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Cytochrome c
as an amplifier of ROS release in mitochondria

The influence of exogenous cytochrome c on reactive oxygen species (ROS) formation and its depen-
dence on mitochondrial permeability transition pore (MPTP) opening is studied in rat liver mito-
chondria. Fluorescent probe dichlorofluorescein (DCF) was used. It was shown that MPTP activa-
tion by increasing concentrations of Ca2+ in the medium results in the increase in mitochondrial
ROS production and oxygen consumption, but the decrease in matrix calcium retention, dependent
on the amount of added Ca2+. Cytochrome c in the incubation medium does not much influence ROS
formation when MPTP opening is blocked by cyclosporine A. However, in the presence of cyto-
chrome c MPTP opening is accompanied by dramatic increase in ROS production. Steep rise in DCF
fluorescence because of matrix ROS formation is sensitive to MPTP opening and is not resulted from
the direct interaction between the probe and cytochrome c outside the mitochondria. To explain
obtained data the hypothesis is put forward that MPTP could serve for ROS exchange between the
matrix and the medium where heme iron of cytochrome c would act as a catalytic center to  enhance
ROS production. We suppose that apart of its conventional function, cytochrome c which is not
involved in electron transport, could serve in such way as the amplifier of ROS production which in
turn would provide a background for the development of apoptosis due to MPTP opening.
Key words: mitochondria, Ca2+, mitochondrial permeability transition pore, ROS, cytochrome c.

INTRODUCTION

At the beginning of 90th it was well estab-
lished that not only NO and its derivatives,
but also free-radical and other highly reac-
tive oxygen derivatives (reactive oxygen spe-
cies, ROS) are active participants in cellular
signal transduction [19]. However, mitochon-
dria, the potent source of ROS, received rela-
tively little attention, and their role in cellular
ROS signaling for long time have been under-
estimated. In the late 90th convincing evidenc-
es were obtained that mitochondria could be-
have as excitable organelles which convey and
exchange Ca2+ and other signals [12].

Ca2+-signalling between the mitochondria
and other cellular structures such as plasma
membrane and sarcoplasmic reticulum (SR)
is now well established fact in cell biology.
Effectiveness in the transduction of Ca2+-sig-

nals is provided by the Ca2+-transporting sys-
tem of mitochondria, as well as intracellular
localization of the organelles � near the
plasma membrane, near SR and near the core.
Signal transduction is facilitated also by the
existence of the contact sites between mito-
chondria and the neighboring structures [16].

There is increasing amount of evidence
that not only Ca2+ but also ROS signals could
propagate between the cells [20]. Well known
is the phenomenon of ROS-induced ROS-
release [22] which is tightly connected to the
opening of mitochondrial permeability transi-
tion pore (MPTP) and spreading of ROS be-
tween mitochondrial populations. It is tempt-
ing to speculate a possibility of ROS (as well
as Ca2+-) signaling between mitochondria, SR,
plasma membrane, and the core, as the fore-
ground for the induction of cellular apoptosis.
The mechanisms of ROS signaling in the cell
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are not well understood, in spite of their in-
tensive study over last decades.

Impaired Ca2+-signalling, the opening of
mitochondrial pore accompanied by the uncou-
pling and the decreased effectiveness of ATP
synthesis, massive release of ROS and the
release of cytochrome c from the intermem-
brane space into cytosol are often considered
as the first step in the induction of cellular
apoptosis [17]. Although cytochrome c is in-
dispensable participant in the electron trans-
fer between the complexes of respiratory
chain, its role in regulation of the level of ROS
generated as by-products in the course of
oxygen reduction have not been fully eluci-
dated. It is well known that positively charged
cytochrome c is retained by weak electro-
static forces on the outer surface of the inner
membrane and is at equilibrium with unbound
protein in the bulk solution of intermembrane
space [10]. Normally, cytochrome c serves
for electron transport between III and IV
complexes of respiratory chain. After the
rupture of the outer membrane due to MPTP
opening, cytochrome c would release from the
intermembrane space into cytosol and adsor-
bed protein would dissociate from the surface
due to the decrease of its concentration in the
bulk solution. The loss of cytochrome c, in turn,
would lead to the inhibition of respiration which
could be reversed by the addition of exogenous
cytochrome c [13]. However, it is known that
gating of electron flow between the complexes
of respiratory chain upon the loss of cyto-
chrome c makes the conditions highly favor-
able for ROS production by mitochondria be-
cause the transition of the sites of ROS pro-
duction �upstream� of the inhibition of elect-
ron flow to more reduced state favors one-
electron reduction of oxygen with consequent
increase in ROS formation [18].

In its normal function cytochrome c could
exhibit antioxidant properties as an acceptor
of electrons [14]. The role of cytochrome c
outside the mitochondria in regulation of the
redox reactions in the cell, however, is contro-

versial. In the literature, there is plenty of evi-
dence for prooxidant as well as antioxidant
action of cytochrome c [6,7,14]. Dramatic in-
crease in ROS production, not dependent on
MPTP opening, after the loss of cytochrome
c in mitochondria was shown by many authors
[7,21]. Release of cytochrome c from mito-
chondria could be provoked by different stimu-
li, such as calcium and potassium uptake [8,9],
translocation of proapoptotic protein Bax to
mitochondrial outer membrane [21] and many
others.

MPTP is often considered as the way of a
massive ROS release from mitochondria [22].
After MPTP opening the release of ROS from
the matrix takes place together with the
release of cytochrome c from the intermem-
brane space. The role of cytochrome c in mi-
tochondrial ROS production under conditions
of MPTP opening, however, received relative-
ly little attention in the literature. The aim of
our work was to estimate the influence of
exogenous cytochrome c, which does not take
part in the electron transfer in the respiratory
chain, on ROS formation in mitochondria and
its dependence on the permeability transition
pore opening.

MATERIALS AND METHODS

Adult Wistar rats with average body weight
200 g were used. Rat liver was homogenized
in a medium (1): 250 mM sucrose in 20 mM
Tris-HCl buffer (pH 7,4), 1 mM EDTA and
centrifuged at 700g x 8 min (4°C). Mitochon-
dria were sedimented by centrifugation of
supernatant at 11000g x 15 min (4°C), sus-
pended in a small volume of medium (1) with-
out EDTA and stored on ice until use. The
experiments were carried out at 37°C in stan-
dard incubation medium: 120 mM KCl, 1 mM
KH

2
PO

4
, 4 mM of sodium glutamate, 20 mM

Tris-HCl buffer (pH 7.4). Cytochrome c was
added at 1 µM.

The data on ROS formation were obtained
from dichlorofluorescein (DCF) fluorescence.

Cytochrome c as an amplifier of ROS release in mitochondria



ISSN 0201-8489    Ô³ç³îë. æóðí., 2012, Ò. 58, ¹ 1 5

Non-fluorescent probe, (2�,7�-dihydrodichlo-
rofluorescein diacetate, DCFHDA) at 200 µM
was added to stock mitochondrial suspensions
and loaded for 20 min at 37°C. Then stock
suspension was placed on ice, and the aliquots
were sampled in 1cm cuvette of spectrofluo-
rimeter. The probe was excited at 504 nm,
and the emission registered at 525 nm [23].
Ca2+-uptake was studied spectrophotometri-
cal ly  with arsenazo-III  by convent ional
double-wavelength technique at 654/690 nm
as described earlier [1]. Mitochondrial swell-
ing was studied based on light absorbance at
525 nm [1,2]. Oxygen consumption was stud-
ied polarographically, according to conven-
tional protocol, in 1 ml of standard incubation
medium in a closed cell with a platinum elec-
trode at 26°C.

Cytochrome c was inactivated by heating at
90C. Inactivation was proven polarographically
by the inability of inactivated protein to restore
respiration inhibited by cytochrome c loss.

All reagents were from Sigma. The data
represent mean ± S.D. Paired Students t-test
was used for estimation of significance;
minimum significance level was P<0.05.

RESULTS AND DISCUSSION

Membrane permeable compound DCFHDA is
widely used as a probe on ROS formation in
cells and organelles [23]. In mitochondria it
is readily deacetylated to form membrane-im-
permeable non-fluorescent derivative, H

2
DCF

which is then further oxidized to highly fluo-
rescent dichlorofluorescein (DCF) by mito-
chondrial ROS. To be ascertained that all flu-
orescent signal detected in the course of Ca2+-
uptake comes from inside the mitochondria the
experiment was carried out in parallel in mi-
tochondria preloaded with DCFHDA and in
the course of DCFHDA loading together with
Ca2+-uptake.

The time dependence of ROS formation
in mitochondria induced by Ca2+-uptake is
shown on fig.1. In mitochondria preloaded with
the probe DCF fluorescence rises immediately
after the beginning of Ca2+-uptake. The time
dependence of the change in DCF fluores-
cence due to ROS formation is close to that
of Ca2+-uptake (fig. 1A, 1,2). On the contrary,
under conditions of DCFHDA loading together
with Ca2+-uptake, the fluorescence rises only

Fig. 1. The time dependence of Ca2+-uptake (A, 1) and DCF fluorescence (A, 2-3) in mitochondria in cases of closed (B,
1) and open (B, 2) state of mitochondrial pore. Mitochondria were preloaded with the probe (A, 2; B, I) or loaded
simultaneously with Ca2+-uptake (A, 3; B, II). In case B, fluorescence was determined after 1 min incubation of mitochon-
dria. Incubation medium: 120 mM KCl, 1 mM KH

2
PO

4
, 4 mM of sodium glutamate, 20 mM Tris-HCl, 30 µM Ca2+ buffer

(pH 7.4). Cyclosporine A was added at 1 µM (A; B, 1). In case of DCFHDA loading in the course of Ca2+-uptake, 20 µM
of the probe was added into incubation medium. M±m, n=4; circles represent M±m (A); * P<0.05 relative to control (B,
I, 1). On the abscissa: time, min (A); on the ordinate: percent change of parameters (A); % change in fluorescence (B)
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after prolonged lag-phase (fig. 1A, 3). Ac-
cording to the data, over time of DCFHDA
loading DCF concentration in mitochondria is
too low to give a detectable signal (fig. 1A,
3), in spite of the observation that most part
of ROS production takes place in the course
of Ca2+-uptake (fig. 1A, 1,2) and ROS for-
mation in mitochondria due to Ca2+-uptake is
completed long before the rise in fluorescence
signal in case of probe loading together with
added Ca2+ (fig. 1A, 2,3). Thus, the rate of
fluorescence increase is limited by the rate
of DCFHDA loading, and reflects kinetics of
the probe loading in mitochondria. The data
obtained show that in spite of high concent-
ration of DCFDA in the medium, all fluores-
cence registered in the course of Ca2+ accu-
mulation is due to DCF formation within mi-
tochondria (fig. 1A, 1,2; 1B, I). The probe
outside the mitochondria does not give any
detectable signal, at least within the timefra-
mes of the experiment (fig. 1A, 3; 1B, II).
This observation remains valid, independent
of the open/closed state of the mitochondrial
pore (fig. 1B, I-II, 1,2) or the presence of
cytochrome c in the incubation medium. Thus
DCFHDA under conditions of the experiment
is a reliable probe on ROS formation in the
matrix, inside the mitochondria, and supposed
oxidation of this probe by cytochrome c out-
side the mitochondria [6] would not give de-
tectable signal interfering with mitochondrial
ROS production.

The time dependences of the change in
mitochondrial matrix volume and ROS produc-
tion, as well as matrix Ca2+-retention, and the
differences in the rates of oxygen consumption
and ROS production, dependent on the open/
closed state of MPTP at different amounts of
added calcium, are shown on fig. 2. As show
the data, MPTP opening (in the absence of
cyclosporine A) leads to the matrix swelling
(fig. 2A, 2), the increase in ROS production
(fig. 2B, 1), decrease in Ca2+-uptake and Ca2+-
retention capacity (fig. 2C, 2,3) as well as the
increase in the rate differences of oxygen

consumption and ROS production in metabolic
state 2, dependent on the presence or the ab-
sence of cyclosporine A (fig. 2D). According
to data, MPTP activation by the increasing
amounts of added calcium results in the increase
in MPTP contribution to oxygen consumption
and ROS production (fig. 2D), in spite of the
diminishing in Ca2+-retention capacity and the
amount of matrix Ca2+ (fig. 2C, 2,3).

When pore opening is blocked by cyclospo-
rine A, all added Ca2+ is taken up by mito-
chondria (fig. 2C, 1). In the absence of the
MPTP blocker, Ca2+ which is initially seques-
tered by mitochondria, is then released through
mitochondrial pore (fig. 2 C, 2,3) and MPTP
opening results in the decrease of Ca2+ con-
tent in mitochondria. The greater is the amount
of Ca2+ taken up by mitochondria, the faster
is its release and the less Ca2+ remains in the
matrix due to MPTP activation. With the in-
crease in the amount of added Ca2+ in the
medium, progressive decrease in matrix of
Ca2+ content is observed (fig. 2C, 2,3). Howe-
ver, in spite of the less matrix calcium, MPTP
activation is accompanied by the increase in
mitochondrial ROS production (fig. 2 B,D, 1)
and oxygen consumption rate (fig. 2D, 2).

To explain such reverse dependence be-
tween the Ca2+-uptake and matrix Ca2+ con-
tent, on the one hand, and matrix Ca2+ and
ROS formation, on the other, high proton
conductance of the mitochondrial pore should
be taken into consideration which facilitates
Ca2+-release and would account for the in-
crease in oxygen consumption rate in rat liver
mitochondria (fig. 2D, 2). The background for
observed increase in respiration rate is the
increase in proton conductance due to MPTP
opening which, as we have shown earlier [1],
leads to the activation of cyclosporine A-sen-
sitive Ca2+/H+-exchange and the increase in
the rate of Ca2+-cycling. Main components of
Ca2+-cycling under MPTP opening are poten-
tial-dependent Ca2+-uptake through the Ca2+-
uniporter, accompanied by oxygen consump-
tion in a stoichiometric proportion, and cyclo-

Cytochrome c as an amplifier of ROS release in mitochondria
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spor ine  A-sens i t ive  re lease  o f  Ca 2+,  in
exchange for cyclosporine A-sensitive proton
influx into matrix space [1]. After the efflux
of Ca2+ from the matrix under steady-state
conditions Ca2+-uptake is continually equili-
brated with Ca2+-efflux in the course of Ca2+-

cycling, which could be reversed by the addi-
tion of cyclosporine A [2]. Acceleration of the
transmembrane exchange of Ca2+ results in
the increase in the respiration rate and elec-
tron transport, consistent with the increase in
ROS production in mitochondria (fig. 2B,D, 1).

Fig. 2. The influence of MPTP opening in mitochondria on mitochondrial volume (A, 2), DCF fluorescence (B, 1) and
Ca2+-uptake (C, 2,3). Incubation medium: 120 mM KCl, 1 mM KH

2
PO

4
, 4 mM of sodium glutamate, 20 mM Tris-HCl

buffer (pH 7.4). Cyclosporine A was added at 1µM (A, 1; B, 2; C, 1). Relative fluorescence, F
rel

, is the differences
between fluorescence at different times and initial fluorescence values at zero time. Ca2+-uptake in mitochondria was
determined in the presence of cyclosporine A (C, 1) or in the absence of cyclosporine A after 1 and 3 min incubation (C,
2,3). MPTP contribution to the rates of ROS production and respiration, ∆J, was estimated as the rate differences in the
absence and the presence of cyclosporine A, in % of maximum values (D, 1,2). CaCl

2
 was added into incubation medium

at 30 µM (A,B) or at concentrations shown on the abscissa (C,D). M±m, n=6, P<0.05 relative to control: Ca2+-uptake in
the presence of cyclosporine A (C,1) and zero rate differences in the presence of cyclosporine A (D).
On the abscissa: time, s (A,B), amount of added Ca2+ in nmol/mg protein (C,D). On the ordinate: relative absorbance
change at 520 nm (A); relative fluorescence, in arbitrary units (B); Ca2+-uptake, in nmol/mg protein (C); rate differences,
∆J, in % of maximum (D)
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It  is  well  known that charge transfer
across mitochondrial membrane is in a sto-
ichiometric proportion with the electron trans-
port and oxygen consumption in the respiratory
chain [3]. Then, the increase in the rate of
transmembrane Ca2+-exchange due to MPTP
opening would result in the increase in the
rates of one- as well as two-electron reduction
of oxygen. Thus, the rate of ROS production
would be proportional to the rate of oxygen
consumption, and the increase in the rate of
Ca2+-cycling would result in the increase in
ROS production, both sensitive to cyclosporine
A, in spite of the decrease in matrix Ca2+-
content in mitochondria. The data obtained
show the increase in ROS production with the
increase in Ca2+-uptake either in presence or
in the absence of cyclosporine A (fig. 2B).
Under MPTP opening ROS production in rat
liver mitochondria is higher than in the case
of  MPTP blockage ( f ig .  2B,  1) .  I t  wel l
correlates with the increase in electron trans-
port due to the acceleration of Ca2+-cycling
with MPTP opening and suggests a direct pro-
portionality between the rate of ROS forma-
tion and the rate of electron flow under ex-
perimental conditions.

Increase in ROS production induced by
Ca2+-, as well as K+-uptake, was observed by
many authors [5,8] but has not received a sat-
isfactory explanation. A decrease in ROS for-
mation would rather be expected under con-
ditions of acceleration of Ca2+- (and proton)
cycling after MPTP opening which is close to
the phenomenon of so-called �mild uncou-
pling� of respiratory chain [4]. As it was
shown in the literature, the increase in ROS
release often correlates either with high pro-
ton potential [15] or with the inhibition of elec-
tron flow [18,21] and, in both cases, with
more reduced state of the sites responsible
for taking up the electrons from free radicals.

As a plausible explanation of the rise in
ROS production after Ca2+-uptake and MPTP
opening which was observed independently by
many authors [5], we assume that amount of
ROS released from mitochondria would be not

only under control of the redox-state of the
sites and species that accept and donate elec-
trons [18], but possibly, under kinetic control
dependent on the equilibrium between the
rates of ROS formation and scavenging. It
means that under certain conditions the rate
of ROS formation should be much faster than
that of ROS removal. Thus, observed increase
in ROS release after MPTP opening would
be a direct result of the increase in the rate
of electron transport in the respiratory chain
due to activation of Ca2+-cycling under MPTP
opening. Increase in electron transport rate,
in turn, would limit the rate of ROS produc-
tion due to the increase in the rate of electron
transfer in the respiratory chain. Consequen-
tly, linear increase in time of oxidized fluo-
rescent product, DCF, is observed, in accord
with constant rate of ROS formation in the
course of substrate oxidation and oxygen
reduction (fig. 3A).

However, relative to moderate increase in
ROS release due to MPTP opening alone (fig.
3B, 1), dramatic increase in ROS production
in the presence of exogenous cytochrome c
in the incubation medium is observed (fig. 3B,
2). The data obtained first 10 min from the
beginning of Ca2+-uptake show, with a reli-
able approximation, a linear in time increase
in DCF formation both in the absence and the
presence of cytochrome c (fig. 3A, 1,2), and
the transition to steep exponential time depen-
dence of ROS production in case of MPTP
opening in the presence of cytochrome c (fig.
3B, 2). In this last case the rate of ROS for-
mation in mitochondria with cytochrome c
added into incubation medium far exceeds that
of mitochondria without addition of cyto-
chrome c (fig. 3C, bars 2,4).

It is known from the literature [6] that
DCFDA in alkaline medium could undergo
deacetylation with following direct oxidation
by cytochrome c to DCF. Sharp increase in
ROS production which is observed in the pres-
ence of cytochrome c in the incubation me-
dium only under MPTP opening, however,
could not be explained by a direct oxidation

Cytochrome c as an amplifier of ROS release in mitochondria
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of the probe by cytochrome c, because both
of them are separated by the mitochondrial
membrane which serves as a barrier to pre-
vent the direct contact of cytochrome c with
the probe inside the mitochondria. Moreover,
it should be taken into account that presence
of cytochrome c in the medium in case of
MPTP blockage does not result in such steep
rise of DCF fluorescence (fig. 3A, 2) which
would also suggest another mechanism of DCF
formation than direct oxidation of the probe
by cytochrome c.

There is sufficient amount of evidence [14]
that cytochrome c could behave as an effec-
tive antioxidant taking up one electron from
superoxide and thus scavenging superoxide-
anion. It should be pointed out, however, that

not only superoxide but large amounts of hy-
droperoxide and other ROS are released from
mitochondria [21], and these ROS products
also would interact with cytochrome c. An
interaction of released ROS with cytochrome
c by a mechanism of Fenton reaction type
would result not only in novel ROS formation
but possibly in the amplification of ROS pro-
ducts.

Both forms of a heme protein cytochrome
c, that is oxidized (ferricytochrome) and re-
duced (ferrocytochrome), could interact with
ROS in the reactions of Fenton or Haber-
Weiss-type [11]:

.O
2

- + Fe3+ → O
2
 + Fe2+                    (1)

Fe2+ + H
2
O

2
 → .OH + OH- + Fe3+       (2)

2.Î
2

- + 2Í+ → Í
2
Î

2
 + Î

2
                 (3)

Fig. 3. The influence of MPTP opening on the time depen-
dence of ROS formation in rat liver mitochondria (A,B),
relative change in DCF fluorescence (1C) and the rate of
fluorescence increase (2 C) . Incubation medium: 120 mM
KCl, 1 mM KH

2
PO

4
, 4 mM of sodium glutamate, 20 mM

Tris-HCl, 30 µM Ca2+ buffer (pH 7.4). Cyclosporine A
was added at 1µM (A; C, bars I, III); cytochrome c was
added at 1µM (A, B, 2; C, bars III, IV); relative change in
DCF fluorescence (C, filled bars) and the rate of fluores-
cence increase (C, open bars) were determined at 10 min
incubation. Correlation coefficients (R2) for linear approxi-
mation are: 0.9920 (A, 1), 0.9998 (A, 2), 0.9997 (B, 1) and
for exponential approximation 0.9947 (B, 2). The data are
mean ± S.D., n=4, * P<0.05 relative to control (1, C).
On the abscissa: time, min (A,B). On the ordinate: relative
fluorescence, in arbitrary units (A,B); percent of change,
relative to control (C)
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Ferricytochrome could accept one electron
from superoxide (1) and thus behave itself as
a scavenger of superoxide and an effective
antioxidant [14]. But on the other hand, re-
duced form of cytochrome c,  ferrocyto-
chrome, could react with hydoperoxide (2)
which in large quantities is released from mi-
tochondria [21]. Cytochrome c which is re-
duced in the reaction with superoxide (1)
could then interact with hydroperoxide (2)
resulting in the formation of highly toxic hy-
droxyl-radical.  In the course of this last
reaction heme iron of cytochrome c would
undergo transition to more oxidized form
which, in turn, could again take up electrons
from superoxide, after which ferrocytochrome
could once again interact with hydroperoxide.
It is worth mentioning that a large quantity of
hydroperoxide, the main source of hydroxyl-
radical, is supplied by superoxide itself which
would be readily disproportionated in the
relatively (to the matrix) acidic milieu of the
intermembrane space (3). Thus, in such in-
teractions with ROS which in large quantities
are released from mitochondria, cytochrome
c would behave as a catalyst which itself un-
dergoes repeated transitions from oxidized to
reduced form, being both a scavenger of su-
peroxide and a potent generator of ROS. It
should be expected that total amount of ROS
released in the course of such Fe-cycling
would depend on a complex equilibrium be-
tween redox states of the heme iron of cyto-
chrome c, the quantity of individual free radi-
cals, and the rate of their release from mito-
chondrial matrix. Most probably, that pro-
posed catalytic Fe-cycling mechanism would
result not only in novel ROS formation but
possibly in the amplification of ROS products.

To explain observed rise in matrix ROS
formation induced by cytochrome c outside
the matrix space, we propose that mitochon-
drial pore would facilitate ROS exchange be-
tween the matrix and the medium. ROS gen-
erated in the matrix would be at first released
through the pore into intermembrane space
where ROS metabolism could be manifold

activated by Fe-complex of cytochrome c
which would act as a catalyst in the amplifi-
cation of ROS production by Fenton-type
reactions. In turn, even transient increase in
ROS concentration would lead to their flow
back into matrix space through the same mi-
tochondrial pore which is in its open state and
would increase the level of ROS inside the
mitochondr ia .  I t  wor th  ment ioning tha t
catalase added to incubation medium was not
able to prevent the rise in ROS production,
thus, free-radical reactions, resulting in ROS
production are localized to the matrix and in-
termembrane space, but not to the bulk solu-
t ion.  Thus,  we suppose that  apart  of  i ts
conventional function, cytochrome c could
serve in such a way as an amplifier of ROS
production in mitochondria which would pro-
vide a background for the development of
apoptosis induced by MPTP opening.

CONCLUSIONS:

1. Exogenous cytochrome c could serve as
an amplifier of ROS production in mitochon-
drial matrix in a way sensitive to MPTP open-
ing.

2. Such amplification of ROS production
takes place only under conditions of ROS
release from mitochondria through mitochon-
drial pore to interact with cytochrome c out-
side the matrix space.

3. Heme iron complex of cytochrome c
would act as a catalyst in amplification of ROS
production by Fenton-type reactions.

4. Increase in the ROS concentration out-
side the matrix, even transient, would result
in their flow back to the matrix, increase in
probe oxidation and DCF fluorescence inside
the mitochondria.

5. MPTP opening is necessary for ROS
exchange between the mitochondrial matrix
and the heme iron of cytochrome c. If MPTP
is closed, cytochrome c would not significantly
increase ROS production in mitochondria.
Thus, exogenous cytochrome c might serve
as potent amplifier of ROS signaling between

Cytochrome c as an amplifier of ROS release in mitochondria
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mitochondria in several pathological states
accompanied by MPTP opening.

Î. Â. Àêîïîâà, Ë.È. Êîë÷èíñêàÿ, Â.È. Íîñàðü,
Â.À. Áóðûé, È.Í. Ìàíüêîâñêàÿ, Â.Ô. Ñàãà÷

ÖÈÒÎÕÐÎÌ Ñ ÊÀÊ ÓÑÈËÈÒÅËÜ
ÃÅÍÅÐÀÖÈÈ ÀÊÒÈÂÍÛÕ ÔÎÐÌ
ÊÈÑËÎÐÎÄÀ Â ÌÈÒÎÕÎÍÄÐÈßÕ

Èçó÷åíî âëèÿíèå ýêçîãåííîãî öèòîõðîìà c íà îáðàçîâàíèå
àêòèâíûõ ôîðì êèñëîðîäà (ÀÔÊ) ïîä äåéñòâèåì Ñà2+ â
ìèòîõîíäðèÿõ ïå÷åíè êðûñ â óñëîâèÿõ îòêðûâàíèÿ è
áëîêèðîâàíèÿ ìèòîõîíäðèàëüíîé ïîðû (MÏ). Î ãåíåðàöèè
ÀÔÊ ñóäèëè ïî èçìåíåíèþ ôëóîðåñöåíöèè äèõëîðî-
ôëóîðåñöåèíà (ÄÕÔ). Ïîêàçàíî, ÷òî àêòèâàöèÿ ÌÏ
ïðèâîäèò ê ïîâûøåíèþ ïîòðåáëåíèÿ êèñëîðîäà è
ïðîäóêöèè ÀÔÊ, íåñìîòðÿ íà ñíèæåíèå ñîäåðæàíèÿ Ñà2+ â
ìàòðèêñå ñ ïîâûøåíèåì êîíöåíòðàöèè êàòèîíîâ â ñðåäå
èíêóáàöèè. Â ïðèñóòñòâèè öèòîõðîìà c â èíêóáàöèîííîé
ñðåäå ïðîèñõîäèò ïðîãðåññèðóþùåå âîçðàñòàíèå êîëè-
÷åñòâà ÀÔÊ, ÷óâñòâèòåëüíîå ê îòêðûâàíèþ ïîðû.
Ïîêàçàíî, ÷òî íàáëþäàåìîå ðåçêîå íàðàñòàíèå ôëóîðåñ-
öåíöèè ÄÕÔ ñîîòâåòñòâóåò ãåíåðàöèè ÀÔÊ â ìàòðèêñå è
íå âûçâàíî íåïîñðåäñòâåííûì âçàèìîäåéñòâèåì öèòîõðîìà
c ñ çîíäîì. Â óñëîâèÿõ ïîäàâëåíèÿ ÌÏ ïðèñóòñòâèå
öèòîõðîìà ñ â èíêóáàöèîííîé ñðåäå íå âëèÿåò ñóùåñò-
âåííûì îáðàçîì íà ñîäåðæàíèè ÀÔÊ â ìèòîõîíäðèÿõ.
Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò, ÷òî íàáëþ-
äàåìîå âëèÿíèå ýêçîãåííîãî öèòîõðîìà ñ íà ïðîäóêöèþ
ÀÔÊ îáóñëîâëåíî îòêðûâàíèåì ÌÏ. Ïðåäïîëàãàåòñÿ, ÷òî
â óñëîâèÿõ îòêðûâàíèÿ ïîðû öèòîõðîì c èãðàeò ðîëü
êàòàëèçàòîðà â ðåàêöèÿõ ïðåâðàùåíèÿ ÀÔÊ, âûñâîáîæ-
äàþùèõñÿ èç ìèòîõîíäðèàëüíîãî ìàòðèêñà, ïðè÷åì îáìåí
ñâîáîäíîðàäèêàëüíûõ ïðîäóêòîâ ìåæäó ìàòðèêñîì è
ñðåäîé îñóùåñòâëÿåòñÿ ÷åðåç ïîðó, íàõîäÿùóþñÿ â
îòêðûòîì ñîñòîÿíèè. Ïîäîáíûé ìåõàíèçì àìïëèôèêàöèè
ïðîäóêòîâ ïðåâðàùåíèÿ êèñëîðîäà ñ ó÷àñòèåì ãåìîâîãî
æåëåçà öèòîõðîìà c è îáðàçîâàíèåì òîêñè÷íûõ ñâîáîäíî-
ðàäèêàëüíûõ ïðîèçâîäíûõ ìîæåò ñîçäàâàòü áëàãîïðèÿò-
íûå ïðåäïîñûëêè èíäóêöèè êëåòî÷íîãî àïîïòîçà è ðàçâèòèÿ
îêèñëèòåëüíîãî ñòðåññà âñëåäñòâèå èçáûòî÷íîé ãåíåðàöèè
ÀÔÊ.
Êëþ÷åâûå ñëîâà: ìèòîõîíäðèè, Ñà2+, ìèòîõîíäðèàëüíàÿ
ïîðà, àêòèâíûå ôîðìû êèñëîðîäà, öèòîõðîì ñ.

Î.Â. Àêîïîâà, Ë.². Êîë÷èíñüêà, Â.². Íîñàð,
Â.À. Áóðèé, ².Ì. Ìàíüêîâñüêà, Â.Ô. Ñàãà÷

ÖÈÒÎÕÐÎÌ Ñ ÏÎÑÈËÞª ÃÅÍÅÐÀÖ²Þ
ÀÊÒÈÂÍÈÕ ÔÎÐÌ ÊÈÑÍÞ
Ó Ì²ÒÎÕÎÍÄÐ²ßÕ

Äîñë³äæåíî âïëèâ åêçîãåííîãî öèòîõðîìó ñ íà óòâîðåííÿ
àêòèâíèõ ôîðì êèñíþ (ÀÔÊ) ï³ä ä³ºþ Ca2+ ó ì³òîõîíäð³ÿõ
ïå÷³íêè ùóð³â çà óìîâ â³äêðèòòÿ òà áëîêóâàííÿ ì³òîõîíä-

ð³àëüíî¿ ïîðè (ÌÏ). Óòâîðåííÿ ÀÔÊ ðåºñòðóâàëè çà
çì³íîþ ôëóîðåñöåíö³¿ äèõëîðîôëóîðåñöå¿íó (ÄÕÔ).
Ïîêàçàíî, ùî àêòèâàö³ÿ ÌÏ ïðèçâîäèòü äî ï³äâèùåííÿ
ñïîæèâàííÿ êèñíþ òà ïðîäóêö³¿ ÀÔÊ, ïîïðè çíèæåííÿ
âì³ñòó Ñà2+ ó ì³òîõîíäð³ÿõ ³ç çá³ëüøåííÿì êîíöåíòðàö³¿
êàò³îí³â ó ñåðåäîâèù³ ³íêóáàö³¿. Çà íàÿâíîñò³ åêçîãåííîãî
öèòîõðîìó c â ³íêóáàö³éíîìó ñåðåäîâèù³ â³äáóâàºòüñÿ
ñòð³ìêå ï³äâèùåííÿ ïðîäóêö³¿ ÀÔÊ, ÿêà º ÷óòëèâîþ äî
â³äêðèòòÿ ïîðè. Çà óìîâ áëîêóâàííÿ îñòàííüî¿ öèòîõðîì c
ñóòòºâî íå âïëèâàº íà óòâîðåííÿ ÀÔÊ. Ïîêàçàíî, ùî
ôëóîðåñöåíòíèé ñèãíàë â³äïîâ³äàº ãåíåðàö³¿ ÀÔÊ ó
ì³òîõîíäð³àëüíîìó ìàòðèêñ³, ³ çðîñòàííÿ ôëóîðåñöåíö³¿
ÄÕÔ íå çóìîâëåíå áåçïîñåðåäíüîþ âçàºìîä³ºþ çîíäó ç
öèòîõðîìîì c. Îäåðæàí³ ðåçóëüòàòè ñâ³ä÷àòü, ùî âïëèâ
åêçîãåííîãî öèòîõðîìó c íà ïðîäóêö³þ ÀÔÊ ó ì³òîõîíäð³ÿõ
ñïðè÷èíåíèé â³äêðèòòÿì ÌÏ. Çàïðîïîíîâàíî ìåõàí³çì,
çã³äíî ç ÿêèì öèòîõðîì ñ ìîæå â³ä³ãðàâàòè ðîëü êàòà-
ë³çàòîðà ó ðåàêö³ÿõ ïåðåòâîðåíü ÀÔÊ, ùî âèâ³ëüíþþòüñÿ
ç ì³òîõîíäð³é, ïðè÷îìó îáì³í â³ëüíîðàäèêàëüíèõ
ïðîäóêò³â ì³æ ìàòðèêñîì ³ ñåðåäîâèùåì â³äáóâàºòüñÿ çà
ïîñåðåäíèöòâîì ïîðè, ÿêà çíàõîäèòüñÿ ó â³äêðèòîìó ñòàí³.
Ïîä³áíèé ìåõàí³çì àìïë³ô³êàö³¿ ïðîäóêò³â ïåðåòâîðåííÿ
êèñíþ çà ó÷àñò³ ãåìîâîãî çàë³çà öèòîõðîìó c ç óòâîðåííÿì
òîêñè÷íèõ â³ëüíîðàäèêàëüíèõ ïîõ³äíèõ ìîæå ñòâîðþâàòè
ñïðèÿòëèâ³ ïåðåäóìîâè äëÿ ïîäàëüøî¿ ³íäóêö³¿ êë³òèííîãî
àïîïòîçó ³ ðîçâèòêó îêñèäàòèâíîãî ñòðåñó âíàñë³äîê
íàäëèøêîâî¿ ïðîäóêö³¿ ÀÔÊ.
Êëþ÷îâ³ ñëîâà: ì³òîõîíäð³¿, Ca2+, ì³òîõîíäð³àëüíà ïîðà,
àêòèâí³ ôîðìè êèñíþ, öèòîõðîì c.
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Çì³íè ìåòàáîë³çìó â ì³îêàðä³
ïðè ³øåì³¿�ðåïåðôóç³¿ òà àêòèâàö³¿
àäåíîçèíòðèôîñôàò÷óòëèâèõ êàë³ºâèõ êàíàë³â

Ó äîñë³äàõ íà ñîáàêàõ ç â³äòâîðåííÿì åêñïåðèìåíòàëüíî¿ ³øåì³¿ (90 õâ) òà ðåïåðôóç³¿ (180 õâ)
âèâ÷åíî çì³íè á³îõ³ì³÷íèõ ïîêàçíèê³â ð³çíèõ ä³ëÿíîê ñåðöÿ: ³íòàêòíî¿, ðèçèêó òà íåêðîçó, ïðè
âíóòð³øíüîøëóíêîâîìó ââåäåíí³ ë³êàðñüêî¿ ôîðìè (òàáëåòêè) ôòîðâì³ñíîãî àêòèâàòîðà
àäåíîçèíòðèôîñôàò(ÀÒÔ)-÷óòëèâèõ êàë³ºâèõ (Ê

ÀÒÔ
) êàíàë³â ôëîêàë³íó â äîç³ 2,2 ìã/êã.

Äîñë³äæóâàëè á³îõ³ì³÷í³ ïîêàçíèêè, ùî õàðàêòåðèçóþòü ìîæëèâ³ ìåõàí³çìè ä³¿ ôëîêàë³íó �
îêèñíèé ìåòàáîë³çì (ïóëè Í

2
Î

2
, ñå÷îâî¿ êèñëîòè, ä³ºíîâèõ êîí�þãàò³â, ìàëîíîâîãî ä³àëüäåã³äó,

åéêîçàíî¿ä³â LTC
4
 ³ TxB

2
), á³îñèíòåç NO ð³çíèìè øëÿõàìè � îêèñíèì de novo (àêòèâí³ñòü

iíäóöèáåëüíî¿ òà êîíñòèòóòèâíî¿ NO-ñèíòàç ³ ïóëè öèòðóë³íó) òà íåîêèñíèì ðåóòèë³çàö³éíèì
(àêòèâí³ñòü í³òðàòðåäóêòàçè), ïóëè ñòàá³ëüíèõ ìåòàáîë³ò³â NO (í³òðèò- ³ í³òðàò-àí³îí³â,
íèçüêî- òà âèñîêîìîëåêóëÿðíèõ í³òðîçîò³îë³â), íåîðãàí³÷íèé ôîñôàò òà ³íø³ ïðîäóêòè
äåãðàäàö³¿ ÀÒÔ ³ ãóàäèí³íòðèôîñôàòó (ÃÒÔ), çì³íè â ãåìîêñèãåíàçí³é ðåàêö³¿ (ïóëè á³ë³ðóá³íó
³ çàë³çà), íåîêèñíèé êàòàáîë³çì L-àðã³í³íó (àêòèâí³ñòü àðã³íàçè ³ ïóëè ñå÷îâèíè) ³ âì³ñò â³ëüíî¿
àðàõ³äîíîâî¿ êèñëîòè. Àíàë³ç ðåçóëüòàò³â äàâ çìîãó îêðåñëèòè äåê³ëüêà ìîæëèâèõ
êàðä³îïðîòåêòîðíèõ ìåõàí³çì³â ôëîêàë³íó. Âîíè ïîëÿãàþòü â ³íã³áóâàíí³ îêèñíîãî ìåòàáîë³çìó
âíàñë³äîê îáìåæåííÿ ãåíåðàö³¿ â³ëüíèõ ðàäèêàë³â êèñíþ òà àçîòó, ³íã³áóâàíí³ ã³äðîë³çó
ôîñôîë³ï³ä³â ³, òèì ñàìèì, óòâîðåííÿ â³ëüíî¿ àðàõ³äîíîâî¿ êèñëîòè òà ïàòîãåííèõ â óìîâàõ
³øåì³¿ ì³îêàðäà åéêîçàíî¿ä³â, ³íã³áóâàíí³ äåãðàäàö³¿ ÀÒÔ ³ ÃÒÔ òà, ìîæëèâî, â ñòèìóëÿö³¿
çàõèñíî¿ ãåìîêñèãåíàçíî¿ ðåàêö³¿. Îäíèì ³ç âàæëèâèõ êàðä³îïðîòåêòîðíèõ ìåõàí³çì³â ìîæíà
ââàæàòè ïðèãí³÷åííÿ ³íäóöèáåëüíîãî de novo ³ ðåóòèë³çàö³éíîãî ñèíòåçó îêñèäó àçîòó òà
äåãðàäàö³¿ àðã³í³íó àðã³íàçîþ ³, íàâïàêè, çáåðåæåííÿ äîñòàòí³õ ð³âí³â êîíñòèòóòèâíîãî de
novo ñèíòåçó îêñèäó àçîòó. Ïîðÿä ç öèì çáåðåæåííÿ îñòàííüîãî íà âèñîêîìó ð³âí³ òà
âèùåçãàäàí³ çì³íè â îêèñíîìó ìåòàáîë³çì³, ùî óíåìîæëèâëþþòü óòâîðåííÿ òîêñè÷íîãî
ïåðîêñèí³òðèòó, âêàçóþòü íà ìîæëèâ³ñòü ó÷àñò³ â êàðä³îïðîòåêòîðíîìó åôåêò³ ôëîêàë³íó
ì³òîõîíäð³àëüíî¿ òðàíñïîðòíî¿ ïîðè çà ðàõóíîê ïîïåðåäæåííÿ ¿¿ â³äêðèâàííÿ òà, ÿê íàñë³äîê,
³íã³áóâàííÿ ³íäóêîâàíîãî íåþ àïîïòîçó ³/÷è íåêðîçó êàðä³îì³îöèò³â.
Êëþ÷îâ³ ñëîâà: àäåíîçèíòðèôîñôàò÷óòëèâ³ êàë³ºâ³ êàíàëè, ôëîêàë³í, ³øåì³ÿ�ðåïåðôóç³ÿ,
îêñèäàòèâíèé ñòðåñ, í³òðîçàòèâíèé ñòðåñ, ïåðåêèñíå îêèñíåííÿ ë³ï³ä³â, de novo ñèíòåç NO,
ðåóòèë³çàö³éíèé ñèíòåç NO .

ÂÑÒÓÏ

Îäíèì ³ç íàéâàæëèâ³øèõ åíäîãåííèõ ìåõà-
í³çì³â êàðä³îïðîòåêö³¿ ïðè ³øåì³¿ é ³íôàðêò³
ì³îêàðäà º ñèñòåìà àäåíîçèíòðèôîñôàò-
(ÀÒÔ)-÷óòëèâèõ êàë³ºâèõ (Ê

ÀÒÔ
) êàíàë³â �

ñàðêîëåìàëüíèõ ³ ì³òîõîíäð³àëüíèõ, â³äêðè-
òèõ Noma [18] òà Inoue [17]. ¯õ çàãàëüíîþ
õàðàêòåðèñòèêîþ é îñíîâíèì ìåõàí³çìîì

ïðîòåêö³¿ º øâèäêà ðåàêö³ÿ íà çíèæåííÿ
åíåðãåòè÷íîãî ïîòåíö³àëó (âì³ñòó ÀÒÔ) ó
êàðä³îì³îöèò³ � íåìèíó÷èé íàñë³äîê ïîðó-
øåííÿ êðîâîîá³ãó ñåðöÿ. Ïðè ³øåì³¿ ì³îêàð-
äà ïëàçìàòè÷í³ êàíàëè â³äêðèâàþòüñÿ, ùî
ïðèçâîäèòü äî ã³ïåðïîëÿðèçàö³¿ òà ïîñë³-
äîâíî äî ñêîðî÷åííÿ ïîòåíö³àëó ä³¿, òðèâà-
ëîñò³ éîãî ïëàòî, çìåíøåííÿ âõîäó êàëüö³þ
â ñàðêîïëàçìó, ãàëüìóâàííÿ ìåòàáîë³÷íèõ
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ïðîöåñ³â ó êë³òèí³ òà â³äïîâ³äíî äî çìåí-
øåííÿ ¿¿ ïîòðåáè â êèñí³ òà çáåðåæåíí³
åíåðãîðåñóðñ³â (çîêðåìà, ÀÒÔ), ùî äóæå
âàæëèâî â óìîâàõ äåô³öèòó êðîâîïîñòà-
÷àííÿ ñåðöÿ [2, 6, 22]. Íàñë³äêîì öüîãî º
â³äíîñíå çáåðåæåííÿ òà êðàùå â³äíîâëåííÿ
ïîêàçíèê³â ñêîðîòëèâî¿ àêòèâíîñò³ ì³îêàðäà
³øåì³çîâàíîãî ñåðöÿ, ïîïåðåäæåííÿ ðîçâèò-
êó êîíñòðèêòîðíèõ ðåàêö³é ó êîðîíàðíèõ
ñóäèíàõ ³ ï³äâèùåííÿ çàãàëüíîïåðèôåðè÷-
íîãî îïîðó â ïåð³îä ðåïåðôóç³¿ [7, 8, 21].
Ïîðÿä ç öèì àêòèâàö³ÿ Ê

ÀÒÔ
-êàíàë³â ïðèãí³-

÷óº â³ëüíîðàäèêàëüí³ ðåàêö³¿ òà ìàº àíòè-
îêèñíþâàëüí³ âëàñòèâîñò³: çìåíøóº âì³ñò
â³ëüíèõ ðàäèêàë³â ³ çàïîá³ãàº çíèæåííþ
àêòèâíîñò³ ôåðìåíò³â àíòèîêñèäàíòíî¿
ñèñòåìè � êàòàëàçè òà ñóïåðîêñèääèñìó-
òàçè [20]. Ö³ëêîì ³ìîâ³ðíî, ùî ãàëüìóâàííÿ
âõîäó êàëüö³þ ïîâèííî çìåíøóâàòè àêòèâ-
í³ñòü êàòàáîë³òè÷íèõ ôåðìåíò³â, ùî ç îäíî-
ãî áîêó, ìîæå ïîïåðåäæàòè äåãðàäàö³þ ôîñ-
ôîë³ï³ä³â ìåìáðàí (ìåìáðàíîñòàá³ë³çó-
âàëüíà ä³ÿ), ç ³íøîãî � çìåíøóâàòè óòâî-
ðåííÿ ïàòîãåííèõ â óìîâàõ ³øåì³¿ ì³îêàðäà
åéêîçàíî¿ä³â, çîêðåìà ïåïòèäîëåéêîòðèºíó
Ñ

4
(LTC

4
).

Ìåòîþ íàøî¿ ðîáîòè áóëî âèâ÷åííÿ
âïëèâó â³ò÷èçíÿíîãî ôòîðâì³ñíîãî àêòèâà-
òîðà Ê

ÀÒÔ
-êàíàë³â ñàðêîëåìàëüíî¿ òà ì³òî-

õîíäð³àëüíî¿ ìåìáðàí ôëîêàë³íó íà çì³íó
á³îõ³ì³÷íèõ ïîêàçíèê³â ìåòàáîë³çìó â
ì³îêàðä³ ÿê íà ìîæëèâèé ìåõàí³çì éîãî
êàðä³îïðîòåêòîðíî¿ ä³¿ ïðè ³øåì³¿�ðåïåð-
ôóç³¿ â åêñïåðèìåíòàõ in vivo.

ÌÅÒÎÄÈÊÀ

Äîñë³äè ïðîâåäåíî íà 19 áåçïîðîäíèõ
ñîáàêàõ ìàñîþ â³ä 15 äî 24 êã ï³ä õëîðà-
ëîçî-óðåòàíîâèì íàðêîçîì (0,07 òà 0,7 ã/êã
âíóòð³øíüîâåííî).  Âèêîðèñòàíî ìåòîä
ðåòðîãðàäíî¿ êàòåòåðèçàö³¿, àóòîïåðôóç³¿ òà
ïðèö³ëüíî¿ åìáîë³çàö³¿ ã³ëêè ë³âî¿ êîðîíàðíî¿
àðòåð³ ¿ ,  ÿêèé äàº  çìîãó â ³äòâîðþâàòè
ëîêàëüíó ³øåì³þ (90 õâ) ³ ðåïåðôóç³þ (180
õâ) ì³îêàðäà áåç ðîçòèíó ãðóäíî¿ ïîðîæíèíè

òà ç³ çáåðåæåííÿì ñïîíòàííîãî äèõàííÿ
[8]. Òâàðèí áóëî ïîä³ëåíî íà òðè ãðóïè. Äî
² ãðóïè ââ³éøëè ³íòàêòí³ òâàðèíè (n=5). Ó
òâàðèí ²² ãðóïè (êîíòðîëüíà, n=7) ³ ²²² ãðóïè
(n=7) ìîäåëþâàëè ðåã³îíàëüíó ³øåì³þ
ì³îêàðäà òà íàñòóïíó ðåïåðôóç³þ. Ñîáàêàì
²²² ãðóïè çà 60 õâ äî ïî÷àòêó ³øåì³¿ çà
äîïîìîãîþ çîíäà âíóòð³øíüîøëóíêîâî ââî-
äèëè ë³êàðñüêó ôîðìó (òàáëåòêè) ôëîêàë³íó
â äîç³ 2,2 ìã/êã. Ï³ñëÿ åêñïåðèìåíòó ó
òâàðèí ²² ³ ²²² ãðóï âèëó÷àëè øìàòî÷êè
ì³îêàðäà òðüîõ ä³ëÿíîê ë³âîãî øëóíî÷êà �
³íòàêòíî¿, çîí ðèçèêó òà íåêðîçó. Äëÿ ïîð³â-
íÿííÿ ç  óìîâàìè íîðìîêñ³ ¿  øìàòî÷êè
ë³âîãî øëóíî÷êà âèð³çàëè ³ ó ³íòàêòíèõ
ñîáàê (² ãðóïà). ¯õ íåãàéíî çàìîðîæóâàëè
ó ð³äêîìó àçîò³,  ðîçòèðàëè â ñòóïö³ òà
ãîòóâàëè ñóö³ëüí³ ãîìîãåíàòè íà äèñòè-
ëüîâàí³é âîä³.

Ó ãîìîãåíàòàõ ë³âîãî øëóíî÷êà ñåðöÿ
³íòàêòíèõ ñîáàê ³ ð³çíèõ ä³ëÿíîê ë³âîãî
øëóíî÷êà ñåðöÿ ñîáàê ï³ñëÿ ³øåì³¿�ðåïåð-
ôóç³¿ äîñë³äæóâàëè ïîêàçíèêè, ùî õàðàêòå-
ðèçóþòü ìîæëèâ³ á³îõ³ì³÷í³ ìåõàí³çìè
êàðä³îïðîòåêòîðíî¿ ä³¿ ôëîêàë³íó. Îö³íþ-
âàëè âïëèâ ³øåì³¿�ðåïåðôóç³¿ òà ôëîêàë³íó
íà îêèñíèé ìåòàáîë³çì (ïóëè Í

2
Î

2
, ñå÷îâî¿

êèñëîòè, ä³ºíîâèõ êîí�þãàò³â (ÄÊ), ìàëîíî-
âîãî ä³àëüäåã³äó (ÌÄÀ), åéêîçàíî¿ä³â LTC

4

òà TxB
2
,  ³íòåíñèâí³ñòü á³îñèíòåçó NO

ð³çíèìè øëÿõàìè �  îêèñíèì de  novo
(àêòèâí³ñòü iíäóöèáåëüíî¿ ³ êîíñòèòóòèâíî¿
NO-ñèíòàç (iNOS), (cNOS) ³ ïóëè öèòðóë³íó)
òà íåîêèñíèì ðåóòèë³çàö³éíèì (àêòèâí³ñòü
í³òðàòðåäóêòàçè), ïóëè ñòàá³ëüíèõ ìåòàáî-
ë³ò³â NO ( í³òðèò- òà í³òðàò-àí³îí³â, íèçüêî-
òà âèñîêîìîëåêóëÿðíèõ í³òðîçîò³îë³â �
ÍÌÍÒ ³ ÂÌÍÒ â³äïîâ³äíî), íåîðãàí³÷íèé
ôîñôàò òà ³íø³ ïðîäóêòè äåãðàäàö³¿ ÀÒÔ ³
ÃÒÔ, çì³íè â ãåìîêñèãåíàçí³é ðåàêö³¿ (ïóëè
á³ë³ðóá³íó òà çàë³çà), íåîêèñíèé êàòàáîë³çì
L-àðã³í³íó (àêòèâí³ñòü àðã³íàçè ³  ïóëè
ñå÷îâèíè) ³  âì³ñò â³ëüíî¿ àðàõ³äîíîâî¿
êèñëîòè.

²íòåíñèâí³ñòü îêñèäàòèâíîãî ñòðåñó
îö³íþâàëè çà âì³ñòîì ïåðîêñèäó âîäíþ òà

Çì³íè ìåòàáîë³çìó â ì³îêàðä³
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ïðîäóêò³â â³ëüíîðàäèêàëüíî¿ ëàíöþãîâî¿
ðåàêö³¿  ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â
(ÏÎË) ÿê ðàíí³õ (ÄÊ), òàê ³ ï³çí³õ (ÌÄÀ)
[1, 5, 13]. Êîíöåíòðàö³þ ñå÷îâî¿ êèñëîòè òà
ñå÷îâèíè âèçíà÷àëè â êîëîðèìåòðè÷í³é
ðåàêö³¿ â àë³êâîòàõ ãîìîãåíàò³â ñåðöÿ çà
äîïîìîãîþ ðåàêòèâ³â ô³ðìè «Ô³ë³ñò-Ä³àã-
íîñòèêà» (Óêðà¿íà). Âì³ñò åéêîçàíî¿ä³â
LTC

4
 ³ TxB

2
 ³ ¿õ ïîïåðåäíèêà � àðàõ³äîíîâî¿

êèñëîòè âèì³ðþâàëè â ñïèðòîâèõ åêñòðàê-
òàõ ³ç çàìîðîæåíèõ ó ð³äêîìó àçîò³ òà ðîç-
òåðòèõ ó ïîðîøîê êóñî÷ê³â ñåðöÿ. Êîíöåíò-
ðàö³þ àðàõ³äîíîâî¿ êèñëîòè âèçíà÷àëè ìå-
òîäîì òîíêîøàðîâî¿  õðîìàòîãðàô³¿  íà
ïëàñòèíêàõ ñèë³êàãåëþ ç íàñòóïíîþ åëþ-
ö³ºþ òà ñïåêòðîñêîï³ºþ åëþàò³â â 1-ñàíòè-
ìåòðîâèõ êâàðöåâèõ êþâåòàõ ïðè äîâæèí³
õâèë³ 210 íì. Åéêîçàíî¿äè � çà äîïîìîãîþ
ðàä³î³ìóííîãî ìåòîäó, êîðèñòóþ÷èñü ñòàí-
äàðòíèìè äîá³ðêàìè ðåàêòèâ³â ô³ðìè «Amer-
sham» (Àíãë³ÿ) .  Ðàä³îàêòèâí³ñòü  ïðîá
âèì³ðþâàëè íà ë³÷èëüíèêó ô³ðìè «Beckman»
(Í³ìå÷÷èíà). Àêòèâí³ñòü êàëüö³éçàëåæíèõ
êîíñòèòóòèâíèõ (cNOS=eNOS+nNOS) òà
êàëüö³éíåçàëåæíî¿ ³NOS îö³íþâàëè çà
êîìá³íàö³þ êëàñè÷íîãî ìåòîäó [19] òà
ñó÷àñíó éîãî ìîäèô³êàö³þ [11], ïðèñòîñî-
âàíó äî ñïåêòðîôîòîìåòðè÷íîãî âèì³ðþ-
âàííÿ îäíîãî ç ïðîäóêò³â ðåàêö³¿ � L-öèò-
ðóë³íó. Îñòàíí³é âèçíà÷àëè âèñîêî÷óòëèâèì
êîëîðèìåòðè÷íèì ìåòîäîì [10].  Âì³ñò
í³òðèò (NO

2
-) òà í³òðàò-àí³îíà (NO

3
-) � â

áåçá³ëêîâèõ àë³êâîòàõ ãîìîãåíàò³â ñåðöÿ â
êîëîðèìåòðè÷í³é ðåàêö³¿ çà äîïîìîãîþ
ðåàêòèâó  Ãð³ñà  ìåòîäîì Ãð³íà  [15]  òà
áðóöèíîâèì ìåòîäîì çà äîïîìîãîþ ñïåêò-
ðîôîòîìåòð³¿ [19]. Âì³ñò í³òðîçîò³îë³â � çà
Saville [16], ç íåçàëåæíèì âèÿâëåííÿì ÿê
ïóë³â ÍÌÍÒ, â îñíîâíîìó í³òðîçîãëóòàò³îíó
â áåçá³ëêîâèõ àë³êâîòàõ ïðîá ï³ñëÿ ã³äðîë³çó
êîâàëåíòíîãî çâ�ÿçêó S-NO â ìîëåêóë³ í³ò-
ðîçîãëóòàò³îíó äâîâàëåíòíèì êàò³îíîì
ðòóò³, òàê ³ ÂÌÍÒ � â îñíîâíîìó í³òðîçè-
ëüîâàíèõ á³ëê³â ì³îêàðäà, ï³ñëÿ ã³äðîë³çó
àë³êâîò ö³ëüíèõ ãîìîãåíàò³â ïðîá. Áàçàëüíó
àðã³íàçíó àêòèâí³ñòü îö³íþâàëè [19] çà

óòâîðåííÿì ñå÷îâèíè â ³íêóáàö³éí³é ñóì³ø³
(1 ìë), ùî ì³ñòèëà L-àðã³í³í ³ àë³êâîòè ïðîá
â òð³ñ-HCl (�Calbiochem�) áóôåð³ (ðÍ 8,0).
Äëÿ âèçíà÷åííÿ ïóë³â ñóìàðíèõ ïðîäóêò³â
äåãðàäàö³¿ ÀÒÔ ³ ÃÒÔ ó ïëàçì³ êðîâ³ ñïåêò-
ðîôîòîìåòðè÷íî âèì³ðþâàëè ïîãëèíàííÿ
áåçá³ëêîâèõ àë³êâîò êðîâ³ ïðè äîâæèí³ õâèë³
254 íì (D

254
), ùî õàðàêòåðèçóº íàÿâí³ñòü ó

ðîç÷èí³ ³íîçèíó, êñàíòèíó òà ã³ïîêñàíòèíó,
ùî çä³éñíþâàëè íà ñïåêòðîôîòîìåòð³ ÑÔ-
26 ËÎÌÎ ó êâàðöåâèõ îäíîñàíòèìåòðîâèõ
êþâåòàõ. Âì³ñò íåîðãàí³÷íîãî ôîñôàòó, ùî
óòâîðþºòüñÿ ïðè ïîñë³äîâí³é äåãðàäàö³¿ ÿê
ÀÒÔ, òàê ³  ÃÒÔ ô³êñóâàëè êîëîðèìåò-
ðè÷íèì ìåòîäîì Îñòðîâñüêîãî [4]. Àêòèâ-
í³ñòü äåãðàäàö³¿ ãåìó çàõèñíèì ôåðìåíòîì
ãåìîêñèãåíàçîþ � çà çì³íàìè êîíöåíòðàö³¿
äâîõ ïðîäóêò³â éîãî äåãðàäàö³¿: á³ë³ðóá³íó ³
çàãàëüíîãî çàë³çà.  Á³ë³ðóá³í âèçíà÷àëè
ìåòîäîì ßíäðàøèêà ç  âèêîðèñòàííÿì
ñòàíäàðòíî¿ äîá³ðêè ðåàêòèâ³â (ÀÒ «Ðåà-
ãåíò», Óêðà¿íà). Çàë³çî � ôîòîìåòðè÷íèì
ìåòîäîì ç âèêîðèñòàííÿì äîá³ðêè ðåàêòè-
â³â ô³ðìè «Ô³ë³ñò-Ä³àãíîñòèêà» (Óêðà¿íà).
Çàãàëüíèé á³ëîê � çà ìåòîäîì Áðåäôîðä ç
âèêîðèñòàííÿì áàðâíèêà Cumassi G-250
(�Ferrak�, Í³ìå÷÷èíà).

Îòðèìàí³ ðåçóëüòàòè îáðîáëÿëè ìàòå-
ìàòè÷íî ìåòîäîì âàð³àö³éíî¿ ñòàòèñòèêè çà
äîïîìîãîþ êîìï�þòåðíî¿ ïðîãðàìè Origin
7.0. Äîñòîâ³ðí³ñòü ðåçóëüòàò³â âèçíà÷àëè çà
êðèòåð³ºì t Ñòüþäåíòà. Çíà÷åííÿ Ð<0,05
ðîçãëÿäàëè ÿê ñòàòèñòè÷íî äîñòîâ³ðí³.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ó êîíòðîëüíèõ åêñïåðèìåíòàõ ï³ñëÿ ³øåì³¿�
ðåïåðôóç³¿ ì³îêàðäà ïîêàçàíî, ùî â ë³âîìó
øëóíî÷êó ñåðöÿ ñîáàê çíà÷íî çá³ëüøóºòüñÿ
øâèäê³ñòü ³íäóöèáåëüíîãî de novo ñèíòåçó
îêñèäó àçîòó (ôåðìåíòîì iNOS), çîêðåìà
â ³íòàêòí³é çîí³, çîí³ ðèçèêó òà íåêðîçó âîíà
çá³ëüøóºòüñÿ ó 2,8, 6,7 ³ 18,2 ðàçà â³äïîâ³äíî
ïîð³âíÿíî ³ç òàêîþ çà óìîâ íîðìîêñ³¿ (ðèñ.
1 ,à ) .  Íàòîì³ñòü  øâèäê³ñòü  ñóìàðíîãî
êîíñòèòóòèâíîãî ñèíòåçó îêñèäó àçîòó (â
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îñíîâíîìó öèòîçîëüíèìè ³çîôåðìåíòàìè
eNOS ³ nNOS ó ì³òîõîíäð³ÿõ), íàâïàêè,
ï³ñëÿ ³øåì³¿�ðåïåðôóç³¿ ì³îêàðäà ïðèãí³-
÷åíà, çîêðåìà ó çîí³ íåêðîçó á³ëüøå í³æ
óäâ³÷³ (äèâ. ðèñ. 1,á). Ï³ñëÿ ³øåì³¿�ðå-
ïåðôóç³¿ ì³îêàðäà äîñòîâ³ðíî ï³äâèùóºòüñÿ
òàêîæ íåîêèñíà äåãðàäàö³ÿ L-àðã³í³íó
ôåðìåíòîì àðã ³íàçîþ (äèâ .  ðèñ .  1 ,â ) ,
çîêðåìà â ³íòàêòí³é çîí³, çîí³ ðèçèêó òà
íåêðîçó àêòèâí³ñòü àðã³íàçè çá³ëüøóºòüñÿ
ïîð³âíÿíî ç êîíòðîëåì ó ë³âîìó øëóíî÷êó
çà óìîâ íîðìîêñ³¿ ó 1,8, 4,1 òà ó 6,5 ðàçà
â³äïîâ³äíî, ùî âíàñë³äîê îáìåæåííÿ ïóë³â
ñï³ëüíîãî ñóáñòðàòó (L-àðã³í³íó) ñòâîðþº
óìîâè äëÿ îäíî÷àñíî¿ ãåíåðàö³¿ ñóïåðîê-

ñèäó é îêñèäó àçîòó âñ³ìà ³çîôåðìåíòàìè
NOS, ùî ó ñâîþ ÷åðãó ïðèçâîäèòü äî
óòâîðåííÿ ïåðîêñèí³òðèòó òà ïîøêîäæó-
âàëüíî¿ ä³¿ â êàðä³îì³îöèòàõ ³ ïîðóøåííÿ
ðîáîòè ñåðöÿ. Ï³ñëÿ ³øåì³¿�ðåïåðôóç³¿ â
ë³âîìó øëóíî÷êó àêòèâ³çóºòüñÿ òàêîæ
ðåóòèë³çàö³éíèé øëÿõ ñèíòåçó îêñèäó àçîòó
çà ä³¿  ð³çíèõ í³òðèò- ³  í³òðàòðåäóêòàç.
Çîêðåìà, â ³íòàêòí³é çîí³, çîí³ ðèçèêó òà
íåêðîçó àêòèâí³ñòü ÍÀÄÔ-çàëåæíî¿ í³òðàò-
ðåäóêòàçè çá³ëüøóºòüñÿ ïîð³âíÿíî ç êîíò-
ðîëåì çà óìîâ íîðìîêñ³¿ ó 9,4, 19,4 òà ó 52,7
ðàçà â³äïîâ³äíî (äèâ. ðèñ. 1,ã). Âîäíî÷àñ
ïåðåä³øåì³÷íå àêòèâóâàííÿ Ê

ÀÒÔ
-êàíàë³â, ó

ò.÷ .  ì ³òîõîíäð³àëüíèõ ,  çà  äîïîìîãîþ

Ðèñ. 1. Âïëèâ ôëîêàë³íó íà àêòèâí³ñòü ôåðìåíò³â ³íäóöèáåëüíî¿ (à), êîíñòèòóòèâíî¿ (á) NO-ñèíòàç, àðã³íàçè (â) ³
í³òðàòðåäóêòàçè (ã) ïðè ³øåì³¿�ðåïåðôóç³³¿ ì³îêàðäà çà óìîâ íîðìîêñ³¿ (âèõ³äíèé ð³âåíü), ó ³íòàêòí³é çîí³ (²), çîí³
ðèçèêó (²²) òà íåêðîçó (²²²); 1 � ³øåì³ÿ�ðåïåðôóç³ÿ, 2 � ³øåì³ÿ�ðåïåðôóç³ÿ ï³ñëÿ ââåäåííÿ ôëîêàë³íó. * P<0,05
ïîð³âíÿíî ç âèõ³äíèì ð³âíåì, ** P<0,05 ïîð³âíÿíî ç êîíòðîëåì (³øåì³ÿ�ðåïåðôóç³ÿ)
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ôëîêàë³íó ³íã³áóº ñòèìóëüîâàí³ ³øåì³ºþ�
ðåïåðôóç³ºþ á³îõ³ì³÷í³ ðåàêö³¿ â ì³îêàðä³.
Òàê, àêòèâí³ñòü iNOS çà ä³¿  ôëîêàë³íó
çìåíøóºòüñÿ â çîí³ íåêðîçó ïîð³âíÿíî ç
³øåì³ºþ�ðåïåðôóç³ºþ áåç éîãî ââåäåííÿ
(äèâ. ðèñ. 1,à), ó 4,5 ðàçà. Àíàëîã³÷í³ çì³íè
ïðè ââåäåíí³ ôëîêàë³íó â³äáóâàþòüñÿ ³ ç
àêòèâí³ñòþ òàêèõ ôåðìåíò³â, ÿê àðã³íàçà òà
í³òðàòðåäóêòàçà (äèâ. ðèñ. 1,â,ã). Àêòèâ-
í³ñòü àðã³íàçè ïîð³âíÿíî ç åêñïåðèìåíòàìè
áåç ââåäåííÿ ôëîêàë³íó äîñòîâ³ðíî çìåí-
øóºòüñÿ â çîí³ ðèçèêó òà íåêðîçó â 2,7 òà
3,3 ðàçà â³äïîâ³äíî. Àêòèâí³ñòü í³òðàòðå-
äóêòàçè çìåíøóºòüñÿ â ³íòàêòí³é çîí³, ðè-
çèêó òà íåêðîçó ó 6,8, 7,6 òà 12,4 ðàçà
â³äïîâ³äíî. Äåùî êðàùèìè ïðè ââåäåíí³
ôëîêàë³íó º òàêîæ ïîêàçíèêè àêòèâíîñò³
ñNOS (äèâ. ðèñ. 1,á). Çîêðåìà, â ³íòàêòí³é
çîí³ òà çîí³ íåêðîçó âîíà º çá³ëüøåíîþ ïî-
ð³âíÿíî ç åêñïåðèìåíòàìè ç ³øåì³ºþ�ðå-
ïåðôóç³ºþ áåç ââåäåííÿ ôëîêàë³íó íà 29,4
òà 18,8 % â³äïîâ³äíî. Ðàí³øå, â àíàëîã³÷íèõ
åêñïåðèìåíòàõ ïðè äîñë³äæåíí³ ä³¿ ôëîêà-
ë³íó íà äèíàì³êó á³îõ³ì³÷íèõ ïîêàçíèê³â
àðòåð³àëüíî¿  êðîâ³  â  ïåð³îä ³øåì³¿  òà
ðåïåðôóç³¿ òåæ áóëî ïîêàçàíî, ùî ï³ä ÷àñ
³øåì³¿ â³í íå ò³ëüêè çàïîá³ãàº çìåíøåííþ
àêòèâíîñò³ ôåðìåíòà ñNOS, à íàâ³òü äåùî
ï³äâèùóº ¿¿. Âîäíî÷àñ ï³ä ÷àñ ðåïåðôóç³¿
àêòèâí³ñòü öüîãî ôåðìåíòó çíà÷íî çá³ëü-
øóâàëàñÿ [3].

Òàêèì ÷èíîì, îäèí ³ç ìîæëèâèõ êàðä³î-
ïðîòåêòîðíèõ ìåõàí³çì³â ä³¿ ôëîêàë³íó
ìîæå ïîëÿãàòè â ³íã³áóâàíí³ íàäëèøêîâîãî
³íäóöèáåëüíîãî de novo ñèíòåçó îêñèäó
àçîòó òà äåãðàäàö³¿ L-àðã³í³íó àðã³íàçîþ, ùî
çàáåçïå÷óº  çáåðåæåííÿ ñóáñòðàòó äëÿ
êîíñòèòóòèâíîãî de novo ñèíòåçó îêñèäó
àçîòó. Ùå îäíèì ìåõàí³çìîì êàðä³îïðî-
òåêòîðíîãî âïëèâó ôëîêàë³íó ìîæå áóòè
éîãî ñèëüíà àíòè³øåì³÷íà ä³ÿ, ùî ï³äòâåðä-
æóºòüñÿ çíà÷íèì ³íã³áóâàííÿì ðåóòèë³çà-
ö³éíîãî ñèíòåçó NO, ÿêèé â³äáóâàºòüñÿ
âèíÿòêîâî â óìîâàõ ³øåì³¿ (çáåðåæåííÿ
äîñòàòíüî¿  ê³ëüêîñò³  ìîëåêóë êèñíþ â
ì³îêàðä³, éîãî îêñèãåíàö³¿, çíîâó æ òàêè äëÿ

çáåðåæåííÿ êîíñòèòóòèâíîãî ñèíòåçó NO,
äóæå âàæëèâîãî äëÿ ³íã³áóâàííÿ ì³òîõîíä-
ð³àëüíî¿ ïîðè ³, òèì ñàìèì, äëÿ çìåíøåííÿ
çàãèáåë³ êàðä³îì³îöèò³â).

Íà ðèñ. 2 ïîêàçàíî âïëèâ àêòèâàö³¿ Ê
ÀÒÔ

-
êàíàë³â ôëîêàë³íîì íà çì³íè âì³ñòó â ð³çíèõ
ä³ëÿíêàõ ³øåì³çîâàíîãî ñåðöÿ ïóë³â ñòàá³ëü-
íèõ ìåòàáîë³ò³â îêñèäó àçîòó � í³òðèò- òà
í³òðàò-àí³îí³â, ÍÌÍÒ ³ ÂÌÍÒ, ÿê³ óòâîðþ-
þòüñÿ çà ä³¿ ïåðîêñèí³òðèòó ³ º ìàðêåðàìè
éîãî óòâîðåííÿ, à òàêîæ öèòðóë³íó.

Ó êîíòðîëüíèõ åêñïåðèìåíòàõ ïîêàçàíî,
ùî â ë³âîìó øëóíî÷êó ñåðöÿ ñîáàê äîñòî-
â³ðíî çìåíøóºòüñÿ âì³ñò í³òðèò-àí³îíà (ó
7 ,3  ðàçà)  ëèøå â  çîí³  íåêðîçó,  äå  â ³í
çíèæóºòüñÿ  â ³ä  514 ,6  ±  39 ,4  çà  óìîâ
íîðìîêñ³¿ äî 70,2 ïìîëü/ìã á³ëêà ± 13,5
ïìîëü/ìã á³ëêà (äèâ. ðèñ. 2,à). Ââåäåííÿ
ôëîêàë³íó íå ò³ëüêè çàïîá³ãàº çìåíøåííþ
öüîãî ïîêàçíèêà, ÿêèé óòâîðþºòüñÿ ñïîí-
òàííî ïðè îêèñíåíí³ îêñèäó àçîòó ëèøå â
îêñèãåíîâàíèõ ðîç÷èíàõ, à íàâïàêè, ñïðèÿº
äåÿêîìó ï³äâèùåííþ éîãî (äèâ. ðèñ. 2,à).
Çîêðåìà, â ³íòàêòí³é çîí³ â³í ìàº òåíäåíö³þ
äî çá³ëüøåííÿ ïîð³âíÿíî ç óìîâàìè íîð-
ìîêñ³¿ (íà 79,0 %), ìîæëèâî, çàâäÿêè âëàñ-
òèâîñò³ ôëîêàë³íó ðîçøèðþâàòè êîðîíàðí³
ñóäèíè ñåðöÿ òà çá³ëüøóâàòè ïðèòîê êðîâ³,
êèñíþ òà åíåðãîðåñóðñ³â äî ì³îêàðäà.
Â³äì³íí³ñòü âì³ñòó í³òðèò-àí³îíà â ð³çíèõ
çîíàõ ñåðöÿ ï³ñëÿ ³øåì³¿�ðåïåðôóç³¿ ïðè
ââåäåíí³ ôëîêàë³íó òà áåç ââåäåííÿ ùå
á³ëüøà. Ïðè àêòèâàö³¿ Ê

ÀÒÔ
-êàíàë³â âì³ñò

í³òðèòó â çãàäàí³é çîí³ òà çîí³ íåêðîçó
äîñòîâ³ðíî âèùèé (ó 2,0 òà ó 8,6 ðàçà â³ä-
ïîâ³äíî). Òàêèì ÷èíîì, ï³äâèùåííÿ çà ä³¿
ôëîêàë³íó ïóë³â í³òðèò-àí³îíà â ð³çíèõ çîíàõ
ë³âîãî øëóíî÷êà ñåðöÿ º ùå îäíèì, äîäàò-
êîâèì äî ³íã³áóâàííÿ àêòèâíîñò³ í³òðèò-
ðåäóêòàçè, äîêàçîì ïîòóæíî¿ àíòè³øåì³÷íî¿
ä³¿ öüîãî àêòèâàòîðà Ê

ÀÒÔ
-êàíàë³â.

Öèòðóë³í º ñóïóòí³ì ïðîäóêòîì de novo
ñèíòåçó NO ïðè îêèñíåíí³ L-àðã³í³íó çà ä³¿
âñ³õ ³çîôåðìåíò³â NOS, à òàêîæ ìåòàáî-
ë³òîì îðí³òèíîâîãî òà öèòðóë³íîâîãî öèêë³â,
îñòàíí³é ç ÿêèõ àêòèâíî ôóíêö³îíóº â
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êàðä³îì³îöèòàõ äëÿ ðåñèíòåçó L-àðã³í³íó.
Ñèíòåçîâàíèé ó öüîìó öèêë³  öèòðóë³í
âèêîðèñòîâóºòüñÿ ïåðåâàæíî ³çîôåðìåíòîì
iNOS äëÿ ³íäóöèáåëüíîãî ñèíòåçó NO. Â
ïåð³îä ³øåì³¿�ðåïåðôóç³¿ â ñåðö³ ìè ñïîñòå-

ð³ãàëè çíèæåííÿ ïóë³â öèòðóë³íó (äèâ. ðèñ.
2,ä). Öå ìîæå áóòè çóìîâëåíî ³íòåíñèâíîþ
éîãî óòèë³çàö³ºþ äëÿ ðåñèíòåçó àðã³í³íó,
ÿêèé âèêîðèñòîâóºòüñÿ íå ëèøå äëÿ ñèíòåçó
NO de novo (iNOS), àëå ³  àðã³íàçîþ. Ç

Ðèñ. 2. Ä³ÿ ôëîêàë³íó íà âì³ñò NO
2

- (à), NO
3

- (á),
íèçüêîìîëåêóëÿðíèõ (â) ³ âèñîêîìîëåêóëÿðíèõ (ã)
í³òðîçîòîëóîë³â òà öèòðóë³íó (ä) ïðè ³øåì³¿�ðåïåð-
ôóç³³¿ ì³îêàðäà çà óìîâ íîðìîêñ³¿ (âèõ³äíèé ð³âåíü),
ó ³íòàêòí³é çîí³ (²), çîí³ ðèçèêó (²²) òà íåêðîçó (²²²);
1 � ³øåì³ÿ�ðåïåðôóç³ÿ, 2 � ³øåì³ÿ�ðåïåðôóç³ÿ ï³ñëÿ
ââåäåííÿ ôëîêàë³íó. * P<0,05 ïîð³âíÿíî ç âèõ³äíèì
ð³âíåì, ** P<0,05 ïîð³âíÿíî ç êîíòðîëåì (³øåì³ÿ�
ðåïåðôóç³ÿ)
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³íøîãî áîêó, çíèæåííÿ âì³ñòó öèòðóë³íó, ùî
º ïðèðîäíèì ³íã³á³òîðîì NOS (çà ìåõàí³ç-
ìîì çâîðîòíîãî çâ�ÿçêó) çà ³øåì³¿�ðåïåð-
ôóç³¿ ñòâîðþº óìîâè äëÿ á³ëüø ³íòåíñèâíîãî
³íäóöèáåëüíîãî ñèíòåçó NO. Ôëîêàë³í
çàïîá³ãàâ  çíà÷íîìó çíèæåííþ âì³ñòó
öèòðóë³íó â ì³îêàðä³ (äèâ. ðèñ. 2,ä), ùî
êîðåëþº ÿê ³ç çáåðåæåííÿì âèñîêî¿ àêòèâ-
íîñò³ êîíñòèòóòèâíîãî ñèíòåçó îêñèäó àçî-
òó, îñîáëèâî â ³íòàêòí³é çîí³, òàê ³ ç³ çíè-
æåííÿì àêòèâíî ñò ³  àðã ³íàçè ,  ÿê  áóëî
ïîêàçàíî ðàí³øå (äèâ. ðèñ. 1,à,â).

Òàêèì ÷èíîì, àêòèâóâàííÿ Ê
ÀÒÔ

-êàíàë³â
ôëîêàë³íîì ïðè ³øåì³¿�ðåïåðôóç³¿ ñïðèÿº
çáåðåæåííþ êîíñòèòóòèâíîãî á³îñèíòåçó
NO íà âèñîêîìó ð³âí³, ùî ìîæå áóòè îäíèì
ç ìåõàí³çì³â éîãî êàðä³îïðîòåêòîðíî¿ ä³¿. À
îäí³ºþ ³ç âàãîìèõ ïðîòåêòîðíèõ ôóíêö³é
NO, ùî áóëî ñèíòåçîâàíå êîíñòèòóòèâíèì
øëÿõîì, ÿê â³äîìî, º ³íã³áóâàííÿ â³äêðè-
âàííÿ ì³òîõîíäð³àëüíî¿ ïîðè òà ³íäóêö³¿
àïîïòîçó, â ò.÷. ³îíàìè êàëüö³þ òà â³ëüíèìè
ðàäèêàëàìè êèñíþ [6, 14, 23].

