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Experimental therapy of graft-versus-host disease
by mesenchymal stromal cells grown on oxide nanocoatings

A.N. Goltsev!, L.V. Rassokha!, T.G. Dubraval, L.V. Ostankoval,

MLV. Ostankov!, V.I. Safonov?, A.V. Zykova?

Unstitute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences, Kharkiv;
’National Science Center ‘Kharkov Institute of Physics and Technology’ of the National Academy of

Sciences, Kharkiv; e-mail: cryopato@gmail.com

Immune aggression to transplanted allogeneic bone marrow, i.e. the grafi-versus-host disease (GVHD),
could be decreased by the suppression of effector and/or activation of T- regulatory cells (Treg). This task
could be solved by co-transplantaiton of allogeneic bone marrow and mesenchymal stromal cells (MSCs).
This study demonstrated the elevated immune modulating activity of MSCs by their culturing in vitro on
AL, 0, oxide nanocoatings. Introduction of the cells to the animals with GVHD resulted in an increased
content of Treg in the spleen of bone marrow recipients, reduced severity of the pathology, and higher sur-
vival of animals. The findings could be the basis for developing the new approaches to optimize the GVHD
treatment methods involving the oxide nanocoating cultured MSCs.

Key words: nanocoatings, mesenchymal stromal cells; graft-versus-host disease.

INTRODUCTION

Rapidly developing research in cell and tissue
engineering requires the introduction of the
new techniques and methods, including the use
of different nanomaterials [1, 2]. It has been
shown recently that the functional state of cells
could be controlled by modifying the surface
of nanocomposite coatings whereon they are
cultured [3], but the data on mesenchymal
stromal cells (MSCs) are quite scanty. The use
of MSCs cultured on nanocoatings in clinical
practice, in particular in treatment of the graft-
versus-host disease (GVHD), could be very
prospective.

Studies on decoding the mechanisms of
GVHD and its treatment have remained relevant
till now. One of the methodological approaches
to solve this task is co-transplantation of bone
marrow and MSCs [4]. The MSCs are known
to have a high potential of self-renewal and
the ability to multilineage differentiation [5].
This functional status of MSCs is implemented
both in vitro and in vivo during their migration

and subsequent regeneration of the recipient
damaged sites.

The results of experimental [6,7] and
clinical investigations [8] have shown that
MSCs have a pronounced immune modulatory
potential, which is associated with production
of 2,3-dioxygenase indolamine (IDO). The
main function of this enzyme is to trigger
kynurenine pathway of tryptophan catabolism,
resulting in the formation of its decay products
in the form of kynurenine, quinoline, picolinic
and 3-hydroxyanthranilic acids [9]. These
tryptophan catabolites are able of activating
the immune suppressive link, particularly,
regulatory T cells [10]. The IDO-dependent
immunosuppression is known to be is more
inherent to human MSCs. However, there are
the reports including our own, indicating the
absence of immunosuppression of MSCs when
using 1-methyl tryptophan as an inhibitor of IDO
in the model of GVHD in mice [11,12 ].

Within the frames of the STCU project
# 4974 we have studied the mechanisms of
action of oxide nanocomposite coatings (Al,O,,
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Ta,0q, ZrO,) with different micro-architecture
on regulation of functional status MSCs [13].
Goltsev AN. et al. [7] have found that the
coating of Al,O, contributed to the maximum
cell adhesion and selective enrichment of
bone marrow culture with the cells expressing
markers of MSCs (CD44, CD73, CD105,
CD106) and increase in the expression rate of
ido gene, responsible for the synthesis of the
IDO enzyme even at the second passage.

The established fact of the increased ido
gene expression in MSCs after culturing on
Al,O, coating suggests the possibility of more
effective treatment of the GVHD. Based on
the above, the purpose of this study was to
investigate the immunocorrecting effect in
therapy of experimental GVHD rendered by
MSCs with a functional potential altered during
culturing on Al,O, nanocoating.

METHODS

The studies were carried out in 20-week-old
CBA/H and (CBA/HxC57Bl)F1 mice weigh-
ing 24-26 g in accordance with the General
Principles of Experiments in Animals approved
by the 5" National Congress in Bioethics
(Kiev, 2013) compliant with the statements
of European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasbourg, 1986).

Deriving cell suspensions of bone marrow and
lymph nodes

Bone marrow donors, i.e. the CBA/H mice
were decapitated under light ether anesthesia.
The bone marrow cells were washed out from
the femur bones, and the inguinal lymph nodes
were disintegrated in a Potter homogenizer in a
handling medium (consisted of the medium 199
(Chumakov Institute of Poliomyelitis & Viral
Encephalites, Russia), 10% fetal bovine serum
(FBS) (BioloT, Russia) and 2% sodium citrate
(Weifang Ensign, China)); the resulted suspen-
sions were passed then through a multi-layer
nylon filter. The number of nucleated cells in

4

the suspensions was counted in the Goryaev’s
chamber.

GVHD induction

GVHD was induced as follows. The (CBA/
HxC57B1)F1 mice were irradiated using RUM-
17 device (Mosrentgen, Russia) at a dose of 850
R. The irradiation conditions were 38.6 R/min
dose rate; 220 kV voltage; 10 mA current; 0.5
mm Cu + 1 mm Al filters; 50 cm focus-dorsal
distance. One hour later the irradiation the ani-
mals were injected into the tail vein with 0.2
ml of handling medium containing 5°10° bone
marrow cells together with the cells of lymph
nodes of CBA/H mice in 3:1 ratio [14].

As the control there were used intact mice
(CBA/HxC57B1)F1, which were not irradiated
and nothing was injected (intact control), and the
irradiated mice (CBA/HxC57B1)F1, which were
administered with syngeneic bone marrow with
the cells of inguinal lymph nodes (3:1) at the
concentration of 5x10° cells/mouse (syngeneic
control).

Isolation, culturing, and introduction of MSCs
to the recipients with GVHD
To obtain MSCs the bone marrow cells of
CBA/H mice were isolated as described above
and cultured in Iscove’s Modified Dulbecco’s
Medium (Sigma-Aldrich, USA) supplemented
with 10% fetal bovine serum, 50 IU/ml Penicil-
lin, 50 IU/ml Streptomycin (growth medium);
explantation density was 0.5-1x10° cells/cm?;
culture was performed in a CO, - incubator
(Barnstead International, USA) at 37°C with
5% CO,; 3 cm glass Petri dish (Anumbra, Czech
Republic) coated or non-coated with Al,O, were
used. The coatings were applied by magnetron
sputtering method in a high vacuum pumping
system [15]. After 24 hrs the non-adhered cells
were removed and an adhesive fraction was
cultured till the subconfluent layer appearance;
the growth medium was changed every 3 days.
The cells were then detached with 0.25% Tryp-
sin (Sigma-Aldrich, USA) and 0.02% EDTA
(ICN, USA) solution according to the standard
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procedure [5]; enzyme was inactivated with
a culture medium containing 10% FBS; cells
were then washed and counted. Thereafter the
MSCs were passaged with an explantation den-
sity of 0.5-1x10* cells/cm?. Cell cultures were
visually assessed using Axiovert 40C inverted
microscope (Carl Zeiss, Germany).

After two passages the mesenchymal stem
cells cultured either on a glass substrate (MSCg),
or on a glass coated with an oxide nanocompos-
ite, Al,O; (MSCa) were detached, centrifuged
for 10 min at 200g/min, re-suspended in han-
dling medium and intravenously injected at a
dose of 2x10%/cells mouse 2 hrs after pathology
induction.

Assessment of clinical and laboratory param-
eters before and after administration of MSCs
to animals with GVHD

Body weight of the animals and their survival
were assessed for 14 days after the induction
of disease and administration of MSCs. There
were 3 assessments, each group made from 7
to 11 animals. To day 14 the animals were de-
capitated under light ether anesthesia, and the
spleen index and Treg content were evaluated
as generally accepted.

Spleen index (SI) was calculated by the ra-
tio of spleen to body weights of the animals. In
intact animals the SI was assumed as equal to 1;
the value higher than 1.3 indicated the GVHD
development [14].

Treg content was analyzed in spleens of
experimental and control animals. For this
aim the spleens were disintegrated in a Potter
homogenizer in a handling medium 199, then
the suspensions were passed through a nylon
filter. The content of cells with CD4"CD25*
and FOXP3" phenotypes was assessed to day
14 after the administration of MSCs by FACS
Calibur flow cytometer (Becton Dickinson,
USA) using a panel of monoclonal anti-mouse
antibodies: FOXP3 (PE) Nr. ab45122 (Abcam,
England); CD4 (FITC) Nr. 553729 and CD25
(PE) Nr. 553075 (Becton Dickinson) according
to the manufacturers’ instructions. The control

ISSN 0201-8489 ®ision. scyph., 2016, T. 62, Ne 5

samples contained non-immune FITC or PE
labelled monoclonal antibodies of the same an-
tigen isotypes. Obtained cytofluorimetric data
were statistically processed using the WinMDI
2.8 software (J. Trotter, The Scripps Research
Institute, San Diego, CA, USA).

Statistical analysis

The obtained results were evaluated using the
nonparametric Mann-Whitney test. . Statisti-
cal processing was performed using the Excel
software (Microsoft, USA).

RESULTS AND DISCUSSION

One of important criteria of GVHD is spleno-
megaly, which intensity could be characterized
with the splenic index (SI), referred also as the
GVHD index [14]. As Fig. 1 shows, the SI was
not significantly changed in the recipients of
syngeneic bone marrow (syngeneic control)
and was 1.4 times increased in animals with al-
lomyelograft, that confirmed the GVHD devel-
opment. Administering the MSCs to the animals
with the induced pathology regardless of the
substrate whereon they were cultured, resulted
in a statistically significant reduction of SI value
if compared to untreated animals. This reduction
was mostly expressed in animals treated with
MSCs grown on Al,O, (MSCa). The index in
these animals decreased to the level of the in-
tact and syngeneic controls. This fact indicated
that Al,O, grown MSCs gained an additional
immune modulating activity compared to those
grown on non-coated glass (MSCg).

Treg lymphocytes, in particular firstly
described by S. Sakaguchi et al. CD4"CD25"
cells, play an important role in suppression of
any form of immune aggression [16]. However,
there is still no consensus about the concurrence
of Treg pool and the cells with CD4"CD25" and
FOXP3" phenotypes as well as manifestation of
immune suppressive activity [17]. It is widely
accepted that intracellular protein Foxp3 is the
most specific Treg marker, determining their
suppressor function. Nevertheless there is still
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Fig. 1. Spleen index in recipients with GVHD before and after the injection of MSC grown on different substrates.
The data are mean = SD. The differences are statistically significant relative to intact control (*); syngeneic control
(**); group with GVHD (**%*), between groups with injection of MSC (¥***), P < (.05

the question if this marker is unique, and the
screening for other marker molecules is ongoing.

Fig. 2 demonstrates that the indices of
FOXP3"and CD4"CD25" cells in spleens of in-
tact animals were close. In the recipients of syn-
geneic bone marrow the content of CD4"CD25™
cells did not statistically and significantly differ
from intact control and that of FOXP3" cells
reduced in 1.2 times. This fact can testify about
higher sensitivity of FOXP3* cells to irradiation
and bone marrow transplantation even if no im-
mune conflict developed.

In the animals with developed GVHD the
contents of CD4"CD25" and FOXP3" cells

%, Treg
3,51

3,01

2,51
2,01
1,54
1,01
0,51

intact control syngeneic control

were correspondingly 1.5 and 2.1 times lower
versus syngeneic control (Fig. 2). This was in
accordance with the data of other scholars [10],
demonstrated also the reducing Treg during
GVHD development.

Application of MSCs cultured on non-coated
glass significantly increased the content of
CD4°CD25" and FOXP3™ cells in the GVHD
recipient spleens if compared with the indices
of untreated animals (P<0.05). Moreover, the
content of CD4"CD25" cells even reached the
control level. There was other situation after
administering the MSCs cultured on Al,O, nano-
coating. In that case the MSCs demonstrated

*kk

*k ok dkkk

GVHD GVHD+MSCg GVHD+MSCa

O FOXP3 H CD4+CD25+

Fig. 2. Content of FOXP3+ and CD4+CD25+ cells in spleens of recipients with GVHD before and after injection of
MSC grown on different substrates. The data are mean + SD. The differences are statistically significant relative to
intact control (*); syngeneic control (**); group with GVHD (***), between groups with injection of MSC (***%*),
P <0.05
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more profound stimulating effect for both Treg
subpopulations: a significant increase was found
in the content of both CD4"CD25" and FOXP3"
cells (by 2.02 and 2.12 times, respectively,
if compared with untreated animals). There
was no significant differences in both indices
from intact control, and the content of FOXP3"
cells even exceeded the value of syngeneic
control group (P<0.05). The concentration of
CD4°CD25" cells was 1.2 times higher than
for FOXP3+ in this group of animals as well
as in intact control. These results highlight the
fact that although the two subpopulations with
CD4*CD25" and FOXP3™" phenotypes are con-
sidered as Treg their origin could be slightly
different. The culture of MSCs on Al,O; nano-
coating provided their higher immune modula-
tory activity, including the activation of both
studied Treg subpopulations.

One of the clinical signs of GVHD develop-
ment in animals is a body weight reducing. In
our case, this index in untreated animals was
reduced by almost 30% by the end of the obser-
vation period (Fig. 3). Body weight in recipients
of other groups decreased till day 7 and then
increased. The most pronounced restoration of
the index was found after introducing MSCa to
the GVHD recipients: the intact control level
was reached to the end of second week of ob-
servation.

100 1

HRk KRR

751

Weight of animals, % of initial index

50

‘_--X——_

Integral index of the GVHD severity is the
survival of recipients (Fig. 4). The mass death
of untreated animals began from day 4 after
GVHD induction. Less than 25% of the animals
survived to day 14 in the untreated group.

The severity of the immune conflict and
consequent death of the animals in other groups
depended on the type of MSCs used for treat-
ment. Introduced MSCs grown on glass with
Al, O, coating showed an advantage over the
non-coated-glass-grown MSCs: the survival rate
of recipients with GVHD to day 14 following
introduction was higher by 52 and 41.7% than
in non-treated animals, respectively. Moreover,
the first deaths in the animals which were trans-
planted with MSCa were observed only after day
11, while in animals treated with MSCg these
were after day 7. The survival rate in the group
of animals with the introduced MSCa had no sig-
nificant difference from the syngeneic control,
that could show the minimization of immune
conflict in this case. Indeed, the survival of the
animals with GVHD after administration of both
types of MSCs is in a line with the data char-
acterizing the features of the Treg cell content
(see Fig. 2). In particular, their more intensive
formation in the MSCa treated group was ac-
companied by less pronounced loss of animals.
To day 14 in the animals with MSCa higher
percentage of Treg and evidently their activity

Hk kkk kokkk

.- X

HR KK Ak

*F ekk

Observation term, days

1T 4 7

1M1 14

—@— syngeneic contro| == GVHD ——f— GVHD+MSCg = =X- - GVHD+MSCa

Fig. 3. Weight of animals with GVHD before and after injection of MSC, grown on different substrates. The data are
mean + SD. The differences are statistically significant relative to intact control (*); syngeneic control (**); group
with GVHD (***), between groups with injection of MSC (****), P < 0.05
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Fig. 4. Survival of animals with GVHD before and after treatment with MSC, grown on different substrates. The
differences are statistically significant relative to intact control (*); syngeneic control (**); GVHD with groups after
MSC injection (**%*), between groups with injection of MSC (****), P < 0,05

in a greater extent suppress the effect of donor’s
immune competent cells while minimizing the
animals’ death in this group.

Disbalance in the content of regulatory cells
during GVHD [17] in addition to the immune
system disregulation causes hematopoietic
disorders [18]. In this regard, it is important to
search methodological approaches to minimize
this pathology development. Previously we
have experimentally confirmed the possibility
of reducing the immune reactivity of allogeneic
bone marrow by means of cryopreservation
using certain protocols [19], which selectively
altered the composition of the immune compe-
tent cell subpopulations and the whole state of
myelotransplant. However, cryopreservation is
known to reduce the hematopoietic potential
of the transplant. An alternative to minimize
the GVHD symptoms is co-transplantion of
allogeneic bone marrow with cells possessing
an immune modulating effect. Well-known is
the immune modulating activity of MSCs [4,8].
In addition, fetal tissues were shown to have
an immune regulatory activity. The ability of
cryopreserved and non-frozen fetal liver and
placenta cells to modulate the immune state of
the animals with various types of experimental
autoimmune diseases was demonstrated [20].
MSCs occurred to be the main part of these cells

exhibiting such an activity. The adult MSCs are
increasingly being used in clinical trials too [4].
Adult BM stroma contains a small amount of
MSCs, which could be expanded in culture in
vitro and reveal the ability to differentiate into
osteo-, adipo- and chondrogenic directions [5].
About 10 years ago the MSCs grown in vitro
were used for treatment of immune conflicts,
particularly GVHD [5]. It was shown that the
long-term in vitro culturing significantly re-
duced the multilinear differentiation and homing
potential of MSCs [6].

To date, the sholars showed the possibility to
control the functional state of cells by modify-
ing the nanocomposite coated surfaces used for
their culture [21,22]. Experiments in fibroblasts
and macrophages grown on the matrix carriers
(titanium and its alloys, niobium, stainless steel,
polymers) showed an important role of material
surface peculiarities (relief, hydrophobic and
hydrophilic characteristics, chemical composi-
tion) which determine structural and functional
characteristics of the cells [23]. Some researches
were focused on the effect of a surface energy
of different coatings, its dispersion and polar
features rendered on cell cultures [24]. For
example, high surface energy and coatings’
fractional polarity were demonstrated to stimu-
late a fibroblast proliferation. Modification of
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the substrate surface ultrastructure entailed the
development of the cascade of reactions leading
to re-programming the intracellular signaling
systems. The surface properties of biomateri-
als could influence gene expression [21]. The
changes in expression of many genes involved
into implementation of focal adhesion were
found in osteoblasts, cultured on the titanium
polymers with different surface; in particular,
the genes encoding the growth factors, cytokines
(TNF-a, IL-1, IL-6); cell cycle and apoptotic
processes were also affected. Kato S. et al.
[25] reported the alterated gene expression of
oncosupressor p53 and protooncogenes c-fos,
c-myc, depending on the various hydrophobicity
of biocoating surface.

Our preliminary studies for MSCs culturing
involved the Al,O, oxide coatings. Their appli-
cation enabled to enrich during two passages the
total bone marrow pool with the cells possess-
ing MSCs markers, and the expression rate of
ido gene transcripts in the cells as well [13,26].
These findings have confirmed the effect of the
culture surface coating on MSCs’ functional
potential, in particular, the IDO production,
determining an immune suppressive activity of
these cells.

This research assessed an immune suppres-
sive potential of Al,O, oxide coating-grown
MSCs using the GVHD model. Collectively, the
application of the oxide nanocoating resulted in
arise of stimulating activity of MSCs in respect
of T-regulatory immunity link of the recipient
mice and reduced GVHD activity of allogeneic
bone marrow.

The formation of Treg cells and manifesta-
tion of their suppressor function actively involve
the transforming growth factor-f (TGF-B) [27].
An important role here is played by the stromal
stem elements, primarily by MSCs. Our previ-
ous findings showed a decrease in the expres-
sion rate of tgfp gene in the cells of recipient
lymphohemopoietic complex during the local
GVHD development [28]. This could be one
of pathogenetically significant factors of this
pathology development and the validate using

ISSN 0201-8489 ®ision. scyph., 2016, T. 62, Ne 5

of MSCs with determined functional potential
in the therapy.

It is important to note that Al,O, nanocoat-
ing-cultured MSCs had not only quantitative
immune modulating features but gained also
qualitative ones. Treatment of GVHD animals
with the MSCs cultured on Al,O, nanocoating
unlike the non-coated glass had the effect of
“harmonized” rise in the content of Treg sub-
populations: CD47CD25" and FOXP3* cells.
Exactly after introducing MSCs cultured on
AL, O, the GVHD severity decreased and the
survival rate of animals significantly increased.

The obtained results could be the basis to
develop the new approaches for improving the
GVHD treatment using the nanocoating-cultured
MSCs, purposefully altering their structural and
functional properties.

CONCLUSIONS

Culturing of mesenchymal stromal cells in Al,O,
nanocoating contributes to an increase of their
immune modulating activity.

Application of MSCs grown on Al,O, nano-
coating when treating the graft-versus-host
disease (GVHD) in a greater extent than those
grown on glass provide the rise of Treg cells
in the recipients. In this case the severity of
GVHD course has been shown to reduce that
was manifested in an increased survival of the
animals.
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pe/lyCMaTpUBaeT HEOOXOAUMOCTD MTOAABICHHS P (HEKTOPHBIX
w/unn aktuBauuu T-perymsitopusix kietok (Treg). Dxcme-
PUMEHTAJILHO TOATBEP)KICHA BO3MOXKHOCTD PELICHUS TaKOU
3a[a4M IyTeM COBMECTHON TPaHCIIAHTALUHU C aJUIIOTCHHBIM
KOCTHBIM MO3IOM ME3CHXMMAJIbHBIX CTPOMAJIBHBIX KIIETOK
(MCK). B Hareii pabote mpoIeMOHCTPHPOBAHO MOBBIIICHHE
uMMyHOKoppurupytoiero 3¢ dexkra MCK mytem ux KynbsTu-
BUPOBAHUS i1 Vitro Ha OKCHIHOM HaHOMOKpbITHU Al,O,. ITpu
ux BBeAeHUM kuBOTHBIM ¢ BTTIX Habnronanock ysenuueHue
coziepkanus Treg B celie3eHKe PeLIUIIMEHTOB KOCTHOTO MO3I'a,
CHIDKCHHE TSDKECTH TCUEHHUS [IaTOJIOTUH, CIISICTBUEM Yero ObLUIO
TIOBBIIICHUE BDKHBAEMOCTH KMBOTHBIX. [10TydeHHBIE pe3yiib-
TaThl SIBIISIFOTCS] OCHOBAHHUEM JIJIs Pa3pabOTKK HOBBIX IO/IXO/IOB
K ontuMu3anuu MetoaoB jeuennss BTIIX ¢ momornisio MCK,
KY/JBTUBHPOBAHHbIX Ha OKCH/IHBIX HAHOIIOKPBITHSIX.

KiroueBble ci10Ba: HAHOMOKPBITUS; ME3EHXUMAJIbHbIE CTPO-
MaJIbHbIC KJICTKH; O0JIE3Hb «TPAHCIIAHTAT IIPOTHB XO3IUHAY.

! Hncmumym npobnem Kpuobuono2uu u KpuomeouyuHbl
HAHY, Xapuvkos, e-mail: cryopato@gmail.com;
2Hayuonansuuiii nayunwiii yenmp «Xapokosckuii (pusuro-
mexnuyueckuti uncmumymy» HAHY, Xapokos.

A.M. l'osbues!, I.B. Paccoxa!, T.I'. ly6pasal,
JI.B. Octankosa!, M.B. Ocrankos!,
B.I. Cadonor?, A.B.3ukopa?

EKCIIEPUMEHTAJIBHA TEPAIIISA XBOPO-
BU «TPAHCILJIAHTAT ITPOTH XA3SITHA»
ME3EHXIMAJIBHUMHA CTPOMAJIbBHUMHA
KJIITUHAMU, BUPOIIEHUMUA

HA OKCUIHUX HAHOIIOKPUTTIAX

3HIDKEHHs IMyHoarpecii aJloreHHOTO KiCTKOBOTO MO3KY Y
BUIVISAZI XBOPOOM «TpaHCIUIaHTaT HpoTu Xo3sina» (XTIIX)
nependayae HeoOXiHICTh MPUTHIYCHHS e(eKTOpHUX i / abo
axruauii T-peryasropuux kiituH (Treg). EkcniepumenTanbHo
MiATBEP/DKCHA MOXJIMBICTh BHPILICHHSI TAKOTO 3aBIaHHS 3a
JIOTIOMOTOI0 CYyMiCHOI TPaHCIUIAHTALlil 3 AJIOTEHHUM KiCTKOBUM
MO3KOM Me3eHXiManbHuX cTpomanbHux kiitnH (MCK). ¥V
Hallii poOOoTi MPOAEMOHCTPOBAHO Ii/IBUIICHHST IMyHOKOPH-
rytoyoro noreHuianry MCK ix Ky/JbTHUBYBaHHSAM in Vitro Ha
okcuaHoMy HanonokputTi ALO,. ITpu 1X BBe/IeHHI TBapHHAM
3 XTIIX crioctepiranocs 30ibLIeHHs BMicTy Treg y cenesinii
PELIMITIEHTIB KICTKOBOTO MO3KY, 3HW)KSHHSI BaYKKOCTI T1epediry
TIaTOJIOT1, HACITIZIKOM 40T OYJI0 MiZBUIIICHHS BUKUBAHHS TBA-
puH. OTpHUMaHi pe3yibTaTH € MiJCTaBOIO sl PO3POOKH HOBHX
MiJXOiB 10 onTuMizanii Mmetoxis nikyBanus X TITX 3a goro-
mororo MCK, KyIbTUBOBaHUX Ha OKCUJHUX HAHOIIOKPHUTTSX.
Kitr040Bi c10Ba: HAHOIOKPHUTTS; ME3eHXIMaJIbHI CTPOMAaJIbHI
KJIITHHU; XBOPOOA «TPAHCIUIAHTAT IPOTU XO3sTHA»

REFERENCES

1. Shchepkina E A, Kruglyakov PV, Solomin L N, Zaritskiy
Yu A, Nazarov V A, Viyde, et.al. Clinical experience with

10

10.

11

12.

13.

14.

transplantation of autologous mesenchymal stem cells in
the treatment of false joints of long bones. Trauma. 2007;
8 (3):22-30. [Russian].

Sullivan M P, McHale K L, Parvizi J, Mehta S. Nano-
technology: current concepts in orthopaedic surgery
and future directions. Bone Joint J 2014; 96 (5): 569-73.

Webster T J. Nanomedicine: what’s in a definition? Nano-
medicine. Int ] Nanomedicine. 2006; 1(2):169-76.

Le Blanc K, Samuelsson H, Gustafsson B, Remberger
M, Sundberg B, Arvidson J. et.al. Transplantation of
mesenchymal stem cells to enhance engraftment of he-
matopoietic stem cells. Leukemia. 2006; 21(8):1733-38.

Sergeev N S, Sviridov I K, Kirsanov V A, Akhmedova S
A, Marshutina N 'V, Sergeev. In vitro study of parameters
of'the growth and differentiation of mesenchymal stromal
cells of rat bone marrow in experiments in vitro. Cell
Techn Biol Med. 2006;2: 102-7. [Russian].

Lee RH, Hsu SC, Munoz J, Jung JS, Lee NR. A sub-
set of human rapidly-self renewing marrow stromal
cells (MSCs) preferentially engraft in mice. Blood.
2006;107(5):2153-61.

Goltsev AN, Rassokha IV, Dubrava TG, Ostankova LV,
Ostankov MV, Gordienko EA. et.al. Application of
nanocomposite coatings for multipotent mesenchymal
stromal cells cultivation technologies. Cell Transplantol
Tis Engin. 2013;8(1):46-50. [Ukrainian].

Le Blanc K, Frassoni F, Ball L, Locatelli F, Roelofs H,
Lewis 1, et.al. Mesenchymal stem cells for treatment of
steroid-resistant, severe, acute graft-versus-host disease: a
phase II study. Lancet. 2008;371(9624):1579-86. PubMed
PMID: 18468541.

Fallarino F, Grohmann U, You S, McGrath B.C, Cavener
DR, Vacca C. et.al. The combined effects of tryptophan
starvation and tryptophan catabolites down-regulate T
cell receptor z-chain and induce a regulatory phenotype
in naive T cells. J Immunol. 2006;176(11):6752—61.

Miura Y, Thoburn CJ, Bright EC, Phelps ML, Shin
T, Matsui EC. et.al. Association of Foxp3 regulatory
gene expression with graft-versus-host disease. Blood.
2004;104(7):2187-93.

. Sandor S, Tamas K, Katalin M, Tibor T.G, Zoltan S, John V.

Inhibition of indoleamine 2,3-dioxygenase-mediated
tryptophan catabolism accelerates collagen-induced
arthritis in mice. Arthr Res Ther. 2007 9:R50.

IDO-dependent immune modulating activity of cryo-
preserved fetal liver mesenchymal stem cells of mice
in GVHR model Goltsev A., Dubrva T., Dimitrov A.
36ipuuk Te3 4-to 3’i3my YKpaiHCBKOTO TOBapHCTBA
KIIITUHHOI 010710Ti{ 3 MIKHApOAHUM MPEACTABHULITBOM
(17-20 Bepechs 2014, m.Yxropon), ¢. 83. [Ukrainian].
Safonov V, Zykova A, Smolik J, Rogovska R, Donkov N,
Goltsev A et.al. Nanoscale biomaterial interface modifi-
cations for advanced tissue engineering applications. J
Phys. 2012; Conf. Ser. 356:012046 doi: 10.1088/1742-
6596/356/1/012046.

Shevelev, A.S. (1976) Graft versus host disease and trans-
plantation disease. Moscow: “Meditsina”. [Russian].

ISSN 0201-8489 @ision. scyp., 2016, T. 62, Ne 5



A.N. Goltsev, I.V. Rassokha, T.G. Dubrava, L.V. Ostankova, M.V. Ostankov, V.I. Safonov, A.V. Zykova

20.

21.

22.

23.

. Donkov N, Zykova A, Safonov V, Smolik J, Rogowska R,

Luk’yanchenko V. Formation of modern bearing surfaces
by ceramic coating deposition for micro-bearing and bio-
medical applications. Rom Rep Phys. 2014;66(4):1180-8.

. Sakaguchi S. Naturally arising Foxp3-expressing

CD25"CD4" regulatory T cells in immunologica toler-
ance to self and non-self. Nat Immunol. 2005;(6): 345-52.

. Yarilin AA. Natural regulatory T-cells and the factor

FOXP3. Immunologiya. 2006;(3):176-88.

. Hirohata S. Role of bone marrow in pathogenesis rheuma-

toid arthritis. Cur Rheum Rev. 2006;(12):47-54.

. Goltsev AN, Lutsenko ED, Ostankova LV, Dubrava TG,

Opanasenko EV. Application of cryobiology in solving
immune-conflict problems when grafting a histocom-
patible bone marrow. Probl Cryobiol. 1996; (2):3-10.
[Ukrainian].

Goltsev AN. Experimental research as substantiation of the
possibility of stem cell therapy in clinical practice. Col.
of papers “Survival strategy in the context of bioethics,
philosophy and medicine”. Moldova, Kishinev: “Medit-
sina”. 2014; 20(4):224-7. [Ukrainian].

Ku CH, Browne M, Gregson PJ, Pioletti DP. Large-scale
gene expression analysis of osteoblasts cultured on three
different Ti-6AL-4V surface treatments. Biomaterials.
2002;23(21):4193-202.

Diener A, Nebe B, Uthen F, Becker P, Beck U, Neumann
G. et.al. Control of focal adhesion dynamics by material
surface characteristics. Biomaterials. 2005;26(4):383-92.

Deligaianni DD, Katsala ND, Koutsoukos PG, Missirlis

ISSN 0201-8489 ®ision. scyph., 2016, T. 62, Ne 5

YF. Effect of surface roughness of hydroxyapatite on
human bone marrow cell adhesion, proliferation, differ-
entiation, and detachment strength. Biomaterials. 2001;
22 (1):87-96.

24. Zykova A, Safonov V, Virva O, Luk’yanchenko V, Walko-
wich J, Rogowska R. et.al. Surface parameters modifi-
cation by multilayer coatings deposition for biomedical
applications. J Phys Conf Ser. 2008; IOP Publishing.
(113):15-9.

25. Kato S, Akagi T, Sugimura K, Kishida A, Akashi M.
Evalution of biological responses to polymeric by RT-
PCR analysis IV: study of cmyc, c-fos and pS3 mRNA
expression. Biomaterials. 2000;(21):521 7.

26. Goltsev AN, Rassokha IV, Dubrava TG, Ostankova LV,
Ostankov MV, Gordienko. et.al. Application of nano-
composite coatings with different structural physical
and chemical characteristics in tissue engineering. J Nan
Electr Phys. 2013;5(1): 01008 (5pp).

27. Sugita S, Futagami Y, Hori S, Mochizuki M. Transform-
ing growth factor producing FoxP3'CD4*CD25" T
cells by iris pigment epithelial cells display regulatory
phenotype and acquire regulatory functions. Exp res.
2007;85(5):626-36.

28. Goltsev AN, Dubrava TG, Lutsenko ED, Ostankova LV,
Matsevitaya ['Yu, Ostankov V. et.al. Manifestation of im-
mune correcting effect of cryopreserved cells of fetal liver
of different gestation terms under development conditions
of experimental model of graft versus host reaction. Cel
transplant tis engineer. 2010;5(3):82-6. [Ukrainian].

Received 18.04.2016

11



VK 577.353.5:612.822

AHaJII3 KBAHTOBMX MOKAa3HUKIB BUBiJIbHeHH TAMK
IPY KOPOTKOTPUBAJIIHM JAenpecii Ta moJiermeHHi
CUHANITUYHOI nepeaavi

O.I1. Kosecnuk, C.A. ®enyiaosa, M.C. BecesioBcbkuit

Inemumym ¢hizionoeii im. O. O. Boecomonvys, HAH Ykpainu, Kuis; e-mail: mizerna_oksana@ukr.net

YV kyremueosanux metiponax cinokamna wypie 6UMIprO8anu 3MiHU AMATIMYOU SUKIUKAHUX NAPHUX 20T~
MmisHux nocmcunanmuunux cmpymis (6l TICC) memoouxoro ¢hikcayii nomenyiany 6 xougieypayii «yina
KIIMUHAa» ma no3axkiimunHoi 10KaNbHOI eleKmpuyHoi cCmumMynayii akcona npecunanmuyno2o Helipona. ¥
docnioxceHux 43 HetipoHax cnocmepieanucsa 0enpecisi abo noie2uenHs CUHanmuyHoi nepedaui. 32i0Ho 3
ananizom xoeiyienma eapiayii (CV) el TICC 6yno pospaxosaro, ujo npu denpecii cuHanmuunoi nepeoaui
CV opyeoi 8ionoeidi y napi dinvue sa CV nepwioi na 57 % (n = 26), a npu nonecwenti — menuie Ha 27 %
(n = 17). Takum uunom, KOpOMKOMPUBALA OENpecisi Ma NOJLESUEHHS, WO MU CHOCMEPIeanl, 3YMOBILEH]
MINbKYU NPeCUHanMUYHUMU Mexanizmamu. Bukopucmosylouu 6inomianshuii po3noodin 3’acyeant, wo é
YMOBAX HAWL020 eKchepumenmy Umogipuicme eusinvhenns TAMK npu nepuwiomy i opyzomy cmumynax €
100% i ne3minHOM0 5K npu Oenpecii, mak i npu nonezuienHi. /s nepuioi 8ionosioi y napi cepeoue sHauenHs
K8AHMOBO20 6MICHY MA YUCIO MICYb BUBLIbHEHHSL 8€3UKYIL 30ieanucs i, 610n06ioHo, oopisHiosanu 9,7 npu
Oenpecii ma 5 npu nonre2uieHHi cuHanmuyHoi nepedadi. /s 0pyeo2o cmumyny 60Hu smeHwunucs Ha 28 i
26% nopisHAHO 3 NOYAMKOGUMU 3HAYEHHAMU npu denpecii ma 30invwunuca na 14 i 11% npu nonecutenni
6i0nosiono. Omorce, iCHy€ ipo2iOHA PI3HUYA KEAHMOBUX NOKASHUKIG, WO XAPAKMEPUIYIOMb BUBLIbHEHHS
TAMK npu xopomkompusaniti denpecii ma none2ulenti CUHANMU4YHoOL nepeoau.

Kurouosi cnosa: denpecis ma nonecuientn IAMK-epeiunoi cunanmuunoi nepedaui; MiscCmumynibHUl

inmepean; Koeiyicnm eapiayii.

BCTYII

[InacTU4HICTH, 3yMOBJIEHA MOINEPEIHbOIO aK-
TUBAII€I0 CHHAIICIB, MPOABISIETHCSI B 3MiHI
edexTuBHOCTI Hiel nepenayi. Opniero 3 i popm
€ KOPOTKOTpHBaja IUIACTUYHICTH NPU HapHil
ctumynanii. [loBTopra cTumynsuis npecu-
HaNTUYHOTO HEHpPOHA MPHU3BOAHUTH 0 3MiHU
MEBHUX KBAHTOBHUX IOKAa3HHUKIB BUBIJIbHEHHS
Mejiaropa, 110 BijioOpakaeThCs Ha aMILIITYI
HAaCTyIHOTO BUKJIMKAHOTO MOCTCHHANTHYHOI'O
CTpyMy, TOOTO MPHU3BOAUTH N0 Aempecii abo
MOJIETIICHHI CHHANTUYHOI mepenadi. Bpaxka-
I0Th, IO I SBUIIA € PE3yIbTaTOM YUCICHHHUX
KJIITHHHAX MEXaHi3MiB, SIKi MOXYTb BKIIFOUaTH
K TPECUHANTUYHI, TaK i MOCTCUHAIITUYHI TO-
nii. Hall0inpm mOmMpeHuM MpeCHHANTHYHUM
MEXaHI3MOM Jernpecii BBaXKaroTh 3MEHIICHHS

© O.IL Konecuuk, C.A. denynosa, M.C. BecenoBchkuii
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KIIBKOCTI BUBUIBHEHOTO Helpomeniaropa, L0
MOJKE BiJIOOpaKaTH CITyCTOIICHHS YTy TOTOBUX
110 BUBUIbHEHHSI Be3UKyJ [1—3] Ta 3MeHIIEHHS
WMOBIpHICTI BUBUILHEHHs MepiaTopa [4, 5].
[TonermenHs npyu NapHiil CTUMYISLIT TpaaULii-
HO TOB’SI3YIOTh 3 TIMOTE3010 MPO 3aJUMIKOBHIMA
KaJIbI[i#i, 3riJHO 3 SIKOI0 HEBEJIMKa HOro Kijib-
KiCTh, IO TOTpAITIJIA 10 TEPMiHAJ BHACIIIOK
MEPILOTo NOTEeHLialy Aii 301JIbIIy€e HMOBIPHICTD
BUBUIBHEHHS MeJliaTopa MijJ 4ac APYroro mo-
teniany nii [3]. Lli BmacTUBOCTI CHHANITUYHOT
nepeaadyi MOXXyTh OyTH ONHCaHi 3 BUKOPUCTAH-
HSIM CTaHJapTHOT KBaHTOBOI Mojei. Binmosiz-
HO JI0 TeOpil KBAaHTOBOI'O BUKU/IY, BUBLIBHEHHSI
MeJiaropa BiJi0yBaeThCsl KBAaHTaMH 1 Ma€e MMo-
BipHicHUH XapakTep. TakuM 4MHOM, aMILTITYAA
MOCTCHHANTUYHOT BiJNIOBil BigoOpaxkae cymy
KBaHTIB MeJliaTopa 3 yCiX MiCI[b BUBIJIbHECHHS B
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cunarci. OTke, HaMBaKIUBIIIUMH TOKA3HUKAMHU
BUKJIMKAHOT CHHANITUYHOT NOJIi1 €: HMOBIPHICTH
BUBIIBHEHHS KBaHTIB MeJiaTopa, YUCJIO MiCIlb
BUBIIBHEHHS BE3UKYJ 1 iX KBAHTOBUN BMICT. Y
rimokami ex301uTo3 TAMK miamopsakoByeTs-
cst OiHOMIaNbHIM cTaTHCTHII [6].

Mertoto 11iei podoTu OyJio 3’sicyBaTH JIOKaTi-
3aI[il0 MEeXaHi3MiB, sSKI JIe)KaTh B OCHOBI KO-
potkorpuBanoi 'TAMK-epriunoi miacTudHOCTI
MiXX KyJIbTHBOBAHMMH HEHpPOHAMH TillOKamIia
Ta MPOBECTHU MOPIBHAIBHUI aHaJi3 KBAaHTOBUX
nokasHukiB BuBinbHeHHs: [AMK npu genpecii
Ta TpY MOJICTIICHHI CHHANITUYHOT Tiepe/iadi.

METOJUKA

ExcriepuMeHTH MPOBOAMIIN NPU KIMHATHIN TeM-
nepaTtypi Ha KyJbTHBOBaHHX HpoTsaroMm 14-30
N0 HeWpoHaX rimokamIia, SKUW BUMIISAIN 3
TOJIOBHOTO MO3KY HOBOHAPO/KEHUX IIYpPiB JiHI{
Bictap. BigBeneHHs BUKIWKAHUX TaJIbMiBHUX
nocrcuHanTuyaux ctpymis (BI'TICC) Bix kimiTHH
NPOBOIMIN B pexuMi Qikcanii moTeHuiazy B
KOH(Irypauii ,,1ina KJIiTHHA” IPU MIATPUMYBa-
Homy moreHmiam —50 mB. Tlorenimian crokoro
BCIX KJIITUH 3HAXOMUBCS ¥ Mexkax Big—50 mo —60
MB. Po3unH 15 3an10BHEHHS BIABIIHOT CKIISTHOT
MIiMETKX BMIlI[yBaB (MMOJIb/JT): TIIFOKOHAT KaJiF0—
155, MgCl, — 2, ET'TA — 10, HEPES - 20; pH
7,4 (KOH). /1o 30BHIIIHBOKIITHHHOTO PO3UYHHY
Bxoauu (Mmonb/1): NaCl - 140, KCI -3, CaCl,
-2, MgCl, - 2, rmokosa — 30, HEPES - 20; pH
7,4 (NaOH); mo nporo po34nHy T0gaBaId TAKOX
Omokatopu 30y/KyBaIbHOI Helponepenayi D, -
AP5 (20 mxmonb/n) i DNQX (20 MKMOIIB/).
YcraHoBKa AJis peecTpallii ioHHUX CTpyMiB Oyna
3i0paHa Ha 0a3i iHBEPTOBAHOIO0 MIKpOCKOTA.
[lineTku nus BiABEOEHHS CTPYMIB i CTUMYIIS-
mii (miameTp orBOpy 1 MKM, omip 6—9 MOwm)
BHUTATYBaJH i3 6opocumiikaraoro ckmna (,, WPI”,
CIIA). CurHanu momepenHbo MPONycCKailu
yepe3 BUcokodacToTHUH (inbTp beccens (2
k[ ) i Gynu ouudposani 3 wactororo 104 ¢!,
JlokanbHy eJIeKTPUUHY CTUMYJISILII0 IPOBOIUIH
3a JI0IIOMOTOI0 IIpUjIaay 3 1301bOBAHUM BUXOJOM
ISO-Flex (,,AMPI”, I3pains). [{nsg mporo BUKO-
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PUCTOBYBAJIH MIMIETKH, 3alI0BHEHHI 30BHIIITHBO-
KJIITUHHUM PO3YMHOM Ta MiJBE/CHI IiJ] Bi3yab-
HUM KOHTPOJIEM y O€310CcepeTHI0 OIU3BKICTh 710
aKCOHa, [0 YTBOPIOBAB TaJbMiBHI CHHANTHYHI
KOHTaKTH Ha JOCHIKYBaHiil MOCTCUHANITHYHI T
KIITHHI. AMIUTITYLY CWJIH CTPYMY MigOupanu
TaKUM YUHOM, 1110 TiCJIs KOXKHOT CTUMYJISIIT MU
peecTpyBay BiIMIOBIAb Y BUTIISII TOCTHCHHATI-
THYHOTO cTpyMy. llepiox mix mepmror nmaporo
CTUMYJIB 1 HacTynmHO OyB 3 c¢. Jlms amrikartii
(hapMaKoJIOTIIHUX PEUYOBUH 3aCTOCOBYBAIH
METOJUKY IMBHUAKOT JoKanbHOI mepdy3ii [7].
OOpoOKy 1 aHami3 pe3ynbTaTiB BUKOHYBAIH 32
JOMIOMOI0I0 IpOorpaMHUX makeTiB ,,Clampfit
9.0” (,,Axon Instruments” CILIA) Ta ,,OriginPro
8.5”. Jlns 3HaXOIKEHHS KBAHTOBHX ITOKA3HUKIB
BHUBIJIbHEHHS ME/11aTOpa BUKOPUCTOBYBaJIU OiHO-
MiaJbHUM PO3IMOIL: I'CVZBFHCCZq'(l-i-Cqu-P),
ne I — cepennst amrutityna BI'TICC, CV.rnce =
koediuient Bapianii BI'TICC, q — po3mip kBaHTa,
CV_—xoediuient Bapiauii miniarropuux B[ TICC
(MI'TICC), P — itmoBipHicTh BuBinbHeHHs: [AMK
3 IPECHHANITUIHOTO 3aKiHYEHHS.

VYci pe3ysbTaTH HaBeACHI K CepeaHi 3Ha-
YeHHs + cepeJHbOKBaApaTHYHA MOXHOKa ce-
PEAHBOTO; y AYXKKAX 3a3HAUCHO PO3Mip BUOIpKH
y Mexax KOl MpOoBOMMIIM ycepeaHeHHs. Jlis
BU3HAYCHHS CTAaTUCTUYHOI BIpOTITHOCTI Pi3HHUIII
MK CepelHIMU 3HAUYCHHSMH JBOX TPyH JaHUX
Oyno BUKOpHCTaHO KpuTepii t CThIoJeHTA.

PE3YJbTATHU TA IX OBTOBOPEHHS

[epiroueproso OyJia A0CIIPKEHA 10HHA IPUPOIA
BI'TICC. Armrikariisi CEJIEKTUBHOIO aHTArOHiCTa
'AMK ,-penentopis GiKyKyliHy MeTOOpOMiLy
B KOHIIeHTpaIii 20 MKMOJIb/JT MalKe MOBHICTIO
(Ha 91 = 1%, n = 3) mpurHiyyBana aMILTITYLy
BI'TICC. Edexr 3Menmenns OyB BipOTIHHUM i
o6oporHuM. 3naueHHs amrutitTy B[ TICC niniii-
HO 3aJIe’Kalid BiJl MiATPUMYBAHOTO MOTCHIIIATY
Ha MeMOpaHaX MOCTCUHANTHYHUX HEHPOHIB
(R2>0,99) [8]. Po3paxoBaHuii 3a BOJIT-aMIep-
HUMHU XapaKTepUCTUKAMU TOTEHIian peBepcii
IUTS IUX CTPYMiB gopiBHIOBaB -90,36 + 3 MB (n
= 4) i BiANOBi1aB PiBHOBA)XHOMY MOTEHIIIaTy
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JUTSI XJIOpY, pO3paxoBaHoOMYy 3a piBHsHHSIM HepH-
cra. Taki XapakTepUCTUKH BKa3yBalll Ha Te,
IO 3apEeCTPOBaHi CTPYMH OIOCEPEIKOBYBAJIN
'AMK, -penenropu.

Hns nocimkenns mmactuaaocti TAMK-ep-
rigaux BI'TICC akcoH nmpecHHanTHYHOI KIITHHH
CTUMYJIOBAIU MapHUMHU IMIyJIbcaMH, IO Ha-
Hocuiu 3 inTepBajoM 150 mc. Ilix wac uboro
criocTepiraiocs HaklaJaHHS JIpyroi BiAmoBii
Ha Mi3H1 KOMIMOHeHTH nepmroi. Tomy amruriTyna
npyroro BI'TICC y mapi Bu3Hauamacs 3a JOTIOMO-
TOFO MPOIEAYPH BiITHIMAHHS MMi3HIX KOMIIOHEHTIB
MEepIIoro CTpyMy Bix 3amucy apyroro. [lepion
M1 [EPIIOIO MApOI0 CTUMYIIB 1 HACTYITHOIO OyB
3 c. lle#i yac BBaXKarOTh JOCTATHIM JIJISI IOBHOTO
BigHoBieHHs nepmoro BI'TICC.

Sk KiABKICHY Mipy CHHAmTHYHOI Tiac-
THYHOCTI Oyno oOpano koedimieHT mapHOi
crumymsinii (KIIC), koTpuit obuncnoBanu sk
BiHomenHs ammnityau apyroro BITICC (A,) y
napi 10 nepmoro (A, ). s BUKIIOYEHHS BILIMBY

nA
3001

200+

100+

MOCTCUHANTUYHUX MEXaHI3MIB Ha KOPOTKOYACHY
3MiHYy €()eKTUBHOCTI CHHAITUYHOI epeiadi M
3MIHIOBaIIM €JIEKTPOXIMIYHHUM TPAJIEHT A i0-
HiB XJIOpY Ta oxHO4YacHO peectpyBaiu BI TICC.
Otpumani pe3ynpratu 3 12 KIITHH 1aI0Th MOX-
JINBICTh 3pOOUTH BUCHOBOK, 1110 3HaueHHs KI1C
HE 3aJie)Kald BiJ NiATPUMYBaHOTO MOTECHIIIATY
Ha MeMOpaHi IOCTCUHANTHYHOTO HelpoHa (puc.
1, a, 0).

Tomy Oynu TpoBeIeHI €KCIIEPUMEHTH TSI
BCTAHOBJIEHHS NMpPECHHANTUYHUX (aKTOPIiB,
SKUMHU MOXe OyTH 3yMOBieHa e(peKTHUBHICTD
FAMK-epriunoi cunantuunoi nepemadi. Jlo-
CHiJXEHI HaMH HEHUPOHHW NpPHU MOJApPa3HEHHI
MPECUHANITUYHOTO aKCOHA Mapol CTUMYIIB 3
iHTepBaNioM 150 MC JEMOHCTpPYBAIHU SK SBUIIE
nemnpecii (KIIC <1), tak 1 monermenns (KIIC
>1; puc. 2, a, 0).

BianoBigHo 10 O1HOMIaJILHOI MOJEJI CHHAII-
THYHOI mepeaadi, HeMpsIMUM METOJOM BU3Ha-
YeHHs Mpe- a00 MOCTCUHANTHYHUX (DaKTOPIB €

0,6 T
-120

-100 -80

60
6

-40

-20

mB

Puc. 1. 3anexuicts koedinienta napuoi crumyssinii (KI1C) Bix migTprMyBaHOro MOTEHIia Ty Ha MeMOpaHi IIOCTCHHANTHYHOT KJTi-
THHU: a — [IPUKIIAJIH PEECTPALLi] yCepeIHeHUX MAPHUX BUKINKAHHUX rajbMiBHHX ocTcuHanTu4HUX cTpyMiB (B[ TICC) nipu pisHOMY
miATpUMyBaHOMY TOTeHIiam. YeepeanenHs mposoaniu 3a 10 mociigosanmu Bl TICC; 6 — 3anexuicts KIIC Bix miarpumMyBaHoro
MOTeHIany Ha MeMOpaHi nocTcuHanTuuHol Kiaituau. 3a 1 npuitasato 3nadenns KIIC npu nigrpumyBanomy noreniiaini 0 MB
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O.I1. Konecuuk, C.A. ®enynosa, M.C. BecenoBcrkuit

BHUBYCHHS 3MIHU KoedillieHTa Bapiamii aMILTiTy/
noctcuHanTuaaux ctpymiB (CV). Bin Bu3Ha-
Ya€eTHhCS K BIJHOMICHHS CTAHAAPTHOTO BiIXH-
JICHHS aMIUTITYZ 10 YCEPeAHEHOro iX 3HAUEHHS.
[Ipn nmmacTUYHOCTI CHHANTHYHOI Mepemadi,
3aJIE)KHO BiJ mpe- abo MOCTHCUHAYHHUX MeXa-
Hi3MiB, 1[0 OEpyTh Y [bOMY y4acTh, MOXKE CIIO-
cTepiraTucs Ba BUMAAKHU: KBaApaT BIIHOIICHHS
koe(ilieHTIB Bapiaii mepuroi BinoBizi (CVI) y
napi 1o apyroi (CV,) moxe 30ibiryBarucs adbo
3MEHIITYBaTHUCS TaK caMo, K 1 KoepiieHT mapHoi
crumyisinii [9—11]. g mapaux BI'TICC, mpu

yM. of.
1,5 1

-0,5 T T "
0 0,4 B 0,8 1,2 ym. op.
%
200+ i
n-26
I
1504 /{
1004
50+
0 T T |
| I
a

SIKUX CIIOCTEPIrajiocst sBUIE KOPOTKOTPUBAIOT
MJIaCTHYHOCTI CHHANTU4YHOI mepepadi, Oynu
moOymoBaHi BiJTHONIEHHS (CVI/CVZ)2 no KIIC
(muB. puc. 2, B, 7). Hamu Oymo po3paxoBaHO
ycepenHeHe 3HAUSHHs, M0 BiTOOpaXKaEThCS Y
BUIJISIAI Touku. [Ipu siBuIi Aenpecii BoHaA Jie-
JKUTh HUXKYE Bij| JiaroHali i Mae KOOpJIHUHATH
(0,7 £ 0,02; 0,52 £ 0,04; n = 26), a npu noJyer-
IIEHHI — BUIIE BiJ] AiaroHai i Ma€ KOOPIHHATH
(1,15£0,03; 1,56 £ 0,19; n=17). Ans oux xe
HElpoHiB Oy7I0 pO3paxoBaHo, IO MPH Jempecii
CV, Biporigno Ginbme 3a CV, na 57 + 16 %,

0 0,5 . 1,0 1,5 ym. on.
%
200+
1501 n-26
L
100 /
50
0 T T 1
| I
X

Puc. 2. Anani3 koedimienTa Bapiamii ctpymis (CV) mpu aenpecii Ta HOJIETIICHHI CHHAIITUYHOI Iepead: a, 0 — IPUKIIAI peecTparii
Jemnpecii Ta IoNermeHHs CUHANTHYHOL epesiadi. A Ta A, - aMILTITyi IEPIIOTO Ta APYroro BUKIMKAHUX TalbMIBHUX IIOCTCH-
HantnaHuX cTpyMiB (BI'TICC) y mapi; B, T — 3aJIeKHICT KBaIpaTa BiTHOIICHHS KOe(illi€HTiB Bapiallii mepiroi BiAMOBIAl y api 10
npyroi Bix koediieHTa HapHOi CTUMYJISLIT IPH JeTpecii Ta MoJIermeHHi CHHAITHYHOT Iiepe/iadi BiAMOBIIHO; /I, )K — TiCTOrpaMa, oo
MoKa3ye HOPMOBaHi ycepeaHeHHi 3HadeHHs CV npu fenpecii Ta moJeT e i CHHaTUYHOI nepenadi BinnosiaHo. I - CV nepioro
BI'TICC, II - CV ppyroro BI'TICC. 3a 100 % npwuiiasto 3nadenss CV nepmoro B[ TICC. ***P < 0,001
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a Mpu MoJIeTeHHi - MeHue Ha 22 £ 7 % (pwuc.
2, 1, X). 3rigHo 3 wiei Teopii, KOPOTKOTpUBAIIA
JIeTIpecis Ta MOJISTIIEHHS, 1[0 MU CIIOCTEPirau,
3yMOBJICHI IPECUHANTUIHIMHI MEXaHi3MaMH.
MI'TICC rta cmontanui I'TICC (cI'TICC)
BIJIBOAMIIM BiJi HEHPOHIB rimokamia MmpH Iij-
TpUMyBaHOMY moTeHiani - 50 MB 3a HasiBHOCTI
B 30BHIIIHBOKJIITHHHOMY PO3YMHI OJOKaTtopis
30ymxkyBanbHOI Helponepenadi. [lepmi pee-
CTPYBaJI Y 30BHINTHBOKIITHHHOMY PO34YHHI,
o mictus 0,5 mmons/n1 Ca?*, 10 mmons/n Mg?*
ta 0,25 MKMOJIB/T TETPOJIOTOKCHHY. Taki yMOBH
peecTparii Crpusid 3HUKCHHIO WMOBIPHOCTI
Bukuny FAMK. Ammutitynni posnoginu mI'TICC,
SIK TIpaBUIIO, OyIW YHIMOJAJIBHUMH 1 33JI0BiTb-
HO alpOKCUMYBAIIUCS OJIHi€I0 KpuBoio [ayca 3
Momoro Ha 13,92 + 0,29 mA (n = 3 ; puc. 3,a).
Awmmitynai po3noainu cI TICC, 3apeectpo-
BaHMX Y PI3HUX KJIITHHaX TinoKamIia, AeMOH-
CTpyBaJIM HasiBHICTH 2—3, Bi3yaJbHO 1ACHTH-
¢ikoBaHUX, MIKIB HA TicTOrpaMax, ki no0pe
aIpPOKCUMYBAJINCS CyMOI0 KpuBux ['ayca (nuB.
puc. 3, 6). B ycix Bumagkax cepemHs BiACTaHb
MIDXK MKaMU CyMIXKHUX T'ayCOBUX (HOpMaIbHHX)
PO3TOALIIB HE BiAPI3HSUINCS Bijl 3HAYEHB MEPIIOT
MOJH TOJIMOJAIbHUX aMIUTITYJHUX TiCTOTpam
i craHoBUIM y cepenabomy 14,22 £ 1,7 nA (n =
6). Orxe, 3riguo 3 agaxizom cI' TICC ta MI'TICC,

edekt BuBiTbHeHHS kBaHTa [AMK B Hammux
EKCIEPUMEHTaX AOPIBHIOE y cepeqHboMy 14 mA.

