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Nowadays the fact that diabetes mellitus
(DM) has acquired signs of noninfectious epi-
demic and become an independent risk factor
of cerebral pathology is universally recognized.
In addition to vascular damage caused by DM
direct disorder of carbohydrate metabolism in
the brain occurs. Excessive glucose concentra-
tion causes a toxic effect due to an increased
amount of glycolysis products, lipid and protein
peroxide oxidation, decreased membranous po-
tential of the mitochondria and deficiency of
neuron energy supply due to mitochondrial dys-
function. Chronic hyperglycemia, in particular,
results in activation of polyol way of glucose
metabolism in the brain causing exhaustion of
NADPH-oxidase reserve [1]. Appropriate cor-
relation of oxidative and reduced forms of nico-
tinamide coenzymes is essential for an effec-
tive functioning of electron transport chain of

the mitochondria. Inequality of this correlation
leads to imbalance of the energy biotransforma-
tion system [2]. The totality of the above factors
not only potentiate diabetic damage of the cen-
tral nervous system (CNS), but an early onset
and more severe development of neurodegen-
erative processes as well, which is more specific
for type 2 DM.

Glucose is the main source of energy for the
brain. However, limited glycolytic ability makes
neurons strongly dependent on mitochondrial
respiration — the main ATP generator to per-
form various cellular functions [3, 4]. Due to
importance of mitochondrial energy supply de-
fects of mitochondrial functioning are reflected
on the cellular and systemic levels. At the same
time, the brain containing the largest amount
of mitochondria is a regulation center of the
body energy homeostasis. Thus, correction of
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mitochondrial dysfunction of the brain and de-
crease of energy deficiency is a topical area of
pharmacological protection.

According to the latest scientific data mi-
tochondria contain gamma-aminobutyric acid
(GABA) — an inhibitor neurotransmitter of the
CNS and trophic factor of synaptogenesis. It
functional cycle is closely associated with glu-
cose metabolism. Considering cerebroprotective
effect of GABA agents in case of functional-

organic disorders of the CNS, the issue con-
cerning carbacetam effect, a new modulator of
GABA-ergic system, is of a certain interest [5],
under conditions of functional disorders of the
cerebral mitochondria state caused by type 2
DM.

Objective of the study: experimental in-
vestigation of carbacetam effect with cerebral
mitochondrial dysfunction of rats with type 2
diabetes mellitus.

MATERIALS AND METHODS

The experiments were conducted on labora-
tory nonlinear albino male rats with the body
weight 0.18-0.20 kg, kept under standard vi-
varium conditions with natural day and night
changes.

All the manipulations were conducted ac-
cording to the Requirements of the European
Convention for the Protection of Vertebrate
Animals Used for Experimental and other
Scientific Purposes (18.03.1986), the European
Council Directive No 609, dated 24.11.1986,
and the Order of the Ministry of Health of
Ukraine No 690, dated 23.09.2009.

Type 2 DM was simulated by streptozotocin
(Stz) in the dose of 30 mg/kg on the citrate buf-
fer (pH = 4.5) injected through the peritoneum
of rats kept during 30 days on a high-fat diet
with a free access to fructose solution (200 g/L)
[6]. On the 11* week after Stz injection the
group of rats with DM (7 rats) received a course
(14 days) of carbacetam injections through the
peritoneum in the dose of 5 mg/kg in the volu-
me 1 ml of 0,9% NaCl solution/0.1 kg of the
body weight. The groups of comparison, that
is, control group and the group of rats with
simulated pathology (7 rats in each) received
a solvent through the peritoneum in the simi-
lar regimen.

Euthanasia of rats was conducted under
light ether narcosis. The brain was removed
cold and washed thoroughly with cool 0.9 %
NaCl solution. The hippocampus and the cereb-
ral cortex were isolated according to the stereo-
taxic atlas [7].

Mitochondrial fraction of homogenates of
the structures examined was isolated by means
of the differentiation centrifugation method
in homogenization medium: sucrose 250 mM,
ethylene diamine tetraacetate (EDTA) 1 mM,

tris-HC1 10 mM, pH 7.4 at a temperature
of 0-3°C [8].

The intensity of lipid peroxide oxidation
(LPO) in the mitochondria was assessed by the
levels of active products reacting with 2-thio-
barbituric acid (TBA AP) [9]; carbonylation
level of mitochondrial proteins was assessed by
the use of 2.4-dinitrophenylhydrazone with for-
mation of carboxylphenylhydrazone (CPH) [10].
The state of the antioxidant protection system
in the mitochondria was assessed by the ac-
tivity of superoxide dismutase (SOD) enzymes
[EC 1.15.1.1] and catalase [EC 1.11.1.6] [11].
The activity of enzymes of a-ketoglutarate de-
hydrogenase (a-KGDH) [EC 1.2.4.2] and suc-
cinate dehydrogenase (SDH) [EC 1.3.5.1] was
determined by means of spectrophotometric
method [12].

Opening of the mitochondrial pore was ex-
amined by means of spectrophotometric regi-
stration of mitochondrial swelling and chang-
es of the suspension optic density at A = 520
during 60 minutes. A relative rate of mito-
chondrial swelling was determined as differ-
ence between the organelle swelling rate at the
60" minute of swelling with the presence of
inductor Ca?" (50 mcmol/L) was registered
[13, 14]. Protein concentration in the incubation
medium was determined by means of Lowry
method; it was 0.4 mg/ml [15].

The results of the study were statistical-
ly processed by means of t-Student paramet-
ric criterion. In case normal distribution was
absent, Mann-Whitney U-criterion was used.
Differences were considered statistically valu-
able with p <0.05.

Point estimate of the results was presented
in the form of mean values and standard mean
error (M £+ m).
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RESULTS AND THEIR DISCUSSION

The development of DM was confirmed
by the glucose level obtained in rats at week
10 after administration of Stz, which was
11,99 + 1.562 mmol/L, against 4.87 + 0.713
mmol/L in control (p < 0.05). Compared with
the non-correction group, no changes in glyce-
mia were detected on day 14 of carbacetam ad-
ministration (9.94 + 0.932 mmol/L).

The results of the conducted studies demon-
strated that TBA AP content increased in the
mitochondria of the examined cerebral struc-
tures of rats with type 2 DM (Fig. 1). Thus,
in comparison with the control group TBA AP
content in the cerebral cortex and hippocampus
82.3% and 106.1 % increased respectively. The
obtained result correlates with the conclusions
drawn by other scientists who stated that TBA
AP content increased due to the effect of highly
reactive oxygen forms acting on polyunsatu-
rated fatty acids, components of phospholipids
of all the cellular membranes; therefore, this
parameter is a marker of mitochondrial mem-
brane damage [16].

At the same time, in rats with type 2 DM
carboxylphenylhydrazone content in the cere-
bral cortex was 37.7% higher than that in the
control group, and 43.2% higher — in the hip-
pocampus.

After administration of carbacetam during
14 days to rats with type 2 DM TBA AP con-
tent in the cerebral cortex 20.9% decreased,
and in the hippocampus — 40.2% respectively
(Fig. 1). CPH content in the cerebral cortex and
hippocampus 20.9% and 25.6% decreased re-
spectively.

One of the important enzymes of the an-
tioxidant system is SOD catalyzing dismuta-
tion reaction of superoxide anion-radicals and
transforming them into less reactive-able mole-
cules of hydrogen peroxide. SOD activity in the
mitochondria of rats with DM 23.3 % decreased
in the cerebral cortex. This parameter was
characterized by a tendency to decrease in the
hippocampus in comparison with the control
group (Table). After carbacetam administration
during 14 days SOD activity in both structures
of the brain increased; and the parameters did
not differ reliably from that of the control.

Considering the fact that hydrogen perox-
ide, resulted from dismutation of superoxide
radical, is carried out by catalase-peroxidase
systems, therefore the next step in our study
was to study the activity of catalase in MTX
GM (Table). In rats with type 2 DM catalase
activity 29.4% and 51.5% decreased in the ce-
rebral cortex and hippocampus respectively as

nmol/mg of protein

&
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e}c}‘bQ &
K& Control e{i Diabetes mellitus

M Diabetes mellitus + Carbacetam

Fig.1. Carbacetam effect on free radical lipid and protein oxidation in the mitochondrial fraction
of the cerebral cortex and hippocampus of rats with type 2 diabetes mellitus

Notes:

*

*%

reliability of difference compared with the control group of rats,
reliability of difference compared with the group of rats with type 2 diabetes mellitus.
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Carbacetam effect on the state of antioxidant protection

Table

in the mitochondrial fraction of the cerebral cortex and hippocampus of rats
with type 2 diabetes mellitus (M + m, n = 7)

) Examined Diabetes Dial.)etes
Indices structures Control . mellitus +
cerebral mellitus Carbacetam
SOD, cortex 0,43 + 0,027 | 0,33 +0,017* 0,39 + 0,022
units / mg of protein hippocampus | 0,38 + 0,045 0,26 + 0,038 0,32 + 0,039
Catalase, cortex 175,9 + 10,58 | 124,2 + 11,72% | 187,2 + 19,06%*
memol H,0,/ min of mg of protein | hippocampus | 170,2 +10,99 | 82,5+ 11,28% | 136,1+ 17,85
The activity of a-KGDH, cortex 40,4 + 2,23 26,5+ 1,01* 30,8 £2,01*
nmol / min of mg of protein hippocampus 435+ 2,24 26,8 + 1,52* 36,2 + 2,79%*
The activity of SDH cortex 6,5+ 0,57 2,2 +0,15* 3,5+ 0,23% **
nmol / min of mg of protein hippocampus 7,2+ 0,32 2,4 +0,27* 4,5 +0,19% **

Notes:

*
*%

compared to the control indices. Due to car-
bacetam effect catalase activity in the cerebral
cortex 50.7% increased, but in the hippocam-
pus only a tendency to increase was observed.

Oxidative stress with hyperglycemia is
known to promote excessive production of oxy-
gen reactive forms, exhaustion of the antioxi-
dant protection system and energy deficiency,
eventually resulting in damage and death of
neurons. Therefore, we examined the activities
of Krebs cycle dehydrogenases — a-KGDH and
SDH, which determine efficacy of energy supply
in the mitochondria. Under conditions of type 2
DM development a-KGDH activity was found
34.4% decreased in the cerebral cortex, and
38.4% decreased — in the hippocampus; SDH
activity in both examined structures 66.4 % de-
creased on an average.

After carbacetam administration, activity
of both enzymes increased. Though, a-KGDH
activity was 35.1% higher in the hippocampus
only; SDH activity was 59.1 % higher in the ce-
rebral cortex and 87.5% — in the hippocampus,
compared with pathology group.

To characterize structural-functional state
of the mitochondria, organelle swelling was
examined by the dynamics of light dispersion
intensity of mitochondrial suspension during
60 minutes of incubation. The parameters were
considered (units/mg of protein) on the 5% and
60" minutes of observation (initial and final

reliability of difference compared with the control group of rats,
reliability of difference compared with the group of rats with type 2 diabetes mellitus.

periods of observation respectively). Thus,
the level of light dispersion in the mitochon-
drial suspension of the brain in the control
group of rats decreased from 0.908 + 0.016 to
0.839 + 0.014 (Fig. 2). It is indicative of an im-
portant physiological role of mitochondria in
maintenance of their own homeostasis due to
their ability to accumulate and retain Ca?* ions
in the matrix.

Under conditions of type 2 DM light disper-
sion in the mitochondrial suspension decreased
from 0.646 + 0.015 to 0.525 + 0.009. It should
be noted, that parameters of the initial and
final periods of observation in rats with DM
were lower than that of the control, which is
indicative of possible damage of the mitochon-
drial internal membrane resulting in disorders
of energy function [17].

After carbacetam administration the level
of light dispersion decreased from 0.887 + 0.013
to 0.837 + 0.012. At the same time, the data
obtained appeared to be higher than the pa-
rameters of rats with simulated pathology.
Therefore, it 1s indicative of carbacetam ability
to decrease excessive opening of the mitochond-
rial pore.

Further studies demonstrated (Fig. 3) that
dynamics of light dispersion intensity in the mi-
tochondrial suspension was similar to changes
occurring in the cerebral cortex. Though, in
rats with DM more pronounced damage of mi-
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Fig. 2. Intensity of mitochondrial swelling in the cerebral cortex of rats
with type 2 diabetes mellitus after carbacetam administration during 14 days in the dose of 5 mg/kg.
The results are represented as Me[min-max], n = 7, P < 0.05.
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Fig. 3. Intensity of mitochondrial swelling in the hippocampus of rats
with type 2 diabetes mellitus after carbacetam administration during 14 days in the dose of 5 mg/kg.
The results are represented as Me[min-max], n =7, P < 0.05.
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Fig. 4. Relative rate of mitochondrial swelling in the cerebral cortex of rats
with type 2 diabetes mellitus after carbacetam administration during 14 days
in the dose of 5 mg/kg (M £+, n = 7).
Notes:

* reliability of difference compared with the control group of rats,
** reliability of difference compared with the group of rats with type 2 diabetes mellitus.
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tochondria is found in this structure, which is
indicative of its higher sensitivity under our
conditions of the experiment.

Calculations demonstrated that a relative
rate of mitochondrial swelling in rats with DM
in comparison with the control group 25.0%
increased in the cerebral cortex and 27.8% —
in the hippocampus (Fig. 4). After carbacetam
use a relative rate of mitochondrial swelling
decreased in comparison with the control group
of rats in both structures examined: 15.0% —
in the cerebral cortex and 17.4% —in the hip-
pocampus.

Thus, our experimental studies established
that disorders of the prooxidant-antioxidant
balance and energy supply of neurons occurred
in the mitochondria of the cerebral cortex and
hippocampus of rats with type 2 DM, and their
functional state was disturbed. The obtained
results correlate with the data suggested by
other scientists and evidence that mitochon-
drial dysfunction is a valuable pathologic base
of neurodegenerative disorders in the CNS [18,
19]. Carbacetam decreases AP TBA and CPH
content, increases activity of antioxidant en-
zymes and improves parameters of energy me-
tabolism in the mitochondria, and therefore,
decreases loss of functioning neurons specific
for type 2 DM. A trigger mechanism of car-
bacetam action is a well-balanced effect on
the GABA system in the CNS including the
cerebral vessels [20], which is reflected by im-
provement of cerebral circulation peculiar for
GABA modulators. Increase of the blood flow
volume and oxygen content in the cerebral cells
promotes reduced production of oxygen active
forms and harmful effects of AP TBA and CPH
respectively. Increased activity of SOD and cat-
alase enables to suggest carbacetam antioxi-
dant effect.

One more important peculiarity of carba-
cetam 1s increased activity of Krebs cycle en-

zymes — o-KGDH and SDH in the mitochond-
ria, which is indicative of improvement of
energy metabolism in the examined neuron
organelles of the cerebral cortex and hippocam-
pus damaged with neurodegeneration including
that one occurring with DM. The above pro-
cesses cause an improvement of the mitochond-
rial functional state which is evidenced by the
dynamics of light dispersion in the mitochond-
rial suspension which is indicative of reduced
mitochondrial pore under carbacetam effect.
The main mechanism of carbacetam action
might be associated with prevailing intensifica-
tion of NAD-dependent oxidation, which is one
of the ways to increase resistance of the mi-
tochondrial respiratory chain. Moreover, car-
bacetam is not excluded to modulate Ca?" and
K*currents. Activation of mitochondrial ATP-de-
pendent potassium channels is known to result
in decrease of Ca?" load and inhibition of an
excessive opening of the mitochondrial pore [21].

Considering the scientific data concerning
participation of a polyol way of glucose metabo-
lism in the mechanisms of CNS dysfunction,
we can suggest inhibiting carbacetam effect on
the process. Carbacetam is not excluded to pro-
duce certain effect on GABA-receptors of the
pancreas [22]. Modulation of these receptors
promotes decreased sorbitol synthesis due to
improved regulation of insulin secretion and
reduced mediators of inflammation. The above
factors promote to increase NADPH supplies as
the main source of energy biotransformation in
the mitochondria of neurons of the examined
structures — cerebral cortex and hippocampus.
In general, it improves the CNS functional
state which is evidenced by our previous stu-
dies [6], where in the absence of hypoglycemic
effects carbacetam improved memory, cogni-
tive and integral rational activity of rats with
experimental neurodegeneration simulated by
type 2 DM.

CONCLUSIONS

1. Under conditions of central nervous system
damage induced by type 2 diabetes melli-
tus, lipid and protein peroxide oxidation in-
creases in the mitochondrial fraction of the
cerebral cortex and hippocampus of rats;
activity of superoxide dismutase, catalase,
a-ketoglutarate dehydrogenase, succinate

dehydrogenase decreases; a relative rate of
mitochondrial swelling increases.

2. After carbacetam administration during
14 days the content of products reacting with
2-thiobarbituric acid and protein oxidation
modification decrease in the mitochondria
of the brain and hippocampus of rats with
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10.

11.

12.

type 2 diabetes mellitus; activity of catalase 3. Decrease of a relative rate of mitochondrial
in the cerebral cortex and a-ketoglutarate swelling in the cerebral cortex and hippo-
dehydrogenase in the hippocampus increas- campus of rats confirms a protective effect
es, activity of succinate dehydrogenase in- of carbacetam under conditions of mitochon-
creases in both structures examined which drial dysfunction.
is indicative of its antioxidant properties.
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Neurodegenerative disorders in the cerebral cortex and hippocampus are one of the most common causes
of disability and mortality in patients with diabetes. Excessive glucose concentration causes a toxic effect due
to an increased amount of glycolysis products, lipid and protein peroxide oxidation, decreased membranous
potential of the mitochondria and deficiency of neuron energy supply due to mitochondrial dysfunction. Gamma-
amino butyric acid is known to localize to the mitochondria, and its functional cycle is closely linked to glucose
metabolism.

Objective of the study: experimental investigation of carbacetam effect with cerebral mitochondrial dysfunc-
tion of rats with type 2 diabetes mellitus.

The experiments were conducted on laboratory nonlinear albino male rats with the body weight 0.18—0.20 kg.
Type 2 diabetes is modeled on streptozotocin and a high-fat diet. Carbacetam was administered intraperito-
neally at a dose of 5 mg/kg, once daily for 14 days.

Under conditions of central nervous system damage induced by type 2 diabetes mellitus, lipid and protein
peroxide oxidation increases in the mitochondrial fraction of the cerebral cortex and hippocampus of rats; ac-
tivity of superoxide dismutase, catalase, a-ketoglutarate dehydrogenase, succinate dehydrogenase decreases;
a relative rate of mitochondrial swelling increases.

After carbacetam administration during 14 days the content of products reacting with 2-thiobarbituric acid
and protein oxidation modification decrease in the mitochondria of the brain and hippocampus of rats with type
2 diabetes mellitus; activity of catalase in the cerebral cortex and a-ketoglutarate dehydrogenase in the hippo-
campus increases, activity of succinate dehydrogenase increases in both structures examined which is indica-
tive of its antioxidant properties.

Decrease of a relative rate of mitochondrial swelling in the cerebral cortex and hippocampus of rats con-
firms a protective effect of carbacetam under conditions of mitochondrial dysfunction.

Key words: carbacetam, type 2 diabetes mellitus, functional state of the mitochondria.

OUIHKA BMJ/NBY KAPBALUETAMY
MPU MITOXOHAPIAJIBHIA OUCdYHKLIT TOJIOBHOMO MO3KY LLYPIB
I3 LYKPOBUM OIABETOM 2 TUNY

Kmets O. I'., @inineus H. 1., Porosuii 10.€.,
I'pauosa T. 1., Benprwoxk 10. M., Biacora K. B.

Buwuti deporcasruil Hasuaivhul 3akaad Yepainu «ByKo8UHCOKUTL 0epicasHULL MEOUUHUTL YHI8epcumemn,
Mm. Yepnisui, Yepaina
kmet.olga@bsmu.edu.ua

OnHuMHY 3 HAMO1JIBII IOMIMPEeHUX IIPUYMH IHBAJIIAU3AIil Ta JIeTaJIbHOCTI XBOPHUX IIPHU AiabeTi € Helpoie-
reHepaTUBHI IIOPYIIEHHS Yy KOpPl I'OJIOBHOTO MO3KY Ta rimokamirl. HagMipHa KOHIIEHTpAIla III0KO3U YHHUTH
TOKCUYHUY BIJIUB Yepe3 3POCTAHHSA KIJBKOCTI MPOAYKTIB IVIIKOJ13y, HEPOKCUIHOTO OKMCJIEHHS JIIITIIIB
1 OLJIKIB, 3HUKEHHS MeMOpaHHOr0 IIOTEHIIaJIy MITOXOHAPIHN Ta JedlIuT eHepro3abe3medeH I HEHPOHIB yHA-
CJILI0K MITOXOHIpianabHOI quchyHKIii. Bigomo, mo rama-amiHoMacigHa KHUCJI0TA JOKAJII3yeThCA Y MITOXOH-
IpiAx, i1 PyHKIIOHAIBHAN [TUKJI TICHO ITOB’I3aHUH 13 MeTab0JI113MOM IJIIOKO3H.

Tomy meton pobGoTu OyI0 eKcIeprMeHTaJibHe BUBUEHHS BILJIMBY Kapbameramy, moayJsropa T'AMEK-
eprivuHol CHCTEeMH, IPU MITOXOHIPIaJbHINA AUCPYHKII TOJIOBHOTO MO3KY IIypPIiB 13 I[YKPOBHUM giabeTom
2 Tumy.

ExcrnepumenTn npoBoguian Ha HeJIHIAHUX jJabopaTopHuX 0lamx mypax camiagx macoio 0,18—0,20 kr.
I[lyxposuit giaber 2 TUIY 3MOEIBOBAHO CTPEIITO30TOIMHOM 1 BUCOKOKRUPOBOIO mieTow. Kapbatieram BBoguiu
BHYTPIIIHBOOYEPEBUHHO 03010 5 MI/KT, OOUH Pa3 y JeHb YIIPOJIOB:K 14 ITHIB.

BeranoBieno, 1o 3a yMOB 1HIYKOBAHOTO I[YKPOBUM [11abeToM 2 THILY MOIIKOIKEeHHS IeHTPaJIbHOI Hep-
BOBOI CHCTEMHU B MITOXOHApPIaJIbHINA (pakrilll KOpW IOJIOBHOI'0O MO3KY Ta TiIOKAMIIA IMYyPIB 301JIBLIIYETHCSI
MEepPOKCUHE OKWUCHEHHS JIIMIAIB Ta 01JKIB, 3HHIKYETHCSI AKTUBHICTH CYIIEPOKCHUIIUCMYTa3u, KaTajasu,
Q-KeTOorJIyTapaTaeriIporeHas3u Ta CyKI[MHATIerIporeHas3u; 3pocTae BIJHOCHA IIBUIKICTh HA0OyXaHHS MITO-
XOHIPI.

[Ticns BBemenus 14 muiB kapbaieraMy y IIypiB 13 IyKPOBUM A1a0eToM 2 TUIY B MITOXOHIPISX TOJIOBHOT'O
MO3KY Ta TillOKaMIla 3HHKYETHCS BMICT IPOAYKTIB, II0 pearyoTh 13 2-Ti00apOiTypOBO0 KHUCIOTOH Ta OKHUC-
HOI MomudikaIii 61JKIB; 3pocTae aKTUBHICTD KaTaJa3u y KOP1, A-KeTOIJIyTapaTAeriIporeHas3u y TiloKaMIIi,
a CyKIIMHATAEriaporeHasu — B 000X JOCIIIKYBAHHUX CTPYKTypax, IO BKA3ye Ha MOro0 aHTHOKCHUIAHTHI
BJIACTHUBOCTI.
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Kniniuna endokpurosioeis

BHUKeHHS BITHOCHOI IIBUIKOCTI HAOYXaHHS MITOXOHJPIH KOPU TOJOBHOT'O0 MO3KY Ta TiIIOKaMIIa IIYPIB
OIATBEP/ KY€ MTPOTEeKTUBHUM BIJIUB KapOaleraMmy 3a yMOB MITOXOHAPlaJIbHOI qucdyHKITII.
Kiawouosi cimosa: rapbameram, HyKpoBuii giaber 2 Tumy, pyHKII0OHAIBHNANA CTAH MITOXOHIPIM.

OUEHKA BINAHUA KAPBALUETAMA
NMPU MUTOXOHOPUAJIBHOW AUC®YHKLUWUN TOJIOBHOITO MO3IA KPbLIC
C CAXAPHbIM AUABETOM 2 TUMNA

Kwmets O. I, ®ununen H. /1., Porosoi IO.E.,
I'pauera T. U., Benpiok 0. M., Bnacora K. B.

Bboicwee 2ocyoapemaenioe yuebroe 3asederue Yxpaure
«Byrosunckuil eocyoapcmaeertblii MeOuUUHCKUL YHusepcumem», 2. eprosubl, Yepauna
kmet.olga@bsmu.edu.ua

ODHUMH U3 CAMBIX PACIIPOCTPAHEHHBIX IIPUYNH UHBAIUIU3AIUN U JIETAJIbHOCTH OOJIbHEIX IIPU JuabeTe
SIBJISIETCS HeMpoJiereHepaTuBHbIE HAPYIIIEHUS B KOPe TOJIOBHOI'0 MO3Ta W PUIIIIOKaMIe. UpeaMepHasa KOHIIEH-
TpaIlus TJIIOKO3bI OKA3bIBAET TOKCUYECKOE BJIMSHHUE M3-3a POCTA KOJMYECTBA IIPOJYKTOB INIMKOJIHU3a, IIepe-
KHCHOIO OKMCJICHUS JIUIKI0B U 0€JIKOB, CHUMKeHHEe MeMOPAHHOr0 IOTEeHIINAJa MUTOXOHAPUMN U HeUIIUT
oHeproobecIieueHn s HEMPOHOB BCJIEACTBUSA MUTOXOHIPUAJIbHON nucdyHKIUU. V3BecTHO, 4TO raMMa-aMUHO-
MacJIAHAs KUCJIOTA JIOKAJIU3YeTCA B MUTOXOHIPUAX, ee (DYHKIITMOHAIbHBIN IIUKJI IPOYHO CBA3aH ¢ MeTabo-
JIM3MOM TJTIOKO3HI.

[MosTromy 1enp0 paboThl OBIIIO SKCIEPHMEHTAJbHOE HW3yueHUe BIHSHUS KapbaleraMma, MOAyJIsSTopa
I'’AMEK-spruveckoii cucTeMbl, TP MATOXOH IPUAJIBHON AUCHYHKIIUU I'OJIOBHOTO MO3Ta KPBIC C CAXaPHBIM JHa-
beTom 2 THIIA.

OKCIepUMeHTHI IIPOBOIMIIN Ha HeJIMHEMHBIX J1ab0paTOPHBIX OeJIBIX Kphicax camiiax maccoit 0,18—0,20 xr.
Caxapubiii quaber 2 TUIA CMOJEJIUPOBAH CTPEIITO30TOIMHOM U BBICOKOKUPOBOU jueroit. Kapbaieram BBo-
IWJIM BHY TPUOPIOIINHEO B J03€ 5 MI/KI, ONUH pPa3 B JeHb B TeueHue 14 IHe.

YeTaHOBJIEHO, YTO B YCJIOBUSAX MHIYIITMPOBAHHOTO CAXAPHBIM JUa0ETOM 2 THIIA ITOBPEIKICHUS IEHTPAIb-
HOM HEPBHON CHUCTEMBI B MUTOXOHJIPUAJBHON (PPAKIIMH KOPHI FOJIOBHOTO MO3ra W THIIIIOKaMIa KPHIC yBe-
JIUYUBAETCS IIEPEKUCHOe OKHCJICHMUE JIUIINI0B M 0€JIKOB; CHUKAETCS aKTHBHOCTD CYIIEPOKCHIIHUCMYTAa3HbI,
KaTaJia3bl, d-KeTOrJIyTapaTAeTruIporeHas3sl U CYKI[MHATAeTUIPOTeHAa3bl; pacTeT OTHOCUTEIbHAs CKOPOCTH
HaO0yXaHUs MUTOXOHIPUM.

ITocme BBemenus 14 mmeit kapbalieramMa y KpPBIC C CAXapHBIM AUa0eTOM 2 THIA B MHTOXOHJIPUSX TO-
JIOBHOTO MO3Ta ¥ THUIIIIOKaAMIIa CHUMKAETCS COJlepyKaHue IPOJYKTOB, PEarupyloIiux ¢ 2-TuodbapouTy-
POBOM KHMCJIOTOM M OKUCJIUTEJIbHOU MOAU(UKAIIMKA OEJIKOB; BO3PACTAeT aKTUBHOCTL KAaTaJIa3dbkl B Kope,
Q-KeTOorJIyTapaTaeruIporeHas3bl B TUIIOKaMIIe, a CyKIIMHATIeIUAPOreHassl - B 00erUX MCCIIeyeMbIX CTPYKTY-
pax, yKa3bplBaeT Ha eT0 aHTHOKCHUIAHTHBIE CBOMCTBA.

CHuKeHHe OTHOCHUTEIHLHON CKOPOCTH HAOYXaHWSA MUTOXOHIPUN KOPBI TOJIOBHOI'O MO3Ta U THIIIIOKAMIIA
KPBIC HOATBEPIKIAET IPOTEKTUBHOE BJINAHNE KapbaleTaMa B YCIOBUAX MUTOXOHIPUAJIBHON TUCQYHKITHI.

Kiunmouessie ciooBa: kapbameram, caxapHblil guader 2 Tumna, PyHKIIHOHAJIHLHOE COCTOSIHUE MUTO-
XOHJIPUH.
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