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EFFECT OF GROWTH CONDITIONS ON TOTAL CAROTENOID
PRODUCTION BY HALOARCULA JAPONICA A-2 ISOLATED
FROM AVAN (ARMENIA) SUBTERRANEAN SALT DEPOSIT

Azaryan A.S., Gabrielyan L.S., Panosyan H.H.,
Trchounian A.H.
YSU, Department of Biochemistry, Microbiology and Biotechnology

aniazaryan@ysumail.ru

The effect of the conditions of cultivation on the production of total
carotenoids of aerobic halophilic Haloarcula japonica A2 archaeal strain,
isolated from Avan salt mine, has been studied. It has been shown that in
case of cultivation of H. japonica A2 using casamine acid as carbon source
incubating by shaking (150 rpm) and under light conditions the biomass
1.16-fold, while the production of carotenoids 1.4-fold exceeds the
corresponding rates for the cultured bacteria in the dark conditions. The
maximal productivity of carotenoids of H. japonica A2 is 14.6 mg/g.

Halophilic archaea - Haloarcula japonica - Biomass - Extraction-
Carotenoids

THE EFFECT OF PRP ON THE ACTIVITY OF ATPASE IN LIVER
MITOCHONDRIA OF WHITE RATS WITH CORAZOLE-INDUCED
EPILEPTIFORM SEIZURES

Barkhudaryants 1.M., Badalyan R.B., Simonyan A.A.,
Sakeyan R.D., Margaryan A.S.
Institute of Biochemistry after H. Buniatian NAS RA

biren@mail.ru
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The aim of this investigation was to study the effect of proline rich
polypeptide (PRP) on the age shifts of the catalytic activity of Mg?*-, Ca®'-
and HCO3- ATPases in liver mitochondria of white rats with corazole-
induced epileptiform seizures.

The obtained data show that the shifts in the catalytic activity of ATPases
in the mitochondria of the liver in white rats of three different ages (3, 6 and
9 months) during corazole-induced epileptiform seizures are ambiguous. It
was found that the catalytic activity of the enzyme increased in groups of 3
and 9 months white rats by injection only corazole, whereas in group of 6
months it inhibited. It was observed that the prophylactic injection of PRP in

all age groups in comparison with healthy rats increase the catalytic activity.

TAURINE AND ALCOHOL: THE INFLUENCE OF TAURINE ON
THE CELL STRUCTURES IN THE RAT BRAIN IN CONDITION
OF ALCOHOL INTOXICATION

Danielyan M.H., Khachatryan V.P., Savayan A.A., Nazaryan O.H.,
Karapetyan K.V., Ghevondyan T.H.

L. A. Orbeli Institute of Physiology NAS RA
margaritadanielyan@rambler.ru

The carried out histochemical studies testify to the degenerative
changes, observed in the cortex of the cerebral hemispheres in the early
periods of alcoholization. As a neuronal damage we can see central
chromatolysis, lesion of contours of cells and shortening of the processes.
Taurine changes the functional parameters of the central nervous system.
Also, it restores the energic balance and endurance of nerve cells so that in
behavior of animals disappears aggression or retardation, initially caused by

alcohol consumption, diminishes. Rats treated with taurine, was observed
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positive changes in the structural properties of neurons and increase in
phosphatase activity (increased metabolism) in the regions of the brain that
generally determines the cell survival and is significant to primary irritation
of neurons in the way of recovery. This indicates a neuroprotective effect of
taurine on the cellular structures of the cerebral cortex in the rat. In our
experiments, after a short-term alcohol intoxication and the systematic
introduction of taurine, we observed an approximation of the diameter of the
capillaries of the cerebral cortex to normal. The analysis of data has
demonstrated that in comparison with intact animals, after 10 days of alcohol
intoxication the capillaries were contracted by 31.4%. Furthermore, the
administration of the indices reach to intact group and dilatation by 4.16%
took place. Morphometric data indicatedthe presence of vasodilating effect
of taurine on capillary limb of microcirculatory bed of brain, which means
taurine posseses an angioprotective property.