Ó ïîïåðåäí³é ðîáîò³  ç  ñóáñòàíö³ºþ
ôëîêàë³íó [20] ìè ïîêàçàëè, ùî ïðè ³øåì³¿�
ðåïåðôóç³¿ â àðòåð³àëüíî¿ êðîâ³ ïðè ³íã³áó-
âàíí³ Ê

ÀÒÔ
-êàíàë³â ïðèãí³÷óþòüñÿ â³ëüíî-

ðàäèêàëüí³ ðåàêö³¿ òà ï³äñèëþþòüñÿ àíòè-
îêèñíþâàëüí³ âëàñòèâîñò³ êðîâ³:  çìåí-
øóºòüñÿ âì³ñò Í

2
Î

2 
³ ñòàá³ë³çóºòüñÿ àêòèâ-

í³ñòü ôåðìåíò³â àíòèîêñèäàíòíî¿ ñèñòåìè:
êàòàëàçè òà ñóïåðîêñèääèñìóòàçè. Â³äîìî,
ùî óòâîðåííÿ í³òðîçîò³îë³â, ÿê ÍÌÍÒ (â
îñíîâíîìó öå í³òðîçèëüîâàíèé ãëóòàò³îí),
òàê ³ ÂÌÍÒ (í³òðîçèëüîâàí³ á³ëêè) êîðåëþº
ç ïóëàìè ïåðîêñèí³òðèòó ³, òàêèì ÷èíîì, ÿê
³ âì³ñò í³òðàò-àí³îíà º ìàðêåðîì íà ³íòåí-
ñèâí³ñòü éîãî óòâîðåííÿ. Ó ð³çíèõ ä³ëÿíêàõ
ë³âîãî  øëóíî÷êà  ñåðöÿ  ï ³ñëÿ  ³øåì³ ¿�
ðåïåðôóç³¿ ì³îêàðäà âì³ñò í³òðîçîò³îë³â
çá³ëüøóºòüñÿ (äèâ. ðèñ. 2,â,ã). Çîêðåìà, â
çîí³ íåêðîçó âì³ñò ÍÌÍÒ ï³äâèùóâàâñÿ ó
2,6 ðàçà ïîð³âíÿíî ç êîíòðîëåì, à ÂÌÍÒ �
ó 3,7 òà 4,8 ðàçà â³äïîâ³äíî ³ â çîí³ ðèçèêó, ³
â çîí³ íåêðîçó. Âîäíî÷àñ ïðè ââåäåíí³
ôëîêàë³íó ïóëè ÍÌÍÒ ³ ÂÌÍÒ (äèâ. ðèñ.
2,â,ã) ìàëè òåíäåíö³þ äî çíèæåííÿ. Àêòè-

âàòîð Ê
ÀÒÔ

-êàíàë³â ñòàá³ë³çóâàâ ð³âí³ í³ò-
ðîçîò³îë³â, ìîæëèâî, âíàñë³äîê ³íã³áóâàííÿ
ãåíåðàö³¿ ïåðîêñèí³òðèòó. Ïðî îáìåæåííÿ
éîãî óòâîðåííÿ ôëîêàë³íîì ìîæóòü ñâ³ä-
÷èòè òàêîæ äåùî âèùà (äèâ. ðèñ. 2,á), íà
â³äì³íó â³ä åêñïåðèìåíò³â áåç íüîãî, êîí-
öåíòðàö³ÿ í³òðàò-àí³îíà, ÿêèé ãåíåðóºòüñÿ
â îñíîâíîìó íåôåðìåíòàòèâíî ïðè íåðàäè-
êàëüíîìó ðîçïàä³ ïåðîêñèí³òðèòó. Çá³ëü-
øåííÿ ïóë³â í³òðàòó ïðè àêòèâàö³¿ êàë³ºâèõ
êàíàë³â ìîæå âêàçóâàòè íà òå, ùî ïåðîêñè-
í³òðèò ìåíøîþ ì³ðîþ ðîçïàäàºòüñÿ íà òîê-
ñè÷í³ ðàäèêàëè � .ÎÍ ³ .NO

2
, ÿê³ º ³í³ö³à-

òîðàìè ÏÎË, à á³ëüøîþ ì³ðîþ íà íåòîê-
ñè÷íèé í³òðàò. Ï³äòâåðäæåííÿì öüîìó º
òàêîæ çíèæåííÿ âì³ñòó ÍÌÍÒ ³ ÂÌÍÒ
(äèâ. ðèñ. 2,â,ã). Ï³äâèùåííÿ ïóë³â í³òðàò-
àí³îíà º äîäàòêîâèì äîêàçîì ³íã³áóâàííÿ
ôëîêàë³íîì àêòèâíîñò³ í³òðàòðåäóêòàçè,
àäæå éîãî çìåíøåííÿ ïðè ³øåì³¿�ðåïåðôóç³¿
ìîæå â³äáóâàòèñÿ âíàñë³äîê ³íòåíñèâíî¿
óòèë³çàö³¿ í³òðàòó âèùåçàçíà÷åíèì ôåðìåí-
òîì äëÿ ðåóòèë³çàö³éíîãî ñèíòåçó NO.

Òàêèì ÷èíîì, ö³ ðåçóëüòàòè, ÿê ³ äàí³
ùîäî ïðèãí³÷åííÿ óòâîðåííÿ ñóïåðîêñèäó,
íåîáõ³äíîãî äëÿ óòâîðåííÿ ïåðîêñèí³òðèòó,
ïðî ùî ìîæå ñâ³ä÷èòè çíèæåííÿ ïóë³â ÿê
ñå÷îâî¿ êèñëîòè (ðèñ. 3,ã) çà ä³¿ àêòèâîâàíî¿
ïðè ðåïåðôóç³¿ êñàíòèíîêñèäàçè (íóêëåî-
òèäíîãî ãåíåðàòîðà ñóïåðîêñèäó), òàê ³
åéêîçàíî¿ä³â (ðèñ. 4,á,â), ùî óòâîðþþòüñÿ
ïàðàëåëüíî ç ñóïåðîêñèäîì éîãî ë³ï³äíèìè
ãåíåðàòîðàìè (ë³ïîêñèãåíàçîþ ³ öèêëî-
îêñèãåíàçîþ ïðè óòâîðåíí³ LTÑ

4
 i TõB

2

â³äïîâ³äíî), âêàçóþòü íà ùå îäèí ìîæëè-
âèé ìåõàí³çì êàðä³îïðîòåêòîðíî¿ ä³¿ ôëîêà-
ë³íó, ÿêèé ïîëÿãàº ó ³íã³áóâàíí³ ãåíåðàö³¿
ñóïåðîêñèäó, ³íäóöèáåëüíîãî de novo òà
ðåóòèë³çàö³éíîãî ñèíòåçó îêñèäó àçîòó, ùî
çóìîâëþº îáìåæåííÿ óòâîðåííÿ òîêñè÷íîãî
ïåðîêñèí³òðèòó (â ò.÷. àêòèâàòîðà ì³òîõîíä-
ð³àëüíî¿ ïîðè ³ àïîïòîçó) â êàðä³îì³îöèòàõ
çà ³øåì³¿�ðåïåðôóç³¿.

Ïðî îáìåæåííÿ ÿê îêñèäàòèâíîãî (ãåíå-
ðàö³ÿ àêòèâíèõ ôîðì êèñíþ (ÀÔÊ)), òàê ³
í³òðîçàòèâíîãî (óòâîðåííÿ ïåðîêñèí³òðèòó)
ñòðåñó çà ä³¿ ôëîêàë³íó ìîæóòü ñâ³ä÷èòè
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òàêîæ çì³íè âì³ñòó ñòàá³ëüíî¿ àêòèâíî¿
ôîðìè êèñíþ (Í

2
Î

2
) ³ ïðîäóêò³â íåôåðìåí-

òàòèâíîãî (ÄÊ ³ ÌÄÀ) òà ôåðìåíòàòèâíîãî
(LTC

4
 ³ TxB

2
) îêèñíåííÿ ë³ï³ä³â (äèâ. ðèñ.

3, 4). Ïåðîêñèä âîäíþ óòâîðþºòüñÿ â îñ-
íîâíîìó ôåðìåíòàòèâíî ³ç ñóïåðîêñèä-
àí³îíà çà ä³¿ ñóïåðîêñèääèñìóòàçè (ÑÎÄ) ³
º ìàðêåðîì íà îêèñíèé ñòðåñ, ÿêèé ðîçâè-
âàºòüñÿ çà ³øåì³¿�ðåïåðôóç³¿. Çîêðåìà, â
åêñïåðèìåíòàõ áåç ôëîêàë³íó âì³ñò Í

2
Î

2 
â

³íòàêòí³é çîí³,  çîí³ ðèçèêó òà íåêðîçó
çá³ëüøóâàâñÿ ïîð³âíÿíî ç íîðìîêñ³ºþ ó 2,4;
5,2 òà 7,2 ðàçà â³äïîâ³äíî (äèâ. ðèñ. 3,à),
âêàçóþ÷è íà çíà÷íå çðîñòàííÿ ãåíåðàö³¿
ñóïåðîêñèäó, ïðî ùî ìè çãàäóâàëè ðàí³øå.

Âîäíî÷àñ ââåäåííÿ ôëîêàë³íó äîñòîâ³ðíî
çìåíøóâàëî ïóëè ïåðîêñèäó âîäíþ â çîíàõ
ðèçèêó ³ íåêðîçó ñåðöÿ ó 2,2 òà ìàéæå â 3
ðàçè â³äïîâ³äíî. Çíèæåííÿ âì³ñòó Í

2
Î

2
 ó

ä³ëÿíêàõ ë³âîãî øëóíî÷êà ³øåì³çîâàíîãî
ñåðöÿ ñâ³ä÷èòü ïðî çìåíøåííÿ óòâîðåííÿ
â íèõ ñóïåðîêñèä-àí³îíà òà ïîòóæíó àíòè-
îêñèäàíòíó ä³þ ôëîêàë³íó, ìîæëèâî, ÷åðåç
àêòèâàö³þ Ê

ÀÒÔ
-êàíàë³â (äèâ. ðèñ. 3,à).

Ï³äòâåðäæåííÿì öüîãî ìîæå áóòè ³ ìåíøå
çðîñòàííÿ â ð³çíèõ ä³ëÿíêàõ ñåðöÿ ïîð³âíÿíî
ç ³øåì³ºþ�ðåïåðôóç³ºþ ïóë³â ÿê ÄÊ, òàê ³
ÌÄÀ ïðîäóêò³â ÏÎË (äèâ. ðèñ.  3,á,â).
Çîêðåìà, â åêñïåðèìåíòàõ áåç ôëîêàë³íó
âì³ñò ÄÊ â ³íòàêòí³é çîí³, çîí³ ðèçèêó òà

Ðèñ. 3. Çàëåæí³ñòü âì³ñòó Í
2
Î

2 
(à), ä³ºíîâèõ êîí�þãàò³â (á), ìàëîíîâîãî ä³àëüäåã³äó (â) òà ñå÷îâî¿ êèñëîòè (ã) ïðè

³øåì³¿�ðåïåðôóç³³¿ ì³îêàðäà çà óìîâ íîðìîêñ³¿ (âèõ³äíèé ð³âåíü), ó ³íòàêòí³é çîí³ (²), çîí³ ðèçèêó (²²) òà íåêðîçó
(²²²); 1 � ³øåì³ÿ�ðåïåðôóç³ÿ, 2 � ³øåì³ÿ�ðåïåðôóç³ÿ ï³ñëÿ ââåäåííÿ ôëîêàë³íó. * P<0,05 ïîð³âíÿíî ç âèõ³äíèì
ð³âíåì, ** P<0,05 ïîð³âíÿíî ç êîíòðîëåì (³øåì³ÿ�ðåïåðôóç³ÿ)
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íåêðîçó äîñòîâ³ðíî çá³ëüøóâàâñÿ ïîð³âíÿíî
ç âèõ³äíèì êîíòðîëåì (íîðìîêñ³ÿ) ó 2,1, 2,9
òà 3,8 ðàçà â³äïîâ³äíî (äèâ.  ðèñ.  3,á).
Âîäíî÷àñ àêòèâàö³ÿ öèõ êàíàë³â ïîïåðåä-
æóâàëà óòâîðåííÿ ÄÊ � çîêðåìà, â ³íòàêò-
í³é çîí³ ¿õ âì³ñò ñòàíîâèâ (6,8 ± 0,8) íã/ìã
á³ëêà, áóäó÷è òàêèì æå ÿê ³ çà íîðìîêñ³¿
(6 ,56 ±  0 ,66)  íã /ìã  á³ëêà ,  òîä³  ÿê  áåç
àêòèâàö³¿ Ê

ÀÒÔ
-êàíàë³â ôëîêàë³íîì ïóëè ÄÊ

ó ö³é çîí³  çðîñòàëè á³ëüø í³æ óäâ³÷³ .
Àíàëîã³÷í³ çì³íè â³äáóâàëèñü ³ â çîí³ ðèçèêó
òà íåêðîçó (äèâ. ðèñ. 3,á). ÄÊ óòâîðþþòüñÿ
ïðè íåôåðìåíòàòèâíîìó îêèñíåíí³ ë³ï³ä³â,
à çíèæåííÿ ¿õ âì³ñòó ñâ³ä÷èòü ïðî ïîòóæíó
àíòèîêñèäàíòíó ä³þ ôëîêàë³íó òà ³íã³áó-
âàííÿ óòâîðåííÿ ³í³ö³àòîð³â ÏÎË: .ÎÍ-
ðàäèêàëà (ïðè ïåðåòâîðåíí³ Í

2
Î

2
 â ðåàêö³ÿõ

Ôåíòîíà ³ Õàáåð�Âàéñà çà íàÿâíîñò³ çàë³çà)
òà .ÎÍ ³ .NO

2.
, ùî ìîæóòü óòâîðþâàòèñÿ

ïðè ðîçïàä³ ïåðîêñèí³òðèòó.
Ïîä³áí³ çì³íè â³äáóâàëèñü ³ ç³ âì³ñòîì

ê³íöåâîãî ïðîäóêòó ÏÎË � ÌÄÀ (äèâ. ðèñ.
3,â). Ïðè ³øåì³¿�ðåïåðôóç³¿ éîãî ïóëè â
³íòàêòí³é çîí³ òà çîí³ ðèçèêó çá³ëüøóâàëèñÿ
ïîð³âíÿíî ç íîðìîêñ³ºþ ó 4,0 òà 5,4 ðàçà
â³äïîâ³äíî, ó çîí³ íåêðîçó � ³ñòîòíî ó 27,1
ðàçà (äèâ. ðèñ. 3,â). Âîäíî÷àñ ïðè ââåäåíí³
ôëîêàë³íó òà àêòèâàö³¿ Ê

ÀÒÔ
-êàíàë³â çíà÷íî

óêîðî÷óâàëèñÿ â³ëüíîðàäèêàëüí³ ëàíöþãè
ÏÎË, ïðî ùî ñâ³ä÷èòü ïîòóæíå çìåíøåííÿ
óòâîðåííÿ ÌÄÀ â ïðîòåêòîâàíîìó ì³îêàðä³
ïîð³âíÿíî ç íåïðîòåêòîâàíèì (çà ³øåì³¿�
ðåïåðôóç³¿), à ñàìå â ³íòàêòí³é çîí³ ó 2,2
ðàçà, çîí³ ðèçèêó ìàéæå ó 3 ðàçè, à ó çîí³
íåêðîçó ó 7,3 ðàçà. Îòæå, ôëîêàë³í ìîæå
÷èíèòè íå ëèøå àíòèîêñèäàíòíó, àëå ³
àíòèðàäèêàëüíó ä³þ, óêîðî÷óþ÷è (îáðè-
âàþ÷è) ëàíöþãè ðåàêö³¿ ÏÎË.

Ôëîêàë³í ÷èíèòü âèðàæåíó àíòèîêñè-
äàíòíó ä³þ, ³íã³áóþ÷è ÏÎË çìåíøåííÿì
ïóë³â íå ëèøå Í

2
Î

2
, àëå, ³ ñóïåðîêñèä-àí³îíà

(.Î
2

-), ³íã³áóþ÷è òàê³ éîãî ãåíåðàòîðè, ÿê
êñàíòèíîêñèäàçà (ïðî ùî ñâ³ä÷èòü çíèæåí-
íÿ âì³ñòó ñå÷îâî¿ êèñëîòè; äèâ. ðèñ. 3,ã),
ë³ïîêñèãåíàçà (çíèæåííÿ âì³ñòó LTC

4
; äèâ.

ðèñ. 4,á) ³  öèêëîîêñèãåíàçà (çíèæåííÿ
âì³ñòó TxB

2
; äèâ. ðèñ. 4,â).
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Ðèñ. 4 Âïëèâ ôëîêàë³íó íà âì³ñò àðàõ³äîíîâî¿ êèñëîòè
(à), ïåïòèäîëåéêîòðèºíó C

4 
(á) òà òðîìáîêñàíó B

2
 (â)

ïðè ³øåì³¿�ðåïåðôóç³³¿ ì³îêàðäà çà óìîâ íîðìîêñ³¿
(âèõ³äíèé ð³âåíü), ó ³íòàêòí³é çîí³ (²), çîí³ ðèçèêó (²²)
òà íåêðîçó (²²²); 1 � ³øåì³ÿ�ðåïåðôóç³ÿ, 2 � ³øåì³ÿ�
ðåïåðôóç³ÿ ï³ñëÿ ââåäåííÿ ôëîêàë³íó. * P<0,05
ïîð³âíÿíî ç âèõ³äíèì ð³âíåì, ** P<0,05 ïîð³âíÿíî ç
êîíòðîëåì (³øåì³ÿ�ðåïåðôóç³ÿ)
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Êîíöåíòðàö³ÿ ñå÷îâî¿ êèñëîòè ï³ñëÿ
³øåì³¿�ðåïåðôóç³¿ ïîð³âíÿíî ç íîðìîêñ³ºþ
â ³íòàêòí³é çîí³ çá³ëüøóâàëàñÿ ó 2,1 ðàçà,
òîä³ ÿê ó çîí³ ðèçèêó òà íåêðîçó � ìàéæå ó
30 ðàç³â ,  (äèâ.  ðèñ.  3 ,ã) .  Àêòèâóâàííÿ
êàë³ºâèõ êàíàë³â ôëîêàë³íîì çíà÷íî çìåí-
øóâàëî óòâîðåííÿ ñå÷îâî¿ êèñëîòè (à, îòæå,
³ ñóïåðîêñèäó) ó çîí³ ðèçèêó òà íåêðîçó â
12,5 ðàçà. Ïðè öüîìó ¿¿ âì³ñò çàëèøàâñÿ
ïðàêòè÷íî îäíàêîâèì ó ð³çíèõ ä³ëÿíêàõ
³øåì³çîâàíîãî ñåðöÿ (äèâ. ðèñ. 3,ã), áóäó÷è
ëèøå ïðèáëèçíî óäâ³÷³ âèùèì, í³æ çà óìîâ
íîðìîêñ³¿. Ñå÷îâà êèñëîòà óòâîðþºòüñÿ â
êñàíòèíîêñèäàçí³é ðåàêö³¿, êîëè îäíî÷àñíî
ç íåþ ãåíåðóºòüñÿ ñóïåðîêñèä ³,  òàêèì
÷èíîì, âîíà º òåñòîì íà àêòèâí³ñòü öüîãî
ïðîöåñó. Â³í º äóæå âàæëèâèì ç îãëÿäó íà
òå, ùî çà ³øåì³¿�ðåïåðôóç³¿ îäíî÷àñíî
àêòèâóºòüñÿ íå ëèøå ñèíòåç ñóïåðîêñèäó,
ùî â ³äîìî äàâíî ,  àëå  ³  â ³äáó âàºòüñÿ
³íòåíñèâíèé ñèíòåç NO ³çîôåðìåíòîì iNOS
(äèâ. ðèñ. 1,à),  ùî º ïåðåäóìîâîþ äëÿ
óòâîðåííÿ ïåðîêñèí³òðèòó (NO+ .O

2
- =

ONOO-). Êîíöåíòðàö³ÿ ñå÷îâî¿ êèñëîòè ó
êðîâ³ � âàæëèâèé òåñò äëÿ âñòàíîâëåííÿ
ïîøêîäæåííÿ ðîáîòè ñåðöÿ. ßê ³ ñå÷îâèíà,
ñå÷îâà êèñëîòà â íèçüêèõ êîíöåíòðàö³ÿõ º
ïîòåíòíèì âîäîðîç÷èííèì àíòèîêñèäàíòîì
âíàñë³äîê çâ�ÿçóâàííÿ ïåðîêñèí³òðèòó ³ ÎÍ.

òà âíàñë³äîê ³íã³áóâàííÿ êñàíòèíîêñèäàçíî¿
ðåàêö³¿ çà ìåõàí³çìîì çâîðîòíîãî çâ�ÿçêó.
Ó âèñîêèõ êîíöåíòðàö³ÿõ âîíà, º òîêñè÷íîþ,
³ òîìó ¿¿ çíèæåííÿ ìîæå áóòè òåñòîì íà
íîðìàë³çàö³þ ðîáîòè ñåðöÿ â  ïðîöåñ³
ðåïåðôóç³¿ ï³ñëÿ òðèâàëî¿ ³øåì³¿, à òàêîæ
îäíèì ³ç ìåõàí³çì³â êàðä³îïðîòåêòîðíî¿ ä³¿
ôëîêàë³íó.

Çà ³øåì³¿�ðåïåðôóç³¿ â ì³îêàðä³ çíà÷íî
ï³äâèùóºòüñÿ âì³ñò LTC

4
, à ñàìå â ³íòàêòí³é

çîí³, çîí³ ðèçèêó òà íåêðîçó â³í çá³ëü-
øóºòüñÿ ó 31,4; 59,1 òà 84,4 ðàçà â³äïîâ³äíî
(äèâ. ðèñ. 4,á). Àíàëîã³÷íî çá³ëüøóºòüñÿ ³
âì³ñò TxB

2
 � ó 35,3 òà 65,8 ðàçà â ³íòàêòí³é

çîí³ òà çîí³ ðèçèêó, òà ìàéæå íà äâà ïîðÿäêè
ó çîí³ íåêðîçó (äèâ. ðèñ. 4,â). Ïåðåä³øå-
ì³÷íå àêòèâóâàííÿ Ê

ÀÒÔ
-êàíàë³â ôëîêàë³íîì

çíà÷íî çìåíøóâàëî óòâîðåííÿ ÿê LTC
4,
 òàê

³ TxB
2
. Çîêðåìà, âì³ñò LTC

4
 ó 3,4; 2,9 òà

3,8 ðàçà â ³íòàêòí³é çîí³, çîí³ ðèçèêó òà
íåêðîçó â³äïîâ³äíî (â³ä 0,43 ïìîëü/ìã á³ëêà
± 0,11 ïìîëü/ìã á³ëêà çà íîðìîêñ³¿ äî 4,0 ±
0,6; 8,7 ± 1,3 òà 9,5 ïìîëü/ìã á³ëêà ± 1,7
ïìîëü/ìã á³ëêà), à âì³ñò TxB

2
 ìàéæå ó 3

ðàçè áóâ ìåíøèì â³ä êîíòðîëüíîãî (ï³ñëÿ
³øåì³¿�ðåïåðôóç³¿ áåç ôëîêàë³íó) ëèøå â
³íòàêòí³é çîí³ (4,3 ïìîëü/ìã á³ëêà ± 0,6
ïìîëü/ìã á³ëêà çà êàðä³îïðîòåêö³¿ ùîäî 12,7
ïìîëü/ìã á³ëêà ± 1,4 ïìîëü/ìã á³ëêà áåç íå¿).

Çìåíøåííÿ óòâîðåííÿ îêèñíåíèõ ìåòà-
áîë³ò³â àðàõ³äîíîâî¿ êèñëîòè çà ä³¿ ôëîêà-
ë³íó, ìîæëèâî, â³äáóâàºòüñÿ íå ò³ëüêè ÷åðåç
ïðèãí³÷åííÿ ë³ïîêñè- òà öèêëîîêñèãåíàçíîãî
øëÿõ³â ¿¿ ìåòàáîë³çìó, à ³ âíàñë³äîê çìåí-
øåííÿ ïóë³â ñàìî¿ êèñëîòè, ÿê³ çà äîïîìî-
ãîþ àêòèâàö³¿ Ê

ÀÒÔ
-êàíàë³â ôëîêàë³íîì çà

³øåì³¿�ðåïåðôóç³¿ ì³îêàðäà ìàþòü òåíäåí-
ö³þ äî çíèæåííÿ ó çîíàõ ðèçèêó òà íåêðîçó
³øåì³çîâàíîãî ñåðöÿ ó1,6 òà 1,9 ðàçà â³ä-
ïîâ³äíî (äèâ. ðèñ. 4,à). Çìåíøåííÿ âì³ñòó
â³ëüíî¿ àðàõ³äîíîâî¿ êèñëîòè ïðè àêòèâàö³¿
Ê

ÀÒÔ
-êàíàë³â, ìîæëèâî, â³äáóâàºòüñÿ çàâäÿ-

êè ³íã³áóâàííþ L-òèïó êàëüö³ºâèõ êàíàë³â
öèòîïëàçìàòè÷íî¿ ìåìáðàíè, ùî ñóïðîâîä-
æóºòüñÿ çíèæåííÿì êîíöåíòðàö³¿ â³ëüíîãî
êàëüö³þ ó öèòîïëàçì³ òà ïðèãí³÷åííÿì
àêòèâíîñò³ êàëüö³éçàëåæíèõ ôåðìåíò³â,
çîêðåìà ôîñôîë³ïàçè À

2
. Âëàñòèâ³ñòü ³íã³-

áóâàòè âèñîêîïîðîãîâ³ êàëüö³ºâ³ êàíàëè áóëà
îïèñàíà ³ äëÿ ôëîêàë³íó [2].

Ïðè ³øåì³¿�ðåïåðôóç³¿ ì³îêàðäà â çîí³
ðèçèêó òà îñîáëèâî íåêðîçó çíà÷íî çá³ëü-
øóºòüñÿ âì³ñò ïóë³â ñå÷îâèíè (ðèñ. 5,à). Ó
íèçüêèõ êîíöåíòðàö³ÿõ âîíà º õåëàòîðîì
â³ëüíîãî çàë³çà, òèì ñàìèì ïðîÿâëÿþ÷è
àíòèîêñèäàíòí³  âëàñòèâîñò³  âíàñë³äîê
³íã³áóâàííÿ ãåíåðàö³¿ .ÎÍ, òà ³íã³á³òîðîì
ðåñèíòåçó àðã³í³íó â öèòðóë³íîâîìó öèêë³.
Ïðÿìå ¿¿ âêëþ÷åííÿ â öèêë çàì³ñòü àñïàð-
òàòó ïðèçâîäèòü äî óòâîðåííÿ òîêñè÷íîãî
óðå¿äîñóêöèíàòó, ÿêèé áëîêóº öèêë. Ïðè
³øåì³¿�ðåïåðôóç³¿ àêòèâí³ñòü àðã³íàçè (äèâ.
ðèñ. 1,â) ³ ïóëè ñå÷îâèíè çíà÷íî çðîñòàþòü,

Çì³íè ìåòàáîë³çìó â ì³îêàðä³
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ïåðåäáà÷àþ÷è ìîæëèâ³ñòü ³íòåíñèâíîãî
óòâîðåííÿ óðå¿äîñóêöèíàòó. Â òàêèõ âèñî-
êèõ êîíöåíòðàö³ÿõ ñå÷îâèíà ìîæå ÷èíèòè
êàðä³îòîêñè÷íó ä³þ. Ïðè ôàðìàêîëîã³÷íîìó
ïðåêîíäèö³þâàíí³ ì³îêàðäà ôëîêàë³íîì
(àêòèâóâàíí³ Ê

ÀÒÔ
-êàíàë³â) âì³ñò ñå÷îâèíè

â ð³çíèõ çîíàõ ñåðöÿ ï³ñëÿ ³øåì³¿�ðåïåðôóç³¿
ñòàòèñòè÷íî íå â³äð³çíÿºòüñÿ â³ä òàêîãî â
óìîâàõ íîðìîêñ³¿. Òàêèì ÷èíîì, êàðä³î-
ïðîòåêòîðíà ä³ÿ àêòèâàö³¿  Ê

ÀÒÔ
-êàíàë³â

ôëîêàë³íîì ìîæå òàêîæ ïîëÿãàòè ó ³íã³áó-
âàíí³ óòâîðåííÿ âèñîêîãî âì³ñòó ñå÷îâèíè
âíàñë³äîê çíèæåííÿ àêòèâíîñò³ àðã³íàçè.

Â³äîìî,  ùî çà  ³øåì³¿�ðåïåðôóç³ ¿  â
êàðä³îì³îöèòàõ òà ì³òîõîíäð³ÿõ ïîñè-
ëþºòüñÿ äåãðàäàö³ÿ ãåìó, ÿêà çä³éñíþºòüñÿ
çàõèñíèì ñòðåñ-ôåðìåíòîì ãåìîêñèãå-
íàçîþ (ãåì = á³ë³ðóá³í + ÑÎ + Fe). Â íàøèõ
äîñë³äàõ ïðî öå ñâ³ä÷èòü çíà÷íå çá³ëüøåííÿ
ÿê âì³ñòó á³ë³ðóá³íó (â ³íòàêòí³é çîí³, çîí³
ðèçèêó òà íåêðîçó ó 7,1, 8,3 òà 9 ðàç³â
â³äïîâ³äíî), òàê ³ çàë³çà (ó 4,6 ³ 6,3 ðàçà ó
çîí³ ðèçèêó òà íåêðîçó). Ôëîêàë³í íå ò³ëüêè
íå ³íã³áóâàâ öåé ïðîöåñ, àëå íàâ³òü éîãî
ïîñèëþâàâ (âì³ñò á³ë³ðóá³íó â ³íòàêòí³é
çîí³, çîí³ ðèçèêó òà íåêðîçó ïîð³âíÿíî ç
íîðìîêñ³ºþ çá³ëüøóâàâñÿ ó 8,9; 11,3 ³ 17,8
ðàçà â³äïîâ³äíî, à çàë³çà ó çîí³ ðèçèêó òà
íåêðîçó ó 9,5 ³ 20,1 ðàçà â³äïîâ³äíî), ùî
òàêîæ ìîæå áóòè îäíèì ³ç ìåõàí³çì³â éîãî
êàðä³îïðîòåêòîðíîãî âïëèâó,  îñê³ëüêè
â³äîìî ïðî çíà÷íó íåéðî- ³ êàðä³îïðîòåê-
òîðíó ä³þ äâîõ ïðîäóêò³â ãåìîêñèãåíàçíî¿
ðåàêö³¿ � á³ë³ðóá³íó ³ ÑÎ (îêñèäó âóãëåöþ).
Çîêðåìà, îñòàíí³é, ùî ìîæå ãåíåðóâàòèñü,
ÿê ïîêàçóþòü ðåçóëüòàòè éîãî êîïðîäóêò³â,
ó âåëèêèõ ê³ëüêîñòÿõ ïðè äåãðàäàö³¿ ãåìó
ïðè ôàðìàêîëîã³÷íîìó ïðåêîíäèö³þâàíí³ òà
çà äîïîìîãîþ ôëîêàë³íó, ìîæå ÷èíèòè
ïðîòåêòîðíó ä³þ ïðè ³øåì³¿�ðåïåðôóç³¿
ïîä³áíî äî îêñèäó àçîòó [6, 12].

Ïðè ³øåì³¿�ðåïåðôóç³¿ ì³îêàðäà òàêîæ
çíà÷íî ï ³äâèùóºòüñÿ  âì³ñò  ïðîäóêò³â
äåãðàäàö³¿ ïóðèíîâèõ íóêëåîòèä³â: ÀÒÔ ³
ÃÒÔ � êñàíòèíó, ã³ïîêñàíòèíó òà ³íîçèíó
(ðå÷îâèí, ùî ìàþòü îïòè÷íó ãóñòèíó ïðè

Ð.Á. Ñòðóòèíñüêèé, À.Â. Êîöþðóáà, Î.Ï. Íåùåðåò, Ð.À. Ðîâåíåöü, Î.Î. Ìîéáåíêî

Ðèñ. 5. Ä³ÿ ôëîêàë³íó íà âì³ñò ñå÷îâèíè (à), ïðîäóêò³â
äåãðàäàö³¿ ïóðèíîâèõ íóêëåîòèä³â (á) òà íåîðãàí³÷íîãî
ôîñôàòó (â) ïðè ³øåì³¿�ðåïåðôóç³³¿ ì³îêàðäà çà óìîâ
íîðìîêñ³¿ (âèõ³äíèé ð³âåíü), ó ³íòàêòí³é çîí³ (²), çîí³
ðèçèêó (²²) òà íåêðîçó (²²²); 1 � ³øåì³ÿ�ðåïåðôóç³ÿ, 2 �
³øåì³ÿ�ðåïåðôóç³ÿ ï³ñëÿ ââåäåííÿ ôëîêàë³íó. * P<0,05
ïîð³âíÿíî ç âèõ³äíèì ð³âíåì, ** P<0,05 ïîð³âíÿíî ç
êîíòðîëåì (³øåì³ÿ�ðåïåðôóç³ÿ)
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λ = 254 íì), à ñàìå ó 7,4, 17,0 òà 32,4 ðàçà,
òà íåîðãàí³÷íîãî ôîñôàòó � ó 4,5, 9,2 òà 15,7
ðàçà â ³íòàêòí³é çîí³, çîí³ ðèçèêó òà íåêðîçó
â³äïîâ³äíî (äèâ. ðèñ. 5,á,â). Çìåíøåííÿ
âì³ñòó ÀÒÔ, ç îäíîãî áîêó, ïîã³ðøóº ðîáîòó
ñåðöÿ, ç ³íøîãî, ñïðè÷èíÿº, çàëåæíî â³ä
ñòóïåíÿ çíèæåííÿ éîãî âì³ñòó ³ ÃÒÔ ó
ì³òîõîíäð³ÿõ àïîïòîç ÷è íåêðîç êàðä³î-
ì³îöèò³â òà óøêîäæåííÿ ì³îêàðäà. Â³äîìî,
ùî àêòèâàö³ÿ Ê

ÀÒÔ
-êàíàë³â ïðèçâîäèòü äî

çìåíøåííÿ âèêîðèñòàííÿ åíåðãîðåñóðñ³â
êë³òèíè òà äî çáåðåæåííÿ çàïàñ³â ÀÒÔ, ùî
º îñîáëèâî âàæëèâî ïåðåä ³øåì³ºþ. Ââå-
äåííÿ ôëîêàë³íó çíà÷íî çíèæóâàëî âì³ñò
ïðîäóêò³â äåãðàäàö³¿ ïóðèíîâèõ íóêëåîòèä³â
(D

254
)  â  ì³îêàðä³ ,  à  ñàìå  ó  3 ,2  ðàçà  â

³íòàêòí³é çîí³ òà çîí³ íåêðîçó òà ó 2,7 ðàçà
â çîí³ ðèçèêó ïîð³âíÿíî ç íåïðîòåêòîâàíèì
êîíòðîëåì (³øåì³ÿ�ðåïåðôóç³ÿ), ïðè öüîìó
âì³ñò íåîðãàí³÷íîãî ôîñôàòó çíèæóâàâñÿ â
öèõ çîíàõ ó 3,6, 2,6 òà 3,1 ðàçà (â ³íòàêòí³é
çîí³, çîí³ ðèçèêó òà íåêðîçó â³äïîâ³äíî)
ïîð³âíÿíî ç ³øåì³ºþ�ðåïåðôóç³ºþ áåç éîãî
ââåäåííÿ (äèâ. ðèñ. 5,â). Îòæå, çà ôàðìàêî-
ëîã³÷íîãî ïðåêîíäèö³þâàííÿ ôëîêàë³íîì
çíèæóâàëàñÿ äåãðàäàö³ÿ  ìîëåêóë ÀÒÔ
(øëÿõ äî àïîïòîçó) ³ ÃÒÔ (øëÿõ äî íåêðîçó)
â êàðä³îì³îöèòàõ, ùî ìîæå áóòè ùå îäíèì
âàæëèâèì ìåõàí³çìîì êàðä³îïðîòåêòîðíî¿
ä³¿ ôëîêàë³íó.

Òàêèì ÷èíîì, äîñë³äæåííÿ çì³í á³îõ³-
ì³÷íèõ ïîêàçíèê³â ó ð³çíèõ çîíàõ ñåðöÿ çà
³øåì³¿�ðåïåðôóç³¿ òà ä³¿ ôëîêàë³íó äàëî
çìîãó ³äåíòèô³êóâàòè äåê³ëüêà ìîæëèâèõ
êàðä³îïðîòåêòîðíèõ ìåõàí³çì³â, ùî ðîçâè-
âàþòüñÿ ïðè â³äêðèâàíí³ Ê

ÀÒÔ
-êàíàë³â ñàð-

êîëåìàëüíî¿ òà ì³òîõîíäð³àëüíî¿ ìåìáðàí.
Âîíè ïîëÿãàþòü â ³íã³áóâàíí³ îêèñíîãî
ìåòàáîë³çìó âíàñë³äîê îáìåæåííÿ ãåíåðà-
ö³¿ ÀÔÊ � ñóïåðîêñèä-àí³îíà, ïåðîêñèäó
âîäíþ òà ã³äðîêñèë-ðàäèêàëà (îêñèäàòèâ-
íîãî ñòðåñó, â ò.÷. ÏÎË); ³íã³áóâàíí³ íàä-
ëèøêîâîãî ³íäóöèáåëüíîãî ³ ðåóòèë³çà-
ö³éíîãî ñèíòåçó îêñèäó àçîòó é óòâîðåííÿ
ïåðîêñèí³òðèòó (í³òðîçàòèâíîãî ñòðåñó, ùî
òàêîæ ïðèçâîäèòü äî àêòèâàö³¿ ÏÎË ÷åðåç
â³ëüíîðàäèêàëüíèé ðîçïàä ïåðîêñèí³òðèòó);

³íã³áóâàíí³ óòâîðåííÿ â³ëüíî¿ àðàõ³äîíîâî¿
êèñëîòè òà åéêîçàíî¿ä³â; ³íã³áóâàíí³ äåãðà-
äàö³¿ ÀÒÔ ³ ÃÒÔ; òà, íàâïàêè, â ñòèìóëÿö³¿
ãåìîêñèãåíàçíî¿ ðåàêö³¿. Îäíèì ³ç êàðä³î-
ïðîòåêòîðíèõ ìåõàí³çì³â ìîæíà ââàæàòè
òàêîæ ïðèãí³÷åííÿ äåãðàäàö³¿ L-àðã³í³íó
àðã³íàçîþ é óòâîðåííÿ ñå÷îâèíè. Äóæå
âàæëèâèì, ìîæëèâî, îäíèì ³ç ãîëîâíèõ
ìåõàí³çì³â êàðä³îïðîòåêòîðíî¿ ä³¿ ôëîêàë³íó
º ñòàá³ë³çàö³ÿ êîíñòèòóòèâíîãî de novo
ñèíòåçó îêñèäó àçîòó, ùî ðàçîì ç³ çìåí-
øåííÿì íàâàíòàæåííÿ ì³òîõîíäð³¿ êàëüö³ºì
ïîïåðåäæóº â³äêðèâàííÿ ì³òîõîíäð³àëüíî¿
òðàíñïîðòíî¿ ïîðè òà ³íäóêîâàíîãî íåþ
íåêðîçó òà àïîïòîçó êàðä³îì³îöèò³â.

Ð.Á. Ñòðóòèíñêèé, À.Â. Êîöþðóáà,
À.Ï. Íåùåðåò, Ð.À. Ðîâåíåö, À.À. Ìîéáåíêî

ÈÇÌÅÍÅÍÈß ÌÅÒÀÁÎËÈÇÌÀ Â ÌÈÎÊÀÐÄÅ
ÏÐÈ ÈØÅÌÈÈ�ÐÅÏÅÐÔÓÇÈÈ
È ÀÊÒÈÂÀÖÈÈ ÀÒÔ-×ÓÂÑÒÂÈÒÅËÜÍÛÕ
ÊÀËÈÅÂÛÕ ÊÀÍÀËÎÂ

Â îïûòàõ íà àíåñòåçèðîâàííûõ ñîáàêàõ ñ âîñïðîèçâåäåíèåì
ýêñïåðèìåíòàëüíîé èøåìèè (90 ìèí) è ðåïåðôóçèè (180
ìèí) èññëåäîâàíî èçìåíåíèÿ áèîõèìè÷åñêèõ ïîêàçàòåëåé â
ðàçíûõ çîíàõ ñåðäöà: èíòàêòíîé, ðèñêà è íåêðîçà, ïðè
âíóòðèæåëóäî÷íîì ââåäåíèè ëåêàðñòâåííîé ôîðìû
(òàáëåòêè) ôòîðñîäåðæàùåãî àêòèâàòîðà ÀÒÔ-÷óâñò-
âèòåëüíûõ êàëèåâûõ êàíàëîâ ôëîêàëèíà â äîçå 2,2 ìã/êã.
Èññëåäîâàëè áèîõèìè÷åñêèå ïîêàçàòåëè, êîòîðûå õàðàêòå-
ðèçóþò âîçìîæíûå ìåõàíèçìû äåéñòâèÿ ôëîêàëèíà �
îêèñëèòåëüíûé ìåòàáîëèçì (ïóëû Í

2
Î

2
, ìî÷åâîé êèñëîòû,

äèåíîâûõ êîíúþãàòîâ, ìàëîíîâîãî äèàëüäåãèäà, ýéêîçà-
íîèäîâ LTC

4
 è TxB

2
), áèîñèíòåç NO ðàçëè÷íûìè ïóòÿìè �

îêèñëèòåëüíûì de novo (àêòèâíîñòü èíäóöèáåëüíîé,
êîíñòèòóòèâíîé NO-ñèíòàç è ïóëû öèòðóëèíà) è íåîêèñ-
ëèòåëüíûì ðåóòèëèçàòèâíûì (àêòèâíîñòü íèòðàò-
ðåäóêòàçû), ïóëû ñòàáèëüíûõ ìåòàáîëèòîâ NO (íèòðèò- è
íèòðàò-àíèîíîâ, íèçêî- è âûñîêî-ìîëåêóëÿðíûõ íèò-
ðîçîòèîëîâ), íåîðãàíè÷åñêèé ôîñôàò è äðóãèå ïðîäóêòû
äåãðàäàöèè ÀÒÔ è ÃÒÔ, èçìåíåíèÿ â ãåìîêñèãåíàçíîé
ðåàêöèè (ïóëû áèëèðóáèíà è æåëåçà), íåîêèñëèòåëüíûé
ìåòàáîëèçì L-àðãèíèíà (àêòèâíîñòü àðãèíàçû è ïóëû
ìî÷åâèíû) è ñîäåðæàíèå ñâîáîäíîé àðàõèäîíîâîé êèñëîòû.
Àíàëèç ïîëó÷åííûõ äàííûõ ïîçâîëèë î÷åðòèòü íåñêîëüêî
âîçìîæíûõ êàðäèîïðîòåêòîðíèõ ìåõàíèçìîâ ôëîêàëèíà.
Îíè çàêëþ÷àþòñÿ â èíãèáèðîâàíèè îêèñëèòåëüíîãî
ìåòàáîëèçìà çà ñ÷åò îãðàíè÷åíèÿ ãåíåðàöèè ñâîáîäíûõ
ðàäèêàëîâ êèñëîðîäà è àçîòà, èíãèáèðîâàíèè ãèäðîëèçà
ôîñôîëèïèäîâ è, òåì ñàìûì, îáðàçîâàíèÿ ñâîáîäíîé
àðàõèäîíîâîé êèñëîòû è ïàòîãåííûõ â óñëîâèÿõ èøåìèè

Çì³íè ìåòàáîë³çìó â ì³îêàðä³
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ìèîêàðäà ýéêîçàíîèäîâ, èíãèáèðîâàíèè äåãðàäàöèè ÀÒÔ
è ÃÒÔ è, âîçìîæíî, â ñòèìóëÿöèè çàùèòíîé ãåìîê-
ñèãåíàçíîé ðåàêöèè. Îäíèì èç âàæíûõ êàðäèîïðîòåêòîðíûõ
ìåõàíèçìîâ ìîæíî ñ÷èòàòü óãíåòåíèå èíäóöèáåëüíîãî de
novo è ðåóòèëèçàòèâíîãî ñèíòåçà îêñèäà àçîòà è äåãðàäàöèè
àðãèíèíà àðãèíàçîé è, íàïðîòèâ, â ñîõðàíåíèè êîíñòè-
òóòèâíîãî de novo ñèíòåçà îêñèäà àçîòà. Ñîõðàíåíèå
ïîñëåäíåãî íà âûñîêîì óðîâíå è âûøåóïîìÿíóòûå
èçìåíåíèÿ â îêèñëèòåëüíîì ìåòàáîëèçìå, ïðåäîò-
âðàùàþùèå îáðàçîâàíèå òîêñè÷åñêîãî ïåðîêñèíèòðèòà,
óêàçûâàþò íà âîçìîæíîñòü ó÷àñòèÿ â êàðäèîïðîòåêòîðíîì
ýôôåêòå ôëîêàëèíà ìèòîõîíäðèàëüíîé òðàíñïîðòíîé ïîðû
çà ñ÷åò ïðåäóïðåæäåíèÿ åå îòêðûòèÿ è, êàê ñëåäñòâèå,
èíãèáèðîâàíèå èíäóöèðóåìîãî åþ àïîïòîçà è/èëè íåêðîçà
êàðäèîìèîöèòîâ.
Êëþ÷åâûå ñëîâà: àäåíîçèíòðèôîñôàò÷óâñòâèòåëüíûå
êàëèåâûå êàíàëû, ôëîêàëèí, èøåìèÿ�ðåïåðôóçèÿ,
îêñèäàòèâíûé ñòðåññ, íèòðîçàòèâíûé ñòðåññ, ïåðåêèñíîå
îêèñëåíèå ëèïèäîâ, de novo ñèíòåç NO, ðåóòèëèçàöèîííûé
ñèíòåç NO.

R.B. Strutynskyi, A.V. Kotsuruba,
À.P. Neshcheret, R.A. Rovenets, A.A.Moibenko

THE CHANGES OF METABOLISM
IN MYOCARDIUM AT ISCHEMIA-
REPERFUSION AND ACTIVATING OF THE
ATP-SENSITIVE POTASSIUM CHANNELS

In experiments on the anaesthetized dogs with modeling of
experimental ischemia (90 min) and reperfusion (180 min) it
was investigated the changes of biochemical processes in the
different areas of heart ( intact, risk and necrotic zone) during
intragastric introduction of medicinal form (tablets) of flocalin
( the fluorine-containing opener of ATP-sensitive potassium
channels) in a dose 2,2 mg/kg. The data analysis allowed to
define a few possible cardioprotective mechanisms of flocalin
action at ischemia-reperfusion conditions: the preservation of
sufficient levels of de novo (by cNOS) NO synthesis, an inhi-
bition of de novo (by iNOS) and salvage (by NADH-depen-
dent nitratreductase) NO synthesis, an inhibition of L-arginine
degradation by arginase, an inhibition of oxidizing metabolism
due to limitation of ROS and RNS generation, inhibition of
free arachidonic acid and eicosanoids synthesis, inhibition of
ATP and GTP degradations and, possibly, stimulation of pro-
tective haem degradation. These changes may prevent forma-
tion of toxic peroxynitrite and suggest the possibility of par-
ticipating in flocalin�mediated cardioprotective effects of warn-
ing a mitochondrial permeability transition pore (MPTP) open-
ing and inhibition of apoptosis and/or necrosis of cardiomyo-
cytes induced by it.
Key words: K

ATP
 channels, flocalin, ischemia-reperfusion, oxi-

dative stress, nitrozative stress, lipid peroxidation , de novo
synthesis of NO, salvage synthesis of NO

O.O.Bogomoletz Institute of Physiology National Academy of
Science of Ukraine, Kyiv.
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Â³êîâ³ îñîáëèâîñò³ çì³í àðã³íàçî-NO-ñèíòàçíî¿
ñèñòåìè â ñåðö³ ùóð³â â óìîâàõ àäàïòàö³¿
äî òðèâàëèõ ô³çè÷íèõ íàâàíòàæåíü ïëàâàííÿì

Âèâ÷àëè ñêîðîòëèâó àêòèâí³ñòü ³çîëüîâàíîãî ñåðöÿ äîðîñëèõ ùóð³â â óìîâàõ àäàïòàö³¿ äî
òðèâàëèõ ô³çè÷íèõ íàâàíòàæåíü ïëàâàííÿì. Ïîêàçàíî, ùî çàâäÿêè ñòèìóëÿö³¿ ïðîäóêö³¿ NO ó
ì³òîõîíäð³àëüíîìó êîìïàðòìåíò³ ñåðöÿ òðåíîâàíèõ äîðîñëèõ ùóð³â çá³ëüøóºòüñÿ ñèëà
ñêîðî÷åíü ë³âîãî øëóíî÷êà, çìåíøóºòüñÿ æîðñòê³ñòü ì³îêàðäà, ïîë³ïøóºòüñÿ ÿê ñèñòîë³÷íà,
òàê ³ ä³àñòîë³÷íà ôóíêö³ÿ ñåðöÿ. Ó ì³òîõîíäð³ÿõ ñåðöÿ òðåíîâàíèõ ïëàâàííÿì äîðîñëèõ ùóð³â
âñòàíîâëåíà ñòèìóëÿö³ÿ àêòèâíîñò³ óñ³õ äîñë³äæóâàíèõ ôåðìåíò³â ñèíòåçó îêñèäó àçîòó �
iíäóöèáåëüíî¿, êîíñòèòóòèâíî¿ NO-ñèíòàçè (de novo ñèíòåç) ³ í³òðàòðåäóêòàçè (íåîêèñíèé
ðåóòèë³çàö³éíèé ñèíòåç), à ó ñòàðèõ � ëèøå ôåðìåíò³â îêèñíîãî øëÿõó de novo. Òðåíóâàííÿ
äîñòîâ³ðíî çíèæóâàëî ì³òîõîíäð³àëüí³ ïóëè í³òðàò-àí³îíà ó äîðîñëèõ ùóð³â, à ó ñòàðèõ �
âì³ñò ñå÷îâèíè; ïóëè í³òðèò-àí³îíà ïðè öüîìó íå çì³íþâàëèñÿ. Ì³òîõîíäð³àëüí³ ïóëè Í

2
Î

2

ï³ñëÿ òðåíóâàííÿ ó äîðîñëèõ ùóð³â ï³äâèùóâàëèñÿ, òîä³ ÿê ó ñòàðèõ, íàâïàêè, çíèæóâàëèñÿ,
âì³ñò ñå÷îâî¿ êèñëîòè (ìàðêåðà àêòèâíîñò³ êñàíòèíîêñèäàçè) ó ùóð³â îáîõ â³êîâèõ ãðóï ï³ñëÿ
êóðñó òðåíóâàíü çìåíøóâàâñÿ. Ô³çè÷íå íàâàíòàæåííÿ ïðèçâîäèëî äî çíà÷íîãî çá³ëüøåííÿ
³íäåêñó îêñèãåíàö³¿ â ì³òîõîíäð³ÿõ äîðîñëèõ ùóð³â ³ äî çíèæåííÿ àêòèâíîñò³ ì³òîõîíäð³àëüíî¿
àðã³íàçè ²². Îòðèìàí³ ðåçóëüòàòè äàþòü ï³äñòàâó ââàæàòè, ùî ïëàâàííÿ ÿê îäèí ³ç âèä³â
ô³çè÷íèõ íàâàíòàæåíü ñòèìóëþº ïðîäóêö³þ NO â ì³òîõîíäð³ÿõ äîðîñëèõ ³ ñòàðèõ ùóð³â, à
â³äòàê ìîæå ðîçãëÿäàòèñÿ åôåêòèâíèì çàñîáîì íåìåäèêàìåíòîçíî¿ êîðåêö³¿ â³êîâî¿ äèñôóíêö³¿
ñåðöÿ.
Êëþ÷îâ³ ñëîâà: òðåíóâàííÿ, ñòàð³ííÿ, ñåðöå, ì³òîõîíäð³¿, îêñèä àçîòó, îêèñíèé ìåòàáîë³çì.

ÂÑÒÓÏ

Â³äîìî,  ùî ðåãóëÿðí³  ïîì³ðí³  ô³çè÷í³
íàâàíòàæåííÿ, ÿê ³ õðîí³÷íà ÷è ïåð³îäè÷íà
ïîì³ðíà ã³ïîêñ³ÿ òà ôàðìàêîëîã³÷íå ïðåêîí-
äèö³þâàííÿ, ñïðèÿþòü ïîêðàùåííþ ôóíê-
ö³îíàëüíîãî ñòàíó ñåðöåâî-ñóäèííî¿ ñèñòå-
ìè, îñîáëèâî ó ëþäåé ïîõèëîãî â³êó, çàâäÿêè
ñòèìóëÿö³¿ âíóòð³øíüîì³òîõîíäð³àëüíèõ
ôàêòîð³â, ùî ðåãóëþþòü ì³òîõîíäð³àëüíó
ïîðó (ÌÏ). Åíäîãåííà ïðîòåêòèâíà ä³ÿ íà
ì³òîõîíäð³¿ ìàº ñâî¿ â³êîâ³ îñîáëèâîñò³,
âèÿâëåííÿ ÿêèõ º àêòóàëüíîþ ïðîáëåìîþ.
Ïðîòÿãoì òðèâàëîãî ÷àñó ïðîâîäèâñÿ ïî-
øóê ïðè÷èí ïîçèòèâíèõ åôåêò³â ³øåì³÷íîãî
[9], ôàðìàêîëîã³÷íîãî ïðåêîíäèö³þâàííÿ
[11, 13, 14], òðèâàëèõ òðåíóâàíü [4, 15],

³íòåðâàëüíî¿ òà õðîí³÷íî¿ ïîì³ðíî¿ ã³ïîêñ³¿
[5, 8] ñåðåä ïîêàçíèê³â, ùî õàðàêòåðèçóþòü
ñèñòåìó ñèíòåçó îêñèäó àçîòó � îäíîãî ³ç
êëþ÷îâèõ ðåãóëÿòîð³â  öüîãî  ïðîöå ñó,
îñîáëèâî òðàíñïîðòó êàëüö³þ òà â³äêðè-
âàííÿ ÌÏ [2, 3]. Ìè íàâ÷èëèñÿ òåñòóâàòè
³íòåíñèâí³ñü äâîõ øëÿõ³â då novo ñèíòåçó
NO � êîíñòèòóòèâíîãî òà ³íäóöèáåëüíîãî,
ùî ïîòðåáóþòü êèñíþ, òà áåçêèñíåâîãî
ðåóòèë³çàö³éíîãî éîãî ñèíòåçó. Ìè âèâ÷àëè
íå ëèøå NO-ñèíòàçíó ñèñòåìó (NOS), à
ðîçïî÷àëè êîìïëåêñíî äîñë³äæóâàòè àðã³íà-
çî-NO-ñèíòàçíó ñèñòåìó ÿê íåðîçðèâíå ö³-
ëå [1, 6, 10, 12]. Ïðè÷èíè öüîãî áóëè âàãîì³,
îñê³ëüêè ä³ÿ ôàðìàêîëîã³÷íèõ ³ ô³ç³îëîã³÷íèõ
ðåãóëÿòîð³â ïðîöåñó ïðåêîíäèö³þâàííÿ/
ñèãíàëþâàííÿ ì³òîõîíäð³é ³ çàãàëîì âàçî-
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³  êàðä³îïðîòåêòóâàííÿ íå îáìåæóºòüñÿ
îêèñíèì (ñèíòåç îêñèäó àçîòó), àëå ïîøè-
ðþºòüñÿ ³ íà íåîêèñíèé (ñèíòåç ñå÷îâèíè)
ìåòàáîë³çì L-àðã³í³íó. Îñòàíí³é ó ñâîþ
÷åðãó êîíêóðóº ç îêèñíèì éîãî ìåòàáî-
ë³çìîì, îñîáëèâî ó ì³òîõîíäð³àëüíîìó
êîìïàðòìåíò³, äå ëîêàë³çîâàíà âèñîêîàê-
òèâíà ³íäóöèáåëüíà ³çîôîðìà àðã³íàçè �
àðã³íàçà ²². Öÿ ³çîôîðìà ìîæå çàáåçïå-
÷óâàòè ñèíòåç ãëóòàìàòó â ì³òîõîíäð³ÿõ [7],
ÿêèé ïðè äåêàðáîêñèëþâàíí³ óòâîðþº γ-
àì³íîìàñëÿíó êèñëîòó (ÃÀÌÊ). Âîíà ìîæå
áóòè ³íã³á³òîðîì â³äêðèâàííÿ ÌÏ çàâäÿêè
âçàºìîä³ ¿  ç  ïåðèôåðè÷íèì (ì³òîõîíä-
ð³àëüíèì) áåíçä³àçåï³íîâèì ðåöåïòîðîì, ùî
º ñòðóêòóðíèì êîìïîíåíòîì ö³º¿ ïîðè à,
îòæå, ñïðèÿòè åôåêòèâíîñò³ àäàïòàö³¿ ³
ïðåêîíäèö³þâàííþ êàðä³îì³îöèò³â, ó ò.÷. ³
äî òðèâàëèõ ô³çè÷íèõ íàâàíòàæåíü.

Íåùîäàâíî ìè ïîêàçàëè, ùî â óìîâàõ
àäàïòàö³¿ äî ïëàâàííÿ â àîðò³ ùóð³â ð³çíîãî
â³êó ï³äâèùóºòüñÿ ñèíòåç NO ³, íàâïàêè,
³íã³áóºòüñÿ ñèíòåç ñå÷îâèíè, âíàñë³äîê ÷îãî
ñóòòºâî ïîë³ïøóþòüñÿ ¿¿ ñêîðî÷óâàëüí³
âëàñòèâîñò³ [21]. Ïðè öüîìó íàáóõàííÿ
ì³òîõîíäð³é ñåðöÿ äîðîñëèõ ùóð³â ï³ñëÿ
òðèâàëèõ ô³çè÷íèõ íàâàíòàæåíü áóëî ìåíøèì
ó 1,4 ðàçà, à ó ñòàðèõ òâàðèí àæ óäâ³÷³
ïîð³âíÿíî ç êîíòðîëüíèìè íåòðåíîâàíèìè
ùóðàìè [14].

Ìåòîþ ö³º¿ ðîáîòè áóëî äîñë³äèòè ä³þ
òðèâàëèõ ïîì³ðíèõ ô³çè÷íèõ íàâàíòàæåíü
ïëàâàííÿì íà ôóíêö³þ ñåðöÿ, îêèñíèé ìå-
òàáîë³çì ³ àðã³íàçî-NO-ñèíòàçíó ñèñòåìó
ó ì³òîõîíäð³ÿõ ñåðöÿ ùóð³â ð³çíîãî â³êó.

ÌÅÒÎÄÈÊÀ

Äîñë³äè ïðîâåäåíî íà ùóðàõ-ñàìöÿõ ë³í³¿
Â³ñòàð â³êîì 6�7 ì³ñ (äîðîñë³) ³ 21 ì³ñ
(ñòàð³) äî (êîíòðîëü) òà ï³ñëÿ êóðñó ô³çè÷-
íîãî íàâàíòàæåííÿ ïëàâàííÿì (äîñë³ä).
Óìîâè ï³äãîòîâêè ïðîá äëÿ á³îõ³ì³÷íèõ
äîñë³äæåíü ³ ñõåìó òðåíóâàííÿ îïèñàíî
íàìè ðàí³øå [16].

Ô³ç³îëîã³÷í³ äîñë³äæåííÿ. ²çîëüîâàíå ñåð-
öå äëÿ òèì÷àñîâî¿ çóïèíêè çàíóðþâàëè ó

õîëîäíèé (5îÑ) ðîç÷èí Êðåáñà�Õåíçåëÿéòà,
ïîò³ì çà àîðòó ï³äâ³øóâàëè íà êàíþëþ
òåðìîñòàòîâàíî¿ êàìåðè. Ïåðôóç³þ êîðî-
íàðíèõ ñóäèí ïðîâîäèëè ïðè ïîñò³éíîìó
òèñêó (75�80 ìì ðò. ñò.) ìîäèô³êîâàíèì
ðîç÷èíîì Êðåáñà òàêîãî ñêëàäó (ììîëü/ë):
NaCl � 118,0;  KCl � 4,7;  MgSO

4 
� 1,2;

NaHCO
3 

�  24 ,0 ;  KH
2
PO

4 
�  1 ,2 ;  CaCl

2
 �

2,5;,ãëþêîçà � 10,0. Öåé ðîç÷èí íàñè÷óâàëè
êàðáîãåíîì (Î

2
 95 %, ÑÎ

2
 5 %); pH 7,4 ïðè

37îÑ. ó ïîðîæíèíó ë³âîãî øëóíî÷êà ââîäèëè
ïîë³åòèëåíîâèé áàëîí÷èê, ç�ºäíàíèé ç
òåíçîäàò÷èêîì. Äëÿ îö³íêè ä³àñòîë³÷íî¿
æîðñòêîñò³ ì³îêàðäà òà çàëåæíîñò³ ñèëè
ñêîðî÷åííÿ ë ³âîãî  øëóíî÷êà â ³ä  éîãî
ïîïåðåäíüîãî ðîçòÿãíåííÿ äîçîâàíî çá³ëü-
øóâàëè îá�ºì áàëîí÷èêà íà 33 ìêë. Ðåºñò-
ðóâàëè çì³íè ê³íöåâîãî ä³àñòîë³÷íîãî òèñêó
òà òèñêó, ùî ðîçâèâàºòüñÿ â ë³âîìó øëó-
íî÷êó. ä³àñòîë³÷íó æîðñòê³ñòü ì³îêàðäà
ðîçðàõîâóâàëè ÿê ñï³ââ³äíîøåííÿ ïðèðîñò³â
ä³àñòîë³÷íîãî òèñêó äî îá�ºìó áàëîí÷èêà.

Á³îõ³ì³÷í³ äîñë³äæåííÿ. Ó àë³êâîòàõ ïðîá,
âèä³ëåíèõ ³ç ñåðöÿ ì³òîõîíäð³é, âèçíà÷àëè,
ÿê îïèñàíî ðàí³øå [11,  13] àêòèâí³ñòü
ôåðìåíò³â  êàëüö³éçàëåæíîãî (êîíñòè-
òóòèâíîãî, cNOS=eNOS+nNOS) ³ êàëüö³é-
íåçàëåæíîãî (³íäóöèáåëüíîãî, iNOS) øëÿõ³â
de novo ñèíòåçó NO, àêòèâí³ñòü í³òðàò-
ðåäóêòàçè, ùî õàðàêòåðèçóº ³íòåíñèâí³ñòü
ðåóòèë³çàö³éíîãî øëÿõó ñèíòåçó NO, à
òàêîæ àêòèâí³ñòü àðã³íàçè � êëþ÷îâîãî
ôåðìåíòó íåîêèñíîãî øëÿõó äåãðàäàö³¿ L-
àðã³í³íó.

Ó áåçá³ëêîâèõ àë³êâîòàõ ïðîá âèçíà÷àëè
ïóëè ñòàá³ëüíèõ ìåòàáîë³ò³â NO � í³òðèò
(NÎ

2
-) òà í³òðàò (NÎ

3
-)-àí³îí³â [11, 13], ïóëè

ñòàá³ëüíîãî ìåòàáîë³òó àêòèâíîãî êèñíþ �
ïåðîêñèäó âîäíþ (Í

2
Î

2
) [17] ³ ïóëè ñå÷î-

âèíè � ïðîäóêòó àðã³íàçíî¿ ðåàêö³¿. Çà êîí-
öåíòðàö³ÿìè ñå÷îâî¿ êèñëîòè îö³íþâàëè òà-
êîæ ³íòåíñèâí³ñòü ïîâíî¿ äåãðàäàö³¿ êñàíòè-
îêñèäàçîþ ïðîäóêò³â ðîçïàäó ÀÒÔ � ã³ïî-
êñàíòèíó ³ êñàíòèíó, ùî ñóïðîâîäæóºòüñÿ
ãåíåðàö³ºþ ñóïåðîêñèä-ðàäèêàëà. Ïóëè
ñå÷îâî¿ êèñëîòè âèçíà÷àëè çà äîïîìîãîþ
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íàáîðó ðåàêòèâ³â (�Ô³ë³ñ³ò-Ä³àãíîñòèêà�,
Óêðà¿íà). Âèêîðèñòîâóþ÷è êîíöåíòðàö³¿
í³òðèò- òà í³òðàò-àí³îí³â ³ ñå÷îâèíè ðîçðà-
õîâóâàëè ³íäåêñ îêñèãåíàö³¿ (²Î) â  ì³òî-
õîíäð³ÿõ çà ôîðìóëîþ: ²Î= 1000 . [NÎ

2
-] /

([NÎ
3

-]+[ñå÷îâèíà]), óì. îä.
Ðîçðàõîâóâàëè òàêîæ àêòèâí³ñòü ñóìàð-

íî¿ NOS ó ï³êîìîëÿõ çà 1 õâ íà 1 ìã á³ëêà,
â³äíîøåííÿ àêòèâíîñòåé íåîêèñíîãî é
îêèñíîãî ìåòàáîë³çìó àðã³í³íó (àêòèâí³ñòü
àðã³íàçè/àêòèâí³ñòü NOS) ³  â³äíîøåíü
íåîêèñíîãî ðåóòèë³çàö³éíîãî ³ îêèñíîãî de
novo  øëÿõ³â  ñèíòåçó  NO (àêòèâí³ñòü
í³òðàòðåäóêòàçè/àêòèâí³ñòü NOS) ó ì³òî-
õîíäð³ÿõ, ÿê³ âèðàæàëè â óìîâíèõ îäèíèöÿõ.
Âì³ñò çàãàëüíîãî á³ëêà ì³òîõîíäð³é âèçíà-
÷àëè ìåòîäîì Áðåäôîðä ç âèêîðèñòàííÿì
áàðâíèêà Cumassi G-250 (�Ferrak�, Í³ìå÷-
÷èíà).

Îòðèìàí³ ðåçóëüòàòè îáðîáëåí³ ìåòî-
äàìè âàð³àö³éíî¿ ñòàòèñòèêè ç âèêîðèñ-
òàííÿì ïðîãðàì Excell (MS Office XP) òà
Origin 6.0 (Microcall Inc., ÑØÀ).

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ô³ç³îëîã³÷í³ äîñë³äæåííÿ (äîðîñë³ ùóðè).
Òðåíóâàííÿ ïëàâàííÿì ïîêðàùóº ñêîðîòëèâó
àêòèâí³ñòü ì³îêàðäà. Äîçîâàíå ðîçòÿãíåííÿ
ë³âîãî øëóíî÷êà ïðèçâîäèëî äî çðîñòàííÿ
òèñêó, ùî ðîçâèâàºòñÿ (ÒÐ) ì³îêàðäîì, ÿê ó
êîíòðîëüíèõ (n=8),  òàê ³  ó òðåíîâàíèõ
ïëàâàííÿì (n=5) äîðîñëèõ ùóð³â (ðèñ.1).
Ìàêñèìàëüíèé ÒÐ ñòàíîâèâ 120,0 ± 33,4 ³ 137,1
ìì ðò. ñò. ± 22,4 ìì ðò. ñò. ïðè íàâàíòàæåíí³
264 ³ 330 ìêë â³äïîâ³äíî. Ç ïîäàëüøèì
çá³ëüøåííÿì îá�ºìó áàëîí÷èêà ÒÐ ïî÷èíàâ
çìåíøóâàòèñÿ ÷åðåç ïåðåðîñòÿãíåííÿ ì³î-
êàðäà. Ïðè öüîìó ôàçà ïëàòî êðèâî¿ ðåàêö³¿
Ôðàíêà�Ñòàðë³íãà ó òðåíîâàíèõ òâàðèí
âèÿâèëàñÿ á³ëüø òðèâàëîþ, í³æ ó êîíòðîëüíèõ.
Ïàðàëåëüíî ç öèì ï³äâèùóâàâñÿ ê³íöåâèé
ä³àñòîë³÷íèé òèñê (ÊÄÒ). Ñë³ä çàçíà÷èòè, ùî
ïðè äîäàòêîâîìó íàâàíòàæåíí³ 462 ìêë ó
êîíòðîëüíèõ ³ 561 ìêë ó òðåíîâàíèõ ùóð³â
çíà÷åíÿ ÒÐ ³ ÊÄÒ âèð³âíþâàëèñÿ (äèâ. ðèñ.
1). Öåé ôåíîìåí áóâ ðåçóëüòàòîì ÿê á³ëüø
ïîâ³ëüíîãî çìåíøåííÿ ÒÐ, òàê ³ ìåíøîãî
íàõèëó êðèâî¿ ïðèðîñòó ÊÄÒ.

Ðèñ. 1. Çàëåæí³ñòü ê³íöåâîãî ä³àñòîë³÷íîãî òèñêó (êâàäðàòèêè) òà òèñêó ó ë³âîìó øëóíî÷êó (êðóæå÷êè) ñåðöÿ â³ä
íàâàíòàæåííÿ îá�ºìîì ó êîíòðîëüíèõ (1) ³ òðåíîâàíèõ ïëàâàííÿì (2) äîðîñëèõ ùóð³â
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Óñòàíîâëåíî òàêîæ, ùî òðèâàëå òðåíó-
âàííÿ ïëàâàííÿì ïðèçâîäèëî äî â³ðîã³äíîãî
çìåíøåííÿ ä³àñòîë³÷íî¿ æîðñòêîñò³ ì³îêàð-
äà ë³âîãî øëóíî÷êà. Òàê, ÿêùî ïðè äîäàò-
êîâîìó íàâàíòàæåíí³ îá�ºìîì 462 ìêë öåé
ïîêàçíèê ó êîíòðîëüíèõ ùóð³â ñòàíîâèâ
(1,82 ± 0,2) . 10-5 ìì ðò. ñò./ë, òî ó òðåíîâàí-
íèõ � (1,08 ± 0,2) . 10-5 ìì ðò. ñò./ë (ðèñ.2).

Òàêèì ÷èíîì, òðåíóâàííÿ äîðîñëèõ
ùóð³â ïëàâàííÿì çá³ëüøóâàëî ñèëó ñåðöå-
âèõ ñêîðî÷åíü ³ âèòðèâàë³ñòü ì³îêàðäà äî
ïîïåðåäíüîãî ðîçòÿãíåííÿ, à òàêîæ çìåí-
øóâàëî æîðñòê³ñòü ë³âîãî øëóíî÷êà. Âñå
öå ñâ³ä÷èòü ïðî ïîë³ïøåííÿ ñèñòîë³÷íî¿ òà
ä³àñòîë³÷íî¿ ôóíêö³¿ ñåðöÿ.

Çà äàíèìè ³íøèõ àâòîð³â, ó òðåíîâàíèõ
ïëàâàííÿì ñòàðèõ ùóð³â  çíèæóâàëèñÿ
ñèñòîë³÷íèé, ä³àñòîë³÷íèé òèñê ³ âì³ñò
ëàêòàòó [18]. Çà òàêèõ ñàìèõ óìîâ òðåíó-
âàííÿ ó ùóð³â ç ãåíåòè÷íî äåòåðì³íîâàíîþ
àðòåð³àëüíîþ ã³ïåðòåíç³ºþ âèÿâëåíî ïðèãí³-
÷åííÿ ñèìïàòîàäðåíàëîâî¿  ñèñòåìè òà
âàçîêîíñòðèêòîðíèõ âïëèâ³â ïðîñòàãëàí-
äèí³â, à â³äòàê, íåâåëèêå çíèæåííÿ ñèñòåì-
íîãî àðòåð³àëüíîãî òèñêó [20].

Á³îõ³ì³÷í³ äîñë³äæåííÿ (äîðîñë³ òà ñòàð³
ùóðè). Òðåíóâàííÿ ïëàâàííÿì ñòèìóëþº

ñèíòåç NO â ì³òîõîíäð³ÿõ ñåðöÿ äîðîñëèõ
ùóð³â ïîð³âíÿíî ç íåòðåíîâàíèìè òâàðè-
íàìè. Òàê, çðîñòàëà àêòèâí³ñòü óñ³õ òðüîõ
øëÿõ³â ñèíòåçó NO, ïðîòå íå îäíàêîâîþ
ì³ðîþ � iNOS ³ cNOS ìàéæå âäâ³÷³, òîä³ ÿê
í³òðàòðåäóêòàçè � àæ ó 4,5 ðàçà (òàáë.1).
Ó ñòàðèõ ùóð³â ï³ñëÿ òðåíóâàííÿ äîñòîâ³ðíî
çðîñòàâ ëèøå de novo ñèíòåç NO (ÿê êîí-
ñòèòóòèâíèé, òàê ³ ³íäóöèáåëüíèé), òîä³ ÿê
ðåóòèë³çàö³éíèé (çà âèõ³äíèìè çíà÷åííÿìè
á³ëüø ³íòåíñèâíèé, í³æ ó äîðîñëèõ) äîñòî-
â³ðíî íå çì³íþâàâñÿ. Îäí³ºþ ç ïðè÷èí
çíèæåííÿ àêòèâíîñò³ cNOS ó ñòàðèõ ùóð³â
º çìåíøåííÿ ð³âíÿ åêñïðåñ³¿ åNOS [24].

Ó ì³òîõîíäð³àëüíîìó êîìïàðòìåíò³
ñåðöÿ ï³ñëÿ òðåíóâàííÿ äîñòîâ³ðíî çíèæó-
âàâñÿ âì³ñò í³òðàò-àí³îíà ò³ëüêè ó äîðîñëèõ
ùóð³â, à ñå÷îâèíè � ó ñòàðèõ ùóð³â (äèâ.
òàáë. 2). Ïóëè í³òðèò-àí³îíà ïðè öüîìó íå
çì³íþâàëèñÿ.

Ï³ñëÿ  êóðñó  òðåíóâàíü  ïëàâàííÿì
ðîçðàõóíêîâèé ³íäåêñ îêñèãåíàö³¿ çá³ëüøó-
âàâñÿ ëèøå â ì³òîõîíäð³ÿõ ñåðöÿ äîðîñëèõ
ùóð³â (òàáë. 3).

Îòæå, â óìîâàõ àäàïòàö³¿ äî ïëàâàííÿ
ó ì³òîõîíäð³ÿõ ñåðöÿ ïîòåíö³þºòüñÿ ñèíòåç
NO, ùî çàëåæèòü â³ä â³êó òâàðèíè. Êóðñ

Ðèñ. 2. Çàëåæí³ñòü ä³àñòîë³÷íî¿ æîðñòêîñò³ ì³îêàðäà â³ä íàâàíòàæåííÿ îá�ºìîì ó êîíòðîëüíèõ (1) ³ òðåíîâàíèõ
ïëàâàííÿì (2) äîðîñëèõ ùóð³â
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òðåíóâàííÿ ïëàâàííÿì ïîë³ïøóâàâ ñèñòî-
ë³÷íó òà ä³àñòîë³÷íó ôóíêö³þ ñåðöÿ (äèâ.
ðèñ. 1, 2) äîðîñëèõ ùóð³â îäíî÷àñíî ç
ï³äâèùåííÿì ñèíòåçó NO. Ìîæíà ïðèïóñ-
òèòè, ùî ïðèãí³÷óâàëüíà ä³ÿ òðèâàëèõ
òðåíóâàíü ïëàâàííÿì ó ñòàðèõ ùóð³â íà
êàëüö³é³íäóêîâàíå â³äêðèâàííÿ ÌÏ, ïðî ÿêå
ìè çãàäóâàëè ðàí³øå, îïîñåðåäêîâóºòüñÿ
ñàìå ï³äâèùåíèì ñèíòåçîì NO. Ñåðåä

ïîêàçíèê³â àðã³íàçî-NO-ñèíòàçíî¿ ñèñòåìè
â ì³òîõîíäð³ÿõ ñåðöÿ äîðîñëèõ ³ ñòàðèõ
òâàðèí, à ñàìå ñåðåä ïîêàçíèê³â, ùî õàðàê-
òåðèçóþòü ³íòåíñèâí³ñòü ð³çíèõ øëÿõ³â
ñèíòåçó îêñèäó àçîòó (ÿê de novo ïðè
îêèñíîìó ìåò àáîë ³çì³  àðã ³í ³íó,  ò àê  ³
ðåóòèë³çàö³éíîãî) òà ñå÷îâèíè (íåîêèñíîãî
ìåòàáîë³çìó àðã³í³íó), ÿê âèäíî ç òàáë. 1-
2, ìè çàô³êñóâàëè òàê³ â³äì³ííîñò³: òðåíó-

Äîðîñë³ (n=16) 1,73 ± 0,24 3,64 ± 0,27 0,36 ± 0,05
Äîðîñë³ òðåíîâàí³ (n=5) 3,07 ± 0,21* 6,02 ± 0,80* 1,67 ±0,10*
Ñòàð³ (n=10) 2,00 ± 0,28 1,84 ± 0,26* 3,31 ± 0,82*
Ñòàð³ òðåíîâàí³ (n=6) 4,64 ±0,45*,** 3,54 ± 0,26** 2,79 ± 0,09*

Ïðèì³òêà. Â òàáë. 1�3 *Ð < 0,05 â³äíîñíî äîðîñëèõ íåòðåíîâàíèõ ùóð³â; **Ð<0,01 â³äíîñíî ñòàðèõ
íåòðåíîâàíèõ ùóð³â.

