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FATTY ACIDS COMPOSITION OF INNER MITOCHONDRIAL
MEMBRANE OF RAT CARDIOMYOCYTES AND HEPATOCYTES
DURING HYPOXIA-HYPERCAPNIA
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We studied the influence of hypoxic-hypercapnic environment under the effect of hypothermia (arti-
ficial hibernation) on fatty acids spectrum of inner mitochondrial membrane (IMM) lipids of rat cardiomyo-
cytes and hepatocytes. Specific for cellular organelles redistribution of IMM fatty acids was determined. It led
to the reduction of total amount of saturated fatty acids (SFAs) and increase of unsaturated fatty acids (UFAs)
in cardiomyocytes and to the increase of SFAs and decrease of UFAs in hepatocytes. The decrease in the con-
tent of oleic acid and increased content of arachidonic and docosahexaenoic acids in IMM were shown. This
may be due to their role in the regulatory systems during hibernation, as well as following exit therefrom. It
is assumed that artificial hibernation state is characterized by the stress reaction leading to optimal readjust-
ment of fatty acids composition of membrane lipids, which supports functional activity of mitochondria in

hepatocytes and cardiomyocytes.
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C hemical composition of phospholipids that
are structural components of cell mem-
branes plays an important role in their func-
tioning and various processes in cells. In particular,
saturated fatty acids (SFAS) are the main energy sub-
strate for cardiomyocytes. Unsaturated fatty acids
(UFAS), due to their ability to increase the degree of
unsaturation in phospholipid acyl chains and reduce
microviscosity of cellular membranes, are very im-
portant in the regulation of membrane permeability
and functioning of membrane-bound proteins. In
addition, certain UFAs are precursors of physiologi-
cally active substances, such as eicosanoids [1].
Modification of lipid composition, affecting
the intensity of metabolism, acts as a compensatory
mechanism that provides functionality of membrane
under various conditions. Particularly, changes in
ambient temperature, hypoxia, etc. lead to certain
shifts in the composition of eukaryotic membrane
lipids [2, 3]. The study of animal adaptations to dif-
ferent environmental conditions remains current is-
sue of theoretical and practical biology.
Non-hibernating mammals influenced by hy-
pothermia in hypoxic-hypercapnic gaseous medium
fall into so-called cold narcosis or artificial hiberna-
tion state. This results in reduction of metabolic rate

92

along with changes in bioenergetic processes in tis-
sues and mitochondria [4, 5].

The main suppliers of energy stored in the form
of ATP in eukaryotic cells are mitochondria. Their
functional activity is provided by the inner mem-
brane which contains components of the electron
transport chain and ATP synthase that are needed to
transform the energy of electrons transfer for ATP
synthesis. This energy is crucial for specific cellular
functions, including response formation to external
stimuli [6]. The matter of particular interest is the
study of the role of lipids in mitochondrial mem-
branes adaptation to extreme conditions. Due to the
changes in concentration and ratio of fatty acids, li-
pid composition of membranes undergoes reorgani-
zation, creating optimal conditions for preserving
functional activity of intracellular organelles in par-
ticular and cells in general [7].

The studies of temperature adaptation of ho-
meotherms indicate the regulatory role of lipids in
hibernation. However, natural and artificial hiberna-
tion affect the lipid composition of cell membranes
of mammals in different ways [8]. In addition, exis-
ting data on the effects of low temperatures or ar-
tificial hibernation on the chemical composition of
lipids in mammals tissues are uncertain.
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The goal of the research was estimation of fatty
acids composition in inner mitochondrial membrane
(IMM) lipids of cardiomyocytes and hepatocytes of
rats during artificial hibernation (the effect of hy-
pothermia, hypercapnia and hypoxia) and after exit
from the hibernation.

Materials and Methods

42 white male outbred rats weighing 180-200 g
were used in the experiments. Experiments were
performed according to the requirements of Euro-
pean Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific
Purposes (Strashbourg, 1986).