Key words: alcohol intoxication, brain, neurons, capillaries, taurine

THE EFFECT OF HYPOTHALAMIC PROLINE-RICH PEPTIDE
PRP-1 ON FIBRINOLYSIS

Grigoryan L.S., Stepanyan H.A., Paronyan Z. Kh.

Buniatian Institute of Biochemistry, National Academy of Sciences of the
Republic of Armenia

lusokgrig@gmail.com

PRP-1 belongs to the family of proline-rich peptides released by the
neurosecretory nuclei of the hypothalamus, which is multifunctional and
participates in different processes of homeostasis: accelerates blood clotting,

regulates blood circulation in the brain, has antioxidant, antitumor,
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neuroprotector and other properties. It has been confirmed the PRP-1’s
participation in the multilevel blood coagulation enzyme system. In rates, in
vivo, it was showen that PRP-1, especially with small doses (ug/100g), the
blood clottihg accelerates by 35,5%, the recalcification time by 44%,
protrombin time by 31,1%, and the thrombin time decreases by 25%, i.e, has
high coagulation activity.

As the blood coagulation and her opposite process of hemostasis, the
fibrinolysis is constantly accompanying each other and the connection
between them occurs in the same way as the activation of the enzyme
cascade, also studied the participation of PRP-1 in fibrinolysis.

Experiments were performed by the traditional euglobulin fibrinolysis
method, the obtained data showed that, depending on the dose, under the
influence of PRP-1, slow down fibrin degradation process. Thus, in the case
of ng/ 100g dose, fibrinolysis slow down by 36%.

The study of the mechanism of action of proline-rich peptide PRP-1 on

fibrinolysis continues and will be presented in the near future as an article.

IMMUNOMODULLATORY ACTIVITY OF THEETHANOLIC
FRACTION OF ZIZIPHORA SERPYLLACEA L. LEAVES

Gyozalyan M.}, Harutyunyan K. ?, Hayrapetyan M.?,
Musayelyan R. 2, Khondkaryan L. *

" Institute of Molecular Biology, NAS RA, Yerevan, Armenia
2 Artsakh Scientific Centre, RNK

gyozalyanmeri@gmail.com

Inflammation is a response of an organism to tissue injury or

infectious agents. However, when persistent it can lead to development of a
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range of diseases . Modern commercially available immunosuppressive
drugs are often ineffective and possess severe side-effects, thus prompting
the search of new candidates.

The interest of researchers in medicinal plants as natural source of
many active components has noticeably increased in the past 20 years and
the particular attention has been given to substances which are used as
folklore medicines. Ziziphora serpyllacea is widely used in Artsakh for
treatment of a number of inflammatory conditions. Therefore, in the present
study we aimed to evaluate the influence of ethanolic extracts of Z.
serpyllacea leaves collected in Artsakh on LPS-induced immune responses
by human blood cells.

The cytotoxic activity of the plant extract against whole blood (WB)
cells was assessed by flow cytometry, while genotoxicity was evaluated by
cytokinesis-block micronucleus assay. Pro- (TNFa) and anti-inflammatory
(1L-10) cytokines secretion upon co-treatment of whole blood with non-toxic
concentration of plant extract, corresponding to ICy value and LPS were
measured by ELISA. Data were analysed using Wilcoxon matched pair test

by Graphpad Prism.

Z. serpyllacea had no effect on cells viability, except for the highest
concentration tested (2mg/ml), which only slightly reduced viability of
monocytes and neutrophils, while did not affect lymphocytic population. We
did not find any significant change in the frequency of micronuclei upon
treatment with non- toxic concentration of Z. serpyllacea extract (500 pg/ml)
in comparison with untreated cells. Treatment of WB with LPS and the plant
extract (500 pg/ml) resulted in decreased secretion of TNFa as compared to

LPS treated cells, while no change in the levels of IL-10 were found.