Jlng 3HAXOJKEHHSI KBAaHTOBUX IOKA3HUKIB
BHUBUTEHEHHS MeiaTOpa BUKOPUCTOBYBAIH O1HOMI-
aITBHUAM PO3MOALT. SIK BKe OyIlio 3a3HaYEHO BUIIIE,
PO3Mip KBaHTa B HAILIUX EKCIIEPUMEHTaX AOPiBHIO-
BaB 14 A (q). Po3paxoBanuii koediuieHT Bapiawii
MITICC cranoBus 0,34 + 0,07 (CV q). KBanToBuit
BMICT (Cepe/Hs KUTbKICTh KBaHTIB MeiaTopa, 1o
BHUBUTHHSETHCS HA OJJUH NMPECUHANTHIHAN TTOTEH-
wian [ii) po3paxoByeThes sk m = 1/q. IMoBipHicTh
BHUBIJIbHCHHSI Meiaropa 3Haxoauiau sk P = 1 +
CVq2 - m'CVZBrncc- BiHomianbHUN TTOKAa3HUK
(4MCITO MiCIlb BUBLIIBHEHHSI BE3UKYIT 3 ME1aTOPOM )
po3paxoByeThest sk N = m/P.

Jns mepmoi BiAmoBigi y mapi cepeaHe
3HauYeHHS KBaHTOBOTO BMicTy Oymo 9,7+1,3 i
5,0 = 0,6 BignoBigHO TpH genpecii (n = 26) Ta
nosiermenHi (n = 17) cunantuynoi nepeaadvi. bi-
HOMiHIaJIbHUH MMOKa3HUK TaKOX BiAPI3HIBCS MIPH
nernpecii Ta moyieTmeHHi i cranoBus 9,3 = 1,2 ta
4,9 + 0,6 BigmosigHo. ToOTO, SIKIIO TOYATKOBUH
KBaHTOBUI BMICT Ta YHUCJIO MICIb BUBIJILHEHHS
Be3ukyn 3 TAMK manenbki, To Oyzae crocre-
piratucs MoJeruieHHs CUHAITHYHOI mepesayi,
SIKIIIO HAaBIAKW — TO Jienpecis. Hamii pe3yiapraTu
MiATBEP/UKYIOTh paHille OTpUMaHi JaHi MpH
JIOCITIKEHH] 30y KyBaJIbHOT CHHAIITUYHOT TIe-

KinbKiCTb noAin KinbKiCTb nogin
12 - 60 %
o] v ol ]
8 - 40'- &
6 - 301
4 204
24 10 4
0 —td b L Al Aled . o -,
6 8 10 12 . 14 16 18 20 nA O 10 20 30 5 40 50 60 70 nA

Puc. 3. Tunosi ammutityani posnoainu Miniatiopaux (MI'TICC) ta cnorranaux (cI'TICC) TAMK-epriunux cTpyMiB: a — pO3MOILT
ammuityg MI TICC Tta anpokcuMariist Horo ofiHi€r0 rayciaHoio 3 MakcuMyMoM Ha 13,9 mA; 6 — rictorpama ammutityn cI' TICC Ta
ampoKcuMalis il Tppoma posnoaizamu 'ayca i3 Mmomamu Ha 14, 31 1 45 nA; Ha BepXHBOMY (parMeHTi — CYNEepHO3HUIIis 3aMnCiB
cI'TICC. a, 6 : 3a Biccro abcuuc — ammtityaa MI TICC ta cI'TICC BinnoBigHO, 3a BicCI0 OpAMHAT — KUIBKICTh O
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O.I1. Konecnuk, C.A. ®enynosa, M.C. BecenoBcbkuit

penadi MiXk HEHpOHAMHM TilOKaMIIa, 10 Jernpe-
Cisl CHHAIITUYHOI mepeadi Npu CTUMYJIIOBaHHI
Mapo0 MOLITOBXiB CTPYMY, CIIOCTEPIiraeThcs
MEPEBaKHO, SIKIIO I0YATKOBA aMILTITy[a CTPyMY
BEJTMKA, a IMOJICTIICHHS — KOJIM MaJleHbKa [12].

MMoBipHicTh BUBiNbHEHHS MemiaTopa Gyna
OJIHAKOBOO JUISL JIBOX IUX SABUII (IIPUOIU3HO
100%) i 3HauenHs m i N 30iraroThcs, OTKe,
B HaIlMX E€KCIEPUMEHTAJbHUX YMOBaxX, Ha
KO)KHUU CTHMYJ 3 YCiX MiCIIb BUBIJTbHEHHS B
AKTHUBHIH 30H1 BUBIIBHIOETHCS OJTHA BE3UKYJIA 3
I'AMK. Biznomo, 1m0 npu BUCOKiit HMOBIpHOCTI
BUBIUIBHEHHS MefAiaTopa koedinieHT Bapiamii
AMILTITYIH CTpyMy Mae OyTu Hu3bkuMm [13].
Hami pe3ynpTaTi 1€ NiATBEPAXKYIOTh: Y 3apee-
CTPOBaHHUX CTpyMax KoedimieHT Bapiaiii OyB y
mexax Big 0,02 mo 0,20.

Jnsa mapuux BI'TICC, npu sikux crniocrepira-
JI0CS SIBULIE KOPOTKOYACHOT MITACTHYHOCTI CHHATI-
TUYHOI repeiadi, OyB MPOBeIeHUH OPiBHAILHUN
aHaji3 KBAHTOBHUX IMOKa3HHUKIB CHHANTHYHOI
repeadi s MEePIIoro i IPYyTroro CTUMYITY (pHC.
4). O4yeBUAHO, 110 HMOBIPHICTh BUBIIBHCHHS
I'AMK 1npu 000X cTUMynax € Maiike He3MiHHOIO
K TIpH Aerpecii, Tak i npu nmosermesi. [Ipore mst
JIPYroro CTUMYJy 3MiHM KBaHTOBOTO BMICTY Ta

%

30 -

20 )

101

o] ER

10 ,
_20 -
-30 1
40~ ! Il i

Puc. 4. TlopiBHsuIbHMIT aHaJIi3 HOPMOBAaHUX KBAaHTOBUX I10-
ka3HukiB BuBlmbHeHHs: TAMK nipu nenpecii Ta nosnermieHHi
CHHANTHYHOI Tiepesayi micias nepmoro crumyay: 3a 0 %
NPUHHATO HOPMOBAHI 3HAUYCHHSI KBAHTOBHX ITOKA3HUKIB JUIsI
MEPLIIOro BUKJIMKAHOTO TaJbMiBHOIO MOCTCHHANTHYHOTO
cTpyMy y napi: 1 —nosneriiueHss, 2 — aenpecis: [ - iMOBIpHICTB
BuBibHeHHss [AMK, II - BigHocHui kBaHTOBUiT BMicT, III -
BITHOCHU# OiHOMIaIbHU#H MoKasHuK. **P < 0,01, ***P < (0,001
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YUCJIa MICI[b BUBUILHEHHS BE3UKYJ € HEOIHAKO-
BHMH TIPH SBUINAX Jlenpecii Ta monermenHi. s
JPYTOTO CTUMYJTY BOHU BipOTiHO 3MEHIIYIOThCS
MOPIBHSHO 3 TIOYATKOBMMHU 3HAYCHHIMH Ha 28 i
26% npu nenpecii Ta 30inbmyroThes Ha 141 11%
IIPY TOJICTIICHH] BiIITOBITHO.

3 Hamux pe3ynabTaTiB MOXXHA 3pOOHTH BH-
CHOBOK, III0 B KyJIBTYypi HEHPOHIB Timokamma,
32 YMOB BUCOKOI WMOBIPHOCTI BUBIILHCHHS
I'’AMK, xopOoTKOTpHUBaIly MJIACTUYHICTH CHHAT-
TUYHOT Mepeiadi MOKHa MOSICHUTH OHOYACHUM
301bIIeHHSM (TIOJICTIICHHS ) a00 3MEHIIICHHSIM
(mempecis) ymcia Micllb BUBUIBHEHHS BE3UKYII
Ta KBaHTOBOTO BMicTy iX. [locTcmHanTuuHi
(haxTopu y mux mporecax He 3aIisgHi.

O.I1. Kosnecnuk, C.A. ®enyJiosa,
H.C. BeceaoBckmuii

AHAJIN3 KBAHTOBBIX ITIOKA3ATEJIEA
OCBOBOXIEHUSA 'AMK ITPU KPATKO-
BPEMEHHOM JIEIMIPECUH U OBJIETYEHUN
CUHANITUYECKOM NEPEJAYU

B KynbTHBHpPOBAaHHBIX HEHpPOHAX T'HIMIOKAMIA KPBICHI H3-
MEpSUTH U3MEHEHUS] aMIUTUTYbl BBI3BAHHBIX TOPMO3HBIX
nocrcuHanTHdeckux TokoB (BTIICT) mMeTomukoit gukcarmm
MOTEHIIAIa B KOHQHUTYPAIINH «IiefTast KJIeTKa» 1 BHEKIETOU-
HOHU JIOKaJIbHOM NIEKTPUUSCKOH CTUMYISALIUH aKCOHA TIpe-
CHHANTHYeCKOro HeifpoHa. B mccnenoBanHbIX 43 HelipoHax
HaOMIONaTH JIEIPECCHIO MM OOJEerdeHNe CHHANTHIeCKON
nepenadn. CortacHO ¢ aHAIM30M KOG QUIIEeHTa BapHaIlIH
(CV) BTIICT 6bL10 paccuuTaHo, 4TO MPH ACTIPECCUH CHHAII-
Traeckoit mepenadn CV BTOpOro oTBETa B IMape JOCTOBEPHO
6ombre, uem CV nepsoro Ha 57 % (n=26), a mpu oOneryeHnn
— mensbine Ha 27 % (n = 17). CnemoBaTensHO, KpaTKOBpe-
MEHHas Aenpeccust U obnerdeHne, KOTOpbe MBI HaOMIOAIH,
00yCIIOBIIEHBI TOJIBKO NMPECHHANTHIECKUMH MEXaHU3MaMH.
Hcnions3yst GMHOMUAIBHOE pacHpeieeHne, ONPEeEHIN, ITO
B YCJIOBHSIX HAIIIETO YKCIIEPUMEHTA BEPOSITHOCTE OCBOOOKIe-
uust TAMK npu mepBom u BTopom ctumyinax sieistercs 100%
1 HEeU3MEHHOW Kak IPH JIETIPECCHH, TaK U IIPH OOJIETICHHUH.
JIns IepBOTO OTBETA B Mape CpefHee 3Ha4eHHe KBAaHTOBOTO
Cofiep KaHMs U YHCIIO0 MECT OCBOOOKACHHUS BE3UKYI COBIIATH
1, COOTBETCTBEHHO, OBLIN PaBHEI 9,7 IPH AEMPECCHH U 5 TIpH
00JIer4yeHNy CHHANTHYIECKO! Iepeadn. i BToporo cTumyna
OHH yMEHBIIWIHCH Ha 28 U Ha 26% TpH ICTIPECCUN 1 yBEITHIH-
mmch Ha 14 m Ha 11% npu oGer1eHns COOTBETCTBEHHO. TakuM
00pa3om, CyMecTByeT JOCTOBEpHAs Pa3HHUIA B KBAHTOBBIX
MIOKA3aTeNAX, KOTOPhIe XapaKTepU3UPyI0T OCBOOOXKICHHE
'AMK npu KpaTKOBpEeMEHHOU NENpPEeCcCHH W OOJIErYeHUU
CHHANTHYECKOH Iepeadn.

Kirouesie ciioBa: nenpeccus u oonerdenue [AMK-spruye-
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CKOI CHHANITHYECKOH Mepeaun; MeXKCTUMYJIbHBIA HHTEPBAT,
K0d((HULMEHT BapHaLnu.

O.P. Kolesnyk, S.A.Fedulova, N.S. Veselovsky

ANALYSIS OF QUANTAL PARAMETERS OF
GABA RELEASE DURING SHORT-TERM
DEPRESSION AND FACILITATION

OF SYNAPTIC TRANSMISSION

Changes in amplitudes of evoked inhibitory postsynaptic
currents (eIPSCs) from rat cultured hippocampal neurons
were studied using whole-cell patch-clamp technique in
postsynaptic neuron and local extracellular electrical paired
pulse stimulation of single presynaptic axon. Paired pulse
depression (PPD) and paired pulse facilitation (PPF) were
observed in studied 43 neurons. According to coefficient of
variance (CV) analysis was found that CV of second respond
was significantly larger than CV first by 57 % (n = 26) during
depression and significanty smaller by 27 % (n = 17) during
facilitation. Thus, only presynaptic mechanism underlies short-
term depression and facilitation. We also estimated quantal
parameters assuming that transmitter release is reasonably
described by a binomial distribution. We found that under our
experimental conditions there were no significant changes in
GABA release probability during PPD and PPF. The values of
mean quantal content and mean number of sites of transmitter
release were the same for first stimulus in pair and were equal
9.7 in depression and 5 in facilitation of synaptic transmission.
The values both of them for second stimulus were significant
decreased by 28 and 26% during PPD and were significant
increased by 14 and 11% during PPF, respectively. Thus, there
is significant difference in quantal parameters characterizing
GABA release during short-term depression and facilitation
of synaptic transmission.

Key words: PPD and PPF of GABAergic synaptic transmis-
sion; interstimulus interval; coefficient of variation.

0.0. Bogomolets Institute of Physiology, National Academy
of Sciences of Ukraine, Kyiv; e-mail: mizerna_oksana@ukr.net
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AMIHOKHCJIOTHI 3AJUIIKH BiANOBIiAAJLHI 32 B3a€MO/Ii10
o1- NIIMMHOBMX PelenTOPiB i3 NHKI0JEeBOK KHCJI0TOI0

I'.B. MaueceBa 12, C.I. Byanaxosa !, I.T. Cku60?, I1.JI. Bpe:kecToBchKmii

1

Iuemumym cucmemnux netiponayx, Yuieepcumem Exc-Mapcens, @panyis,
2 Incmumym ¢pizionozii in. O. O. Bocomonvys HAH Yipainu, Kuis; e-mail: galina_maleeva@ukr.net

Paniwe namu 6y10 noxasanHo, wjo 2inkeonesa KUCIoma 30amua 6UbIpKogo NoOmeHyilneamu Ccmpymu,
onocepedkogani o.l-cybodunuysmu eniyunogoco peyenmopa. Hacmynnum xpokom cmano npogedentis
NOPIBHANLHO20 AHANIZY AMIHOKUCIOMHUX NOCAIO08HOCmel o.l- ma a2-cy6oounuyb Ol 6CMAHOGIEHHS
AMIHOKUCTIOMHUX 3ATUUKIB, WO MONCYMb OYMu 8i0N08I0AIbHI 30 PI3HUYIO 6 Ol 2iHK201e801 KUCIOmU HA Yi
peyenmopu. I3 sukopucmanuam memooy patch-clamp y xouieypayii «yina knimunay» Hamu 610 npoOemMoH-
cmpogano, wo mymayis mpbox aminokucaomuux 3anuwkie T59/4261/4303 y a2-cy600unuyi, na 6i0nogioni
im 3 ol-cyboounuyi, pooums a2-peyenmopu Yymiusumu 00 NOMEHYIrU020 6NIULY IHK20N€B80I KUCIOMU.
Amnuimyoa cmpymis, 0nocepeoko8anuxX 0.2-MymaHmHUMU peyenmopamit, icis aniikayii 2inkeonesol Kuc-
aomu 36invutysanacs na 89+14%. Tak camo, ax i 0ns o.l-peyenmopis, 01 0.2-Mymanmuux peyenmopis 6y1o
XApaKmepHuM 3HUICEHHS HanigegexmueHoi 003u 0 eniyuny nio dicio 2inkeonegoi kucromu. Takum uunom,
CYOOOUHUYHA BUOIPKOBICIb 2IHK20NIE801 KUCIOMU NO8 A3AHA 13 MPbOMA AMIHOKUCIOMHUMU 3ATUUKAMU,
wo € BIOMIHHUMU Y ol - ma 0.2-cyOOOUHUYSAX 2NIYUHOBO20 Peyenmopa.

Knrouoei cnosa: aniyunosutl peyenmop, Sinkeoiesa Kucioma, ionHi cmpymu, patch-clamp,; mouxkoei mymauyii.

BCTYII

['minuHOBI penenTopu 3a0e3MeUYyIOTh MIBUIKY
repeiady raJbMiBHOTO CUTHAIY Y IIEHTPaTbHIH
HEpBOBiN cucTeMi XxpebeTHUX. Bigomo, 1o me-
PEBa)KHO BOHU JIOKATi30BaH1 y CHUHHOMY MO3-
Ky, CITKiBIIi, MO30YKY, siIpax CTOBOypa MO3KY
Ta 3aJydeHl y KOHTPOJb PyXOBOI MisIBHOCTI,
¢bopMyBaHHS OONBOBUX BIAYYTTIB, 30pOBE Ta
CIyXOBe CHpUUHATTA [1, 2].

[ninuHOBHI penenTop HAJICKHUTh 0 POJIH-
HH IUC-TIETEIBHUX, M0 XapaKTEePHU3YIOThCs
HasBHICTIO KOHCEPBATUBHOTO Oi-cyNIb(higHOTO
3B 513Ky y 30BHIMIHBOKJIITHHHOMY JOMEHI.
OKpiM TIIIIUHOBOTO JIO Ii€i POJUHU TaKOX
Halle)KaTh: HIKOTUHOBHH allETUIIXOJIHOBUM,
v-aminomacisanii (TAMK) ta cepoTtoniHOBUi
(3-ro Tumy) penentopu. byio kn1oHOBaHO 1’ AT
cy0OOMHULB TIIMUHOBOTO peuenrtopa: al, a2,
a3, a4 Ta B, M0 BIAPI3HIIOTHCS MiX CO000 32
aMIHOKHMCJOTHUM CKJIaJOM, JOKaJIi3ali€l0 Ta
4acOBHMM TaTEpHOM ekcrmpecii [3].

OyHKI[IOHAIBHUN TIIMHHOBUU pENenTop
CKIIAJIAETHCSA 3 T’ ATH CYOOJUHUIIb, [0 YTBOPIO-
I0Th LEHTPAJIBbHY NOpY KaHay [4, 5]. 3anexHo
BiJl CyOOJMHHUYHOTO CKJIaJy TIIIMHOBI peren-
TOPHU MOAINSAIOTH HA JIBI TPymU: TOMOMEpHI
(chopmoBani nuire o-cyOONMHUIISIMHA) Ta Te-
TepoMepHi (chopmoBaHi a- i f-cyO0AMHUTIIMMI )
[6, 7]. KoxxHa cyOonwHUIS pelnenTopa CKia-
NaeThCs 13 30BHIMIHBOKJIITUHHOTO, YOTHPHOX
TpaHCMEeMOpaHHUX JIOMEHIB, a TaKOX JiHKep-
HUX JINSHOK, IO iX MOENHYIOTh. [Apyrui
TpancMeMOpaHHuil ntomeH (TM2) noBepHeHU
110 I0HHOT TOpH KaHaIly, pemTa KOHTaKTYIOTh i3
OLTimiTHUM OTOYEHHSM [8].

lNimepmnekcis — cmajkoBe HEBPOJOTiYHE
3aXBOPIOBAaHHSA, 3YMOBIIEHE MYyTalliIMH Te-
HiB, 110 KOAYIOTh CyOOIMHHII TIIIIHHOBOTO
peuenrtopa. XapakTepHUM ii CHMITOMOM €
JOBrOTpUBaje HEKOHTPOJIHOBAHE CKOPOUYCHHS
M’s3iB TiNa y BIAMOBiJh Ha HEOUIKYBaHUMU
TaKTUJIHLHUHN YW aKyCTUYHHUI CTUMYJIH, 110 MOXKE
CYIPOBOJKYBATHCS MHUMOBIIIBHUM TaJliHHSIM
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[9]. [IpuuKrHO MOSBU CUMIITOMIB TilEPILICK-
cil € He31aTHICTh MYTaHTHUX TIIIIHHOBUX
pernienTopiB 3a0e3nedyBaTdH e(EeKTUBHY IIBHU/I-
Ky TallbMiBHY Helipomepenady B HEHTPab-
Hilf HepBOBi# cuctemi [10]. 3Hauyna wacTuHA
rinepnieKCUYHUX MYTaliid JTOKamxi3oBaHi y
TM2-n0MeHi abo y JIIHKEPHUX JIJISHKAX, 10
MOETHYIOTh HOT0 3 IHIIMMHU TpaHCMEMOpPaHHUMU
IoMeHaMHu (HalmomupeHini rinepruieKCudHi
MyTaIlii mo3HadeHo Ha puc.l). AMIHOKHCIOTHI
3amiau B TM2-moMeHi, 0 BU3HAYA€ 10HHY
NpOBiIJHICTh Ta BUOIPKOBICTH, MOPYUIYIOTH
npolec BiKpuBaHHS KaHaily. lle mpu3BoIuTh
JI0 3MEHILIEHHS HOro MPOBiAHOCTI Ta aMILTITY oM
CTPYMIiB, OMOCEPEAKOBAHUX TIIMUHOBUMH
penentopamu [11]. BiamoBigHO aKTyaabHUM €
MOIIYK MO3UTHBHUX MOAYJISITOPIB TIIIUHOBOTO
peuenTopa, siKi MOTJIH O KOperyBaTu poOoTy
MYTaHTHUX PELENTOPiB, CIPUAIOUHN IiABHUILEH-
HIO e(eKTUBHOCTI IIiLMHEPriYHOl mepenayi.

'iakTONEeBa KHCIOTa, KOTPA BXOAUTH OO
cknany ekctpakty Ginkgo biloba, mae 30aTHICTh
MiABHUINYBATH aMILIITYyJy CTPyMy, OlOCepe-
KOBaHOTO 01-TTILMHOBUMH PEIENTOPaAMH,
Ta 3HWKyBaTu HamiBedexTuBHy 103y (EJ5,)
nis rainuay [12]. XapaktepHoto oco0nu-
BiCTIO T1IHKIOJEeBOi KHCJIOTH € CyOOJAUHMYHA
BHOIPKOBICTh — BiJICYTHICTh MOTEHITIFOI0YOT il
Ha 0.2-TJIIIHHOBI PEIETTOPH.

Mertoto Hamoi po6oTu 0yJi0, BUKOPUCTOBY-
Yl MeToJ| patch-clamp, BU3HAYUTUH aMiHO-
KHMCJIOTHI 3aJIUIIKH, 110 € KIIFOYOBUMH JJI5 TO3H-
TUBHOT MOAYJAMIT 0] -CyOOIMHUIIB TIIIITHOBOTO
penenTopa riHKroJIeBO0 KHCIOTOIO.

METOJIUKA

JAna mpoBenaeHHs eneKTpo(dizioNmoTi4HOTO
nocmimkenas kJIHK (kommmementapua JIHK)
02- Ta 02-MyTaHTHOTO TIIITUHOBUX PEIENTOPIB
oyino excrpecoBano y CHO-K1 (Chinese ham-
ster ovary cells) knituaax. KiiTuau BuciBaiu
Ha MoKpuBHI ckenbls (12-14 mm), mo Oynu
po3MimeHi BcepeanHI YalIoK I KYJIbTH-
ByBaHHA (35 MM) i3 gogaBaHHAM 2 MI XKU-
BUJIBHOTO CEpeAOBHUINA. IX TpaHC(eKyBamu

20

k/IHK penenropa 3a npotokonom Lipofectamine
2000 («LifeTechnology», CIIIA) i3 momaBan-
HaMm kJIHK 3enenoro ¢uyopecnentroro 6inka
GFP (mnsa monermeHHs igeHTHIKAII] KITITHH,
0 €KCIPECyBaJu TIIIUHOBI PEIENTOPH).
CepenoBuiie sl KyJIbTUBYBaHHS 3aMiHIOBa-
oy 4depe3 3 roX micis movaTtky TpaHcgekmii.
[MocTTpancdexmiline cepeaoBUIIE MiCTUIO
1 MKMONB/N CTPUXHIHY — IS 3amo0iraHHA
CIIOHTAHHI# aKTHBAIIii TJIIIITHHOBUX PEIICTITOPIB.
Enextpodizionoriddi 10CiKEHHS MPOBOIUIH
yepes 24-72 roj micis TpaHcdekiii.

«Patch-clampy - peectpanii y koH}irypaunii
“mina xiituHa” 3Q1MCHIOBAIM 3a KIMHATHOI
temnepatypu (20-25°C) i3 BUKOPHCTAHHIM
nigcunioBada EPC9 («<HEKA Electronicy,
Himeuuunna). [lig yac ekcnepuMeHTY KIiTHHU
3HAXOAMIUCH Yy 30BHIITHHOKIITHHHOMY PO34HHI,
o mictus (Mmoins/n): NaCl — 140, CaCl, - 2,
KCI - 2.8, MgCl, — 4, HEPES - 20, rmoko3za
— 10; pH 7.,4; 320-330 MOcMm. Po3unH, gxkum
OyJl0o 3alTOBHEHO MINMETKHU IS peecTparii,
MiCTHB (MMOJIB/TT): THIOKOHAT Kamito — 120,
KCl - 20, CaCl, - 6, MgCl, -2, HEPES - 10,
BAPTA/KOH -2; pH 7,3; 290 mOcwm. [lyst Bcix
peecTpaliii QikcoBaHUI MOTEHIiaJ CTAHOBHUB
0 mB. Ilinetku nis peectpamiii BUTOTOBJIEHI
3 OOpOCHIIKAaTHUX CKJISHUX KamimsapiB («Har-
vardApparatusLtd», CIIIA), ix omip OyB 5-10
MOwM. st 3MiHE PO3YMHIB BUKOPHCTOBYBAIIH
cuctemy mBuaKoi artikanii (SF 77A Perfusion
Fast-Step, «Warner», CILIA), oo po3minryBaiu
Ha BincrtaHi 40-50 MKM Bix mociigxyBaHOI
kiaiTuHU. Ll cucTema mae 3Mory 3MIiHIOBAaTH
10-90% po3umHy mpotsarom 3-5 mMc. B ycix
eKCIIepUMEHTaxX TPUBAJICTh amiikamii aro-
HicTa CTaHOBWJA 2 C, a TIHKIOJEBOi KHCIOTH
BapiroBaia Bix 0,5 1o 2 xB.

Pesynpratu enextpodizionoriyHux goc-
JIKEHD aHai3yBal 3 BUKOPUCTAHHSAM IIPOT-
pamuoro 3abesneuenns «HEKA Electronik»
(Himeuuynna) ta «Origin 7.5» («OriginLabsy,
CILOA). Inst craTucTUYHOT 0OpOOKH pe3yabTaTiB
Oyno Bukopuctano Tect ANOVA, Bupaxanu ix y
CepeHiX 3HAUEHHAX Ta CTAaHJIAPTHUX IMMOXUOKAX
CepeaHbOro0.
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PE3VJIBTATH

Panime mamu Oyno moka3zaHo, MO TiHKTOJeBa
KHUCJIOTA Ma€ 31aTHICTh MO-PI3HOMY BILUTMBATH HA
ol- Ta 02-cyO0OIMHUIII TIIIIIHHOBOTO pelenTopa
[12]. AMniTyga cTpyMiB, omocepeaKoBa-
HUX 01-TTIMMHOBUMH pelenTopamu, 301Jib-
myBanacs 3 364+49 no 846+135 nA (n=34,
P<0,01) mporsarom 30 ¢ ammikamii 25 MKMOJIB/IT
riHKroJjeBoi kucyioTu. Ha mpotusary nupomy, npu
aruIiKaii riHKrojeBol KUCIOTH Ha o.2-DIIIMHOBI
pelenTopH MOTEHIIIaNii He cIocTepiramrocs,
a BUCOKa KOHIIEHTpAIlisl HaBiTh CIPHUYUHUIIA
3HUKEHHS aMILIiTyau cTpyMmiB Ha 20+5%
(n=11).

st 3’sicyBaHHSI MEXaHi3My CyOOJAMHUYHO-
BHOIPKOBOI MOTEHITiF0OFOYOT i TIHKTOJIEBOT KUC-
JIOTH Ha TJIIIHHOBI PEIENITOPH MH CKOHIICHTPY-
Balli CBOIO YBary Ha BCTaHOBJICHHI BiIMiHHOC-
Tell aMIHOKUCIIOTHUX IMOCIiTOBHOCTEN ol- Ta
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a2-cybonuuuup peuenrtopa. I[IpoBigny poib
y alloCTepUUHi MOAyNALii JiraHaKepoBaHUX
10HOTPOMHUX PEUENTOPiB BiAIrparoTh 30BHILI-
HBOKJIITHHHUM, a Takok TM2- ta TM3-nome-
Hu [2, 13]. AHani3 aMiHOKHCIOTHUX IOCIHi-
noBHocter TM2- ta TM3-nomeniB ol- ta a2-
cyOOMHUIIb TIIIUHOBOTO pelenTopa, 3aiiic-
HEHHUH 13 BUKOPHUCTAHHSAM EJIEKTPOHHOTO
Katajora nmpoTeiHoBux cukBeHciB UniProt,
MOKa3aB, [0 BOHU BiIPi3HSAIOTHCSI MiX CO00I0
JUIIC 32 ABOMA MO3ULIAMH. AMIHOKHUCIOTHUM
sanmumkam G254, S296 ol-cyboamHuti Bigmno-
Bigaroth A261 ta A303 a2-cybonuuumi (auB.
puc. 1). Huzkoro nociikeHb 0yJIo MpoaeMOH-
CTPOBAHO Ba)KJIMBE 3HAUCHHS IIMX 3AIHILKIB JJIsI
¢dbopmyBaHHS pi3HOT UyTAUBOCTI al- Ta 02-pe-
LHEeNTOPiB 10 MOAYJIHIUYUX pedoBHH [14-16].
30BHIIIHBOKIITHHHUHN JJOMEH XapaKTePU3y€EThCS
BHCOKOIO MiKCYyOOJUHUYHOIO BapiaOelabHICTIO,
OJIHAK, paHime O0yJ0 MOKa3aHO, IO 3aJUIIOK
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) TR)

51

Puc. 1. AMIHOKHCIIOTHA TTOCTIJOBHICTH 0.1-cy0oauHuI rinnHoBoro perentopa. Koxamu BUAIEHO aMiHOKHUCIIOTHI 3aJIUIIKH,
MYTAIl0 SIKHX BUBYANH. BOHH TaKOX MpeICTaBlIeH] y BKIAALI CIpaBa. AMIHOKHCIOTHI 3aJMIIKH, MyTaList IKUX HaifdacTirie
cTae npuunHoro rineprutekcii: 1244N, P250T, Q266H, R271Q/L, K276E, Y279C; 3anumiku, 1110 6epyTh y4acTsb y 3B’sI3yBaHHI
aronicra: F159,Y161, T204 ta konkypentHoro 6iokaropa (ctpuxuiny): G160, K200, Y202; aMiHOKHCIOTH, 1110 B3aEMOIIOTH 3
ionamu nuaky: D80, H107, H109, T112; aMiHOKHCIOTHI 3aTHIIKH 1110, opMyrodn Oi-cybdiaHi 3B’13KH, yTBOPIOIOTh [IHC-TIETIi:
C138 — C152 ta C198 — C209 (moaudikosano 3 Betz and Luabe, 2006)
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AS52 € kIIIOUOBUM [T TO3UTUBHOT MOIYJISAIIT 0.1 -
CyOOIMHMUIII TIIIIMHOBOTO PELETITOPa €TAHOJIOM
[17]. Ilpu BCTaHOBJIEHHI CAlTIB alOCTEPUIHOL
MOAYIANil THTIIUHOBUX penenTtopiB N-apa-
X1JOHOI-TIIIIIUHOM TPOIEMOHCTPOBAHO, IO
02-cy0onuHUIl, B SKUX TPH 3TajJlaHi BHIIE
3aJUIIKK OyJu 3aMiHEHI BIANOBIAHUMH 3 ol,
HaOyJIu 34aTHOCTI MOTEHIIFOBATUCS IIiJ] i€
N-apaxiqoHOIN-TIIIMHY; B TOH 4ac K o2-pe-
HEeNTOPHU AUKOTO THMY iHriOyBamucs i€
pedoBuHOMO [18] .

3Bakar4yu Ha MOJiOHICTh BIUIMBY N-apa-
X1JJOHOTI-TJIIIUHY Ta T1HKTO0JEBOT KHCIIOTH
Ha TJIINMUHOBI PEUENTOpPU MU MPHUINYCTHIIH,
110 BOHU B3a€EMOJIIOTH i3 OJHUMH 1 TUMH XK
aMIHOKHUCJIOTHUMH 3QJTUIITKaMH o1 -cyOoquHHUTII.
Jns mepeBipku HaMU 3A1HCHEHO MYTAIIiI0 TPHOX
AMIHOKHCIIOTHUX 3aJUIIKIB Yy 02-CyOOoAMHUI
[JIIIUHOBOTO pelenTopa Ha BiAMOBiIAHI 3 ol:
T59A y 30BHIIHBOKITITUHHOMY IoMeHi, A261G
y TM2 ta A303S y TM3.

Hami excmepuMeHTH mMoKa3ailu, MO Ha
MPOTUBATY 02-pelenTopamM JHKOTO THIY, MY-
TadTHI 02 T59A/A261G/A303S nmoreHito-
BaJIUCS TIHKIOJIEBOIO KHUCJIOTOIO, IMOAI0OHO 10
TOTO, SIK 1€ CIIocTepiranocs s ol-penentopis

(puc. 2). Ilpeamnikanisi TiHKroJeBO1 KUCIOTH
(3 MxMomw/m) mpotsirom 30 ¢ mpuU3BOaMIIA IO
MiABUINEHHS TIINUHIHAYKOBAHUX CTPYMIB Ha
105+18% (n=5). Ilpn upomMy CTymiHb TOTEH-
miarii BapitoBas Bij 58 10 153% (nuB. puc. 2,0).

Kinetnka nii riHroieBoi KHCJIOTH Ha 0.2-
MYTaHTHI PElenTOpH TaKOoX Oyja Moai0HO
10 pO3BUTKY moTeHmiamii ol-TIinuHOBHX
penienitopiB [12]: 3HaYHE MiABUIICHHS aMILIi-
Tynu cTpymy micis 30 ¢ arurikamnii TiHKrojgeBoi
KUCJIOTH Ta MOCTYIOBE 3POCTAaHHS MPOTITOM
HactynHux peecrpaniid. [licns 30 ¢ npearutikarii
THKT0J1eBO1 KUCJIOTHU OyJ10 3a(hiKCOBAHO ITi/IBH-
IIEHHS aMILTITYy1u cTpyMiB 3 97£10 mo 203+58
A (P<0,01; n=5), guepe3 2 XxB BOHA 301IbITHIIACS
no 327+47 nA (P<0,01; qus. puc. 2,8). Ha puc.
2,a IPEJICTABIICHO PeNpe3eHTaTUBHI peecTapilii,
10 ITFOCTPYIOTh TOCTYIOBE 301JIBIIICHHS aMILIi-
TYJId CTPYMY IiJ Mi€I0 T1HKT0JIEBOi KHCIOTH.
Boanougac amrikaris rinkroyieBoi kuciotu (10
MKMOJIB/J1) Ha KJITHHHU, IO €KCIPECyBaIu 0.2-
[JIIMHOBI PEIeNTOPH JUKOTO THITY, IPU3BO U
710 3HW)KEHHSI aMIUTITyAd 10HHOTO CTpyMy Ha
10+£3% (n=8).

Jlims OinbIn AETAaIbHOTO JOCIIIKEHHS 0C00-
JUBOCTEH Mii TIHKTOJIEBOT KHUCIOTH HAa MY-

riHKronesa kucnoTa
3 MKMOnb/n

nA
400 A

300 -+

200 H

100
KOHTPONb

nA
i 2xB

riHKkronesa

KUCNoTa, \ 300 S
3 MKMOb/N

30c 250 -

100nA
KOHTPO/b 500 4
1c
150 +
100 +
rNiLuH 50
30 mKkmonb/n KOHTPO/b

a

6

riHKronesa kmcnoTa
3 MKMoAab/n

Puc. 2. Totennianis perentopiB o2 TS9A/A261G/A303S mif ai€ro riHKrOJIeBOT KMCIOTH:

a— IPUKJIAM PEECTPAIlii CTPYMIB y BIAMOBIIb Ha aruTikaiiro 30 MKMOJIB/J TIIMHY Ha KIITHHH, [0 €KCIIPECYBAIU 0.2-MyTaHTHI
petenTopy B KOHTpOJIi Ta micis 30 ¢ Ta 2 XB arwtikanii 3 MKMOJIb/JI FIHKTOJeBOT KUCAOTH. TpHBaicTh amsikaiii moka3aHo HaJ
peectpartisimu. Kondiryparis «iina kiitiuaay. ikcoBanuil morenmian = OmB.

0 — aMIUTITYIM CTPYMIB Y KOHTPOJII Ta MIiCJIs aIuIiKarii 3 MKMOJIB/J FIHKI0JICBOT KMCJIOTH.

B — PO3BUTOK IOTEHI[ialii CTPyMiB, OIOCEPEAKOBAHNX MYTAaHTHHMH O2-TJIILHOBUMH PELENTOPaMH, i Ji€l0 3 MKMOJIB/JI
T'HKTr0JIeBOT KUCJIOTH. TPUBATICTP arutiKawii riHKrojeBoi KUCIOTH [T0Ka3aHo y BEPXHii 4acTuHi rpadika
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TaHTi 02-peuenTopu MU MoOyAyBalu KpHBI
3QJIEKHOCTI aMIUTITYId CTPYMY BiJl KOHLEHT-
parmii ammtikoBa"oro riinuuy (puc. 3). Panime
Oymo mokaszano, mo EJl, mng a2-penentopis
cTaHoBUTH 42+2 mkmonw/n (n=10) [12]. Ana-
J1i3 KPUBUX KOHIICHTPAIIWHOT 3aJIe)KHOCTI
MPOJIEMOHCTPYBAB, 10 YYTIUBICTh MyTaHTHUX
0.2-TIIOUHOBUX PEUENTOpPiB A0 TIiNUHY B 3
pasu HIXK4a, HiXK 02-perenTopiB TUKOTO TUITY 1
ctaHoBUTh 119+16 mkmoune/n (n=12). B ymoBax
koutposw EJl,, nnst myranTHOrO 0.2-penenrtopa
KoJIMBanacs Big 56 1o 238 MKMOJIb/11. 3a HasiBHOC-
Ti 3 MKMOJIB/J TIHKT'OJIEBOT KUCIOTH CHOCTEPi-
TaBCs 3HAYHUN 3CYB KPUBHUX KOHIICHTPAIIHHUX
3QIIEKHOCTEH BiBO: 3HaueHHs Bl BapitoBanu
Big 31 mo 118 mMxmons/a (n=12; P<0,05).
Ha puc. 3,a npexncraBiieHO penpe3eHTaTUBHI
peectpanii ctpymiB ingykoBanux 30, 100 Tta
1000 MxMoub/n THiNHMHY 10 (371iBa) Ta Mmicis
(cmpaBa) armurikanii TiHKroJeBOl KUCIOTH.
[Ipun moOymoBi KyMYJSITUBHUX KPHBUX KOH-
LHEHTPaLiHHOT 3aJIEKHOCTI B KOHTPOJI Ta 32 YMOB
JIiT1 TIHKT0JIeBOT KUCIOTH OYyJI0 BCTaHOBJICHO,
wo EJl,, nms rIinuHy 3MiHOEeThes 31 104 1o
67 mxmonw/n (n=12) mip ii BIuiMBOM (JIUB. puC.
3,0). TakuM 9uHOM, TTOAI10HO 0 01 -TITIITHHOBUX
peLenTopiB Juisi MyTaHTHUX 0.2-pelienTopiB OyB
XapaKTEepHUM 3CYB KPHBUX KOHLEHTpauidHOi
riHKronesa

KWUCNOTa,
npeannikauis

KOHTPO/b

1000

HopmanizoBaHuiA cTpym

J

riuvH

riuvH

a

1,0

0,8

0,6

0,4

0,2

0,0

3aJIEKHOCTI BIIBO TiJ Ji€l0 TiHKTOJEBOi KHC-
JIOTH.

OTpuMaHi HaMU Pe3yJIbTaTH IEMOHCTPYIOTH,
10 MyTaIlisi TPhOX aMiHOKHCIOTHHUX 3aJIMIIKIB
y 02-cyOOnWHUII TIIIMHOBOTO pelenTopa Ha
BiAMmoBiaHI 3 ol-cyOOMMHUII TPU3BOAUTE IO
NpOSIBICHHS MOTEHUII0I0YOro epeKTy TiHK-
roneBoi kucnotu. [lpu upomy xapaxrtep aii
OCTaHHBOI HA MYTaHTHI 02-pelENTOPH IO TiIOHII
JIO TOTO, 1[0 CTIOCTEPITAETHCS TIPH i1 BIUTMBI Ha
ol-cyboamuui. [le mae 3Mory nmpuIyCcTUTH, 10
aminokuciotu AS52, G254 ta S296 3anyueHi y
npouec B3aeMoJil ol-THiIMHOBHX peLenTopiB
13 TIHKT'0JIEBOIO KHCIIOTOIO.

OBT'OBOPEHHA

[IpoGnema mMoxymsLii TIIIMHOBOTO peHenTopa
MPUBEPTAE yBary JOCIHiIHUKIB MPOTATOM JeCs-
THIITh. BoHU € MimeHnsmu mis Takux dapma-
KOJIOTIYHUX areHTiB, SIK M SI30Bi pelaKCaHTH,
3HE0O0JII0BAJIbHI Ta IpoTH3amaibHi Jiku [ 13, 19].
OpHak HUHI BiIOMO JIMIIE JCKiTbKa PEYOBUH,
10 e()eKTUBHO CYyOOIMHUYHO-BUOIPKOBO MOy~
JOIOTH POOOTY TINIMMHOBUX penenTopis [13].
OxkpeMoi yBaru 3aciyroBy€e BUBUCHHS Me-
XaHI13MIB i1 MOJYJIIOBaJbHUX IMpenapaTis
Ha TJINWHOBI peUenTOpU Ta BCTAHOBICHHS

E
MKMOb/A

1000

10 100

6

Puc. 3. Ammikariist TiHKroJeBoi KUCIOTH CHPUYHMHIOE 3CYB KPHBHX KOHIIEHTPAIIMHOT 3aJI€KHOCTI JUTS TIIIIMHY BIIBO:
a— penpe3eHTaTHBHI CTPyMH, iHAyKoBaHi aruikaiiero 30, 100 Ta 1000 MKMOITB/J DTIIUHY B KOHTPOJTI (371iBa) Ta MiCIIs aruTikarii

3 MKMOJIB/JT TIHKTOJICBOT KUCIIOTH (CTIpaBa);

0 — KyMyJISITHBHI KPHBI 3aJI€KHOCTI aMIUTITYI CTPYMY Bijl KOHIIEHTpAIi] alTiKOBAaHOTO TJIIMHY B KOHTPOJI (YOpHI KBapaTH)
Ta IMICIIS aIuTiKaIii 3 MKMOJIB/JT TIHKT0JICBOT KHCIIOTH (ITYCTi KPY>KEUKH)
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aMIHOKHMCJIOTHUX 3aJUIIKiB, IO € KIIOUYOBUMHU
IS B3a€MOJIl peuentopa i3 Ti€0 4M 1HILOIO
peuoBuHo0. [lo-nepire, e 1actp 3MoOry BCTa-
HOBUTH TPHHITUAI il (papMaKOJOTIYHUX arcH-
TiB Ta mependadnuTH iX MOKJIMBUM BILUTUB Ha
pi3Hi cyOOAMHHIII TTIUHOBOTO PEIENTOopa;
Mo-JApyre — Kpamie 3p03yMIiTH MOJICKYJISAPHY
¢i310J10T110 TIIIMHOBOTO pELENTopa, poib OK-
peMHX PETiOHIB Ta aMiHOKHCIOTHUX 3aJTHIIKIB
y Horo ¢pyHKIIIOHyBaHHi.

AminokucaoTHHE 3anumok A52!) pos-
MINIEHUH y 30BHINIHBOKJIITHHHOMY JIOMEHI,
Oepe y4yacTh y B3aemMoii ol-riailfHHOBOTO
peuentopa 3 eranonom [17]. byno mokazano,
0 TpU 3JIACHEHHI aMiHOKUCIOTHOI 3aMiHH
B ol-cybomuuunmi (komu ama”iH 52 3aMilieHo
Ha XapakTepHUH 11 o2 cepuH) e(eKTUBHICTD
Nii eTaHoJNy Ha ol-pementopu 3HUKYBajach
[17]. Lle nae MOXJIUBICTh HPHUIYCTHTH, IO
AS52 3agisna y ¢opMyBaHHI OJHOTO 3 CauTiB
3B’s3yBaHHs eTaHony. lli3Hime cramo Bigomo,
mo 3aaumku S267 ta A288, po3mimeHi B
nomenax TM2 ta TM3 BianOBiHO, TAKOX BILIM-
BAaIOTh HAa B32€EMOJII0 €TAHOJNY 3 TJIIHHOBUM
penenTopom, iMOBipHO, POPMYIOUH 1HIIHUH CalT
3B’s13yBaHHs [20].

s TM2- ta TM3-g0MeHIB TIIIIHHOBO-
ro peuentopa xapakTepHa BUCOKAa KOHCEpBa-
THUBHICTHE. AMIHOKHCIOTHI MOCHIZOBHOCTI
al- Ta 02-cy0OqUHUID BIIPI3HAKOTHCS JIHUIIE
3a ABOMA MO3ULISIMU: OJHUM aMiHOKHCIOTHUM
sanmumkoM y TM2 ta onanm y TM3. OgHak i
NIBi BIIMIHHOCTI € MPUYMUHOIO TOTO, IO ol- Ta
02-cyOOnIMHUII TTO-Pi3HOMY BIAMOBIZAIOTH HA
JIIF0 JICKUIBKOX 010aKTMBHHUX pe4yoBuH [14, 16,
17, 21].

TM2-n10MeH KOKHOT cyOoJuHHULI Oepe y4acTb
y popMyBaHHI i0OHHOTO KaHaIy perenrtopa [22].
Byno moxazaHo, 1m0 aMiHOKHCIOTHUH 3aju-
OK, KOTPUH 3HAXOAUTHCS y TO3UIIiil 254 Ta €
BIIMIHHUM JJ1s1 0.1 - Ta 02-CyOOAMHUIIL BU3HAYAE
OCHOBHHMH cTaH MPOBiJHOCTI KaHany. 3amiHa
rIinuHy B ol Ha anaHid (XapakTepHUd 1uist o)

U TyT i mani aMiHOKMCIOTHI 3JIMIIKKM TPOHYMEPOBAHO

3T1IHO 3 aMIHOKHCIOTHOO ITOCITIIOBHICTIO 0L -TIIIIMHOBOTO
peuenTopa.

24

CHPHUYMHIOE MOSIBY HOBOT MPOBIAHOCTI, 10 3a-
3BUYAl BlIaCTHBA JIUIIIC KaHAJIaM, CPOPMOBAHUM
02-cybonmuuisamu [23]. AHamoriyHa 3aMiHa
MPU3BOJIUTH JI0 HEUYTIIMBOCTI 0.1 -perenTopis 10
OokaTtopa numanotTpudeninoopary. [14].
®itokanabinoin A°-rerpariapoxanabinon,
IO € TOJIOBHUM TICUXOaKTUBHUM KOMITOHEHTOM
MapHuXyaHH, 3JaTeH 0e3MocepelHbO B3aEMO-
TiSITH 3 TIIIHHOBUMH PEIENTOPaMU, CIIPUSIOUH
MiABUIIEHHIO aMIIITyAu CTPYMY, OIIOCEpe-
koBaHoro al- Ta a3-cybonmaumsamu [16]. Io-
TeHIliamisa a2-cy0oAuHuUIll OyJia MEHIII ICKPaBO
BUpaxeHa. Xiong Ta cniBpoOiTHUKK y 2011
p. MoKa3alu, 10 BaXJUBY poib y cybonu-
HUYHIH BHOIPKOBOCTI MOTEHIIIFOFOYOT aii AS-
TeTparigpokanabinony Bimirpae TM3-momeH,
a 3okpema cepuH 296 (al) ta cepun 307 (a3),
KOoTpi Ha BigMiny Bij ananiny 303 (02) 3xartHi
(dbopMyBaTH riIpoKCHIbHIH 3B’ 530K 13 OH-rpy-
nolo0 TeTparigpokanabinony. MMosipHo, Taka
B3a€MO/Iisl € TOJIOBHOIO MPUYUHOK MTO3UTUBHOI
Moysnii al- Ta a3-TIMUHOBUX pPEIenTopiB
mix giero A°-terparigpokanabinony [16].
Yevenes and Zeilhofer [18] mpoaemonc-
TpyBajy, L0 JHIIE KOMOiHALisl TPhOX aMiHO-
kuciaoTHUX 3aMiH T59A/A261G/A303S y
0.2-TITIIMHOBOMY pEIeNTopi HajaBata HoMy 4yT-
JIUBOCTI JO MOTEHII0090i mii N-apaximoHoi-
rninuay. Oguanadi myTamii A261G, T59A, Tak
caMo, sIK 1 MOJBiifHa MyTalis He Oynu 37aTHI
3MIHUTH peaKIiio 0.2-pelenTopiB Ha arIiKalio
N-apaxigoHOiN-TIinuHy. 3Ba)kalouu Ha MOJi0-
HICTh CYyOOAMHUYHO-BHOIPKOBOT'O BILJIUBY TiH-
KTroJIeBOT KHCIOTH Ta N-apaxiTOHOII-TIIIMUHY
Ha TJIIIWHOBI PEHENnTOpHr Ta iX HaJEKHICTh 10
KJIacy OpraHiYHUX KUCIOT HaMH OYJI0 BUCYHYTO
NPUNYNIEHHS N[00 CIiBMAJiHHSA CallTiB X
B3A€MOJIT 3 TITIMHOBUM PELENTOPOM.
MyTtamis T59A/A261G/A303S, ska me-
penbayae 3aMiHy TPHOX aMiHOKHCIIOT y 02-Cy-
OOJAMHUIII HA BIANMOBIAHI aMIHOKHUCIOTH 3
ol-cyOonunuIli, Haias€ 02-TIIIUHOBI perer-
TOPU 3JaTHICTIO MOTEHI[IFOBATHCS MiJ J1€10
TiIHKTOJIeBOT KHCIOTH. TakuM YMHOM, HaMH
Oy10 BCTaHOBIJIEHO aMiHOKHCIIOTHI 3aJWIIKH,
BIATIOBIMaJIbHI 3a B3aeMOMil0 o l-perenTopin
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13 TIHKTOJEBOIO KHMCJIOTOIO, IO 30IraroThes 13
caiiToM B3aeMoaii perientopa i3 N-apaxigoHoin-
rmnuHOM. [luTaHHS Ipo Te, IKMM came YIHOM IIi
aMiHOKHCIIOTH 0e31MocepeIHh0 BU3HAYAOTh YU
BIUTMBAIOTH Ha MicIle B3aeMoii ol -cybonmHuIIi
13 MOJAYJNIOBAJIbHUMHU PEUOBHHAMH, BUMArae
[MOJAJbIINX JOCIIIKEHbD.

AMIHOKHCIOTH, Ha BHUBUYCHHI SIKUX Oyna
cpokycoBaHa Halla yBara, BilirparoTh Bax-
TUBY polib Y popMyBaHHI caliTiB B3aeMomii
TJIIIIHMHOBOTO pEIenTopa i3 MOAYIATOpaMHu
[14, 16 — 18, 21]. Brnepue AeMOHCTPYIOYHU
aMIHOKHCIOTHI 3aJHIIKH, 1[0 HEOOX1AHI JId
MO3UTUBHOI MOAYJIIALIT 0] -TIIIIUHOBHUX peler-
TOPiB T1HKTOJIEBOIO KUCIIOTOIO, MH Ti ITBEPIUITH
MIPOBITHE 3HAYCHHS aMiHOKucIoT AS52/G254/
S296 nns moTeHIiaIii rIiMUHOBUX PEIEIITOPIB.
BcTaHOBIICHHS! TPUHIUITIB MOJIYJISIIIT TITiIH-
HOBHX PEIIENTOPIB Ta MEXaHi3MiB 1X B3aeMOJIil
3 (apMaKoJOTIYHOAKTUBHUMHU PEYOBUHAMH
€ BaXIIMBHAM TSI KPamoro po3yMiHHA (QYHK-
IIIOHYBaHHS peIeNnTopa Ta HEOOXiTHUM IS
PO3pOOKH JIIKIB, sIKI MOTJIM OU 3aCTOCOBYBAaTHCh
K BUCOKO crienudivHa Teparis rinepruiexcii.

I'.B. Maneesal?, C. H. Byagakosal, I'. I'. Ckuéo?,
I1. JI. BpesxkecToBckmii!

AMUHOKHUCJIOTHBIE OCTATKHA
OTBETCTBEHHBIE 3A B3AUMOJENCTBUE

o1-TJIMIIAHOBBIX PELIENTOPOB C
IT'MHKI'OJIEBOU KUCJIOTOM

Panee Hamu ObLIO MOKa3aHO, YTO TMHKIOJIEBas KHCJIOTA
o0nazaer crocoOHOCThIO U30MPATENFHO MOTEHIMUPOBATH
TOKH, ONOCpPeAOBaHHbIE 01-CyObeAMHUIIAMH TIMIIUHOBOTO
peuenTopa. CieayIoIuM IaroM cTajio NpoBeICHUE CPABHU-
TEJIHHOTO aHAJIM3a AMUHOKHUCIIOTHBIX MOCIIEI0BATEIbHOCTEH
ol- 1 02-CyObeIUHHMIL ST ONPEACIICHIST aMHHOKHCIOTHBIX
OCTATKOB, KOTOPBIE MOT'YT OBITH OTBETCTBEHHBI 32 Pa3IHUHs
B JICHCTBUU TMHKIOJICBOW KHUCJIOTBHI Ha 3TH peuentopsl. C
UCIIOJIB30BAHUEM MeTona patch-clamp B KOHGUTypaLuu
«IieNasi KJICTKa» HaMH ObUIO MPOJEMOHCTPUPOBAHO, YTO
MyTalusi TPeX aMHHOKHCIOTHBIX ocTaTkoB TS59/A261/
A303 B 02-cyObenuHuUIIe, HA COOTBETCTBYIOIINE UM U3 o.l-
CyOBeIMHUIIBI, JIeTaeT 02-pelenTopbl YyBCTBUTEIbHBIMU
K TMOTCHIHUUPYIOMIEMY BJIMSHHIO THHKTOJICBOW KHUCIOTHI.
AMIUTUTY/1a TOKOB, OMOCPEAOBAHHBIX 02-MYTaHTHBIMU
perenTopamMmu, Mocie anmInKaliid THHKIOJICBOU KHCIOTHI
yBennumiuch Ha 89+14%. Tax ke, kak 1 1714 0.1 -perentopos,
JUIS 0.2-MyTaHTHBIX PELETITOPOB OBUIO XapaKTePHBIM CHIIKE-
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HHe 1oy GEKTUBHON 03Bl JUIs TIMIUHA [10]] ACHCTBHEM
T'MHKIOJIeBON KUCIOTBI. TakuMm 00pa3oM, CyObeIMHUYHAS
H36HpaTeHl>HOCTb ﬂeﬁCTBHﬂ FHHKFOHCBOﬁ KHCJIOTHI CBsI3aHa
C TpEMA aMHUHOKUCJIOTHBIMH OCTaTKaMH, pasIMYHBIMHA JJId
al- 1 02-cyObeIMHUI] TUIMHOBOTO PeLenTopa.

KitoueBble c10Ba: INIMLMHOBBIM peLeNnTop; I'MHKIroJeBas
KHUCJIOTa; MOHHBIC TOKH; patch-clamp; ToueyHble MyTaluy.

G. Maleeval2, S. Buldakova!, G. Skibo?,
P. Bregestovski!

AMINOACID RESIDUES INVOLVED IN
POSITIVE MODULATION OF al GLYCINE
RECEPTORS BY GINKGOLIC ACID

Previously, we have shown that ginkgolic acid has an ability
to potentiate currents, mediated by al subunits of glycine
receptor. In order to define the mechanism of subunit specific
action of ginkgolic acid we have performed comparative
analysis of the amino acid sequences of a1 and 02 subunits of
glycine receptor. Amino acids that contribute to the different
action of ginkgolic acid on glycine receptors formed by these
subunits were determined. Using whole-cell configuration of
patch-clamp recording, we have demonstrated that mutation
of three residues in a2 subunit for corresponding ones from
a1l subunit makes 0.2 receptors sensitive to the potentiation by
ginkgolic acid. Currents, mediated by a2 mutant receptors,
increased by 89+14% after application of ginkgolic acid.
Similarly to al receptors 02 mutant receptors have shown
a decrease in EC;, for glycine under the action of ginkgolic
acid. Thus, subunit selectivity of the ginkgolic acid is in strong
connection with three amino acid residues that are different in
al and a2 subunits of glycine receptor.

Key words: glycine receptor; ginkgolic acid; ionic currents;
patch-clamp; point mutations.

!Institute de Neurosciences des Systemes, INSERM UMR
1106, Aix-Marseille Université, France ;
’Bogomoletz Institute of Physiology, NAS of Ukraine, Kyiv.
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Kagikc[4]apeHu Ik MOOYJIATOPH €HEPro3aJjiesKHol
akymyasauii Ca?* ta pynkuionysanus
€JIEKTPOHHO-TPAHCIOPTHOIO JIAHIIOT A

B MITOXOHAPIAX INIAAEeHbKOI0 M’s13a

I'.B. Janmiosuy', F0.B. Janunosu4a!, P.B. Poaik?, B.I. Kaasuenko?, O.FO. YUynixin!

Iuemumym 6ioximii im. O.B. Iannadina HAH Yxpainu, Kuis; *Incmumym opeaniunoi ximii HAH
Yrpainu, Kuis; e-mail: danylovych@biochem.kiev.ua; vik@bpci.kiev.ua

Bugueno enius cynpamonekyiapHux MakpoyukiivHux cnoayk xauixc[4Japenie (C-97, C-99, C-107)
y konyenmpayii 100 nmonv/n na npoyec enepzosanexcrnozo mpancnopmy Ca’" ¢ izonvosanux
MIMOXOHOPIAX 21A0EHbKO20 M A3A, A MAKONC Aymo@uyopecyerHyito MimoxoHOpIialbHUX KOeH3UMig
nikomunamioadeninounyxkiepmuoy (HAAJH) ma ¢rasinadeninounykieomudy (@A) i ciopoounamiunuti
Oiamemp yux opeanen. I3 euxopucmannam Ca’"-uymnueoco gayopecyenmnozo 6apenuxa Fluo-4 AM
noxasano, wo eubpani kanikc[4]apenu npuenivyiomo enepeosanexcny axymyrayio Ca’* mimoxonopismu.
Haxonuuenns Ca’* (80 mxmonv/n 6 cepedosuiyi) cynpoeoosucyemvcs 3pOCMaHHAM (ryopecyeHmuoi
610n06i0i 30n0a 0o 1,57+0,04 6ion. 00. 3a 0ii kanixe '[4]apenie C-97, C-99, C-107 ¢hnyopecyenmuuii cuernan
3HUMHCY8aBCs 00 3Hauens 0,88%0,08, 0,92+0,08 ma 0, 78%0,04 6ioH. 00. sionosiono. Omaice, 6ubpari kanixc[4]
apenu npu3zeo0smes 00 6USITbHEHHS NONEPeOHbO aKyMYTbo6arno2o mimoxondpismu Ca’t. 3a 0ii C-97 ma
C-99 ¢nyopecyenmnuii cuenan 6io0 HAH 3uuscyemocs 0o -0,11+0,02 ma -0, 12+0,02 8ioH. 00. 8i0n06ioHo
w000 KOHMpoabHo2o 3Hauenns - -0,05+0,01 6ion. 00. Ananiz gayopecyenmnoi sionosioi HAH ma DAJ]
V CycneHsii i301608aHUX MIMOXOHOPILL C8IOUUMb, WO BNAUE OOCTIONCYBAHUX CHONYK HA (YHKYIOHATbHY
AKMUBHICMb €1eKMPOHHO-MPAHCNOPMHO20 JAHYI02Ad NO8 A3AHUL I3 NOYAMKOSUM CIUMYIIO8AHHIAM
axmuenocmi I komniexcy ma nacmynnum npuenivennam Ca®*-sanesicnux HAJ-emicrux deziopozenas yuruy
Kpebca. Pazom 3 yum uKOpucmants Memooy (pomonHoi KopersayiiHol cnekmpockonii Ons OYiHKY 3MiHU
00 €My MimoxoHOpill (ixHb020 2i0pOOUHaAMIuHO20 diamempa) 3a Oii ubpanux kanixc[4]apenise nokasano, wo
empyuans 8 pooomy eneKmpoHHO-MPAHCIOPMHO0 TAHYI02A NPUIEO0UMb 00 3MIH OCMOMUUHO20 OANAHCY
MIDHC MAMPUKCOM MIMOXOHOPILL | 3068HIUHIM cepedosulyem, HACTIOKOM 4020 € 3DOCHAHHS 00 '€MY 1301bOBAHUX
opeanen. 3oxkpema, 3a npucymuocmi C-97 2iopoounamiunuil diamemp Mimoxonopii spocmas na 22+6 %,
a C-99 — na 34+8%. Omaxce, 00epoicari pe3yivmamu c8iouams npo OOYIIbHICHb NOOAILUUX OOCTIONCEHD
enausy xanixe[4]apenie na Ca’*-2omeocmas ma 6ioenepeemuxy Mimoxonopiii Kaimun 21a0eHbKux M 's3i6
07151 HOULYKY eqeKmuUHUX MOOUDIKamopis ixHbol YyHKYIOHATbHOT aKMUBHOCHII.

Kniouosi cnosa: mimoxonopii; enexmpouno-mpancnopmuuii nanyroe; mpancnopm Ca’*; anadenvki m’sazu.

I0YH BOXKIUBY POJIb IIUX OpPTaHeN B MiATPUMAaHHI
Ca®'-romeocrasy KIITHH I1aieHbKHX M’ 318 [1-3].

EnexTpoximMiuHUI TOTEHIlial Ha BHYTPIIIHINA
MITOXOH/IpialbHii MeMOpaHi € PeryiasaTopom
TaKUX KIIOYOBUX CTPYKTYp ik ATD-cunTasza ra
rmopa nepexiHoI MPOBITHOCTI, a HOTO BeTMYHHA
BKa3ye Ha e(pEeKTHUBHICTh (YHKIIOHYBaHHS
MUXABHOTO JIAHITIoTa. ENeKkTpruaHuil moTeH i
MITOXOHIIpPiHl peryioe JokKadi3oBaHI B Hil
KaTiOH-TPAHCTIOPTYBATbHI CHCTEMH, 3YMOBITIO-

l'enepamis moreHmiamy MiTOXOHApPiaTbHOI
MeMOpaHu 3a0€e3Meuy€eThCs KOMIJIEKCAMHU
I — IV nuxanbHOTO JIaHIIOTA, @ TEPBUHHUMU
MEPEHOCHUKAMH €JIEKTPOHIB MPHU OKHCHIOBAIb-
HOMYy (ochopuiiroBaHHI € KOCH3UMHU HIKOTHU-
HamiganeHinaunykieorun (HAJH) ra ¢aa-
BiHAJICHIHAMHYKICOTH]] (<DAI[H2). Ix okucHen-
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HS Yy MITOXOHJAPiaJlbHOMY €JIEKTPOHHO-TPaHC-
MOPTHOMY JIaHII031 MPU3BOIUTD A0 TPAHCIOKA-
uii mportoniB yepe3 kommuekcu I, III Ta IV
BHYTPIIIHHOT MEMOPAHU 3 MATPUKCY Y MIDKMEM-
OpaHHHH TPOCTIpP, a IPOTOHHUHN TPaIIEHT Pa3oM
3 AJ1® KOHTPONIOIOTH MBUIKICTh cuHTE3y ATD
MiTOXOHApisiMH. [lopymeHHS! TUXaHHS MITOXOH-
Ipiii BimoOpakaeTbcsl B 3MiHaX pelOKC-CTaHy
MipUAXHOBOTO Ta (hIaBiHOBOTO HYKJICOTHIIIB.
TaxuM 4MHOM, CITIBBIJHOILIEHHS OKMCHEHOI Ta
sinnosienoi popm HAJIH ta ®AJIH, € mokas-
HUKOM OioeHepreTuku mitoxonpid. HAJIH ra
okucnena popma ®AJIH, — ®AJl BonoAiOTH
BJIACHOIO (pIyopeceHi€to, 3MiHH K0T MOXKYTh
BimoOpakaTH peJoKC-CTaH BHYTPINTHBOMITO-
XOHJIpiadbHUX aJeHIHOBHX HYKJIEOTHJIB, a,
oTXe, OyTH MapkepoM (QyHKIIIOHATHLHOI aKTHB-
HOCTI MiTOXOHIpiH [4,5].

3pocTanns koHnentpanii Ca’>" B marpukci,
nepeayciM 3a paxyHOK CTUMYJSLIi Horo TpaH-
ciopry Ca’"-yninoprepom, mo QyHKIiOHYy€
AK eJeKTpodopeTUYHa cUcTeMa, CyHpOBO-
IKYETHCSI aKTHBAII€I0 MITOXOHIPialbHUX
nerigporeHas (mipyBaTaerigporeHa3Hul KOMI-
nexc ta HAJl-BMicHI gerigporeHasu LHKIY
Kpebca, 30kpemMa o-KeToriayTaparierigporeHasa
Ta i3omuTpataerigporenasa) [6]. Orxe, 3Mi-
HU KoHUeHTpaniii Ca’" B MITOXOHJIPisAX 3a
i AK €HJOTSHHHUX, TaK 1 €K30T€HHUX MOJH-
¢dikaTopiB (B TOMy umcii (apMaKoJOTTUHUX
areHTiB), € CYTTEBUM YMHHUKOM BILUIMBY Ha
(GyHKLIIOHYBaHHS €IEKTPOHHO-TPAHCTIOPTHOTO
naHoiora. Tomy momyk pedoBHH, SKi 37aTHI
3MiHIOBaTH KoHneHTpaniro Ca’" B maTpukci
MITOXOHIPIN KIITHH TJIaICeHBKUX M’ SI31B, IO
MalTh BUpIIIaIbHE 3HAYCHHS Yy 3a0e3MeuyeHH1
(yHKLIIOHYBaHHS BHYTPILIHIX OpraHiB, i, BiJl-
MOBIJIHO, IHTEHCUBHICTh POOOTH €IEKTPOHHO-
TPaHCIIOPTHOTO JIAHIIOTA, € BaXKJIMUBOIO IPO-
05eMo10 cy4acHOI MOJEKyIsapHOi ¢izionorii i
Oioximii.

VY GioxiMiyHHX 1 (i310JOTIYHUX TOCHTIJ-
JKEHHSAX OCTaHHIX POKiB 3HayHa yBara HmpHii-
JISIETHCSI CYTIPaAMOJIEKYJIIPHIM MaKpOLUKI YHUM
crionykam — Kaiikc[4]apenawm, a came ix 31at-
HOCTI MOOyJIOBaTH mepedir KaTioH-TpaHC-
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NOPTYBaJIbHHUX MPOLECIB B CYOKIITHHHHUX
CTpyKTypax [7]. Y moiie Hamoro 30py yBiimin
kaiikc[4]aperan — C-97, C-99, C-107, sxi mo-
KyTh BIUTUBATH AK HA MOTEHIAJ IJIa3MaJieMH,
y 3B’sI3Ky 3 ya0aiHOMOJAIOHUM 1HIIOYBaHHSIM
Na',K*-AT®a3H01 aKTUBHOCTI, TaK i Ha MOTEH-
niaJ BHYTPIIIHbOT MeMOpaHU MITOXOHIAPiH
KJIITUH TJIaJICHbKOTO M 132 MaTKH (MiOMETPis).
Bubpani kanmikc[4]apeHn B KOHIEHTPAIiIX
50-100 HMONB/T BHKJHKAIU ACMOJSIpHU3a-
IiI0 Maa3MalieMd MIOMHUTIB Ta TPaH3I€HTHY
(5-10 xB) rimeproJssipu3anio BHYTPIIIHbOT
MITOXOHJIpialibHOT MeMOpaHnu [8].

Metor poboTu OyJi0 MOCHIKEHHS BILIH-
By kamnikc[4]apeniB — C-97, C-99, C-107 Ha
eHeprosanexny akymynaniro Ca’" ta 3minu
ayTodayopecreHnii mipuanHoBoTo Ta (ia-
BIHOBOI'0 aJICHIHIUHYKJICOTH/IIB B 130JIbOBAHUX
MITOXOHJIPISIX TIaJ€HBKOTO M’ 5132 MATKH IIYPIB.

METOJAUKA

Ooepoicanns pparxyii MimoxoHOpit MIOMempisi.
[Ipenapat i301b0BaHUX MITOXOHIPIH OAEPXKY-
BaJIM 13 MiOMETpisl HEBariTHUX ILYpPiB 3a J1OMO-
MOTO0 AU epeHIiHHOT0 IIeHTPUPyTyBaHHS [9].
HapxoTu3amiro mypiB BUKJIUKAIN 1HTAJSAIIE€I0
JETHIIOBOTO eipy, MICIIs 4OTO IX JIEKAIiTyBaJIH.
JloTpuMyBaluCh yCciX BUMOT I0A0 POOOTH 3
nabopatopaumu TBapuHamu (MixxHapoaHa
kouBeHuis, CtpacOypr, 1986). Ilicns Buaa-
JICHHS MaTKH 1 OYHWINEHHS il Big *XKHUpPOBOI Ta
CIIOJIy4HOI TKaHMHM, IIpernapaTr TpUMaiIu y
0,9 %-my po3uuni NaCl. Miomerpiii noapi0-
HIOBAJIM HOXHUISIMH Ha NIMAaTOYKU PO3MIpOM
NpUOIN3HO 2X2 MM, SIKi IEpeHOCHITN Y poOoumii
po3uuH 3 Temneparypoio 4 °C HacTymHOTO
ckaany (mmons/n): 10-HEPES (pH 7,4),
250-mykpo3a, 1-EI'TO. TkaauHy mOApH 3a
JOTIOMOTO0I0 ToMoreHi3aropy tumy «IlomxiTpon»
Tpuui mo 20 ¢ i3 OXOJOJUKECHHSIM Ha JbOAY
npoTsroM 1 XB, CHiBBiJHOLICHHS TKAaHHHA :
pobouuii po3uun cknagana 1 : 9. 'omoreHar
HeHTpUPYyTYBaIH mpoTsAroM 15 xB npu 1 THC.
g 3a 4 °C. CymepHaTaHT HMEeHTPpUPYTyBaIU
npotsarom 15 xB mpu 12 tuc. g 3a 4 °C. Ocag
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pecycreHayBaiu y poOo4oMy pPO34YuHI CKIaTy
(Mmmons/n): 10-HEPES (pH 7,4), 250 — ykpo3a.
3HOBY LEHTpU(YTyBadu MpoTsIroM 15 xB mpu
12 Ttuc. g 3a 4 °C. BopoaoBX €KCHEPUMEHTY
omepkaHy (DpaxIito 130Jb0BAaHUX MITOXOHIPiit
30epiranu Ha Jboay. BusHavanu Bmict Oinka y
¢dpakitii MITOXOH/Pil 3a CTAHAAPTHUM METOI0M
Bradford [10]. Cepenne #ioro 3HaueHHs O0yJio 2
Mr/MII, a B Ipo6i — 50 MKr/MmiI.

IIpoyedypa nasanmasicenns MimoxoHopi
¢ayopecyenmuum 3onoom Fluo-4 AM. HaBan-
TaXCHHS MITOXOHApiK 30HA0M Fluo-4 AM
B KOHLEHTpamii 2 MKMOJIb/JI NPOBOAUIH Y
cepenoBuii, sike mictuiio 10 mmons/n1 HEPES
(pH 7,4, 37 °C), 250 mmonb/n nykpo3su, 0,1 %
Ou4yayuil CHpOBATKOBUH aidbOyMiH, POTATOM
30 xB mpu 37 °C. Jlms mokpameHHs TpoIecy
HaBaHTa)XCHHS 3MilyBanu 6apBHHK 13 Pluronic
F-127 (0,02 %) [11].

Hocnioocenuss emicmy ionizosanozo Ca
68 MIMOXOHOPIAX i3 GUKOPUCTAHHAM Memody
npomoxosoi yumogryopumempii. BigHocHi
3padeHHsa BMicTy Ca’" B MaTpHKCi MiTOXOHJ-
piii, HaBanTaxxenux Fluo-4 AM, peectpyBanu
3a JTOMOMOTOI0 METOAY HPOTOKOBOI IHUTO-
¢nyopumeTpii Ha TPOTOKOBOMY LUTOMETPi
COULTER EPICS XLTM (Beckman Coulter,
CIIA) 3 apronosum nazepom (A, = 488 HMm,
qu_ = 520 um, xanan Fll; mporpamue 3a-
oesmeuenuss SYSTEM IITM Software; “Beck-
man Coulter”, CIIIA). BukopucroByBanu
pobouuii IPOTOKON aHaNizy 3pa3KiB, AKUU
OyB CTBOpPEHHH JJIs XapaKTePUCTUKHU (Ppakilii
130JIbOBAHUX MITOXOHAPiH MiomeTpis. [Tomii mst
aHaJli3y oOupany BBEeJACHHSAM JIOTIYHOTO oOMe-
KEHHS 3a MapaMeTpamMH OiYHOTr'0 Ta MPSIMOTO
cBiTiopo3citoBants (SS Ta FS) B mpoTokon
MPOTOKOBOTr0 HUTO(IyopuMeTpa. AHami3 npod
MpUNAHSUITH 32 yMoBH peectpartii 10000 momiii B
MekaxX BUAIICHOT qinssHku. CepeoBHIIE, 3 TKO-
ro 3A1HCHIOBAIACH EHEPTO3aTIeKHA aKyMY SIS
Ca?" miToxoHapisMu, Majo ckiaz (06°em 2 mi,
mMmodnw/n): 20-HEPES (pH 7.4, 37 °C), 250-
nyKpo3sa, 2—kaniii-pocdaruuit 6ydep (pH 7,4,
37°C), 3-MgCl,, 3-AT®, 5-cyKumHar Harpiro,
KOHIICHTpaIlis Ca?" cranoBmia 80 MKMOJB/II.
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Eneproszanexny akymynsuito Ca’" nposouin
IpoTAroM 5 XB. Bennuuny ¢uyopeceHTHO1 Bij-
MOBii HABOAWIIM Y BiIHOCHUX OJUHHIIAX K F/
F , ne F —novatkoswuii pieeHb (iryopecuenuii,
F — dbnyopecrieHTHHN CHUTHAN MiCIs BHECEHHS
JIIOYMX PEUOBHH.

Peecmpayis pryopecyenyii HAJJTH ma ®AJ]
68 MIMOXOHOPIAX I3 GUKOPUCMAHHAM Memoody
cnexmpodghayopumempii. Peectpanito BigHOC-
HUX 3Ha4eHb PiBHA BiIacHOi (uryopecueHIii
HAJH (A,; = 350 am, qu. =450 am) ta DAL
(A5 = 450 uwm, qu_ = 533 um) y ¢pakmii
MITOXOHIPiH MiOoMeTpis AOCHIAXKYBalH i3
BUKOPUCTaHHSAM (DIIyOPUMETPUUYHOTO METOAY
Ha crnekTpodayopumeTpi Quanta Master 40
PTI (Kamama) i3 mporpaMHHUM 3a0e3MedeH-
M FelixGX 4.1.0.3096. JlocaimkeHHS TIPO-
BOJMJIN B CEPEJIOBHINI HACTYMHOTO CKJIany
(06’em 2 mu, mmoun/n): 20—Hepes (pH 7,4,
37 °C), 2-K*-¢pocarunii 6ypep (pH 7,4, 37 °C),
120-KCl, 5—nmipyBaTt HaTpito, S—CyKUHHAT
HaTpito, amikBora (100 MKJI) MITOXOHApPiH
¢bpaxmii mictuma 100 mMxr Ginka. BigHocHI
onunuii ¢uyopecueniii Bigx HAJIH ta ®A]J]
pospaxoByBanu sk BigHomenus (F-F))/F,, ne
F, — mouaTkoBuil QyyopecueHTHUN CUTHAI,
F — ¢dunyopecueHTHHil curHam 3a BiAMOBiAHI
MPOMIXKKH 4yacy. B excrepumMeHTax 11040 BIUIH-
BY POTCHOHY, aHTUMILIMHY BPaxOBYBaJH BIaCHY
(GIyopecIeHIII 0 IMX PEYOBHH.

Busnauenns eiopoounamiunoeo diamempa
MimoxonOpii. 3HAaYEeHHS T1APOAMHAMIYHOTO
JiaMeTpa MITOXOHJIPii OI[iHFOBAIX 3a JIOITOMO-
rOI0 JIa3€PHOT0 KOPEJSALIHHOr0 CIIeKTpOMeTpa
ZetaSizer-3 (Malvern Instruments, Benanka
Bputanist) 3 o0unciIOBaIBHUM OJIOKOM-KOpe-
nsTopoM mapku Computing correlator type
7032 Ta renili-neoHoBum nazepom JII'H-111 i3
A =633 um i noryxHictio 25 MBT. Peectpariiro
ABTOKOPEJAIHHOI QPyHKITIT pO3CIIOBAHOTO Bif
cycneH311 MiTOXOH/Pil Ja3epHOTO OIIPOMIHEHHS
MpOBOIWIHM MTPOTsiroM 1 xB, 10-pa3zoBo, mijg KyToM
po3citoBanHsa 90°. ABTOKOpenAUiiiHy QyHKIiIO
00po0JISLIIH 32 JOIIOMOT'O0 CTaHAAPTHOI KOMII ' F0-
tepHoi mporpamu PCS-Size mode v 1.61. Cxnag
cepenoBuIna iHKyOamii (1 Mur) Binmosizas omu-
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CaHOMY BHWINE JJIsi BUBYEHHS (uyopecleHmii
HYKJIEOTHiB. ANIIKBOTa MITOXOHIpialbHOT
¢dpakuii 6yma 50 Mk, oo Bignmosigamo 50 MKT
3a O1JIKOM.

Koxuuit ekcnmepumeHTanbHuil rpadixk,
KOTpPUH HABEJECHO B CTATTi, SABJISAB c0o0OIO
TUIOBUN pe3ylbTaT, MO BiATBOPIOBAaBCA 5
pasiB. CTaTHCTUYHUN aHalli3 OTPUMAHHUX pe-
3yJbTaTiB IPOBOAMIIH 3 BUKOPUCTAHHSM MTAKETY
cragmaptaux nporpam IBM PC, 3actocoByroun
3araipHOBimoMi metoau [12] i1 xputepiit t
CThlO/IeHTA.

CunTte3yBanu KanikcapeH(ocHOHOBI KUCIO-
™ C-97 (5-6ic(aurizpokcudochopuin)mMeTui-
25,27-nunponokcukainikc[4]apen, C-99 (5,17-
Oic(murigpokcudocdhorimmeTnnomn)-25,27-1u-
nponokcukaiikc[4]apen, C-107 (5,17-gu(doc-
¢dono-2-nipuaunmerni)amino- 11,23-mu-tper-0y-
THIT-26,2 8- TUTiAPOKCHU-5,2 7- TUTIPOTIOKCHUKATIKC[ 4 |
apeH) y Binmim ximii pocdopaniB IHcTUTYTY
opraniynoi XimMii HAH Ykpainau mig kepiBHUIITBOM
yneH-kop. HAH Vkpainu Kanpuenka B.1.

Kanikc[4]apenu pozuunsiau B IMCO.
[Ipu mpoBeneHHI €KCIEePUMEHTIB KOHTPOJIEM
CJIYTyBaji0O BHECEHHS aliKBOTH PO3YMHHUKA 10
cepenoBHINa iHKyOarrii.

B po6oti Oynu BUKOpHCTaHi HACTYIHI peak-
tuBu: HEPES, numeruncynsdpokcun (IAMCO),
nipyBar HaTpilo, CyKIMHAT HATpiio, IYKPO3a,
AT®, BupobHuursa ¢ipmu «Sigma» (CILIA),
Fluo-4 AM, Pluronic F-127 — «Invitrogen»
(CIA), 6uuaumii cupOBaTKOBUU anbOyMiH,
MiHepadbHI COJII BITIN3HSIHOTO BHPOOHMIITBA.

Puc.1. CtpykrypHi hopMyan DOCTIIKyBaHUX KaJlikc[4 |apeHiB

30

Po3uunu roryBanu Ha OiIMCTHIBOBAaHIN BOMI,
sTKa MaJjia TUTOMY €JIeKTPOIPOBIIHICTh HE OiJTb-
me Hixk 2,0 MkCM/cM. ExexTponpoBiTHICTE BOIU
peecTpyBalu 3a JOMOMOTOI0 KOHJYKTOMETpa
OK-102/1 (YropuiuHa).

PE3YJbTATHU TA IX OBTOBOPEHHS

OCHOBHUM MEXaHiI3MOM, siKMH 3a0e3medye
HaaxomkeHus Ca?™ no MaTpUKCa MITOXOHIIPIH,
€ QyHkuionysanus Husbkoadinnoro Ca?*-yHi-
noprepa, 1o 3ade3neuye noTeHUial3aneKHNN,
BUCOKOEMHICHUN, YyTIUBHI 10 PYTEHIEBOTO
YEpPBOHOTO MUIAX aKyMYIsIii KaTioHa, aKTUB-
HICTh SKOTO ONTHMaJbHA 32 MIKPOMOISPHHUX
KOHIEHTpauiil mozamitoxonapiansuoro Ca’*
[1-2, 13]. Businbuenns Ca®" 3 MiTOXOHApiii
riaJleHbKUX M s31B BiOYBA€THCS 3HAYHOIO
Miporo 3a yuactio H'-Ca?*-o6minnuka. 1
TPaHCIIOPTHA CUCTEMa B TIEBHUX YMOBaX 3/1aTHA
3abe3meuntn Kk ApH-3anmexHe BUBIILHECHHS
Ca’" 3 MiToXOHpili (aBepcHUIi pexkuM), Tak
i akymynsnito Ca?" 3 HUTO301110 3a BIJHOCHO
HU3BKUX (CYyOMIKpPOMOJISIPHHUX) KOHIIEHTpPAIii
karioHa (peBepcHuit pexxum) [1-3, 14].
CTpykTypHI GOopMydaH DOCHIIKyBaHUX
kaiikc[4]apeHiB mpencraBieHi Ha puc. 1. B
OCHOBI iX OyIOBH JE€XKHUTHh MaKPOIHKIIdHE
nosiieHoNIbHE KiJiblle — TakK 3BaHa “kajikc|[4]
apeHoBa yJama”’, sSiKka Ma€ 3aMiCHUKHU Pi3HOT
XiMiYHOT MPUPOAM Ha BEPXHbOMY BiHLi. Buo-
pani kamikc[4]apeHHu BiIpi3HAIOTHCS B3aEMO-
po3TamyBaHHIM (OCPOHOBHX 3aJUINKIB HA
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(eHONBHUX KINBIMX “Kaiikc[4]apeHoBOi 4a-
mi”. YV Bunagky C-107 go ckiamy 3amMiCHUKIB
BXOJUTH TAKOX a30TOBMICHUH TeTEPOLMKII
(3anmumox mipuanny). Ciig 3a3HAYATH, IO CYTO
“kanikc[4]apeHoBa yama’ Ta 3aMICHUKH OKPEMO
HE BIUIMBAIOTh Ha KaTiOH-TPAaHCIOPTYBaJbHI
CHUCTEMHU Ta MOJSIPU3ALi0 CyOKIITHHHUX CTPYK-
Typ MiomeTpis [§]

[IpoBeneHi nOCHiI)KEHHS BUSBUIMU, II10
kamikc[4]apenn C-97, C-99 ta C-107 B KOHIIEHT-
pamii 100 HMOJB/MT MawTh TEHACHIIIIO IO
3HI)KCHHSI BMICTY €HJOTEHHOI'0 10HI30BaHOTO
Ca?" B MITOXOH/IPiSIX 3@ YMOBM 5-XBHJIMHHOI
nepeainkyOanii 3 HuMu Qpaxuii opranen (puc.
2, a). Brim, 3a3HadeHi 3MiHU HE € CTAaTUCTHIHO
BiporimauMHu. Takok Kajikc|[4]apeHn mepenKo -
YKAIOTh HACTYITHIN €HEepro3aaeKHil akyMyIsIii
KaTioHy, a y Bunainky C-99 cnocrepiraerbcs
TEHJICHIIS JIO [Ie OUIBIIOro 3HMKCHHS PIBHS
ionizoBanoro Ca?" B marpukci MiTOXOHAPIii.
BHecenHs kamnikc[4]apeHiB y cepegoBHIIE
iHKyOaIii micins eHepro3anexHoi aKyMyJsii
Ca?" MiTOXOHIPiAMU TPHU3BOAUTH [0 CTAaTHC-
THYHO 3HAUYYIIOTO 3HWKCHHS HOTO BMICTY,
HaBIiTh HUXYE BiJ 0a3anbHOro (AUB. puc. 2, 0).
Taki eekTH He 3ayIeKaau Bl XiMIYHOI CTPYK-
TypU Ta B3a€EMOPO3TAIIyBaHHS 3aMiCHUKIB Y
MAaKpPOLMKJIi. 3 HAalIo{ TOYKHU 30pYy, TaJIbMyBaHHS
eHepro3asexxHoro TpancnopTy Ca B MiToXOoHApIT
3YMOBIICHO aJINTHBHOIO JII€I0: «KaJiKcapeHOBa
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gama» 1 3amicHuku. [Ipudomy y BUmanky
BIJIMBY Kalikc[4]apeHiB Ha JOCHiAXyBaHY
TPAHCIOPTYBAJIbHY CUCTEMY XiMiuHa MpHUpOAa
3aMICHHKIB HE Ma€ BUPIMIAIbHOTO 3HAYCHHS.

Hamri momepeaHi gociiKeHHS BUSBUIIH,
mo kanikc[4]apenu C-97 ta C-99 3natHi
ctumymtoBatu ApH-3anexxunuit Buxig ionis Ca
3 MITOXOHAPiH IIaeHbKOTO M’si3a MaTKu [15].

Otxe, BuOpaHi kanikc[4]apeHU MOXKYTh
MPUTHIYYBATH €HEPTO3aJIeKHY aKyMYIAIliI0
Ca?" MiTOXOHJIpPiAMH MiOMETpis Ta 3HHKYBa-
TH KOHIEHTPAIil0 KaTioOHa, MOMEPeIHbO Ha-
KOIIMYEHOTO B €HEPro3ajie)kHOMY MpOLeci, CTH-
mysmoroun H'-Ca?"-06MiHHHK TXHBOT BHyTpilI-
HBOT MeMOpaHu. Ane edekT BUOpaHHUX Kawmikc[4]
apeniB Ha Ca’’-TpaHCHOpPTYBalbHi CHCTEMH
MITOXOHAPIA € MEHIINM, HiXK Ha KaTiOH-TpaHC-
MOPTYBaJIbHI €H3UMHU TUIA3MAaTHYHOI MeMOpa-
HH, 30kpeMa Na* K"-AT®da3y [16]. Taka ais
JOCHIJKyBaHUX CIIOJYK MOXE HPHU3BECTH 0
3HWKEHHS akTUBHOCTI Ca?-3a51e)HIX MITOXOH -
pilaTbHHUX AETiNPOTeHa3 i BIAMOBIIHOTO Taib-
MyBaHHsSI poOOTH €JIEKTPOHHO-TPAHCIIOPTHOIO
nanmiora. {06 mepeBipuTH 1€ TPUMYIICHHS
HEOOXiJJTHO BHUBYUTHU BIUIMB JIOCIIJKYBaHHUX
Kajikc[4]apeHiB Ha (QyHKIIOHANBbHY aKTHBHICTb
CJIEKTPOHHO-TPAHCIIOPTHOT'O JIAHIIIOTa, MAPKEPOM
aKTMBHOCTI SIKOTO, SIK 3a3HA4ajloCh, BUCTYIAE
peaoKC-CTaH MiPUAUHOBOTO Ta (IIaBIHOBOTO
HYKJICOTHIIB.
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Puc.2. Brius xanikc[4]apenis Ha TpancMeMOpannuii 06Min Ca>t B MiToXOH/IpisX MioMeTpist. BMicT ionizoanoro Ca>* B MaTpHKci:
a — 3a YMOBH TepeaiHKyOarii cycrnensii MiToxonapiit 3 kamikc[4]apenamu (100 amons/n): 1 — C-97, 2 — C-99, 3 — C-107; npo-
30pi CTOBMYMKY — MepeinKy6aris 5 XB 3 kanikc[4]apenamu, cipi cTOBITUHKY - ogaBanHs 80 MkMonb/n Ca?t B cTangapTHOMY

CepeIoBHILI 1HKYOALii [T eHepro3aaekHol aKyMyJIsLii.

6 — 32 YMOBH TIOTIEPEIHBOT €HEPro3aexkHoi akyMynanii: 1 — nogaBanus 80 mxmons/1 Ca2*, 2 — C-97, 3 — C-99, 4 — C-107.
3a | npuitnaTo piseHs ionizopanoro Ca?" B MiToxoHapisx (6azanbuuif) 10 BHecenns ionis Ca Ta kanikc[4]apenis. * P<0,05

BiJIHOCHO 3HaueHb Npu AoAaBaHHi 80 MkMos/1 Ca?*
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Jnst Toro, mo0 mpoJeMOHCTPYBATH BiAIO-
BiIHICTh MiX pOOOTOIO €JIEKTPOHHO-TPAHC-
MMOPTHOTO JIAHITIOTA Ta OKUCHO-BITHOBHUM CTaTy-
COM a/ICHIHOBUX HYKJICOTH/IiB OyJI0 TPOBEICHO P
TOTIepeIHIX JOCIIKeHh. BUBUAMN 3aeXKHICTh
3MmiH ryopecuerTHoro curaany HAJIH ta ®AJ]
B HOpMIi Ta 3a yMOBa crienn(piuHoro OJIOKYBaHHs
I ta III xoMILIEKCIB AUXaIbHOTO JaHIIOra, a
TaKOX TPH JT0JaBaHHI TPOTOHO(DOPY.

BusBieno pemumnpokHicTs 3MiH ¢uyopec-
nennii HAJIH ta ®AJ[. 3a nmpucyTHOCTI B
cepefoBHINI iHKYOalii mipyBaTy Ta CyKIUHHATY
(5 mmone/n) dayopecuenmis Bix HAJIH 3HuU-
JKYETBCS, 32 PaXyHOK (YHKIiOHYBaHHS | Kom-
MJIEKCY MUXAJTbHOTO JIAHIIOTA, (IyopeCIeHIlis
Bix ®AJl spocrae (Bianosiano Bmict ®AJH,
— 3HHKYETHCS), MO 3yMOBJIEHO poboToro Il
KOMIUIEKCY (CyKIIMHATACriaporenasu) (puc. 3).
L1i pe3ynbTaTH BilIOBIJAIOTH YSBICHHIM IHITUX
aBTOPIB LIOJ0 3MiH PEIOKC-CTaHy 3a3HaYeHUX
HYKJICOTH/IIB 32 HOPMAIHHOTO (DYHKI[IOHYBaHHS
eNIeKTPOHHO-TPAHCIIOPTHOTO JIAHI[IOTA y TIPH-
cyTHOCTI cyOcTpariB quxanus [4].

bnoxysanus I kommnuexcy poreHoHoMm (5
MKMOJIb/11) a6o III KoMIIekcy aHTUMIIMHOM A
(1 mxr/mun) [17] mpu3BOKIIO 10 3pOCTAHHS PiBHS
¢dayopecuennii HAJ[H, Ta He BizoOpakaiiocs Ha
¢bmyopecuentrii Bix DAL, V pasi gii anTuMinuHy

0,15

JTyopeceHmil

IHTeHCUBHICTh OKHCcHeHHs1 DA ] Oyra MeHIoxo,
HIK B KOHTPOJIi, TOOTO MOBHOT'O OJIOKYBaHHS
akTUBHOCTI Il KoMIIeKcy He crocTepiragock
(rpadiuHi pe3ynpTaTH HE HABEACHO).

I[Mporornodop CCCP (10 mMxkmoJIb/1) BH-
KJIUKaB O1JIbII IHTEHCUBHE 3HIKEHHs (iyo-
pecuenmii Big HAJIH ta ®AJ[, mo BKasye
Ha mocuieHHs poboru | kommuekcy, ane
OJHOYACHO NMpPUTHIYyBajlach akTUBHICTH Il
KoMIUIeKCYy (TpadiuHi maHi HEe HaBEICHO).
Bigomo, 110 BHACHiIOK pyHHYBaHHS TPaJi€HTY
H" BinOyBaerhcst po3’eHAHHS JIUXaHHS Ta
OKHCHOTO (hochOopHIIIOBaHHS, HACIIIKOM 4OTO
€ KOMIIEHCATOpHE NOCWICHHS (yHKI1OHAIBHOT
AKTUBHOCTI OKPEMHX E€JEMEHTIB IHUXalbHOTO
JIaHITIOTa MiTOXOHAPiH [18].

Takum gyuHOM, ONEep KaHI HAMH ITOMEPEIHI
pe3yinbTaTH CBiAYaTh PO MOXKIHBICTH JOC-
JiKeHHs! QyHKIIOHAbHOT aKTHBHOCT1 €JIEKT-
POHHO-TPAHCIOPTHOTO JIAHIIOTA 130JIbOBAHUX
MITOXOHAPIH MiOMETpis, BUKOPUCTOBYIOUH
eKCTIepUMEHTAIbHI MaHi MO0 3MiH BJIacHOI
¢ayopecuenuii koenzumis HAJIH ta ®AJI.

BHecenns kaiikc[4]apeHiB CHPUYUHIOBAIIO
O1/Ib1I iIHTEHCUBHE 3HWKECHHS (PITyopecLeHIIil Bi/
HA/IH i301p0BaHUX MITOXOHAPid MOPIBHSAHO 3
AMCO, sxuil BUKOPUCTOBYBAJIM SIK KOHTPOJIb
(puc. 4, a, 0), mo MoXxe OYyTH 3YMOBJIICHO

BilH. o1. .

-0,1

Puc. 3. 3minu dryopecnenuii Big @A/ (1) ta HA/IH (2) B i30150BaHHX MITOXOHPISIX KITITHH MiomeTpisi. Pesynbsraty TuoBoro

EKCIIEPUMEHTY
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CTUMYJIOBaHHSM | KoMriekcy. Sk 3a3Hauanocs
BHIIE, KalliKc[4]apeHH 3yMOBIIIOIOTh TPAH31€HT-
HE 3pOCTaHHS IMOTEHIlialy BHYTPIIIHHOI MiTO-
XOHIIpiaTbHOI MEMOpaHH, SKe TpUBAE OIU3BKO
5 xB [8]. Buxin ioniB Ca 3 MaTpuKcy, CIIpHIH-
HEHUU JOCTIP)KYBAHUMH CIIOJIYKaMH, 3 4aCOM
MOJKE MPU3BECTHU OO 3HMKEHHS aKTUBHOCTI
€H3MMIiB LUKJIY TPUKapOOHOBUX KHCIOT 3
BiAMOBiIHUM TrajJbMyBaHHSIM €JEKTPOHHO-
TPAaHCHOPTHOI'O JAHIIOr'a Ta 3MEHIICHHSIM
nossipusanii MiTOXOHApPiadbHOT MEeMOpaHH,
110 1 MOSICHIOE JIUIIE KOPOTKOTPUBAINM 1XHIN
rinepnonspusytounii edexrt. [Topsia 3 mum cmo-
CTepiraeThCcs BiACYTHICTH 3MiH (uryopecieHmii
Big @A/l Binrocuo JJMCO (puc. 4, B).
BaxnuBoto MophoJIOTIYHOI0 03HAKOIO il
pevoBHH-MOH(DiKaTOPiB QYHKIIOHYBAHHS M-
XaJIBHOTO JIAHI[OTa Ta TPaHCMEMOPaHHOTO 00-
MiHy KaTiOHIB B MITOXOHJpisiX € 3MiHa 00 €My
oprases. [Ipenu3iiiHOI0 METOAMKOIO BHBYCHHS
ixHporo HaOyxaHHs € (OTOHHA KOpesiiiiHa

CIIEKTPOMETpisl, SIKa Ja€ 3MOTYy OI[IHUTH 3MiHH
TiAPONMHAMIYHOTO JiaMeTpa CYOKIITHHHHUX
cTpyktyp [19].

CepenHe 3HaYeHHS TIAPOAMHAMIUYHOTO
niamMeTrpa MITOXOHApPiIH cTaHoBUIIO 547+49
HM, a 3a HasBHOCTI ajaMmetuiuHy (7,5 MKr/
MJT) 30uTBIHIOCS 10 800+39 HM. AnaMeTHIIMH
BUKOPHUCTOBYETHCSA SK MOTEHIIHHO HalMeHII
arpecUBHUI YMHHHK epMealdinizamii BHyTpil-
HbO{ MiTOXOHApiadbHOI MeMOpanu [20]. 3minu
FiIPOIMHAMIYHOTIO JiaMeTpa 3a JIii ajaMeTHUIIH-
HY MH 3aCTOCYBaJd K KOHTposb — 100% Haly-
xaHHs. Kanikc[4]apeHu BUKIMKany 301IbIIEHHS
[BOTO TTOKa3HHUKA B cepeaHbOMY Ha 22+6% (C-
97) Ta 34+8% (C-99) moao koHTpoOIIO (pHUC. 5).

Kanikc[4]apenu 3matHi B gocaigax in vitro
sruiuBatu Ha Ca’’-TpaHCHOpPTYBaNbHI IpoLecH
B MITOXOHJPisSX TJIaJeHBKOTO M’si3a Ta 3Mi-
HIOBATH IXHIO €HEpreTuky. Pesynpratu Hamumx
JIOCTIPKEHb BKA3YIOTh Ha Te, MO Jis Kalikc[4]
apeniB Ha Ca’" -TpaHCHOPTyBalbHi CHCTEMH
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Puc. 4. 3minn ¢iyopecuenuii Big HA/IH (a, 6) ra ®A/JI (B) 32 BrutuBy Kautikc[4]apenis. 1 — Buecenns IMCO, 2 — 100 Hmouns/it
C-97, 3 — 100 amoib/1 C-99. JlaHi THIIOBOTO EKCIIEPHMEHTY (@, B; CTPLIOYKOIO BKa3aHO MOMEHT JI0aBaHHs epEeKTOpiB) Ta CTaTUC-
THYHA 00poOKa excriepuMeHTanbHuX pesynsraris uist HAJIH (6): 1 —3minu doayopecuenmnii ig HAJTH y korTpOIti, 2 — BHECEHHS
JAMCO, 3 — 100 amous/n C-97, 4 — 100 amomns/n C-99.* P<0,05BinHocHO 3Ha4eHb (uryopecuenuii HAJIH 3a naserocti JJIMCO.
Jnst po3paxyHKiB CepeHiX MTOKa3HUKIB BUKOPUCTOBYBAIN BEIMUYMHU (DIIyOpECEHTHOTo CHrHAITy Ha 10-# XBUIMHI 1HKYyOaril
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Puc. 5. 3MiHM TiAPOANHAMIYHOTO J{iaMeTpa MITOXOH/PIN 3a
nii kamikc[4]apeniB. 1 — kouTposbue (100 %) HaOyxaHHs
B npucyTHOCTI anameruuuny (7,5 mkr/min), 2 — IMCO,
3 — 100 amons/n C-97, 4 — 100 amous/a C-99. * P<0,1,**
P<0,05BigHOCHO 3MiH rifpoAMHAMiYHOrO Aiamerpa 3a
nasisaocti IMCO

MITOXOHIPiH cripsIMOBaHAa Ha 3HIKCHHS KOHIICH-
tpauii Ca®" y MaTpuKci, a aHai3 GuyopecieHTHOT
BigmoBigi HAJIH ta ®AJ] cBiguuTh, 1110 BILUIMB
Kajikc[4]apeHiB Ha QYHKIIOHAIbHY aKTHBHICTh
€JICKTPOHHO-TPAHCIOPTHOTO JAHILIOTa, Mepery-
CciM, ITOB’SI3aHAH i3 CTUMYJTIOBAaHHSM aKTHBHOCTI [*©
KOMIIJIEKCY 3 HOCIiyrounmM npurnigenusm Ca’*-
3anexxanx HAJI-BMiCHUX meriAporeHas MUKy
Kpebca. 3minn y QyHKIIIOHYBaHHI €JIEKTPOHHO-
TPaHCIIOPTHOTO JIAHIIOTa, BUKJIMKaHI Kalikc[4]
apeHaMH, MPHU3BOJASITH A0 3MiH OCMOTHYHOTO
OalaHcy MiXK MaTPUKCOM MITOXOHJPIA Ta 30B-
HIITHIM CEPEIOBUIIICM.

Aemopu eucnosn0ioms wWupy 60A4HICMb
axademixy HAH Yxpainu, npogecopy C.O. Koc-
mepiHy 3a YiHHI pexomerOayii nio uac 062080peH-
Hs eKCNepUMeHmalbHux pe3yibmamis i 6 npoyeci
HAnUCanHs pyKonucy.

A.B. JTauuaosuu', }0.B. Janunosuu!, P.B. Poauk?,
B.1. Kanbuenko?, A.JO. Uynuxun!

KAJIMKC[4]APEHbBI KAK MOAYJIATOPBI
OHEPTO3ABUCHUMOM AKKYMYJISIIMA CA%*
" ®YHKIIMOHUPOBAHUA DJEKTPOHHO-
TPAHCIIOPTHOM IIENTA B MUTOXOHIPHASAX
T'JIAAKHUX MBI

H3y4deHo BIMSHUE CYTIPAMOJICKYIIIPHBIX MAKPOLIMKIHYECKHUX
coenmHeHnil kanukc[4]apenos (C-97, C-99, C-107) B

34

koHueHTpanuu 100 HMOJIB/JT Ha MPOIECC YIHEPrO3aBUCUMOTO
tpancnopra Ca’" B H301MPOBAHHBIX MUTOXOHPHAX IJIAKHX
MBIIIIL, @ TAKXKe ayTO(IyOPECHeHIINI0O MUTOXOHAPHAIBHBIX
KO3H3UMOB HUKOTHMHamuaaeHuHaunykiueoruna (HAJIH) n
¢naBunanennHauHyKieotuna (PA 1) 1 ruapouHAMHYESCKUN
nuametp 3Tux opranemn. C ucnonbzopanvem Ca’'-uyBeT-
BHUTEJIBHOTO (uyopeciieHTHOTO Kpacutens Fluo-4 AM
[I0Ka3aHO, YTO BBHIOpaHHBIC KalUKC[4]apeHbl MOAABISIOT
DHEPTO3aBUCUMYIO aKKyMYJISIUIO Ca?" MUTOXOHIPHUIMH.
Haxorienne Ca?" (80 MKMONB/T B Cpejie) CONpPOBOXKAAET-
cst pocToM (DIIyOpECHEHTHOrO OTBETa 30HJAa OT YCIOBHOU
eAMHUIIBI 10 BeauuuHbl 1,57+0,04 oTH. e1. (IyopecIeHITUH.
IIpu neiicrBum xanukc[4]apenos C-97, C-99, C-107
(iryopecrieHTHbIIT curHai cHrkacs 10 3Hadenuii 0,88+0,08,
0,92+0,08 u 0,78+0,04 otH. ex. cooTBeTCTBEeHHO. MTaK,
BBIOpAaHHbIC KaJHUKC[4]apeHbl MPUBOIST K BBICBOOOKICHUIO
npeaABaprUTECIIbHO aKKyMYJIUPOBAHHOI'O MUTOXOHAPUAMU
Ca?". Tlon neiicreuem C-97 u C-99 (hayopecueHTHBIN
curnan ot HAJIH cuwmxaercs no -0,11+0,02 u -0,12+0,02
OTH. €]l. COOTBETCTBEHHO 110 OTHOILCHUIO K KOHTPOJIBHOMY
3Hauenuto — -0,05+0,01 otH. en. AHanu3 (iryopeclieHTHOro
oreeta HAJIH nu ®AJ] B cycneH3nnu M30JMPOBAHHBIX
MI/ITOXOHI[pI/Iﬁ CBUACTCIILCTBYET, YTO BJIIUSAHUE UCCIIEY EMBIX
coeIMHEeHNH Ha PyHKIMOHAIBHYIO aKTUBHOCTD 3JIEKTPOHHO-
TpaHCl'lOpTHOﬁ LI CBA3aHO C Ha4aJIbHbIM CTUMYJIMPOBAHUEM
aKTUBHOCTH [7° KoMIUIeKkca M MOCIEAYIOUMM yrHETEHHEM
Ca?" 3aBHCHUMBIX HA/I-conepxammx aeruaporeHas Lukia
Kpebca. Hapsiny ¢ aTuM ncrnonb3oBanue MeTosa (OTOHHON
KOPPEJSIIMOHHON CIEKTPOCKOIHUH JJIsi OLEHKH W3MEHEHUS
00beMa MUTOXOH/IPHUIT (MX THAPOAMHAMUYECKOTO JHaMeTpa)
10J1 ICCTBUEM BBIOpaHHBIX KAJIMKC[4|apeHOB MoKa3alio, 4To
BMEIIATEIECTBO B PabOTy 3JIEKTPOHHO-TPAHCIIOPTHON LIeTH
HPUBOAUT K M3MEHEHHUSIM OCMOTHYECKOro OajiaHca MEexXIy
MaTPUKCOM MHUTOXOHJPUN M BHEIIHEH CPEIOH, CIeCTBHEM
Yero SIBJISIETCS POCT 00beMa M30JIMPOBAHHBIX OpPraHeI.
B uactHOocTH, B npucyrctBun C-97 ruapoiuHaMUYeCcKUn
JMaMeTp MUTOXOHAPUH yBennuuics Ha 22+6 %, a C-99 - Ha
3448 %. Urak, nomydeHHbIe pe3yabTaThl CBUETEIbCTBYIOT
0 11eJ1eCO00Pa3HOCTH JTAJIbHEHIIMX UCCIIEIOBAHUN BIIUSIHUS
kanukc[4]apenos Ha Ca?'-romeocTas u GMOIHEPTETUKY MHU-
TOXOHIPHUI KJICTOK TIIAJKHX MBIIII] C IEJIBI0 MoucKa 3 ¢ek-
THUBHBIX MOIU(UKATOPOB UX (PYHKIIMOHAILHOW aKTHBHOCTH.
KiroueBble ciioBa: MUTOXOHIPUH; JIEKTPOHHO-TPAHCIOPTHAS
1enb; Tpancrnopt Ca®'; rioajKue MBIIIIBL.

H.V. Danylovych!, Yu.V. Danylovych!, R.V. Rodik?,
V.I. Kalchenko?, A.Ju. Chunikhin!

CALIX[4]ARENES AS MODULATORS

OF ENERGY-DEPENDENT CA?*-
ACCUMULATION AND FUNCTIONING OF
THE ELECTRON TRANSPORT CHAIN IN
SMOOTH MUSCLE MITOCHONDRIA

The influence of supramolecular macrocyclic compounds
calix[4]arenes (C-97, C-99, C-107) at a concentration of
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100 nM in the process of energy-dependent Ca®*-transport
in isolated mitochondria of smooth muscle, as well as
autofluorescence mitochondrial coenzyme NADH, FAD and
hydrodynamic diameter of these organelles was investigated.
Using Ca?*-sensitive fluorescent dye Fluo-4 AM it was shown
that the selected calix[4]arenes can suppress energy-dependent
accumulation of Ca?" by mitochondria. Accumulation of
Ca?" (80 uM in the medium) accompanied by the growth of
the fluorescent probe response from a conventional unit to a
value of 1,57+0,04 (n=5). Calix[4]arenes C-97, C-99, C-107
falls fluorescent signal below the 0,88+0,08, 0,92+0,08 and
0,78+0,04 respectively. Thus, the selected calix[4]arenas lead
to release of previously accumulated Ca?* from mitochondria.
Under the influence of C-97 and C-99 fluorescent signal from
NADH reduced to -0,11+0,02 and -0,12+0,02, respectively,
in relation to the reference value - -0,05+0,01 (n=5). Analysis
of fluorescence response NADH and FAD in a suspension
of isolated mitochondria suggests that the effects of test
compounds on the functional activity of the electron transport
chain is associated with the initial stimulation of its I-th
complex and subsequent inhibition of Ca?*-dependent NAD-
containing Krebs cycle dehydrogenases. Along with this, the
use of photon correlation spectroscopy to assess changes in
the volume of mitochondria (their hydrodynamic diameter)
under the action of selected calix[4]arenes has shown that
interference with the electron transport chain leads to changes
in the osmotic balance between the matrix of the mitochondria
and the external environment. The result is the growth of
isolated organelles volume. In particular, the hydrodynamic
diameter of mitochondria increased by 22+6 % and 3448 %
(n=5) in presence of C-97 or C-99. The conclusion was done
about the advisability of further studies of the calyx[4]arenes
effect on smooth muscle Ca?*-homeostase and mitochondrial
bioenergetics in order to find effective modifiers of their func-
tional activity.

Keywords: mitochondria; electron transport chain; Ca?*-
transport; smooth muscle.

!Palladin Institute of Biochemistry, National Academy of
Sciences of Ukraine, Kyiv; *Institute of Organic Chemistry,
National Academy of Sciences of Ukraine, Kyiv; e-mail:
danylovych@biochem.kiev.ua; vik@bpci.kiev.ua
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The article presents the results of investigation of violations in the proteolysis system in patients with type 2
diabetes and diabetic retinopathy (DR). We studied the levels of matrix metalloproteinase-9 (MMP-9) and
tissue inhibitor of matrix metalloproteinase-1 (TIMP-1) in the blood and in the intraocular fluid of patients
with type 2 diabetes depending upon the stage of DR. We have established that the level of MMP-9 and
TIMP-1 in the blood and in the intraocular fluid increased in patients with type 2 diabetes without signs
of DR and with any stage of DR compared to the levels of these parameters in patients without diabetes.
Increasing the levels of MMP-9 and TIMP-1 took place with increasing of DR severity and reached its
maximum levels at the proliferative stage of DR. It was found that the levels of MMP-9 in the intraocular
fluid and type 2 diabetes duration affected the probability of developing diabetic macular edema. At the level
of MMP-9 > 105 ng/ml and 2 diabetes duration > 10 years, the probability of developing macular edema
was 100%. As a result of the construction of predictive models it was found that the level of MMP-9 in the
intraocular fluid, stage of DR at the beginning of observation and type 2 diabetes duration had influence
on the probability of the development of proliferative DR over 4 years of follow-up. If the level of MMP-9
> 100 ng/ml, type 2 diabetes duration > 10 years and absence of DR at the beginning of observation were
observed the probability of developing proliferative DR would compose 85.9%.

Key words: proteolysis system; metalloproteinase-9, tissue inhibitor of matrix metalloproteinase-1,;

intraocular fluid; diabetic retinopathy.

INTRODUCTION

In recent years the proteolysis system which
includes matrix metalloproteinases (MMPs) and
tissue inhibitors of matrix metalloproteinases
(TIMP) is in increasing interest when studying
chronic inflammatory processes, cardiovascu-
lar, autoimmune and neoplastic diseases [1, 2].
MMPs are a family of secreted or membrane-
type, zinc- or calcium-dependent proteolytic
enzymes which are essential in embryogenesis,
morphogenesis and tissue remodeling [2-4].
Increasing evidences suggest an important role
of MMP-9 in pathogenesis of myocardial infarc-
tion, rheumatoid arthritis, cancer, obstructive
lung diseases, multiple sclerosis, hepatitis and

liver cirrhosis, as well as in development of
such complication of diabetes mellitus (DM) as
diabetic retinopathy (DR) [5-9].

MMP-9 is a zinc-containing MMP with
gelatinase activity and its substrates include
collagens 1V, V, VII, X, X1V, fibrin, gelatin,
fibronectin, elastin, vitronectin, proteoglycan-
binding protein, entactin, osteonectin, chondroi-
tin sulfate. Retinal extracellular matrix has an
ordered structure and vascular basement mem-
brane comprises collagen IV, fibronectin, lam-
inin vitronektin [7, 10]. There are several types
of cells including endotheliocytes, basophils,
neutrophils, smooth muscle cells and activated
macrophages which secrete MMP-9 under the
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influence of proinflammatory cytokines and
other factors [11].

DR is a major cause of blindness among
working-age people suffering from DM [12,
13]. According to Health Ministry of Ukraine
data the prevalence of DM in our country is
2.5%. However according to International
Diabetes Federation data it was 2009 when the
prevalence of DM in Ukraine has already been
9.6% with 92% of patients with DM type 2 [14,
15]. Worldwide, the number of people with DR
will increase from 126.6 million in 2010 to 191
million by 2030 [12]. DR leads to a decrease in
visual function in 30-90% of diabetic patients
[13, 16]. Although DR has traditionally been
considered a late complication of diabetes, it
can justifiably be regarded as a typical patho-
logical change in retinal vascular bed [17]. In
recent years an efficiency of metabolic control
and blood pressure control in protection of DR
progression has been proven. However in our
country only 13.1% of patients achieved target
levels of glycosylated hemoglobin (HbAlc)
<7% in 2014 [18]. The earliest preclinical signs
of DR include selective apoptosis of pericytes,
Miiller cells, glial cells and endotheliocytes, as
well as an increase in mitochondrial damage.
However, the precise pathophysiological mecha-
nism of retinal vascular bed cells death in the
DR is still unclear [8, 10, 11, 19]. The greatest
threats for blindness development in patients
with DM type 2 are diabetic macular edema
(DME) and proliferative diabetic retinopathy
(PDR) [16, 17, 20].

Based on the above reasons, the goal of our
study was to investigate the role of disturbances
in the proteolysis system (MMP-9 and TIMP-1)
in the development and progression of DR.

METHODS

MMP-9 and TIMP-1 levels were determined
in the blood and intraocular fluid (IOF) of 154
patients (163 eyes), of which 112 patients (121
eyes) had DM type 2 (the study group) and
42 patients (42 eyes) were not diabetic (the
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control group). All patients were subjected to
surgery for age-related cataract by means of
phacoemulsification with further intraocular
lens implantation. The patients’ mean age
was 67.55+0.83 years in the study group and
67.09+1.49 years in the control group (P=0.84).
There were 62.5 % female and 37.5% male
patients in the study group and 59.5% female
and 40.5% male patients in the control group,
respectively (P=0.73). DM type 2 mean dura-
tion in the study group was 6.07+£0.31 years
(minimal — 0.5 year; maximal — 18 years).
Patients receiving statins and fibrates and those
who had renal failure, pancreatitis, neoplastic
diseases, obstructive respiratory diseases, prior
myocardial infarction, glaucoma, age-related
macular degeneration, intravitreal injections
of medications and laser coagulation of the
retina in history were excluded. The study
group patients with HbAlc > 8.0% were also
excluded. Written informed consent on blood
and IOF sampling for determining of MMP-9
and TIMP-1 levels and the use of research results
for scientific purposes was obtained from each
patient. MMP-9 and TIMP-1 levels in patients’
blood and IOF were determined on the ELISA
analyzer «PR2100 Sanofi diagnostic Pasteur»
(France) by means of kits for ELISA “matrix
metalloproteinase-9” and “tissue inhibitor
of matrix metalloproteinase-1” produced by
Bender Medsystems (Austria) according to the
instructions of the manufacturer. Follow-up in
the study group was 4 years with ophthalmologic
examination of patients each 6 months. The
degree of DR severity in patients with DM type
2 was determined after cataract surgery using
a DR severity scale of the American Academy
of Ophthalmology [21]. Ophthalmologic exa-
mination included visometry, refractometry,
pneumotonometry, biomicroscopy, contact
retinal biomicroscopy with Goldmann lens.
Optical coherence tomography on the tomog-
raph Stratus OCT, Carl Zeiss (Germany), color
photography of ocular fundus on Visucam Zeiss
apparatus; fluorescent retinal angiography
if indicated, were also carried out. The final
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assessment of the retina state in the study group
was performed at the beginning of follow-up
after surgery, as well as at the end of the 1-st
and 4-th year of observation.

For statistical analysis Statistica 7.0 (StatSoft
Inc., 2004) were used. Quantitative variables
were expressed as M+m where M — mean value,
m — standard deviation, median Me — median.
Cause-effect relationships and the role of
prognostic risk factors in DME development
in patients with DM type 2 during 1-st year of
follow-up were investigated. A mathematical
model for predicting DME development was
based on the results of observations of 121
eyes in the study group. A mathematical model
to predict PRD development was based on
the results of observations of 112 eyes in the
study group (as patients with signs of PRD at
the beginning of observations were excluded).
Prognostic risk factors include MMP-9 levels
in IOF, sex, age, DM duration and a degree of
DR at the beginning of observations (it was
estimated by scale from 0 to 3, where 0 — no
DR 1 - initial nonproliferative DR (NPDR), 2
— moderate NPDR, 3 — severe NPDR).

A probability of the event (DME or PRD
development) ranging from 0 to 1 was predicted
using binary logistic regression. There was no
probability of the event if P=0-0.5 (i.e. less
than 50%). Otherwise there was more than 50%
probability the event to occur if P>0.5.

RESULTS AND DISCUSSION

It was established that after cataract surgery
in the study group there were 51.2% cases (62
eyes) with no DR, 16.5% cases (20 eyes) of

initial NPDR, 18.2% cases (22 eyes) of moderate
NPDR, 6.6% cases (8 eyes) of severe NPDR and
7.5% cases (9 eyes) of PDR.

Mean blood MMP-9 and TIMP-1 levels
in patients of the study group were increased
compared to those in the control group (table 1).

Blood MMP-9 levels in patients with DM
type 2 having different stages of DR ranged from
55.89 ng/ml to 124.65 ng/ml, while in nondiabetic
patients a minimal blood level of MMP-9 was
30.89 ng/ml, and maximal — 80.00 ng/ml.

Minimal blood TIMP-1 level in patients of
the study group was 239.34 ng/ml, and maximal
— 496.50 ng/ml, while in the control group
minimal blood TIMP-1 level was 127.58 ng/
ml, and maximal — 433.90 ng/ml, respectively.

Our data on an increase in blood MMP-9
and TIMP-1 levels in patients with DM type
2 are consistent with the results obtained by
foreign researchers [9, 22]. However in Tayebjee
M.H. et al. study there was not a statistically
significant difference in MMP-9 levels between
patients with DM type 2 and the control group
[22]. This perhaps could be explained by the
presents in the aforementioned study of patients
with concomitant somatic pathology which may
affect MMP-9 levels. According to Derosa G.
et al. study plasma levels of MMP-9, TIMP-1
and TIMP-2 are increased in diabetic patients
compared to nondiabetic individuals, that could
reflect pathological changes in extracellular
matrix remodeling at this disease [9]. In our
opinion, an increase in blood MMP-9 and TIMP-
1 levels in patients with DM type 2 suggests
that in patients with DM type 2 and DR there
is a systemic involvement of body vessels in
chronic immune inflammation and accelerated

Table 1. Blood MMP-9 and TIMP-1 levels in patients of the study and control groups (M+m; Me; min; max)

Indexes The study group

The control group Statistical

(n=112) (n=42) significance. P
MMP-9 ng/ml Me; 79.37£1.45 51.28+1.7 P<0.001
min; max 77.12; 55.89; 124.65 50.0; 30.89; 80.00 '
- .874+5. 44=x11.
TIMP-1 ng/ml 339.87+5.56 218.44+11.81 P<0.001

Me; min; max 326.06; 239.34; 496.50

189.86; 127.58; 433.90
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atherosclerosis as DM type 2 is an equivalent
of coronary heart disease [23]. Furthermore,
MMP-9 is considered as a marker of systemic
inflammation and as a marker of atheromatous
plaque destabilization [23].

It was found that blood MMP-9 levels in
patients with DM type 2 increased in accordance
with the severity of retinal lesions (table 2).

In the study group, even in the absence of
DR, blood MMP-9 levels exceeded those in
the control group (P<0.001). The highest blood
MMP-9 levels were revealed in patients with
PDR —103.34+6.14 ng/ml. Blood TIMP-1 levels
in patients of the study group in the absence of
DR and at any stage of DR were higher than
those in the control group (P<0.05). The highest
blood TIMP-1 levels were revealed in patients
with PDR —436.06+23.49 ng/ml.

In Beranek M. et al. study (2010) elevated
blood MMP-9 levels were indentified in patients
with DM and PDR as well as in patients with
DM type 2 and not PDR compared to the
control group [24]. In general, our results were
consistent with the data of that study.

In our study it was found that mean MMP-
9 and TIMP-1 levels in IOF are increased in
patients with DM type 2 compared to those in
patients of the control group (P<0.001) (table 3).

Table 4 shows MMP-9 and TIMP-1 levels
in IOF of patients with DM type 2 according

to the stage of DR, as well as a comparison
of these variables between groups of patients
without DR, with initial, moderate and severe
NPDR and PDR and with the control group. It
was found that MMP-9 and TIMP-1 levels in
IOF of patients of the study group are increased
at any stage of DR and in those having no DR
as compared to patients of the control group
(P<0.05). The levels of MMP-9 and TIMP-1
increased in accordance with the severity of
DR and peaked at the proliferative stage of the
disease — 117.78+6.35 ng/ml and 512.13+19.26
ng/ml, respectively (table 4).

Abu El-Asrar A.M. et al. (2013) by means
of Western blot and zymography analysis
demonstrated significant increases in the
expression levels of MMP-1, MMP-7, MMP-9
and vascular endothelial growth factor (VEGF)
in vitreous samples from 32 PDR patients
compared to nondiabetic controls [25]. In that
study it was also shown an increase in the
expression of MMP-9 by vascular endothelial
cells and stromal cells in fibrovascular epiretinal
membranes in PDR. In epiretinal membranes of
patients with PDR cytoplasmic immunoreactivity
for MMP-9 was present in vascular endothelial
cells, monocytes, macrophages and neutrophils.
These findings suggested that intraocular cellular
production is the relevant source of MMP-9 and
VEGF and that systemic inflow mechanism is

Table 2. Blood MMP-9 and TIMP-1 levels in patients of the study group depending on DR stage (M+m)

DR stage

MMP-9 (ng/ml)

TIMP-1 (ng/ml)

An absence of DR (n=54)
Initial NPDR (n=19)
Moderate NPDR (n=22)
Severe NPDR (n=8)

PDR (n=9)

70.59+1.15 *

77.61+1.31 * #

84.55£2.0 * #

97.46+8.02 * #

103.34+6.14 * #

310.65+£5.39 *

330.25+6.81 * #

349.88+7.23 * #

408.59+25.02 * #

436.06+£23.49 *

* difference in comparison with the control group is statistically significant, P<0.05;

# difference in comparison of similar indexes levels between the different stages of DR (between an absence
DR and initial NPDR; between initial NPDR and moderate NPDR; between moderate NPDR and severe

NPDR; between severe NPDR and PDR), P<0.05.
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Table 3. MMP-9 and TIMP-1 levels in IOF from patients of the study and control groups (M+m; Me; min; max)

Statistical

The control group (n=42) significance P

Indexes The study group (n=121)
MMP-9 ng /ml Me; 85.97+1.57

min; max 82.1; 55.35; 146.52
TIMP-1 ng /ml 397.63+7.33

Me; min; max 366.05; 256.18; 680.87

46.92+2.35
43.15;22.45; 87.05
231.36+16.44
191.29; 132.55; 650.76

P<0.001

P<0.001

rather improbable. The authors concluded that
it was MMP-1 and MMP-9 contributed to the
retinal neoangiogenesis and fibrosis resulting
in PDR development.

Our findings of increased levels of MMP-9
in IOF in initial stages of NPDR and in PDA
are consistent with the views of foreign authors
on the dual role of MMP-9 in DR development:
in early stages of the disease MMP-9 promotes
retinal capillary cell death and increased
permeability of the inner blood-retinal barrier,
and later, in the proliferative stage, it is involved
in processes of retinal neovascularization [19].

TIMP-1 levels were significantly increased in
the vitreous of diabetic patients with the highest
levels in PDR patients. In that study a strong
correlation between TIMP-1 expression and
proMMP-9 in vitreous of patients with PDR was
also found. Demonstrated that human diabetic
neovascular membranes contain high levels of
type IV collagenases which include MMP-9 and

MMP-2, while active forms of these enzymes are
not found in the normal human retina.

According to the results of calculations the
final prognostic model for DME development
within 1%'year of follow-up in patients with DM
type 2 includes two features: levels of MMP-9
in IOF and DM type 2 duration. In general form
the equation for the binary logistic regression
is as follows:

1

- 1= 2718095 +(-0.112xX,-0266xX,) *

where X, - MMP-9 levels in IOF (ng/ml), X, -
DM type 2 duration (years).

It was found that at MMP-9 levels > 105 ng/
ml and DM type 2 duration > 10 years the prob-
ability for DME development within 1-st year
follow-up is 100% (P=1). At MMP-9 levels =
90 ng/ml and DM type 2 duration = 5 years the
probability for DME development within 1-st
year follow-up is still high 81% (P=0.81).

Table 4. MMP-9 and TIMP-1 levels in IOF from patients of the study group depending on DR stage (M+m)

DR stage

MMP-9 (ng/ml)

TIMP-1 (ng/ml)

An absence of DR (n=62)
Initial NPDR (n=20)
Moderate NPDR (n=22)
Severe NPDR (n=8)

PDR (n=9)

76.324+1.51 *

81.54+1.61 * #

96.67+1.8 * #

109.376+4.39 * #

117.78+6.35 * #

362.86£8.45 *

391.38+14.74 * #

433.57£16.12 * #

464.90+22.36 * #

512.13+£19.26 *

* difference in comparison with the control group is statistically significant, P<0.05;
# difference in comparison of similar indexes levels between the different stages of DR (between an absence
DR and initial NPDR; between initial NPDR and moderate NPDR; between moderate NPDR and severe

NPDR; between severe NPDR and PDR), P<0.05.
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In our study DME developed within 1-st
year of follow-up in 28 eyes (23.14% of cases)
of which 8 eyes did not have signs of DR at the
beginning of observation, 2 eyes had signs of ini-
tial NPDR, 14 eyes — moderate NPDR and 4 eyes
— PRD. The presence of DME was confirmed by
examination data, optical coherence tomography
and FAG of the retina. These patients required
laser treatment and/or intravitreal VEGF inhibi-
tors. Of 28 eyes with DME in 26 eyes (92.7%)
MMP-9 levels in IOF were above 90 ng/ml.

Within 4-year follow-up PDR developed
in 19.64% of cases (22 of 112 eyes in patients
of the study group) and it was accompanied
by occurrence of a large number of hard and
cotton-like exudates, an increase in number
of microhemorrhages and occurrence of large
intraretinal and preretinal hemorrhages, optic
disc neovascularization and retinal neovascu-
larization. PDR development was confirmed by
examination data and FAG of the retina. These
patients required laser treatment, vitreoretinal
surgery and intravitreal VEGF inhibitors. The
mean MMP-9 level in IOF in these patients was
102.374£2.72 ng/ml, TIMP-1—-495.67+21,85 ng/
ml, DM type 2 duration — 9.41+0.08 years.

Within 4-year follow-up DR occurred and
progressed in 45 eyes (37.19% of cases): in 28
eyes DME has developed, in 22 eyes PDR has
developed and in 8 eyes without DR signs of
moderate NPDR have developed.

According to the results of calculations the
final prognostic model for PDR development
within 4-year follow-up in patients with DM
type 2 includes three features: a stage of DR at
the beginning of observation, levels of MMP-9
in IOF and DM type 2 duration. The equation
for the binary logistic regression is as follows:

1

1 — 2,718 16:665+(-0.125xX,-0.594xX,~0338xX;) ?

where X, — MMP-9 levels in IOF (ng/ml), X, —
DM type 2 duration (years), X, —a stage of DR
at the beginning of observation.

It was found that at MMP-9 level > 105 ng/
ml and DM type 2 duration > 10 years and an
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absence of DR at the beginning of observation
the probability for PDR development within
4-year follow-up is high and accounts 85.9 %
(P=0.859).

Thus, MMP-9 levels in IOF of patients with
DM type 2, the initial degree of DR severity as
well as DM type 2 duration were statistically sig-
nificant risk factors for DR progression within
4 years of follow-up.

CONCLUSIONS

Alterations in the proteolysis system in patients
with DR and DM type 2 were revealed. They
included an increase in MMP-9 and TIMP-1
levels in blood and IOF in patients with DM and
the absence of signs of DR and in patients with
DM and DR of any stage compared to those
in nondiabetic patients (P<0.05). MMP-9 and
TIMP-1 levels increased in accordance to an
increase in DR severity: MMP-9, TIMP-1 levels
reached a maximum in PDR (103.34+6.14 ng/
ml and 436.06+£23.49 ng/ml in blood and
117.78+6.35 ng/ml and 512.13+£19.26 ng/ml in
IOF, respectively).

By means of prognostic model constructing it
was established that MMP-9 levels in IOF and
DM type 2 duration have an effect on the prob-
ability for DME development. At MMP-9 levels
> 105 ng/ml and DM type 2 duration > 10 years
the probability for DME development within
I-year follow-up is 100%. At MMP-9 levels
90 ng/ml and DM type 2 duration 5 years the
probability for DME development within 1-year
follow-up is 81%.

By means of prognostic model constructing it
was established that MMP-9 levels in IOF, a stage
of DR at the beginning of observation and DM
type 2 duration have an effect on the probability
for PDR development in patients with DM type
2 within 4-year follow-up. At MMP-9 levels >
105 ng/ml, DM type 2 duration > 10 years and
an absence of DR at the beginning of observa-
tion the probability for PDR development within
4-year follow-up is high and accounts 85.9%
(P=0.859).
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C.B. 3a6aiues!, O.B. Kopo6osa?, O.B. Ilerpenxo’,
B.M. Cepiok*, C.JO. MoruieschKuii’

POJIb MATPUKCHOI METAJIOIIPOTEIHA3H
9 TA ii TKAHUHHOT' O IHT'IBITOPA 1 B PO3-
BUTKY I IPOIHO3YBAHHI JIABETHYHOI
PETUHOIIATII

VY cTarTi HaBEACHO PE3yJbTATH JOCIIIKCHHS HNOPYIICHb Y
CHUCTEMI MPOTEOJIi3y y XBOpHUX Ha Iykposuii miader (LI)
2-ro Tuity Ta giabetnyny perunomnartito ([IP). Busuamu Bmict
MaTpHukcHOI MeTanonpoteinasu 9 (MMII-9) i ii TkaHMHHOTO
inriditopa 1 (TIMII-1) y kpoBi Ta BHYTpiIHbOOYHIH piauHI
(BOP) xBopux Ha LJ] 2-ro tumy 3anexHo Bix cramii P.
BcranoBneHo 3MiHuM B cucTeMi IpoTeonisy y xBopux Ha /1P i
L 2-ro Tumy, siKi moJsiranu B miaBuiieHHI BMicty MMII-9
i TIMII-1 y xposi Ta BOP sk 3a BiacytHocTi o3Hak /1P, Tak
1 3a Oyzap-siKoi 11 cTazii MOPIBHAHO 3 LUMH MOKa3HUKAMH Y
xBopux 0e3 miabery. [linpumenns smicty MMII-9 i TIMII-
1 y xpoBi Ta BOP xBopux na LI/ 2-ro tumy BigOyBanocs
31 36inbIenHsM Tspkkocti J[P: 3a mpomideparuBuoi [P wmi
MOKa3HUKH JOCATIIM MaKCUMyMy. BCTaHOBIICHO, 10 BMICT
MMII-9 y BOP i tpusanicts L] 2-ro Tumy BIIMBaOTH Ha
HMOBIPHICTb PO3BUTKY A1a0€THYHOTO MAKYJISIPHOTO HAOPSKY.
3a Bmicty MMII-9>105 ur/mn i TpuBanocti L/l 2-ro tumy
nonan 10 pokiB Bona cranoButh 100 %. Y pesynbraTi
Mo0yI0BM MPOTHOCTHYHOI MOJENi BCTAHOBIEHO, IO Ha
HMOBIpHICTH PO3BUTKY Tpodidepatusaoi [P y xBopux Ha
L1 2-ro Ty npotsarom 4 pokiB BIIHBaOTh: BMicT MMII-9
y BOP, cranis /IP Ha moyatky criocTepeXxeHHs Ta TPUBAJIICTh
LIJT 2-ro tumy. 3a BMicty MMII-9>100 ur/ma, TpuBanocti L1J]
2-ro tuny noHap 10 pokiB i BizcyTHOCTI 03HaK /I[P Ha mowaTky
CHOCTEPEKESHHS IMOBIPHICTH PO3BUTKY IpodidepaTtuBHoi [P
ctaHoBHIa 85.9%.

KirouoBi cioBa: cuctema npoTeoily; MeTanonpoTeinasa-9;
TKaHUHHUH 1HT10iTOp MaTpUKCHOI MeTanonporeinasu 1;
BHYTPILIHbOOYHA PiANHA; Nia0eTHYHA PETUHOMATIA.

TVipaincokul naykoso-npakmuyHutl yeHmp eHOOKPUHHOT
Xipypeii, mpancnaanmayii eHOOKPUHHUX OP2aHia i

mkanun MO3 Yipainu, Kuis; >/loneyoxuii nayionansuil
Mmeouunuil ynisepcumem im. M. Topvroeo, Kpacuuii Jluman;
SHayionanvia meduyna axademis niciaouniominoi oceimu
im. ILJL Ilynuxa, Kuis; *IV «/[ninponemposcvka meduuna
axaoemisas MO3 Vkpainuy, /[ninpo

C.B. 3a6aunes!, A.B. KopodosaZ, O.B. Ilerpenko?,
B.H. Cepaox*, C.JO. Moruyiesckuii’

POJIb MATPUKCHOM
METAJIJIOIIPOTEMHA3BI 9 1 EE
TKAHEBOI'O HHTMBUTOPA 1 B PA3BUTUHA
U IIPOTHO3UPOBAHUH JUABETHUYECKOM
PETUHOIIATUHA

B craTbe npuBeieHbl pe3yabTaThl UCCIIEJ0BAHUI HAPYIIEHUN
B CHCTEMeE ITPOTE0In3a y O0IbHBIX caxapHbIM 1uadetom (CJI)
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2-ro tuma u auaberuueckoi perumnomnatueit (JP). Ompe-
JIesUIN COlepKaHUE MATPUKCHONW METayuIoNpOTeHHAa3bI-9
(MMII-9) u ee tkaneBoro unruburopa 1 (TUMII-1) B
KpoBH ¥ BHyTpHriasnoil xuakoctu (BIK) y 6onpubix CJ]
2-ro THIAa UMMYHO(QEPMEHTHBIM METOJIOM. Y CTaHOBJICHBI
U3MEHEeHUs B cucteMe mpoteonunsa y 6ospHbIX [P u C/] 2-ro
THIIA, KOTOPBIE 3aKJIIOYAINCh B IOBBIIIEHUH COJCPKAHUS
MMII-9 u TUMII-1 B xkpoBu u BI'X kak npu orcyrcTBUn
npusHakoB JIP, Tak u npu 1r000it ee cTaauu B CpaBHEHHHU C
STUMH NOKa3aTesIMU y OOJbHBIX O3 inabera. Y CTaHOBIIEHO,
yto coaepxkanue MMII-9 Bo BI'K u nasHocts CJI 2-ro
THIA BIUSIOT HA BEPOSITHOCTh PA3BUTHS IUa0STHIECKOTO
MakyJsipHoro oteka. [Ipu conepskannu MMII-9 > 105 ur/
it 1 iutenbHoctd CI 2-ro tuna > 10 et BEpOsSTHOCTD
pasButus oteka coctaiseT 100%. Ha BeposiTHOCTS pa3BuTHA
nponudeparuBHoit JIP y 6onpubix CJ] 2-ro THIIA B TeYeHHE
4 ner HabmoeHus BIMAIOT: coaepkanne MMII-9 Bo BI'K,
craaus JIP B Hauane HabmonaeHus u JumrenbHocth CJ1 2-1o
tumna. [Ipu conepxarnnu MMII-9 > 100 Hr/mi1, ATUTETBHOCTH
CJ1 2-ro Tuna > 10 net u orcyTcTBUM Npu3HakoB /(P B Hauane
HaOJI0ICHNS BEPOSTHOCTh Pa3BUTHs MPOJUpepaTHBHON
(dopmel coctaBisieT 85.9%.

KiroueBble cioBa: cucteMa IpoTeoin3a; MeTaIONpoTeHa3a-9;
TKaHEBOW MHTUOUTOP MAaTPUKCHOW METayIONpPOTEHHA3blI-1;
BHYTpUIJIa3Has )KUAKOCTD; AuabeTHyecKas peTHHONATHS.

! Vipaunckuil Hayuno-npakmuyeckuil yenmp dHOOKPUHHOIL
Xupypeuu, mpancnaanmayuu IHOOKPUHHBIX OP2AHOS U
mkaneti M3 Ykpaunol, Kues; 2Joneyxuii nayuonanbusiii
Mmeouyunckutl ynusepcumem um. M. Topvroeo, Kpachoiil
Jluman; 3Hayuonansnas meouyuncras axademus
nocieduniommnoco oopasosanus um. I1.J1. [llynuka, Kueg;
IV «[nenponemposckas meduyunckas axademus MO3
Vrpaunvry, [{nenp
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YV pobomi docnioaxcero ocobrueocmi xpoHopummiunux nepedy0os ioHope2yn8anbHol hyHKYil HUPOK 3a
VMO8 2iNOGYHKYIL wukonodionol 3ano3u. [l 6ueuenns 2ino@ynkyii enighiza meapur ympumyeaiu 8 ymo-
64X NOCMIUHOL C8IMN060T CMUMYIAYIL 61P0006xc 7 0ib. Bcmarosneno, wo 2inoQyHKyis wuukonooionoi
3A7103U CNPUYUHSAE NOPYULEHHS. YUPKAOIAHHOT Opeanizayii ioHope2yno8anbHOl (yHKYIL HUPOK NOPIGHSIHO 3
KOHMPOJIbHOKW 2PYNOK MEApuH. 3a ymos Qizionociunoi nineanexmomii cnocmepieanu nioguiyeHHs ekckpeyii
ionie nampito (6,11£0,81 mmonwv/200), a 11020 KOHYeHmpayis 6 NAA3Mi KPOSI 3aIUUANIACS NIOSUUEHOIO Yi-
710000060. Ompumani pe3yI1bmamu 6KA3VI0OMb HA ICMOMHI 3MIHU THMESPATbHUX XAPAKMEPUCTIUK PUMMIG
NOKA3HUKIE eLeKMPOLIMHO20 OOMIHY Ma 8420MY POJlb WUKONOOIOHOL 303U Y 3abe3nevenni izionoziu-

HO20 comeocmas)y.

Kniouosi cnosa: yupradiannuii pumm; HUPKY, WUKonooiona 3ai03a.

BCTYII

Huni y cywacHiit ¢izionorii 3’scyBaHHs Xpo-
HOPUTMIYHHX acCIeKTiB HEHPOTYMOpaIbHUX Ta
BHYTPIMTHBOKIITHHHUX MEXaHI3MIB pETyIIsIii
roMeoCTa3y 3aJMIIA€ThCA OJHUM 3 HaWOiIbII
aKTyallbHUX NuTaHb [1]. PuTMiuHicTh po3ris-
JAETHCS sIK 000B’ I3KOBa BJIIACTUBICTH KUBOT Ma-
Tepii Ha BCiX piBHsIX opraHizauii [2], a BUBUCHHS
pUTMiB (YHKIIOHYBaHHS Pi3HUX CUCTEM Op-
raHi3My, YUHHHKIB, 10 BINTUBAIOTH Ha iX popMy-
BaHHs, IIPEJICTABIIsE OE3MOCePeHIN IHTEPEC IS
cyuacHoi Oiosorii 1 meguuunan [3]. biosoriuni
PUTMH — IEPIOJUYHO OBTOPIOBAHI 3MiHU Xapak-
Tepy ¥ IHTeHCUBHOCTI (hi310J0TIYHUX MPOIIECIB
1 SBUII, KOTPi BIIACTHBI OiocHCcTEeMaM Ha BCiX
piBHSX opranizamii [4]. [IpuliHATO KOHIICTIIIiIO
npo IUpPKaJliaHHY CHCTEMY OpTaHi3Mmy, QyHK-
HIOHAJILHUMHU JaHKaMH SKOI € IIMIIKOIMOAiOHa
3a1103a, 10 BiAirpae BaXJIMBY pOJib y mpolecax
ajmanTarlii 1o il pi3HUX YMHHHKIB JTOBKIJIIA
Ta cympaxia3MaTu4Hi sapa Timoranramyca, sKi
pO3TIIAIAI0THCS IK OCHOBHUM reHeparop 0ioput-

MiB OinbocTti ¢pyHKUiH opranizmy [5]. Hupku
TaKOX XapaKTepPU3YIOThCS YITKOI 4aCOBOIO
30anaHcoBaHicTIO (PyHKIIIHN [6], 0oHAK, 0COOIH-
BOCTI I[MPKaJllaHHOT OpraHi3ailii Ta MexaHi3Mu
O0lopUTMIYHOT peryinsiii HUpKOBUX (YHKIIH
3aJUIIAI0THCS HEAOCTATHRO BUBUCHUMH [7].

CBITJIOB] IOJIPa3HUKH SIK €K30TEHHI (aKTo-
pu y popmyBaHHI 7OOOBOTO PUTMY HisUTBHOCTI
HHUPOK OTIOCEPEIKOBYIOTHCS 1 Uepe3 MINIIKOIO-
niony 3amosy [8]. Ilicos mineanekToMii po3BHU-
BAaETHCH JIECHHXPOHO3 NiypeTHYHOI peaxmii i
10HOpEryIIBalbHOT QYHKIIT HUPOK, IIO MPO-
SIBJISIETHCS 3MEHIICHHAM aMIUIITYIH KOJIUBaHb,
3MIIIEHHSIM PUTMY CEYOBUIIICHHS 1 Kaiitype3y
3 HIYHOTO Ha JICHHHH MEepiof, a TAaKOXK KOMIICH-
COBAaHUM alMJI030M, KOTPUW CYyIPOBOMKYETHCS
3MEHIICHHSM BUBE/JICHHS BUIBHUX 10HIB BOJHIO
Ta amoHio [9].

Merta Hamoi poOOTH — BUBYUTH O0COOJIMBOCTI
CTPYKTYPH XPOHOPUTMIB 10HOPETrYJIFOBAIbHOL
¢GyHKIIT HUPOK 32 YMOB TiMOQYHKIT MUIIKO-
noniOHOT 3a1103H1.
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METOAUKA

Hocnign npoBenu Ha 72 cTaTeBO3PiIMX Hei-
HIHUX camIgx Oinmux nrypiB macoto 0,15-0,18
KT, TBApWH YTPUMYBAJIM B YMOBaX BiBapito mpu
cTajiil TemIepaTrypi Ta BOJOTOCTI MOBITPsS Ha
CTaHJapTHOMY XapyoBoMy pamiosi. Jlo KoH-
TPOJIbHOI 1 AOCJIAHOT I'pyn BBiHII0 1o 36 TBa-
pHH, sKi BIIpoaOBXK 7 Ni0 mepeOyBaiau 3a yMOB
3BUYAWHOTO CBITIIOBOTO pexuMy (12 rof cBiTiIO
112 rom rempsiBa) i PizioNorivHOI MiHEATEKTOMIT
(24 ron ocBiTienHs) BignosigHo [10]. Ha 8-my
1100y TBapuHAaM IIPOBOMIIA HAaBAHTAXKEHHS i 1i-
IPiTOIO 710 KIMHATHOI TeMIIepaTypu BOAOIPOBiJI-
HO0 BOsO10 (5% Big Macw Tina) i JOCHTIIHKyBaIH
MOKAa3HUKHY 10HOPETYINIOBAIBHOT PYHKITIT HUIPOK
3a yMOB ¢opcoBanoro miypesy [10]. BuBuamu
KOHIIEHTpAIlil0, EKCKpelii, adCoNTHY Ta
BiJHOCHY peabcopOuito, MPOKCHUMAIbHUN Ta
OUCTabHUN TPAHCIIOPT 10HIB HATPil0, KOHIICH-
TpauiitHu# iHAEKC, HATpil/KanieBuil KoeimieHT
Ta KJIipeHc 1oHiB HaTpifo [11].

ExcriepuMmeHTH TTPOBOIUIN 3 4-TOJUHHHM
IHTEpBaJIOM YHpPOAOBXK A00u. JlocmilyKeHHS B
KOHTPOJBHUX Ta NOCTIAHUX TBAPUH y HIUHUN
nepiox 100U NMpoBOAKIN NpHU cinabkomy (2 1K)
YEpPBOHOMY CBiTJIi, SIKE IPAKTUYHO HE BIUIMBAE
Ha O0IOCWMHTE3 MEJaTOHIHY IITUIIKOIOMiOHO0
3a5103010. Bl eTanyu excniepuMeHTy 3IiHCHEHO
3 JOTPUMaHHSIM OCHOBHHX BUMOT €BpoOIei-
CbKOi KOHBEHIIIi IIOA0 T'YMaHHOTO CTaBJICHHS
110 TBapHH.

Pesynbratu 0O6poONISIN CTATUCTUYHO Me-
tonoM “KocwHOp-aHamizy”, a TakoXX mapame-
TPUYHUMHU METOJIAMHU BapialiiHOT CTATUCTUKH.
Jiarnoctruka QyHKIIOHAIBLHUX OCOOIUBOCTEH
IPYHTyBajacs Ha OCHOBI aHaJi3y 3MiH Xapak-
TEPUCTUK ME30py, aMILTiTyAu, akpodasu Ta
(dhopmu KpUBOT MUpPKaTiaHHOTO pUTMY. OTpUMaHi
IHIWBiAyadbHI XpPOHOTPAMH JJIsI KOXKHOI TBa-
pUHU TPYNYBaJIM 32 MPUHLIUIIOM 1JICHTHYHOCTI
MakcuManbHoI akpodasu 1 Ga3zoBy CTPYKTypy
(3a iHTEepBaJIOM Yacy Mixk akpo- Ta 0aTudazoro).

OTprMaHi eKCepUMEHTAIbHI Pe3yJbTaTH
00pOoOIISITH Ha TIEpCOHATBHUX KOMIT FOTepax Ia-
ketom niporpam EXCEL-2003 “Microsoft Corp.,
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CIIA”. Inst Bcix MOKa3HUKIB pO3paxoByBalu
3HAUCHHS CepPeNHbOI apuPMETHIHOT BHOIPKHU
(x), 1i nucnepcii i moxubku cepeaanoi (Sx). s
BUSIBJICHHS BIPOT1IHOCTI BIIMIHHOCTEH Pe3ylib-
TariB y TBapUH BUKOPHCTOBYBAJIH KPUTEPiil t
CThrO/IeHTA, ISl YOTO BU3HAYAIHU BIpOTiHICTh
BigmiHHOCTI BUOipok (P) i moBipuwmii iHTepBan
cepemHboi 3a TadbmuIsIMu pos3noainy CTeiomeH-
Ta. BiporigHUMU BBa)Ka W 3HAYCHHS, JIJIS TKUX
P<0,05.

PE3YJbTATHU TA IX OBTOBOPEHHS

VY TBapuH, sKi nmepedyBanu B yMoBax ¢izionoriu-
HOT QyHKIIIT IKWITKOMOAIOHOT 3aJ1031, AMHAMIKA
eKCKpellii 10HIB HaTpilo BOPOAOBXK 100H Oyna
nBodasnor. HaiiBumly exckperiro crocTepi-
8-1 romuuu, a O6atudasza mpumagana Ha 24.00.
TeneHit0 10 MiBUINCHHS EKCKpelil ioHa BU-
SBJISUIM B PAHKOBHH Ta ACHHUI nepiogu ao0u 3
HOBHUM MikoM 0 4.00 i mocTynoBuM cnagoMm (puc.
1). Me3op purmy cranoBus 6,11+0,81 MMoiB/
roJ, aMILIiTyJa KOJMBaHb HE IEpEeBHULIyBala
33 %. VY mepepaxynky Ha 100 MK KIyOOYKO-
BOTO (iNIbTpaTy piBeHb EKCKpellii i0HIB HATPilO
BIPOJIOBXK 100U cTaHOBUB 2,24+0,14 MMonb/
MKJI 3 aMIIiTy010 27 %. XpOHOPUTM KOHILICH-
Tpaiii ioHIB HaTpi0 B cedi MaB omHOGa3HHUI
xapaktep 3 akpodazoro o 4.00 Ta 6atudazoro o
20.00 (puc. 2) i me3opom 3,91+£0,19 mmomnb/1.
AwMmuiTyna puTMy He nepeBuiryBaia 29 % Bix

MMorb/rog
201

161

121

12.00 1600  20.00 24.00 4.00  8.00

Puc. 1. XpoHOpHUTMH eKCKpeIii 10HIB HATPiO (MMOJIB/TON) Y
KOHTPOJIHUX IIypiB

ISSN 0201-8489 @ision. scyp., 2016, T. 62, Ne 5



C.b.Cemenenko, C.C. Tkauyk, O.B. Tkauyk, C.1O. Kapareepa, B.B. Aniynosa

MMonb/rof,
9,0
75
6,0
4,5
3,0

1,5

1200 16.00 20.00 2400 4.00  8.00

Puc. 2. XpoHOpUTMH KOHLEHTpaLii 10HIB HATpil0 B ceui
(MMOJIB/IT) y KOHTPOJIBHUX LIYPiB

Me3opy. Dinprpaniiina (pakiiis 10HIB HaTpito
TaKOX 3MiHIOBaIach ynponoBx 1oou. barudasy
pOTo TIoKa3HuKa BusABIsn 0 12.00, akpodaszy
— 0 4.00. Me3op cranoBuB 77,11£3,18 Mmmous/
xB 3 ammitynoo 19 %. AHamorigHo 3MiHIO-
BaJIMCS MOKa3HUKHU abCcoJIoTHOI peabcopOmii
BKazaHoro ioHa (tabmuus). Cepeaaboqo00Buii
piBeHb BiIHOCHOI peabcopOuii i0HIB HATPirO
caraB 99,92+0,02 % 3 akpodazoro o 24.00, mo
BimmoBimano Oarudasi eKCkpelii i0HIB HATPIo.
[ToniOHOIO apXiTEKTOHIKOIO BiJ3HAYABCS PUTM
MPOKCUMAJIILHOI'O TPAHCIOPTY 10HIB HATPIilo,
TOJI SIK Y OAMCTaJbHOMY CETMEHTI HeppoHa

Bruins rinogyHkuii IumkonoaioHol 32,1031 Ha Me30p i aMIUIITY1y pUTMiB HUPKOBOI0 TPAHCIOPTY iOHiB HATpilO
y 6iaux mypis (X + .S- ; n=36)

lNmogyHKIis mumkomnonioHol
Koutpons
Iloka3Hukn 3271031
Mesop Awmmrityna, % Mesop | Awmmityna, %
OFUCHTPAILT IOHE HATPLO ¥ Cetl, 3,9140,19  29,2241,61  6,7140,65%%  20,71%1,34%*
MMOJIB/JI
Ekckperrist i0HIB HaTpif0, MMOJIB/TOJT 6,11+0,81 16,27+1,31 8,11+0,56 11,92+0,82%*
E .. . )
KCKpellisl 10HiB .HanlIO, MMOJIb/100 MK 2.0440,14 26.9141,91 6.6240,32%* 28.82+1.89
Ki1yOoukoBoro ¢inbrpary
KomuenTpanis 10HiB HaTpiio y miasi, 123,7343,82  5,031,21  138,9142,82%*  3,120,69
MMOJTB/JI
Harpiii/kanieBuit KOeimieHT, yM. Of. 0,32+0,05 41,72+1,51 0,93+0,19%** 31,11+£1,95%*
dlubtpauiiina dpaxuis ionis Harpiio, 77,11£3,18  19,11£1,02  37,53+2,33%%  28,12:1,57%%
MMOJIb/XB
AbcomtoTHa peabcopbirist i0HIB HATpito, 76.9142.35 9.0240.82 374341 41%%  28.1140,81%*
MMOJIb/XB
BigHocHa peabcopOuist ioHiB HATpitO, % 99,92+0,02 0,14+0,01 99,62+0,07** 0,14+0,91
Kitiperc ioHiB HaTpiro, MI/TOx 0,07+0,01 14,16+1,21 0,06+0,01 11,72+0,19
Kitipenc 0e3HaTpieBoi BOIH, MJI/TOJ 1,56+0,05 9,43+0,21 1,16+0,01 5,76+£0,31%%*
N . . .
POKCHMAaJILHUI TPAHCIIOPT i0HIB HATPiTO, 4.47+0,09 10.1140.21 2.1140,15%* 14.8140,31#*
MMOJIB/TOJT
JWCTAIIb i TPAHCTIOPT IOKIB HATpIIO, 192,7246,73  10,56£0,21  162,36+6,62%*  5,56+0,07%*
MMOJIL/TO,
[TpokcUMaTbHUIA TPAHCIIOPT 10H1]'3 HATpifo, 11,8240.29 4224041 12.8140.26 4.1340.93
MMt/ 100 MK KI1yOOYKOBOTO (hiTbTpaTy
JICTaIERII TPARCTIOPT I0KIB HATPIIO, 0,6120,07  32,43:0,41  1,11£0,08%*  20,64+0,19%*p
MMouth/ 100 MKT KTyO0dKOBOTO (PiIBTpATy
K e .. .
OHHCHTDAIHIII ACKS TOHID HATPIO 0,1420,01  34,44£0,41  0,11£0,05  21,62:0,99%*

YM. OII.

* P<0,01, ** P<0,001 mopiBHSIHO 3 KOHTPOJIEM
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OcoOIHMBOCTI CTPYKTYPH XPOHOPHTMIB i0HOPETY/TIOBAIBHOT (DyHKIIIT HUPOK

akpoasy ioHna crnocrepiranu o 8.00, 6arudasy
- 0 24.00.

Take nmpkajgiaHHe CHIBBITHOIICHHS MiX
nporecamM MPOKCUMATLHOTO 1 THCTalIbHOTO
TPAHCIIOPTY, & TAKOX T€, 0 CepeHHOI000BHI
piBeHb MPOKCUMAIBHOT peabcopOirii B mepepa-
xyHKy Ha 100 Mka kiaybodkoBoro ¢imbTpaty
ICTOTHO MEPEeBHUIIYBAaB ME30p IHCTAJIBHOTO
TPaHCIOPTY 10HIB HATPIIO € CBIUYEHHAM (i3io-
JOTI9HOI y3TOKEHOCTI MiX OOJIraTHOIO Ta
(axyapTaTUBHOIO peabcopOIliero 10HIB HATPITO.

VY3aralbHIOIOUYHN PE3yJIbTaTH MPOBEAEHOT
cepii OCIIJUKEHb CIiJ BIAMITUTH, 0 (QYyHKIIT
HUPOK Y KOHTPOJIbHUX TBAPHH IiAMOPSIIKOBAHI
YiTKil [UpKaaiaHHii opraHizamii. JJo6oBi put-
MU TTOKa3HUKIB (PYHKIIIH HUPOK BiOOpakaroTh
AQHAJIOTIYHI 3MIHU pEHAIbHUX MPOLECIB.

[TopiBHSIHO 3 KOHTPOJBHOIO TPYIIOIO TBAPHH
3a yMOB TinoQyHKUII MIMIIKONOAiIOHOT 3a1m03u
CIIOCTEpITalu MiJBUIIEHHS €KCKpelii i0HiB
HaTpifo (AUB. TaONUIIO), a HOTO KOHIEHTpa-
i B TUTa3Mi KPOBI 3aJTUIIaacs IiIBUIIECHOIO
nizomno6oB8o (puc. 3). Bucoka KOHICHTpaIlis
10HIB HaTpilO B TUIa3Mi KPOBi IpH TinopyHKIi]
HIUIIKOMOAI0HOT 3271031 30epiraiacs, Xxoua 3HH-
JKyBanucs 0a3ucHI piBHI pUTMIB abCONIOTHOL
Ta BimHOCHOI peabcopOIii Mporo ioHa (AUB.
TaONuII0), a apXiTeKTOHIKH PUTMIB BKa3za-
HHUX MMOKa3HUKIB HE3HAYHO BIAPI3HSIUCS BiJ
XpOHOTpaM KOHTPOJbHHX IypiB. [ligBumena
KOHIIEHTpalisl i0HIB HaTpilo B Mmia3Mi KpoBi
HIypiB MPHU3BOAMIA 0 KOMIIEHCATOPHOI aKTH-

MMOnb/n
150

1401
1301

120+

110+

100

12.00  16.00  20.00 2400 400  8.00

Puc. 3. XpoHOPUTMH KOHIIEHTpALLIT i0HIB HATPiIO (MMOJIB/JT) y
IU1a3Mi KPOBI LIypiB 3 rino(yHKII€I0 MHITKONOI0HOT 3a1103H:
1 — KOHTPOJIb, 2 — TiMOQYHKIIIsS MIHUIIKOIOIOHOT 3a7103H
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Balil 1X BUAUIEHHS, BKJIIOYAIOYU BC1 MOJKJIMBI
MexaHizmu. Lle miaTBepaKyBasocs BUCOKUM
KiipeHcoMm ioHiB HaTpito o 12.00, 24.00 Ta 4.00
1 3HIKEHHSIM KJIpeHCy Oe3HaTpieBOi BOJIU B
yCi TOCHiKyBaH1 MPOMiXKH 00U MOPIBHSHO 3
KOHTpOJIeM (IuB. TabnuIo). BiporiaHo 3HmkeHa
¢inpTpaniiina Gpaxuis i0HIB HATPilO B LIypPiB i3
rinoyHKI€10 MUITKOTOAI0HOT 3271031 MPU3BO-
JWJIa 10 aKTUBALI] IPOKCUMAaJIbHOTO TPAHCIIOPTY
ioHa B mepepaxyHKy Ha 100 MK KITyOO4YKOBOTO
¢inpTpary ynpoaosxk noo6wu, 3a BuHsTKOM 4.00,
BiJITHOCHO BiJIMOBITHUX MTOKa3HUKIB Y KOHTPOJIb-
HUX TBapuH. He3Ba)xaloum Ha BHCOKY KOHIICH-
TpaIlifo i0HIB HATPIiIO B MJIa3Mi KPOBi BUSBJICHO
TakoX BiporigHe 3poctanus (Ha 83 %) me3opy
JUCTAJILHOTO IX TPAHCIIOPTY MOPIBHSIHO 3 KOHTP-
oneM (ouB. TabauL0). AMIUTITYJa BipOTiIHO
3HMKyBanacs Ha 21 %, apXiTeKTOHIKa PUTMY
OyIta MoiOHOI0 10 XPOHOTPaM Y KOHTPOIbHHX
TBapuH. BimMideHO BipoTigHE MiABUIICHHS
0a3ucHOTO PIBHA Ta aMILIITyAd PUTMY Ha
28 % amouiiiHOTO KOedilieHTa (AUB. TAOIUIIIO),
3MimeHHs Gpa3zoBoi CTPYKTYPH PUTMY BiTHOCHO
3HaY€Hb TBAPUH KOHTPOJIHHOI IPYyIH.
OTtprMaHi pe3yabTraTH CBi4aTh NPO Baromy
poib emidiza MO3Ky y 3abe3medeHHi ¢izionoriv-
HOTO TOME0CTa3y 1 MOBUHHI OpaTucs 0 yBaru npu
JIarHOCTHUI Ta IPOTHO3YBaHH1 TOPYIICHb (QYHKII
HUPOK Yy KIIIHIYHIHA Ta eKCIepUMEHTabHIN mpa-
KTHIIl 3 ypaxXyBaHHSM IIUPKaliaHHUX Oi0pUTMIB.

BUCHOBKHA

1. INnodyHKIliA MUIIKOMOAIOHOT 3aJI03U MPHU-
3Bella 0 He3HAYHOTO 3HIDKEHHs peadbcopOirii
10HIB HATPifO BIPOIOBK MEPiOAY CIIOCTEPEIKCHD
MOPIBHSHO 3 KOHTPOJIbHUMH TBAPUHAMH.

2. 3a ymoB rinodyHKIii mMHAMKONOAiOHOT
3aJ03M BiJMi4€HO MOpPYLIEHHs OOMiHY i10HIB
HaTpii0 3 BUPAXKCHUM HATpillype3om, sikuil OyB
iCTOTHO O1MBITNM, HI’K Y KOHTPOJBHUX TBapHH;
CIocTepiransacs TaKoK aKTHBAITiS TPOKCUMAITh-
HOTO TPAHCIIOPTY 10HIB HATPIIO Y MEPEPAXYHKY
Ha 100 M1 KIIyO0YKOBOTO QiNbTPaTy MPOTATOM
n00u 3a yMOB 3MiHeHOT ()a30BOi CTPYKTYPH PHUT-
MY BIZTHOCHO KOHTPOJIIO.

ISSN 0201-8489 @ision. scyp., 2016, T. 62, Ne 5



C.b.Cemenenko, C.C. Tkauyk, O.B. Tkauyk, C.1O. Kapareepa, B.B. Aniynosa

3. dizionoriyHa MiHEAJCKTOMIs MpHU3Beia
10 3HWKEHHS 0a3MCHOTO PiBHS pUTMY JHUC-
TaJIHHOTO TPAHCIIOPTY 10HIB HATPiIO MTOPIBHSIHO
3 KOHTPOJIEM.

C.Bb. Cemenenko, C.C. Tkauyk, O.B. Tkauyk,
C.I10. KaparteeBa, B.B. Annynosa

OCOBEHHOCTHU CTPYKTYPbI XPOHOPHUT-
MOB NOHOPET'YJIUPYIOIIENA ®YHKIIUA
MNOYEK B YCJOBUAX THITIO®PYHKI NN
IMUAIMKOBUIHOM )KEJE3bI

B pabote paccMOTpeHBI 0COOEHHOCTH XPOHOPUTMHYECKUX
MEPECTPOEK HOHOPETYIUPYIOMmeH (QyHKIMK MOoueK B yCIo-
BUSIX TUIO(YHKIMN MINIITKOBUIHON *Kene3bl. s n3ydeHus
TUNOGYHKIUH 3MH(N3a KUBOTHBIX COAEPKANN B yCIOBHSIX
MOCTOSIHHOM CBETOBOM CTUMYJISIIMM HA MPOTSHKEHUU 7 CYyT.
VYcTaHoBIEHO, YTO THHOGYHKIHS SMH(pH3a MO3Tra MpUBENa K
HapyIIEHUSM IUPKaJHaHHON OPraHU3aIlii HOHOPETYIHPYIO-
el PYHKIMH [TOYEK B CPABHEHUH C KOHTPOJIBHOM Ipynmon
JKMBOTHBIX. B ycinoBusx ¢usnomornueckoi MIHEamTdIKTOMUH
HaOJTI0aIH MTOBBIIIEHHE YKCKPELH HOHOB HaTpus (6,11+0,81
MMOJIB/9), @ €r0 KOHIIEHTPAIHA B IUTa3Me KPOBH OCTaBajIach
MOBBIIIEHON KPyTocyTouHo. [TomydeHHbIe pe3yasTaTsl CBH-
JIETETBCTBYIOT 00 CyIIECTBEHHBIX H3MEHEHHSIX HHTETPATbHBIX
XapaKTePUCTUK PUTMOB ITOKa3aTeNel AMEKTPOIUTHOTO 0OMe-
Ha, 9TO MOJTBEPKAAET BAXKHYIO POJIb HINIIKOBHIHON KENe3bl
B obecreueHnn (HH3HOTOTHIECKOTO TOMEOCTa3a.

KnrodgeBble cioBa: NMPKAaIHMAHHBIN PUTM; MOYKH; IITHIIKO-
BUJIHAS JKeJe3a.

S.B. Semenenko, S.S. Tkachuk, O.V. Tkachuk,
S.Y. Karateeva, V.V. Antsupova

SPECIFIC FEATURES OF CHRONORHYTH-
MOLOGIC CHANGES OF THE ION-REGU-
LATING FUNCTION OF THE KIDNEYS UN-
DER THE HYPOFUNCTION OF THE PINEAL
GLAND

The paper investigates the specific features of chrono-
rhythmologic changes of the ion-regulating function of the
kidneys under the hypofunction of the pineal gland. For
the study of hypofunction of the pineal gland, animals were
maintained under constant light stimulation during 7 days. It
has been established that the hypofunction epiphysis point
out disturbances of the phasic structure of the ion-regulating
function in relation to chronograms of the intact group of
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rats. In terms of physiological pinealectomy observed in-
crease in the excretion of sodium ions (6,11+0,81 mmol/h)
and the concentration of this cation in the blood plasma
remained elevated around the clock. The obtained results
indicate significant changes of integral characteristics of the
rhythms of electrolyte metabolism and the important role
of the pineal gland in ensuring physiological homeostasis.
Key words: circadian rhythm; kidneys; pineal gland.

Higher State Educational Establishment of Ukraine “Buko-
vinian State Medical University”, Chernivtsi.
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Flavonoid quercetin reduces gliosis
after repetitive mild traumatic brain injury in mice

Y.Y. Zabenko, T.A. Pivneva

Bogomoletz Institute of Physiology of the National Academy of Sciences of Ukraine, Kyiv;

e-mail: pta@biph.kiev.ua

The effect of water-soluble form of quercetin on the structural changes of glial cells in hippocampus
was investigated in mice after repetitive mild traumatic brain injury. Reactive astro- and microgliosis
in hippocampus were observed after brain injury. Iba-1 and GFAP immunohistochemistry was used to
visualize astrocytes and microglia cells. Immunopositive cells were counted in hippocampal CAl-area at
Sth, 10th and 30th days since the first injury and at 5th, 10th and 30th days since the first quercetin injection.
Administration of quercetin leaded to the decrease in number of activated glial cells. Thus, our study
demonstrates the following: repetitive mild traumatic brain injury in mice is associated with reactive gliosis;
quercetin showed neuroprotective effects by reducing this gliosis. In view of the described, use of quercetin
is appropriate for pharmacological correction of cerebrovascular disorders after traumatic brain injury.

Key words: repetitive mild traumatic brain injury; hippocampus,; microgliosis; astrogliosis, quercetin.

INTRODUCTION

According to Centers for Disease Control and
Prevention [1], traumatic brain injury (TBI) is
caused by a bump, blow, or jolt to the head or a
penetrating head injury that disrupts the normal
function of the brain. The severity of a brain
trauma is defined depending on the following
characteristics [2, 3]: 1) whether or not a person
had a loss of consciousness; 2) how long the
loss of consciousness was; 3) the length of
amnesia; 4) the resulting cognitive, behavioral
and physical problems; 5) the recovery.

TBI is considered to be mild, if the loss
of consciousness lasted 030 minutes and
the length of amnesia wasn’t longer than 24
hours [4]. Among other common symptoms of
concussion, there are dizziness, nausea, reduced
attention and concentration, memory problems
and headache [5]. However, the signs of initial
mild trauma are not always obvious [6], while
the recurrence of a brain injury may call more
dramatic consequences.

The main activities associated with an
increased risk of repeated mild trauma are

© Y.Y. Zabenko, T.A. Pivneva
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contact sports (boxing, American football, ice
hockey, soccer, rugby, etc) and participation in
military events [7]. Specifically, the evidence
of long-term effects of repetitive mild traumatic
brain injury (rmTBI) was found in the autopsied
brains of retired NFL players which contained
accumulations of abnormal tau protein [8].
Unfortunately, standard diagnostic methods
(MRI, CT, EEG) [9] still lack sensitivity for
immediate tissue changes in mild TBI, while
the postmortem data on late neurodegenerative
disorders (chronic traumatic encephalopathy,
Alzheimer’s disease, Parkinson’s disease) due to
repeated trauma is growing [10]. Respectively,
animal models are still necessary for studying
pathophysiology of rmTBI.

Each case of TBI is not a single event,
but a whole cascade, starting from an imme-
diate mechanical injury (primary injury)
and continuing with metabolic, cellular and
molecular events (secondary injury) that may
evolve from minutes to months [11, 12]. Mild
TBI, being a closed head trauma, is defined by
the secondary processes which nevertheless
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may lead to consequences not considered as
mild [13].

With help of animal models, it was shown that
concussion induces such consecutive changes as
ion flux (increased potassium and calcium and
decreased magnesium), metabolic alterations
(activation of glycolysis and increased energy
demands for cell membrane pumps to restore
cellular ionic homeostasis) and disruption to
cerebral blood flow (impaired autoregulation)
[14]. As aresult, TBI is followed by membrane
degradation of vascular and cellular structures
and ultimately necrotic or programmed cell
death (apoptosis) [15].

One of the main phenomena that cause cell
death at brain trauma is oxidative stress related
to the generation of reactive oxygen species
(superoxides, hydrogen peroxide, nitric oxide
and peroxinitrite). Thus, oxidative stress plays
a role of a specific target for the treatment
of mild TBI [16]. Antioxidants derived from
natural products are considered to be potentially
effective scavengers of reactive oxygen species
[17]. Particularly, flavonoids are substances of
such kind and are already used for treating many
important common diseases [18].

Flavonoids form a subclass of polyphenols,
which are characterized as containing two or
more aromatic rings, each bearing at least one
aromatic hydroxyl and connected with a carbon
bridge, and are widely distributed in nature
and in foods (fruit, vegetables, grains, bark,
roots, stems, flowers, tea and wine) [19]. Many
studies suggest evidence of neuroprotective,
cardioprotective and chemopreventive features
of flavonoids [20].

Quercetin is the most studied flavonoid known
for inhibiting production of pro-inflammation
producing enzymes (cyclooxygenase and
lipoxygenase) as well as TNF-a, nitric oxide
production and nitric oxide synthase expression
[21]. Anti-inflammatory effect of quercetin
was shown both in in vitro and in vivo animal
experiments [22—24]. Given the data on positive
effect of quercetin at cerebrovascular disorders,
we decided to test its water-soluble form corvitin
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as a treatment for rmTBI to prevent long-term
neurodegenerative changes.

METHODS

All stages of the experiment were performed
in accordance to the law of Ukraine “On the
Protection of Animals from Cruelty” (Article
26; No 3447 — IV) and European Convention
for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes
(Strasbourg, 1986).

Animals. Subjects were 66 mice from 8 to 12
weeks old males of wild-type mouse (weighing
24-40 g). Animals were housed in cages on a
12-hour light—dark cycle, with free access to
food and water. The groups were formed as fol-
lows: (1) controls — not anesthetized, not injured
(n=11); (2) sham-injected mice — injured (n=28);
(3) mice injected with quercetin — anesthetized,
injured (n=27).

The model of repetitive mild traumatic brain
injury. We induced rmTBI by using a model
proposed earlier [25]. Its design represents a
modification of Marmarou’s weight-drop model
[26] which reproduced single diffuse TBI from
mild to severe in rats. Both in original scheme
and in modified, the skull of a mouse is exposed
to an impact with a weight guided by a verti-
cal tube. The tube is pre-fixed to a stationary
object like wall or rack. In both schemes, the
severity of injury depends on the height from
which the load falls and the weight of the latter.
Respectively, in our study the 95 g weight fell
from the 1 m height. The weight of the load was
revised from 450 g to 95 g in accordance with
the ratio between the weight of the brain of rats
and mice. In our study, an experimental animal,
lightly anaesthetized with diethyl ether, was not
fixed in the apparatus, and after the weight fell,
it fell too (through a piece of aluminum foil pre-
attached on top of the H-shaped box), landing
on a damper support. We avoided rebounding of
the weight and, consequently, additional blows
to the skull by using a nylon fishing line that
stopped the load from falling after the impact
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due to its length. According to this model, nei-
ther scalp incision nor attachment of helmet to
the mouse skull were done. Mice were subjected
to 5 head impacts (1/day for 5 successive days).
Drug administration. Injured mice were
intraperitoneally injected with corvitin (PJSC
SIC “Borshchahivskiy CPP”, Ukraine) which is
a complex of quercetin with povidone. Corvitin
dissolved in saline was injected to animals i. p.
in a dose of 100 mg/kg (quercetin amount in a
dose — 10 mg/kg) according to the following
scheme: (1) the first day — the first injection
(in an hour after the last injury) and the second
injection in 6 hours; (2) the second day — two
injections within 6 hours; (3) from the third day
to the fifth day — single injection daily.
Immunohistochemical staining. Immunohis-
tochemical staining of glial cells was performed
as previously described [27]. At 5th, 10th, and
30th days after rmTBI, mice were deeply anaes-
thetized with an i. p. injection of calipsol and
intracardially perfused with 0.1 M phosphate
buffer (PB), followed by 4% phosphate-buffered
paraformaldehyde (PFA). After perfusion, the
brains were quickly removed, immersed in the
same fixative and postfixed overnight at 4°C.
Frontal 50-pm-thick brain sections were cut
on the vibratome (VT1000A Leica, Wetzlar,
Germany). The sections were left overnight
at 4°C for incubation with primary antibodies
diluted in the solution (0.1 M PB, 1% bovine
serum albumin, 0.3% Triton X-100). To identify
the glial cells the following primary antibodies
were used: polyclonal rabbit anti glial fibrillary
acidic protein (GFAP, 1:1500; Dakocytomation,
Glostrop, Denmark), polyclonal rabbit anti-Iba-1
(1:1000; Wako, Osaka, Japan). On the next day,
sections were incubated with the secondary
anti-rabbit antibody Alexa Fluor 594 (1:1000,
Molecular Probes Inc., USA) diluted in the
solution (0.1 M PB, 0.5% bovine serum albu-
min, 0.3% Triton X-100). The immunostained
sections were mounted with fluorescent mount-
ing medium Immu-Mount (Thermo Scientific,
Waltham, MA). Confocal images of glial cells
were acquired with a laser scanning microscope
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(FV1000-BX61WI, Olympus, Tokyo, Japan).
For the evaluation of cells, the program “Image J”
was used. The number of cells was calculated
in 0.1 mm?. The area of interest (Fig. 1) was
located in hippocampal CA1-zone.

Statistical analysis. Statistical analysis was
performed in StatSoft Statistica 6.0. The two-
tailed Student’s t—test was used to assess the
significance of differences between samples
(P<0.05 was considered to indicate statistical
significance). All data were shown as mean +
SD.

RESULTS AND DISCUSSION

No signs of skull fractures and hemorrhages
were detected after delivering rmTBI. In our
previous study, evaluation of water content in
brain in controls and injured animals also didn’t
show edema presence [28]. However, immuno-
histochemical analysis revealed glial changes
following the mechanical trauma. The results of
our study showed the development of astro- and
microgliosis due to experimental rmTBI, which
was presented by gradual increase in number of
astrocytes and microglial cells up to 30th day.
The injection of quercetin to the injured mice
lead to the inhibition of gliosis.

Astrocytes and microglia cells play mixed
role in brain injury, both promoting and inhibit-
ing regeneration of neural tissue, depending on

Figure 1. ROI in hippocampal CA1-zone. CA1, CA2, CA3 —
fields of hippocampus. The dotted square indicates the location
and the size of the ROI. Scale bar = 1 mm
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specific conditions [29]. For example, reactive
astrocytes secrete molecules of extracellular
matrix that form glial scar and thus limit axonal
regeneration. On the other hand, this way as-
troglia isolates the site of damage and prevents
its extension. Furthermore, astrocytes express
trophic factors necessary for neuronal survival.
Microglia also produces neuroprotective factors,
additionally clearing cellular debris and orches-
trating neurorestorative processes in an injured
brain [30]. However, the effect of dysregulated
microglia may be detrimental to neurons due to
intensive production of proinflammatory and cy-
totoxic mediators [31]. Astro- and microgliosis
are responses of the brain to the development
of pathology and are presented as morphologi-
cal and quantitative changes of astrocytes and
microglia cells. The task of our research was the
quantitative analysis of glial changes in CAl-
zone of hippocampus after delivering rmTBI and
subsequent corvitin injection in mice.
Immunohistochemical studies have shown
that the number of GFAP-positive astrocytes
increased significantly on S5th day (37.55+8.23),

601
50 1
401
- 30
201
101

GFAP positive cells
(cells/0, 1 mm?)

10th day (45.36+9.57) and 30th day (44.54+9.79)
since the first injury in comparison with the
control (19.44+4.45) (Fig. 2, A). It should be
noted that the number of GFAP-positive astro-
cytes was doubled on 5th day since the injury
in comparison with the control (P<0.001). The
number of activated astrocytes gradually grew
up to 10th day, and such indicators maintained
up to a month. Immunohistochemical study
showed that the increase of the GFAP-positive
astrocytes was observed in layers (str. pyrami-
dale, str. radiatum, str. lacunosum-moleculare)
of the hippocampal CAlzone. Thus, reactive
astrogliosis in hippocampal area CAl was
observed. GFAP-positive astrocytes acquired
pronounced hypertrophied structure: their pro-
cesses were thickened and shortened; volume
of soma increased.

Study of the microglial reaction at the trau-
matic brain injury revealed that the number of
Ibal-positive microglia increases and its indica-
tor on 5th day amounted to 48.00+£9.97, on 10th
day — 45.29+8.70, on 30th day — 40.63+10.62
compared to controls (22.40+3.71), (P<0.001)
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Figure 3. Changes in number of astrocytes (A) and microglial cells (B) of hippocampal area CA1 in control, after delivering
brain injury (on day 5, day 10 and day 30 since the first impact) and after quercetin treatment (on day 5+, day 10+ and day 30 +
since the first injection). *, ** and *** P<0.05, P<0.01 and P<0.001 in comparison with control, ##, ### P<0.05 and P<0.001 in
comparison within each pair of the bars. Results are the mean + SD
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(Fig. 2, B) The number of activated microg-
lial cells gradually reduced to a month after
the injury. Ibal-positive microglia cells were
observed in all layers of the hippocampal CA1-
zone. The morphology of the microglial cells
transformed from the resting (ramified) to an
activated (amoeboid shape) form with short
thick processes and the hypertrophic soma.
Thus, after rmTBI, reactive gliosis is observed in
CA1-zone of the hippocampus, which indicates
the development of inflammatory processes in
the brain.

Administration of quercetin resulted in the
inhibition of reactive astrogliosis. The calcula-
tion of astrocytes after the quercetin administra-
tion revealed the decrease of cell numbers, and
by 30th day this indicator reached the level of
control (Fig. 2, A). The numbers of astrocytes
were 35.82+£5.91 on 5th day, 23.36+4.70 — on
10th and 19.77+3.68 - on 30th day. Among the
samples with rmTBI and those with rmTBI plus
the quercetin administration, statistically signifi-
cant difference was shown between the groups
on 10th day and 30th day (P<0.001). Thus, the
level of activated astrocytes decreased after the
quercetin administration.

Microgliosis reduce was less evident than
one of astrogliosis (Fig. 2, B). The number of
microglia cells on 5th day (37.89+6.80) since the
first quercetin injection slightly differed from
one on 5th day after the injury (48.00+9.97).
On 10th day (32.27+4.80) after the treatment,
the number of cells was less than on day 10
(45.29+£8.70) after the injury, however, it hasn’t
decreased much in comparison with the sample
five days ago (37.89£6.80). The maximum de-
crease of Ibal-positive microglial cells was ob-
served on 30th day (27.18+4.78). The difference
was statistically significant (P<0.01) between
the groups of mice on 5th day since the first
injury and ones with injury and quercetin injec-
tion. The difference was statistically significant
(P<0.001) between the groups of animals on
10th and 30th days with quercetin injection in
comparison with those without drug administra-
tion. Despite the fact that the level of activation
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of microglia following quercetin administration
decreases, it remains high enough in compari-
son with the control. The quercetin application
reduces the degree of reactive microgliosis after
the rmTBI which allows to make a conclusion
about its neuroprotective effects.

It is known that long-term effects of the
mild TBI leads to neurodegenerative diseases
such as chronic traumatic encephalopathy,
Alzheimer’s disease, Parkinson’s disease, etc
[11, 15, 16]. The manifestations of secondary
damage are mainly associated with cytotoxic and
inflammatory processes that lead to metabolic
changes in brain homeostasis due to vascular
insufficiency [12, 17, 23, 32]. Oxidative stress
as a consequence of a mechanical brain trauma
is a powerful damaging factor that in turn leads
to alterations in cerebral blood flow. After TBI
occurs, the release and activation of free radicals
take place. It must be noted that natural flavo-
noids possess a powerful antioxidant effect, and
quercetin is the most studied flavonoid among
them. Among diverse properties of phenols, to
which quercetin belong, their ability to produce
a protective effect against lipoperoxidative dam-
age stands out [33].

Numerous experimental models have been
developed to replicate various aspects of the TBI
in humans to understand better the mechanisms
of damage, their correction and treatment. We
used a new model of rmTBI, that simulates the
most common form of head injury in humans.
Our data indicate the effective neuroprotective
impact of water-soluble form of quercetin at the
repetitive mild traumatic brain injury.

€.10. 3a6ennko, T.A. IliBHeBa

®JIABOHOI/I KBEPLIETUH 3MEHIIY€ U103
MICJS JET'KOI YEPEITHO-MO3KOBO1i
TPABMHU Y MUIIEN

BB Bozopo3unHHOT ()OPMM KBEPLETHHY Ha CTPYKTYpHI
3MIiHHU [HaNlbHUX KIITHH y TiHOKaMmOi JOCHiKYBalIH y
MHUIICH MiCis TOBTOPIOBAHOT JeTrKoi 4epenHO-MO3KOBOT
TpaBMH. PeakTHBHMI acTpPOriio3 i MiKporiio3 crocrepiraiu
y TilOKaMIli MiCJIi MEXaHIYHOTO IMOIIKO/KEHHS I'OJOBHOTO
MO3Ky. ACTPOLUTH Ta KIITHHH MIKpOIJIl Bi3yai3yBaiu 3a
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JIOTIOMOT 010 IMYHO(]JIyOPECIIEHTHOTO 3a0apBiICHHS aHTH-
GFAP- ta antu-Ibal-anturinamu. IMyHONO3HTHBHI KIITHHH
ninpaxoByBanu y CAl-30mi rinokammna Ha 5, 10 ta 30-Ty
100y micis nepiiol TpaBMH, a Takox Ha 5, 10 Ta 30-ty 100y
micis nepiiol iH’ekuil KBepueTuHy. BBeeHHs KBepLEeTHHY
MPU3BOIMIIO 10 3HMKCHHSI KIJTbKOCTI aKTHBOBAHHX TTIATBHUX
KTiTHH. TakuM YMHOM, 32 pe3yJIbTaTaMU HAIIIOTO JOCTIKCHHS,
IIOBTOPIOBAHA JIErkKa YeperHo-MO3KOBa TpaBMa II0B’si3aHa 3
PEaKTHBHHM IJ11030M; KBEPLIETUH BUSIBUB HEUPOIIPOTEKTHBHI
BJIACTUBOCTI, MPU3BIBIIN 0 3MCHIICHHS PEaKTHBHOTO
riio3y. € mijicTaBu NSl BUKOPUCTAHHSI KBEPLETUHY Y
(hapmakoJIoriuHii Kopekii 1epeOdpoBaCKyIIPHUX TTOPYIICHb
IiCJIs YeperHO-MO3KOBOT TPaBMH.

Kiro4oBi cioBa: MoBTOpIOBaHA Jierka 4eperHO-MO3KOBa
TpaBMa; TIMOKaMIT; MiKpPOTJIi03; aCTPOTIi03; KBEPIICTHH.

Inemumym izionozii in. O. O. bocomonvys Hayionanonoi
axademii nayk Yxpainu, Kuis; e-mail: pta@biph.kiev.ua

E. 10. 3a6enbko, T. A. IluBHeBa

®JIABOHOU/ KBEPIHETUH YMEHBIIAET
ACTPOIVINO3 MOCJIE JETKOU YEPEITHO-
MO3TOBOM TPABMbBI Y MBIILIEN

BrmsiHue BogopacTBOpuMO (OpMBI KBEpLIETHHA HA CTPYK-
TypHbIC U3MEHEHUs INIMAJIbHBIX KJIETOK B THIIOKaMIIe HC-
CJIEZI0BAIM Y MBILIEH 1ociie IOBTOPSEMOH JIErkol YepenHo-
MO3roBOH TpaBMbl. PeakTHUBHBIN acTpOIINO3 U MHUKPOITIHO3
HaOnroaJId B TUIIIOKAMIIE 11OCJIE MEXaHWYECKOro MOBpe-
XKJICHUS TOJIOBHOT'O MO3ra. ACTPOLUTHI U KJICTKH MUKPOIVIUU
BU3YaJIN3UPOBAIIH C ITOMOIIBI0 MMMYHO(IyOPECHEHTHOTO
okpamuBanus aHTu-GFAP- ta antu-Ibal-anturenamu. Mm-
MYHOIIOJIOKHTEJIbHbIE KJIETKU NoacuuThiBagu B CAl-30He
runmnokammna Ha 5, 10 u 30-e cyTku mociue nepBoil TpaBMBlI,
a taxke Ha 5, 10 u 30-e cyTku mocie nepBoil HHbEKUUU
KBepLeTHHA. BBeieHne KBepLeTHHA TPUBOIUIIO K CHUKCHUIO
KOJIMYECTBA aKTUBUPOBAHHBIX INTMAJIBHBIX KICTOK. Takum
00pa3oM, 110 pe3yibTaTaM Halllero UCCIIe0BaHMs, IOBTOpsie-
Masi JIErKasi 4eperHO-MO3roBasi TpaBMa CBsI3aHa C PEaKTHUBHBIM
IJINO30M; KBEPLIETHH IIPOSBUI HEHPOIIPOTEKTUBHBIE BOUCTBA,
IpUBEII K YMEHBLICHUIO PEAKTUBHOTO IH03a. CyLIeCTBYIOT
OCHOBAHUSI JUIsl HCIIOJIb30BaHMSI KBEPLIETHHA B (hapMaKOIOTU-
YeCcKOW KopeeKnH 1iepeOpoBacKyIApHbIX HapyLICHUI nocie
YepernHO-MO3TOBOI TPaBMBI.

KiroueBsie cioBa: moBTopsieMasi JIErkasi 4epernHO-MO3roBast
TpaBMa; TUMIIOKaMIl; MUKPOIJIO3; aCTPOIINO03; KBEPLIETHH.
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BB 10HOpa CipKOBOIHIO

HA BHYTPIIIHbOOYHUU THUCK Y LIYPiB

I.M. Muxeiinesa, T.I. CipomtaneHnko

Y «Incmumym ounux xeopod i mxkanunnoi mepanii im. B.11. @inamosa HAMH Yxpainuy, Odeca;

e-mail: mda@soborka.net

Jocnioxcysanu enug 1%-20 posuuny eiopocynvghioy nampiro (NaHS) na enympiwnvoounuii muck (BOT)
V IHMaKmuux wypie ma npu MoOemo8anti 0QpmanbMo2inepmensii 3a 00noMo2010 mpueaI02o CUCHEeMHO20
66edenHs aopeHaniny. JJoHop CipKo8OOHIO npu 0OHOPA3080MY 3ACMOCYBANHI Y GU2NAJI Kpanensb y HOPOJICHUHY
OKA BUKIUKAB 2INOMEH3UBHULL eghekm, sKull 0)8 0080/ CLAOKULL NPU HOPMOMEH3IL Ma SICKPABO GUABTEHULL
vy pasi opmanvmozinepmensii. Tpusane 66edents 3a cxemor 2iopocyivioy Hampito Ha mii 66e0eHHs
IHOYKmMopa mooeni adpeHaniny 3HauHolo Mipolo nonepedxcysano spocmanns BOT y wypis. Pobumubcs
BUCHOBOK, U0 CIPKOBOOEHb Depe yuacmb y pe2yisayii 2i0poOuHamiKu oxka i niompumyi HOpMAaibHO20 Pi6Hs.

BOT.

Knwuosi cnosa: cipkosodens, NaHS; moodenv ogpmanvmozinepmen3sii; 6HympiutHb0OUHUL MUCK,

2inomen3usHull egpexm.

BCTYII

TpuBanuii yac cipkoBoJieHb OyB BilOMHUM
BUKJIIOYHO SIK TOKCUYHUH 3a0pyJHIOBaY HaBKO-
JTUIMHBOTO cepenoBuma. OcTaHHIM Yacom
HOTO ToYanu BUBYATHU SIK PEryJsTOp OaraThbox
npomeciB B oprani3dmi. Ilokazano, mo BiH
MPOAYKYETHCS B JACSIKUX TKAaHWHAX CCAaBIIIB 1
Hajae pizHi ¢izionoriuni epextu [1]. Cnouatky
0yJIo BiJOMO TIPO y4acTh €HJOTEHHOTO TiIpo-
cynbdiny B HelpoHanbHUX mponecax [2]. ITi-
3HilIe BCTAHOBJIEHO HOr0 BIUIMB HAa KIITHHHU
rIageHbKUX M s31B [3], a TaKOX Te, IO CiPKOBO-
JIeHb BUKJIMKAE PEJIAKCAIIII0 TJIaJICHBKUX M>SI31B
cyauH, aktuByroun AT®d-3anexHi kamiesi
kaHanu [4]. BuBYaeThCS posib CipKOBOIHIO B
peryisiii KpoB’IHOTO THUCKY [5, 6].
HopmanbHu#l BHYTpPIIIHBOOUYHHH THCK
(BOT) — BaxxnmuBa ckiamoBa romeocrtasy. [lig-
TPUMKa HOTO piBHS 3a0€3MeUyETHCS CKIATHUM
MEXaHI3MOM peryisiii pyxy BHyTPIlTHbOOYHOI
pinunu. [lopymeHHs nbOro npouecy € mnarore-
HETHYHUM (DaKTOPOM PO3BUTKY TaKHMX OYHHX
3aXBOPIOBaHb, K rjJaykoma. Y MexaHizmax
perynanii BOT 3amisHi cTpyKTypH HUITiapHOTO
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Tina i TpabexysipHoi Mepexi. ['inponnnamika
oyell 3MIHCHIOETHCS 32 y4acTHO TJIAJEHBKO-
M’S30BUX KIITHH IUX CTPYKTyp. Tomy moBo-
71 WMOBIPHUM PETyJIITOPOM ITUX HPOIECiB
MOXe OyTH MoJeKyJsa cipkoBoaHio. OmHak
Ha ChOTOJHINIHIW JEHb MIOJ0 yYacTi H,S y
perynsanii GyHKUIH o4ell niTepaTypHUX JaHUX
Jy’Ke Mano. [CHyI0Th OKpeMmi BiTOMOCTI, 110 BiH
MOX€E BUKJIUKATH (apMakoJOriuyHi epeKTu B
TKaHWHaX OYeH CCaBIiB, 3MIHIOBATH CUMIIATHYHY
1 TIyTamMaTepriyay HeMpoTpaHCMICiFo, BilirpaBaTu
PeTYJNSITOPHY POJIb y Mpolecax CHUTHaJIbHOI
TpaHCAYKIii B ouax [7]. € MOBiIOMIICHHS PO
HasBHICTH (PEpPMEHTIB, SIKi 3/1HCHIOIOTH O10CHH-
T€3 CIPKOBOJHIO B OYHMUX TKaHWHaxX [&, 9].
Ha BigmiHy Bij BUBYCHHS 3HAYEHHS 1 BILUIMBY
CIpKOBOJHIO B HEPBOBIiHl 1 cepleBO-CyIHHHIN
CHCTEMI, TPAKTUUYHO BiICYTHI MOCITIIKCHHS,
CHpSIMOBaHI Ha BCTAHOBJICHHS (DapMaKOJIOTTYHOTO
edexry 1iel peworuan Ha BOT, Hioro moTeHIinHnX
MOYIJIMBOCTEH y BIUIMBI Ha BUBIILHEHHS 1/a00
JOCTYIHICTh HEUPOTPAHCMITEPIB Y MEPETHHOMY
BIJUTUTI OKa, a TAKOXK MPSMOT JTii CIPKOBOJIHIO Ha
IJIaZICHBKOM ’5I30B1 CTPYKTYpHU oueil. BusBneHHs
perynaTopHoi GYHKIII1 CipKOBOJIHIO B OI1i, BILTUBY
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fioro Ha BOT a0o BusiBnieHHs oro B (hizionoriunin
KOHIICHTpAIlll B MEepeHhOMY BIJIJIIJII OKa J1aJio
3MOTY PO3LIMPHUTH YSBICHHS NMPO MEXaHI3MHU
(¢hopMyBaHHS MiABHINEHOTO O(PTaTBMOTOHYCY
MIpU OYHIN rimepTeH3ii pi3Hoi erioyorii, a Ta-
KO MaToreHe3i riaykoMu 1 BiAKpWIO O HOBI
MEPCIEKTUBH B JIIKYBaHHI IUX 3aXBOPIOBAHb.

MeTa Hamoi poOOTH — BUBYUTH BILIUB J0-
HOpa CipKOBOJHIO (HaTpito Tigpocymbhiny) Ha
BOT mypiB B ymoBax (popmyBaHHS 0pTaIbMO-
rimepreHsii.

METOJIUKA

Hocnimkenns 6ynu nmposeneni Ha 30 mopocaux
rypax (monan 9 mic) ainii Bictap 000x crareit
maco 200-300 r, 3rigHO 3 «EBpONEHCHKOIO
KOHBEHIII€I0 PO 3aXUCT XPEOCTHUX TBAPUH, AKi
BUKOPUCTOBYIOTHCS ISl €KCIIEPUMEHTAIbHUX
Ta iIHUX HayKoBHX Iinei» (CtpacOypr, 1986).
BOT urypam BuMipioBajIu ariaHariiHuM TOHO-
METpOM 3 Macorp IiyHxepa 2 r. Bigbutku y
JIHIMHUX OJMHUISAX BUMIpPHOBAJU 3a JIOIO-
MOT'010 OKYJISIP-JIIH3| 31 BOYJOBAHOIO JiHIHKO0O
(MIIB-2). IlepepaxyHOK Ha OAUHUII PTYTHOTO
CTOBITYHMKA MTPOBOIILTH 3a hopMydtoro ['ooBina
[10]. BOT BumiproBanu mij MiCI[eBOIO aHECTe-
3iero 0,5%-M po34MHOM ajKaiHy.

OuHy TimepTeH3il0 y HYypiB BHKJIHKAIH
BHYTPIIIHbOOYEPEBUHHUM BBEACHHIM PO3UHHY
aJpeHaliHy 3a po3poOJICHOI0 HaMU CXEMOIO
[11,12]. Beworo Oyio 3pobaeno mo 20 iH’ exmii
KOXXHOMY LIypy TpUYi HA THXKJICHb Yepe3 JIeHb,
y no3i Big 10 1o 15 mxr Ha 100 T Macu TBapuHH.
VY NIeKiIbKOX cepisiXx eKCHEepUMEHTY BUBYAIU
BIIUB cipkoBoaHIO HAa BOT y 310poBUX mypiB
1 mypiB 3 MiABUIIEHUM O(PTaIbMOTOHYCOM.
Sk moHOp CipKOBOAHIO 3acTOocOoByBanu 1%-i
po3uuH HaTpito rigpocynsdiny (NaHS) y
¢hi310J10TTYHOMY PO3UHHI.

VY NpuUBUYEHHX 10 PYK €KCIIEPUMEHTATOPIB
mrypiB Bu3Hadanu Gorosuit BOT. TBapun po3-
IUTAIH Ha 2 TpymH 1mo 15 mypiB y KOXHIH i
MIPOBEJHN KiJIbKa cepiif ekcriepuMenTy. CriogaTky
ripocynbdig HATPIIO IHCTUITIOBAIH OJHOPA30BO
B 00MJBa OKa 30POBHX ILIypiB i BUMipIOBaJIH
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BOT uepes 30, 60, 180 xB micyist 3akanyBaHHS.
Hamni tBapunam | rpynu mMoaentoBaiu O4YHY
rimepreH3ito. BOHM BIPOIOBK 6 THK OTPUMYBa-
JIY PO3YMH agpeHaniny. Llum mypam mpoBoauiu
MoHiTopuar BOT sik y mepiong MoaentoBaHHs,
Tak i micasa. Uepes Micsmp 1Mo 3aKiHYCHHI
iH’exiil Ha 111 BHcokoro BOT mrypam [ rpymnu
0JTHOPa30Bo 3akaranu po3dud NaHS 1 BuMipsiu
piBeHb odraasMoTonycy depes 30, 60 1 180 xB
IiCJIs 3aKaIyBaHHS.

lypam II rpynu mpoTsSrom 2 THUXK IIOJHS
pa3 y aeHb 3akamysanu po3umH NaHS mo
OJHIH Kparmri B 00uaBa oka. B kinmi miei cepii
eKCIepuMeHTy Takoxk BuMipsitn BOT. Ha T
IHCTHJISILIM TOHOPA CIPKOBOIHIO IIIypaM OYaTH
BBOAUTH ajipeHaniH. Po3unn NaHS incTuntoa-
JU B 04l OJJHOYACHO 3 iH €KLisIMH aJpeHaliHy
MpOTATrOM 2 THK JIBiYi Ha THXIeHb. HacTymHi
2 THXK IypU OTPUMYBAJW TIUIBKH aJpeHasiH.
OcrtanHi 2 3 6 THXX MOJCTIOBAHHS OYHOI Timep-
TeH3il mypaM 3HOBY JBiUi Ha THXKJCHb 3aKa-
myBanu po3unH NaHS. ¥V ui nepioau i mizuime
miclis NPUIUHEHHS BBEICHHS aJpeHalliHy Ie-
pioguyHO BUMiproBaiu oranpmoToHyC. Yepes
MiCsIIlb TiCIA 3aKiHYeHHS 1H €KIIN aJipeHaniny
mypu Il rpynu 3HOBY OTpUMYBaIH 1HCTHIISINT
B OKO JIOHOpA CIpKOBOJHIO IOJHS MPOTITOM 5
JIHIB, micJist yoro iM BumiptoBasim BOT.

PE3YJIBTATHU TA iX OBTOBOPEHHS

[lig yac excnmepuMeHTy OyJo MOKa3zaHO, MIO
JIOHOP CIPKOBOJIHIO BIUIMHYB Ha O TaJIbMOTOHYC
TBapuH. Y nepiIii cepii eKCnepuMeHTY BUBUCHO
BB ogHokpatHoi Aii NaHS wa BOT mypis
1 OIIIHEHO CTYMIiHB I[HOTO BIUIUBY y 3JA0POBHX
TBAPUH 1 TBApHH 3 OQTAIbMOTINEPTEH31€O
(ta6n.1). [Mokazano, mo vepe3 30 xB micus
iHcTusAnii posunny NaHS y rpymi 3mopoBux
mypiB BOT Oyino 3Hmxeno HeznauHo (Ha 4,8%),
a B TPYTIi 3 OYHOIO TinepTeH3iero - Ha 27%. Uepes
1 rox ne 3HMXKEHHS cTaHOBHIIO 8,4 1 36,2% Bin-
noBiiHO. Yepes 3 roj miciist IHCTUIIALIN PO3YUHY
NaHS pisens BOT y mypiB 3 rineprensieto OyB
HIDKYe BiJ BUXinHOTO Ha 34,8%, a y 310pOBUX
15 pi3HUL OyJia CTaTUCTHYHO HE3HAYYIIOO.
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Cnix BIAMITHTH, 11O BILUIUB CiPKOBOJIHIO
Ha BOT y TBapuH 3 BUCOKUM piBHEM OQTalb-
MOTOHYCY OyB Ha0araTo OUTbIIe BUPAKEHUH, HIXK
y HIypiB 3 HOPMaJIHHUM THCKOM. SIKIIIO Y 30POBHUX
TBapWH 3 HOPMaJILHUM BUX1THUM piBHEM O0(TaITb-
MOTOHYCY ITPH OJTHOPa30BOMY 3aKamnyBaHHi 1%-ro
po3uuny NaHS 1ie 3HmKeHHs 0yJ10 MiHIMaJIbHUM,
TO IIPH PO3BUHYTIH OUHIH rinepreH3ii BOHO 0yo
MIOCUTHh TMOMITHUM — OLIBII Hi)K Ha TPETUHY
Bif BuXimHOTO piBHA. Taky pi3HHIIO B edekTi
NaHS =Ha 370poBUX ouax i 3 rimepreH3iero,
BBA)KAEMO, MOYKHA MOSICHUTH Pi3HUM CTaHOM
TOHYCY TJaJIecHbKOM SI30BUX KJIITHH CYIHH 1
JPEHaXXHOi 30HU oueil. Y 340pOBUX OYax € HOp-
MaJlbHH# TOHYC TJIAJICHBKUX M’S31B SIK CYJIIHH,
TaK 1 CTPYKTYp APEHAKHOI 30HHU, TOAl K B 09axX
3 TIEePTeH31€10 aipeHaliH CTBOPUB IIiIBUIICHII
KOHTpaKTWIbHHN (oH. Jlist CIpKOBOJHIO HA OYHY
rigpoAnMHaMiKy Moriia OyTH 3yMOBJEHa HOTO
3ATHICTIO 3HMKYBaTH caMe IiABHILECHUHA TOHYC
[IUX CTPYKTYP.

Ha mactynmHOMYy eTari eKCIIepUMEHTY TpH-
Bajie BBEJCHHS B KOH IOKTHBAaJbHY MOPOXK-
HUHY OYeil IIypiB MPU MOAENIOBAaHHI OdTab-
MOTINEePTeH3i1, 110 BiITBOPIOETHCS CUCTEMHUM
BBEJICHHSM aIpCHAIiHY, PO3UHHY T1ApOCYyIbQimy
HaTpifo B MPOITaKTHYHO-TIKYBAJIHHOTO PEXKHU-
Mi 3HAQYHOIO MipOI0 3aIMmo0iTI0 MiJBUIICHHIO
BOT. V¥ Tabun. 2 npeacraBlieHO pe3yibTaTH
opTanbMOTOHYCY B BOX rpymnax. Y I rpymi 3
OYHOI TINEpPTEeH3i€I0 BiJj3HAUCHO JMHAMiYHE
nigsunieHHs BOT. Uepes 2 Trk MoentOBaHHS
(BBeJCHHS aJpeHaANiHy) OYHUN MOKA3HUK
nigBuinuscs Ha 27,7%, yepe3 4 — Ha 48%,
yepe3 6 Tk - Ha 40% BiJ BUXIJHUX 3HAYCHbB.
Tuck B oui mMpoAOBKYBAaB MiJBUIIYBATHUCH 1
Mo 3aKiHYEHHI BBEJCHHS ajJpeHaliny. Yepes

TWXKJICHb IiCJIS MPUMUHEHHS 1H €Ki Horo
3HAaYeHHS TEepPeBUINIIO BUXiAHI Ha 58%, 3a-
JUITA0YNCh HAa IBOMY PiBHI BECh MEpion
crioctepexenns (me 1 mic). Jlunamika ograb-
MOTOHYcY B rpymi I, mo oTpumyBana I1oHOD
CIPKOBOJIHIO y BUTJIAAI OYHHMX IHCTHIIALIN 10
MOYaTKy 1 MiJ 4ac aApeHaTiHOBHUX 1H €KIIiH,
Oyna inmoto, ninsumeHHs BOT Oymo 3nadnO
MEHIII BUPAKCHUM.

Uepe3 2 tux excnepumenty BOT y nux
TBapuH OyB minBumenuM Ha 27,3% Bin BH-
xigHOTO, Yepe3 4 Tux — Ha 22%, yepes 6 —
Ha 16%. Uepe3 TWKJAEHB Micis 3aKiHYCHHS
BBEICHHS TIpemapariB (AK aapeHaniHy, Tak i
HaTpilo Tipocynbdiay) BiH OyB BHUIIUM Bij
moyaTkoBoro Ha 15%, ane uepes 4 Tux 0e3
iHcTHsiM NaHS Bxke mepeBuIIyBaB BUXIiJHI
3HaueHHs Ha 37%.

[MopiBatoroun 3nauenHs BOT mix nBoma
eKCIIepUMEHTATPHUMH TPYIaMH, BiA3HAYUIIH,
o 4yepe3 4 THXK MOJEIIOBAHHS 1 HACTYIHI
TEPMiHH CIIOCTEPEIKCHHSI PI3HUIIS PiBHS IBOTO
Moka3HuKa Oyjna BHcoOKoBiporigHoto. [lounna-
I0YH 3 IHOTO MEePioy B TPYIIi, IO OTPUMYyBaIa
JIOHOP CipKOBOJIHIO, PiBE€Hb O(TAIBMOTOHYCY
OyB CTaTHUCTHYHO 3HAYMMO HIDKIUM, HIXK Y TPYTIi
3 OYHOIO TinepTeH3iero 0e3 3akanyBaHHs. Tak,
151 pI3HUIS MK TpyIIaMu uyepe3 4 THXK BBEICHHS
npenapatiB ctanoBuina 21,2% , depe3 6 TUXK -
20,5%. Ilicns 3akiHYEGHHS MOJEIOBaHHS Yepes
THKJEHb NPUITUHEHHS BBEJICHHS IMpernapaTiB
B II rpymi BOT OyB HuxuumMm, HiXk B | rpyni Ha
30,4%, uepes 4 Tux - Ha 18,2%.

Ha 3aBepmanbHOMY eTami eKCIEPUMEHTY
yepe3 4 THDK MICS 3aKiHUYCHHS BBEJCHHS TIpe-
napariB (aapeHaiiny, rizpocynbhigy HaATpi)
tBapuHaM Il Tpynm Ha Ti MOYATKY MigioMy

Ta6uauns 1. /lunamika BHyTPIlIHbOOYHOIr0 TUCKY Y INYPiB 310POBHX i 3 0TaILMOrinepTeH3i€I0 micjisi 0AHOPa30BOro
3akanyBaHHs B 0KO 1%-ro po3unny NaHS (M+m)

I'pyma mrypis

Buxinne 3HaueHHs

[Ticns 3akanyBaHHs uepe3

30 xB 60 xB 180 xB
310poBi 19,0+0,22 18,140,24™  17,4+037°"  18,4+0,37
3 ofpranemorineprensicio 29,3+1,08 21,4+0,96* 18,740,5%  19,1+0,41%

(ampenaiin)

[pumitku: TyT i B Tabm. 2 * P <0,001; ** P <0,02; *** P <0,01 mopiBHAHO 3 BUXITHUM 3HAYCHHSM.
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Brume oHOpa CipKOBOIHIO HA BHYTPIIIHBOOYHHUH THCK Y IIYpiB

Ta6auuns 2. BHyTpilIHE004YHHMIi THCK Y IIYPiB B XPOHIYHOMY eKCIIePUMEHTI PH MOJeTI0BaHHI oQTajsbMorinepTeHsii 3
incTuasuiero i 6e3 1%-ro po3uuny NaHS

. Buxinni 3ua-
Cxema gocnuiny

Ilix yac BBeEHHS IIpemaparis

TTicns 3aKiHYEeHHS BBEIECHHS
mpemnapartiB yepes

YCHHA
2 TUXK 4 Tk 6 THXK 1 Tux 4 Tk
B . ) \
BEACHIA 191503 244+07" 283+0.9" 26.8+0.7%  30,3+0.9* 30,7+0,7
ajipeHainy
Beenenns
apenainy i 183404 233408 223+0.5™ 213+0,7%% 21.1203"  25,140,6%**
NaHS

o(pTaIbMOTOHYCY, 3HOBY 5 110 3aKamyBalik B
MOpPOKHHUHY OKa po3unH NaHS. BumiproBanus
MoKa3alid TIMOTEH3WBHY AiI0 Mpernapary i Ha
oMy eTami ekcrepuMeHTy. OdTanbMOTOHYC
y mux TBapwH 3HU3UBCA 3 25,1 £ 0,6 1o 19,7
+ 0,5 MM pr.cT. (Ha 21,5%). TpuBasicTs HBOTO
3HIKCHHS OyJia He3HauHO 1 uepes 2-3 noou BOT
MOBEPHYBCS JI0 PiBHA 25-26 MM pT.cT. OIHAK 11
MOKa3HUK 3aJIMLIABCS JOCTOBIPHO HMXKYMM, HIK
y TpYIIi, 0 HEe OJepKyBasia TOHOP CiPKOBOIHIO.

TakuM YUHOM, CIPKOBO/JICHb, 110 HAJIXOJUTH B
KaMmepy oka 3 Horo noHopom NaHS, BniuBaB Ha
OYHY T'1IpOIMHAMIKY, 3HAYHOIO MipOIO 3HIKYIOUN
PO3BUTOK O(TampMorinepTeHsii yepe3 BILIMB Ha
JIPEHaXHY CUCTeMY OKa. Jlist CipkOBOTHIO Ha TS~
XM BIATOKY PiJJUHH B OYax MOrJia OyTH IOB’s3a-
HOIO 3 MOTO 3/IaTHICTIO BIUIMBATH Ha IJIaJCHBbKY
MYCKYJIaTypy i BUKJIMKATH Ba3ouiaTanito. Taka
3/IaTHICTh MOJIEKYJIH CIpKOBOJHIO OyJia MmoKa3aHa
IS TIIAeHBKOM ' SI30BUX KJIITHH parinre [13]. s
aKTHUBHICTb IUTIAPOCYIb(iay BU3HAUCHA /Ti€10 HA
K, ro-kanamu [4,14].

Kulkarni ta cmiBaBt. [15] mokasanu, 1o
JOHOP CiIpKOBOAHIO TiApocynabdig HATpiro
3HUJKYBaB KOHLEHTpAaLilo HOpaApeHaNiHy
1 agpeHaniHy B i30JIbOBAaHHUX Ipemaparax
palIy XKW — ITUTIapHOTO TiJ1a 3 04eii cBUHI. byio
BiziMiueHo penakcyrody airo NaHS i Na,S na
rIaJeHbKl M’ SI31 IUJIIaPHOTO TiJla 1 paiilyKKH.
KoHcTpukiiss uux M’sA31B, BUKJIUKaHa Kap-
0oxomom, 3HIManacs mpu Aii ToHOpa CipKOBOJ-
HIO. ABTOpH MIHIIIN BUCHOBKY, IO 1HTIOyr04a
IlisT MTUX PEYOBUH B 130JIbOBAHUX pagyKKax
CBHHI 3QJICKUTh BiJ] O10CHHTE3y CIPKOBOJIHIO 3a
y4acTio (pepMEHTIB IIUCTETH-Y-JTia3u i UCTETH-[3-
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cuHTasu [16]. B ouax KpoJUKiB 3 HOPMOTEH3IEIO
OyJ10 MMOKa3aHO BIUIMB IBOX JOHOPIB CipPKOBOTHIO
GYY4137 i ACS67 B 3HWKEHHI CUMITaTHYHOI
HeWporiepenadi B CyAnHHIA Mepexi ouei [17].
ABTOp TpHIyCKae, M0 TaKUW BILIUB MOXKE
BUKJIMKATH 3HWXKEHHS BMICTY HOpaApeHaNiHy
1 penakcaniro M’s3iB paiiay Hoi 000JTOHKH.
e mpu3BOANTH A0 301MBIICHHS] TPOCTOPY MiX
TpaOeKyJIIPHOIO MEPEXEI0, 110 B CBOIO YEpry,
HWMOBIpHO, 3HIKYE O(PTaTEMOTOHYC.

VY HamoMmy ekcrmepuMeHTI TpuBalia Timep-
aJlpeHalliHeMisl MOTJla BUKJIUKATH CYTTEBE
CKOPOYEHHS TJ1aJIeHbKOM I30BO1 MyCKYJIaTypH,
3BY)KEHHS MPOCBITY CYAWH i TpabexylIspHOI
MepexXi Ta po3BHTOK o TabMorinmepTen3ii. J{o-
HOP CipKOBOIHIO MPU OJHOKPATHOMY MICIIEBOMY
BBEJICHHI MM TBapuHaMm 3HMXKyBaB BOT Ha
TPETUHY, TOAl AK Yy IMYpPiB 3 HOPMaJIbHUM
THCKOM o4Yell edekT OyB He3HauHUM. TpuBaie
BBEJECHHA 3a cxeMmoro po3uuny NaHS npu
¢hopmyBaHHI Momeni 0o9HOI rimepTeH3ii 3Had-
HOIO MIpOI0 3aMo0irio MiJBHIIEHHIO O(QTalb-
MOTOHYCY B AOCHIAHUX TBAapHH, HaJaBUIH
po3ciabnioody Ail0 Ha APEHAXHI CTPYKTYpPH
ouel 1 HepelKoaKaloun YTBOPEHHIO YTPYIHEH-
HS BIITOKY BHYTPIOTHBOOYHOT PiUHH.

BUCHOBKHA

1. OnnopaszoBi iHcTHaALIT 1%-r0 po3unHy
JIOHOpa CIpKOBOIHIO Timpocynb(dimy HATpiO B
MOPOKHUHY OKa HIypiB 3 0(TalbMOTINEePTEH-
3ier0 icToTHO 3HMWXKYyBanu y Hux BOT. T'imo-
TeH3UBHHUH edekT 30epiraBcs moHaj 3 romu.
[ToniOHa mis ayist odeit 3 HOpMaTbHUM THUCKOM
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Oyna cnaboBUpaKeHa.

2. Tpusaini iHcTHIANIT po3unHy NaHS mry-
paM Ipu MOJCITIOBaHHI aIpeHalliHOBOT O TaIhb-
MOTINEPTEH311 3HAYHOIO MipOIO 3amO0ITIH M-
BumenHo BOT.

3. CipkoBoJicHb Oepe ydacTh y peryisiii
TiIpOJAMHAMIKY OKa 1 MIATPUMIII HOPMAJIbHOI'O
pisas BOT.

N.H. Muxeiiuesa, T.A. Cupomranenko

IPDPEKT JOHOPA CEPOBOJOPOJA HA
BHYTPUTIJIASHOE JABJIEHUE Y KPbIC

Hccnenoamm Biustaue 1%-r0 pacTBOpa ruipocyiibduia HaT-
pust (NaHS) na BHyTpHrinasnoe nasienue (BI'J]) y nHTaKTHBIX
KpBIC U IPU MOJACIHUPOBAHUH O(PTAIbMOTHIEPTEH3UHU C
MOMOIIBIO JUTUTEIBHOTO CHCTEMHOTO BBE/ICHHUS a/IpeHaINHA.
JloHOp cepoBoAOpOsa IPU OAHOKPATHOM BBEICHUM B BUIC
Kareib B ITOJIOCTH IJIa3a BBI3BAJI TMIOTCH3UBHBIH (P QEKT,
KOTOPBIH OBUT JOBOJIBHO CIIa0BIM IPH HOPMOTEH3UH H SIPKO
BBIPXXCHHBIM IIPH OQTaIbMOTHIIEPTCH3UH. JmuTensHoe
BBeJIeHHE 110 cxeMme pactBopa NaHS na ¢one BBenenus
MHJIyKTOpa MOJEIH aJpEHaHA B 3HAYUTEILHOH CTENCHU
npenorBpatiiio poct BI'I. Jlenaercs B3BoA, 4TO cEpOBOIOPOA
NPUHAMACT y9acTUe B PETYISIUN THAPOJMHAMUKH TJa3a U
HOAJePKaHUH HOPMAJIBHOTO YPOBHS O(TAITEMOTOHYCA.

KiroueBbie cioBa: cepoBonopon; NaHS; monens odranb-
MOTHUIEPTEH3NH; BHY TPUTIIA3HOE IABJICHUE; THITOTCH3UBHBIN

3pPeKT.

L.N. Mikheytseva, T.I. Siroshtanenko

EFFECT OF HYDROGEN SULPHIDE
DONOR ON INTRAOCULAR PRESSURE
IN RATS

It has been investigated the effect of a 1% solution of sodium
hydrosulfide NaHS on intraocular pressure (IOP) in intact
rats and during modeling them of ocular hypertension, using
prolonged systemic administration of adrenaline. A single
administration of hydrogen sulphide donor as drops into cavity
ofthe eye has caused the hypotensive effect, which was pretty
weak in the normotensive eyes and pronounced in the eyes
with ocular hypertension. Long-term administration of NaHS
solution by the scheme, during administration of adrenaline
as a model inductor, has largely prevented IOP rise. It done
conclusion that hydrogen sulphide is involved in the regulation
of eye hydrodynamics and maintaining normal levels of IOP.
Key words: hydrogen sulphide; NaHS; ocular hypertension
model; intraocular pressure; hypotensive effect.

The Filatov State Institute of Eye Diseases and Tissue
Therapy NAMS of Ukraine, Odesa
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IHopiBHAHHS CHIEKTPOCKOMIYHUX BJIACTUBOCTEH
BHYTPIIIHLOOYHOI PIAMHMN Y XBOPHUX 3 KATAPAKTOI0
i IEPBUHHOIO BIAKPUTOKYTOBOIO IJ1ay KOMOIO

C.B. KouotisioB, B.O. Meabnuk, A.C. JlutBunenko, C.O. Cotnik, O.0. I'ypuxkiii

TOB «Kninixa Biziooyo-nmiocy, Kuis, Incmumym @izuunoi ximii im. J1.B. Iucapocescorozo
HAH Yxpainu, Kuis, e-mail: elenahurzhii@gmail.com

Topisuiosanu cnekmpockoniymi enacmusocmi 6HympiuiHbo0uHoi piounu (BOP) y nayienmis 3 kamapaxkmor
(60 nayienmis, 60 ouett) i kombinayicio it ma nepeunnoi 6iokpumoxymoeoi enaykomu (IBKT, 36 nayicumis,
36 oueii). 3paszku BOP 6ynu e3sami inmpaonepayiiino. 3 anamrnesy 6y10 8i00Mo, o y nepedonepayitihomy
nepiodi nayienmu 060X epyn ompuMy8aiu pizHi 6UOU MiCye8oi MeOUKamMeHmo3Hol 2inomen3usHoi mepanii
3 pi3HoI0 Kpamuicmio ma mpusanicmio 3axanysanns. Cnexmpu no2nunanus 3paskie BOP eumiposanu 6
oianazonui 0oedcun xeunv 190-1100 nm. Cnocmepieanu 06i cmyeu nocnunants 3 maxcumymamu npu 202 ma
267 HM He3aNeHCHO 80 0iacHO3Y (Opyeuil MaKCUMYM Y CHEKMPAX OesKUX 3pA3Ki6 sMileHUll Y 00820X8UTbOBY
oinanxy). Cepeous onmuuna eycmuna BOP npu 202 um y nayienmis oe3 IIBKI" 0ocmosipno nudcue no-
PIBHAHO 3i 3HAUEHHAMU ) X8OPUX 3 21ayKOMOr0. Taxa 8iOMIHHICMb IMOGIPHO NOACHIOEMbCSA HAKONUYEHHAM
npodykmie memabonizmy y BOP nayienmis 3 [IBKT, w0 6 coto uepey modice Oymu 6UKIUKAHO CROGLTbHEHHAM
i nomoxy. Tum He MeHw CMamucmuyHo 3HAYUMUX IOMIHHOCmel cepedHboi onmuunoi 2ycmunu BOP npu
267 HMm Midc 08oMa epynamu He CHOCMepPieacmbesl.

Knrouogi cnosa: kamapaxma, nepeunna 8ioKpUmoKymoed 2naykoma, OnmudHa 2yCmuna 6HympitHb00uHol

piounu; cnekmpogomomempisi.

BCTYII

I'maykoma — XpoHIYHE Mporpecyode 3aXBOPIo-
BaHHS, SIKE BIJIHOCUTBHCSA JO TPYNU ONTHYHHUX
HelpomaTiii 1 XapaKTepU3yeThCS MOCTIHHUM
YU TEPIOAUYHUM IiABUINEHHAM BHYTPIIIHBO-
ounoro tucky (BOT), arpodieto 30poBoTO
HEpBa 1 BUHUKHEHHSIM XapaKTepHUX Je(eKTiB
MOJisg 30pYy y 3B A3KYy 3 3aru0eliio TaHTIi03-
HHUX KIITHH CITKIBKHM Ta MOIIKOKEHHIM IX
akcoHiB [1, 2]. Hait6iapm po3mOBCIOIKEHOIO €
MepBUHHA BiAKpUTOKyTOBa riaykoma (IIBKT).
3a octanHiMu mporHo3amu BO3 odikyeThcs
301IbIICHHS KIJIBKOCTI XBOPHX 3 TJ1ayKOMOIO 110
60,5 mia 10 2020 p., cepen skux 74% - marieH-
tn 3 [IBKT [1]. [IpoBigHuM QakTtopoM pU3HKY
il mporpecyBanus € niasumenas BOT [3]. Lle
Hai01IbII TIMOBIPHO 3yMOBIIEHO MiJIBUIIEHHSAM
PE3UCTEHTHOCTI HUISAXIB BIJTOKY BHYTPIIIHBO-
OYHOI pigWHH, 0COOIMBO B ALNSHLI TpabeKy-

JNApHOT CITKH, 374e01IBIIOTO 32 paxXyHOK 3MiH
I0KcTakaHanikynsipaoi Tkanunu [4]. IIpoTe,
HE3Ba)Kal4M Ha BEJIMKY KITBKICTh MPOBEICHUX
TOCITIIKEHb, B TOMY YHCJI JTOCHIKCHHS 3MiH
TpabeKyIsIpHOT CITKH Ta 0COONMBOCTEH CKIATy
BHYTPIIIHBOOYHOI PiJMHU, JOTEHEP HE ICHYE
€IUHOI TeOopil PO3BUTKY TIIAyKOMHU.

o ckiany BOP BxoasTh HeOpraniyHi ioHU
— Na', K*, Ca?", 6ikap6onat- i pocdar-ionu;
BUCOKOMOJIEKYIISIPHI CIIOJNYKH — O1NKH, Tiamy-
POHOBA KHCIJIOTA, 8 TAKOXK HU3Ka HU3bKOMOJIEKY-
JSIPHUX OPTaHIYHUX PEYOBUH — aMiHOKHCIIOTH
(30KpeMa THUPO3WH 1 MUCTEiH), acCKOpOiHOBA
KHCJOTa 1 ackopOaT-aHIOHHU, TIIHOKO3a, TIy-
TaTioOH, ceuoBa KucaoTa Tomo. Takl 010XiMidyHi
3Mmiau ckiaxy BOP, sk pi3HUIIT KOHIIEHTpaIliit
riaJypoHOBOI KHCIOTH [5], TpaHCHOPMYIOUOTO
¢daxtopa pocty B (TOPB) [6], ennoreniny-1 [7] i
3arajbHOTO OiKa [8,9], MOXKYTh BiHIrpaTH Bax-
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nuBy pouib y natodizionorii [IBKI. V gesxux
JOCHIJKEHHAX BUBYAIUCS 3MIHU O10XIMIYHOTO
ckyaxy BOP y XxBopux 3 pi3sHUMHU THIIAMU TJ1ay-
KOMHOTO IIpoLecy Ta 0yJIo MOKa3aHo, 10 HOPsI
3 HAKOIIMYEHHSAM IICEeBAOEKC(HOIIaTUBHOIO Ma-
Tepiany, MOPYIIYETHCS €NEKTPONITHUH OanaHc
BOP [9], a Takox 3011bIIYyETHCS KOHIEHTpALis
MeTtabomitiB (okcuny azory [10] Ta iH.), pi3HUX
¢dpakiiit mimigis (chinrominiau, mepamiau [11])
i 0inkiB [8,9]. binkoBwuit ckaax BOP 3Hauno
BILIMBA€E HAa MOP(OJIOTiI0 KIIITHH TPpabeKyIsIpHOi
CITKH 1 ekcrpecito OiakiB [12].

TakuMm uyuHOM, aHami3 ckiany BOP moxe
OyTH KOPUCHUM JJIsl yTOUHEHHS TEBHHUX JIAHLIO-
TiB MaToreHe3y IJayKOMH Ta YCITIIIHOTO JIiKyBaH-
Hs namieaTa. KoHIIEHTpaIlito pi3HUX pEUYOBUH Y
BOP mtogmuu 1 TBapuH 3 HU3KOIO 3aXBOPIOBAHB
BH3HA4Yalll 3a JONOMOTOIO JEAKUX aHaiTH4-
HUX METOJIB, B TOMY YHCJi BHCOKOE(EKTUBHOI
pinuaHOI XpomaTtorpadii 3 eleKTpOXiMiYHUM
nerexktyBaHHAM [ 13], en3umaTuynux [14], cnek-
TPOCKOTIYHHUX METOAIB [ 15], OIIBIIICTE 3 IKUX €
TEXHIYHO TPYIOMICTKUMHU Ta MOTPEOYIOTH CIie-
iaJIBHOTO 00JIaIHaHHS a00 K JJal0Th 3MOTY BH-
3HAYMUTH Jinie 1-2 peyoBUHHU OJHOYACHO. TaKox
OI[iHIOBAJIM IHTETpajbHi MOKa3HUKH ckiIaxy BOP,
HAIPUKIIAJ, 3arajlbHy aHTHOKCUAAHTHY €MHICTb
(total reactive antioxidant potential) [16].

Jlesxi pedoBHHHM BHYTPINIBOOYHOI PiIMHH
MOTJIMHAIOTH CBITJIO B Y®-CIIeKTpi B AlanazoHi
xBUIIb ToBKKUHOK 200-300 HM, 30Kpema, OiTKH
(a came, aMiHOKHCIIOTHI 3aJIUIOIKU TUPO3UHY,
TpunTodany ta peninananiny [17]), ackopOiHO-
Ba kucinota [ 18] i ryrarion [19]. Takum amHOM,
YO-cniekTp MoKe pO3IIISIIATUCS SIK IHTerpaibHa
XapakTepHucTHKa BMicTy MetabonitiB y BOP. ¥
JiTeparypi onucane nociimkeHns YD-cnekTpis
normuHanHsg BOP, y skoMy noka3aHo, 10 CIIEKTP
MTOTJIMHAHHS CYTTEBO PI3HUTHCS 3aJIEKHO Bif
BHJly TBapHHH, [P YOMY iXHS HaJEKHICTh 10
MEBHOI0 KJacy He KOPEJIO€ 31 CHEeKTpaJbHUMHU
xapakrepuctukamu [20]. [nest poGotu monsrana
B TMOMIYKY BigMiHHOCTe# (200 crpocTyBaHHSA
MPUITYIIEHHS PO X iICHYBaHHS) M)XK CIIEKTPOM
normnHauaHs BOP mronwHuM 1 HasBHICTIO y HEl
TJIayKOMH.
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Mera Hamoi poOOTH - TOPIBHAHHS €JIEK-
TPOHHHX CHEKTPiB MOTIMHaHHA 3pa3kiB BOP y
MaIli€eHTIB 3 M1arHO30M KaTapakTu Ta ii KoMmOi-
Hamiero 3 [IBKI, a Takox BCTaHOBJICHHS iCHY-
BaHHsI BIJIMIHHOCTEH MiXkK ITapaMeTpaMu CIICKTpa
MOTJIMHAHHS (ITOJIOKEHHSIM TiKiB Ha CIIEKTPI Ta
ontu4yHow ryctuHoro BOP mpu ix moBxkuHax
XBHJTb) Ta HasBHICTIO TIIAYKOMH.

METOJIUKA

VY nocmimxenHi Opanu ydacts 96 namieHTiB (96
oueii), cepen Hux 60 % (58 mamieHTIB) — XKiH-
KU, CepeaHIN BIK SKHX CTaHOBUB 66,9 pokw,
40 % (38 mailieHTiB) — YOJIOBIKH, CEPEIHIN BiK
— 65,2 poxu. XBopi Oynu moxisieHi Ha 2 TPyNH.
Jo mepmoi rpynu yeiimnu 60 namiedTiB (60
o4eif), KOTpUM MPOBOIHIHN (aKoeMyIbcudi-
kamito (PAKO) kaTapakTu 3 IMIJIAaHTAIlI€IO
inTpaoxyisipuoi minzu (IOJI) 3a cranmapTHOIO
MeToluKoI0. JIpyry rpymy ckianu 36 mamieHTiB
(36 oueii) 3 karapakroto Ta [IBKI, sskum BuKO-
HyBaJIM KOMOiHOBaHE OIEepaTHBHE JIKyBaHHS:
MoaudikoBaHa TYHEIThbHA TPaOCKyJIOMyHKTypa
(MTTII) Ta ®AKO 3 immranTarnieto [OJ1. 3rigao
3 kiacudikamiero Hecreposa-bynina, y 19 ma-
1ieHTiB (52,7%) Oyno 1iarHOCTOBAHO IMIayKOMY
II cranii, y 7 namientiB (19,4%) — I cranii, y
10 mamienTiB (27,9%) — I crazii. 3 HOp™Manb-
HuM BOT 6yno 9 mamientiB (25%), 3 momipHO
nigBumenuM — 16 (44,4%) Ta 3 Bucokum — 11
(30,6%). XBopi 060X rpyn Oynu OTJISHYTI B
nepioz Bix 1 Tvxk no 1 mic 1o oneparii. Y nepe-
JoTIepaIliifHOMY TepioJli BOHH OTPUMYBAIH Pi3HI
BUJY MiCLIEBOI MEIMKaMEHTO3HOI IIOTEH3UBHO1
Tepanii 3 HEOJHAKOBOIO KPATHICTIO Ta TpHUBa-
JIICTIO 3aKanyBaHHs. Takox BCIM malieHTam
pobuinu iHcTUIALI] aHTHOAaKTEepiaIbHUX Mpena-
paTiB (odTakBikc — eBodIOKcalUnH; «Santeny,
QiHnsgHmisN) B IepeAonepaniiaHoMy nepioai s
TIOTIepEIKCHHS PO3BUTKY 1HPEKITIMHUX YCKIaI-
HEHb Ta 1HCTWJIAILII MpemapariB IJIsI MiCIIeBOT
aHecTe3ii (ankaiH — IpoOKCUMETOKaiH; «Alcony,
CHIA) mig gyac omepanii. Binbupanu BOP
00’emom 10-200 Mk iHTpaomnepaniiHo mepexn
MPOBEICHHAM EKCTPAKIlii KaTapaKTH. 3aCTOCOBY-
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BaJIM CTEPUIILHHUN 1HCYIIHOBUH IITIPHUIL 3 TOIKOIO
26 gauge yepe3 MepLInil mapaueHTes, Mmicis 4oro
piauHY MOMIIaNy B CTepUIbHY Npooipky Emen-
nopd. 3pa3ku 30epiraiu B XOJOAMIBHUKY TPHU
+5 °C 0e3 momepeaHbOro 3aMOPOKYBAaHHS YU
crepunizanii. Yac, 1Mo npoHImoB 3 MOMEHTY iX
BiI0OPY 0 MOMEHTY JIOCJIiJI’KeHHs1, BUMIPIOBAIH
Ta (ikcyBasnu. SIKIO He BKA3aHO 1HILIOTO, aHAai3
MPOBOAMIIN Yepe3 24 ToJ micis BigOopy 3pa3KiB.

CuexTtpu mornuHaHHs 3pa3kisB BOP (Bupa-
KEHI1 K 3a71eKHOCTI ONTUYHOI TYCTUHH PO3YUHY
B 0€3pO3MIpHUX OJUHUIISIX JIoTapr(pMIuHOT HIKa-
JIY BiJ] JOBKWHU XBUJII BUIIPOMiHIOBAaHHS B HAHO-
MeTpax) BUMIpIOBaJIU B lialla30Hi TOBXUH XBUJIb
190-1100 uM 3a 7OTTOMOTOIO CITEeKTpOohOTOMETpA
Specord 210 («Analytic Jena AG», HiMmeuunna).
[Mopmito 10100 Mk piguHM (3a71€KHO BiJ HasB-
HOT KUJIBKOCTI) BMIII[yBaJIl B KBapIIOBY KIOBETY
ToBIMHOIO 10 MM, 00’€M JOBOOHIH O 2 MII
¢izionoriuaum pozuunoMm (0,9 %-m po3unHOM
XJOpHUAY HATpilo B NUCTUIBbOBAaHIN BOJi) Ta
peTeabHO TepeMimyBain. BuMiproBaHHS MPoO-
BOJIMIIN MTPOTH (Pi310JI0TIYHOTO PO3UUHY.

BpaxoBytouu, mo TOYHI KOHIEHTpamii y
BOP peuoBuH, 1m0 MOMIMHAIOTH, HEBIIOMI, a
Koe(iIieHTH IXHBOT €KCTUHKIIIT MOXKYTh ICTOTHO
BIIPI3HATHCS, JUTSI TOPIBHSAHHS 3pa3KiB ONTUYHY
T'YCTHHY MPOOW TepepaxoByBalldi HA YMOBHY
ONTHYHY TYCTHHY Hepo3BeneHoi BOP, sika nani
M0 TEKCTY MO3HAYAETHCS SIK ONMUYHA 2YCTNUHA
BOP. OctraHHI0O TpY JIOBKHUHI XBUJIi A BU3HAUYa-
11 3a popmynoro (0OTOBOPEHHS 3aCTOCOBAHUX
pIBHSHB HaBEeACHO B po3mini «Pe3ymbratu Ta
0OTOBOPEHHSI»):

Ak - A)\,pOSB Vp03B/ Vnp061/1’
ne AxposB — ONTHUYHA TycTHUHA po3Benenoi BOP
MY JOBXKUHI XBUJI A.
Voo (MKJT) — 00’ €M pO3BECHOT PIAMHHU B KIOBETI
(2000 Mk y BCix 3pa3kax),
Vnp(ﬁld (MK7) — 00’eM mOPIIl AOCTIIKYBaHOT
piouHu.

CrarucTuyHy 0O0poOKy 3Ha4eHb ONTHYHOL
ryctuan BOP npoBoawin nopiBHAHHIM J0Bip-
yux intepsBaniB (P<0,05) cepeanix 3naueHp y
MeXax IpyIl, a TAKOXK BUKOPHCTOBYIOUU KPUTE-
piit ¢t CTpIOfeHTA.
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PE3VYJIbTATU TA OBI'OBOPEHHSI:

B enexrponHomy cuektpi normuHanHs BOP
namieHTiB B YO-ginsgHmi (THMOBUNA CIEKTP
normHaHHSA 3pa3ka BOP waBemeno Ha puc. 1)
CMOCTEPIraeThCs CMyTa MOTIIMHAHHS B Jliama3oHi
230-300 HM, MakcuMyM 5IKOI B aOCONIOTHIN
O1BIIOCTI BUIMAKIB 3HAXOAUTHCS 1pu 267 £ 1
HM. HagBHICTB Ii€i CMyTH MOXe MTOSICHIOBATHCS
nmormuHAHHSIM Y®-BUIIPOMIHIOBAHHS apoMa-
THUYHUMHU KUIBISIMU T4 CHCTEMaMH CIIPSIKEHUX
MOJBIMHUX 3B’sI3KiB (€JICKTPOHHI EPEXOIU TUITY
n—m*) B OpraHiyHuX yacTuHkax [21], mo €y
BOP. Kpim Toro, mixk 190 ta 220 HM crioctepi-
ra€Thbcs CMyTa MOTJIMHAHHS 3 MAKCUMYMOM TIPH
202 £+ 1 am. HasgBHICTB ITi€]1 CMYTH MOXE TTOSIC-
HIOBaTUCS MOTTTMHAHHAM Y ®-BUIIPOMIHIOBAHHS
(parMeHTaMu OpraHiYHUX MOJICKYJI 3 HACUUYCHH-
MU (Ilepexou THIY 6—6*) a0 HeCTPSIKEHUMH
MOABIMHUMU 3B’ I3KaMH (IIePEeX0U TUITY T—TT ).
CrainicTth (OopMU CIIEKTpa Ta MOJI0KEHHS MaKCH-
MyMiB cMyT mormuHaHHsg (202 £11267 £ 1 aM)
JUISl pI3HUX 3pa3KiB CBITYUTH MPO TE, IO IO-
TJIMHAHHS BUITPOMIHIOBAaHHSI B [bOMY JAiana3oHi
pizHuMU 3pazkamu BOP 3yMoBieHe 01HaAKOBUM
Ha0OpOM PEYOBHH, a BIiTHOMIEHHS IXHiX KOHIICH-
Tpallif oHa 10 OJHOI B Pi3HHUX 3pa3Kax OIU3bKi
(ma BiAMIHY BiJ CyMapHOI KOHIIGHTpAIlil TaKUX
PEYOBHH, 110 Oy/Ie ONMMCAHO HUKYE).

OnTuYHa rycTuHa, yM. of.
1,5

1,2 1
0,9 1
0,6 1

0,3 1

[oBxunHa xBuni, HM

0

200 250 300 350 400 450 500
Puc. 1. Tunosi criekTpy HOIIMHAHHS JOCIHIKEHUX 3pa3KiB
BHYTPIIIHBOOYHOI PiIMHU KOXKHOI 3 JOCTIIKEHUX TPyl
(1 — manieHTH 3 KATApPaKTOIO Ta IIEPBUHHOIO BiIKPUTOKYTOBOIO
IJIAYKOMOIO, 2 — XBOPI JIULIE 3 KATAPAKTOI0). 3pa3Ku PO3BEICHO
B 20 pasiB
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CepenHe 3Ha4eHHs ONTUYHOI rycTuHu BOP
npu JoBxuHI XBuii 202 HM (pHc. 2) y nauieH-
TiB Apyroi rpynu Oyno Ha 27 % Oinpuie, HIX y
xBopux rnepmoi rpymu (P<0,05). [Ipu nosxuni
XBWJIl 267 HM HE CIIOCTEPITaIOCs CTAaTUCTUYHO
3HAQUMMOT PI3HHUIN [BOTO MOKA3HHMKA MIXK Iep-
LIOI0 Ta JAPYTOI0 TpyHamu.

VY TpBhOX AOCHIIKEHUX BUMAAKaX (2 3pa3ku
Halle)kaTh naiieHTaMm 3 karapakroro ta [IBKT,
1 — mamieHTy JHUIIE 3 KATAPaKTOIO) MK y fiama-
30H1 230-300 HM 3MimEHUH Ta BUKPHUBICHUN
(puc. 3) mopiBHSAHO 31 cuekTpamu pemTu 93
3pa3kiB (IPUKJIA] CIEKTPiB ABOX 3 HUX 93 3pas-
KiB HaBeJEHO Ha pHC. 1, Ha CHEKTpax PelTH
91 cmocrepiratorhes miku Tiei camoi Gopmu
Ta NPU TUX CAMUX 3HAYEHHAX JOBXHH XBHJIb,
mo 1 Ha puc. 1, aJe ONTHYHI TYCTUHHU MiKiB
3MIHIOIOTBCS BiJl 3pas3ka Jio 3paska). Y pemrTi
JNeTajiell CIeKTpU UHUX 3 3pas3kiB MOAiIOHI 10
Takux iHIKX 93 3pa3kiB, 30KpeMa, HAIBHUH
miK mpu JoBxkuHI XBrii 202 HM Tiei x hopmu.
Pazom 3 TuM y pe3ynpraTax 00CTEKEHHS ITUX 3
MAaIi€HTIB HE BUSBJICHO IKUXOCH 1HIIUX Xapak-
TEPHUX 0COOJIUBOCTEH, sIK1 BIIPI3HSIIU O TX Bij
93 mauieHTiB 3 TUIIOBUM criekKTpoM BOP.

CnekTp mornmHaHHA 3pazka BOP npu
BKa3aHOMY croco0i 30epiraHHs 3MiHIOETHCS
3 yacoMm. Yepes nolOy micng BigOopy onmTHYHA
T'YCTHHA NIPY JOBXKHHI XBUJi 267 HM 3HUXKY€ETh-

CepepHs onTuyHa ryctuHa BOP, ym. og.
45
40
35

30
25
20
15
10
5
0
| Il 1] 1\

Puc. 2. IlopiBHSHHS CepeiHIX ONTUYHUX T'YCTHH BHYTPILI-
HBOOYHOI PIMHU NPU JAOBKUHAX XBWJIb MaKCHUMYMIB MiKiB
y nauienTis; | Ta Il — mamienTtn 3 xarapakToro (mik mpu 202
Ta 267 HM BianoBinHo), Il Ta IV — nauieHTn 3 KarapaxkToro Ta
MIEPBUHHOIO BIJKPUTOKYTOBOIO IMaykomolo (mik mpu 202 ta
267 HM BiJIOBITHO)
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OnTuYHa ryctuHa, yMm. og.
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[oBXunHa XBWni, HM
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Puc. 3. CrniekTpu NOMIMHAHHS 3pa3KiB BHYTPIIIHbOOYHOT
PiauHY, 110 BiPI3HSIOTHCS 32 POPMOIO Ta IMOJIOKESHHSIM ITiKa
BiJI CIICKTPIB PEIITH JOCIIIKEHUX 3pa3kiB (1udpa 1 mo3Hauae
3pa3KH, 110 HaJIeKaTh Mal[ieHTaM 3 KaTapaKToIO Ta IIIayKOMOIO,
2 — Mali€HTH JIIIE 3 KaTapakToro). [yt HA0YHOCTI MOKa3aHO
JIMIIE Aiana3oH JoBxuH XBWiIb Big 230 1o 370 M, maciirad
oceil 3MiHEHO TOPiBHSHO 3 pHuC. |

cs B cepenHboMmy Ha 17 + 6 % (puc. 4, BkazaHe
IO CJTiDKEHHS TPOBOIUIIH 151 6 3pa3kiB — 1Mo 3
3pa3Ku 3 KOKHOI IpynH), MPHU AOBKUHI XBHII
202 M — 3pocTae B cepeaaboMy Ha 17 + 10 %.
[Ipu BUMipIOBaHHI CIIEKTPiB 3pa3KiB, 110 30epi-
rajucsi NpoTaroMm 1—2 THXK, CIIOCTEPiraeTbes
3CyB MOJIOKEeHHS mika mpu 267 1o 290 M. 3mi-
Ha crekTpiB 3pa3kiB BOP i3 gacom moxke OyTu
0B’ s13aHa 3 JICHATYypalli€to O1JIKiB, OKUCHEHHSIM
acKOpOiHOBOI KHUCIIOTH KHCHEM TOBITpS, a Ta-

OnTtunyHa ryctmHa BOP, ym. og.
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Puc. 4. 3miHa ONTUYHOI I'yCTHHM BHYTPIlIHBOOYHOI PiANHU
(npu momxuHi XBUIi Tika 267+1 HM) Ui 6 3pa3kiB uepe3
100y micist Binbopy (1 — 3HaYeHHsI, BUMipsIHE B TOIl ke JCHb,
2 — uepe3 100y). 3 3pasku (I-11I) Hanexars nanieHTaMm uiIe
3 karapakToro, inui 3 (IV-VI) — 3 maykomoro Ta karapakToro
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KOX OakTepiaJbHUM MEPETBOPEHHSIM OpTaHid-
HUX PEYOBUH.

3rizno 3 3akoHoM byrepa-JlamOepra-bepa
ONTUYHA I'yCTUHA PO3YMHY A, NMpPH JOBKHUHI
XBUJI A JHIAHO 3aJeKHUTh BiI KOHIIEHTpAIii
PEYOBUHH, IO TTOTIIMHAE BUMPOMiHIOBaHHS [21]:

A, =g -cl,
ne [ — toBuiuHa KoBeTHu (y Hamii podoTi
Oyna cTayiorw), ¢ — MOJSpHA KOHIIEHTpaIis
PEYOBHMHHM, IO NOTJIMHAE, &, — KOeimieHT
eKCTUHKII] PEYOBMHHU, IO MOTJIHWHAE, MPH
JMOBXHUHI XBUJII A (I IEBHOT PEYOBUHU Ta
3aJ]aHO1 JOBXKHHHU XBUJII — BEJIIMYUHA CTajia).
AuikBory 3pa3ka BOP nepen BuMiproBaHHAMU
po3BoarIIH (i3i0JOTIYHUM PO3YHMHOM TSI OT-
pUMaHHS He0OXiTHOTO ISl BUMIpIOBAaHHS 00’ €-
My piauHU. 3HAYEHHS ONTHUYHOI TYCTHHH NPH
OMY MOTPAIJISIN Y MPUIATHUN JUIST TOYHUX
BUMIPIOBaHb J[ialla30H; K0 BOHO BUSIBIISIOCS
HaJTO BUCOKHUM, 3pa30K PO3BOIUIH JIOJATKO-
BO. Takum 4MHOM, BUMIpIOBaHa BeJIMYMHA A,
MpOMOpIIiiiHa KOHIIEHTPAaIlii pEeYOBUHU Y PO3-
BEJAECHOMY 3pa3Ky, IO Ja€ 3MOTy OOYHCIUTH
napaMeTp, IPONOPLIHHUHN O KOHIIEHTpalii y
BUXigHOMY 3pa3ky BOP.
c=4,/(gD).
€ = C.( Vpo3B/Vnpo6u) - A}\/(S)Ll)( VpOSB/VHp06H) -

[Vposs/(gk'l)] ’ [AX/ Vnpoﬁn] ’
IpUIOMY me/(sx-Z) y paMmKkax 1miei pobotu €

KOHCTAHTOIO (TIpH MEeBHIN JOBXKMHI XBHII 1).
Piznuus B cepenniii ontuyHiii ryctuni BOP
Opu AOBXKHUHI XBUJI Makcumymy mika 202 +
1 HM MiX mali€eHTaMu Nepiioi rpynu (JIuimre
katapakta) ta apyroi (IIBKI' ta xarapakra)
BiIMTOBia€e OiJBIT BUCOKOMY CEpPEIHBOMY
BMICTY OpPTaHIYHUX PEYOBHUH, IO MOTIHHA-
101b 1ipu 202 M, y BOP naunientis 3 [IBKD
Ta KarapakTo, MOPIBHSAHO 31 3HAYEHHIMHU Y
XBOPHX JIMLIE 3 KarapakToio. Bpaxosyrouwm,
0 UMOBIPHOIO MPUYNHOIO MigBUIIeHHS BOT
NP TJIayKOMI € YIOBITbHEHHS BIITOKY PIAUHHA
yepes Tpabekyiny [22] (BHACIILOK 301IbIICHHS
00’eMy KJIITHH, OI0 BUCTHUIIAIOTh CTPYKTYpH
TpabeKxyIsIpHOT CITKM 1 HIJIEMMOBOTO KaHaly
[23], HAKOMMUYEHHSI €KCTPALECIIOISIPHOTO Ma-
Tepiajly B MPOCBiTaxX TPabEeKyIsIpHOI CiTKH, a
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TaKOXX BTPAaTH HEIO KIITHH [24]), NiABULICHHS
KOHUIeHTpanii opraniunux crnoayk y BOP
MOX€E TaKoX OyTH MOB’SA3aHO 31 3HUKEHHSIM
HIBUJKOCTI IXHBOTO BUAAJEHHS 3 I BIATOKOM
Mpu 30epeKeHHI HE3MIHHOT NIBUAKOCTI IXHBOTO
YTBOPEHHS.

BUCHOBKHA

B Y®-cnekrpax nmornuHanus BOP namienris
B aiama3oHi 190-300 HM cmocTepiraroTbes
JBI CMYTH MOTIWHAHHS. Y O1JbIIOCTI BUIIAJ-
KiB (opMa Ta MOJOXKEHHS MaKCUMyMy LHX
cMmyT (202 £ 1 Tta 267 £ 1 HM) He 3aJIICKUTH
Bia HassBHOCTI 4u BigcyTHOCTI [IBKI. ITomi6-
HICTHh MOJOXEHb MAaKCUMYMiB Ta GOPM CMYT
MOTJIMHAHHA JJ1s Pi3HUX 3pa3KiB MOXe Mosic-
HIOBATHUCS TUM, 11O MOTJIMHAHHS BUIPOMIHIO-
BaHHS B Pi3HUX 3pa3Kax 3yMOBIIEHO OJHHUMH i
TUMMU X pEIYOBUHAMH, 1 CITIBBITHOMICHHS 1XHIX
KOHIIEHTpAIlill Y pi3HUX 3pa3kax O0nu3bki. Bon-
Houac cepeaHs onTu4yHa ryctuHa BOP mpu
JOBXKMHI XBHJII MAKCUMYMY nornuHanHus 202
HM y Tpynax naiieHTis 3 Ta 6e3 [IBKI Bigpi3-
HSETHCS, IO MOXKE CBITYUTH PO Pi3HY cyMap-
HY KOHIIEHTPAI[iF0 PEYOBUH, IO MOTJIMHAIOTh
npu id gopxuHi xBuiai. CepenHs onTHYHA
ryctuHa BOP npu 202 uM y rpymni nani€eHTiB
6e3 IIBKI' mocToBipHO HHIKYa MOPIBHSHO 3
IPYINOIO MALI€HTIB 3 JaHUM 3aXBOPIOBAHHSIM,
0 MOXKe OyTH MOB’SI3aHO 13 HAKOMMHUYCHHSIM
NponykTiB Metabonizmy y BOP mamienTis 3
[IBKT, 1o B cBO uepry Moxe OyTHU BUKJIH-
KaHe YNOBIJbHEHHSM i1 BIATOKY Y IIUX Malli€H-
TiB. OHaK CTATHCTUYHO 3HAYMMOI Pi3HHIIL
cepeaHboi onTuyHOi ryctunu BOP npu 267
HM MiX Tpymnamu namiedaTis 3 1 6e3 [IBKI He
crocTepiraerncs.

CnextpodoToMeTpiss BHYTPIIIHbOOYHOT
piAMHU MoOXXe OyTH Oi1€BUM 1HCTPYMEHTOM
IS NJONATKOBOT MIarHOCTUKM ITAIlI€HTIB 3
[1aTOJIOTi€10 OpraHa 30py, OJHAK, BpPaXOBYIOUH
3MiHy ONTHYHOI TYCTUHHU NIpHu 30epirandi,
BaXXJIMBUM € MTPOBEJACHHS BUMIPIOBaHb Yepes
neBHi (PpiKcoBaHi) MPOMIXKKH 4Yacy Micis
BinbOopy 3paska.
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S.V. Kolotilov, V.O. Melnyk, A.S. Lytvynenko,
S.0. Sotnik, O.0. Hurzhii

COMPARISON OF SPECTROSCOPIC
PROPERTIES OF INTRAOCULAR FLUID
IN PATIENTS WITH CATARACT AND
PRIMARY OPEN-ANGLE GLAUCOMA

This paper presents a comparison of spectroscopic properties of
aqueous humour in patients with cataract (60 patients, 60 eyes)
and combination of cataract and primary open angle glaucoma
(POAG, 36 patients, 36 eyes). The samples of aqueous humour
were collected during the surgery. Both groups of patients
were treated with different types of local drug antihypertensive
therapy with different multiplicity and duration of instillation
during the preoperative period. The absorption spectrum of
aqueous humour were measured in the wavelength range 190-
1100 nm. There were two absorption bands with maximums at
202 and 267 nm in the absorption spectrum (2nd maximum of
some samples was shifted to larger wavelengths). The mean
absorbance of aqueous humour at 202 nm in patients without
POAG was significantly lower than in patients with POAG.
This difference could be explained with accumulation of me-
tabolites in aqueous humour of patients with POAG, which in
turn may be caused by deceleration of aqueous humour flow
in patients with POAG. Meanwhile, there were no statistically
significant differences of mean absorbance of aqueous humour
at 267 nm between the patients of both groups.

Key words: cataract; primary open-angle glaucoma; optical
density of aqueous humour; spectroscopy.

Ophthalmological Clinic “Visiobud plus”, Kyiv, Institute of
Physical Chemistry of L.B. Pisargevskiy NAS Ukraine, Kyiv

C.B. Kosioruiio, B.A. MeJIbHUK,
A.C. JIutBunenko, C.A. Cotnuk, E.A. I'yp:xuii

CPABHEHHWE CHEKTPOCKOIIMYECKHNX
CBOHMCTB BHYTPUIJIABHOM )KUJKOCTH
Y BOJIBHBIX C KATAPAKTOM U TEPBAUY-
HOM OTKPBITOYI'OJIbBHOM INIAYKOMOM

B nmannoii paboTe npeacTaBiIeHO CPaBHEHHUE CIEKTPOCKOIH-
YEeCKHX CBOWCTB BHYTpHIIa3HOH xuakoctu (BIK) y Gomb-
HBIX ¢ KaTapakToii (60 manuenToB, 60 r1a3) 1 KOMOMHAIEH
€e U MEPBUYHON OTKPHITOYroibHOH rmaykomsl (ITIOYI, 36
nmanueHToB, 36 ra3). 3abop obpasnos BIK mpoussenen
MHTpPAONepanoHHo. 3 anamHe3a ObL10 H3BECTHO, UTO B IIpe-
JIONEPALOHHOM TIEPUO/IE TAIIMEHThI 00eNX IPYIII MOy YalH
pasHble BUJbl MECTHOM MEIMKAMEHTO3HOM T'MIOTCH3MBHOM
Tepanuy ¢ Pa3aIUIHON KPAaTHOCTBIO U AJTUTEIBHOCTHIO 3aKa-
neiBaHKs. CriekTpbl moromeHus oopasuos BIK nsmepsinu B
Juanasone JuiH BoiH 190—1100 aM. He3aBucumo ot anarnosa
HaOJTIOaNN BE TOJIO0CH! MOMIOMIEHHS ¢ MAaKCUMyMaMHt TIpH
202 u 267 HM (BTOpPOIl MakCUMyM Ha CIIEKTpaxX HEKOTOPBIX
00pa3noB CMEIIeH B AJIMHHOBOJIHOBYIO 00macTs). CpenHss
onrtuueckas mwiotHocts BIK npu 202 HM y nanuentos 0e3
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[TOYT ngocTtoBepHO HWKE M0 CPABHEHHUIO C MAIIMEHTAMHU C
riaykoMoit. Takoe pa3innune MoXKeT 00bSCHSTCSI HAKOTUICHUEM
npoxykroB Mmetadonnsma Bo BIK y marentos ¢ [TOYT, uto
B CBOIO OYepe/Ib MOXKET OBITh BBI3BAHO 3aMeJIICHUEM €€ TOKa.
B T0 ke Bpemst cTaTUCTUYECKU 3HAYMMBIX OTIIMYUI cpeHel
ontuyeckoit motHoctu BIOK mpu 267 HM Mexay nByms
rpyInaMu He HaOJoaeTcsl.

KiroueBble cioBa: karapakra; HepBUYHAsl OTKPBITOYTOJIbHAS
IJIayKOMa; ONTHYECKas IVIOTHOCTh BHYTPUINIA3HOM KUIKOCTH;
CHEKTPOHOTOMETPHSL.
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CraH riIyTartioH3a/1e:KHOI JJAHKH AHTHOKCUIAHTHOI
CUCTEMH KPOBIi IIPH 3aCTOCYBAHHI MOPOUIKY HACIHHSA
(peHyrpexy TBapuH 3 eKCIIEPUMEHTAIbHUM OKUPIHHAM

B.B. KononeasHiok, JI.I. Kot, T.B. KoBaas, T./I. Xiabko, I.B. fIkyouoBa,
T.J. IIpeodpaxkencoka, JI.I. OcTtanuyenko
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Jocnioocerno emicm 8ionosnenoeo enymamiony (GSH) ma akmuericmo 2nymamioH3aniexicHux pepmenmie:
enymamionunepokcuoasu (GP) i enymamion-S-mpancghepaszu (GT) y cuposamyi kposi wypie npu 66e0enHi
6 diemy nacinus Trigonella foenum graecum L. na ¢oni po3sumxy excnepumenmanrbHo20 OACUPTHHSL.
Bcemanosneno, wo po3sumox 0JCUpinua y wiypie cynpogooicyeascs NOPYWEHHAM 20MeoCcmasy 6 21yma-
MIOH3ANENCHIT CUCEMT CUpPO8amKu Kpoesi. Y meapuH, sxi nepedysanu Ha 6UCOKOKANOPIUHIL Olemi, pazom
31 sHudcenuam (v 1,2 paza) emicmy GSH smenwiysanacy akmuenicme GP (y 1,7 paza) ma spocmana (y
1,7 paza) akmusnicmo GT nopiensno 3 koumponem uepes 14 muoic. JJonosHeHHs BUCOKOKANOPIUHOL diemu
2%-mu OpibHOOUCNnEepcHO20 nopowky Hacinua Trigonella foenum graecum L. sHudicyeano npupicm macu
mina wypie na 21% ma 30iticni08an0 no3umueHuil MooynioearvHutl éniue na emicm GSH i akmugnicmo
GP, GT'y meapun 3 ekcnepumenmanbHumM ONCUPIHHAM

Kouosi croea: iemindyKo8aHe ONCUPIHHS, 8IOHOGLEHULL 2YyMAMIOH, 21yMAMIOHNEPOKCUOA3d, 2Lymami-
oHmpancgepasa; opioHooucnepcHuli nopoulox nacinus Trigonella foenum graecum L.

BCTYII

HuHi 0)XUpiHHS € OfHIEI0 3 TPIOPITETHHX 1 CO-
iallbHO 3HAYYIIMX MPOOJIeM CydyacHOT HayKH Ta
MEIULMHH. 3arajlbHOBU3HAHO, IO 3POCTaHHS
YacTOTU OXKHUPIHHS cepe]] HaCCJICHHs PO3BUHE-
HUX KpaiH HaOyBa€ 3arpo3JMBHUX TEMIIiB, IO
MOpiBHIOKTE 3 emninemieto [1]. Lle 3ymoBieHO
MaJOPYXJIMBUM CIIOCOOOM KHTTSI, XapaKTEPHUM
JUIsl Cy9acHOTO CYCHIbCTBA, MepeigaHHsIM,
BXXMBAHHAM LIKIJIUBUX 1JI OPraHi3My IPOAYK-
TiB, MOCTIHHUMH TICUXOJOTIYHUMH CTPECaMHU.
HapnumkoBa maca Tija 4acToO aCOLIIOETHCS 3
PO3BUTKOM CEPILEBO-CYJUHHHUX 3aXBOPIOBAHb,
NPU3BOAUTH A0 MOPYLWEHb BYTIEBOAHOTO,
JITAHOTO, MYPUHOBOTO OOMiHIB Ta reMocCTasy,
ykpoBoro giabdery Il Tumy, a oTKe, B pe3yabrari
JIO 3HUKCHHS TPUBAJIOCTI XKUTTS [2,3].
HesBaxkaroun Ha HassBHICTH 0ararboXx JTOCIII-
JKEHB, M0 CTOCYIOTHCS Tepallii XBOPUX 13 0XKH-

PIHHSM, pe3y/ibTaTH JIIKyBaHHS HE 3aBXKIHU 3a-
JOBiNbHI. PI3HOMaHITHI HU3bKOKAJIOPiHHI TIE€TH,
SIK1 9aCTO CYMPOBOIKYIOTHCS MOPYIICHHSIMH B
0oOMiHI pe4oBHH, a TakoX MOOiUHI edekTn Ta
YCKJIaHEHHS, B TOMY YHCJIi aJepTidHi peaKirii,
110 3yMOBJICHI MEJIMKAMEHTO3HOI TEpaIi€lo,
CHOHYKAIOTh 70 pOo3poOKHU Oinbil ePeKTUBHHUX
CXeM JIiKyBaHHS MeTa0OJIIYHUX MOpyLIeHb. Y
CydJacHi MEAMYHIN MPAKTHUIl BCE YACTIMIe IS
JKyBaHHS 0)KUPIHHS 3aCTOCOBYIOTh IIpenapaTu
POCIMHHOTO TTOXOKEHHS, 1110 MICTATH CITOJIYKH
3 pi3HOIO 010JIOTIYHOK aKTHBHICTIO, SIKI MAlOTh
3M1MCHIOBATH HA OpPraHi3M JIIOJUHU KOMILJIEKC-
HUM Qizionoriunuil BnauB, no0pe crnpuiima-
I0OThCS Ta HE BUKJIUKAIOTH MOOIYHHUX pPEaKIliid.
Oco0OnmBy yBary NpHUAUISIOTH BMICTY Y CHUPO-
BUHI aHTHOKCHUIAHTIB, 110 3MaTHI MTOMEepeKaTH
BiIbHOpaJMKalbHE OKMCHEHHS 010JOTTYHHX
CTPYKTYp OpraHi3My, TAKMM YHHOM 3aro0iradu
PO3BUTKY MMAaTOJOTIYHUX 3MiH.
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Patil i Jain [4] moka3anu epeKTUBHICTH
cknanoBux Trigonella foenum graecum L. y
JMIKyBaHHI IIJIOTO PsiAy MaTOJOTIYHUX CTaHIB.
HaciaHs pocnuHM MICTUTHh BEIWKY KIJBKICTH
010JIOTIYHO aKTUBHHUX PEYOBUH, 30KpeMa BY-
rineBoau (45-60%), nimigu (6-10%), 6inku (20-
30%), crepoinHi canoHiuu (5-6%), haaBoHOI-
nu, ankanoinu (2-3%), edipui oxii, BiTaMiHw,
MiKkpoedeMeHTH Toulo [5]. 3aBASKH CBOEMY
YHIKQJIPHOMY 010XIMi9HOMY CKIIAJy Il pOCITHHI
MpUTaMaHHI MPOTH3amajibHi, aHTHUIia0eTHYHI,
rinoxoyiecTepuHeMivyHi, IMyHOMOYJIOBaIbHI Ta
aHTHOKcUJaHTHI edexTn [6]. Tomy mepcnekTu-
Ba MojaibIIuX gociimkeHb Trigonella foenum
graecum L. ik moTeHUIHHOTO 3ac00y U151 KOPEK-
i1 MeTaboTIYHUX TTOPYIICHD 32 YMOB OKHUPIHHS
€ T0CTaTHhO OOIPYHTOBAHOIO.

BaxxnuBe 3HaueHHS y PO3BUTKY MaTONOI Y-
HUX 3MiH IPY OKUPIHHI Ma€ HaJMipHa aKTHBaLlis
BUTBHOPAIUKAIBHUX MPOIECIB, 1 SIK HACIIIOK,
MOPYLIEHHS MPO- Ta aHTUOKCUAAHTHOI PiBHO-
Bard i pO3BUTOK OKCHUIATUBHOTO cTpecy [7].
Cucrema NIyTaTiOHY € OJHIEI 13 aKTHBHUX
CKJIaJIOBUX aHTHOKCHJIAHTHOT CUCTEMU 3aXUCTY
OpraHi3my, sika Bigirpae 3Ha4Hy pojb y IPHUTHI-
YeHHI NaTOJOTIYHOTO MpoLecy, ii BUCHAKEHHS
MOJKE€ IPU3BOAUTH 0 BUHUKHEHHS CEPHO3HUX
[MUTOTOKCUYHUX 1 NECTPYKTUBHHUX YIIKOJKEHb
[8]. BuBueHHs 3MiH y DIyTaTiOHOBI# cucTeMi
BaYKJTMBE JIJIS TOUIYKY HOBHX (papMaKoJIOT4HIX
3ac00iB, 30KpeMa MPHUPOJTHOTO TOXOKSHHSI, SIKi
3/1aTHI KOPETyBaTH CTaH OKHCHOI'O CTpecy.

Mertoro Hamoi poOoTH OYyI0 OIIHUTH BMICT
BigHOBieHoro rayTtationy (GSH), aktus-
HOCTI TIIyTaTiOH3aJIe)KHUX GH3MMIiB: TJIyTaTi-
oH-S-Tpanchepasu (GT) i miyrarioHNEpOKCH-
nasu (GP) y cupoBarui kpoBi IypiB sIK 32 yMOB
eKCIIepUMEHTAIBHOI MOJIeNli OXKHUPIHHSA, TakK i
MIpU JOTMOBHEHHI BHCOKOKAJOpPifiHOT mieTn 2
%-M IpiOHOAUCIIEPCHUM TMOPOIIKOM HAaCiHHS
Trigonella foenum graecum L .

METOJAUKA

JlocaiKeHHsI TPOBOAMIIM HA OUIMX HEJTIHIHHUX
[rypax-caMIsix 3 mo4aTkoBoro mMacoro 150—-170 r,
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SKUX YTPUMYBaJIM 3a CTAaHJAAPTHUX YMOB Bi-
Bapiro, 3 JOTPUMaHHSIM TOJIOKEHb CBPOIEHCHKOT
KOHBEHIIII TIPO 3aXWCT XpPEOSTHUX TBApHH, SKi
BUKOPHUCTOBYIOTHCS Il JOCIHUX Ta 1HIIUX
HayKOBHUX I[iJIeH.

BrponoBx mepioro THKHS TBapHHH Hepe-
OyBaJIM Ha CTaHJAPTHOMY palliOHI Xap4yyBaHs 3
BITBHUM TOCTymHoM a0 Boau. Ha 8-my moOy ix
posnoainunu Ha 3 rpynu mo 10 y xoxHii. o
1-1 rpynu BBiHOUIM KOHTPOJBHI TBapUHH, SIKi
OTPUMYBAJIH CTaHJAPTHUI KOPM BiBapito Ta BOAY
ad libitum. TBapunu 2-i i 3-i rpyn 3 Mozgenbo-
BaHUM €KCIIEPUMEHTAIbLHUM OKUPIHHIM MPOTSI-
roM 14 Tmx mepeOyBaand Ha BUCOKOKAIOPiHHIH
T€ETI, sSKa CKIIamanacs 31 CTaHAapTHOTO KOPMY:
cBuHsA4oTO XKUpYy (10%), Kypssuux geus (10%),
uykpy (19%), apaxicy (5%), cyxoro moioka
(5%), pociuanoi omii (1%) [9]. Wlypu 3-i rpynu
oTpuMyBaiu 14 TH)X BHCOKOKaIOPIWHY IIi€TY,
sIKa JT0AAaTKOBO MicTruIa 2% ApiOHOaUCTIEPCHOTO
nopouiky HaciHHst Trigonella foenum graecum
L., sxuit OyB Hananuii npodecopom L. Makaem
3 YuiBepcutety imeHi Castoro lltedana.

Bwmict GSH B cupoBatii KpoBi LIypiB BH-
3HAYAJIH CIEKTPOPIYOPUMETPUIHUM METOIOM
3 BUKOPUCTAHHIM OPTOPTATIEBOTO ajlbJeTiy, B
pe3yiabTaTi peakilii sikoro 3 GSH yTBoprooThCs
BHCOKO(IIYOpECIEHTHI MPOIYKTH, SIKi aKTUBY-
10Tbest Ipu 350 HM, 1 MAOTh YiTKO BUPaKEHUH
mik mpu 420 M [10, 11]. AxtusHicte GP Bu3Ha-
YaJu 3a MeTo/IoM Pa3urpaeBa 3 BUKOPHUCTaHHAM
MepoKCcHay BOAHIO Ta 5,5 — autiobic (2-HiTpoO-
O0en3oiinoi) kuciotu [12]. AktuBaicth GT orri-
HIOBAJIM 3a IIBHJKICTIO YTBOPEHHS KOH IOTaTy
3 1-xn0p-2,4-guniTpodensonom (XJIHB), skuii
XapaKTepHU3y€eEThCSI MAaKCUMYMOM ITOTITHHAHHS
npu 346 M [13]. depMeHTATaTUBHY aKTHUBHICTH
nepepaxoByBaiyd Ha 1 Mr Oijika, BMICT SIKOTO
BHU3Ha4Yalu 3a MetogoM bpeadopa.

CrardcTUYHUN aHaNi3 OTPUMaHUX Pe3yib-
TaTiB MPOBOAWIN 3 BUKOPUCTAHHSIM 3arajbHO-
MPUHHATHX METOXIB BapiamiiHOi CTAaTHCTHKHU
13 3actocyBanHsIM One-Way ANOVA 1 t-test
CTaHAAPTHOI'O MaKeTy NMPUKIAJHUX HpoTrpam
Statistica 8.0. Hdus mepeBipku po3moAiny Ha
HOpMaJbHicTh Oyno 3acTocoBano tecT lla-
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nipo-Binka. [TopiBHSHHS BUOIPOK MPOBOAMIN
3a gonomoroto kpurepito t Cteionenta. Exc-
MepUMEHTaIbHI Pe3ylbTaTH MPEACTABISAIN Y
BUTIIS A M+m 11 KOXKHOI eKCTIepUMEHTaIbHOT
rpynu. Pi3HHII0O MiXK MOKa3HUKAMH BBaXKaJTu
CTaTUCTUYHO 3HauyInoro npu P<0,05.

PE3YJbTATHU TA IX OGTOBOPEHHS

HuHi akTyaIbHUM € MOIITYK CIONYK IPUPOTHOTO
MOXOJIKEHHSI, sIKI MOTJIM O KOperyBaTH MeTa-
0OJiuHI MOPYLIEHHS 32 YMOB PO3BHUTKY OXH-
pinnsa. Hacinnro Trigonella foenum graecum L.
3aBJASIKM HAssBHOCTI Yy CBOEMY CKJIaAl IIHPOKOTO
CIIeKTpa 610JIOTITYHO aKTUBHUX CHOJNYK (Tajak-
TOMaHaHH, CTEPOiJIHI CAIOHIHH, 4-T1IPOKCHI30-
JNeHlrH, QIaBOHOIIM TOLIO), BIACTUBI 0araro
TepaneBTUYHUX e(eKTiB. BKuBaHHA HacCiHHSA
POCIMHH MOX€E CIPUATH 3HUKCHHIO BMICTY XO-
JIeCTEpUHY B IJIa3Mi KPOBi Ta 3HMIKEHHIO HOTO
CHHTE3Y B TMEYiHIII.

Ha puc. 1 BinoOpaxkeHo fMHAMIKY 3pOCTaH-
HSl MACH TiJa IypiB €KCIEPUMEHTAIBHUX TPYII
npotsiroM 14 twx. Ilig yac mocnimkeHsb Oyio
BCTAHOBJICHO, L0 HiCJS CIOXHBAHHS BUCOKO-
KajopiHOi1 mieTm KiHieBa maca (416,3+9,511
r) Tina mypiB Oyia 3HaYHO BHUIIOIO TOPiBHSIHO
3 mo4yaTkoBoio Macoro (179,9+18,076 r) TBapun
2-1 rpynu. TakuM 4MHOM, IPOTSATOM PO3BHUTKY
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Puc.1. Maca Ttina mypiB B HopMi (1), mpu Ai€TiHIyKOBaHOMY

oXupiHHI (2) Ta 3a ymMoB cnoxuBaHHs Trigonella foenum
graecum L. Ha ¢oH1 BHCOKOKanmOpiiHOT mieTH (3)

ISSN 0201-8489 ®ision. scyph., 2016, T. 62, Ne 5

OKUPIHHS 3aPEECTPOBAHO 301TBIIICHHS MACH Tija
TBapuH y 2,3 pasa.

VY 3-ii Tpyni mypiB, M0 CHOKHBAIU BUCO-
KOKaJOpilHy Ai€Ty, HOMOBHEHY 2% MOPOIIKY
HaciHHs QeHyTrpeKy, He CIIocTepiranocs Haamip-
HOTO 3pOCTaHHS MacH Tina TBapuH. [lopiBHIHO
3 2-10 TPYIOIO el MOKa3HUK OyB MEHIIUM Ha
21%. OTxe, Hami pe3ydbTaTH CBig4aTh, IO
akTuBHI cmonykn Trigonella foenum graecum
L. MOXXYTb BILJIUBATH Ha 3aCBOEHHSI MOKUBHHUX
pPEYOBHH, 3HUXKYIOTh MPUPICT MacH Tina Iry-
piB. [HIIMMU aBTOpamMu TakoX OTPHMaHi JIaHi
nonibHoro xapakrepy. Bonun BBaxaioTsh, 110
3actocyBanHs Trigonella foenum graecum L.
iHT10y€ popMyBaHHS HOBHUX AU EPCHITIHOBAaHUX
«MaJuX» JKUPOBUX KIIITHH 3 TPEATUIIOIHUTIB Ta
HAKOIIMYEHHS JiNiAiB, 0 3ano0irae 301IbIIEH-
HIO MacH Tija, BUKIMKAaHOMY CIIOKMBaHHAM 1kKi
3 BUCOKUM BMiCTOM XupiB [14].

OngHuM 3 KpHUTEPiiB PO3BUTKY OXKHPIHHS €
e(heKTUBHCTH TOAYBaHHS TBapuH. Lle BigHOmIEH-
Hs1 HaOpaHo1 MacH (T') 10 KiTbKOCTI CTIOXKHUTOTO
KopMmy (T). 3TiIHO 3 OTPUMAHUMU PE3yJIbTaTaMU
cIocTepirasocs 3pOCTaHHs LbOr0 MOKAa3HUKA B
I'pyIi TBAPHH, K1 CIIOXKUBAJIN BUCOKOKAIIOPiHHY
nmiety. Y HEX e¢()EeKTHUBHOCTH TOAyBaHHS Oyia
Oinbinoto Ha 34,5% MOPIBHIHO 3 LIypaMH, IO
CIOXXUBAJIU CTAHIAPTHUH KOpM (KOHTpOJbHA
rpyna). A epeKTHBHICTb FOAYBaHHS IIYpPiB, IO
PazoM 3 BUCOKOKAJIOPiHHUM KOPMOM OTPUMYBa-
au 2% ApiOHOAMCIEPCHOIO MOPOILIKY HACIHHS
(dheHyrpekKy, € Takow X caMolo, K 1 B KOHTpP-
OJIbHOI TpynH IypiB. ¥ mypi 3-1 rpynu new
MOoKa3HUK OyB MeHIIMM Ha 26 % TOpIBHSHO 3
TBapuHamu 2-1 rpynu. MoxxHa nependoadar, 1o
301JIBIIICHHS TOKa3HUKA e(heKTUBHOCTI TO/TyBaH-
HS y TIYpiB, SIKi OTPUMYBaJIN BUCOKOKAJIOPiiHY
TETY, TIOB’ s13aHE 3 BUCOKOKAJIOPIHHUM CKJIaJI0M
KOpMY, a 3MEHIIICHHS Y IypiB 3-1 rpymnu — 3 rimno-
JIOIAEMIYHUMU BIACTUBOCTAMU CKJIAJ0BUX I10-
poiuky Haciaus Trigonella foenum graecum L.

Binomo, mo Hacinas Trigonella foenum
graecum L. Mmoyxe MaTu 10303aJIeKHIHN eeKT Ha
MOJYJISIIIF0 aKTUBHOCTI (DEPMEHTIB aHTHOKCH-
JAHTHOTO 3aXUCTY, 30KpeMa CYNepOKCUAIUCMY-
ta3u, katanazu ta GT [16]. Benukoro 3HaueHHs
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HaOyBae pociimkerHs Bmicty GSH — ocHoBHOTO
MOIYJATOpa PEPMEHTATUBHOI PEIOKC-CUCTEMHU
TIyTaTiOHY, a TaKOXX aKTUBHOCTI TIIyTarioH3a-
nexxanx en3uMiB: GT ta GP, mo 3a0e3nedyoTs
JNIETOKCUKAIIIIO0 MTEePEKNCiB, OpPTaHITHUX TiIpO-
MEePEeKHUCiB, IHAKTUBAIlIIO BIIBHUX pauKajiB Ta
TaKUM YMHOM 3aXHINAKTh OPraHi3M Bijl OKUCHO-
'O MOUIKOKEHHS, 1110 BiA0YBa€THCS P PiI3HUX
MaTOJIOTTYHUX CTaHAX, B TOMY YHCJI 1 OKUPIHHI.
[Ipu4rHOIO BHHIKHEHHS OKCUIATHBHOTO CTPECY
€ nucOajgaHc MiX IHTCHCHUBHOIO TPOIYKIIi€IO
BUIBHUX PaJUKAJIIB 1 JCTPECIEI0 AHTHOKCHIAHT-
HHUX CHUCTEM KJITHHU. HakomuveHHs B KJIiTH-
HaxX BITbHHUX pPaJHKaJIiB MOXE MPU3BOIHUTH IO
oKkHMCHOI Moaudikamii MOJEKY, MOIIKOIXKEHb
KITITHHHUAX CTPYKTYP 1, AK HACTiOK, KIIITHHHOT
3aru6eni. 3a TaKUX YMOB BaXXJIHUBOIO JIAHKOIO
B Tpollecax iHAKTHUBAIii BIIbHUX PaJHKAIIB €
cucrema riyTartiony [16].

Haii6inpm BaxJInBUN KOMIIOHEHT TIIyTaTioH-
3aJIC)KHOI aHTHOKCHAaHTHOT cuctemMu GSH, sxuii
MBUAKO MOOLII3YETHCS B pasi ITiABHIIEHOTO
BMICTY aKTUBHHX (OPM KHCHIO Ta BiJHOBIIIOE
iX y peakuisix 3 yTBOPEHHSIM OKHCHEHOTO TIy-
tariony (GSSQG), y takuii cnoci6 3abe3mneuye
pesucteHTHicTh KaiTuH 1o [1OJI, BinpHUX pa-
NUKaIiB, alKimyBaHHS OiNKiB, 1 TIOMEPEIKY€E
nowkokeHHs: cTpykrypu JHK. BpaxoByrouu
Oe3mocepeiHIO y4acTh IIIyTaTioHy y 0araThox
npouecax XUTTEAISUIBHOCTI KJIITHHU, B TOMY
guchi gudepeniiamnii, mponideparii, anonTosy,
MOPYIICHHSI OTO TOMEOCTa3y MOXE CBIIUUTH
PO PO3BUTOK MATOJIOTITYHUX 3MiH Ha (OHI pO3-
BUTKY OXHpiHHA [8, 17].

TakuM 9YUHOM, JUIsl OLIHKH 3arajbHOTO CTa-
HY aHTHOKCHJAHTHOI CUCTEMH OpTaHi3My 3a
YMOB PO3BHUTKY Hi€TiHIyKOBaAaHHOTO OKHUPIHHSA
HaM¥ OyJIO BH3HA4YE€HO BMICT BiJJHOBIIEHOTO
TIIYTaTiOHY B CHpOBaTIHi KpoBi mrypis. Ilicms
14 Twx BXKHWBAHHS BUCOKOKAJIOPIHHOI Ai€TH
CIIOCTEpiralu 3HWKEHHS IHOTO TOKa3HHUKA Y
1,2 pa3a BiAHOCHO KOHTPOIIIO, IO, HMOBIpHO,
CBiYMIIO MPO HOTO BUKOPHCTAHHS B PEAKIiAX
3HENIKOPKEHHSI TOKCUYHUX BiTbHOPAAUKATBHUX
CITONYK, SIKi yTBOPIUIHCS HA (DOHI JOBTOTPHUBAIIO-
r0 BUCOKOKAJIOPIHHOTO HaBaHTaXeHHS (puc.2).

72

OTpumaHi HaMU pe3yNbTaTH Y3TOIXKYIOTHCS 3
JMaHWMH IHIITHUX IO CITiKEHb [ 18], B AKUX TTOKa3a-
HO 3HIKeHHs BMicTy GSH y cupoBariii KpoBi Ta
rOMOTeHAaTax TKaHUH MEYiHKH, Cepls, Ta a0pPTH
IIypiB, SIK1 JOBTOTPHUBAJIO CIIOKHBAJIH BUCOKOKA-
JOpiHy AieTy. SIK cBimuaTh pe3yabTaTH HALIUX
JOCIiKEHb, CTIOKUBaHHA 2% ApiOHOMUCTIEpC-
Horo nopoiuky Trigonella foenum graecum L.
Pa3oM 3 BUCOKOKAJIOPIITHIM Xap4OBHM PaIiOHOM
NpOTAToM 14 THK MPU3BOAMUIO IO IMiABUIICHHS
Bmicty GSH B cupoBartii kKpoBi mypiB (JIuB.
puc.2).

OpnnouacHo 31 3MiHamu BMicty GSH 3a ymoB
PO3BUTKY OXUPIHHS 3MiHIOBaJlach aKTUBHICTH
rnyTarion3aiexxaux ¢pepmeHTiB. Tak, pazom 3i
3HIDKeHHSIM BMicTy GSH 3MeHIIyeThCsl aKTHB-
nicts GP B 1,7 pasa y cupoBartii KpoBi TBapuH,
10 3HAXOJUJIMCh HA BUCOKOKAIOPIHHIN Hi€Ti,
MOpiBHSAHO 3 KOHTpojeM (puc. 3). OTxke, BMIiCT
GSH Ta aktuBHicTs GP 3MeHmIyBanucs npu ae-
reHepaTUBHUX 3MiHAX TKAHUH Y JI0CIiPKyBaHUX
TBapuH. Take mpurHiueHHS QepMeHTaTHBHOL
AKTHUBHOCTI MoOe OyTH MOB’s3aHO 3 THUM, IO
¢yukuionyBanHs GP 3anexuts Big BMicTy BHY-
TpimHbpoKIiTHHHOTO GSH, skmit Bimirpae pois
He Juiie cyOcTpaTy peakiliii, aime i ¢axropa,
HEOOXIHOTO IS MOCTIHOTO BIJHOBJIECHHS
PO3MILIEHUX Y KaTaliTUYHOMY LEHTPi €H3UMY
CEJICHOJIbHUX TPYTI, AKi OKUCHIOIOTHCS y IpoLeci

HMornb GSH/Mr Ginka
700

600 *%

e
*

500 I
4001
3001
2001
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1 2 3

Puc.2. BmicT BiTHOBIEHOTO TIIyTaTioHy B CHPOBATIi KPOBi
nrypiB B HopMi (1), Ipu mi€TiHAYKOBaHOMY OXHpiHHI (2) Ta
3a yMoB crioxkuBanHs Trigonella foenum graecum L. Ha doHi
BUCOKOKAJIOpiitHO1 mietn (3).

* P <0,05 momo 3Ha49eHb BiTHOCHO KOHTpOIE0, ** P <0,05 mono
3HAYCHb MIPU JI€TIHIYKOBAHOMY OKUPIHHI
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Puc.3. AkTuBHICTB DTyTaTiOHTpaHCchepa3n B CUPOBATIIi KPOBi
uypis B Hopmi (1), mpu gieTiHaykOoBaHOMY OXHUpiHHI (2) Ta
3a yMoB crioxuBaHHs Trigonella foenum graecum L. na Gponi
BHCOKOKasopiiHoi xietu (3).

* P <0,05 11010 3Ha4eHb BiJTHOCHO KOHTPOJIO,

** P <0,05 11010 3Ha4SHB MPH TIETIHIYKOBAHOMY OXXHPIHHI

rnytarionnepokcuaasnoi peaxuii [18]. Takox
HE BHKJIIOUYEHO, L0 3HUKEHHS akTUBHOCTI GP
32 YMOB €KCIIEPUMCHTAILHOTO OXKUPIHHS MPO-
TTOM 14 THX MOXKe OyTH 3yMOBJICHO HE TiJTBKH
BHUEpIaHHAM foctynHoro myny GSH, a i Hako-
MUYSHHSM MPOIYKTIB JIIIMOMEPOKCUAAILII.

Ha Bigminy Big GP aktuBaicTh GT minBumry-
Bajack y 1,7 pa3a 3a yMOB CIIO’KUBAaHHSI BUCOKO-
KaJIOPIHHOI TIETH MTOPiBHIHO 3 KOHTPOJIEM (pHC.
4). AkTuBaIlifo MFOr0 MOKa3HWKA Y CHPOBATIII
KPOBI IIYPIB 3 EKCIIEPUMEHTAIbHUM OXUPIHHSIM
MOXKHA BBa)KaTH KOMIIEHCATOPHOIO pEaKIi€lo

HMonb GSH/Mr Ginka - xB
2,0
1,81
1,6
1,4
1,2 .
1,0
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0,61
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0,2

0 ‘ — ‘ !
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+

* %k

Puc.4. AKTUBHICTB [Ty TaTiOHNEPOKCH I3 B CHPOBATII KPOBi
urypiB B HopMi (1), Ipu Ai€TiHIYKOBaHOMY OXKHpiHHI (2) Ta
3a yMOB crioxuBaHHs Trigonella foenum graecum L. Ha GoHi
BUCOKOKaJOpiiHOI mietH (3).

* P <0,05 mono 3Ha4eHb BIAHOCHO KOHTpOIO, ** P <0,05
[I0/I0 3HAYCHB TPH JIE€TIHIYKOBAHOMY OXKUPIHHI
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npu 3HMKEeHHI akTuBHOCTI GP 3a ymMoB Tpu-
BaJIOTO CIIOKMBAaHHS BHUCOKOKAJOPIHHOI Jie€TH
mypamu. Ysromkena pooora GP ra GT momepe-
JKA€E MOAAJIbIIE IPOrPEeCyBaHHs EPOKCHUIALLT,
PO3MOBCIODKEHHS He(hepMEHTATHBHIX PeaKIliii,
HaKOTTMYCHHS BTOPUHHHUX METa0OIIITIB.

VY TBapuH, SKUM JaBai ApiOHOAMCIICPCHUM
MOPOIIOK PeHyrpeKa pa3oM 3 BUCOKOKAIOPIHHOIO
TIIETOI0, 3apeecTPOBAHO MiABUIIECHHS (hepMeHTa-
tuBHOI akTuBHOCTI GP B 1,2 pa3a Ta 3HIWKEHHS
¢depmentaruBHoi aktuBHocTi GT B 1,3 pasa mo-
PIBHSHO 3 TBApUHAMH, SIKi CIIO’KUBAJU JIHIIE BHU-
COKOKaJIOpiiiHy ni€Ty. TaKuM YMHOM, JOIIOBHEHHS
BHCOKOKAJIOPIMHOT Ji€eTH 0i0JOTiYHO aKTUBHUMHU
crionmykamu HaciHHS Trigonella foenum graecum
L. 3miiicHIOBa10 MOy TIOBAILHUH BIUIMB Ha BMICT
GSH Ta axtuBnicts GP, GT y cupoBarii KpoBi
JTOCTIITHUX TBapHH. BUBUCHHS HOr0 XIMIYHOTO CKJIa-
Iy TIOKa3aJl0 HasBHICTh aMiHOKHCIIOT, sIKi OepyTh
0e3mnocepenHIo y4acTb y CHHTE31 TiTyTartiony [19].
Came CipKOBMIiCHI aMiHOKHCIIOTH (ITUCTETH 1 METi-
oHiH) € BaxuBuMH B cuaTe31 GSH. Huri Bimomo,
10 KUIBKICTh Ta SIKICTBh XapuoBOTo OiNlka i MeTio-
HiHYy BIUIMBAIOTh Ha BMICT TNIyTaTiOHYy B MEYiHIII
urypiB. HaBiTh MOpiBHSAHO HEBENMKE JI0JITaBAaHHS B
paIlioH CipKOBMICHUX aMiHOKHCIIOT TIPUBOTUTH JIO
TTOCWJICHHS HOTO CHHTE3Y. Taki 3MiHH TOCITIIKYyBa-
HUX MTOKAa3HUKIB 32 JIONMTOBHEHHS BUCOKOKAJIOPIHOT
nietn 2% ApiOHOAMCIIEPCHOTO MOPOIIKY HACIHHS
Trigonella foenum graecum L., fimoBipHO, CBiT4aTh
PO 3aJy4YEeHHS [IMX KOMIIOHEHTIB aHTUOKCHAAHT-
HOI CUCTEMH /10 peaKiiii 3HEIIKOKEHHS TOKCHY-
HUX BIIBHOPAAUKAJIbHUX CIIONYK, K1 yTBOPHUIIHCS
Ha (OHI PO3BUTKY OKHPIHHS.

AHali3ylouu OTpUMaHi pe3ynbTaTh, MOXKHa
3aKJIIOYUTH, 10 YMOBHM HAIIMX E€KCHEPHUMEH-
TiB JO3BOJIMUIM 3MOJEITIOBATH Ai€TIHIYKOBaHE
OXHUpiHHA y 1mypiB. Bukopuctanus 2% npi6-
HOAUCIIEPCHOTO TOpOIIKY HaciHHsA Trigonella
foenum graecum L. 3 BUCOKOKaIOpiiHUM partio-
HOM 3HWKY€ MPUPICT MacH Tina mypis. Lle moxe
OyTH 3yMOBJICHO HE 3MEHIICHHSM XapyoBOi
aKTHBHOCTI TBapHH, a, NMOBIpHO, OB’ s3aHE 3
BIJIMBOM Ha METa0oJidHI mporecu (momepe-
JUKEHHS BCMOKTYBAaHHS JXKHPIB, MiJABUIIEHHS
YTUJIi3a1i1 KUPIB).
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Po3BUTOK 0XUPIHHA y IYPiB CYNpPOBOJ-
J)KYBaBCs MOPYUICHHSIM TOMEOCTa3y B IiIy-
TaTiOH3aJEKHIN aHTHOKCUIAHTHIN cHUCTEeMI
CHpPOBAaTKH KpOBi. JIOMOBHEHHS BUCOKOKAJO-
pitiHOi mieTm mopomkoM HaciHHSA Trigonella
foenum graecum L. 31ificHIOBaI0 MO3UTUBHUI
Moayitorounii BriuB Ha BMicT GSH 1 aktus-
HicTh GP, GT y TBapuH 3 eKClIepUMEHTAJIbHUM
0XKUPIHHSM.

[loganpmie BUBYEHHS 3MiH MOKa3HHUKIB
rIyTaTioHOBOT TAHKH aHTHOKCHUJAAHTHOTO
3aXHCTy 3a YMOB 3aCTOCYBaHHS Tpernaparis
POCIMHHOTO TTOXO/)KCHHSI CIPUSITUME MOIIYKY
Ta po3poOui HOBUX 3ac00iB MpoQiIaKTUKH,
00 3amo0iTTH PO3BUTKY TSIKKHX CYMYTHIX
YCKIaJHeHb HAUTUIIKOBOT MacH Tina.

B.B. Kononeabniok, JI.H. Kot, T.B. KoBaub,
T.A. Xuabko, U.B. SIky6uoBa,
T. . Ipeo6pa:xenckas, JL.LA. OcramyeHko

COCTOSAHHUE INMTYTATUOH3ABUCHUMOTI'O
3BEHA AHTUOKCHUJIAHTHOMN CUCTEMBI
KPOBU TP TPUMEHEHHWHU TOPOIIKA
CEMSIH ®EHYI'PEKA Y )KUBOTHBIX C
I9KCHEPUMEHTAJIBHBIM O)KUPEHUEM

HccnenoBaHo copepkaHue BOCCTAHOBICHHOTO MIyTaTHOHA
(GSH) n aKTHBHOCTH TNIyTaTHOH3ABHCHMBIX ()EPMEHTOB:
rnytarnoHnepokcuaassl (GP) u rmyrarnon-S-tpancdepa-
36l (GT) B CBIBOPOTKE KPOBH KPBIC IPU BBEICHUHU B TUETY
cemsH Trigonella foenum graecum L. Ha ¢one pasButus
IKCIIEPUMEHTAIBHOTO OXKUPEHUSA. YCTAaHOBIICHO, YTO pa3-
BUTHE O)KUPEHHs Y KPbIC CONPOBOXKAAIOCH HAPYLIICHUEM
roMeocTasa B INIyTaTHOH-3aBUCHUMON CHCTEME CHIBOPOTKH
KPOBU KpbIC. Y KUBOTHBIX, HAXOJMBIIMXCS Ha BHICOKOKA-
JOpUUHON aueTe, HApsAy co CHIDKeHHeM (B 1,2 pasa) co-
nepxxannsg GSH ymenpmanace aktuBHOCTh GP (y 1,7 pasa)
u Bo3pactaia aktuBHOCTh GT (y 1,7 pasa) mo cpaBHEHHUIO
C TOKa3aTeslsiMu KOHTpous uyepe3 14 Hen. Jlomonnenue
BBICOKOKAJIOPUIHOW AueThl 2%-MH MENKOAUCIEPCHOTO
nopouika cemsin Trigonella foenum graecum L. ymenbmra-
JI0 MIPUPOCT Macchl Tena Kpbic Ha 21% U oCyIecTBIIsIO0
HOJIOKHUTEIEHOE MOAYJIMPYIOLIee BIUSIHHE Ha COlEPKAHUE
GSH u aktuBHOoCTh GP, GT y )XKMBOTHBIX C 3KCIEPUMEH-
TaJIbHBIM OXXHUPEHUEM.

KiroueBble clloBa: TMETHHAYLUPOBAHHOE OXHUDPECHHE;
BOCCTAHOBJIEHHBIH [IYyTAaTUOH; TIIYTAaTUOHIEPOKCHUAA3A;
rIyTaTHOHTpaHc(epasa; MEJIKOJUCIEPCHBIH MOPOIIOK
cemsiH Trigonella foenum graccum L.
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V.V. Konopelnyuk, L.I. Kot, T.V. Koval,
T.D. Khilko, I.V. Yakubtsova,
T.D. Preobrazhenska, L.I. Ostapchenko

STATUS OF GLUTATHIONE-DEPENDENT
LINK OF BLOOD ANTIOXIDANT SYSTEM
UNDER APPLICATION OF FENUGREEK
SEED POWDER IN ANIMALS WITH
EXPERIMENTAL OBESITY

The content of reduced glutathione (GSH) and activity of
glutathione-dependent enzymes: glutathione peroxidase (GP)
and glutathione-S-transferase (GT) in blood serum of rats in
the diet supplemented of fine powder seeds Trigonella foenum
graccum L. on the background of experimental obesity. It
was established that the development of obesity in rats was
accompanied by violation of homeostasis in the glutathione-
dependent system of blood serum. It has been shown that
animals on high-calorie diet along 14 weeks had a decrease
(1,2) in GSH concentration, a decline (1,7) in GP activity and
the increase (1,7) of GT activity compared with control values.
Addition to high-calorie diet 2% fine powder seeds Trigonella
foenum graccum L. reduced the body weight gain by 21%,
carried positive modulating effect on the content of GSH and
GP, GT activity in animals with experimental obesity.

Key words: diet-induced obesity; reduced glutathione;
glutathione peroxidase; glutathione transferase; fine powder
seeds Trigonella foenum graecum L.

Taras Shevchenko National University of Kyiv.
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BCTVYII

Busuanu epexmusnicme narnouwacmunok opmosanadamy 2adoninito (H4 GdVO ) ona kopuzysans poznadie
401061401 penpodykmuenoi QyHkyii Ha modeni HeoHamaibHo iHOYK08aHoi penpodykmonamii. Hawaoxku
IHMaKmuux wypie-6amokis 3 3-i no 22-2y 000y scumms na mui emoyitinozo cmpecy («Maternal separation
Stress») ompumysanu HaOMIpHy Kinbkicms cymiwii pimoecmpozenis (PE) 3 monoxkom mamepi (1-wa epyna).
Y eiyi 10 mic camysim 1-i epynu ynpoooedic 70 0i6 3 kopwom yeoounu HY GdVO,,y dosi 0,33 me/ke (2-ea
epyna) abo peepenmuuii npenapam cnemar y 003i 158 me mabnemroeoi macu na 1 ke macu mina (3-ms
epyna). Jlocniosceno cmamegy nosediHKy i (hepmuibHiCmb CAMYI8, PO3PAXOBAHO IHMe2PANbHUL NOKAZHUK
penpooykmusnozo nomenyiany (Pi) NOPiGHAHO 3 KOHMPOTLHOIO 2PYROIO, AKI OMPUMYBATU POUUHHUK (800a).
V' 1-it epyni cmamesa nogedinka camyie xapakmepusyeanacs npucKOpeHHIM CHApIOSalbHUX peakyitl Ha
camuyio (060pa3ose CKOPOUeHHsL AAMEeHMHOCMI CA0OK Ma IHMPOMICIL) Ma 3HUIHCEHOTIO CHPOMONCHICIITIO OO
3a6epulens napyeanis eaKyIAYicio ma nouamxy opyeo2o mypy xonynayiu. Camyi yici epynu 3annioniosanu
Menwe camuys (67 wooo 91 % y konmponi), siki matidice 6ci 3agacimuinu. Heonamanvho indyxosamne no-
2IpUIeH A AKOCMI CIamesux KIimuH 3yMOSUN0 OilbUl HIdC 080KPAMHe 3DOCIAHHS BHYMPIUUHbOYMPOOHUX
empam y 6a2imnux i 3SMeHueH sl 3a2anbHoi Kitbkocmi niodig y camuyi (na 21 %). Lle susnauuno smenuienis
@i camyis y 2,6 pasa nopiensno 3 konmponem. 3acmocysanns H4 GdVO , 6i0nosuno noxasnuxu cmamesoi
NOBEOTHKU CaMUi8 00 PI6HS KOHMPOIbHOL 2PYNU, WO CAPULUHULO 3DOCIMAHHS KLIbKOCTI 3aNnTIOHEHUX Camulib
(00 95 %). V sacimnux camuyv Ha mai 3MeHWEeHHs PIBHSA BHYMPIiHbOYmpooHux empam (0o 15,2 wooo
18,1 % y konmponi, P<0,05) na 25 % (P<0,05) 3pocna kinvkicms nioodis, wjo c8iouums npo nioguuyenus
akocmi cnepmamosoioie. Iokasnuk @i 30invuuecs 0o 8,3+0,5 sionocro 3,0+0,3 00. y 1-ii epyni, wo 6y10
cmamucmudHo 00CMOGIPHO suwe, Hidic y Konmponvuiti ma 3-ii epynax. 3acmocysanns H4 GdVO,, y wypie
3 Namonozicio penpooyKmueHoi QyHKyii ma memaboiyHUMU PO3NA0AMY, WO IHOYKOBAHT HEOHAMANbHO,
HOpMAIZye cmamesy NO8eOIiHKY, GIOHOBIIOE HEPMUNLHICIb MA NIOBUULYE PEnPOOYKIMUBHULL NOMEHYIA
ehexmusHiule 3a peghepeHmHuLl Npenapam cnemaH.

Kniouosi cnosa: neonamanvuuii cmpec, pimoecmpoeenu; HaHo4acmuHKu pioko3emMenbHux Memanie, camyi
wypis;, penpoOyKmueHuLl nNOmeHyia.

BXOJDKEHHSI y BiK 0aThKiBCTBa SK )KiHKaMH, TaK
1 yonoBikaMu [3, 4], TOOTO «CTapiHHS» pPenpo-

Huni Hai6inpm akTyaJdpHOIO € mpodiema 4o-
J0Bi4oi rinoepTUIbHOCTI. 3a JaHUMH Pi3HUX
nocinigHukiB y 30-40 % BuMajgKiB NPUYHUHOIO
MOJIPYKHBOTO HETUTI A/ € TOPYIIEHHS CTaTeBO1
¢yHKUii y yonoBika, 3 skux npudauzuo 30 %
CTAHOBHUTH TaK 3BaHe 1Ji10NaTHYHE HEILTIIas
[1, 2]. Kpim TorO, icHY€E TEHJSHIis A0 Mi3HBOTO

JYKTUBHOI QYHKIIT € 10MaTKOBUM HETaTHBHHUM
YUHHUKOM Tino(epTHIHHOCTI.

Jlnst po3BUHEHHX KpaiH, ¢ 3pOCTAaTh
TeMIIH Jenonysiii [5], BaXIUBOW € po3poOka
npernaparis, CIPOMOKHUX TO3UTUBHO BILJINBA-
TH Ha YOJIOBIYY PENpPOAYKTHBHY (DYHKIIIIO Ta
MiJIBUIIYBATH SIKICTh XKHUTTS Y M3HBOMY 3pLJIOMY

© 1. O. benkina, H. I1. Cmonenko, B. K. Kiouxos, 0. B. Manrokis, E. €. Uuctsaxosa, H. O. Kapnenko, 1O. 1. Kapayennes

76

ISSN 0201-8489 @ision. scyp., 2016, T. 62, Ne 5



L. O. Benkina, H. I1. Cmonenxo, B. K. Kiouxos, }0. B. Maiokin, E. €. Uncrsxosa, H. O. Kapnenko, 1O. 1. Kapauenres

Biky. Cy4acHa Teparis 3a3BHYail 3aCTOCOBYE
€K30T'€HHI TOHAJOTPOIIHU, aHTHECTPOTeHH, IIpe-
rmapaTH TeCTOCTEPOHY, BiTaMiHHU [6], 110 HEPiaKO
YCKJIaAHIOETHCS BU3HAYCHHSIM aJIeKBaTHOI A03H,
MPOTHUIIOKA3aHHAMHU Ta MOOIYHUMH €(deKTaMHu
[7]. IcHyroui TepaneBTUYHI 3aCO0U JUIS JIIKY-
BaHHS T1NOQEpPTUIBLHOCTI Majo ePEeKTHBHI, a
CydYacHi TOMOMIXKHI penpoyKTUBHI TEXHOIOT1]
MalOTh 3aBHCOKY LIiHY.

Ile € migcraBoro AJs MOWIYKY HOBUX Ha-
MPSMKIB CTBOPEHHS TpemnapariB A KOpeKIii
po3iaiiB pernpoayKTUBHOI (yHKIIIT YOJIOBIKIB.
B ocTaHHI gecATHpiuys HAKOMHYYIOTHCS JaHi
Ipo PoJb 1HCYiHY y (i3ionorii penpoayKTuB-
Hoi cuctemu [8, 9]. OcTaHHIA 3a JOITOMOTOO
HaWBUIMUX PETYIATOPHUX MEXaHi13MiB (TOHAI0-
TPOTHUI PHIII3iHT-TOPMOH Ta TOHAIOTPOITHI TOp-
MOHH) JIi€ HA CTEPOIN0- i raMeToreHe3 1 BIUTMBAE
Ha TUTITHICTh CaMIIiB, TTOCUIIIOIOYH PYXJIUBICTh
CIIEpMAaTo30i/iB, 301MbIIYIOYN TPOAYKYBaHHS
NO Ta nigBUIY0YH Yy TIAUBICTh AKPOCOMAIBLHOT
peaktii mo cemudiganx ctumynis [10, 11].

3’gaBsieThCs BCE OIMbIIE JOKa3iB, IO Taki
CTaHU, SIK I[yKpoBuii aiadet 1-ro i 2-r0 THUIIB,
IHCYJTIHOPE3UCTEHTHICTh MOXYTb OyTH HpH-
YEeTHUMH J10 MOMIMPEHOCTI PeHPOAYKTONATIN Yy
0ci0 penpoayKTUBHOTO Ta MPAaIe31aTHOTO BiKy
[12]. Linkom BipoTimHO, IO BUKOPUCTAHHS
1HCYJIIHOMIMETHKIB Ta IHCYJTiHCEHCHTaW3epiB
OyJie ClIpUsATH BIJIHOBJICHHIO TIOPYIICHOT perpo-
JyKTUBHOT QyHKIIT i MITiTHOCTI. Y IbOMY CeHcl
yBary NnpHUBEpPTaIOTh BaHaIIWBMICHI CIIOJIYKH,
npoTe BOHHW TokcudHi [13, 14] Ta MatoTh citabky
asricopOIil0 y NITYHKOBO-KHIIKOBOMY TPAaKTI.
Ha BinmiHy Bif 3araibHONPUHHSATOrO y CBIiTI
MOINYKY Oi0JOriYHO aKTHBHMX PEYOBUH y Ha-
OPSIMKY J10CJiPKeHHSI YOTUPUBAJICHTHUX COJIEH
Ta OpraHiYHHUX BaHAJIWIIB [15], mepcrekTHBHIM
€ BUKOPUCTAaHHS YHIKaJIbHUX BJIACTUBOCTEH
CIIOJIYK BaHaAiI0 y HAaHO(QOPMIi 3aBASKH 3MiHAM
010JIOCTYITHOCTI HaHOPEYOBUHU. Panime mu
MOKa3aliu, U0 32 yMOB TPHBAJIOTO HAIXOKEHHS
HaHOYACTHHOK OpTOoBaHajaary ragominito (HU
GdVO,) y crapiounx caMuiB CTHMYJIHOEThHCS
CTepoigoreHes (TECTOCTEPOH) Ta CIepMaTOreHe3
Ha TJIi TallbMyBaHHS PO3BHUTKY BIKOBOI rimep-
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DIiKeMii Ta 3poCTaHHs Macu Tina [16].

MeTta poboTH — BU3HAUYCHHS €(PEeKTUBHOCTI
HY GdVO, nns kopuryBanHs po3/a/iB 40J0Bi-
401 penpoAyKTHBHOI PYHKIIi1 Ha MO/IeNi HEOHa-
TaJbHO 1HIYKOBAHOI pETIPOMYKTOTIATII.

METOJIUKA

ExcniepumeHnTanbHi poOOTH 3 TBAPHHAMHU BUKO-
HYBaJH{ BiAMOBIIHO A0 HAIlIOHATBHUX «3araib-
HUX €THYHUX MPUHLHIIB €KCIIEPUMEHTIB Ha
TBapuHax» (Ykpaina, 2001), siki y3romKyoTbcs
3 MOJIOKEHHSIMH «EBpOIEHCchbKOi KOHBEHLIT PO
3aXMCT XpeOETHUX TBApUH, KOTPI BUKOPHUCTO-
BYIOTBCS IJIsl €KCIIEPUMEHTAJIbHUX Ta IHIIHUX
HaykoBux ey (Crtpacoypr, 1986) [17]. dus
nociimpkenas epexkruBHocti HY GdVO4 (20-
40 HM) y HOBOHAPOJKEHUX IIYPST OYJIO BiATBO-
PEHO MOAENIb HEeOHATaIbHOI MaTOJOTil BBEACH-
HaM (iToectporeHiB (PE) Ha Tii emMOIiifHOTO
crpecy — 1-ma rpymna [18]. Yeworo y mocmimi
Oyyio 3anmisiHO 55 cammiB i 78 camuIb HIypiB
nonyisnii Bictap 3 po3mnigHuKa IHCTUTYTY.

Camui nmo gocsrHeHHi 10-MicsSYHOTO BiKy
npotsaroM 70 1i0 HATIIE OTPUMYBAJIH 3 KOPMOM
HY GdVO, y nosi 0,33 mr/kr (2-ra rpyma) ta
npenapaT MOpiBHSHHS CHEMaH, SIKHUH MICTUTb
CKJAIHy POCIWHHY KOMIO3HUIIIO0 (CTHUMYIIOE
CIepMaToTeHe3 Ta MPU3HAYAETHCS y BUIAIKAX
rinogepTHIILHOCTI Y0IOBIiKiB [19]) y 1031 158 Mr
TalyeTKOBOT MacH Ha | Kr macu Tina (3-1s rpyna)
[20]. O6’em po3unHy KOperyBalu IMOTHKHS 3
ypaxyBaHHSM 3MiH MacH Tijia TBapwH. [HTaKkTHI
TBAPUHM BiIOBITHOTO BIKY, SIKi OTPHUMYBAJIH PO3-
YMHHHK (BOZA) y BIAMOBITHOMY 00’€Mi, yBIHIIIH
JI0 KOHTPOJILHOT TPYIIH.

[licns ¢popmyBaHHS y CaMLiB CTAaTEBOIO
JIOCBITy y IPUCMEPKOBHUH Yac BIPOJIOBXK 15 XB
IOCITIIKYBalId CTaTeBY MTOBEMIHKY y TTAPHUX Te-
CTax 3 pEIeNTHBHOIO CAMHIICIO MICIIsl OBapieKTO-
Mii 32 YaCOBUMH Ta KiJIbKICHUMHU MTOKa3HUKaMH
caJIoK, IHTpOMIciii Ta esKymsinii. PozpaxoByBanu
TPUBATICTH OCTESKYISATOPHOTO pehpaKkTEpPHOTO
nepiomy.

DepTUIBHICTh CaMIIIB BHBYAIHU 3TiIHO
3 3araJbHONMPUUHHITOI MeTOonukow [21] 3a
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pe3yibTaTaMH NapyBaHHS 3 IHTAKTHUMHU 3]10-
poBuMu camuisiMu. Po3paxoByBanu iHIEKCHU
3aIUTITHEHHS Ta BariTHOCTI; PiBeHb 3aralbHUX
BHYTPIIIHbOYTPOOHUX BTpaT Ha 20-Ty m00Yy
BariTHOCTI. KpiM Toro, OIiHIOBaINW pEmpOIyK-
TUBHUH MOTEHIiall caMIliB 32 PO3PaxXyHKOBHM
MOKAa3HUKOM CepEeAHbOI peali3oBaHoi T IHOCTI
(beptunvHOCTi) camiliB (Pi) 3a piBHAHHIM:

N XN x (N, #8y,)

Di + 8,
N, x N,
N2><N3><N4+N2><N3><SN4
N, x N, - N, x N,

ne: N, — KilbKicTh caMulb y rpyni; N, — Kijib-
KICTh 3alIiJHEHUX CAMMIID; N3 — KUIBKICTH Ba-
TFITHUX caMHIb; N 4 — CEpenHs KIJIBKICTH IUTOMIB
y camui; Sy, — IIOMUIIKA CEPEAHBOTO apudme-
THYHOTO KIJIBKOCTI IJIOMAIB y camuili [22].

HlypiB yTpumMyBaiu y CTaHJAPTHUX YMOBaX
BiBapilo Mpu NpUPOIHOMY OCBITJICHHI, palioHi
Ta TuTHOMY pexkuMi ad [ibitum [23]. I1o 3akiH-
YeHHI eKCTIEPUMEHTY iX IIBUKO JIEKaIiTyBalH.
CaMuIls BBOAWIN B JICTKUH TiOTIEHTAJ HATpie-
BHUI HapKo3, a CaMIliB HE HApKOTHU3YBalld JJIs
3amo0iraHHs 3MiH BMICTY CTaT€BHX TOPMOHIB.

OTpumaHi pe3ynbTaTH BiANOBiTaIN 3aKO-
HY HOPMaJIbHOTO PO3MOAiNdy, TOMY HaBeIeHI
SIK cepeHE apuPMETHIHE Ta WOTO MOXHMOKA.
CrarucTU4Hy BipOTiIHICTh BIIMIHHOCTEH MIX
rpylnamMu OIIHIOBAJIM i3 3aCTOCYBaHHSIM KpH-
TepiiB t CThIOIEHTA Ta y -KBaJIpar 3a J0MOMOTOK0
nporpamu Statistica 6.0.

PE3YJIBTATH TA iX OBTOBOPEHHS

AHaii3 MOKa3HUKIB CTATEBOI MMOBEAIHKU CaM-
1iB 1-i Tpyny BUSBUB CTUMYJIOBaHHS iHimiarii
napyBaHHS, IO BUPaXalloCh y CKOPOYEHHI y
2 pa3m JIaTeHTHUX IMepiomiB camok (54+16 c
moyao 111421 ¢ y kouTpoui; P<0,05) Ta maiixe
2,5 pasa intpomiciii (55+16 ¢ momo 135£37 cy
koHTpoui; P<0,05). Lle o3nadae, mo y gocimiqHux
TBapHH CTaH CTATEBOTO MOTATY (aHAIOT Ji0iI0 y
MoAUHA) OyB CUIBHININM, HIJK Y KOHTPOJIII, aje
JOCSATTH KIHI[EBOTO €IIEMEHTY CHaploBaIbHOL
MOBEAIHKH — ESKYIAIIl, Ta PO3NOoYaTH JAPYTUH
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Typ CIaprOBaHHs OyB CIIPOMOXHUU JIUIIE OAUH
caMmellb 3 BOCbMH. ToOTO HaBiTh MPH MIBHUIKO-
My IIOYaTKy CIaplOBaHHS AOCIIHI TBAPUHU HE
BCTHUTAJIH 32 4aC TECTY IMPOBECTH IMOBHOIIHHHM
CTaTeBUH aKT, 1[0 CBIAYMTH PO 3pOCTAHHS Jia-
TEHTHOCTI eSKYIISAIIT.

[TocnaGneHHs cTaTeBOT aKTUBHOCTI Y CaMIIiB
mypiB 1-1 rpynu npu3BOAUTH 10 MOTIpPIICHHS
¢beprunbHOCTI Ta maigHOCTI. lle BUsABMIOCA Y
BipOTiMHOMY 3HWKCHHI YaCTKH 3aIlIiJHECHUX
IHTAaKTHUX CaMHIlb 10 67 % MOPIBHSAHO 3 TAKUM
y koHTpOJi (91 %), Xoua Maiixe yci 3aruTiHeH]
camuIli 1iel rpynu BUSBWIMCS BaritHUMU (93
BigHocHo 100 % y xonTpouni). Ha ix po3Tuni
3adikcoBaHo Biporigae 3MeHmeHHs (Ha 21 %)
3arajgbpbHOI KIIBKOCTI TIJI0/IB (TabnuIs) 3a paxy-
HOK 3pOCTaHHS BiZICOTKAa BHYTPIIIHHOYTPOOHUX
BTpaT OiNbLI HIK B 2 pa3u MOPIBHSAHO 3 TAKUM
y koHTpoui (puc. 1). 3nauenns ®iy camumib 1-1
rpynu Oyio HUKYe 3a KOHTPOINBHI y 2,6 pasa
(P<0,05; puc. 2). Otxke, ctpecyBanHs Ta (piTo-
€CTPOTEeHI3aIlis IIyPST Y0JIOBIYO01 cTaTi y HEOHA-
TaJIbHUN TIEPi0o TPU3BOIUTH O PEHPOTYKTHB-
HUX MOPYILIEHb y OOPOCIOMY Bili. AHOMaJbHI
CIIEPMATO30i1M MOPIiBHAHO 3 MOP(OIOTIYHO
HOPMaJTbHUMH CTAaTE€BUMHU KIITHHAMHU MalOTh
HIDKYY 3aIlTi THIOBAJIbHY 31aTHICTE. Lle 3ymoBie-
HO SIK MEHIIIOIO 1X 3JIaTHICTIO JI0 NIEHeTpalli 00-
LUTIB, TaK i 3MiHaMM B peakilii rinepakTupaii,
Kamanurallii Ta akpoCcoOMHOI peakxirii. ¥ Takux
CIIepMaTo30i/lax YacTillle PeeECTPYIThCI aHO-
Mallii XpOMaTuHy, a iHKOJIH — 301IbIIIeHHS PiBHS
CTPYKTYpPHHUX XPOMOCOMHHX abeparlliif, mo Ha-
Jajii MOYKEe HEraTUBHO BIJIMBATH HA HACTYIHHM
PO3BUTOK eMOpioHiB 200 B3araJi Ha HACTaBaHHS
BariTHOCTI Micis 3ariqHenss [24, 25].

Bimomo, mo nikyBaHHS MaIi€HTIB 3 Tak
3BaHOIO 1MIOMATHYHOIO TimOo(EepTUILHICTIO, 3a
SIKOT HEMOJKJIMBO BCTAHOBUTH IIPUYMHH PO3JIay,
BHKIIMKa€e 0COONMBY CKJIaHICTh. Bukopucrana B
EKCIIEPUMEHTI MOJIeJIb HEOHATAJIBHO 1HJIYKOBa-
HOI Tio()epTUIILHOCTI, Ha SIKY OTPUMAHO MaTeHT
[18], mocTaTHRO TOBHO BiATBOPIOE TAKWUU CTaH.
30kpeMa, y TOpOCINX CaMIliB Ha TJIi HOpMaJTh-
HOi BIKOBOi KOHIIEHTpAI[Il CTaTEBUX TOPMOHIB,
MOKa3HUKIB CLIEPMOTPaMH, TOPMOHAIBHOT (PyHK-
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IMoka3uuku nepediry BariTHOCTi iIHTAKTHUX CaMOK, 3aILTi/IHEHUX CAMISIMH 3 HEOHATAJIbHOIO NATOJIOTi€I0, AKi OTPUMY-

BAJIM HAHOYACTUHKH OPTOBAHAJATY rajoinilo (xy £ S ; )

. Cawmiii 3 HeoHa-
. . CamM1il 3 HeOHATAJILHOIO TTa-
Iaraxtai | Camui 3 HEOHa- . . TaJbHOIO 1aTOJIO0-
TOJIOTi€10, SIKi OTPUMYBAIN . .
TTokasHuk TBApUHU | TAJIBHOIO MATO- ri€ro, sIKi OTpH-
. HAHOYACTHUHKU OPTOBAaHA/a-
(n=28) soriero (n=13)

.. MyBaJIH ClIeMaH
Ty Tagoxinio (n=20) Y

(n=17)
KinxpKkicTh MI0/iB Y
OpUILIOAI (3aranbHa) 9,0+0,4 7,240.8" 9,6+0,6™ 8,840,8
caMUIlb 4,1+0,4 3,3+0,4 4,840,6™ 4,5+0,5
caMIiiB 4,9+0,3 3,9+0.6 4,9+0,6 4,4+0,5
BIIHOMCHRA caMHIte | 1,0+0,2 1,4+0,3 1,4+0,3
JI0 CaMIIiB
Maca noxis, T
caMuIli 2,1+0,0 2,1+0,0 2,1+0,1 2,1+0,1
camili 2,3+0,0 2,2+0,0 2,240,2 2,4+0,1
JloBKHMHA TUIOAIB, MM
caMuIli 30,2+0,3 30,8+0.4 29,9+0,3 29,9+0,3
camiti 31,34+0,3 31,6+0,4 31,5+0,2 31,4+0.4
AHo-reHiTalbHa Bij-
CTaHb y MIOJIB, MM
camui 1,1£0,0 1,1£0,0 1,0£0.,0 1,0+0,0
camili 2,9+0,0 2,9+0,0 3,0+0,0 2,9+0,1

* P<0,05 BigHOCHO KOHTpOITIO, ** P<0,05 BiIHOCHO rpyIH TBAPHH 3 HEOHATAIHHOIO MATOJIOTIEI0; N — KUIbKICTh IIPHILIONIB

1ii KOpU HAJHUPKOBHUX Ta IUTOMOAIOHOT 327103 Mu; 3HIKeHHs Pi camuiB Ha 69,2 % [26]. Kpim
peecTpyBaiIu MOTIpIICHHS 3allJiAHIOBAJILHOI  TOTO, BOHM BiIPi3HSAIOTHCS BiJl IHTAKTHUX TBApUH
3IaTHOCTI; OINMBIINI piBeHB 3arudeli 3apoJIKiB OinpIIoro Macoro Tina (Maike Ha 20 %), o 30i-
y BaTriTHUX CaMHIlb, 3aII1THEHUX [TUMH CaMIIs- Ta€THCS 3 MABUIICHAM BMiCTOM TITFOKO3H HATIIE

%
50 1
45
401 p

35 ] ==
30
25 1 2 r
201
15
101
5]
0

* %

*+4

*4
*4

Puc. 1. BHyTpimHpOyTpOOHA 3arHOeb IUIONIB CAMHUIlb, 3aILUTITHEHUX CAMISIMH 3 HEOHATAJIBHOKO MATOJIOTI€I0, SIKI OTPUMYBAIH
HAHOYACTHHKY OPTOBaHAAATy TajoiiHito: | — mpeimmanraniitaa; 11 — nocrimnanraniiina; [11 — 3araneHa; 1 — iHTaKTHI TBApHHY;
2 — caMIIi 3 HEOHATAJIBLHOO MATOJIOTIEI0; 3 — caMIli 3 HEOHATAJIBHOKO MATOJIOTIER0, SIKI OTPUMYBAJIM HAHOUYACTUHKY OPTOBAaHAIATy
TaJIoNiHIk; 4 — caMIli 3 HEOHATAIBHOIO ITaTOJIOTIEI0, SIKI OTPHUMYBAJIM CIICMaH.

* P<0,05 BigHOCHO KOHTPOIIIO; ** P<0,05 BiZIHOCHO 3HAYEHD Y CAMIIiB 3 HEOHATAIBLHOK MATOJIOTIEH0
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Puc. 2. 3miHa iHTETpaIFHOTO MOKAa3HUKA ILUTIAHOCTI CaMIIiB 3 HEOHATAIBHOIO NATONIOTIEI0, SIKI OTPUMYBaIM HAHOYACTUHKH Op-
TOBaHAJATy TafomiHifo (3a 100 % mpuiHHATO 3HAUSHHS KOHTPOIBHOI rpymm): I — inTakTHI TBapuHY, II — cammi 3 HeOHATAaTEHOIO
naronoriero, [II — camili 3 HEOHAaTAIFHOO TATONOTIEFO, K OTPUMYBAIA HAHOYACTHHKY OPTOBaHAIATy TaoMiHito, [V — camii 3
HEOHATAJBHOIO MATOJOTIET0, sIKi oTpuMyBaiu criemad. * P<0,05 BimHocHO KOHTpOMO, ** P<0,05 BiIHOCHO 3HAaY€Hb CaMIIB 3
HEOHATAJBHO HaToorieto, *** P<0,05 BiIHOCHO 3HAaYEHb CaMIIiB 3 HEOHATAJIBLHOO TATOJIOTIE0, SIKi OTPUMYBAIM HAHOYACTHHKH

OpTOBAHAIATY T'aIONIHII0

(m0 6,1£0,1 momo 4,7+0,3 MMOJIB/JT y KOHTPOJII)
Ta KOHIEHTPAIii TPUTITILEPUIiB Ta 3araJIbHOTO
xonectepuny [18]. Tomy BubOip Takoi marore-
HETUYHOI MOJeJi € OOTPYHTOBAaHHUM, SK TaKoOi,
[0 MOEJHYE META0OIYHI MOPYIICHHS Ta pe-
MPOJYKTOMNATiI0. MOKHA CTBEp)KYBaTH, IO s
MOJIJIb TIOSCHIOE PO3BUTOK YACTUHU BHIAJIKIB
iiomaTu4HOl TiMo(epTUILHOCTI Y YOJIOBIKIB.

[Tpusnayenns HY GdVO, TBapunam 2-i rpy-
T BXKe Ha 56-Ty 100y IpU3BEIIO 10 301ThIIICHHAS
KIJIBKOCT1 €JIEMEHTIB 3alULSIbHOI MOBENIHKH
(y 2,2 paza; P<0,05) ta BimcoTka TBapuH (10
37,5 %), 1110 CIpOMOKHI 710 eAKyIsii. [Himiamis
craproBaHHS (JATEHTHICTh CaJI0K Ta IHTPOMICIi)
W yac HacTaHHS eAKYIAMil y MUX caMIliB Oymnu
moniOHI 70 TakuX y iHTakTHHX TBapwH. Ciifg
3a3HAuMTH, 1110 HaJaHHs TBapuHam HY GdVO4
HaOJIMKy€e CTATEBUM MOTST Ta 1HIIIAIIIO CIIapro-
BaHHS JIO MIOKA3HUKIB IHTAKTHUX TBapHWH, a Ta-
KOX CIIpusie e(heKTUBHOCTI cCriaploBaHHS (301J1b-
IIEHHS BiJICOTKA TBApHUH 3 esAKyIsIicr0). Tpeda
aKIEHTYBATH, 110 3MIHH CTAaTEBOI MOBEHIHKHA Y
TaKOMY HaIpsIMKy CTIOCTEpIiraincs Bxe Ha 26-Ty
n00y. Edext npenapaty nopiBHSHHS crieMaHy,
KU 1aBaiy TBapuHaM 3-1 rpymnu, OyB MoxiOHIM
IO TOTO, IO CIIOCTEPIraji MPU BBEACHHI IIIypam
HY GdVO,, T06T0 CTaTHCTUYHO 3HATYLIHX PO3-
ODKHOCTEH MiX TpylmaMu HE BUSBJICHO.

Taxi K MO3UTHBHI 3MIHH CIIOCTEpiranucs i
y Mmoka3HuKax PepTUiIbHOCTI Ta TIiaHoCTI. Tak,
y caMiiB 2-i rpynu 4acTKa 3aruliIHCHUX HUMU
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IHTaKTHUX CaMHIIb BipOTiAHO 3pocia a0 95 %,
mo OyJo BUINE, HIX y JOCIITHUX TBapWH 0e3
kopekii (67 %), i CBITYUTH PO TOKpaIIEeHHS
CTaTeBOi aKTUBHOCTI Ta SKOCTI CIIEPMATO301/iB
micyisi BxkuBaHHs crnonyku. Edexr cnemany (3-
TS Tpyna) OyB claOKIIIUM: YacTKa 3aruTiTHEHUX
camu1lb gopiBHIOBana 86 %, 110 HE BiAPI3HsIIOCS
Big pesynprary 1-i rpymnu (P=0,16).

Maitxe yci 3amnigHeH] caMHIll BHSBUINCS
BariTHUMU (95 T2 92 % y 2-i1 Ta 3-i Tpymnax Biamo-
BiHO). KibKicTh MI0AIB HA cCaMUIIIO y 2-1 Tpy1i
30inbmmnacs Ha 25 % (P<0,05), ay 3-i rpymi — Ha
22 % (P>0,05) mopiBHSHO 3i 3HAUCHHSMH 0€3 KO-
pexuii (quB. Tabnuiro). Taki 3MiHA MOSICHIOIOTHCS
3HIWKCHHSM PiBHS 3aTaJIbHUX BHYTPIITHEOYTPOO-
Hux Brpar 3 37 % y rpymi 6e3 kopekiii 10 15 %y
2-ii rpymi (P<0,05) ta no 23 % (P>0,05) —y 3-ii
rpymi (aus. puc. 1).

3araiaoM, 1 1€ € HAaWIroJOBHIMIKUM, L1 3MIHHU
MIPU3BEIH IO CTATUCTUYHO 3HATYIIIOTO 3pOCTaHHS
@i y TBapuH 2-1 TpyNu — Maike y 3 pa3u mopiB-
HSHO 31 3Ha4YeHHAM 1-i rpynu (nuB. puc. 2). Y 3-1
rpyni mei mokasHHUK Takox 3pic y 1,5 pasa, ane
PI3HHUIIL 3 TBAPUHAMU, 110 HE OTPUMYBAIIH JIIKY-
BaHHS, HEe Ha0yBaja CTaTUCTUYHOI 3HAYYIIOCTI.

3rigHo 3 HAITUMH TTOTIePEeIHIMHA J0CIiIKEH-
Hsmu, cioxkusanus H4 GdVO, crapumu camus-
MM TIypiB MPHU3BEIO M0 301TbIICHHS KOHIICHT-
parrii TeCToCTepOHY, aKTHBAIIIi CIEpMaTOTCHERY,
301JIbIIEHHST aHTHOKCHJIAHTHOT aKTUBHOCTI 3pi-
JIUX CIIEPMATO301/1iB, 3MCHILICHHS 1HIYKOBaHOI
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L. O. Benkina, H. I1. Cmonenxo, B. K. Kiouxos, }0. B. Maiokin, E. €. Uncrsxosa, H. O. Kapnenko, 1O. 1. Kapauenres

XEMIUTIOMIHECIICHITIT CyCIeH3ii eniuauMalbHuX
criepMaro30ifiB y peakiii @enrTona [16]. Linkom
MOXJIMBO, M0 aHAJOTIYHI 3MiHU MOKpAaIeHHS
SKOCTI CTAaTeBUX KIIITHH BiOyBaJHCs y caMIliB
IIypiB 3 HEOHATATbHO 1HAYKOBAHOIO ITATOIO-
ri€ro, M0 MPU3BEJIO JO 3MCHIICHHS YTBOPEHHS
AHOMAaJIbHUX 3aPOJKIB.

TakuM YUHOM, 3aCTOCYBAHHS OKCHU/IIB
piakicHozeMenbHUX MeTaniB (a came GdVO,)
y BUIIISA1 HAHOYACTHHOK Yy CaMIliB HIypiB 3
HEOHATaJbHO 1HJAYKOBAHUMH PO3JaaMH perpo-
JyKTUBHOT QYHKIIIT TPU3BOAUTH 110 301TbIICHHS
Maiike B 3 pas3u BiJICOTKAa TBapWH, SKi 3a 4ac
TECTy AOCSIIIN esKyIsii, 10 3pocTanHs Ha 30 %
KiTBKOCTI 3aIlTiIHEHUX CaAMHI[b Ta CIpPHIE 1X
MJIONI0YOCTI. 3a CBOEIO €(hEeKTUBHICTIO, SIKY MU
OIIHIOBAJIM 3a IHTETPATHLHUM TOKa3HUKOM Di,
JIOCTI/PKyBaHa PEYOBUHA MTEPEBUINYE PedepPeHT-
HUH IIpenapar CIieMaH.

N.0. Beakuna', H.I1. Cmonenko!, B.K. Kioukos?,
10.B. Mamokun?, J.E. Uncrsakosa!l,
H.A. Kapnenko!, F0.1. Kapauenues!

OLEHKA D®®EKTUBHOCTH HAHO-
YACTHUIL] OPTOBAHAJIATA TAJTOJTMHUS
JIJIA KOPPEKIIMM HEOHATAJBHO
WHIYIMPOBAHHOM PENMPOAYKTONATUM
Y CAMIIOB KPbIC

Llens paGotsl — onpeneneHne 3QPEKTHBHOCTH HAHOYACTHIL
oprosanasara ragomunus (H4 GdVO,) anst koppexuunu pac-
CTPOMCTB MY’>KCKOH PENpONYKTUBHOW (DYHKIUH Ha MOJIETH
HEOHATAJIFHO HH/TYIIMPOBAHHOM penpoyKTonatud. [loromkn
UHTAKTHBIX KpbIC-poauTene ¢ 3-ro no 22-i 1eHb )KU3HU Ha
(hoHe amormoHanbHOTO cTpecca («Maternal separation stress»)
MOJTy9aJIl H30BITOYHOE KOJIMIECTBO CMECH (PUTOACTPOTEHOB C
MostokoM Matepu (1-s rpymma). B Bozpacte 10 mec cammam B
Teuenue 70 cyT ¢ kopmom nasanmu HY GdVO, B nose 0,33 mr/
KT (2-s Tpynma) win pedepeHTHBII npernapar crieMaH B 103e
158 mr tabieTouHOM Macchl Ha 1 KT Macchl Tena (3-s1 rpyma).
HceenoBany moosoe 1mosesieHne U GepTUIIEHOCTE CaMIIOB,
PacCYMTHIBAIN MHTETPAIbHBIN ITOKA3aTelb PEPOLYKTHBHOTO
noteHnuana ®i B CpaBHEHHH CO 3HAUYCHUSIMH KOHTPOJIBHOU
rpynmns! (Boxa). B 1-ii rpymme monoBoe moBeieHne caMIioB
XapaKTepU30BaJIOCh YCKOPEHUEM IOJIOBBIX PeaKInii Ha CaMKy
(IByKpaTHOE YKOpPOYEHHE JIATEHTHOCTH CaJJOK ¥ MHTPOMHC-
CHi1) U CHIDKEHHO CITOCOOHOCTBIO K 3aBEPIISHHIO KOITYIISIIIMI
ISIKyJIALUEN 1 Hadaly BTOpPOro Typa crapuBanuil. Camiibl 3Toi
IPYIITB OTUIOAOTBOPSIIM MeHbIIe caMok (67 mpotus 91 % B
KOHTPOJILHOH IPYIIIe), KOTOpBIe HOYTH Bee 3abepemenerny. He-
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OHATAJIbHO MHAYIHUPOBAHHOC YXYAUICHUE KaU€CTBA I10JIOBBIX
KJIETOK 00ycioBmiio Oosiee, 4yeM JByKpaTHOE yBEIHUYCHHE
BHYTPHYTPOOHBIX [OTEPb Y OEPEMEHHBIX U YMEHBILICHUE 00-
I1IeT0 KOJIMYeCTBa IUI0A0B Y caMkH (Ha 21 %). D10 onpenennio
ymenblinenne @i camios B 2,6 pa3a 110 CpaBHEHUIO C KOHTPO-
sem. [Tpumenenre HY GdVO,, BoccTaHOBUIIO TTOKa3aTeIH 110-
JIOBOT'O ITOBEJICHUSI CAMIIOB JI0 YPOBHSI KOHTPOJILHOW IPYIIIIBI,
4TO 00YCIIOBUIIO YBEJINYCHHE KOJIMYECTBA OILIOOTBOPEHHBIX
camoK (710 95 %). Y 6epeMeHHBIX CaMOK Ha (hOHE YMCHBIIICHHS
YPOBHS BHYTPUYTpoOHbIX noTeps (10 15,2 mpotus 18,1 % B
KOHTpoJ1e) Ha 25 % yBEeIMYMIIOCH KOJMYECTBO IUIOJOB, YTO
CBH/ICTEIIBCTBYET 00 YIyUIIEHHH KauecTBa CIIePMaTO30MI0B.
[Mokazarens @i ysenuuwmics a0 8,3+0,5 nporus 3,0+0,3 em.
B Tpymie 6e3 KOPPeKIHH, YTO CTATUCTHYECKU JOCTOBEPHO
BBILIIE, YEM B KOHTPOJbHOW M 3-# rpynnax. [Ipumenenue
HY GdVO, y kpbic ¢ natosorueif penpoayKTuBHON hyHKIMHI
Y METa00IMYECKUMH HapYILCHUSIMU, HHYLIUPOBAHHBIMHU HEO-
HaTaJIbHO, HOPMAJIM3YET IT0JI0BOE TIOBE/ICHIE, BOCCTAaHABIIMBA-
eT (pepTHIBHOCTD H MOBBILIACT PENPOAYKTUBHBIN TOTSHIIHAI
sddexTrBHEE, YeM pedepeHTHBIN Mpenapar creMaH.
KitroueBble clioBa: HEOHATANBHBIH CTpecc; (PUTOICTPOTEeHBI;
HaHO4YaCTUI bl PEAKO3EMECIIbHBIX METAJIJIOB; CaMIbl KPBIC;
PEeNpOAYKTUBHBIN TOTEHIMAI.

I. O. Belkina!, N. P. Smolenko’, V. K. Klochkov?,
Yu. V. Malukin?, E. E. Chistyakoval,
N. A. Karpenko!, Yu. I. Karachentsev!

THE EFFECT OF GADOLINIUM
ORTHOVANADATE NANOPARTICLES BY
NEONATAL INDUCED REPRODUCTIVE
DISEASE IN MALE RATS

For the purpose to develop of method for treatment of male
hypofertility the efficiency of gadolinium orthovanadate
nanoparticles (NP GdVO4) in rats with neonatal induced
reproductive disease, has been investigated. The progeny of
intact rats parents were exposed to emotional stress («Maternal
separation stress») and received an excessive amount of the
blend of phytoestrogens (Ph) with mother’s milk (1st group)
from 3 to 22 day life. At the age of 10 months males received
NP GdVO, (0.33 mg/kg; 2nd group) or speman (158 mg/kg;
3rd group) with feed over the 70 days. Sexual behavior and
fertility of males were investigated; the integrated indicator
of reproductive potential (Fi) was calculate and was estimated
with the data of animals from group Control who were given
vehicle (water). In the 1st group sexual behavior of males
was characterized by accelerating sexual responses on female
(double shortening of mounting and intromission latency) and
areduced ability to achieve ejaculation and to start the second
round of copulations. The less females have been inseminated
by these males (67% vs. 91% in Control group), but almost
all became pregnant. As a result of the neonatal induction
deterioration in the quality of male gametes intrauterine
pregnancy loss increased more than twice, and the total number
of foetus decreased (on 21%). These changes have led to a
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reduction of the male integrated indicator of reproductive
potential (Fi) in 2.6 times compared with control animals.
Using a NP GdVO, rehabilitated male sexual behaviour
indicators to Control group level, resulting in an increase in
the number of fertilized females (up to 95%). In pregnant
females decreased fetal losses (up to 15.2% vs. 18.1% in
control, p<0,05) and increase in the number of fetuses (on 25%,
p<0,05) that shows an improvement in the quality of sperm. The
integrated indicator of reproductive potential (Fi) increased
to (8.3 £ 0.5) vs. (3.0 £ 0.3) u. in the Ist group (without
treatment), that statistically higher than in groups Control and
3rd. Application of NP GdVO, in rats with neonatal inductive
pathology of the reproductive function and metabolic disorders
normalizes sexual behaviour, the quality of sperm that restores
male fertility and improves reproductive potential much more
efficiently than the reference drug speman.

Key words: neonatal stress, phytoestrogens, rear-earth-based
nanoparticles, male rats, reproductive potential.

ISI «V. Danilevsky Institute for Endocrine Pathology
Problems of NAMS of Ukrainey», Kharkov;
2Institute for Scintillation Materials NAS of Ukraine,
Kharkov; e-mail: chistelina@i.ua
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Oco0MBOCTI APriHA3HOIO0 NUISIXY MeTa00JIi3My
L-apridiny B criepMaro30i1ax 40J10BiKiB
npu pisHux ¢popmax nmarocnepmii

P.B. ®adyaa, O.K. Onypposuy, Y.II. Eppemona, /1.3. Bopodeusn, 3./1. Bopodensn

Jlvgigcoruti nayionanvruii meouunuil ynigepcumem imeni /lanuna I anuysvroeo;
e-mail: roman_fafula@ukr net

BCTVYII

Ipu pisHux ghopmax namocnepmii y 40108iKi6 00CAIONCYSANU 3MIHU AKMUBHOCTI AP2IHA3U CREPMamo30i0ie
ma 2opmonanbHull Npogine nepugepuynoi Kposi. Bcmanosneno, wo akmusHicmy apeinazu 6 Cnepmamo-
3010ax YON06IKI8 3 01i20300~, ACMEHO300~, 01I20ACMEH0300- MA JEUKOYUMOCNEPMIEIO 3HUNCYEMbCS 6 2,1,
2,3, 2,4 3,3 paza sionosiono. Le 6xazye na npueHivenns apeinazno2o wisaxy memabonizmy L-apeininy, ske
CYMmESo He 3aedicams 6i0 muny nopyuients cnepmamozenesy. Ilpome sHudicenHs akmueHocmi apeinasu
MA€ HAtlOINbL BUPAdICEHUL XapaKmep Yy NAYIiCHMIE 3 1eUKOYUMOCNEepMIEIo, adice 1eUKOYUmu Crmumynomsy
YMEOPEHHs peaKMUGHUX QopM KUCHIO, ITHOYKYII0 ma pO36UIMOK OKCUOAMUBHO20 MA HIMPAZUBHO20 CINPECY
6 cnepmamo3oioax. Ilpuenivenns ap2inasHo2o wisaxy memabonismy L-apeininy mae npucmocyseaivHe 3Ha-
YeHHs, sIKe NONA2AE 8 0OMedcenHti 11020 biodocnynHocmi ma 3anobicanui HaOIUWK08020 ymeopenHs NO
Y YUMOMOKCUYHUX O/ CNepMamo30i0ie Konyenmpayisx. Bioznaueno maxooic 3miwyenHs cupogamro8o2o
BMICHY 20HAOOMPONHUX | CIMAMEBUX 20PMOHIB ) HON0GIKIE 3 pisHUMU (hopmamu namocnepmii. Tax, 30Kkpe-
Ma emicm ONIKYIOCMUMYTIOIU020 20PMOHY NPU ONi20300CNEPMil, CHPUYUHEHIL 2INO20HAOUIMOM GUWUTL
608iui, a y pasi aetikoyumocnepmii 6 1,8 paza w000 3navens y epmunvHux Yonosixie. Boonouac 3a ymos
acmeHno300cnepMii yell NOKA3HUK Huxcuull 8 2,2 pasa cmoco8HO 3HAYEHb Y YON06IKi6 3 HOpMO300CnepMi-
€10, NPOMe 3HAXOOUMbCsL 8 Medcax (Qizionociunoi Hopmu. Bmicm mecmocmepony nudcuuti 6 1,6 paza y
4ONI06IKI8 3 NOPYUWEHHAM CHepMAmozene3y 3a MUunom 01i20300Cnepmii i 3Hax00UmvCs Ha HUJICHIN MedCi
Qizionociunoi Hopmu. BcmaroeneHo, wo y HenitioHUX Y0N08IKi8 3 NOPYULEHHAM CNEPMAMO2eHe3y 3d MUNnoM
071i20300CNePMIT NPUSHIYEHHS AKMUBHOCTIL AP2IHAZU CNEPMAMO30i0i8 NO3UMUBHO KOPENIOE 31 3HUNCCHHAM
ix konyeumpayii ¢ esxyiami (r = 0,68).

Kurouosi cnosa: apeinasa; oxcuo azomy; HeniioHicmb y 40108IKIS.

TeBil cucteMi. En3umarnune yrBoperHs NO
3piricHIoeThes 3a ydacTio NO-cuHTaz (NOS),

Hemnninst € BaJIMBOIO ComiabHO-AeMorpadid-
HOI Ta MEIHMKO-010JIOTIYHOK MPOOJIEMOI0 HE
TITBKY 17151 YKpainu, a i ans 011bpocTi po3Bu-
HYTHX KpaiH, 1oro yacTka 3a pi3HUMU JaHUMH
csrae 110 35-50 %. Cepen mpuyuH 11i€i maToxorii
Barome MicIe 3aiMaroTh MOPYIICHHS CIIepMaTo-
renesy [1]. OmgHUM 3 KITIOUOBUX MAaTOTEHETHUY-
HUX JAHOK PO3BUTKY HEIUTiJJs Y YOJIOBIKIB €
nopyueHHs: pyHkiionyBanHsi NO-cUrHaabHOT
cucremu [2]. Okxcun azory (NO) — Monekyna,
SKifl BJacTHUBA BUCOKa peakIliiiHa 3MaTHICTh Ta
IMIUPOKUN CHEKTP O10peTynsITOpHUX €(PEeKTiB y
PI3HHX OpraHax, 30Kpema i B 4OJOBidill cra-

K1 eKCTIPECYIOThCS y PI3HUX KIITHHAX CTATEBOT
cucremu 4onoBikiB [3]. LIBuakicTe mpomykiii
NO 3Ha4YHOIO MipOIO 3alIeKUTh BiJ 0iogoCTyN-
HOCTI L-apriHiny, sSikuii BUCTymnae cybctpaTtoMm
s NOS.

Aprinaza (EC 3.5.3.1) — MeTaloeH3uM
UKy CEYOBWHH, SIKHU KaTalli3ye TiIpoii3
L-apriHiHy 10 CEYOBHHH Ta OPHITHHY, KOHKY-
pytouu 3a cninbHul cyocTpar i3 NOS Ta Briu-
Baroud Ha Ti akTuBHICTE. CIIiBBIAHOIIEHHS MIXK
pPI3HUMU MIISXaMu MeTaboni3My L-apriHiHy
(NO-cuHTa3HUM (OKHCHHAM) Ta apriHa3HUM (He-
OKHMCHHUM)) MiATpUMY€E (Di310TOTIUHUN Ty i€l
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aMIHOKHCJIOTH y KIITHHAX Ta ACTEPMiHy€ IHTCH-
cuBHicTh npoaykuii NO Ta iioro meraboiiTiB
[4]. Bigomo, 110 €H3UM MpeaCcTaBICHUN Y TIBOX
i3oopmax: apriaza | — eH3UM IUTO30IBHOT
JIoKanizamii, IKMi HaWOLIbII IHTEHCHUBHO €KC-
MPECYETHCS y KIITUHAX MMEYIHKH 1, TOJIOBHUM YH-
HOM, 3aJIisTHII B yTBOPEHHI CEHOBUHH, apriHaza
Il — eH3UM MITOXOHAPIATBHOT IOKATI3AIIIT, SIKHI
ineHTu(hiKOBaHO B PI3HUX THUNAX KIiTHH. BoHa
Oepe ydacTh B OiocWHTE31 moiiaMiHIB, OpHi-
THHY, IPOJiHY, TIIyTaMaTry Ta B Mpo3anajibHUX
nporecax [5]. TakuM 4MHOM, apriHa3a Bigirpae
BaYKJIMBY POJIb y PETYISIIT KIIITHHHOTO CUHTE3Y
NO i mogudikye Horo 6ionoriuni epektu [6].
VY ccaBuiB aprina3dy iIeHTH(iKOBaHO B KIIITHHAX
MpOCTaTH, CiM SHUKIB, V CiM’ SHIA piauHi Ta
crnepMaro3oijax.

VY HaykoBi#l niTepaTypi MOXHa 3yCTpITH
MOOJMHOKI JIaHi 100 aKTUBHOCTI apriHa3w B
CIIEpMAaTO030i/1aX YOJIOBIKiB 3 HETLTIAASM, IPOTE
1l 1aHi € BKpa# cynepeunuBumu [7]. BuBueHHs
aKTHBHOCTI apriHa3u B IMMAaTOTEHE3i MOPYIICHb
PENPOAYKTUBHOT QYHKIIiT HOIOBIKIB € MepcIeK-
THBHUM, OCKIJIBKHU 3’SICyBaHHS HOBHUX BiJIOMO-
CTel AacTh MOXJIMBICTD YJOCKOHAJINUTH AiarHO-
CTHKY 1 CIpUATHME PO3POOJIECHHIO TPaBUIBHOI
TaKTHKHW H ONTUMAIIBHUX CXeM OOTPYHTOBAHOTO
JKyBaHHS.

Mertoro Haioi po6oTu Oys0 JOCTIIUTH aK-
TUBHICTb apriHa3u B CIepMaro30iiax HeIuliTHUX
YOJIOBIKiB 3 PI3HUMU NOPYILICHHSIMH CIIEpPMaTo-
reHe3y Ta BCTAHOBHUTHU KOPEINAMiHHUI 3B’SI30K
MK aKTHUBHICTIO apTiHa3®W i TOPMOHAIBLHUM
npodinem nepudepuuHoi KpOBi.

METOJIUKA

[IpoananizoBano gaHi 72 YOJOBIKiB, IO MPO-
XOJWJIN TEepBUHHE OOCTEKEHHS y 3B S3KY 3
HENTIAAAM Yy KOHCYJIbTAaTUBHINA MOJNIKIIHINI
JIpBiBCHKOT 00MacHOT KIIHIYHOT JIiKapHi 3 Ci4HS
2014 o xBiTens 2016 p. CepenHiii Bik NaIi€HTIB
cTaHoBUB 26,2+4,2 pokiB. Kpurepii BKIIOUEHHS:
Bik 21-39 pokiB, HemIigHICTh y mu1061 1-10
POKIB, HOJIOBIUMI (haKTOp HETUTITHOCTI, 32 YMOB
oJiro3oocnepmii abo Teparo- i/abo acTeH0300-
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criepMii. Kpurepii BUKITIOUEHHS: HETUTITHICTD Y
1061 moran 10 pokiB, a3oocmepMist, HaaMip-
HE BXXMBAHHS aJKOTOJIO Ta BIUJIUB OyIb-SKUX
IIKUTMBUX PI3UKO-XIMIYHUX YMHHUKIB T1]T 4ac
JIarHOCTUYHO-JIIKyBaJIbHUX 3aXO/IiB.

VYcix manienTiB Oya0 po3aiiieHo Ha 4 TPYyNH.
3a Mmoka3HMUKaMH CIIEPMOTrpaM OJiro300CHepMis
Oyna BusaBneHa y 12 mamientiB (16,7 %), sxi
yBidmaM B 1-my rpymy, acTeHO300CIepMis y
17 nanientis (23,6 %), mo ckiaanu 2-ry rpymy,
oniroactenocnepMist y 10 nmanientis (13,9 %),
aki yBidmau B 3-Tio rpyny. Y 39 (54,2 %)
00CcTe)XyBaHUX HEIUTITHUX YOJOBIKiB BMICT
JeHKouuTiB y crepmi cranosuB <1,0-10° /m,
nume y 33 (45,8 %) mamieHTiB BiI3Hayanacs
JMEeHKOUTOCIIEPMisi, TOOTO BMICT JIEHKOLIMTIB
konuBascs Big 1,0-10° mo 3,0-10° /mu, mo
CBITUUIIO TIPO HASBHICTH 3aMaIbHOTO MPOIECY
y IbOTO BiJICOTKA 40JIOBiKiB. BoHu ckiiamganu
4-1y rpyny. 1o KOHTPOJNBHOI IpynH BBIHILIO
20 coMaTH4YHO 370POBUX YOJIOBIKiB BiKOM Bif
22 nmo 39 pokiB 3i 30epekeHo0 GepTUILHICTIO
1 HOPMO300CTIEPMIi€IO Ta MATBEPKEHUM OaTh-
KIBCTBOM (T1epeOyBaroTh y Nutt006i npotsirom 3-10
POKiB i MaroTh 1-3 310pOBUX JiTEH).

Marepianom st JOCHiKSHHS Oyln 3pa3Ku
CiM’siHOT pPiAWHU, Ky OTPUMYyBalH MacTyp-
Oarmiero micis crareBoi aOcTuHeHIi 3-5 mHIB.
[Toka3uuku cuepMorpaM (KOHIICHTpAIIis crep-
MaTo30i1iB, IX PyXJUBICTH, MOP(OIOTisI Ta
BiZICOTOK XMBHUX (OPM) OLIHIOBAIH 3a JOTO-
MOTOK CBITIOONTHYHOT MIKPOCKOMIi, 3TiIHO
3 aupeKTuBaMu moa0 ix nposeaeHHs (BOO3,
2010) [8]. Marepian oTpuMyBajId BiATOBITHO
10 mepeadadeHUX 3aX0/iB, CIPSIMOBAHUX Ha
3a0e3MevcHHs 33/I0BUIBHIX YMOB 30epesKeHHs
370pOB’sl Malli€HTa, JOTPUMAHHS HOro IMpas,
JIFOACHKOI T1AHOCTI Ta MOPaJbHO-ETUYHUX HOPM.
YMoBH BiIOOpY MOCTIAHUX 3pa3KiB BiAMOBIgaTH
BUMOTaM NPHUHIUMIB [enbCiHChKOI AeKmaparii
OXOPOHH TPaB JIOANHY, KOHBEHIIT Pagu €Bponu
PO MpaBa JIIOAMHY i 010MEINIIMHY Ta TOJIO0KEH-
HSIM BIJITIOBIJTHUX 3aKOHIB YKpaiHHU.

CnepMaro30iay Y0OJIOBIKiB BiJIMUBAIHU BiJ
MJIa3MHU eAKYyJATY 3-pa3oBUM HEHTpHU(YTyBaH-
M npu 3000 06/xB mpoTsirom 10 XB y cepeno-
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BHIII, sike MicTHiI0 (MMOoIb/1): NaCl — 120, KCl
— 30, Hepes (pH 7,4) — 30. BmicT 3araibHOTO
npoTeiHy B mpobax Bu3Ha4Yanu MerogoM Jloypi
3 BUKOPUCTaHHAM Habopy BupoOHUIITBa HBD
“Simko Ltd” (Ykpaina). AKTUBHICTH apriHazu
BH3HAYaJIM Ha MepMeadio30BaHUX CIIEpMATO-
30igax. [lis mporo go ix cycmneHsii nopaBaiiu
JNIETEPTeHT CAlOHIH y KIiHIEBIH KOHIIEHTpAIlil
0,5 %. AprinazHy akTHBHICTb OOYHCIIIOBAJIH 32
YTBOPEHHSIM CCYOBHHH, BMICT SIKOi BH3HAYaJIH
CIEKTPOPOTOMETPUYHO 3a JIOTIOMOTOI0 Jlia-
THOCTHYHOTO HaOOpy BiANOBITHO 10 IHCTPYK-
uii ¢pipmu-supoduuka (HB® “Simko Ltd”).
CepenoBume inkyOanii (00’em 0,5 ma) aus
BU3HAYCHHS apTiHa3HOi aKTUBHOCTI MiCTHIIO
(mmonw/n): L-aprinin — 100, MnCl, — 2, Tpic-
HCI (pH 9,5) — 20. KinpkicTs IpoTeiny B Ipo6i
He nepepuinyBaia 50-100 Mkr. TpuBamicTh 1HKY-
6auii npu 37 °C cranosuna 90 xs. En3umaTuuny
PeakKIlito iHII[i0BaJI BHECEHHSM JI0 CEPEIOBUIIA
iHKyOaIii amikBOTH TepMeadiTi3oBaHUX cIep-
MaTO30i/iB, a 3yNUHSAIN — JOJaBaHHAM | M
50%-10 pO3YHHY TPHUXJIOPOUTOBOI KMCIOTH.
[Micns neHTpudyryBaHHs B HaJJ0CaOBIN CyMi-
0ri BU3HAYaJ W BMICT CEYOBUHHU. Y KOHTPOJBHI
3pa3Ku 3aMiCTh CyCHeH311 KIIITHUH BHOCHIIN BijI-
MOBiIHY amikBOTY (hizpo3uuny. Kpim gocmigaux
1 KOHTPOJIBHHUX P00 TOTYBAIH TAKOXK MPOOY, KA
MICTUTb CTaHJIapPTHHUH PO34rH cedoBuHU (16,65

MMoub/i1). [opMoHanbHUM NPOdins cHpOBATKH
nepudepuIHOi KPOBi YOJOBiKiB (BMICT TOHa-
JTOTPOITHUX Ta CTAT€BHX TOPMOHIB) BU3HAYAIH
METOJIOM IMYHO(EPMEHTHOTO aHai3Yy.
Otpumani pe3yabTaTH 00pOOISAITH METOJAMHI
BapialiiHOl CTaTHCTUKH 32 JOMOMOTOIO IPO-
rpamHoro 3abe3neuecHHs MS Office. Jlyist Bu3Ha-
YEHHS BIpOTiJHUX BiIMIHHOCTEH MiXK CEpPEIIHIMH
BEJIMYMHAMH JIBOX BHOIPOK BHKOPHUCTOBYBAIH
kputepiii t CThIONEHTA IJIsT He3aJIeKHUX BUOIPOK.
BiporinauMu BBa)kaiau pe3yibTaTH 3a yMOBH
P <0,05. Pesynbraru npejcTaBlieHi sIK CEPEIHE
apupMeTUYHE £ CTaHIapTHA TOXUOKA CepeIHbO-
ro. KinpkicTb gociiB (7) BiAmoBigae KiabKOCTI
3pa3KiB, AOCIIKEHUX y KOKHOMY BHIAIKY
(kOo’)KeH pa3 BUKOPHUCTOBYBAIH CIIEPMATO30i1H
BiJl OJTHOTO TaIljieHTa abo 3I0POBOTO JOHOPA).

PE3YJbTATHU TA IX OBTOBOPEHHS

VY Tabn. 1 HaBeneHO pe3yabTaTH O CHOBHUX MOP-
($odYHKIIOHANBHUX XapaKTEPHCTHK ESKYISTY
iHQepTHUIBHUX YOJOBIKIB 3 pPi3HUMH (OopMaMu
narocrepmii. BigmMigaroTbcs cTaTHCTUYHO Bipo-
rigHl BIAXUJICHHS 32 OCHOBHUMU ITOKa3HUKAMHU
cIiepMaToTpaM y BCIX MOCHTIIKyBaHUX TPyIax.
Hait0inbir Bupa)xeHi 3MiHU CIIOCTEPITralOThCs y
3HaYeHHI KOHLUEHTpaLii JICHKOLUTIB B €SIKYJATI
iHQepTUIBLHUX YOJIOBIKiB (4-Ta rpyna), mpore

Taomuus 1. OcHoBHi MOpodyHKIIOHAIBHI XaPAKTEPUCTHKH eSAKYJIATY iH(pepTHILHUX Y010BiKIiB
3 pi3HUMH popmMaMu naTocnepmii

. . [HepTHIbHI YOJI0BIKK
JocnikyBaHi moxkas- Hopwmo- : -
. . 0JIITO aCTEHO0300- | OJIIr0acTeHO- . .
HUKH CAKYIISTIB 300cmepMist . . . JIeHKOIUCTIepMist
300CIepMist criepMist 300CTepMist
Konnenrparmis cnepma-
t030iaiB, 106 M} 50,0+6,40 11,9542,35™  44,30+5,35 9,95+1,65 *** 46,40+6,20
BignocHa KinbKicThb
PYXJIUBHX
criepMaTo3oimiB, % 52,86+3,22  42,3344,95  24,05+535™"  26,05+4,25 " 42,34+3,24
KinpkicTh maTonoriy-
Hux Ghopm, % 32,842,8 39,72+3,2 45,5452 " 42,7+3.2 42.,4+3.6
Konmenrtpanmis neitko-
LHTIiB B €AKYIATI,
106 vor! 0,28+0,06 0,46+0,08 0,34+0,08 0,44+0,09 1,56+0,25 ***

[IpumiTka: TyT 1 B Tabm. 2: *P<0,05; **P<0,01; ***P<0,001 BiTHOCHO KOHTPOIBHOI TPYNH (HOPMO300CTIEPMIs).
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IHIII TMOKAa3HUKH CIEPMaTOTpaMH 3HaXOASTHCS
B Mekax (i310JI0ri9HOT HOPMHU.

Cuig BiIMITUTH, 1[0 aKTUBHICTH apriHa3u B
cIiepMaTo30igax HEIUIiIHUX YOJIOBIKIB 3 OJIro-
3oocmepmiero B 2,1 pasa amxkda (P<0,001), mix
npu HopMmo3oocrnepmii (puc. 1). Y 4omnoBikiB 3
MOPYLICHUM CIIEPMATOreHEe30M 3a TUIIOM acTe-
HO300CIepMii akKTHBHICTh apriHa3u BipOTigHO
HIKYa B 2,3 pa3a MOpPiBHAHO 3 KOHTpOJEM. Y
pas3i moemHaHO1 TaToJioTii (0JiroacTeHO300C-
TepMisi) apriHaszHa aKTUBHICTh CTIEPMATO301/iB
€ JICI0 HIDKYOI0, HIXK MPHU 130Jb0BAHUX TOPY-
nreHHsx Ta B 2,4 pasa (P<0,001) Huxua, HIXK y
(bepTHIBHUX YOJOBIKIB.

3a HassBHOCTI JISHKOIMTO CIIEPMIT I1ei TTOKa3-
HUK OyB HIx9UM B 3,3 paza (P<0,001) momxo
3HauYCHb Y (PePTUIIbHUX YOJIOBIKiB. 3arajabHOBI-
JIOMO, 1110 JIEHKOIUTH € MapKepaMH 3araleHHs
Ta/abo HasBHOCTI iH¢eknii. Bonn HeratusHo
BIUIMBAIOTh HAa CIEPMATO30i1H, CTUMYJIIOIOThH
YTBOPEHHS PEaKTUBHHUX (OPM KHUCHIO, IHTYKIIIFO
Ta PO3BUTOK OKCHUIATHUBHOIO CTPECY, Y TaKHil
CIoci0 MPUTHIYYIOUM PYXJIHUBICTh 1 QYHKIIO-
HaJIbHY aKTUBHICTb ClIepMaTo30iaiB [9]. AKTHB-
Hi QOPMH KUCHIO, AKi NPOAYKYIOThCS JEHKOLH-
TaMM, MOXYTb BUKJIHKaTH nowmkomxkeHHs JJHK
criepmaTo3oimiB [10].

HMOMb cevoBuHM xB™! - Mr! npoteiny

100

T

50}

251

[ocecssssssssel
fosssssssansss

0

Puc. 1. AprinazHa aKkTHBHICTbH CIIEPMAaTO30i/iB YOJIOBIKIB
3 pi3HMMH (opMaMu matrocrnepMmiii: 1- HopmozoocmepMis
(KOHTpPOJIB), 2 - OJIr0300CHepMisi, 3 - aCTEHO300CHIEPMis,
4 - oniroacteHO300CTIepMis, 5 - nefikormcnepmis . *P<0,001
II0/I0 KOHTPOITIO

T 2
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@dyHKIIOHATbHA AKTHUBHICTH apriHa3u Mae
BaXKJIMBE KJiHiuHEe 3HaueHHs. KoHKypyrouu 3
NOS 3a crninpHUN CyOCTpaT, IKUM € L-apTriHiH,
apriHasa 3HHXY€ 010JOCTYMHICTh OCTAaHHBO-
ro ta perymntoe yrBopeHHs NO. 3anexHo Bij
KOHIIEHTpallii Ta yMOB yTBOPEHHsI, OCTaHHIH 1
Horo BidbHOpaaMKalbHI MOXiAHI MPOSBISIOTH
perynaropHi abo nuToTokcu4Hi eextr. Huzn-
ki xkoHmeHTpaiii NO miIBHIIYIOTh PYXJIUBICTh
CIEepMaTo30i/iB, a HOro HaNTMIIOK TPU3BOUTH
710 IopylIeHHs criepmatoreHesy. [lokazano, mo
L-aprinin 30inb11ye pyXJauBiCTh CIEPMAaTO3011iB
MaLi€HTIB 3 aCTEHO300CIIEPMi€l0, a apriHasa Bi-
Jirpae BaXKJIMBY POJIb y 320€31eUeHH] Py XJIHBO-
CTi criepMaTo30iaiB 1 3amobiranHi mepeaIacHol
akpocomHoi peakiii [11].

Binomo, 10 BHY TpIIIHBOKIITHHHA JIOKai3a-
i apriHa3 BU3Haya€ pi3Hi LUIAXU MeTa0o0Ii3My
L-aprininy. Komoxkamnizamisi TUTO301bHOI apri-
Ha3u | Ta opHITHHIEKapOOKCUIA3H CIPIMOBYE
TIEpPETBOPCHHS OPHITHHY Ha CHHTE3 TOJTiaMiHiB,
TONI sIK MiTOXOHApianbHa aprinasa Il ta opwi-
THaMiHOTpaHcepa3a 3yMOBIIOIOTh YTBOPCHHS
npoJiny ta L-rmyramary. Brnacue, aprinaza Il
(yHKIIIOHATFHO OB’ 13aHa 3 YTBOPEHHSM T10JTi-
aMiHIB y ITO3aIeuiHKOBUX TKaHWHaX. [lomiamiam
€ OpraHIYHUMHU TTOJIKaTIOHHUMH CIIONTyKaMH, AKi
BIIIrparoTh BaXKIIMBY POJIb y IIpOLiecax perrika-
uii Ta qudepenuianii KIITHH, peryIIOBaHHI IPO-
nykuii NO B kiiTuHax Ta Tpancrnoprysanni Ca’*,
OxpiM TOTO, BOHH MPOSIBIISIIOTH aHTUPATUKATbHI
BJIACTUBOCTI Ta BiAirpalOTh NPOTEKTOPHY POJIb
3ano0irarodu MepoKCUIAIT TiMiIiB 1 CIPHUSIIOTH
AHTUOKCUJAHTHOMY 3axucty [12].

Y maykoBi#l miTepaTypi BiIOMOCTI IIOAO0
aKTUBHOCTI (eKcrmpecii) apriHasu B criepMaTo-
30iax 4YOJOBIKiB € oOMexxeHMMU. OTpumaHi
HaMM CEpeAHi 3HAUCHHsSI aKTUBHOCTI apriHasu
B CIEPMAaT030iJax 4OJOBIKiB 3 HOPMO300CIEP-
MI€I0 € JIeII0 BUIIMMU MMOPIBHSAHO 3 JITepaTyp-
HumH gaHumHu [13]. Hami pesynbrarn, B SKUX
MOKa3aHo MPUTHIYEHHS aKTUBHOCTI apriHasu
B CIEpMaro30inax iHQEepTUIbHUX YOJOBIKIB 3
pizHMMHU popMaMu maToCHepMiid, y3rOKyIOThCS
3 TaHUMU IHIIKX aBTOPiB. 30KpeMa BiOMO, 110
IIe# MOKa3HUK Y PEePTUILHUX YOIOBIKIB € 1CTOT-
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HO BUIIIHMM, HI)K Yy HEITITHUX 3 aCTEHO300CTIep-
Mieto [7]. Takok aKTUBHICTH apriHa3u ciM’sSHOI
MJa3MHU € BHIIOK B 3I0POBUX YOJOBIKIB, HIX
y MaIieHTiB 3 acTeHO300cHepMicr0. BBenenus
XBOPHUM 3 aCTEHO300CIIEPMi€I0 T00ABOK ITUHKY B
pallioH MPU3BOAMTH JI0 HOpPMaJli3allii MOKa3HUKIB
criepMaTorpam Ta CTaTUCTUYHO BipOT1IHOTO Bijl-
HOBJICHHSI aKTUBHOCTI apriHa3y CepMaTo30iaiB
Ta ciM’SHO1 MJIa3MHU 1O KOHTPOJIbHUX 3HAYCHb. Y
po6oti Eskiocak Ta cmiBaBr. [14] moka3ano, 1o
aKTHBHICTb apriHa3y CiM’ SHOT ITa3MH 3I0POBUX
YOJIOBIKIB € ICTOTHO HUXKYOIO 32 YMOB IICUXO0JIO-
TiYHOTO CTpecy, HiX MPOTITOM HECTPECOBOIO
nepiony. BcraHoBiieHO HasIBHICTh MO3UTHBHO-
ro KOPEeNIsmiiHOro 3B 3Ky MiX aKTHBHICTIO
apriHa3W i KOHIICHTpPAIli€I0 CIIEpMaTO30iIiB,
AKTUBHICTIO apriHa3u ¥ 1HJAEKCOM PYXJHBOCTI
CIIEpMAaTO301/iB. AHAJOTIYHI 3aJICKHOCTI Mixk
AKTUBHICTIO apriHa3u ciM’sSHOI mia3Mu Ta
KOHIICHTPALIE€IO 1 PYXJIMBICTIO CIIEPMaTO30i/iB
BHSBIICHO y OapaHniB i OukiB [15, 16].

Crin 3ayBakWUTH, IO OTPUMaHI HaMHU pe-
3yJIbTaTH Cylepeydarh JaHUM JIOCIHITHUKIB, sIKi
BUSIBUJIN, 1110 apTriHa3Ha akKTUBHICTh CIIEpMaT030-
i1iB HEILIITHUX YOJIOBIKIB 3 OJIIr0300CIEPMIEI0 €
CYTTEBO BUIOIO0, HIXK Y 3I0POBUX OHOPIB [13].
BongHovyac, HUMU HE BUSBJIEHO CTAaTHCTUYHO
MOCTOBIpHOT Pi3HUIII B aKTHBHOCTI apriHasu
ciM’HOI INUIA3MHU HEIUTIIHUX YOJIOBIKIB 3 OJIi-
ro3o0crepMiero Ta 310poBuX AoHOpiB. [Ipore
TaKOX [T0Ka3aHO HASIBHICTH MO3UTHUBHOTO KOpe-
JAMIKHOTO 3B’A3Ky MK aKTHBHICTIO apriHa3u
(sx B criepmaTo30igax, Tak i B CiM’sIHIN ITa3mi)
1 pyXJIMBICTIO CIIEpPMATO301/1iB 1 HETATHBHOTO KO-
PEISIIHHOTO 3B’ 13Ky MiXK aKTHBHICTIO apriHa3u
Ta KOHLIEHTpaLi€lo ClIepMaTo30iaiB. 3aCTOCOBY-
F0YM CyYacHI TPOTEOMIYHI TEXHOJIOT] Ta METOIH
Oioinopmaruku BcTaHOBIEHO [ 17], 10 excripe-
cis mpoTeiny MiTOXOHApianbHOI aprinasm I xa-
pakTepHa JUIIIEe JIJIsl CIIepPMaTO301/11B HeIlTi THUX
YOJIOBIKIB 3 OJHOCTOPOHHIM BapuUKoOIeNe, a y
(GepTHIbHUX YOJIOBIKIB 11 HE iIeHTH(IKOBAHO.

3pocTaHHs apriHa3HOi aKTUBHOCTI y Y0OJIOBI-
KiB 3 OJIIT0300CIEPMIi€I0 MOXKE MaTH ITPUCTOCY-
BaJibHE 3HAYECHHS, SIKE IOJIsIrac B 0OMeKeHH1 010-
JIOCTYTIOCTI L-apriHiny, SKUH € cyOCTpaToM st
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nagcunTedy NO 3a yuactio NOS. I'inenponyxk-
miero NO BusiBnieHo [ 18] mpu 3anmaibHUX 3aXBO-
PIOBAaHHAX YPOTEHITAIBHOTO TPAKTY, IKY ITOB’5I-
3YIOTh 3 TATOCIEPMIi€l0 Yepe3 MpsiMi TOKCHYHI
epexkt NO Ta cTUMYISILiI0 MEPUKHCHOTO
okucHeHHs mininis. [Ipore ciix 3ayBaxxuTH, 10
B3a€MO3B’ 130K aKTUBHOCTI (€Kctpecii) aprinazu
Ta NOS € 3HaYHO CKJIATHIIIAM, Hi’K TTPOCTO KOH-
KypeHIlis 3a critbHuH cyoctpat [19]. B ymoBax
¢izionoriuynoi Hopmu adinicTs i30popm NOS 1o
L-aprininy (2-20 MKMOJIB/T) € Ha TPU MOPSAJKH
BHIIO0, HIXK JIJIs1 apriHasu (2-20 MMoub/iT), TOMy
32 HOPMaJIbHUX YMOB LI €H3UMH HE MOXKYTh KOH-
KypyBaTH 3a cIiibHHH cyOcTtpaT. OKkpiM TOTO,
010JI0CTYIHICTh L-apTiHiHy PeryII€eThCS TAKOK
Horo cuHTE30M de novo Ta QYHKIIOHYBaHHSIM
TPaHCIOPTYBAJIbHUX CHCTEM Lli€T aMiHOKUCIIOTH.
[lpurniyeHHs aKTUBHOCTI apriHa3u, Ha Hally
IIYMKY, MOXke OyTH TOB’si3aHO 3 iHTiOyBaHHSIM
€H3UMY HITPUTAMH — KiHIIEBUMH CTA0ITHbHUMHU
npoaykramu Meta6osizmy NO. [TokazaHo HasiB-
HICTh HETaTUBHOTO KOPEJSLIMHOTO 3B’ SI3KY MiX
koHHeHTpauieo NO Ta akTUBHICTIO apriHa3u B
ciM’sTHIM TI1a3Mi 32 YMOB IICUXOJIOTIYHOTO CTpe-
Cy, IPUYOMY NPOTSITOM HECTPECOBOIO IEPioay
e 3B’ 5130K HE MPOCTEXyeThes [14].

OAHUM 3 HAaTOTEHETUYHUX MEXAHI3MIB
YOJOBIYOTO HEILIIJS € MOPYIICHHS TOpPMO-
HaJIbHOT peryysinii crmepMaToreHesy, B sSIKOMY
KJIIOYOBY POJb BiNIrparOTh YOJOBiUi CTaTeBi
TOPMOHHU aHIPOTCHU. B3aemomitoum i3 cremu-
(1YHUMH aHAPOTEHHUMHU PEIENnTOpaMHu, BOHH
BU3HAYalOTh PO3BUTOK YOJIOBIYMX CTATEBHX
03HaK, aKTUBYIOTh Ta MiATPUMYIOTH CliepMa-
torenes. Erionorito pizaux ¢opm natocnepmii
MOB’A3YI0Th 3 TOPMOHAJIbHUMHU HOPYLICHHSIMHU
[20]. BcTarnoBieHO, IO aHAPOTEHH PETYIIIOIOTH
eKCIIpEecio apriHa3y Ta apriHiH- 1 OpHITHHME-
TaboJi3yo4uux eH3umiB [21]. 3maTHICTD aHIPO-
TeHiB 10 peryiaoBaHHs ekcnpecii aprinasu [ ta
aprinasu Il mpogemMoHCTPOBaHO B TOPMOHUYT-
JUBUX KIITUHHUX JiHIAX MPOCTATH Y YOJOBIKiB
3 pakoM mpocTtatu [22].

V T1abi. 2 HaBeEHO pe3yNbTaTh TOPMOHAb-
HOTO Mpodinto KpoBi iHPEPTUIBHUX YOJOBIKIB
3 pi3HUMHU (popMamMu maTocruepMii.

87



Oco0nmBOCTI apriHasHoro IUIAXy MeTadonisMy L-aprininy B criepmMarto30iax 4oioBiKiB

Tadmuus 2. FopmoHaabHuii npodinb KpoBi iHpepTHIBLHUX Y0I0BIKIB 3 pi3HHMH popMaMu naTocnepmii

[HpepTHIbHI Y0JI0BIKK
Hopmo- : - "
T'opmoHun ) 0IIiro ACTEHO OJIIr0acTeHo- JeHKOIH-
300cHepMmist . . . .

300CHepMisi | 300-criepmist 300CHepMist crepMist
domikynocTuMy-
Jnor0unit ropmon, MO/Mi 6,8+0,8 13,8+2,3 ™ 3,140,4 ** 6,6+1,2 10,2+1,6
JIroTeini3younii TOpMOH,
MO/n 5,242,2 7,2+1,1 2,8+0,5 7,1+0,9 8,4+1,5
TecrocTepoH,
HMOJIB/JT 16,842,1 10,7+1,1 15,2+1,2 12,6+1,6 12,4+1,6
Ectpanion,
T/ MJT 23,847,2 40,8+8,8 31,8+7,7 38,247,0 43,2+9,2
IIponaktus,
HI/MJI 12,4422 10,8+4,2 12,8+4,3 12,4+5,2 13,2+3,6

[Ipy BUBYEHHI FOPMOHAJIBHOIO MPOPiI0
cHpoBaTKH mepudepuyHoi KpoBi y YOJIOBIKiB
3 pi3HUMH (PopMaMH MaTOCIEPMii BiI3HAYCHO
3MIIIEHHS BMICTYy TOHAIAOTPOITHUX 1 CTaTEBUX
ropMmoHiB. Haiibib1 BupaxeHi BiporiiHi 3MiHH
CIIOCTEPIraloThCsa y BMICTi (OTIKYIOCTUMYITIO-
I090T0 TOPMOHY Ta TE€CTOCTepoHy. Tak, BMicT
(OTIKYIOCTUMYITIOI0YOTO TOPMOHY B YOJIOBIKiB
3 OJIIT0300CTIePMi€I0, CIPUUYNHEHOIO TiITOTOHA-
JIM3MOM, Yy CepeHbOMY B 2 pa3u, a 3 JeHKOIH-
tocrepmiero B 1,8 paza BuIuid, HiX y GepTuiib-
HUX YOJOBIKIB. ¥ pa3i acTeHo300cCHepMii mei
MOKa3HUK HUKYMK B 2,2 paza MO0 3HAYEHb
IIPY HOPMO300cCHepMii 1 3HAXOJUTHCA B MeXax
¢di3iomorigunoi HOpMHU. BMicT TecTocTepoHy
HUOKYKK B 1,6 pa3a y 4OIOBIKIB 3 MOPYIIEHHSM
criepMaToTreHe3y 3a TUIIOM OJIiro3oocmepmii i
3HAXOAUTHCS HAa HIKHIA Mexi ¢izionoriynoi
HopMmu. KoHueHnTpauis N0TEiHI3yI040ro rop-
MOHY, €CTPaIi0Ny Ta MPOJAKTHHY Y HETUTITHUX
Y9OJIOBIKiB 3 pi3HUMH (OopMaMH TATOCIEPMii
CTaTUCTUYHO BIPOTIJHO HE BIAPI3HAETHCS Bij
koHTpoxto. Ciig 3a3HA4YMTH, IO BMICT ecTpa-
Ji0JTy BULIUH Y HEIJIIJHUX YOJIOBIKiB, MPOTE 1i
3MiHHM HE € CTATUCTUYHO JOCTOBIPHUMH.

BinprricTe 4OCTiAHUKIB TiITBEPIIKYE BUCO-
KU BMICT ()OJIKYIOCTHUMYITIOI0YOTO TOPMOHY
y XBOPHUX 3 OJIIF0300CHEPMi€I0 MOPIBHAHO 3
HOPMO300CTepMi€lo a00 y YOJIOBIKiB 3 MiATBEP-
JoKeHuM OatbkiBcTBOM [23, 24]. Ilpore, Alaa
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Shaker ta cmiBaBT. [25] 3MiH y BMicTi ¢omiky-
JIOCTUMYJIIOI0YOT0 TOPMOHY NPU MATOCIEPMIsiX
HE BUSBWIH. BiOMOCTI MIOJ0 BMICTY 1HIIOTO
FOHAJOTPOMHOTO TOPMOHY (JIOTETHI3yI0YOTO
TOPMOHY) TeX pi3HsiAThCs [23, 25]. Cynepeunusi
JaHi OTPUMaHi i MpU BUBUYEHHI CUPOBATKOBUX
KOHIIEHTpalill cTaTeBUX TOpMoHiB. [lepeBakHa
O1JBIIICTh ABTOPIB MIATBEPAKYE 3HUKCHHS
BMICTY TECTOCTEPOHY Yy HEIUTIHUX YOJOBIKiB
3 oJiirozoocnepmiero [24, 25], npoTte nesKUMHU
JOCIiTHUKAaMU HE BHSBICHO BiAXWJIEHb 3Ha-
YeHb IOTO MoKa3HuKa [23, 26]. Shaikh MA ta
CTiBaBT. [27] BUSABUIIN 3HWKEHHS BMICTYy T€CTO-
CTEpOHY HE JINIIIC y YOJIOBIKIB 3 OJIIT0300CTIEP-
Mi€r0, ajie i 3 acTeHo300cnepmiero. JlitepatypHi
JaHi OI0JI0 BMICTY €CTPaaiony Ta MPOJIAKTUHY
B HEIUIIIHUX YOJIOBIKiB 3 pi3HUMHU (opMaMu
MmaTochepMiil TakoX BKpail pi3HAThCS. Takum
YUHOM, OJHO3HAYHOI AYMKHU IOAO 3Mill€HHS
CUPOBATKOBUX KOHIGHTPAIid TOHAJOTPOITHHUX
1 cTaTeBMX TOPMOHIB B HEIUIIHUX YOJOBIKiB
3 pisHuMH QopMaMu maTtocmepMmii goremep
HEMae.

Ockinbku gaHi Jiteparypu [21] cBig4aTs,
o GpyHKIioOHATBFHA AKTUBHICTH CIIEPMATO301/TiB
TiCHO TOB’s3aHa 31 BMICTOM aHJPOTEHIB, MU
BCTAHOBIJIM KOPEJISIIHHUHN 3B’ 130K MK aKTHUB-
HICTIO apriHa3u Ta KOHIICHTPALil0 TECTOCTEPOHY
B CHPOBATIlI KPOB1 HEILIITHUX YOJOBIKIB 3 OJIi-
rozoocnepmiero (puc. 2).
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Puc. 2. KopensuiiiHuii 38’5130k aKTUBHOCTI apriHasu crep-
MaTO301A1B HEIUITHUX YOJIOBIKIB 3 OJNIr0300CHEPMIi€I0 Ta
KOHIICHTpALI] CIIepMaTO301iB Y esKyIATI

Y 40710BIKiB 3 NOPYLIEHHAM CIIEpPMaTOTEHE3Y 3a
THUTIOM OJIIr0300CTepMii MPUTHIYEHHS aKTUBHOCTI
apriHa3u CIepMaTo30iiB MO3UTUBHO KOPEIIOE 31
3HIKEHHSIM 1X KOHIIEHTpallii B eakysTi (r = 0,68).
KopensiifiHuM aHaji3oM CTaTHCTUYHO JIOCTO-
BIpHUX 3alle)KHOCTEH MiXK 3MiHaMM apriHa3HOi
AKTUBHOCTI MIPH Pi3HUX (OpPMax MaTocrepMiid Ta
IHIIMMA TIOKa3HUKaMHA TOPMOHAIBHOTO MPOodito
HEIUTITHUX YOJIOBIKIB HE BUABJICHO.

TakuM 4MHOM, OTPUMaHI HAMU PE3yJIbTaTH
BKa3ylOTh Ha MOPYLIEHHsI QYyHKIIOHATBHOT aK-
TUBHOCTI cucteMu L-aprinii—NO y criepmaro-
301/iB HEIUTITHUX YOJIOBIKiB, SIKE€ IPOSBISAETHCS
B iHTi0yBaHHI akTHBHOCTI aprinasu. Cnocrepi-
raeThCs MPUTHIYEHHS apriHa3Hoi aKTHBHOCTI,
IO CBIIYMUTH MPO MOPYLIEHHS B HEOKHCHOMY
nuisixy oominy L-aprininy. HallGinbi BupaxeHi
3HWIKEHHS aKTHBHOCTI apriHa3u BiIMi4a€eTbCs
pH JIeHKonUTOCIepMii, 110, OYEBHIHO, ITOB 5I-
3aHO 3 YTBOPEHHSAM aKTUBHUX (OPM KHCHIO Ta
1HIIIAII€I0 TPOTIECiB MEPEKUCHOTO OKUCHEHHS
nininiB. Ha Hamy nymKy, NIpUrHideHHs! aKTHB-
HOCTi apriHa3y MOB’si3aHe 3 OKCUAATUBHHUM 1
HITPOOKCHUAATUBHUM CTPECOM Ta TiEpHpOaYK-
miero NO, sSkuil MpUTHIYYy€e aKTUBHICTH apriHa-
3u. [IpunyckaeTbes, 10 3HUKEHHS aKTUBHOCTI
aprifasu MNpu3BOAUTH J10 [UcOaIaHCYy B CUCTEMI
L-aprinin—NO, 0o cupuuuHIOE TOPYIIEHHS
3aIUTiIHIOBAJIBHOI 3JaTHOCTI CIIEPMATO301IiB.
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THE PECULIARITIES OF

ARGINASE PATHWAY OF L-ARGININE IN
SPERMATOZOA IN MEN WITH DIFFERENT
FORMS OF PATHOSPERMIA

The changes in arginase activity of spermatozoa and hormo-
nal profile of peripheral blood of infertile men with various
forms pathospermia have been studied. It has been found that
arginase activity in the sperm cells of men with oligozoo-, an-
tenozoo-, oligoastenozoo- and leucocytospermia is decreased
in2.1,2.3,2.4 and 3.3 times respectively. This indicates about
inhibition of arginase pathway of L-arginine metabolism,
which is not significantly dependent on the type of disruption
of spermatogenesis. The most significant changes have been
observed in infertile men with leucocytospermia since white
blood cells stimulate the formation of reactive oxygen species,
induction and development of oxidative and nitrative stress
in spermatozoa. Inhibition of arginase pathway of L-arginine
metabolism has adaptive role, which is to limit bioavailabil-
ity of L-arginine and to prevent excessive formation of NO
in cytotoxic concentrations to sperm cells. It has been noted
changes in serum concentrations of gonadotropin and sex
hormones in men with various forms of pathospermia. The
most expressed significant changes were in levels of follicle
stimulating hormone and testosterone. The concentration of
follicle stimulating hormone in patients with oligozoospermia
caused by hypogonadism is twice higher and in patients with
leucocytospermia in 1.8 times higher than in fertile men. In
patients with astenozoospermia this value is in 2.2 times lower
than in normozoospermic samples but within the physiological
norm. The testosterone level in men with oligozoospermia is in
1.6 times lower than in fertile men but within the physiological
norm. It has been found that arginase inhibition of spermatozoa
positively correlated with a decrease in their concentration in
the ejaculate of infertile men with oligozoospermia (= 0.68).
Keywords: arginase; nitric oxide; infertility in men.

Danylo Halytsky Lviv National Medical University.
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OCOBEHHOCTHU APTMHA3HOI'O IIYTH
METABOJIM3MA L-APTUHUHA B CIIEPMA-
TO30MJIAX MY)KUUH ITPU PAZJIMYHBIX
®OPMAX [TATOCHEPMHUM

HccenenoBano n3MeHeHMs! akTUBHOCTH apriHa3bl B CIIEPMATO-
30M/1aX ¥ TOPMOHANBHBINH MPodUIb nepudepuueckoil KpoBu
0EeCIUIOIHBIX MYXYHH IIPU Pa3INYHBIX (POPMAX MATOCTIEPMUH.
OO0HapyXeHO YrHeTeHHE aprMHA3HOTO MyTH MeTabonu3Ma
L-apruHuHa B CIIEpMaTO30MaX MYXKYUH C OJUTO-, aCTEHO-,
OJIMTOACTEHO300- U JelikonuTocnepmueii. Hanbosee Bbipa-
KEHHBIE M3MEHEHUSI OTMEYAIOTCS Y OECIUIOTHBIX MYXUMH
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npu Jyelkonurocnepmun. CieayeT OTMETUTh U3MEHEHUE
COLCpKaHUA B CbIPOBOTKE KPOBU I'OHAJOTPOIHBIX U ITOJIOBBIX
TOPMOHOB Y MY>KUHH C Pa3IMYHbIMHU (POPMAMHU [ATOCIICPMHH.
Hanbornee 3HaunTeIIBHBIC 10CTOBEPHBIC H3MEHEHUsI HAOIro1a-
I0TCSl B COZICPKAHUHU (DOJUTMKYIOCTUMYIIUPYIOLIEr0 TOPMOHA
U TECTOCTEPOHA. YCTAHOBJIEHO, YTO y OCCIUIOAHBIX MYXUYMH
C HapyLIEHUEM CIIEpMATOTreHe3a 10 THUILy OJIMI0300CIePMUU
NOJABJICHUE aKTHMBHOCTH aprHHAa3bl CIIEPMATO30UIO0B I0JIO-
JKUTENIBHO KOPPEIHUPYET CO CHIKCHHEM MX KOHLICHTPALMU B
asikyssite (r = 0,68).

KitoueBsle ciioBa: apruHasa; OKCcHJ a30Ta; becruionue y
MYKYHMH.
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