The animals were grouped as follows: 1% - con-
trol group (intact animals), 2" - rats under artificial
hibernation, 3 - animals 24 h after exit from ar-
tificial hibernation. This condition was created ac-
cording to Bakhmetiev-Dzay-Anzhus, combining
hypoxic-hypercapnic influence with external cooling
as described in detail [9].

The animals were placed into a hermetically
closed chamber with the volume of 3 L at 3-4 °C.
The animals developed hypobiotic state during
3-3.5 h of stay in the chamber; their body tempera-
ture lowered to 16 °C. The animals were decapitated
in three different conditions: in state of normothemia
(body temperature 37 °C), during artificial hiberna-
tion (body temperature 16 °C) and 24 h after the
withdrawal of hypobiotic affecting factors (body
temperature 37 °C).

Mitochondria were isolated from heart and
liver tissues by differential centrifugation, and frac-
tion of the inner mitochondrial membranes (IMM)
was sedimented by subsequent centrifugation after
freeze-thawing procedure according to standard
method [10]. The purity of IMM was assayed via
marker enzyme analysis. Lipid extraction from
the suspension of IMM was done using the Folch
method [11]. Hydrolysis and methylation of lipid
fatty acids (FAs) were performed according to the
method described in [12]. Gas chromatographic
analysis of FAs methyl esters was conducted on
the gas chromatograph Trace GC Ultra (USA) with
flame ionization detector. Experimental conditions
were: column temperature 140-240 °C, detector tem-
perature 260 °C, duration of analysis 65 min. FAs
were identified using a standard sample Supelco 37
Component FAME Mix. Quantitative evaluation of
FAs spectrum was performed by the method of peak

area normalization of FAs methylated derivatives.
Their content percentage was calculated.

In the spectrum of lipid fatty acid in IMM the
following FAs were identified: myristic C14:0, pen-
tadekanoic C15:0, palmitic C16:0, palmitoleic C16:1,
heptadecanoic C17:0, heptadecenoic C17:1, stearic
C18:0, oleic C18:1, linoleic C18:2, linolenoic C18:3,
gadoleic C20:1, eicosadienoic C20:2, arachidonic
C20:4, eicosenic C21:0, docosahexaenoic C22:6.

Statistical analysis of the data was performed in
accordance with generally accepted variation statis-
tics methods. The significance of the differences be-
tween two groups was evaluated using the Student’s
t-test (P < 0.05).

Results and Discussion

Using the highly sensitive gas chromatogra-
phy method, we found and quantitatively identified
15 FAs in IMM of cardiomyocytes and 16 FAs in
IMM of hepatocytes in intact rats. SFAs are repre-
sented mostly by palmitic and stearic acids; lauryl
and pentadekanoic acids are in small amount. UFAs
are heterogeneous. Particularly, oleic and palmitoleic
acids have one saturated bond each. Linolenic, ara-
chidonic and docosahexaenoic acids are polyunsatu-
rated. Among UFAs, polyenoic acids predominate.
The total level of UFAs is significantly higher than
total level of SFAs (saturation ratios for mitochond-
rial inner membrane of cardiomyocytes and hepato-
cytes are 0.74 and 0.66, respectively) (Table 1, 2).

Animals staying in hypoxic-hypercapnic envi-
ronment with reduced body temperature (artificial
hibernation) leads to diverse redistribution of content
of SFAs and UFAs in IMM of studied tissues. The
SFAs content in IMM of cardiomyocytes is mainly
reduced, in particular, palmitic acid by 23.3% com-
pared with the control. This can explain the deficit
of energy substrate in cells during hibernation and
accumulation of anaerobic glycolysis products. At
the same time, the heptadecanoic acid content in-
creases (by 30.1% in comparison with the control).
Multidirectional changes in UFAs are also observed.
Moreover, the total content of UFAs increases and
the total content of SFAs decreases (saturation ratio
is 0.65 against 0.74 in control) (Table 1).

The content of monoenoic UFAs decreased
significantly (4.93 + 0.11 against 7.47 £ 0.22% in
control) mainly due to the lower content of oleic
acid (4.31 + 0.03 against 7.02 £ 0.06% in control,
P < 0.05). At the same time, palmitoleic acid content
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increases significantly (by 48% in comparison with
the control). We observed the effect of the reduction
of the intensity of lipid peroxidation by UFAs due to
the neutralization of reactive oxygen species (ROS)
[13]. Thus, oleic acid is an endogenous ROS scaven-
ger (as a result, its pool can decrease drastically, as
shown in our research) and palmitoleic acid demon-
strates cytoprotective action [14].

In this regard, the revealed redistribution of
these FAs in IMM of cardiomyocytes possibly indi-
cates their involvement in the protective mechanisms
against oxidative stress during hibernation. There
were no significant changes in the content of essen-
tial FAs such as linoleic and linolenic, which are the
most susceptible to oxidation.

The increase in the content of the functionally
important FAs was: arachidonic acid (19.93 + 0.43
against 16.30 + 0.23% in control, P < 0.05) and doco-
sahexaenoic acid (13.09 + 0.41 against 10.79 + 0.31%
in control, P < 0.05). This is associated with the in-

crease of polyenoic UFAs (Table 1). Arachidonic acid
(-6 polyenoic UFAs), being a part of phospholipids
of cell membranes, interacts with protein complexes,
affecting the functioning of receptors, transport and
signaling systems [15]. One of the mechanisms of
action of docosahexaenoic (w-3 polyenoic UFAS) is
also associated with the modification of phospholipid
fatty acid composition of cell membranes of cardio-
myocytes that affects ion channels and exchangers
[16].

The FAs content was not restored to the control
level after the withdrawal of the affecting factors (in
24 h). Especially it refers to monoenoic UFAs whose
content significantly decreased (3.70 + 0.11 against
7.67 + 0.22% in control, P < 0.05), mainly due to
oleic acid (3.10 + 0.02 against 7.02 + 0.06 % in con-
trol P < 0.05). The total content of UFAs remained
also increased, while the saturation ratio was 0.70
against 0.74 in the control (Table 1).

Table I The content of fatty acids (FAs) of inner mitochondrial membrane lipids of rat cardiomyocytes in
artificial hypobiosys (HB) and 24 h after it withdrawal (HB24) (M = m, n = 5)

FAS, % | Control HB | HB24
CI12:0 0.13 % 0.02 0.12 %001 0.14 = 0.01
C14:0 0.60 = 0.02 0.22 + 0.02% 0.28 = 0.02*
C15:0 0.12 % 0.01 0.11 = 0.01 0.10 % 0.01
C16:0 16.80 + 0.41 12.89 + 0.31*% 12.97 £ 0.23*
Cl6:1 0.23 = 0.02 0.34 + 0.02* 0.31 £ 0.01*
C17:0 0.36 £ 0.02 0.47 + 0.02* 0.49 + 0.03*
C17:1 0.23 £ 0.02 0.28 = 0.03 0.29 £ 0.03*
C18:0 24.20 £ 0.53 25.32+0.32 25.86 + 0.41

C18:109 7.03 £ 0.06 432 +0.03* 3.11 + 0,03

C:18:206 22.63 +0.33 2222 +0.52 21.60 = 0.31
C18:303 0.13 % 0.01 0.15 = 0.01 0.14 = 0.01
C20:206 0.17 = 0.01 0.34 + 0.02* 0.30 £ 0.01*
C20:406 16.30 + 0.23 19.93 = 0.43* 19.55 = 0.52*
C21:0 0.20 = 0.01 0.21 +0.02 0.25 £ 0.02
C22:603 10.79 = 0.31 13.09 + 0.41% 14.36 + 0.33*
SSFAs 42.41 041 3934032 40.09 £ 0.42
SUFAs 57.59 £0.52 60.66 + 0.60 59.91  0.62
SFK/UFK 0.74 0.65 0.70
2 monoenoic UFAs 747 +0.22 493 £0.11* 3.70 £ 0.12*
£ polyenoic UFAs 50.12 = 0.31 5573 + 0.42 56.21 % 0.52

Note: Here and in Table 2 data are represented as mass part of individual fatty acid, % of total FAs content. SFAs — satu-

rated fatty acids UFAs — unsaturated fatty acids. *P < 0.05 vs control
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Thus, during artificial hibernation, the IMM of
cardiomyocytes is characterized by diverse redistribu-
tion of SFAs and UFAs. In addition, 24-h period after
withdrawal of hypobiotic factors is not sufficient for
restoration of the FAs content, as it was previously
shown with regard to IMM lipid composition [17].

During artificial hibernation, the total con-
tent of SFAs in IMM of hepatocytes increased
(46.07 £ 0.32 against 39.66 + 0.32 in control,
P < 0.05). In particular, the content of palmitic and
stearic acids increased by 13.7 and 18.6%, respec-
tively compared with the control. The content of
minor SFAs such as lauryl, myristic, heptadecanoic
acids increased by 80.0, 90.0 and 20.6% respectively,
compared with the control values (Table 2). The ratio
of saturated/unsaturated FAs increased (0.86 against
0.66 in control). The regulatory role of SFAs in the
membrane should be taken into account.

Specifically, palmitic acid alters mitochondrial
permeability due to the ability to induce the opening

of Ca?*-dependent nonselective pores in lipid mem-
brane of hepatocyte mitochondria [18], which can
affect the energetic function of mitochondria during
hibernation.

The total content of UFAs in IMM of hepato-
cytes is reduced mainly due to monoenoic acids
(6.21 + 0.20 against 8.79 + 0.23 in control P < 0.05),
including oleic (5.06 + 0.31 against 8.05 + 0.31% in
control P < 0.05), but the palmitoleic acid content
increases (0.36 + 0.01 against 0.64 + 0.03% in con-
trol P < 0.05). As stated above, this may be related
to the protection of inner membrane mitochondria
against oxidation during hibernation. Values for the
decrease in the linoleic and linolenic acids content
by 37.0 and 48.0%, respectively coincide with the
increase of arachidonic acid (precursor of which is
linoleic acid) and docosahexaenoic acid by 15.4 and
29.1%, respectively, as compared with control (Tab-
le 2), taking into account that the majority of FAS
conversions occurs in hepatocytes.

Table 2. The content of fatty acids (FAs) of inner mitochondrial membrane lipids of rat hepatocytes in ar-
tificial hypobiosys (HB) and 24 h after it withdrawal (HB24) (M = m, n = 6)

FAs, % Control HB HB24
C12:0 0.05+0.01 0.09 + 0.02* 0.07 £ 0.01
Cl14:0 0.21 +£0.02 0.40 + 0.03* 0.28 £ 0.02*
C15:0 0.14 £ 0.01 0.17 £ 0.01 0.17 £ 0.01
Cl16:0 22.92 +0.32 26.05 +0.35* 2410+ 0.31
Cle:l 0.36 = 0.02 0.64 +0.04* 0.50 + 0.03*
C17:0 0.34 £ 0.02 0.41 + 0.03* 0.42 + 0.03*
Cl17:1 0.16 £ 0.01 0.25+0.01* 0.20 £ 0.02
C18:0 15.64 £ 0.51 18.55 £ 0.60* 18.07 £ 0.71*

Cl18:19 8.05+0.31 5.06 +£0.32* 3.83 £ 0.12*

C:18:2w6 24.59 £ 0.77 15.54 £ 0.53* 14.98 + 0.41*
C18:3m3 0.27 £0.02 0.14 £ 0.01* 0.14 + 0.01*
C20:109 0.22 £0.01 0.26 £ 0.01* 0.25 + 0.01*
C20:2m06 0.27 £ 0.01 0.25 £ 0.02 0.30+0.02
C20:406 16.86 £+ 0.66 19.45 £ 0.72* 23.14 £ 0.31*
C21:0 0.36 +0.22 0.40 £ 0.31 0.45 +0.21*
C22:6m3 9.56 £0.42 12.34 £ 0.52* 13.10 + 0.61*
XSFAs 39.66 £+ 0.32 46.07 £ 0.32* 43.56 + 0.44
XUFAs 60.34 +0.52 53.66 £ 0.41* 56.44 £ 0.42
SFK/UFK 0.66 0.86 0.77
2 monoenoic UFAs 8.79 +£0.23 6.21 £0.20* 478 £0.12*
¥ polyenoic UFAs 51.55 £ 0.62 4745+ 0.41 51.66 £ 0.53