15



In overall, the present study suggested, that ethanolic extract of Z.
serpyllacea significantly reduced inflammatory response in the presence of
LPS, which appears ideal to overcome immune activation observed in a
number of life-threatening diseases. This warrants further investigation
involving components of Z. serpyllacea for possible development of new
class of anti-inflammatory drugs.

CALCINEURIN ACTIVITY CHANGES IN PATHOPHYSIOLOGY
OF COLON CANCER DEPENDING ON STAGE OF DISEASE

Hovhannisyan G., Sarukhanyan F., Hunanyan O., Zakaryan H.,
Barkhudaryan N.

H. Buniatian Institute of Biochemistry NAS RA, Yerevan, Armenia

gayane90.30@gmail.com

Recently, we have found that changes in calcineurin, a serine/threonine
phosphatase activity in the pathophysiology of breast, ovary, uterine and
cervical cancer depend on the stage of disease and are organ-specific. In
present study we have investigated the changes of calcineurin activity in
pathophysiology of colon cancer depending on age of patients and stage of
disease. Enzyme activity has been determined by the spectrofluorimetric
assay in plasma and tissue samples of the untreated oncologic patients. The
plasma of healthy donors and histologically checked healthy parts of remote
tissue were used as a control. Results obtained demonstrated that calcineurin
activity increases significantly in the plasma and tumor tissue of patients
with 1l (13 fold and 2 fold, respectively) and Il (27 fold and 4 fold

respectively) stages of disease compared with the control. However, we have
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not found a statistically significant increase in calcineurin activity in plasma
and tissue samples, depending on the age of the patients. These findings
highlight that the changes in calcineurin activity in pathophysiology of colon
cancer depend on stage of disease.

Acknowledgment: We thank to National Center of Oncology after V.A.
Fanarjyan (Ministry of Healthcare, RA), especially the Laboratory of
Clinical Pathomorphology, for provided oncological samples.

ANTIMICROBIAL PROPERTIES OF LAB ISOLATED FROM MILK
OF DIFFERENT ANIMALS
Israyelyan A. L., Arstamyan L.A., Alegsanyan L.A.
“Artsakh Scientific Center” SNPO, Stepanakert, Republic of Artsakh

arevik_israelyan@mail.ru

Key words: antimicrobial preparation, metabiotic, culture liquid.

In order to investigate the microflora of dairy products, were isolated
270 samples of LAB from milk and dairy products fromdifferent domestic
animals (goats, sheep, buffaloes, cows) from different regions of the
Republic of Artsakh. Comparison of results of genotyping of selected
strain by sequencing of 16S RNA gene shown, that LAB strains, isolates
from milk and fermented dairy products of AR were mainly related to
species of Enterococcus genus. The isolated strains have different probiotic
properties.Were purified by gel filtration (Sephadex G25), the culture
liquids(CL) of some LAB strains, which obtained from the separate
cultivation and were preparations were prepared (metabiotics).It was shown
that the metabiotics have ability to inhibit the growth of antibiotic-resistant

pathogen bacteria.
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It was shown that metabiotic from CL Ent. faecium M14 inhibited
grows of pathogen bacteria Staph. aureus sp.- 0%, Ps. aeruginosa-50%, Pr.
mirabilis-50% ,Klebsiella sp.-0%, Pr. vulgaris-0%, E.coli sp.-50%, but
metabiotic from CL Ent. faecium KV15 inhibited grows of pathogen
bacteria accordingly Staph. aureus sp.- 0%, Ps. aeruginosa-50%, Pr.
mirabilis-50%, Klebsiella sp.-100%, Pr. vulgaris-66%, E.coli sp.-33%.

From the obtained results, it can be concluded that AMP from
different strains of LAB of genus of Enterococcus have different
antibacterial effectivity to multidrug resistance pathogen bactertia, in
addition AMP from the strains of LAB from the milk of different animals
(goats, sheep, buffalo) inhibit antibiotic-resistant pathogens better. It is
assumed that further studies of AMP will allow use in medicine and in food
safety.

Acknowledgments: This work realized with financial support of the RA
MES State Committee of Science project “16AA-03, 2016”.