Òàáëèöÿ 1. Âïëèâ òðåíóâàííÿ ïëàâàííÿì íà àêòèâí³ñòü ôåðìåíò³â ñèíòåçó îêñèäó àçîòó
â ì³òîõîíäð³ÿõ ñåðöÿ ùóð³â (Ì ± m)

Ãðóïà òâàðèí ²íäóöèáåëüíà NO-ñèíòàçà,
ïìîëü . õâ-1 . ìã-1 á³ëêà

Êîíñòèòóòèâíà NO-ñèíòàçà,
ïìîëü . õâ-1 . ìã-1 á³ëêà

Í³òðàòðåäóêòàçà,
íìîëü . õâ-1 . ìã-1 á³ëêà

Äîðîñë³ (n=16) 126,0 ± 17,2 76,3 ± 4,1 6,4 ± 0,5
Äîðîñë³ òðåíîâàí³ (n=5) 134,3 ± 3,3 48,9 ± 0,6* 5,0 ± 0,4
Ñòàð³ (n=10) 94,0 ± 6,1 89,4 ± 9,3 4,5 ± 0,4*
Ñòàð³ òðåíîâàí³ (n=6) 109,7 ± 6,7 91,3 ± 4,2* 2,7 ± 0,2*,**

Òàáëèöÿ 2. Âïëèâ òðåíóâàíü íà ñòàö³îíàðí³ ïóëè ñòàá³ëüíèõ ìåòàáîë³ò³â îêèñíî¿ ³ íåîêèñíî¿ äåãðàäàö³¿
àðã³í³íó â ì³òîõîíäð³ÿõ ñåðöÿ ùóð³â (Ì ± m)

Ãðóïà òâàðèí Í³òðèò-àí³îí,
ïìîëü . ìã-1 á³ëêà

Í³òðàò-àí³îí,
íìîëü . ìã-1 á³ëêà

Ñå÷îâèíà,
íìîëü . ìã-1 á³ëêà

Äîðîñë³ (n=16) 1,24 ± 0,06 1,52 ± 0,30 1,52 ± 0,10
Äîðîñë³ òðåíîâàí³ (n=5) 1,11 ± 0,03 2,27 ± 0,14 2,49 ± 0,18*
Ñòàð³, n=10 3,77 ± 0,39*  3,42 ± 0,28* 1,00 ± 0,07*
Ñòàð³ òðåíîâàí³ (n=6) 1,78 ± 0,32**  1,34 ± 0,10** 1,17 ± 0,10*

Òàáëèöÿ 3. Âïëèâ òðåíóâàíü íà îêèñíèé ìåòàáîë³çì òà ³íäåêñ îêñèãåíàö³¿ â ì³òîõîíäð³ÿõ ñåðöÿ ùóð³â (Ì ± m)

Ãðóïà òâàðèí Ñå÷îâà êèñëîòà,
íìîëü . ìã-1 á³ëêà

Í
2
Î

2
,

ïìîëü . ìã-1 á³ëêà
²íäåêñ îêñèãåíàö³¿,

óì.îä.

âàííÿ ï³äâèùóþòü øâèäê³ñòü ðåóòèë³-
çàö³éíîãî ñèíòåçó NO òà çíèæóþòü ïóëè
í³òðàò-àí³îíà (çàñâ³ä÷óº çíèæåííÿ óòâîðåí-
íÿ òà ðîçïàäó ïåðîêñèí³òðèòó, à, îòæå,
ãåíåðàö³¿ ñóïåðîêñèäó ³ â ö³ëîìó âèíèêíåííÿ
îêñèäàòèâíîãî ñòðåñó,  ùî º  îñíîâíèì
³íäóêòîðîì â³äêðèâàííÿ ÌÏ, çàãèáåë³
êàðä³îì³îöèò³â, ³ äåçàäàïòàö³¿ ñåðöÿ) ëèøå
â ì³òîõîíäð³ÿõ äîðîñëèõ ùóð³â.

Ïåðøà â³äì³íí³ñòü ïðè ðîçðàõóíêàõ äàëà
òàê³ â³äíîñí³ çíà÷åííÿ (ÿêùî çà 100 %
ïðèéíÿòè â³äíîøåííÿ àêòèâíîñò³ í³òðàòðå-
äóêòàçè äî ñóìàðíî¿ NOS ó ì³òîõîíäð³ÿõ
ñåðöÿ äîðîñëèõ íåòðåíîâàíèõ ùóð³â): ó
òðåíîâàíèõ äîðîñëèõ òâàðèí �  275 %
(ï³äâèùåííÿ øâèäêîñò³ ðåóòèë³çàö³éíîãî
íàä de novî ñèíòåçîì NO ìàéæå â 3 ðàçè);
ó íåòðåíîâàíèõ ñòàðèõ òâàðèí � 1306 %
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(á³ëüøå í³æ ó 10 ðàç³â), à ï³ñëÿ òðåíóâàíü �
510 %, òîáòî ñïîñòåð³ãàºòüñÿ ðåöèïðîêíå
ï³äâèùåííÿ â³äíîñíîãî çíà÷åííÿ öüîãî
ñï³ââ³äíîøåííÿ ó  ì³òîõîíäð³ÿõ  ñåðöÿ
äîðîñëèõ ùóð³â ³, íàâïàêè, ñóòòºâå çíè-
æåííÿ ó ñòàðèõ òâàðèí.

Òðåíóâàííÿ ïëàâàííÿì çíà÷íî âïëèíóëî
íà îêèñíèé ìåòàáîë³çì ó ì³òîõîíäð³ÿõ
ñåðöÿ  (äèâ .  òàáë .  3 ) .  Òàê ,  âì³ñò  Í

2
Î

2

(ï³äñèëþâà÷ åêñïðåñ³¿ eNOS ) ó ì³òîõîíä-
ð³ÿõ ñåðöÿ äîðîñëèõ ùóð³â ï³ñëÿ òðåíóâàííÿ
ìàâ òåíäåíö³þ äî çðîñòàííÿ (á³ëüøå í³æ íà
40 %), òîä³ ÿê ó ñòàðèõ (âèõ³äí³ çíà÷åííÿ
âäâ³÷³ á³ëüø³, í³æ ó äîðîñëèõ) â³í, íàâïàêè,
äîñòîâ³ðíî çíèæóâàâñÿ  ³  ìàéæå ñÿãàâ
êîíòðîëüíèõ çíà÷åíü ó äîðîñëèõ òâàðèí
(òàáë. 3). Ó ì³òîõîíäð³ÿõ ñòàðèõ ùóð³â
ï³ñëÿ òðèâàëèõ òðåíóâàíü ïóëè Í

2
Î

2
 çíèæó-

âàëèñÿ äîñòîâ³ðíî. Íà â³äì³íó â³ä Í
2
Î

2,

êîíöåíòðàö³ÿ ñå÷îâî¿ êèñëîòè (äèâ. òàáë. 3),
ùî º ìàðêåðîì àêòèâíîñò³ êñàíòèíîêñè-
äàçè, à, îòæå, ³ äåãðàäàö³¿ ïóðèíîâèõ íóê-
ëåîòèä³â ³ ãåíåðàö³¿ ñóïåðîêñèä-àí³îíà ï³ñëÿ
òðåíóâàííÿ ó äîðîñëèõ ùóð³â íå çì³íþ-
âàëàñÿ, à ó ñòàðèõ äîñòîâ³ðíî çíèæóâàëàñÿ
á³ëüø í³æ óäâ³÷³. Òàêèì ÷èíîì, î÷³êóâàíîãî
ïðèãí³÷åííÿ îêèñíîãî ìåòàáîë³çìó â ì³òî-
õîíäð³ÿõ ñåðöÿ äîðîñëèõ ùóð³â ï³ñëÿ êóðñó
òðåíóâàíü ïëàâàííÿì âíàñë³äîê çíà÷íîãî
çíèæåííÿ ïóë³â í³òðàò-àí³îíà, ìè íå ñïîñòå-
ð³ãàëè.

Ñåðåä íàéá³ëüø â³ðîã³äíèõ ïðè÷èí
çíèæåííÿ ïóë³â í³òðàò-àí³îíà ïðè ñòàá³ëüíèõ
ð³âíÿõ ãåíåðàö³¿ ñóïåðîêñèäó ³, î÷åâèäíîãî,
óòâîðåííÿ ïåðîêñèí³òðèòó,  ìîæå áóòè
ï³äâèùåííÿ ÷àñòêè â³ëüíîðàäèêàëüíîãî
ðîçïàäó îñòàííüîãî. Ïåðîêñèí³òðèò ðîçïà-
äàºòüñÿ íà äâà â³ëüí³ ðàäèêàëè � ã³äðîê-
ñèëüíèé ³ ä³îêñèä àçîòó, ÿê³ º ³í³ö³àòîðàìè
ñïîíòàííî¿ ëàíöþãîâî¿ ðåàêö³¿ ïåðåêèñíîãî
îêèñíåííÿ ë³ï³ä³â. Ñë³ä áóëî á î÷³êóâàòè
ï³äâèùåííÿ àêòèâíîñò³ àðã³íàçè â ì³òî-
õîíäð³ÿõ âíàñë³äîê ï³äâèùåíî¿ ãåíåðàö³¿
.ÎÍ-ðàäèêàëà, àëå ìè ñïîñòåð³ãàëè çíè-
æåííÿ àêòèâíîñò³  öüîãî ôåðìåíòó.  Öå
âêàçóº íà ïåâíó ôóíêö³îíàëüíó îñîáëèâ³ñòü

.ÎÍ âèêîðèñòàííÿ,  ÿêèé óòâîðåíèé íå
êëàñè÷íî ïðè â³äíîâëåíí³ Í
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 ó ðåàêö³ÿõ

Õàáåð�Âàéñà, à ïðè ðîçïàä³ ïåðîêñèí³òðèòó.
Ìè ïðèïóñêàºìî, ùî óòâîðåíèé òàêèì
÷èíîì .ÎÍ-ðàäèêàë ìîæå âèêîðèñòîâóâà-
òèñÿ  äëÿ  ³íã ³áó âàííÿ  HIF-1α -ôàêòîða
òðàíñêðèïö³¿.

²íøèì ïîÿñíåííÿì çíèæåííÿ âíóòð³ø-
íüîì³òîõîíäð³àëüíèõ ïóë³â í³òðàò-àí³îíà ì³ã
áè áóòè âèõ³ä öüîãî àí³îíà, çà ðîçì³ðàìè
áëèçüêîãî äî ôîñôàò-àí³îíà, ðàçîì ç êà-
ò³îíàìè êàëüö³þ ïðè ðîáîò³ àíòèïîðòåðà
[22] àáî ïðè ñèìïîðò³ ç ïðîòîíîì, ÿê ó
ðîñëèí [23].  Îäèí àáî äåê³ëüêà ³ç öèõ
ïðîöåñ³â ³ çàáåçïå÷óþòü åôåêòèâí³ ô³ç³î-
ëîã ³÷í³  ìåõàí³çìè àäàïòàö³ ¿  ñåðöÿ äî
ô³çè÷íèõ íàâàíòàæåíü, â ò.÷. çíà÷íå ³íã³áó-
âàííÿ êàëüö³é³íäóêîâàíîãî â³äêðèâàííÿ ÌÏ
ó òðåíîâàíèõ ñòàðèõ ùóð³â, ùî áóëî âñòà-
íîâëåíî íàìè ðàí³øå [15].

Âèÿâëåíî ,  ùî  ç  â ³êîì àêòèâóºòüñÿ
íåîêèñíèé ìåòàáîë³çì L-àðã³í³íó. Òàê, ó
ì³òîõîíäð³ÿõ ñåðöÿ ñòàðèõ ùóð³â àêòèâí³ñòü
àðã ³íàçè  áóëà  ó  4  ðàçè  âèùîþ,  í ³æ ó
äîðîñëèõ. Ï³ñëÿ òðåíóâàííÿ ïëàâàííÿì
ñïîñòåð³ãàëîñÿ çíèæåííÿ àêòèâíîñò³ öüîãî
ôåðìåíòó ó äîðîñëèõ ùóð³â ìàéæå ó 1,6
ðàçà, à ó ñòàðèõ � ó 2,8 ðàçà.

Îòæå, ô³çè÷íå íàâàíòàæåííÿ ñïðèÿº
íîðìàë³çàö³¿ íåîêèñíîãî øëÿõó ìåòàáîë³çìó
L-àðã³í³íó ó ì³òîõîíäð³àëüíîìó êîìïàðò-
ìåíò³, äå ëîêàë³çîâàíà ïåðåâàæíî àðã³íàçà
²². Ôóíêö³ºþ ¿¿,  íà â³äì³íó â³ä êîíñòè-
òóòèâíî¿ ³çîôîðìè àðã³íàçè � àðã³íàçè ², º
íå  ñèíòåç  îðí³òèíó ç  íàñòóïíèì éîãî
âèêîðèñòàííÿì äëÿ á³îñèíòåçó ïîë³àì³í³â,
à óòâîðåííÿ îðí³òèíó äëÿ ñèíòåçó ç íüîãî
ïðîë³íó, ãëóòàìàòó òà ÃÀÌÊ [21]. Ö³êàâî,
ùî ïîñòòðåíóâàëüíà àêòèâí³ñòü àðã³íàçè, à,
çíà÷èòü ,  ³  ìîæëèâî ñò ³  ñèíòåçó  ÃÀÌÊ
(ìîæëèâèé åôåêòèâíèé ³íã³á³òîð ÌÏ [19])
ó ì³òîõîíäð³ÿõ ñòàðèõ ùóð³â âèùà, í³æ ó
äîðîñëèõ, ùî êîðåëþº ç á³ëüøîþ åôåêòèâ-
í³ñòþ ³íã³áóâàííÿ ÌÏ ñàìå ó ñòàðèõ òâà-
ðèí. Â³äíîøåííÿ àêòèâíîñò³ àðã³íàçà/NOS,
ùî ïîêàçóº ñï³ââ³äíîøåííÿ íåîêèñíîãî é

Â³êîâ³ îñîáëèâîñò³ çì³í àðã³íàçî-NO-ñèíòàçíî¿ ñèñòåìè â ñåðö³
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îêèñíîãî ìåòàáîë³çìó àðã³í³íó, ìàëà òàê³
çíà÷åííÿ â ì³òîõîíäð³ÿõ ñåðöÿ: ó äîðîñëèõ
íåòðåíîâàíèõ � 100 %, ó òðåíîâàíèõ � 36 %
(çíèæåííÿ àêòèâíîñò³ íåîêèñíîãî ìåòàáî-
ë³çìó ìàéæå â 3 ðàçè!); ó ñòàðèõ íåòðåíî-
âàíèõ �  563  % (çíà÷íå  ïðåâà ëþâàííÿ
íåîêèñíîãî íàä îêèñíèì ìåòàáîë³çìîì!), ó
ñòàðèõ òðåíîâàíèõ � 93 % (ïîâíà íîðìà-
ë³çàö³ÿ ñï³ââ³äíîøåííÿ îêèñíîãî é íåîêèñ-
íîãî ìåòàáîë³çìó àðã³í³íó ï³ñëÿ êóðñó
òðåíóâàíü!!).

Òàêèì ÷èíîì, ïðè÷èíîþ á³ëüø åôåê-
òèâíîãî ó ñòàðèõ òâàðèí çìåíøåííÿ ÷óòëè-
âîñò³ ÌÏ äî Ñà2+ ï³ñëÿ òðèâàëèõ ïîì³ðíèõ
ô³çè÷íèõ íàâàíòàæåíü º ï³äâèùåííÿ êîíñòè-
òóòèâíîãî ñèíòåçó NO òà ³íã³áóâàííÿ îêèñ-
íîãî ñòðåñó â ì³òîõîíäð³ÿõ. Î÷åâèäíî, ùî
ðåóòèë³çàö³éíèé ñèíòåç NO â ì³òîõîíäð³ÿõ
íàïðÿìó íå âêëþ÷åíî äî ïðîãðàìè ðåãóëÿö³³
ÌÏ, ÿê ³ òå, ùî âàãîìó ðåãóëÿòîðíó, à íå
ëèøå ïàòîô³ç³îëîã³÷íó ðîëü, âèêîíóº ïåðîê-
ñèí³òðèò. Ìîæëèâî, âèñóíóòå íàìè ïðèïó-
ùåííÿ ïðî ó÷àñòü â ³íã³áóâàíí³ ôàêòîðà
HIF-1α ìîæå ñòàòè íîâîþ ôóíêö³ºþ .OH.

Îòðèìàí³ ðåçóëüòàòè ï³äòâåðäæóþòü
íàøå ïðèïóùåííÿ ïðî âàæëèâ³ñòü  ïðîäóê-
ò³â àðã³íàçíîãî ìåòàáîë³çìó àðã³í³íó â
ì³òîõîíäð³ÿõ, ó ò.÷. äëÿ ðåãóëÿö³¿ ÌÏ ³ ïðî
ìîæëèâ³ñòü ó÷àñò³ ÿê àí³îí³â í³òðàòó, òàê ³
ôîñôàòó, â ôóíêö³îíóâàíí³ ì³òîõîíäð³àëü-
íîãî  àíòèïîðòåðà  (òðàíñëîêàö³ ¿  ³îí³â
êàëüö³þ ³ç ì³òîõîíäð³àëüíîãî êîìïàðòìåíòà
â öèòîçîëüíèé).

ÂÈÑÍÎÂÊÈ

1. Çàâäÿêè ñòèìóëÿö³¿ ïðîäóêö³¿ NO, ïåðåä-
óñ³ì ó ì³òîõîíäð³àëüíîìó êîìïàðòìåíò³
ñåðöÿ òðåíîâàíèõ äîðîñëèõ ùóð³â, çá³ëü-
øóºòüñÿ ñèëà ñêîðî÷åíü ë³âîãî øëóíî÷êà,
çìåíøóºòüñÿ æîðñòê³ñòü ì³îêàðäà òà ïîë³ï-
øóºòüñÿ ñêîðîòëèâà àêòèâí³ñòü ³çîëüî-
âàíîãî ñåðöÿ ùóð³â.

2. Ó ì³òîõîíäð³ÿõ ñåðöÿ òðåíîâàíèõ
ïëàâàííÿì äîðîñëèõ ùóð³â âñòàíîâëåíî
äîñòîâ³ðíó ñòèìóëÿö³þ àêòèâíîñò³ óñ³õ

äîñë³äæóâàíèõ ôåðìåíò³â ñèíòåçó îêñèäó
àçîòó � iNOS, cNOS ³ í³òðàòðåäóêòàçè, òîä³
ÿê ó ñòàðèõ � ëèøå ôåðìåíò³â îêèñíîãî
øëÿõó de novo.

3. Ó ì³òîõîíäð³àëüíîìó êîìïàðòìåíò³
ñåðöÿ òðåíóâàííÿ ïðèçâîäèëî äî äîñòî-
â³ðíîãî çíèæåííÿ âì³ñòó í³òðàò-àí³îíà
ò³ëüêè ó äîðîñëèõ ùóð³â, à ñå÷îâèíè � ó
ñòàðèõ ùóð³â. Ïóëè í³òðèò-àí³îíà ïðè öüîìó
ìàéæå íå çì³íþâàëèñÿ.

4. Âñòàíîâëåíî, ùî ó ì³òîõîíäð³ÿõ ñåðöÿ
äîðîñëèõ ùóð³â âì³ñò Í
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 ï³ñëÿ òðåíó-

âàííÿ ï³äâèùóâàâñÿ, òîä³ ÿê ó ñòàðèõ,
íàâïàêè, çíèæóâàâñÿ ³ ìàéæå ñÿãàâ êîíò-
ðîëüíèõ çíà÷åíü ó äîðîñëèõ òâàðèí, êîí-
öåíòðàö³ÿ ñå÷îâî¿ êèñëîòè ó ùóð³â îáîõ
â³êîâèõ ãðóï çìåíøóâàëàñÿ. Òðåíóâàííÿ
ïëàâàííÿì çíà÷íî çá³ëüøóâàëî ³íäåêñ
îêñèãåíàö³¿ â ì³òîõîíäð³ÿõ ñåðöÿ äîðîñëèõ
ùóð³â.

5. Ï³ñëÿ òðåíóâàííÿ ïëàâàííÿì ñïîñòå-
ð³ãàëîñÿ çíèæåííÿ àêòèâíîñò³ àðã³íàçè ó
ì³òîõîíäð³ÿõ ñåðöÿ ÿê äîðîñëèõ, òàê ³
ñòàðèõ ùóð³â.

6. Îòðèìàí³ ðåçóëüòàòè äàþòü ï³äñòàâó
ââàæàòè, ùî ïëàâàííÿ ÿê îäèí ç ìåòîä³â
ô³çè÷íîãî íàâàíòàæåííÿ ñòèìóëþº êîíñòè-
òóòèâíèé ñèíòåç NO ³, íàâïàêè, ³íã³áóº
³íäóöèáåëüíó àêòèâí³ñòü àðã³íàçè ²²  â
ì³òîõîíäð³ÿõ ñåðöÿ äîðîñëèõ ³ ñòàðèõ ùóð³â,
à â³äòàê ìîæå ðîçãëÿäàòèñÿ ÿê åôåêòèâíèé
çàñ³á íåìåäèêàìåíòîçíî¿ êîðåêö³¿ â³êîâî¿
äèñôóíêö³¿ ì³òîõîíäð³é, çàïîá³ãàííÿ â³äêðè-
âàííÿ ÌÏ, ïîïåðåäæåííÿ  ³í³ö³éîâàíîãî
³îíàìè êàëüö³þ ³ îêèñíèì ñòðåñîì àïîïòîçó.

À.Â. Êîöþðóáà, Þ.Ï. Êîðêà÷, Ñ.À.Òàëàíîâ,
Î.Â.Áàçèëþê, Ë.Ã. Ñòåïàíåíêî, Â.Ô. Ñàãà÷

ÂÅÊÎÂÛÅ ÎÑÎÁÅÍÍÎÑÒÈ ÈÇÌÅÍÅÍÈß
ÀÐÃÈÍÀÇÎ-NO-ÑÈÍÒÀÇÍÎÉ ÑÈÑÒÅÌÛ
Â ÑÅÐÄÖÅ ÊÐÛÑ ÏÐÈ ÀÄÀÏÒÀÖÈÈ
Ê ÏËÀÂÀÍÈÞ

Èçó÷àëè ñîêðàòèòåëüíóþ àêòèâíîñòü èçîëèðîâàííîãî
ñåðäöà âçðîñëûõ êðûñ â óñëîâèÿõ àäàïòàöèè ê äëèòåëüíûì
ôèçè÷åñêèì íàãðóçêàì ïëàâàíèåì. Ïîêàçàíî, ÷òî áëàãîäàðÿ
ñòèìóëÿöèè ïðîäóêöèè NO â ìèòîõîíäðèàëüíîì êîìïàðò-

À.Â. Êîöþðóáà, Þ.Ï.Êîðêà÷, Ñ.Î. Òàëàíîâ, Î.Â.Áàçèëþê
,
 Ë.Ã. Ñòåïàíåíêî, Â.Ô.Ñàãà÷
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ìåíòå ñåðäöà òðåíèðîâàííûõ âçðîñëûõ êðûñ óâåëè÷èâàåòñÿ
ñèëà ñîêðàùåíèé ëåâîãî æåëóäî÷êà, óìåíüøàåòñÿ æåñòêîñòü
ìèîêàðäà, óëó÷øàåòñÿ êàê ñèñòîëè÷åñêàÿ, òàê è äèàñòîëè-
÷åñêàÿ ôóíêöèÿ ñåðäöà. Ó òðåíèðîâàííûõ ïëàâàíèåì
âçðîñëûõ êðûñ â ìèòîõîíäðèÿõ ñåðäöà óñòàíîâëåíà
äîñòîâåðíàÿ ñòèìóëÿöèÿ àêòèâíîñòè âñåõ èññëåäîâàííûõ
ôåðìåíòîâ ñèíòåçà îêñèäà àçîòà � èíäóöèáåëüíîé,
êîíñòèòóòèâíîé NOS (de novo ñèíòåç) è íèòðàòðåäóêòàçû
(íåîêèñëèòåëüíûé ðåóòèëèçàöèîííûé ñèíòåç), òîãäà êàê ó
ñòàðûõ � òîëüêî ôåðìåíòîâ îêèñëèòåëüíîãî ïóòè de novo.
Òðåíèðîâêè ïðèâîäèëè ê äîñòîâåðíîìó ñíèæåíèþ
ìèòîõîíäðèàëüíûõ ïóëîâ íèòðàò-àíèîíà òîëüêî ó
âçðîñëûõ êðûñ, ìî÷åâèíû � ó ñòàðûõ êðûñ, âíóòðè-
ìèòîõîíäðèàëüíûå ïóëû íèòðèò-àíèîíà ïðè ýòîì íå
èçìåíèëèñü. Ìèòîõîíäðèàëüíûå ïóëû Í

2
Î

2
 ïîñëå

òðåíèðîâêè ó âçðîñëûõ êðûñ ïîâûøàëèñü, òîãäà êàê ó
ñòàðûõ æèâîòíûõ, íàîáîðîò, ñíèæàëèñü. Êîíöåíòðàöèÿ
ìî÷åâîé êèñëîòû (ìàðêåðà àêòèâíîñòè êñàíòèíîêñèäàçû)
ó êðûñ îáåèõ âîçðàñòíûõ ãðóïï ïîñëå ïåðèîäà òðåíèðîâîê
ïëàâàíèåì ñíèæàëàñü. Òðåíèðîâêè ïðèâîäèëè ê çíà÷è-
òåëüíîìó óâåëè÷åíèþ �èíäåêñà îêñèãåíàöèè� â ìèòîõîíä-
ðèÿõ ñåðäöà âçðîñëûõ êðûñ è ê ñíèæåíèþ àêòèâíîñòè
ìèòîõîíäðèàëüíîé àðãèíàçû II. Ïîëó÷åííûå ðåçóëüòàòû
äàþò îñíîâàíèå ñ÷èòàòü, ÷òî ïëàâàíèå êàê îäèí èç ìåòîäîâ
ôèçè÷åñêîé íàãðóçêè ñòèìóëèðóåò ïðîäóêöèþ NO êàê â
ìèòîõîíäðèÿõ ñåðäöà âçðîñëûõ, òàê è ñòàðûõ êðûñ è
ïîýòîìó ìîæåò ðàññìàòðèâàòüñÿ êàê ýôôåêòèâíîå ñðåäñòâî
íåìåäèêàìåíòîçíîé êîððåêöèè âîçðàñòíîé äèñôóíêöèè
ìèòîõîíäðèé ñåðäöà.
Êëþ÷åâûå ñëîâà: òðåíèðîâêè, ñòàðåíèå, ñåðäöå, ìèòî-
õîíäðèè, îêñèä àçîòà, îêèñëèòåëüíûé ìåòàáîëèçì.

A. Kotsuruba, Yu. Korkach, S. Talanov,
O. Baziluk, L. Stepanenko, V. Sahach

ARGINASE-NITRIC OXIDE SYNTHASE
SYSTEM CHANGES DUE TO ADAPTATION
TO SWIMMING IN ADULT AND AGED RAT
HEARTS

We tested the physiological indices of adult rat heart beat for
the adaptation to prolonged physical exercise (swimming). It
was shown that the stimulation of NO-production in the heart
mitochondria of trained adult rats improves both systolic and
diastolic heart function. In adult rats trained by swimming the
activity of both de novo and salvage enzymes of nitric oxide
synthesis studied (iNOS, cNOS , nitratreductase) were in-
creased in heart mitochondria , whereas in the old rats only the
activity of oxidative de novo enzymes. Training reduced the
nitrate pools only in the mitochondria from adult rats and the
urea pools in mitochondria from old rats. Intramitochondrial
nitrite pools were unchanged. In adult rats, mitochondrial H
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pools increased after training, whereas in the old rats they
were reduced, the level of uric acid (a marker of xanthinoxydase
activity ) in ageing rats after training period was declined.
Swimming training resulted in a significant increase in the value

of «oxygenation index» in mitochondria of adult rats and de-
creased the activity of mitochondrial arginase II. The results
suggest that swimming is one of the methods of physical load
stimulates NO production in the mitochondria of adult and old
rats and therefore could be considered as an effective non-
pharmacological tool for correction of mitochondrial dysfunc-
tion in adults and aging heart.
Key words: training, aging, heart, mitochondria, nitric oxide,
oxidative metabolism.
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Àòèâí³ñòü ïîõ³äíèõ äèôåí³ëó
íà ð³çíèõ ìîäåëüíèõ ñèñòåìàõ â³ðóñ�êë³òèíà

Íà äâîõ ìîäåëüíèõ ñèñòåìàõ L929/ÂÂÑ òà RF/ÂÏÃ-1 â óìîâàõ in vitro âèâ÷àëè ïðîòèâ³ðóñíó
àêòèâí³ñòü íîâèõ ñòðóêòóðíèõ àíàëîã³â òèëîðîíó äèã³äðîõëîðèäó: 4,4'-á³ñ-[2-(ä³åòèëàì³-
íî)åòîêñè]äèôåí³ë äèã³äðîõëîðèäó òà 2-ìåòîêñèêàðáîí³ë-4-4'-á³ñ-[2-(ä³åòèëàì³íî)åòîêñè]äè-
ôåí³ë äèã³äðîõëîðèäó. Âèêîðèñòîâóâàëè äâ³ ñõåìè âíåñåííÿ äîñë³äíèõ ñïîëóê: ïðîô³ëàêòè÷íó
òà ë³êóâàëüíó. Çàñòîñóâàííÿ ïðîô³ëàêòè÷íî¿ ñõåìè âíåñåííÿ äîñë³äíèõ ñïîëóê ï³äòâåðäæóº
³ñíóâàííÿ êîðåëÿö³¿ ì³æ ïðîäóêö³ºþ ³íòåðôåðîíó ï³ä ä³ºþ ñïîëóê òà ¿õ ïðîòèâ³ðóñíîþ
àêòèâí³ñòþ. Ïîêàçàíî, ùî äèôåí³ëè çäàòí³ ïðèãí³÷óâàòè ðîçâèòîê â³ðóñíîãî öèòîïàòè÷íîãî
åôåêòó, ñïðè÷èíåíîãî ÄÍÊ- ³ ÐÍÊ-âì³ñíèìè â³ðóñàìè. Ïîõ³äí³ äèôåí³ëó çíà÷íî ìåíø òîêñè÷í³,
í³æ òèëîðîí, ³ ìîæóòü ðîçãëÿäàòèñÿ ÿê ñïîëóêè, ïåðñïåêòèâí³ äëÿ ïîäàëüøèõ äîñë³äæåíü
ïðè ñòâîðåíí³ íîâèõ ïðîòèâ³ðóñíèõ ïðåïàðàò³â.
Êëþ÷îâ³ ñëîâà: àì³êñèí ²Ñ, òèëîðîí, ïîõ³äí³ äèôåí³ëó, ïðîòèâ³ðóñíà àêòèâí³ñòü, ÄÍÊ- òà
ÐÍÊ-âì³ñí³ â³ðóñè.

ÂÑÒÓÏ

Íåçâàæàþ÷è íà ³íòåíñèâí³ äîñë³äæåííÿ, ùî
âåäóòüñÿ â óñüîìó ñâ³ò³, ê³ëüê³ñòü ïðîòè-
â³ðóñíèõ ïðåïàðàò³â îáìåæåíà, à äëÿ îêðå-
ìèõ ³íôåêö³éíèõ çàõâîðþâàíü ¿õ çîâñ³ì
íåìàº.  Öå ïîâ�ÿçàíî ³ç  îñîáëèâîñòÿìè
æèòòºâîãî öèêëó â³ðóñ³â. Çîêðåìà, çà óìîâè
òðèâàëî¿ ïåðñèñòåíö³¿ â îðãàí³çì³ â³ðóñè
(â³ðóñè ãðèïó, ³íôåêö³éíî¿ àíåì³¿ êîíåé òîùî)
çäàòí³ çì³íþâàòè ñâî¿ âëàñòèâîñò³. ²íòåí-
ñèâíå âèêîðèñòàííÿ åò³îòðîïíèõ ïðîòèâ³-
ðóñíèõ  ðå÷îâèí ç  âóçüêîíàïðàâëåíèì
ìåõàí³çìîì ä³¿ ñóïðîâîäæóºòüñÿ ñåëåêö³ºþ
ðåçèñòåíòíèõ øòàì³â ÿê ñåðåä ÄÍÊ- [13,
18, 23], òàê ³ ÐÍÊ-âì³ñíèõ â³ðóñ³â [14, 16].

Åï³äåì³¿  ãðèïó, âèêëèêàþòüñÿ ÐÍÊ-
âì³ñíèìè â³ðóñàìè ãðèïó ð³çíèõ òèï³â.
Ñåðåä ÄÍÊ-âì³ñíèõ îäíèìè ³ç íàéá³ëüø
ïîøèðåíèõ ³ íåêîíòðîëüîâàíèõ º â³ðóñè
ãðóïè ãåðïåñó, ÿê³ çäàòí³ âðàæàòè ïðàêòè÷íî
âñ³ îðãàíè òà ñèñòåìè ëþäñüêîãî îðãàí³çìó,
ïåðåäàâàòèñÿ ð³çíîìàí³òíèìè øëÿõàìè, à
òàêîæ âèêëèêàòè ð³çí³ ôîðìè ³íôåêö³¿ �
ãîñòðó, ëàòåíòíó òà õðîí³÷íó. Â³äîìî, ùî

õâîðîáè, çóìîâëåí³ â³ðóñîì ïðîñòîãî ãåð-
ïåñó (ÂÏÃ) ïîñ³äàþòü äðóãå ì³ñöå ï³ñëÿ
ãðèïó ÿê ïðè÷èíà ñìåðòíîñò³ â³ä â³ðóñíèõ
³íôåêö³é.

Âèá³ð ïðîòèâ³ðóñíîãî ïðåïàðàòó ïîâ�ÿçà-
íèé ç îñîáëèâîñòÿìè ïðîöåñ³â ðåïðîäóêö³¿
â³ðóñ³â â óðàæåíîìó îðãàí³çì³. Òàê, ïðè
òåðàï³¿  ãåðïåñó øê³ðè,  î÷åé,  ñòàòåâèõ
îðãàí³â, öèòîìåãàë³¿ òà ³íôåêö³é, ñïðè÷è-
íåíèõ â³ðóñàìè â³ñïè, îñîáëèâîãî ïîøè-
ðåííÿ íàáóëè àíîìàëüí³ íóêëåîçèäè. Âàæ-
ëèâî â³äì³òèòè, ùî ïðîòèâ³ðóñíà ä³ÿ àíî-
ìàëüíèõ íóêëåîçèä³â çíà÷íî ïîñèëþºòüñÿ
ïðè âèêîðèñòàíí³ ïðåïàðàò³â ç ð³çíèìè
ì³øåíÿìè ä³¿. Äëÿ òåðàï³¿ ³íôåêö³¿ ãðèïó
ðîçðîáëåí³ òà ïðîïîíóþòüñÿ ïðåïàðàòè ç
âóçüêèì ñïåêòðîì ä³¿, ÿê³ âïëèâàþòü ò³ëüêè
íà ïåâíèé òèï â³ðóñó ãðèïó. Ó ðàç³ öèðêóëÿö³¿
â ïðîöåñ³ åï³äåì³¿ â³ðóñ³â ãðèïó ð³çíîãî òèïó
òàêèé ï³äõ³ä çíà÷íî îáìåæóº ìîæëèâîñò³
åôåêòèâíîãî ë³êóâàííÿ.

Àëüòåðíàòèâîþ ïîøóêó íîâèõ âóçüêî-
ñïåöèô³÷íèõ ïðîòèâ³ðóñíèõ çàñîá³â º â³ä-
êðèòòÿ íîâèõ ïðåïàðàò³â, çäàòíèõ ³íäó-
êóâàòè ïðîäóêö³þ îðãàí³çìîì õâîðîãî
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âëàñíîãî (åíäîãåííîãî) ³íòåðôåðîíó (²ÔÍ).
Òàê³ ïðåïàðàòè ìàþòü øèðîêèé ñïåêòð
ïðîòèâ³ðóñíî¿ ä³¿ òà âèñîêó åôåêòèâí³ñòü.
Çàñòîñóâàííÿ éîãî ³íäóêòîð³â çâîäèòü
íàí³âåöü îñíîâí³ ïîá³÷í³ åôåêòè âèêîðèñ-
òàííÿ åêçîãåííîãî ²ÔÍ � ë³ìôîïåí³þ,
ãðèïîïîä³áí³ ñèìïòîìè (ãîëîâíèé á³ëü,
ëèõîìàíêó, áîë³ ó ñóãëîáàõ ³ ì�ÿçàõ), à
òàêîæ íå  ïðîâîêó þòü ,  íà  â ³äì³íó  â ³ä
ðåêîìá³íàíòíîãî ²ÔÍ, óòâîðåííÿ àíòè³í-
òåðôåðîíîâèõ àíòèò³ë, ùî íåéòðàë³çóþòü
åêçîãåííèé ²ÔÍ [7, 21].

Ñåðåä íèçüêîìîëåêóëÿðíèõ ñèíòåòè÷íèõ
ïðåïàðàò³â-³íäóêòîð³â ²ÔÍ îäíèì ç øèðîêî
â³äîìèõ º  àì³êñèí ²Ñ (òèëîðîí äèã³ä-
ðîõëîðèä). Çàâäÿêè ïðîòèâ³ðóñí³é, ³íòåðôå-
ðîí³íäóêóâàëüí³é òà ³ìóíîìîäóëþâàëüí³é
àêòèâíîñò³, éîãî çàñòîñîâóþòü ïðè ³íôåê-
ö³éíèõ çàõâîðþâàííÿõ ð³çíîìàí³òíî¿ åò³î-
ëîã³¿, ó êë³í³÷í³é ³ìóíîëîã³¿, îíêîëîã³¿ [1, 6,
17, 20]. Ïðîòå ïðè âèêîðèñòàíí³ òèëîðîíó
(ÿê ³ áóäü-ÿêî¿ ³íøî¿ á³îëîã³÷íî àêòèâíî¿
ñïîëóêè) ³ñíóþòü ïåâí³ îáìåæåííÿ. Ââåäåí-
íÿ ïðåïàðàòó ó íàäâèñîêèõ äîçàõ ìîæå
âèêëèêàòè ïîðóøåííÿ ë³ï³äíîãî òà âóãëå-
âîäíîãî îáì³íó [11, 15, 22], ÿê³ çíèêàþòü
ï³ñëÿ ïðèïèíåííÿ òåðàï³¿.

Äëÿ òîãî ùîá ìàòè âåëèêèé àðñåíàë
ïðîòèâ³ðóñíèõ çàñîá³â ó áîðîòüá³ ç ÄÍÊ- ³
ÐÍÊ-âì³ñíèìè â³ðóñàìè òà äëÿ ðîçøèðåííÿ
ìîæëèâîñò³ âèð³øåííÿ ïðîáëåìè ¿õ ðåçèñ-
òåíòíîñò³ ñë³ä äîñë³äæóâàòè íîâ³ ïðîòè-
â³ðóñí³ ðå÷îâèíè. Äî òàêèõ ïåðñïåêòèâíèõ
ñïîëóê â³äíîñÿòüñÿ àíàëîãè òèëîðîíó �
ïîõ³äí³ äèôåí³ëó. Òàê, ïðîòèâ³ðóñíó àêòèâ-
í³ñòü ãë³îêñèëüîâàíèõ ïîõ³äíèõ îñòàííüîãî
áóëî ïîêàçàíî in vivo íà ìîäåë³ â³ðóñ³â ãðèïó
A-PR8 ³ ìèøà÷îãî ãåïàòèòó MHV

3
 [12].

Ó íàøèõ åêñïåðèìåíòàõ in vivo ïðîäå-
ìîíñòðîâàíî, ùî ñïîëóêè, ÿê³ ì³ñòÿòü ó
ñâî¿é ñòðóêòóð³ äèôåí³ëüíèé ôðàãìåíò
çàì³ñòü ôëóîðåíîíîâîãî, ìåíø òîêñè÷í³,
í³æ òèëîðîí ã³äðîõëîðèä òà ³íäóêóþòü âè-
ùèé òèòð ²ÔÍ â îðãàí³çì³ åêñïåðèìåíòàëü-
íèõ òâàðèí [10] ,  à  òàêîæ ïðîÿâëÿþòü
ïðîòèâ³ðóñíó àêòèâí³ñòü íà ìîäåë³ ãåðïå-

òè÷íîãî ìåí³íãîåíöåôàë³òó ìèøåé [9].
Âàðòî â³äçíà÷èòè, ùî ôîðìóâàííÿ ³íòåð-
ôåðîíîâî¿ â³äïîâ³ä³ òà ïðîòèâ³ðóñíî¿ ðåçèñ-
òåíòíîñò³ â îðãàí³çì³ ïîâ�ÿçàíå ç êàñêàäîì
³ìóíîëîã³÷íèõ ðåàêö³é, äî ÿêèõ çàëó÷åí³ âñ³
ñèñòåìè òà îðãàíè. Äëÿ êóëüòóðè êë³òèí
åôåêò ïîâ�ÿçàíèé ³ç áåçïîñåðåäí³ì âïëèâîì
ðå÷îâèíè íà ìîäåëüíó ñèñòåìó â³ðóñ�
êë³òèíà�ãîñïîäàð. Òàêèé ï³äõ³ä äàº çìîãó
íàáëèçèòèñÿ äî ðîçóì³ííÿ ìåõàí³çìó ä³¿
ðå÷îâèíè, âèçíà÷èòè íà ÿê³ åòàïè ðåïðî-
äóêö³¿ â³ðóñó âîíà âïëèâàº, ÷åðåç àêòèâàö³þ
ÿêèõ ñèãíàëüíèõ øëÿõ³â.

Ìåòîþ íàøî¿ ðîáîòè áóëî âèâ÷åííÿ
ïðîòèâ³ðóñíî¿ àêòèâíîñò³ ïîõ³äíèõ äèôåí³ëó
â êóëüòóð³ ïåðåùåïëþâàíèõ êë³òèí ìèøåé ³
ùóð³â  íà ìîäåë³  ÐÍÊ- ³  ÄÍÊ-âì³ñíèõ
â³ðóñ³â.

ÌÅÒÎÄÈÊÀ

Ó ðîáîò ³  âèêîðèñòîâó âàëè 2 ,7-á ³ñ - [2-
(ä³åòèëàì³íî)åòîêñè]ôëóîðåíîí-9 äèã³äðî-
õëîðèä (òèëîðîí äèã³äðîõëîðèä, ïðåïàðàò
àì³êñèí ²Ñ) [2], à òàêîæ éîãî àíàëîãè � 4,4'-
á³ñ-[2-(ä³åòèëàì³íî)åòîêñè]äèôåí³ë äèã³ä-
ðîõëîðèä (1) òà 2-ìåòîêñèêàðáîí³ë-4-4'-á³ñ-
[2-(ä³åòèëàì³íî)åòîêñè]äèôåí³ë äèã³ä-
ðîõëîðèä (2) [8], ëþá�ÿçíî íàäàí³ äëÿ äîñ-
ë³äæåííÿ Ñ.Î. Ôåðíàíäåñ äå Ð³âàñ òà ê.õ.í.
Ñ.À. Ëÿõîâèì (Ô³çèêî-õ³ì³÷íèé ³íñòèòóò ³ì.
Î.Â. Áîãàòñüêîãî ÍÀÍ Óêðà¿íè). Äëÿ ïðè-
ãîòóâàííÿ áàçîâîãî ðîç÷èíó âêàçàí³ ñïîëóêè
ðîç÷èíÿëè ó äèñòèëüîâàí³é âîä³ äî êîíöåíò-
ðàö³¿ 2,0 ìã/ìë.

Â åêñïåðèìåíòàõ âèêîðèñòîâóâàëè ë³í³¿
êë³òèí L929 (ïåðåâèâí³ ô³áðîáëàñòè ç³
ñïîëó÷íî¿ òêàíèíè ìèø³ C3H/An, ñóáë³í³ÿ
�à�) òà RF (³ììîðòàë³çîâàí³ åìáð³îíàëüí³
êë³òèíè ùóðà ë³í³¿ Â³ñòàð), îòðèìàí³ ç Êë³-
òèííîãî Áàíêó ²íñòèòóòó åêñïåðèìåíòàëü-
íî¿ ïàòîëîã³¿, îíêîëîã³¿ òà ðàä³îá³îëîã³¿ ³ì.
Ð. ª. Êàâåöüêîãî ÍÀÍ Óêðà¿íè.

Êë³òèíè âèðîùóâàëè ó ìîíîøàðîâ³é
êóëüòóð³ ó ñêëÿíèõ ôëàêîíàõ ç ïëîùåþ
äíà 38,5 ñì2 ó ïîæèâíîìó ñåðåäîâèù³ 199,

Î.Ñ. Áîãîðàä-Êîáåëüñüêà, Í.Ì. Æîëîáàê, Ç.Ì. Îëåâ³íñüêà, Ì.ß.Ñï³âàê
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ùî ì³ñòèòü 0,68 ììîëü/ë L-ãëþòàì³íó
(ÍÂÏ «Á³î-Òåñò-Ëàáîðàòîð³ÿ», Óêðà¿íà) ç
äîäàâàííÿì 10%-¿ åìáð³îíàëüíî¿ òåëÿ÷î¿
ñèðîâàòêè («Sigma», ÑØÀ), 25 ììîëü/ë
HEPES (pH 7,4; «Serva», Í³ìå÷÷èíà) òà 1,0
ìêã/ìë êàíàì³öèíó ïðè 37 °Ñ â óìîâàõ
ïîñò ³éíîãî  ð ³âíÿ  CO

2
 (5  %) .  Êë ³òèíè

ïåðåñ³âàëè êîæí³ 2�3 äîáè. Îïòèìàëüíà
ù³ëüí³ñòü êë³òèí ïðè ïåðåñ³âàíí³ ñòàíîâèëà
1�3 . 104 êë³òèí/ñì2.

Äëÿ âèâ÷åííÿ òîêñè÷íîñò³ òà ïðîòè-
â³ðóñíî¿ àêòèâíîñò³ âèêîðèñòîâóâàëè êë³òè-
íè, ùî çíàõîäÿòüñÿ ó ëîãàðèôì³÷í³é ôàç³
ðîñòó. ¯õ çí³ìàëè ç ïîâåðõí³ ôëàêîí³â çà äî-
ïîìîãîþ 0,02%-ãî ðîç÷èíó Âåðñåíà, ðåñóñ-
ïåíäóâàëè ó ïîæèâíîìó ñåðåäîâèù³ òà
äîâîäèëè äî êîíöåíòðàö³¿ ó ñóñïåíç³¿ äî 5 .

104 êë³òèí/ìë. Ó 96-ëóíêîâ³ ïëîñêîäîíí³
ïëàíøåòè («Sarstedt», Í³ìå÷÷èíà) âíîñèëè
0,1 ìë âêàçàíî¿ ñóñïåíç³¿ òà ³íêóáóâàëè â
òåðìîñòàò³ ç ïîñò³éíèì ð³âíåì CO

2 
(5 %)

ïðè 37 °Ñ äî óòâîðåííÿ ìîíîøàðó êë³òèí.
Ó âêàçàíèõ óìîâàõ ìîíîøàð êë³òèí óòâî-
ðþâàâñÿ âïðîäîâæ 24 ãîä.

Äëÿ âèâ÷åííÿ òîêñè÷íîñò³ äîñë³äíèõ
ñïîëóê ¿õ äîäàâàëè äî ìîíîøàðó êë³òèí ó
êîíöåíòðàö³ÿõ 1,0�2,0 ìã/ìë ç ïîñë³äîâíèì
äâîêðàòíèì ðîçâåäåííÿì. Ïëàíøåòè ³íêó-
áóâàëè âïðîäîâæ 24 ãîä ïðè 37 °Ñ. Ö³ë³ñ-
í³ñòü ïëàçìàòè÷íî¿ ìåìáðàíè äîñë³äæó-
âàíèõ êë³òèí âèçíà÷àëè çà â³äñóòí³ñòþ ¿õ
çàáàðâëåííÿ 0,5%-ì ðîç÷èíîì òðèïàíîâîãî
ñèíüîãî. Òîêñè÷í³ñòü ñïîëóêè îö³íþâàëè çà
¿¿ ìàêñèìàëüíî âèòðèìóâàíîþ êîíöåíò-
ðàö³ºþ (ÌÂÊ). Çà ÌÂÊ ïðèéìàëè òàêó
êîíöåíòðàö³þ ñïîëóêè (ì³êðîãðàì íà
ì³ë³ë³òð), ùî ïðèçâîäèëà äî çàãèáåë³ íå
á³ëüøå í³æ 10 % êë³òèí ïîð³âíÿíî ç êîíòðî-
ëåì. ßê êîíòðîëü âèêîðèñòîâóâàëè êë³òèíè,
íå îáðîáëåí³ äîñë³äíèìè ñïîëóêàìè.

Ïðîòèâ³ðóñíó àêòèâí³ñòü îáðàíèõ ðå÷î-
âèí äîñë³äæóâàëè íà  äâîõ ìîäåëüíèõ
ñèñòåìàõ:  êë³òèíè ë³í³¿ L929 ïðîòè òåñò-
â³ðóñó âåçèêóëÿðíîãî ñòîìàòèòó (ÂÂÑ) ³
êë³òèíè ë³í³¿ RF ïðîòè òåñò-â³ðóñó ïðîñòîãî
ãåðïåñó 1 òèïó (ÂÏÃ-1). Òàêîæ âèêîðèñòî-

âóâàëè äâ³  ñòàíäàðòí³ ñõåìè âíåñåííÿ äîñ-
ë³äíèõ ïðåïàðàò³â [5]. Ñïîëóêè äîäàâàëè äî
ñåðåäîâèùà êóëüòèâóâàííÿ ó êîíöåíòðàö³¿,
ùî íå ïåðåâèùóâàëà ÌÂÊ, ç ïîñë³äîâíèì
äâîêðàòíèì ðîçâåäåííÿì çà 24 ãîä äî
(ïðîô³ëàêòè÷íà ñõåìà) àáî ÷åðåç 30�60 õâ
ï³ñëÿ (äëÿ ÐÍÊ- ÷è ÄÍÊ- âì³ñíîãî â³ðóñó
â³äïîâ³äíî, ë³êóâàëüíà ñõåìà) ³íô³êóâàííÿ
êë³òèí òåñò-â³ðóñîì (100 ÒÖÄ

50
 � òêàíèííà

öèòîïàòè÷íà äîçà â³ðóñó, ÿêà ñïðè÷èíþº
óðàæåííÿ 50 % êë³òèí ìîíîøàðó ó 50,0 ìêë
ñåðåäîâèùà 199). Ïëàíøåòè ³íêóáóâàëè ó
òåðìîñòàò³ ïðè 37 °Ñ äî íàñòàííÿ ïîâíî¿
äåñòðóêö³¿ êë³òèí ó êîíòðîë³ â³ðóñó (äëÿ
ÂÂÑ � 1 äîáà, äëÿ ÂÏÃ-1�3 äîáè).  ßê
ïîçèòèâíèé êîíòðîëü âèêîðèñòîâóâàëè
êë³òèíè, íå îáðîáëåí³ äîñë³äíèìè ñïîëó-
êàìè, ³íô³êîâàí³ â³äïîâ³äíèì òåñò-â³ðóñîì.
Ê³ëüê³ñòü æèâèõ êë³òèí (äëÿ âèçíà÷åííÿ
ñòóïåíÿ ïðèãí³÷åííÿ â³ðóñîñïåöèô³÷íîãî
öèòîïàòè÷íîãî åôåêòó) ï³äðàõîâóâàëè ï³ñëÿ
¿õ ôàðáóâàííÿ êðèñòàë³÷íèì-ô³îëåòîâèì
[19]. Äëÿ öüîãî ç ëóíîê âèäàëÿëè íàäîñà-
äîâó ð³äèíó, à äî êë³òèí íà 15 õâ âíîñèëè
0,2%-é ðîç÷èí ôàðáíèêà Crystal  Violet
(«Sigma», ÑØÀ) ó 2%-ìó åòàíîë³. Ôàðáíèê
âèäàëÿëè, çàôàðáîâàíèé ìîíîøàð êë³òèí
ïðîìèâàëè âîäîþ. Îïòè÷íó ãóñòèíó çàôàð-
áîâàíèõ êë³òèí âèì³ðþâàëè íà ñïåêòðî-
ôîòîìåòð ³  ç  âåðòèêàëüíèì ïðîìåíåì
Multiskan Ascent («Thermo Labsystems»,
Ô³íëÿíä³ÿ) ïðè äîâæèí³ õâèë³ 540 íì.

Äëÿ îö³íêè ïðîòèâ³ðóñíî¿ àêòèâíîñò³
äîñë³äíèõ ñïîëóê âèêîðèñòîâóâàëè çíà÷åí-
íÿ åôåêòèâíèõ êîíöåíòðàö³é: ED

50
 òà ED

100
.

Çà çíà÷åííÿ ED
50

 òà ED
100

 ïðèéìàëè òàê³
êîíöåíòðàö³³ ñïîëóêè (ó ì³êðîãðàìàõ íà 1
ìë), ïðè ÿêèõ ñïîñòåð³ãàëè ïðèãí³÷åííÿ
öèòîïàòè÷íîãî åôåêòó â³ðóñó íà 50 òà
100 % â³äïîâ³äíî ïîð³âíÿíî ç  ïîâíîþ
äåñòðóêö³ºþ êë³òèí ó êîíòðîë³ â³ðóñó.

Îòðèìàí³ åêñïåðèìåíòàëüí³ ðåçóëüòàòè
ïðåäñòàâëåí³ ó âèãëÿä³ ìåä³àíè òà ³íòåð-
êâàðòèëüíîãî ³íòåðâàëó Me(LQ�UQ), äå
Ìe � ìåä³àíà, (LQ�UQ) � íèæí³é ³ âåðõí³é
êâàðòèë³. Ó âñ³õ ñåð³ÿõ áóëî ïî 3 äîñë³äè.

Àòèâí³ñòü ïîõ³äíèõ äèôåí³ëó
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Í óëüîâó  ã ³ïîòåçó  äëÿ  êîíòðîëüíî¿  òà
â³äïîâ³äíî êîæíî¿ ç äîñë³äíèõ ãðóï ïîð³â-
íÿííÿ ïåðåâ³ðÿëè çà äîïîìîãîþ íåïàðà-
ìåòðè÷íîãî êðèòåð³þ Ìàííà�Ó³òí³. Â³äì³í-
íîñò³ ì³æ ãðóïàìè ââàæàëè ñòàòèñòè÷íî
çíà÷óùèìè ïðè Ð < 0,05.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

²íòåãðàëüíèì ïîêàçíèêîì òîêñè÷íîñò³ ñïî-
ëóê º ÌÂÊ. Îòðèìàí³ çíà÷åííÿ ÌÂÊ òè-
ëîðîíó äèã³äðîõëîðèäó òà ïîõ³äíèõ äèôå-
í³ëó íàâåäåí³ ó òàáë. 1. Ô³áðîáëàñòè ùóðà
âèÿâèëèñÿ á³ëüø ÷óòëèâèìè äî ä³¿ ñïîëóê,
í³æ ìèø³. Äëÿ îáîõ òèï³â äîñë³äæåíèõ êë³òèí
ñïîëóêè 1 òà 2 õàðàêòåðèçóþòüñÿ çíà÷íî ìåí-
øîþ òîêñè÷í³ñòþ, í³æ àì³êñèí ²Ñ (Ð < 0,05).
Ðÿä ÌÂÊ äëÿ òèëîðîíó òà ñïîëóê � éîãî
ñòðóêòóðíèõ àíàëîã³â � ìàº âèãëÿä: 2 > 1 >
òèëîðîí. Çâàæàþ÷è íà îòðèìàí³ ðåçóëüòàòè,
ó  ïîäàëüøèõ åêñïåðèìåíòàõ  ñïîëóêè
âèêîðèñòîâóâàëè ó êîíöåíòðàö³ÿõ, ùî íå
ïåðåâèùóþòü ÌÂÊ.

ßê âèäíî ç òàáë. 2, ó êë³òèíàõ L929 òà
FR ñïîëóêà 1 òà òèëîðîí ³íã³áóþòü ÖÏÄ
òåñò-â³ðóñó ÿê ïðè ïðîô³ëàêòè÷í³é, òàê ³ ïðè
ë³êóâàëüí³é ñõåìàõ çàñòîñóâàííÿ. Ñë³ä
çàçíà÷èòè, ùî äëÿ îáîõ òèï³â êë³òèí â îáîõ
ñõåìàõ åêñïåðèìåíòó ïðîòèâ³ðóñíèé åôåêò
òèëîðîíó ñïîñòåð³ãàëè çà íèæ÷î¿, í³æ äëÿ
ñïîëóê 1 òà 2, êîíöåíòðàö³¿.

Âàæëèâî â³äçíà÷èòè, ùî ä³àïàçîí åôåê-
òèâíèõ ïðîòèâ³ðóñíèõ êîíöåíòðàö³é ñïîëóêè
1 çà óìîâè ïðîô³ëàêòè÷íî¿ ñõåìè çàñòî-
ñóâàííÿ çá³ãàºòüñÿ ÿê äëÿ ÂÂÑ, òàê ³ äëÿ
ÂÏÃ-1. Çà ë³êóâàëüíî¿ ñõåìè äëÿ 100%-ãî

ïðèãí³÷åííÿ ðîçâèòêó öèòîïàòè÷íî¿ äîçè
(ÖÏÄ) ÂÏÃ-1 â êóëüòóð³ êë³òèí ïîòð³áí³
íèæ÷³ (á³ëüøå í³æ ó 4 ðàçè) ¿¿ êîíöåíòðàö³¿
ïîð³âíÿíî ç ìîäåëüíîþ ñèñòåìîþ L929/
ÂÂÑ.  Ñïîëóêà  2  íà  ìîäåë³  L929/ÂÂÑ
âèÿâèëàñÿ ìàëîåôåêòèâíîþ: áóëî çíàéäåíî
êîíöåíòðàö³¿, ÿê³ çàáåçïå÷óâàëè ò³ëüêè 50%-
âå ïðèãí³÷åííÿ ðîçâèòêó ÖÏÄ â³ðóñó, òîä³
ÿê íà ìîäåë³ RF/ÂÏÃ-1 åôåêòèâí³ êîíöåíò-
ðàö³¿ ñïîëóêè áóëè, íåçàëåæíî â³ä ñõåìè
çàñòîñóâàííÿ, á³ëüøå, í³æ ó 4 ðàçè íèæ÷³.
Òèëîðîí âèêëèêàâ ãàëüìóâàííÿ ðîçâèòêó
ÖÏÄ â³ðóñ³â ó îáîõ äîñë³äæåíèõ ñèñòåìàõ
ÿê çà ïðîô³ëàêòè÷íî¿, òàê ³ ë³êóâàëüíî¿
ñõåì, õî÷à äëÿ îòðèìàííÿ ïðîòèâ³ðóñíîãî
åôåêòó íà ìîäåë³ RF/ÂÏÃ-1 áóëî äîñòàòíüî
â 2 ðàçè íèæ÷èõ êîíöåíòðàö³é, í³æ äëÿ L929/
ÂÂÑ. Òàêèì ÷èíîì, äîñë³äæåí³ ñïîëóêè
âèÿâèëèñü á³ëüø åôåêòèâíèìè íà ìîäåë³
RF/ÂÏÃ-1. Ìîæëèâî, âèÿâëåíèé åôåêò
ïîâ�ÿçàíèé ³ç ñïåöèô³êîþ ðîçâèòêó âíóòð³ø-
íüîêë³òèííîãî â³ðóñ³íäóêîâàíîãî ïðîöåñó.

Íàäçâè÷àéíî ö³êàâèìè º ðåçóëüòàòè,
îòðèìàí³ çà óìîâè çàñòîñóâàííÿ ñïîëóê çà
ïðîô³ëàêòè÷íîþ ñõåìîþ. ßêùî äëÿ òèëî-
ðîíó õàðàêòåðíà òàêà ñàìà ð³çíèöÿ â åôåê-
òèâíîñò³ äëÿ ìîäåëåé L929/ÂÂÑ òà RF/
ÂÏÃ-1, ÿê ³ çà ë³êóâàëüíî¿ ñõåìè, òî äëÿ
ñïîëóêè 1 òàêî¿ ð³çíèö³ íåìàº: ED

100 
òà ED

50

çà óìîâè ïðîô³ëàêòè÷íîãî çàñòîñóâàííÿ äëÿ
ìîäåëåé ÐÍÊ-  ³  ÄÍÊ-âì³ñíèõ â ³ðóñ ³â
çá³ãàþòüñÿ .  Äëÿ ñïîëóêè 2  âçàãàë³  íå
âèçíà÷åíî ED

100 
äëÿ ìîäåë³ L929/ÂÂÑ, òîä³

ÿê íà ìîäåë³ RF/ÂÏÃ-1 åôåêòèâí³ ïðîòè-
â³ðóñí³ êîíöåíòðàö³¿  ñïîëóêè îäíàêîâ³
íåçàëåæíî â³ä çàñòîñîâàíî¿ ñõåìè. Îòðè-

Òàáëèöÿ 1. Ìàêñèìàëüíî âèòðèìóâàí³ êîíöåíòðàö³¿ (ìêã/ìë) òèëîðîíó òà ïîõ³äíèõ äèôåí³ëó äëÿ êë³òèí
ð³çíèõ ë³í³é: ô³áðîáëàñò³â ìèø³ (L929), ô³áðîáëàñòè ùóðà (RF) (n = 3)

Ñïîëóêà L929 RF

1 50,0 25,0
[25,0�50,0] [12,5�25,0]

2 125,0 100,0
[100,0�125,0] [50,0�100,0]

Òèëîðîí 10,0 6,2
[5,0�10,0] [3,1�6,2]

Ïðèì³òêà. Ðåçóëüòàòè ïðåäñòàâëåí³ ÿê ìåä³àíà òà ³íòåðêâàðòèëüíèé ³íòåðâàë Me [LQ�UQ].

Î.Ñ. Áîãîðàä-Êîáåëüñüêà, Í.Ì. Æîëîáàê, Ç.Ì. Îëåâ³íñüêà, Ì.ß.Ñï³âàê
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ìàí³ â³äì³ííîñò³ â ïðîòèâ³ðóñí³é åôåê-
òèâíîñò³ äîñë³äæåíèõ ñïîëóê çà óìîâè
ïðîô³ëàêòè÷íîãî çàñòîñóâàííÿ ìîæíà
ïîÿñíèòè íà ï³äñòàâ³ âèâ÷åíî¿ íàìè ðàí³øå
[3] ¿õ çäàòíîñò³ äî ³íäóêö³¿ ²ÔÍ ó êóëüòóð³
êë³òèí. ßêùî çäàòí³ñòü äî ³íäóêö³¿ ²ÔÍ
ïîêàçàíà äëÿ ñïîëóêè 1 òà â³äîìà äëÿ
òèëîðîíó [1, 6], òî ñïîëóêà 2 íå ³íäóêòîð
²ÔÍ ó êóëüòóð³ êë³òèí. Îñê³ëüêè ìîäåëüíà
ñèñòåìà L929/ÂÂÑ º êëàñè÷íîþ äëÿ äåòåê-
ö³¿ ²ÔÍ ³ ä³¿ ñïîëóê éîãî ³íäóêòîð³â, ¿¿
çàñòîñóâàííÿ äàëî çìîãó âèÿâèòè â³äì³í-
íîñò³ â åôåêòèâíîñò³ ñïîëóê 1, 2 òà òèëî-
ðîíó ã³äðîõëîðèäó, ùî ïîâ�ÿçàí³, â òîìó
÷èñë³, ç ¿õ âïëèâîì (÷è éîãî â³äñóòí³ñòþ)
íà ñèíòåç ²ÔÍ ó êë³òèí³.

Äëÿ õàðàêòåðèñòèêè ïðîòèâ³ðóñíî¿ ä³¿
âêàçàíèõ ðå÷îâèí âèçíà÷àëè ³íäåêñ ñåëåê-
òèâíîñò³ (IÑ) ÿê â³äíîøåííÿ CC

50
 (50 %

öèòîòîêñè÷íà êîíöåíòðàö³ÿ) äî ED
50

. Â³ä-
ïîâ³äíî äî ìåòîäè÷íèõ ðåêîìåíäàö³é [4]
ðå÷îâèíó àáî ïðåïàðàò ââàæàþòü òàêèìè,
ùî âèÿâëÿþòü çíà÷íó ïðîòèâ³ðóñíó àêòèâ-
í³ñòü ïðè çíà÷åííÿõ IÑ 8 òà âèùå. Îñê³ëüêè
äëÿ òèëîðîíó òà ñïîëóêè 1 ó äîñë³äæåíèõ
ìîäåëüíèõ ñèñòåìàõ IÑ çíàõîäèòüñÿ â
ìåæàõ 8,6 � 17,1, à äëÿ ñïîëóêè 2 � 16,7 �
33,3, çðîáëåíî âèñíîâîê, ùî âçÿò³ ó äîñë³ä-
æåííÿ ïîõ³äí³ äèôåí³ëó º àêòèâíèìè ïðîòè-
â³ðóñíèìè ñïîëóêàìè.

Îòæå, íàìè ïîêàçàíî, ùî ñòðóêòóðí³
àíàëîãè òèëîðîíó � äèôåí³ëè � ìàþòü âè-
ñîêó á³îëîã³÷íó àêòèâí³ñòü, âîíè, ÿê ³ ïðå-
ïàðàò ïîð³âíÿííÿ òèëîðîí, çäàòí³ ïðèãí³-
÷óâàòè ðîçâèòîê â³ðóñíîãî öèòîïàòè÷íîãî
åôåêòó, ñïðè÷èíåíîãî ÄÍÊ- ³ ÐÍÊ-âì³ñ-
íèìè â³ðóñàìè. Ïîõ³äí³ äèôåí³ëó çíà÷íî
ìåíø òîêñè÷í³,  í³æ òèëîðîí ³  ìîæóòü
ðîçãëÿäàòèñÿ ÿê ñïîëóêè, ïåðñïåêòèâí³ äëÿ
ïîäàëüøèõ äîñë³äæåíü ïðè ñòâîðåíí³ íîâèõ
ïðîòèâ³ðóñíèõ ïðåïàðàò³â.

Î.Ñ. Áîãîðàä-Êîáåëüñêàÿ, Í.Ì. Æîëîáàê,
Ç.Ì. Îëåâèíñêàÿ, Ì.ß.Ñïèâàê

ÀÒÈÂÍÎÑÒÜ ÏÐÎÈÇÂÎÄÍÛÕ ÄÈÔÅÍÈËÀ
ÍÀ ÐÀÇÍÛÕ ÌÎÄÅËÜÍÛÕ ÑÈÑÒÅÌÀÕ
ÂÈÐÓÑ�ÊËÅÒÊÀ

Â ðàáîòå íà äâóõ ìîäåëüíûõ ñèñòåìàõ L929/ÂÂÑ è RF/
ÂÏÃ-1 â óñëîâèÿõ in vitro èçó÷àëè ïðîòèâîâèðóñíóþ
àêòèâíîñòü íîâûõ ñòðóêòóðíûõ àíàëîãîâ òèëîðîíà
äèãèäðîõëîðèäà: 4,4'-áèñ-[2-(äèýòèëàìèíî)ýòîêñè]äèôåíèë
äèãèäðîõëîðèäà è 2-ìåòîêñèêàðáîíèë-4-4'-áèñ-[2-
(äèýòèëàìèíî)ýòîêñè]äèôåíèë äèãèäðîõëîðèäà. Â ýêñïåðè-
ìåíòàõ èñïîëüçîâàëè äâå ñõåìû âíåñåíèÿ èññëåäóåìûõ
âåùåñòâ: ïðîôèëàêòè÷åñêóþ è ëå÷åáíóþ. Èñïîëüçîâàíèå
ïðîôèëàêòè÷åñêîé ñõåìû âíåñåíèÿ âåùåñòâ ïîäòâåðæäàåò
ôàêò ñóùåñòâîâàíèÿ êîððåëÿöèè ìåæäó ïðîäóêöèåé ÈÔÍ
ïîä âîçäåéñòâèåì âåùåñòâ è èõ ïðîòèâîâèðóñíîé
àêòèâíîñòüþ. Ïîêàçàíî, ÷òî äèôåíèëû ñïîñîáíû óãíåòàòü
ðàçâèòèå âèðóñíîãî öèòîïàòè÷åñêîãî ýôôåêòà, âûçâàííîãî
ÄÍÊ- è ÐÍÊ-ñîäåðæàùèìè âèðóñàìè. Ïðîèçâîäíûå

  Ñïîëóêà                    L929                   RF

Ïðîô³ëàêòè÷íà ñõåìà Ë³êóâàëüíà ñõåìà Ïðîô³ëàêòè÷íà ñõåìà Ë³êóâàëüíà ñõåìà

ED
100

ED
50

ED
100

ED
50

ED
100

ED
50

ED
100

ED
50

  1 12,5 6,2 25,0 6,2 12,5 6,2 6,2 3,1

[6,2 � 12,5] [6,2 � 12,5] [25,0 � 50,0] [6,2 � 12,5] [6,2 � 12,5] [6,2 � 12,5] [6,2 � 12,5] [1,6 � 3,1]

  2 � 100,0 � 100,0 25,0 12,5 25,0 12,5

[50,0 � 100,0] [50,0 � 100,0] [25,0 � 50,0] [6,2 � 12,5] [25,0 � 50,0] [6,2 � 12,5]

 Òèëîðîí 6,2 3,1 6,2 3,1 3,1 1,6 3,1 1,6
[3,1 � 6,2] [3,1 � 3,1] [3,1 � 6,2] [1,6 � 3,1] [1,6 � 3,1] [0,8 � 1,6] [1,6 � 3,1] [0,8 � 1,6]

Ïðèì³òêà. ED
100

 òà ED
50

� åôåêòèâí³ äîçè ñïîëóêè (ìêã/ìë), ïîòð³áí³ äëÿ ïðèãí³÷åííÿ öèòîïàòè÷íîãî
åôåêòó â³ðóñó íà 50 òà 100 % â³äïîâ³äíî, ïîð³âíÿíî ç ïîâíîþ äåñòðóêö³ºþ êë³òèí ó êîíòðîë³ â³ðóñó.
ÒÖÄ

50 
� òêàíèííà öèòîïàòè÷íà äîçà â³ðóñó, ÿêà ñïðè÷èíþº óðàæåííÿ 50 % êë³òèí ìîíîøàðó.

Òàáëèöÿ 2. Ïðîòèâ³ðóñíà àêòèâí³ñòü òèëîðîíó òà ïîõ³äíèõ äèôåí³ëó íà ð³çíèõ ìîäåëüíèõ ñèñòåìàõ:
ô³áðîáëàñòè ìèø³ (L929) ïðîòè 100 ÒÖÄ

50
 â³ðóñó âåçèêóëÿðíîãî ñòîìàòèòó òà ô³áðîáëàñòè ùóðà (RF)

ïðîòè 100 ÒÖÄ
50

 â³ðóñó ïðîñòîãî ãåðïåñó 1-ãî òèïó

Àòèâí³ñòü ïîõ³äíèõ äèôåí³ëó
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äèôåíèëà çíà÷èòåëüíî ìåíåå òîêñè÷íû, ÷åì òèëîðîí, è
ìîãóò ðàññìàòðèâàòüñÿ êàê âåùåñòâà, ïåðñïåêòèâíûå äëÿ
äàëüíåéøèõ èññëåäîâàíèé ñ öåëüþ ñîçäàíèÿ íîâûõ
ïðîòèâîâèðóñíûõ ïðåïàðàòîâ.
Êëþ÷åâûå ñëîâà: àìèêñèí ²Ñ, òèëîðîí, ïðîèçâîäíûå
äèôåíèëà, ïðîòèâîâèðóñíàÿ àêòèâíîñòü, ÄÍÊ- è ÐÍÊ-
ñîäåðæàùèå âèðóñû.

O.S. Bogorad-Kobelska, N.M. Zholobak,
Z.M.Olevinska, M.Ya.Spivak

THE ANTIVIRAL ACTIVITY OF DIPHENYL
DERIVATIVES IN DIFFERENT MODEL
SYSTEMS

In experiments on two model systems L929/VSV and RF/
HSV-1 in vitro we have studied the antiviral activity of new
structural analogues of tilorone � 4,4'-bis[2-(diethyl-
amino)ethoxy]diphenyl dihydrochloride and 2-methoxy-
carbonyl-4-4'-bis[2-(diethylamino)ethoxy]diphenyl dihydro-
chloride. In experiments the tested substances were adminis-
tered in preventive and therapeutic schemes. The preventive
scheme confirms the existence of a correlation between IFN
production under the influence of tested substances and their
antiviral activity. It is shown that diphenyls are able to inhibit
the development of viral cytopathic effect induced by DNA-
and RNA-containing viruses. Diphenyl derivatives are less
toxic than tilorone and could be considered as promising sub-
stances for further research to develop new antiviral drugs.
Key words: àmixine ²Ñ, tilorone, diphenyl derivatives, antivi-
ral activity, DNA-containing viruses, RNA-containing viruses.

D.K. Zabolotnyi Institute of microbiology and virusology
NAS of Ukraine, Kyiv.
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Ñóïåðïîçèö³ÿ ìîòîðíèõ êîìàíä
ó ïåðåá³ãó ñòâîðåííÿ �äâîñóãëîáîâèõ� ñòàòè÷íèõ
çóñèëü ì�ÿçàìè ðóêè ëþäèíè

Âèâ÷àëè îñîáëèâîñò³ ñóïåðïîçèö³¿ öåíòðàëüíèõ ìîòîðíèõ êîìàíä (ÖÌÊ), ÿê³ íàäõîäÿòü äî
ì�ÿç³â ðóêè ïðè ñòâîðåíí³ ïåðåäïë³÷÷ÿì ³çîìåòðè÷íèõ çóñèëü ð³çíîãî íàïðÿìêó. ßê îö³íêè
³íòåíñèâíîñò³ ÖÌÊ âèêîðèñòîâóâàëè àìïë³òóäè âèïðÿìëåíèõ åëåêòðîì³îãðàì (ÅÌÃ), ÿê³
â³äâîäèëèñÿ â³ä ì�ÿç³â ïëå÷îâîãî ïîÿñà òà ïëå÷à. Çóñèëëÿ ðîçâèâàëèñü ó ãîðèçîíòàëüí³é ïëîùèí³
îïåðàö³éíîãî ïðîñòîðó â óìîâàõ ô³êñîâàíîãî ïîëîæåííÿ ðóêè. Ïîð³âíþâàëèñÿ äâà âåêòîðè
ñèëè ð³âíî¿ àìïë³òóäè òà áëèçüêèõ íàïðÿìê³â, à òàêîæ ¿õ ãåîìåòðè÷íà ñóìà. Ïåðåâ³ðÿëàñÿ
ã³ïîòåçà ùîäî âñòàíîâëåííÿ ñóïåðïîçèö³¿ ÖÌÊ ó çàäà÷àõ ñóìàö³¿ âèùåâêàçàíèõ âåêòîð³â ñèëè.
Âèçíà÷åíî íàïðÿìêè ñêëàäîâèõ ³ ðåçóëüòàòèâíèõ çóñèëü, äëÿ ÿêèõ áóëà çàäîâ³ëüíîþ ñóïåðïîçèö³ÿ
ÖÌÊ. Ïîêàçàíî â³äì³ííîñò³ ó ïàòåðíàõ êîàêòèâàö³¿ åêñòåíçîðíèõ ì�ÿç³â ïëå÷îâîãî ïîÿñà òà
ïëå÷à. Ïðè ðîçãèíàëüíèõ çóñèëëÿõ ñïîñòåð³ãàâñÿ äîñèòü âèñîêèé ð³âåíü àêòèâíîñò³ ôëåêñîð³â,
òîä³ ÿê åêñòåíçîðè ï³ä ÷àñ çãèíàþ÷èõ çóñèëü çäåá³ëüøîãî áóëè ðîçñëàáëåíèìè.
Êëþ÷îâ³ ñëîâà: ðóêà ëþäèíè, �äâîñóãëîáîâå� ³çîìåòðè÷íå çóñèëëÿ, ñóïåðïîçèö³ÿ öåíòðàëüíèõ
ìîòîðíèõ êîìàíä, íàïðÿìêè çóñèëëÿ, ùî çá³ãàþòüñÿ ³ íå çá³ãàþòüñÿ.

ÂÑÒÓÏ

Ì�ÿçè, ÿê³ çàáåçïå÷óþòü òîé àáî ³íøèé ðóõ
áàãàòîñåãìåíòíî¿ ê³íö³âêè àáî ¿¿ ô³êñàö³þ
ó ïåâíîìó ïîëîæåíí³, ÿê ïðàâèëî, ôóíêö³î-
íóþòü ãðóïàìè. Âçàºìîä³ÿ ì�ÿç³â â³äáó-
âàºòüñÿ ÿê ó ìåæàõ ãðóï (ñèíåðã³çì), òàê
ì³æ ãðóïàìè ì�ÿç³â, ùî º çãèíà÷àìè òà
ðîçãèíà÷àìè â³äïîâ³äíèõ ñóãëîá³â (àíòà-
ãîí³çì). Êîëè ð³âíîâàæíèé ñòàí ê³íö³âêè
ïîðóøóºòüñÿ çîâí³øíüîþ ñèëîþ, ì�ÿçè
çâè÷àéíî ãåíåðóþòü â³äïîâ³äí³ çóñèëëÿ äëÿ
â³äíîâëåííÿ ¿¿ âèõ³äíî¿ ïîçèö³¿ [11, 12]. Ó
ìåõàí³ö³ â³äîìèé ïðèíöèï ñóïåðïîçèö³¿ ñèë,
â³äïîâ³äíî äî ÿêîãî ñóìàö³ÿ  äâîõ ñèë
â³äáóâàºòüñÿ âåêòîðíî âã³äíî ç ïðàâèëîì
ïàðàëåëîãðàìà. Ï³ä ÷àñ âèêîíàííÿ äîâ³ëü-
íèõ ðóõ³â  ÖÍÑ âèìóøåíà âèð³øóâàòè
ïðîáëåìó íàäëèøêó ñòóïåí³â ñâîáîäè [1].
Íå âèêëþ÷åíî, ùî ïîä³áíà çàäà÷à ìîæå
ñïîñòåð³ãàòèñü ³ ïðè ôîðìóâàíí³ ñòàòè÷íèõ
çóñèëü, ÿê³ ó ì³ñö³ ¿õ ïðèêëàäåííÿ ìîæóòü

ñòâîðþâàòèñÿ çàâäÿêè ð³çíèì êîìá³íàö³ÿì
ñèëîâèõ ðåàêö³é á³ëüøîñò³ ì�ÿç³â ê³íö³âêè.

Áàçóþ÷èñü íà òîìó ôàêò³, ùî çä³éñ-
íåííÿ ïðîñòîðîâèõ ðóõ³â ïîòðåáóº êîîðäè-
íîâàíî¿ çì³íè ñóãëîáîâèõ êóò³â, äåÿê³ àâòî-
ðè ïðèïóñêàþòü, ùî íàïðÿìîê ðóõó ê³íö³âêè
íàñàìïåðåä âèçíà÷àþòü ìîíîàðòèêóëÿðí³
ì�ÿçè, òîä³ ÿê á³àðòèêóëÿðí³ äîäàòêîâî
ðîçïîä³ëÿþòü ìîìåíòè ñèë ì³æ ñóãëîáàìè
[6, 8]. Äàí³ äîñë³äæåíü ùîäî ï³äòðèìàííÿ
ïîçè òâàðèí, ñâ³ä÷àòü ïðî òå, ùî ãîëîâíà
ðîëü ó âèçíà÷åíí³ íàïðÿìêó ðåàêö³¿ â³äíîñíî
îïîðè íàëåæèòü á³àðòèêóëÿðíèì ì�ÿçàì [9,
10] .  Â ³äîìî,  ùî  ó  ñòàòè÷íèõ  óìîâàõ
ïîòð³áíèé ïîñò³éíèé êîíòðîëü çàãàëüíî¿
ìåõàí³÷íî¿  æîðñòêî ñò³  ê ³íö³âêè,  ÿêèé
çàëåæèòü â³ä òîí³÷íî¿ êîàêòèâàö³¿ ì�ÿç³â, ÿê³
îáåðòàþòü òîé ÷è ³íøèé ñóãëîá [2, 7 13].

Ìåòà íàøî¿ ðîáîòè � ïðîàíàë³çóâàòè
îñîáëèâîñò³  ñóïåðïîçèö³¿  öåíòðàëüíèõ
ìîòîðíèõ êîìàíä (ÖÌÊ), ÿê³ íàäõîäÿòü äî
ì�ÿç³â ïëå÷îâîãî ïîÿñà òà ïëå÷à ïðè ãåíå-
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ðàö³¿ ïåðåäïë³÷÷ÿì ñòàòè÷íèõ çóñèëü ó
òðüîõ íàïðÿìêàõ, îäèí ç ÿêèõ º âåêòîðíîþ
ñóìîþ äâîõ ³íøèõ.

ÌÅÒÎÄÈÊÀ

Òåñòè áóëè ïðîâåäåí³ íà ÷îòèðüîõ çäîðîâèõ
îáñòåæåíèõ â³êîì â³ä 21 äî 29 ðîê³â.

Äåòàë³ ìåòîäèêè áóëè íàâåäåí³ ó íàø³é
ïîïåðåäí³é ïðàö³ [3]. Ï³ä ÷àñ åêñïåðèìåíòó
îáñòåæóâàíèé êèñòþ ïðàâî¿ ðóêè óòðèìóâàâ
ðóê³â�ÿ ìåõàí³÷íîãî ïðèñòðîþ, ÿêå äàâàëî
çìîãó ðåºñòðóâàòè âåëè÷èíó òà íàïðÿìîê
³çîìåòðè÷íîãî çóñèëëÿ, ùî ðîçâèâàºòüñÿ
ïåðåäïë³÷÷ÿì ç âèêîðèñòàííÿì òåíçîìåò-
ðè÷íèõ äàò÷èê³â. Ïëå÷å òà ïåðåäïë³÷÷ÿ
òåñòîâàíîãî çíàõîäèëèñü ó ãîðèçîíòàëüí³é
ïëîùèí³. Êóò ó ïëå÷îâîìó ñóãëîá³ ñòàíîâèâ
30°,  à  ó  ë ³êòüîâîìó � 90°;  ïðè öüîìó
çàï�ÿñòîê áóëî çíåðóõîìëåíî ñïåö³àëüíèì
ìåõàí³÷íèì áàíäàæåì, à ïëå÷å ó äèñòàëü-
í³é ÷àñòèí³ ï³äòðèìóâàëîñÿ íà òðîñîâîìó
ï³äâ³ñ³ .  Ó êîæíîìó åêñïåðèìåíò³  áóëî
ïðîâåäåíî äåñÿòü ñåð³é òåñò³â. Îáñòåæó-
âàíèé ïîâèíåí áóâ â³äòâîðþâàòè åòàëîííå
çóñèëëÿ, â³äñòåæóþ÷è ïîëîæåííÿ ìàðêåð³â
ñèëîâîãî òà êîìàíäíîãî ñèãíàëó íà ìîí³òîð³
êîìï�þòåðà. Êîìàíäíèé ñèãíàë ñêëàäàâñÿ
ç òðüîõ åëåìåíò³â � âèõ³äíîãî ñòàö³îíàð-
íîãî ñòàíó, ë³í³éíîãî íàðîñòàííÿ çóñèëëÿ òà
ê³íöåâîãî ö³ëüîâîãî ñòàö³îíàðíîãî ð³âíÿ
çóñèëëÿ. Àíàë³çóâàëè çíà÷åííÿ ïîêàçíèê³â
åëåêòðîì³îãðàìè (ÅÌÃ) ò³ëüêè îñòàííüî¿
ñòàä³¿. Êîæíà ñåð³ÿ ñêëàäàëàñÿ ç ðåàë³çàö³é
çóñèëü, îð³ºíòîâàíèõ ó òðüîõ íàïðÿìêàõ
ùîäî îñ³, ïåðïåíäèêóëÿðíî¿ ïåðåäïë³÷÷þ.
Äðóãå ç öèõ çóñèëü ÿâëÿëî ñîáîþ ñóìàö³þ
ïåðøîãî òà òðåòüîãî. Íàïðÿìîê â³äïîâ³ä-
íèõ çóñèëü íàâåäåíî íèæ÷å, ïðè÷îìó äðóãèé
(ðåçóëüòàòèâíèé) â³äì³÷åíî æèðíèì øðèô-
òîì: 280, 300, 320; 340, 0, 20; 5, 25, 45; 50,
70, 90; 90, 110, 130; 120, 140, 160; 170, 190,
210; 230, 250, 270; 110, 155, 200; 300, 345,
30 °. Êóòè â³äêëàäàëè ïðîòè ðóõó ãîäèííè-
êîâî¿ ñòð³ëêè. ÅÌÃ-ñèãíàëè àíàë³çóâàëè â
ìåæàõ ³íòåðâàëó 3,0�5,0 ñ â³ä ïî÷àòêó äî-
ñÿãíåííÿ ñòàö³îíàðíîãî ð³âíÿ çóñèëëÿ. Àìï-

ë³òóäè ïåðøîãî òà òðåòüîãî òåñò-çóñèëëÿ
(ñêëàäîâ³ ðåçóëüòàòèâíîãî) ñòàíîâèëè 30 Í,
à  äðó ãå  (ðåçóëüòàòèâíå)  �  42 ,4Í (äëÿ
áëèçüêî îð³ºíòîâàíèõ ñêëàäîâèõ çóñèëü) òà
56,4 Í (ç øèðøèì â³äõèëîì âåêòîð³â).
Ðåºñòðàö³ÿ ÅÌÃ.
ÅÌÃ-ñèãíàëè â³äâîäèëè ïîâåðõíåâèìè
åëåêòðîäàìè («Biopac System EL 503»,
ÑØÀ). Ðåºñòðóâàëè â³ä âîñüìè ì�ÿç³â ðóêè:
m. brachioradialis (Br), m. biceps brachii,
caput breve (BB cb), m. biceps brachii, caput
longum (BB cl), m. triceps brachii, caput lat-
erale (TB clat), m. triceps brachii, caput lon-
gum (TB cl), m. pectoralis major (Pm), m.
delteoideus, pars clavicularis (D pc), m. del-
teoideus ,  pars  scapular is  (D ps) .  Âèêî-
ðèñòîâóâàëè ï³äñèëþâà÷³ ç³ ñìóãîþ ïðîïóñ-
êàííÿ 0,1�1000 Ãö. Ï³ñëÿ ï³äñèëåííÿ ñèã-
íàëè ðåºñòðóâàëè ç âèêîðèñòàííÿì äðóãîãî
êîìï�þòåðà òà  ïëàò  ââîäó/âèâîäó PCI
6071E òà 6023E («National Instruments»,
ÑØÀ). Ó ðåæèì³ off-line ñèãíàëè ÅÌÃ
ï³ääàâàëè äâîíàï³âïåð³îäíîìó âèïðÿì-
ëåííþ òà íèçüêî÷àñòîòí³é ô³ëüòðàö³¿ (öèô-
ðîâèé ô³ëüòð Áàòòåðâîðòà ÷åòâåðòîãî ïî-
ðÿäêó ç ÷àñòîòîþ çð³çó 15 Ãö).

Íîðìóâàííÿ âñ³õ ÅÌÃ-ñèãíàë³â ïðîâî-
äèëè â³äíîñíî àêòèâíîñò³ â³äïîâ³äíèõ ì�ÿ-
ç³â, ÿêà áóëà çàðåºñòðîâàíà ï³ä ÷àñ ðîçâèòêó
ìàêñèìàëüíîãî ³çîìåòðè÷íîãî íàïðóæåííÿ
ì�ÿç³â (ðèñ. 1).

Àìïë³òóäè âèïðÿìëåíèõ ³  ï³ääàíèõ
íèçüêî÷àñòîòí³é ô³ëüòðàö³¿ ÅÌÃ âèêîðèñ-
òîâóâàëè ÿê îö³íêè ìîòîðíèõ êîìàíä, ùî
íàäõîäÿòü äî â³äïîâ³äíèõ ì�ÿç³â.

Äëÿ îö³íêè àäåêâàòíîñò³ ñóïåðïîçèö³¿ ÖÌÊ
àíàë³çóâàëè ð³çíèöþ ì³æ ñåðåäí³ìè ð³âíÿìè
ÅÌÃ ïðè ðåàë³çàö³¿ äâîõ ñêëàäîâèõ ³ ðåçóëü-
òàòèâíîãî çóñèëü. Äëÿ îö³íþâàííÿ ñòàòèñòè÷-
íî¿ â³ðîã³äíîñò³ ð³çíèö³ ì³æ ñåðåäí³ìè ð³âíÿìè
ÅÌÃ âèêîðèñòîâóâàëè íåïàðíèé êðèòåð³é t
Ñòüþäåíòà; ïðè öüîìó ãðàíè÷íèé ð³âåíü
â³ðîã³äíîñò³ äëÿ íóëüîâî¿ ã³ïîòåçè ñòàíîâèâ
0,05. Çàçíà÷èìî, ùî ñóïåðïîçèö³ÿ ââàæàëàñÿ
äîñèòü àäåêâàòíîþ, êîëè êðèòåð³é t íå äàâàâ
ñòàòèñòè÷íî çíà÷èìî¿ ð³çíèö³.

Ñóïåðïîçèö³ÿ ìîòîðíèõ êîìàíä
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Íà ðèñ. 2 ç³ñòàâëåí³ çì³íè ÅÌÃ-àêòèâíîñò³
ì�ÿç³â ïëå÷îâîãî ïîÿñà òà ïëå÷à â óìîâàõ
áëèçüêî ðîçòàøîâàíèõ íàïðÿìê³â ãåíåðàö³¿
çóñèëü ó íàïðÿìê³â ìîæëèâèõ ðóõ³â, ÿê³
çá³ãàëèñÿ â îáîõ ñóãëîáàõ (òîáòî íàìàãàíü
îäíî÷àñíîãî çãèíàííÿ àáî ðîçãèíàííÿ îáîõ
ñóãëîá³â � à, á) òà íå çá³ãàþòüñÿ (íàìàãàííÿ
çãèíàííÿ ë³êòüîâîãî òà ðîçãèíàííÿ ïëå÷î-
âîãî ñóãëîá³â � â, ðîçãèíàííÿ ë³êòüîâîãî òà
çãèíàííÿ ïëå÷îâîãî ñóãëîá³â � ã) ñåêòîðàõ
îð³ºíòàö³¿ çóñèëëÿ. Ôîðìóâàííÿ çãèíàëüíîãî
çóñèëëÿ (âåêòîð çóñèëëÿ � ÂÇ 120, 140, 160 ° �
à) â³äáóâàëîñÿ ïåðåâàæíî âíàñë³äîê ³ñòîò-
íîãî çá³ëüøåííÿ ð³âíÿ àêòèâíîñò³ îäíî-
ñóãëîáîâîãî çãèíà÷à ïåðåäïë³÷÷ÿ (BB cl),
äâîñóãëîáîâîãî ôëåêñîðà ë³êòüîâîãî òà
ïëå÷îâîãî ñóãëîá³â (BB cb) ³ çãèíà÷à ïëå÷à
(Pm), òîä³ ÿê àêòèâí³ñòü åêñòåíçîðíèõ
ì�ÿç³â (TB cl, TB clat, D pc, D ps) áóëà ìàëî

ïîì³òíîþ. Äëÿ ïåðåâ³ðêè àäåêâàòíîñò³
ñóïåðïîçèö³¿ ÖÌÊ ï³ñëÿ ñóìàö³¿ â³äïîâ³äíèõ
ÅÌÃ-ñèãíàë³â ïðîâîäèâñÿ ñòàòèñòè÷íèé
àíàë³ç ÅÌÃ, îòðèìàíèõ ï³ä ÷àñ ðåàë³çàö³¿
ñêëàäîâèõ ³ ðåçóëüòàòèâíèõ çóñèëü. Íàñ
ö³êàâèëè çíà÷åííÿ ÅÌÃ-àêòèâíîñò³, ÿê³ ì³æ
ñîáîþ ñòàòèñòè÷íî íå â³äð³çíÿëèñü. ßêùî
â òàêèõ åêñïåðèìåíòàëüíèõ óìîâàõ ñïîñòå-
ð³ãàëèñÿ ñòàòèñòè÷íî äîñòîâ³ðí³ â³äì³ííîñò³
ì³æ ð³âíÿìè ÅÌÃ äîñë³äæóâàíèõ ì�ÿç³â
(Ð < 0,05) ñóïåðïîçèö³ÿ ÖÌÊ ââàæàëàñÿ
íåçàäîâ³ëüíîþ. Òàêèì ÷èíîì, ñë³ä â³äçíà-
÷èòè, ùî ó ïåðåá³ãó ðåàë³çàö³¿ çóñèëëÿ (ðå-
çóëüòàòèâíå çóñèëëÿ, ÂÇ 140 °) ÅÌÃ-àê-
òèâí³ñòü äâîñóãëîáîâîãî ôëåêñîðà äîñèòü
äîáðå îïèñóâàëàñÿ ñóìîþ â³äïîâ³äíî¿ ÅÌÃ
ó ðåçóëüòàò³ ãåíåðàö³¿ áëèçüêî ðîçòàøî-
âàíèõ çãèíàþ÷èõ çóñèëü (ñêëàäîâ³ çóñèëëÿ,
ÂÇ 120 òà 160 °). Ó âêàçàí³é ïîçèö³¿ ëàíîê
ðóêè ñóìà ÅÌÃ-ñèãíàë³â ñêëàäîâèõ çóñèëü
äëÿ ³íøèõ äîñë³äæóâàíèõ ôëåêñîðíèõ ì�ÿç³â

².Â. Âåðåùàêà, À.Â. Ãîðêîâåíêî

Ðèñ. 1. Åëåêòðîì³îãðàô³÷íà (ÅÌÃ)-àêòèâí³ñòü ì�ÿç³â ïëå÷îâîãî ïîÿñà òà ïëå÷à ïðè ãåíåðàö³¿ çóñèëëÿ âíàñë³äîê
ñïðîá ïàðàëåëüíîãî çãèíàííÿ ïëå÷îâîãî òà ë³êòüîâîãî ñóãëîá³â. Íàâåäåí³ çàïèñè ÷àñîâîãî ïåðåá³ãó çóñèëëÿ ïðè
íàïðÿìêó éîãî âåêòîðà 190 ° òà â³äïîâ³äí³ çàïèñè ÅÌÃ-àêòèâíîñò³, ùî â³äâîäèëàñÿ â³ä ì�ÿç³â: m. brachioradialis
(Br), m. biceps brachii, caput breve (BB cb), m. biceps brachii, caput longum (BB cl), m. triceps brachii, caput laterale
(TB clat), m. triceps brachii, caput longum (TB cl), m. pectoralis major (Pm), m. delteoideus, pars clavicularis (D pc), m.
delteoideus, pars scapularis (D ps). Âåðòèêàëüíèìè ïóíêòèðíèìè ë³í³ÿìè ïîçíà÷åíà ä³ëÿíêà ñòàö³îíàðíî¿ ôàçè ðîçâèòêó
çóñèëëÿ â ìåæàõ ÿêî¿ ïðîâîäèëàñÿ ñóìàö³ÿ ñèãíàë³â ÅÌÃ. 56,4 Í � ñòàö³îíàðíèé ö³ëüîâèé ð³âåíü çóñèëëÿ
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ë³êòüîâîãî (Br, BB cl) ³ ïëå÷îâîãî (Pm) ñóã-
ëîá³â äîñòîâ³ðíî â³äð³çíÿëèñÿ â³ä àêòèâíîñò³
öèõ ì�ÿç³â ïðè ãåíåðàö³¿ ðåçóëüòàòèâíîãî
çóñèëëÿ (ÂÇ 140 °).

Â óìîâàõ çì³íè íàïðÿìêó ðåàë³çàö³¿
çóñèëëÿ (ðèñ. 2,á), êîëè âîíî ïî÷àëî çà-
áåçïå÷óâàòèñÿ ñïðîáîþ ðîçãèíàííÿ îáîõ
ñóãëîá³â (ÂÇ 280, 300, 320 °) ñóòòºâî çá³ëü-
øóâàëàñü àêòèâí³ñòü åêñòåíçîðíèõ ì�ÿç³â
(TÂ clat,  TB cl,  D pc, D ps).  Âîäíî÷àñ
ïîä³áíà ñèòóàö³ÿ ñóïðîâîäæóâàëàñÿ ïîì³ò-
íîþ êîàêòèâàö³ºþ äåÿêèõ ôëåêñîð³â (BB cl,
Pm) .  Òàê³  ðå çóëüòàòè ïðî â ³äì³íí³ñòü
êîàêòèâàö³¿ ì�ÿç³â-àíòàãîí³ñò³â ï³äòâåðä-
æóþòü äàí³, ÿê³ áóëè îòðèìàí³ íàìè ðàí³øå
ïðè äîñë³äæåííÿõ ôîðìóâàííÿ ïîâ³ëüíèõ ³

øâèäêèõ �äâîñóãëîáîâèõ� ³çîìåòðè÷íèõ
çóñèëü [2�4]. Ï³ä ÷àñ ïðîâåäåííÿ ñòàòèñ-
òè÷íî¿ îö³íêè îòðèìàíèõ äàíèõ âñòàíîâëåíî,
ùî ñóìàö³ÿ ÅÌÃ (ÂÇ 280,  320 °)  áóëà
äîñèòü àäåêâàòíîþ äëÿ äâîñóãëîáîâîãî
åêñòåíçîðà (TB cl) ³ çãèíà÷³â ïëå÷îâîãî
ñóãëîáà (D pc, D ps), íà ùî âêàçóº â³äñóò-
í³ñòü ñòàòèñòè÷íî çíà÷èìèõ çì³í ¿õ ÅÌÃ-
àêòèâíîñò³. Íàéá³ëüø ñóòòºâ³ (ñòàòèñòè÷íî
äîñòîâ³ðí³) â³äì³ííîñò³ ì³æ ðåàëüíèìè ÅÌÃ
ñóìàðíîãî  ÂÇ  (300  ° )  òà  ñóìîþ ÅÌÃ
ñêëàäîâèõ ÂÇ (280 òà 320 °) ñïîñòåð³ãàëèñÿ
äëÿ ì�ÿç³â-àíòàãîí³ñò³â (Br, BB cb, BB cl,
Pm) ³ çãèíà÷à ë³êòüîâîãî ñóãëîáà (TB clat).

Ä åùî ³íàêøå âèãëÿäàëà  êàðòèíà  â
óìîâàõ îð³ºíòàö³¿ çóñèëü, ÿê³ çàáåçïå÷ó-

Ðèñ. 2. Ç³ñòàâëåííÿ åëåêòðîì³îãðàô³÷íî¿ (ÅÌÃ)-àêòèâíîñò³ ì�ÿç³â ïëå÷îâîãî ïîÿñà òà ïëå÷à ïðè ãåíåðàö³¿ áëèçüêî
ðîçòàøîâàíèõ íàïðÿìê³â ñêëàäîâèõ ³ ðåçóëüòàòèâíèõ ³çîìåòðè÷íèõ çóñèëü. ²ëþñòðóºòüñÿ ïîð³âíÿííÿ ÅÌÃ-
àêòèâíîñò³ ì�ÿç³â-çãèíà÷³â (Br, BB cb, BB cl, Pm � 2), ³ ðîçãèíà÷³â (TB clat, TB cl, D pc, D ps � 3), ùî â³äâîäèëèñÿ
ï³ä ÷àñ ðåàë³çàö³¿ çóñèëëÿ ó íàïðÿìêó: çãèíàííÿ (à) òà ðîçãèíàííÿ (á) ïëå÷îâîãî òà ë³êòüîâîãî ñóãëîá³â, çãèíàííÿ
ë³êòüîâîãî òà ðîçãèíàííÿ ïëå÷îâîãî ñóãëîáà (â), ðîçãèíàííÿ ë³êòüîâîãî òà çãèíàííÿ ïëå÷îâîãî ñóãëîáà (ã), ç
ñóìîþ çàïèñ³â ¿õ ÅÌÃ-àêòèâíîñò³ (1), ÿê³ â³äïîâ³äàëè ãåíåðàö³¿ áëèçüêî ðîçòàøîâàíèõ íàïðÿìê³â çóñèëÿ. Ð³âåíü
ÅÌÃ-àêòèâíîñò³ íàâåäåíî ó â³äñîòêàõ ïî â³äíîøåííþ äî ìàêñèìàëüíîãî äîâ³ëüíîãî çóñèëëÿ. *Ð < 0,05 ì³æ
çíà÷åííÿìè ð³âíÿ ÅÌÃ-àêòèâíîñò³ îêðåìîãî ì�ÿçà òà ñóìîþ ¿¿ ÅÌÃ-ñèãíàë³â ïðè ðåàë³çàö³¿ áëèçüêî ðîçòàøîâàíèõ
îð³ºíòàö³é çóñèëëÿ. Çâåðõó çë³âà íàï³âæèðíèì øðèôòîì âèä³ëåí³ íàïðÿìêè ñóìàðíîãî âåêòîðà çóñèëëÿ
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Ñóïåðïîçèö³ÿ ìîòîðíèõ êîìàíä
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âàëèñÿ ïðîòèëåæíîþ ñïðÿìîâàí³ñòþ ìîæ-
ëèâèõ ðóõ³â ó ñóãëîáàõ (íàìàãàííÿ çãèíàííÿ
ë³êòüîâîãî òà ðîçãèíàííÿ ïëå÷îâîãî ñóãëî-
á³â � ðîçãèíàííÿ ë³êòüîâîãî òà çãèíàííÿ
ïëå÷îâîãî ñóãëîá³â � äèâ. ðèñ. 2,â,  ã) .
Çàïèñè ÅÌÃ äîñë³äæóâàíèõ ì�ÿç³â ïðè
ãåíåðàö³¿ çóñèëëÿ íàìàãàííÿì çãèíàííÿ
ë³êòüîâîãî òà ðîçãèíàííÿ ïëå÷îâîãî ñóãëî-
á ³â  âêàçóþòü  íà  âèñîêó  àêòèâí³ñòü  ³
âçàºìîä³þ ôëåêñîð³â ë³êòüîâîãî (BB cb, BB
cl) òà åêñòåíçîð³â ïëå÷îâîãî (D pc, D ps)
ñóãëîá³â. Ó öüîìó ñåêòîð³ ñïðÿìîâàíîñò³
ðåçóëüòàòèâíîãî çóñèëëÿ ñóìàö³ÿ ÅÌÃ-
àêòèâíîñò³ òàêîæ áóëà çàäîâ³ëüíîþ. Ïðè
òàê³é îð³ºíòàö³¿  çóñèëëÿ áóëà ïîì³òíà
ïàðàëåëüíà êîàêòèâàö³ÿ ðîçãèíà÷à ë³êòüî-
âîãî ñóãëîáà (TB clat). Ñòàòèñòè÷íî äîñòî-
â³ðí³ â³äì³ííîñò³ ì³æ ÅÌÃ-àêòèâí³ñòþ ï³ä
÷àñ ñòâîðåííÿ ñóìàðíîãî òà ñêëàäîâèõ ÂÇ
ñïîñòåð³ãàëèñÿ ëèøå äëÿ çãèíà÷à ë³êòüîâîãî
ñóãëîáà (Br) .  Ãåíåðàö³ÿ çóñèëëÿ íàìà-
ãàííÿì ðîçãèíàííÿ ë³êòüîâîãî òà çãèíàííÿ
ïëå÷îâîãî ñóãëîá³â (ã) â³äïîâ³äíî çàáåçïå-
÷óâàëàñÿ  ãîëîâíèì ÷èíîì çà  ðàõóíîê
ïåðåâàæíî¿ àêòèâàö³¿ ì�ÿç³â-åêñòåíçîð³â
(TB clat ,  TB cl)  ³  ôëåêñîð³â (Pm) öèõ
ñóãëîá³â. Îñê³ëüêè äëÿ öèõ ì�ÿç³â áóëè
â³äñóòí³ ñòàòèñòè÷íî çíà÷èì³ çì³íè ¿õ
ñóìàðíî¿ ÅÌÃ-àêòèâíîñò³ � ìîæíà òàêîæ
ãîâîðèòè ïðî íàÿâí³ñòü ñóïåðïîçèö³é ÖÌÊ,
ùî äî íèõ íàäõîäÿòü. Ðåàë³çàö³ÿ öüîãî
òåñò-çóñèëëÿ ñóïðîâîäæóâàëàñÿ äåÿêîþ
êîàêòèâàö³ºþ åêñòåíçîð³â ïëå÷îâîãî ñóã-
ëîáà (D pc ³ D ps).

Äîñèòü çàäîâ³ëüíîþ ñóìàö³ÿ  ÅÌÃ-
àêòèâíîñò³ çãèíà÷³â  òà ðîçãèíà÷³â (ðèñ.
3,à,á) áóëà, êîëè â³äñòàíü ì³æ ñêëàäîâèìè
âåêòîðàìè ãåíåðîâàíîãî çóñèëëÿ çá³ëü-
øóâàëàñü. Ó ðàç³ îð³ºíòàö³¿ ÂÇ ó íàïðÿìêó
çãèíàííÿ îáîõ ñóãëîá³â â³äì³÷àëàñÿ ïåðå-
âàæíà àêòèâàö³ÿ ôëåêñîðíèõ ì�ÿç³â (Br, BB
cb, BB cl, Pm) çà â³äñóòíîñò³ òàêî¿ ì�ÿç³â-
ðîçãèíà÷³â. Âîäíî÷àñ ðåàë³çàö³ÿ ïåðåäïë³÷-
÷ÿì ðîçãèíàëüíèõ çóñèëü çàáåçïå÷óâàëàñÿ
çà ðàõóíîê çíà÷íî¿ àêòèâàö³¿ åêñòåíçîð³â
(TB clat, TB cl, D pc, D ps). Ïðîòå ó öüîìó
ðàç³  íà â³äì³íó â³ä çãèíàþ÷èõ çóñèëü,

ñïîñòåð³ãàâñÿ òàêîæ ïîì³òíèé ð³âåíü àêòè-
âàö³¿ ì�ÿç³â-àíòàãîí³ñò³â (BB cl, Pm). Òàêèì
÷èíîì, ó ðåçóëüòàò³ ðîçòàøóâàííÿ ñêëàäî-
âèõ âåêòîð³â ä³¿ ñèëè ì�ÿç³â ³ á³ëüøèõ çíà-
÷åíü êóòà ì³æ íèìè ãåíåðóºòüñÿ àêòèâí³ñòü
ó ÷àñòèí³ ì�ÿç³â ïëå÷îâîãî ïîÿñà òà ïëå÷à.

Ê³ëüê³ñí³ ðåçóëüòàòè, ÿê³ áóëè îòðèìàí³
ï³ä ÷àñ ïðîâåäåííÿ ðåøòè åêñïåðèìåíòàëü-
íèõ ñåð³é íàâåäåíî â òàáë. 1 ³ 2. Ó òàáë. 1
íàâåäåíî ç³ñòàâëåííÿ ÅÌÃ-àêòèâíîñò³ ì�ÿ-
ç³â, ÿê³ çãèíàþòü ïëå÷îâèé (Br, BB cb, BB
cl) ³ ë³êòüîâèé (Pm) ñóãëîáè ïðè ãåíåðàö³¿
îñíîâíîãî òà ñêëàäîâèõ ÂÇ. Ñòàòèñòè÷íî
çíà÷èì³ çì³íè öüîãî ïîêàçíèêà ñïîñòå-
ð³ãàëèñÿ äëÿ Br, BB cb òà BB cl (Ð < 0,05).
Äëÿ Br òàê³ â³äì³ííîñò³ âèíèêàëè â óìîâàõ

Ðèñ. 3. Ç³ñòàâëåííÿ åëåêòðîì³îãðàô³÷íî¿ (ÅÌÃ)-
àêòèâíîñò³ ì�ÿç³â ïëå÷îâîãî ïîÿñà òà ïëå÷à ïðè á³ëüøèõ
çíà÷åííÿõ êóò³â ì³æ âåêòîðàìè ñêëàäîâèõ ³ ðåçóëü-
òàòèâíèõ ³çîìåòðè÷íèõ çóñèëü, ãåíåðîâàíèõ ïåðåä-
ïë³÷÷ÿì. ²ëþñòðóºòüñÿ ïîð³âíÿííÿ ÅÌÃ-àêòèâíîñò³
ì�ÿç³â-çãèíà÷³â (Br, BB cb, BB cl, Pm � 2), ³ ðîçãèíà÷³â
(TB clat, TB cl, D pc, D ps � 3), ùî â³äâîäèëèñÿ ï³ä ÷àñ
ðåàë³çàö³¿  çóñèëëÿ ó íàïðÿìêó: çãèíàííÿ (à) òà
ðîçãèíàííÿ (á) ïëå÷îâîãî òà ë³êòüîâîãî ñóãëîá³â ç
ñóìîþ çàïèñ³â ¿õ ÅÌÃ-àêòèâíîñò³ (1)
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ðåàë³çàö³¿ ðîçãèíàëüíèõ çóñèëü, êîëè çíà÷åí-
íÿ êóòà ÂÇ ñòàíîâèëî 25 òà 110 ° (ðåçóëü-
òàòèâíå çóñèëëÿ), à ñêëàäîâ³ çóñèëëÿ ñòâî-
ðþâàëèñü ó íàïðÿìêàõ 5 ³ 45 òà 90 ³ 130°
â³äïîâ³äíî. Îð³ºíòàö³ÿ ðåçóëüòàòèâíîãî
çóñèëëÿ äëÿ BB cb ³ BB cl ñòàíîâèëà 0, 25,
òà 190 °, à éîãî ñêëàäîâèõ � 340 ³ 20, 5 ³ 45

òà 170 ³ 210° â³äïîâ³äíî. Ó âñ³õ ³íøèõ
âèïàäêàõ çáåð³ãàëèñÿ îñîáëèâîñò³ ñóïåð-
ïîçèö³¿ ÖÌÊ, ÿê³ íàäõîäÿòü äî ôëåêñîðíèõ
ì�ÿç³â ïëå÷îâîãî ïîÿñà òà ïëå÷à çàëåæíî
â³ä íàïðÿìêó ÂÇ.

Àêòèâí³ñòü åêñòåíçîðíèõ ì�ÿç³â, çäå-
á³ëüøîãî ïðè ñòâîðåíí³ ðåçóëüòàòèâíîãî

Òàáëèöÿ 1. Ç³ñòàâëåííÿ ð³âíÿ àêòèâíîñò³ ì�ÿç³â, ÿê³ çãèíàþòü ïëå÷îâèé ³ ë³êòüîâèé ñóãëîáè, ïðè ãåíåðàö³¿
ñêëàäîâèõ ³ ðåçóëüòàòèâíèõ íàïðÿìê³â çóñèëëÿ

Ì�ÿçè      Âåêòîð çóñèëëÿ Ñóìà âåêòîð³â çóñèëëÿ t P

Íàïðÿìêè, °    % Íàïðÿìêè, °    %

Br 0 3,1 ± 0,4 340 ³ 20 0,3 ± 0,4 -2,743 0,008
25 0,4 ± 0,3 5 ³ 45 0,8 ± 0,4 5,243 0,000*
110 0,2 ± 0,3 90 ³ 130 0,4 ± 0,4 2,99 0,004*
190 2,4 ± 1,3 170 ³ 210 1,9 ± 0,9 1,999 0,052

BB cb 0 2,9 ± 0,5 340 ³ 20 0,4 ± 0,3 -4,686 0,000*
25 0,6 ± 0,4 5 ³ 45 0,7 ± 0,3 -3,257 0,02*
110 1,1 ± 0,6 90 ³ 130 0,9 ± 0,6 0,800 0,472
190 4,4 ± 2,3 170 ³ 210 2,8 ± 1,2 0,625 0,012*

BB cl 0 16,5 ± 4 340 ³ 20 4,6 ± 1,9 -8,186 0,000*
25 5,9 ± 2,9 5 ³ 45 8,5 ± 2,2 -2,992 0,004*
110 1 ± 1,1 90 ³ 130 1 ± 1,4 0,325 0,747
190 3,5 ± 2,1 170 ³ 210 4,3 ± 2,4 1,300 1,199

Pm 0 4,6 ± 2 340 ³ 20 1,3 ± 3 -0,279 0,781
25 0,4 ± 1,6 5 ³ 45 -0,5 ± 2,7 1,148 0,256
110 7,2 ± 3,3 90 ³ 130 7,2 ± 3,1 1,687 0,098
190 5,9 ± 2,9 170 ³ 210 6,5 ± 3,2 1,836 0,072

Òàáëèöÿ 2. Ç³ñòàâëåííÿ ð³âíÿ àêòèâíîñò³ ì�ÿç³â, ÿê³ ðîçãèíàþòü ïëå÷îâèé ³ ë³êòüîâèé ñóãëîáè, ïðè ãåíåðàö³¿
ñêëàäîâèõ ³ ðåçóëüòàòèâíèõ íàïðÿìê³â çóñèëëÿ

Ì�ÿçè Âåêòîð çóñèëëÿ Ñóìà âåêòîð³â çóñèëëÿ t P

Íàïðÿìêè, °    % Íàïðÿìêè, °    %

TB clat 0 14,3 ± 2,8 340 ³ 20 9,4 ± 2,5 -0,583 0,562
25 8,2 ± 3,2 5 ³ 45 9,7 ± 2,2 -2,433 0,018*
110 -0,03 ± 0,5 90 ³ 130 0,2 ± 0,6 1,639 0,107
190 0,5 ± 0,8 170 ³ 210 0,8 ± 0,9 1,868 0,067

TB cl 0 17,5 ± 5,1 340 ³ 20 3,3 ± 2,6 -4,896 0,000*
25 6 ± 4,1 5 ³ 45 4,6 ± 2,9 -1,748 0,086
110 -0,1 ± 0,6 90 ³ 130 0,5 ± 1 3,339 0,002*
190 -0,4 ± 1 170 ³ 210 -0,6 ± 1 2,468 -0,006*

D pc 0 9,7 ± 2,3 340 ³ 20 11,3 ± 2,3 4,921 0,000*
25 6 ± 1,9 5 ³ 45 11,3 ± 2,1 0,214 0,831
110 0,07 ± 0,2 90 ³ 130 0,2 ± 0,2 0,536 0,594
190 0,03 ± 0,2 170 ³ 210 0,1 ± 0,2 1,432 0,158

D ps 0 11 ± 2,9 340 ³ 20 12 ± 2,9 3,533 0,001*
25 6,5 ± 2,4 5 ³ 45 11,5 ± 2,4 -0,642 0,524
110 0,2 ± 0,4 90 ³ 130 0,3 ± 0,4 0,885 0,380
190 0,1 ± 0,4 170 ³ 210 0,2 ± 0,4 0,198 0,844

Ñóïåðïîçèö³ÿ ìîòîðíèõ êîìàíä
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çóñèëëÿ, òàêîæ äîñèòü äîáðå îïèñóâàëàñü
ñóìîþ ¿õ â³äïîâ³äíèõ ÅÌÃ (äèâ. òàáë. 2).
Âèíÿòîê ñòàíîâèëà ãåíåðàö³ÿ ðîçãèíàëüíèõ
(ÂÇ 0 ° äëÿ TB cl, D pc, D ps) ³ çãèíàëüíèõ
(ÂÇ 110, 190 ° äëÿ TB cl) çóñèëü.

ÎÁÃÎÂÎÐÅÍÍß ÐÅÇÓËÜÒÀÒ²Â

Ìè äîñë³äæóâàëè îñîáëèâîñò³ öåíòðàëüíî¿
àêòèâàö³¿ ì�ÿç³â ïëå÷îâîãî ïîÿñà òà ïëå÷à
ïðè ñòâîðåíí³ ïåðåäïë³÷÷ÿì ðóêè ëþäèíè
�äâîñóãëîáîâèõ� ³çîìåòðè÷íèõ çóñèëü ð³ç-
íîãî íàïðÿìêó. Âèíèêàº ïèòàííÿ, ÿêîþ
ì³ðîþ ìåõàí³÷íà ñóìàö³ÿ âåêòîð³â çóñèëëÿ
ìîæå óçãîäæóâàòèñÿ ç  ñóïåðïîçèö³ºþ
öåíòðàëüíèõ êîìàíä, ÿê³ ñóïðîâîäæóþòü ¿õ
ãåíåðàö³þ.

Ñë³ä â³äì³òèòè, ùî öåíòðàëüí³ ïðîãðàìè
³çîìåòðè÷íèõ çóñèëü, ÿê³ çá³ãàþòüñÿ (ñïðÿ-
ìîâàíèõ íà îäíî÷àñíå ðîçãèíàííÿ àáî çãè-
íàííÿ îáîõ ñóãëîá³â) ³, ÿê³ íå çá³ãàþòüñÿ
(ñïðÿìîâàíèõ íà çãèíàííÿ ë³êòüîâîãî òà
ðîçãèíàííÿ ïëå÷îâîãî ñóãëîá³â, ³ íàâïàêè)
ìîæóòü áóòè îïèñàí³ ñóìîþ â³äïîâ³äíèõ
ÅÌÃ äîñë³äæóâàíèõ ì�ÿç³â. ßêùî ðîçãëÿ-
äàòè ÅÌÃ-ðåàêö³¿ ì�ÿç³â, îòðèìàí³ âíàñë³-
äîê ðîçâèòêó çóñèëëÿ ó îäíîìó ç çàäàíèõ
íàïðÿìê³â (ðåçóëüòàòèâíå) òà ¿õ ñóìàö³¿
(òîáòî ñóìó ÅÌÃ-ñèãíàë³â ì�ÿç³â ï³ä ÷àñ
ãåíåðàö³¿ áëèçüêî ðîçòàøîâàíèõ îð³ºíòàö³é
çóñèëü), ìîæíà ãîâîðèòè ïðî àäåêâàòíó
ñóïåðïîçèö³þ ÖÌÊ â óìîâàõ ðîçâèòêó
ïåðåäïë³÷÷ÿì ³çîìåòðè÷íèõ çóñèëü. Òàê³
îñîáëèâîñò³ ôîðìóâàííÿ ÖÌÊ, ÿê³ êåðóþòü
ì�ÿçàìè-çãèíà÷àìè òà ðîçãèíà÷àìè ë³êòüî-
âîãî òà ïëå÷îâîãî ñóãëîá³â, ñïîñòåð³ãàëèñÿ
òàêîæ ïðè âèêîíàíí³ äîâ³ëüíèõ ïðîñòîðîâèõ
ðóõ³â ðóêè [5].

²ñòîòíîþ â³äì³íí³ñòþ ì³æ îòðèìàíèìè
ïàòåðíàìè àêòèâíîñò³ äîñë³äæóâàíèõ ì�ÿ-
ç³â áóâ ð³âåíü êîàêòèâàö³¿ îñòàíí³õ. Ó öüîìó
ðàç³ ï³ä ÷àñ ðîçâèòêó çóñèëëÿ, ÿê³ áóëè
ñïðÿìîâàí³ äî ðîçãèíàííÿ ïëå÷îâîãî òà
ë³êòüîâîãî ñóãëîá³â, ñïîñòåð³ãàºòüñÿ çíà÷íà
êîàêòèâàö³ÿ ì�ÿç³â-çãèíà÷³â ë³êòüîâîãî (Br,
BB cb, BB cl) òà ïëå÷îâîãî (Pm) ñóãëîá³â.

Âîäíî÷àñ àêòèâí³ñòü åêñòåíçîð³â â óìîâàõ
çãèíàëüíèõ çóñèëü áóëà íåçíà÷íîþ àáî
âçàãàë³  â³äñóòíüîþ. Âèíèêíåííÿ òàêî¿
êîàêòèâàö³¿  ôëåêñîðíèõ ì�ÿç³â ï³ä ÷àñ
ðîçãèíàëüíèõ çóñèëü, ³ìîâ³ðíî, ïîòð³áíå äëÿ
ïåâíî¿ êîìïåíñàö³¿ âèíèêàþ÷èõ îáåðòàëüíèõ
ìîìåíò³â ó ïëå÷îâîìó òà ë³êòüîâîìó ñóã-
ëîáàõ ïðè ï³äâèùåí³é àêòèâíîñò³ äâîñóã-
ëîáîâîãî åêñòåíçîðà (TB cl). Òàê³ ðåçóëü-
òàòè óçãîäæóþòüñÿ ç åêñïåðèìåíòàëüíèìè
äàíèìè, îòðèìàíèìè ðàí³øå [2�4].  Íå
âèêëþ÷åíî, ùî âèñîêèé ð³âåíü êîàêòèâàö³¿
ôëåêñîðíèõ ì�ÿç³â, íà â³äì³íó â³ä åêñòåí-
çîðíèõ, ìîæå âêàçóâàòè íà òó îáñòàâèíó,
ùî ðîçãèíàëüí³ çóñèëëÿ º á³ëüø ñêëàäíèìè
äëÿ âèêîíàííÿ, í³æ çãèíàëüí³. Òàêà äîäàò-
êîâà àêòèâàö³ÿ ì�ÿç³â-çãèíà÷³â ïðè ðîçãè-
íàëüíèõ çóñèëëÿõ ñïðèÿº ñòâîðåííþ íåîá-
õ³äíî¿ ìåõàí³÷íî¿ æîðñòêîñò³ ê³íö³âêè ÿê
òàêî¿ òà ñèñòåìè òóëóá�ïëå÷å�ïåðåäïë³÷÷ÿ
ó ö³ëîìó.

Äîñèòü ö³êàâèìè º ïàòåðí öåíòðàëüíî¿
êîîðäèíàö³¿ ì�ÿçîâî¿ àêòèâíîñò³ â óìîâàõ
çä³éñíåííÿ á³ëüø ñêëàäíèõ, ³çîìåòðè÷íèõ
çóñèëü, ÿê³ íå çá³ãàþòüñÿ. Ïðîãðàìà ¿õ
ôîðìóâàííÿ ïîòðåáóâàëà êîîðäèíîâàíî¿
âçàºìîä³¿ ì�ÿç³â-àãîí³ñò³â òà àíòàãîí³ñò³â.
Â³äì³÷àëàñÿ ñóìàö³ÿ ñèë, ÿê³ ðîçâèâàëèñÿ
ì�ÿçàìè-àãîí³ñòàìè. Òàêà ñóìàö³ÿ íàïåâíî,
íåîáõ³äíà äëÿ á³ëüø åôåêòèâíî¿ ñèëîâî¿ ä³¿
òà ñòâîðåííÿ çàãàëüíî¿ ìåõàí³÷íî¿ æîðñò-
êîñò³ ê³íö³âêè.

Îòæå, îòðèìàí³ ðåçóëüòàòè äàþòü çìîãó
ïðèïóñòèòè,  ùî äëÿ äåÿêèõ íàïðÿìê³â
�äâîñóãëîáîâèõ� çóñèëü ïðÿìà ñóïåðïî-
çèö³ÿ ìîòîðíèõ êîìàíä º àäåêâàòíîþ. Öå,
î÷åâèäíî, ïîëåãøóº êîíòðîëü ìîòîðíèõ
àêò³â ,  ÿêèé çä³éñíþºòüñÿ ÖÍÑ. Ïðîòå
ïèòàííÿ íàñê³ëüêè øèðîêî ïîä³áíà ïðîñòà
ñòðàòåã³ÿ ìîæå âèêîðèñòîâóâàòèñÿ ÖÍÑ,
ïîòðåáóº ïîäàëüøîãî âèâ÷åííÿ. Âèÿâëåí³
î ñîáëèâî ñò ³  êîàêòèâàö³ ¿  ì�ÿç ³â ,  êîòð ³
çãèíàþòü ³ ðîçãèíàþòü ë³êòüîâèé ³ ïëå÷îâèé
ñóãëîáè, âêàçóþòü íà ñêëàäíèé õàðàêòåð
ÖÌÊ, ÿê³ êîíòðîëþþòü äîâ³ëüí³ ³çîìåòðè÷í³
ñêîðî÷åííÿ ì�ÿç³â âåðõíüî¿ ê³íö³âêè.

².Â. Âåðåùàêà, À.Â. Ãîðêîâåíêî
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È.Â. Âåðåùàêà, À.Â. Ãîðêîâåíêî

ÑÓÏÅÐÏÎÇÈÖÈß ÌÎÒÎÐÍÛÕ ÊÎÌÀÍÄ Â
ÒÅ×ÅÍÈÅ ÑÎÇÄÀÍÈß �ÄÂÓÕÑÓÑÒÀÂÍÛÕ�
ÑÒÀÒÈ×ÅÑÊÈÕ ÓÑÈËÈÉ ÌÛØÖÀÌÈ ÐÓÊÈ
×ÅËÎÂÅÊÀ

Èçó÷àëè îñîáåííîñòè ñóïåðïîçèöèè öåíòðàëüíûõ ìîòîðíûõ
êîìàíä (ÖÌÊ), ïîñòóïàþùèõ ê ìûøöàì ðóêè ïðè ñîçäàíèè
ïðåäïëå÷üåì �äâóõñóñòàâíûõ� èçîìåòðè÷åñêèõ óñèëèé
ðàçëè÷íîãî íàïðàâëåíèÿ. Â êà÷åñòâå îöåíêè èíòåíñèâíîñòè
ÖÌÊ èñïîëüçîâàëè àìïëèòóäû ýëåêòðîìèîãðàì (ÝÌÃ),
êîòîðûå îòâîäèëèñü îò ìûøö ïëå÷åâîãî ïîÿñà è ïëå÷à.
Óñèëèå ðàçâèâàëîñü â ãîðèçîíòàëüíîé ïëîñêîñòè
îïåðàöèîííîãî ïðîñòðàíñòâà â óñëîâèÿõ ôèêñèðîôàíîãî
ïîëîæåíèÿ ðóêè. Ñðàâíèâàëè äâà âåêòîðà ñèëû îäèíàêîâîé
àìïëèòóäû è áëèçêèõ íàïðàâëåíèé, à òàêæå èõ ãåîìåò-
ðè÷åñêóþ ñóììó. Ïðîâåðÿëàñü ãèïîòåçà îòíîñèòåëüíî
ñóïåðïîçèöèè ÖÌÊ â çàäà÷àõ ñóììàöèè âûøåóêàçàíûõ
âåêòîðîâ ñèëû. Îïðäåëåíû íàïðàâëåíèÿ ñîñòàâëÿþùèõ è
ðåçóëüòèðóþùèõ óñèëèé, äëÿ êîòîðûõ ñóïåðïîçèöèÿ ÖÌÊ
áûëà óäîâëåòâîðèòåëüíîé. Ïîêàçàíû îòëè÷èÿ â ïàòòåðíàõ
êîàêòèâàöèè ýêñòåíçîðíûõ è ôëåêñîðíûõ ìûøö îáîèõ
ñóñòàâîâ. Ïðè ðàçãèáàòåëüíûõ óñèëèÿõ íàáëþäàëñÿ
äîñòàòî÷íî âûñîêèé óðîâåíü àêòèâíîñòè ôëåêñîðîâ, òîãäà
êàê ýêñòåíçîðû âî âðåìÿ ñãèáàòåëüíûõ óñèëèé, â îñíîâíîì,
ðàññëàáëÿëèñü.
Êëþ÷åâûå ñëîâà: ðóêà ÷åëîâåêà, �äâóõñóñòàâíîå�
èçîìåòðè÷åñêîå óñèëèå, ñóïåðïîçèöèÿ öåíòðàëüíûõ
ìîòîðíûõ êîìàíä, �ñîâïàäàþùèå� è �íåñîâïàäàþùèå�
íàïðàâëåíèÿ óñèëèÿ.

I. V. Vereshchaka, A. V. Gorkovenko

SUPERPOSITION OF THE MOTOR
COMMANDS DURING CREATION OF STATIC
EFFORTS BY HUMAN HAND MUSCLES

The features of superposition of central motor commands
(CMCs) have been studied during generation of the �two-
joint� isometric efforts by hand. The electromyogram (EMG)
amplitudes which were recorded from the humeral belt and
shoulder muscles have been used for estimation of the CMCs
intensity. The forces were generated in the horizontal plane of
the work space; the position of arm was fixed. Two vectors of
equal amplitudes and close direction and their geometrical sum
were compared. The hypothesis of the CMCs� superposition
in the task of the force vector summation has been examined.
The directions of the constituent and resulting forces with
satisfactory superposition of the CMCs were defined. Differ-
ences in the co-activation patterns for flexor and extensor
muscles of both joints were shown. The high level of the flexor
muscles activity has been observed during extension efforts,
while the flexion directions demonstrated much weaker activa-
tion of the extensor muscles.

Keywords: human hand, �two-joint� isometric force, super-
position of central motor commands, �coincident� and �no-
coincident� force direction.

O.O. Bogomoletz Institute of Physiology, National Academy
of Sciences of Ukraine, Kyiv
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Changes in the antioxidant system
and level of proinflammatory cytokin IL-1βββββ
in the blood patients of sufferi

Diabetes mellitus type 1 provokes the development of the oxidative stress, accompanied by the
increased level of TBA-active products, activation of NO-synthases and increased production of
nitric oxide. Activation of glutathione reductase, decrease of the  glutathione peroxidase and super-
oxide dismutases activity was observed. This shows a specific disturbance in the functioning of the
antioxidant defense system and the augmentation in the concentration of one of the major first line
reacting cytokin (IL-1β).
Key words: antioxidant system, pro-inflammatory cytokin (IL-1β), type 1 diabetes mellitus, blood.

INTRODUCTION

Type 1 diabetes mellitus is a chronic autoim-
mune disease, caused by the selective orga-
nospecific destruction occurring in insulin
producing β-cells of Langerhans    islets cells
of pancreas [18]. As a result of the gradual
destruction or decrease in the functional ac-
tivity of about 80-90 % of β-cells insulin in-
sufficiency occurs, causing alterations of glu-
cose metabolism and occurrence of clinical
symptoms specific to type 1 diabetes mellitus.

Although the actual trigger of the β-cell de-
struction is still unknown, various external
(chemicals, viruses) or internal factors (free
radicals, cytokines) have been proposed to
initiate a deleterious chain of events leading to
immune cell infiltration, release of free radicals
and immune mediators such as cytokines, and
eventually the destruction of β-cells. It appears
that NO and various related free radicals and
oxidant species are major effectors of β-cell
death. The increased production of NO is due to
the infiltrating macrophages and also various cell
types of the islets overexpressing iNOS as a
result of exposure to inflammatory cytokines such
as IL-1β, TNF-α, and IFN-γ [12].

Exposure of isolated rat ,  mouse,  and
human islets of Langerhans (in vitro models
of type 1 diabetes) to various combinations of
pro-inflammatory cytokines leads to inhibition
of insulin secretion via NOS induction and
subsequent free radical formation [6] and
consequent poly (ADP � ribose) polymerase
(PARP) � receptors activation and depletion
of islet ATP and NAD sources, eventually
culminating in apoptosis or necrosis [14].

Nowadays, this process is considered as
the universal mechanism uniting the basic bio-
chemical pathway of toxic effect of hyperg-
lycemia on the organism. As a result struc-
tural changes of the membranes, permeabil-
ity disturbances and loss of elastic properties
up to their destruction occur.

For the protection of Langerhans� islets of
pancreas from the damage caused by the su-
perfluous quantity of free radicals of oxygen
species, a powerful antioxidant protection
exists. Damage and destruction of β-cells is
observed only in cases of oxidative stress.
Oxidative stress is supposed to be a disbalance
between prooxidant and the components of
antioxidant protection system and if it is not
restored insufficiency of protective antioxi-
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dant enzyme complex develops, leading to the
development of diabetes mellitus.

Aim: to investigate the changes in antioxi-
dant system and the level of interleukin (IL-1β)
in type 1 diabetes mellitus.

METHODS

Hemolysate of erythrocytes and plasma fro
type 1 diabetes mellitus patients were used.
The research group included 25 patients with
insulin dependent diabetes. Middle age of all
patients was between 30-40 years. Among
them there were 10 (40 %) men and 15 (60 %)
women. Glicemic level (sugar in blood) ranged
in 8.5 � 10.7 mmol/l. The control group in-
cluded 10 healthy persons. Blood for bio-
chemical research was taken from the ulnar
vein at the first day of the hospital stay, 12
hours after last meal.

Intensity of lipid peroxidation processes
was evaluated by measuring the level of ma-
lonyl dialdehyde (MDA), TBA (Thiobarbituric
acid)-act ive  substances  on Beruheim F.
method (modified by Timirbulatov R.A. and
Selezneva�s E.I.) [1]. Maintenance of the
stability of metabolite NO

2
-was defined by

the method of Green L.C., David A.V.[7].
Activity of NO-synthase determined by the
method of Sumbaeva V.V., Jasinska I.M. [13].
Activity of superoxidedismutase (SOD) was
measured by means of restoration reaction
of Nitrotetrazoline blue (NTB) to Nitro-

formazane [11] .  Act ivi ty  of  g luta thion-
reductase (GR) was defined by the level of
decrease in the level of NADH+H+ in the
course of  glutathionreductase react ions,
activity of glutathionperoxidase (GP) by the
method [16] modified by Pereslegina I.A.
Level of pro-inflammatory cytokine IL-1β
was defined by means of ELISA method
(Enzyme Linked Immunosorbent Assay). The
received results were processed statistically
based on the Student�s criteria with the help
of software program Microsoft Excel 8.0.

RESULTS AND DISCUSSION

Type 1 diabetes mellitus (or insulin-dependent
diabetes mellitus) is characterized by autoim-
mune destruction of the pancreatic islets in-
sulin producing β-cells resulting in prolonged
periods of hyperglycaemia via reduced uptake
of glucose and relative increase in glucagon
secretion and gluconeogenesis [3].

Results shows that patients with type 1
diabetes mellitus had increased activity of
peroxidative processes which was confirmed
by 1,6-fold rise of the TBA-active products
(Ð<0.05; table).

Such a considerable growth is an indica-
tor of finishing process of free radical dam-
age caused by polyunsaturated fatty acids
(PUFA) and their elimination from the lipid
bilayer of cell membrane [11]. Simultaneously
there is rising of the maintenance a nitrite-

Indicators of the levels pro- and antioxidant system  type 1 diabetes mellitus in blood patients

Investigated indicators Control Research

TBA-reacting substances, ìmol MDA/ml, plasma blood 12.01±0.09 19.82±0.56*

SOD µmol NTB/ml . min, hemolysate of erythrocytes 3.21±0.69 1.32±0.88*

GR, µmol NADPH+H+/ml . min, hemolysate of erythrocytes 6.02±0.60 10.19±1.83*

GP, µmol GSH/ml . min, hemolysate of erythrocytes 27.81±2.50 11.93±2.43*

NO
2

-, µmol/l, plasma blood 5.84±0.36 10.59±0.78*

INOS, nmol NADPH+H+/min . mg Hb, hemolysate of erythrocytes 78.8±0.42 97.07±0.98*

IL-1β, pg/ml, plasma blood 3. ±0.62 11.71±0.69*

Note: * Ð<0.05 � is significant with the changes that are probable concerning the value from the control
group.

Changes in the antioxidant system and level of proinflammatory cytokin
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anion in 1,8 times (P<0.05).
It leads to a condition in which NO losses

its protective functions and renders vaso-
depressor and cytotoxic action. According to
the changes of NO

2
- there was an increa-

sement activity of iNOS in 1,2 times (Ð<0.05)
for the account of inducible form which is
capable to produce NO in increased activity.
Activity of the rising iNOS can be a result of
an gene expression of the enzyme that proves
to be a true augmentation of intracellular level
of mRNA enzyme at hyperglycemia [12].

In conditions of oxidative stress which are
elucidated by excessive generation of free
radicals, especially-active forms of oxygen,
oppression antioxidant protection system ac-
tivity which is related to respective alterations
of its components. Enzymatic protection is
possible with the help of SOD, catalase and
enzymes of glutathione systems-glutathion-
peroxidase, glutathionreductase and gluta-
thiontransferase. These enzymes consistently
reduce superoxide-radicals, H

2
O

2 
and organic

hydroperoxides.
The primary form of active oxygen is su-

peroxide anion that is detoxicated by super-
oxidedismutase. Activity of the last one was
decreased 2,4-fold (Ð<0.05). This may be a
result of its modification both as active oxy-
gen and its metabolites (peroxynitrite-anion)
and glucose [13]. As a result of SOD inacti-
vation the significant amount of superoxide
anion is produced. Through the non - enzyma-
tic pathway superoxid anion transforms into
hydrogen peroxide which in turn activates the
process of lipid peroxidation.

As a result of accumulation of these prod-
ucts  and hydrogen peroxide,  act ivi ty of
glutathionperoxidase is decreased 2.3-fold as
well, using the substrate which is reduced by
glutathione, transforming it into the oxidized
form. The glutathionreductase activity increased
1,7-fold and is referred on maintenance of
glutathionperoxidase with reduced glutathione.
This enzyme is plays a central role in protection
against negative influence of oxidative stress at
development of type 1 diabetes mellitus.

Increasing levels of NÎ considerably
enhances the effect of free radicals oxida-
tion. NO in such situation shows cytotoxic
action, co-operating with O

2
 and forming a

powerful oxidant nitro peroxide (ONOO-)
which induces the damage of DNA, mutations
and inhibition of functions different enzymes.
Therefore NO in high concentration can be the
factor of endogenous intoxication which plays
an essential role in the course of pathogenesis.

Type 1 diabetes mellitus is always con-
nected with hyperglycemia witch triggers oxi-
dative stress via multiple mechanisms includ-
ing activation of the polyol pathway, glucose
autooxidation, alterations of cellular redox
state. Superoxide anion appears to play a par-
ticularly important role in the pathogenesis of
diabetic cardiovascular dysfunction, and this
reactive oxidant was reported to activate
many of the above-mentioned pathways [14].

The cellular sources of superoxide anion
are multiple and include NAD(P)H and xan-
thine oxidases, the arachidonic acid cascade
(including cyclooxygenase and lipoxygenase),
microsomal enzymes, and the mitochondrial
respiratory chain, with the latter being the
most important source in diabetes [15].

Hyperglycemia-induced superoxide pro-
duction leads to increased expression of
NAD(P)H oxidases, which in turn generate
more superoxide anion. Through the activa-
tion of NF-κB, hyperglycemia favors in-
creased expression of iNOS which can in-
crease the generation of NO [16]. Multiple
lines of evidence support the pathogenetic role
of endogenous peroxynitrite formation in dia-
betic cardiovascular complications both in
experimental animals and in humans [17].

Superoxide activates protein kinase C,
polyol (sorbitol), hexosamine, and stress-sig-
naling pathways leading to increased expres-
sion of inflammatory cytokines, angiotensin II,
endothelin-1, and NAD(P)H oxidases, which
in turn generate more (ONOO-), which induces
cell damage via lipid peroxidation, inactiva-
tion of enzymes and other proteins by oxida-
tion and nitration.
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Peroxynitrite also acts on mitochondria,
triggering the release of proapoptotic factors
such as pathways. Peroxynitrite, in concert
with other oxidants (H

2
O

2
), causes strand

breaks in DNA, activating the nuclear enzyme
poly (ADP-ribose) [15].

According to the experimental researches
IL-1β   is considered as a key mediator which
causes inhibition of insulin secretion and stimu-
lates the expression of gene, responsible for
coding the inducible nitric oxide synthase and
NOS. The last one synthesizes NO and thus ini-
tiates necrosis and apoptosis of β-cells in rodents
with spontaneous autoimmune diabetes [18].

Researches of pro-inflammatory cytokines
in type 1 Diabetes mellitus patients showed
compensation of the system inflammatory
response due to hyper activation of cytokine�s
cascade and a condition of immunosuppression
status that proves to be true with the authentic
rising of concentration of IL-1β in 3.2 times.

CONCLUSION

1. Diabetes mellitus results in the development
of oxidative stress as a course of 1.6-fold in-
crease of TBA active products, 1.8-fold in-
crease of nitric anion content and 1.2-fold in-
crease of  iNOS activity.

2 .  We observed 1 .7-fold  increase  of
glutathionreductase activity, 2.3-fold decrease
of glutathionperoxidase activity and 2.4-fold
decrease of activity that is a result of damage
of antioxidant system.

3. Increase in the content of one of the
main cytokines IL-1β helps to in secretion of
secondary  cy tok ines  and  ac t iva t ion  o f
inflammatory process in pancreas.

Í.Â. Ôàðòóøîê, Î.Ï. Õàâðîíà, Þ.Ì. Ôåäåâè÷,
Î.ß. Ñêëÿðîâ

ÇÌ²ÍÈ Â ÀÍÒÈÎÊÑÈÄÀÍÒÍ²É ÑÈÑÒÅÌ² ÒÀ
ÂÌ²ÑÒ ÏÐÎÇÀÏÀËÜÍÎÃÎ ÖÈÒÎÊ²ÍÓ
(IL-1βββββ) Ó ÊÐÎÂ² ÕÂÎÐÈÕ ÍÀ ÖÓÊÐÎÂÈÉ
Ä²ÀÁÅÒ 1-ÃÎ ÒÈÏÓ

Çà óìîâ öóêðîâîãî ä³àáåòó 1-ãî òèïó â³äáóâàºòüñÿ

îêèñíþâàëüíèé ñòðåñ, ùî ï³äòâåðäæóºòüñÿ çá³ëüøåííÿì
ð³âíÿ TÁÊ-ðåàãóþ÷èõ ïðîäóêò³â, îêñèäó àçîòó òà àêòèâàö³¿
ñèíòåçó NO-ñèíòàçè. Öå ï³äòâåðäæóºòüñÿ ñïåöèô³÷íèìè
çì³íàìè ó ôóíêö³îíóâàíí³ àíòèîêñèäàíòíî¿ ñèñòåìè çàõèñòó
òà çá³ëüøåííÿì êîíöåíòðàö³¿ öèòîê³íó (IL-1β) ÿê ïåðøî¿
ãîëîâíî¿ ë³í³¿ ðåàãóâàííÿ.
Êëþ÷îâ³ ñëîâà: àíòèîêñèäàíòíà ñèñòåìà, ïðîçàïàëüíèé
öèòîê³í (IL-1β), öóêðîâèé ä³àáåò 1 òèïó, êðîâ.

Í.Â. Ôàðòóøîê, Î.Ï. Õàâðîíà, Þ.Ì. Ôåäåâè÷,
À.ß. Ñêëÿðîâ

ÈÇÌÅÍÅÍÈß Â ÀÍÒÈÎÊÑÈÄÀÍÒÍÎÉ
ÑÈÑÒÅÌÅ È ÓÐÎÂÅÍÜ
ÏÐÎÂÎÑÏÀËÈÒÅËÜÍÎÃÎ ÖÈÒÎÊÈÍÀ
(IL-1βββββ) Â ÊÐÎÂÈ ÁÎËÜÍÛÕ ÑÀÕÀÐÍÛÌ
ÄÈÀÁÅÒÎÌ 1-ÃÎ ÒÈÏÀ

Ñàõàðíûé äèàáåò 1-ãî òèïà ñîïðîâîæäàåòñÿ îêèñëèòåëüíûì
ñòðåññîì, ÷òî ïîäòâåðæäàåòñÿ óâåëè÷åíèåì ñîäåðæàíèÿ
ÒÁÊ-ðåàãèðóþùèõ ïðîäóêòîâ, îêñèäà àçîòà è àêòèâàöèåé
ñèíòåçà NO-ñèíòàçû. Ýòî ïðîÿâëÿåòñÿ ñïåöèôè÷åñêèìè
èçìåíåíèÿìè â ôóíêöèîíèðîâàíèè àíòèîêñèäàíòíîé
ñèñòåìû çàùèòû è óâåëè÷åíèåì êîíöåíòðàöèè öèòîêèíà (IL-
1β) êàê ïåðâîé ãëàâíîé ëèíèè ðåàãèðîâàíèÿ.
Êëþ÷åâûå ñëîâà: àíòèîêñèäàíòíàÿ ñèñòåìà, ïðîâîñïà-
ëèòåëüíûé öèòîêèí (IL-1β), ñàõàðíûé äèàáåò 1-ãî òèïà,
êðîâü.
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ÓÄÊ 599.323.41:577.115

Â.Â. Ãàðüêàâåíêî, Ã.Â. Ñòîðîæåíêî, Î.Ì. Êðàñí³êîâà, Í.Î. Áàáåíêî

Êîðåêö³ÿ â³êîâèõ ïîðóøåíü âì³ñòó ñô³íãîë³ï³ä³â
ó òêàíèíàõ ùóð³â çà äîïîìîãîþ ³íã³áóâàííÿ êèñëî¿
ñô³íãîì³ºë³íàçè

Îñê³ëüêè çíèæåííÿ âì³ñòó ñô³íãîì³ºë³íó òà íàêîïè÷åííÿ öåðàì³äó â êë³òèíàõ ó ñòàðîñò³
ïîâ�ÿçàí³ ç ðîçâèòêîì äåÿêèõ ïàòîëîã³÷íèõ ñòàí³â, àêòóàëüíèì º ïîøóê øëÿõ³â íîðìàë³çàö³¿
îáì³íó ñô³íãîë³ï³ä³â. Âðàõîâóþ÷è òå, ùî êèñëà ñô³íãîì³ºë³íàçà º êëþ÷îâèì ôåðìåíòîì
ñô³íãîë³ï³ä³â, ìè âèâ÷àëè âïëèâ ³íã³á³òîðà êèñëî¿ ñô³íãîì³ºë³íàçè íà âì³ñò öåðàì³äó òà
ñô³íãîì³ºë³íó ó òêàíèíàõ ñòàðèõ ùóð³â. Ââåäåííÿ ìåë³ïðàì³íó âèêëèêàº ï³äâèùåííÿ âì³ñòó
ñô³íãîì³ºë³íó òà çíèæåííÿ ñï³ââ³äíîøåíèÿ öåðàì³ä/ñô³íãîì³ºë³í ó ïå÷³íö³, ñåðö³ òà ãîëîâíîìó
ìîçêó ñòàðèõ ùóð³â. Íàéá³ëüø ÷óòëèâèì äî âïëèâó ìåë³ïðàì³íó º ã³ïîêàìï. Îòðèìàí³
ðåçóëüòàòè ñâ³ä÷àòü ïðî òå, ùî ìåë³ïðàì³í º åôåêòèâíèì ìîäóëÿòîðîì âì³ñòó ñô³íãîë³ï³ä³â.
Â³êîâ³ çì³íè âì³ñòó öåðàì³äó òà ñô³íãîì³ºë³íó ó òêàíèíàõ áàãàòî â ÷îìó âèçíà÷àþòüñÿ
àêòèâàö³ºþ êèñëî¿ ñô³íãîì³ºë³íàçè ó ïðîöåñ³ ñòàð³ííÿ.
Êëþ÷îâ³ ñëîâà: ñô³íãîì³ºë³í, öåðàì³ä, ñô³íãîì³ºë³íàçà, ìåë³ïðàì³í, ñòàð³ííÿ.

ÂÑÒÓÏ

Â³äîìî, ùî ñô³íãîë³ï³äè � âàæëèâ³ ñòðóê-
òóðîóòâîðþâàëüí³ ôîñôîë³ï³äè ìåìáðàí,
ìåòàáîë³òè ÿêèõ â³ä³ãðàþòü ðîëü ìåä³àòîð³â
êë³òèííîãî ñèãíàëó ó ïðîöåñàõ àïîïòîçó,
ïðîë³ôåðàö³¿, êë³òèííî¿ ì³ãðàö³¿, ðåãóëÿö³¿
òîíóñó ñóäèí, ðîçâèòêó àòåðîñêëåðîçó, ùî
çóìîâëåíî ¿õ ó÷àñòþ ó ôîðìóâàíí³ ðàôò³â �
ìåìáðàííèõ ì³êðîäîìåí³â [1]. ²ñíóº ò³ñíà
³íòåãðàö³ÿ ó ìåòàáîë³çì³ òà ìåìáðàíí³é
ëîêàë³çàö³¿ ñô³íãîë³ï³ä³â ³ õîëåñòåðèíó � ùå
îäíîãî âàæëèâîãî êîìïîíåíòà ðàôò³â [8].
Ñô³íãîë³ï³äè ñô³íãîì³ºë³í (ÑÔÌ) ³ éîãî
ìåòàáîë³ò  öåðàì³ä (ÖÅÐ) óù³ëüíþþòü
ä³ëÿíêó ðàôòà òà ñïðèÿþòü êëàñòåðèçàö³¿
òàêèõ ¿¿ ðåöåïòîð³â, ÿê ÑD95/Fas. Âïëèâ
ÑÔÌ ³ ÖÅÐ íà êëàñòåðèçàö³þ ìåìáðàííèõ
á³ëê³â ìîæå áóòè êëþ÷îâèì ó ðîçâèòêó
àïîïòîòè÷íèõ ñèãíàë³â. Îäíàê âñòàíîâëåíî,
ùî êð³ì ñòðóêòóðóâàííÿ ðåöåïòîðíèõ
á³ëê³â,  ÖÅÐ, ïîðÿä ³ç  äåÿêèìè ³íøèìè
àêòèâíèìè ìåòàáîë³òàìè ÑÔÌ, ìîæå ³ ñàì
áóòè âòîðèííèì ìåñåíäæåðîì [1, 8].

Ïðàêòè÷íî áóäü-ÿêèé ñòðåñîðíèé ñòàí
ó êë³òèíàõ ð³çíîìàí³òíèõ òêàíèí åóêà-
ð³îòíèõ îðãàí³çì³â ñóïðîâîäæóºòüñÿ àëüòå-
ðàö³ÿìè â îáì³í³ ÑÔÌ, ³, çîêðåìà, íàêîïè-
÷åííÿì ÖÅÐ [8, 9]. Êð³ì ñèíòåçó ÖÅÐ de
novo â ì³òîõîíäð³ÿõ òà åíäîïëàçìàòè÷íîìó
ðåòèêóëóì³ çà ó÷àñòþ öåðàì³äñèíòàçè,
çíà÷íà éîãî ÷àñòèíà º ïðîäóêòîì äåãðàäàö³¿
ìåìáðàííîãî ÑÔÌ ãðóïîþ ôåðìåíò³â
ñô³íãîì³ºë³íàç (ÑÔÌàç). Îñíîâíà ìàñà
ÖÅÐ ó êë³òèí³ óòâîðþºòüñÿ âíàñë³äîê ä³¿
êèñëî¿ ÑÔÌàçè [ÊÔ-3.1.4.12].  Â³äçíà-
÷àºòüñÿ, ùî çì³ùåííÿ áàëàíñó â îáì³í³
ñô³íãîë³ï³ä³â ó á³ê íàêîïè÷åííÿ ÖÅÐ ìîæå
ïðèçâîäèòè äî ³íäóêö³¿ àïîïòîçó ÿê ÷åðåç
êëàñòåðèçàö³þ ðåöåïòîð³â ,  çàä³ÿíèõ ó
ïåðåäà÷³ àïîïòîòè÷íèõ ñèãíàë³â íà ìåìá-
ðàí³, òàê ³ çà ðàõóíîê àêòèâàö³¿ êàñïàç, ùî
ïðèçâîäèòü äî óòâîðåííÿ ì³òîõîíäð³àëüíèõ
ïîð. Âîäíî÷àñ íàêîïè÷åííÿ ÑÔÌ, çíèæåííÿ
ñï³ââ³äíîøåííÿ ÖÅÐ/ÑÔÌ, à òàêîæ óòâî-
ðåííÿ ñô³íãîçèí-1-ôîñôàòó âíàñë³äîê
äåãðàäàö³¿  ÖÅÐ, íàâïàêè,  ìîæå ñòèìó-
ëþâàòè ïðîöåñè ïðîë³ôåðàö³¿ òà ï³äâèùåííÿ
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æèòòºçäàòíîñò³ êë³òèí [1, 8, 9, 15].
Âñòàíîâëåíî, ùî íàêîïè÷åííÿ ÖÅÐ òà

ï³äâèùåííÿ ñï³ââ³äíîøåííÿ ÖÅÐ/ÑÔÌ, ùî
â³äáóâàºòüñÿ â ð³çíèõ òèïàõ êë³òèí ñòàð³þ-
÷îãî îðãàí³çìó, ìîæå ïðèçâîäèòè äî ðîç-
âèòêó òàêî¿ â³êîâî¿ ïàòîëîã³¿, ÿê õâîðîáà
Àëüöãåéìåðà. Êëþ÷îâèì ôåðìåíòîì ðåãó-
ëÿö³¿ ñï³ââ³äíîøåííÿ ÖÅÐ/ÑÔÌ ââàæàºòüñÿ
êèñëà ÑÔÌàçà, íàäì³ðíà àêòèâàö³ÿ ÿêî¿
ïðèçâîäèòü äî ï³äâèùåííÿ âì³ñòó ÖÅÐ, à
çíèæåííÿ ¿¿ àêòèâíîñò³ ìîæå ñïðè÷èíÿòè
ñèíäðîì Í³ìàíà � Ï³êà âíàñë³äîê íàêîïè-
÷åííÿ ñô³íãîì³ºë³íó ó ë³çîñîìàõ [1, 3, 4, 10].
Âîäíî÷àñ ìåõàí³çìè â³êîâîãî ïîðóøåííÿ
ôóíêö³þâàííÿ ñô³íãîì³ºë³íîâîãî öèêëó
çàëèøàþòüñÿ íåîñòàòî÷íî ç�ÿñîâàíèìè.

Çã³äíî ç îñòàíí³ìè äîñë³äæåííÿìè,
ï³äâèùåííÿ àêòèâíîñò³ êèñëî¿ ÑÔÌàçè â
ð³çíèõ òêàíèíàõ º õàðàêòåðíèì òàêîæ äëÿ
äåïðåñèâíèõ ñòàí³â ëþäèíè. Òàê, Kornhuber
³  ñï³âàâò.  [11] âñòàíîâèëè ï³äâèùåííÿ
àêòèâíîñò³ êèñëî¿ ÑÔÌàçè ó ìîíîíóê-
ëåàðíèõ êë³òèíàõ ïåðèôåðè÷íî¿  êðîâ³
ïàö³ºíò³â ç  äåïðåñèâíèìè ïñèõ³÷íèìè
ðîçëàäàìè. Àíòèäåïðåñàíòè ìåë³ïðàì³í
(³ì³ïðàì³í, äèñ³ïðàì³í) òà àì³òðèïòèë³í º
åôåêòèâíèìè ³íã³á³òîðàìè êèñëî¿ ÑÔÌàçè
[7, 9, 11]. Ñàìå ïðèãí³÷åííÿ àêòèâíîñò³
ÑÔÌàçè ³ çì³íà ñï³ââ³äíîøåííÿ ñô³íãî-
ë³ï³ä³â ìîæå â³ä³ãðàâàòè êëþ÷îâó ðîëü ó
êîðåêö³¿ äåïðåñèâíèõ ñòàí³â ïðè êë³í³÷íîìó
çàñòîñóâàíí³ ìåë³ïðàì³íó òà àì³òðèïòèë³íó.
Ââàæàþòü, ùî ìåë³ïðàì³í ³íã³áóº àêòèâ-
í³ñòü ÑÔÌàçè ÷åðåç ïîðóøåííÿ ¿¿ çâ�ÿçêó ç
íåãàòèâíî çàðÿäæåíèìè ë³ï³äàìè ë³çîñî-
ìàëüíèõ ìåìáðàí,  ï³ñëÿ ÷îãî ÑÔÌàçà
ï³ääàºòüñÿ ïðîòåîë³çó. Jenkins òà ñï³âàâò.
[9] íà êë³òèíàõ MCF7 ïðîäåìîíñòðóâàëè
äîçîçàëåæíå ïðèãí³÷åííÿ àêòèâíîñò³ êèñëî¿
ÑÔÌàçè äèñ³ïðàì³íîì (ìåë³ïðàì³íîì) â
åêñïåðèìåíòàõ ÿê in vivo, òàê ³ in vitro.

Â³äîìî, ùî ââåäåííÿ ìåë³ïðàì³íó òà
àíàëîã³÷íèõ éîìó àíòèäåïðåñàíò³â � áëîêà-
òîð³â êèñëî¿ ÑÔÌàçè çäîðîâèì òâàðèíàì
ìîæå ³ì³òóâàòè åôåêòè, ÿê³ ñïîñòåð³ãàþòüñÿ
ó òâàðèí ç ïðèðîäæåíîþ ¿¿ â³äñóòí³ñòþ.

Òàêîæ, âñòàíîâëåíî ùî ìåë³ïðàì³í
ïðèãí³÷óº ³íäóêö³þ àïîïòîçó ôàêòîðîì
íåêðîçó ïóõëèí (ÔÍÏ-α) â ãåïàòîöèòàõ
ùóð³â ³  ìèøåé. Ïîêàçàíî, ùî ÖÅÐ, ùî
âèðîáëÿºòüñÿ ó êë³òèí³ ï³ä ä³ºþ ÔÍÏ-α,
ìîæå â³ä³ãðàâàòè ðîëü âòîðèííîãî ìåñåíä-
æåðà, àêòèâóþ÷îãî êàñïàçè, ÿê³ çàïóñêàþòü
àïîïòîç. Ï³äâèùåííÿ àêòèâíîñò³ ÑÔÌàçè
ï³ä ä³ºþ ÔÍÏ-α òàêîæ ïîðóøóº íîðìàëüíå
ñï³ââ³äíîøåííÿ ÖÅÐ/ÑÔÌ ó êë³òèíàõ.
Â³äçíà÷àºòüñÿ, ùî ìåë³ïðàì³í ïðèãí³÷óº
àêòèâí³ñòü êèñëî¿ ÑÔÌàçè, ïîðóøóþ÷è
äåãðàäàö³þ ÑÔÌ äî ÖÅÐ, âíàñë³äîê ÷îãî
ãåïàòîöèòè íàáóâàþòü ñò³éêîñò³ äî ä³¿ ÔÍÏ
[14].

Äàí³ ë³òåðàòóðè [7, 9, 11] ùîäî çäàòíîñò³
ìåë³ïðàì³íó ³íã³áóâàòè êèñëó ÑÔÌàçó
äàþòü  çìîãó  ïðèïóñòèòè  ìîæëèâ³ñòü
êîðåêö³¿ çà äîïîìîãîþ öüîãî ïðåïàðàòó
â³êîâèõ ïîðóøåíü îáì³íó ñô³íãîë³ï³ä³â, ùî
ìàþòü âåëèêå çíà÷åííÿ ó ðîçâèòêó â³êîâèõ
ïàòîëîã³é. Òîìó ìåòîþ íàøî¿ ðîáîòè áóëà
êîðåêö³ÿ â³êîâèõ çì³í ó òêàíèíàõ ñòàðèõ
ùóð³â ë³í³¿ Â³ñòàð ÷åðåç ³íã³áóâàííÿ êèñëî¿
ÑÔÌàçè çà äîïîìîãîþ ìåë³ïðàì³íó.

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ âèêîíàí³ íà 18 ñòàðèõ (24-
ì³ñÿ÷íèõ) ùóðàõ-ñàìöÿõ ë³í³¿ Â³ñòàð [7].
Äîñë³äí³ òâàðèíè îòðèìóâàëè âíóòð³ø-
íüîì�ÿçîâ³ ³í�ºêö³¿ ìåë³ïðàì³íó ó äîç³ 10 ìã/
êã ïðîòÿãîì 7 àáî 14 ä³á, ÿêà º îïòèìàëü-
íîþ äëÿ ïðèãí³÷åííÿ àêòèâíîñò³ êèñëî¿
ÑÔÌàçè. Êîíòðîëüíà ãðóïà ùóð³â ó ö³ ñàì³
òåðì³íè îòðèìóâàëà âíóòð³øíüîì�ÿçîâî
³í�ºêö³þ 0,9%-ãî ðîç÷èíó NaCl. Òâàðèí
äåêàï³òóâàëè ï³ä åô³ðíèì íàðêîçîì. Åêñò-
ðàêö³þ ôîñôîë³ï³ä³â ç ã³ïîêàìïà òà âåëèêèõ
ï³âêóëü ãîëîâíîãî ìîçêó, ïå÷³íêè òà ñåðöÿ
çä³éñíþâàëè çà ìåòîäîì Bligh, Dyer [6].
Ðîçïîä³ë ë³ï³ä³â íà ôðàêö³¿ ïðîâîäèëè
ìåòîäîì îäíîì³ðíî¿  õðîìàòîãðàô³ ¿  â
òîíêîìó øàð³ ñèë³êàãåëþ (ïëàñòèíè �Sorb-
fil�, Ðîñ³ÿ). Íàÿâí³ñòü ë³ï³ä³â âèÿâëÿëè ó
âèïàðàõ éîäó òà ³äåíòèô³êóâàëè çà äîïîìî-
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ãîþ ñòàíäàðò ³â  [2 ] .  Ê ³ëüê ³ñíèé âì³ñò
ñô³íãîë³ï³ä³â ó õðîìàòîãðàô³÷íèõ ôðàêö³ÿõ
âèçíà÷àëè çà íåîðãàí³÷íèì ôîñôîðîì [5].
Âì³ñò á³ëêà â ñóñïåíç³ÿõ ìîçêó, ïå÷³íêè òà
ñåðöÿ âèçíà÷àëè çà  ìåòîäîì Lowry òà
ñï³âàâò. [12]. Ðåçóëüòàòè åêñïåðèìåíò³â
ïðåäñòàâëåí³ ÿê ñåðåäíº àðèôìåòè÷íå ±
ñòàíäàðòíà ïîìèëêà. Äëÿ ïîð³âíÿííÿ çíà-
÷åíü âì³ñòó ë³ï³ä³â êîíòðîëüíî¿ òà äîñë³ä-
íèõ ãðóï âèêîðèñòîâóâàëè îäíîôàêòîðíèé
äèñïåðñ³éíèé àíàë³ç one-way Anova, çà
êðèòåð³ºì Ô³øåðà, òà äëÿ ïîð³âíÿííÿ âì³ñòó
á³ëêà â äîñë³äíèõ ãðóïàõ � êðèòåð³é t Ñòüþ-
äåíòà. Â³äì³ííîñò³ ì³æ ãðóïàìè ââàæàëè
ñòàòèñòè÷íî äîñòîâ³ðíèìè ïðè Ð < 0,05.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ï³ä ÷àñ 7-äîáîâîãî ââåäåííÿ äîñë³äíèì
ùóðàì ìåë³ïðàì³íó ñïîñòåð³ãàëàñÿ ëèøå
òåíäåíö³ÿ äî ï³äâèùåííÿ âì³ñòó ÑÔÌ ó
òêàíèíàõ ãîëîâíîãî ìîçêó ³ ïå÷³íêè â³äíîñíî
êîíòðîëüíî¿ ãðóïè (ðèñóíîê). Âîäíî÷àñ
á³ëüø òðèâàëå ââåäåííÿ ïðåïàðàòó (14 ä³á)
³íäóêóâàëî äîñòîâ³ðíå ï³äâèùåííÿ öüîãî
ïîêàçíèêà ÿê ó òêàíèíàõ ïå÷³íêè òà ãîëîâ-
íîãî ìîçêó, òàê ³ â ñåðö³ (äèâ. ðèñóíîê).
Íàéá³ëüøèé åôåêò ñïîñòåð³ãàâñÿ â ã³ïî-

êàìï³, äå âì³ñò ÑÔÌ ï³äâèùèâñÿ íà 186 %
ùîäî çíà÷åíü ó êîíòðîëüí³é ãðóï³. Îòðèìàí³
ðåçóëüòàòè ìîæóòü ñâ³ä÷èòè ïðî ïðèãí³-
÷óâàëüíó ä³þ ìåë³ïðàì³íó íà ã³äðîë³ç ÑÔÌ.
Öå óçãîäæóºòüñÿ ç äàíèìè ñó÷àñíèõ äîñ-
ë³äæåíü,  ùî äåìîíñòðóþòü åôåêòèâíå
ïðèãí³÷åííÿ ìåë³ïðàì³íîì àêòèâíîñò³ êèñ-
ëî¿ ÑÌÌàçè ó ïå÷³íö³, ³çîëüîâàíèõ ãåïàòî-
öèòàõ, ìîíîíóêëåàðíèõ êë³òèíàõ êðîâ³, ³çî-
ëüîâàíèõ òêàíèíàõ ñåðöÿ òà àðòåð³é [7, 16].

Ó íàø³é ðîáîò³ íå ñïîñòåð³ãàëîñÿ äîñòî-
â³ðíèõ çì³í ñï³ââ³äíîøåííÿ ÖÅÐ/ÑÔÌ ó
ã³ïîêàìï³, íåîêîðòåêñ³, òêàíèíàõ ïå÷³íêè òà
ñåðöÿ ùóð³â ï³ñëÿ 7-äîáîâîãî ââåäåííÿ
ïðåïàðàòó (òàáëèöÿ), à ï³ñëÿ 14-äîáîâîãî
âïëèâó âîíî çíèæóâàëîñÿ, ùî íà òë³ çðîñòàþ-
÷îãî â ÷àñ³ íàêîïè÷åííÿ ÑÔÌ ìîæå ñâ³ä÷èòè
ïðî ïðèãí³÷åííÿ àêòèâíîñò³ êèñëî¿ ÑÔÌàçè.

Çì³íà  ñï³ââ³äíîøåííÿ ÖÅÐ/ÑÔÌ ó
êë³òèíàõ ìîæå áóòè âàæëèâèì ïîêàçíèêîì
çì³íè àêòèâíîñò³  ÑÔÌàç.  Ï³äâèùåííÿ
ñï³ââ³äíîøåííÿ ÖÅÐ/ÑÔÌ ó êë³òèíí³é
ìåìáðàí³  ìîæå âèêëèêàòè çá³ëüøåííÿ
÷óòëèâîñò³ êë³òèíè äî àïîïòîòè÷íèõ ñèãíà-
ë³â, à â³äíîñíå ï³äâèùåííÿ âì³ñòó ÖÅÐ
ìîæå ³íäóêóâàòè çàãèáåëü êë³òèíè ÿê çà
àïîïòîòè÷íèì,  òàê  ³  çà  íåêðîòè÷íèì
øëÿõîì [2, 3, 8]. Òàê, ïîðóøåííÿ íîðìàëü-
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íîãî ñï³ââ³äíîøåííÿ ÖÅÐ/ÑÔÌ ó êë³òèíàõ
ïå÷³íêè íà ôîí³ ï³äâèùåíî¿ àêòèâíîñò³
ÑÔÌàçè ìîæå ïðèçâîäèòè äî ðîçâèòêó
ñòåàòîç³â ð³çíî¿ åò³îëîã³¿ (æèðîâî¿ äèñòðîô³¿
ïå÷³íêè) òà â³ä³ãðàº âàæëèâó ðîëü â óðàæåíí³
ïå÷³íêè ïðè ãåïàòèòàõ. Ïîä³áí³ ïîðóøåííÿ
îáì³íó ñô³íãîë³ï³ä³â ó íåðâîâèõ êë³òèíàõ
â³äïîâ³äíî äî ñó÷àñíèõ äîñë³äæåíü ìîæóòü
áóòè ïðè÷èíîþ òàêî¿ â³êîâî¿ ïàòîëîã³¿, ÿê
õâîðîáà Àëüöãåéìåðà [8]. Zhang ³ ñï³âàâò.
[16] ,  âèñëîâëþþòü ïðèïóùåííÿ ùîäî
çâ�ÿçêó ï³äâèùåíî¿ ÑÔÌàçíî¿ àêòèâíîñò³ â
åíäîòåë³àëüíèõ êë³òèíàõ ñåðöÿ ³ âåëèêèõ
ñóäèí ç ðîçâèòêîì ð³çíîìàí³òíèõ ïàòîëîã³é
ñåðöåâî-ñóäèííî¿ ñèñòåìè. Ó ïîïåðåäí³õ
íàøèõ ïðàöÿõ ïîêàçàíî ï³äâèùåííÿ âì³ñòó
ÖÅÐ ó ð³çíèõ òêàíèíàõ (çîêðåìà, ñòàð³þ-
÷îãî îðãàí³çìó) ³ ï³äâèùåííÿ ñï³ââ³äíîøåí-
íÿ ÖÅÐ/ÑÔÌ ó ïå÷³íö³ òà ã³ïîêàìï³ ñòàðèõ
òâàðèí [3, 4].

Â³äîìî, ùî çíèæåííÿ ñï³ââ³äíîøåííÿ
ÖÅÐ/ÑÔÌ ó êë³òèíàõ ñïðèÿº ï³äâèùåííþ
æèòòºçäàòíîñò³ êë³òèí ð³çíèõ òêàíèí, çíè-
æåííþ ÷óòëèâîñò³ CD-95/Fas-ðåöåïòîð³â, à
òàêîæ ñïðèéíÿòëèâîñò³ êë³òèí äî âïëèâó
àïîïòîòè÷íèõ ñèãíàë³â, íàïðèêëàä, ÔÍÏ-α [2,
8, 9, 16]. Ï³äâèùåííÿ æèòòºçäàòíîñò³ êë³òèí
ìîæå ïåðåøêîäæàòè ðîçâèòêó äåÿêèõ ïàòî-
ëîã³é ïå÷³íêè òà ãîëîâíîãî ìîçêó, âèêëèêàíèõ
ïîñèëåííÿì àïîïòîòè÷íèõ ïðîöåñ³â.

×èñëåííèìè äîñë³äæåííÿìè ïîêàçàíî,
ùî ìåë³ïðàì³í òà àíàëîã³÷í³ éîìó òðèöèê-
ë³÷í³ àíòèäåïðåñàíòè âèá³ðêîâî ³íã³áóþòü
êèñëó, àëå íå íåéòðàëüíó ÑÔÌàçó [10, 11,
14]. Îòðèìàí³ â íàø³é ðîáîò³ ï³ä âïëèâîì
ìåë³ïðàì³íó çíà÷í³ òà ïðîãðåñóþ÷³ ó ÷àñ³
ï³äâèùåííÿ âì³ñòó ÑÔÌ ³ çíèæåííÿ ñï³â-
â³äíîøåííÿ ÖÅÐ/ÑÔÌ ó ïå÷³íö³, ìîçêó òà

ñåðö³ â³äíîñíî êîíòðîëþ, ìîæóòü ñâ³ä÷èòè
ïðî óñï³øíó êîðåêö³þ â³êîâèõ çì³í ó ð³çíèõ
òêàíèíàõ ñòàðèõ òâàðèí.

Òàêèì ÷èíîì, ñë³ä çàçíà÷èòè, ùî ìåë³-
ïðàì³í º åôåêòèâíèì ðåãóëÿòîðîì âì³ñòó
ÑÔÌ ³ ÖÅÐ ó òêàíèíàõ ñòàðèõ ùóð³â. Ä³ÿ
ïðåïàðàòó ùîäî âì³ñòó ñô³íãîë³ï³ä³â ìîæå
áóòè ïîâ�ÿçàíà ç éîãî çäàòí³ñòþ ïðèãí³-
÷óâàòè àêòèâí³ñòü êèñëî¿ ÑÔÌàçè ³ çàëå-
æèòü â³ä òðèâàëîñò³ éîãî çàñòîñóâàííÿ.
Íàéá³ëüø ³íòåíñèâí³ çì³íè â îáì³í³ ñô³íãî-
ë³ï³ä³â, ùî ïðîÿâëÿþòüñÿ ó çá³ëüøåíí³
âì³ñòó ÑÔÌ ³ çíèæåíí³ ñï³ââ³äíîøåííÿ
ÖÅÐ/ÑÔÌ, ñïîñòåð³ãàþòüñÿ ïðè òðèâàëîìó,
ïðîòÿãîì 14 ä³á, ââåäåíí³ ïðåïàðàòó ñòàðèì
òâàðèíàì.  Íàéá³ëüø ÷óòëèâèì äî  ä ³ ¿
ìåë³ïðàì³íó âèÿâèâñÿ ã³ïîêàìï, ùî äàº
çìîãó ïðèïóñòèòè òêàíèííó ñïåöèô³÷í³ñòü
ä³¿ ïðåïàðàòó íà îáì³í ñô³íãîë³ï³ä³â. Âðà-
õîâóþ÷è òå, ùî ³íã³á³òîð êèñëî¿ ÑÔÌàçè
ìåë³ïðàì³í ï³äâèùóº âì³ñò ÑÔÌ ³ çíèæóº
ñï³ââ³äíîøåííÿ ÖÅÐ/ÑÔÌ ó äîñë³äæóâàíèõ
òêàíèíàõ ñòàðèõ ùóð³â äî ð³âíÿ, ùî ñïîñòå-
ð³ãàºòüñÿ ó ìîëîäèõ òâàðèí [3, 4], ìîæíà
çàêëþ÷èòè, ùî â³êîâ³ çì³íè âì³ñòó ñô³íãî-
ë³ï³ä³â áàãàòî â ÷îìó âèçíà÷àþòüñÿ àêòèâ-
í³ñòþ êèñëî¿ ÑÔÌàçè.

Â.Â. Ãàðüêàâåíêî, Ã.Â. Ñòîðîæåíêî,
Î.Í. Êðàñíèêîâà, Í.À. Áàáåíêî

ÊÎÐÐÅÊÖÈß ÂÎÇÐÀÑÒÍÛÕ ÍÀÐÓØÅÍÈÉ
ÑÎÄÅÐÆÀÍÈß ÑÔÈÍÃÎËÈÏÈÄÎÂ
Â ÒÊÀÍßÕ ÊÐÛÑ ÏÓÒÅÌ ÈÍÃÈÁÈÐÎÂÀÍÈß
ÊÈÑËÎÉ ÑÔÈÍÃÎÌÈÅËÈÍÀÇÛ

Ïîñêîëüêó ñíèæåíèå ñîäåðæàíèÿ ñôèíãîìèåëèíà è
íàêîïëåíèå öåðàìèäà â êëåòêàõ  â ñòàðîñòè ñîïðÿæåíû ñ
ðàçâèòèåì ðÿäà ïàòîëîãè÷åñêèõ ñîñòîÿíèé, àêòóàëüíûì
ÿâëÿåòñÿ ïîèñê ïóòåé íîðìàëèçàöèè îáìåíà ñôèíãî-

Âïëèâ ìåë³ïðàì³íó íà â³äíîøåííÿ öåðàì³äó äî ñô³íãîì³ºë³íó ó òêàíèíàõ 24-ì³ñÿ÷íèõ ùóð³â

Òêàíèíà                      7 ä³á                   14 ä³á

Êîíòðîëü Ìåë³ïðàì³í Êîíòðîëü Ìåë³ïðàì³í

Ïå÷³íêà 0,65 ± 0,05 0,66 ± 0,07 0,64 ± 0,05 0,56 ± 0,02 *,**
Ñåðöå 1,01 ± 0,10 1,24 ± 0,10 0,93 ± 0,07 0,75 ± 0,06 * ,**
Íåîêîðòåêñ 1,07 ± 0,07 1,08 ± 0,08 0,59 ± 0,05 0,42 ± 0,03 *,**
Ã³ïîêàìï 0,60 ± 0,05 0,60 ± 0,09 0,78 ± 0,05 0,48 ± 0,02 *,**

*P<0,05 ïîð³âíÿíî ç êîíòðîëåì,,**P <0,05 ïîð³âíÿíî ç³ âïëèâîì ìåë³ïðàì³íó ïðîòÿãîì 7 ä³á.

Â.Â. Ãàðüêàâåíêî, Ã.Â. Ñòîðîæåíêî, Î.Ì. Êðàñí³êîâà, Í.Î. Áàáåíêî
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ëèïèäîâ. Ó÷èòûâàÿ òî, ÷òî êèñëàÿ ñôèíãîìèåëèíàçà
ÿâëÿåòñÿ êëþ÷åâûì ôåðìåíòîì îáìåíà ñôèíãîëèïèäîâ â
íàñòîÿùåé ðàáîòå èçó÷àëè âëèÿíèå èíãèáèòîðà êèñëîé
ñôèíãîìèåëèíàçû íà ñîäåðæàíèå öåðàìèäà è ñôèíãî-
ìèåëèíà â òêàíÿõ ñòàðûõ êðûñ. Ââåäåíèå ìåëèïðàìèíà
âûçûâàåò ïîâûøåíèå ñîäåðæàíèÿ ñôèíãîìèåëèíà è
ñíèæåíèå ñîîòíîøåíèÿ öåðàìèä/ñôèíãîìèåëèí, â ïå÷åíè,
ñåðäöå è ãîëîâíîì ìîçãó ñòàðûõ êðûñ. Íàèáîëåå
÷óâñòâèòåëüíûì ê âîçäåéñòâèþ ìåëèïðàìèíà ÿâëÿåòñÿ
ãèïïîêàìï. Ïîëó÷åííûå äàííûå ñâèäåòåëüñòâóþò î òîì,
÷òî ìåëèïðàìèí ÿâëÿåòñÿ ýôôåêòèâíûì ìîäóëÿòîðîì
ñîäåðæàíèÿ ñôèíãîëèïèäîâ. Âîçðàñòíûå èçìåíåíèÿ
ñîäåðæàíèÿ öåðàìèäà è ñôèíãîìèåëèíà â òêàíÿõ âî ìíîãîì
îïðåäåëåíû àêòèâàöèåé êèñëîé ñôèíãîìèåëèíàçû â
ïðîöåññå ñòàðåíèÿ.
Êëþ÷åâûå ñëîâà: ñôèíãîìèåëèí, öåðàìèä, ñôèíãî-
ìèåëèíàçà, ìåëèïðàìèí, ñòàðåíèå.

V.V. Garkavenko, G.V. Storozhenko,
O.N. Krasnikova, N.A. Babenko

CORRECTION OF AGE-RELATED CHANGES
IN SPHINGOLIPID CONTENT IN RAT TISSUES
BY ACID SPHINGOMYELINASE INHIBITION

Because reduction of sphingomyelin and ceramide accumula-
tion in aging are associated with the development of a wide
variety of pathologies, finding the ways of normalizing the
sphingolipid exchange is becoming actual. As the ASM is a key
enzyme of the sphingolipid exchange, in the present study we
have investigated the effect of an ASM inhibitor imipramine
on the ceramide and sphingomyelin content in the tissues of
old rats. The introduction of imipramine elevates the sphingo-
myelin level and reduces the ceramide/sphingomyelin ratio in
the liver, heart and brain of old rats. The hippocampus is most
sensitive to the imipramine effects. These data suggest that
imipramine is an effective modulator of sphingolipid content
in the body of old rats. The age-related changes in the ceramide
and sphingomyelin content in the tissues are higly determined by
the activation of acid sphingomyelinase in the process of aging.
Keywords: sphingomyelin, ceramide, sphingomyelinase, ag-
ing, imipramine.
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Êîðåêö³ÿ â³êîâèõ ïîðóøåíü âì³ñòó ñô³íãîë³ï³ä³â
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Î.Ã. Øàõîâà, Î.Ì., Êðàñí³êîâà, Í.Î. Áàáåíêî

Âïëèâ õðîí³÷íîãî îáìåæåííÿ êàëîð³éíîñò³ ðàö³îíó
íà â³êîâ³ îñîáëèâîñò³ îð³ºíòóâàëüíî-äîñë³äíèöüêî¿
ïîâåä³íêè ùóð³â

Âèâ÷àëè âïëèâ îáìåæåííÿ êàëîð³éíîñò³ ðàö³îíó íà îð³ºíòóâàëüíî-äîñë³äíèöüêèé êîìïîíåíò
ïîâåä³íêè 3-, 12-, 24�25-, 28�29- ³ 35�44-ì³ñÿ÷íèõ ùóð³â ë³í³¿ Â³ñòàð. Ó êîíòðîëüíèõ òâàðèí
óñòàíîâëåíå ïðîãðåñóþ÷å â³êîâå çíèæåííÿ ð³âíÿ ëîêîìîòîðíî¿ àêòèâíîñò³. Ïåðåâåäåííÿ ³
äîâ³÷íå óòðèìóâàííÿ ùóð³â íà ðàö³îí³ ç îáìåæåííÿì êàëîð³éíîñò³ ñóïðîâîäæóºòüñÿ
ïðèãí³÷åííÿì îð³ºíòóâàëüíî-äîñë³äíèöüêî¿ àêòèâíîñò³ òâàðèí ó â³ö³ 3 ì³ñ ³ äåÿêîþ ¿¿
àêòèâàö³ºþ â 24�25 ì³ñ ó ïîð³âíÿíí³ ç êîíòðîëüíèìè òâàðèíàìè òàêîãî ñàìîãî â³êó. Îáìåæåííÿ
êàëîð³éíîñò³ ðàö³îíó ôîðìóº îñîáëèâèé ïàòòåðí ïîâåä³íêè òâàðèí ó òåñò³ �â³äêðèòîãî ïîëÿ�,
ùî ïðàêòè÷íî íå çì³íþºòüñÿ ç â³êîì.
Êëþ÷îâ³ ñëîâà: îáìåæåííÿ êàëîð³éíîñò³ ðàö³îíó, îð³ºíòóâàëüíî-äîñë³äíèöüêà ïîâåä³íêà, òåñò
�â³äêðèòå ïîëå�.

ÂÑÒÓÏ

×èñëåíí³ äàí³ ë³òåðàòóðè ñâ³ä÷àòü ïðî
ðîçâèòîê êîãí³òèâíî¿ äèñôóíêö³¿ â ïðîöåñ³
ñòàð³ííÿ ëþäèíè òà òâàðèí, ùî â³äáóâàºòüñÿ
íà òë³ â³êîâèõ íåéðîäåãåíåðàòèâíèõ çì³í
[16, 17, 22, 23]. Âàæëèâèìè ¿¿ ïîâåä³íêîâèìè
ïðîÿâàìè ââàæàþòü: ïîðóøåííÿ îð³ºíòàö³¿
â  ïðî ñòîð³ ,  çì³íó ð ³âíÿ ëîêîìîòîðíî¿
àêòèâíîñò³, çíèæåííÿ øâèäêîñò³ ðåàãó-
âàííÿ, à òàêîæ çì³íó åìîö³éíèõ ðåàêö³é �
ï³äâèùåííÿ òðèâîæíîñò³, äðàò³âëèâîñò³ é
àãðåñèâíîñò³ [22, 23].

Îäí³ºþ ç íåáàãàòüîõ åôåêòèâíèõ åêñïå-
ðèìåíòàëüíèõ ìîäåëåé çíèæåííÿ ðèçèêó
ðîçâèòêó â³êîâèõ ïàòîëîã³¿ òà ï³äâèùåííÿ
òðèâàëîñò³ æèòòÿ º îáìåæåííÿ êàëîð³éíîñò³
ä ³ºòè  [9 ,  15 ,  17] .  Òðèâàëå  îáìåæåííÿ
êàëîð³éíîñò³ ðàö³îíó ï³äâèùóº îï³ð ìîçêó äî
ñòàð³ííÿ òà óïîâ³ëüíþº çíèæåííÿ êîãí³-
òèâíèõ ôóíêö³é îðãàí³çìó, ùî â³äáóâàºòüñÿ
íà ôîí³ ñòèìóëÿö³¿ åêñïðåñ³¿ ñòðåñîðíèõ
á³ëê³â, íåéðîòðîô³÷íèõ ôàêòîð³â ³ íåéðî-
ãåíåçó [15, 17, 24]. Îäíàê º åêñïåðèìåí-
òàëüí³ äàí³, ÿê³ ñâ³ä÷àòü ïðî òå, ùî äåÿê³

ìîäåë³ çíèæåííÿ êàëîð³éíîñò³ ðàö³îíó
ïîäîâæóþòü æèòòÿ,  àëå ïðèçâîäÿòü äî
ïðèãí³÷åííÿ êîãí³òèâíèõ ôóíêö³é [26].
Îòðèìàííÿ òàêèõ ñóïåðå÷ëèâèõ â³äîìîñòåé
ìîæå áóòè ïîâ�ÿçàíî ç ðîçá³æíîñòÿìè ó
ñêëàä³ ä³ºò, ñòóïåí³ îáìåæåííÿ êàëîð³éíîñò³
ðàö³îíó, â³ö³ òà ë³í³ÿõ òâàðèí.

Â³äïîâ³äíî äî  äàíèõ áàãàòîð³÷íèõ
äîñë³äæåíü Í³ê³ò³íà òà ñï³âàâò. [9], äîâ³÷íå
óòðèìàííÿ ùóð³â â îñîáëèâèõ óìîâàõ íà
ïîâíîö³íí³é çà ñêëàäîì, àëå êàëîð³éíî
îáìåæåí³é ä³ºò³ (ÊÎÄ), ñóïðîâîäæóºòüñÿ
çá³ëüøåííÿì òðèâàëîñò³ ¿õ æèòòÿ íà 40�
50 %, à â äåÿêèõ âèïàäêàõ íàâ³òü íà 100 %.
Îäíàê ïîâåä³íêîâ³ ðåàêö³¿ òà, çîêðåìà,
äîñë³äíèöüêà ïîâåä³íêà òâàðèí, ùî óòðè-
ìóþòüñÿ íà òàê³é ä³ºò³, íåâèâ÷åí³.

Äëÿ îö³íêè îð³ºíòîâíî-äîñë³äíèöüêîãî
êîìïîíåíòó ïîâåä³íêè òâàðèí øèðîêî
âèêîðèñòîâóþòü òåñò �â³äêðèòîãî ïîëÿ�
[25]. Ââàæàþòü, ùî ð³çí³ ð³âí³ ðóõîâî¿
àêòèâíîñò³  ( ãîðèçîíòàëüíî¿  òà  âåðòè-
êàëüíî¿) òà åìîö³éíîãî ðåàãóâàííÿ, ÿê³
ðåºñòðóþòü â öüîìó òåñò³, â³äîáðàæàþòü
ôóíêö³îíàëüíèé ñòàí â³ää³ë³â íåðâîâî¿
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ñèñòåìè, ùî ìàþòü áåçïîñåðåäíº â³äíîøåí-
íÿ äî ïðîöåñ³â íàâ÷àííÿ òà ïàì�ÿò³ [3, 5].

Íåîäíîçíà÷í³ñòü  äàíèõ ë ³òåðàòóðè
ùîäî âïëèâó îáìåæåííÿ êàëîð³éíîñò³
ðàö³îíó íà êîãí³òèâí³ ôóíêö³¿ òâàðèí ³
àêòóàëüí³ñòü ïîøóêó øëÿõ³â çàïîá³ãàííÿ
ðîçâèòêó â³êîâèõ ïîðóøåíü ôóíêö³é ìîçêó
òà ¿õ ïîâåä³íêîâèõ ïðîÿâ³â çóìîâèëè ìåòó
íàøîãî äîñë³äæåííÿ: âèâ÷åííÿ âïëèâó ÊÎÄ
íà îð³ºíòóâàëüíî-äîñë³äíèöüêèé êîìïîíåíò
ïîâåä³íêè ùóð³â.

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ ïðîâåäåíî íà 142 ùóðàõ, ÿêèõ
áóëî ðîçïîä³ëåíî íà 5 â³êîâèõ ãðóï: ² �
ìîëîä³ 3-ì³ñÿ÷í³, ²² � äîðîñë³ 12-ì³ñÿ÷í³,
²²² � ñòàð³ 24�25-ì³ñÿ÷í³, ²V � äóæå ñòàð³
28�29 ì³ñÿ÷í³ òà V � íàéñòàð³ø³ 35�44-
ì³ñÿ÷í³. Â³ê 28�29 ì³ñ áëèçüêèé äî ìàêñè-
ìàëüíî¿ òðèâàëîñò³ æèòòÿ êîíòðîëüíèõ
òâàðèí, à 35�44 ì³ñ � òâàðèí, ùî óòðè-
ìóâàëèñÿ íà ÊÎÄ. Ó ãðóï³ �êîíòðîëü� íåìàº
òâàðèí â³êîì â³ä 35 äî 44 ì³ñ, òîìó ùî âîíè,
ÿê ïðàâèëî, äî íüîãî íå äîæèâàëè.

Äîñë³äíèõ òâàðèí â³êîì 1 ì³ñ ³çîëþâàëè,
ïåðåâîäèëè íà ÊÎÄ (ä³ºòà C.M. ÌcCay â
ìîäèô³êàö³¿ Íiêiò³íà) [9] òà óòðèìóâàëè íà
öüîìó ðàö³îí³ äîâ³÷íî. Ïî çàê³í÷åíí³ êîæíèõ
100 ä³á ïðîòÿãîì åêñïåðèìåíòó òâàðèíàì
äàâàëè ìîæëèâ³ñòü ï³äâèùèòè ìàñó íà 10 ã,
çá³ëüøóþ÷è ê³ëüê³ñòü ¿æ³, òà çíîâó ïðîòÿãîì
íàñòóïíèõ 100 ä³á óòðèìóâàëè íà ðàö³îí³,
ÿêèé ñòðèìóâàâ ¿õ çðîñòàííÿ. Çàãàëüíå
çíèæåííÿ êàëîð³éíîñò³ ðàö³îíó ñÿãàëî 60 %
â³ä  íîðìè ò à  â ³äáó âà ëî ñÿ  çà  ðàõóíîê
ë³ï³äíîãî êîìïîíåíòà. Êîíòðîëüí³ ùóðè
ïðîòÿãîì æèòòÿ îòðèìóâàëè çâè÷àéíèé
ðàö³îí ad l³b³tum.

Îð³ºíòóâàëüíî-äîñë³äíèöüêèé êîìïî-
íåíò ïîâåä³íêè ùóð³â âèâ÷àëè â óìîâàõ
�â³äêðèòîãî ïîëÿ� çà ñòàíäàðòíîþ ìåòî-
äèêîþ Áóðåøà [2]. Òðèâàë³ñòü òåñòó ñòà-
íîâèëà 5 õâ.  Ðåºñòðóâàëè âåðòèêàëüíó
àêòèâí³ñòü (ñò³éêè ç îïîðîþ ³ áåç îïîðè íà
ñò³íêó), ãîðèçîíòàëüíó àêòèâí³ñòü (ê³ëüê³ñòü

ïåðåòíóòèõ êâàäðàò³â ó öåíòð³ ïîëÿ òà íà
ïåðèôåð³¿), ðåàêö³¿ ãðóì³íãó (óìèâàííÿ,
÷èùåííÿ, âèêóøóâàííÿ øåðñò³ òà ëàïîê,
ïî÷³ñóâàííÿ), ê³ëüê³ñòü âèõîä³â ó öåíòð
�ïîëÿ�, ëàòåíòíèé ïåð³îä ðóõó ³ç öåíòðó
�ïîëÿ� íà ïî÷àòêó òåñòóâàííÿ, ðåàêö³¿
ïðèíþõóâàííÿ òà çàâìèðàííÿ.

Äëÿ ïîð³âíÿííÿ ðåçóëüòàò³â âèêîðèñ-
òîâóâàëè êðèòåð³é Ìàííà�Ó¿òí³ òà êðèòåð³é
t Ñòüþäåíòà. Ðîçõîäæåííÿ ì³æ ãðóïàìè
ââàæàëè ñòàòèñòè÷íî â³ðîã³äíèìè ïðè
Ð < 0,05.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Âèâ÷åííÿ  â ³êîâèõ àñïåêò ³â  ïîâåä³íêè
êîíòðîëüíèõ òâàðèí â óìîâàõ �â³äêðèòîãî
ïîëÿ� âèÿâèëî ïðîãðåñóþ÷å çíèæåííÿ ó
ñòàðèõ (²²² ãðóïà) ³ äóæå ñòàðèõ (IV ãðóïà)
ùóð³â çàãàëüíî¿ (ãîðèçîíòàëüíî¿ òà âåðòè-
êàëüíî¿) ðóõîâî¿ àêòèâíîñò³ (àìáóëÿö³¿)
(ðèñ. 1,à),  çíèæåííÿ ê³ëüêîñò³ ñò³éîê ç
îïîðîþ íà ñò³íêó (äèâ. ðèñ. 1,â), à òàêîæ
çá³ëüøåííÿ òðèâàëîñò³ ëàòåíòíîãî ïåð³îäó
âèõîäó ³ç öåíòðà ïîëÿ (ðèñ. 2 ,à) ó ïîð³âíÿíí³
ç ìîëîäèìè 3-ì³ñÿ÷íèìè òâàðèíàìè.

Ó çàãàëüí³é ïîâåä³íö³ ùóð³â ó �â³äêðè-
òîìó ïîë³� ïðèéíÿòî âèä³ëÿòè åìîö³éí³,
ðóõîâ³ òà îð³ºíòîâíî-äîñë³äíèöüê³ êîìïî-
íåíòè [7].  Ëàòåíòíèé ïåð³îä â³äõîäó ç
öåíòðó �ïîëÿ� ââàæàþòü êðèòåð³ºì åìîö³é-
íîñò³, ùî â³äîáðàæóº ð³âåíü òðèâîæíîñò³
[25],  òîìó ùî ðåàêö³ÿ �çàâìèðàííÿ� ó
òâàðèíè, ÿêà çíàõîäèòüñÿ â íåçíàéîìèõ
óìîâàõ, ÿê ïðàâèëî, º íàñë³äêîì ñòðàõó, ùî
ïðèãí³÷óº îð³ºíòóâàëüíî-äîñë³äíèöüêó
ïîâåä³íêó [8]. Çàãàëüíó ðóõîâó àêòèâí³ñòü
ïðèéíÿòî ââàæàòè êîìïëåêñíèì ïîêàçíèêîì,
ùî â³äîáðàæóº äîñë³äíèöüêó àêòèâí³ñòü òà
åìîö³éí³ñòü, à ñò³éêè ç îïîðîþ íà ñò³íêó �
êîìïîíåíòîì àêòèâíî¿ äîñë³äíèöüêî¿ ïîâå-
ä³íêè, ñïðÿìîâàíî¿ íà ïîøóê ìîæëèâîñò³
óíèêíåííÿ ñòðåñîâî¿ ñèòóàö³¿ [25].

Â³äïîâ³äíî äî çàçíà÷åíèõ ³íòåðïðåòàö³é
ïîâåä³íêîâèõ ðåàêö³é, âñòàíîâëåíå â öüîìó
äîñë³äæåíí³, â êîíòðîëüíèõ ùóð³â â³êîâå
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çíèæåííÿ ðóõîâî¿ àêòèâíîñò³ é çá³ëüøåííÿ
òðèâàëîñò³ ëàòåíòíîãî ïåð³îäó âèõîäó ³ç
öåíòðà ïîëÿ ìîæíà ðîçö³íþâàòè, ÿê çíè-
æåííÿ îð³ºíòóâàëüíî-äîñë³äíèöüêî¿ ïîâåä³í-
êè òà ï³äâèùåííÿ åìîö³éíî¿ ðåàêòèâíîñò³,
òîáòî ÿê çì³íó ñòðàòåã³é äîñë³äíèöüêî¿
ïîâåä³íêè òà àêòèâíîãî óíèêàííÿ íà ñòðà-
òåã³þ ïàñèâíîãî óíèêàííÿ [6]. Îäíàê ó

íàøîìó äîñë³äæåíí³ íå â³äçíà÷åíî çíè-
æåííÿ ç â³êîì ê³ëüêîñò³ ñò³éîê áåç îïîðè íà
ñò³íêó (äèâ. ðèñ. 1,â), ÿê³ º îð³ºíòîâíîþ
ðåàêö³ºþ � ôàêòîðîì âèùîãî ïîðÿäêó â
³ºðàðõ³¿ ïîâåä³íêîâèõ ðåàêö³é, à òàêîæ
ê³ëüêîñò³  ïðèíþõóâàíü (3 ì³ñ  �  31,7 ±
4,1; 24 ì³ñ � 40,3±3,96), ùî º äîñë³äíèöüêèì
êîìïîíåíòîì àìáóëÿö³¿ [25]. Ó ñòàðèõ ³

Ðèñ. 1. Ê³ëüê³ñí³ ïîêàçíèêè ïîâåä³íêè êîíòðîëüíèõ ùóð³â (à, â) òà òâàðèí ç êàëîð³éíî îáìåæåíîþ ä³ºòîþ (á, ã)
ð³çíîãî â³êó ó òåñò³ �â³äêðèòîãî ïîëÿ�: 1 � 3 ì³ñ, 2 � 12 ì³ñ, 3 � 24�25 ì³ñ, 4 � 28�29 ì³ñ, 5 � 35�44 ì³ñ. Çà â³ññþ
àáñöèñ íà ðèñ. à òà á (ïîêàçíèêè ðóõîâî¿ àêòèâíîñò³) � ² � çàãàëüíà ðóõîâà àêòèâí³ñòü, ²² � çàãàëüíà ãîðèçîíòàëüíà
ðóõîâà àêòèâí³ñòü, ²²² � çàãàëüíà âåðòèêàëüíà ðóõîâà àêòèâí³ñòü; íà ðèñ. â ³ ã (ïîêàçíèêè ïîâåä³íêè) � ² � ñò³éêè ç
îïîðîþ íà ñò³íêó, ²² � ñò³éêè áåç îïîðè íà ñò³íêó, ²²² � ðåàêö³¿ ãðóì³íãó, IV � óðèíàö³¿, V � äåôåêàö³¿. Çà â³ññþ
îðäèíàò � ê³ëüê³ñòü ðåàêö³é ïîâåä³íêè. *Ð < 0,05 â³äì³ííîñò³, â³ðîã³äí³ ùîäî 3-ì³ñÿ÷íèõ òâàðèí, ** � ùîäî
êîíòðîëüíèõ òâàðèí
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Ðèñ. 2. Òðèâàë³ñòü ðåàêö³é ïîâåä³íêè êîíòðîëüíèõ ùóð³â (à) òà òâàðèí ç êàëîð³éíî îáìåæåíîþ ä³ºòîþ (á) ð³çíîãî â³êó
â òåñò³ �â³äêðèòîãî ïîëÿ�: 1 � 3 ì³ñ, 2 � 12 ì³ñ, 3 � 24�25 ì³ñ, 4 � 28�29 ì³ñ, 5 � 35�44 ì³ñ. Çà â³ññþ àáñöèñ � ðåàêö³¿
ïîâåä³íêè � ² � ëàòåíòíèé ïåð³îä âèõîäó ç öåíòðó ïîëÿ, ²² � çàãàëüíà òðèâàë³ñòü ãðóì³íãó. Çà â³ññþ îðäèíàò � òðèâàë³ñòü
ðåàêö³é ïîâåä³íêè, ñ. *Ð < 0,05 â³äì³ííîñò³, â³ðîã³äí³ ùîäî 3-ì³ñÿ÷íèõ òâàðèí, ** � ùîäî êîíòðîëüíèõ òâàðèí
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äóæå ñòàðèõ êîíòðîëüíèõ ùóð³â òàêîæ íå
ñïîñòåð³ãàëîñÿ â³êîâîãî ï³äâèùåííÿ ê³ëü-
êîñò³ äåôåêàö³é, ÿê³ ââàæàþòü êðèòåð³ºì
åìîö³éíî¿ ðåàêòèâíîñò³, òðèâîãè, ñòðàõó, ³
íå â³äçíà÷åíî çíèæåííÿ ê³ëüêîñò³ òà òðèâà-
ëîñò³ ãðóì³íãó � ôîðìè ïîâåä³íêè, ùî
ñâ³ä÷èòü ïðî çâèêàííÿ äî íîâî¿ ñèòóàö³¿
[25]. Î÷åâèäíî, â³êîâå çíèæåííÿ ðóõîâî¿
àêòèâíîñò³, ÿêå ñïîñòåð³ãàëîñÿ â ñòàðèõ ³
äóæå ñòàðèõ ùóð³â ó â³äêðèòîìó ïîë³, íå
ìîæíà îäíîçíà÷íî ðîçö³íþâàòè ÿê çíèæåííÿ
äîñë³äíèöüêî¿ àêòèâíîñò³, ÿê öå çâè÷àéíî
³íòåðïðåòóºòüñÿ äëÿ ìîëîäèõ òâàðèí.

Äåÿê³ àâòîðè â³äçíà÷àþòü, ùî äîñë³ä-
íèöüêà òà ðóõîâà àêòèâíîñò³ ìîæóòü áóòè
ðîç�ºäíàí³ [12, 22]. Àìáóëÿö³ÿ ò³ñíî ïîâ�ÿ-
çàíà ³ç çàãàëüíèìè ìåòàáîë³÷íèìè ïðîöå-
ñàìè â îðãàí³çì³ [12], ³  ³ñíóº çâîðîòíà
êîðåëÿö³ÿ ì³æ ðóõîâîþ àêòèâí³ñòþ òà
ìàñîþ ò ³ëà  [10] .  Â ³äîìî,  ùî ùóðè º
òâàðèíàìè, ÿê³ ðîñòóòü ïðîòÿãîì óñüîãî
æèòòÿ òà ó ñòàðîñò³ ìàñà ¿õíüîãî ò³ëà â 2�
3 ðàçè âèùà, í³æ ó ìîëîäîñò³ (3 ì³ñ �
173,9±10,4;  24 ì³ñ  � 406,9 ã  ± 9,11 ã ;
Ð < 0,05), òîìó íå âèêëþ÷åíî, ùî çíèæåííÿ
ðóõîâî¿ àêòèâíîñò³ ó ñòàðèõ ùóð³â ïîâ�ÿçàíî
ç³ çíà÷íèì çðîñòàííÿì ìàñè ¿õíüîãî ò³ëà.

Ïðîòå ³ñíóº âåëèêà ê³ëüê³ñòü äîñë³äæåíü
íà áàãàòüîõ âèäàõ òâàðèí, ùî äåìîíñò-
ðóþòü çíèæåííÿ êîãí³òèâíèõ ôóíêö³é ó
ñòàðîñò³ � ïàì�ÿò³, óâàãè, øâèäêîñò³ îáðîá-
êè ³íôîðìàö³¿, à òàêîæ ìîòîðíî¿ ôóíêö³¿ òà
äîñë³äíèöüêî¿ ïîâåä³íêè [11, 16, 23]. Íèí³
äîñë³äíèêè â³äçíà÷àþòü øèðîêó âàð³à-
áåëüí³ñòü âèêîíàííÿ êîãí³òèâíèõ òåñò³â
ñåðåä  ñòàðèõ  òâàðèí  îäíîãî  âèäó  òà
ãåòåðîãåíí³ñòü ñòóïåíÿ ïîðóøåííÿ ð³çíèõ
ôóíêö³é îðãàí³çìó: âèä³ëÿþòü òâàðèí ³ç
â³äñóòí³ñòþ â³êîâèõ çì³í êîãí³òèâíèõ
ôóíêö³é ³  ð³çíèì ñòóïåíåì ïîðóøåííÿ
âèêîíàííÿ êîãí³òèâíèõ òåñò³â [16, 23].
Ââàæàþòü, ùî âàð³àòèâí³ñòü äàíèõ ïîâå-
ä³íêîâî¿  àêòèâíîñò³ ,  ÿê ³  îäåðæóþòü â
�â³äêðèòîìó ïîë³�, áàãàòî â ÷îìó ïîâ�ÿçàíà
ç ïðîÿâîì ³íäèâ³äóàëüíèõ òèïîëîã³÷íèõ
âëàñòèâîñòåé íåðâîâî¿ ñèñòåìè òâàðèí,

îñíîâîþ ÿêèõ º ³íäèâ³äóàëüí³ îñîáëèâîñò³
ìåòàáîë³çìó òà íåéðîãóìîðàëüíî¿ ðåãóëÿö³¿
[3, 5, 8]. Äîñë³äæåííÿ â³êîâî¿ äèíàì³êè
ïîâåä³íêîâîãî ïðîÿâó ³íäèâ³äóàëüíèõ òèïî-
ëîã³÷íèõ âëàñòèâîñòåé íåðâîâî¿ ñèñòåìè
òâàðèí ìîæå ñïðèÿòè ðîçóì³ííþ ïðè÷èí
ãåòåðîãåííîñò³ äàíèõ ïðî â³êîâå çíèæåííÿ
êîãí³òèâíèõ ôóíêö³é.

Ïåðåâåäåííÿ ùóð³â  íà  ÊÎÄ ñóïðî-
âîäæóâàëîñÿ çíèæåííÿì çàãàëüíî¿ ëîêîìî-
òîðíî¿ àêòèâíîñò³ (äèâ. ðèñ. 1,á), ê³ëüêîñò³
ñò³éîê ç îïîðîþ íà ñò³íêó (äèâ. ðèñ. 1,ã),
÷àñòîòè òà òðèâàëîñò³ ãðóì³íãó òà ï³äâè-
ùåííÿì ëàòåíòíîãî  ïåð ³îäó  âèõîäó  ç
öåíòðà ïîëÿ â 3-ì³ñÿ÷íèõ äîñë³äíèõ òâàðèí
ó ïîð³âíÿíí³ ç êîíòðîëüíèìè ùóðàìè òàêîãî
ñàìîãî â³êó (äèâ. ðèñ. 1,á, 2,á).

Çàçíà÷åí³ çì³íè ïîâåä³íêè òâàðèí ó
ö³ëîìó ìîæíà ðîçö³íþâàòè ÿê ïðèãí³÷åííÿ
äîñë³äíèöüêî¿ àêòèâíîñò³ â óìîâàõ íåãà-
òèâíîãî åìîö³éíîãî íàïðóæåííÿ, ÿêå º õà-
ðàêòåðíîþ äëÿ ñòàíó ñòðåñó [10]. Âàæëèâî
â³äçíà÷èòè, ùî ïàòåðí ïîâåä³íêè â óìîâàõ
�â³äêðèòîãî ïîëÿ�,  ùî ñôîðìóâàâñÿ â
äîñë³äíèõ ùóð³â ï³ñëÿ ¿õíüîãî ïåðåâåäåííÿ
íà ÊÎÄ, çáåð³ãàºòüñÿ ó òâàðèí ïðîòÿãîì
óñüîãî æèòòÿ â³ä ìîëîäîãî äî íàéñòàð³øîãî
â³êó (çà âèíÿòêîì 24�25 ì³ñ; äèâ. ðèñ. 1,á,ã;
2,á). Öå äàº çìîãó ãîâîðèòè ïðî í³âåëþ-
âàííÿ â³êîâèõ çì³í ïîâåä³íêîâèõ ðåàêö³é â
óìîâàõ ÊÎÄ. Íàø³ ðåçóëüòàòè ï³äòâåðä-
æóþòü äàí³ ë³òåðàòóðè, äå âêàçóþòü, ùî
ïåðåâåäåííÿ òâàðèí íà ÊÎÄ ñóïðîâîä-
æóºòüñÿ øâèäêîþ çì³íîþ ô³ç³îëîã³÷íèõ
ïîêàçíèê³â,  ÿê³ çáåð³ãàþòüñÿ ïðîòÿãîì
óñüîãî æèòòÿ ³ ïðàêòè÷íî íå ï³ääàþòüñÿ
â³êîâèì çì³íàì [27].

Äîâ ³÷íå  óò ðèìàííÿ  ùóð³â  íà  ÊÎÄ
ñóïðîâîäæóâàëîñÿ ï³äâèùåííÿì òðèâàëîñò³
ãðóì³íãó (äèâ. ðèñ. 2,á) é çá³ëüøåííÿì
ê³ëüêî ñò ³  ñò ³éîê  áå ç  îïîðè  íà  ñò ³íêó
(íà 99 %; äèâ. ðèñ. 1,ã) ó 24�25-ì³ñÿ÷íèõ
òâàðèí ó ïîð³âíÿíí³ ç 3-ì³ñÿ÷íèìè. Ê³ëü-
ê³ñòü ñò³éîê áåç îïîðè íà ñò³íêó â 24�25-
ì³ñÿ÷íèõ äîñë³äíèõ ùóð³â òàêîæ áóëà âèùà
ùîäî çíà÷åíü ó êîíòðîëüíèõ òâàðèí òàêîãî

Âïëèâ õðîí³÷íîãî îáìåæåííÿ êàëîð³éíîñò³ ðàö³îíó
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ñàìîãî â³êó (äèâ.  ðèñ.  1,â,ã) .  Ö³ çì³íè
ìîæóòü  âêàçóâàòè íà  äåÿêå  çíèæåííÿ
íåãàòèâíîãî åìîö³éíîãî íàïðóæåííÿ òà
àêòèâàö³þ îð³ºíòóâàëüíî-äîñë³äíèöüêî¿
ïîâåä³íêè â ñòàðèõ äîñë³äíèõ ùóð³â ó
ïîð³âíÿíí³ ç  ìîëîäèìè äîñë³äíèìè òà
ñòàðèìè êîíòðîëüíèìè òâàðèíàìè òàêîãî
ñàìîãî â³êó. Îäíàê ö³ â³êîâ³ â³äì³ííîñò³
â³äñóòí³ ó äóæå ñòàðèõ 28�29-ì³ñÿ÷íèõ
êîíòðîëüíèõ ³  äîñë³äíèõ òâàðèí (äèâ.
ðèñ. 1,â,ã).

Äîòåïåð çàëèøàþòüñÿ íåç�ÿñîâàíèìè
òî÷í³ ìåõàí³çìè ä³¿ îáìåæåííÿ êàëîð³éíîñò³
ðàö³îíó íà ïðîöåñè ñòàð³ííÿ òà òðèâàë³ñòü
æèòòÿ. Ïåðåâåäåííÿ òâàðèí íà íèçüêî-
êàëîð³éíèé ðàö³îí ìîæíà íàçâàòè õðîí³÷íèì
�íóòð³ö³îíàëüíèì ñòðåñîì�, àäàïòàö³ÿ äî
ÿêîãî  ñóïðîâîäæóºòüñÿ  ïåðåõîäîì íà
îñîáëèâèé ð³âåíü íåéðîãóìîðàëüíî¿ ðåãóëÿ-
ö³¿ òà ìåòàáîë³÷íî¿ àêòèâíîñò³ îðãàí³çìó, ùî
ï³äòðèìóºòüñÿ ïðîòÿãîì óñüîãî åêñïåðè-
ìåíòó òà ôîðìóº ñòðàòåã³þ âèæèâàííÿ [9,
15, 27].  Çíèæåííÿ ñïîæèâàííÿ êàëîð³é
àêòèâóº ã³ïîòàëàìî-ã³ïîô³çàðíî-àäðåíàëîâó
ñèñòåìó òà ³íäóêóº â òâàðèí ïîâåä³íêîâó
àäàïòàö³þ, ÿêà ñïðÿìîâàíà íà åêîíîì³þ
åíåðã³¿ òà ïðîÿâëÿºòüñÿ â çíèæåíí³ çàãàëü-
íî¿ ëîêîìîòîðíî¿ àêòèâíîñò³ é ïîÿâ³ ôåíî-
ìåíà �çàö³ïåí³ííÿ� [19].

Â³äîìî, ùî òðèâàëå îáìåæåííÿ êàëîð³é-
íîñò³ ðàö³îíó âèêëèêàº ï³äâèùåííÿ âì³ñòó
ãëþêîêîðòèêî¿ä³â  ó  ïëàçì³  êðîâ³  [20] .
Êîðòèêîñòåðîí ô³ç³îëîã³÷íî ìàº àäàïòèâíèé
åôåêò ïðîòÿãîì ïåð³îäó ãîñòðîãî ñòðåñó,
àëå ïðè õðîí³÷íîìó ñòðåñ³ ìîæå âèêëèêàòè
ïàòîô³ç³îëîã³÷í³ çì³íè â ìîçêó. Äåÿê³ àâòîðè
âêàçóþòü íà òå, ùî ð³çí³ ìîäåë³ îáìåæåííÿ
êàëîð³éíîñò³ ðàö³îíó íà òë³ ï³äâèùåíîãî
âì³ñòó êîðòèêîñòåðîíó ñïðè÷èíÿþòü çíà÷íå
çíèæåííÿ âì³ñòó íåéðîìåä³àòîð³â (äîôà-
ì³íó, ñåðîòîí³íó òà åï³íåôðèíó) ó ð³çíèõ
ñòðóêòóðàõ ìîçêó òâàðèí, ùî ñóïðîâîä-
æóºòüñÿ ðîçâèòêîì äåïðåñ³¿ òà çíà÷íèì
çíèæåííÿì ðóõîâî¿ òà äîñë³äíèöüêî¿ àêòèâ-
íîñò³ ó òåñò³ â³äêðèòîãî ïîëÿ, îäíàê ìîæå
ìîäóëþâàòè íîðìàëüíèé òåìï ñòàð³ííÿ [13,

18].  Ââàæàþòü, ùî íåéðîïðîòåêòîðíèé
åôåêò îáìåæåííÿ êàëîð³éíîñò³ ðàö³îíó, ÿêèé
âêëþ÷àº ï³äâèùåííÿ åêñïðåñ³¿ íåéðîòðî-
ô³÷íèõ ôàêòîð³â ³ çíèæåííÿ â³êîâî¿ àêòèâàö³¿
ãë³¿, ïåðåâèùóº ïîøêîäæóâàëüíèé åôåêò
ãëþêîêîðòèêî¿ä³â [20].

Ñåðåä ôàêòîð³â, ùî ñïðèÿþòü ïîçèòèâ-
íîìó åôåêòó ÊÎÄ, ñë³ä çàçíà÷èòè îäíó
îñîáëèâ³ñòü ¿¿ ñêëàäó. Îáìåæåííÿ êàëîð³é-
íîñò³ ä³ºòè â³äáóâàºòüñÿ çà ðàõóíîê çìåí-
øåííÿ âì³ñòó íàñè÷åíèõ æèð³â, ùî ïðèçâî-
äèòü äî çíà÷íîãî ï³äâèùåííÿ â í³é â³äíîñíî¿
÷àñòêè ïîë³íåíàñì÷åíèõ ë³ï³ä³â ó ïîð³âíÿíí³
³ç ðàö³îíîì êîíòðîëüíèõ òâàðèí. Â³äîìî, ùî
ω-3 ïîë³íåíàñè÷åí³ æèðí³ êèñëîòè (ω- ÏÍÆÊ)
â³ä³ãðàþòü âàæëèâó ðîëü ó ôóíêö³îíóâàíí³
êë³òèí ìîçêó â íîðì³ òà ïðè ïàòîëîã³÷íèõ
ñòàíàõ [4]. Ìåõàí³çìè ¿õ ä³¿ ïîâ�ÿçóþòü ³ç
ìîäèô³êàö³ºþ ïëèííîñò³ ìåìáðàí íåéðî-
íàëüíèõ êë³òèí ³ âïëèâîì íà íåéðîòðàíñ-
ì³òåðíó ôóíêö³þ [21]. Âñòàíîâëåíî ó÷àñòü
ω-3 ÏÍÆÊ ó ðåãóëÿö³¿ êîãí³òèâíî¿ ôóíêö³¿,
ëîêîìîòîðíî¿ òà äîñë³äíèöüêî¿ àêòèâíîñò³
òà åìîö³éíîãî ñòàòóñó òâàðèí [1, 14]. Çíè-
æåííÿ âì³ñòó äîêîçàãåêñàºíîâî¿ êèñëîòè â
íåðâîâ³é òêàíèí³ ñòàðèõ òâàðèí ïðèçâîäèòü
äî çíèæåííÿ çàãàëüíî¿ ëîêîìîòîðíî¿ òà äîñ-
ë³äíèöüêî¿ àêòèâíîñò³, âèêëèêàº ïîðóøåííÿ
êîãí³òèâíèõ ôóíêö³é ³ ïîâåä³íêîâèõ ðåàêö³é ó
òâàðèí. Âîäíî÷àñ ââåäåííÿ ω-3 ÏÍÆÊ ó
ðàö³îí íîðìàë³çóº ñêëàä ôîñôîë³ï³ä³â ìîçêó,
ïîë³ïøóº êîãí³òèâí³ ôóíêö³¿ òà çàïîá³ãàº
ðîçâèòêó íåéðîäåãåíåðàòèâíèõ çàõâîðþ-
âàíü [1]. Ç îãëÿäó íà ñêàçàíå âèùå, íå âèê-
ëþ÷åíî, ùî âèñîêèé âì³ñò ω-3 ÏÍÆÊ ó ðà-
ö³îí³ ùóð³â ³ç ÊÎÄ ñïðèÿº ïîïåðåäæåííþ
â³êîâîãî çíèæåííÿ ëîêîìîòîðíî¿ àêòèâíîñò³
òà îð³ºíòóâàëüíî-äîñë³äíèöüêî¿ ïîâåä³íêè
ùóð³â, òà º îäíèì ³ç ôàêòîð³â, ÿê³ êîìïåí-
ñóþòü øê³äëèâó ä³þ íà ìîçîê ï³äâèùåíîãî
âì³ñòó êîðòèêîñòåðîíó.

Òàêèì ÷èíîì, ïåðåâåäåííÿ ³ äîâ³÷íå
óòðèìàííÿ ùóð³â íà ä³ºò³ ç îáìåæåííÿì
êàëîð³éíîñò³ ôîðìóº îñîáëèâèé ïàòåðí
ïîâåä³íêè òâàðèí ó òåñò³ �â³äêðèòîãî ïîëÿ�,
ÿêèé ïðàêòè÷íî íå çì³íþºòüñÿ ç â³êîì. ÊÎÄ

Î.Ã. Øàõîâà, Î.Ì., Êðàñí³êîâà, Í.Î. Áàáåíêî
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³íäóêóº ó ùóð³â ñïåöèô³÷íèé ñòàí îðãàí³çìó,
ïîâåä³íêîâèì ïðîÿâîì ÿêîãî º ïðèãí³÷åííÿ
îð³ºíòóâàëüíî-äîñë³äíèöüêî¿ àêòèâíîñò³ ó
â³ö³ 3 ì³ñ òà äåÿêîþ ³¿ àêòèâàö³ºþ ó 24�25
ì³ñ.

Å.Ã. ØÀÕÎÂÀ, Î.Í. ÊÐÀÑÍÈÊÎÂÀ,
Í.À. ÁÀÁÅÍÊÎ

ÂËÈßÍÈÅ ÕÐÎÍÈ×ÅÑÊÎÃÎ ÎÃÐÀÍÈ×ÅÍÈß
ÊÀËÎÐÈÉÍÎÑÒÈ ÐÀÖÈÎÍÀ
ÍÀ ÂÎÇÐÀÑÒÍÛÅ ÎÑÎÁÅÍÍÎÑÒÈ
ÎÐÈÅÍÒÈÐÎÂÎ×ÍÎ-ÈÑÑËÅÄÎÂÀÒÅËÜÑÊÎÃÎ
ÏÎÂÅÄÅÍÈß ÊÐÛÑ

Èññëåäîâàëè âëèÿíèå êàëîðèéíî-îãðàíè÷åííîãî ðàöèîíà
íà îðèåíòèðîâî÷íî-èññëåäîâàòåëüñêèé êîìïîíåíò ïîâå-
äåíèÿ 3-, 12-, 24�25-, 28�29- è 35�44-ìåñÿ÷íûõ êðûñ ëèíèè
Âèñòàð. Ó êîíòðîëüíûõ æèâîòíûõ óñòàíîâëåíî ïðîãðåñ-
ñèðóþùåå âîçðàñòíîå ñíèæåíèå óðîâíÿ ëîêîìîòîðíîé
àêòèâíîñòè. Ïåðåâîä è ïîæèçíåííîå ñîäåðæàíèå êðûñ íà
ðàöèîíå ñ îãðàíè÷åíèåì êàëîðèéíîñòè ñîïðîâîæäàåòñÿ
óãíåòåíèåì îðèåíòèðîâî÷íî-èññëåäîâàòåëüñêîé àêòèâíîñòè
â âîçðàñòå 3 ìåñ è íåêîòîðîé åå àêòèâàöèåé â 24�25 ìåñ ïî
ñðàâíåíèþ ñ êîíòðîëüíûìè æèâîòíûìè òîãî æå âîçðàñòà.
Îãðàíè÷åíèå êàëîðèéíîñòè ðàöèîíà ôîðìèðóåò îñîáûé
ïàòòåðí ïîâåäåíèÿ æèâîòíûõ â òåñòå �îòêðûòîãî ïîëÿ�,
êîòîðûé ïðàêòè÷åñêè íå èçìåíÿåòñÿ ñ âîçðàñòîì.
Êëþ÷åâûå ñëîâà: îãðàíè÷åíèå êàëîðèéíîñòè ðàöèîíà,
îðèåíòèðîâî÷íî-èññëåäîâàòåëüñêîå ïîâåäåíèå, òåñò
�îòêðûòîå ïîëå�.

E.G. Shakhova, O.N. Krasnikova, N.A. Babenko

EFFECTS OF CHRONIC CALORIC
RESTRICTION ON THE AGE-ASSOCIATED
PECULIARITIES OF EXPLORATIVE
BEHAVIOUR IN RATS

Long-term caloric restriction (CR) has been reported to extend
the life spans, delay the onset and decrease the incidence of a
broad spectrum of age-associated diseases. However, its ef-
fect on rat explorative behaviour is still unclear. In the present
study, a number of behavioural measures were continuously
monitored in 3-, 12-, 24�25-, 28�29- and 35�44-month-old
male Wistar rats that were fed either ad libitum or placed on a
caloric restricted diet. A gradual decline in locomotor activity
of the ad libitum fed rats has been determined during aging in
the open field test. In the CR groups, 3-month-old rats exhib-
ited lower levels of exploratory behavior, compared to rats on
the control diet. 24-25-month-old CR rats exhibited higher
levels of exploratory behaviour, compared to ad libitum fed
animals of the same age. Chronic dietary restriction nullified
the age-dependent decline in locomotor activity and explor-
ative behaviour of rats.

Key words: caloric restriction, explorative behavior, open field
test.
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Ò.². Ñòàí³øåâñüêà, Â.².Ñîáîëºâ

Õàðàêòåðèñòèêà ëàòåíòíèõ ïåð³îä³â çáóäæåííÿ
³ ñêîðî÷åííÿ ñêåëåòíîãî ì�ÿçà á³ëèõ ùóð³â çàëåæíî
â³ä âì³ñòó öèðêóëþþ÷îãî òðèéîäòèðîí³íó

Â óìîâàõ in situ ïîêàçàíî, ùî ì³æ ëàòåíòíèìè ïåð³îäàìè çáóäæåííÿ ³ ñêîðî÷åííÿ
âåëèêîãîì³ëêîâîãî ì�ÿçà á³ëèõ ùóð³â ³ âì³ñòîì öèðêóëþþ÷îãî â³ëüíîãî òðèéîäòèðîí³íó ³ñíóº
âèðàæåíèé íåãàòèâíèé çâ�ÿçîê; â³äì³ííîñò³ â àáñîëþòíèõ çíà÷åííÿõ ëàòåíòíèõ ïåð³îä³â íà
ïî÷àòêó ³ ê³íö³ øêàëè ô³ç³îëîã³÷íèõ êîëèâàíü âì³ñòó òðèéîäòèðîí³íó ñÿãàþòü 15,5 òà 37 %
â³äïîâ³äíî. Ðàçîì ç ïîäîâæåííÿì ëàòåíòíîãî ïåð³îäó çáóäæåííÿ ì�ÿçîâèõ âîëîêîí
âåëèêîãîì³ëêîâîãî ì�ÿçà ñïîñòåð³ãàºòüñÿ ïîäîâæåííÿ ëàòåíòíîãî ïåð³îäó éîãî ñêîðî÷åííÿ.
Êëþ÷îâ³ ñëîâà: ñêîðî÷åííÿ ì�ÿçà, òðèéîäòèðîí³í.

ÂÑÒÓÏ

Âàæëèâå çíà÷åííÿ â ðåãóëÿö³¿ ôóíêö³îíàëü-
íîãî ñòàíó íåðâîâî-ì�ÿçîâî¿ ñèñòåìè íàëå-
æèòü òèðåî¿äíèì ãîðìîíàì. Åêñïåðèìåí-
òàëüíî äîâåäåíî, ùî ãîðìîíè ùèòîïîä³áíî¿
çàëîçè âïëèâàþòü íà ù³ëüí³ñòü ³ ìîá³ëüí³
õàðàêòåðèñòèêè íàòð³ºâèõ êàíàë³â [7], àê-
òèâí³ñòü Nà+�Ê+-ÀÒÔàçè ïëàçìàòè÷íî¿
ìåìáðàíè [7, 9, 12] ³ ì³îçèíîâî¿ ÀÒÔàçè
ñêîðîòëèâîãî àïàðàòó,  ñòóï³íü ñïîð³ä-
íåíîñò³ àêòèíîâèõ íèòîê äî Ca2+ [8, 13],
ù³ëüí³ñòü ³ ôóíêö³îíàëüíèé ñòàí êàë³ºâèõ
êàíàë³â ìåìáðàíè ñàðêîïëàçìàòè÷íîãî
ðåòèêóëóìà [2, 10] ³ àêòèâí³ñòü éîãî êàëü-
ö³ºâî¿ ïîìïè [11, 13], øâèäê³ñòü ³çîìåò-
ðè÷íîãî ñêîðî÷åííÿ ì�ÿçà [5,  6] òîùî.
Âñòàíîâëåíî, ùî ïðè åêñïåðèìåíòàëüíîìó
ã³ïåðòèðåîç³ ñïîñòåð³ãàºòüñÿ ñêîðî÷åííÿ
ëàòåíòíîãî ïåð³îäó, òðèâàëîñò³ ìîíîñèíàï-
òè÷íî¿ â³äïîâ³ä³ [1], ëàòåíòíîãî ïåð³îäó
ïîòåíö³àëó ä³¿ òà çá³ëüøåííÿ éîãî àìïë³òóäè
ïðè íåïðÿìîìó ïîäðàçíåíí³ ì�ÿçà [3].

Îòæå, çá³ëüøåí³ äîçè òèðåî¿äíèõ ãîðìî-
í³â âèêëèêàþòü ÷èñëåíí³ çì³íè ç áîêó íåð-
âîâî-ì�ÿçîâîãî àïàðàòó, ùî º âèÿâîì ¿õ ïà-
òîô³ç³îëîã³÷íîãî åôåêòó. Ïðîòå çàëèøàºòü-

ñÿ â³äêðèòèì ïèòàííÿ ïðî âïëèâ ô³ç³îëî-
ã³÷íèõ êîíöåíòðàö³é ãîðìîí³â.

Ìåòîþ ðîáîòè áóëî ç�ÿñóâàííÿ â óìî-
âàõ in situ õàðàêòåðó çâ�ÿçêó ì³æ òðèâàë³ñòþ
ëàòåíòíèõ ïåð³îä³â çáóäæåííÿ òà ñêîðî-
÷åííÿ (ËÏÇ ³ ËÏÑ) ïåðåäíüîãî âåëèêî-
ãîì³ëêîâîãî ì�ÿçà á³ëèõ ùóð³â ç îäíîãî áîêó
³ âì³ñòîì öèðêóëþþ÷îãî â³ëüíîãî òðèéîä-
òèðîí³íó (Ò

3
) � ç ³íøîãî.

ÌÅÒÎÄÈÊÀ

Äîñë³äè ïðîâåäåíî íà 50 äîðîñëèõ áåçïî-
ðîäíèõ á³ëèõ ùóðàõ-ñàìöÿõ ìàñîþ 281 ã ±
1 ,3  ã.  Ó  âñ ³õ  òâàðèí  â  óìîâàõ  in  s i tu
âèì³ðþâàëè òðèâàë³ñòü ËÏÇ ³ ËÏÑ ïåðåä-
íüîãî âåëèêîãîì³ëêîâîãî ì�ÿçà, ï³ñëÿ ÷îãî
òâàðèííó çàáèâàëè, ³ â ïëàçì³ êðîâ³ âèçíà-
÷àëè êîíöåíòðàö³þ â³ëüíî¿ ôîðìè Ò

3
.

Õ³ä äîñë³äó áóâ òàêèì. Òâàðèíó íàðêî-
òèçóâàëè (åòàì³íàë íàòð³þ â äîç³ 75 ìã/êã)
³ ô³êñóâàëè  ó âåðñòàò³ óñòàíîâêè. Äàë³
ïðåïàðóâàëè ìàëîãîì³ëêîâèé íåðâ, ÿêèé
ïîì³ùàëè íà åëåêòðîäè. Öåé íåðâ ³ííåðâóº
ïåðåäí³é âåëèêîãîì³ëêîâèé ì�ÿç, ñêîðî÷åííÿ
ÿêîãî âèêëèêàº çãèíàííÿ ñòîïè çàäíüî¿
ëàïêè. Äî íå¿ ïðèâ³øóâàëè âàíòàæ ìàñîþ
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20 ã. Ïîò³ì ó ïåðåäí³é âåëèêîãîì³ëêîâèé
ì�ÿç ââîäèëè äâà ìåòàëåâ³ ãîë÷àñò³ ñòàëåâ³
åëåêòðîäè ç ì³æåëåêòðîäíîþ â³äñòàííþ 1
ìì, ÿê³ ï³äêëþ÷àëè äî á³îï³äñèëþâà÷à. Öå
äàëî çìîãó ðåºñòðóâàòè âèêëèêàíó åëåêò-
ðîì³îãðàô³÷íó â³äïîâ³äü (Ì-â³äïîâ³äü) ó
âèãëÿä³ ñóìàðíîãî á³îåëåêòðè÷íîãî ïîòåí-
ö³àëó ìîòîðíî¿ îäèíèö³ ì�ÿçà ï³ä ÷àñ ïîä-
ðàçíåííÿ íåðâà ïîîäèíîêèìè åëåêòðè÷íèìè
ñòèìóëàìè (ðèñ.1) ³  íàäàë³ âèì³ðþâàòè
ËÏÇ ì�ÿçà. Äëÿ ï³äñèëåííÿ éîãî á³îïî-
òåíö³àë³â çàñòîñîâóâàëè äèôåðåíö³àëüíèé
ï³äñèëþâà÷ ç ðåæåêòîðíèì ã³ðàòîðíèì
ô³ëüòðîì (50 Ãö), öèôðîâèé îñöèëîãðàô
TDS2004C ç ïàì�ÿòòþ òà êîìï�þòåð.

Ïàðàëåëüíî ç åëåêòðîì³îãðàìîþ ðåºñò-
ðóâàëè åðãîãðàìó ³çîòîí³÷íîãî ñêîðî÷åííÿ
ì�ÿçà, ùî äàëî ìîæëèâ³ñòü ðîçðàõóâàòè
éîãî ëàòåíòíèé ïåð³îä.

Ó ïåðø³é ñåð³¿ äîñë³ä³â âèì³ðþâàëè ËÏÇ
ì�ÿçîâîãî âîëîêíà çà äîïîìîãîþ ðåºñòðàö³¿
Ì-â³äïîâ³ä³ ï³ä ÷àñ ïîîäèíîêèõ êîðîòêî-
÷àñíèõ ³çîòîí³÷íèõ ñêîðî÷åíü ì�ÿçà. Â
ïåð³îä ïðîâåäåííÿ äîñë³äó ìàëîãîì³ëêîâèé
íåðâ ïîäðàçíþâàëè åëåêòðè÷íèìè ³ìïóëü-
ñàìè òðèâàë³ñòþ 0,15 ìñ, ÷àñòîòîþ 4 Ãö.
Àìïë³òóäó ³ìïóëüñ³â åëåêòðîñòèìóëÿòîðà
ï³ä ÷àñ íàíåñåííÿ ïîäðàçíåííÿ ïîñòóïîâî
çá³ëüøóâàëè ïîêè íå ç�ÿâëÿëàñÿ Ì-â³äïî-
â³äü, ï³ñëÿ ÷îãî ïðîòÿãîì 4 ñ ïðîâîäèëè
êîìï�þòåðíèé çàïèñ âèêëèêàíèõ åëåêòðè÷-
íèõ ïîòåíö³àë³â ì�ÿçà. Àíàë³çóþ÷è îòðèìàí³
ðåçóëüòàòè (ðèñ. 1),  âèðàõîâóâàëè ËÏÇ
ì�ÿçà (÷àñ â³ä ïî÷àòêó ïîäðàçíåííÿ íåðâà
äî ïîÿâè Ì-ïîòåíö³àëó ó âèãëÿä³ åëåêòðè÷-
íîãî ñóìàðíîãî ïîòåíö³àëó ì�ÿçà; ì³ë³ñå-
êóíäè).

Ó äðóã³é ñåð³¿ äîñë³ä³â âèì³ðþâàëè ËÏÑ
ì�ÿçà ïðè òðèâàëîìó ³çîòîí³÷íîìó ñêîðî-
÷åíí³.  Äëÿ öüîãî ìàëîãîì³ëêîâèé íåðâ
ïîäðàçíþâàëè ³ìïóëüñàìè ñòèìóëÿòîðà
òðèâàë³ñòþ 0,5 ìñ ïðîòÿãîì 7 ñ ç ÷àñòîòîþ
60 Ãö. Äëÿ âèçíà÷åííÿ ËÏÑ âèì³ðþâàëè
÷àñ â³ä ïî÷àòêó íàíåñåííÿ ïîäðàçíåííÿ äî
ïåðøîãî ïðîÿâó ìåòðè÷íîãî ñêîðî÷åííÿ
ì�ÿçà (ðèñ. 2).  Ó ê³íö³ äîñë³äó òâàðèí

äåêàï³òóâàëè, ï³ñëÿ ÷îãî äëÿ ïîäàëüøîãî
âèçíà÷åííÿ êîíöåíòðàö³¿ Ò

3
 ïðîâîäèëè â³äá³ð

êðîâ³.
Êîíöåíòðàö³þ ãîðìîíó âèçíà÷àëè çà

äîïîìîãîþ ìåòîäó ³ìóíîôåðìåíòíîãî
àíàë³çó ç âèêîðèñòàííÿì ñèñòåìè ô³ðìè
��ThermoLabsystems�� (Ô³íëÿíä³ÿ) òà ñòàí-
äàðòíîãî íàáîðó ðåàãåíò³â Òèðî¿ä²ÔÀ-
òðèéîäòèðîí³í â³ëüíèé (Ðîñ³ÿ).

Äëÿ îáðîáêè öèôðîâèõ çíà÷åíü âàð³à-
ö³éíî¿ ñòàòèñòèêè âèêîðèñòîâóâàëè àíàë³ç
ï³äñóìêîâî¿ ñòàòèñòèêè, â³äì³ííîñò³ ì³æ
äâîìà ìíîæèíàìè îö³íþâàëè çà äîïîìîãîþ
äâîâèá³ðêîâîãî F-òåñòó äëÿ äèñïåðñ³é;
õàðàêòåð çàëåæíîñò³ ì³æ äîñë³äæóâàíèìè
ïîêàçíèêàìè âèçíà÷àëè íà îñíîâ³ àíàë³çó
ð³âíÿíü ðåãðåñ³¿, ¿õ êîåô³ö³ºíò³â ³ êëàñòåð-
íîãî àíàë³çó (Statistica,7.0, ìåòîä k-ñå-
ðåäí³õ); äîñòîâ³ðí³ñòü ð³çíèö³ ñåðåäí³õ
âñòàíîâëþâàëè ç âèêîðèñòàííÿì êðèòåð³þ
t Ñòüþäåíòà òà ââàæàëè äîñòîâ³ðíèìè ïðè
Ð<0,05.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Âàðòî â³äì³òèòè, ùî ñåðåäíÿ êîíöåíòðàö³ÿ
Ò

3  
ñòàíîâèëà 4,46 ïìîëü/ë ± 0,172 ïìîëü/ë,

ùî â³äïîâ³äàº íîðì³, âñòàíîâëåíî¿ äëÿ
ëþäèíè (3,95�6,8 ïìîëü/ë). Êîåô³ö³ºíò
âàð³àö³¿ çíà÷åíü Ò

3
 (27,4 %) áóâ âèñîêèì.

Íà ïîäàëüøîìó åòàï³ àíàë³çó âèêëè-
êàþòü ³íòåðåñ ðåçóëüòàòè âèì³ðþâàííÿ ËÏÇ
âåëèêîãîì³ëêîâîãî ì�ÿçà. Ñåðåäí³ éîãî
çíà÷åííÿ äëÿ óñ³õ ùóð³â ñòàíîâèëè 2,86 ìñ
± 0,064 ìñ ïðè êîåô³ö³ºíò³ âàð³àö³¿ 14,7 % ³
äèñïåðñ³¿  âèá³ðêè 0,422. Íà ôðàãìåíò³
çàïèñó åëåêòðîì³îãðàìè ïðè ïîäðàçíåíí³
íåðâà åëåêòðè÷íèìè ³ìïóëüñàìè òðèâà-
ë³ñòþ 0,15 ìñ (äèâ. ðèñ. 1) âèäíî, ùî íà òë³
ñëàáêèõ øóì³â á³îï³äñèëþâà÷à ðåºñòðóºòü-
ñÿ òèïîâà Ì-â³äïîâ³äü ó âèãëÿä³ äâîôàçíîãî
ïîòåíö³àëó ç àìïë³òóäîþ áëèçüêî 3,4 ìÂ.
Ñë³ä çàçíà÷èòè, ùî ó íàøèõ åêñïåðèìåíòàõ
íå ïåðåäáà÷àëîñÿ âèì³ðþâàííÿ àáñîëþòíèõ
çíà÷åíü Ì-ïîòåíö³àë³â, îñê³ëüêè ¿õ àìïë³-
òóäà çàëåæèòü â³ä áàãàòüîõ ÷èííèê³â, çîê-
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ðåìà â³ä ìåòðè÷íî¿ ïëîù³ åëåêòðîäà, éîãî
ðîçòàøóâàííÿ â ì�ÿç³ ,  ì³æåëåêòðîäíî¿
â³äñòàí³ òîùî.

Çà äåòàëüíîãî àíàë³çó âì³ñòó Ò
3
 ñë³ä

â³äì³òèòè âèñîêó âàð³àáåëüí³ñòü öèôðîâîãî
ðÿäó.  Ó çâ�ÿçêó ç  öèì áóëî ïðîâåäåíî
ê³ëüê³ñíèé àíàë³ç õàðàêòåðó çàëåæíîñò³ ì³æ
âì³ñòîì Ò

3
 ³  çàçäàëåã ³äü  âèì³ðÿíèìè

çíà÷åííÿìè ÷àñó ËÏÇ ì�ÿçà ³ç âèä³ëåííÿì
ìàêñèìàëüíî ìîæëèâîãî ÷èñëà êëàñòåð³â
(çà ìåòîäîì k-ñåðåäí³õ). Ç òàáë.1 âèäíî,
ùî ç³ çá³ëüøåííÿì âì³ñòó Ò

3
 (â³ä 3,05 ± 0,14

ó 1-ìó êëàñòåð³ äî 7,09 ïìîëü/ë ± 0,15
ïìîëü/ë â îñòàííüîìó) ËÏÇ ì�ÿçà çìåí-
øóâàâñÿ, ñÿãàþ÷è íà ê³íö³ øêàëè êîíöåíò-
ðàö³é Ò

3
 çíà÷åííÿ 2,02 ìñ ± 0,15 ìñ, ùî áóëî

íà 36,7 % íèæ÷å, í³æ íà ïî÷àòêó øêàëè
(Ð<0,05). Íà ãðàô³êó ðîçñ³þâàííÿ (ðèñ. 3,à),
à òàêîæ ó òàáë. 2 ïîêàçàíî, ùî õàðàêòåð
òàêî¿  çàëåæíîñò³  ó  ö³ëîìó îïèñóºòüñÿ
ð³âíÿííÿì ïàðàáîëè çàãàëüíîãî âèãëÿäó çà
âèñîêîãî ð³âíÿ â³ðîã³äíîñò³ êîåô³ö³ºíòà
àïðîêñèìàö³¿ êðèâî¿ (êîåô³ö³ºíò äåòåð-
ì³íàö³¿ R2=0,79, Ð=3,04 Å-14).

Ðèñ. 1. Âèçíà÷åííÿ ÷àñó ëàòåíòíîãî ïåð³îäó çáóäæåííÿ âåëèêîãîì³ëêîâîãî ì�ÿçà á³ëîãî ùóðà. Íàâåäåíî çàïèñ
Ì-â³äïîâ³ä³ íà ïîîäèíîêèé ³ìïóëüñ ñòèìóëÿòîðà; îá÷èñëåíèé ëàòåíòíèé ïåð³îä ñòàíîâèòü 2,34 ìñ; êðèâà ïîáóäîâàíà
íà îñíîâ³ 2500 òî÷îê öèôðîâîãî ñèãíàëó ç êâàíòóâàííÿì 4 ìêñ ³ìïîðòîâàíîãî äî ïðîãðàìè Excel; Ì-ïîòåíö³àë
ðåºñòðóâàâñÿ çà äîïîìîãîþ á³ïîëÿðíèõ ãîë÷àñòèõ åëåêòðîä³â
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Õàðàêòåðèñòèêà ëàòåíòíèõ ïåð³îä³â çáóäæåííÿ ³ ñêîðî÷åííÿ ñêåëåòíîãî ì�ÿçà

Òàáëèöÿ 1. Çàëåæí³ñòü ì³æ êîíöåíòðàö³ºþ â³ëüíî¿ ôîðìè òðèéîäòèðîí³íó êðîâ³ ³ çíà÷åííÿìè ëàòåíòíèõ
ïåð³îä³â çáóäæåííÿ ³ ñêîðî÷åííÿ âåëèêîãîì³ëêîâîãî ì�ÿçà á³ëèõ ùóð³â (M±m)

Ô³ç³îëîã³÷íèé ïîêàçíèê Êîíöåíòðàö³ÿ â³ëüíî¿ ôîðìè òðèéîäòèðîí³íó â ïëàçì³
êðîâ³, ïìîëü/ë
           Êëàñòåðè

        1         2         3         4

3,05±0,14 4,00±0,02 4,98±0,14 7,09±0,15

Ëàòåíòíèé ïåð³îä çáóäæåííÿ ì�ÿçà (ËÏÇ), ìñ 3,19±0,04 3,0±0,032 2,79±0,08 2,02±0,15
Ð³çíèöÿ â³äíîñíî çíà÷åííÿ ËÏÇ ó 1-ìó êëàñòåð³ - -0,19±0,05 -0,4±0,09 -1,17±0,155

-5,9% -12,5% -36,7%
Ð<0,05 Ð<0,05 Ð<0,05

Ëàòåíòíèé ïåð³îä ñêîðî÷åííÿ ì�ÿçà (ËÏÑ), ìñ 29,6±0,33 29,8±0,32 28,3±0,44 25,0±1,28
Ð³çíèöÿ â³äíîñíî çíà÷åííÿ ËÏÑ ó 1-ìó êëàñòåð³ - +0,2±0,45 -1,3±0,55 -4,6±1,32

+0,7% -4,4% -15,5%
Ð>0,05 Ð<0,05 Ð<0,05
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Ñë³ä çàçíà÷èòè, ùî ïîêàçíèêè âàð³àáåëü-
íîñò³ çíà÷åííÿ ëàòåíòíîãî ïåð³îäó ³ñòîòíî
ï³äâèùóþòüñÿ ç³ çá³ëüøåííÿì êîíöåíòðàö³é
Ò

3
 êðîâ³ (îñîáëèâî â ê³íö³ øêàëè êîíöåíò-

ðàö³é Ò
3
). Öå äàº çìîãó ïðèïóñòèòè ³ñíóâàí-

íÿ ïðèíàéìí³ äåê³ëüêîõ îêðåìèõ ñóêóï-
íîñòåé ó âèá³ðö³ çíà÷åíü ËÏÇ ì�ÿçà. Çà
äîïîìîãîþ êëàñòåðíîãî àíàë³çó ìåòîäîì k-
ñåðåäí³õ áóëè âèä³ëåí³ 2 ä³àïàçîíè êîíöåíò-
ðàö³é Ò

3
: 2,5�4,8 ³ 4,9�7,6 ïìîëü/ë. Çàñòîñî-

âóâàííÿ äâîâèá³ðêîâîãî F-òåñòó äëÿ äèñ-
ïåðñ³¿ ïîêàçàëî, ùî â ïðàâ³é ÷àñòèí³ øêàëè
êîíöåíòðàö³é Ò

3
 (ä³àïàçîí 4,9�7,6 ïìîëü/ë,

òîáòî íà âåðõí³é ìåæ³ íîðìè) ñóêóïí³ñòü

çíà÷åíü ËÏÇ ì�ÿçà ñòàòèñòè÷íî â³ðîã³äíî
(F=4,23, Ð=0,0008) â³äð³çíÿºòüñÿ â³ä ìíîæè-
íè, ùî õàðàêòåðèçóº ë³âîá³÷íó ÷àñòèíó
ñóêóïíîñò³ (íà øêàë³ êîíöåíòðàö³é Ò

3
 ó

ä³àïàçîí³  2,5�4,8 ïìîëü/ë) .  Îòæå,  ïðè
íàáëèæåíí³ çíà÷åíü êîíöåíòðàö³¿ Ò

3
 äî

âåðõíüî¿ ìåæ³ íîðìè îäèí ç âàæëèâèõ
ïîêàçíèê³â ôóíêö³îíàëüíîãî ñòàíó íåðâîâî-
ì�ÿçîâî¿ ïåðåäà÷³ � ËÏÇ ì�ÿçà � íå ò³ëüêè
çìåíøóºòüñÿ, àëå ³ ñòàº á³ëüø âàð³àáåëüíèì.

Äðóãèì ïîêàçíèêîì, ùî â³äîáðàæàº ñòàí
íåðâîâî-ì�ÿçîâî¿ ïåðåäà÷³, º ËÏÑ ì�ÿçà.
Ðåçóëüòàòè ïîêàçàëè, ùî â ñåðåäíüîìó éîãî
÷àñ ó ùóð³â äîñë³äæóâàíî¿ ãðóïè ñòàíîâèâ

Ðèñ. 2. Âèçíà÷åííÿ ÷àñó ëàòåíòíîãî ïåð³îäó ñêîðî÷åííÿ âåëèêîãîì³ëêîâîãî ì�ÿçà á³ëîãî ùóðà. Âèì³ðÿíèé ÷àñ
ëàòåíòíîãî ïåð³îäó ñêîðî÷åííÿ ì�ÿçà ñòàíîâèòü 21 ìñ
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Ðèñ. 3. Õàðàêòåð çàëåæíîñò³ ì³æ âì³ñòîì öèðêóëþþ÷îãî â³ëüíîãî òðèéîäòèðîí³íó ³ çíà÷åííÿì ëàòåíòíîãî ïåð³îäó
çáóäæåííÿ (à) ³ ñêîðî÷åííÿ (á) âåëèêîãîì³ëêîâîãî ì�ÿçà á³ëèõ ùóð³â

65432
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Ò.². Ñòàí³øåâñüêà, Â.².Ñîáîëºâ

ïìîëü/ë

y = -0,035x2+0,048x+3,4
R2 = 0,79

y = -0,237x2+1,16x+28,6
R2 = 0,502
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28 ,7  ìñ  ±  0 ,33  ìñ  ïðè  ñòàíäàðòíîìó
â³äõèëåíí³ 2,16, ìåä³àí³ ³ ìîä³ 2,88 ³ 28,9
â³äïîâ³äíî. Çðîçóì³ëî, ùî çíà÷åííÿ ËÏÑ
ì�ÿçà ïîâèííî áóòè ³ñòîòíî âèùå (ó íàøîìó
âèïàäêó ó 10 ðàç³â), í³æ ËÏÇ, ùî ìè ³
ñïîñòåð³ãàëè.

Àíàë³ç çàëåæíîñò³ ÷àñó ËÏÑ ì�ÿçà â³ä
âì³ñòó Ò

3
 ïîêàçàâ, ùî â ìåæàõ ô³ç³îëî-

ã³÷íèõ êîëèâàíü éîãî êîíöåíòðàö³¿ çíà÷åííÿ
çàãàëîì áóëè ñòàëèìè, ³ ëèøå â êðàéí³é
ïðàâ³é ìåæ³ íîðìè (ïîíàä 5,0 ïìîëü/ë)
òðèâàë³ñòü ËÏÑ ì�ÿçà ð³çêî çíèæóâàëàñÿ
(äèâ. òàáë.1). Òàê, çà âì³ñòîì Ò

3 
ó 7,09

ïìîëü/ë ± 0,15 ïìîëü/ë (4-é êëàñòåð) ¿¿
çíà÷åííÿ ñòàíîâèëî 25,0 ìñ ± 1,28 ìñ, ùî
áóëî íà 15,5 % ìåíøå (Ð<0,05), í³æ íà
ïî÷àòêó ô³ç³îëîã³÷íî¿ øêàëè êîíöåíòðàö³é
Ò

3
, òîáòî ó 1-ìó êëàñòåð³.

Çàãàëîì çàëåæí³ñòü ì³æ âì³ñòîì öèðêó-
ëþþ÷îãî Ò

3
 ³ çíà÷åííÿì ËÏÑ ì�ÿçà â³äíîñ-

íî òî÷íî îïèñóºòüñÿ ð³âíÿííÿì ïàðàáîëè
çàãàëüíîãî âèäó (òàáë. 2, ðèñ. 3,á) ïðè
äîñòàòíüîìó ð³âí³ â³ðîã³äíîñò³ àïðîêñèìàö³¿
êðèâî¿ (êîåô³ö³ºíò äåòåðì³íàö³¿ R2=0,502,
Ð=8,8 Å-0,7).

Õàðàêòåð ðîçïîä³ëó òî÷îê ðîçñ³þâàííÿ
(äèâ.  ðèñ.  3,á) â³çóàëüíî ñâ³ä÷èòü ïðî
ìîæëèâå ³ñíóâàííÿ äåê³ëüêîõ îêðåìèõ
ìíîæèí ç ð³çíîþ äèñïåðñ³ºþ íà ïî÷àòêó ³ â
ê³íö³ ä³àïàçîíó êîíöåíòðàö³é Ò

3
. Ä³éñíî,

ï³ñëÿ âèêîðèñòàííÿ êëàñòåðíîãî àíàë³çó ç
çàäàíîþ ê³ëüê³ñòþ êëàñòåð³â (äâà) âèÿâè-
ëîñÿ, ùî ö³ë³ñíà ñóêóïí³ñòü Ò

3
�ËÏÑ ëåãêî

ðîçùåïëþºòüñÿ íà äâ³ ÷àñòèíè, äâà êëàñòå-
ðè, ó ä³àïàçîí³ êîíöåíòðàö³¿ Ò

3
 2,5�4,8 ³ 4,9�

7,6 ïìîëü/ë â³äïîâ³äíî. Äâîâèá³ðêîâèé F-

ËÏÇ=3,4+0,0483[Ò
3
]-0,0348[Ò

3
]2 3,4±0,35 0,0483±0,15 0,035±0,015

Ð=7,65 E-12 Ð=0,75 Ð=0,029
ËÏÑ=28,6+1,16[Ò

3
]-0,237[Ò

3
]2 28,6±2,8 1,16±1,19 -0,237±0,10

Ð=1,25 E-12 Ð=0,34 Ð=0,048

Òàáëèöà 2. Õàðàêòåðèñòèêà çàëåæíîñò³ çíà÷åíü ëàòåíòíèõ ïåð³îä³â çáóäæåííÿ ì�ÿçà (ËÏÇ) ³ éîãî ñêîðî÷åííÿ
(ËÏÑ) â³ä âì³ñòó öèðêóëþþ÷îãî â³ëüíîãî òðèéîäòèðîí³íó (Ò

3
)

Âèãëÿä ïîë³íîì³àëüíî¿ çàëåæíîñò³
Ñòàòèñòè÷íà õàðàêòåðèñòèêà êîåô³ö³ºíò³â ó ð³âíÿííÿõ

Ïåðøèé
êîåô³ö³ºíò

(â³ëüíèé ÷ëåí)

Äðóãèé
êîåô³ö³ºíò

Òðåò³é
êîåô³ö³ºíò

(êâàäðàòè÷íèé)

Õàðàêòåðèñòèêà ëàòåíòíèõ ïåð³îä³â çáóäæåííÿ ³ ñêîðî÷åííÿ ñêåëåòíîãî ì�ÿçà

Ðèñ. 4. Çàëåæí³ñòü ÷àñó ëàòåíòíîãî ïåð³îäó ñêîðî÷åííÿ ì�ÿçà â³ä ÷àñó ëàòåíòíîãî ïåð³îäó éîãî çáóäæåííÿ.
Çà â³ññþ àáñöèñ - ëàòåíòíèé ïåð³îä çáóäæåííÿ, çà â³ññþ îðäèíàò - ëàòåíòíèé ïåð³ëä ñêîðî÷åííÿ
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y = 1,05 x + 26,3

y = 4,47 x + 16,2
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ËÏÑ=4,47 [ËÏÇ] + 16,2 16,2±4,05 4,47±1,66 0,61±0,16
Ð=0,0015 Ð=0,0197 P=0,019

ËÏÑ=1,05 [ËÏÇ] + 26,3 26,3±4,19 1,05±1,28 0,15±0,17
Ð=6,85-07Å Ð=0,82 Ð=0,54

Òàáëèöÿ 3. Õàðàêòåðèñòèêà çàëåæíîñò³ ÷àñó ëàòåíòíîãî ïåð³îäó ñêîðî÷åííÿ ì�ÿçà (ËÏÑ) â³ä ëàòåíòíîãî
ïåð³îäó çáóäæåííÿ ì�ÿçà (ËÏÇ)

Ä³àïàçîíè
ËÏÇ

Ð³âíÿííÿ çàëåæíîñò³
(ðåãðåñ³¿)

Ñòàòèñòè÷íà îö³íêà êîåô³ö³ºíò³â

Ïîñò³éíèé
÷ëåí

Êîåô³ö³ºíò
ðåãðåñ³¿

Êîåô³ö³ºíò
êîðåëÿö³¿ ì³æ
ïîêàçíèêàìè

1,8�2,8 ìñ
(ë³âîá³÷íà ÷àñòèíà

øêàëè «Õ»)

2,8�3,5 ìñ
 (ïðàâîá³÷íà

÷àñòèíà øêàëè
«Õ»)

òåñò äëÿ äèñïåðñ³¿ ïîêàçàâ, ùî ì³æ äâîìà
ñóêóïíîñòÿìè ³ñíóþòü ñòàòèñòè÷íî â³ðî-
ã³äí³ â³äì³ííîñò³ (F=3,25, Ð=0,005).

Îñîáëèâîñò³ âèêîðèñòàíî¿ ìåòîäèêè
äàþòü çìîãó ïðîâåñòè àíàë³ç âçàºìîçâ�ÿçêó
ËÏÇ ³ ËÏÑ ñêåëåòíîãî ì�ÿçà. Âèÿâèëîñÿ,
ùî ì³æ çãàäàíèìè äâîìà ïîêàçíèêàìè ³ñíóº
ïîçèòèâíèé çâ�ÿçîê (ðèñ. 4, òàáë. 3). Ïðè
öüîìó â ö³ë³ñí³é âèá³ðö³ âèä³ëÿþòüñÿ ÿê
ì³í³ìóì äâ³ ñóêóïíîñò³ çíà÷åíü. Òàê, íà
ïî÷àòêó øêàëè «Õ» (ä³àïàçîí ËÏÇ â³ä 1,8
äî 2,8 ìñ) ðàçîì ç ïîäîâæåííÿì ËÏÇ ì�ÿçà
ñïîñòåð³ãàëîñü ³ ïîäîâæåííÿ ËÏÑ ì�ÿçà
ïðè çíà÷íèõ ñòàòèñòè÷íî â³ðîã³äíèõ êîåô³-
ö³ºíòàõ ðåãðåñ³¿ òà êîðåëÿö³¿. Íàäàë³ òàêà
çàëåæí³ñòü çíèêàëà. Öå ñâ³ä÷èòü ïðî òå, ùî
³ñíóþòü âèðàæåí³ ³íäèâ³äóàëüí³ â³äì³ííîñò³
çáóäëèâîñò³ ì�ÿçîâèõ âîëîêîí á³ëèõ ùóð³â,
îñê³ëüêè êîæíà òî÷êà íà ãðàô³êó (äèâ. ðèñ.
4) â³äîáðàæàº ïîºäíàí³ ïîêàçíèêè ËÏÇ ³
ËÏÑ äëÿ êîæíîãî îêðåìîãî ì�ÿçà (òîáòî
òâàðèíè). Êð³ì òîãî, ìîæëèâî âèä³ëèòè
ïðèíàéìí³ äâ³ ïîïóëÿö³¿ ñêåëåòíèõ ì�ÿç³â
(äâ³ ãðóïè ùóð³â). ßêùî âèõîäèòè ç³ çíà÷åí-
íÿ êîåô³ö³ºíò³â ðåãðåñ³¿ ó ð³âíÿííÿõ (äèâ.
òàáë. 3), òî ó ïåðøîìó âèïàäêó (ä³àïàçîí
1,8�2,8 ìñ) â³í ñòàíîâèâ 4,47±1,66, à ó
äðóãîìó (ä³àïàçîí 2,8�3,5 ìñ) 1,05±1,28
â³äïîâ³äíî, òîáòî áóâ ó 4,2 ðàçà ìåíøèì
(Ð<0,05). Àíàëîã³÷íèé ðåçóëüòàò, òîáòî
äîêàç ³ñíóâàííÿ ùîíàéìåíøå äâîõ ìíîæèí
ó ö³ë³ñí³é ñóêóïíîñò³, ìîæíà îäåðæàòè ³

ï³ñëÿ âèêîðèñòàííÿ äâîâèá³ðêîâîãî F-òåñòó
äëÿ äèñïåðñ³é (F=5,83, Ð=4,77 Å-05).

Ïîÿñíåííÿ öüîãî, íà íàø ïîãëÿä, ìîæå
áóòè ïîâ�ÿçàíå ç ð³çíèì âì³ñòîì Ò

3
, ÿêèé ³

º, ç îäíîãî áîêó, ìîäóëÿòîðîì ïðîâ³äíîñò³
íåðâîâî-ì�ÿçîâîãî ñèíàïñó (ïîçíà÷àºòüñÿ
íà ëàòåíòíîìó ïåð³îä³ çáóäæåííÿ ì�ÿçîâîãî
âîëîêíà), à ç ³íøîãî áîêó � ìîäóëÿòîðîì
ñêîðî÷óâàëüíî¿ ôóíêö³¿ ì�ÿçîâîãî âîëîêíà
(ïîçíà÷àºòüñÿ íà ëàòåíòíîìó ïåð³îä³ éîãî
ñêîðî÷åííÿ). Öå ïðèïóùåííÿ íå ïîçáàâëåíå
ï³äñòàâ, îñê³ëüêè ó íèçö³ ïóáë³êàö³é íàâå-
äåíî ôàêòè çì³í ïðàêòè÷íî âñ³õ ëàíîê
íåðâîâî-ì�ÿçîâîãî  àïàðàòó  ïðè  ñòàí ³
ã³ïåðòèðåîçó [4, 5, 9, 14]. Îòðèìàí³ â íàø³é
ðîáîò³ ðåçóëüòàòè ìîæóòü áóòè ïîøèðåí³ ³
íà ô³ç³îëîã³÷í³ åôåêòè òèðåî¿äíèõ ãîðìîí³â,
ÿê³, îòæå, º áåçïîñåðåäí³ìè çíà÷óùèìè
ô³ç³îëîã³÷íèì ðåãóëÿòîðàìè î ñíîâíèõ
ïîêàçíèê³â ñêîðî÷óâàëüíîãî àêòó.

ÂÈÑÍÎÂÊÈ

1. Ì³æ ëàòåíòíèìè ïåð³îäàìè çáóäæåííÿ
(ËÏÇ) ³ ñêîðî÷åííÿ  (ËÏÑ) âåëèêîãîì³ë-
êîâîãî ì�ÿçà á³ëèõ ùóð³â ³ âì³ñòîì Ò

3
 ³ñíóº

âèðàæåíèé íåãàòèâíèé çâ�ÿçîê; â³äì³ííîñò³
â àáñîëþòíèõ çíà÷åííÿõ ëàòåíòíèõ ïåð³î-
ä³â íà ïî÷àòêó ³ ê³íö³ øêàëè ô³ç³îëîã³÷íèõ
êîëèâàíü âì³ñòó Ò

3 
ñÿãàþòü 15,5 % äëÿ ËÏÇ

³ 37 % äëÿ ËÏÑ.
2. Ó âàð³àö³éíèõ ðÿäàõ çíà÷åíü ËÏÇ ³

Ò.². Ñòàí³øåâñüêà, Â.².Ñîáîëºâ
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ËÏÑ âåëèêîãîì³ëêîâîãî ì�ÿçà íà ï³äñòàâ³
ð³çíîãî ñòóïåíÿ âàð³àáåëüíîñò³ âèä³ëÿþòü-
ñÿ äâ³ ñóêóïíîñò³, ñï³ââ³äíåñåí³ äî ð³çíèõ
ä³àïàçîí³â ô³ç³îëîã³÷íèõ êîëèâàíü âì³ñòó Ò

3
:

ìåíøå í³æ 6,0 ïìîëü/ë (ë³âà ÷àñòèíà øêàëè
êîíöåíòðàö³é Ò

3
) ³ âèùå çà 6,0 ïìîëü/ë

(ïðàâà ÷àñòèíà øêàëè).
3. Ðàçîì ç ïîäîâæåííÿì ËÏÇ ì�ÿçîâèõ

âîëîêîí âåëèêîãîì³ëêîâîãî ì�ÿçà ñïîñòå-
ð³ãàºòüñÿ ïîäîâæåííÿ ËÏÑ; ïðè âèñîêèõ
çíà÷åííÿõ ËÏÇ òàêà çàëåæí³ñòü çíèêàº;
â ³äì³íí³ñòü  ó  êî åô³ö³ºíòàõ ðåãðå ñ³ ¿  â
ð³âíÿííÿõ äëÿ ð³çíèõ ä³ëÿíîê øêàëè çíà÷åíü
ëàòåíòíîãî ïåð³îäó çáóäæåííÿ ì�ÿçà ñÿãàº
426 %.

Ò.È. Ñòàíèøåâñêàÿ, Â.È.Ñîáîëåâ

ÕÀÐÀÊÒÅÐÈÑÒÈÊÀ ËÀÒÅÍÒÍÛÕ
ÏÅÐÈÎÄÎÂ ÂÎÇÁÓÆÄÅÍÈß
È ÓÊÎÐÎ×ÅÍÈß ÌÛØÖÛ ÁÅËÛÕ ÊÐÛÑ
Â ÇÀÂÈÑÈÌÎÑÒÈ ÎÒ ÊÎÍÖÅÍÒÐÀÖÈÈ
ÖÈÐÊÓËÈÐÓÞÙÅÃÎ ÒÐÈÉÎÄÒÈÐÎÍÈÍÀ

Â óñëîâèÿõ in situ ïîêàçàíî, ÷òî ìåæäó ëàòåíòíûìè
ïåðèîäàìè âîçáóæäåíèÿ è óêîðî÷åíèÿ ïåðåäíåáåðöîâîé
ìûøöû áåëûõ êðûñ è êîíöåíòðàöèåé öèðêóëèðóþùåãî
ñâîáîäíîãî òðèéîäòèðîíèíà ñóùåñòâóåò âûðàæåííàÿ
îòðèöàòåëüíàÿ ñâÿçü; ðàçëè÷èÿ â àáñîëþòíûõ çíà÷åíèÿõ
ëàòåíòíûõ ïåðèîäîâ â íà÷àëå è êîíöå øêàëû ôèçèî-
ëîãè÷åñêèõ êîëåáàíèé êîíöåíòðàöèè òðèéîäòèðîíèíà
äîñòèãàþò 15,5 è 37 % ñîîòâåòñòâåííî. Âìåñòå ñ óäëèíåíèåì
ëàòåíòíîãî ïåðèîäà âîçáóæäåíèÿ ìûøå÷íûõ âîëîêîí
ïåðåäíåáåðöîâîé ìûøöû íàáëþäàåòñÿ óäëèíåíèå ëàòåíò-
íîãî ïåðèîäà åå óêîðî÷åíèÿ; ïðè âûñîêèõ çíà÷åíèÿõ
ëàòåíòíîãî ïåðèîäà âîçáóæäåíèÿ òàêàÿ çàâèñèìîñòü
èñ÷åçàåò.
Êëþ÷åâûå ñëîâà: ñîêðàùåíèå ìûøöû, êîíöåíòðàöèÿ,
òðèéîäòèðîíèíà.

T.I. Stanishevskaya, V.I.Sobolev

CHARACTERIZATION OF THE LATENT
PERIODS OF EXCITATION AND SHORTENING
OF ANTERIOR TIBIAL MUSCLE OF WHITE
RATS DEPENDING ON THE BLOOD LEVEL
OF TRIIODOTHYRONINE

In experiments in situ it was shown an expressed negative
correlation between the duration of latent periods of excitation
and contraction of the anterior tibial muscle of white rats and
the blood level of free triiodothyronine. The difference in mean

values of latent periods at starting and final points of scale of
physiological fluctuations of triiodothyronine level amounted
15,5% and 37,0% respectively. In parallel with lengthening of
latent period of anterior tibial muscle excitation it was found
an increase in latent period of this muscle contraction. Inter-
estingly, at high values of the latent periods of excitation such
dependence disappeared.
Key words: muscle contraction, level of triiodothyronine.
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Ïñèõîô³ç³îëîã³÷íèé àíàë³ç åôåêòèâíîñò³ öåðåáðàëüíî¿
ãåìîäèíàì³êè çà äîïîìîãîþ äîïïëåðîãðàô³÷íî¿
òà ðåîåíöåôàëîãðàô³÷íî¿ â³çóàë³çàö³¿

Àâòîðàìè ðîçðîáëåíî ³íòåãðàëüíèé ä³àãíîñòè÷íèé òåñò ó âèãëÿä³ ìîäåë³ äëÿ ïñèõîô³ç³î-
ëîã³÷íî¿ îö³íêè ³ ïðîãíîçóâàííÿ åôåêòèâíîñò³ öåðåáðàëüíî¿ ãåìîäèíàì³êè ó âèïðîáîâóâàíèõ,
ÿêèé âêëþ÷àº â ñåáå ðåºñòðàö³þ øâèäêîñò³ êðîâîòîêó â çàãàëüí³é ñîíí³é àðòåð³¿ òà ð³âåíü
ïñèõîïàòèçàö³¿.
Êëþ÷îâ³ ñëîâà: öåðåáðàëüíà ãåìîäèíàì³êà, äîïïëåðîãðàô³ÿ, ðåîåíöåôàëîãðàô³ÿ, ìîäåëü
ïñèõîô³ç³îëîã³÷íî¿ îö³íêè öåðåáðàëüíî¿ ãåìîäèíàì³êè, ïðîãíîçóâàííÿ öåðåáðàëüíî¿
ãåìîäèíàì³êè.

Â óìîâàõ çá³ëüøåííÿ ïñèõîåìîö³éíèõ
íàâàíòàæåíü íà ëþäèíó ïðîäîâæóº çðîñ-
òàòè àáñîëþòíà ê³ëüê³ñòü ñóäèííèõ «êà-
òàñòðîô» ãîëîâíîãî ìîçêó [1]. Çà îñòàíí³
10 ðîê³â ïîøèðåí³ñòü çàçíà÷åíî¿ ïàòîëîã³¿
çá³ëüøèëàñÿ âäâ³÷³. Íèí³ â Óêðà¿í³ çàðåºñò-
ðîâàíî 3 ìëí. õâîðèõ ³ç öåðåáðîâàñêó-
ëÿðíèìè ðîçëàäàìè. Ó çâ�ÿçêó ç öèì ðàííÿ
ä³àãíîñòèêà ñóäèííèõ çì³í ãîëîâíîãî ìîçêó
º ïð³îðèòåòíîþ òà àêòóàëüíîþ íàóêîâîþ
ïðîáëåìîþ [9, 14].

Àêòèâàö³ÿ ô³ç³îëîã³÷íèõ ôóíêö³é, ÿê³
çàáåçïå÷óþòü åìîö³éíå íàïðóæåííÿ ëþäè-
íè, ìîæå áóòè íåâ³äïîâ³äíîþ ä³ÿëüíîñò³, ùî
âèêîíóºòüñÿ, ³ öå ñïðèÿº ðîçâèòêó ïñèõîåìî-
ö³éíèõ íàïðóæåíü [12]. Âñòàíîâëåíî, ùî
ïñèõîåìîö³éíå íàâàíòàæåííÿ çì³íþº öåðåá-
ðàëüíó ãåìîäèíàì³êó [2, 5, 8], ùî â ñâîþ
÷åðãó, ôîðìóº ñò³éê³ ïîðóøåííÿ òîíóñó òà
ðåàêòèâíîñò³  ñóäèí,  ðîçòàøîâàíèõ íå
ò³ëüêè â ä³ëÿíêàõ ï³äâèùåíî¿ ôóíêö³îíàëüíî¿
àêòèâíîñò³ ãîëîâíîãî ìîçêó, àëå ³ çà ¿õ
ìåæàìè, ùî º áàçîþ äëÿ òðàíñôîðìàö³¿
ôóíêö³îíàëüíèõ ðîçëàä³â ìîçêîâîãî êðîâî-
îá³ãó â çàõâîðþâàííÿ ñóäèííî¿ ñèñòåìè [7,
13]. Àëå ñóäèííî-ìîçêîâà ðåàêòèâí³ñòü
ãîëîâíîãî ìîçêó ìîæå ñôîðìóâàòè åôåê-

òèâíó öåðåáðàëüíó ãåìîäèíàì³êó, ùî äàñòü
ìîæëèâ³ñòü îïòèì³çóâàòè êðîâîîá³ã â³äïî-
â³äíî äî íîâèõ óìîâ. Òîìó íàäçâè÷àéíî
âàæëèâèì º âèâ÷åííÿ âçàºìîä³¿ ãåìîäè-
íàì³÷íèõ ïàðàìåòð³â öåðåáðàëüíîãî êðîâî-
îá³ãó ³ ïñèõîëîã³÷íèõ ïîêàçíèê³â, ùî â³äîá-
ðàæàº ôîðìóâàííÿ ïåâíîãî ïñèõîô³ç³îëî-
ã³÷íîãî ñòàíó [10, 11].

Ìåòà íàøî¿ ðîáîòè � ðîçðîáèòè ìîäåëü
ïñèõîô³ç³îëîã³÷íî¿ îö³íêè ³ ïðîãíîçóâàííÿ
åôåêòèâíîñò³ öåðåáðàëüíî¿ ãåìîäèíàì³êè.

ÌÅÒÎÄÈÊÀ

Îáñòåæåíî 200 îñ³á â³êîì â³ä 34 äî 46 ðîê³â,
ç ÿêèõ 150 (50 æ³íîê ³ 100 � ÷îëîâ³ê³â)
ïåðåáóâàëè íà îáë³êó ó Äåðæàâíîìó çàêëàä³
«Íàóêîâî-ïðàêòè÷íèé, ìåäè÷íèé ðåàá³-
ë³òàö³éíî-ä³àãíîñòè÷íèé öåíòð ÌÎÇ Óêðà¿-
íè» ³ 50 ïðàêòè÷íî çäîðîâèõ îñ³á (24 �
÷îëîâ³êè ³ 26 � æ³íîê) � ñòóäåíò³â Êðàìà-
òîðñüêîãî åêîíîì³êî-ãóìàí³òàðíîãî ³íñòè-
òóòó. Âñüîãî ïðîâåäåíî 1460 åêñïåðèìåí-
ò³â, ³ç ÿêèõ ó 562 áðàëè ó÷àñòü æ³íêè, à ó
898 � ÷îëîâ³êè. Âñ³ îáñòåæåí³ áóëè ïîä³ëåí³
íà òðè ãðóïè.  Ó I  (êîíòðîëüíó)  ãðóïó
ââ³éøëè 50 îñ³á  â³êîì â³ä 30 äî 42 ðîê³â, ó

©  Î.À. Ïàí÷åíêî, Ñ.Ì.Ðàä÷åíêî
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ÿêèõ ñòàí ñóäèííî¿ ñèñòåìè áóâ ó ìåæàõ
êë³í³÷íî¿ íîðìè, â II � 70 îñ³á â³êîì â³ä 34
äî 46 ðîê³â ç äèñöèðêóëÿòîðíîþ ã³ïåðòî-
í³÷íîþ åíöåôàëîïàò³ºþ (ÄÅ) 2-ãî ñòóïåíÿ,
à ó III ãðóïó � 80 îñ³á â³êîì â³ä 34 äî 46
ðîê³â  ç  îçíàêàìè ÄÅ 3-ãî ñòóïåíÿ (çà
êë³í³÷íèì ä³àãíîçîì, â³äîìèì ³ç ìåäè÷íî¿
äîêóìåíòàö³¿). Íàäàë³ ²² ³ ²²² ãðóïè áóëè
îá�ºäíàí³ â îäíó, îñê³ëüêè íå ìàëè çíà÷óùèõ
ð³çíèöü.

Îáñòåæåííÿ ïðîâîäèëè çà äîïîìîãîþ
ä³àãíîñòè÷íîãî àâòîìàòèçîâàíîãî êîìï-
ëåêñó «Êàðä³î +» (ÍÂÎ «Ìåòåêîë», ì.
×åðí³ã³â, Óêðà¿íà, 2004) ó ïîëîæåíí³ õâîðîãî
«ëåæà÷è íà ñïèí³» ï³ñëÿ 15-õâèëèííîãî
â³äïî÷èíêó äëÿ ñòàá³ë³çàö³¿ ïîêàçíèê³â
ãåìîäèíàì³êè. Ïðè äîñë³äæåíí³ ãåìîäè-
íàì³êè ï³âêóëü ãîëîâíîãî ìîçêó çàñòîñî-
âóâàëè ëîáíî-ñîñêîïîä³áíå ðîçòàøóâàííÿ
åëåêòðîä³â [12]. Ðåîåíöåôàëîãðàìó ðåºñò-
ðóâàëè îäíî÷àñíî ç äâîõ ï³âêóëü.  Ïðè
ê³ëüê³ñíîìó ¿¿ àíàë³ç³ âðàõîâóâàëè îñíîâí³
ðåîãðàô³÷í³ ïîêàçíèêè: ÷àñòîòó ñåðöåâèõ
ñêîðî÷åíü (×ÑÑ), àìïë³òóäó ñèñòîë³÷íî¿
õâèë³, àìïë³òóäó ³íöèçóðè òîùî [12].

Äîñë³äæåííÿ öåðåáðàëüíî¿  ãåìîäè-
íàì³êè òà ìàã³ñòðàëüíèõ ñóäèí øè¿ ïðîâî-
äèëè ç âèêîðèñòàííÿì ïðîãðàìíî-àïàðàò-
íîãî êîìïëåêñó �Sonomed � 300�, ïðèçíà-
÷åíîãî äëÿ ðåºñòðàö³¿, çáåðåæåííÿ é àíàë³çó
äîïïëåðîãðàì. Äîïïëåðîãðàô³þ ðîáèëè â
äóïëåêñíîìó ðåæèì³: åêñòðàêðàí³àëüíî
äîñë³äæóâàëè çàãàëüíó ñîííó  (ÇÑÀ) ³
õðåáåòíó àðòåð³¿ (ÕÀ), ³íòðàêðàí³àëüíèì
àíã³îñêàíóâàííÿì � íàäáëîêîâó (ÍÁÀ) ³
ïåðåäíüîìîçêîâó (ÏÌÀ) àðòåð³¿ [1]. Âèì³ð
ïîêàçíèê³â êðîâîòîêó â ÕÀ, ÏÌÀ âèêîíó-
âàëè çà äîïîìîãîþ ñåêòîðíîãî äàò÷èêà ç
ìàã³ñòðàëüíîþ ÷àñòîòîþ 2,0 ÌÃö, ÍÁÀ �
ç ÷àñòîòîþ äàò÷èêà 8,0 ÌÃö, ÇÑÀ � 4,0
ÌÃö. Äëÿ ê³ëüê³ñíî¿ îö³íêè êðîâîòîêó â
àðòåð³ÿõ âèçíà÷àëè ìàêñèìàëüíó ³  ì³í³-
ìàëüíó øâèäê³ñòü êðîâîòîêó, ³íø³ ïîêàçíè-
êè, ùî ðîçðàõîâóâàëèñÿ çà çíà÷åííÿìè
áåçïîñåðåäíüî âèì³ðþâàíèõ ïàðàìåòð³â
äîïïëåðîãðàì. Ñòàòèñòè÷íó îáðîáêó ðåçóëü-

òàò³â ïðîâîäèëè ó ïàêåò³ ïðîãðàì «Med-
Stat» [6].

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Áóëî ïðîàíàë³çîâàíî ñòóï³íü âïëèâó ïîêàç-
íèê³â ïñèõîëîã³÷íîãî ñòàíó íà åôåêòèâí³ñòü
öåðåáðàëüíî¿ ãåìîäèíàì³êè îáñòåæåíèõ
îñ³á ³ ïîáóäîâàíî ìîäåëü ¿õ êëàñèô³êàö³¿ ó
äâ³  ãðóïè: íîðìà (êîíòðîëüíà ãðóïà) ³
ñóäèíí³ çì³íè (²² ³ ²²² ãðóïà).

ßê ôàêòîðí³ îçíàêè ïðè ïîáóäîâ³ âèõ³ä-
íî¿ ìîäåë³ áóëè âèêîðèñòàí³ ìàêñèìàëüíà ³
ì³í³ìàëüíà øâèäê³ñòü êðîâîòîêó ïî ÕÀ;
ì³í³ìàëüíà øâèäê³ñòü êðîâîòîêó ïî ÇÑÀ ³
ÏÌÀ, ñåðåäíÿ øâèäê³ñòü êðîâîòîêó ïî
ÇÑÀ, ÕÀ, ÏÌÀ, ïóëüñàòîðíèé ³íäåêñ ïî
ÇÑÀ, ÕÀ, ÍÁÀ, ñèñòîëî-ä³àñòîë³÷íèé ³íäåêñ
ïî ÕÀ, ³íäåêñ ðåçèñòåíòíîñò³ ïî ÕÀ, ÍÁÀ
³ ÏÌÀ òîùî.

Ïðè ïðîâåäåíí³ àíàë³çó ÿê îö³íêó ñòàíó
öåðåáðàëüíî¿ ãåìîäèíàì³êè (ðåçóëüòàòèâíà
îçíàêà) ïðîãíîçóâàëàñÿ âåëè÷èíà Y. ßêùî
çíà÷åííÿ ðåçóëüòàòèâíî¿ îçíàêè äîð³âíþº
íóëþ (Y=0), ïàö³ºíòà ñë³ä çàðàõîâóâàòè äî
ãðóïè êîíòðîëþ, ÿêùî Y=1 � äî ãðóïè îñ³á
ç ïîðóøåííÿìè öåðåáðàëüíî¿ ãåìîäèíàì³êè.
Äëÿ  ïåðåâ ³ðêè  ÿêî ñò ³  ä ³àãíî ñòó âàííÿ
ïîðóøåíü öåðåáðàëüíî¿  ãåìîäèíàì³êè
ìîäåëëþ âñ³ âèïàäêè çà äîïîìîãîþ ãåíåðà-
òîðà âèïàäêîâèõ ÷èñåë áóëè ðîçä³ëåí³ íà 3
ìíîæèíè: íàâ÷àëüíó (138), êîíòðîëüíó (21)
³ òåñòîâó (41).

Íà ïåðøîìó åòàï³ äîñë³äæåííÿ áóëà
ïîáóäîâàíà ìîäåëü ä³àãíîñòóâàííÿ ïîðó-
øåíü öåðåáðàëüíî¿ ãåìîäèíàì³êè íà îñíîâ³
óñ³õ ïàðàìåòð³â, ùî âèâ÷àëèñÿ (âñüîãî 63
îçíàêè). Ï³ñëÿ öüîãî ïðîâåëè îïòèì³çàö³þ
ïîðîãà ïðèéíÿòòÿ-â³äêèäàííÿ ç âèêîðèñ-
òàííÿì ROC � ïðîöåäóðè (ïàêåò ïðîãðàì
«MedStat»), ïðè ÿê³é áóëî îòðèìàíå çíà÷åí-
íÿ Y

crit.
= 0,44. Êîëè â ðåçóëüòàò³ ðîçðàõóíê³â

ó ðàìêàõ ïîáóäîâàíî¿ ìîäåë³  çíà÷åííÿ
ïåðåâèùóâàëî âêàçàíèé ïîð³ã (Y>0,44),
ïàö³ºíòà çàðàõîâóâàëè äî ãðóïè ç ïîðóøåí-
íÿìè öåðåáðàëüíî¿ ãåìîäèíàì³êè, ó ïðîòè-

Î.À. Ïàí÷åíêî, Ñ.Ì.Ðàä÷åíêî
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ëåæíîìó âèïàäêó � äî ãðóïè îñ³á ç íîð-
ìàëüíèì ôóíêö³îíóâàííÿì ñèñòåìè êðîâî-
ïîñòà÷àííÿ ãîëîâíîãî ìîçêó. ×óòëèâ³ñòü
ìîäåë³  íà íàâ÷àëüí³é ìíîæèí³ ñòàíîâèëà
74,3 % (â³ðîã³äíèé ³íòåðâàë � Â² � 58,1 �
87,6 %), ñïåöèô³÷í³ñòü � 78,6 % (Â² � 70,1 �
86,1 %).

Äëÿ âèÿâëåííÿ ïîêàçíèê³â ïñèõîëîã³÷-
íîãî ñòàíó, íàéá³ëüøîþ ì³ðîþ ïîâ�ÿçàíèõ
³ç ñóäèííèìè çì³íàìè åôåêòèâíîñò³ öåðåá-
ðàëüíî¿ ãåìîäèíàì³êè, áóâ ïðîâåäåíèé
â³äá³ð íàéá³ëüø çíà÷èìèõ îçíàê.  Áóëî
â³ä³áðàíî 2 îçíàêè: ð³âåíü ïñèõîïàòèçàö³¿ ³
ìàêñèìàëüíà øâèäê³ñòü êðîâîòîêó ïî ë³â³é/
ïðàâ³é ÇÑÀ. Çà öèìè ïîêàçíèêàìè áóëî
ïîáóäîâàíî ìîäåëü êëàñèô³êàö³¿ ,  ï³ñëÿ
âèâ÷åííÿ ÿêî¿ ïðîâåëè îïòèì³çàö³þ ïîðîãà
ïðèéíÿòòÿ-â³äêèäàííÿ ³ îòðèìàëè çíà÷åííÿ
Y

cri t .
=  0 ,809 .  Îò æå ,  êîëè  â  ðå çóëüò àò ³

ðîçðàõóíê³â ó ðàìêàõ ïîáóäîâàíî¿ ìîäåë³
çíà÷åííÿ Y ïåðåâèùóâàëî Y

crit.
 (Y>0,809),

ä³àãíîñòóâàëèñÿ ñóäèíí³ ïîðóøåííÿ öåðåá-
ðàëüíî¿ ãåìîäèíàì³êè, ó ïðîòèëåæíîìó
âèïàäêó � íîðìà. Îòðèìàíà ìîäåëü îïèñó-
ºòüñÿ ð³âíÿííÿì 1:

Y= �0,0135×X8 + 0,00584 . X36 + 1,359,       (1)

äå X2, X8 � âèõ³äí³ ïàðàìåòðè ìîäåë³
(ð³âåíü ïñèõîïàòèçàö³¿ ³ ìàêñèìàëüíà øâèä-
ê³ñòü êðîâîòîêó ïî ÇÑÀ (çàãàëüí³é ñîíí³é
àðòåð³¿) (ë³âà/ïðàâà ).

×óòëèâ³ñòü ìîäåë³  íà íàâ÷àëüí³é ìíî-
æèí³ ñòàíîâèëà 74,3 % (Â² � 58,1 � 87,6 %),
ñïåöèô³÷í³ñòü � 74,8 % (Â² � 65,8 � 82,7 %).
×óòëèâ³ñòü ³ ñïåöèô³÷í³ñòü íà íàâ÷àëüí³é ³
òåñòîâ³é ìíîæèí³ ñòàòèñòè÷íî çíà÷óùå íå
â³äð³çíÿþòüñÿ (P=0,68 ³ P=0,93 â³äïîâ³äíî
ïðè ïîð³âíÿíí³ çà êðèòåð³ºì χ2), ùî ñâ³ä-

÷èòü  ïðî  ¿ ¿  àäåêâàòí ³ñòü .  Ïðè  öüîìó
çìåíøåííÿ ê³ëüêîñò³ ïðîãíîçóþ÷èõ îçíàê
â³ä 63 äî 2 íå ïðèçâåëî äî çíèæåííÿ ÿêîñò³
ïðîãíîçóâàííÿ  (Ð>0 ,7) ,  ùî  âêàçóº  íà
³íôîðìàòèâí³ñòü â³ä³áðàíèõ ïåðåì³ííèõ.
Äëÿ âèÿâëåííÿ ä³àãíîñòè÷íî¿ çíà÷óùîñò³
âïëèâó îáðàíèõ ôàêòîðíèõ îçíàê áóëà
ïîáóäîâàíà ëîã³ñòè÷íà ðåãðåñ³éíà ìîäåëü
(Ð<0,001 çà  êðèòåð³ºì χ 2) .  Ðå çóëüòàòè
àíàë³çó ö³º¿ ìîäåë³ ïðèâåäåí³ â òàáëèö³.

Ïðè àíàë³ç³ çâ�ÿçêó ïîêàçíèê³â öåðåá-
ðàëüíî¿ ãåìîäèíàì³êè ç ðåçóëüòàò³â ïñèõî-
ëîã³÷íîãî òåñòóâàííÿ ç�ÿñóâàëîñÿ,  ùî
çá³ëüøåííÿ ïîêàçíèêà  «åìîö³îíàëüíà
ñò³éê³ñòü» ïîâ�ÿçóºòüñÿ ç³ çìåíøåííÿì
(P<0,05) øàíñó â³äíåñåííÿ äî ãðóïè ç
ñóäèííèìè çì³íàìè (íà êîæíó îäèíèöþ
çá³ëüøåííÿ åìîö³éíî¿ ñò³éêîñò³ â³äíîøåííÿ
øàíñ³â (ÂØ) = 0,82 (Â² � 0,71 � 0,94), à
ï³äâèùåííÿ ð³âíÿ ïñèõîïàòèçàö³¿ ïîâ�ÿ-
çóºòüñÿ ç³ çá³ëüøåííÿì (Ð<0,05) øàíñó
â³äíåñåííÿ äî ãðóïè ç ñóäèííèìè çì³íàìè:
íà êîæíó îäèíèöþ çá³ëüøåííÿ çíà÷åííÿ ÂØ =
0,90 (Â² � 0,86 � 0,95), â³äïîâ³äíî.

Òàêèì ÷èíîì, ç àíàë³çó ïîáóäîâàíî¿
ìîäåë³ êëàñèô³êàö³¿ ³ ðåçóëüòàò³â ëîã³ñòè÷íî¿
ðåãðåñ³éíî¿ ìîäåë³ âèïëèâàº, ùî çá³ëüøåííÿ
ð³âíÿ ïñèõîïàòèçàö³¿ ïîâ�ÿçóºòüñÿ ç³ çìåí-
øåííÿì (Ð<0,05) øàíñó â³äíåñåííÿ äî
ãðóïè îñ³á ³ç ñóäèííèìè ïîðóøåííÿìè (íà
êîæíó îäèíèöþ çá³ëüøåííÿ ð³âíÿ ïñèõîïà-
òèçàö³¿ ÂØ = 0,92 (Â² � 0,87 � 0,97), äëÿ
ìàêñèìàëüíî¿ øâèäêîñò³  êðîâîòîêó ïî
ë³â³é/ïðàâ³é ÇÑÀ (çàãàëüí³é ñîíí³é àðòåð³¿) �
íàâïàêè, çá³ëüøåííÿ éîãî çíà÷åííÿ ïîâ�ÿ-
çóºòüñÿ ç³ çá³ëüøåííÿì (Ð<0,05) øàíñó â³ä-
íåñåííÿ äî ãðóïè ç ñóäèííèìè ïîðóøåííÿìè
(íà êîæíó îäèíèöþ çá³ëüøåííÿ øâèäêîñò³

Ïñèõîô³ç³îëîã³÷íèé àíàë³ç åôåêòèâíîñò³ öåðåáðàëüíî¿  ãåìîäèíàì³êè

   Ð³âåíü ïñèõîïàòèçàö³¿         -0,088         0,001 0,92 (0,87�0,97)

    Ìàêñèìàëüíà øâèäê³ñòü         0,118         <0,001 1,13 (1,07�1,19)
   êðîâîòîêó ïî ë³â³é/ïðàâ³é
   çàãàëüí³é ñîíí³é àðòåð³¿

Àíàë³ç ä³àãíîñòè÷íî¿ çíà÷óùîñò³ ôàêòîðíèõ îçíàê ïðè îö³íö³ ñóäèííèõ çì³í (ëîã³ñòè÷íà ðåãðåñ³éíà ìîäåëü)

Ôàêòîðíà îçíàêà
Çíà÷åííÿ êîåô³ö³ºíòà

ïðîãíîçóâàííÿ
Ð³âåíü çíà÷óùîñò³

â³äì³ííîñò³
Â³äíîøåííÿ øàíñ³â (95%

â³ðîã³äíèé ³íòåðâàë)



ISSN 0201-8489    Ô³ç³îë. æóðí., 2012, Ò. 58, ¹ 1 79

êðîâîòîêó ïî ë³â³é/ïðàâ³é ÇÑÀ (çàãàëüí³é
ñîíí³é àðòåð³¿) ÂØ = 1,13 (Â² � 1,07 � 1,19).

Âèùåíàâåäåí³ çàëåæíîñò³ ì³æ ïñèõîëî-
ã³÷íèìè ïîêàçíèêàìè ³ äîïïëåðîãðàô³÷íèìè
ïàðàìåòðàìè öåðåáðàëüíî¿ ãåìîäèíàì³êè,
çîêðåìà, ð³âíåì ïñèõîïàòèçàö³¿ ³ ìàêñè-
ìàëüíîþ øâèäê³ñòþ êðîâîòîêó ïî ë³â³é/
ïðàâ³é ÇÑÀ (çàãàëüí³é ñîíí³é àðòåð³¿), á³ëüø
íàî÷íî ïðåäñòàâëåí³ íà ðèñóíêó.

ßê âèäíî ç ðèñóíêà, ÿêùî ó îáñòåæåíèõ
ñïîñòåð³ãàºòüñÿ çá³ëüøåííÿ ìàêñèìàëüíî¿
øâèäêîñò³ êðîâîòîêó ïî ë³â³é/ïðàâ³é ÇÑÀ
(çàãàëüí³é ñîíí³é àðòåð³¿) ³ øêàëè ïñèõî-
ïàòèçàö³¿, òî ñë³ä î÷³êóâàòè, ùî â íèõ áóäóòü
ôîðìóâàòèñÿ ïåâí³ ñóäèíí³ çì³íè ³, íàâïàêè,
çíèæåííÿ öèõ ïîêàçíèê³â äàº íàì çìîãó
ïðîãíîçóâàòè íàäàë³ ôîðìóâàííÿ ñóäèííèõ çì³í.

Òàêèì ÷èíîì, ðîçðîáëåíî ³íòåãðàëüíèé
ä³àãíîñòè÷íèé òåñò ó âèãëÿä³ ìîäåë³ äëÿ
ïñèõîô³ç³îëîã³÷íî¿ îö³íêè ³ ïðîãíîçóâàííÿ
åôåêòèâíîñò³ öåðåáðàëüíî¿ ãåìîäèíàì³êè ó
îáñòåæóâàíèõ, ÿêèé âêëþ÷àº â ñåáå ðåºñò-
ðàö³þ øâèäêîñò³ êðîâîòîêó â ÇÑÀ ³ ð³âåíü
ïñèõîïàòèçàö³¿. Îïåðàö³éí³ õàðàêòåðèñòèêè
òåñòó ñòàíîâëÿòü çíà÷åííÿ: Se = 74,3 % (95 %

Â² � 58,1 � 87,6%), Sp = 74,8 % (95% Â² �
65,8 � 82,7%), äå Se � ÷óòëèâ³ñòü ìîäåë³,
Sp � ñïåöèô³÷í³ñòü ìîäåë³, ãðàíèöÿ ä³àãíîñ-
òè÷íî¿ íîðìè ìàº êðèòè÷íèì çíà÷åííÿì
Y=0,809. Îòæå, çíèæåííÿ çíà÷åííÿ ìàêñè-
ìàëüíî¿ øâèäêîñò³ êðîâîòîêó ïî ÇÑÀ íèæ-
÷å â³ä êðèòè÷íîãî ³  ï³äâèùåííÿ ð³âíÿ
ïñèõîïàòèçàö³¿ áóäå ñâ³ä÷èòè ïðî ìîæëè-
âîñò³ ôîðìóâàííÿ ñóäèííèõ çì³í ó ö³é
ä³ëÿíö³. Ïîáóäîâàíà ìàòåìàòè÷íà ìîäåëü
äàº çìîãó ä³àãíîñòóâàòè ïîðóøåííÿ öåðåá-
ðàëüíî¿  ãåìîäèíàì³êè ó îñ³á ç  ð³çíèì
ïñèõîåìîö³éíèì ñòàíîì.

Î.À. Ïàí÷åíêî, Ñ.Ì.Ðàä÷åíêî

ÏÑÈÕÎÔÈÇÈÎËÎÃÈ×ÅÑÊÈÉ ÀÍÀËÈÇ
ÝÔÔÅÊÒÈÂÍÎÑÒÈ ÖÅÐÅÁÐÀËÜÍÎÉ
ÃÅÌÎÄÈÍÀÌÈÊÈ Ñ ÏÎÌÎÙÜÞ
ÄÎÏÏËÅÐÎÃÐÀÔÈ×ÅÑÊÎÉ
È ÐÅÎÅÍÖÅÔÀËÎÃÐÀÔÈ×ÅÑÊÎÉ
ÂÈÇÓÀËÈÇÀÖÈÈ

Àâòîðàìè ðàçðàáîòàí èíòåãðàëüíûé äèàãíîñòè÷åñêèé òåñò
â âèäå ìîäåëè äëÿ ïñèõîôèçèîëîãè÷åñêîé îöåíêè è
ïðîãíîçèðîâàíèÿ ýôôåêòèâíîñòè öåðåáðàëüíîé ãåìîäè-
íàìèêè ó èñïûòóåìûõ, êîòîðûé âêëþ÷àåò â ñåáÿ ðåãèñò-

Î.À. Ïàí÷åíêî, Ñ.Ì.Ðàä÷åíêî

Çàëåæíîñò³ øêàëè ïñèõîïàòèçàö³¿ ³  ïîêàçíèêà ìàêñèìàëüíî¿ øâèäêîñò³ êðîâîîá³ãó ïî ë³â³é/ïðàâ³é çàãàëüí³é ñîíí³é
àðòåð³¿
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ðàöèþ ñêîðîñòè êðîâîòîêà â îáùåé ñîííîé àðòåðèè è
óðîâåíü ïñèõîïàòèçàöèè.
Êëþ÷åâûå ñëîâà: öåðåáðàëüíàÿ ãåìîäèíàìèêà, äîïïëå-
ðîãðàôèÿ, ðåîýíöåôàëîãðàôèÿ, ìîäåëü ïñèõîôèçèî-
ëîãè÷åñêîé îöåíêè öåðåáðàëüíîé ãåìîäèíàìèêè, ïðîãíîçè-
ðîâàíèå öåðåáðàëüíîé ãåìîäèíàìèêè.

O.A. Panchenko,  S.M.Radchenko

PSYCHOPHYSIOLOGICAL ANALYSIS OF
EFFICIENCY OF CEREBRAL HEMODYNAMICS
WITH  DOPPLEROGRAPHIC
AND REOENCEPHALOGRAPHIC IMAGING

The authors designed the integrated diagnostic test as a model
for psychophysiological assessment and prediction of the ef-
fectiveness of cerebral hemodynamics in subjects. The test
includes the recording of blood flow velocity in the CCA and
the level of psychopathisation.
Key words: cerebral hemodynamics, doppler rheoence-
phalography, model of psychophysiological assessment of
cerebral hemodynamics, prognosis of cerebral hemodynamics.

Medical Rehabilitation Diagnostic Center of Ministry of
Public Health of Ukraine,

Konstantynivka, Donetsk Region
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Â. Â. Âåðåùàêà

Îñîáëèâîñò³ ñèñòåìíèõ çì³í ãåìîì³êðîöèðêóëÿö³¿
ïðè õðîí³÷íèõ äåðìàòîçàõ

Á³îì³êðîñêîï³÷íèì äîñë³äæåííÿì ï³äëÿãàëà êîí�þíêòèâà æ³íîê â³êîì â³ä 36 äî 55 ðîê³â, ÿê³
ñòðàæäàëè íà àòîï³÷íèé äåðìàòèò, ì³êðîáíó åêçåìó òà äèôóçíó àëîïåö³þ. Âñòàíîâëåíî, ùî
â ðàç³ ðîçâèòêó àòîï³÷íîãî äåðìàòèòó âèÿâëÿþòüñÿ îçíàêè íåð³âíîì³ðíîñò³ êàë³áðà òà
çâèâèñòîñò³ àðòåð³îë, çì³ºïîä³áíî¿ çâèâèñòîñò³ êàï³ëÿð³â, àðòåð³îëî-âåíóëÿðíèõ àíàñòîìîç³â,
çìåíøåííÿ ê³ëüêîñò³ ôóíêö³îíóþ÷èõ êàï³ëÿð³â òà ¿õ êóò³â. Ïîðóøåííÿ ïàðàëåë³çìó ì³êðîñóäèí,
ì³êðîàíåâðèçìè, ñàêóëÿö³¿, ïàòîëîã³÷í³ ôîðìè çâèâèñòîñò³ âåíóë, íîâîóòâîðåí³ ì³êðîñóäèíè,
àðòåð³îëî-âåíóëÿðí³ àíàñòîìîçè, àâàñêóëÿðí³ ïîëÿ òà êóòè êàï³ëÿð³â õàðàêòåðí³ äëÿ ì³êðîáíî¿
åêçåìè. Äèôóçíà àëîïåö³ÿ ïðîÿâëÿºòüñÿ çá³ëüøåííÿì ñàêóëÿö³é, íåð³âíîì³ðíîñò³ êàë³áðà âåíóë,
ñïàçìó òà çâèâèñòîñò³ àðòåð³îë, çâèâèñòîñò³ ïåòåëü ³ êóò³â êàï³ëÿð³â, çìåíøåííÿì ¿õ ê³ëüêîñò³.
Êëþ÷îâ³ ñëîâà: ì³êðîöèðêóëÿö³ÿ, àòîï³÷íèé äåðìàòèò, ì³êðîáíà åêçåìà, äèôóçíà àëîïåö³ÿ.

ÂÑÒÓÏ

Íèí³ âåëèêà óâàãà ïðèä³ëÿºòüñÿ ñòàíó
ãåìîì³êðîöèðêóëÿòîðíîãî ðóñëà (ÃÌÖÐ) ó
ðîçâèòêó äåðìàòîëîã³÷íî¿ ïàòîëîã³¿ [2, 14,
18]. Äîñèòü ´ðóíòîâíî îïèñàí³ çì³íè ì³êðî-
ñóäèí ó çîíàõ óðàæåííÿ øê³ðè [14, 20].
Á³ëüø³ñòü àâòîð³â ¿õ ïîâ�ÿçóþòü ç ì³ñöåâè-
ìè ìåòàáîë³÷íèìè çì³íàìè [4, 6, 7, 16].
Îäíàê ó ñó÷àñíèõ ïðàöÿõ, ïðèñâÿ÷åíèõ
ïàòîãåíåçó äåðìàòîç³â ,  êîíñòàòóþòüñÿ
ñèñòåìí³ çì³íè ÃÌÖÐ [4, 6, 23]. ¯õ ðîëü ó
ðîçâèòêó äåðìàòîç³â, à òàêîæ ñï³ëüí³ îçíàêè
ñèñòåìíèõ óðàæåíü ì³êðîñóäèí íåâèâ÷åí³.
Çàëèøàºòüñÿ â³äêðèòèì ïèòàííÿ ïðî îñîá-
ëèâîñò³  ñèñòåìíî¿  ì³êðîöèðêóëÿö¿ ¿  ÿê
äèôåðåíö³éíî¿ îçíàêè äåðìàòîç³â.

Ïåðåáóäîâó ÃÌÖÐ ó ðîçâèòêó äåðìà-
òîç³â ðîçãëÿäàþòü ÿê îäèí ç îñíîâíèõ
ïàòîãåíåòè÷íèõ ôàêòîð³â [3, 14, 19, 20, 23],
ÿêèé çóìîâëþº ¿õ õðîí³÷íèé ïåðåá³ã. Òåðà-
ïåâòè÷íà òàêòèêà çäåá³ëüøîãî íàïðàâëåíà
íà ïîë³ïøåííÿ ì³ñöåâî¿ ïåðôóç³¿ ó çîí³
óðàæåííÿ.

Îñê³ëüêè áóëüáàðíà êîí�þíêòèâà (ÁÊ) º
äçåðêàëîì ñèñòåìíèõ ì³êðîñóäèííèõ çì³í

çà óìîâ çàæèòòºâîãî äîñë³äæåííÿ, ¿¿ àêòèâ-
íî âèêîðèñòîâóþòü ó äîñë³äíèöüê³é ³ òåðà-
ïåâòè÷í³é ä³ÿëüíîñò³. Íàìè ðîçðîáëåíà
ìåòîäèêà âèâ÷åííÿ ÃÌÖÐ, ÿêà çíàéøëà
â³äîáðàæåííÿ ó ìåòîäè÷íèõ ðåêîìåíäàö³ÿõ,
ñõâàëåíèõ ÌÎÇ Óêðà¿íè [2].

Ìåòà ö³º¿ ðîáîòè � äîñë³äèòè îñîáëè-
âîñò³ ñòðóêòóðíèõ çì³í ñóäèí êîí�þíêòèâè
îêà ïðè õðîí³÷íèõ äåðìàòîçàõ (ì³êðîáíà
åêçåìà ,  àòîï ³÷íèé  äåðìàòèò,  äèôóçíà
àëîïåö³ÿ).

ÌÅÒÎÄÈÊÀ

Á³îì³êðîñêîï³÷íèì äîñë³äæåííÿì ï³äëÿãàëà
êîí�þíêòèâà 90 æ³íîê â³êîì â³ä 36 äî 55
ðîê³â. Äî ² (êîíòðîëüíî¿) ãðóïè ââ³éøëè
ïðàêòè÷íî çäîðîâ³ îñîáè, ÿê³ íå ìàëè îçíàê
ïåðåä÷àñíîãî ñòàð³ííÿ øê³ðè, äî ²², ²²² ³ ²V
ãðóïè � æ³íêè, ÿê³ ñòðàæäàëè íà àòîï³÷íèé
äåðìàòèò, ì³êðîáíó åêçåìó òà äèôóçíó
àëîïåö³þ â³äïîâ³äíî.

Êðîâîíîñí³ ì³êðîñóäèíè ÁÊ äîñë³ä-
æóâàëè çà äîïîìîãîþ ù³ëèííî¿ ëàìïè Zeiss
SL 160 ç³ çá³ëüøåííÿì â³ä 1 . 5 äî 1 . 100
ðàç³â ³ ñòåðåîñêîï³÷íîãî ì³êðîñêîïà ÌÑÑÎ
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(ÑÐÑÐ) ç³ çá³ëüøåííÿì ó 3,3�350,2 ðàçà [2].
Îö³íêà  ïîðóøåíü  ÃÌÖÐ âêëþ÷àëà

âèçíà÷åííÿ ñóäèííèõ çì³í: çâèâèñò³ñòü ³
ñïàçì ì³êðîñóäèí, íîâîóòâîðåí³ ñóäèíè,
ñ³òêîïîä³áíà ôîðìàö³ÿ, àíàñòîìîçè, ñàêó-
ëÿö³¿, ì³êðîàíåâðèçìè, êëóáî÷êè, íåð³â-
íîì³ðí³ñòü êàë³áðà ñóäèí, çì³íè ê³ëüêîñò³
ôóíêö³îíóþ÷èõ êàï³ëÿð³â, çàïóñò³âàííÿ â
ñóäèíí³é ñ³òö³ ë³ìáà, ïîðóøåííÿ ïàðàëåë³çìó
ì³êðîñóäèí, ïåòë³, àâàñêóëÿðí³ ïîëÿ, çì³íè
êóòà ðîçãàëóæåííÿ ì³êðîñóäèí, ¿õ àìïó-
òàö³¿. Ä³àìåòð ì³êðîñóäèí, â³äñòàí³ ì³æ
íèìè òà ¿õ ê³ëüê³ñòü íà îäèíèöþ ïëîù³
äîñë³äæóâàëè çà äîïîìîãîþ îá�ºêò-ì³êðî-
ìåòðà òà êàë³áðîâî÷íî¿ ñ³òêè â ïðîì³æí³é
çîí³ ÁÊ.

Íåð³âíîì³ðí³ñòü êàë³áðà ì³êðîñóäèíè
âèçíà÷àëè ÿê ð³çêó çì³íó ¿¿ ä³àìåòðà, ì³êðî-
àíåâðèçìè � ÿê ôðàãìåíòàðí³ äèëàòàö³¿
àðòåð³îë ïî äîòè÷í³é äî ñóäèíè, ìóôòî-
ïîä³áíî, àâòîíîìíî (ïðè çàïóñò³íí³ ñóäèíè).
Ñàêóëÿö³¿  ³äåíòèô³êóâàëè ÿê ëîêàëüíó
äèëàòàö³þ âåíóë. Ïàòîëîã³÷í³ çì³íè ì³êðî-
ñóäèí ó âèãëÿä³ çì³ºïîä³áíî¿, ìåàíäðè÷íî¿
òà øòîïîðîïîä³áíî¿ çâèâèñòîñò³ õàðàêòå-
ðèçóâàëè ïîñòóïîâèé ðîçâèòîê çì³í ôîðìè
ì³êðîñóäèí. Êëóáî÷êè êàï³ëÿð³â ÿâëÿëè
ñîáîþ ãðàíè÷íó ñòóï³íü ï³äâèùåííÿ çâèâèñ-
òîñò³ ì³êðîñóäèí.

Â³ðîã³äí³ñòü â³äì³ííîñòåé ïðè ïîð³âíÿíí³
ñåðåäí³õ àðèôìåòè÷íèõ çíà÷åíü âèçíà÷àëè
çà êðèòåð³ºì t Ñòüþäåíòà, à ïðè ïîð³âíÿíí³
÷àñòîòè îçíàêè ó â³äñîòêàõ � ìåòîäîì
àëüòåðíàòèâíîãî âàð³þâàííÿ [10].

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ïîðóøåííÿ ïàðàëåë³çìó â ðîçòàøóâàíí³
ì³êðîñóäèí âèÿâëåíî ó îáñòåæåíèõ ²²²
ãðóïè, ùî çóìîâèëî ñòàòèñòè÷íî â³ðîã³äí³
â³äì³ííîñò³ ùîäî êîíòðîëþ ³ ñâ³ä÷èòü ïðî
êîìïåíñàö³þ ïàòîëîã³÷íèõ ïðîöåñ³â ïðè
òðîô³÷íèõ çì³íàõ (òàáëèöÿ).

×àñòîòà âèÿâëåííÿ ì³êðîàíåâðèçì ó ²²²
ãðóï³ ïåðåâèùèëà ïîêàçíèê ² ãðóïè â 2,8 ðàçà
(P<0,001), ùî ãîâîðèòü ïðî ÿâèùà ñóäèííî¿
äèñòîí³¿ ç îçíàêàìè ìåòàáîë³÷íîãî ñèíäðîìó.

Ñàêóëÿö³¿ ó îñ³á ²²�²V ãðóï ñïîñòå-
ð³ãàëèñÿ ìàéæå ó 6 ðàç³â ÷àñò³øå, í³æ ó
êîíòðîë³ .  Öå ïîÿñíþºòüñÿ çàñò³éíèìè
ÿâèùàìè ó âåíóëÿðí³é ëàíö³ ÃÌÖÐ ïðè
õðîí³÷íèõ äåðìàòîçàõ ³ º îçíàêîþ ì³îãåííî¿
äèñòîí³¿.

Íåð³âíîì³ðí³ñòü êàë³áðà àðòåð³îë ïðåâà-
ëþâàëà â îñ³á ²² ãðóïè, à âåíóë � ó ïàö³ºíò³â
²²²  ³  ²V ãðóï,  ùî ñâ³ä÷èòü ïðî îçíàêè
ñóäèííî¿ äèñòîí³¿ â ð³çíèõ ëàíêàõ ÃÌÖÐ
[15].

Ñïàçì àðòåð³îë áóâ õàðàêòåðíèì äëÿ
îñ³á ç äèôóçíîþ àëîïåö³ºþ (²²² ãðóïà), äå
éîãî ñòð³âàëüí³ñòü ïåðåâèùèëà àíàëîã³÷íèé
ïîêàçíèê ² ãðóïè ó 4,2 ðàçà.

Äîñë³äæåííÿ ñòðóêòóðè êðîâîíîñíèõ
ñóäèí ÁÊ ïîêàçàëî, ùî ó îñ³á ²² ãðóïè áóëà
á³ëüøîþ ñóìàðíà çâèâèñò³ñòü àðòåð³îë
ïîð³âíÿíî ç ² ãðóïîþ ó 2,4 ðàçà, à ç ²V
ãðóïîþ ó 3,5 ðàçà. Íàé÷àñò³øå â îñ³á ²² ³
²V ãðóï çóñòð³÷àëàñÿ ìåàíäðè÷íà (26,7 �
30,0% â³ä çíà÷åíü ñóìàðíîãî ïîêàçíèêà),
íàéá³ëüø ð³äêî � øòîïîðîïîä³áíà çâèâèñ-
ò³ñòü (10,0 � 20,0% â³ä çíà÷åíü ñóìàðíîãî
ïîêàçíèêà).

Ñóìàðíà çâèâèñò³ñòü âåíóë ó îáñòåæå-
íèõ ² ² ²  ãðóïè ïåðåâèùèëà àíàëîã³÷íå
çíà÷åííÿ ó ² ãðóï³ â 4,8 ðàçà (P<0,001),
âèÿâëÿëàñÿ ìåàíäðè÷íà ³ øòîïîðîïîä³áíà
çâèâèñòîñò³  âåíóë,  ÿê³  ñòàíîâèëè 33,3
(P<0,001) ³ 20,0 % (P<0,01) â³äïîâ³äíî.

Ó îñ³á ²² ³ ²V ãðóï ñóìàðíà çâèâèñò³ñòü
êàï³ëÿð³â áóëà á³ëüøîþ ùîäî êîíòðîëþ ó
2,5 ðàçà çà ðàõóíîê çì³ºïîä³áíî¿ çâèâèñ-
òîñò³.

Ñòð³âàëüí³ñòü ïåòåëü ó êàï³ëÿðàõ ÁÊ ó
² � ²²² ãðóïàõ íå ïåðåâèùèëà 20 %, à â ²V
ãðóï³ âîíà ñòàíîâèëà 46,7%, ùî çóìîâëþº
çì³íè ïåðôóç³¿.

Íîâîóòâîðåí³ ñóäèíè â îñ³á ²²² ãðóïè
âèÿâëÿëèñü ó 33,3 % âèïàäê³â (P<0,01,
ïîð³âíÿíî ç  ²  ãðóïîþ) ³  ñâ ³ä÷èòü ïðî
íàÿâí³ñòü êðèòè÷íèõ ñòàí³â ì³êðîöèðêóëÿö³¿
íà ñèñòåìíîìó ð³âí³ [7, 15].

Ê³ëüê³ñòü àðòåð³îëî-âåíóëÿðíèõ àíàñòî-
ìîç³â â³äíîñíî ² ãðóïè áóëà âèùîþ â 4,8
ðàçà ó ²² ãðóï³ (P<0,001) ³ â 2,5 ðàçà ó ²V

Îñîáëèâîñò³ ñèñòåìíèõ çì³í ãåìîì³êðîöèðêóëÿö³¿
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ãðóï³ (P<0,01). Öå ãîâîðèòüò ïðî ïðèñêîðåíå
ñêèäàííÿ êðîâ³ ç àðòåð³àëüíî¿ ëàíêè ó
âåíîçíó.

×àñòîòà ïîì³ðíîãî çìåíøåííÿ ê³ëüêîñò³
ôóíêö³îíóþ÷èõ êàï³ëÿð³â ïåðåâèùèëà ïî-
êàçíèê ² ãðóïè ó 5,5 ðàçà â ²² ãðóï³ ³ â 8
ðàç³â ó ²V ãðóï³, ùî âêàçóº íà ñêëåðîòè÷í³
çì³íè ÃÌÖÐ. Ïðî çíà÷í³ ïîðóøåííÿ ì³êðî-
öèðêóëÿö³¿  âñ³õ ëàíîê ÃÌÖÐ, ñâ³ä÷àòü
àâàñêóëÿðí³ ïîëÿ, ÿê³ ñïîñòåð³ãàëèñÿ íà ÁÊ
â îñ³á ²²�²V ãðóï, àëå ñòàòèñòè÷íî â³ðîã³äí³
â³äì³ííîñò³ âèÿâëåíî ëèøå â ²²² ãðóï³, äå
çãàäàíèé ïîêàçíèê çá³ëüøèâñÿ ó 7 ðàç³â.

×àñòîòà âèÿâëåííÿ êóò³â êàï³ëÿð³â íà ÁÊ
ïîð³âíÿíî ç ² ãðóïîþ ìàëà íåçíà÷í³ ñòàòèñ-
òè÷íî äîñòîâ³ðí³ â³äì³ííîñò³ â ²² ³ ²V ãðóïàõ,
äå ¿õ ê³ëüê³ñòü áóëà âèùîþ â 3,3 ³ 3,7 ðàçà

â³äïîâ³äíî. Íàéá³ëüøå çíà÷åííÿ öüîãî ïî-
êàçíèêà îòðèìàíî ó îñ³á ²²² ãðóïè (43,3 %,
P<0,001).  Óòâîðåííÿ êóò³â êàï³ëÿð³â ³
ïåðåäêàï³ëÿð³â ñâ³ä÷èòü ïðî âèðàæåí³
ìîðôîëîã ³÷í ³  çì³íè  â  ñèñòåì³  ì ³êðî-
öèðêóëÿö³¿ [9, 15]. Ïðè çì³íàõ êóòà ðîçãà-
ëóæåííÿ ñóäèí ïîðóøóºòüñÿ îñüîâà îð³ºí-
òàö³ÿ åðèòðîöèò³â [8], ùî ïðèçâîäèòü äî
òðîô³÷íèõ çì³í. Ïàòîëîã³÷í³ ìåõàí³çìè
óòâîðåííÿ êóò³â êàï³ëÿð³â àíàëîã³÷í³ çì³íàì
çâèâèñòîñò³, îäíàê ñòóï³íü òðîô³÷íèõ çì³í
ïðè öüîìó íàáàãàòî âèùèé.

Íà ï³äñòàâ³ äîñë³äæåííÿ ñóäèííèõ ÿâèù
ó ð³çíèõ ëàíêàõ ÃÌÖÐ ìîæíà çðîáèòè
âèñíîâîê ïðî çá³ëüøåííÿ ïðè õðîí³÷íèõ
äåðìàòîçàõ ïàòîëîã³÷íèõ ôåíîìåí³â ó éîãî
ð³çíèõ ëàíêàõ.

Â. Â. Âåðåùàêà

×àñòîòà (%) çì³í ñóäèííèõ ïîêàçíèê³â á³îì³êðîñêîï³¿ áóëüáàðíî¿ êîí�þíêòèâè ó ïðàêòè÷íî çäîðîâèõ ëþäåé
ð³çíîãî â³êó òà îñ³á ç îçíàêàìè õðîí³÷íèõ äåðìàòîç³â: àòîï³÷íèé äåðìàòèò, ì³êðîáíà åêçåìà, äèôóçíà àëîïåö³ÿ

(n=30)

Ïîêàçíèê ² ãðóïà ²² ãðóïà ²²² ãðóïà ²V ãðóïà

Ïîðóøåííÿ ïàðàëåë³çìó ì³êðîñóäèí 13,3 26,7 60,0*** 23,3
Ì³êðîàíåâðèçìè 20,0 23,3 56,7*** 20,0
Ñàêóëÿö³¿ 6,7 36,7** 46,7*** 36,7**
Íåð³âíîì³ðí³ñòü êàë³áðà
   àðòåð³îë 26,7 60,0*** 13,3 23,3
   âåíóë 13,3 23,3 53,3** 36,7*
Ñïàçì àðòåð³îë 20,0 23,3 20,0 83,3
Çâèâèñò³ñòü àðòåð³îë
   çì³éîïîä³áíà 23,3 26,7 13,3 30,0
   ìåàíäðè÷íà 0 20,0 10,0 33,3***
   øòîïîðîïîä³áíà 0 10,0 0 20,0**
Çâèâèñò³ñòü âåíóë
   çì³éîïîä³áíà 13,3 13,3 33,3** 23,3
   ìåàíäðè÷íà 0 0 20,0** 0
   øòîïîðîïîä³áíà 0 0 10,0 0
Çâèâèñò³ñòü êàï³ëÿð³â
   çì³éîïîä³áíà 20,0 46,7* 23,3 30,0
   ìåàíäðè÷íà 0 10,0 0 10,0
   øòîïîðîïîä³áíà 0 0 0 6,7
Ïåòë³ êàï³ëÿð³â 13,3 13,3 20,0 46,7
Íîâîóòâîðåí³ ñóäèíè 6,7 13,3 33,3** 13,3
Àðòåð³îëî-âåíóëÿðí³ àíàñòîìîçè 13,3 63,3 33,3 23,3
Çìåíøåííÿ ê³ëüêîñò³ ôóíêö³îíóþ÷èõ êàï³ëÿð³â 6,7 36,7** 6,7 53,3***
Àâàñêóëÿðí³ ïîëÿ 6,7 20,0 46,7*** 23,3
Óòâîðåííÿ êóò³â êàï³ëÿð³â 10,0 33,3* 46,7 36,7*

*Ð<0,05, **Ð<0,01, *** Ð<0,001 ïîð³âíÿíî ç ² ãðóïîþ.
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Òàêèì ÷èíîì, ó ðàç³ ðîçâèòêó àòîï³÷íîãî
äåðìàòèòó âèÿâëÿþòüñÿ îçíàêè íåð³â-
íîì³ðíîñò³ êàë³áðà òà çâèâèñòîñò³ àðòåð³îë,
çì³ºïîä³áíî¿ çâèâèñòîñò³ êàï³ëÿð³â, àðòåð³î-
ëî-âåíóëÿðíèõ àíàñòîìîç³â, çìåíøåííÿ
ê³ëüêîñò³ ôóíêö³îíóþ÷èõ êàï³ëÿð³â òà ¿õ
êóò³â. Ïîðóøåííÿ ïàðàëåë³çìó ì³êðîñóäèí,
ì³êðîàíåâðèçìè, ñàêóëÿö³¿,  ïàòîëîã³÷í³
ôîðìè çâèâèñòîñò³ âåíóë, íîâîóòâîðåí³
ì³êðîñóäèíè, àðòåð³îëî-âåíóëÿðí³ àíàñòî-
ìîçè, àâàñêóëÿðí³ ïîëÿ òà êóòè êàï³ëÿð³â
õàðàêòåðí³ äëÿ ì³êðîáíî¿ åêçåìè. Äèôóçíà
àëîïåö³ÿ ïðîÿâëÿºòüñÿ çá³ëüøåííÿì ñàêóëÿö³é,
íåð³âíîì³ðíîñò³ êàë³áðà âåíóë, ñïàçìó òà
çâèâèñòîñò³ àðòåð³îë, çâèâèñòîñò³ ïåòåëü ³
êóò³â êàï³ëÿð³â, çìåíøåííÿì ¿õ ê³ëüêîñò³.

Îòðèìàí³ ðåçóëüòàòè âèìàãàþòü äîñë³ä-
æåííÿ ÃÌÖÐ áåçïîñåðåäíüî â øê³ð³.

Â. Â. Âåðåùàêà

ÎÑÎÁÅÍÍÎÑÒÈ ÑÈÑÒÅÌÍÛÕ ÈÇÌÅÍÅÍÈÉ
ÃÅÌÎÌÈÊÐÎÖÈÐÊÓËßÖÈÈ
ÏÐÈ ÕÐÎÍÈ×ÅÑÊÈÕ ÄÅÐÌÀÒÎÇÀÕ

Áèîìèêðîñêîïè÷åñêèì èññëåäîâàíèÿì ïîäëåæàëà êîíüþí-
êòèâà æåíùèí âîçðàñòîì îò 36 äî 55 ëåò, êîòîðûå ñòðàäàëè
àòîïè÷åñêèì äåðìàòèòîì, ìèêðîáíîé åêçåìîé è äèôôóçíîé
àëîïåöèåé. Óòàíîâëåíî, ÷òî â ñëó÷àå ðàçâèòèÿ àòîïè÷åñêîãî
äåðìàòèòà îïðåäåëÿþòñÿ ïðèçíàêè íåðàâíîìåðíîñòè
êàëèáðà è èçâèòîñòè àðòåðèîë, çìååîáðàçíîé èçâèòîñòè
êàïèëëÿðîâ, àðòåðèîëî-âåíóëÿðíûõ àíàñòîìîçîâ, óìåíü-
øåíèÿ êîëè÷åñòâà ôóíêöèîíèðóþùèõ êàïèëëÿðîâ è èõ
óëîâ.  Íàðóøåíèå ïàðàëåëëèçìà ìèêðîñîñóäîâ, ìèêðî-
àíåâðèçìû, ñàêêóëÿöèè, ïàòîëîãè÷åñêèå ôîðìû èçâèòîñòè
âåíóë, íîâîîáðàçîâàííûå ìèêðîñîñóäû, àðòåðèîëî-
âåíóëÿðíûå àíàñòîìîçû, àâàñêóëÿðíûå ïîëÿ è óãëû
êàïèëëÿðîâ õàðàêòåðíû äëÿ ìèêðîáíîé ýêçåìû. Äèôôóç-
íàÿ àëîïåöèÿ ïðîÿâëÿåòñÿ óâåëè÷åíèåì ñàêêóëÿöèé,
íåðàâíîìåðíîñòè êàëèáðà âåíóë, ñïàçìà è èçâèâèñòîñòè
àðòåðèîë, èçâèâèñòîñòè ïåòåëü è óãëîâ êàïèëëÿðîâ,
óìåíüøåíèåì èõ êîëè÷åñòâà.
Êëþ÷åâûå ñëîâà: ìèêðîöèðêóëÿöèÿ, àòîïè÷åñêèé äåðìàòèò,
ìèêðîáíàÿ ýêçåìà, äèôóçíàÿ àëîïåöèÿ.

V.V. Vereshchaka

FEATURES OF SYSTEMIC MICROCIRCULA-
TION IN PATIENTS WITH CHRONIC DERMA-
TOSES

We investigated the parameters of microcirculation of eyes in

women of 36-55 years age with atopic dermatitis, microbic
eczema and diffuse alopecia.  In persons with atopic dermati-
tis the signs of non-uniformity of capillary caliber and their
branching were observed. These abnormalities were accompa-
nied by an increase in the quantities of functioning anastomoses,
loops and corners of capillaries. Abnormalities of microcircu-
lation which accompany microbic eczema included alterations
in microvessel parallelism, microaneurysm,  venous saccula-
tion, pathological forms of  branching, vascular new growth,
an increased number of functioning anastomose and presence
of àvascular fields. Diffuse alopecia was characterized by the
venous sacculation, branching microveins, non-uniformity of
their diameter and spasm of arteriols.
Key words: microcirculation, atopic dermatitis, microbic ec-
zema, alopecia.

Kyiv University Taras Shevchenko
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Î.Á. Âàäçþê

Âïëèâ ä³àçîêñèäó íà ìåìáðàííèé ïîòåíö³àë
ì³òîõîíäð³é òà óòâîðåííÿ àêòèâíèõ ôîðì êèñíþ
â êë³òèíàõ ìàòêè ùóð³â

Ïîêàçàíî ÷àñòêîâó äåïîëÿðèçàö³þ ì³òîõîíäð³àëüíî¿ ìåìáðàíè êë³òèí ìàòêè ùóð³â
àêòèâàòîðîì àäåíîçèíòðèôîñôàò÷óòëèâîãî êàë³ºâîãî êàíàëó (Ê

ÀÒÔ
-êàíàëó) ä³àçîêñèäîì.

Äåïîëÿðèçóâàëüíèé éîãî åôåêò óñóâàâñÿ ðå÷îâèíîþ, ùî áëîêóº öåé êàíàë, � ãë³áåíêëàì³äîì.
Äîñë³äèâøè êîíöåíòðàö³éíîçàëåæíèé âïëèâ ä³àçîêñèäó íà ïîòåíö³àë ì³òîõîíäð³àëüíî¿
ìåìáðàíè, ìè âèðàõóâàëè çíà÷åííÿ óÿâíî¿ êîíñòàíòè àêòèâàö³¿ Ê

ÀÒÔ
-êàíàëó ì³òîõîíäð³é

(ì³òîÊ
ÀÒÔ

-êàíàëó)
 
ìàòêè ùóð³â

 
ä³àçîêñèäîì, ÿêå ñòàíîâèëî (5,01 ± 1,47)·10-6 ìîëü/ë. Òàêîæ

áóëî ïðîäåìîíñòðîâàíî çá³ëüøåííÿ âì³ñòó àêòèâíèõ ôîðì êèñíþ (ÀÔÊ) ï³ä âïëèâîì ä³àçîêñèäó,
ùî åôåêòèâíî óñóâàëîñÿ ãë³áåíêëàì³äîì. Çðîáëåíî âèñíîâîê, ùî àêòèâàö³ÿ ì³òîÊ

ÀÒÔ
-êàíàëó

 
ó

êë³òèíàõ
 
ìàòêè ùóð³â ÷àñòêîâî çìåíøóº ïîòåíö³àë ì³òîõîíäð³àëüíî¿ ìåìáðàíè òà ïîñèëþº

ãåíåðàö³þ ÀÔÊ.
Êëþ÷îâ³ ñëîâà: ä³àçîêñèä, ì³òîõîíäð³àëüíèé àäåíîçèíòðèôîñôàò÷óòëèâèé êàë³ºâèé êàíàë,
àêòèâí³ ôîðìè êèñíþ, ìåìáðàííèé ïîòåíö³àë, ìàòêà.

ÂÑÒÓÏ

Àäåíîçèíòðèôîñôàò (ÀÒÔ)-÷óòëèâ³ êàë³ºâ³
êàíàëè (Ê

ÀÒÔ
-êàíàëè) â³ä³ãðàþòü âàæëèâó

ðîëü ó ôóíêö³îíóâàíí³ ãëàäåíüêèõ ì�ÿç³â
[11, 17]. ª äàí³, ùî àêòèâàö³ÿ ñàìå öüîãî
òèïó  êàë ³ºâèõ  êàíàë ³â  áåðå  ó÷àñòü  ó
ðåãóëÿö³¿ ¿õ ñêîðîòëèâî¿ àêòèâíîñò³ [11, 17,
19]. Ôóíêö³îíóâàííÿ Ê

ÀÒÔ
-êàíàë³â ïëàçìà-

òè÷íî¿ ìåìáðàíè êë³òèí ì³îìåòð³ÿ º îá�ºê-
òîì ³íòåíñèâíèõ äîñë³äæåíü [4, 7], àëå ðîëü
³ âëàñòèâîñò³ ¿õ àíàëîã³â (ì³òîÊ

ÀÒÔ
-êàíàë³â)

ó ì³òîõîíäð³àëüí³é ìåìáðàí³ ì³îöèò³â
ìàòêè çàëèøàþòüñÿ íåâèâ÷åíèìè. Ôóíêö³î-
íóâàííÿ ì³òîÊ

ÀÒÔ
-êàíàë³â ³íòåíñèâíî äîñ-

ë³äæóºòüñÿ íà êë³òèíàõ ñåðöÿ, íåðâîâî¿
ñèñòåìè, íèðîê [2, 3, 6, 8]. Çîêðåìà, áóëî
ïîêàçàíî, ùî àêòèâàö³ÿ ö³º¿ ñòðóêòóðè ó
ì³òîõîíäð³ÿõ ñåëåêòèâíèì àêòèâàòîðîì
ä³àçîêñèäîì ïðèçâîäèòü äî çá³ëüøåííÿ
îá�ºìó ¿õ ìàòðèêñó [6, 8], ïîïåðåäæåííÿ
³íäóêö³¿ àïîïòîçó [6], ³íòåíñèô³êàö³¿ äèõàííÿ
òà çá³ëüøåííÿ êîíöåíòðàö³¿ ÀÒÔ [3].

Äàí³ ùîäî âïëèâó àêòèâàö³¿ ì³òîÊ
ÀÒÔ

-
êàíàëó

 
íà ìåìáðàííèé ïîòåíö³àë ì³òî-

õîíäð³é ñóïåðå÷ëèâ³ [2, 11, 14]. Çîêðåìà,
Busija òà ñï³âàâò. [2] ïîêàçàëè ÷àñòêîâó
äåïîëÿðèçàö³þ ì³òîõîíäð³àëüíî¿ ìåìáðàíè
(ò. çâ. �mild uncoupling� àáî ì�ÿêå ðîç�ºä-
íàííÿ) êë³òèí ìîçêó ä³àçîêñèäîì. Äåÿê³
àâòîðè [11] ââàæàþòü, ùî íåâåëèêå çìåí-
øåííÿ ìåìáðàííîãî ïîòåíö³àëó ì³òîõîíäð³é
ïðè àêòèâàö³¿ êàíàëó ä³àçîêñèäîì îïîñå-
ðåäêîâóº ïðîòåêòîðíèé åôåêò öüîãî àêòèâà-
òîðà ïðè ³øåì³¿. Àëå ³íøèìè äîñë³äíèêàìè
áóëî ïîêàçàíî, ùî çàõèñò ì³îöèò³â â³ä
ìåòàáîë³÷íîãî ³íã³áóâàííÿ çà äîïîìîãîþ
àêòèâàö³¿ êàíàëó ä³àçîêñèäîì íå îïîñå-
ðåäêîâóºòüñÿ çì³íàìè ìåìáðàííîãî ïîòåí-
ö³àëó ì³òîõîíäð³é [14]. ßê â³äîìî ç ë³òåðà-
òóðíèõ äæåðåë, âõ³ä ³îí³â Ê ó ì³òîõîíä-
ð³àëüíèé ìàòðèêñ, ñïðè÷èíåíèé àêòèâàö³ºþ
ì³òîÊÀÒÔ

-êàíàë³â ä³àçîêñèäîì, ìîæå ³íòåí-
ñèô³êóâàòè òðàíñïîðò åëåêòðîí³â ó åëåêò-
ðîííî-òðàíñïîðòíîìó ëàíöþç³ [3].

©  Î.Á. Âàäçþê
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Â³äîìî, ùî àêòèâí³ ôîðìè êèñíþ (ÀÔÊ)
ìîæóòü â³ä³ãðàâàòè ðîëü êë³òèííèõ ìåñåíä-
æåð³â, ùî íå ò³ëüêè çà ô³ç³îëîã³÷íèõ óìîâ
ðåãóëþþòü âàæëèâ³ äëÿ êë³òèíè ìåòàáî-
ë³÷í³ øëÿõè [18] òà ðîçñëàáëåííÿ ãëàäåíü-
êèõ ì�ÿç³â [19], àëå òàêîæ îïîñåðåäêîâóþòü
çàõèñò êë³òèíè â óìîâàõ ñòðåñó [5, 6, 15,
18]. Äåÿê³ àâòîðè [12, 15] âêàçóþòü, ùî ïðè
³øåì³÷íîìó òà ôàðìàêîëîã³÷íîìó ïðåêîí-
äèö³þâàíí³, äëÿ ÿêèõ ïîêàçàíà ïðîòåêòîðíà
ðîëü, ïîì³ðíî çá³ëüøóºòüñÿ âì³ñò ÀÔÊ, â
ðåçóëüòàò³ ÷îãî àêòèâóþòüñÿ ñòðóêòóðè òà
ôåðìåíòè, ôóíêö³îíóâàííÿ ÿêèõ ïîïåðåäæóº
ïîøêîäæåííÿ êë³òèíè ïðè ìàñîâàíîìó
óòâîðåíí³ ÀÔÊ, êîòðå ñïîñòåð³ãàºòüñÿ â
óìîâàõ ³øåì³¿�ðåïåðôóç³¿. Äàí³ äîñë³äæåíü
[5, 6, 12, 15] ñâ³ä÷àòü, ùî ó ìåõàí³çìàõ
îïîñåðåäêîâàíîãî ÀÔÊ çàõèñòó êë³òèí
çàä³ÿíà àêòèâàö³ÿ ì³òîÊ

ÀÒÔ
-êàíàëó. Ïðîäå-

ìîíñòðîâàíî [5, 6], ùî ÀÔÊ àêòèâóþòü
îñòàíí³é ó êàðä³îì³îöèòàõ, ôóíêö³îíóâàííÿ
ÿêîãî â ñâîþ ÷åðãó ïðèçâîäèòü äî çá³ëü-
øåííÿ ïðîäóêö³¿ ÀÔÊ, ÿê³ äàë³ àêòèâóþòü
ïðîòå¿íê³íàçó Ñ (ÏÊÑ). Çîêðåìà, Hassouna
òà ñï³âàâò. [12] äåìîíñòðóþòü, ùî êàðä³î-
ïðîòåêòîðíèé åôåêò ä³àçîêñèäó óñóâàºòüñÿ
³íã³á³òîðîì ÏÊÑα, ùî âêàçóº íà òå, ùî
ì³òîÊ

ÀÒÔ
-êàíàë

 
ðåãóëþº àêòèâí³ñòü ÏÊÑα

ó êàðä³îì³îöèòàõ. Àâòîðè [5, 6, 12, 15]
ââàæàþòü, ùî ó ðåãóëÿö³¿ çàä³ÿí³ ÀÔÊ,
ãåíåðàö³ÿ ÿêèõ â³äáóâàºòüñÿ ó â³äïîâ³äü íà
àêòèâàö³þ ì³òîÊ

ÀÒÔ
-êàíàë³â. Õî÷à ïîä³áí³

åôåêòè áóëè ïîêàçàí³ äëÿ ì³òîÊ
ÀÒÔ

-êàíàë³â
êàðä³îì³îöèò³â ³ êë³òèí ìîçêó, àëå äîñ³
íåâ³äîìî, ÿê âïëèâàº ¿õíÿ àêòèâàö³ÿ íà
ãåíåðàö³þ ÀÔÊ ó êë³òèíàõ ìàòêè.

Ìåòîþ íàøî¿ ðîáîòè áóëî äîñë³äèòè
âïëèâ àêòèâàòîðà ì³òîÊ

ÀÒÔ
-êàíàëó ä³àçîê-

ñèäó íà óòâîðåííÿ ÀÔÊ òà óòðèìàííÿ ïî-
òåíö³àëó âíóòð³øíüî¿ ìåìáðàíè ì³òîõîíäð³é
³çîëüîâàíèõ êë³òèí ìàòêè ùóð³â.

ÌÅÒÎÄÈÊÀ

Ñóñïåíç³þ ì³îöèò³â ìàòêè íåâàã³òíèõ ùóð³â
îòðèìóâàëè çà ñòàíäàðòíîþ ìåòîäèêîþ ç

âèêîðèñòàííÿì 0,1%-¿ êîëàãåíàçè, 0,1%-ãî
áè÷à÷îãî  ñèðîâàòêîâîãî  àëüáóì³íó  òà
0,01%-ãî ñîºâîãî ³íã³á³òîðà òðèïñèíó [16].
Ê³ëüê³ñòü êë³òèí ðàõóâàëè çà äîïîìîãîþ
êàìåðè Ãîðÿºâà ï³ñëÿ ôàðáóâàííÿ òðèïà-
íîâèì ñèí³ì. Ñêëàä ñåðåäîâèùà ³íêóáàö³¿
áóâ òàêèì (ììîëü/ë): NaCl � 136,9, KCl �
5 ,36 ,  KH

2
PO

4
 �  0 ,44 ,  NaHCO

3
 �  0 ,26 ,

Na
2
HPO

4
 � 0,26, ãëþêîçà 0,01%, HEPES �

10, CaCl
2
 � 0,03;. pH 7,4, 37 %Ñ.

Ìåìáðàííèé ïîòåíö³àë äîñë³äæóâàëè
ñïåêòðîôëóîðèìåòðè÷íî ç âèêîðèñòàííÿì
ïîòåíö³àë÷óòëèâîãî çîíäà 3,3�-äèãåêñè-
ëîêñèêàðáîöèàí³í éîäèä (DiOC6(3) (�Flu-
ka� ,  ÑØÀ).  Ôëóîðåñöåíö³þ DiOC6(3)
ðåºñòðóâàëè ïðè äîâæèí³ õâèë³ çáóäæåííÿ
490 íì ³  âèïðîì³íþâàííÿ 510 íì. Äëÿ
êîíòðîëþ ñàìå ì³òîõîíäð³àëüíî¿ êîìïî-
íåíòè ìåìáðàííîãî ïîòåíö³àëó äëÿ êîæíî¿
ïðîáè ïðîïèñóâàëè êîíòðîëüíó ïðîáó, äî
ÿêî¿, êð³ì ä³þ÷èõ ðå÷îâèí, âíîñèëè 30
ìêìîëü/ë ÑÑÑÐ (�Sigma-Aldrich�, ÑØÀ).
ÑÑÑÐ-íå÷óòëèâó êîìïîíåíòó ç êîíòðîëþ
â³äí³ìàëè, äàë³ ïðàöþâàëè ëèøå ç ÷óòëè-
âîþ, òîáòî ì³òîõîíäð³àëüíîþ êîìïîíåíòîþ
ìåìáðàííîãî ïîòåíö³àëó. Êîíöåíòðàö³ÿ
çîíäà ó ñåðåäîâèù³ ³íêóáàö³¿ ñòàíîâèëà 150
íìîëü/ë. Ôëóîðåñöåíòíèé ñèãíàë ðåºñòðó-
âàëè ç ìîìåíòó âíåñåííÿ àë³êâîòè ðîç÷èíó
çîíäà. Ê³ëüê³ñòü êë³òèí ó ïðîá³ áóëà 1 ìëí/ìë.

Ä³þ ä³àçîêñèäó (�Sigma-Aldrich�, ÑØÀ)
âèâ÷àëè ó ä³àïàçîí³ êîíöåíòðàö³¿ â³ä 1 äî
75 ìêìîëü/ë. Àïðîêñèìàö³þ ê³íåòè÷íèõ
êðèâèõ çðîñòàííÿ ôëóîðåñöåíòíî¿ â³äïîâ³ä³
ïîòåíö³àë÷óòëèâîãî çîíäà ïðè ð³çíèõ êîí-
öåíòðàö³ÿõ ä³àçîêñèäó ïðîâîäèëè ó òåðì³-
íàõ õ³ì³÷íî¿ ðåàêö³¿  ïåðøîãî ïîðÿäêó,
âèêîðèñòîâóþ÷è â³äíîøåííÿ I = I

max
 (I � e-kt),

äå I òà I 
max 

�ìèòòºâà òà ìàêñèìàëüíà (ïëà-
òîâà ó ÷àñ³) ôëóîðåñöåíòíà â³äïîâ³äü çîíäà,
k � óÿâíà êîíñòàíòà øâèäêîñò³ ïðîöåñó
(âèì³ðþºòüñÿ ó ñåêóíäàõ ó ì³íóñ ïåðøîìó
ñòóïåí³),  t  � ÷àñ.  Â³äïîâ³äíî äî öüîãî
ð³âíÿííÿ êîíñòàíòó øâèäêîñò³ k ðîçðàõî-
âóâàëè ÿê â³ä�ºìíå çíà÷åííÿ òàíãåíñà êóòà
íàõèëó ãðàô³êà, ë³íåàðèçîâàíîãî ó íàï³âëî-
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ãàðèôì³÷íèõ êîîðäèíàòàõ {ln[(I
max

 � I)/I
max

];
t} (r = 0,9�0,99). Ïî÷àòêîâó øâèäê³ñòü V

0

(â³äñîòîê çà ñåêóíäó) ðîçðàõîâóâàëè çà ð³â-
íÿííÿì V

0 
= (dI/dt)

t=0
 = k·I

max
.

Óÿâíó êîíñòàíòó àêòèâàö³¿ ì³òîÊ
ÀÒÔ

-
êàíàëó ä³àçîêñèäîì (<Ê

1/2
>) ðîçðàõîâóâàëè

ó ìîäèô³êîâàíèõ êîîðäèíàòàõ Õ³ëëà, âèêî-
ðèñòîâóþ÷è ð³âíÿííÿ lg [(V

0
-V

0d
) /(V

0d
-

V
dpl

)] = n lgI � n lgK, äå V
0
, V

0d
 òà V

dpl
 �

ïî÷àòêîâà øâèäê³ñòü ðåàêö³¿ ó ñåðåäîâèù³
áåç ä³àçîêñèäó, ç ð³çíèìè éîãî êîíöåíò-
ðàö³ÿìè òà ó ñåðåäîâèù³ ç ìàêñèìàëüíèìè
ä³þ÷èìè êîíöåíòðàö³ÿìè (50�75 ìêìîëü/ë)
â³äïîâ³äíî.

Óòâîðåííÿ ÀÔÊ äîñë³äæóâàëè ñïåêòðî-
ôëóîðèìåòðè÷íî ç âèêîðèñòàííÿì çîíäà
äèõëîðîôëóîðåñöå¿íó ä³àöåòàòó (DCF;
�Sigma-Aldrich�, ÑØÀ). Ôëóîðåñöåíö³þ
çîíäà çáóäæóâàëè ïðè äîâæèí³ õâèë³ 504 íì,
ðåºñòðóâàëè ïðè 520 íì. Êîíöåíòðàö³ÿ
çîíäà ó ñåðåäîâèù³ ñòàíîâèëà 5 ìêìîëü/ë.
Ê³ëüê³ñòü êë³òèí ó ïðîá³ áóëà 1 ìëí./ìë.
Ôëóîðåñöåíòíèé ñèãíàë ðåºñòðóâàëè ç
ìîìåíòó âíåñåííÿ àë³êâîòè ðîç÷èíó çîíäà.
Âñ³ ä³þ÷³ ðå÷îâèíè (êð³ì N-àöåòèë öèñòå¿íó �
NAC) ðîç÷èíÿëè ó äèìåòèëñóëüôîêñèä³ òà
âíîñèëè ó ñåðåäîâèùå ïåðåä äîäàâàííÿì

çîíäà .  Ó  êîíò ðîëüíó  ïðîáó  äîäàâà ëè
â³äïîâ³äíó àë³êâîòó äèìåòèëñóëüôîêñèäó
òàêîæ ïåðåä äîäàâàííÿì çîíäà.

Ê³íåòè÷íèé àíàë³ç ðåçóëüòàò³â òà ïîáó-
äîâó ãðàô³ê³â ïðîâîäèëè ³ç âèêîðèñòàííÿì
ïðîãðàìè Microcal Origin, âåðñ³ÿ 5.0 (�Micro-
cal Software Inc.�, ÑØÀ)

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Âíåñåííÿ àë³êâîòè ñåëåêòèâíîãî àêòèâà-
òîðà ì³òîÊ

ÀÒÔ
-êàíàë³â ä³àçîêñèäó ó ê³íöåâ³é

êîíöåíòðàö³¿ 50 ìêìîëü/ë ó ñåðåäîâèùå
³íêóáàö³¿, ùî ì³ñòèëî ì³îöèòè, ïðèçâîäèëî
äî  ÷àñòêîâîãî  çìåíøåííÿ  ïîòåíö³àë ó
ì³òîõîíäð³àëüíî¿ ìåìáðàíè â³äíîñíî êîíò-
ðîëþ, ùî ðåºñòðóâàëîñÿ çà çíèæåííÿì
çíà÷åíü ôëóîðåñöåíö³¿ ïîòåíö³àë÷óòëèâîãî
çîíäà  (ðèñ .  1 ,  1 ,  2 ) .  Àëå  íàÿâí³ñòü  ó
ñåðåäîâèù³  ³íêóáàö³ ¿  áëîêàòîðà  Ê

ÀÒÔ
-

êàíàë ³â  ãë ³áåíêëàì³äó  (20  ìêìîëü /ë)
ïîïåðåäæàëà âèêëèêàíó ä³àçîêñèäîì äåïî-
ëÿðèçàö³þ ìåìáðàíè ì³òîõîíäð³é (äèâ.
ðèñ .1 ,  2 ,  3 ) .  Îñê³ëüêè  ä ³ÿ  ä ³àçîêñèäó
ïîâí³ñòþ óñóâàºòüñÿ ãë³áåíêëàì³äîì, öå
îçíà÷àº, ùî çìåíøåííÿ ïîòåíö³àëó ì³òî-
õîíäð³àëüíî¿ ìåìáðàíè ñïðè÷èíåíå ñàìå

Âïëèâ ä³àçîêñèäó íà ìåìáðàííèé ïîòåíö³àë ì³òîõîíäð³é

Ðèñ. 1. Ä³ÿ åôåêòîð³â àäåíîçèíòðèôîñôàò÷óòëèâèõ êàë³ºâèõ êàíàë³â ä³àçîêñèäó òà ãë³áåíêëàì³äó íà ìåìáðàííèé
ïîòåíö³àë ì³òîõîíäð³é:
1 � ôëóîðåñöåíòíà â³äïîâ³äü çîíäà DiOC 6(3) ó ñòàíäàðòíîìó ñåðåäîâèù³ ³íêóáàö³¿, ùî ì³ñòèòü êë³òèíè; 2 � òå ñàìå
ç äîäàâàííÿì ä³àçîêñèäó (50 ìêìîëü/ë); 3 � ç äîäàâàííÿì  ä³àçîêñèäó (50 ìêìîëü/ë) ³ ãë³áåíêëàì³äó (20 ìêìîëü/ë)
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àêòèâàö³ºþ ì³òîÊ
ÀÒÔ

-êàíàë³â. Óòðèìàííÿ
ì³òîõîíäð³ÿìè ìåìáðàííîãî ïîòåíö³àëó ìàº
âàæëèâå çíà÷åííÿ äëÿ ôóíêö³îíóâàííÿ
ñàìèõ ì³òîõîíäð³é ³  êë³òèíè â ö³ëîìó.
Ïîòåíö³àë íà ì³òîõîíäð³àëüí³é ìåìáðàí³
ðåãóëþº,  â  ò.÷.  òàêó âàæëèâó ôóíêö³þ
ì³òîõîíäð³é, ÿê òðàíñïîðò ³îí³â êàëüö³þ [3,
13]. Ïîêàçàíî [13], ùî ì�ÿêå ðîç�ºäíàííÿ
ó â³äïîâ³äü íà ä³þ ä³àçîêñèäó ïðèãí³÷óº
íàêîïè÷åííÿ Ñà2+ ó ìàòðèêñ³ ì³òîõîíäð³é. Öåé
åôåêò ìîæå ìàòè ñóòòºâå çíà÷åííÿ äëÿ
âèæèâàííÿ êë³òèíè â óìîâàõ ñòðåñó, îñê³ëüêè
ïîïåðåäæàº ³íäóêö³þ ³îíàìè êàëüö³þ ì³òî-
õîíäð³àëüíî¿ ïîðè ïåðåõ³äíî¿ ïðîíèêíîñò³.

Äëÿ òîãî ùîá âèçíà÷èòè <Ê
1/2

> àêòèâàö³¿
ä³àçîêñèäîì ì³òîÊ

ÀÒÔ
-êàíàë³â ìàòêè ùóð³â,

ìè äîñë³äèëè âïëèâ öüîãî àêòèâàòîðà íà
ïîòåíö³àë ìåìáðàíè ì³òîõîíäð³é ó øèðî-
êîìó ä³àïàçîí³ éîãî êîíöåíòðàö³é (1�75
ìêìîëü/ë; äèâ. ðèñ. 2, 1�5). Âèÿâèëîñÿ, ùî
ä³àçîêñèä äîçîçàëåæíî çìåíøóâàâ ìåìá-
ðàííèé ïîòåíö³àë ì³òîõîíäð³é, ïðè÷îìó ïðè
êîíöåíòðàö³ÿõ 25�50 ìêìîëü/ë ñïîñòåð³ãàâñÿ
ìàêñèìàëüíèé åôåêò (äèâ. ðèñ. 2, 4, 5).

Âèêîðèñòîâóþ÷è ê³íåòè÷íèé àíàë³ç, áóëè
âèðàõóâàí³ k çðîñòàííÿ ôëóîðåñöåíòíî¿
â³äïîâ³ä³ çîíäà ó òåðì³íàõ íåîáîðîòíî¿
õ³ì³÷íî¿ ðåàêö³¿ ïåðøîãî ïîðÿäêó òà ðîçðà-

õîâàí³ çíà÷åííÿ ïî÷àòêîâî¿ øâèäêîñò³ (V
0
)

çà ð³âíÿííÿì V
0
= k·I

max
, äå I

max
 � ïëàòîâå

çíà÷åííÿ ôëóîðåñöåíö³¿ çîíäà çà â³äñóòíîñò³
ä³àçîêñèäó. Çàëåæí³ñòü çíà÷åííÿ V

0
 â³ä

êîíöåíòðàö³¿ ä³àçîêñèäó ïðåäñòàâëåíà íà
ðèñ. 3,à. Âèêîðèñòàâøè V

0 
çà ð³çíèõ êîí-

öåíòðàö³é ä³àçîêñèäó ìè âèðàõóâàëè <Ê
1/2

>
(äèâ. ðèñ. 3,á). Çíà÷åííÿ <Ê

1/2
> ì³îöèò³â

ìàòêè ùóð³â ó âèêîðèñòàíèõ íàìè óìîâàõ
ñòàíîâèëî (5,01 ± 1,47)·10-6 ìîëü/ë, ùî
çá³ãàºòüñÿ ç ë³òåðàòóðíèìè äàíèìè. Òàê,
êîíñòàíòà ñïîð³äíåíîñò³ ä³àçîêñèäó äî
ì³òîÊ

ÀÒÔ
-êàíàëó äî ³íòàêòíèõ ì³òîõîíäð³é

ïå÷³íêè ñòàíîâèòü 2,3 ìêìîëü/ë [9], à äëÿ
ì³òîÊ

ÀÒÔ
-êàíàë ó

 
êàðä ³îì³îöèò ³â  �  0 ,8

ìêìîëü/ë [10]. Êîåô³ö³ºíò Õ³ëëà ñòàíîâèâ
1,12. Öå ñâ³ä÷èòü, ùî ñòåõ³îìåòð³ÿ âçàº-
ìîä³ ¿  ä ³àçîêñèäó  ç  ì ³òîÊ

ÀÒÔ
-êàíàëîì

ñòàíîâèòü 1:1.
Â³äîìî, ùî ÀÔÊ óòâîðþþòüñÿ ó êë³òèí³

ïîñò³éíî çà  íîðìàëüíèõ óìîâ [18] .  Ó
âèêîðèñòàíèõ íàìè óìîâàõ,  ùî â³äïî-
â³äàþòü óìîâàì íîðìîêñ³¿, ïðè âíåñåíí³
DCF ó ñåðåäîâèùå ³íêóáàö³¿, ùî ì³ñòèòü
ì³îöèòè, éîãî ôëóîðåñöåíö³ÿ çðîñòàº ó ÷àñ³
(ðèñ .  4 ,  1 ) .  Ïðè÷îìó òàêå  ïîñèëåííÿ
ôëóîðåñöåíòíîãî ñèãíàëó º ÷óòëèâèì äî
ñêàâåíäæåðà ÀÔÊ NAC. Çà éîãî íàÿâíîñò³

Î.Á. Âàäçþê

Ðèñ. 2. Âïëèâ ð³çíèõ êîíöåíòðàö³é ä³àçîêñèäó íà ìåìáðàííèé ïîòåíö³àë ì³òîõîíäð³é: 1 � ôëóîðåñöåíòíà â³äïîâ³äü
çîíäà DioC6(3) ó ñòàíäàðòíîìó ñåðåäîâèù³ ³íêóáàö³¿, ùî ì³ñòèòü ì³îöèòè. Êðèâ³ 2, 3, 4 òà 5 îòðèìàí³ çà íàÿâíîñò³
òàêèõ êîíöåíòðàö³é ä³àçîêñèäó: 1, 5, 25 òà 50 ìêìîëü/ë â³äïîâ³äíî.
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ó äîç³ 1 ììîëü/ë, ùî óñóâàº ä³þ ÀÔÊ,
çá³ëüøåííÿ ôëóîðåñöåíö³¿ DCF íå ñïîñòå-
ð³ãàëîñÿ. Âíåñåííÿ ä³àçîêñèäó ó ñåðåäî-
âèùå ³íêóáàö³¿ ïðèçâîäèëî äî á³ëüø ³íòåí-
ñèâíîãî çðîñòàííÿ ôëóîðåñöåíö³¿ DCF, í³æ
ó ñòàíäàðòíèõ óìîâàõ (äèâ. ðèñ. 4, 1, 2).
Àëå ïðè íàÿâíîñò³ ó ñåðåäîâèù³ ³íêóáàö³¿
áëîêàòîð³â ì³òîÊ

ÀÒÔ
-êàíàë³â

 
ãë³áåíêëàì³äó

àáî 5-ã³äðîêñèäåêàíîàòó ðàçîì ç ä³àçîê-

ñèäîì (äèâ. ðèñ. 4, 3, 4), çðîñòàííÿ ôëóî-
ðåñöåíö³¿ DCF óïîâ³ëüíþâàëîñü ³ ìàéæå
â³äïîâ³äàëî êîíòðîëüíèì óìîâàì, òîáòî áåç
ä³àçîêñèäó (äèâ. ðèñ. 4, 1, 3, 4). Ïðè÷îìó
áå ç  ä ³àçîêñèäó í ³  ãë ³áåíêëàì³ä ,  í ³  5 -
ã³äðîêñèäåêàíîàò íå âïëèâàëè íà óòâîðåííÿ
ÀÔÊ ó ì³îöèòàõ ìàòêè. À, îòæå, çì³íè
ôëóîðåñöåíö³¿ ÀÔÊ-÷óòëèâîãî çîíäà ïðè
âíåñåíí³ ä³àçîêñèäó ñâ³ä÷àòü ïðî çá³ëü-

Âïëèâ ä³àçîêñèäó íà ìåìáðàííèé ïîòåíö³àë ì³òîõîíäð³é

Ðèñ. 3. Êîíöåíòðàö³éíà çàëåæí³ñòü âïëèâó ä³àçîêñèäó íà ïî÷àòêîâ³ øâèäêîñò³ çðîñòàííÿ ôëóîðåñöåíòíî¿ â³äïîâ³ä³
ïîòåíö³àë÷óòëèâîãî çîíäà DioC6(3) (à); âèêîðèñòàííÿ ìîäèô³êîâàíèõ êîîðäèíàò Õ³ëëà äëÿ ðîçðàõóíêó óÿâíî¿
êîíñòàíòè àêòèâàö³¿ ä³àçîêñèäîì àäåíîçèíòðèôîñôàò÷óòëèâîãî êàë³ºâîãî êàíàëó ì³òîõîíäð³é ì³îìåòð³ÿ (á)
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Ðèñ. 4. Âïëèâ ä³àçîêñèäó íà óòâîðåííÿ àêòèâíèõ ôîðì êèñíþ (ÀÔÊ) ó ì³îöèòàõ ìàòêè ùóð³â: 1 � âèì³ðþâàííÿ
óòâîðåííÿ ÀÔÊ ó ñòàíäàðòíîìó ñåðåäîâèù³ ³íêóáàö³¿, ùî ì³ñòèòü êë³òèíè, çà äîïîìîãîþ ôëóîðåñöåíòíîãî çîíäó
DCF; 2 � ãåíåðàö³ÿ ÀÔÊ ïðè äîäàâàíí³ ä³àçîêñèäó. Ä³àçîêñèä (50 ìêìîëü/ë) áóëî äîäàíî ïåðåä âíåñåííÿì àë³êâîòè
ðîç÷èíó çîíäó; 3, 4 � áëîêàòîðè  ì³òîõîíäð³àëüíèõ àäåíîçèíòðèôîñôàò÷óòëèâèõ êàë³ºâèõ êàíàë³â ãë³áåíêëàì³ä (20
ìêìîëü/ë) òà 5-HD (200 ìêìîëü/ë)  â³äïîâ³äíî, çí³ìàþòü çá³ëüøåííÿ óòâîðåííÿ ÀÔÊ ï³ä ä³ºþ ä³àçîêñèäó. Áëîêàòîðè
âíîñèëè ðàçîì ç ä³àçîêñèäîì ïåðåä äîäàâàííÿì àë³êâîòè ðîç÷èíó çîíäà
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Î.Á. Âàäçþê

øåííÿ ïðîäóêö³¿ ÀÔÊ ó ì³îöèòàõ ìàòêè
ùóð³â ó â³äïîâ³äü íà àêòèâàö³þ ì³òîÊ

ÀÒÔ
-

êàíàëó.
Òàêèì ÷èíîì, íàìè ïîêàçàíî, ùî àêòè-

âàö³ÿ ä³àçîêñèäîì ì³òîÊ
ÀÒÔ

-êàíàë³â ó êë³-
òèíàõ ìàòêè ùóð³â ïðèçâîäèòü äî ÷àñòêîâî¿
äåïîëÿðèçàö³¿  ìåìáðàíè ì³òîõîíäð³é ³
çá³ëüøåííÿ âì³ñòó ÀÔÊ. Îäåðæàí³ ðåçóëü-
òàòè äàþòü çìîãó ïðèïóñêàòè, ùî îïîñå-
ðåäêîâàíèé àêòèâàö³ºþ ì³òîÊ

ÀÒÔ
-êàíàë³â

çàõèñò êë³òèíè â óìîâàõ ñòðåñó [1] ìîæå
áóòè çóìîâëåíèé ÷àñòêîâèì ðîç�ºäíàííÿì
âíóòð³øíüî¿ ì³òîõîíäð³àëüíî¿ ìåìáðàíè.
Ïîêàçàíà íàìè ãåíåðàö³ÿ ÀÔÊ ó ì³îöèòàõ
ìàòêè ó â³äïîâ³äü íà àêòèâàö³þ ì³òîÊ

ÀÒÔ
-

êàíàë³â òàêîæ ìîæå ìàòè âàæëèâå ô³ç³îëî-
ã³÷íå çíà÷åííÿ, îñê³ëüêè, ÿê â³äîìî, âîíè º
êë³òèííèìè ìåñåíäæåðàìè, ÿê³  áåðóòü
ó÷àñòü ó òàêèõ âàæëèâèõ ïðîöåñàõ, ÿê
ì�ÿçîâå ñêîðî÷åííÿ òà ðåãóëÿö³ÿ àêòèâíîñò³
áàãàòüîõ åíçèì³â, çàä³ÿíèõ ó çàõèñò³ êë³òèíè
â óìîâàõ ñòðåñó [18, 20].

Î. Á. Âàäçþê

ÂËÈßÍÈÅ ÄÈÀÇÎÊÑÈÄÀ ÍÀ ÌÅÌÁÐÀÍÍÛÉ
ÏÎÒÅÍÖÈÀË ÌÈÒÎÕÎÍÄÐÈÉ
È ÎÁÐÀÇÎÂÀÍÈÅ ÀÊÒÈÂÍÛÕ ÔÎÐÌ
ÊÈÑËÎÐÎÄÀ Â ÊËÅÒÊÀÕ ÌÀÒÊÈ ÊÐÛÑ

Ïîêàçàíà ÷àñòè÷íàÿ äåïîëÿðèçàöèÿ ìèòîõîíäðèàëüíîé
ìåìáðàíû ìèîöèòîâ ìàòêè êðûñ àêòèâàòîðîì àäåíî-
çèíòðèôîñôàò (ÀÒÔ)-÷óâñòâèòåëüíîãî êàëèåâîãî êàíàëà
(Ê

ÀÒÔ
) äèàçîêñèäîì. Äåïîëÿðèçèðóþùåå âëèÿíèå äèàçîê-

ñèäà ñíèæàëîñü ãëèáåíêëàìèäîì, èçâåñòíûì áëîêàòîðîì
ýòîãî êàíàëà. Èçó÷èâ êîíöåíòðàöèîííîçàâèñèìîå âëèÿíèå
äèàçîêñèäà íà ïîòåíöèàë ìèòîõîíäðèàëüíî¿ ìåìáðàíû, ìû
ðàññ÷èòàëè çíà÷åíèå êàæóùåéñÿ êîíñòàíòû àêòèâàöèè Ê

ÀÒÔ
-

êàíàëà ìèòîõîíäðèé ìèîìåòðèÿ êðûñ
 
(ìèòîÊ

ÀÒÔ
) äèàçîê-

ñèäîì, êîòîðîå ñîñòàâèëî (5,01 ± 1,47)·10-6 ìîëü/ë. Òàêæå
áûëî ïðîäåìîíñòðèðîâàíî óâåëè÷åíèå êîíöåíòðàöèè
àêòèâíèõ ôîðì êèñëîðîäà ïîä äåéñòâèåì äèàçîêñèäà,
êîòîðîå ýôôåêòèâíî ñíèìàëîñü ãëèáåíêëàìèäîì. Ñäåëàí
âûâîä, ÷òî àêòèâàöèÿ ìèòîÊ

ÀÒÔ
-êàíàëà â êëåòêàõ

 
ìàòêè êðûñ

÷àñòè÷íî óìåíüøàåò ïîòåíöèàë ìèòîõîíäðèàëüíîé
ìåìáðàíû è óâåëè÷èâàåò ïðîäóêöèþ àêòèâíèõ ôîðì
êèñëîðîäà.
Êëþ÷åâûå ñëîâà: äèàçîêñèä, ìèòîõîíäðèàëüíûé àäåíîçèí-
òðèôîñôàò÷óâñòâèòåëüíûé êàëèåâûé êàíàë, àêòèâíûå
ôîðìû êèñëîðîäà, ìåìáðàííûé ïîòåíöèàë, ìàòêà.

O. B. Vadzyuk

EFFECTS OF DIAZOXIDE ON THE MITO-
CHONDRIAL MEMBRANE POTENTIAL AND
ROS GENERATION IN RAT UTERUS CELLS

In the present study we demonstrate partial depolarization of
the mitochondrial inner membrane from the rat uterus cells
upon activation of mitochondrial ATP-sensitive K+-channel
(mitoK

ATP
) with diazoxide. The estimated affinity constant of

diazoxide to mitoK
ATP

 from rat uterus cells is (5.01 ± 1.47)·10-6

Ì. We also observed an enhanced generation of reactive oxy-
gen species after addition of diazoxide. Both effects were ef-
fectively eliminated by glybenclamide, blocker of the ATP-
sensitive K+ channel. Our results indicate that activation of
mitoK

ATP 
in rat uterus cells leads to a partial depolarization of

mitochondrial membrane and an increase in ROS concentration.
Key words: diazoxide, mitochondrial ÀÒP-sensitive Ê+-
channel, reactive oxygen species, membrane potential, uterus.

Palladin Institute of Biochemistry of the NAS of Ukraine
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Àêòèâàö³ÿ NF-kB ïðè ìåòàáîë³÷íîìó ñèíäðîì³

Ðîçãëÿäàºòüñÿ ôîðìóâàííÿ â ñó÷àñíèõ óìîâàõ ñóêóïíîñò³ åâîëþö³éíî íîâèõ ïðè÷èííèõ ôàêòîð³â,
ùî ìîæóòü âèêëèêàòè íîâèé ïàòîëîã³÷íèé ñòàí ³ ÿê³ ðåàë³çóþòüñÿ ÷åðåç åâîëþö³éíî çàêð³ïëåí³
òèïîâ³ ïàòîëîã³÷í³ ïðîöåñè. Íàâîäèòüñÿ àíàë³ç ïîíÿòòÿ �ìåòàáîë³÷íèé ñèíäðîì� ³ éîãî
ñêëàäîâèõ. Àâòîð óêàçóº íà âçàºìîçâ�ÿçîê ³íñóë³íîðåçèñòåíòíîñò³, õðîí³÷íîãî çàïàëåííÿ,
àðòåð³àëüíî¿ ã³ïåðòåíç³¿, åíäîòåë³àëüíî¿ äèñôóíêö³¿ òà äèñë³ï³äåì³¿ ÿê ïðîÿâ³â îäíîãî
ïàòîëîã³÷íîãî ïðîöåñó, öåíòðàëüíîþ ìîëåêóëÿðíîþ îñíîâîþ ÿêîãî º àêòèâàö³ÿ NF-kB.
Ïðîïîíóºòüñÿ ñôîðìóëþâàòè êîíöåïö³þ ïåðìàíåíòíî¿ (äîâãîòðèâàëî¿ òà íèçüêî³íòåíñèâíî¿)
àêòèâàö³¿ NF-kB ÿê ìîæëèâîãî òèïîâîãî ïàòîëîã³÷íîãî ïðîöåñó.
Êëþ÷îâ³ ñëîâà: ìåòàáîë³÷íèé ñèíäðîì, ³íñóë³íîðåçèñòåíòí³ñòü, NF-kB.

�Îäíå ç âàæëèâèõ çàâäàíü ïàòîëîã³÷íî¿
ô³ç³îëîã³¿ ïîëÿãàº â òîìó, ùîá äàòè íàóêîâå
âèçíà÷åííÿ õâîðîá³, ðîçêðèòè çì³ñò öüîãî
ïîíÿòòÿ. Â³ä ïðàâèëüíîãî ïîãëÿäó íà ñóòí³ñòü
õâîðîáè çàëåæèòü óñï³øíå äîñë³äæåííÿ
çàãàëüíèõ çàêîíîì³ðíîñòåé ¿¿ âèíèêíåííÿ òà
ðîçâèòêó, ùî â ñâîþ ÷åðãó ïîòð³áíî äëÿ ïðî-
ô³ëàêòèêè ³ ë³êóâàííÿ�, � ïèñàâ Ä.Î. Àëüïåðí
[1].  Âîäíî÷àñ ñë³ä ðîçð³çíÿòè ïîíÿòòÿ
�ïàòîëîã³÷íèé ïðîöåñ� ³ �ïàòîëîã³÷íèé ñòàí�.

Íåçíà÷íî â³äð³çíÿþòüñÿ ïîãëÿäè íà ö³
ïîíÿòòÿ ³ â á³ëüø ï³çí³õ ïðàöÿõ êëàñèê³â â³ò-
÷èçíÿíî¿ ïàòîô³ç³îëîã³¿. �Õâîðîáà º ïîðó-
øåííÿ íîðìàëüíî¿ æèòòºä³ÿëüíîñò³ îðãà-
í³çìó ïðè ä³¿ íà íüîãî ïîøêîäæóâàëüíèõ
àãåíò³â, ó ðåçóëüòàò³ ÷îãî çíèæóþòüñÿ éîãî
ïðèñòîñóâàëüí³ ìîæëèâîñò³� [5]. Ðàçîì ³ç
òèì ïî÷èíàº âæèâàòèñÿ òåðì³í �ôàêòîðè
ðèçèêó�. Öå äîïîìàãàº ç âåëè÷åçíî¿ ê³ëü-
êîñò³ âíóòð³øí³õ ³  çîâí³øí³õ ôàêòîð³â
âèä³ëÿòè ò³, ùî ìàþòü íàéáëèæ÷å â³äíî-
øåííÿ äî ôîðìóâàííÿ çàõâîðþâàííÿ. Ñë³ä
ìàòè íà óâàç³, ùî äî ÷èííèê³â ðèçèêó â³ä-
íîñÿòüñÿ òàê³, ÿê³ º ïðè÷èíàìè ÷è óìîâàìè
àáî íàâ³òü ëàíêàìè ïàòîãåíåçó öüîãî çàõ-

âîðþâàííÿ, ùî âèìàãàþòü ïîäàëüøîãî
ïîä³ëó òà ñàìîñò³éíîãî àíàë³çó.

Ê³íåöü äðóãîãî òèñÿ÷îë³òòÿ îçíàìå-
íóâàâñÿ ïîÿâîþ íîâèõ âèçíà÷åíü ïîíÿòòÿ
�õâîðîáà�. Ó ïîíÿòòÿ ïåðâèííîãî óøêîä-
æåííÿ ïðè õâîðîá³ âêëþ÷àþòüñÿ òàêîæ
äåôåêòè óïðàâë³ííÿ, ïîðóøåííÿ ³íôîðìà-
ö³éíèõ ïðîöåñ³â â îðãàí³çì³, ÿêèé çàâæäè
õâîð³º ÿê ö³ëå [3].

Íàéá³ëüø óí³âåðñàëüí³ ç³ ñòåðåîòèïíèõ
�áóä³âåëüíèõ áëîê³â� ñïîíòàííèõ õâîðîá
çàïðîãðàìîâàí³ ó ãåíåòè÷íîìó àïàðàò³
îðãàí³çìó ³ íàçèâàþòüñÿ òèïîâèìè ïàòîëî-
ã³÷íèìè ïðîöåñàìè, ÿê³ ñêëàëèñü åâîëþ-
ö³éíî ³ ìàþòü ñòåðåîòèïí³ñòü, óí³âåðñàëü-
í³ñòü, â³äíîñíèé ïîë³åò³îëîã³çì ³ àóòîõ-
òîíí³ñòü, åêâ³ô³íàëüí³ñòü, à òàêîæ õàðàê-
òåðíó îíòîãåíåòè÷íó äèíàì³êó.

Îñê³ëüêè òèïîâ³ ïàòîëîã³÷í³ ïðîöåñè �
åâîëþö³éíî â³ä³áðàí³ ïðîãðàìè, ìè ìîæåìî
ïðîñòåæèòè ô³ëîãåíåç ³ âèÿâèòè ¿õ ó òîìó
÷è ³íøîìó âèãëÿä³ ó ð³çíèõ òâàðèí. Ðîçâè-
âàþ÷èñü, îðãàí³çì ëþäèíè íàáóâàâ çäàò-
íîñò³ ðåàãóâàòè íà íåîäíàêîâ³ åêçîãåíí³ òà
åíäîãåíí³ ôàêòîðè, ÿê³ ïåðåâàæíî ïðåäñòàâ-
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ëåí³ åêñòðåìàëüíèìè íåãàòèâíèìè âïëè-
âàìè � íåñòà÷à ïîæèâíèõ ðå÷îâèí, ìåõà-
í³÷í³ óøêîäæåííÿ, òåðì³÷í³ òà õ³ì³÷í³
ôàêòîðè, õâèëüîâ³ âïëèâè, ³íôåêö³éí³ àãåíòè
(ïåðåâàæíî áàêòåð³¿), ïñèõîñîö³àëüí³ ôàê-
òîðè òîùî. Ó ñó÷àñíèõ óìîâàõ ðîçâèòêó öè-
â³ë³çàö³¿  ëþäèíà ñòèêàºòüñÿ ç ðåñòðóê-
òóðèçàö³ºþ òàêèõ âïëèâîâèõ ôàêòîð³â.
Íåñòà÷à ïîæèâíèõ ðå÷îâèí çì³íþºòüñÿ ¿õ
íàäëèøêîì ³ç ïåðåâàæàííÿì ëåãêî çàñâîþ-
âàíèõ âóãëåâîä³â ,  ðàô³íîâàíèõ æèð³â ,
ì³í³ì³çó þòüñÿ ìåõàí³÷í³  óøêîäæåííÿ,
çìåíøóºòüñÿ ä³àïàçîí òåìïåðàòóð, çì³íþ-
ºòüñÿ ñïåêòð õâèëüîâèõ âïëèâ³â, ï³äâè-
ùóºòüñÿ ÷èñëî òà êîíöåíòðàö³¿ á³îëîã³÷íî
àêòèâíèõ êñåíîá³îòèê³â. Çì³íþºòüñÿ ñïåêòð
ì³êðîîðãàí³çì³â, ÿê³ âïëèâàþòü íà ñó÷àñíó
ëþäèíó, çìåíøóºòüñÿ ÷èñëî áàêòåð³àëüíèõ
³íôåêö³é ïðè çá³ëüøåíí³ â³ðóñíèõ ³ âíóò-
ð³øíüîêë³òèííèõ (�ã³ã³ºí³÷íà òåîð³ÿ� ðîçâèòêó
àëåðã³÷íèõ çàõâîðþâàíü). Çá³ëüøóºòüñÿ
òðèâàë³ñòü �øòó÷íîãî ñâ³òëîâîãî äíÿ�.

Ïðè òàêîìó íîâîìó ïîºäíàíí³ ôàêòîð³â,
ÿê³ âïëèâàþòü íà ëþäèíó, âèêîðèñòîâóþòüñÿ
âæå ³ñíóþ÷³ òèïîâ³ ðåàêö³¿, îñê³ëüêè øâèä-
êèé ðîçâèòîê öèâ³ë³çàö³¿ íå çàëèøàº äîñòàò-
íüîãî ÷àñó äëÿ åâîëþö³îíóâàííÿ íîâèõ
ìåõàí³çì³â ÷è ðåãóëÿòîðíèõ/êåðóþ÷èõ
ñèñòåì äëÿ ¿õ �ï³äëàøòóâàííÿ�, �òþí³íãó�
çà íîâèõ óìîâ ³ñíóâàííÿ.

Òàêèì ÷èíîì, ó ñó÷àñíèõ óìîâàõ ôîð-
ìóºòüñÿ  ñóêóïí³ñòü  íîâèõ ïðè÷èííèõ
ôàêòîð³â, ÿê³ ìîæóòü âèêëèêàòè íîâèé
ïàòîëîã ³÷íèé ñò àí  (õâîðîáó?) ,  ðå àë ³ -
çóþ÷èñü ÷åðåç åâîëþö³éíî çàêð³ïëåí³ òèïîâ³
ïàòîëîã³÷í³ ïðîöåñè, àëå ç ïåâíîþ ñïåöè-
ô³÷í³ñòþ.  ßêùî íà  îðãàí ³çì  ïî÷èíàº
âïëèâàòè òàêà ãðóïà ÷èííèê³â, ðåàêö³ÿ íà
ÿêó åâîëþö³éíî íå çàêð³ïèëàñÿ,  òî öå
íåìèíó÷å ïðèçâåäå äî ðîçâèòêó ïàòî-
ëîã³÷íîãî ñòàíó ç íîâèì íàáîðîì òèïîâèõ
ïàòîëîã³÷íèõ ïðîöåñ³â. Îòæå, öå ìîæå
òëóìà÷èòèñÿ ÿê îêðåìå çàõâîðþâàííÿ, ùî
ò³ëüêè âèíèêëî.

Çà ñó÷àñíèõ óìîâ òàêà ãðóïà ÷èííèê³â
âêëþ÷àº â ñåáå çíèæåííÿ ô³çè÷íî¿ àêòèâ-

íîñò³, íàäëèøêîâå íàäõîäæåííÿ ç ¿æåþ
ëåãêî çàñâîþâàíèõ âóãëåâîä³â, ðàô³íîâàíèõ
æèð³â, çì³íó ñïåêòðà ³íôåêö³éíèõ àãåíò³â
òîùî. Â³äïîâ³äíî, êîæåí ³ç öèõ ôàêòîð³â,
îêðåìî ³ â ñóêóïíîñò³ âïëèâàþòü íà îðãà-
í³çì, âñòóïàþ÷è ó âçàºìîä³þ ç êë³òèíàìè
òà òêàíèíàìè îðãàí³çìó, âèêëèêàþòü ÿâèùà
³íñóë³íîðåçèñòåíòíîñò³, ë³ïîòîêñè÷íîñò³,
îæèð³ííÿ, ³ìóííîãî çàïàëåííÿ òîùî. Ïðè
öüîìó ÷åðãîâ³ñòü âèíèêíåííÿ öèõ ïîâ�ÿ-
çàíèõ  ì³æ ñîáîþ ÿâèù âèçíà÷àºòüñÿ
ðåàêòèâí³ñòþ îðãàí³çìó, ÿêà âêëþ÷àº â
ñåáå âåñü íàá³ð äîñòóïíèõ éîìó àäàïòèâíèõ
â³äïîâ³äåé, ó òîìó ÷èñë³ âñ³ óñïàäêîâàí³
íîðìè ðåàêö³¿ ,  à òàêîæ íå óñïàäêîâàí³
ïðîãðàìè,  ïîâ�ÿçàí³  ç  ³íäèâ³äóàëüíèì
îíòîãåíåòè÷íèì äîñâ³äîì ³  çáåðåæåí³
³ìóíîëîã³÷íîþ ïàì�ÿòòþ ³ íåéðîïàì�ÿòòþ.

Çíà÷íîþ ì³ðîþ ïðîâ³äí³ ïðîÿâè òàêîãî
íîâîãî ïàòîëîã³÷íîãî ïðîöåñó çàëåæàòè-
ìóòü â³ä ³íäèâ³äóàëüíèõ ðåàêòèâíîñò³
îðãàí³çìó òà äåôåêò³â êë³òèííèõ ïðîãðàì.
Íàïðèêëàä, ó ðîçâèòêó àðòåð³àëüíî¿ ã³ïåð-
òåíç³¿ âàæëèâó ðîëü ìîæóòü â³ä³ãðàâàòè
ïîë³ìîðô³çìè ãåí³â, ùî êîäóþòü á³ëêè
ðåí³í-àíã³îòåíçèâíî¿ ñèñòåìè, ³íñóë³íî-
ðåçèñòåíòíîñò³ � ïîë³ìîðô³çìè ãåí³â, ÿê³ êî-
äóþòü ðåöåïòîðè, êîòð³ àêòèâóþòü ïðîë³-
ôåðàö³þ ïåðîêñèñîì ³ ò.ä., ìîäóëþâàííÿ
³ìóííîãî çàïàëåííÿ � ïîë³ìîðô³çì ãåí³â Toll-
ïîä³áíèõ ðåöåïòîð³â [4, 26].

Çóïèíèâøèñü íà äåÿêèõ ïîíÿòòÿõ ïàòî-
ô³ç³îëîã³¿, ùî ñòîñóþòüñÿ áåçïîñåðåäíüî¿
òåìè âèêëàäó, ïåðåéäåìî äî àíàë³çó ïîíÿòòÿ
�ìåòàáîë³÷íèé ñèíäðîì� ³ éîãî ñêëàäîâèõ.

Ìåòàáîë³÷íèé ñèíäðîì (ÌÑ) ÿâëÿº ñî-
áîþ ó âèçíà÷åííÿõ ïðîâ³äíèõ ì³æíàðîäíèõ
êë³í³÷íèõ îðãàí³çàö³é, êîìïëåêñ âçàºìî-
ïîâ�ÿçàíèõ ÷èííèê³â ðèçèêó ñåðöåâî-ñó-
äèííèõ çàõâîðþâàíü (ÑÑÇ) ³ ä³àáåòó. Ö³
÷èííèêè âêëþ÷àþòü äèñãë³êåì³þ, ï³äâè-
ùåíèé êðîâ�ÿíèé òèñê, ï³äâèùåíèé âì³ñò
òðèãë³öåðèä³â, íèçüêèé âì³ñò õîëåñòåðèíó
ë³ïîïðîòå¿ä³â âèñîêî¿ ù³ëüíîñò³ (ËÏÂÙ) ³
îæèð³ííÿ (îñîáëèâî, öåíòðàëüíå). Íèí³
óâàãà  çîñåðåäæåíà  íà  ìîæëèâ³é  ðîë ³
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³íñóë³íîðåçèñòåíòíîñò³ ÿê ñïîëó÷íî¿ ëàíêè
ñåðåä ÷èííèê³â, ñêëàäîâèõ ÌÑ, îäíàê ïàòî-
ãåíåç çàëèøàºòüñÿ íåÿñíèì, ÿê ³ âñòàíîâ-
ëåííÿ ÷³òêèõ ä³àãíîñòè÷íèõ êðèòåð³¿â [15].

Äèñêóòóºòüñÿ âàæëèâå ïèòàííÿ � ÷è
ä³éñíî ÌÑ º ñèíäðîìîì ÷è ñóêóïí³ñòþ
ð³çíîð³äíèõ ôåíîìåí³â.  Çâåðí³ìîñÿ äî
âèçíà÷åííÿ ïîíÿòòÿ �ñèíäðîì�, ÿêå âèêî-
ðèñòîâóºòüñÿ ì³æíàðîäíèìè îðãàí³çàö³ÿìè, �
öå  ñïðîùåíå ïîºäíàííÿ ôàêòîð³â ,  ÿê ³
ñïîñòåð³ãàþòüñÿ ðàçîì ÷àñò³øå, í³æ îêðå-
ìî ³ äëÿ ÿêèõ ïðè÷èíà ÷àñòî º íå âñòà-
íîâëåíîþ. Òàêå âèçíà÷åííÿ ñèíäðîìó, ç
íàøî¿ òî÷êè çîðó, äîñèòü íåâäàëå. Òèì íå
ìåíø, ÌÑ, íà äóìêó òàêèõ àâòîðèòåòíèõ
îðãàí³çàö³é ÿê IDF (Ì³æíàðîäíà ä³àáåòè÷íà
ôåäåðàö³ÿ), ÀÍÀ (Àìåðèêàíñüêà ñåðöåâà
àñîö³àö³ÿ), IAS (Ì³æíàðîäíà àòåðîñêëå-
ðîòè÷íà ñï³ëêà) òà ³í., ö³ëêîì â³äïîâ³äàº öèì
êðèòåð³ÿì [8].

Ïåðøå ôîðìàëüíå âèçíà÷åííÿ ÌÑ áóëî
çàïðîïîíîâàíî â 1998 ð.  [7] .  Ó íüîìó
³íñóë³íîðåçèñòåíòí³ñòü ï³äêðåñëåíà ÿê

îñíîâíèé ÷èííèê ðèçèêó, ³ äîêàç íàÿâíîñò³
öüîãî ñèìïòîìó áóâ íåîáõ³äíèì äëÿ âñòà-
íîâëåííÿ ä³àãíîçó ÌÑ. Ä³àãíîç ÌÑ çà
êðèòåð³ÿìè ÂÎÎÇ áàçóâàâñÿ íà ê³ëüêîõ
ìàðêåðàõ ³íñóë³íîðåçèñòåíòíîñò³  òà  2
äîäàòêîâèõ ôàêòîðàõ ðèçèêó, âêëþ÷àþ÷è
îæèð³ííÿ,  ã ³ïåðòåíç³þ,  âèñîêèé âì³ñò
òðèãë³öåðèä³â, çíèæåíèé âì³ñò õîëåñòåðèíó
ËÏÂÙ àáî ì³êðîàëüáóì³íåì³þ. Õâîð³ íà
öóêðîâèé ä³àáåò (ÖÄ) 2-ãî òèïó íå áóëè
âèêëþ÷åí³ ç ä³àãíîçó ÌÑ (òàáë. 1).

Ó 2001 ð. áóëè çàïðîïîíîâàí³ êðèòåð³¿
ÀÒÐ ²²² (â³ä àíãë: National Cholesterol Edu-
cation Program Adult Treatment Panel III)
[29]. Âîíè íå âèìàãàëè äîêàçó íàÿâíîñò³
³íñóë³íîðåçèñòåíòíîñò³. Á³ëüøå òîãî, íå
áóëî îäíîãî îáîâ�ÿçêîâîãî ôàêòîðà, à áóëà
íåîáõ³äíà  íàÿâí³ñòü  áóäü-ÿêèõ  3  ³ ç  5
ôàêòîð³â: àáäîì³íàëüíå îæèð³ííÿ (ÿêå ÷³òêî
êîðåëþâàëî ç ³íñóë³íîðåçèñòåíòí³ñòþ),
ï³äâèùåíèé âì³ñò òðèãë³öåðèä³â, çíèæåíèé
âì³ñò õîëåñòåðèíó ËÏÂÙ, ï³äâèùåíèé
àðòåð³àëüíèé òèñê ³ ï³äâèùåíà êîíöåíòðàö³ÿ

Ïðèì³òêà. Ìåòàáîë³÷íèé ñèíäðîì âèçíà÷àºòüñÿ çà íàÿâíîñò³ ³íñóë³íîðåçèñòåíòíîñò³ òà áóäü-ÿêèõ
äâîõ äîäàòêîâèõ ôàêòîð³â.

²íñóë³íîðåçèñòåíòí³ñòü, âñòàíîâëåíà ïðè
íàÿâíîñò³ îäí³º¿ ç ïåðåðàõîâàíèõ îçíàê

� Öóêðîâèé ä³àáåò 2-ãî òèïó
� Çì³íåíèé âì³ñò ãëþêîçè íàòùå
� Ïîðóøåííÿ òîëåðàíòíîñò³ äî ãëþêîçè àáî
íîðìàëüíèé âì³ñò ãëþêîçè (<110 ìã/äë), àëå ³ç ¿¿
çàõîïëåííÿì ìåíøå íèæíüî¿ êâàðòèë³ äëÿ
îñíîâíî¿ ïîïóëÿö³¿ ïðè äîñë³äæåíí³ åóãë³êåì³¿

Äîäàòêîâ³ ôàêòîðè ç ïåðåðàõîâàíèõ � Ïðèéîì àíòèã³ïåðòåíçèâíèõ ïðåïàðàò³â ³/àáî
ï³äâèùåíèé àðòåð³àëüíèé òèñê (> 140 ìì ðò. ñò.
ñèñòîë³÷íèé àáî > 90 ìì ðò. ñò. ä³àñòîë³÷íèé)
� Êîíöåíòðàö³ÿ òðèãë³öåðèä³â ó ïëàçì³ > 150 ìã/
äë (> 1,7 ììîëü/ë)
� Õîëåñòåðèí ë³ïîïðîòå¿í³â âèñîêî¿ ù³ëüíîñò³ <
35ìã/äë (< 0,9 ììîëü/ë) ó ÷îëîâ³ê³â àáî < 39 ìã/
äë (< 1,0 ììîëü/ë) ó æ³íîê
�  ²íäåêñ ìàñè ò³ëà ( ²ÌÒ) > 30 êã/ì 2 ³ /àáî
â³äíîøåííÿ îîáâîäó òàë³¿/ñòåãíà > 0,9 ó ÷îëîâ³ê³â,
> 0,85 ó æ³íîê
� Åêñïðåñ³ÿ àëüáóì³íó ç ñå÷åþ > 20 ìä/õâ àáî
ñï³ââ³äíîøåííÿ àëüáóì³í/êðåàòèí > 30 ìã/ã

Òàáëèöÿ 1. Êðèòåð³¿ ìåòàáîë³÷íîãî ñèíäðîìó çã³äíî ç ÂÎÎÇ (1998)

². Ï. Êàéäàøåâ
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ãëþêîçè íàòùå (çì³íåíèé âì³ñò ãëþêîçè
íàòùå àáî ÖÄ 2-ãî òèïó; òàáë. 2).

Ó 2005 ð. Ì³æíàðîäíà ä³àáåòè÷íà (IDF)
òà Àìåðèêàíñüêà ñåðöåâà àñîö³àö³¿ ñï³ëüíî
ç Íàö³îíàëüíèì ³íñòèòóòîì ñåðöÿ, ëåãåí³â
òà êðîâ³  (ÀÍÀ/NHLBI)  ïðèéíÿëè íîâ³
êðèòåð³¿ äëÿ êë³í³÷íî¿ ä³àãíîñòèêè ÌÑ [9,
22]. Ó íèõ º ð³çí³ ðåêîìåíäàö³¿ ùîäî îáâîäó
òàë³¿. IDF îïóñòèëà âèìîãè ÂÎÎÇ (1998)
ùîäî ³íñóë³íîðåçèñòåíòíîñò³, àëå çðîáèëà
àáäîì³íàëüíå îæèð³ííÿ îäíèì íåîáõ³äíèì
÷èííèêîì ³ç 5 äëÿ ïîñòàíîâêè ä³àãíîçó; ³íø³
êðèòåð³¿ áóëè ³äåíòè÷í³ ÀÒÐ ²²²,  ïðîòå
àáäîì³íàëüíå îæèð³ííÿ íå áóëî âèñóíóòî ÿê
îáîâ�ÿçêîâèé ôàêòîð ðèçèêó. Á³ëüøå òîãî,
â³äñóòíº óçãîäæåíå âèçíà÷åííÿ àáäîì³-
íàëüíîãî îæèð³ííÿ ì³æ IDF ³ ÀÍÀ/NHLBI.
Íèí³ äèñêóñ³ÿ ì³æ IDF ³ ÀÍÀ/NHLBI ç
ïèòàííÿ ð³çíèö³ ó âèçíà÷åíí³ ÌÑ òðèâàº.
Ñòîðîíè ïîãîäæóþòüñÿ ç òèì, ùî àáäîì³-
íàëüíå îæèð³ííÿ íå ïîâèííî áóòè âèçíà-
÷àëüíèì ó âñòàíîâëåíí³ ä³àãíîçó, à ëèøå 1
³ç 5 êðèòåð³¿â, à íàÿâí³ñòü áóäü-ÿêèõ 3 ³ç 5
ôàêòîð³â º äîñòàòí³ì äëÿ ä³àãíîñòèêè ÌÑ
(òàáë. 3).

ßê âèäíî ç ïåðøî¿ ãðàôè òàáë. 3, äëÿ
âèçíà÷åííÿ ïîðîãó âàðòî êîðèñòóâàòèñÿ
çíà÷åííÿìè, ñïåöèô³÷íèìè äëÿ ïîïóëÿö³¿ àáî
êðà¿íè.  Äåê³ëüêà àâòîðèòåòíèõ ì³æíà-
ðîäíèõ îðãàí³çàö³é çàïðîïîíóâàëè òàê³
çíà÷åííÿ äëÿ ð³çíèõ åòí³÷íèõ ãðóï, êðà¿í.

Òàêèì ÷èíîì, ó òàáë. 3 ïðåäñòàâëåí³
íàéá³ëüø çàãàëüíîïðèéíÿò³ êðèòåð³¿ âñòà-
íîâëåííÿ ä³àãíîçó ÌÑ, çàïðîïîíîâàí³ IDF ³
ÀÍÀ/NHLBI (2009). Öå ïåðåäáà÷àº, ùî
ðèçèê, ïîâ�ÿçàíèé ç³ çá³ëüøåííÿì îáâîäó

òàë³¿, áóäå âèçíà÷àòèñÿ îêðåìî äëÿ êîæíî¿
ïîïóëÿö³¿.

Áåçñóìí³âíî, ùî â÷åííÿ ïðî ÌÑ áóäå
ðîçâèâàòèñÿ  ³  íå  ò ³ëüêè ç  òî÷êè çîðó
âçàºìîâ³äíîøåííÿ çíà÷åííÿ îáâîäó òàë³¿,
ìåòàáîë³÷íîãî ðèçèêó òà ñåðöåâî-ñóäèííèõ
ïîä³é ,  à  é  ç  ïîãëÿäó  íà  åò ³îëîã ³þ òà
ïàòîãåíåç ÌÑ.

Àíàë³ç ñêëàäîâèõ ÌÑ ïîêàçóº, ùî ç
ìîìåíòó îïèñó öüîãî ñòàíó â³äáóâñÿ ïåâíèé
�äðåéô� çíà÷óùîñò³ êîìïîíåíò³â â³ä ³íñóë³-
íîðåçèñòåíòíîñò³  ó á³ê îæèð³ííÿ.  Ïðè
öüîìó ïðîáëåìó îæèð³ííÿ, ³ òèì á³ëüøå
âðàõîâóþ÷è ïàòîãåíåç ÌÑ, âàæêî âèçíàòè
ïîâí³ñòþ âèâ÷åíîþ. Äîâåäåíî ãåòåðîãåí-
í³ñòü îæèð³ííÿ, îïèñàí³ îñîáè ç îæèð³ííÿì,
àëå áåç îçíàê õàðàêòåðíèõ ãîðìîíàëüíî-
ìåòàáîë³÷íèõ ïîðóøåíü, òà îñîáè ç íîð-
ìàëüíîþ ìàñîþ ò³ëà,  àëå ç  ïîä³áíèìè
ïîðóøåííÿìè. Ïðè öüîìó ñõèëüí³ñòü äî
îñíîâíèõ íå³íôåêö³éíèõ çàõâîðþâàíü (íàï-
ðèêëàä, ³øåì³÷íî¿ õâîðîáè ñåðöÿ, àòåðî-
ñêëåðîçó) ó �ìåòàáîë³÷íî çäîðîâèõ îñ³á ³ç
îæèð³ííÿì� íèæ÷à, í³æ â îñ³á ³ç íîðìàëüíîþ
ìàñîþ ³ ìåòàáîë³÷íèìè ïîðóøåííÿìè, àëå
âñå-òàêè âîíè çíàõîäÿòüñÿ â á³ëüø³é çîí³
ðèçèêó, í³æ ëþäè ç íîðìàëüíîþ ìàñîþ ò³ëà
áåç îçíàê ìåòàáîë³÷íèõ ïîðóøåíü [2].

ßêùî ïðîñòåæèòè ïðîñòîðîâî-÷àñîâèé
êîíòèíóóì ïîä³é ó ïàòîãåíåç³ ÌÑ, òî íà
ïåðåäí³é ïëàí âèõîäÿòü òàê³ ïàòîëîã³÷í³
ñòàíè, ÿê ã³ïåðãë³êåì³ÿ, ã³ïåð³íñóë³íåì³ÿ,
³íñóë³íîðåçèñòåíòí³ñòü,  åíäîòåë³àëüíà
äèñôóíêö³ÿ é àòåðîñêëåðîç, ë³ïîòîêñè÷-
í³ñòü, çàïàëåííÿ, àäèïîçîïàò³ÿ òà ïîðóøåí-
íÿ òîïîãðàô³¿ æèðó â îðãàí³çì³.

Ôàêòîð ðèçèêó Âèçíà÷àëüíèé ð³âåíü
Àáäîì³íàëüíå îæèð³ííÿ, ïðåäñòàâëåíå ÿê > 102 ñì ó ÷îëîâ³ê³â
 îáâ³ä òàë³¿ > 88 ñì ó æ³íîê
Òðèãë³öåðèäè > 150 ìã/äë
Õîëåñòåðèí ë³ïîïðîòå¿í³â âèñîêî¿ ù³ëüíîñò³ < 40 ìã/äë ó ÷îëîâ³ê³â

< 50 ìã/äë ó æ³íîê
Àðòåð³àëüíèé òèñê > 130/85 ìì ðò. ñò.
Âì³ñò ãëþêîçè íàòùå > 110 ìã/äë

Òàáëèöÿ 2. Êðèòåð³¿ ìåòàáîë³÷íîãî ñèíäðîìó çã³äíî ç ÀÒÐ ²²² (2001)

Ïðèì³òêà. Ìåòàáîë³÷íèé ñèíäðîì âèçíà÷àºòüñÿ çà íàÿâíîñò³ áóäü-ÿêèõ 3 ³ç 5 âêàçàíèõ ôàêòîð³â.

Àêòèâàö³ÿ NF-kB ïðè ìåòàáîë³÷íîìó ñèíäðîì³
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Îòæå, ã³ïåðãë³êåì³ÿ, ùî òðàäèö³éíî
ðîçãëÿäàºòüñÿ ÿê âàæëèâèé ôàêòîð ñåðöå-
âî-ñóäèííèõ ïîðóøåíü, â ðåçóëüòàò³ ïðîâå-
äåíèõ øèðîêîìàñøòàáíèõ êë³í³÷íèõ äîñë³ä-
æåíü, ÿê³ äîâåëè, ùî àêòèâíà íîðìàë³çàö³ÿ
âì³ñòó ãëþêîçè â êðîâ³ íå ïðèçâîäèòü äî
çíèæåííÿ ðèçèêó ðîçâèòêó ñåðöåâî-ñóäèí-
íèõ çàõâîðþâàíü ,  ñüîãîäí³  âèäàºòüñÿ
äðóãîðÿäíèì ÷èííèêîì ïîð³âíÿíî ç äèñë³-
ï³äåì³ºþ ³ ã³ïåðòåíç³ºþ [20, 31]. Êë³í³÷í³
ñïîñòåðåæåííÿ çàñòîñóâàííÿ ³íñóë³íó äëÿ
çàïîá³ãàííÿ ðîçâèòêó öèõ çàõâîðþâàíü
ïîêàçàëè éîãî íååôåêòèâí³ñòü. ²íñóë³í âèê-
ëèêàº çá³ëüøåííÿ ìàñè ò³ëà, ïåðåâàæíî çà
ðàõóíîê æèðîâî¿ òêàíèíè [24]. Á³ëüøå òîãî,
íàâ³òü íåâåëèêå çá³ëüøåííÿ âì³ñòó ³íñóë³íó
â ïëàçì³ ìîæå âèêëèêàòè âàæêó ³íñóë³íîðå-
çèñòåíòí³ñòü [16]. ²ñíóº áåçë³÷ îïóáë³êîâàíèõ
äàíèõ, ÿê³ ïîêàçóþòü, ùî ³íñóë³í, îñîáëèâî ó
âèñîêèõ äîçàõ, ïðîâîêóº ðîçâèòîê àòåðîñêëå-
ðîçó, ïîñèëþº ë³ïîãåíåç de novo òà ï³äâèùóº
ñèíòåç ë³ïîïðîòå¿ä³â äóæå íèçüêî¿ ù³ëüíîñò³
(ËÏÄÍÙ) ó ïå÷³íö³, ï³äñèëþº òðàíñïîðò
ËÏÍÙ ó ãëàäåíüêîì�ÿçîâ³ êë³òèíè àðòåð³é,
ñèíòåç êîëàãåíó, ñòèìóëþº ïðîë³ôåðàö³þ
ãëàäåíüêèõ ì³îöèò³â, à òàêîæ, ùî îñîáëèâî
âàæëèâî, çàïóñêàº áåçë³÷ ãåí³â, ÿê³ ðåãóëþþòü
ïðîöåñè çàïàëåííÿ [13].

Ó ñâ ³òë ³  íàâåäåíèõ âèùå ôàêòîð³â
ã³ïåð³íñóë³íåì³ÿ òà ³íñóë³íîðåçèñòåíòí³ñòü
ñòàþòü îäí³ºþ ç îñíîâíèõ ëàíîê ïàòîãåíåçó.
Ñàìà ïî ñîá³ ³íñóë³íîðåçèñòåíòí³ñòü òà
ïîâ�ÿçàí³  ç  íåþ ïðîöåñè ìîæóòü áóòè
ïðè÷èíàìè ðîçâèòêó ñåðöåâî-ñóäèííèõ
çàõâîðþâàíü  [27 ,  32] .  Áóëè  îòðèìàí³
â³äîìîñò³, â³äïîâ³äíî äî ÿêèõ ïàö³ºíòè ç ÖÄ
2-ãî òèïó ³ íîðìàëüíîþ ìàñîþ, à òàêîæ
îñîáè ç îæèð³ííÿì ³ íîðìàëüíîþ òîëåðàíò-
í³ñòþ äî ãëþêîçè ìàþòü ïðîÿâè ³íñóë³íî-
ðåçèñòåíòíîñò³ ç ïîðóøåííÿì øëÿõó ñèíòå-
çó ãë³êîãåíó [10]. Îòðèìàí³ òà ï³äòâåðäæåí³
äàí³ ïðî íàÿâí³ñòü ³íñóë³íîðåçèñòåíòíîñò³
âæå ïðè ïîðóøåíí³ òîëåðàíòíîñò³ äî ãëþ-
êîçè [6, 23].

Âèíèêàº îá´ðóíòîâàíå çàïèòàííÿ ïðî
ìîæëèâ³ñòü âèêîðèñòàííÿ ïîíÿòòÿ ³íñóë³íî-
ðåçèñòåíòíîñò³  ÿê  îñíîâè ñèíäðîìó �
ñèíäðîì ³íñóë³íîðåçèñòåíòíîñò³ [15]. Òàêà
ìîæëèâ³ñòü ï³äòâåðäæåíà áàãàòüìà êë³í³÷-
íèìè äîñë³äæåííÿìè � San Antonio Heart
Study, Verona Diabetes Study, Insulin Resis-
tance Atherosclerosis Study òîùî, ÿê³ äîâî-
äÿòü çâ�ÿçîê ì³æ ³íñóë³íîðåçèñòåíòí³ñòþ òà
ðîçâèòêîì ÑÑÇ, à ñàìå àòåðîñêëåðîçó. Ó
çâ�ÿçêó ç öèì íà ïåðøèé ïëàí âèñòóïàº
âèçíà÷åííÿ ìîëåêóëÿðíèõ îñíîâ ³íñóë³íî-

Òàáëèöÿ 3. Êðèòåð³¿ ìåòàáîë³÷íîãî ñèíäðîìó çã³äíî ç IDF ³ ÀÍÀ/NHLBI
(2005 ð. ³ç ìîäèô³êàö³ºþ 2009 ð.)

Ôàêòîð ðèçèêó Âèçíà÷àëüíèé ð³âåíü
Çá³ëüøåííÿ îáâîäó òàë³¿ Çíà÷åííÿ âèçíà÷àºòüñÿ ñïåöèô³÷íî äëÿ

 êðà¿íè ÷è ïîïóëÿö³¿
Ï³äâèùåííÿ âì³ñòó òðèãë³öåðèä³â > 150 ìã/äë (1,7 ììîëü/ë)
 (àëüòåðíàòèâíî, âèêîðèñòàííÿ ïðåïàðàò³â,
 ùî çíèæóþòü âì³ñò òðèãë³öåðèä³â)
Çíèæåíèé âì³ñò õîëåñòåðèíó ë³ïîïðîòå¿í³â < 40 ìã/äë (1,0 ììîëü/ë) ó ÷îëîâ³ê³â
 âèñîêî¿ ù³ëüíîñò³ (àëüòåðíàòèâíî, < 50 ìã/äë (1,3 ììîëü/ë) ó æ³íîê
 âèêîðèñòàííÿ ïðåïàðàò³â äëÿ çíèæåííÿ
 öüîãî ïîêàçíèêà)
Ï³äâèùåíèé àðòåð³àëüíèé òèñê > 130 ìì ðò. ñò. ñèñòîë³÷íèé
 (àëüòåðíàòèâíî, âèêîðèñòàííÿ ³/àáî
 àíòèã³ïåðòåíçèâíèõ ïðåïàðàò³â) > 85 ìì ðò. ñò. ä³àñòîë³÷íèé
Ï³äâèùåííÿ âì³ñòó ãëþêîçè íàòùå > 100 ìã/äë
 (àëüòåðíàòèâíî, âèêîðèñòàííÿ
 öóêðîçíèæóâàëüíèõ ïðåïàðàò³â)

Ïðèì³òêà. Ìåòàáîë³÷íèé ñèíäðîì âèçíà÷àºòüñÿ çà íàÿâíîñò³ áóäü-ÿêèõ 3 ³ç 5 âêàçàíèõ ôàêòîð³â.

². Ï. Êàéäàøåâ
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ðå çèñòåíòíî ñò ³ .  ²íñóë ³í  ìàº  âàæëèâå
çíà÷åííÿ â àêòèâàö³¿ ñèíòàçè îêñèäó àçîòó,
ùî ðåãóëþº ïðîäóêö³þ NO. Äåô³öèò îñòàí-
íüîãî ïðèçâîäèòü äî àêòèâàö³¿ áàãàòüîõ
ïàòîãåíåòè÷íèõ ìåõàí³çì³â ðîçâèòêó àòåðî-
ãåíåçó [28] .  Òàêèì ÷èíîì,  ïîðóøåííÿ
ïåðåäà÷³ ³íñóë³íîâîãî ñèãíàëó íå ò³ëüêè
çì³íþº óòèë³çàö³þ ãëþêîçè, àëå é ³í³ö³þº
ðîçâèòîê ã³ïåðòåíç³¿ òà àòåðîñêëåðîçó.

Â³äïîâ³äíî, ³íñóë³íîðåçèñòåíòí³ñòü çà
óìîâ ïîðóøåíü Ð²-3-ê³íàçíîãî (ìåòàáî-
ë³÷íîãî) øëÿõó ïðè çáåðåæåíí³ ÌÀÐ-ê³íàçíîãî
àêòèâóº áàãàòî ïðîçàïàëüíèõ âíóòð³øíüî-
êë³òèííèõ øëÿõ³â, âêëþ÷íî ç NF-kB/³íã³á³-
òîð kÂ ³ c-Jun N-ê³íöåâó ê³íàçó, à òàêîæ ãåíè,
ùî áåðóòü ó÷àñòü ó çàïàëåíí³ [13].

Âàæëèâèì º òàêîæ ³ òå, ùî ïîðóøåííÿ
Ð²-3-ê³íàçíîãî øëÿõó ïðè ³íñóë³íîðå-
çèñòåíòíîñò³  ïðèçâîäèòü äî çíèæåííÿ
ïðîäóêö³¿ NO, ùî ó ñâîþ ÷åðãó âèêëèêàº
ðîçâèòîê åíäîòåë³àëüíî¿ äèñôóíêö³¿ òà
âèíèêíåííÿ àòåðîñêëåðîçó [12].

Îòæå, íàâåäåí³ äàí³ äàþòü çìîãó ÷³òêî
ïðîñòåæèòè òàêó ïîñë³äîâí³ñòü ïîä³é:
³íñóë³íîðåçèñòåíòí³ñòü  �  çàïàëåííÿ �
àòåðîñêëåðîç. Äåôåêò ³íñóë³íîâî¿ ñèãíàë³-
çàö³¿, ùî âèíèê ³ çàô³êñóâàâñÿ, ³í³ö³þº
�çàìêíóòå êîëî�. Ïîðóøåíà óòèë³çàö³ÿ
ãëþêîçè âèêëèêàº ã³ïåðãë³êåì³þ, ÿêà ñòèìó-
ëþº ñåêðåö³þ ³íñóë³íó. Âíàñë³äîê çì³íè Ð²-
3-ê³íàçíîãî øëÿõó ñïîñòåð³ãàºòüñÿ íàäëèø-
êîâà ñòèìóëÿö³ÿ ÌÀÐ-ê³íàçíîãî øëÿõó, ùî
ïîñèëþº òÿæê³ñòü ïîðóøåííÿ Ð²-3-ê³íàç-
íîãî øëÿõó. Ðåçóëüòàòîì òðèâàëî¿ ñòèìó-
ëÿö³¿ ÌÀÐ-ê³íàçíîãî øëÿõó º ïðîë³ôåðàö³ÿ
êë³òèí ãëàäåíüêî¿  ìóñêóëàòóðè ñóäèí,
ïîñèëåííÿ ïðîäóêö³¿ êîëàãåíó, íàäëèøêîâà
ïðîäóêö³ÿ ôàêòîð³â ðîñòó òà çàïàëüíèõ
öèòîê³í³â, óñå öå ïðèçâîäèòü äî ðîçâèòêó
àòåðîñêëåðîçó.

Íàäçâè÷àéíî âàæëèâîþ º ó÷àñòü òðàíñ-
êðèïö³éíîãî ôàêòîðà NF-kB ó öèõ ïðîöåñàõ, �
îäíîãî ³ç êëþ÷îâèõ ðåãóëÿòîð³â ³ìóí³òåòó,
ñòðåñîðíèõ ðåàêö³é, àïîïòîçó òà äèôåðåí-
ö³þâàííÿ êë³òèí. Àêòèâàö³ÿ NF-kB ñïîñòåð³-
ãàºòüñÿ ï³ä ä³ºþ áàãàòüîõ ñòèìóë³â ³ îïî-
ñåðåäêîâóº ÷èñëåíí³ òðàíñêðèïö³éí³ ïðîã-

ðàìè. Òðàíñêðèïö³ÿ, ÿêà îïîñåðåäêîâàíà
ìóëüòèìîëåêóëÿðíèì êîìïëåêñîì NF-kB,
êîíòðîëþºòüñÿ áàãàòüìà ïîçèòèâíèìè òà
íåãàòèâíèìè ìåõàí³çìàìè ³  ðåòåëüíî
ñêîîðäèíîâàíà ç  ³íøèìè ñèãíàëüíèìè
øëÿõàìè [30]. Íàïðèêëàä, ã³ïåð³íñóë³íåì³ÿ
ïîäâîþº çäàòí³ñòü àíã³îòåíçèíó ²² â ñóäèí-
íèõ ãëàäåíüêîì�ÿçîâèõ êë³òèíàõ òðàíñàêòè-
âóâàòè NF-kB [21]. Ïðè öüîìó îñòàíí³é
àêòèâóº ÷èñëåíí³ çàïàëüí³ øëÿõè, ÿê³ áåðóòü
ó÷àñòü ó ïàòîãåíåç³ àòåðîñêëåðîçó, IkB
(³íã³á³òîð kB) ê³íàçíèé êîìïëåêñ (²ÊÊ)
âèêëèêàº ôîñôîðèëþâàííÿ çà ñåðèíîì
ñóáñòðàòó ³íñóë³íîâîãî ðåöåïòîðà-1 (IRS-
1), ùî ³íã³áóº ïåðåäà÷ó ³íñóë³íîâîãî ñèãíàëó
òà  ñâ ³ä÷èòü  ïðî ò ³ñíèé âçàºìîçâ�ÿçîê
ìåòàáîë³÷íèõ ³ ïðîçàïàëüíèõ ñèãíàëüíèõ
øëÿõ³â [18]. Öå º äóæå âàæëèâèì, îñê³ëüêè
ñàìà àêòèâàö³ÿ NF-kB ìîæå ïðèçâîäèòè äî
³íñóë³íîðåçèñòåíòíîñò³ ³ íàâïàêè. Á³ëüøå
òîãî, àíã³îòåíçèí ²² íå ò³ëüêè ñòèìóëþº NF-
kB, àëå ³ âèêëèêàº ôîñôîðèëþâàííÿ çà
ñåðèíîì IRS-1, òèì ñàìèì ïîðóøóþ÷è
óòèë³çàö³þ ãëþêîçè òà ïðîâîêóþ÷è ³íñóë³íî-
ðåçèñòåíòí³ñòü [17].

Âèíèêàº çàêîíîì³ðíå ïèòàííÿ: ïîðó-
øåííÿ  ïåðåäà÷³  ³íñóë³íîâîãî  ñèãíàëó
âèçíà÷àºòüñÿ ñïàäêîâèìè ÷è íàáóòèìè
âàäàìè? Áåçñóìí³âíî, ùî â³äïîâ³äü áóäå
êîìïðîì³ñíîþ. Áàãàòî ãåí³â âêëþ÷àþòüñÿ
â ðåãóëÿö³þ îáì³íó ãëþêîçè, ÌÀÐ- ³ Ð²-3-
ê³íàçíîãî øëÿõ³â, NF-kB ñèãíàë³çàö³þ,
ðåãóëÿö³þ ñóäèííîãî òîíóñó òîùî. Åï³ãåíîìí³
âïëèâè, ñïàäêîâ³ çì³íè öèõ ãåí³â ìîæóòü
çì³íþâàòè àêòèâí³ñòü ¿õí³õ ïðîäóêò³â.

Îäí³ºþ ç âàæëèâèõ ïàòîëîã³÷íèõ ëàíîê
àíàë³çîâàíîãî ïðîöåñó º òàê çâàíà ë³ïîòîê-
ñè÷í³ñòü, ïîðóøåííÿ îáì³íó ãëþêîçè ï³ä
ä³ºþ íàêîïè÷åíî¿ æèðîâî¿ òêàíèíè [33].
Âíóòð³øíüîêë³òèíí³ òîêñè÷í³ ìåòàáîë³òè
îáì³íó òðèàöèëãë³öåðîëó ³ íååñòåðèô³-
êîâàíèõ æèðíèõ êèñëîò (ÍÅÆÊ: ä³àöèëãë³-
öåðîë, öåðàì³äè, ÆÊ-àöèë ÑîÀ) âèêëè-
êàþòü ÿâèùà âèðàæåíî¿ ³íñóë³íîðåçèñ-
òåíòíîñò³ ÷åðåç ïîðóøåííÿ ïåðåäà÷³ ³íñóë³-
íîâîãî ñèãíàëó òà áàãàòüîõ ìåõàí³çì³â
îáì³íó ãëþêîçè [25]. Ö³ ïàòîëîã³÷í³ çì³íè

Àêòèâàö³ÿ NF-kB ïðè ìåòàáîë³÷íîìó ñèíäðîì³
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ò³ñíî ïîâ�ÿçàí³ ç íèçüêî³íòåíñèâíèì õðîí³÷-
íèì çàïàëåííÿì [19].

Îäí³ºþ ç êëþ÷îâèõ ìîëåêóë, ùî ðåàë³-
çóþòü ïðîçàïàëüí³ êë³òèíí³ øëÿõè, º ôàêòîð
òðàíñêðèïö³¿ NF-kB, ÿêèé îäíî÷àñíî áåðå
ó÷àñòü ó ðîçâèòêó ³íñóë³íîðåçèñòåíòíîñò³.
Êàñêàä ïîä³é ñïðîùåíî ìîæíà óÿâèòè â
òàêîìó âèãëÿä³:  ï³ñëÿ àêòèâàö³¿  ïðîçà-
ïàëüíèõ ÷èííèê³â (ó ò.÷., ÆÊ-àöèë ÑîÀ)
â³ëüíèé NF-kB ïåðåì³ùóºòüñÿ â ÿäðî ³
çâ�ÿçóºòüñÿ ç kÂ-ïîñë³äîâíîñòÿìè ÄÍÊ,
ñòèìóëþº ñèíòåç ÔÍÏ-α, IL-1β, IL-6, ÐÊÑ;
ó ñâîþ ÷åðãó ÔÍÏ-α, IL-6, ÐÊÑ âèêëè-
êàþòü ôîñôîðèëþâàííÿ çà ñåðèíîì IRS-1,
³íã³áóþòü ïåðåäà÷ó ³íñóë³íîâîãî ñèãíàëó òà
âèêëèêàþòü ³íñóë³íîðåçèñòåíòí³ñòü [14].
Áàãàòî ðå÷îâèí ë³ï³äíî¿ ïðèðîäè, âêëþ÷íî
ç ÍÅÆÊ, ìîæóòü çâ�ÿçóâàòèñÿ ç ìåìáðàí-
íèìè ðåöåïòîðàìè, íàïðèêëàä, ³ç TLR4, ³
àêòèâóâàòè NF-kB.

Ë³ïîòîêñè÷í³ñòü ìîæå ïðîÿâëÿòèñÿ ³ ó
ôîðì³ �àäèïîçîïàò³¿�  [11].  Àäèïîöèòè
ïðîäóêóþòü íèçêó á³îëîã³÷íî àêòèâíèõ
ðå÷îâèí, ÿê³ äèñòàíòíî âïëèâàþòü íà ñòàí
ì³îöèò³â ,  ãåïàòîöèò³â ,  åíäîòåë³îöèò³â
(àäèïîê³íè). Ïðè öüîìó æèðîâà òêàíèíà
îñ³á ç îæèð³ííÿì ³ õâîðèõ íà ÖÄ 2-ãî òèïó
³íô³ëüòðîâàíà ìîíîíóêëåàðíèìè êë³òèíàìè

òà ïåðåáóâàº â ñòàí³ õðîí³÷íîãî çàïàëåííÿ.
Àäèïîöèòè òà ³íô³ëüòðóþ÷³ ìîíîöèòè/
ìàêðîôàãè ñåêðåòóþòü ÔÍÏ-α, ðåçèñòèí,
IL-6, ³íã³á³òîð àêòèâàòîðà ïëàçì³íîãåíó-1,
àíã³îòåíçèíîãåí, ÿê³ ³íäóêóþòü ³íñóë³íî-
ðåçèñòåíòí³ñòü ³ ï³äñèëþþòü àòåðîãåíåç.

Òàêèì ÷èíîì, ³íñóë³íîðåçèñòåíòí³ñòü,
õðîí³÷íå çàïàëåííÿ, àðòåð³àëüíà ã³ïåðòåíç³ÿ,
åíäîòåë³àëüíà äèñôóíêö³ÿ ³ äèñë³ï³äåì³ÿ º
âçàºìîïîâ�ÿçàíèìè ïðîÿâàìè îäíîãî ïàòî-
ëîã³÷íîãî ïðîöåñó, öåíòðàëüíîþ ìîëåêó-
ëÿðíîþ îñíîâîþ ÿêîãî º àêòèâàö³ÿ NF-kB
(äèâ. ðèñóíîê).

Àíàë³çóþ÷è ñàì òåðì³í �ìåòàáîë³÷íèé
ñèíäðîì�, éîãî íå ìîæíà âèçíàòè âäàëèì
â³äíîñíî ïàòîëîã³÷íîãî ñòàíó, îïèñàíîãî
âèùå. Òèì á³ëüøå, íå ìîæíà ðîçãëÿäàòè
öåé ñòàí ÿê ñóêóïí³ñòü îêðåìèõ íåïîâ�ÿ-
çàíèõ ôàêòîð³â ðèçèêó ÑÑÇ. Éäåòüñÿ ïðî
ñóêóïí³ñòü îçíàê, ÿê³ çàâäÿêè çàãàëüíîìó
ìåõàí³çìó âèíèêíåííÿ îá�ºäíóþòüñÿ çàêî-
íîì³ðíèì ³ ðåãóëÿðíèì ÷èíîì, õàðàêòå-
ðèçóþ÷è ïåâíèé õâîðîáëèâèé ñòàí îðãà-
í³çìó.

Âðàõîâóþ÷è, ùî âñ³ îçíàêè, ÿê³ ñêëà-
äàþòü ÌÑ ìàþòü ñï³ëüíó ìîëåêóëÿðíó
îñíîâó, ïîâ�ÿçàíó ç àêòèâàö³ºþ NF-kB,
ïðîïîíóºòüñÿ íà ñó÷àñíîìó åòàï³ ñôîðìó-

NF-kB ÿê ìîëåêóëÿðíà îñíîâà ïàòîëîã³÷íîãî ïðîöåñó ïðè ìåòàáîë³÷íîìó ñèíäðîì³

². Ï. Êàéäàøåâ
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ëþâàòè êîíöåïö³þ ïåðìàíåíòíî¿ àêòèâàö³¿
NF-kB ÿê ìîæëèâîãî òèïîâîãî ïàòîëîã³÷íîãî
ïðîöåñó. Ñòâîðåííÿ òàêî¿ êîíöåïö³¿, ¿¿ åêñïå-
ðèìåíòàëüíå òà êë³í³÷íå ï³äòâåðäæåííÿ,
ðîçêðèþòü øèðîê³ ïåðñïåêòèâè ïîãëèáëåííÿ
çíàíü ïðî ïàòîãåíåç òàêèõ ïîøèðåíèõ çàõâî-
ðþâàíü, ÿê ÖÄ 2-ãî òèïó, ³øåì³÷íà õâîðîáà
ñåðöÿ é àòåðîñêëåðîç, ã³ïåðòåíç³ÿ òà îæèð³ííÿ,
íàì³÷àþ÷è íîâ³ íàïðÿìêè â åêñïåðèìåíòàëüí³é
òåðàï³¿ òà ôàðìàêîëîã³¿.

È.Ï. Êàéäàøåâ

ÀÊÒÈÂÀÖÈß NF-KB
ÏÐÈ ÌÅÒÀÁÎËÈ×ÅÑÊÎÌ ÑÈÍÄÐÎÌÅ

Ðàññìàòðèâàåòñÿ ôîðìèðîâàíèå â ñîâðåìåííûõ óñëîâèÿõ
ñîâîêóïíîñòè ýâîëþöèîííî íîâûõ ïðè÷èííûõ ôàêòîðîâ,
êîòîðûå ìîãóò âûçûâàòü íîâîå ïàòîëîãè÷åñêîå ñîñòîÿíèå,
ðåàëèçóÿñü ÷åðåç ýâîëþöèîííî çàêðåïëåííûå òèïîâûå
ïàòîëîãè÷åñêèå ïðîöåññû. Ïðèâîäèòñÿ àíàëèç ïîíÿòèÿ
�ìåòàáîëè÷åñêèé ñèíäðîì� è åãî ñîñòàâëÿþùèõ. Àâòîð
óêàçûâàåò íà âçàèìîñâÿçü èíñóëèíîðåçèñòåíòíîñòè,
õðîíè÷åñêîãî âîñïàëåíèÿ, àðòåðèàëüíîé ãèïåðòåíçèè,
ýíäîòåëèàëüíîé äèñôóíêöèè è äèñëèïèäåìèè êàê ïðîÿâ-
ëåíèé îäíîãî ïàòîëîãè÷åñêîãî ïðîöåññà, öåíòðàëüíîé
ìîëåêóëÿðíîé îñíîâîé êîòîðîãî ÿâëÿåòñÿ àêòèâàöèÿ NF-
kB. Ïðåäëàãàåòñÿ íà ñîâðåìåííîì ýòàïå ñôîðìóëèðîâàòü
êîíöåïöèþ ïåðìàíåíòíîé (äëèòåëüíîé è íèçêîèíòåíñèâíîé)
àêòèâàöèè NF-kB â êà÷åñòâå âîçìîæíîãî òèïîâîãî
ïàòîëîãè÷åñêîãî ïðîöåññà.
Êëþ÷åâûå ñëîâà: ìåòàáîëè÷åñêèé ñèíäðîì, èíñóëèíî-
ðåçèñòåíòíîñòü, NF-kB.

I.P. Kaidashev

NF-KB ACTIVATION AS A MOLECULAR
BASIS OF PATHOLOGICAL PROCESS
BY METABOLIC SYNDROME

The paper examines the formation of evolutionary advanced
causal factors set in modern conditions which may cause new
pathological condition (state), being implemented through evo-
lutionary fixed and standard pathological processes. The
analysis of the notion of �metabolic syndrome� and its
components has been performed. The correlation between
insulin resistance, chronic inflammation, arterial hypertension,
endothelial dysfunction and dyslipidemia has been indicated
as the manifestations of one pathologic process, the central
molecular basis of which is the activation of NF-kB. At the
current stage it has been suggested to set up the conception of
NF-kB permanent (long-lasting, low grade) activation as a
possible model of pathological process.
Key words: metabolic syndrome, insulin resistance, NF-kB.
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ÞÂ²ËÅÍ² ÄÀÒÈ
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(äî 70-ð³÷÷ÿ ç äíÿ íàðîäæåííÿ)
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íàâ÷àííÿ ó ×óê³âñüê³é ñåðåäí³é øêîë³
Áðàöëàâñüêîãî ðàéîíó, ÿêó çàê³í÷èâ ó 1959
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Àêàäåì³ê Ï.Ì. Ñºðêîâ, ÿêèé áóâ îô³ö³éíèì
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âèòîãî äîñë³äíèêà, åêñïåðèìåíòàòîðà ç
âèñîêîþ âèìîãëèâ³ñòþ äî  òî÷íî ñò ³  é
ïåðåêîíëèâîñò³ îòðèìàíèõ ðåçóëüòàò³â.

Ï³ñëÿ çàõèñòó êàíäèäàòñüêî¿ äèñåðòàö³¿
íàóêîâèé ïîøóê íå ïðèïèíÿºòüñÿ. Ðîçãîð-
òàþòüñÿ áàãàòîïëàíîâ³ äîñë³äæåííÿ ìåõà-
í³çì³â ïîâåä³íêîâî¿ ðåàêö³¿, à ñàìå ðîë³
ìîçî÷êà, áàçàëüíèõ ãàíãë³¿â, êîðè âåëèêèõ
ï³âêóëü â îðãàí³çàö³¿ òà çä³éñíåíí³ àâòîìà-
òèçîâàíèõ ðóõ³â. Ïë³äí³é ðåàë³çàö³¿ òâîð÷èõ
çàäóì³â ñïðèÿëî â³äðÿäæåííÿ çà êîðäîí, äî
Àêàäåì³¿ íàóê ×åõîñëîâà÷÷èíè. Çãîäîì,
ÿêîñü ó ïðèâàòí³é áåñ³ä³ êåð³âíèê ²íñòèòóòó
ô³ç³îëîã³¿, âñåñâ³òíüî â³äîìèé íåéðîô³ç³îëîã
ßí Áóðåø ïðèãàäóâàâ ñâ³é ïîäèâ ³ çàõîï-
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ëåííÿ ç ïðèâîäó íàäçâè÷àéíî¿ íàïîëåã-
ëèâîñò³ òà ïðàöüîâèòîñò³ ìîëîäîãî íàóêîâ-
öÿ ç Â³ííèö³. Ìàáóòü öèì ³ ìîæíà ïîÿñíèòè
ãîñòèíí³ñòü ìàñòèòîãî â÷åíîãî � ïðèâàòíå
ïîâòîðíå çàïðîøåííÿ Âàñèëÿ Ìàêñèìîâè÷à
äî Ïðàãè äëÿ îñòàòî÷íîãî çàâåðøåííÿ
åêñïåðèìåíòó. Îòðèìàíèé ìàòåð³àë ñòàâ
îñíîâîþ äîêòîðñüêî¿ äèñåðòàö³¿ �²íòåã-
ðàòèâíà ôóíêö³ÿ ìîçî÷êà, áàçàëüíèõ ãàíã-
ë³¿â ³ ìîòîðíî¿ êîðè â ïðîãðàìóâàíí³ é
ðåãóëÿö³¿ ðóõ³â�, áëèñêó÷å çàõèùåíî¿ íèì ó
1983 ð. â ²íñòèòóò³ ô³ç³îëîã³¿ ÀÍ ÓÐÑÐ ³ì.
Î.Î. Áîãîìîëüöÿ.

Íèí³ Â.Ì. Ìîðîç � âèäàòíèé íåéðî-
ô³ç³îëîã, ï³ä éîãî êåð³âíèöòâîì ïðîâîäÿòüñÿ
äîñë³äæåííÿ ðîë³ ñòðóêòóð ãîëîâíîãî ìîçêó
â çä³éñíåíí³ ïîâåä³íêîâî¿ ðåàêö³¿ ö³ë³ñíîãî
îðãàí³çìó � öåíòðàëüí³ ìåõàí³çìè ïðîãðà-
ìóâàííÿ òà êîíòðîëþ äîâ³ëüíèõ ðóõ³â.
Ïîäàëüøèé òâîð÷èé ðîçâèòîê Âàñèëü Ìàê-
ñèìîâè÷ çä³éñíþº â ÷èñëåííèõ ðîáîòàõ
ðàçîì ç  ó÷íÿìè,  ìîëîäèìè ñï³âðîá³ò-
íèêàìè: âèñâ³òëþºòüñÿ çíà÷åííÿ ö³ëî¿ íèçêè
ñòðóêòóð ãîëîâíîãî ìîçêó � ëàòåðàëüíîãî
ã³ïîòàëàìóñà,  ïðåôðîíòàëüíî¿ (àñîö³à-
òèâíî¿) êîðè ìîçêó (Ì.Â. Éîëòóõ³âñüêèé),
âåíòðîëàòåðàëüíîãî ÿäðà òàëàìóñà (Î.Â.
Âëàñåíêî), áàçîëàòåðàëüíîãî ìèãäàëåïî-
ä³áíîãî ò³ëà (Î.Ä. Îìåëü÷åíêî), ã³ïîêàìïà
(².Ë. Ðîêóíåöü). Òàê ñôîðìóâàëàñÿ íàóêîâà
øêîëà, î÷îëþâàíà ïðîôåñîðîì Ìîðîçîì.

Íåâïèííî óäîñêîíàëþþòüñÿ ³ çáàãà-
÷óþòüñÿ êîìïëåêñí³ äîñë³äæåííÿ. Ó çâ�ÿç-
êó ç ðîçðîáêîþ òà çàïðîâàäæåííÿì íîâèõ
ìåòîäè÷íèõ ïðèéîì³â ³ òåõíîëîã³é, ùî
ìà þòü  ïð ³îðèòåòíå  çíà÷åííÿ  (ìåòîäè
ðåºñòðàö³¿ åëåêòðè÷íèõ ðåàêö³é îêðåìèõ
íåéðîí³â ìîçêîâèõ öåíòð³â ó â³ëüí³é ïîâå-
ä³íö³ òâàðèíè ï³ä ÷àñ ðóõó, ì³êðîïðîöå-
ñîðíîãî êâàíòóâàííÿ ðóõ³â, à òàêîæ ³ìïóëü-
ñíèõ ðåàêö³é íåéðîí³â), ðîçêðèâàþòüñÿ
ïåðñïåêòèâè îö³íêè çàêîíîì³ðíîñòåé ìîçêî-
âèõ ôóíêö³é.

Âàæëèâèì íàïðÿìêîì íàóêîâîãî ïîøóêó
º ðîçðîáêà ³íòåãðàòèâíî¿ ìåäè÷íî¿ àíòðî-
ïîëîã³¿ ÿê íàóêè ïðî ö³ë³ñí³ñòü, ì³íëèâ³ñòü ³

ðåàá³ë³òàö³éí³ ìîæëèâîñò³ ëþäèíè âíàñë³-
äîê àäàïòàö³¿. Äëÿ öüîãî â óí³âåðñèòåò³
ñòâîðåíî íàóêîâî-äîñë³äíèé öåíòð, ïðîãîëî-
øåíèé ó 1993 ð. áàçîþ Ì³æíàðîäíî¿ àêàäå-
ì³¿ ³íòåãðàòèâíî¿ àíòðîïîëîã³¿, Ïðåçèäåíòîì
ÿêî¿ îáðàíî Â.Ì.Ìîðîçà (1997).

Ç 1991 ð. Âàñèëü Ìàêñèìîâè÷ � ÷ëåí
Âñåñâ³òíüî¿ îðãàí³çàö³¿ ç âèâ÷åííÿ ìîçêó
(IÂRO), ó 1995 ð. � îáðàíèé àêàäåì³êîì
Àêàäåì³¿ âèùî¿ øêîëè, ó 2010 � àêàäåì³êîì
Íàö³îíàëüíî¿  àêàäåì³ ¿  ìåäè÷íèõ íàó ê
Óêðà¿íè.

Ó ñï³âðîá³òíèöòâ³ ç³ ñâî¿ì ó÷íåì ïðîôå-
ñîðîì Ï.Ô. Êîë³ñíèêîì, Â.Ì. Ìîðîç ïðà-
öþº íàä ðîçðîáêîþ ìîí³òîðèíãîâîãî êîíò-
ðîëþ çà åôåêòèâí³ñòþ ë³êóâàííÿ çàõâî-
ðþâàíü âåðòåáðàëüíîãî ãåíåçó. Ï³ä éîãî
êåð³âíèöòâîì áóëî ïðîàíàë³çîâàíî çàêîíî-
ì³ðíîñò³ àäàïòèâíèõ ðåàêö³é äî íèçüêèõ äîç
ðàä³àö³éíîãî âèïðîì³íþâàííÿ, ùî ïðàêòè-
êóºòüñÿ â áàëüíåîòåðàï³¿ ïðè ïðèçíà÷åííÿõ
ïðèðîäíèõ ðàäîíîâèõ âàíí íà áàç³ êóðîðòó
Õì³ëüíèê.

ßê âèçíàíèé íàóêîâåöü, Âàñèëü Ìàêñè-
ìîâè÷ î÷îëþº ñïåö³àë³çîâàíó â÷åíó ðàäó
Ä 05.600.02 Â³ííèöüêîãî íàö³îíàëüíîãî ìå-
äè÷íîãî óí³âåðñèòåòó ³ì. Ì.². Ïèðîãîâà,
ðåäàêòîð æóðíàë³â �Â³ñíèê Â³ííèöüêîãî
ìåäè÷íîãî óí³âåðñèòåòó�, �Biomedical and
biosocial anthropology�, çàñòóïíèê ðåäàê-
òîðà æóðíàëó �Â³ñíèê ìîðôîëîã³¿�, ÷ëåí
ðåäàêö³éíèõ êîëåã³é �Ô³ç³îëîã³÷íîãî æóð-
íàëó�, æóðíàë³â �Ìåäè÷íà îñâ³òà�, �Åêñïå-
ðèìåíòàëüíà òà êë³í³÷íà ô³ç³îëîã³ÿ òà
á³îõ³ì³ÿ�, �Ïðîáëåìè ìåäè÷íî¿ íàóêè òà
îñâ³òè�,  �Àðõ³â åêñïåðèìåíòàëüíî¿  òà
êë³í³÷íî¿ ìåäèöèíè�.

Ïåðó Â. Ì. Ìîðîçà íàëåæèòü á³ëüøå
í³æ 350 íàóêîâèõ ïðàöü, ó ò.÷. 37 ìîíîãðàô³é
³ íàâ÷àëüíèõ ïîñ³áíèê³â, 30 âèíàõîä³â. Ï³ä
éîãî êåð³âíèöòâîì ï³äãîòîâëåíî 21 äîêòîð-
ñüê³  òà  êàíäèäàòñüê³  äèñåðòàö³ ¿ .  Ó÷í³
Âàñèëÿ Ìàêñèìîâè÷à ïë³äíî ïðàöþþòü ó
ÂÍÇ Óêðà¿íè íà íàóêîâèõ, ïåäàãîã³÷íèõ é
àäì³í³ñòðàòèâíèõ ïîñàäàõ.

Ç 1975 ïî 1982 ðð. Â.Ì. Ìîðîç âèêîíóâàâ
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îáîâ�ÿçêè â÷åíîãî ñåêðåòàðÿ Ðàäè ³íñòè-
òóòó. Ç 1982 ïî 1984 ðð. ïðàöþâàâ çàñòóï-
íèêîì äåêàíà, à ç 1984 ïî 1986 � äåêàíîì
ïåä³àòðè÷íîãî ôàêóëüòåòó. Âèñîêà âèìîã-
ëèâ³ñòü äî ñåáå, äî ñï³âðîá³òíèê³â ³ ñòóäåí-
ò³â, ïîðÿä ç îá�ºêòèâí³ñòþ òà äîáðîçè÷-
ëèâ³ñòþ ñòàëè ïðèâîäîì ðåêòîðó ³íñòèòóòó
ïðîôåñîðó Â.Ä. Á³ëèêó äëÿ ðåêîìåíäàö³¿
Âàñèëÿ Ìàêñèìîâè÷à íà ïîñàäó ïðîðåêòîðà
ç íàâ÷àëüíî-âèõîâíî¿ ðîáîòè. Ó 1988 ð. ó
Â³ííèöüêîìó ìåä³íñòèòóò³ âïåðøå â³äáó-
ëèñÿ äåìîêðàòè÷í³ âèáîðè ðåêòîðà. Îäèí
³ç ïðåòåíäåíò³â � Âàñèëü Ìàêñèìîâè÷
Ìîðîç, ÿêîìó òîä³ âèïîâíèëîñÿ ëèøå ñîðîê
ø³ñòü, äîñèòü âèâàæåíî é ïðîñòî âèêëàâ
ñâîþ ïðîãðàìó, ùî áàçóâàëàñÿ íà êîí-
êðåòèö³,  ïðàãìàòèçì³.  ²  ïðîôåñîðñüêî-
âèêëàäàöüêèé ñêëàä ,  íå  ðîçä óì ó þ÷è,
ïðîãîëîñóâàâ çà Ìîðîçà. Ó âàæêèõ åêîíî-
ì³÷íèõ  óìîâàõ  Âàñèëþ Ìàêñèìîâè÷ó
âäàëîñÿ çáåðåãòè êîëåêòèâ,  íàðî ñòèòè
íàóêîâèé ïîòåíö³àë. Ó 1994 ð. Â³ííèöüêèé
ìåäè÷íèé ³íñòèòóò áóâ àêðåäèòîâàíèé çà
÷åòâåðòèì (íàéâèùèì) ð³âíåì. Ç óðàõó-
âàííÿì çàâäàíü ç³ âïðîâàäæåííÿ â æèòòÿ
âèìîã Êîíöåïö³¿ ðîçâèòêó îõîðîíè çäîðîâ�ÿ
íàñåëåííÿ Óêðà¿íè,  ó ÂÍÌÓ ñòâîðåíî
ñòîìàòîëîã³÷íèé ³ ôàðìàöåâòè÷íèé ôàêóëü-
òåòè, â³äêðèòî ï³äãîòîâêó ôàõ³âö³â ç³ ñïå-
ö³àëüíîñòåé: �ñòîìàòîëîã³ÿ�, �ôàðìàö³ÿ�,
�êë³í³÷íà ôàðìàö³ÿ�, �ìåäè÷íà ïñèõîëîã³ÿ�
òà ï³ñëÿäèïëîìíå âäîñêîíàëåííÿ ë³êàð³â ³ç
ñ³ìåéíî¿ ìåäèöèíè.

Ñò ð ³ìêî  ï ³äâèùóºòüñÿ  àâòîðèòåò
Â.Ì. Ìîðîçà ÿê òàëàíîâèòîãî êåð³âíèêà: â³í
íåîäíîðàçîâî îáèðàâñÿ äåïóòàòîì îáëàñíî¿
Ðàäè íàðîäíèõ äåïóòàò³â, îáðàíèé ãîëîâîþ
Àñîö³àö³¿ ìåäè÷íèõ ÂÍÇ Óêðà¿íè (1988).
Ì³í³ñòåðñòâî  î ñâ ³òè  é  íàóêè Óêðà¿íè
çàòâåðäèëî éîãî ãîëîâîþ ðàäè ðåêòîð³â
ÂÍÇ Ïîä³ëüñüêîãî ðåã³îíó. Â.Ì.Ìîðîç º
÷ëåíîì êîëåã³¿ òà ïðåçèä³¿ â÷åíî¿ ðàäè ÌÎÇ
Óêðà¿íè. Ó 1993 ð. éîìó ïðèñâîºíî ïî÷åñíå
çâàííÿ Çàñëóæåíîãî ïðàö³âíèêà íàóêè òà

òåõí³êè Óêðà¿íè. Ó 1997 ð. Óêàçîì Ïðåçè-
äåíòà Óêðà¿íè íàãîðîäæåíèé îðäåíîì �Çà
çàñëóãè� III ñòóïåíÿ, ó 2002 � îðäåíîì
ßðîñëàâà Ìóäðîãî V ñòóïåíÿ. 24 ñåðïíÿ
2003  ð .  ó  Äåíü  íåçà ëåæíî ñò ³  Óêàçîì
Ïðåçèäåíòà Óêðà¿íè çà âèçíà÷í³ îñîáèñò³
çàñëóãè ïåðåä Óêðà¿íñüêîþ äåðæàâîþ ó
ï³äãîòîâö³ âèñîêîêâàë³ô³êîâàíèõ ôàõ³âö³â
äëÿ îõîðîíè çäîðîâ�ÿ, áàãàòîð³÷íó ïë³äíó
íàóêîâó, ïåäàãîã³÷íó òà ãðîìàäñüêó ä³ÿëü-
í³ñòü Â.Ì. Ìîðîç óäîñòîºíèé âèñîêîãî
çâàííÿ �Ãåðîé Óêðà¿íè� ç ³  âðó÷åííÿì
îðäåíà Äåðæàâè.

Ãëèáîêå ðîçóì³ííÿ ñóò³ ñó÷àñíèõ ïðîöå-
ñ³â ìåäè÷íî¿ îñâ³òè, ìåäè÷íî¿ íàóêè � öå
òå, ùî ïðèòàìàííå Âàñèëþ Ìàêñèìîâè÷ó
ç ïåðøèõ ðîê³â éîãî ðîáîòè íà êåð³âíèõ
ïîñàäàõ ó ìåäè÷íîìó óí³âåðñèòåò³ é âèâåëî
éîãî íà ðîëü ë³äåðà â êåð³âíèöòâ³. Îáðàíèé
íèì íàïðÿìîê çàáåçïå÷óº ïîñò³éíå çðîñòàí-
íÿ íàóêîâèõ çäîáóòê³â êîëåêòèâó, øâèäêó
ðîçðîáêó òà îïàíóâàííÿ íîâèõ òåõíîëîã³é
íàóêîâî-ïåäàãîã³÷íèìè êàäðàìè.

Çàãàëîì, õàðàêòåðèçóþ÷è Ãåðîÿ Óêðà¿-
íè, äîêòîðà ìåäè÷íèõ íàóê, ïðîôåñîðà,
àêàäåì³êà ÍÀÌÍ Óêðà¿íè, Çàñëóæåíîãî
ïðàö³âíèêà íàóêè òà òåõí³êè Óêðà¿íè,
ðåêòîðà Â³ííèöüêîãî íàö³îíàëüíîãî ìåäè÷-
íîãî  óí ³âåðñèòåòó  ³ì .Ì. ² .Ïèðîãîâà  �
Â.Ì.Ìîðîçà ÿê ïåäàãîãà, â÷åíîãî, êåð³âíè-
êà òà ïðîñòî ñïðàâæíþ ëþäèíó, ï³äñóìî-
âóþ÷è éîãî íàïðàöþâàííÿ, ìîæíà ñòâåðä-
æóâàòè, ùî â³í º ïðåäñòàâíèêîì äåðæàâíèõ
ä³ÿ÷³â, ÿê³ òâîð÷î, ïîïðè âñ³ íåãàðàçäè,
øóêàþòü øëÿõ äî øâèäêîãî çàñâîºííÿ òà
âò³ëåííÿ â  æèòòÿ íàéêðàùèõ ñâ³òîâèõ
äîñÿãíåíü ðîçâèòêó âèùî¿ ìåäè÷íî¿ øêîëè,
âèõîâàííÿ ñó÷àñíèõ ìîëîäèõ ñïåö³àë³ñò³â,
ðàö³îíàëüíîãî âèêîðèñòàííÿ äîñâ³äó ìèíó-
ëèõ ïîêîë³íü.

Ñüîãîäí³ Âàñèëü Ìàêñèìîâè÷ ïîâíèé
ñèë òà åíåðã³¿, ïðàöþº íàä âò³ëåííÿì íîâèõ
³äåé .  Áàæàºìî éîìó òâîð÷èõ  óñï³õ ³â ,
íàñíàãè òà çäîðîâ�ÿ.
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Ìèêîëà Âàñèëüîâè÷ Ìàêàðåíêî
(äî 75-ð³÷÷ÿ ç äíÿ íàðîäæåííÿ)

6 ëþòîãî 2012 ð. â³äîìîìó â÷åíîìó â ãàëóç³
ô³ç³îëîã³¿ âèùî¿ íåðâîâî¿ ä³ÿëüíîñò³ ëþäèíè,
äèôåðåíö³àëüíî¿ ïñèõîô³ç³îëîã³¿ òà ïñèõî-
ô³ç³îëîã³¿, äîêòîðó á³îëîã³÷íèõ íàóê, ïðîôå-
ñîðó, àêàäåì³êó Àåðîêîñì³÷íî¿ àêàäåì³¿
Óêðà¿íè, ëàóðåàòó Ïðåì³¿ ³ì. Î.Î. Áîãî-
ìîëüöÿ Ìèêîë³ Âàñèëüîâè÷ó Ìàêàðåíêî
âèïîâíèëîñÿ 75 ðîê³â.

Íàðîäèâñÿ Ìèêîëà Âàñèëüîâè÷ â ñåë³
Îõ³íüêè, Ïðèëóöüêîãî ðàéîíó, ×åðí³ã³âñüêî¿
îáëàñò³ â ñåëÿíñüê³é ñ³ì�¿. Â öüîìó ñàìîìó
ñåë³ çàê³í÷èâ ñåìèð³÷íó øêîëó, à â ñåë³
Ïåðåâîëî÷íà � äåñÿòèð³÷íó.  Â 1959 ð.
âñòóïèâ ³ â 1963 ð. ç â³äçíàêîþ çàê³í÷èâ
×åðêàñüêèé äåðæàâíèé ïåäàãîã³÷íèé ³íñòè-
òóò ³ì. 300-ð³÷÷ÿ âîçç�ºäíàííÿ Óêðà¿íè ç
Ðîñ³ºþ çà ñïåö³àëüí³ñòþ ô³çè÷íå âèõîâàííÿ,
à â 1966 ð. � äîñòðîêîâî àñï³ðàíòóðó ïðè
²íñòèòóò³ ô³ç³îëîã³¿ ³ì. Î.Î. Áîãîìîëüöÿ
ÍÀÍ Óêðà¿íè òà çàõèñòèâ êàíäèäàòñüêó
äèñåðòàö³þ.

Â ²íñòèòóò³ ô³ç³îëîã³¿ ³ì. Î.Î.Áîãîìîëüöÿ
ïðîïðàöþâàâ äî 2011 ð, çàéìàþ÷è ð³çí³ ïîñàäè.
Äî 1969 ð. ïðàöþâàâ ìîëîäøèì íàóêîâèì
ñï³âðîá³òíèêîì ó ëàáîðàòîð³¿ Â.Î. Òðîøèõ³íà,
ç 1969 ð. ïî 1973 ð³ê � ó ëàáîðàòîð³¿ îæèâ-
ëåííÿ â³ää³ëó ã³ïîêñè÷íèõ ñòàí³â (çàâ³äóâà÷ �
àêàäåì³ê Ì.Ì. Ñèðîòèí³í), ç 1973 ð. ïî

1994 ð. � â ëàáîðàòîð³¿ ô³ç³îëîã³¿ âèùî¿
íåðâîâî¿ ä³ÿëüíîñò³ ëþäèíè (ç 1980 ð. ïî
1994 ð. � ¿¿ çàâ³äóâà÷åì), à ç 1994 ð. ³ äî ñå-
ðåäèíè 2011 ð. � ïðîâ³äíèì íàóêîâèì ñï³âðî-
á³òíèêîì â³ää³ëó ô³ç³îëîã³¿ ãîëîâíîãî ìîçêó.

Ó ð³çí³ ðîêè çàéìàâ ïîñàäè ïðîôåñîðà
êàôåäðè ô³ç³îëîã³¿ â ×åðêàñüêîìó, Õåðñîí-
ñüêîìó, Âîëèíñüêîìó óí³âåðñèòåòàõ; ïîñà-
äè ñòàðøîãî, ïðîâ³äíîãî ÷è ãîëîâíîãî íàó-
êîâîãî ñï³âðîá³òíèêà ó Â³éñüêîâî-ãóìà-
í³òàðíîìó ³íñòèòóò³, ÍÄ² ïðîáëåì â³éñü-
êîâî¿ ìåäèöèíè, Ãîëîâíîìó ìåäè÷íîìó
óïðàâë³íí³ ÑÁÓ, ÍÄÖ (ãóìàí³òàðíèõ ïðîá-
ëåì) ÇÑ Óêðà¿íè, Óêðà¿íñüê³é â³éñüêîâî-
ìåäè÷í³é àêàäåì³¿, Íàö³îíàëüíîìó ÍÄ²
îáîðîííèõ òåõíîëîã³é ³ â³éñüêîâî¿ áåçïåêè
Óêðà¿íè.

Íàïðÿìîê íàóêîâî¿ ä³ÿëüíîñò³ óìîâíî
ìîæíà ðîçïîä³ëèòè íà òàê³ åòàïè. Ïåðøèé �
öå âèâ÷åííÿ â³êîâèõ çì³í âëàñòèâîñòåé
îñíîâíèõ íåðâîâèõ ïðîöåñ³â ó äð³áíèõ
ëàáîðàòîðíèõ òâàðèí çà ð³çíèõ óìîâ åíäî-
êðèííî¿ ³ ãóìîðàëüíî¿ ðåãóëÿö³¿ (ïðè ã³ïî- òà
ã³ïåðôóíêö³¿ çàëîç âíóòð³øíüî¿ ñåêðåö³¿).
Äðóãèé � ç�ÿñóâàííÿ ðîë³ ³íäèâ³äóàëüíî-
òèïîëîã³÷íèõ âëàñòèâî ñòåé â  êîìïåí-
ñàòîðíèõ ðåàêö³ÿõ íà øâèäê³ñòü çàìèêàííÿ
òèì÷àñîâèõ óìîâíîðåôëåêòîðíèõ çâ�ÿçê³â
òà øâèäêî ñò³  â³äòâîðåííÿ óìîâíîðåô-
ëåêòîðíîãî ñòåðåîòèïó, ñåðöåâî-ñóäèííî¿
òà äèõàëüíî¿ ñèñòåì â ï³ñëÿðåàí³ìàö³éíèé
ïåð³îä ñîáàê ï³ñëÿ ð³çíèõ ñòðîê³â ³ âèä³â
êë³í³÷íî¿ ñìåðò³ (åëåêòðîòðàâìè, êðîâîïóñ-
êàííÿ òîùî).

Òðåò³é åòàï îõîïëþº ïåð³îä áëèçüêî 40
ðîê³â ä³ÿëüíîñò³,  âêëþ÷àº äâà âåêòîðà.
Îäèí ³ç íèõ � âèâ÷åííÿ ôîðìóâàííÿ òà
ñòàíîâëåííÿ ïñèõîô³ç³îëîã³÷íèõ ôóíêö³é
ëþäèíè â îíòîãåíåç³, ï³ä ÷àñ ÿêîãî âñòà-
íîâëåíî çàêîíîì³ðíîñò³ òà îñîáëèâîñò³
ðîçâèòêó âëàñòèâîñòåé îñíîâíèõ íåðâîâèõ
ïðîöåñ³â òà ñåíñîìîòîðíî¿ ðåàêòèâíîñò³
ð³çíîãî ñòóïåíÿ ñêëàäíîñò³.

Íåð³âíîì³ðí³ñòü ôîðìóâàííÿ ð³çíèõ çà
ñêëàäí³ñòþ ïñèõîô³ç³îëîã³÷íèõ ôóíêö³é
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äà ëà  çìîãó  ñ ôîðì óëþâàòè  êîíöåïö³þ
ñòðóêòóðíî-ôóíêö³îíàëüíî¿ ãåòåðîõðîí³¿
ðîçâèòêó, ñòàá³ë³çàö³¿ é ³íâîëþö³¿ ìåõàí³çì³â
ìîçêîâî¿ ä³ÿëüíîñò³ ëþäèíè. Äðóãèé âåêòîð �
ïðèêëàäíèé, ÿêèé âêëþ÷àº àñïåêòè ô³ç³îëîã³¿
âèùî¿ íåðâîâî¿ ä³ÿëüíîñò³ òà äèôåðåí-
ö³àëüíî¿ ïñèõîô³ç³îëîã³¿ ³ ñïðÿìîâàíèé íà
âèâ÷åííÿ ³íäèâ³äóàëüíèõ â³äì³ííîñòåé ì³æ
ëþäüìè òà ¿õ ðîëü ó ïðîôåñ³éí³é ä³ÿëüíîñò³
³ íà ö³é îñíîâ³ ðîçðîáêà íàóêîâî- îá´ðóí-
òîâàíèõ êðèòåð³¿â ³ ìåòîäèê äëÿ ïðîôå-
ñ³éíîãî ïñèõîô³ç³îëîã³÷íîãî â³äáîðó òà
ïðîôîð³ºíòàö³¿, ìåòîäèê îö³íêè ôóíêö³î-
íàëüíîãî ñòàíó ëþäèíè â ð³çíèõ óìîâàõ
òðóäîâî¿ ä³ÿëüíîñò³, êîíòðîëþ ³ ïðîô³ëàê-
òèêè âèíèêíåííÿ íåñïðèÿòëèâèõ çðóøåíü ó
íåðâîâ³é ñèñòåì³ òà ¿õ êîðåêö³¿.

Ïðîòÿãîì öüîãî åòàïó ðîçðîáëåíî íèçêó
ìåòîäè÷íèõ ïðèéîì³â ³ àïàðàò³â äëÿ åêñï-
ðåñ-ä³àãíîñòèêè âëàñòèâîñòåé îñíîâíèõ
íåðâîâèõ ïðîöåñ³â, ñåíñîìîòîðíî¿ ñôåðè,
ïñèõîô³ç³îëîã³÷íèõ ³ âåãåòàòèâíèõ ôóíêö³é,
îñîáèñò³ñíèõ âëàñòèâîñòåé ëþäèíè. Öå
ïðèëàäè ÏÍÍ-3-01 (ïðèëàä íåðâîâî¿ íàï-
ðóãè), ÏÍÄÎ (ïðèëàä íåéðîäèíàì³÷íèõ
îáñòåæåíü), êîìï�þòåðí³ ñèñòåìè «Ñëàâó-
òè÷», «Ïðîãíîç», «Ä³àãíîñò-1», ÿê³ íèí³
çàñòîñîâóþòüñÿ â ð³çíèõ êðà¿íàõ ñâ³òó. Íà
ìåòîäèêè ç ä³àãíîñòóâàííÿ ³íäèâ³äóàëüíî-
òèïîëîã³÷íèõ âëàñòèâîñòåé òà ð³âíÿ ñåíñî-
ìîòîðíî¿ ðåàêòèâíîñò³ ëþäèíè îòðèìàíî
ïàòåíòè íà âèíàõ³ä. Ñòâîðåíà òà çàïðî-
âàäæåíà â ïðàêòèêó àâòîìàòèçîâàíà ìåòî-
äèêà âèÿâëåííÿ ïñèõîô³ç³îëîã³÷íîãî íàïðó-
æåííÿ îïåðàòîð³â ç êåðóâàííÿ ðóõîìèìè
îá�ºêòàìè.

Ì.Â. Ìàêàðåíêîì çàïðîïîíîâàíà òà
íàóêîâî îáãðóíòîâàíà ôóíêö³îíàëüíà ðóõëè-
â³ñòü îñíîâíèõ íåðâîâèõ ïðîöåñ³â � ÿê
ñàìîñò³éíà âëàñòèâ³ñòü âèùî¿ íåðâîâî¿
ä³ÿëüíîñò³. Âîíà õàðàêòåðèçóºòüñÿ ìàêñè-
ìàëüíîþ øâèäê³ñòþ ÷è ìàêñèìàëüíîþ
ê³ëüê³ñòþ ïåðåðîáêè ðîçóìîâî¿ ³íôîðìàö³¿
ð³çíîãî ñòóïåíÿ ñêëàäíîñò³ ç äèôåðåí-
ö³þâàííÿ ïîçèòèâíèõ ³ òàê çâàíèõ íåãà-
òèâíèõ óìîâíèõ ñèãíàë³â ó çàäàíîìó ë³ì³ò³

÷àñó ³  º ³íòåãðàëüíèì ïîêàçíèêîì âñ³õ
øâèäê³ñíèõ ìîæëèâîñòåé íåðâîâî¿ ñèñòåìè:
ñïðèéíÿòòÿ ñèãíàëó, éîãî àíàë³çó, ïðèéíÿòòÿ
ð³øåííÿ íà éîãî âèêîíàííÿ, âèäà÷³ êîìàíäè
³ ¿¿ ðåàë³çàö³ÿ â åôåêòîðíèõ ðåàêö³ÿõ, ùî
çóìîâëåíå íå ò³ëüêè øâèäê³ñíèìè ïðîöå-
ñàìè ó ïåðèôåðè÷í³é íåðâîâ³é ñèñòåì³, à,
ùî ñàìå âàæëèâî, îñîáëèâîñòÿìè ôóíêö³î-
íóâàííÿ öåíòðàëüíèõ ê³ðêîâèõ ñòðóêòóð, ¿õ
àíàë³òèêî-ñèíòåòè÷íîþ ä³ÿëüí³ñòþ. Ìåòî-
äèêà ç âèÿâëåííÿ ö³º¿ âëàñòèâîñò³ ïðîéøëà
àïðîáàö³þ íà íàä³éí³ñòü ³  âàë³äí³ñòü,
ãåíåòè÷íó  çóìîâëåí³ñòü  ³  ââàæàºòüñÿ
çàãàëüíîâèçíàíîþ.

Íèì òàêîæ äîâåäåíî, ùî ôóíêö³îíàëüíà
ðóõëèâ³ñòü  ³  ñèëà  îñíîâíèõ íåðâîâèõ
ïðîöåñ³â  º  áàçîâèìè âëàñòèâîñòÿìè â
çàáåçïå÷åíí³  ñîìàòî-âåãåòàòèâíèõ  òà
ïñèõîìîòîðíèõ ôóíêö³é, à òàêîæ íàâ÷àëüíî¿,
ïðîôåñ³éíî¿ òà ñïîðòèâíî¿ ä³ÿëüíîñò³. Ñàìå
ö³  âëàñòèâîñò ³  º  íàéá³ëüø ³ìîâ³ðíîþ
ô³ç³îëîã³÷íîþ ïåðåäóìîâîþ ó â³äì³ííîñòÿõ
ì³æ ëþäüìè.

Ðåçóëüòàòè íàóêîâî¿ ä³ÿëüíîñò³ ïðåä-
ñòàâëåí³ â 370 ïðàöÿõ, â ò.÷.: øåñòè ìî-
íîãðàô³ÿõ ç ïðîáëåì ðåàí³ìàö³¿, ïðîôå-
ñ³éíîãî â³äáîðó, ïñèõîô³ç³îëîã³¿ îïåðàòîð-
ñüêî¿ ïðàö³ òà ìåòîäèê âèâ÷åííÿ ³íäèâ³-
äóàëüíèõ ïñèõîô³ç³îëîã³÷íèõ â³äì³ííîñòåé
ì³æ ëþäüìè, îíòîãåíåçó ïñèõîô³ç³îëîã³÷íèõ
ôóíêö³é; äâîõ áðîøóðàõ ç ïèòàíü ðîçâèòêó
ðàäÿíñüêî¿ êîñìîíàâòèêè òà â³äáîðó ïåðøî-
ãî çàãîíó êîñìîíàâò³â; ó äåñÿòè ïàòåíòàõ
íà âèíàõ³ä ³ àâòîðñüêèõ ñâ³äîöòâàõ; äåâ�ÿòè
ðàö³îíàë³çàòîðñüêèõ ïðîïîçèö³ÿõ. Ï³ä éîãî
êåð³âíèöòâîì ï³äãîòîâëåíî 6 äîêòîð³â ³ 23
êàíäèäàòè íàóê, ÿê³ ïðàöþþòü â ð³çíèõ
êðà¿íàõ ñâ³òó. Çà ìîíîãðàô³þ «Ïñèõîôè-
çèîëîãè÷åñêèå ôóíêöèè ÷åëîâåêà è îïåðà-
òîðñêèé òðóä» Ïðåçèä³ºþ àêàäåì³¿ íàóê
Óêðà¿íè â 1992 ð. éîìó áóëî ïðèñóäæåíî
ïðåì³þ ³ìåí³ Î.Î. Áîãîìîëüöÿ.

Ãðîìàäñüêà  ä ³ÿëüí³ñòü  �  âîíà  æ ³
íàóêîâà ä³ÿëüí³ñòü. Äîêòîð á³îëîã³÷íèõ
íàóê, ïðîôåñîð, àêàäåì³ê Àåðîêîñì³÷íî¿
Àêàäåì³¿, çàñëóæåíèé ä³ÿ÷ íàóêè ³ òåõí³êè
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Óêðà¿íè .  ×ëåí  Ïðåçèä³ ¿  Óêðà ¿íñüêîãî
òîâàðèñòâà ô³ç³îëîã³â ³ì. ² Ï Ïàâëîâà, ÷ëåí
ðåäêîëåã³¿ òà ðåäàêö³éíèõ ðàä æóðíàë³â
«Ôèçèîëîãèÿ ÷åëîâåêà ÐÀÍ», «Ô³ç³îëîã³÷-
íèé æóðíàë», «Ãóìàí³òàðíèé â³ñíèê Çáðîé-
íèõ Ñèë Óêðà¿íè», «Çá³ðíèê íàóêîâèõ ïðàöü
ÌÎ Â³éñüêîâîãî ãóìàí³òàðíîãî ³íñòèòóòó
Íàö³îíàëüíîãî óí³âåðñèòåòó îáîðîíè», à
òàêîæ â³ñíèê³â òà àëüìàíàõ³â Í³æèíñüêîãî
äåðæàâíîãî óí³âåðñèòåòó ³ì. Ì.Â.Ãîãîëÿ,
Âîëèíñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ì.
Ëåñ³ Óêðà¿íêè, ×åðêàñüêîãî íàö³îíàëüíîãî
óí³âåðñèòåòó ³ì. Áîãäàíà Õìåëüíèöüêîãî,
Õåðñîíñüêîãî äåðæàâíîãî óí³âåðñèòåòó,
Ìèêîëà¿âñüêîãî äåðæàâíîãî óí³âåðñèòåòó
³ì. Â.Î.Ñóõîìëèíñüêîãî, Äåðæàâíîãî ÍÄ²
ô³çè÷íî¿ êóëüòóðè ³ ñïîðòó. Áóâ ÷ëåíîì
ñïåö³àë³çîâàíî¿ â÷åíî¿ ðàäè ³ç çàõèñòó
äîêòîðñüêèõ òà êàíäèäàòñüêèõ äèñåðòàö³é
ïðè Êè¿âñüêîìó íàö³îíàëüíîìó óí³âåðñèòåò³
³ì.Òàðàñà Øåâ÷åíêà, à íèí³ � â ²íñòèòóò³
ïñèõîëîã³¿ ³ì. Ã.Ñ.Êîñòþêà ÍÀÏÍ Óêðà¿íè
òà ñïåö³àë³çîâàí³é â÷åí³é ðàä³ ³ç çàõèñòó
êàíäèäàòñüêèõ äèñåðòàö³é â Íàö³îíàëüíîìó
óí³âåðñèòåò³ îáîðîíè Óêðà¿íè; ÷ëåí Íàóêî-
âî¿ ðàäè ÍÄÖ ãóìàí³òàðíèõ ïðîáëåì ÇÑ
Óêðà¿íè, ÷ëåí Ïðåçèä³¿ áþðî Ôåäåðàö³¿
êîñìîíàâòèêè Óêðà¿íè.

Ó 2001 ð.  â Îõ³íüê³âñüê³é ñåðåäí³é
çàãàëüíîîñâ³òí³é øêîë³, â ÿê³é ðàí³øå íàâ-
÷àâñÿ, çà âëàñí³ êîøòè çàñíóâàâ áëàãî-
ä³éíî-çàîõî÷óâàëüíèé ôîíä Ìèêîëè Ìàêà-
ðåíêà,  ìåòîþ ÿêîãî º  ðîçâèòîê áëàãî-
ä³éíèöòâà,  óòâåðäæåííÿ ãóìàí³çìó òà
ìèëîñåðäÿ â ñóñï³ëüñòâ³, ñïðèÿííÿ ðîçâèòêó
îñâ³òè òà íàóêè, âèÿâëåííÿ ñåðåä øêîëÿð³â
òàëàíîâèòî¿ òâîð÷î¿ ìîëîä³ òà äîïîìîãà ¿ì.

Â þí³ òà ìîëîä³ ðîêè áóâ ñåêðåòàðåì
êîìñîìîëüñüêî¿ îðãàí³çàö³¿ Ïåðåâîëî÷àí-
ñüêî¿ ñåðåäíüî¿ øêîëè, î÷îëþâàâ êîìñî-
ìîëüñüêó îðãàí³çàö³þ â ñ.Îõ³íüêè, áóâ
ñåêðåòàðåì êîìñîìîëüñüêî¿ îðãàí³çàö³¿

ôàêóëüòåòó ô³çè÷íîãî âèõîâàííÿ òà ñïîðòó
×åðêàñüêîãî ïåäàãîã³÷íîãî ³íñòèòóòó ³ì.
300-ð³÷÷ÿ âîçç�ºäíàííÿ Óêðà¿íè ç Ðîñ³ºþ,
á³ëüøå 20 ðîê³â áóâ ÷ëåíîì ÆÁÊ ÎÊÏ ÀÍ
Óêðà¿íè òà çàñòóïíèêîì ãîëîâè Ñïîðòèâ-
íîãî êëóáó «Íàóêà» ÀÍ Óêðà¿íè, óïîâíî-
âàæåíèì ô³ç³îëîã³÷íîãî òîâàðèñòâà ³ì.
².Ï.Ïàâëîâà òà ³í.

Çà ðîêè ðîáîòè â ²íñòèòóò³ ô³ç³îëîã³¿ òà
â ÍÄÖ, äå íèí³ ïðàöþº íà ïîñàä³ ïðîâ³äíîãî
íàóêîâîãî ñï³âðîá³òíèêà â³ää³ëó â³éñüêîâî-
ïñèõîëîã³÷íèõ äîñë³äæåíü, â³äçíà÷åíèé
ãðàìîòàìè ³  ïîäÿêàìè,  â  òîìó  ÷èñë ³
çíàêàìè «Óäàðíèê êîìóí³ñòè÷íî¿ ïðàö³» çà
1971 òà 1980 ðð.; «Ïåðåìîæåöü ñîö³àë³ñ-
òè÷íîãî çìàãàííÿ» 1979 ð . ;  «Óäàðíèê
îäèíàäöÿòî¿ ï�ÿòèð³÷êè» 1986 ð. Ó 1983 ð.
íàãîðîäæåíèé ìåäàëëþ «Â ïàì�ÿòü 1500-
ð³÷÷ÿ Êèºâà», â 1988 ð. ð³øåííÿì Ïðåçèä³¿
áþðî Ôåäåðàö³¿  êîñìîíàâòèêè ÑÐÑÐ �
ìåäàëëþ ³ìåí³ àêàäåì³êà Ñ.Ï.Êîðîëüîâà,
â³ä ³ìåí³ Ïðåçèä³¿ Âåðõîâíî¿ Ðàäè ÑÐÑÐ â
1990 ð. � ìåäàëëþ «Âåòåðàí ïðàö³», â 1990 ð.
â ³äïîâ³äíî  äî  ïîñòàíîâè Äåðæàâíîãî
Êîì³òåòó Ðàäè Ì³í³ñòð³â ÑÐÑÐ ç ñïðàâ
âèíàõ³äíèöòâà òà â³äêðèòòÿ � íàãðóäíèì
çíàêîì «Èçîáðåòàòåëü ÑÑÑÐ», â 1998 ð. �
Ïðåçèäåíòîì Óêðà¿íè � ìåäàëëþ Æóêîâà,
â 2004 ð. çà çàñëóãè ç â³äðîäæåííÿ äóõîâ-
íîñò³ â Óêðà¿í³ òà óòâåðäæåííÿ Ïîì³ñíî¿
Óêðà¿íñüêî¿ Ïðàâîñëàâíî¿ Öåðêâè � îðäå-
íîì Ñâÿòîãî Ð³âíîàïîñòîëüíîãî êíÿçÿ Âî-
ëîäèìèðà Âåëèêîãî ²²² ñòóïåíÿ, Íàêàçîì
Ì³í³ñòðà îáîðîíè Óêðà¿íè â 2006 ð. íàãî-
ðîäæåíî ìåäàëëþ «15 ðîê³â Çáðîéíèì
Ñèëàì Óêðà¿íè» òà íàãðóäíèìè çíàêàìè
«Íàóêîâî-äîñë³äíèé öåíòð ãóìàí³òàðíèõ
ïðîáëåì ÇÑ Óêðà¿íè» ³  «Íàö³îíàëüíèé
óí³âåðñèòåò îáîðîíè Óêðà¿íè».

Ùèðî ïîçäîðîâëÿºìî øàíîâíîãî Ìèêîëó
Âàñèëüîâè÷à ç 75-ð³÷íèì þâ³ëåºì, çè÷èìî
çäîðîâ�ÿ òà òâîð÷îãî äîâãîë³òòÿ.
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Ðóñëàí Ôåäîðîâè÷ Ìàêóëüê³í
(äî 80-ð³÷÷ÿ ç äíÿ íàðîäæåííÿ)

Ðóñëàí Ôåäîðîâè÷ Ìàêóëüê³í íàðîäèâñÿ 31
ãðóäíÿ 1931 ð. ó ñ³ì�¿ â³éñüêîâîãî â ì³ñò³
Ïîëîöüêó â Á³ëîðóñ³¿ .  Â 1949 ð.  ï³ñëÿ
çàê³í÷åííÿ ñåðåäíüî¿ øêîëè âñòóïàº äî
Îäåñüêîãî ìåäè÷íîãî ³íñòèòóòó ³ì. Ì.².Ïè-
ðîãîâà íà ë³êóâàëüíèé ôàêóëüòåò, ÿêèé
óñï³øíî çàê³í÷óº â 1955 ð., ç â³äçíàêîþ
îòðèìàâøè äèïëîì ë³êàðÿ  çàãàëüíîãî
ïðîô³ëþ. Íàâ÷àþ÷èñü ó âóç³, Ð.Ô. Ìàêóëü-
ê³í çàéìàºòüñÿ â ñòóäåíòñüêîìó íàóêîâîìó
ãóðòêó íà êàôåäð³ ôàêóëüòåòñüêî¿ õ³ðóðã³¿
ï³ä êåð³âíèöòâîì çàâ³äóâà÷à êàôåäðè ïðî-
ôåñîðà Ì.Ï. Ñîêîëîâñüêîãî. Âæå òîä³ ïðîÿ-
âèëèñÿ íåîðäèíàðí³ çä³áíîñò³ Ð.Ô. Ìàêóëü-
ê³íà ÿê õ³ðóðãà. Àëå íåñïîä³âàíèé ïîâîðîò
äîë³ ïðèâ³â éîãî äî àñï³ðàíòóðè ïðè êàôåäð³
íîðìàëüíî¿ ô³ç³îëîã³¿, äå éîãî êåð³âíèêîì
ñòàº âèäàòíèé â÷åíèé, ïðîôåñîð Ï.Ì. Ñºð-
êîâ, â ìàéáóòíüîìó àêàäåì³ê ÍÀÍ Óêðà¿íè.
Ïî çàê³í÷åíí³ àñï³ðàíòóðè â 1958 ð. Ð.Ô.
Ìàêóëüê³í ïðàöþº àñèñòåíòîì êàôåäðè
íîðìàëüíî¿ ô³ç³îëîã³¿.

Â öåé ïåð³îä â³í îïàíîâóº íèçêó íàäçâè-
÷àéíî ñêëàäíèõ íåéðîõ³ðóðã³÷íèõ ìåòîäèê,
äîñë ³äæóº  ìåõàí³çìè ðîáîòè  ìîçêó  ç

âèêîðèñòàííÿì åëåêòðîåíöåôàëîãðàô³÷íî¿
ìåòîäèêè, çîêðåìà âèêîðèñòîâóº ìåõàí³çìè
ôóíêö³îíóâàííÿ äåàôåðåíòîâàíîãî ìîçêó,
äèíàì³êó ê³ðêîâî¿ òà ê³ðêîâî-òàëàì³÷íî¿
âçàºìîä³¿  ïðè ãëèáîêîìó àôåðåíòíîìó
�íåäîâàíòàæåíí³� ìîçêó çà  óìîâ éîãî
íåéðîíàëüíî¿ ³çîëÿö³¿, à òàêîæ äîñë³äæóº
êîìïåíñàòîðí³ ìåõàí³çìè ïîðóøåíü ôóíêö³é
ìîçêó ï³ñëÿ ïîâíîãî âèäàëåííÿ îäí³º¿
ï³âêóë³ .  Íà áàç ³  öèõ äî ñë³äæåíü áóëî
îá´ðóíòîâàíî âèñíîâêè ïðî á³ëàòåðàëüíå
ïðåäñòàâíèöòâî â êîð³ ìîçêó ðåöåïòîðíèõ
òà åôåêòîðíèõ ôóíêö³é ³ ïðî äóáëüîâàíå
ôîðìóâàííÿ äóã ð³çíîìàí³òíèõ óìîâíèõ
ðåôëåêñ³â ó äâîõ ï³âêóëÿõ ìîçêó òà ô³êñàö³¿
â íèõ æèòòºâî âàæëèâî¿ ³íôîðìàö³¿.

Â 1962 ð. Ðóñëàí Ôåäîðîâè÷ óñï³øíî
çàõèùàº äèñåðòàö³þ íà çäîáóòòÿ â÷åíîãî
ñòóïåíÿ êàíäèäàòà ìåäè÷íèõ íàóê. Ùå
îäíèì íàïðÿìêîì éîãî ä³ÿëüíîñò³ â öåé
ïåð³îä º  âèâ÷åííÿ íåéðîô³ç³îëîã³÷íèõ
ìåõàí³çì³â çâîðîòíîãî ðîçâèòêó ð³çíî-
ìàí³òíèõ ðåôëåêñ³â îð³ºíòóâàííÿ.

18 æîâòíÿ 1965 ð. Ð.Ô. Ìàêóëüê³í áóâ
îáðàíèé çà êîíêóðñîì íà ïîñàäó äîöåíòà
êàôåäðè íîðìàëüíî¿ ô³ç³îëîã³¿. Â öåé ïåð³îä
â³äáóâàºòüñÿ éîãî ñòàíîâëåííÿ ÿê ïåäà-
ãîãà. Éîãî çàõîïëþþ÷³, ÿñêðàâ³ ëåêö³¿ âðà-
æàþòü ñâîºþ çàê³í÷åíîþ ëîã³êîþ ³ ãëèáè-
íîþ. Áàãàòî ïîêîë³íü ñòóäåíò³â � íèí³
âèäàòíèõ ñïåö³àë³ñò³â ó ð³çíèõ ãàëóçÿõ
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