95



ISSN 2409-4943. Ukr. Biochem. J., 2016, Vol. 88, N 3

The revealed modification of mitochondrial
membrane FAs levels indicates the formation of pro-
tective - adaptive reactions during artificial hiberna-
tion. 24 h after removing the factors of hibernation,
there was no restoration of fatty acid content of IMM
of hepatocytes to the control level.

Thus, the rats’ stay under the conditions of
artificially induced hypobiotic state results in sig-
nificant redistribution of FAs content in IMM of
cardiomyocytes and hepatocytes that is caused by
structural and functional specificity of the organs. It
is well known that liquid-crystalline state of lipids
in biological membranes not only supports the es-
sential membrane permeability, but also creates en-
vironment for functionally optimal conformational
changes of membrane-bound enzyme molecules
[19]. The important role of lipids in organisms’ adap-
tation to extreme external factors is the regulation
of membrane viscosity, that depends on the chain
length and degree of saturation of the FAs of the
membrane phospholipids, phospholipids/cholesterol
ratio etc. Diverse redistribution of individual FAs
content in IMM was accompanied by an increase
in the degree of saturation of the FAs of membrane
lipids in hepatocytes and insignificant decrease in
that in cardiomyocytes. Similar effect was observed
in our previous research of the IMM lipid content
of hepatocytes and cardiomiocytes: redistribution in
the content of individual phospholipids, and increase
in total cholesterol and phospholipid levels during
hibernation did not result in drastic change of ratio
between the individual lipid fractions [17].

Furthermore, the method of fluorescent probes
helped to mark modification of IMM structural and
dynamic state in cardiomyocytes and hepatocytes
during hibernation by integrative parameters, which
characterize the membrane surface area, structural
orderliness of the lipid components and the protein-
lipid interactions in the membrane. Decrease in mi-
croviscosity of lipid component and increase in con-
formational mobility of the membrane-bound protein
molecules are inherent for IMM of cardiomyocytes.
At the same time the increase in microviscosity and
conformational rigidity of the membrane proteins
are characteristic for IMM of hepatocytes [20].

The obtained results indicate that in hypo-
thermia development under hypoxic-hypercapnic
influence, the IMM reorganizations are specific for
cardiomyocytes and hepatocytes, and are likely to
have compensatory nature, directed at maintaining
of functional activity of mitochondrial membranes,
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especially of the respiratory chain under new condi-
tions of existence, as it was shown previously [9, 21].

Regarding the influence of FAs on the proces-
ses of oxidative phosphorylation of mitochondrial
respiratory chain, different mechanisms are conside-
red. The increase in the UFAs content leads to the
formation of continuous regions with unsaturated
bonds and different charge in membrane monolayer.
As a result, there are areas in the membrane with
different ability to accept electron. The significance
of this phenomenon is described with regard to adap-
tation of membranes to ambient temperature [22]. In
addition, long-chain FAs are known to be natural
oxidative phosphorylation uncouplers in mitochon-
dria. They act as protonophores, causing dissipation
of transmembrane potential. In the presence of cal-
cium ions, the formation of nonspecific pores in the
mitochondrial membrane (with the involvement of
FAs) plays a special role in uncoupling of oxidation
and phosphorylation [16]. It was shown that the un-
coupling effect during cold stress, acclimatization or
exit from the state of hibernation can boost thermo-
genesis, especially in muscle tissue [4].

Regarding the course of oxidative processes
in IMM, modification of functional activity of res-
piratory chain complexes during hypothermia under
the influence of hypoxia-hypercapnia [9, 21] may
increase the formation of ROS in the membrane.
According to current views, oleic acid is not only a
structural component of cell membranes, but also the
main endogenous ROS acceptor and has a high rate
of ATP oxidation if compared with other of polye-
noic UFAs (arachidonic and linoleic). Only after the
oxidation of oleic acid, the remaining pool of ROS
reacts with other acids, particularly arachidonic,
forming conjugated dienes [14].

Increased level of arachidonic acid in IMM can
be caused by several events. It can be the increase
of its formation in the cytoplasm and intracellular
redistribution, as well as disrupture of interaction
with the membrane protein complexes due to their
modification during hibernation. Polyenoic UFAs
are the precursors of biologically active substances
[1]. Derivatives of arachidonic -6 polyenoic UFAs
are a number of thromboxanes, leukotrienes that in-
crease the permeability of the membrane and cause
inflammations. Metabolites of -3 polyenoic UFAs
(prostaglandins, thromboxanes, leukotrienes), which
are antiaggregant, anti-inflammatory substances
that contribute to the stabilization of membranes
[16]. For this reason, it is important to maintain the
physiological ratio of ®-3: m-6 polyenoic UFAs.
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Taking into consideration the direct involve-
ment of polyenoic UFAs in regulation of majority of
cellular processes, the discovered fact of their redis-
tribution in IMM explains the involvement of these
acids in cell regulation of artificial hibernation and
the process of exit from this state. Thus, the mecha-
nism of transformation of membrane components
created in the course of evolution is one of the fac-
tors of preservation of viability in the conditions of
body temperature reduction during hypercapnia and
hypoxia. Investigation of the role of fatty acids is
necessary for understanding the ways of mammalian
adaptation to low temperatures, as well as finding
ways to support and secure long and safe hiberna-
tion.

JKUPHOKHCJOTHUM CKJIAJ
BHYTPIIIIHHOI MEMBPAHU
MITOXOH/IPII KAPTIOMIOIIUTIB TA
I'EITATOLUTIB 1Y PIB 3A I'lHIOKCH-
TI'TITEPKAITHIYHOI'O BIIVINBY
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JociimkeHo BIITUB TiMOKCH-TIMEPKAITHIYHOTO
CepeoBHUIIA 3a TIMmoTepMii (ITyIHUH rimobdio3) Ha
KUPHOKHUCIOTHUM CHEKTP JIMiZiB BHYTPIIIHBOT
MeMOpann (BM) WMIiTOXOHApIA TemaTomuTiB Ta
KapAiOMiONHTIB TIypiB. 3a Trimo6io3y BCTaHOBICHO
cnenupiyHUN [ KIITHHHUX OpTaHe] mepepos-
MO/ Y BMICTi KUPHUX KHUCIOT BM MiTOXOHApIH,
SIKAA JUIST KapIiOMIOIUTIB TMPHU3BOIUTH 1O 3HH-
KEHHS CyMapHOi KUIBKOCTI HAacCHYEHHX >XKMPHHUX
kucinor (HXXK) Ta miaBumeHHS HEHACHYCHUX
xupauX kucinot (HHXK), a qns remaronuTis — 1o
migsumenas HXKK rta samxenas HHXKK. Tloka-
3aHO 3HWXKEHHS BMICTY OJIETHOBOi KHCIOTH, 3pO-
CTaHHS BMICTY apaxiJOHOBOI Ta JOKO3areKCa€HOBOI
KHCJIOT, 110 MOKe 0OyMOBJIIOBATHUCH X y4acTiO B
pPEeryIsTOPHUX CHUCTEMax sSK 3a Timobio3y, Tak i
/T 9ac BUXOAY i3 1poro crany. llepenbadaeTncs,
0 CTaH MITYYHOTO Tirmo0io3y XapaKTephu3yEThCS
CTpec-peaKii€lo, IKa MPU3BOAUTh O ONTHUMAaJIbHOT
nepedyi0BH  KUPHOKHUCIOTHOTO  CKJIaly MeM-
OpaHHUX JIMiJiB, HAMpaBJeHOI Ha MIATPUMKY

(dyHKIiOHATBHOT AKTHUBHOCTI MITOXOHIPii

IenaToIHUTIB 1 KApIiOMIOIUTIB.

KnmouoBi cloBa: HacHYeHI Ta
HEHACHYEeH] JKMPHI KHUCIOTH, BHYTPIIIHS MeMOpa-
Ha MITOXOHJIpiHA, TEMaTOIUTH, KapAiOMIiOIIUTH,
TIIOKCIs, TIepKaIHisl, TIIOTePMisl.

JKUPHOKUCJIOTHBIN COCTAB
BHYTPEHHEN MEMBPAHBI
MHUTOXOH/JIPUHN KAPIUOMHUOLIUTOB
U T'ENATOILIMTOB KPBIC IIPH
T'NIOKCU-TUNTEPKAITHUYECKOM
BO3JENCTBUHU

C. B. Xuorcuaxk, C. B. Muowik,
C. B. Cviconsamun, B. M. Botiyuyxuti

HarmoHanbHBIN yHUBEPCUTET OHOPECYPCOB
1 TIPUPOJIOTIONB30BAHNS YKPAWHBI,
e-mail: khs2014@ukr.net

HccnenoBaHo BO3IEHCTBUE TUIIOKCU-THIIEP-
KaIlTHU4eCKOM Cpelpl MpU THUINOTepMUU (MCKYC-
CTBEHHBIN TUTIOOHMO03) Ha KUPHOKHUCIOTHBIN CIEKTP
JUTHIOB BHYTpeHHelW memOpansl (BM) muToXOH-
JIpUii TENaTOUUTOB U KapAUOMHOLUTOB KpbIC. [Ipu
rUNIO0HM03€ YCTAHOBJICHO CHeln(pUIecKoe s Kiie-
TOUHBIX OpTraHeJlJl TepepacrpesiefiecHue B KOoIude-
CTBE€ KUPHBIX KUCIOT BM MUTOXOHIpUA, TPUBOIS-
1ee B KapIHOMHOIIUTaX K CHUKEHUIO CyMMapHOTO
KOJINUECTBA HACHIIIEHHBIX KUPHBIX KUcIoT (HXKK)
U YBEJIWYCHHUIO HEHACHIIICHHBIX XHUPHBIX KHUCIOT
(HHXXK), a ans remaTonMTOB — K YBEIUYEHHUIO
HXK u cumxennro HHXK. ITokazaHo cHuxkeHuUE
COJIepXKaHUs OJEMHOBOW KHCJIOTHI, TIOBBIIIEHUE —
apaxuJIOHOBOM U JIOKO3are€KCaeHOBOW KMCIIOT, YTO,
BO3MOXKHO, OOYCIIOBIICHO MX Y4YacTHEM B PEryiH-
pYIOIIMX cHCTEeMax Kak MpH rUmoOuose, Tak U Mpu
BBIXOJIE M3 3TOT0 cocTossHUs. [IpenmonaraeTcs, 4To
COCTOSIHME HCKYCCTBEHHOTO THIIOOMO03a XapakTe-
pU3yeTcs cTpecc-peakiMend, TpuBOIsIIEe K ONTH-
MaJIBHOHI MEPECTPOMKE KUPHOKHUCIOTHOIO COCTaBA
MEMOpaHHUX JIUITUIO0B, HAIIPABICHHOW Ha TOAACD-
xaHne (QyHKIMOHATHHOW aKTHBHOCTH MHTOXOH-
JIpHil renaToruTOB U KapIHOMHOIIUTOB.

KnwoueBnie ciaoBa: HaCBhIIICHHBIC U HEC-
HACBIIICHHBIC ) KUPHBIC KUCJIOThI, BHYTPCHHS MCM-
6paHa MHTOXOH,[[prI, renaTouuThl, KapAUOMHUOLU-
Tbl, TUIIOKCHU S, TUIICPKAIIHUA, TUIIOTCPMU .
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