THE CITRULLINATION OF ADENOSINE DEAMINASE
ISOFORMS IN SYNOVIAL FLUIDS AT ARTHRITIS

Karapetyan L.G., Sharoyan S.G., Antonyan A.A., Mardanyan S.S.

H. Buniatian Institute of Biochemistry of NAS RA, 5/1 Sevak Str., Yerevan
0014, Armenia,

biochem@ipia.sci.am

The study of protein citrullination attracts a great interest because of its
involvement in the several physiological and pathological processes. The
citrullinated proteins are linked to the progression of multiple sclerosis, RA,

Alzheimer’s disease, etc. The conversion of arginine into citrulline leads to
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the change in the protein charge: the positive charge is lost, the isoelectric
point is altered and the interaction with other proteins is affected.

The attention is paid to the identification of biomarkers for differentiating
the arthritis type. The most important discovery in rheumatology in recent
years was the characterization of citrulline containing auto-antigens .The
identification of citrullinated proteins as auto-antigens and the development
of new assay based on the detection of ACPAs become a major breakthrough
in the laboratory diagnostics of arthritis The family of anti-citrullinated
protein antibodies (ACPAS) is expected to widen, because there is an
increasing need for developing new diagnostic strategies. Very significant is
the demonstration of adenosine deaminase (ADA) as a novel antigen by

some researchers.

In our previous works we found the statistically significant difference in the
ADA activity levels in SFs of patients with RA and osteoarthritis. Hence, the
ADA activity is considered as a biomarker suitable for differentiation of

these diseases in Armenian population.

In the present work, we separated and purified small and large isoforms of
ADA (SADA and LADA, respectively) from SFs of different arthritis. Their
ratio in SFs of rheumatoid, reactive and juvenile idiopathic arthritis,
ankylosing spondylitis and gout was determined. The SF samples with the
similar initial activities of the enzyme were taken. The data shown the
drastically larger SADA/LADA ratio in the case of RA compared with the
other four joint diseases. We researched the citrullination of SADA and
LADA forms of ADA in SFs of different arthritis. SADA separated and
purified from SF of RA appeared in the citrullination state unlike SADA
purified from the other arthritis, were not citrullinated. LADA isoforms

isolated and purified from all the studied arthritis were not citrullinated.
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EFFECT OF GROWTH CONDITIONS ON PRODUCTION AND
COMPOSITION OF TOTAL CAROTENOIDS OF THERMUS
SCOTODUCTUS K1 ISOLATED FROM GEOTHERMAL SPRING OF
KARVACHAR

Poghosyan H.L., Panosyan H.H., Trchounian A.H.
YSU, Department of Biochemistry, Microbiology and Biotechnology
heghine-95@mail.ru

The effect of cultivation conditions (temperature, pH, aeration, and
lighting) on biomass and general carotinodes productivity of Thermus
scotoductus K1 isolated from the geothermal spring of Karvachar in NKR. It
has been shown that the maximum specific productivity of carotinoids (1.3
mg / g) of T. scotoductus K1 is maintained at a pH of 8, 65 ° C, regardless of
lighting conditions. It has been shown that although the specific productivity
of carotenoids is not related to the lighting conditions, but the lighting affects
the composition of the carotenoids.

Thermophilic bacteria - Thermus scotoductus - Biomass - Extraction-
Carotenoids

EFFECT OF THE HYPOTHALAMIC PROLINE-RICH
POLYPEPTIDES (PRP-1) ON THE VIABILITY OF MOUSE
EHRLICH ASCITES CARCINOMA (EAC) CULTURED CELLS

Sahakyan I.K. ", Tumasyan N.V.", Kocharyan N.V.", Galoian K.A." and
Abrahamyan S.S.

“Buniatian Institute of Biochemistry, NAS, Yerevan, Armenia
™ University of Miami, Miller School of Medicine, Department of
Orthopedics, Miami, FL, U.S.A
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Using histological, histochemical, immunohistochemical methods, and
fluorescence microscopy assay, the morpho-functional investigations have
been performed on the mice inoculated with the Ascite Ehrlich carcinoma
aimed at studying the action of one of the hypothalamic proline-rich
polypeptides (PRP-1, Galarmin) on the tumor cells, as well as at detecting
PRP-1 in the cancer cell structures. Investigations have been performed by us
in vitro on the cultures of the above mentioned tumor cells together with the
coworkers of the Department of Orthopaedics of Miller School of Medicine,
University of Miami (research director prof. Karina Galoian).

According to the results obtained, administration of the various doses of
PRP-1 (0.1 1.0, and 10 mkg/ml) led to the inhibition of the cancer cells
growth by 20-35% in comparison to the control samples. Using the
histological vital stain Trypan blue that is known to selectively color
dead tissues and cells blue, decrease of the number of the living cancer cells
in result of PRP-1 action was revealed by light microscopic investigation.
The studies were also carried out to find the mechanisms of PRP-1 action.
Thus, the WST-1 tetrazolium salt was used to show the cytostatic
(antiproliferative) effect of PRP-1. In addition, the fluorescent method using
Annexin V was applied to show the cytotoxic (apoptotic) effect of PRP-1.
The results obtained demonstrated mainly the cytotoxic effect of PRP-1.

Additionally, using antiserum against the PRP-1, the PRP-1-
immunopositive nuclei were immunohistochemically revealed in the tumor
cells of the control samples, which allowed us to suggest the possible
synthesis of the endogenous PRP-1 in the cancer cells.

THE INFLUENCE OF PRP ON THE ACTIVITY OF ATPASE IN
THE BRAIN OF WHITE RATS
WITH CORAZOL-INDUCED EPILEPTIFORM SEIZURES

Sakeyan H.D., Badalyan R.B., Barkhudaryants .M.,
Simonyan A.A., Margaryan A.S.
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It was investigated the influence of proline rich polypeptide (PRP) on the
changes in the catalytic activity of Mg?*-, Ca?*- and HCO3-ATPases in
mitochondria, mitochondrial membranes and soluble fraction of
mitochondria in white rats brain under corazole-induced epileptiform
seizures.

The obtained data show that ATPase activity is increased in mitochondria,
mitochondrial membranes and soluble fraction of mitochondria in epileptic
rats’ brain. It was observed inhibition of the activity of the investigated
enzymes in mitochondria and mitochondrial membranes, in comparison with
the group of epileptic rats, during the prophylactic injection of PRP. It was
observed activation in the soluble fraction of the mitochondria.

Thus, the obtained data show that during of corazol-induced epileptiform

seizures the PRP has unequal influence.

UTILIZATION OF GLUTAMATE AND GABA IN THE BRAIN AND
PANCREAS MITOCHONDRIA IN NORM AND STREPTOZOTOCIN
INDUST-EXPEREMENTAL DIABETRS.

Taroyan S.Q., Khachatryan H.S., Khachatryan N. KH., Vardanyan A. G.,
Qamalyan R. G.
Institute of Biochemistry after H. Buniatyan NAS RA

sirarpy.taroyan@mail.ru

It was shown the inhibition of general way of glutamate and GABA
utilization in brain and pancreas mitochondria in streptozotocin-induced

diabetes. ATP levels to some extent this process with respect to glutamate,
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but not GABA. Streptozotocin inhibits glutamate and particularly GABA
utilization in brain and pancreas mitochondria. This can influence on the

endocrine functions of pancreas.

Brain - pancreas — diabetes- streptozotocin - glutamate - GABA

MECHANISMS OF INTERACTION BETWEEN THE
CEREBELLAR CORTEX AND THE MEDIAL RETICULAR
FORMATION

Terzyan D.O., Margaryan A.V., Grigoryan M.L.,
Manvelyan L.R.
L.A. Orbeli Institute of Physiology, Yerevan, RA

dinaart@mail.ru

Abstract. In experiments on a perfused brain in frog, intracellular
potentials of neurons of the medial reticular formation (MRF) were
registered in response to irritation of the ipsilateral vestibular nerve and the
auricular lobe of cerebellar cortex. Stimulation of the vestibular nerve caused
mono- and polysynaptic excitatory postsynaptic potentials in MRF neurons.
We received mono- and polysynaptic inhibitory postsynaptic potentials in

the MRF neurons in answer to Purkinje cells stimulation.

medial reticular formation - auricular lobe of cerebellum
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ULE3UUL MU8UULLET ULNESNRE8NPULL U ULP
(2ZU8UUSUVL) Uk 2ULLPS UBUNPRUUSYUO HALOARCULA
JAPONICA A2 GSUUP CuRZULNERC GUCASPLAPYLED
Ursurnke8uUL 4ru
Uquput U.U.,, Qupppbpui L.U., Quinuywh 2.2,
Pnyniyui U.2.

BNz, Uktuwphuhuwyh, dwbiptwpwiinipjut b
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Epunpbundph; dwbpkubph wnpwbdhtt junudp B juqunud
hwndp; wpptwutpp, npntig hwwnntly JEhuwgkinqubtpp dbwynpynid
Eu ptwut wnh hwupbkpnud, wnuyhtt opwdpupubpnid b wnnun-
wjjuh hoptpnud [7, 10, 14]: dbtppht wwphubpht Haloarcula,
Halococcus, Halobacterium, Halorahdbuns, Haloferax, Natrialba,
Natronococcus, Natromonas W Natrococcus gtntphti wwwljwuny
dwtptubpp juyt Yhpwnnipnit kb qunk) jEuuwnbtuuninghwljut dh
owinp wpunwunpnipnLuubkpnid wnulijuynil $hpukinntbph’
wpnubwqubph,  wlhjuqubph, qihinghy  hhnpnjwqubpp,
Euptpuqubtnh 61 Jhuwpwbwu wljnnhy yniphph’
Eygqnunjhuwppwphnubph, B-hhnpopuhwjjuitnuunh unnugdwt dky [2,
7,11; 13]:

Zwnuppbwubkpp Jupnunhunhnubph® pujunbkphwenipinhth b
ppw wswhguubph,  (hynwhth,  p-Ywpnnhth,  phwnkih
puduljuihtt wpynitwdtn wpunwnphsubkp Bu [6, 9, 12, 16]:
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Fogwinnpuhl), hwljwopupnunughtt b hwljwpungytnuyht
wynhymput  odufws  Yupnuhtnhjughtt Wnipkph  wlnhy
wpwnphy  wyy  dwbptubpp  hkpwbljwpwht jupng B (huby
nhnugnpswlwi b pdojuljut JEuiuwnktninghwubpnid jhpundw
wnbkuwtlnihg [2, 8]:

8nyg b nipws, np uhiptqynn jupnunhunpnubtph pwbwlh b
Juquh Jpw wgpkgnipmb ki ponind wlkglwb  wuydwbibkpp
1nyuh hunbkuuhynipniup, oqpuynpnudp, uttnuuhywyuypnid NaCl-h
ynugklinpughwb, huyybu twb npng phghjuphdhwljwl gnpsnulbp,
hwwnljwuwytu pH-n [1, 12]:

Ltipljujugynn wppuwnwph tywinwlb Enby npnot) Ujwubh
wnh hwtphg dtkniuugdus hwndh) wpptw Haloarcula japonica A2 -h
punhwinp  Jupnunhtnpnubph  wpnwnpoipyul Jpu wdkgdwh
wuydwtubph wqnptgnipniip:

Ynip b JEpny: Munidtwuhpmipjut Wynipe b hwighuwgly
Uduih  wnh hwbph pwpunh wmpukphg dkjmumgus
dEnnhyyuljus  hwwnwuhpubkph b 16S  nf¥uf-h  gqkup
uniyjinnhnujhtt hwonppwljwunipnitbph Jbpmnidnipjut hhuwh
Jpu  unyuwluwbwgws wkpnp hwndh) A japonica A2 wpptujht
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onnwdp [4]: Uwbpkughtt Ynyunipuwih wédkgdwt b quhywbdw
hwdwp Yhpundt) