaHuMX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs ctatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3atBEpPAXEHHS CTaTTI

XpoHiyHe 0b6CTPyKTMBHE 3axBoptoBaHHs nereHb (XO3JT) i rinepToHiyHa xBopoba (MX) — ogHa 3 NOLUMPEHMX, MPOBIAHWX NPo-
6nem NpakTU4HOI OXOPOHW 340POB'S.

MeTta po60TK — OLiHIOBaHHS KNiHIYHOI edpekTUBHOCTI 3acoby MeTaboniyHoi kopekuii (TIBOPTIH) y KOMNIEKCHOMY NiKyBaHHi
XBOPMX Ha XPOHIYHE OOCTPYKTVBHE 3aXBOPIOBAHHS! NErEHb 3@ HAsiBHOCTI MNEPTOHIYHOT XBOPOOU.

Matepianu Ta metoau. Obctexwunm 23 ocib, siki XBopi (0cHoBHa rpyna) Ha X || ctagii 3 piBHem apTepianbHoi rinepteHaii Il
ctynexs Ta i3 XO3/1 Il cTagii 6e3 kniHi4HO 3HaYyLLOi CynyTHLOI NaTonorii, cepeaHii Bik 51,72 + 1,22 poky, i3 piaH1M kapgiosa-
CKyNSIPHUM PU3VKOM, 6€3 afieKBaTHOI CUCTEMATUYHOT aHTUTiNEPTEH3MBHOI Tepanii; 82,6 % — akTUBHI KypLli, iIHAEKC Naqko-pokiB
—17,23 £ 2,69, WKignveui npodecinHuii dhaktop (BUpobH14mMin) BigaHaunnm 23,53 % ocib. Yci XxBopi OCHOBHOI rpynu npuimMant
L-apriHiH acnaprat y Burnsgi 4,2 % pos4nHy BHYTpillHL0BeHHO no 100 mn 1 pa3 Ha foby (kypc 10-12 gHis) i3 nepexonom
Hagani Ha po34nH Ans nepopasnbHoro 3actocyBaHHs no 10 mn 5 pasis Ha poby (kypc — 3 mic. £ 3 obu). OBCTEXUNM TakoxX
(novaTkoBO Ta Yepes 3 micai) rpyny nopisHsHHS (n = 15, Bik — 49,15 + 1,40 poky), Lo 3icTaBHa 3a kIiHiko-gemorpadiyHumMm
noKasHWKamm 3 OCHOBHOHO rpynoto. Ocobm 3 rpynu NopiBHAHHS OTPUMYBanu aHanoriyHy Tpaauuindy Tepanito X i XO3/1 6e3
3aCTOCYyBaHHs MeTaboniTOTPONHOrO Npenapaty — ek3oreHHoro L-apriHiHy TiBopTiH. OiarHoctuky XO3/1 i X 3giicHunn Ha
niacTaBi 3aranbHOMPUIAHATUX KpUTEpIiB. MapaMeTpy SKOCTI XUTTS OUiHIOBaNM 3rigHo 3 «KOpoTKMM OnMMUTYBanbHUKOM OLjHKM
cTarycy 30opoB’s» SF-36. MeTtaboniam rmyTaTioHy Ta cTaH Tion-aucynbigHoro 6anaHcy BMB4anu 3a BMiCTOM OKUCIIEHOTO Ta
BiZJHOBMEHOTO rNyTaTiOHY, aKTUBHOCTi (DEPMEHTIB — [MyTaTioH-S-TpaHcdepasu, MyTaTioHpeayKTasy Ta riyTaTioH nepokcuaasu
B cupoBaTL;i kposi. Bmict ST2, CASPASE-7 i CASPASE-9 y kpoBi BU3Ha4Yanu, BUKOPUCTOBYOYM BiANOBIAHI TeCT-cuctemu 1GA.

Pe3ynkratu. MNpuaHaveHHs L-apriHiHy cnpuano npurHiYeHHI0 OKCUOATUBHOIO CTPECY Ta BiAHOBMEHHIO TioN-aucynbgigHOro
GanaHcy i, Ik pe3ynsTaT HasBaHWX MPOLIECIB, ranbMyBano anonToTUYHI NPOLECK B OpraHiaMi NawjieHTiB i3 KOMopOigHICTO.
PiseHb excnpecii 6inka ST2 nicns nikyBaHHs nauieHTiB i3 MX i XO3/1 TiBopTiHOM 3MeHLUMBCS BABIYi, @ KOMNeHcaTopHa
MOXIMBICTb OpraHiaMy XBOpOro, KOTpa Momsirae y BKIKOYEHHI Kapaio3axMCHOT0 CUrHanbHoOro kackagy 3anobiraHHs ibposy
Ta PEMOAENIOBAHHIO CepLs, OnTUManbHUM Lnsxom Oyae peanizoBaHa came nicns eKcrepuMeHTanbHoro nikyBaHHs. Kpim
perpecy KIiHiYHUX CUMNTOMIB, HOpMani3aLii apTepianbHOro TUCKY Ta NONiNLLEeHHs 6POHXIanbHOT NPOXIAHOCTI Ha TN 3HWKEHHS!
PiBHS @KTUBHOCTI anoNTOTUYHWX MapKepiB CNOCTepiranu BigHOBMNEHHS AKOCTi XUTTS, (Di3NYHOro Ta NcyuxocoLianbHOro CTaTycy.

BucHoBku. [JogaTkoe npuaHaveHHs L-apriHiHy Ha Tni Tpaguuindoi Tepanii XO3/1i X cnpusie cyTTeBilOMYy Ta BiporigHOMY
MPUrHIYEHHIO OKCMAATUBHOTO CTPECY Ta BiAHOBMEHHHO TioN-AMCynbdiaHOro 6anaHcy, a OTke ranbMye iHTeHcKdikaLlito npouecis
anonTosy B NaLjeHTiB i3 koMopbigHicTto, siky aHanidyanu. Kpim perpecy kniHiYH1x cumMnToMIB, HopmanisaLii apTepiansHoro
TUCKY | noninLueHHs BpOoHXianbHOT NPOXIAHOCTI Ha TI1i 3HWXKEHHS PIBHSI aKTUBHOCTI anonTOTUYHUX MapKepiB, BCTAHOBUIN
BipOriAHe BiAHOBMEHHS AKOCTI XUTTS, (Ii3U4HOTO | NCUXOCOLjanbHOro CTaTycy.

KauHnueckas 3 GpEeKTUBHOCTb 3K30reHHOro L-apruHnHa y 60AbHbIX THNEepPTOHUYECKON
60A€3HbIO Ha HOHE XPOHMUECKOro 0OCTPYKTUBHOrO 3a60A€BaHNA AETKUX

0. B. KpaiipaweHko, 0. C. Taraas

XpoHuyeckoe 06CTpykTMBHOE 3abonesaHue nerkux (XO3J1) u runeptoHnyeckas 6onesHb (Ib) — ogHa 13 pacnpocTpaHeHHbIX,
BeAYLUMX W akTyanbHbIX Npo6rnemM npaKkTUYecKoro 3apaBooXpaHEHUSI.

Llenb pa6oThbl — oLeHKa KnHUYeckon 3hHEKTUBHOCTM CpeacTBa MeTabonnyeckoit koppekuuy (TUBOPTUH) B KOMMIIEKCHOM
nedeHnn 6oMbHBIX XPOHUYECKM 0BCTPYKTUBHBIM 3a60MEeBaHNEM METKVX NPY HANYMK TMNEepPTOHNYECKO 60nesHM.

Matepuansi u Mmetoabl. O6cnegosanm 23 6onbHbIX (0CHOBHas rpynna) ¢ auarHo3oM b Il ctagum ¢ ypoBHeM apTepuansHon
runepteHann 1=l creneqn n XO3M |l ctagnm 6€3 KIMMHUYECKM 3HAYMMON COMYTCTBYHOLLEN NaTornorum, CPeaHUin Bo3pacT —
51,72 £1,22, ¢ pa3annyHbIM KapAYOBaCKynsipHbIM PUCKOM, 6€3 aeKBaTHON CUCTEMATUYECKOM aHTUMMMEPTEH3NBHO TEpanmm;
82,6 % — aKTVBHbIE KypUMbLLMKI, MHAEKC Nadvko-neT — 17,23 + 2,69, Ha npodeccroHanbHbIi (akTop (MPOU3BOACTBEHHbIN)
ykasamm 23,53 % obcrnepoBaHHbIX. Bee 60mnbHble 0CHOBHOW rpynmbl NpuHumanu L-aprimH acnaptar B Buge 4,2 % pactso-
pa BHyTpyBeHHO no 100 mn 1 pa3 B cyTku (kypc 10—12 aHen) ¢ nocneayoLwym Nepexoaom Ha pacTeop A1 nepopansHOro
npumerenns no 10 mn 5 pa3 B cyTku (kypc 3 mec. = 3 cyTok). Takke obcnenoBanu (M3HauYanbHO v Yyepes 3 Mec.) rpynny
cpaBHeHus (n = 15, Bospact — 49,15 £ 1,40 roga), conoctaBuMyto Mo KNMHWUKO-AeMorpadouyeckum nokasarensiv ¢ OCHOBHOW
rpynnon. OBcnenoBaHHble U3 rpynMbl CPABHEHWS MOMyYany aHamnorvyHy TpaauumnorHyro Tepanuo ' n XO3J1 6e3 npu-
MEHEHUS METAabONMUTOTPOMHOrO Npenapara — 3k3oreHHoro L-aprHmHa TuBopTuH. Quardoctuky XO3J1 n b npoBogunu Ha
OCHOBaHMM 0BLLENPUHATBLIX KpUTEpUEB. [apameTpbl KavecTBa XW3HK OLEHMBanW cornacHo «KpaTkoro onpocHMKa OLEHKM
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craryca 30opoBbsi» SF-36. Metabonuam rnyTaT1oHa u CocTosiHME TUon-aucynbduaHoro 6anaxca usyyanm no copepxaxuio
OKMCNEHHOTO 1 BOCCTAHOBIIEHHOTO IyTaTUOHA W aKTUBHOCTU (DEPMEHTOB — MyTaTUOH-S-TpaHcdepasbl, MyTaTuoHpeyk-
Tasbl W rMyTaTMOH Nepokcuaasbl B cbiBopoTke kposu. Cogepxanune ST2, CASPASE-7 n CASPASE-9 B kposw onpeaensmm ¢
CMONb30BaHEM COOTBETCTBYIOLLUX TecT-cuctem VDA,

Pesynkratbl. HazHaueHue L-apruHuHa cnocobeTBOBano nofaBneHunio OKCUAATMBHOIO CTPECCA U BOCCTAHOBINEHIO TUOM-Au-
cynbgmaHoro 6anaHca u, kak pesynbrar BbilLeykasaHHbIX NPOLECCOB, TOPMO3MIO anomnTo3 B OpraHM3Me MaLMeHTOoB ¢ KOMOop-
6maHocTbH0. YpoBeHb akcnpeccum 6enka ST2 nocne nevexns nauneHTos ¢ I'b n XO3/1 TMBOPTUHOM yMeHbLUMICS B ABa pa3a,
a KoMreHcaTopHasi BO3MOXHOCTb OpraHuama 60rbHOro, KoTopast 3akIio4YaeTest BO BKIHOYEHWN KapAM03aLLMTHOMO CUrHaIbHOTO
kackaaa npenoTspalleHns hnbposa 1 peMoaenvpoBaHis cepaLa Hanbonee onTumarnbHeIM nyTem GyaeT peanu3oBaHa IMEHHO
rnocre npoBefeHUs 3KCNePUMeEHTanNbLHOrO nieveHust. KpoMe perpecca KImH14eckux CUMMNTOMOB, HOpManu3aLmuy apTepransHoro
[@BINEHNS 1 yNyuLlieHnst GpoHXManbHO NPOXOAUMOCTU Ha OOHE CHIXKEHUS YPOBHSI aKTUBHOCTM anonTOTUYECKUX MapKepoB,
HabniofaeTcs BOCCTAHOBIEHME Ka4ecTBa XW3HU, Kak (h3NYeckoro, Tak 1 NCMXocoLmanbHoro craryca.

BbiBoabl. [lononHutensHoe HasHadyeHue L-apruHuHa Ha doHe TpagmumonHon Tepanun XO3JT n I'b cnocobetayet Gonee
3HaYMMOMY 1 [JOCTOBEPHOMY YrHETEHWIO OKCMAATVMBHOTO CTPecca Y BOCCTAHOBMEHMIO TWOM-AUCYNbduMaHoro BanaHca u,
KaK pesynbTar BblleykadaHHbIX MPOLECcCOoB, TOPMO3UT MHTEHCU(UKALMIO NPOLIECCOB anonTo3a y NauneHToB C yKasaHHOW
koMop6uaHocTbHo. Kpome perpecca KnMHUYeckux CUMNTOMOB, HOpManu3aLummn apTepranbHoro AaBnerust 1 ynyyLleHnst GpoH-
XvanbHOW NPOXOAMMOCTY Ha (HOHE CHKEHUSI YPOBHS aKTMBHOCTU anonTOTUYECKUX MapKkepoB, HabntoaaeTcs 4OCTOBEPHOE
BOCCTaHOBIEHME KA4YECTBA XM3HM, KaK (OU3M4ECKOrO, TaK U MCUXOCOLMAnbHOrO CTaTyca.

Clinical efficiency of exogenous L-arginine in patients with essential hypertension
against the background of chronic obstructive pulmonary disease

0. V. Kraidashenko, O. S. Tiahla

Chronic obstructive pulmonary disease (COPD) and essential hypertension (EH) are one of the most common, leading and
current problems of practical public health.

The purpose of this study was to evaluate the clinical efficacy of the metabolic correction agent (“Tivortin”) in the complex
treatment of patients with COPD in the presence of EH.

Materials and methods. We examined 23 patients with the diagnosis of EH stage Il and COPD stage Il as the main group,
mean age 51.72 + 1.22; various cardiovascular risk, without adequate systematic antihypertensive therapy; disease duration —
7.52 £1.14; 82.6 % — active smokers, pack-years index — 17.23 £ 2.69. All patients of the main group took L-arginine aspartate
in the form of a 4.2 % solution intravenously, 100 ml 1 time per day (course of 10-12 days) with the subsequent transfer to
the solution for oral administration of 10 ml 5 times a day (course of 3 months + 3 days). The comparison group (n = 15, age
49.15 £ 1.40), comparable in clinical and demographic parameters to the main group, was also studied (initially and after 3
months) and received similar traditional therapy for EH and COPD without the use of a metabolite drug — exogenous L-arginine
“Tivortin”. Diagnosis of COPD and hypertension was carried out on the basis of generally accepted criteria. The quality of
life (QOL) parameters were assessed according to the SF-36 “Short Health Assessment Questionnaire”. The metabolism of
glutathione and the state of the thiol-disulfide balance was studied by the content of oxidized and reduced glutathione and
the activity of the enzymes glutathione-S-transferase, glutathione reductase and glutathione peroxidase in the blood serum.
The content of ST2, CASPASE-7 and CASPASE-9 in the blood was determined using the appropriate ELISA test systems.

Results. The administration of L-arginine contributed to the suppression of oxidative stress and the restoration of the thiol-
disulfide balance and, as a result of the above processes, inhibited the apoptosis in the body of patients with comorbidity.
The expression level of ST2 protein after treatment of patients with EH and COPD by “Tivortin” decreased by half, and
the compensatory ability of the patient body, which is to enable the cardioprotective signaling cascade to prevent fibrosis and
remodeling of the heart in the most optimal way, will be realized after the experimental treatment. In addition to the regression of
clinical symptoms, normalization of blood pressure and improvement of bronchial patency against the background of a decrease
in the level of activity of apoptotic markers, there is a restoration of the quality of life, both physical and psychosocial status.

Conclusions. The additional use of L-arginine against the background of conventional therapy with COPD and EH promotes
more significant and reliable suppression of oxidative stress and restores thiol-disulphide balance and, as a result of the above-
mentioned processes, inhibits the intensification of apoptosis in patients with this comorbidity. In addition to regression of clinical
symptoms, normalization of blood pressure and improvement of bronchial patency on the background of lowering the activity
of apoptotic markers, there is a significant recovery of QOL, both physical and psychosocial status.

XpoHiyHe 0BCTpyKTUBHE 3axBoptoBaHHs NnereHb (XO31)
Ta rinepToHiyHa xBopoba (MX) cTaHOBNATL OOHY 3 Mo-
LUMPEHWNX, NPOBIAHMUX NPOBMEM NPaKTUYHOI OXOPOHU
3gopor’s [1]. Kinbkicte xBopux Ha XOSJT nocrTitHO
30inbLUIyeTbCS, NPOrpecyBaHHs XBOpOOW Mig BNIMBOM
(hakTopiB pU3nKy (HECTIPUATIIMBUIA CTaH JOBKINNS, aKTUB-
He 1 NacuBHe KypiHHSA, NpodeciiHi hakTopu, heHoMeH
aTonii, pecnipaTtopHi iHdeKLii) CBIA4ATE NPO HEAOCTATHIO
e(eKTUBHICTb HasiBHUX METOZIB NikyBaHHS. 36inbLueH-
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Hs1 KiNbKOCTI XBOPUX i3 Lieto komopbigHOW naTonorieto
3aBAae Ceprmo3HOro MatepianbHOro Ta couianbHoro
36MTKy CycninbCTBY, NOTPEbye NOLLYKY Ta AOCIIMKEHHS
HOBWX ETIONATOreHETUYHNX YMHHKKIB, 0COBNMBOCTEN
nepebiry, BpaxoBytumM B3aEMHO OOTSRKNMBI MaTonorii, Ta
PO3p0bNEHHs HOBITHIX NiAXOAIB Y NiKyBaHHI Ha fOAATOK
[0 Knacu4HMX TepaneBTUYHINX NPOTOKOAIB [2].
XapakTtep i BUpa3HiCTb 3MiH y CUCTEMI rnyTaTioHy
npW NoegHaHin natonorii cepLeBo-CyAUHHOI Ta nere-
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HEBOI CMCTEM Y XBOPUX MOKAa3yl0Tb 3aXMUCHY peakLito Ha
iHAYKOBaHUIN OKVCIIFOBaNbHUIN CTPEC: 3pOCTAE aKTUBHICTb
OCHOBHWX @HTUOKCUAAHTHUX (DEPMEHTIB — rMyTaTioHne-
pokcuaaswn i rmyTaTioHTpaHcdepasm; 306inbLyeTbcs
KOHL|EHTpaList BiJHOBMEHOrO MyTaTiOHy Y Nna3Mmi CUH-
XPOHHO 3 NiABULLEHHAM aKTUBHOCTI [MyTaTiOHPeayKTasu.
IHTeHcMikaLlis npoLeciB NepeknCHOr0 OKUCHEHHS NinigiB
NPU3BOAMTL 0 YTBOPEHHS BEMNMUKOI KiflbKOCTi OKUCIIEHOTO
OKCYAY a30Ty — NEPOKCUHITPUTY, SKWIA € [OBOMi MOTYXXHUM
OKWCIIOBa4YeM i NMOCUITIOE NPOLECH PEMOLENOBAHHS
CyOVH Ta anonTo3 KNituH [3].

HwHi NponoHytoTb pi3Hi cnocobu NPSMOro NPUrHiYeH-
Hs1 anonTo3y, SIk-0T NPUrHiYeHHs kacnas i Grnokapy Fas-pe-
uenTopiB. Ane HecenekTuBHa Cynpecis anonToTUYHOI
3arvbeni Moxe NpU3BECTU [0 36epeXeHHs B OpraHiami
reHETUYHO AedeKTHNX i (PYHKLIOHANbHO HEMOBHOLIHHNX
knituH [4]. Cnig BpaxoByBaTy, LLO MOCUSIEHHS anonTo3y
BKa3ye Ha CYTTEBI MOPYLUEHHS (Di3iONOriYHMX BHYTPILL-
HbOKMITVHHUX NPOLIECIB, TOMY AOLMbHILUMMY BUAAKTHCS
LOCTIIKEHHS! MOXTMMBOCTI NPUTHIYEHHS! He BnacHe 3arui-
6eni KNiTMH, @ MexaHiamiB, L0 CTBOPIOKOTL YMOBMU ANS
iHAYKUiT LbOro npoLiecy.

YTOYHEHHIO AESIKMX NATOreHETUYHUX MEXaHi3MiB,
OfHMX i3 BM3HAYanbHUX ANS NPOTEKTUBHOTO eekTy
Tepanii, MOXyTb CRYXWUTW KMiHiYHi 3iCTaBNEHHSA pe3ynb-
TarTiB, L0 OTPUMaHI nia Yac 0BCTeXEeHHS NaLjieHTIB Ha
TNi 4OAaTKOBOrO Npu3HayYeHHs TiBOPTiHY A0 TpaauLiiHoT
Tepanii XO3/1 ta aptepiansHoi rineptexaii (Al'). L-apriHiH
(o-amiHo-B-ryaHiguHoBanepiaHoBa K1cnota) — yMOBHO
He3aMiHHa aMiHOKMCOTa, WO € aKTUBHKM i Pi3HOBIYHUM
KNITUHHAM PEerynsTopoM BaraTboXx XWUTTEBO BaXMBKX
(yHKuin opraniamy. Tak, L-apriHiH € cyb6cTpatom ans
NO-cuHTa3m — depmeHTy, Wwo katanidye cuHtes NO B
eHpoTenioyutax [5]. BiH akTuBye ryaHinatumknasy w
nigBULLYE piBeHb LMKMIYHOTO ryaHiamuHmoHodocdary
(urM®) B eHpoTenii CyanH, 3MEHLLYE akTUBaLliio Ta ag-
resito NerKoLmTIB | TPOMOOLWMTIB 4O EHAOTENI, NPUrHIYYe
cuHTe3 nporteiHis agresii VCAM-1i MCP-1, 3anobiratoun B
TaKu cnocib YTBOPEHHIO 1 PO3BUTKY aTePOCKIEPOTUHHUX
GnSALLOK, NPUTHIYYE CUHTE3 EHAOTENiHY-1, LLIO € NOTY)XHUM
BA30KOHCTPUKTOPOM i CTUMYNATOPOM nponidpepallii i mi-
rpavii rnagkux MioUMTIB CyAMHHOI CTiHKWU. Takox L-apriHiH
NPUrHIYYEe CUHTE3 aCUMETPUYHOTO AUMETUIT-apriHiHy —
MOTY>XHOTO EHAOMEHHOTO CTUMYMSTOPa OKCUAATUBHOTO
ctpecy. [Mpenapat Mae BupaxeHi Basoannaryioui, aHTu-
riNOKCUYHI Ta aHTMOKCUAAHTHI BNACTUBOCTI, HOpManiaye
CTPYKTYpy Ta meTaboniam miokapaa npu rinokcii, wo
LyXe BaxnuBo B yMOBax OPOHX0-0BCTPYKTUBHOIO CUH-
Apomy. HasaHi BNacTMBOCTI npenaparty cBigyatb, L0
NPU3HaYeHHs NOro Y KINiHiYHiA npakTvui Tepanii XO3/1
y noegHaHHi 3 X mMoxe GyTn foBoni pauioHasnbHUM i
NaToreHeTUYHO OBrPyHTOBAHNM.

Y BiTYM3HSHIN i 3aKOPAOHHIN haxoBii nitepatypi €
TiNbKX MOOAMHOKI HayKoBi po6OTH, WO NiACYMOBYOTH
HaKOMWYeHi 3HaHHS NpO XapakTep 3MiH BereTaTMBHOro
CTaTycy, CUCTEMHOI reMoayHaMiKu, MOKa3HWKIB anonTo3y
npu XOB3JTHa i X npotsirom Tepanii goHatopom NO ans
KOpEKLii Pi3HNX MaTOreHETUYHNX YMHHWKIB KOMOPGIgHOT
natonorii. Lie obrpyHTOBYE nepcnekTuBHiCTL 0bpaHoro
HanpsMy HayKoBuX AocnimxeHs [6].

3 nornsgy NpakTUKW, OLiHIOBAHHS aHTuanonTo-
TUYHOI PONi BiAHOBMEHOrO AyTaTIOHY 3a JOMOMOroK
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€K30reHHUX JoHaTopiB L-apriHiHy CTaHOBUTb iHTepecC Ans
PO3p0OKM HOBUX MIAXOAIB LLOAO TapreTHoi Tepanii Wiel
koMopBigHOCTi, poBUTb iX NEPCNEKTUBHOK iIHHOBALIINHOK
«MiLLeHHIO» thapmakonoriyHoi cTpaterii npu X Ha Tni
XOg3JT-iHaykoBaHoi rinokcii. OTxe, nopyLieHa npobnema
He HOBa, ofHaK il akTyanbHiCTb i JOLMbHICTb Ha cyyac-
HOMY KniHiYHOMY eTani — 6e3CyMHiBHa.

Merta po6otu

OuiHtoBaHHS KNiHIYHOI eCPeKTUBHOCTI 3acoby meTaboniy-
HOi KopexLii (TiBOPTiH) y KOMNMEKCHOMY NiKyBaHHi XBOPYX
Ha XpOHi4YHe OBCTPYKTWMBHE 3aXBOPIOBAHHS fereHb 3a
HasBHOCTI MNEPTOHIYHOI XBOPOOY.

Martepianu i meToAU AOCAIAKEHHA

O6cTexwnm 23 xBopwx (1 rpyna) 3 giarHosom X Il ctagii
3 piBHeM apTepianbHoi rineptensii -1l ctynexs Ta XO3/1
Il cTagii 6e3 kniHiYHO 3HauyLLOi CynyTHLOI naTonorii,
cepepHin Bik — 51,72 + 1,22 poky, i3 pisHNM KapaioBacky-
NSIPHUM pU3KKoM, 6e3 ageKkBaTHOI CUCTEMATUYHOI aHTH-
rinepTeH3nBHOI Tepanii; 82,6 % — akTuBHI KypLi, iHAEKC
nayko-pokis — 17,23 £ 2,69, wkignusun npogecinHuin
thakTop (BMpoBHMUMIA) BiA3Haumnn 23,53 % ocib.

O6ecTexunu Takox (noyaTkoBo Ta yepes 3 Mmic.)
2 rpyny —nopisHsHHSA (n = 15, Bik—49,15 £ 1,40), sicTaBHy
3a KIiHiko-AeMorpaiyHMmM NoKasH1Kamm 3 OCHOBHOK
rpynoto.

Jiarnoctuky XO3J1 3gificHioBanu Ha nigctasi 3a-
ranbHOMPUNHATKX KpuTepiie. XBopi, ski Bpanu yyacTb
y pocnimkeHHi, manu nepesaxHo XO3J1 cepeaHboro ta
Bakoro cTyneHs (3rigHo 3 GOLD i Hakasom MO3 Ykpainu
Ne 128 Big 12.03.07 p.).

®yHKLi0 30BHILIHBOTO AUXaHHS BMU3Ha4yanu 3a
CTaHAapTHOK METOAMKOK Ha cniporpadiyHoMy anapari
«CIMIPOKOM», BrkopucToBYytouM nporpamHe 3abesne-
YeHHs1 BiANOBIAHO A0 pekoMeHAauin AMepUKaHCbKOT
TopakanbHOi Ta €BPONENCHKOI pecnipaTopHoi CinbHO-
Tn. OuiHtoBanu 06car hopcoBaHOMO BUAWXY 3a MepLuy
cekyHay (O®PB1), dopcoBaHy XUTTEBY EMHICTb NereHb
(PXKEN, %), cnisBigHOLLIEHHS 06CAry hopcoBaHOrO BUAK-
Xy 3a NepLUy CekyHay 0 (POPCOBaHOI KUTTEBOI EMHOCTI
nerenb (O®B, / ®XKEI), XBUNMHHMUIA 06'EM AUXAHHS!, KUT-
TEBY EMHICTb NereHb, MakcymarnbHy 06’eMHa LUBUAKICTb
(MOW 25 %, 50 %, 75 %). 3BopOTHICTb BpOHXIANbHOI
06CTpYyKLUii po3paxoByBanu CTaH4apTHAM METOZLOM A0
i yepes 10 xBunuH nicns Bayxy 200 mkr cansBytamony
(meTogom nikdnoymerpii).

Mapametpu sikocTi xuTTs (FK) Sk NoKasHUKM KoM-
MNeKCHOI iHTerpanbHoi XapakTepucTukn gisnyHoro,
MCUXOMNOTYHOTO, EMOLIIHOMO Ta CoLianbHOro (yHKLio-
HyBaHHS! NaLjieHTa, L0 3aCHOBaHI Ha 11oro cyb’eKTUBHMX
BiJYyTTAX, BCTAHOBIIOBANM Ha NiACTaBi ONUTYBarbHMKa
AN BUBMEHHS SKOCTI KUTTS (3rigHO 3 «KopoTkum onu-
TyBanbHUKOM OLjiHKM CTaTycy 340poB’'s» (OMilinHUM
YKpaiHCbKOMOBHUM aHanorom onutysanbHuka SF-36,
Short Form Medical Outcomes Study), sikuii cknagaeTbes
3 36 nuTaHb, Wo 06’eaHaHi y 8 wkan, chopMoBaHMX 3
Pi3HOI KiNbKOCTI MUTaHb.

Basytounch Ha pesynbratax aHKeTyBaHHS NaLieHTiB
3a SF-36, po3paxoByBanu 5 nokasHUKiB, O xapak-
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Tepu3yloTb i3nYHWI cTaTyc pecnoHaeHTa (isnyHa
aKTMBHICTb — ®A, ponb Gi3nyH1X Npobrnem B 0O6MeXeHHi
XuTTegianbHocTi — PO, 6inb — b, 3aranbHe 30opos’st —
33, xutTesgatHicTb — XK3), a Takox 5 napametpis, WO
noKasyloTb MOro ncuxocouianbHuin cTatyc (porb emo-
LinHMX npobrnem B obMexeHHi xutTedisnbHocTi — PE,
coujanbHa akTmBHicTb — CA, ncuxiyHe 3gopos’s — M3,
3aranbHe 3gopoB’s — 33, xuTTe3aatHicTb — XK3). [Ba
OCTaHHIX MOKA3HWKY BMU3HAYalThCS SK Di3UYHUM, TaK i
NCUXiYHUM cTaTycoM noanHu. SF-36 aae amory ouiHto-
Batu SK 3a 100-6anbHoto Lwkanoto. Lkanu ®A, 33, K3,
M3, CA OUIHIOKTLCS AK «NPAMI»: YM GinbLUi 3HAYEHHS,
M Kpale AX naujeHTa.

NikysaHHs XO3J1 BKo4aso XoriHONiT1kK, B,-aroHi-
CTMW, KOPTUKOCTEPOIAM, a TakoX KOMOIHOBaHI [1030BaHi
iHranAaTopHi 3acobu i MyKoniTukn. AHTUBIOTUKM (Makponi-
IM, PTOPXIHOMOHM) NpU3HaYanu nig vac iHekuiHoro
3aroCTPEHHS 32 HAsIBHOCTI KMiHIYHWUX 03HaK iIHTOKCMKaLLT,
THIHOTO XapKOTUHHS, rinepTepMil. Sk aHTUrinepTeH3NBHY
Tepanilo npusHayanu rinoTeH3uBHi npenapaTu: am-
nopunix (10 mr/goby) Ta/abo eHananpun (10 mr/goby).
Takox yci xBopi JoAaTkoBO oTpumyBanu L-apriHiH
acnaprat (0-amiHo-O-ryaHigMHoBanepiaHoBa KuCnoTa,
npenapart TiBopTiH®acnaptar, «tOpis-dapmy», Ykpaita) —
4,2 % po34ynH BHYTpilUHbOBEHHO Mo 100 mMn 1 pa3 Ha
A06y (kypc 10-12 gHiB) i3 nepexoaoM Hagani Ha po3ynH
[Ns1 NepoparnbHOro 3acTocyBaHHs (cknag: 5 Mn po3ynHy
MicTaTb L-apriHiHy acnaptaty 1 r (L-apribiny — 0,57 1,
kucnotn acnapariHooi — 0,43 1)) no 10 mn 5 pasiB Ha
no6y. OnuH nauieHT BigMOBMBCA Bif 04ATKOBOTO Bi3UTY
cnocTepexeHHs. TpuBanicTb NikyBaHHS CTaHOBMIA
3 mic. £ 3 fobw. XBopi 3 rpyn NOPIBHSHHS OTPUMYBau
aHanoriyHy TpaguuiinHy Tepanito X i XO3J1, ane 6es
3aCTOCyBaHHS METaboniTOTPONHOrO Npenapary — ek3o-
reHHoro L-apriHiHy (TiBOPTiH).

Yci nauieHTn ganu nucbMoBy [OGPOBINbHY 3rogy
Ha yyacTb y AOCMIIXEeHHi Ta OTPUMYBanu TpaguuinHy
Tepanito BignoBiaHo 4o pekomeHaauin BOOS.

Kpos ans gocnimpkeHs 6panu BpaHLui HaTLle Mix 8:00
i 9:00 3 kybiTansHoOi BeHW. [ns B3ATTA 3paskiB KpoBi Ans
nabopaTopHOro aHanisy BYKOPWUCTOBYBAmnM CTEPUIbHI
cuctemn «Vacutainers Systems» BUpoGHWLTBA dhipmm
«Becton Dickinson and Company». [ina oTpumaHHs
CMPOBATKM KPOBi BUKOPUCTOBYBanu npobipku 3 cenapy-
BanbHUM renem. 3abip kposi Ta 06pobKy 3giicHioBanm
3a IHCTpyKUjieto BMpoOHUKa. B okpemux Bunagkax 6Gio-
NoriYHWiA MaTepian Ans AOochimKeHb 3aMOpOXyBanu Ta
30epirany B MOpO3WIIbHIX kamepax 3a Temnepatypu B
mexax Big <-25 °C (xonogunbHa yctaHoBka RL28DAT,
Ne 4AAXB00089T) po <-50 °C (Mopo3unbHa kamepa YT
327). be3nocepeaHbo nepen AOCTIMKEHHIM HeobXigHy
KirnbKiCTb CMPOBATKN OLHOMOMEHTHO PO3MOPOXYBanu Ha
BOASHIN 6aHi npy Temnepartypi +37 °C B HaB4anbHOMY Me-
Avko-nabopatopHomy LeHTpi 3OMY 3rigHo 3 sopaHoto fo
Habopy iHCTpyKui€to (3aBigysay — npod. A. B. Abpamos).

Bwmict ST2, CASPASE-7 i CASPASE-9 y cuposatui
KPOBI BW3Ha4anu, BUKOPUCTOBYHOYM BiAMOBIAHI TECT-Cu-
cremu |®A (BupobHyk — Bender Medsystems, ABcTpist).
CraH Tion-gucynbigHoi cuctemy BUB4aM 3a BMiCTOM
OKMCIIEHOTO Ta BiAHOBMEHOTO rMyTaTIOHy Ta aKTUBHOCTI
hepmeHTiB — rnyTaTioH-S-TpaHcdepaan (I'T), rnyTaTioH-
penyktasu (I'P) i ryTatioHnepokcugasm (IMO) B cupo-
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BaTUi KpoBi. PiBeHb OKMCNEHWX i BigHOBMEHMX (HOpM
TMyTaTiOHy BU3Ha4Yanu riyopoMETpUYHO 3a peakLieto
3 0-(bTanesunM aHrigpugom. BrusHayeHHs aktueHocTi P
I'PYHTYBanocs Ha BUMIPIOBaHHI LUBWUAKOCTi OKUCMEHHS
NADPH, sky peectpyBanu cnekTpopoToMETPUYHO
npn goBxuHi xBuni 340 HM. AkTuBHICTb [T BU3HaYanm
32 WBMAKICTIO YTBOPEHHS IMyTaTiOH-S-KOH'toraTiB Mix
BiJHOBMEHO0 POPMOIO FMyTaTioHy i 1-xnop-2,4-AnHITpo-
6eHsonom (CDNB). AkTtusHicTb 10 (Mmonb/xs/r Binka)
BU3Ha4anwm 3a metoaukoto [7], 'P (NADPH/ xs/mr Binka,
HM) — 3a meTogukoto Goldberg [8]. KoHueHTpaLito 6inka
Bu3Hayanm 3a metogom O. N. Lowry [9]. ins BU3HAYEHHS
piBHs BigHoBneHux SH-rpyn Tionie fo 0,1 mn cupoBaTku
kposi gogasanu 0,8 mn Tpuc-HCI-6ycpepa i 0,1 mn AT-
HBK. InkybyBamm 5 xB npm 37 °C. MNapanensbHo cTaBunm
xonocty npoby, B sKy 3amicTb Giomatepiany aonasanu
0,1 gucTunboBaHoi Boaun. [Ana BU3HAYEHHSI CyMapHOro
BmicTy SH-rpyn go 0,1 mn cuposatku gogasanu 0,5 mn
koHueHTpoeaHoi HCl, 0,5 mn Tpuc-HCI-6ycdepa ta 10 mr
umHkoBoro nuny. Inky6ysanm 20 xe npu 37 °C. dinstpyBa-
v Yyepes npomuTuii rapsiyoto (70-80 °C) Bopoto oinsTp.
o dinetpaty gogasanu 0,1 mn ATHBK i gosogunu
Tpuc-HCI-6ychepom fo 3 mn. MapanensHo ctaBunu
xonocty npoby, 4o sKoi 3amicTb biomaTtepiany foaasanu
0,1 anctmunboBaHoi Boau. PeecTpyBanit ONTUYHY ryCTUHY
eKCnepuMEHTanbHUX NPob MpOTW XOMnocToi nMpobu npu
OOBXUHI XBUIi A = 412 HM.

CratnctnyHe onpautoBaHHS Martepiany BUKOHAmM
3a JONoMorot nporpamHoro 3abesnedyeHHs Excel
(Microsoft, CLLA) Ta 3 BUKOPUCTAHHAM MapameTpudHNX
i HEMmapaMeTpUYHUX METOAIB OLiHIOBAHHS OfEepPKaHWX
[aHnx y nakeri Statistica, Bepcisi 13 (Copyright 1384-2018
TIBCO Software Inc.All rights reserved). [laHi HaBeaeHi
K CepefiHe | CTaHAapTHa NOMUIKa Penpe3eHTaTUBHOCTI
BUOGIPKOBOro cepefiHboro 3HaveHHs (95 % [osipunii
iHTepsan — 95 % [l). AHanis HopmanbHOCTi po3noginy
ouiHioBanu 3a kputepiem Lanipo—Yinka (W). Ctatuctuy-
HY 3HaYyLLiCTb BIAMIHHOCTEN KiMbKICHUX MOKA3HMKIB Y
rpynax oLjiHioBanu 3a 1onomoroto t-kputepito CTblogeHTa
ANS 3anNeXHUX i HesanexHux rpyn. MNopiBHAHHSA rpyn
3a SAKICHOK O3HAKOK, a TaKOX MPOTArOM AOCTIAKEHHS
4acTOTV BMSIBMEHHS MOKA3HWKIB BUKOHYBanu 3a [omno-
MOTOK0 KpUTEPItO ¥? 3 aHaniaom Tabmuub CrpsBKEHOCTI.
BiporigHumMu BBaxkanu BiAMIHHOCTI NPy PiBHI 3HAYYLLOCTi
MeHLLe Hix 0,05.

PesyAbtatn

[laHi wWoao eH3MMaTUYHOT aKTUBHOCTI [y TaTiOHOBOI NaH-
kv Tion-aucynbdigHoi cuctemm y xeopux Ha X i3 XO3/1
Ha Tni NikyBaHHs, LU0 HaBeaeHi B mabnuyi 1, ceinyats npo
MiABULLEHHS aKTUBHOCTI hepMeHTy [T nicns nikyBaHHs
TiBopTiHOM y nauieHTiB i3 komopbiaHicTio X i XO3J1 Ha
31,16 % (mabn. 1).

CyTTeBO 36inbLUMMACs aKTUBHICTb | iHLLIOTO hepMeHTY
nicns NikyBaHHs NaLieHTIB eKCnepuMeHTanbHOT rpynu —
P — Ha 145,98 %, a depmeHT [TIO gemoHCTpyBaB
eneBauito 3Ha4eHb nicns Tepanii Ha 133,88 %. Omxe,
BU3HAYUMU CTiKe NiOBULLEHHS aKTUBHOCTI Ha3BaHUX
(hepmeHTiB Tion-gucynb®igHoOi CUCTEMW B MaLliEHTIB i3
X i XO3I nicns npuaHadveHHs TiBOPTIHY, WO CBiAYMTbL
Mpo BiporigHe BiZHOBMNEHHS aKTUBHOCTI Nyny (hepMeEHTIB
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BiQHOBHOI NaHku Tion-ancynb@igHOT CUCTEMM, SIKE BUSIB-
NSETCS NOMINWEHHAM KNiHIYHOT CUTYaLii B nauieHTiB. Ju-
HaMika rnyTaTioH3anexHVX eH3uMIB Nig Yac TpaanLinHoT
Tepanii BUsiBMnacs CTatTucTmyHo HesiporigHoto (p > 0,05),
i A% yepes 3 mic. He nepesuyBana 40 %.

BigHoBneHwi rnyTaTioH y nawjieHTis i3 KoMopbigHicTio
nicns nikyBaHHs TiBopTiHOM 36inbwmBes Ha 121,46 %
(p <0,05), a KinbKiCTb OKUCIIFOBAHOTO F1yTaTiOHy 3MEHLLM-
nacsiHa 47,24 % (p > 0,05), cniBBigHOLLIEHHS BiHOBIEHMX
¢hopM rmyTaTioHy 10 OKMUCTEHX BiAMOBIAHO 30inbLumnocs
BTpudi — Ha 152,23 % (p < 0,05), a piBeHb SH-rpyn npo-
OeMOHCTpyBaB enesauito Ha 105,04 % — cTaTUCTUYHO
BiporigHo (p < 0,05) (mabn. 2).

Omxe, Nyn BiZHOBMNEHWX TiONIB CyTTEBO 36iNMbLUMBCS
Ha Tni nikyBaHHs TiIBOPTIHOM, (hOPMYHO4U pe3epB Tion-aun-
cynbigHOI cucTeMy Ans CTINKOCTI 40 OKCUAATUBHOIO
CTPeCy Ta BifbHWX paguKanis sK KIKYoBOi NaHky nato-
reHesy X i XO3/1, BigHOBNOK4M NOPYLLEHNIA XBOPOOOHD
Tion-gucynbiaHun 6anaHc y naujieHTiB Liei ekcnepu-
MeHTanbHoi rpynu. [iucbanaHc y Tion-gucynbigHmx
cronykax nif, Yac pyTUHHOrO nikyBaHHs 6e3 goHaTtopa
L-apriHiHy 36epiraBcs, IMOBIpPHO, BHACTiAOK BiACY THOCTI/
HeJ0CTaTHOCTI NMOTEHLINHMX aHTUOKCUMOAHTHUX BNacTu-
BOCTEN Tepanii (BiAMIHHOCTI MixX rpynamu ans cniesig-
HOLLEHHS BiZHOBMEHMX Ta OKMCNEHMX ¢hopMm i npupicT
nokasHuka SH-rpyn ctanoBunu 49,55 % 1a 27,84 %
BiZNOBIaAHO, p < 0,05).

IHTEHCUBHICTbL NpoueciB anonTo3y B NauieHTiB 0
Ta Micnsa eKkcrnepuMeHTanbHOro fikyBaHHs BYBYanm 3a
piBHEM MapkepiB LibOro npoLiecy — kacnasu-7 i kacnasu-9
(mabn. 3).

MMicnsa nikyBaHHs npenapatom TiBOPTIHOM Y NaLieHTIB
i3 "X i XO3/1 Br3Haumnm ctatuctuyHo BiporigHe (p <0,01)
3HIDKEHHS KMIOYOBMX MapKepiB anonTosy: kacnasu-7
(Ha 80,0 %) Ta kacnasn-9 (Ha 48,53 %) — nopiBHAHO 3
PIBHAMM LMX iHiLianbHWX npoTeas 3armbeni KnitvH 80
Tepanii. OTxe, TiIBOPTIH He TiNbkK CNPUSIE NPUTHIYEHHIO
OKCMAATVMBHOIO CTPECY Ta BiHOBMEHHIO Tion-Ancynbdia-
Horo 6anaHcy, ane, Sk pesyrnsTaT X MPOLIECIB, ranbMye
anonTo3 B opraHiaMi nawieHTiB i3 komopOiaHicTto. BiamiH-
HOCTI 10 Ta Yyepe3 3 Mic. TpaauLINHOrO MikyBaHHS y rpyni
NopiBHsIHHSA cTaHoBKnmn 39,47 % ta 40,24 % BianosigHo.

lMepcnekTBHUM BioMapkepoM Npy 3aXBOPHOBAHHSX
CepLEBO-CYANHHOI CUCTEMU € CTUMYITIOBaNbHWIA (hakTop
pocty (ST2). Llei Ginok — uneH ciMencTa peLenTopis
iHTEPNENKiHY-1, SKuiA € B TpaHCMeMOpaHHi opMi Ha
KapaiomiouuTax i B po3umHHii doopmi (SST2) B cupoBarLi
kpoBi. 36inbLUEHHs KoHLUEeHTpawii sSST2 gosoni TicHo aco-
LinoBaHe 3 TSHXKKICTHO CepLieBO-CyAMHHOI naTosorii, Niasu-
LLIEHHSIM PU3UKY METanbHOr0 Pe3yrnsTarTy, a TakoxX PU3MKOM
panToBOi CMEPTI NALiEHTIB HE3aNEXHO Bia 00’'eMy chpakLii
Buknay. AvHamika excnpecii 6inka ST2 npu X y komop-
6igHocTi 3 XO3J1 Ha Tni nikyBaHHs HaBefieHa B mabiuyi 4.

Y 3piiicHeHOMY [OCTIXEHHI piBeHb ekcnpecii binka
ST2 nicns nikyBaHHs navujenTis i3 MX i XO3J1 TisopTiHoM
3MeHLLMBCA BABIYi — Ha 51,54 %. OTxe, komneHcaTopHa
MOXMMBICTb OpraHiaMy XBOpOro, KOTpa Mnossirae y BKto-
YEHHI Kapdio3axuCHOro CUrHanmbHOro kackagy 3anobi-
raHHs pibpoay Ta peMoaentoBaHHs cepLisi, ONTUMarnbHO
6yne peanisoBaHa came nicns eKCnepuMeHTanbHoro
nikyBaHHs1. Y rpyni nopiBHAHHS A% nicns 12 TKHiB Ans
LIbOro nokasHwka gopieHioBas Maixe 39 % (p < 0,05).
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Tabnuus 1. EH3uMaT4Ha akTUBHICTb FyTaTIOHOBOI NaHKu Tion-ancynb@igHoi
cuctemm B nauieHTis i3 X'y komop6igHocTti 3 XO3J1 Ha Tni nikyBaHHs

Moka3HWKWU, OAVHULI BUMiPIOBaHHSA XBopi

[o nikyBaHHA

Micnsa nikyBaHHA
1 rpyna

AKTUBHICTb rnyTaTioH-S-
TpaHcepasu, MKMonb/T Ginka

1,38+£0,15(1,08-167) 1,81 0,31 (1,20-2,41)"

AKTUBHICTb rMyTaTiOHPeAyKTaan,
MKMOnb/T binka

0,87 £0,13 (0,62-1,12) 2,14 0,33 (1,50-2,78)"

AKTUBHICTb FMyTaTiOH-NEpOKCHUaA3N,
MKMOnb/T binka

4,25 £ 0,63 (3,02-5,48) 9,94 + 1,14 (7,70-12,18)*

2 rpyna

AKTMBHICTb rnyTaTiOH-S-
TpaHcdepasun, MkMonb/r Binka
AKTUBHICTb rMyTaTiOHpeayKTaau,
MKMOnb/T Ginka

AKTUBHICTb rnyTaTioHNepokcuaasu,
MKMOnb/T Ginka

1,43 10,15 (1,14-1,71) 1,58+ 0,16 (1,27-1,89)

092+0,15(0,64-121)  1,16+0,19 (0,79-1,53)%

4124039 (3,35-4,89) 563 +0,62 (4,41-6,84)

*: p < 0,05 nopiBHIOKYM 3 NOKa3HWUKaMK 0 NiKyBaHHS BiANOBIAHOI rpynu;
#: p < 0,05 nopiBHIOOYM 3 NOKA3HWUKaMK NiCNS NiKyBaHHS Pi3HUX rpyn.

Tabnuus 2. MokasHuku Tion-aucynbdigHoro 6anaHcy B obetexenux ocib i3 MX
y komopbigHocTi 3 XO3J1 Ha Tni nikyBaHHs

Moka3HuKM, XBopi
OAMHULI BUMIpPIOBaHHS [o nikyBaHHs Nicns nikysaHHA

1 rpyna

BinHoBneHwi rmyTartioH,
MKMOb/T Ginka

OkucrioBaHWA rmyTaTioH, Mkmonb/r Ginka 1,99 + 0,51 (0,98-2,99) 1,05+0,10 (0,86-1,24)
CnieBigHoLeHHs Bia./okuc. popm, y.0. 3,81 0,34 (3,15-4,47) 9,61+ 1,05 (7,56-11,67)*
36,73 + 4,21 (28,47-44,99) 75,31 +7,25(61,10-89,52)*

4,66 + 0,74 (3,21-6,12) 10,32 + 1,54 (7,31-13,34)*

SH-rpynu, mkmons/r Ginka
2 rpyna

BinHoBnerui ryTartioH,
MKmorb/r Binka

4,54 £ 0,48 (3,60-5,48) 6,01+£0,59 (4,85-7,17)*

OKuCtoBaHMIA IMYTaTIOH,
MKMOnb/T Ginka

1,96 £ 0,43 (1,12-2,79) 1,88 £ 0,41 (1,07-2,69)

CniBBigHoLeHHs Big./okuc. opm, y.0. 3,35 £ 0,49 (2,39-4,32) 5,01 £ 0,88 (3,29-6,73)*

SH-rpynn, MkMonb/r Ginka 32,15+ 3,30 (25,69-38,61) 41,1+4,65(31,99-50,21)*

*: p < 0,05 nopiBHIOKYM 3 NOKA3HMKaMK 4O NiKyBaHHS BiANOBIAHOI rpynu;
#: p < 0,05 nopiBHIOKOYM 3 NOKA3HWMKaMU NiCNS NiKyBaHHS Pi3HUX rpyn.

Tabnuus 3. [InHamika MapkepiB anonTo3y cMpoBaTKu KpOBi B 0BcTexeHux ocib i3 X
y komopbigHocTi 3 XO3J1 Ha Tni nikyBaHHs

Moka3HuKK, oguHULi XBopi
BUMIDIOHARNH [lo nikyBaHHs Micns nikyBaHHsA

0,35+ 0,11 (0,14-0,56)
2,04 £0,28 (1,49-2,58)

1 rpyna

Kacnasa-7, Hr/mn 0,07 £ 0,01 (0,05-0,09)*
Kacnasa-9, Hr/mn 1,05+0,18 (0,69-1,41)*
2 rpyna

Kacnasa-7, Hr/mn

Kacnasa-9, Hr/mn

0,38 £ 0,07 (0,24-0,53)
2,46 £ 0,36 (1,74-3,17)

0,23 £ 0,04 (0,14-0,31)#
1,47 £0,21 (1,07-1,87) *

*: p < 0,05 nopiBHSHO 3 NOKa3HWKaMK 0 NiKyBaHHS BiANOBIAHOI rpynu;
#: p < 0,05 NnopiBHAHO 3 NOKa3HMKaMW Nicns NikyBaHHA Pi3HUX rpyn.

Tabnuus 4. [JuHamika KOHLEHTpaLiHOro nokasHuka 6binka ST2 cupoBaTky KpoBi
npu X'y komop6igHocTi 3 XO3/1 Ha Tni nikyBaHHs

OAVHULI BUMipIOBaHHSA

[lo nikyBaHHA Micns nikyBaHHA

1 rpyna

ST2, Hrimn 32,73 £ 6,28 (20,43-45,04) 15,86 + 0,67 (14,56-17,17)*
2 rpyna

ST2, Hr/mn 34,81+ 1,83 (31,22-38,40) 21,28 + 1,86 (17,64-24,92)**

*: p < 0,05 NopiBHSHO 3 NOKa3HWKaMK 0 NiKyBaHHS BiANOBIAHOI rpynu;
#: p < 0,05 nopiBHAHO 3 NOKa3HWKaMW Nicns NikyBaHHA Pi3HUX rpyn.
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Tabnuus 5. Moka3HUKKM SIKOCTi XUTTS 3a onuTyBanbHUKoM SF-36 y xBopux Ha X y komopbigHocTi 3 XO3/1 Ha Tni NnikyBaHHsi, 6anu

3aranbHuii CTaH 300poB’s
®i3nyHa akTUBHICTb

Porb isnynnx npobnem
CoujanbHa akTUBHICTb
Ponb emouiitHux npobnem
IHTeHcuBHICTb Gosto
XKutTteapaTHictb
IMcuxiyHe 3gopoB’s

31,65 2,43 (26,9-36,41)
34,43 £ 2,38 (29,77-39,10)
44,57 + 3,42 (37,85-51,28)
39,39 £ 1,28 (36,88-41,90)
47,83 + 3,99 (40-55,65)

46,32 + 1,28 (43,80-48,83)
40,30 £ 1,32 (37,72-42,89)
45,74 + 2 (41,83-49,65)

o nikyBaHHs Micns nikyBaHHA BiAMiHHOCTEN

41,95 + 2,87 (36,33-47,58)* 32,54 %
47,36 + 2,85 (41,78-52,95)* 37,55 %
58,86 + 4,70 (49,66-68,07)* 32,06 %
45,50 + 1,97 (41,63-49,37) 15,51 %
65,45 £ 5,11 (55,43-75,47)" 36,84 %
42,39 + 1,28 (39,88-44,90) 9,27 %

48,36 + 1,99 (44,46-52,27)" 20,00 %
61,01 + 2,48 (56,15-65,85)" 33,36 %

*: p < 0,05 nopiBHAHO 3 NiArpynoto Ao NikyBaHHs.

392 ISSN 2306-80.

lMoKa3HWKM AKOCTi XUTTS NaLieHTIB 3a ONUTYBarbHK-
kom SF-36 y xBopux Ha X'y komopbigHocTi 3 XO3J1 Ha
TNi NiKyBaHHs HaBeneHi B mabnuyj 5.

EkcnepumeHTansHe nikyBaHHs TiBOPTIHOM NaLjieHTiB
rpymu komop6igHocTi X i XO3/1 nokasano Taki 3miHu
K nauieHTiB: piBeHb 3aranbHOro 340poB’s 36inbLmnBCS
Ha 32,54 %, isnyHa akTuBHICTL — Ha 37,55 %, ponb
hi3nyHKUX NpobrieM B 0OMeXEHHI XUTTEQIANBHOCTI — Ha
32,06 % (6inbLue BnnmBana Ha 3aransHy SXK nauieHTis),
coujanbHa akTUBHICTb — Ha 15,51 %, ponb eMoLinHMX
npobnem B 0OMEXEHHI XUTTERIANbHOCTI — Ha 36,84 %
(6inblwe BnnmBana Ha 3aranbHy X nauieHTis), 60-
NbOBI BiAYYTTA nauieHTiB 3MeHwnnucs Ha 9,27 %,
KUTTE3AATHICTE XBOpUX 36inbwunacs Ha 20,00 %, a
ncyxiyHe 340poB’st nokpawmnocs Ha 33,36 %. OTxe,
NiKyBaHHS nauieHTiB TiBOPTIHOM CNPUANO NONIMNLWEHHI0
AX nauieHTiB 3a onutyBanbHUKoM SF-36, NO3MTUBHO
BMMMBAKOYM 5K Ha i3NYHUI CTATYC PecnoHAeHTa, Tak i
Ha oro neyxocouianbHui ctatyc. [JuHamika aHanoriy-
HMX NOKa3HMKIB SKOCTi XXWUTTS Yepes 3 Mic. TpaauLinHoro
NiKyBaHHS y rpyni NopiBHAHHSA Byna cTaTUCTUYHO 3HaYy-
LA TiNbku Ans poni eMouinH1X Npobnem i ncuxiyHoro
3gopoB’s (p < 0,05).

Cnig Big3HauunTK BiporigHEe 3MEHLLEHHS Y XBOPMX
ckapr Ha kawenb (x? = 18,96, p < 0,01), yactoTn 3a-
ayxu (x2 = 10,41, p = 0,001) i BUZINEHHS MOKPOTUHHS
(x2=7,25, p = 0,007) NopiBHSAHO 3 NEPBUHHIM CTaTyCOM
ckapr. [JuHamika 3aguLLku Gyrna CTaTuCTUYHO He 3HadyLua.
BaxrnnBo nigkpecnuTy, WO NOpiBHANBbHA XapakTepucTuka
NOKa3HWKIB hyHKLi 30BHILLHBOTO AUXaHHSA A0 i Nicns Kypcy
Tepanii ceigyuna npo BiporigHe 36inbLueHHs PXKET Ha
9,40 % i O®B, Ha 8,64 % (p < 0,05). Buasmnn sHxeHHs
CAT i OAT y cepenHbomy Ha 10,59 % i 19,61 %, a Takox
Hopmanisauito AT y 90,91 % xBopux.

06roBopeHHA

MepcnekTuBHUM GiomapkepoM MpW 3aXBOPHOBAHHSX
CepLEeBO-CYAVMHHOI CUCTEMM € CTUMYNIOBAIbHUI hakTop
pocty ST2. Llen 6inok — uneH cimeictea peuenTopis
iHTEPNEKiHy-1, WO HasBHWIA y TpaHCMeMOpaHHin dopmi
Ha kapgiomioumTax i B po3yuHHin opmi (sST2) B cupo-
BaTLli kpoBi. 36inbLIEHHS KOHLIEHTpaUii SST2 AoBoni TiCHO
acoujioBaHe 3 TSKKICTIO CepLeBO-CyAMHHOI NaTonorii,
MiABULLEHHAM PU3VKY NETANbHOMO pPesynbrary, a Takox
PW3MKOM panToBOi CMEPTi MaLiEHTIB, HE3ANEXHO BIf
06’emy cppakuii Bukvay [10]. KoHueHTpauii po34mHHoi ST2
TIOAWHM B LIMPKYNSATOPHOMY pyCrii NIABULLIEH] Y XBOPHX, 5K
MatoTb Pi3Hi NOPYLLIEHHS, LLIO NOB'si3aHi 3 aHOMarbHOHO Bi-
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nosigar T-xennepHux kNiTuH Tuny 2 (Th2), Bkntodaoym
CCTEMHUIN YEPBOHUI BOBYAK Ta aCTMY, a TaKOX 3ananbHi
NpoLIECK, SIKi NepeBaxHO He 3anexarts Big Bignosigi Th2,
AK-OT CENTUYHWIA LWOK i TpaBma. CurHanisauis cucremu
iHTepnenkiH-33/ST2L — Kno4oBWIA MexaHiam 3axucTy
cepus B pasi MexaHiYHoro nepeBaHTaxXeHHs. [MiaBuLLeHHs
PO34MHHOI hopmu ST2 B NHOAMHU € TAKOX Mapkepom
MoraHoro NPOrHo3y y XBOPKX Ha CepLieBy HEQOCTATHICTb
i nauieHTiB 3 iHbapkTom miokapga [11].

Peakuis anontosy B KOMMMEKCHOMY OLiHOBaHHi
iMyHHOrO cTaTycy HabyBae BaXNMBOrO MPAKTUYHOTO 3Ha-
YEHHS ANs AiarHOCTVKW, MPOTrHO3YBaHHS! Ta MOHITOPUHIY
3aXBOPIOBaHHS. Y 3B'A3KY 3 UMM BMBYEHHA MEXaHismy
yyacTi KniTMHHUX (haKTopiB, iIMYHHOI CUCTEMW 3aranom,
MoreKyn aaresii, y4aCHWKIB peakLii anonTosy B pO3BUTKY
ANCYHKLIT eHA0Tenito NPy NereHeBMX 3aXBOPHOBAHHSIX
y XBOpMX Ha X € BaXNMBUM Ta aKkTyarnbHUM 3aBAaH-
HAM. MexaHi3mu, Lo perynioiTb iMyHHY BiANOBIOb
npu X'y noegHanHi 3 XO3J1, BMBYEHI HeOOCTaTHLO, J0
KiHUS He 3'coBaHa porb peakuii anontosy B nepebiry
3aXBOPIOBaHHSA. [JOCMigKEHHS NPOLECIB, SKi KOHTPOMHO-
I0Tb MponichepaT1BHI Ta anonTOTUYHI MEXaHi3amMu npu
X'y noegHanhi 3 XO3[1, MoxyTb Byau LiHHUMK Mig Yac
[iarHOCTVKW ypaxeHb opraHiB-MilLieHew, Lo Mae BaxrvBe
MPOTHOCTNYHE 3HAYEHHS Ta [acTb 3MOTy YTOMHWUTK Aesiki
naHku natoreHesy [12].

Bigomo, Lo rinokcis — ogHa 3 NPUYKMH NOPYLUEHHS
meTaboniamy TioniB Ta akTvBaLii BinbHOpPaAMKanbHWUX
MpOLeCiB, SIKi € NAaTOreHeTUYHUM naHLorom Mk XO3J1 i
X nopsg i3 ANCHYHKLIE BaCcKymNspHOrO eHAOTENio Ta
CUCTEMHUM 3ananeHHsaM. ETionoriyHi Ta natoreHeTnyHi
mexaHiamu X i XO3J1 nogi6Hi, Tomy npu acouiauii uyx 3a-
XBOPIOBaHb MOXITVBUI B3AEMHWI MOTEHL,NHO HEraTUBHIA
BB, LLO YCKNaAHIOE Nepebir KOXKHOTO 3 HUX | 3yMOBOE
BaXMNMBICTb MOLLYKY HOBUX acnekTiB natodisionoriyHoi
CMPSPKEHOCTI NOPYLUEHb KapAioBacKynspHoOI cucteMu Ta
6poHxonereHeBux 3miH [13]. JenpvBauis rmyTtaTtioHoBOI
CHUCTEMM B yMOBax KOMOIHOBAHOrO 3aXBOPHOBAHHS Ha
X031 i X npr3BoamnTb 40 3HWMKEHHS! NMOKA3HUKIB aHTU-
OKCV@HTHOI CUCTEMM, @ TakoX (hOPMYETbCA MITOXOH-
ApianbHa anceyHkuis. OueBnaHo, AedilmT BiGHOBMEHOTO
rMyTaTioOHy B MITOXOHAPISAX NPWU3BOAWUTL 4O MOCUMEHHS
YTBOPEHHS aKTUBHUX (DOPM KUCHIO Ta @30Ty 1 OKUCHEH-
HSl LMCTEIHO3anexHUX OinsHoK GinkiB, WO YTBOPHOTH
MITOXOHAPIanbLHY Nopy. HaanmLiok akTuBHWX (hopm asoTy
(NEPOKCMHITPWT, IOH HITPO3OHILD), LLIO YTBOPKOKOTLCSA NPU
AediuuTi ryTaTioHy B MITOXOHAPISX, NPWU3BOAUTL A0
OKMCHOI MoaudiKaLlii CynepoKCMaancMyTasm, 3HWKEHHS
il aKTUBHOCTI.
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3HuxeHHst aktusHocTi Mn-CO[] cnpusie BTOPUHHIN
aKTuBaLii BiflbHOpaAMKanbHUX peakuii i MOCUNEHHIO
okucHoi fectpykuii Red-Oxi uyTnuBmux AinsiHoKk MiTOXOH-
ApianbHoi MembpaHy Ta hopMYBaHHIO CTIlKOT MITOXOH-
ApianbHoi ancdyHkuii [14].

Hwn3ka gocnimkeHb CBIAYATL NPO BUCOKY KIiHIYHY
e(eKTUBHICTb L-apriHiHy B nikyBaHHi pi3HOMaHITHMX
CyOVHHUX NnaTtonorii. 3acTocyBaHHsA HE3aMiHHUX aMiHO-
kucnot (TiBOPTiH) y rocTPOMY NEPIOf iLLIEMIYHOTO IHCYNBTY
CMpYIsie LWBKUALLOMY PErpecy BOTHULLEBOI HEBPOIOTYHOT
CYMNTOMATUKM Ta NO3UTMBHO BMIIMBAE HA BiAHOBMEHHS
(yHKUiOHanbHOI akTMBHOCTI [15,16].

Buknukae 3auikaBneHiCTb BUBYEHHS BNNMBY npena-
pary TiBopTiH npu noeaHaHin natonorii XO3J1i X, amxe
He BCi remoanHaMiyHi ecbekTn L-apriHiHy 3anexarb Big
cuHTesy NO. ApriHiH — aviHOK1COTa, LU0 € aKTUBHUM i
Pi3HOBIYHM KNITUHHUM PETYNATOPOM XUTTEBO BAXIBIX
doyHKUi opraHiamy. Tak, L-apriHiH € cyb6ctpatom ans
NO-cuHTa3n, akTuBye ryaHinatuuknasy Ta niaBuLlye
piBEHb LMKNIYHOTO ryaHigmHMoHodocdaty B eHgoTenii
CYOVH, 3MEHLUYEe aKTUBaLil0 Ta aaresito NenKoumTIB i
TpomBoLMTIB A0 eHAOTENiI0 CyAMH, 3anobirae yTBOPEHHIO i
PO3BUTKY aTEPOCKIIEPOTUYHUX BMSALLIOK, NPUrHIYYE CUHTE3
eHOoTeniHy-1, SKUiA € NOTY)XHUM Ba30KOHCTPUKTOPOM i
CTUMYNATOPOM nponidepalii Ta mirpauii rmagkux mio-
LMTIB CYAMHHOI CTiHKW. Takox L-apriHiH npurHivye cuHTes
ACYMETPUYHOTO AUMETUNAPTiHIHY — HAOTEHHOTO CTUMY-
nsTopa okeuaatueHoro ctpecy [17]. NO yTBoptoeThCs B
eHOOoTeNil LUNSXOM NepeTBOPEHHS HE3aMiHHOT aMiHOKMC-
notu L-apriHiHy B L-LUMTpyniH 3a y4acTi KOHCTUTYLIHOMO
depmeHTy eHpotenianbHoi NO-cuHTasn (eNOS). eNOS
noKani3yeTbCs B eHaoTenianbHUX KNiTHax i Bignosigae
3a cuHTe3 BasanbHoro pisHA NO, 3a LWBmMAKi 3MiHKM piBHS
NO vy BignoBigb Ha isnyHi Ta ximiyHi cTumynm (6pa-
[LVKIHIH). L-apriHiH BUKOPWUCTOBYETLCS AN CUHTE3Y BinkiB,
CEYOBUHU, KpeaTuHy, Ba3ONPECHHY Ta arMaTuHy.

BucHoBKu

1. AHani3 gvHamikyn OCHOBHMX NapaMeTpiB SKOCTI
XWUTTS Aae 3MOry BCTAHOBUTY BIpOrigHi NO3UTUBHI 3MiHW
Y XBOPYX i3 AOAATKOBUM NPU3HAYEHHAM L-apriHiHy Ha TR
afiexkBaTHoi kombiHoBaHoi 6asucHoi Tepanii XO3/1i MX.

2. Kpim perpecy KniHi4HUX cmnTomiB, Hopmanisavii
apTepianbHOro TUCKY Ta MOMIMWEHHS BpoHXianbHOT
NPOXiZAHOCTi Ha TNi 3HWXXEHHS! PIBHA aKTUBHOCTI anon-
TOTUYHUX MapKepiB criocTepirany BigHoBneHHs A, sk
i3nMyHOro, TaK i NCUXOCoLianbHOro cTaTycy, Ha BigMiHY
BiZl AMHAMiK1 aHamnoriyHUX nokasHukie 6e3 3acTocyBaHHs
TiBOpTiHY.

3. MpusHayeHHs L-apriHiHy CNpusie NPUrHiYeHHo
OKCMAATVMBHOIO CTPECY Ta BiAHOBMEHHIO Tion-Ancynbodia-
Horo GanaHcy i, K pesynbraT LyxX NpoLeciB, ranbMye
iHTEHCUiKaLLito NPOLLECIB anonTO3y B OpraHi3Mi naLieHTiB
i3 Ha3BaHO KOMOpPOIAHICTIO.

4. PiBeHb ekcnipecii 6inka ST2 nicns nikyBaHHs
nauienTis i3 X i XO3J1 TiBOpTIHOM 3MEHLUMBCA Malike
BABIYi, @ KOMMEHCaTOPHA MOXIIMBICTb OpraHiamy XBOpOro,
KOTpa nonsirae y BKIKOYEHHI KapZio3axMCHOTO CUrHarb-
HOro kackagy 3anobiraHHs ibpo3y Ta peMoaentoBaHHI
cepus, onTumansHo Byae peanisoBaHa came Micns exc-
NEPUMEHTANBHOTO NiKYBaHHS.
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YacTota MeTacTasyBaHHA Y CTOPOXKOBUH AiMOBY30A i HOro NPpeAMKTOpH

Y XBOpUX Ha pak roptaHi T N M,

B. I. Tpoan*AC-F |, 0. CiHanko*®B<, 0. B. AoboBa*t°, 0. M. KocTpoBCbKMIHCE

3anopi3bkni AepxXaBHUIA MEeAUYHWIA YHIBEPCUTET, YKpaiHa

A - KOHLIEMNLLS Ta AM3aNH AOCAIAKEHHS; B - 36ip AaHuMX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs ctatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3atBEpPAXEHHS CTaTTI

MeTa po6oTu — BU3HaYeHHs y XBOPUX Ha pak roptaHi T, N M, 4acTot MeTactaTuiHOro ypaxeHHs npenepcHenomiéHoro
cTopoxoBoro nimcposyana (SNL) i KinbKiCHUX MOKa3HWKIB NPeayKTOPIB, L0 acoLitoTbC 3 METACTaTUYHUM MOTEHLianom

NEPBUHHOI PaKOBOI MYXIINHW.

Marepianu Ta MmeToau. Y gocrimkeHHs 3any4unu 61 xsoporo Ha pak roprani T, ,N;M,, cepeanint ik — 57,71 £ 0,93 poky, 56
(91,1 %) yonogikis. Kputepilt 3anyyeHHs B SOCTIMKEHHS — NiATBEPMKEHMI AiarHo3 paky roptani 6e3 kniHiYH1X 03Hak perioHap-
HOro MeTacTadyBaHHs. CrnevianizoBaHe nikyBaHHs NpU3Ha4arnu 3a NpoTOKONOM, Ha NEPLLOMY eTari KOMBGIHOBaHOTO fikyBaHHSI,
BUKOHYOUM Pi3Hy 3a 06CArOM pe3eKL;to ropTaHi 3 BUny4eHHsm nyxnuHu. MetactatuyHe ypaxeHHs npenepcHenogioHoro SNL
BM3Ha4anm ricToMopdororiyHo Ha onepawinHomy Matepiani. 38’30k M HAsiBHICTHO MeTacTa3yBaHHs Ta NOKa3HUKaMM MiKpo-
LMpKynsLii BCTAHOBMOBaNM, po3paxoBykoumn koediLlieHT acouiaLii Ta TouHui kpuTepint ®ilepa 3 nobynosoto Tabnuui 2 x 2.
PospaxoByBanu BigHOCHWIA py3nk MeTacTasyBaHHs1. [laHi HaBedeHi sk BIGHOCHUI puauk i foBipdi iHTepsanu ([]).

Pesyniratu. BeraHosunu, wo 815 (26,2 %) XBOPUX NOLIMPEHICTL NyxrnHK Bignosiaana kputepito TN M, a'y 46 (73,8 %) —
T,N,M,. MaromopdpororiyHnm JocrimkeHHaM Buaanenmx npenepcHenogiormx SNL (n = 61) metactatnyHe ypaxenHs (pN1sn)
BepudikyBanu B 7 (11,4 %) xsopux i3 T,N M.

MpoTArom CTaTMCTUYHOIO aHani3y BCTAHOBUINMW HAsIBHICTb 3B’A3Ky MK METacTadyBaHHsIM Ta IMUOVHO iHBa3ii NyXMWMHM (MOKa3HWK
acoujauii 0,85), cTyneHem andepeHuiaLlii nyxmvHm (nokasHuk acouiauii 0,66) i NOKasHNKOM LLYHTYBaHHS (MOKa3HWK acoLjiaLi
0,96). BctaHoBWW, LLO NPV MOKA3HUKY LLYHTYBaHHS NoHaA, 1,63 Nd. of. pyank BUHMKHEHHS MeTacTasyBaHHs 3pocTaB Ha 54 %
(RR=2,72[1,64; 4,52], il 95 %, OR = 13,06 [1,39; 122,50], Al 95 %), npu r1buHi iHeaaii noHaz 6,28 MM BiAHOCHUI pU3nK
meTacTa3yBaHHs 3pocTaB Ha 39 % (RR = 4,5 [1,72; 11,76], 01 95 %, OR = 8 [1,89; 33,81], Al 95 %).

BucHoBku. BCTaHOBUMM KPUTUYHI 3HAYEHHS KINbKICHUX NMOKA3HWKIB TakMX NPeayKTOPIB MeTacTasdyBaHHs paky ropTaHi, sk
nowwmpeHicTb npouecy Ao T,N M, rmnbuHa iHBaaii nyxnnHi noHaa 6,28 + 0,18 MM, HU3bKMIA CTyneHb audepeHuiadii (G3),
NepeBaXXaHHS B NMyXMWHi LLIYHTOBOrO KPOBOTOKY Hag HyTpuTuBHUM — [MLL noxag 1,84 + 0,05. BoHn MoxyTb 6yT1 BUKOPUCTaHI
ANS iHTpaonepaLiiHoro NPOrHo3yBaHHs HAsiBHOCTI NpWXOBaHOro MeTacTadyBaHHs y SNL i cBiguunTV Npo AOUINBHICTb BUKOHAHHS

CUMynbTaHHOI (hyTNsApHO-dacuiansHoi niMdoamncekuii LWmi Ha BoLi ypaxeHHs ropTaHi.

YacTtoTa MeTacTa3upoBaHUA B CTOPOXXEBOH AMMQOY3eA U ero NpeAUKTopbI

y 60AbHBIX pakom roptanu T, N M,

B. U. TposH, W. A. CuHaiiko, E. B. AoboBa, A. H. KocTpoBckum

Llenb pa6otbi - ycraHosneHue y GorbHbix pakoM roptadn T, ,N M 4acToTbl METacTaTuieckoro nopaxeHuns NpenepcTHeBna-
Horo cTopoxeBoro umdoyana (SNL) v onpeseneHye KonM4ecTBEHHbIX NoKasaTenemn NpeaykTopos, KOTOPbIE aCCOLMUPYHOTCS

C MeTacTaTu4eCKnm noteHumnanom I'IepBVI‘-IHOVI onyxonu.

Marepuansi n meTogbl. B uccnegosanue Brioumnnv 61 GonbHoro pakom roptadu T, N M, cpeaHuii Bospact - 57,71 0,93
roga, 56 (91,1 %) MyxuunH. Kputepuii BKNtoYeHNs B UCCriefoBaHVe — NOATBEPXAEHHbBIN AnarHo3 paka roptaHu 6e3 knnHu-
YECKMX MPU3HAKOB PErvioHapHOro MeTacTasnpoBaHus. CneumanmampoBaHHOe NIe4eHe NPOBOAMIN COMacHO NPOTOKOMY C
1Crornb30BaHMEM Ha NepBOM 3Tane KOMOWHUPOBAHHOTO NIEYEeHNs PasnuyHbIX Mo 06beMy pesekuuii ropTaHu ¢ yaaneHnem
onyxonu. Metactatnyeckoe nopaxeHue npenepctHeBuaHoro SNL onpeaensnm ructoMopornorniecky Ha onepaLyoHHOM
matepuane. Cea3b Mexay HanmniMeM MeTacTa3oB W MokasaTensMym MUKPOLIMPKYNALMW YyCTaHaBnuBanm ¢ onpegenexHneM
Ko3thhuLmMeHTa accoumaLmmn 1 TOYHOro kputepust Puepa ¢ nocTpoeHnem Tabnuubl 2 X 2. BbIMUCTIANN OTHOCUTENbHBIA PUCK

MeTacTasvpoBaHusi. [JaHHble NpUBEeAEHb! B BUAE OTHOCUTENBHOMO pUCKa M OBEpUTENbHbIX MHTepBanoB (OW).

Pesynirarthbl. YcTaHoBMneHo, 4t y 15 (26,2 %) 6onbHbIX pacnpocTpaHeHHOCTb onyxonu oTevana kputepuio TN M, a'y 46
(73,8 %) - T,N,M,. Matomopchorornieckmumn NccriefoBaHnaMm1 yaaneHHbIx npenepctHesnaHbix SNL (n = 61) metactatude-
ckoe nopaxerue (pN1sn) BepudmumposaHo y 7 (11,4 %) 6onbHbIx T,N M.

B xofe CTaTMCTUYECKOrO aHanm3a yCTaHOBMEHO, YTO CYLLUECTBYET CBs3b MEXIY METacTa3upoBaHWEM U ryOUHOI NHBa3WM
(nokasatenb accouuaumm 0,85), creneHbto anddepeHumaummn onyxonu (nokasarens accoumauum 0,66) 1 nokasartenem LwyH-
TUpoBaHws (Nokasatenb accoupaumm 0,96). YCTaHOBMEHO, YTO NpUW 3HAYEHWM NoKasaTens LWyHTMPOoBaHwWS Bbilwe 1,63 nd. ea.
OTHOCMTENbHbIN PUCK BO3HUKHOBEHWSI METacTas3oB Bo3pacTan Ha 54 % (RR = 2,72 [1,64; 4,52], W 95 %, OR = 13,06 [1,39;
122,50], AN 95 %), npu rny6uHe nHea3umn 6onblue 6,28 MM OTHOCUTENbHBIV PUCK BOSHVKHOBEHUS METacTa3oB Bo3pacTan Ha
39 % (RR =4,5[1,72; 11,76], AN 95 %, OR = 8 [1,89; 33,81], AN 95 %).
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BbiBoAbI. YCTaHOBMNEHbI KPUTUYECKVE 3HAYEHNS KOMMYECTBEHHBIX NOKasaTenei Takux NpeankTopoB MeTacTa3npoBaHus paka
ropTaHu, kak pacnpocTpaHeHHoCTb npouecca Ao T,N M, rmy6uHa nHeaaum onyxosnn Gonee 6,28 + 0,18 MM, H13Kas cTeneHb
anddepeHumaumm (G3), npeobnagaHue B OMyxosu WYHTOBOMO KPOBOTOKA Hag HyTpuTHBHbIM — ML Gonee 1,84 + 0,05. OHu
MOryT 6bITb MCMOMb30BaHbI ANS MHTPAONEPaLMOHHOTO NMPOrHO3MPOBaHWUS HaNMMYUs CKPLITOTO MeTacTasupoBaHust B SNL 1
CBWOETENLCTBOBATH O Lienecoobpa3HOCTM BbINOMHEHWS CUMYTTaHHOMN Gy TnsipHO-chacLmanbHOM MMM OANCCEKLMN LWEN Ha

CTOPOHE NnopaxeHus roptaHun.

Frequency of metastasis in sentinel lymph node and its predictors
in patients with laryngeal cancer T_N M,

V. I. Troian, I. 0. Sinaiko, O. V. Lobova, 0. M. Kostrovskyi

The purpose of the work is to establish the frequency of metastatic lesions of the precricoid sentinel lymph node (SNL) in
patients with laryngeal cancer T, ,N,M, and to determine the predictors associated with the metastatic potential of the primary
cancer tumor.

Materials and methods. The study involved 61 patients with T1-2NOMO laryngeal cancer with an average age of 57.71 =
0.93 years; among them 56 (91.1 %) persons were male patients. Confirmed diagnosis of laryngeal cancer without clinical
signs of regional metastasis was the criterion for inclusion in the study. Specialized treatment was carried out according to
the protocol, with the use of larynx resections of various extents with the tumor removal in the first stage of combination
treatment. The metastasis of precricoid SNL was determined histomorphologically using surgical material. The relationship
between metastasis and microcirculatory indices was established by calculating the association coefficient and Fisher’s exact
test with the creation of a 2 x 2 table. The relative risk of metastasis was calculated. Data are presented in the form of relative
risk and confidence intervals of CI.

Results. It has been established that in 15 patients (26.2 %) tumor extension corresponded to the T,N M, criterion and in 46
(73.8 %) persons — to T,N;M,. The pathomorphological study of removed precricoid SNLs (n = 61) verified metastatic lesions
(pPN1sn) in 7 (11.4 %) patients with T,N M.

Statistical analysis of the study found that there is a relationship between metastasis and the depth of invasion (association
index 0.85), the degree of tumor differentiation (association index 0.66) and the bypass index (association index 0.96). It was
found that when the value of the bypass index is higher than 1.63 pF units, the relative risk of metatases increases by 54 %,
RR=2.72[1.64; 4.52] - 95 % CI, OR = 13.06 [1.39; 122.50], DI 95 %, with an invasion depth of greater than 6.28, the relative
risk of metatases increases by 39 %, RR =4.5[1.72; 11.76], Cl 95 %, OR = 8 [1.89; 33.81], Cl 95 %.

Conclusions. Revealed critical values of quantitative indicators of such predictors of laryngeal cancer metastasis as the
extension of the process to T,N,M,, the depth of tumor invasion more than 6.28 + 0.18 mm, the low degree of differentiation
(G3), the prevalence of shunt blood flow over the nutritive one —shunt indicator is greater than 1.84 + 0.05, can be used for
intraoperative prediction of the presence of latent metastasis in the SNL and indicate the advisability of performing simultaneous

sheath-fascial lymph node dissection of the neck on the side of the larynx lesion.

Y 2017 p. B YKpaiHi 3aXBOPIOBaHICTb Ha pak ropTaHi, 3a
[aHMMV HaLOHamNbHOTO KaHLep-peecTpy, cTaHoBuna 5,2
Bunagka Ha 100 TUCSY HaceneHHs (CBITOBWIA CTaHAApT-
HUIM nokasHuk — 3,2). Marke 40 % XBopux HagxoasThb Ha
nikysaHHs 3 T, ,NM,. OaHAM 3 OCHOBHIX (DAKTOPIB, LLIO
BI3HAYaoTb TAKTUKY MikyBaHHS MaLliEHTIB HA paK ropTaHi
i IPOrHO3 3aXBOPIOBAHHS, € IHTpaonepaLiiHe OLiHIOBaHHS
CTaHy perioHapHWX niMgaTu4HNX By3riB, OCKiNbKY YacToTa
MOSIBU METAXPOHHUX METACTa3iB Yy perioHapHi nimatny-
Hi By3nm LWKi HaBiTb npu paky ropraxi T,N,M, focsrae
10-15 % [1,2,10].

OcTaHHiM Yacom 3pfiicHunu 6arato AOCHigXKeHb,
O CMPSAMOBaHi Ha NOLWYK HaZilHUX NPEfUKTOPIB
NPWUXOBaHOro MeTacTadyBaHHs B NiMPOBY3NM WKi Ha
paHHix CTapisx paky roptani. [loHeaaBHa BBaxanu, Lo
NS UbOro AoLifnbHe BUKOHAHHS NPEBEHTUBHOI LUMAHOT
nimdpoamncexLii Ha BoLi ypaxeHHs ropTaHi 3 HaCTynHUM
naToMopOoriYHUM AOCHIAKEHHAM OnepawinHoro
matepiany. Ane HaBiTb LWaaHa gyHKUiOHanbHa LniiHa
nimdoguncekLis HeraTMBHO NO3HAYaETLCA Ha Nicns-
onepaviiHomy nepiogi, 36inbLUyOYM Yac 3aroeHHs Ta
KiNbKIiCTb MiCLIEBMX YCKNaAHEeHb, L0 PasoM i3 NOPiBHSA-
HO HEBEMVKUM BifCOTKOM MOSIBU METAXPOHUX LLUIMAHUX
MeTacTasiB Ha paHHiX CTafisixX BUKIMKAE CYMHIB LLOAO
[OO0UINbHOCTI i BUKOHaHHS [6,7].
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3 Lieto camoro METOK BUKOHYHOTL MOPAIOMOriyHi fo-
CrimHKeHHS BioNCINHOrO Matepiany 3i CTOPOXOBMX NiMdo-
ByaniB (SNL), siki 6e3nocepeHb0 OTpUMYHOTb NOTIK MMy
Bif, NEPBVHHOI 3MOSKICHOI NYXIWHK, 8 OTXKE € 06’ EKTUBHUM
[iarHOCTUYHWUM KpUTEpiEM perioHapHOro MeTacTasyBaHHS
[8,11,14]. LLiogo paky ropTaHi, TO He4vCrieHHi BOCTImKEHHS
3 BMBYeHHs cTaHy SNL Ha paHHix cTagisix He JakoTb 3MOTK
BU3HAYNTUCA LLOAO iXHBOI NPOrHOCTUYHOI HaZiIMHOCTI.
Lle cBiguMTb Npo HEOBXiAHICTL HAKOMMYEHHS GinbLIOro
KniHiYHOro MaTepiarny.

Bigowmo, L0 B MeTacTaTMyHOMY NpoLieCi BaXKNMBE 3Ha-
YEHHS MaE CTaH HeoaHrioreHe3y B NePBUHHIN myxnuHi. [po-
TArom gocnimkerb [9,12,13] WwinbHOCTi CyauH y NepBUHHIA
MyXIUHI OBEAEHO, LU0 BUCOKUIA CTYMiHb BacKynsipu3aLii
MyXIIMHW € CTAaTUCTUYHO 3HAYYLLIMIM MapKEPOM HasiBHOCTI
perioHapHOro MeTacTadyBaHHSI, ane BOHU IPYHTYHOTbCS
Ha MOPCONOTiYHNX AOCAIMKEHHSX, SKi HE BUCBITIIOIOTH
yHKUIOHAMNbHWIA CTaH MIKpPOLMPKYNATOPHOrO pycna B
MyXnvHi, WO, Ha Hawy AyMKY, noTpebye yAOCKOHaNeHHs
KOHTPOHO HaZ, LM NpoLLeCoM.

Baxnveuii BHeCOK y BUBYEHHS Liiel npobnemu JTIOP-oH-
Kororii 3poBuny JOCTIMKEHHS TaKUX YMHHUKIB MeTacTasy-
BaHHS, K r1byHa iHBasii NePBMHHOT PaKOBOI MYXIMHW Ta
ii 3aneXHOCTI B, piBHS1 EKCMPECii MAaTPUYHMX NpoTeiHa3 Ta
iXHix iHribiTopis (MMP-9 v TIMI1-1) [3,4], a Takox aHomanii
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KapepriH-kaTeHiHOBOro KOMMMeKCy, sikuiA BiAnoBigae 3a
MIATPUMaHHS MDKKITITUHHOT agresii [5], OCKirnbku piBeHb myX-
TNMHHOT iHGpinbTpaLi Ta cTyniHb i audepeHLiaii 6esnoce-
penHbO KOPEMHOKOTh i3 MOSIBOI0 METACTATUYHOIO YPaXXeHHs]
perioHapHux nimgosyaniB. OgHak Taky 3aKOHOMIPHICTb
HEMOXITMBO MPOCTEXUTY B peasbHil KIiHYHiN iHTpaonepa-
LiiiHin cuTyaui, Wwo6 BuKopuCTaTw i SK MpeauKTop.

Lle avkTye HeoBXigHICTb NOLLYKY AOAATKOBMX AiarHOC-
TUYHUX KPUTEPIB, LLIO AadyTb 3MOry TOYHILLE NPOrHO3yBaTh
PU3VK PO3BUTKY PErioHapHOro MeTacTadyBaHHS.

Omxe, aHani3 ctaHy npobnemu nokasa,: MUTAHHS
MPOrHO3yBaHHS! HAsiBHOCTi MPVUXOBAHOIO METACTa3yBaHHs Y
XBOPUX Ha PaHHiX CTafisx paKy ropTai HUHi OCTaTO4HO He
BUPILLIEHO, OCKINbKM B XXOAHOMY 3 NonepeaHix 4OCTimKeHb
He BM3HAYanm KPUTUYHI 3HAYEHHS! KiNbKICHUX MOKa3HWKIB
OCHOBHUX Y/HHMKIB METaCTa3yBaHHS, 3 KM aCOLLIOETECS
NiABULLEHWA PU3MK METaCcTasyBaHHS.

Merta pobotu

BcraHoBuTM y xBopux Ha pak roptadi T, N M, yactory
METacTaT4HOro ypaxeHHs npenepcHenogiororo SNL i
KinbKICHi NOKa3HWKM NPeaunKTopiB, LLO aCoLlITLCS 3 Me-

TacTaT4HUM NOTEHLanoM NepBUHHOI PaKoBOI MyXIMHW.

Martepianu i meToAU AOCAIAKEHHA

lMpoaHaniaysanu 61 crnocTepexeHHs 3a XBOPUMU Ha pak
ropraHi T, ,N M, siki nepeGyBanu Ha 06CTexeHHi Ta niky-
BaHHi B JIOP-kniHiLi 3anopisbkoro AepaBHOMO MeA14HOro
yHiBepcutety 3 2015 go 2018 p.

Y pocnimkeHHs 3anyunnn 5 (8,1 %) xiHok i 56 (91,9 %)
yorogikiB. CepeaHil Bik nauieHTiB ctaHoBuB 57,71 + 0,93
poky. 3a MopdonoriyHo GyA0BOH AOMIHYBaB NMOCKOKIi-
TUHHWIA pak: i3 BUCOKMM CTyneHeM andepeHuiauii (G1) —
16,3 %, npomixHUM cTyneHem (G2) — 75,5 %, HU3bKUM
cryneHem (G3) — 8,2 %.

Kputepil 3anyyeHHs B AOCTIDKEHHS — NiATBEPIKEHNA
[ZiarHo3 paky ropTtaHi 6e3 kniHiYHUX 03HaK perioHapHoro
MeTacTasyBaHHS.

[MoLLMpeHICTb NyXMMHHOTO MPOLIECY OLIHI0BanNM 3a CUc-
Temoto TNM 7 BuaaHHs1. TonivHWi fiarHo3 (ZoonepauinHe
CTafitoBaHHS) 34INCHIOBaNN 3@ JOMOMOIOK KMiHIYHMX,
€HOO0CKOMIYHUX, IHTPOCKONIYHUX METOAVK.

BpaxoBytoun MynsTUGaKTOpHUI NaToreHes npouecy
MeTacTasdyBaHHsl, 34INCHUIN OOCTIMKEHHS TaKUX Oro
YMHHUKIB, SIK MOPCDOIIONYHMIA CTaTyC NpenepcHenoaibHoro
SNL, rmnbuHa iHBasii NepBUHHOT MyXInHK, CTYNiHbL Ande-
peHujaji NyxvH, (yHKUIOHAMBHWIA CTaH HeOaHrioreHesy
y NPUNErnux 0 pakoBoi MyXIMHY TKaHUHaX.

MepenonepauiiHe iHTpackoniyHe AOCMIAXEHHS
IMMOMHK NYXNMHHOI iHBA3IT BUBYaANM 3a OMOMOTOK0 PEHT-
reHiBcbkoro komm'totepHoro Tomorpacpa (PKT) Toshiba y
cnipanbHOMy PeXVMi CKaHyBaHHS 3 KOHTPaCTHUM MOCy-
NeHHAM omHinakom. PKT BUKOHamu 3pisamu 3aBTOBLLKU
1,0 Mm i kpokom Tomorpadii 1,0 MM B akcianbHi npoekwii
Ta 3 MynbTUNIaHaPHUMM PEKOHCTPYKLISMM.

[MnBKHY iHBA3IT BUNYYEHMX MyXIMH ropTaHi BYBYamnm
3a JONOMOrOH0 MaKpOCKOMNiYHOi MOpdhoMETpil.

MaTomoponorivyHi 4OCMIMKEHHS Ta CTafil0BaHHS
pTNM BukoHamu Ha 6a3i naToMopdHoNoriYHoOro BigdineH-
Hst Ne 6 3anopiabkoro 06racHoro naTorioroaHaToOMI4HOro
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6topo nikapem naTonoroaHaTOMOM BULLOI kaTeropil
B. A. NNentokom.

®yHKLOHaNbHWIA CTaH NpoLiecy aHrioreHesy y npuner-
KX 0 NEepPBUHHOI NYXMMHK TKaHWHAaX JOCHIMKYBany Me-
Togom JIAP-MeTpii 3 BUSHAUEHHSIM MOKA3HMKIB: MOKA3HWK
MikpoLwmpkynsuii (M) i oro cirma (o), cepeaHe ksagpaTuy-
He BigxuneHHs (Kv), mioreHHnin (MT) i HeiporeHHNiA ToHycK
(HT) mikpocyauHHoro pycna, nokasHuk wyHTyBaHHs (MLL).
[ocnipxeHHs BukoHanu 3a gonomoroto npunagy JTAKK-02
(P®) i3 nporpamHum 3abecnevenHsm LDF 2.20.0.507WL.

MertactatuyHe ypaxeHHs SNL Bu3Havanu Ha one-
pauinHoMy Matepiani BUMy4YeHUX npenepcHenomibHmx
niMcpoBy3niB, AKi € NeplunM KONeKTopoM nimdu Bif
rONOCHWKOBOrO BiAAiNy roptaHi [4]. ns rictonoriyHoro
JOCTimMKEHHs! pparmeHTm nimcpoyana dikcysanm B 10 %
HeWiTpansHoMy 3abydepeHoMy po3umnHi chopmaniHy (pH
7,0). TicTonoriyHi 3piau 3aBTOBLUKM 3—4 MIKPOHU 3abaps-
toBarM reMaToKCUIIHOM Ta €03HOM.

CraTucTyHe onpaLoBaHHs pe3yrnsTaTiB BUKOHaMM,
BUKopmcTOBYytoun nporpamu Statistica 13.0 (StatSoftinc.,
Ne JPZ8041382130ARCN10-J) i MedCalc.10.2.0.0.
OBumncntoBanu cepegHe 3HadveHHst (M), craHgapTHy mo-
MUIKY Penpe3eHTaTyBHOCTI CepeaHboro 3HadeHHs (m),
pO3paxoByBany AOBIPYMIA iHTEPBaN CEPEaHBOr0 3HAYEHHS.
3B’A30K MK HAasiBHICTIO MeTacTadyBaHHs Ta NoKasHUKamm
MiKpOLMpKynsLii BCTAHOBMOBaNM, po3paxoBytoun koedi-
LieHT acouliaLlii Ta TouHMI kpuTepii diepa 3 nobynosoto
Tabmuui 2 x 2. PospaxoByBanu BifHOCHWI pU3NK Me-
TacTa3yBaHHs. PesynbraTi HaBefeHi Sk BiGHOCHUI pU3nK
i foBipyi iHTepsanu ([1). Pesynisratv BBaXkanu siporigHUmMu
npu p < 0,05.

Yci nauieHTu, skux obCTexunu, ganv ceoto iHgopmo-
BaHy 3rofly Ha y4acTb Y AOCTMKEHHI.

PesyAbTati

B obcTexeHnx OuiHIOBaNM NOLIMPEHICTb NYXMIMHHOTO
npouecy. BcraHosumum, wo B 15 (26,2 %) XxBopyx nowum-
peHicTb MyxnuHm Bignosigana kputepito T,N,M;, a y 46
(73,8 %) = T,NM,.

Mig yac nepegonepadinHoro PKT-gocnigkeHHs
BU3HauMrK, wo y 15 xsopux is T,N M, cepeaHs rmnbrHa
MyXIMHHOI iHBa3ii ropTaHi ctaHosuna 3,37 £ 0,18 mm, ay
46 naujentis is T,N;M; - 5,17 £ 0,11 mm.

[ns BM3Ha4YeHHS (OYHKLIOHANbHOTO CTaHy npoLecy
aHrioreHesy B NepBUHHIN NyXWHi ropTaHi y BCiX NaLieHTiB
iHTpaonepauinHo BrkoHanw JIAP-meTpito MikpoLmMpKyns-
Ui y Npunermux Ao nyxivHW TKaHWHax ropTaHi nepeq i
BUNYYEHHSIM.

Yci nauieHTn oTpuMyBanu cneuianiaoBaHe JiKyBaH-
HS1 32 NPOTOKOIOM, BVKOPWCTOBYHOMM Pi3Hi 32 06CATOM
€NeKTPOXipypridHi pe3exuii ropTani. Xapakrep XipypriqHux
BTPYyYaHb onucaHuii y mabnuyj 1.

Mig Yac mopchonoriYHOro AOCHIMKEHHS BUIYYEHNUX
npenepcHenofioHx SNL ixHe MeTacTatniHe ypaxeHHs
BusBM B 7 (11,8 %) naujentis i3 T,N M,

AHani3yto4m BiGMIHHOCTI CTaHy MIKPOLMPKY ALl y npu-
Nernyx A0 NYXMWHU TKaHWHaX ropTaHi 3a HasBHOCTI | 6e3
MeTacTasyBaHHs y npenepcHenoaioHuin SNL, otpumanu
[aHi, o HaBeaeHi B mabnuuj 2.

Pesynratu JIO®-MmeTpii nokasanw, Lo B NawjieHTiB i3
METacTaTU4HUM YpaXKeHHsIM npenepcHenogioHoro SNL
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OpuriHaAbHI AOCAIAXKEHHS

Tabnuus 1. XapakTtep xipypriuHux yTpydaHb (n = 61)

B xipyororo arpyan

[ns uboro 3aiNcHIoTL MOPAOMNOriYHI AOCTIMKEHHS
6GioncinHoro matepiany 3i CTOPOXOBWX NiMGOBY3NIB, LLO
6e3nocepeHbO OTPUMYHOTE MOTIK NMiMKU Bif, NEPBUHHOT

XOPACKTOMIS 3 BUTYHHAM My XKW 15 24.6 3MOSIKICHO MyXNIMHKM, @ OTXXe BOHM € O6'eKTUBHUM fjia-
[CLOER LR 9t LA L w2l T 1 ez THOCTUYHUM KpUTEpIEM PerioHapHOro MeTacTasyBaHHS
®poHTO-NaTepanbHa pesekLis ropTaHi 3 BUNyYeHHAM 25 40,9 [8 1M1 4]

MyXInHK U )
[opu3oHTanbHa HafcknaakoBa pesekLis ropTaHi 3 2 &3 BVJOMO’ Lo B MeTacTatn4HoOMy npouecl Baxrvse

3HaYeHHs! Mae CTaH HeoaHrioreHe3sy B NEPBUHHINA MyXInHI.
JocnipxeHHsmu [9,12,13] WinbHOCTI CyAUH Y NEpBUHHIi
MyXIMHI JOBEAEHO, LLO BUCOKMIA CTYMiHb BacKynsipu3aLii
MyXIIMHW € CTaTUCTUYHO BaroMUM MapKepoM HasiBHOCTI
perioHapHOro MeTacTasyBaHHS, ane BOHW I'PyHTYHOTbCS Ha
nocTonepawinHMx MopchonoriYHNX AOCTIIKEHHSIX.
Baromuii BHecok y BuB4eHHs Liei npobnemu JTOP-oH-

BUNYYEHHAM NyXNUHU

Tabnuus 2. Moka3H1K1 MIKpOLMPKYNALT y NpUnernux Ao MyXHU TKaHWHAX ropTaHi
Y XBOPUX 3 i 63 METacTaTM4HOro ypaxeHHs npenepcHenogitbHoro SNL, M £ m

Mokasnuku NA®,

Be3 meTacrasis 3 meTactazamu
y cTopoxoBoMy nimcoBy3ni | y cTopoxoBomy niMmcoBy3ni
(n=15) (n=7)

oAuHULi
BUMipHOBaHHSA

MM, ndp. og. 13,19 0,38 22,62 + 0,42 <0,05 Kororii 3poduny OCRImKEHHS TaKVX YMHHVKIB MeTacTasy-
ofM 0,79+ 0,10 0,72 0,21 >0,05 BaHHs1, SIK MW6WHa iHBa3ii NePBMHHOT PaKOBOI MYXIUHU Ta
K, MM 13,59 + 1,05 19,97 + 2,45 >0,05 il 3anexHOCTI B, piBHSA eKCNpecii MaTpUYHMX NpoTeiHas Ta
MT, ndb. oa. 2,03+0,17 5,05+ 0,23 <0,05 ixHix iHri6iTopis (MMP-9 i TIMIM-1) [3,4], a Takox aHomanii
HT, nd. oa. 1,81£0,15 2,76 £0,16 <0,05 KafepriH-kaTeHiHOBOro KOMMeKcy, sikui Bignosigae 3a
M, ndp. op. 1,07 £0,09 1,84 £0,05 <0,05 MiATPUMAHHA MDKKNITUHHOI agresii [5], ockinbku piBeHb

CTaH MiKpOLMPKYMLii y npunernux 4o nyXimHM TKaHUHaX
ropTaHi XxapakTepusyBaBcs BipOrigHUM MiABULLEHHSM
nokasHuKa Mikpoumpkynauii noHag 22,62 + 0,42 nd. oa.,
mioreHHoro ToHycy (MT) go 5,05 + 0,23, HeliporeHHoro
ToHycy (HT) 8o 2,76 + 0,16, nokasHuka wyHTyBaHHs (ML)
[0 1,84 + 0,05, TOBTO 3HWMXKEHHS! HYTPUTUBHOTO KPOBOTOKY
3 NepeBaXKaHHSM LLYHTOBOTO, LLIO XapaKTepHe Ans akTuBi-
3auii npoLecy HeoaHrioreHesy B NyXIuHi.

[lns BU3HAYEHHSI 3B’I3KY MiX NpeauKTopamu, siki
acoLiol0TbCA 3 MeTacTaTUYHIM MOTEHLiarioM NePBUHHOT
MyXIMHW, Ta BPaxoBYHUM MynbTU(AKTOPHWIA NaToreHe3
npouecy MeTacTasdyBaHHsl, 34iINCHUIN PO3PaxyHOK Koe-
(iuieHTa acouiauii Ta kputepito ®ilwepa 3 nobynoso
Tabnuui 2 x 2.

BcraHoBunu, WO € 3B’A30K MiX MeTacTadyBaHHSM
i rMBMHOM iHBasii MyxnnHK (nokasHuk acouiauii 0,85),
CTyneHeM AudpepeHLiaLii nyxmuHy (NokasHuK acouiauii
0,66) Ta NOKa3HWKOM LUYHTYBaHHS (MOKa3HWK acoujaLli
0,96). Mpwu nokasHuKy LWyHTyBaHHS noHag 1,63 nd. og.
PU3NK BUHUKHEHHSI MeTacTa3dyBaHHs 3pocTaB Ha 54 %
(RR = 2,72 [1,64; 4,52], Ol 95 %; OR = 13,06 [1,39;
122,501, A1 95 %).

TpuBanicTb AVHAMIYHOMO CMOCTEPEXEHHS 3a LMK
XBOPVMMU CTaHOBWINa Maibke 3 poku. Cepen 7 nawieHTiB i3
BUNyYEHUMI MeTacTasamm y npenepcHenogioHmii SNL 3a
nepioa croctepexeHHs Big 8 oo 14 micauis y 4 BusBunm
30iNbLUEHHS LIMAHWX NIMDaTUYHWX BY3MIB, | MPUMYCTUAM
MpOrpecyBaHHs 3aXBOPIOBAHHS (MeTacTasu B perioHapHi
LUMIAHI NimcpaTnyHi By3nm). XBOpUM BUKOHaMNM XipyprivHe
nikyBaHHs B 06C513i (hacuianbHo-yTnspHoT nimdoancek-
Liji, riCTONOr4YHO NATBEPIKEHO METACTATUYHE YPKEHHS.
IMpoTArom CrocTepekeHHs! 3a iHLLIVIMW XBOPUMM B KOLHOMY
BUNazKy He 3adpikcyBarnu nosiey «cTpubaroymx» perioHap-
HUX METacTasiB — METACTaTUYHOIO YPaXeHHS! HECTOPOXO-
BOrO perioHapHoro nimdosyana npu iHTakTHUX SNL.

06roBopeHHA

HwHi BigCyTHS eQvHa fyMKa LOAO0 HadiiHUX NPeayKTopis
pU3VKy MeTacTa3yBaHHs paKy ropTaHi Ha paHHix cTagisx
[1,2,10].
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NYXIIMHHOT iHINbTPaUii Ta cTyniHb 1i AudepeHuiauii
6e3nocepeHbO KOPENHOKTH i3 NOSIBOK METacTaTU4HOro
ypaXeHHs1 perioHapHux nimcpoyanis. OgHak Taky 3aKo-
HOMIPHICTb HE MOXMMBO MPOCTEXMUTY B peasibHil KNiHiYHin
iHTpaonepaLinHiv cuTyauii, LWob BuKopuCTaTH ii 9K npeawk-
TOp MeTacTasyBaHHs.

Omxe, B AOCTYMHIil haxoBil nitepatypi He BUSBMNN
[JaHuX LLOAO iHTpaonepaLliiHoro KOMMMIEKCHOTO BUBYEHHS!
KOpPEnsLiNHUX B3aEMO3B'A3KIB MiXX MeTacTasyBaHHAM Y
CTOPOXOBWIA NIMCOBY30MN | MOXIIMBICTIO BUKOPUCTAHHS
NPeAUKTOPIB KPUTUYHUX MapameTpiB Takux iHAMKaTopis
MeTacTasdyBaHHS, ik NOLUMPEHICTb NEPBUHHOI PaKOBOI
MyxnuHW, rmubuHa ii iHBasii, CTyniHb AndepeHuiauii Ta
(hYHKLIOHaNbHUIN CTaH HEOaHrioreHesy 3 BU3HAYEHHAM
IXHIX KPUTUYHKX KiNbKICHUX NOKA3HMKIB.

3a JaHuMu, WO OTpUMani, pusnK MeTacTaTh4yHoro
ypaxeHHst npenepcHenogibHmx (pN1sn) nimdosyanis y 7
XBOPWX KOPENIOBAB i3 KPUTUYHUMM napameTpamm Takux
iHOMKAaTOPIB MEeTacTadyBaHHs, SK NOLUMPEHICTb MEpBUH-
Hoi pakosoi nyxnukm fo T,N M, rmunbuHa iHBasii noHan,
6,28 + 0,18 MM, HM3bKMI CTyNiHb AudepeHuiauii G3,
nepeBaxaHHs LLYHTOBOTO KPOBOTOKY Haf HYTPUTUBHUM
(M = 1,84 + 0,05 ndp. oa.), y4acTb AKUX y MeTacTaTny-
HOMY MpOLEeCi NIATBEPIKEHO HASIBHICTIO KOPENSALAHNX
B3aEMO3B’A13KiB. PesynsraTi 4ocnimkeHHs Ta TepMiH crno-
CTEPEXEHHS CBiAYaTb MPO MOXIYMBICTb iX BUKOPUCTAHHS
Ans iHTpaonepaLuinHoro NPorHo3yBaHHA HasBHOCTI Npu-
XOBaHOro perioHapHOro MeTacTtasyBaHHsl N BU3HAYEHHS
[OUINbHOCTI BUKOHAHHS CUMYIBTAHHOI LLIMAHOT AMCEKLii
Ha 6oL ypaxeHHs! ropTaHi MyxIMHOH.

BucHOBKHM

1. BusiBneHe iHtpaonepauiitHo y 7 (11,4 %) xsopux
Ha pak roptaHi 3 T,N M, mMeTacTasysaHHs y npenepcHe-
nogibHWIA CTOPOXOBMIA NiMKOBY3011, @ TaKoX Mosiea y 4 i3
HUX FiCTOMOMYHO MIATBEPIKEHNX METAXPOHHMX METacTasis
cBigYaTh Npo aKTyarnbHICTb AOCHIMKEHHS Liel npobnemm
JIOP-oHKonoril.

2. BcraHoBunw, L0 € 3B’A30K MK MeTacTasyBaHHSAM
i rmmnbuHoto iHBa3ii MyxnuHKM (MokasHuk acouiauii 0,85),
CTyneHeM audpepeHuiauii nyxnumHK (nokasHuk acouiauii
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0,66) Ta NOKa3HMKOM LLUYHTYBaHHS (MOKasHWK acouiaLii
0,96). MNpwn nokasHKKy LWyHTyBaHHSA noHag 1,63 nd. og.
PU3VK BUHWKHEHHSI MeTacTasyBaHHs 3pocTaB Ha 54 %
(RR=2,72[1,64;4,52], 1 95 %; OR = 13,06 [1,39; 122,50],
[195 %). Pesynsrati AatoTb 3MOry BBaXaTH Lji MOKa3HUKK
BIPOrigHUMY aKTOpPaMm PU3NKy METACTaTUYHOIO MPOLIECY.

3. Bu3Hauunu KpUTUYHI 3Ha4EHHS KinNbKiCHX MOKasHu-
KiB TaKkux NpPeOuKTOpIB MeTacTadyBaHHs paKy ropTaHi, K

noLmpeHicTs npouecy A0 T,N M, rmmnbuHa iHBasii nyxmnH

noHag 6,28 0,18 MM, HU3bkWA CTyNiHb AndepeHLiaLli
(G3), nepeBaxaHHs B MyXIMHi LLYHTOBOIO KPOBOTOKY Haf,
HyTpuTBHUM — LU noxaz 1,84 £ 0,05. BoHn MoxyTb ByTu
BUKOPUCTaHI Ik IPEAMKTOPHI TECTU MOXIMBOCTi YPaXeHHs!
perioHapHUX MiMgaTUYHUX BY3MiB KIiHIYHO Hepeaniso-
BaHUMW MeTacTas3amu Ta CTaTu MnokasaHHsAM BUKOHAHHS
CUMYNbTaHHOI (PYHKLiOHaNbHOT niMdoamcekuil Wni Ha
6oL ypakeHHs ropTaHi.

MepcnekTMBM NnopanbLUMX AochimKeHb. [naHyeTb-
Csl BUBYUTU Y XBOPUX Ha pak roptai 3 T, ,N M, edextus-
HICTb 3aCTOCYBaHHS Ha XipypriYHOMY eTani KOMGIHOBaHOrO
NiKyBaHHS CUMYIBTaHHOI (hyHKLiOHaNbHOI niMdoamncekLuii
Lumi A4Nns NpodoiNakTVKW NOSIBI METAXPOHHMX PerioHapHIX
meTacTasis.
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Purpose. The study of the distribution patterns of allelic genes and genotypes of the C/A polymorphism of the collagen CO-
L1A1_1 gene (rs1107946) in children with bronchial asthma, taking into account the indicators of external respiration function.

Materials and methods. Molecular-genetic study to determine the C/A polymorphism of the collagen COL1A1_1 gene
(rs1107946) was conducted in 125 children from 6 to 18 years, 100 of them with bronchial asthma who were hospitalized in
the Allergic Department of the Municipal Non-Profit Enterprise “City Children Hospital No 5 of Zaporizhzhia City Council” and
25 healthy children (control group). There were no differences in age and sex in the comparison groups (P > 0.05).Genotype
determination was performed by polymerase chain reaction method according to the instruction (Applied Biosystems, USA)
using the samples of total DNA received from whole venous blood using SNP-Screen reagents (manufactured by “Syntol”)
on amplifier CFX96TM Real-Time PCR Detection Systems (“Bio-Rad laboratories, Inc.”, USA). The ventilation function of
the lungs was studied by conducting a spirometric study on a computer spirograph “PULMOREM” TU U 33.1-02066769-
005-2002 (Kharkiv, Ukraine). To compare the frequencies of alleles and genotypes in different groups, the non-parametric
statistical method “2 x 2 Table”, the Chi-square (df = 1) was used. Medians and interquartile intervals were also calculated,
the two independent groups were compared by the Mann-Whitney criterion, the x? criterion. Non-parametric statistics meth-
ods for the licensed software package Statistica for Windows 6.1.RU, serial number AXXR712D833214SANS, were used to
process the obtained study data.

Results. Molecular-genetic study of distribution patterns of allelic genes of the C/A polymorphism of the COL1A1_1 collagen
gene (rs1107946) in patients with bronchial asthma and in practically healthy children, showed that the allele C was registered
with a frequency of 69.5 % and 84.0 %, allele A— 30.5 % and 16.0 %; dominant genotype C/C — 58 % and 76 %; heterozygous
genotype C/A—23 % and 16 %; homozygous genotype A/A— 19 % and 8 %, respectively. Children with bronchial asthma with
genotype A/A had significantly lower FVC values up to 2.32 (1.55; 3.29), VC__ up to 1.69 (1.40; 2.98), FEV, up to 1.82 (1.43;
2.98), with genotype C/C — MEF . up to 2.34 (1.87; 3.14) when compared with patients with heterozygous genotype A/C, and
very low rates of FVC were recorded in 68.75 % of children with bronchial asthma with the A/A genotype against 30.77 % of
patients with the A/C genotype and 36.17 % with the C/C genotype (P < 0.05).

Conclusion. Homozygous genotype A/A of C/A polymorphism of the COL1A1_1 collagen gene (rs1107946), was associated
with more pronounced disorders of ventilatory function of lungs with obstructive breathing type due to impaired collagen
formation in the bronchi, which may have prognostic significance both for early diagnosis and prediction of clinical course
severity of this disease as well as for prevention and treatment of bronchial obstruction in patients.

DochipxeHHA acoujauii po3noainy reHotunis noaimop¢iamy C/A
reHa konareHy COL1A1_1 (rs1107946) i3 nokasHMKaMu GyHKLii 30BHiLLHLOr0 AUXaHHA
B AiTei i3 6poHXiaAbHOIO acTMOIO

T. €. WywmHa, C. M. Hepenbcbka, 0. C. ®epoceeBa

MeTta po6oTu — gocnigkeHHs 3aKOHOMIPHOCTI PO3Moginy anenbHUX reHis i reHotmnie nonimopdiamy C/A reHa konareHy
COL1A1_1 (rs1107946) y piteit i3 BpoHXianbHOK acTMOI0, BPaxXOBYUM NOKa3HUKN (PYHKLIT 30BHILLHBOMO AMXaHHS.

Martepianu Ta meToamn. MonekynspHo-reHeTUYHe JOCNIMKEHHS Ans BU3Ha4YeHHs nonimopdiamy C/A reHa konareHy COL1A1_1
(rs1107946) 3giichnnu y 125 piten Bikom Big 6 Ao 18 pokig, i3 HUX 100 — giTel i3 GpoHxianbHOK acTMmoto, ski nepebysanu
Ha cTauioHapHoOMy nikyBaHHi B anepronoriyHomy BipdineHHi KHIM «Micebka gutaya nikapHs Ne 5» 3MP, i 25 3goposwix gitei
(koHTponbHa rpyna). BigmiHHOCTEN 3a BiKOM Ta CTaTTHO Y rpynax nopiBHsHHSA He 6yno (p > 0,05). FfeHOTUN BU3Ha4ann METOAOM
nonimepasHoi naHLroBoi peakuii 3rigHo 3 iHcTpykuieto (Applied Biosystems, USA), BukopucToBytoum 3pasku TotansHoi JHK,
L0 OTPMMaHa 3 LiNbHOi BEHO3HOI KPOBI 3 3acTocyBaHHAM peareHTiB « SNP-CkpuH» (BUpobHWK «Syntol») Ha amnnidikaTopi
CFX96TM Real-Time PCR Detection Systems («Bio-Rad laboratories, Inc.», USA). BeHTunsuiitHy dyHKLito NiereHb BuB4ani
LUMSIXOM CMiPOMETPUYHOTO AOCRIMKEHHA Ha KoMm'toTepHomy cniporpadi «PULMOREM» TY Y 33.1-02066769-005-2002
(M. Xapkis, YkpaiHa). BukopucToByBanu HenapameTpuyHUn CTaTUCTUYHUA MeTog «2 x 2 Tablex, the Chi-square (df = 1),
BUPAX0OBYBanM MegiaHW Ta iIHTEPKBAPTUNbHI iHTEPBanM, ABi HE3aNeXHi rpynu nopieHoBanu 3a kputepieM MaHHa-YiTHi, kpu-
Tepiem x%. OnpaLtoBany AaHi 3a 4OMOMOroto JiLleH3iliHoro nakeTa nporpam Statistica for Windows 6.1.RU, cepilihuit Homep
AXXR712D833214SAN5.
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Pe3ynkratn. MonekynsipHoO-reHeTMYHe JOCiMKEeHHS 3aKkOHOMIPHOCTEN PO3MoAiny anenbHux rexis nonimopdiamy C/A reHa
konareHy COL1A1_1 (rs1107946) y giTel i3 GpoHxianbHOK acTMOK0 Ta Y NPaKTUYHO 3[0POBMX Nokasaro, Lo anens C peectpy-
Banu 3 yactotoro 69,5 % Ta 84,0 %, anenb A — 30,5 % T1a 16,0 %; gomiHytoumin reHoTun C/C — 58 % T1a 76 %; reTepo3nroTHuin
reHotun C/A — 23 % Ta 16 %; romoauroTHuii reHotun A/A — 19 % Ta 8 % BignoBigHo. Y AiTel i3 GpoHXxianbHO acTMolo 3
reHoTunom A/A Gynu BIporiaHo HxX4MMK nokasHukm ®XEN no 2,32 (1,55; 3,29), KEN no 1,69 (1,40; 2,98), OPB, oo 1,82
(1,43; 2,98), i3 reHotunom C/C — MOC,, fo 2,34 (1,87; 3,14) nopiBHAHO 3 NavjieHTamu 3 reTeposnroTHUM reHoTunom A/C, a
Zyxe Hu3bki nokasHuku GXKEI sapeectpyBanu y 68,75 % fiteit i3 bpoHxianbHoto actmoto 3 reHotunom A/A npotu 30,77 %
naujeHTi i3 reHotunom A/C i 36,17 % 3 rerotunom C/C (p < 0,05).

BucHoBku. FfomoaurotHui reHotun A/A nonimopdpiamy C/A reHa konareHy COL1A1_1 (rs1107946) acouitoBaBcs 3 BUpaxeHi-
LUMMM NOPYLUEHHSIMI BEHTUNALIAHOT OyHKLT nereHb 3a 06CTPYKTUBHUM TUNOM AMXaHHS BHACIAOK NOPYLLIEHHS KonareHoyTBO-
peHHs y BpoHxax, Lo MOXe MaTh NPOrHOCTUYHE 3HAYEHHS AN paHHBOI AjarHOCTUKM Ta MPOrHO3YBaHHS TAXXKOCTI KNiHIYHOMO
nepebiry Lboro 3axXBOPHOBaHHSA Ta NPOMINaKTUKK i NikyBaHHsS GpoHXianbHOT 06CTPYKLUii B NaLieHTiB.

HUccnepoBaHue accouraLmmn pacnpeaeAeHUs reHoTunoB noaumopduama C/A
reHa koanareHa COL1A1_1 (rs1107946) ¢ nokasateAaMu GYHKLUU BHELIHETO AbIXaHUA
y AeTel ¢ 6pOHXUaAbHOM aCTMOM

T. E. WymHas, C. H. Hepenbckas, E. C. ®epoceeBa

Lienb pa6oTbl — uccnenoBaHme 3akOHOMEPHOCTU 1 pacrnpeaereHuns annenbHbIX reHOB U reHOTUNOB nonumopdmama C/A reHa
konnareHa COL1A1_1 (rs1107946) y neteii ¢ GpoHXManbHOM acTMOW, yuuTbIBasi okasaten OyHKLMN BHELLIHETO AbIXaHus.

Matepuansi n metoabl. MonekynsipHo-reHeTUYeCKoe 1ccrieaoBaHune Ans onpeaenexns nonumopcguama C/A reHa konnareHa
COL1A1_1 (rs1107946) nposeneHo y 125 peten B Bo3pacTe oT 6 A0 18 nert, u3 Hx 100 geTen ¢ GpoHXManbHOWM acTMON,
KOTOpbIE HAXOAWUINMChL Ha CTaLMOHApPHOM NievyeHun B annepronorideckom otaeneHun KHIM «Mopoackas aetckas 6onbHuLa
Ne 5» 3I'C v 25 300poBbIX A€TEN (KOHTPOMNbHas rpynna). [letv no Bo3pacTy v nony B rpynnax HabntogeHns He oTnnyanucs
(p > 0,05). Onpepnenexvie reHoTMNA NPOBOAMIIM METOLOM NONMMEPA3HON LIEMHON peakuym cornacHo MHCTpykumumn (Applied
Biosystems, USA) ¢ ucnons3oBaHvem 06pa3LioB ToTanbHoii [IHK, nony4eHHol ¢ LienbHON BEHO3HO KPOBU C UCMOMNb30BaHN-
eM peareHToB «SNP-Ckput» (nponssoauTens «Syntol») Ha amnnmdgukatope CFX96TM Real-Time PCR Detection Systems
(«Bio-Rad laboratories, Inc.», USA). BEHTUNAUMOHHYIO (DYHKLMIO NETKMX M3ydanu nyTem NpoBEAEHWsI CIMPOMETPUYECKOrO
1ccnenoBaHns Ha komnbtoTepHom cnvporpade «PULMOREM» TY Y 33.1-02066769-005-2002 (r. XapbkoB, YkpauHa). Uc-
nonb30BanM HenapaMeTpUYECKUin CTaTuCTUYeCckin Metog «2 x 2 Tabley, the Chi-square (df = 1), BbicunTbIBaNu MeamaHbl 1
VHTEPKBapTUIbHble MHTEepBAasbl, ABE He3aBUCUMbIE rPYNMbl CPABHUBANM C UCMOMNb30BaHWEM Kputepus MaHHa-YWUTHu, kpute-
pusi x2. OB6paboTKy NOMyYEHHbIX AaHHbIX MPOBOAMMM NPY MOMOLLM NULIEH3NOHHOTO NakeTa nporpamm Statistica for Windows
6.1.RU, cepuitbiii Homep AXXR712D833214SANS.

Pesynbkratbl. MonekynsipHo-reHeTU4eckoe ccnenoBaHne 3akoHOMEPHOCTEN pacnpeseneHns annernbHbIX reHOB NonMMop-
dmama C/A reHa konnareHa COL1A1_1(rs1107946) y neten ¢ GpoHxManbHOM acTMOW Uy MPaKTUYECKV 30POBbIX NoKasaro,
yto annenb C pernctpuposanu ¢ Yactoton 69,5 % 1 84,0 %, annenb A — 30,5 % v 16,0 %; gomuHupytowwwmii reHotun C/C —
58 % Ta 76 %; retepoaurotHblid reHoTun C/A — 23 % u 16 %; romoaurotHbIn reHotun A/A — 19 % 1 8 % COOTBETCTBEHHO.
Y peten ¢ BpoHXManbHON acTMol ¢ reHoTunoM A/A OTMeYeHbl JOCTOBEPHO CHUKEHHbIe nokasaTenu OXENT no 2,32 (1,55;
3,29), XXEN po 1,69 (1,40; 2,98), OB, no 1,82 (1,43; 2,98), ¢ reHotunom C/C —MOC,, no 2,34 (1,87; 3,14) npu cpasHeHnm ¢
nauneHTamu ¢ reTepoauroTHbIM reHoTunom A/C, a odeHb Hu3kue nokasatenu OXKEJ sapeructpuposaHsbl y 68,75 % peten ¢
BpoHxuanbHom actmo ¢ reHoTunom A/A npotus 30,77 % naumeHToB ¢ reHoTunom A/C n 36,17 % c reHotunom C/C (p < 0,05).

BbiBogbl. [oMo3nroTHbI reHoTun A/A nonumopdmama C/A rea konnareHa COL1A1_1 (rs1107946) accounvpoBancs ¢
6oree BblpaXeHHbIMW HapYLLIEHUSIMA BEHTUSLMOHHON (OyHKLMW NETKUX MO OOGCTPYKTUBHOMY TUMY [AblXaHUsi BCREACTBUE
HapyLLeHWs konnareHoobpa3oBaHusi B GpoHxax, YTo MOXeET MMeTb NPOrHOCTUYECKOE 3HaYeHUE OISt paHHEN ANarHoCTUKMA 1
MPOrHO3MPOBAHWS TSHXKECTU KITMHNYECKOTO TEYEHNS 3TOro 3aboneBaHusi, NPOdUNaKTVKM 1 NeYeHNst GpOHXManbHOM 06CTPYKLMN
y NaLWeHTOB.

Bronchial asthma (BA) remains the most topical issue of
modern pediatrics and is a serious chronic disease, affecting
millions of children of all ages [1]. Epidemiological, genetic
and clinical anamnestic studies have indicated the role of
certain environmental factors and genetic composition in
the formation of bronchial asthma in children [2,3].

In this regard, medical practitioners and scientists
have become interested in understanding the factors that
lead to the formation of bronchial asthma, and especially
its genetic aspects. The manifestation of this multifactorial
disease occurs as a result of the interaction of genetic
factors and certain environmental conditions. Allergens,
viruses, bacteria, passive smoking, xenobiotics and genetic
mechanisms contribute to the onset of bronchial asthma in
children and affect the clinical course of the disease. Im-
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mune and neurogenic features of pathogenesis, bronchial
hyperreactivity in chronic inflammation and other factors
contribute to the formation of active forms of oxygen. This
leads to the development of hypoxia, oxidative stress,
secondary pathological changes in the respiratory tract
and lung tissue. At the present stage, the pathogenetic
basis for the development of bronchial asthma is a change
in the differentiation of activity of T-helpers of type 2, and
a genetic determinate imbalance in the functioning of
enzymes of oxidative and antioxidant effects. In general,
an understanding of the various genetic mechanisms of
the development of bronchial asthma makes it possible to
re-understand the pathogenesis of this disease [4].

In Ukraine, the studies of genetic factors in the deve-
lopment of asthma have not been fully conducted, reliable
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data on the prevalence of individual genes involved in
the formation of the pathological process in persons at high
risk of this disease remain unexplored, there are no data on
the dependence of the manifestation period, the severity of
the disease from the genotype of the patient, no schemes
have been developed to determine the degree of hereditary
predisposition to the development of asthma. Each diffe-
rence in the phenotype of a child with bronchial asthma has
individual traits and is caused by gene polymorphism, and
polymorphic genes are those that are presented in a popu-
lation by many alleles, which are different forms of the same
gene, and they cause diversity and complexity intra-specific
traits. It is known that the influence of genetic factors on
the development of asthma is in the range of 35-70 % and
hereditary burden of allergic diseases determines the more
severe course of asthma [3,5,6].

An important area of modern genetic study is the iden-
tification of variants of genes which allow predicting
the individual course of the disease and the response to
therapy [6,7].

It is expected that in the near future a personalized
BA prognosis will consist of personal environmental risk
factors and a set of genes that will cause the development
and course of disease [8-10].

This is especially important in children, because
the younger the child, the more difficult it is to obtain
the necessary information after conducting skin allergy
tests or determining indicators of the function of external
respiration. The chronic inflammatory process in the airways
in children with bronchial asthma leads to irreversible struc-
tural changes in the bronchial wall in the form of thickening
of all layers of the bronchial wall, proliferation of collagen
fibers in the submucosal layer, hyperplasia and an increase
in the number of myofibroblasts that are responsible for
the synthesis and accumulation of collagen type |, Ill, IV
in the submucosa layer of bronchus. This leads to a nar-
rowing of the bronchi. In this case, structural disorders of
the bronchi can form very early, when there are no clinical
symptoms of the disease. Also, there are still no highly
informative methods for identifying signs of chronic inflam-
mation in the bronchi and reliable markers for predicting
this disease. Today, genetic studies allow both diagnosing
and predicting the development of bronchial asthma in a
particular child very early in order to timely prevent structural
changes in the bronchi that affect the function of external
respiration [11].

Atthe present stage of scientific medicine development,
to understand the genesis of the development of bronchial
asthma and to assess the individual differences of the phe-
notype, itis necessary to conduct molecular genetic studies
in order to determine the polymorphism of collagen and
metabolism genes (COL1A1), which will allow to predict
the risk of pathology and to prevent the risk of pathology.
Collagen is the main insoluble fibrillar protein that under-
lies the connective tissue of the body. More than 90 % of
all collagen accounts for type | collagen, which is a major
protein element of the skin, blood vessels, tendons, cartilage
and bones. It is this which provides them with the highest
strength and elasticity under mechanical loading [11].

The most important achievement of recent years in
the study of collagen was the detection of its heterogeneity.
According to the latest data, up to 27 types of collagen are
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distinguished, and each tissue of the body has its own
relationship of types [11,12].

The immunological variances of collagen of different
types have made it possible in recent years to study the lo-
calization of different types of collagen in connective tissue
structures by using typo-specific antibodies.

Many scientific studies have been dedicated to
the study of genes responsible for the formation of atopy,
such as IL-4, -6, -13, but collagen plays a special role in
the functioning of the bronchopulmonary system.

The special role of collagen in the functioning of the hu-
man bronchopulmonary system is also due to the fact that
the alveoli are formed precisely by collagen fibers. Defects
in the structure of elastin and collagen, caused by endo-
genous hereditary mechanisms of increasing activity of
degradation enzymes, may contribute to the development
of configuration abnormalities of the bronchi. The stigmas
of dysembryogenesis by the bronchopulmonary system
are manifested in the form of tracheobronchial dyskinesia,
tracheobronchomalacia and tracheobronchomegaly, pul-
monary hypertension, polycystic pulmonary disease, de-
tection of apical bulging (during radiographic examination),
spontaneous pneumothorax. The weakness of connective
tissue structures contributes to the development of trache-
obronchial dyskinesia — a significant change in the lumen
of the trachea and large bronchi during breathing due to
expiratory burst of their atonic membrane part [11].

Therefore, the study of gene mutations responsible for
the exchange of collagen, which forms connective tissue
and contribute to the development of connective tissue
dysplasia syndrome, one of the phenotypic manifestations
of which is the development of pathology of the bronchopul-
monary system in children, is extremely important.

Purpose

The study of the distribution patterns of allelic genes
and genotypes of the C/A polymorphism of the collagen
COL1A1_1 gene (rs1107946) in children with bronchial
asthma, taking into account the indicators of external
respiration function.

Materials and methods

Molecular-genetic study to determine the C/A polymor-
phism of the collagen COL1A1_1 gene (rs1107946) was
conducted in 125 children from 6 to 18 years, 100 of them
with bronchial asthma who were hospitalized in the Allergic
Department of the Municipal Non-Profit Enterprise City
Children Hospital No. 5 of Zaporizhzhia City Council and 25
healthy children (control group). There were no differences
in age and sex in the comparison groups (P > 0.05).

Genotype determination was performed by polymerase
chain reaction method according to the instruction (Applied
Biosystems, USA) using the samples of total DNA received
from whole venous blood using SNP-Screen reagents (manu-
factured by “Syntol”) on amplifier CFX96TM Real-Time PCR
Detection Systems (“Bio-Rad laboratories, Inc.”, USA). The
study was carried out in the Department of Molecular and
Genetic Studies of the Research Medical-Laboratory Center
at the Department of Microbiology, Virology and Immunology
of Zaporizhzhia State Medical University.
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8%

Genotype A/C

23 %

Genotype A/C

Genotype A/A
19 %

Fig. 1. Occurrence
frequency of genotypes
of C/A polymorphism
of the collagen

gene COL1A1_1
(rs1107946) in children
with bronchial asthma.

Genotype C/C
58 %

Fig. 2. Occurrence
frequency of genotypes
of C/A polymorphism

of the collagen gene
COL1A1_1(rs1107946)
in practically healthy
children.

16 %

Genotype C/C
76 %

The ventilation function of the lungs was studied by
conducting a spirometric study on a computer spirograph
“PULMOREM” TU U 33.1-02066769-005-2002 (Kharkiv,
Ukraine). The forced expiratory maneuver has been
performed three times, with the following indicators: vital
capacity maximal (VC__ ), forced vital capacity (FVC),
forced expiratory volume in the first second (FEV,),
FEV, %F = FEV,/FVC ratio %, maximum expiratory
flow at 25 %, 50 % and 75 % FVLC (MEF,,, MEF
and MEF))

To compare the frequencies of alleles and genotypes
in different groups, the non-parametric statistical method
“2 x 2 Table”, the Chi-square (df = 1) was used. Medians
and interquartile intervals were also calculated, the two
independent groups were compared by the Mann-Whitney
criterion, the ¥? criterion. Non-parametric statistics methods
for the licensed software package Statistica for Windows
6.1.RU, serial number AXXR712D833214SAN5, were used
to process the obtained study data.

257

Results

Molecular and genetic study of C/A polymorphism of colla-
gen gene COL1A1_1 (rs1107946) in children with bronchial
asthma has detected that the incidence of allelic gene Awas
30.5 %, allele C-69.5 %, and in healthy children 16 % and
84 %, respectively.

Studies have found that in children with bronchial asth-
ma, the homozygous genotype C/C was most frequently
registered and was equal to 58 %. The heterozygous
genotype C/Aand the homozygous genotype A/Awere sig-
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nificantly less frequently reported; the incidence of bridging
among children with bronchial asthma was only 23 % and
19 %, respectively (Fig. 1).

In the comparison control group, that is, in healthy
children, homozygous C/C genotype (76 %) was also
significantly more frequently registered compared with
the incidence of homozygous A/A genotype (8 %) and
heterozygous C/A genotype (16 %) respectively (Fig. 2).

Depending on the presence or absence of pathology
such as bronchial asthma, a comparative analysis of
the genotype distribution of C/A polymorphism of the col-
lagen COL1A1_1 gene (rs1107946) was also performed.
Although in healthy children only a tendency for the preva-
lence of homozygous genotype C/C and a tendency for a
decrease in the incidence of homozygous genotype A/Aand
heterozygous genotype C/A than in patients with bronchial
asthma was observed, but there was no significant differ-
ence between these parameters.

Therefore, we further analyzed the association of geno-
type distribution of the C/A polymorphism of the collagen
COL1A1_1 gene (rs1107946) with indicators of external
respiratory function in children with bronchial asthma. In
the study of ventilatory function of the lungs, obstructive
breathing with a decrease in external respiration, at the time
of examination, was recorded in 76 children with bronchial
asthma. All 25 practically healthy children and 24 children
with controlled bronchial asthma during sustained remission
had all indicators of external respiration within the age range.

Indicators of external respiratory function in children
with bronchial asthma, depending on their genotypes of C/A
polymorphism of COL1A1_1 collagen gene (rs1107946) are
presented in Table 1.

Concurrently children with bronchial asthma and ho-
mozygous A/A genotype, when compared with patients with
heterozygous A/C genotype, had significantly lower rates
of forced vital lung capacity (2.32 (1.55; 3.29) versus 3.20
(2.51;3.77)). P < 0.05; vital lung capacity (1.69 (1.40; 2.98)
vs. 2.37 (1.97; 2.88)), P < 0.05; forced expiratory volume
in the first second (1.82 (1.43; 2.98) vs. 2.40 (1.89; 3.08)),
P <0.05. Atthe same time, in children with bronchial asthma
and homozygous C/C genotype, the maximum exhalation
volume rate at 75 % of FLVC was significantly lower than
in children with A/C genotype (2.34 (1.87; 3.14) vs. 2.46
(1.95; 3.24)), P < 0.05.

The distribution of genotypes of the C/A polymorphism
of COL1A1_1 collagen gene (rs1107946) in children with
bronchial asthma and with impaired ventilatory function of
the lung, characterized by very low rates of external respi-
ration during spirometry, are presented in Table 2.

Concurrently 68.75 % of children with bronchial asthma
with A/A genotype were significantly more likely to have very
low rates of forced vital lung capacity, compared to 30.77 % of
patients with A/C genotype and 36.17 % with C/C genotype.

According to our hypothesis, these data can be ex-
plained by the fact that in children with bronchial asthma with
the A/Agenotype of C/A polymorphism of the collagen gene
COL1A1_1 (rs1107946) the violation of collagen formation
in the bronchi is observed, which causes more pronounced
disorders of lung ventilatory function with obstruction respi-
ration type while patients with genotypes C/Aand C/C have
bronchial obstruction due to the well-known heterogeneous
chronic inflammation of the respiratory tract.
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Table 1. Indicators of external respiratory function, depending on their genotypes of C/A polymorphism of COL1A1_1 collagen gene (rs1107946)

in children with bronchial asthma (Me (Q25; Q75))

Original research

m—— revor  wer  wer,  wer. |
0.

1.87 (1.20; 2.29)
2.46 (1.95; 3.24)

Genotype A/A (n 2.32(1.55;3.29)  1.69 (1.40; 2.98)
Genotype A/C (n = 3) 3.20 (2.51;3.77)  2.37 (1.97; 2.88)
P (A/A-AIC) <0.05 <0.05
Genotype C/C(n = 47) 3.16 (2.64;3.75)  3.10 (2.64; 3.75)
P (A/A-CIC) >0.05 >0.05
P (A/C-C/C) >0.05 >0.05

1.82(1.43; 2.98)

82(0.72;0.90) 4.46 (3.59; 5.12)

2.40(1.89;3.08) 0.83(0.82;0.90) 5.23 (4.78;5.57) 3.79 (2.64; 4.43)
<0.05 >0.05 >0.05 >0.05
267 (2.07;3.32) 0.81(0.73;0.92) 527 (3.98;6.66) 4.06 (2.95; 5.38)
>0.05 >0.05 >0.05 >0.05
>0.05 >0.05 >0.05 >0.05

3.41(2.27; 3.93)

>0.05

2.34 (1.87; 3.14)

>0.05
<0.05

Table 2. Genotype distribution of collagen gene C/A polymorphism of COL1A1_1 collagen gene (rs1107946) in children with bronchial asthma with very

low ventilatory function (abs/%)

m—— FEv o EEN

Genotype A/A (n = 11/68.75 9/56.25 3/18.75 5/31.25 4/25.00

Genotype A/C (n = 1 3) 4/30.77 6/46.15 3/23.08 2/15.38 2/15.38 1/7.69

P (A/A-AIC) <0.05 >0.05 >0.05 >0.05 >0.05 >0.05

Genotype C/C (n = 47) 17/36.17 25/53.19 9/19.15 15/31.91 5/10.64 10/21.28

P (A/A-CIC) <0.05 >0.05 >0.05 >0.05 >0.05 >0.05

P (A/C-CIC) >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
Discussion dren with the asthma phenotype of physical exertion, unlike

Other scientific works that we analyzed in the course of
our study are dedicated as well to the identification of
genotypic and associated with it phenotypic features of
bronchial asthma.

Thus, three subgroups of patients participated in
the study of the association of the rs510432 polymorphism
of the ATG5 gene with indicators of forced expiratory volume
in the first second (FEV1). The first subgroup included 18
patients (18.37 %) with the major (homozygous) genotype,
the second — 51 children (52.04 %) with the heterozygous
genotype, the third — 29 persons (29.59 %) with minor
(homozygous) genotype. At the same time, no statistically
significant differences between the average values of FEV1
in patients with major and heterozygous genotype, heterozy-
gous and minor genotype were found (P < 0.05). However,
average FEV1 values in patients with a minor genotype were
significantly lower than with the major genotype (P < 0.05).
Thus, the rs510432 polymorphism of ATG5 gene is also con-
sidered to be a predictor of decreased respiratory function
in children, allowing individually prescription of prophylactic
measures and / or treatment to prevent the development or
exacerbation of bronchial asthma [13-15].

Fedortsev O. Y. also studied the function of external
respiration in children with bronchial asthma; but according
to his conclusions, the changes in spirometric parameters
in patients are informative only during the attacks allowing
distinguishing the types of disorders of the function of ex-
ternal respiration — mixed with obstruction predominance
and purely obstructive. During exacerbation of bronchial
asthma, priority indicators are violated that are dependent
on the exhalation phase (mid-expiratory flow (MEF, ),
maximum expiratory flow at 25 %, 50 % and 75 % FVLC
(MEF,,, MEF,, and MEF_,). But in our study the most
diagnostically |nformat|ve |nd|cators turned out to be FVC,
VC, .. FEV, [16].

In studying clinical and spirographic features of phe-
notypic features of bronchial asthma of physical tension in
school-age children, divided into two groups of comparisons,
O. G. Grigola established the following data. Thus, in chil-
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the peers in the comparison group, there was more severe
clinical course of the disease, accompanied by the risk of
loss of control with odds ratio of 3.45 and relative risk of 1.47.
Patients with asthma phenotype of physical exertion were
distinguished by higher rates of non-specific hypersensitivity
of the bronchi to direct and indirect bronchoprovocation sti-
muli and more pronounced skin hypersensitivity of immedi-
ate type to standard household allergens, which is due to a
greater degree of burden of family allergic anamnesis [17].
Banadyha N. V. has put forward an assumption that
the polymorphism of the rs1042713 Arg16Gly of the ADRR2
gene in children with bronchial asthma is represented by
the predominance of the Arg16Gly variant in all phenotypes,
as well as in the case of early debut disease. Late mani-
festation of the disease is associated with the homozygous
variant Gly16GlyADRR2 [18]. It has also been shown that
among patients with bronchial asthma with a difficult he-
reditary history of atopy, the Arg16Gly genotype of ADRR2
gene prevails. At that time, in families with no cases of
allergic pathology, the Gly16Gly genotype registered with
a frequency of 53.33 %, occupies a leading place [19].
According to the results of genotyping, Ivanova L. A.
states that the genotype T1delM1 + is registered in eosin-
ophilic bronchial asthma in 15.5 % of cases, that is more
often than in the neutrophilic type of airway inflammation
(11.6 %). The T1 + M1del genotype was more frequently
reported in children with a non-eosinophilic disease
phenotype of disease (32.6 %) than in their peers with
eosinophilic bronchial asthma (28.9 %). Severe form of
disease was detected in 4 of 5 carriers of the T1delM1del
genotype (80 %) in patients with eosinophilic asthma and
in 2 of 5 carriers (40 %) with neutrophilic type of respira-
tory passages inflammation. At the same time, carriers of
the T1 + M1 + genotype were diagnosed with severe form
of disease in 12 of 21 (57.1 %) patients with eosinophilic
asthma and in 8 of 19 (42.1 %) with non-eosinophilic type of
respiratory passages inflammation. Thus, in patients with
an eosinophilic phenotype of bronchial asthma who have
the T1delM1del genotype, the disease more often passed
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in the severe forms. In general, it should be noted that in
patients with eosinophilic asthma, which are carriers of
defective alleles of GSTT1 and M1 genes in the homozy-
gous state, there was a tendency to increased bronchial
lability due to a more pronounced bronchospasm, and
the index of hyper-reactivity of the bronchi was significantly
higher than in children with functionally complete alleles of
these genes. Therefore, genetically caused lack of activity
of individual enzymes of the biotransformation system of
xenobiotics, in particular GSTT1 and M1, may be a cause
of higher lability of the bronchi [20].

In recent years, children with chronic somatic pa-
thology have been increasingly diagnosed with signs
of undifferentiated connective tissue dysplasia [21]. It is
known that the development of both bronchial asthma and
undifferentiated connective tissue dysplasia is caused by
the interaction of genetic and external factors, which, in turn,
leads to changes in the functional activity of the hereditary
apparatus of somatic cells [22,23].

Changes from the side of the bronchopulmonary system
occupy a significant place among patients with undifferenti-
ated connective tissue dysplasia, complicating the course
of the underlying disease [24].

There are morphological changes of the respiratory tract
of inflammatory nature. These is thickening of the sub-mu-
cosal layer, infiltration of the respiratory passages walls by
eosinophils and lymphocytes with damage to the epithelium,
smooth muscle hypertrophy, redistribution of interstitial col-
lagen as a mechanism of respiratory passages remodeling.
These changes occur with the participation of the same
cytokines as in classical bronchial asthma — histamine,
prostaglandins, leukotrienes [25].

Scientific articles have also highlighted studies aimed
at studying the collagen gene COL1A1_1, phenotypic and
clinical manifestations of other diseases in children [26-29].

Peigen Xie, Bin Liu, Liang Ming Zhang suggested that
type | collagen is the most common protein and is a com-
ponent of the bone matrix. The collagen COL1A1_1 gene
is considered to be a strong candidate gene, which may
be important for the regulation and function of connective
tissue, therefore, potential associations between polymor-
phism within collagen 1 alpha 1 (COL-1A1) in the examined
patients lead to abnormalities in bone matrix structure and
connective tissues [30].

Victor A. Mc Kusick’s article discusses that COL3A1
gene mutations are life-threatening for a person, and leads
to enlargement, rupture of the arterioles, and risk of damage
to internal organs such as the lungs [31].

Malachkova N. V. studied the value of the rs1107946
polymorphism of the COL1A1 gene in children and states
that the average population frequency of the A SNP
rs1107946 variant allele in the world is 0.26-0.27, and
the average genotype distribution indicators according to
various data are: C/C — 55.5-66.0 %, A/C — 27.0-37.5 %,
A/A-5-7 %. However, there is considerable geographical
variability in the frequency of allelic variants of the SNP
rs1107946 of the COL1A1 gene in different populations of
the world. It should be noted that the population of Europe
is characterized by a very low incidence of homozygous
AA SNP rs1107946 carriers — in average 0.8 %, which
coincides with the data obtained in our studies and ex-
plains the absence of homozygous with variant alleles in
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the sample of persons who participated in genotyping by
this polymorphism. A more detailed analysis of the above
studies conducted in Ukraine allows the assumption that
the most probable cause of such significant differences in
the frequency of allelic variants of the SNP rs1107946 of
the COL1A1 gene may be the differences in the size of
the sampling at genotyping. Thus, the studies which showed
the high frequency of the SNPrs1107946 variant allele,
the number of persons in the control groups was 20 and 30,
respectively. Thus, the results of genotyping SNPrs1107946
of the COL1A1 gene among children obtained in our study
do not differ from the European average population data
and coincide with the data of prevalence of allelic variants
in Ukraine obtained in large samplings [32].

Conclusions

1. Molecular-genetic study of distribution patterns of
allelic genes of the C/A polymorphism of the COL1A1_1
collagen gene (rs1107946) in patients with bronchial
asthma and in practically healthy children showed, that
the allele C was registered with a frequency of 69.5 % and
84.0 %, allele A—30.5 % and 16.0 %; dominant genotype
C/C —58 % and 76 %; heterozygous genotype C/A—23 %
and 16 %; homozygous genotype A/A - 19 % and 8 %,
respectively.

2. Children with bronchial asthma with genotype A/A
had significantly lower FVC values up to 2.32 (1.55; 3.29),
VC_ upto1.69(1.40;2.98), FEV, upto 1.82(1.43;2.98),
with genotype C/C — MEF,, up to 2.34 (1.87; 3.14) when
compared with patients with heterozygous genotype A/C,
and very low rates of FVC were recorded in 68.75 % of
children with bronchial asthma with the A/A genotype against
30.77 % of patients with the A/C genotype and 36.17 % with
the C/C genotype (P < 0.05).

3. Homozygous genotype A/A of C/A polymorphism of
the COL1A1_1 collagen gene (rs1107946), was associated
with more pronounced disorders of ventilatory function of
lungs with obstructive breathing type due to impaired col-
lagen formation in the bronchi, which may have prognostic
significance both for early diagnosis and prediction of clinical
course severity of this disease as well as for prevention and
treatment of bronchial obstruction in patients.

Prospects for further studies. In the future, we are
planning to study the occurrence frequency of the presented
genotypes depending on the clinical and laboratory data in
children with bronchial asthma.

Funding

The performed study is a fragment of the scientific and research
work of Zaporizhzhia State Medical University on the topic:
“Optimization of differential diagnostics and treatment of
allergic and other diseases in children of different ages” (state
registration number 0118U004254).

Acknowledgments

The authors are grateful to the Head of the Department of
Microbiology, Virology and Immunology, Head of the Department
of Molecular and Genetic Studies of the Research Medical-
Laboratory Center of the State Medical University, MD, PhD, DSc,
Prof. 0. M. Kamyshnyi for the implementation of this work.

Maronoris. Tom 16, Ne 3(47), BepeceHb — rpyaeHb 2019 p.



Conflicts of interest: authors have no conflict of interest to declare.
KoHAIKT iHTepeciB: BiACyTHIN.

Haailaa ao pepakuii / Received: 30.09.2019
MNicas poonpautoBanHs / Revised: 10.10.2019
MpuitaTo po Apyky / Accepted: 25.10.2019

Information about authors:

Shumna T. Ye., MD, PhD, DSc, Professor of the Department of
Faculty Pediatrics, Zaporizhzhia State Medical University, Ukraine.
Nedelska S. M., MD, PhD, DSc, Professor, Head

of the Department of Faculty Pediatrics, Zaporizhzhia State
Medical University, Ukraine.

Fedosieieva O. S., MD, Postgraduate Student of the Department
of Faculty Pediatrics, Zaporizhzhia State Medical University,
Ukraine.

BiaomocTi npo aBTOpIB:

LymHa T. €., A-p Mea. Hayk, Npodecop kad. pakyAbTETCHKOT
neaiatpii, 3anopisbkui AepXaBHUN MeAnUHUi yHiBepeuTeT, YkpaiHa.
Hepaenbcbka C. M., A-p MeA. Hayk, npodecop,

3aB. kad. GaKyALTETCHKOI NeAiaTpii, 3anopisbKuil AepXaBHUI
MEeAMYHUI YHIBEPCUTET, YKpaiHa.

®epoceesa 0. C., acnipaHT kad. GakyAbTeTCbKOI NeAiaTpii,
3anopi3bk1it AepXXaBHWUIA MeAUYHUI YHiBepcuTeT, YkpaiHa.

CeeaeHus 06 aBTOpax:

LymHan T. E., A-p Mea. Hayk, npodeccop kad. pakyAbTETCKON
neavatpuu, 3anopoXcKUi rocyAaPCTBEHHBIA MEAWULIMHCKUI
yHUBEpcUTET, YKpanHa.

Hepenbckas C. H., A-p Mea. Hayk, npodeccop,

3aB. Kad. paKyAbTETCKON NeAraTpiK, 3amoPOXCKUI
rOCYAAPCTBEHHbIM MEAULIMHCKUI YHUBEPCUTET, YKpauHa.
®epoceea E. C., acnupaHT kad. GakyALTETCKON neanaTpuu,
3anopoXCKUi rocyAaPCTBEHHBIA MEAULIMHCKIIA YHUBEPCUTET,
YkpauHa.

References

[1] Abaturov, O. Ye., & Rusakova, O. O. (2015). Prohnozuvannia in-
dyvidualnoho ryzyku rozvytku bronkhialnoi obstruktsii pry hostrykh
bronkhitakh u ditei rannoho viku [Prediction of the individual risk of
bronchial obstruction in acute bronchitis in infants]. Zdorov’e rebenka,
1, 55-60. [in Ukrainian].

[2] Alifanova, S. V. (2013). Faktory ryzyku rozvytku bronkhialnoi astmy u
ditei [Risk factors of bronchial asthma in children]. Current issues of
pharmaceutical and medical science and practice, 3, 4-7. [in Ukrainian].

[3] Besh, L. V. (2012). Bronkhialna astma u ditei [Bronchial asthma in
children]. Zdorov’e rebenka. 8, 8-20. [in Ukrainian].

[4] Chumachenko, N. G. (2016). Rol ekolohichnykh ta henetychnykh
chynnykiv u formuvanni bronkhialnoi astmy v ditei (ohliad literatury)
[The role of ecological and genetic factors in the onset of asthma in
children (literature review)]. Perinatologiya i pediatriya, 3, 127-133. [in
Ukrainian]. https://doi.org/10.15574/PP.2016.67.127

[5] Savenko, U. O. (2015). Henetychni, imunni i klinichni kryterii prohno-
zuvannia ta optymizatsiia profilaktyky alerhichnykh zakhvoriuvan u
ditei (Avtoreferat dis... k. med. nauk). [Genetic, immune and clinical
criteria for projection and optimization of allergic diseases prevention in
children (Dissertation for the degree of candidate of medical sciences).
Bogomolets National Medical University, Kyiv. [in Ukrainian].

[6] Alimova, Yu.B., Zhelenina, L. A., Galustyan, A. N., Korostovtsev, D. S.,
& Ivashchenko, T. E. (2012). Geneticheskaya geterogennost' i fenotipy
bronkhial’noi astmy u detei [Genetic heterogeneity and phenotypes of
bronchial asthma in children]. Voprosy prakticheskoi pediatrii, 7(6),
14-18. [in Russian].

[71 Postma, D. S, & Koppelman, G. H. (2009). Genetics of asthma: where
are we and where do we go? The Proceedings of the American Thoracis
Society, 6(3), 283-287. https://doi.org/10.1513/pats.200806-047RM.

[8] Geppe, N. A. (2012). Aktualnost’ problem bronkhial'noy astmy u detey
[The relevance of the problem of bronchial asthma in children]. Pedi-
atriya, 91(3), 76-82. [in Russian].

[9] Global Initiative for Asthma. (2019). Global Strategy for Asthma Mana-
gement and Prevention. Retrieved from http: //www.ginasthma.org

[10] Papadopoulos, N. G., Arakawa, H., Carlsen, K. H., Custovic, A.,
Gern, J., Lemanske, R, . . . Zeiger, R. S. (2012). International con-
sensus on (ICON) pediatric asthma. Allergy, 67(8), 976-997. https://
doi.org/10.1111/j.1398-9995.2012.02865.x

[11] Hnateiko, O. Z., & Sadova, O. M. (2009). Deiaki aspekty problemy
diahnostyky bronkhialnoi astmy u ditei [Some aspects of the problem

Pathologia. Volume 16. No. 3, September — December 2019

[12]

[13]

[14]

[13]

[16]

[17]

[18]

[9]

[20]

[21]

[22]

[23]

[24]

[29]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Original research

of early diagnosis of bronchial asthma in children]. Zdorov’e rebenka,
5, 118-122. [in Ukrainian].

Solyeyko, O. V., Osipenko, I. P., & Solyeyko, L. P. (2014). «Biokhimichne
oblychchia» syndromu nedyferentsiiovanoi dysplazii spoluchnoi tkanyny
[«Biochemical Markers» of Undifferentiated Dysplasia of Connective
Tissue]. Liky Ukrainy, 1, 6-14. [in Ukrainian].

Lytvynets, L. Ya., Synoverska, O. B., Gnateyko, O. Z., & Vyshtak, N. V.
(2012). Molekuliarno-henetychni osnovy i stratehiia analizu bronkhialnoi
astmy v ditei [Molecular and genetic basics and strategy of bronchial
asthma analysis in children]. Zdorov'e rebenka, 7, 85-89. [in Ukrainian].
Holloway, J. W., Yang, I. A., & Holgate, S. T. (2010). Genetics of allergic
disease. Journal of Allergy and Clinical Inmunology, 125(2), S81-S94.
https://doi.org/10.1016/j.jaci.2009.10.071

Wang, F., He, X. Y., Baines, K. J., Gunawardhana, L. P., Simpson, J. L.,
Li, F., & Gibson, P. G. (2011). Different inflammatory phenotypes in
adults and children with acute asthma. European Respiratory Journal,
38(3), 567-574. https://doi.org/10.1183/09031936.00170110
Fedortsiv, O. Ye., Vasylieva, N. A., & Voloshyn, S. B. (2014). Funktsiia
zovnishnoho dykhannia u ditei z bronkhialnoiu astmoiu [Respiratory
function in children with asthma). Aktualni pytannia pediatrii, akusher-
stva ta hinekolohii, 1, 21-24. [inUkrainian].

Grigola, O. G. (2013). Klinichno-spirohrafichni osoblyvosti fenotypu
bronkhialnoi astmy fizychnoi napruhy v ditei shkilnoho viku [Clinical and
spirometrical features of phenotype of exertional bronchial asthma in
school age children]. Aktualni problemy suchasnoi medytsyny, 13(3),
115-119. [in Ukrainian].

Banadyha, N. V., & Voloshyn, S. B. (2016). Rol fenotypovykh ta henoty-
povykhoznak u perebihu bronkhialnoi astmy u ditei [Role of phenotypic
and genotypic signs of bronchial asthma in children]. Sovremennaya
pediatriya, 4, 62-66. [in Ukrainian].

Ponomarova, M. S., Furman, Ye. G., Khuzina, Ye. A. Yarulina, A. M.,
& Zhdanovich, E. A. (2015). Semeinyi polimorfizm gena ADRB2 pri
bronkhial'noi astme v detskom vozraste [Family polymorphism of
ADRB2 gene in childhood bronchial asthma]. Permskii meditsinskii
zhurnal, 32(5), 30-36. [in Russian].

Ivanova, L. A. (2015). Polimorfizm heniv hlutation-S-transferazy T1, M1 ta
nespetsyfichna hiperspryiniatlyvist bronkhiv pry eozynofilnii bronkhialnii
astmi u ditei [Gene polymorphysm of glutation-S-transferase T1, M1 and
non-specific hyperresponsiveness of bronchuses under eosinophilic
bronchial asthma in children]. Astma ta alerhiia, 2, 42-46. [in Ukrainian].
Klemenov, A. V. (2003). Vnekardial'nye proyavieniya nedifferentsiro-
vannoi displazii soedinitel'noi tkani [Extracardiac manifestations of
undifferentiated connective tissue dysplasia). Klinicheskaya meditsina,
81(10), 1-6. [in Russian].

Balabolkin, I. I. (2015). Vozmozhnosti terapevticheskogo kontrolya
allergicheskikh boleznei u detei na sovremennom etape [Possibilities
of therapeutic control of allergic diseases in children at the modern
stage]. Pediatriya, 97(4), 146-150. [in Russian].

Balabolkin, I. I., & Tyumentseva, Ye. S. (2010). Genetika atopicheskikh
boleznei u detei [Genetics of atopic diseases in children]. Vestnik Ros-
siiskoi akademii meditsinskikh nauk, 4, 15-22. [in Russian].

Baklunov, V. V. (2006). Sistemnaya displaziya soedinitel'noi tkani — odin
iz vazhnykh faktorov formirovaniya retsidiviruyushchego bronkhita u
detei [Systemic dysplasia of the connective tissue — one of the most
important factors in the formation of recurrent bronchitis in children].
Sovremennaya pediatriya, 4, 193-196. [in Russian].

Robinson, D. S. (2010). The role of the T cell in asthma. Journal
of Allergy and Clinical Immunology, 126(6), 1081-1091. https://doi.
org/10.1016/j.jaci.2010.06.025

Gibeon, D., & Chung, K. F. (2012). The investigation of severe asthma
to define phenotypes. Clinical and Experimental Allergy, 42(5), 678-692.
https://doi.org/10.1111/j.1365-2222.2012.03959.x

Slager, R. E., Hawkins, G. A, Li, X. N., Postma, D. S., Meyers, D. A.,
& Bleecker, E. R. (2012). Genetics of Asthma Susceptibility and Sever-
ity. Clinics in Chest Medicine, 33(3), 431-+. https://doi.org/10.1016/j.
ccm.2012.05.005

Portelli, M., & Sayers, |. (2012). Genetic basis for personalized medicine
in asthma. Expert Review of Respiratory Medicine, 6(2), 223-236.
https://doi.org/10.1586/ers.12.9

Bhakta, N. R., & Woodruff, P. G. (2011). Human asthma phenotypes:
from the clinic, to cytokines, and back again. Immunological Reviews,
242, 220-232. https://doi.org/10.1111/j.1600-065X.2011.01032.x

Xie, P. G., Liu, B., Zhang, L. M., Chen, R. Q., Yang, B., Dong, J. W.,
& Rong, L. M. (2015). Association of COL1A1 polymorphisms with
osteoporosis: a meta-analysis of clinical studies. International Journal
of Clinical and Experimental Medicine, 8(9), 14764-14781.
McKusick, V. A., & Amberger, J. S. (1994). The morbid anatomy of
the human genome — chromosomal location of mutations causing
disease. Journal of Medical Genetics, 31(4), 265-279. https://doi.
org/10.1136/jmg.31.4.265

Malachkova, N. V., Yatsenko, D. A., Lyudkevich, G. P., & Shkarupa, V. N.
(2019). Vinnytsia National Pirogov Memorial Medical University,
Vinnytsia, Ukraine [Investigation of the value of rs1107946 polymor-
phism of COL1A1 gene in the development of myopia in children of
the Podilia region of Ukraine]. Arkhiv oftalmolohii Ukrainy, 7(1), 35-39.
[in Ukrainian]. https://doi.org/10.22141/2309-8147.7.1.2019.163004

ISSN 2306-8027  http://pat.zsmu.edu.ua



Ornaam

UDC 616.12-008.46-036.12-085.22:577.112.6

Supramolecular complex sacubitril/valsartan - the first representative
of a new class of drugs for the treatment of chronic heart failure

T. V. Ashcheulova*f, K. M. Kompaniiets**f, N. M. Herasymchuk**f

Kharkiv National Medical University, Ukraine

A - research concept and design; B - collection and/or assembly of data; C - data analysis and interpretation; D - writing the article;
E - critical revision of the article; F - final approval of the article

Key words:

chronic heart
failure, sacubitril/
valsartan, left
ventricular ejection
fraction, natriuretic
peptide, neutral
endopeptidase.

Pathologia
2019; 16 (3), 408-416

DOI:
10.14739/2310-1237.
2019.3.188964

*E-mail:
05021104saga@
gmail.com

Katouosi croBa:
XpOHiYHa cepLeBa
HEAOCTaTHICTb,
cakybitpun/
BancapTaH,
dpakKLia BUKUAY
NIBOTO LUAYHOYKA,
HaTPinypeTUUHUI
nenTua, HeMTpPaAbHa
€HAOMenTUAasa.

Natonoris. - 2019. -
T. 16, Ne 3(47). -
C. 408-416

KatoueBble cAoBa:
XpOHUYEeCKas
CepAeuHas Hepo-
CTaTOYHOCT, Caky-
6UTpUA/BaNCapPTaH,
dpakums Boibpoca
AEBOTO XEeAyAOUKa,
HaTPUMYpPETUYECKIM
nenTua, HeWTpanb-

Has 3HAONENTUAa3a.

Natonorus. - 2019. -
T. 16, Ne 3(47). -
C. 408-416

408 ISSN 2306-8027  http://pat.zsmu.edu.ua

The average prevalence of chronic heart failure in the adult population, according to the statistics of different countries, ranges
from 1.5 % to 5.5 % and therefore the study of this problem and of finding new approaches to the treatment of chronic heart
failure is also still relevant at present.

Objective is to show an innovative strategy in the treatment of chronic heart failure, to show the benefits of using the combined
drug sacubitril/valsartan (LCZ696) in comparison with the group of the mentioned above drugs for treating patients with chronic
heart failure and a reduced left ventricular ejection fraction, according to the results of a large randomized clinical research,
based on its biochemical properties.

Conclusions. The main positive effects of sacubitril and valsartan in patients with chronic heart failure are associated with
an increase in the amount of the natriuretic peptide and the simultaneous suppression by valsartan of the negative effects
of angiotensin II. The indication for the use of the sakubitril / valsartan complex is chronic heart failure (Il — IV FC according
to the NYHA classification) in patients with systolic dysfunction in order to reduce the risk of cardiovascular mortality and
hospitalization for heart failure.

HaamonekyrspHUM KOMNAEKC caKy6iTpua/BancapTaH -
nepLw1i NpeACTaBHMK HOBOTO KAACy npenapariB AAA AiKyBaHHA XPOHiuHOi cepLieBoi
HeAOCTaTHOCTI

T. B. AweynoBa, K. M. KomnaHieup, H. M. fepacumuyk

CepefHil NokasHUK NOLWMPEHOCTi XPOHIYHOT CepLIEBOi HEAOCTATHOCTI Cepes; LOPOCOro HACENEHHS, 3a JaHNMU Pi3HKX KpaiH,
cTaHoBuTb Big 1,5 % 10 5,5 %, TOMy aKTyanbHUM € BUBYEHHS L€l Npobnemun Ta noLuyk HOBUX MiaXodiB Tepanii XpOoHiYHOT
CepLeBOi HeQOCTaTHOCTI.

MeTta po60oTu — nokasatu iHHOBALliHY CTpaTerito B NiKyBaHHi XPOHIYHOI CepLieBOi HEOCTATHOCTI, NEpPeBary 3acTocyBaHHS
kombiHoBaHoro npenaparty cakybitpun/sancaptaH (LCZ696) nopiBHsiHO 3 rpynoto npenapartis Ans NikyBaHHS NauieHTiB i3
XPOHIYHOIO CEpLIEeBOK0 HEAOCTATHICTIO, 3HMXXEHOIO (hpaKLietd BUKUAY NMiBOTO LUMNYHOYKA, 3@ pesyrkrataMut BENWKUX paHAoMi-
30BaHMX KIiHIYHUX JOCNIZKEHD, IPYHTYHOUNCH Ha MOro BIOXiMIYHMX BNACTUBOCTSIX.

BucHoBku. OcHOBHI NO3UTUBHI edrekTn cakybiTpuny Ta BancapTaHy B NaLEHTIB i3 XPOHIYHOK CepLIEBOK0 HEOOCTATHICTIO
NOB'A3aHi 3i 36iMNbLUEHHAM KiNbKOCTI HATPINYPETUYHOMO NenTuay Ta OAHOYACHWM MPUrHIYEHHSIM BanCapTaHOM HeraTuBHUX
edpekTiB aHrioTeH3unHy |I. MokasaHHsM 4515 3aCTOCyBaHHs KOMMEKCy cakybiTpun/BancapTaH € XpoHiyHa ceplLeBa HegocTar-
HicTb (II-1V @K 3a knacudpikauieto NYHA) B navuieHTiB i3 CUCTOMIYHOK ANCHYHKLIEKD ANS 3HWXKEHHS PU3MKY CEPLIEBO-CYANHHOI
CMepTHOCTI Ta rocnitanisalii 3 npuBogy cepLeBOi HeJOCTaTHOCTI.

HaamoAeKyApHBIN KOMNAEKC CaKyOMTPUA/BancapTaH - NepBbii NPeACTaBUTEAD
HOBOr0 KAacca npenapaTtoB AAA A€YEHUSl XPOHUUYECKOW CepACUHOU HEeAOCTAaTOUHOCTH

T. B. AweynoBa, K. H. Komnanueu, H. H. fepacumuyk

CpenHwid nokasaTerb pacnpoCTPaHEHHOCTU XPOHUYECKON CEepAEYHON HELOCTAaTOMHOCTW Cpeay B3pOCHOro HaceneHus, no
[aHHbIM pasHbIX cTpaH, coctaenset ot 1,5 % [0 5,5 %, NnoaToMy akTyaribHbIM OCTaeTCcsa U3yyeHne 3Ton Npobrnemsl 1 NoUck
HOBbIX NOAXOLOB Tepanui XPOHUYECKON CEPAEYHON HEAOCTaTOYHOCTH.

Llenb pa6oTbl — NokasaTb MHHOBALMOHHYKO CTPATETMIO B NEYEHWUM XPOHMYECKON CEPAEYHON HEQOCTaTOYHOCTH, NokasaTh
npenMyLLecTBa NPUMEHeHNsT KOMBUHMPOBAHHOIO Npenapata cakybutpun / BancaptaH (LCZ696) B cpaBHeHuu ¢ rpynnow
npenapaToB Ansl NIEYEHS NaLMEHTOB C CepAeYHOI HELOCTATOMHOCTbIO U CHIKEHHOW chpakLmeil Bbibpoca NeBoro xenyaoyka,
Mo pesynbTatam KpyrnHbIX PaHAOMU3VUPOBaHHbIX KITMHUYECKUX UCCNEN0BaHMI, OCHOBBLIBAsICh Ha 1o BUOXMMUYECKUX CBOACTBAX.

BbiBogbl. OCHOBHbIE NONOXUTENbHbIE 3PeKTbl CakybuUTpuna n BancapTaHa y naLMeHToOB C XPOHUYECKOI CEpAEYHON Hefjo-
CTaTO4YHOCTBIO CBSA3aHbI C YBEMMYEHNEM KONMYECTBA HATPUINYPETUYECKOTO NenTIaa M OOHOBPEMEHHBIM NOLABNEHVEM Barcap-
TaHOM HeraTVBHbIX 3hPeKkTOB aHrnoTeH3unHa |l. MokasaHuem 4N NpUMeHeHUs KoMMnekca cakybuTpun/sancapTaH sBnsieTcs
XpOoHU4Yeckas cepaedHas HegoctatodHocTb (II-1V @K no knaceudmkaumm NYHA) y naumneHToB ¢ CUCTONMYECKO ANCHhYHKLUMeER
C LIEMNbI0 CHUKEHNS pUCKa CEepAEYHO-COCYAMCTON CMEPTHOCTY 1 FOCMUTaNM3aLmm no NoBoAy CepAeYHON HelOCTaTOHMHOCTH.
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Chronic heart failure (CHF) is a pathological condition
where the heart, due to impaired pumping function,
cannot provide organs and tissues with the necessary
amount of blood in accordance with the metabolic needs
of the tissues.

From a clinical point of view, CHF is a syndrome,
the typical features of which are a decrease in exercise
tolerance, fluid retention, progressive nature and a limited
life expectancy.

The average prevalence of CHF in the adult popu-
lation, according to the statistics of different countries,
ranges from 1.5 % to 5.5 % (these fluctuations may, in
particular, be associated with the lack of unified interna-
tional epidemiological criteria for CHF). With age, CHF is
progressively increasing, accounting for 10 % or more of
those over 70 years old.

The incidence (the number of cases of newly diag-
nosed CHF during the year in the population) ranges from
150 to 500 cases per 100 thousand people (0.15-0.50 %),
moreover among people over 45 years old, this figure
doubles every 10 years. Thus, given the high prevalence
of CHF in the examined patients, the study of this problem
continues to be relevant at present. Despite the results
achieved, the problem of finding new approaches to
the treatment of CHF is also still relevant (Heart Disease
and Stroke Statistics, 2016).

At least half of patients with CHF have a reduced left
ventricular ejection fraction (LVEF).

The rest of the patients are patients with preserved
LVEF EF. Among the latter, in comparison with patients
with reduced LVEF, a greater proportion is women,
people with arterial hypertension (AH), obesity and atrial
fibrillation (AF).

Ischemic heart disease (CHD), which, according
to epidemiological and multicenter clinical studies, is
diagnosed in 60-75 % of these patients, is considered
to be the most frequent etiological cause of heart failure
(HF) in Europe and the USA. There are good reasons to
believe that systemic hypertension takes the second place
among the etiological factors of heart failure, however,
the frequent combination of coronary artery disease and
hypertension makes it difficult to assess the true role of
the latter in the onset of CHF. According to statistical and
epidemiological data, CHD and AH (separately or in com-
bination) cause the occurrence of 75-80 % of all cases
of HF [1]. The relevance of inadequately treated hyper-
tension, as the etiological factor of CHF for Ukraine, may
be indicated by data from the first national CHF statistics
test conducted in 2011 (2.800 patients). Given the results
obtained, 86 % of outpatients with this syndrome have a
diagnosis of hypertension, which in almost 2/3 of cases
is not controlled [2]. Old myocardial infarction (M) is
the most powerful independent risk factor for developing
CHF in both the general population and among patients
with hypertension. A significant risk factor for the deve-
lopment of CHF is also type 2 diabetes mellitus (DM).
Other causes of CHF include dilated cardiomyopathy
(DCM) and valvular heart disease, other causes of heart
failure in developed countries account for no more than
5 % of cases [2,3].

The prognosis of patients with clinical manifestations
of CHF is very serious; more than half of these patients
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die within the next 5 years. The higher the degree of CHF
clinical severity, the worse is its clinical prognosis. Thus,
the mortality rate during one year in patients with I-Il FC
NYHA is 6-10 %, increasing to 25-50 % in patients with
severe (IV FC NYHA) CHF. Patients with symptomatic
CHF and preserved LVEF (>40 %) are characterized
by better survival (approximately double, according to
5-year follow-up) compared to patients with CHF and
reduced LVEF.

In large placebo-controlled clinical studies it has been
proved that prolonged blockade of the renin-angiotensin,
sympathoadrenal systems (SAS) and aldosterone via their
pharmacological antagonists — ACE inhibitors (ACEI) or
angiotensin receptor blockers (ARBs), beta-blockers (BB),
antagonists mineralocorticoid receptors (AMR) can slow
the progression of LV remodeling and systemic changes
in CHF, resulting in a reduction or elimination of its clinical
symptoms and an increase in life expectancy of patients.

The introduction of modern standards of CHF phar-
macotherapy along with the improvement of the medical
care system for such patients enables to decrease
the number of their hospitalizations for circulatory decom-
pensation by 30-50 %, as well as to improve their survival
rate, although to a lesser extent.

Aim

The objective of this work is to show an innovative
strategy in the treatment of CHF, to show the benefits of
using the combined drug sacubitril / valsartan (LCZ696)
in comparison with the group of the mentioned above
drugs for treating patients with CHF and a reduced LVEF,
according to the results of a large randomized clinical
research, based on its biochemical properties.

Heart failure — a complication of a variety of
diseases and comorbid pathologies. To date, there
are three groups of drugs that have a positive effect on
the prognosis of patient survival. These are angioten-
sin-converting enzyme inhibitors (ACE inhibitors) (adding
them to diuretic and digoxin enabled us to increase this
figure by 17% and reduce the number of hospitalizations
by 30 %. The next breakthrough was the introduction of
B-adrenergic blockers (BAB) with an improved forecast
by 35 % and then the use of mineralocorticoid receptor
antagonists (MRA) or aldosterone by another 30 % [4].
Thus, the use of three groups of drugs improved the two-
year prognosis of patient survival by 50 % and reduced
hospitalization risk by 64 %.

Treatment of CHF as a syndrome cannot be fully ef-
fective, because HF is a complication that occurs against
the background of a number of diseases, comorbid pathol-
ogies. There are a number of associated conditions that
can cause HF, others cause exacerbation, decompensa-
tion. But there are also comorbid, concomitant conditions
that make it difficult to treat patients. These are most often
depression, Alzheimer’s disease, dementia. Also, there
are diseases, the symptoms of which are often perceived
as CHF. They need to be identified, eliminated and only
then to talk about the presence of HF in a patient. The
most frequent causes of CHF are CHD and AH. According
to the UNIVERS study, which included 2.800 patients
from 35 cities of Ukraine, ischemic heart disease (with /
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Table 1. Selected Potential Causes of Elevated Natriuretic Peptide Levels

Cardiac

HF, including RV syndromes

Acute coronary syndromes
Heart muscle disease, including LVH
Valvular heart disease

Pericardial disease
Atrial fibrillation
Myocarditis
Cardiac surgery
Cardioversion

Toxic-metabolic myocardial insults, including cancer chemotherapy
Noncardiac
Advancing age
Anemia

Renal failure

Pulmonary: obstructive sleep apnea, severe pneumonia

Pulmonary hypertension

Critical illness
Bacterial sepsis
Severe burns

*Modified from Table 8 of the 2013 HF guideline. 9 HF, indicates heart failure; LVH, left ventricular
hypertrophy; and RV, right ventricular.

Valsartan

Sacubitril

Fig. 1. Molecular formula LCZ696 (sacubitril/valsartan).
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without AH) leads to CHF in 60 % of cases [5]. However,
even after the diagnosis of coronary HF, stenting was
performed only in 7.3 % of patients, and coronary artery
bypass grafting (CABG) was performed only in 5.4 %.
Moreover, in many individuals with HF, acute coronary
syndrome or subclinical ischemia are concomitant, and
coronary angiography during hospitalization is performed
in less than 10 % of patients [6]. In the modern pharma-
cological arsenal of the Ukrainian physicians the actively
used three groups of drugs that modulate the disease /
prognosis — ACE inhibitors (Captopril, Enalapril, Fosino-
pril, Lisinopril, Perindopril, Quinapril, Ramipril, Trandopril)
and angiotensin |l receptor blockers ARBs (Candesartan,
Losartan, Valsartan), 3-blockers (Bisoprolol, Carvedilol),
AMR Aldosterone antagonists (Spironolacton, Eple-
renone) are currently added by two more — 11 channel
inhibitor (lvabradine) and the ARNI combination drug
(sacubitril / valsthartan) .

Currently, in this therapy the focus is shifted to
the degradation system of natriuretic peptides (NUP). A
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number of reasons for an increase in the NUP level are
established, and in the first place — chronic heart failure
(Table 1).

The system of natriuretic peptides: a bioregulato-
ry mechanism that prevents damage to the cardiovas-
cular system. The enzyme that promotes the degradation
of NUP is neutral endopeptidase (NEP)[3]. NEP is widely
represented in endothelial and smooth muscle cells, car-
diomyocytes, epithelial cells of the renal tubules, as well
as in fibroblasts, they are persistently detected in the lung
tissue, brain, heart and intestines. NEP is involved in
the inactivation of not only NUP, but also such endogenous
vasoactive peptides as bradykinin and adrenomedullin,
as well as endothelin-1 and angiotensin Il (AT Il). It has
been established that selective inhibitors of NEP prevent
the degradation of NUP in vitro and in vivo, as well as
increase their biological activity. In addition, NEP inhibi-
tors are able to increase the enzymatic conversion of big
endothelin into the active form — endothelin-1 [7].

Neprilizin is a neutral endopeptidase that destroys
some endogenous vasoactive peptides, including NUP,
bradykinin and adrenomedullin vasodilators [8]. Inhibition
of neprilizin increases the level of the above substances,
which counteracts vasoconstriction, sodium retention and
remodeling. The combined inhibition of the renin-angio-
tensin system and neprilysin is superior in effectiveness
to each of the therapeutic strategies separately accor-
ding to the results of experimental studies. However, this
treatment is associated with the development of severe
angioedema.

The use of a new drug, LCZ696 (angiotensin receptor
neprilysin inhibitor), containing the necralysin inhibitor
sacubitril (AHU377) and the angiotensin Il receptor
blocker valsartan, according to the results of research, is
accompanied by a minimal risk of developing angioede-
ma. The drug — LCZ696 by sight is a white powder,
the molecular formula of which is presented below (Fig. 7).

Drug LCZ696 (C24H29N503.C24H29N05.5/2H20.
3Na) (sacubitril / valsartan) is a member of a new class
of agents called angiotensin receptor neprilizin inhibitor
(ARNI), which combine the neprilisin inhibitor and the an-
giotensin receptor blocker (ARB).

In the course of some studies that included patients
with arterial hypertension (AH) or with LVHFpEF the use
of LCZ696 provided a more pronounced effect on he-
modynamics, as well as on the activity of neurohumoral
systems compared to isolated administration of ARB.

Pharmacological effects arising under the influence of
sacubitril are associated with the suppression of the ac-
tivity of neprilysin (neutral endopeptidase (NEP)), which
is involved in the metabolism of natriuretic peptide (NUP)
and other vasoactive peptides, including bradykinin,
adrenomedulline vasodilators, and angiotensin (Ang) Il
and endothelin-1vasoconstrictors [9].

A key role in the action of sacubitril on the cardio-
vascular system and kidneys is played by the activation
of the NUP system, primarily the atrial natriuretic peptide
(ANP) and the brain natriuretic peptide (BNP), which are
synthesized predominantly by atrial cardiomyocytes and,
to a lesser extent, the ventricles and are secreted into
the blood in response to increasing tension in the heart
wall. Both peptides realize their effects in target cells

Maronoris. Tom 16, Ne 3(47), BepeceHb — rpyaeHb 2019 p.
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Fig. 2. The participation of
neprilizin (neutral endopeptidase)

in the metabolism of the peptides
of the renin-angiotensin system.
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through the excitation of guanylate cyclase A-type recep-
tors (GCR-A), which cause an increase in the activity of
transmembrane guanylate cyclase (GC), an increase
in the intracellular concentration of cyclic guanosine
monophosphate (cGMP) and activation of protein kinase
G [10]. The formation of the biological effects of sacubi-
tril and other inhibitors of NEP also involves the C-type
natriuretic peptide (CNUP), which is produced not only by
vascular endothelium cells, but also by cardiomyocytes,
cells of the renal tubules and other organs and tissues.
ANP is secreted by cardiomyocytes as an active hormone,
and BNP as a prohormone (B-type natriuretic peptide
(BNP), a key cardiac hormone in cardiorenal homeostasis,
is produced as a 108 amino acid prohormone, proB-
NP1-108) [11]. CNUP specifically interacts with B-type
guanylate cyclase receptors (GCR-B), the excitation of
which is ultimately also associated with the activation of
the GC/cGMP/ protein kinase of the G-signaling pathway
[12]. GCR-A and GCR-B mediate all the main effects of
NUP in target cells. These are, first of all, the weakening
of fibrotic and hypertrophic myocardial damage [13],
vasodilation, inhibition of proliferation of smooth muscle
cells, antithrombotic and anti-atherosclerotic action in
the vessels [13-15], reduction of renin secretion, inhibition
of sodium reabsorption in the kidneys and weakening
of the sclerosis of the glomeruli, renin and pericanali-
cular interstitium [16,17]. Increased NO production by
endothelial cells, vasodilation, and the antiproliferative
effect of all three NUPs also involve C-type receptors
that are not associated with GC, but mediate their effects
through Gi proteins that inhibit adenylate cyclase activity
in target cells, followed by activation of phospholipase
C [18,19]. Thus, the cardioprotective properties of NUP
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in HF are extremely important. It has been shown that
arterial hypertension (AH) is characterized by the deficit
of NUP, leading to natriuresis disorder; in chronic heart
failure (CHF), an imbalance of NUP system hormones is
also observed [20,21]. Therefore, the synthesis of NEP
inhibitors is a significant step in the pharmacotherapy of
cardiovascular diseases, in particular HF.

Double blockade of neprilysin and AT1 receptors:
a new approach to hypertension therapy. Early clini-
cal studies of NEP inhibitors showed that these drugs
increase the levels of cGMP and PNP in the blood of
patients with essential hypertension and cause a moder-
ate antihypertensive effect, which is most pronounced in
the early stages of drug therapy [22]. However, itimmedi-
ately became apparent that monotherapy with such drugs,
despite the activation of NUP, has an adverse effect on
the hormonal status of patients, which significantly limits
their practical use. First of all, it concerns the activation of
circulating and tissue renin-angiotensin-aldosterone sys-
tems (RAAS) with increasing blood concentrations of Ang
I1[22], whose content is largely determined by the activity
of NEP, which converts Ang | and Ang Il to Ang (1-7),
which is a functional antagonist of Ang Il (Fig. 2 [23]).

The most well-known drug from the vazopeptidase
inhibitors group, omapatrilat, which is not only nepri-
lysin inhibitor, but also an ACE-key enzyme involved in
the conversion of Ang | to Ang Il, turned out to be more
favorable in this respect. However, it turned out that this
drug, weakening the effect of the RAAS, causes excessive
activation of the effector links of the kallikrein-kinin system
due to the simultaneous inhibition of the activity of NEP
and ACE (kininase II), which metabolize bradykinin to
inactive peptides (Fig. 3).
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As a result, the risk of angioedema and other com-
plications associated with excessive accumulation of
bradykinin significantly increases. According to the OC-
TAVE study (Omapatrilat and enalapril in patients with
hypertension: the Omapatrilat Cardiovascular Treatment
vs. Enalapril (OCTAVE) trial), which included 25.302
patients with untreated or uncontrolled hypertension, oma-
patrilat is superior to ACEI enalapril in the effectiveness
of antihypertensive therapy, but is critically inferior to this
drug in the incidence of angioedema (2.17 % vs. 0.68 %)
[24]. The dual inhibitor of neprilisin and the AT1 receptors
LCZ696 (sacubitril/valsartan) was created primarily to re-
duce the risk of angioedema in patients. For this purpose,
the drug includes an inhibitor of neprilysin, sacubitril,
whose active metabolite, sacubitrilate (LBQ657), does
not suppress, in contrast to omapatrilat, aminopeptidase
P activity, which participates together with NEP and ACE
in the metabolism of bradykinin, and therefore causes a
significantly smaller increase in the content of this peptide
in tissues [25,26]. LBQ657 can also increase bradykinin
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levels by inhibiting the degradation of bradykinin under
the action of neprilizin and, possibly, angiotensin-conver-
ting enzyme (ACE) and the homolog of the membrane ho-
molog of neprilizin, like metalloendopeptidase 1 (NEP2).
In addition, LBQ657 can enhance the actions mediated
by the bradykinin receptor by cross-reacting between
the LBQ657 inhibitor complex and the bradykinin receptor.

Another component of LCZ696 ARB valsartan effec-
tively weakens the excess effect of RAAS on target cells
associated with the suppression of NEP activity, but, unlike
omapatrilat, is not an ACEI and therefore does not inhibit
the metabolism processes of bradykinin (Fig. 4).

Due to these properties, LCZ696 is not inferior to
omapatrilat in its ability to suppress the activity of RAAS,
but it has a weaker effect on the metabolism of bradykinin,
which reduces the risk of developing angioedema [25,26].
According to PARADIGM-HF study on the comparison of
clinical efficacy and safety of using LCZ696 and ACEI of
enalapril in 8442 patients with systolic CHF, the detection
rate of angioedema for the studied drugs is 0.2 % and
0.1 %, respectively [27].

Efficacy of sacubitril / valsartan in patients with
both arterial hypertension and heart failure using
the example of large randomized studies. As part of
the 2" phase of clinical trials, a number of clinical studies
were performed, which enabled us to obtain initial data
on its clinical efficacy and safety of use in hypertensive
patients, including persons with impaired renal function.

The combination of sacubitril / valsartan has demon-
strated efficacy in patients with both AH and HF. In a
large study in patients with AH (n = 1328), the drug in
doses of 200-400 mg showed an advantage in the hy-
potensive effect over valsartan in doses of 160-320 mg
as an additional decrease in blood pressure by 5/3 and
6/3 mm Hg [28]. The hypotensive effect of the sacubitrile
| valsartan combination was accompanied by a more
pronounced decrease in pulse BP: by 2.25 and 3.32 mm
Hg respectively, in doses of 200 and 400 mg, which is
currently regarded as a positive prognostic factor in influ-
encing the rigidity of the vascular wall and cardiovascular
outcomes. Tolerability in patients with AH was good, no
cases of angioedema were noted.

In the PARAMOUNT study, sacubitril / valsartan was
compared with the valsartan group in 685 patients with
CHF Il -1V functional classes (FC) (NYHA) and preserved
EF (45 % or more) [29]. Sacubitril / valsartan was titrat-
ed to 200 mg 2 times a day, and valsartan to 160 mg 2
times a day. A new drug provided a significant reduction
in the level of prohormone BNP- NT-proBNP (primary
endpoint) after 12 weeks. (605 pg/ml versus 835 mg/ml
with valsartan, P = 0.005), but not after 36 weeks of ther-
apy (P = 0.20), reduced the volume of the left atrium, FC
CHF, was well tolerated by patients.

Another study compared the antihypertensive effect
of LCZ696 at doses of 100, 200, 400 mg/day with placebo
in 389 patients of Asian origin with grade 1-2 of essen-
tial hypertension, which are characterized by increased
sensitivity to salt and often reduced RAAS activity. As a
result, it was found that LCZ696 in this patient population
has a pronounced antihypertensive effect. The difference
between the initial systolic blood pressure (SBP) value
and its value after 8 weeks of monotherapy in the active
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treatment groups compared with the placebo group was
for doses of 100 mg/day, 200 mg/day and 400 mg/day,
respectively, -11.86, -12.57 and -15.38 mm Hg
(P < 0.0001). Similar data for diastolic blood pressure
(DBP) are, respectively, -7.84, -7.99 and -8.76 mm Hg
(P <0.0001). All studied doses of LCZ696 also caused an
increasing decrease in the 24-hour ambulatory SBP and
DBP. No significant side effects, including angioedema,
were noted [30].

Five years ago, at the congress of the European
Society of Cardiology, the results of the PARADIGM-HF
study (Prospective Comparison of ARNI (Angiotensin
Receptor-Neprilysin Inhibitor Receptor) with ACEI (An-
giotensin-Converting-Enzyme Inhibitor) to Determine
Impact on Global Mortality and Morbidity in Heart Failure
Trial) were published [27], which have become significant
in the treatment of CHF. PARADIGM-HF was an interna-
tional, multicenter, double- blind, placebo-controlled study
with parallel groups (phase Ill), which studied the efficacy
and safety of the sacubitril / valsartan combination in com-
parison with the popular ACEI enalapril. The study was
intended to test the hypothesis that the use of a sacubitril /
valsartan combination compared with the use of the ACEI
enalapril will more effectively influence the incidence of
complications and mortality of patients with CHF.

It should be noted that PARADIGM-HF is the first
modern study in the field of HF, which proposed the re-
placement of one of the main elements of the treatment
of such patients, that is, an ACEI. 8436 patients aged 18
years old or older with HF corresponding to Il, lll or IV
FC (NYHA) were included in the PARADIGM-HF study
against the background of reduced LVEF (40 % or less)
(most patients had grade II-lll HF). In addition, to be
included in the study, the level of BNP should have been
at least 150 pg/ml (or the N-terminal precursor of BNP
not less than 600 pg/ml); in the case of hospitalization
for worsening of HF within the previous 12 months BNP
should have been at least 100 pg/ml (or N-terminal pre-
cursor of BNP not less than 400 pg/ml). The study could
include patients who took at least during 4 weeks stable
dose of beta-blocker and ACEI (or ARB), which was sup-
posed to be equivalent to not less than 10 mg of enalapril.
Using the double-blind method of randomization, patients
were assignedina 1: 1 ratio to the enalapril group (10 mg
2 times a day) or the sacubitril / valsartan combination
(200 mg 2 times a day). The primary end point was a
combination of death from cardiovascular causes or hos-
pitalization for HF, but the study was designed so that its
power was also sufficient to detect differences between
the rates of mortality from cardiovascular causes. During
the study, data on the development of arterial hypoten-
sion, deterioration of renal function, hyperkalemia, cough
or angioedema were carefully monitored. The follow-up
median was 27 months.

The PARADIGM-HF study was stopped much earlier
than the planned date due to the fact that statistically reli-
able figures were obtained regarding the effect of the in-
vestigational drug on the primary endpoints: a decrease in
cardiovascular mortality and a combined indicator of “car-
diovascular mortality + hospitalization for decompensated
HF". At the time of stopping the study, the primary endpoint
was recorded in 914 patients (21.8 %) in the sacubitril /
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valsartan group and in 1117 patients (26.5 %) in the enal-
april group odds ratio (OR) for the LCZ696 group was 0.80;
95 %, confidence interval (Cl), 0.73 to 0.87; P < 0.001).
A total of 711 patients (17.0 %) who received sacubitril
/ valsartan and 835 patients (19.8 %) from the enalapril
group died (OR for all-cause death was 0.84; 95 % ClI,
0.76 to 0.93; P < 0.001); of these, 558 (13.3 %) and 693
(16.5 %), respectively, persons died of cardiovascular
causes (OR 0.80; 95 % CI, 0.71 t0 0.89; P < 0.001).

Compared with enalapril, the sacubitril / valsartan
combination also reduced by 21 % the risk of hospitali-
zation for HF (P < 0.001) and reduced the severity of
symptoms and physical limitations due to HF (P =0.001).

As for safety, there were more patients with hypoten-
sion and non-serious cases of angioedema in the sacu-
bitril / valsartan combination group, but impaired renal
function, hyperkalemia and cough were less common than
in the group of enalapril. The results were interpreted by
researchers as a breakthrough in the field of studying HF.
Compared with other tests in connection with HF, patients
in PARADIGM-HF received the most optimal therapy for
heart failure, with the highest frequency of prescribing
beta-blockers (more than 90%) and antagonists of mine-
ralocorticoid receptors (AMP) (60 %). As it can be seen
from the results of the study, the drug has undeniable
clinical efficacy in patients with HF [27].

According to recent data, the NUP system is involved
in metabolic regulation: lipid oxidation, adipocyte forma-
tion and differentiation, adiponectin activation, insulin
secretion, and carbohydrate tolerance, which can provide
protection against the development of the metabolic
syndrome [31].

During the first year of observation, HbA1c levels
decreased by 0.16 % in the enalapril group and by 0.26 %
in the sacubitril / valsartan group (intergroup reduction of
0.13 %, 95 % CI 0.05 — 0.22, P = 0.0023). The HbA1c
level in the sacubitril / valsartan group was significantly
lower than in the enalapril group during the 3-year obser-
vation period (intergroup reduction was 0.14 %, 95 % ClI
0.06-0.23, P =0.0055). The first use of insulin was 29 %
less frequent in patients treated with sacubitril/valsartan
(114 (7 %) patients) compared with patients treated with
enalapril (153 (10 %) (OR 0.71; 95 % CI 0.56 — 0.90;
P =0.0052). Similarly in the sacubitril / valsartan group
fewer patients started taking oral hypoglycemic drugs
(OR 0.77; Cl 0.58 — 1.02; P = 0.073). Therefore, in
the PARADIGM-HF study, patients with DM and HF with
reduced EF who received sacubitril/valsartan had a more
pronounced long-term decrease in HbA1c compared to
patients treated with enalapril. These data suggest that
the combination of sacubitril / valsartan may enhance
glycemic control in patients with diabetes mellitus (DM)
and HF with reduced EF [32].

When ingested, the sacubitril / valsartan complex
breaks up into sacubitril, which is then metabolized to form
the metabolite LBQ657, and valsartan; the concentrations
of these substances in the blood plasma reach a maxi-
mum after 0.5 h, 3.0 h and 1.5 h, respectively [33]. The
use of the drug does not depend on meal times. The com-
plex of sacubitril and valsartan largely binds with plasma
proteins (94-97 %). LBQ657 to a small extent penetrates
the blood-brain barrier (BBB) (0.28 %). LBQ657 is not
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further metabolized significantly. Valsartan is metabolized
to a small extent. After ingestion, 52-68 % of sacubitril
(mainly in the form of LBQ657) and about 13 % of val-
sartan and its metabolites are excreted by the kidneys,
37-48 % of sacubitril (mainly in the form of LBQ657)
and 86 % of valsartan and its metabolites are excreted
through the intestines. Considering the pharmacokinetic
data in patients over 65 years old, dose adjustment is
not required. Patients with impaired renal function of mild
and moderate degree do not need to adjust the dose.
In case of severe disorder of renal function, sacubitril/
valsartan is used with caution. In patients with impaired
liver function, mild or moderate, including patients with
obstruction of the biliary tract, the dose should not be
adjusted. For severe disorders of liver function, the drug
is not recommended.

Based on the results of the PARADIGM-HF study
in 2015, the sacubitril / valsartan combination was ap-
proved by the US Food and Drug Administration (FDA)
and the European Medicines Agency for the Treatment
of Patients Suffering from HFrEF II-1V FC by NYHA, and
included in the recommendations of the 2016 European
Society of Cardiology as a means of treating patients
with CHF [34-36].

These TRANSITION studies were presented at a con-
gress of the European Society of Cardiology in Munich,
Germany. These data showed that the drug sacubitril /
valsartan has a high safety profile with an early adminis-
tration to the widest range of patients with heart failure with
a reduced LVEF, who were stabilized after an episode of
acute decompensated heart failure. Among the patients
participating in the study, there were patients who had not
previously taken sacubitril / valsartan or other basic CHF
therapy, as well as patients with experience in treating
with these drugs.

TRANSITION (NCT02661217) is a randomized,
multicenter, open, non-cross-sectional phase IV study
to evaluate the safety and tolerability of sacubitril/valsar-
tan in 1006 patients with HFrEF in 156 clinics around
the world who were stabilized after an acute decompen-
sated heart failure episode with the onset of sacubitril
Ivalsartan therapy in the hospital or immediately after
discharge from the hospital. Patients were divided into
groups according to the treatment they received before
hospitalization: those who received angiotensin-con-
verting enzyme inhibitors (ACEI) or angiotensin receptor
antagonists (ARA), as well as those who did not have
experience of treatment with ACEI / ARA. After screening
and randomization into sacubitril/valsartan treatment
groups, the study implied a 10-week therapeutic period
and a follow-up phase of 16 weeks. The primary and se-
condary endpoints were selected: the number of patients
who reached the target dose of sacubitril / valsartan 200
mg 2 times a day at week 10 (regardless of the possible
temporary discontinuation of therapy or dose reduction
in the past), and the number of patients taking the drug
in the dosage 100 mg or 200 mg for at least 2 weeks to
the expiration of 10 weeks after randomization, respec-
tively. The study protocol took into account the needs
of practicing cardiologists and enabled the researchers
to choose the appropriate initial dose of sacubitril / val-
sartan and adjust it according to clinical circumstances,
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taking into account the differences between clinics and
medical institutions in different countries [37].

During the TRANSITION study, the safety and tolera-
bility of sacubitril / valsartan was evaluated among patients
with HFrEF after an episode of acute decompensated
heart failure, followed by stabilization. The patients were
randomly divided into two groups — the first received
sacubitril / valsartan already in the hospital (before dis-
charge), the second —in a short time after discharge from
the hospital. At the time of the expiry of 10 weeks, more
than 86 % of patients continuously took sacubitril/valsar-
tan for 2 weeks or longer, and about half of the patients
reached the primary endpoint — reaching a therapeutic
dose of sacubitril/valsartan 200 mg 2 times a day, which
was observed in both groups. The number of patients
who reached the primary and secondary endpoints was
similar in both groups. The incidence of side effects and
discontinuation of taking sacubitril/valsartan due to side
effects was also similar between groups among hospital-
ized and outpatient patients.

However, a number of questions now remain, the an-
swers to which need to be obtained when conducting new
clinical trials. The questions are related to the lack of data
on the use of the drug in patients initially not receiving
therapy with ACEI or ARA II; there is no data on the use
of the drug with patients with decompensated HF; with
patients with HF and acute myocardial infarction; with
patients with LVHFpEF.

We hope that these issues will be resolved in already
conducted HFNLIFE (Entresto TM In Advanced Heart
Failure), PARADISE-MI (Prospective ARNI vs ACE
Inhibitor Trial for Determine Superiority in Mitigation),
PARAGON-HF clinical studies and, possibly, will open
new capabilities of sacubitril / valsartan complex in HF
pharmacotherapy [37].

Conclusions

1. The conducted clinical studies, and in particular
PARADIGM-HF, TRANSITION demonstrated the supe-
riority of the new combination compared with enalapril.
It was found that the combination of sacubitril / valsartan
more effectively than enalapril reduces the risk of total
cardiovascular death and hospitalization in patients with
CHF and reduced LVEF, which meets fairly strict inclusion
and exclusion criteria. The main positive effects of sacubi-
tril and valsartan in patients with CHF are associated with
an increase in the amount of the natriuretic peptide and
the simultaneous suppression by valsartan of the nega-
tive effects of angiotensin Il. The result of this action is
vasodilatation, an increase in natriuresis and diuresis,
a decrease in the secretion of renin and aldosterone,
the suppression of sympathetic activity, and the slowing
of myocardial remodeling.

2. The indication for the use of the sakubitril / val-
sartan complex is CHF (II-1V FC according to the NYHA
classification) in patients with systolic dysfunction in
order to reduce the risk of cardiovascular mortality and
hospitalization for HF.
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CYUYacCHiCTb i nepcneKTUBm
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Review

TepHONIAbCbKMIA HaLiOHAAbHWI EKOHOMIYHWIA YHIBEpPCUTET, YkpaiHa, 2MikHapoAHUI EKOHOMIKO-TYMaHITapHWIA YHIBEPCHUTET iMeHi akapeMika
C. Aem’siHuyKa, M. PiBHe, YkpaiHa, 3XapKiBCbKWIA HaLliOHAAbHUI YHIBEPCUTET BHYTPILLHIX CpaB, YkpaiHa, “AOHELbKWIA OPUANYHUI iHCTUTYT MBC

YKpaitu, M. Kpusui Pir

A - KoHLenLis Ta AM3alH AOCAIAKEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs cTaTTi; E - peaaryBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHS CTaTTi

CyyacHa topranyHa [OKTPUHA iHTEeneKTyanbHOI BNacHOCTI Mamxe He JOCHIMKYE YMOBW NPaBOBOi OXOPOHW BUHAXOAB Y
MeZMNYHIN NpaKTuLi.

MeTa po6oTu — 3'sicyBaTit 0COBNMBOCTI NPaBOBOI OXOPOHM MEAVMYHUX BUHAXOAIB, NEPCNEKTUB i BOOCKOHANEHHSI.

Matepianu Ta metogu. [ocnigpxkeHHs ocobnmBoCcTet NPaBoOBOi OXOPOHW BUHAXOAIB Y MeAUYHIN NpakTuLi 6asdyeTbes Ha
CUCTEMHOMY MiAXOAj, 30KpemMa KPUTUYHOMY aHanisi CTaHy Cy4aCHOro MaTeHTHOTO 3aKOHOAABCTBa YKpaiHW Ta nepcnekTus
110ro BAOCKOHANEeHHS 3a A4OMOMOrOL0 iMnneMeHTaLii €BPONencbKoro 3aKoHO4ABCTBA Y chepi MeanYHNX BUHAXOAIB. 3aBasku
NOPIiBHSANBHO-NPABOBOMY METOAY 3AiicHMM aHani3 CneuianisoBaHoi 6a3n gaHux YkpnateHTy «BuHaxoaw (kopucHi moaeni)
B YKpaiHi» OO0 BUSIBMEHHS NATEHTIB HA MEAWYHI BUHAXOaM.

Pe3ynkratv. BuHaxoaw B MeauyHiv NpakTyLi MatoTb 0COBNMBICTb, LLIO MPOSIBASIETLCA B iXHii MPOMUCIIOBIN NPUAATHOCTI (chepa
3aCTOCYBaHHS — MeAVLIMHA) Ta MOXIIMBOCTi LOBPOCOBICHOTO 3aCTOCYBaHHS TiMbKW NiCIs NePEBIpKM, 30KpemMa Meaunko-bionoriy-
HUX abo KNiHiYHUX ZocnigKeHb (BUNpoOyBaHb) 3a y4acTto NtoaunHu. Buay BUHaXoaiB y MeaMYHi NpakTuLi: cnocobw NikyBaHHS
TIOAUHK; NPUCTPOI ANs NiKyBaHHS Ta AiarHOCTUKMA JTIOAMHM; NiKapcbki 3aco6u; LWTaMy MIKpOOPraHiaMmiB, L0 3aCTOCOBYHOTHCS
ANS AiarHoCTUKM 3aXBOPHOBaHHS abo NikyBaHHS NHOAUHM; BiOTEXHOMOTiYHI BUHAXoaW.

BucHoBku. OcobnmBiCTb MeaNYHUX BUHAXOZIB NOMsrae B TOMY, LLO BOHM MatoTb BACHUI BULOBUI MO, SIKUIA 3yMOBNEHNIA
€heporo 3acToCyBaHHs (Cnocib nikyBaHHS, 4iarHOCTMKM TOLLO); MOBUHHI 34iACHIOBATUCS MeamKo-6ionoriyHi abo kniHiyHi fo-
cnimpxeHHs (BUNpoOyBaHHS); BignoBigatt eTYH1M BUMoram. BetaHoBmnu, Wwo notpebytoTb 3akpinneHHst B 3akoHi Ykpaitu
«[po OXOpPOHY NMpaB Ha BMHAXOAW i KOPUCHI MOZENi» €TWUYHI BUMOTW LLOA0 GIOTEXHOMOMYHMX BUHAXOAIB; CMiBBIAHOLIEHHS
6anaHcy iHTepecis, NpaB NaLieHTIB i NAaTEHTOBMACHUKIB; MiACTaBM Ta YMOBW HafiaHHS! NMPUMYCOBOI MILIEH3IT LWLOA0 MeanYHNX
BUHaxoAiB; iMnnemeHTauia Oupektueu 98/44/€C Eponeiicbkoro napnamenty Ta Pagy Big 06.07.1998 p. npo npaBosy
OXOPOHY GIOTEXHOMOMYHUX BUHAXOLIB.

0co6eHHOCTH NPaBOBOW OXPaHbl MEAULIMHCKUX N306peTeHuN:
COBPEMEHHOCTb U NepPCNeKTUBbI

B. U. Tepemeukuii, A. B. MatBumruyk, A. H. My3biuyk, M. I. LLlepbakoBckum, A. B. Opepun

CoBpeMeHHast topuanyeckast JOKTPUHA UHTENMEKTyarnbHON COBCTBEHHOCTW NPAKTUYECKW He UCCTeayeT YCroBUs NPaBOBOM
OXpaHbl M300PETEHUI B MEAVLIMHCKON NPaKTUKE.

Llenb paGOTI:I = YCTaHOBUTb 0COBEHHOCTM I'IpaBOBOVI OXpaHbl MEANLIMHCKNX |/|306peTeH|/||7|, NnepcnexkTB ee COBEPLLEHCTBO-
BaHKUA.

MaTtepuanb! u MeToabl. MiccnenoBaHue ocobeHHOCTe NPaBOBOI OXpaHbl M306pETEHNI B MEAULIMHCKOMN npakTuke 6asunpy-
€TCS Ha CCTEMHOM NMOAX0AE, B HAaCTHOCTU KPUTUYECKOM aHann3e COCTOSHINS COBPEMEHHOTO NAaTEHTHOrO 3aKOHOAATENbCTBA
YKpauHbl M NEPCNEKTUB ero COBEPLLEHCTBOBAHMUS C MOMOLLbIO UMMEMEHTaLMW €BPONENCKOro 3akoHo4aTenbCTea B cdepe
MEeOULIMHCKMX M300peTeHuin. bnarogaps cpaBHUTENbHO-NPABOBOMY METOAY OCyLIECTBReH aHanud CneunaniampoBaHHON
6a3bl gaHHbIX YkpnaTteHTa «M3obpeteHus (nonesHble mogenu) B YkpauHe» no onpefeneHuio NaTeHToB Ha MeanLMHCKue
1306peTeHus.

Pe3yanaTb|. M306peTeHMﬂ B MeaVLMHCKUI NPaKTUKe UmMerT 0COBEHHOCTD, KOTOpas NpoABnAeTca B UX I'IpOMbILUJ'IeHHOVI
NPUMEHUMOCTN (ccbepa NPUMEHEHNA — MeﬂVILl,VIHa) 1 BO3MOXHOCTU ﬂO6pOCOBeCTHOI'O NpUMEeHEeHNA TONbKO NOCHe NPoBEPKN, B
YaCTHOCTY MeAMKO-OMONOrNYECKNX UK KITMHNYECKWX MCCTefoBaHUiA (VICI'IblTaHVIVI) Cy4acTnem 4yenoseka. Bugpl M306peTeHl/Il7l
B MEOULMHCKON NPaKTUKe: Cnocobbl NeYeHNs YENOBeEKa; yCTpOVICTBa ANA nevyeHna n ANarHoCTUKM Yenoseka,; LUTaMMbl MUKPO-
OpraHn3moB, NpuMeHsaeMble AndA AUarHoCTUKK 3ab0reBaH1s N1 NeYeHs Yernoseka; GUoTexHoNornyeckue M306peTeHI/Iﬂ Nt Ao.

BbiBoabl. OCO6EHHOCTb MEAMLIMHCKMX M30BPETEHMI 3aKMO4YAETCS B TOM, YTO OHW MMEIOT COBCTBEHHOE BUAOBOE AENeHNE,
0bycrnoBneHHoe cchepoit NPUMEHEHUS N306peTeHNst (CNocod NeYeHUs, AMarHoCTUKM 1 T. A4.); AOMKHbI NPOXOANUTL MeAMKo-O1o-
NOMYECKME UMW KIMHUYECKUE UCCEenoBaHUs (UCMbITaHWs); COOTBETCTBOBATbL 3TUUYECKUM TpeGoBaHMsIM. YCTaHOBMEHO, YTO
TpebyHoT cBOETO 3aKpenneHus B 3akoHe YkpanHbl «O6 oxpaHe npae Ha n3006peTeHmMs 1 NornesHble Moaenu» aTudeckue Tpebo-

Pathologia. Volume 16. No. 3, September — December 2019

ISSN 2306-8027  http://pat.zsmu.edu.ua

KatouoBi croBa:
BUHAXiA,
6i0TEXHONOTIYHI
BUHAXOAM, CMOCIO
AiKyBaHHS,
NaTeHTOBOAOAIAELLb,
NiKyBaHHS,

eTVKa, NaTeHT.

Navonoris. - 2019. -
T. 16, Ne 3(47). -
C.417-423

DOI:
10.14739/2310-1237.
2019.3.188972

*E-mail:
vladvokat333@ukr.net

KatloueBble cAoBa:
1306peTeHue,
6uoTexHoAOr1UecKre
13006peTEHMS,
cnocob AeueHus,
naTeHTOBAAAENEL,
AeUEHME, ITUKA,
NaTeHT.

Maronorus. - 2019. -
T. 16, Ne 3(47). -
C.417-423

417



Ornaam

Key words:
Invention,
biotechnological
inventions, method
of treatment,
patent holder,
treatment, ethics.

Pathologia
2019; 16 (3), 417-423

BaHWsi N0 GMOTEXHOMOrMYECKMM U306PETEHNSIM; COOTHOLLIEHWE GanaHca MHTEPECOoB, NPpaB NaLMEeHTOB U nateHToobnagaTenen;
OCHOBaHWS W YCNOBUS NPEAOCTABNEHMUS NPUHYAUTENBHON TNLEH3WUI HA MEAULIMHCKME M300PETEHNS; UMNNeMeHTaLms Jupek-
TnBbl 98/44/EC EBponetickoro MapnamexTa v Coseta ot 06.07.1998 r. 0 npaBoBo 0XpaHe GUOTEXHONOMMYECKUX N30OPETEHMIA.

Features of legal protection of medical inventions: present and future
V. I. Teremetskyi, A. V. Matviichuk, 0. M. Muzychuk, M. H. Shcherbakovskyi, O. V. Oderii

The modern legal doctrine of intellectual property practically does not investigate the terms of legal protection
of inventions in medical practice.

Aim. Therefore, the purpose of the article is to clarify the features of the legal protection of medical inventions, the prospects
for its improvement.

Materials and methods. The study of the peculiarities of the legal protection of inventions in medical practice is based on
a systematic approach, in particular, a critical analysis of the state of modern patent law in Ukraine and the prospects for its
improvement through the implementation of European legislation in the field of medical inventions. Through comparative legal
method the analysis of the Specialized Database of Ukrpatent “Inventions (Utility Models) in Ukraine” concerning the identification
of patents for medical discoveries has been carried out.

Results. Inventions within medical practice have a specific feature that is manifested in their industrial suitability (sphere of
application — medicine) and possibility of fair use only after examination, in particular, medical and biological or clinical trials
(experiments) involving human being. Types of inventions in medical practice are: methods of human treatment, devices for
the treatment and diagnosis of a person, medicines, strains of microorganisms used to diagnose a person’s disease or for
treatment, biotechnological inventions.

Conclusions. The peculiarity of medical inventions is as follows: they have their own distinctive division due to the scope
of invention’s application (the method of treatment, diagnosis, etc.); must undergo medical and biological or clinical trials
(experiments); they must meet ethical requirements. It is established that it requires legislative consolidation at the level of
the Law of Ukraine “On Protection of Rights to Inventions and Utility Models™: Ethical Requirements Regarding Biotechnological
Inventions; balance of interests, rights of patients and patent holders; the grounds and conditions for granting a compulsory
license for medical inventions; the implementation of Directive 98/44/EC of the European Parliament and Council of 07/06/1998

on the legal protection of biotechnological inventions.

HoBi TexHororil, Lo 3aCTOCOBYIOTLCH B MEAWYHIN Npak-
T, Be3nocepeaHLO MalkoTb BB HA OXOPOHY 300POB'S
Ta XUTTS NI0AUHK, Sike BiANoBiAHO Ao cT. 3 KoHcTuTyuii
YkpaiHn € HalBULLOK COLjianbHOK LIHHICTIO B AepXaBi
[1]. MaTeHTOCNPOMOXHI BigKPUTTS MOXYTb OyTY 3p0o6MneHi
nif Yac 3BMYalHOI MeanyHoi NpakTukK. Vigetbes npo pos-
pobrieHHs HoBKX GIOCYMICHUX MOMNIMEPIB, YAOCKOHANEHHS
CTOMATOSIOMYHMX MaTepianiB, HOBUX abo MoAMIKOBaHMX
KaTeTepiB, HOBWX NabopaToOpHWX AiarHOCTUYHUX TECTIB i
BOOCKOHaneHi meanyHi npuctpoi [2]. 3 ornsaais daxosoi
nitepatypu, Wwo onybnikysanu T. Dyke, W. P. Anderson,
BiOMO MPO YCMiXW aBCTPAmNCLKUX yYeHNX Y cdepi Meany-
HUX gocnigkeHb y XXI ctonitTi [3]. Y iHO3eMHil HayKoBil
niTepatypi Takox € nybnikawli, B Sk1x 06roBoptoTh PiaHi
TUNU MeaMYHMX IHHOBALN, WO BNPOBAXKYOTLCS ANs
3abe3neyeHHst afekBaTHOrO MeaV4YHOro 06CyroByBaHHS
nauieHTiB 3a YyMOB OBMEXEHNX EKOHOMIYHUX PeCcypCiB.
AHani3 HaBegeHux y Lumx nybnikauisx npuknagis Bkasye
Ha GnmsbKicTb Liei npobnematvkv ans Ykpainm [4]. Btim
CyyacHa opuanyHa AOKTPUHA iHTeNeKTyanbHOI BNacHOCTi
Malbxe He JOCTiDKYe YMOBM NPaBOBOi OXOPOHYM BUHAXOAIB
Y MeauyHiv npaktvui. Takui nigxig He Aae MOXIMBOCTI
BUSIBUTW Ta CXapaKTepu3yBaTu 0COONMBICTb MEAUYHMX
BVHaXOAiB, YMOBW HaiaHHs1 iM MPaBOBOI OXOPOHM, 30KpeMa
BPaXOBYHO4M CMiBBIAHOLLEHHS! iHTEPECiB NaTeHTOBNACcHMKa
1 NauieHTiB, ETUKM MEONYHOTO BUHAXiQHWLTBA. 3ayBaxu-
MO, LLIO aBTOpM CTaTTi PO3MsAalTh TinbKy NPaBoBY 0XO-
POHY MeAMYHX BUHAXoLiB 6e3 poarnsizy KopUCHOi Mogeni,
OCKiflbKY Lie pi3Hi 00’€KTU NAaTEHTHOrO Npasa.

Mpo HeobXiaHICTb OKPEMOro AOCHIMKEHHS IHTENEK-
TyanbHOI BacHOCTI Y cdepi OXOPOHM 300POB’st BKa3ye
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0. IN. Opnitok, sika 3a3Havae, Lo HeOCKOHanICTb HaLlio-
HamnbHOI NATEHTHOI CUCTEMM 3aXMCTY NpaB Ha BUHAXOAW,
06’EKTOM SIKUX € NiKapcbki 3acobu, CTBOPIOE CYTTEBI
nepeLukoan pedopMyBaHHIO Cepyt OXOPOHW 30OPOB'S.
Hanpuknag, Ha 3akyniBmo XUTTEBO HEOOXiQHOrO KOM-
6iHoBaHoro J13 noniHaBip/puToHaBip YkpaiHa BuTpavae
noHag 50 % ycix KoWTiB, LU0 BUAINSIOTLCS Ha 3aKyniBko
aHTMPETPOBIPYCHUX MpenapartiB Ans NiKyBaHHS XBOPUX
Ha BIJI/CHI[. HasBaHui npenapart 3axuLieHni B YkpaiHi
[BOMa BTOPMHHWUMU NaTeHTaMu (Ha MOXigHy PEYOBUHY Ta
METOZ NiKyBaHHs1), LLIO CTano MOXIMBUM YEPE3 HELOMIKM
HaLioHanbHOI NaTEHTHOI CUCTEMM Ta CTBOPMIIO LUTYYHY
MoHononito B YkpaiHi go 2026 p. [5].

OcobnuBicTb BUKOPUCTaHHS BUHAXOLIB Y MEONYHIl
npakTuui Bu3HadeHo lNMopsakom HapaHHs KabiHeTom
MinicTpiB YkpaiHv [03BOMY Ha BUKOPUCTaHHS 3anaTeH-
TOBaHOro BMHaxoAdy (KOpUCHOI mMogeni), Lo CTOCYETbCS
nikapcbkoro 3acoby, 3aTBEpPAKEHOr0 NOocTaHOBOK Ka-
6iHeTy MinicTpiB Ykpainm Big 4 rpyaHs 2013 p. Ne 877
[6], Hakazom MO3 Bia 28.09.2012 p. Ne 759,165/1 «[Mpo
YTBOPEHHSI poBOYOi rpynMu 3 NUTaHb iIHTENEKTyanbHOI
BNACHOCTI Ta JOCTyny A0 Nikapcbkux 3acobiB» [7]. Y
LIMX HOPMAaTMBHUX aKTax BCTAHOBMEHO Tinbku GanaHc
iHTepeciB NaLlieHTa Ta NaTeHTOBONOAINbLS, a OTXe YPSA,
He BM3Hayae CTparTerito NpaBoOBOI OXOPOHW BUHAXOAIB Y
MeAWYHiI npakTuui. [ins nogonaHHs Lboro 3akoHoaaB-
CTBO YKpaiHW NOBUHHO OHOBUTHCS. Y 3B’A3KY 3 LM Y Mo-
SICHIOBAIbHIN 3anucLi Ao NpoekTy 3akoHy Ykpaitu «[1po
BHECEHHS1 3MiH 0O AesKUX 3aKOHOZABYMX aKTiB YKpaiHu
LLIOA0 BOOCKOHASEHHS NPaBOBOI OXOPOHW BMHAXOAIB i
KOPUCHWX MOfENen» BCTAHOBIEHO, LLO NepefbadaeTbest
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iMnnemeHTaLisi B HaLjoHanbHe 3aKOHOAABCTBO MOMOXEHb
[Ovpextnen 98/44/€C €BponencbKoro napnameHTy Ta
Pagw Big 06.07.1998 p. npo npaBoBy OXOPOHY GioTexHO-
noriyHmx BuHaxoais (aani — Oupektvea 98/44/€C), Pe-
rnameHTy (€C) Ne 469/2009 €Bponeiicbkoro napnameHTy
Ta Pagw Big 06.05.2009 npo ceptudcikatn foaaTKoBoi
OXOPOHW AN MeauyHux npogykTie i Permamenty (€C)
Ne 1901/2006 €Bponeiicbkoro napnameHTy Ta Pagm Big
12.12.2006 npo MeaWyHi NpoayKTW AN negiaTpuiHoro
BUKOpUCTaHHS [8]. ToMy Tema NpaBOBOi OXOPOHU BUHA-
X0fiB Y MeAMYHIl NpakTULi — akTyanbHa Ans HayKoBKX
O0CHiIKeHb.

Merta po6otu

3'acyBaT 0COBMMBOCTI NPABOBOI OXOPOHU MeANYHMX
BMHaXO0ZiB, NepCrneKkTVB ii BAOCKOHAMEHHSI.

Martepianamm gocnimkeHHs ocobnmneocTen NpaBoBol
OXOPOHM BUHAXOAIB Y MEANYHIN NPaKTUL € HauioHanbHe
Ta €BPOMENCbKe 3aKOHOAABCTBO. [JOCNiAXEHHS 0Co-
6nmBoCTeN NPaBOBOi OXOPOHM BMHAXOAIB Y MEOUYHIN
npakTuui 6asyeTbCst Ha CUCTEMHOMY NiAXoAi, 30kpema
KPUTUYHOMY aHani3i CTaHy Cy4acHOro NaTeHTHOro 3ako-
HoaaBcTBa YKpaiHW Ta NepcnekTyB oro BOOCKOHANEHHS
3a JONOMOTOH0 iMMNeMEHTaLLii EBPONENCHKOro 3aKoHo4aB-
CTBa y cdepi MeanyHMX BuHaxogis. MopiBHSANbHO-Npa-
BOBUA METO/, [JaB MOXIMBICTb BCTAHOBUTM BiAMIHHICTb
NaTeHTHO-NPaBOBOI OXOPOHW HALiOHAMNBLHOTO Ta EBPONEN-
CbKOTO 3akoHOAaBCTB. [poaHanisyBanu 1 BUkopucTanu
iHcbopmaLito 3i CrieLtianisoBaHoi 6a3un JaHMx YkpnaTeHTy
«BuHaxoam (kopucHi mogeni) B YkpaiHi» OO0 BUSBMEHHS
NaTeHTIB Ha MeaWYHi BUHaXoaw.

[NpaBoBe perynoBaHHs OXOPOHW BUHAX0AiB B YkpaiHi
NOAINAETLCA HAa HOPMaTBHE (3aKOHOAABCTBO BM3HA-
YaEeTbCS 3a KpaiHOK peecTpalii komnaHii abo micuem it
LiSNbHOCTI SIK pe3naeHTa Ha MOMEHT CTBOPEHHS 00’ek-
Ta) Ta iHAMBIAyanbHe (aKTW NOKanbHOTO PeryntoBaHHS
KOMMaHii, 30kpema cTaTyT (SK BUHSITOK), MONOXEHHS
NpPO BUHAXIGHWLTBO, MOMOXEHHS Npo Cryx060Bi 06’ekT
iHTeneKTyanbHOI BNACHOCTI, 3aBAAHHA Ha CTBOPEHHS
06’eKkTa TOLLO).

BuHaxig — ue pesynbrar iHTenekTyanbHoi gisnb-
HOCTi MtoanHu B Byab-sikiii cpepi TexHonorii, 3okpema
B MEOMULWHI, L0 Mae HOBW3HY, BUHAXIOHULbKWIA piBeHb
i ipommMcnoBy NpUAATHICTB. el sk BUHaxig He 3axuila-
toTbest. Mpobnemaruui 3axucTy inevt npuainsaTs yBary y
CBOIX NpaLsx aMepuKaHCbKi OCMiaHWKN. HaykoBLi, siki
noAiNsoTb TakU Migxia, MigKPeCnioTb: CBIT pyXaeTb-
CS Bifj €KOHOMIKM, LIO 3aCHOBaHa Ha MPOMUCOBOCTI,
Ha nigcTasi iHbopMaLii, a TOMy 3axuCT iden cTae Bce
BaXXIMBILLMM, OCKINbKW igei, 3axonneHi Ta nepedaHi sk
iHcbopmaLlist, MOXyTb ByTU NepeBeaeHi 3 0fHOTo MiCLS B
iHLWe HabaraTo nerue i WemuaLe, Hix gisnyHi 06’ektu [9].
LLlono wporo Big3Ha4mMmo, Lo ifest He Moxe 6yTr 06’ekToM
BUHAXOAY, OCKiNbKM NPaBOBa OXOPOHA BUHAXOAY BUHMKAE
3 MOMEHTY OTpUMaHHS naTeHTy. Xoua inei i notpebyotb
OKPEMOro 3axuCTy, ane He B Mexax NaTeHTHOro npasa.

O6’ekTOM BUHaxody Moxe OyTu:

1) npucTpiit, TOGTO cucTEMA PO3TALLOBaHKX Y MPO-
CTOpi eNeMeHTIB, KOTPi NEBHUM YMHOM B3AEMOAIOTb
(Hanpwknag, NpuCTpii Ans NiKyBaHHA KOHKPETHOrO
3aXBOPOBAHHS);
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2) cnoci6 sik CyKynHICTb NPUIOMIB BUKOHAHHS B NEBHIN
NOCIiAOBHOCTI 260 3 OTPUMAHHAM NEBHMX MPaBUI, WO
CNPsIMOBaHi Ha NiKyBaHHS KOHKPETHOMO 3aXBOPHOBaHHS
(ans cnocoby BnacTuBi Aist abo CyKyMHICTb Ail, NOpsSAoK
BUKOHaAHHS TakuX A, yMOBU BUKOHAHHS Liif);

3) pe4oBUHa, LLIO € LUTY4HO CTBOPEHWUM MaTepianbHAM
YTBOPEHHSIM, € CYKYMHICTIO B3AEMO3AIEXHNX eNEMEHTIB
(Hanpwuknag, nikapcbki 3acobu, 06’eKTY reHHOT iHxeHepil
TOLWO);

4) LuTam MiKpoOopraHiamis, KynbsTypy KMiTUH POCTIUH i
TBaPWH; iETLCA NPO CYKYNHICTb KNITUH, SKi MaKoTb CrinbHe
NOXOMYKEHHS! | XapaKTepU3YOTLCS OAHAKOBUMM, CTIAKMM
03Hakamu (Hanpwknag, 6akTepii, Bipycy, MIKpOCKOMIYHi
rpubm, KOHCOPLYMU MIKPOOPraHi3miB TOLLO);

5) 3acTocyBaHHS BifJOMWUX paHile NpucTpois,
€nocobiB, peyvoByVH, LITAMIB 3@ HOBUM MPU3HAYEHHAM;
BUHUKAE, SKLLO BiZOMMWIA TEXHIYHWIA 3acid MPOMOHYETb-
CSl BUKOPUCTOBYBATU 3 iHLIOK METOK AMSt BUPILLEHHS
3aBhaHHs.

HaiibinbLu nowmpeHMMI BUHaxoaamm B MEAULIMHI €
crnocobu nikyBaHHS, MPUCTPOI ANS NiKyBaHHS, cnocobm
MEOWYHOI AiarHOCTVKY Ta MPOrHO3yBaHHS 3aXBOPOBaHb
MIOAMHY, LITaMK MiKpOOpraHi3miB Bipycis, rpubis ToLLO.
Hanpuknag, skwo 3sepHyTrcs Ao CnevjanizoBaHoi 6asu
LaHnx «BuHaxoaw (koprcHi mogeni) B YkpaiHi» (3agaHuid
MOLUYK: «MiKyBaHHS»), TO HANMOLIMPEHILLNM BUHAXO40M
6yne cnocib nikyBaHHa. OgHWM i3 NpyUKnaziB Takoro 3a-
NaTeHTOBAHOrO BUHaxoA4y € nateHT «Cnoci6 nikyBaHHs
Tybepkynboay nereHby» (nateHT Ne 1808), Lo HanexmTb
YkpaiHCbKOMY HayKOBO-AOCMIAHOMY iHCTUTYTI cpTUiaTpii
i nynemoHonorii imeHi ®. I". AHoscbkoro [10]. BignosiaHo
no Hakasy MO3 Big 28.09.2012 p. Ne 759,165/1 «[Ipo
YTBOPEHHS1 poB0oYOi rpynu 3 NUTaHb IHTENEKTyanbHOI
BMACHOCTI Ta AOCTYMy A0 Nikapcbkux 3acobiBy [7],
NOLUMPEHNMM BUHAXo4aMu B MEANYHIN NPaKTULi TakoX
€ nikapcbki 3acobu. Y [upektusi 98/44/€C Bu3Ha4eHo
XapakTepucTuky GioTexHonoriyHux BuHaxogis [11].
OTxe, BuOamMmu BUMHAXOAIB Y MeOWYHIA npakTuli €
€nocobu NiKyBaHHS NOAUHM; MPUCTPOT ANs NiKyBaHHS
Ta JiarHoCTWKM NIOAUHK; nikapcbki 3acobu; WTamu
MiKpOOpraHiamis, LLO 3aCTOCOBYHOTLCS ANS AiarHOCTUKN
3axBOPOBaHHS abo NiKyBaHHS NMOANHK; GIOTEXHONOTIYHI
BUHaxoay. [licns naTeHTyBaHHS Ui BUHAXOQMW MOBWHHI
MPOWTW KNiHiYHi BUNpoByBaHHA ANS MiATBEPIKEHHS
[OCArHEHHS KOpUCTi Ans nauieHTa [12]. MateHTyBaHHS
BMHAXOAIB i KMiHiYHI BUNpODOyBaHHA — Lie He3anexHi
npouenypu. MepLua cnpsiMoBaHa Ha OTPUMaHHS NATEHTY,
a apyra — Ans niaTBepmxeHHs NO3UTUBHOTO pesynsTarty
BiZl 32CTOCYBaHHs! MeM4HOro BiHaxogy. MoxHa npocte-
XKUTK 3B’A30K MiX HUMU: 6e3 meauko-6ionoriyHmx abo
KNiHIYHMX AocnigkeHb (BUNpobyBaHb) HE MOXHa BCTa-
HOBUTN eDEKTUBHICTb | 6E3MEYHICTb OKPEMMX BUHAXOLIB,
a omxe 6e3 HMX HEMOXIVBE BUKOPUCTaHHS BUHAXo4y.
3rigHo 3i cT. 29 3akoHy YkpaiHu «[1po oxopoHy npas Ha
BUHAXOAM | KOPUCHI MOAENi» BNACHWK NaTeHTY NOBUHEH
cnnayyBaTu BignoBigHi 3060pu 3a NiATPYMAHHS YMHHOCTI
naTeHTy i JOOPOCOBICHO KOPUCTYBATUCS BUKMOYHUM
npaBoM, Wo BunnmBae 3 nateHty [18]. Tob6To gobpo-
COBICHE KOPWCTYBaHHS1 NAaTEHTOM Ha MEANYHUIA BUHAXIL,
MOXIIMBE TiMbKW B pasi, SKLLO Bif HHOTO € NO3UTUBHUN
pesynbTaT Ans nauieHTa, a 4OBECTW Lie MOXHa nvie
Yyepes meanko-6ionoriyHi abo KniHiYHi 4OCHiKEeHHS
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(BUNpobyBaHHs), WO € OAHUM 3 €NeMEHTIB rapaHTii
©e3nekn HOBOTO BUHAXOAY.

BuHaxoan B MEMYHIN NpakTuLi BigpI3HATLCS Big
iHLUMX BMHaxogiB Chepor MPOMMUCIIOBOTO 3aCTOCYBaH-
Hs. Ak BiZOMO, BWHaXi4 NOBWHEH GyTW HOBUM, MaTu
BUHaXiAHULbKUIA piBEHb, NPOMWUCIIOBY NPUAATHICTb.
BigMiHHICTb MiX pi3HUMK BUHaxXo4aMU NONSrae B PisHNX
3aBaHHsIX, LU0 PO3B’A3YKTHCA 3a JONOMOIOH BYHAX0AY,
Ta NPOMWCIOBOK NpuAATHICTH. OCTaHHS BU3HAYaETLCS
SIK 3aCTOCyBaHHs BUHaxody B Oyab-sikuid cdepi rocno-
Aapcrtea. MeaunyHi BUHaxoay MatoTb creviansHy cepy
3aCTOCYBaHHS — Lie MeayyHa npakTuka. 3actocyBaHHS
B MeAMYHIN NpaKkTULi BUHAxXo4y Mae npsiMuii 3B'A30K i3
npaBamy NOAVHK, 30KpeMa NPaBoM NaLlieHTa Ha XUTTS,
OXOPOHY 3A40POB’'A. TOMy MefWYHi BUHaxoau MatoTb 0CO-
OnuBiCTb, SiKa NonsArae B TOMY, LU0 BOHU MalOTb BIIACHUN
BMOOBUI NOAiN, 3yMOBMEHUA CEepor 3acTOCYBaHHS
BUHaxogy (cnoci6 nikyBaHHs1, 4iarHOCTUKM TOLLO); NOBUHHI
BinOyBaTUCs Meauko-6ionoriyHi abo KniHivHi 4OCimKEH-
Hs (BUNpODyBaHHS) B MeAUYHUX 3aKnagax, MeanyHuX
LieHTpax i CaHaTOPHO-KYPOPTHMX 3aknagax Ykpaitu ans
3aCTOCYBaHHS Hafani B MeOUYHIN NpakTuLi; NOBUHHI
BiANOBIAATM ETUYHMUM BUMOTaM.

3anponoHoBaHO BMHAXOAW B MEAWYHINA NpakTuLi
NoAiNsATX Ha ABi rpynu: MeguyHi Ta hapMaLleBTUYHi.

BuHaxogm, sk npaBuno, 3axmLeHi naTeHTHUM npa-
BOM, are He BCi 3 HUX OTPUMYHOTb MaTEHTHY OXOPOHY. €
rPYnV BUHAXOLiB, KOTPi HE MOXYTb By T OPUANYHO 3aXu-
weHrmm [13]. Ana MeanyHux BUHaxXodiB Lie € OKPeEMO
npobnemoto. Hanpuknag, y 6inbLocTi kpaiH BuHaxoau,
Lo cynepeyaTb MpUHLUMNAM ryMaHHOCTI Ta Moparni, He
NaTeHTYIOTLCA, K | MOXYTb HE OTPUMATK NaTeHTHO-Npa-
BOBY OXOPOHY OkpeMi BioTexHonoriyHi BuHaxoau. OctaHHe
nonoxeHHst 3akpinneHo B ab3. 5-bis n. 4 ct. 45 Kogekcy
npomm1coBoi BnacHocTi Itanii [14]. MpobnemHicTs nutaH-
HSl NaTEHTYBaHHS BUHAXOAIB, SKi CyrnepeyaTtb NpuHUmMnam
ryMaHHOCTi Ta Moparii, Nonsirae B TOMY, LUO Lii BUHaxoau
BiAMNOBIAAIOTL KPUTEPISM NaTEHTO34ATHOCTI (HOBU3HA,
BUHaXiQHWLbKWIA PiBEHB, MPOMUCIIOBA NPUAATHICTD), ane
aBTOP LIbOT0 BUHAX0AY HE OTPUMYE OXOPOHY CBOIX Npas;
BiZICYTHICTb MaTEHTY He 3a60POHSIE BUKOPUCTAHHS Takoro
BUHAXOZy; BCTAHOBMEHHS Takoro 0OMEXeHHs 3adinae
npUHLMN cBOGOAM TBOPYOCTI Ta HAyKOBOI AiANbHOCTI.
CnpaBegnvee po3B’sizaHHs Liei npobnemu nNponoHye
0. O. Canuupka, fka BKadye Ha [OLIMNBHICTb PO3MEXxy-
BaHHS MOHATb «BIOKPUTTS» Ta «BUHaxig» [15].

Lono GioTexHonoriYHMX BUHAXOAIB, TO iXHs Xapak-
TepucTvka HagaHa B [dupekTusi 98/44/€C, BignosigHO
[0 CT. 3 SIKOi HOBi BUHAX0M MOBUHHI ByTW NaTeHToCnpo-
MOXHVUMU HaBITb Yy TOMY BUNAAKY, SIKLLO BOHW CTOCYHOTLCA
MPOAYKTY, WO CKnagaeTbcs 3 GionoriyHoro marepiany
abo MmicTuTb Moro, abo npouec, 3a AONOMOro SIKOro
BUpobnseTbea GionoriyHmii matepian, obpobneni abo
BMKOpUCTaHi. bionoriyHnin matepian, Wo BUAINAETLCS
3 nNpupoaHoro cepefosuila abo BUpobnseTLCS 3a Ao-
MOMOTOK TEXHIYHOTO MPOLECY, MOXe OyTh npeaMeTom
BUHaxXoy, HaBiTb SKLLO BiH paHiLle MaB MicLie y Npupogi.
Y u. 2 ct. 5 Qupektvien 98/44/€C Bka3aHO: eNeMeHT, LWo
BUAINEHWIA 3 OpraHiamy noanHM abo iHwWKMM cnocobom,
OTPVMMaHWUM 3a [OMOMOTOI0 TEXHIYHOrO MPOLECy, BKIHO-
Yaroum NOCIiAOBHICTb ab0 YacTKOBY NOCMILOBHICTL reHa,
MoXe SIBNSTU coBOK NaTeHTOCNPOMOXHUIA BUHAXIA,
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HaBITb SIKLLIO CTPYKTYpa LibOro efleMeHTa ieHTUYHA CTPYK-
Typi NpupoaHoro enemenTa. 3rigHo 3i CT. 6 [upekTusu
98/44/€C, He MOxyTb ByTW BU3HAHI NATEHTOCNPOMOXHM-
MM NPOLIECH KITOHYBaHHS NoAei; npouecy mogudikavii
reHETUYHOI iAEHTUYHOCTI 3apPOZKIB NIOANHM; BUKOPUCTaH-
HS1 NIOACHKUX EMBPIOHIB y NPOMMCIIOBYX 260 KOMEPLIHIX
Linsx; npouecy moawmdikaLii reHeTUYHOI iAeHTUYHOCTI
TBapWH, 5IKi, IMOBIPHO, MOXYTb CMIPUYUHUTY IXHE CTpax-
JaHHs 6e3 Gyab-sKoi CYyTTEBOI MEeAUYHOI KOPUCTI Ans
TIOAVHM Y1 TBAPWHW, @ TaKOX TBAPUH, OTPUMAHMX y pe-
3ynbrarti Takux npouecis [7]. Mpu LboMy Ans oaepxaHHS
naTeHTy Ha Takui BUHaxia HeobxigHo HagaTy BionorivHuin
maTtepian ana genoHyeaHHs (npaswna 3121, 33, 34
€Bponencbkoi NaTeHTHOI koHBeHLUiT) [11]. AHaniytouu
Hopmu [Oupektveu 98/44/€C, cnig nigkpecnuTu, Wo
yKpaiHCbKe 3aKOHOAABCTBO HE MICTUTb 0COBNMBOCTEN
OO NaTEeHTYBaHHS BIOTEXHOMOrYHMX BUHAXOMIB, WO
LinKOM He BianoBigae eBPONENChKI NPaKTULL OXOPOHW.
HesBaxatoum Ha Lie, BBaXXaeMO, LLIO Cy4acHi BUHAXigHVIKM
6ioTexHOMOrYHX BUHAXOAB MOBUHHI BpaxoByBaT! HOPMM
Ovpektvien 98/44/€C, ockinbku ua npekTuea € 6a3osnm
aKTOM B €BPOMNENCHKOMY 3aKOHOAABCTBI BioTEXHOMO i
CMpsSIMOBaHa Ha 3axu1CT NACLKOI HEMOBTOPHOCTI. BapTo
KOHCTaTyBaTh i Te, L0 MOKM iMnieMeHTauis JupekTuen
98/44/€C He BBeOeHa B fjto. BigaHauumo, wo [upek-
TuBa 98/44/€C He Tinbkn 3abe3nedye eheKTUBHUN i
BiANOBIAHWUI 3aXUCT BIOTEXHOMNOMYHUX BUHAXOAIB, ane i
BU3HAYAE ETUYHI MEXi MAaTEHTOCNPOMOXHOCTI BUHAXo4y
B MeMWYHIN NpakTuLi. ETWYHICTE BUHaxXo4iB Y MeanYHin
NPaKTULi BU3HaYeHO 1y CT. 53 €BPONEnCbKOl NaTeHTHOT
KOHBEHLii, 30Kpema M. C): €EBPOMeCbKi NaTeHTU He BU-
[laloTbCs Ha cnocobu nikyBaHHs Nogen abo TBapuH 3a
[0noMoroto Xipyprii abo Tepanii Ta MeToawu AiarHOCTUKK,
LLI0 3aCTOCOBYOTLCS ANA Ntofent abo TeapuH [16].

Mpobnema eTuk1 BUHAXOAIB Y MEOMYHI NpaKkTuLi
€ OKpeMUM HamnpsiMOM JOCHiKEeHb MeAMYHOro npasa
Ta MeOWYHOI 4EOHTONOrii, 30KpeMa Lie NUTaHHS NocTae
OO PEenpOAYKTUBHOMO KIIOHYBAHHS, PENPOAYKTUBHUX
TexHonorii. Tak, nepeaaya emopioHanbHUX CTOBOYpPOBMX
KNiTH € HacnigKkoM eTUYHUX Npobnem, 3okpema Liodo
0COBMCTOCTI, MIOACHKOI MAHOCTI Ta CnpaBeanMBoCTi 40
MOACTBA, AKi BUHUKAIOTb N Yac BUPOLLYyBaHHS eMOpioHa,
TO6TO XWTTS B MOroO NepBicHin dopmi. Lie cynepeunvsa
HauioHanbHa 1 MikHapopHa npobnema. Tomy 6arato
BMMBOBWX OpraHi3aLiii NoCTaBUM 0OMEXEHHS Ha Te, L0
moxe ByTn 3pobneHo 3 embpioHamMu Ta LWOAO nepeaadi
eMbpioHanbHMX KniTuH [17]. OTxe, BUHaxoam B MeAnYHil
NPaKTULi NOBWHHI BignoBigaTX €TUYHUM NpaBunam, Lo
BM3HAYaKTbCS OKPEMO 3aKOHOAABCTBOM KOXHOI KpaiHu.

3rigHo 3 4. 1 cT. 6 3akoHy YkpaiHn «[1po oxopoHy
npaB Ha BUHAXOAW i KOPUCHI Mogeni» NpaBoBa OXOPOHa
HagaeTbCs BUHAXoMY, L0 He cynepeunTb nyobrniyHomy
MopSIAKY, NPVMHLMNAM r'yMaHHOCTi Ta Mopani v Bignosigae
ymoBam nateHTtosgatHocTi [18]. HaBepeHi ymoBu
NPaBOBOi OXOPOHW LLIFIKOM MOLLUMPKOKTBECS HA MeaUYHi
BMHAXOAMN: BUHAXiQ He MOBMHEH CynepeumTyt nyoniyHo-
My MOPSIAKY, MPUHLMNAM ryMaHHOCTI i moparni Ta Mae
BIANOBIAATY yMOBaM NaTeHTO3AaTHOCTI.

Meplwa ymoBa BKU3HAYAETLCSA SIK HECYNEPEYHICTb
BMHaX0Ay CycninbHOI Moparni, WO € CUCTEMOK ETUYHNX
HOPM, NpaBun NOBELIHKM, SiKi CKNanucs B CycninbCTBi Ha
OCHOBI TPaAMULHUX OYXOBHUX i KyNbTYPHUX LiiHHOCTEN,

Maronoris. Tom 16, Ne 3(47), BepeceHb — rpyaeHb 2019 p.



ysiBneHb Npo Jo6po, YecTb, TiAHICTb, rPOMaAChKUI
000B’30K, COBICTb, CNpaBeanMBicTb (a63. 11 4. 1 cT. 1
3akoHy Ykpaihu «[po 3axucT cycninbHoi mopani») [19].
lNpoaHaniayBaBLWM HABEAEHI HOPMATUBHI aKTW, MOXHA
3po6UTY BMCHOBOK: F'yMaHHICTb i Mopanb sk yMoBa
OXOPOHW MEANYHUX BUHAXOLAIB Y 3aKOHOAABCTBI YkpaiHu
He 3HaLLIIM CBOrO HaMEXHOro 3aKpinneHHs. Hacnigkom
TaKoro Migxody € HEBU3HAYeHICTb ChiBBigHOWEHHS Ga-
NaHCy iHTepeciB, NpaB MaLieHTIB i NAaTEHTOBMNACHUKIB,
HEBCTaHOBMEHHS 0OMEXyBaHHS L0 NaTeHTyBaHHS 6io-
TEXHOMOTYHWX BUHaxXoAiB. PaKTUYHO Pe3ynsTaToM Liboro
cTano otpumanHs 3 2010 p. 4o 2015 p. A4eB’sITU NATEHTIB
Ha BMHaxoaM WoAo cnocobiB NikyBaHHS, 3anobiraHHs
BII/ICHIA [22]. Y 383Ky 3 uum y 2012 p. MO3 cTBOpEHO
pobouy rpyny 3 nuTaHb iHTENeKTyarnbHOI BNacHoCTi Ta
focTyny Ao nikapcbkux 3acobis [7], a'y 2013 p. Kabine-
ToM MiHicTpiB YkpaiHu po3pobneHa npoueaypa HagaHHs
[103BOMy Ha BUKOPUCTaHHSI 3anaTeHTOBaHOMO BUHAX0M4y
(kopucHoi mogeni), Lo CTOCYETbCS NMiKapCbKOro 3acoby,
6e3 3rogum BnacHWKa NaTeHTy Ta 3 BUNNaTol oMy KOM-
neHcauii. Lis npoueaypa BctaHoBneHa Ans 3abe3neyeHHs
OXOPOHM 30POB’Sl HACENEHHS, 30kpema nNpotuaii BIJI-iH-
hekuii/CHIOy Ta iHWMM couianbHo HeBe3neyHumM XBo-
po6am. 3a uieto npouenypoto KabiHet MiicTpis Ykpainu
MO>XE HaZlaTv BU3HaYeHil H1UM ocobi fO3BIN y pasi AoKy-
MEHTasIbHOTO NiATBEPAYKEHHS HASIBHOCTI TaKu1X 0OCTaBWH
O[HOYACHO: BMACHUK MaTeHTy He MOXe 3a[0BOMbHUTM
notpeby y BIANOBIAHOMY MikapcbkoMy 3acobi cunamu
Ta MOTYXXHOCTSIMM, LIO 3a3BUYall BUKOPKCTOBYIOTHCS
ANs BUPODHULITBA TaKOro Nikapchbkoro 3acoby; BNacHWK
naTeHTy 6e3nigcTaBHO BiOMOBUB 3asiBHWKOBI Y BUAAdi
niLeH3ii Ha BUKOPUCTaHHS BUHaxody (KOpWCHOI Mozeni)
[6]. HaBeneHe Tinbku NigKpecnioe, Lo Npasuia eTUYHOCTI
y $OopMi yMOB MPaBoBOi OXOPOHU MEANYHUX BUHAXOZIB B
YkpaiHi He po3pobneHi. Tomy noTpebyroTh 3aKpinneHHs
y 3aKoHi Ykpainm «[1po OXOpOHy MpaB Ha BWHAXOAM i
KOPWCHi Mogeni» eTUYHi BUMOTM LoA0 BiOTEXHOMOMYHIX
BUHAXOZiB; CNiBBiAHOLLEHHS GanaHcy iHTepecis, Npas na-
Li€HTIB | NaTeHTOBMNACHUKIB; NiACTaBM Ta yMOBW HaflaHHS
NPUMYCOBOI NiLieH3ii LLIOAO MEANYHMX BUHAXOZIB.

YMOBM NaTeHTO34aTHOCTI BMHAXOAQY: HOBU3HA,
BMWHaXiAHULbKUA piBEHb, NPOMUCIOBA NPUAATHICTb.
HoBw3Ha BUHaxo4y BU3HAYaETLCA SIK HEBIQOMICTb BUHA-
xogy 3 piBHA TEXHIKW. IHopmaLito Npo piBEHb TEXHIKW
MOXYTb MIiCTUTW Byab-ski iHopMaLinHi mxepena, Lo
cTanw 3arasnibHoAO0CTYNHUMM Y CBITi 10 AATU NPIOPUTETY.
BurHaxigHWLbKWiA piBeHb fa€ MOXUBICTb BiAPI3HUTY BK-
Haxig Bif iHLWOro 06’ekTa nateHTHoro npaea. MNpomMucnosa
NPUAATHICTb — Lie MOXIMBICTb 3aCTOCOBYBATW BUHAXIA Y
MEeANYHIN npakTuui. Lli yMoBM naTeHTo3aaTHOCTi BUHa-
XOZjiB BU3HAKOTLCS B YCbOMY CBITi Ta 3aCTOCOBYHOTLCS A0
MEeONYHUX BUHAXOAIB.

OcobnuBicTb NPaBOBOI OXOPOHN MEAUYHIIX BUHAXOLiB
nonsrae came B CUCTEMIi BUMOT, LLO NOEAHYE ETWYHI Npa-
BWNa Ta KpUTepIi NaTeHTO3AaTHOCTI BUHaxoay. B ykpain-
CbKW NpaBHWYIN HayLi LS cucTeMa 3anullaeTbCs He
po3rnsaHyToto. OgHak nig vac imnnemeHTauii AupekTuem
98/44/€C B ykpaiHCbke 3aKOHOAABCTBO 04pa3y nocTaHe
NUTaHHS LOAO BNPOBALKEHHS HA3BAHOI CUCTEMM.

PosmexyBaHHs MeguyHux i hapmaLeBTUYHUX BY-
HaxodiB MOXHa 34iNCHIOBATW 3@ PISHUMU KpUTEPISMU.
Beaxxaemo, LLIO Nif Yac BUKOHAHHS Takux yMOB NPaBoBOi
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OXOPOHW BUHAXOAIB, SIK BUHAXIAHULbKUI PIBEHb | IPOMUC-
10Ba NpUAATHICTb MOXHA 34INCHIOBATU PO3MEXYBaHHS
OnM3bk1X M cOOOK BMHAXOAIB, 30KpeMa MeauyHUX i
(hapmaLEeBTUYHNX.

BignosigHo ao MNMpasun po3rnagy 3asBky Ha BUHAXIA,
i 3a9BKM Ha KOPUCHY MOZENb, LU0 3aTBEPDKEHI HaKa3om
MinictepctBa ocBiTM i Hayku YkpaiHi Big 15.03.2002
Ne 197, ui kpuTepii NpaBoBOi OXOPOHU MatoTb ByTu
BCTaHOBIEHI Mg Yac keanigikauinHoi ekcneptvan. Bu-
HaXigHULbKMIA piBEHb BCTAHOBIIOKTH i3 HOBU3HU, PIBHS
TEXHIKW, Ioro HasiBHICTb Aae 3MOry CTBEpLKYyBaTu Mpo
OTPUMaHHS1 HOBOTO TeXHIYHOro peaynbtary. Mpu po3po-
6neHHi BUHaxody BUHaxigHWK 060B’SI3KOBO PO3B’S3ye
3aBJaHHS, BUPILLEHHS SKOro € BUHaxoZoM. CTaensuu
3aB[1aHHS, BUHAXIOHVK NOBWUHEH BU3HA4YUTK cchepy HayKo-
BOI AiSNIbHOCTI, TEXHOMNOTIYHE iCHYBaHHS TAKOro 3aBAaHHS,
30KpeMa YiTKO pOo3MexyBaTh Taki Hayku, sK dhapmauis
(15.00.02 — dapmaLeBTMYHa XiMis Ta hapmakorHosis)
Ta meaumumuHa (14.01.03 — xipyprig Towo). Y ubomy
NPOSIBMSETLCS PO3MEKYBaHHS HABEAEHWX BUHAXOZIB 3a
KpUTEPISMU BUHAXIZHULIBKOTO PiBHS.

LLoao npom1cnoBoi npuaaTHOCTI, TO 3rigHO 3 M. 6.5.1
NpaBwn po3rnsay 3asBku Ha BUHAXIA, | 3as1BKN HA KOPUCHY
MOAENb: «BUHAXIA € NPOMUCIIOBO MPUAATHIM, SIKLLO 100
Moxe OYTV BUKOPUCTAHO y NPOMMCIIOBOCTI abo B iHLUIN
cchepi AisanbHOCTI». [nst BCTAHOBMEHHS MPOMUCIIOBOI Npu-
[AaTHOCTI BUHAXoLy NepeBipstoThb HASBHICTL Y MaTepianax
3as1BKV NOCUNAHHS Ha NpU3HaYeHHs 3asiBneHoro 06’ekta
BUHAxoAy (4ns HOBUX XiMIYHMX CMOMYK — A0ro MOXIIMBe
3aCTOCYBaHHS); HAsIBHICTb Yy NEPBUHHKUX MaTepianax
3asBKM ONMCaHMX 3aco0iB i MeTopiB, 3a 4ONOMOTOH SKUX
MOXITUBE 3[iICHEHHS BUHAxo4y B TOMY BUrMsdi, SK BiH
oxapakTepuaoBaHuii B Byab-akomy nyHKTi popmynu» [20].
3rigHo 3 a63. 2 u. 2 cT. 3akoHy YkpaiHu «[po nikapcbki
3acobuy: «nikapcbkuid 3acib — byab-sika peqoBuHa abo
koMbiHaLis pe4oBuH (ogHoro abo aekinbkox APl Ta go-
MOMDKHIX PEYOBUH), LLIO Ma€e BNacTUBOCTI Ta Npu3HadYeHa
AN NikyBaHHs ab0 NpoinakTky 3axXBopIoBaHb Y MoAen,
yn Byab-gka pevoBuHa abo kombiHaLlis pe4oBMH (0AHOTO
abo aekinbkox A®| Ta LOMOMBKHUX PEYOBMH), sika MOXe
OyTV Npr3HayeHa ans 3anobiraHHs BariTHOCT, BiGHOBMEH-
Hs1, KopeKLii Yu 3MiHW (I3IoNOriYHMX PYHKLA Y MIoAUHM
LUMSXOM 3[4 iCHeHHsT (hapMaKororivHOi, iIMyHONOrYHOT
abo meTabonivyHoi Aii abo Ans BCTaHOBNEHHS MeANYHOro
fiarHosy» [21]. Buxogsum 3 Lboro, npoMucrosa npuaat-
HiCTb Jlikapcbkoro 3acoby — Lie nikyBaHHs abo npodinak-
TVKa 3aXBOPIOBaHb y Ntoaeit; 3anobiraHHs BariTHOCTI,
BiJJHOBMEHHS, KOPEKLii YM 3MiHa i3ionorivyHNX PyHKLIiN
Y MIOOUHWN LUASIXOM 3M4IMCHEHHS papMakonoriyHoi, iMy-
HonoriyHoi abo meTaboniyHoi Aii abo 4ns BCTAHOBMNEHHS
megmnyHoro AiarHosy. LLogo MeanyHnx BUHaxoAis, To K
TEXHIYHWIA pe3yneTaT Ans BUHaxXogay, Lo CTOCYETLCS Cro-
coby AiarHOCTUKV (MPOiNaKkTUKM) CTaHy Mofew, MOBUHHI
HaBOAMTCS BiAOMOCTi NPO BUSIBNEHI hakTopy abo iHLui
BipOriaHi AaHi, WO NiATBEPMKYHOTh AOT0 NPUAATHICTb ANS
AiarHocTvkv abo MpodinakTuky 3a3HayeHoro ctaHy abo
3axBOPOBaHHS! (OTpUMaHi, 30Kpema, B EKCIEpUMEHTI Ha
afeKkBaTHUX MOAENSX Yu iHWwuM wnsxom) [22]. Otxe,
NPOMUCIIOBA NPUAATHICTb MEAUYHUX | hapMaLEBTUYHNX
BYHAXO/iB BCTAHOBIIOKOTHCA Nif Yac BUKOPUCTAHHS OMNu-
caHux 3aco0iB i MeTopiB, 3a AONOMOrOK SKUX MOXINBE
3aiMCHEHHs BHaxoay. [Ans dhapMaLeBTUYHNX | MeAUYHIX
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Ornaam

BUHaxofiB 3acoby Ta MeTOAM 30iACHEHHS € Pi3HUMM, XO4a
XHS CNPSMOBAHICTb Byae €ANHOI0 — MiKyBaHHS NIOAUHMW.

BucHOBKU

1. Buay BMHaxomiB y MeAWyHiN npakTuLi: cnocobm
NiKyBaHHS NIOANHY; NPUCTPOI ANA NiKyBaHHA Ta AjarHo-
CTVIKV NIOAMHW; MiKapChKi 3ac00bu; LUTamu MiKpoopraHismiB,
LLI0 3aCTOCOBYHOTHCS NS AiarHOCTUKM 3aXBOPHOBaHHS abo
NiKyBaHHS MoAWHN; BiOTEXHONOTIYHI BUHAxoau.

2. BuHaxoay B MeQMYHIN NpakTULi No4INsaTL Ha 4B
rpynu: MeauyHi Ta chapMaLeBTUYHI. Po3MexyBaHHS L
BHAXOAIB AOLLNbHE, OCKINbKV BOHM € Pi3HMM 32 3MICTOM
BUHaXiOHULbKOT [iSNbHOCTI, Xo4a i 3aCTOCOBYIOTHCS B
MeauLWHI, TOBTO BOHM PO3MEKOBYHOTLCS 3a TakUM Kpu-
TepieM NPaBOBOI OXOPOHW, SIK NPOMMUCIIOBA NPUAATHICTb.
3aBasky LibOMY KPUTEPItO 3 ABMSIETLCS MOXKIMBICTb 3aCTO-
COBYBaTW BUHAX0OAM B NEBHIN cdepi AisnbHOCTI NOANHU.

3. OcobnuBICTb MeaWYHUX BUHAXOLIB NOMsirae B TOMY,
LLI0 BOHW Mat0Tb BNACHWIA BUAOBMIA MO, LLIO 3yMOBIEHMI
chepoto 3aCToCyBaHHS BUHaxody (cnocib mikyBaHHS,
ZiarHoCTVKM TOLLO), @ TaKoX MOBVHHI BIANOBIAATY €TNY-
HUM BMoram. OBrpyHTOBaHO HEOOXIAHICTb 3aKpinneHHs
B 3aKoHi YkpaiHu «[po OXOpoHy npaB Ha BUHAXo4M i
KOPWCHI MoZeni» eTUYHUX BUMOT LLIOAO BIOTEXHOMOMYHIX
BUHaxoAiB; cniBBigHOLWEHHS BanaHcy iHTepecis, npas
NauieHTiB i NaTeHTOBMNACHUKIB; MiACTaB Ta YMOB HAaHHS
MPUMYCOBOI MILIEH3IT LLOAO MEAWNYHMX BUHAXOAIB; MOJIo-
xeHb Aupextnen 98/44/€C.

MepcnekTMBm noaanbLIMX AocnimakeHb. [epcnek-
TMBHUM HanpsIMOM HayKOBUX [OCHIIKEHb € BUSIBMEHHS
Ta po3B’A3aHHAM Npobnem, WO BUHWKAIOTb Yepes He-
HanexHe 3abesneyeHHs NMPaBoBOi OXOPOHW MeAUYHNX
BMHAXO0MiB, axe Aii WOoAo LMX BUHAXOAIB, sIKi NOB'A3aHi
3 BMHaXiZHWLTBOM, NATEHTYBaHHSIM i BUKOPUCTAHHSAM,
perynioTbCA HOPMaMK iHTENeKTyanbHOI BNacHOCTi Ta
HOpMaMW ETUKU MeaWYHOro npaLiBHuka. Tomy Lier Kom-
Mrekc HOpM AOLINbHO He TiNbKy NpoaHanisysaty Hagani
B HaykoBux nybnikauisx, ane i copmynoBaTn HU3Ky
3aKOHOAABYMX MPOMO3NLiN ANS IXHbOTO 3aKPINMeHHs
B 3akoHi Ykpaitu «[1po OXOpOHy NpaB Ha BUHAXOAM i
KOPWCHI MOaEeni».
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Clinical course of extensively drug-resistant tuberculosis
with HIV infection and tertiary syphilis: a case report
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Key words: Purpose. To update the literature data with the clinical features of extensively drug-resistant tuberculosis (XDR-TB), HIV and
tuberculosis, tertiary syphilis co-infection course based on an example from own clinical experience.
HIV, syphilis.

Materials and methods. A case report of XDR-TB with HIV and tertiary syphilis co-infection course was described based on

our own clinical experience.
Pathologia

2019; 16 (3),424-430  Results. The presented clinical case confirms the partial literature data as we did not find such a combined course of XDR-TB
DOL: with HIV infection and tertiary syphilis in the literature available. So, XDR-TB developed in the patient due to late diagnosed
10.14739/2310-1237. and untreated HIV infection. Neurosyphilis praecox developed secondary to Lues latens ignorata. Early diagnosis of tertiary
2019.3.189001 syphilis was problematic owing to considerable similarity of XDR-TB and HIV infection clinical manifestations. The CD4+
E-mail: T-lymphocyte count was 16 cells (with a viral load of 3483783 RNA copies/ml) indicating a pronounced immune system
raxnatovskaya@ inhibition in the patient, causing progressive multiple organ failure, HIV-associated diseases (nephropathy, encephalopathy,
gmail.com cardiomyopathy) and visceral tertiary syphilis (the kidney and brain). Despite multimodality therapy (antimycobacterial, antiret-
roviral, symptomatic and pathogenetic therapy, treatment of syphilis), the patient died after 4 months of inpatient treatment.
The immediate causes of death were wasting syndrome, mycobacteriosis, HIV infection-associated diseases manifested as
mycobacterial infection and multiple diseases.

Conclusions. Taking into account the considerable similarity of clinical and histological manifestations of tuberculosis and
syphilis, as well as frequent HIV-associated tuberculosis (especially CRTB), it is recommended not to neglect the continuous
use of a serological panel in patients with HIV and tuberculosis co-infection with the view to timely syphilis detecting. General
practitioners are encouraged to work with patients towards the timely HIV testing. Also, it should be kept in mind that timely
diagnosed diseases could be treated early, that will help save lives of our patients.

Kniouosi crosa: KAiHiuHMI BUNaAOK NOEAHAHOTO nepebiry Ty6epKyAbo3y 3 LIMPOKOIO AIKapCbKOO CTIMKICTIO

TY6€EpPKYALO3, _- . .
BIA, cHbinic. 3 BIA-indeKuieto Ta TpeTMHHUM cUdinicom

0. M. Pa3HatoBcbka, A. B. ®epopeup, 0. 0. Oypuk, I. I. MakypiHa, T. A. [pekoBa, B. B. PomalueHko
Mavonoris. - 2019. -
T. 16, Ne 3(47). - MeTa pob0oTun — JONOBHEHHS BigOMOCTEl (haxoBoi nitepatypu KriHiYHUMKM 0COBNMBOCTAMM NoeaHaHoro nepebiry Tybep-
C.424-430 KyrbO3y 3 LUMPOKOK fikapcbkoto cTiikicTio (LLIIC-TB) i3 BIJI-HdbekLUieo Ta TPETUHHIUM CUAiniCOM Ha MpuKnagi BNacHoro
CrMOCTEPEKEHHS! 3 MPAKTUKM.

Marepianu Ta meToau. OnmcaHo KniHiYHWA BUNaAOK BMNACHOMO CrocTepexeHHs noegHaHoro nepebiry LUIC-TB i3 BIfl-i-
dpekuieto Ta TPETUHHUM CUdDinicom.

Pesynbrati. HaBeaeHui KniiYHWI BUNaZoK NiATBEPIKYE YACTKOBI JaHi HAayKOBOI MiTepaTypu, OCKiSbKW MPOTAroM A0CHi-
[DKEHHS He 3HalLLInmM Takoro noegHaHoro nepebiry LLUMC-TB i3 BIJl-iHdekuieto Ta TPETUHHUM cUinicoM y AOCTYMHWX (haxoBux
mxepenax. Tak, y nauieHTK1 Ha Tni ni3Ho AiarHocToBaHoi Ta HenikoBaHoi BIfT-iHdpekuii BuHuK LLMC-TB. Neurosyphilis praecox
po3BuHyBCS Ha TNi Lues latens ignoratae. PaHHs giarHocTvika TpeTuHHOTO cudbinicy 6yna cknagHoK Yepes CXOXICTb KIiHIYHUX
nposisie LUNC-TB i BINl-iHdekwii. Kinbkicte CD4-nimcounTis ctaHoBuna 16 knitvH (Npu BipyCHOMY HaBaHTaxeHHi 3483783
PHK-koni/mn), Wo Bka3yBano Ha BUPaXeHe NpUrHiYeHHs iMyHHOI CUCTEMM Y XBOPOI Ta, SIK HACMI[OK, CTano OCHOBOK Ans
nporpecyBaHHs noniopraHHoi HegocTaTHocTi, BIJ1-acouiioBaHWx 3axBoptoBaHb (Hedponarii, eHuedanonarii, kapaiomionarii)
Ta TPETMHHOTO BicLepanbHOro cudinicy (HMPOK i rONOBHOMO MO3KY). HesBaxaroum Ha NpoBedeHHs MacyBHOI KOMMIEKCHOT
Tepanii (aHTUMikoDaKkTepianbHa, aHTUPETPOBIPYCHA, CUMMNTOMAaTUYHA Ta MaToreHeTMYHa Tepanii, NikyBaHHS cudinicy),
nauieHTka nomepna yepes 4 Micsi ctauioHapHOro nikyeaHHs. besnocepeaHiMu npyyvHamm cMepTi CTany CUHAPOM BUCHa-
XeHHsl, MikobakTepio3, 3axBoptoBaHHsi, 3yMmoBneHe BlJ1-iHdekuieto 3 nposisamu MikobakTepianbHOT IHGEKLT Ta MHOKUHHUX
3aXBOPIOBAHb.

BucHOBKK. BpaxoBytoun CyTTEBY CXOXICTb KITIHIYHMX i FiCTONOrIYHMX NposiBiB Ty6epkynbody Ta cudinicy, a Takox vacte
npueaHaHHs TyGepkynbo3y (ocobnneo ximiopeaucTeHToro) Ao Blll-iHdekuii, y xBopux Ha BlfT-iHdbekuito Ta Tybepkynbo3 pe-
KOMEHA0BAHO He HEXTYBATMW NOCTIHNM 3aCTOCYBaHHAM KOMMIEKCY CepororiYHnX 4OCiMKeHb A1 CBOEYACHOM BUSBNEHHS
B opraHiami 36ygHvka cudinicy. Pekomenaauieto ans ciMenHux nikapis € pobota 3 naieHTamy B HanpsiMi CBOEYacHoro Te-
CTyBaHHs Ha BIfT-iHdekuito. MoTpibHO nam’aTaT: CBOEYaCHO AiarHOCTOBaHi 3aXBOptoBaHHS ByayTb CBOEYACHO NPONiKOBaHi,
LU0 Jae 3MOry BPSTYBATH XMTTA NaLieHTiB.
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Case report

KAMHHMUYECKUM CAyual coueTaHHOro TeueHUs Tybepkyaesa ¢ LUIMPOKOM AeKapCTBEHHOW
ycToMuuBocTbio ¢ BUY-uHpeKuuen U TpeTHUHLIM CUPUAUCOM

E. H. PasHatoBckas, A. B. ®epopeu, E. A. Oypuk, I. . MakypuHa, T. A. IpekoBa, B. B. PomalueHko

Llenb paboTbl — 4ONONHEHWE CBEAEHUIN HAYYHOW NMTEPaTypbl KITMHUYECKUMM OCOBEHHOCTSIMIU COYETAHHOIO TeYeHMs Tybep-
Kynesa C LUMPOKOW fekapCTBEHHOW yCToNuMBOCTbIO (LLMTY-TB) ¢ BUY-nHDeKumMen n TpeTuyHbIM CUUIMCOM Ha npuMepe
COBCTBEHHOTO HABMIOAEHUS 13 NPAKTUKM.

Marepuansi u meToabl. OnucaH KIMHUYECKWIA CryYaii COBCTBEHHOTO HabmtoaeHMs codeTaHHoro Tederuns LMY-TB ¢ BUY-nn-
dhekumen 1 TPETUYHBIM CUPUINCOM.

Pe3ynkrathl. [peacTaBneHHbIN KMMHUYECKWIA CyYan NOATBEPKAAET YaCTUYHbIE AaHHbIe HAay4YHON NMUTEPaTypbl, MOCKOMbKY
Takoro coyetaHHoro TeveHust LUINY-TB ¢ BUY-nHdekumen n TpeTuyHbIM CcpUIMcom B AOCTYMHbIX CreuuanmaupoBaHHbIX
UCTOYHMKaX He Hawwnu. Tak, y naumeHTku Ha poHe No3nHO AMarHoOCTUPOBaHHOW U HeneveHHon BUY-uHdekummn passuncs
LUNY-TB. Neurosyphilis praecox pa3ssuncs Ha hoHe Lues latens ignoratae. PaHHss auarHocTuka TpeTnyHoro cudmnmuca bbina
CINOXHOW M3-3a 3HAYNTENBHOTO CXOACTBA KnHUYeckux nposienenuin LUIY-TB n BUY-nHdekumm. Konnuecteo CD4-numdpo-
LMTOB cocTaBmno 16 knetok (npu BupycHow Harpyske 3483783 PHK-konuii/mn), 4TO yKasbiBano Ha BbIpaXeHHOE yrHeTeHne
VIMMYHHOIA cUCTEMbI y BONBHOM 1, Kak CNeacTBIUE, CTarno OCHOBOW AMsi NPOrpeccMpoBaHuUs MOMMOPraHHON HEAOCTATOYHOCTH,
BWY-accounmpoBaHHbix 3abonesaHuii (HedponaTm, 3HLedanonaTtm, kKapamoM1onaTm) U TPETUYHOIO BUCLIEPanbHOTO Ch-
dounmca (noyek 1 ronoBHOro moara). HeCMoTpst Ha NpoBEAEHNE MacCVBHOW KOMMEKCHO Tepaniu (aHTMukobakTepuanbHas,
aHTUPETPOBUPYCHAs, CUMNTOMATUYECKast U NATOrEeHETUYECKas Tepanuu, neveHne cudunuca), nauneHTka ymepna vepes 4
mecsiLa CTaLyoHapHoro neveHns. HenocpeaCcTBEHHbIMU NMPUYMHAMM CMEPTYW CTanu CUHOPOM UCTOLLEHWS, MkoBakTepros,
3abonesanue, obycrnosneHHoe BUY-nHbekumen ¢ nposBneHnsaMn MmkobakTepuanbHON MHAEKUMN U MHOXKECTBEHHbIX
3abonesaHwit.

BbiBoAbl. YunTbiBast 3HaUUTENbHOE CXOACTBO KIMHUYECKUX W TMCTONOMMYECKUX NPOsIBNEHWIA Tybepkynesa u cucunuca, a
Takke Yactoe npucoeanHenue k BUY-uHdekumm Ty6epkynesa (0cobeHHO XMMUOPE3NCTEHTHOTO), Y 60MbHbIX BUY-nHbekumei
1 TyBepkyne3om pekoMeHA0BaHO He npeHebperaTb NOCTOSHHBIM MPUMEHEHMEM KOMMIEKCa CEPONOrnyecknX UccneaoBaHnii
[AI1S CBOEBPEMEHHOr0o 06Hapy»eHust Bo3byauTens cucpunuca B opraHuame. PekomeHaaumelt 4ns cemMeliHbIx Bpadyen SenseTcs
paboTa ¢ nauveHTam1 B HanpaBneHn CBOEBPEMEHHOTO TECTUPOBaHUS Ha BUY-uHdekumo. Hago noMHNTL: CBOEBPEMEHHO

ONarHOCTUPOBaHHbIE 3abonesaHus 6yayT CBOEBPEMEHHO NnponeYyeHbl, YTO NO3BONNUT CNacTU XU3HU NaLMEHTOB.

Today, chemoresistant tuberculosis (CRTB) is a global
health concern, since its incidence is detected all over
the world, but the effectiveness of treatment remains
low [1]. Human immunodeficiency virus (HIV) infection
| acquired immunodeficiency syndrome (AIDS) is cha-
racterized by the development of opportunistic diseases
that complicate both the disease course and its treat-
ment. Tuberculosis is the most common among such
diseases. Particularly unfavorable is CRTB and HIV/
AIDS co-infection.

Syphilis is a disease which can be asymptomatic
and last for many years [2]. According to the literature
sources [3,4], syphilis epidemiology, in the current context,
is marked by an increase in the incidence of early latent
syphilis and its late forms, among which neurosyphilis
is prevalent.

Borisenko V. V. et al. [5] found that latent syphilis
in untreated or ineffectively treated patients can cause
damage to the nervous system, which is not consistent
with late neurosyphilis, leapfrogging its active forms.
Patients’ immune system state may also contribute to
syphilis pathogenesis.

All three diseases (CRTB, HIV infection /AIDS and
syphilis) are very severe having a mutually reinforcing
nature. Awareness of these diseases comorbidity is
essential for timely and early diagnosis and thus, for a
treatment course determination.

The purpose

To update the literature data with the clinical features of
extensively drug-resistant tuberculosis (XDR-TB), HIV

Pathologia. Volume 16. No. 3, September — December 2019

and tertiary syphilis co-infection course based on an
example from own clinical experience.

Materials and methods

A case report of XDR-TB with HIV and tertiary syphilis
co-infection course was described based on our own
clinical experience. A patient received inpatient treatment
in the Department of Pulmonary Tuberculosis No 3 of
the Clinical Site of Phthisiology and Pulmonology Depart-
ment of ZSMU at the Municipal Institution “Zaporizhzhia
Regional Tuberculosis Clinical Dispensary” (ZRTBCD).

Clinical case presentation

A 64-year-old woman K. was in a therapeutic depart-
ment of a city hospital for 26 days. She was admitted
complaining of generalized weakness, severe headache,
non-productive cough, loss of appetite, weight loss
(10 kg), exertional dyspnea, periodic fever over the past
2 months. She did not seek any medical assistance, only
took paracetamol for fever. The patient denied a history of
tuberculosis, sexually transmitted diseases, viral hepatitis
and diabetes mellitus.

On admission, the patient was diagnosed with a se-
vere general condition, temporal disorientation, but she
was alert. Auscultation of the chest revealed bilateral harsh
breathing, no rales. Clinical blood analysis (CBA) was as
follows: hemoglobin (Hb) — 156 g/l; erythrocytes (Er) —
5,18 x 10%/l, leukocytes (L) — 17,0 x 10%I, erythrocyte
sedimentation rate (ESR) — 16 mm/h, bands (b) — 11 %,
segmented neutrophils (s) — 78 %, eosinophils (e) -0 %,

KnaloueBble cnoBa:

Ty6EepKyAes,
BWY, cudmauc.
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Fig. 1. Chest radiograph on admission showing circumscribed right

hydrothorax.

lymphocytes (I) — 7 %, monocytes (m) — 4 %. She
had negative MTB sputum smear. Chest radio-
graph showed a circumscribed right hydrothorax
(Fig. 1).

However, symptoms of dyspnea seriously worsened
in 6 hours and, as a result, a comparison radiograph was
taken (Fig. 2). Total right hydrothorax was diagnosed.

A pleural puncture with a pleural effusion analysis
showed 1100 ml of turbid yellowish fluid having a specific
gravity of 1014, the Rivalta test yielded a positive result,
protein level of 16.5 g/l, Er — 2/3 per field of vision (FOV),
L —20-30 per FOV, I-87 %, single mesothelial cells. The
pleural fluid samples were negative for Mycobacterium
tuberculosis (MBT) and atypical cells (AC). The pleural
fluid was taken on a liquid culture medium.

Exudative right-sided pleurisy, exudative phase was
diagnosed.

The patient underwent complete examination when
staying in the hospital:

— Electrocardiogram (ECG): sinus rhythm, adequate
voltage, left electric axis deviation, left ventricular hyper-
trophy, incomplete left bundle-branch block.

— Gynecological findings: no acute gynecological
pathology was detected at the time of examination.

— The patient flatly refused to test blood for HIV
antibodies (AB).

— Ultrasound (US) of the urinary system revealed
echo signs of the pyelocaliceal system diffuse thickening,
right-sided nephroptosis.

— Abdominal US showed echo signs of fatty hepato-
sis, gallstone disease, chronic calculous cholecystitis and
diffuse parenchymal changes of the pancreas.

— Fibrogastroduodenoscopy showed erosive-atrophic
gastropathy.

— Ophthalmological findings: early-stage cataract.

On the 24" day of inpatient treatment, the patient
underwent further US of the pleural cavity and fibrobron-
choscopy (FBS):

— FBS showed diffuse bilateral catarrhal-erosive
endobronchitis of 1-2 degrees. Bronchial washings
were collected for molecular genetic (MG) testing for
MBT detection.
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Fig. 2. Chest radiograph in 6 hours after admission showing total right
hydrothorax.

— US of the pleural cavity showed right-sided exu-
dative pleurisy with signs of loculation and pleural
adhesions. Pleural puncture and pleural fluid analysis
were performed.

The following day, the pleural fluid showed an
increased total cell count with the predominance of seg-
mented neutrophils at different stages of destruction and
was positive for MBT (1+). Bronchial washings were also
positive for MBT resistant to rifampicin (Rif+).

Liver function test were within normal limits during
inpatient treatment.

Taking into account the latest data with the diagnosis
of rifampicin resistant tuberculosis (RifTB), extrapulmo-
nary tuberculosis (EPTB), right-sided exudative pleurisy,
exudative phase, MBT(+), M(-), MG(+), Rif(+), category 4
(newly diagnosed tuberculosis (NDTB)), the patient was
transferred to the ZRTBCD.

CBA at discharge from the hospital: Hb — 130 g/l;
Er—4.49x10'?,L-6.1x 10%, ESR-14 mm/h,b—-2 %,
s=77%,e-1%,1-13%, m-7 %.

The patient was admitted to the ZRTBCD in an ex-
tremely serious condition. A comparison radiograph was
taken showing right-sided hydrothorax up to the level of
the 2"-3" rib; diaphragm and sinuses were undifferenti-
ated; low-density patchy infiltrates in the left upper lobe
which were not previously detected.

A pleural puncture was performed with removal of
800 ml of pleural fluid and its analysis revealed a specific
gravity of 1014, protein of 33 g/l, the Rivalta test was
positive (exudate), Er —2/3 per FOV; L - 1/2-1/3 of FOV,
| - 97 %, AC and MBT were not detected.

ECG findings: sinus tachycardia (heart rate 104
bpm), adequate voltage, left electric axis deviation, left
ventricular hypertrophy, incomplete left bundle-branch
block, diffuse myocardial changes.

A sputum smear was positive for MTB (1+) and spu-
tum was taken on aliquid culture medium. The patient had
sputum smear negative for Pneumocysts on admission
and throughout the entire inpatient treatment.

On the 2™ day of inpatient treatment in the ZRTBCD,
the results of pleural fluid culture and drug sensitivity
test (DST) performed after the first pleural puncture in
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the therapeutic department, were obtained. It was found
that the cultured MBT strain demonstrated resistance to all
first-line anti-tuberculosis drugs —isoniazid (H), rifampicin
(R), streptomycin (S), ethambutol (E), pyrazinamide (Z)
and to 2 preparations of second-line anti-tuberculosis
drugs — kanamycin (Km) and moxifloxacin (Mfx).

Based on the last chest radiograph and the DST fin-
dings, the diagnosis was set: XDR-TB of the upper lobe
of the right lung (infiltrative), Destruction (-), MBT(+), M(+),
MG(+), Rif(+), K(+), Resistance | (HRSEZ), Resistance Il
(KmMfx). EPTB, right-sided exudative pleurisy, exudative
phase, category 4 (NDTB). Antimycobacterial (AMBT)
therapy by category 4 was prescribed, taking into account
the DST data according to the Unified Clinical Protocol
“Tuberculosis” [6].

In the ZRTBCD, the patient consented to test blood
for HIV and the result turned out to be positive. Her CD4+
T lymphocyte count was 16 cells (1.9 %) and serum viral
load was 3483783 HIV RNA copies/ml.

Following consultation of an infectious disease spe-
cialist, the diagnosis was made: HIV infection (B 20.0),
IV clinical stage, oropharyngeal candidiasis.

Biseptol, fluconazole and azithromycin prophylaxis
and treatment of opportunistic infections were initially
prescribed to the patient. And after 2 months of the AMBT
therapy, an antiretroviral therapy (ART) was prescribed
by the infectious disease specialist.

Serological Wassermann reaction performed when
the patient was admitted to the ZRTBCD tested positive.
For this reason, after consulting a dermatovenerologist,
the patient was referred to further panel of serological
studies (PSS) in order to determine whether or not syph-
ilis (T. pallidum) was confirmed. All the tests turned out
to be positive:

— Rapid plasma regain (RPR) reaction was weak
positive.

—Passive hemagglutination reaction (PGRA)— positive.

—Blood test using the enzyme-linked immunosorbent
assay (ELISA-TREP test system for antibodies to an-
tigenic components of T. pallidum screening in human
serum or plasma used primarily to confirm the diagnosis
of syphilis) was positive. In this case, immunoglobulin
responses to individual T. pallidum polypeptides indicated
the following results: TpN15 — positive, TpN17 — positive,
TpN41 — negative, TpN47 — negative. These tests were
performed for three times (once every three weeks) and
the results remained unchanged.

Based on the data obtained, the dermatovenerologist
diagnosed Lues latens ignorata. An adequate treatment
was prescribed.

Almost after a week of AMBT therapy, US examination
of her thorax revealed 180 cm?® of loculated pleural effusion
in the right pleural cavity.

The patient was further examined by a therapist, and
the diagnosis was made: HIV-associated cardiomyo-
pathy, hypertensive nephropathy. | degree heart failure
(HF), functional class (FC) II. II-Ill degree pulmonary
insufficiency (PI). Chronic non-alcoholic steatohepatitis,
atrophic gastritis. Gallstone disease, chronic calculous
cholecystitis, remission phase.

Based on the therapist's report, an adequate sympto-
matic treatment was prescribed to the patient.

Pathologia. Volume 16. No. 3, September — December 2019

Case report

After a month of AMBT therapy, the result of spu-
tum culture (made upon admission to the hospital) and
the DST data were obtained: Resistance | (HRSE), Re-
sistance Il (KmMfx). The resistance obtained was almost
identical to the DST results of the pleural fluid, except for
pyrazinamide.

From the second month of inpatient treatment, the pa-
tient demonstrated a continued increase in blood thymol
turbidity test up to 16.39 units (un) (upper reference limit:
5 un), variations in the creatinine level from 142.5 pmol/L
to 274.0 pmol/L (upper reference limit: 97 umol/L) and
the urea level from 10.1 mmol/L to 13.2 mmol/L (up-
per reference limit: 7.2 mmol/L) as well as increase in
the serum urea nitrogen concentration up to 6.16 mmol/L
(upper reference limit: 4.51 mmol/l). At that time, anemia
and inflammatory process symptoms worsened which
manifested as a decrease in Hb to 70g/l and Er to 2.62 x
10"%/1, ESR acceleration to 40mm/h.

After 2 months of treatment in the ZRTBCD, the pa-
tient presented a severe general condition, temporal
disorientation, long history of headache and complained
of paresthesia in the limbs and speech impairment. There-
fore, she was examined by a neurologist, who bearing in
mind that the patient was diagnosed with syphilis, referred
her for a spinal puncture and liquor examination.

The liquor result indicated protein of 0.0099 g/,
Pandy’s reaction (+),negative Nonne-Apelt test, white
blood cell count of 1 cell (I), glucose level of 2.11 mmol/l,
chloride level of 106.8 mmol/l; AC, MBT and cryptococci
were not detected.

Taking into account the results of liquor examination,
the dermatovenerologist made the following diagnosis:
Early Neurosyphilis praecox, Lues latens ignorata. An
adequate treatment regimen was prescribed to the patient.

After 4 months of treatment, a comparison radiograph
showed: increased pulmonary vascularity due to the inter-
stitial component in both lung fields, thickened intercostal
pleura on the right side, ill-defined diaphragm contour,
buried sinus, commissure occupying oblique fissure.
Mediastinal organs were shifted to the right (probably due
to pleuropneumocirrhosis development).

Despite the multimodality therapy, the patient’s gene-
ral condition progressively deteriorated with an increase
in sings of multiple organ failure, and biological death
was pronounced after 4 months of inpatient treatment.

Post-mortem diagnosis: HIV infection, IV clinical
stage, multiple organ failure. HIV-related diseases: car-
diomyopathy, encephalopathy, nephropathy. XDR-TB of
the upper lobe of the right lung (infiltrative), Destruction
(-), MBT (+), M (+), MG (#), Rif (+), K (+), Resistance |
(HRSEZ), Resistance Il (KmMfx). EPTB, right-sided exu-
dative pleurisy, resolution phase. Histology 0. Category 4
(NDTB). II-1ll degree PI. | degree HF, FC Il. Lues latens
ignorata. Early Neurosyphilis praecox. Chronic non-alco-
holic steatohepatitis. Atrophic gastritis. Gallstone disease.
Chronic calculous cholecystitis, remission phase. Chronic
anemia. Cachexia.

Pathological-anatomical diagnosis:

1. The main disease. HIV infection, IV clinical stage
(according to clinical data). Mycobacterial infection with
the upper lobe of the right lung lesion: focal areas of
specific productive inflammation, represented by epithelial
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Fig. 3. Tertiary syphilis-induced lesions of the meninges (gross specimen).
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cells, macrophages, lymphocytes with the presence of
Pirogov-Langhans giant cells and focal zones of caseous
necrosis in the centers of individual sites of productive
inflammation. HIV-associated multifocal leukoencepha-
lopathy: multiple non-homogeneous foci of honeycomb
pattern in the brain white matter, foci of white matter
demyelination, perivascular infiltration with lymphocytes,
macrophages and siderophages, multiple microglial no-
dules mainly in the subcortical parts of the brain.

HIV-associated nephropathy: segmental glomeru-
losclerosis, lymphohistiocytic infiltration of the stroma.
Tertiary syphilis (syphilis visceralis) with kidney damage:
rounded lesions in the right renal cortex (1.5 cm and
1.8 cmin diameter) demarcated from the rest of the tissue
by a capsule consisting of collagen fibers, presenting
a central area of colliquative necrosis surrounded by
the newly formed granulation tissue infiltrated with lym-
phocytes, plasma cells, epithelial cells, fibroblasts and
occasional Pirogov-Langhans giant cells with the pres-
ence of angiomatosis and signs of proliferative vasculitis.

HIV-associated cardiomyopathy. Neurosyphilis:
opacification and thickening of pia mater, foci of colli-
quative necrosis surrounded by chronic inflammatory
infiltration containing predominantly lymphocytes, plasma
cells and occasional Pirogov—Langhans giant cells with
the newly formed granulation tissue. The gross specimens
present tertiary syphilis-induced lesions of the cerebellum
and the meninges (Fig. 3).

2. Complications. Brain swelling (brain weight of
1350 g). Focal selective neuronal necrosis (complete and
partial) in the cerebral hemispheric cortex. Endogenous
intoxication: focal tubular kidney necrosis, focal centrolo-
bular hepatic necrosis. Right-sided exudative pleurisy
(900 ml of exudate in the right pleural cavity). Puimonary
heart disease (right ventricle wall thickness of 0.5 cm).
Chronic renal failure. Chronic anemia. Venous congestion
and parenchymatous degeneration of internal organs.

3. Concomitant diseases. Chronic pancreatitis in
remission. Chronic calculous cholecystitis in remission.
Chronic superficial erosive gastroduodenitis with 1
degree atrophy, exacerbation phase.

Cause of death:

1. Mode of death: HIV disease resulting in wasting
syndrome (B 22.2), HIV disease resulting in mycobacte-
rial infection (B 20.0), HIV disease resulting in multiple
diseases (B 22.7).
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2. Underlying significant conditions that contributed to
death but not related to the disease or its complications
which were the direct cause of death: HIV-associated
nephropathy and encephalopathy.

Clinical and pathological-anatomical epicrisis:

—When comparing clinical and pathologic-anatomical
findings, it was found that HIV-associated mycobacterial
infection of the upper lobe of the right lung developed in
the patient.

—HIV-associated nephropathy, encephalopathy, car-
diomyopathy occurred.

— Tertiary syphilis with the kidney and brain lesions
was diagnosed.

—The course of the disease was complicated by
the development of right-sided exudative pleurisy of tu-
berculosis etiology (900 ml of exudates in the right pleural
cavity), moderate pneumofibrosis with the subsequent
development of chronic pulmonary heart disease (right
ventricular wall thickness of 0.5 cm).

—Syphilitic kidney damage resulted in progressive
renal failure. Neurosyphilis caused progressive develop-
ment of cerebral oedema.

— Progressive multiple organ failure was the direct
cause of death in the prevailing conditions with underlying
severe endogenous intoxication, cardiorespiratory failure
and worsening cerebral oedema.

Discussion

Rodikov M. V.[7]in his study indicates that late neurosyph-
ilis develops most frequently with underlying latent and
late forms of syphilis, the predominant share of which is
Lues latens ignorata (58.4 %).

The literature describes a case of neurosyphilis with
concomitant cryptococcal and tuberculous meningitis in
a patient with AIDS [8]. The authors assert that the im-
munodeficiency state induced by HIV may facilitate
the progression of neurosyphilis which itself can com-
plicate HIV infection at any time after the initial infection.
The researchers further indicate that timely diagnosis of
meningeal tuberculosis is very challenging in a patient
with AIDS as MBT are rarely detected in liquor.

Also, the literature suggests that the risk of developing
neurosyphilis in HIV-infected patients increases if the CD4
T-lymphocytes count <350 cells/ul [9].

Krasnosel'skikh T. V. and Sokolovskij Ye. V. [10] also
report that patients with HIV and syphilis co-infection have
a higher risk of developing specific neurological disorders
and neurorelapses.

Khammassi N. B. et al. [11] describe the case of
secondary syphilis, which was complicated by generalized
affection of lymph nodes. Researchers note the difficulties
related to differential diagnosis between tuberculosis
and syphilis in this case because of considerable simi-
larity of clinical and histological manifestations of these
diseases. So, granulomatous inflammation manifesting
in granuloma composed of a central zone of caseous
necrosis surrounded by Pirogov-Langhans giant cells is
characteristic for both diseases. Tuberculosis frequently
occurs with the concomitant involvement of intrathoracic
as well as peripheral lymph nodes. Therefore, the authors
focus on the importance of the disease etiological factors
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(Treponema pallidum and MBT) timely diagnosis using
serological tests in the case of syphilis, and MG methods
in tuberculosis.

Krasnosel'skikh T. V. et al. [12], describing the case
of tertiary syphilis complicated by multiple skin gummas,
also emphasize the timeliness of the etiological factor
diagnosis. Indeed, the morphological manifestation of
gumma in our patient was granuloma with caseous
necrosis surrounded by plasma cell infiltrate, which was
similar to tuberculosis.

Loseva O. K. et al. [13], studying the case of latent
late neurosyphilis in a patient with fibrous-cavernous
pulmonary tuberculosis found that the main reason for
treatment failure of such patients was the lack of coordi-
nation in diagnosis and treatment when doctors of different
specialties need to be involved. This factor resulted in
both late diagnosis of neurosyphilis and lethal outcome
of it in their case.

Mordovskaia L. I. et al. [14] studied tuberculosis and
syphilis co-infections in 352 patients. Researchers found
that this combined pathology was more common among
socially maladjusted male urban population. It was found
that this combination was complicated by MBT resistance
to antimycobacterial agents in 69.2 % of cases, including
53.4 % of cases diagnosed with multidrug-resistant tuber-
culosis (MDR-TB) and 12.6 % with XDR-TB.

The presented clinical case confirms the partial lite-
rature data as we did not find such a combined course
of XDR-TB with HIV infection and tertiary syphilis in
the literature available.

So, XDR-TB developed in the patient due to late
diagnosed and untreated HIV infection. Neurosyphilis
praecox developed secondary to Lues latens ignorata.
Early diagnosis of tertiary syphilis was problematic owing
to considerable similarity of XDR-TB and HIV infection
clinical manifestations. The CD4+ T-lymphocyte count
was 16 cells (with a viral load of 3483783 RNA copies/
ml) indicating a pronounced immune system inhibition in
the patient, causing progressive multiple organ failure,
HIV-associated diseases (nephropathy, encephalopathy,
cardiomyopathy) and visceral tertiary syphilis (the kidney
and brain). Despite multimodality therapy (antimycobacte-
rial, antiretroviral, symptomatic and pathogenetic therapy,
treatment of syphilis), the patient died after 4 months of
inpatient treatment. The immediate causes of death were
wasting syndrome, mycobacteriosis, HIV infection-asso-
ciated diseases manifested as mycobacterial infection
and multiple diseases.

Conclusions

Taking into account the considerable similarity of clini-
cal and histological manifestations of tuberculosis and
syphilis, as well as frequent HIV-associated tuberculosis
(especially CRTB), it is recommended not to neglect
the continuous use of a serological panel in patients with
HIV and tuberculosis co-infection with the view to timely
syphilis detecting. General practitioners are encouraged
to work with patients towards the timely HIV testing.
Also, it should be kept in mind that timely diagnosed
diseases could be treated early, that will help save lives
of our patients.
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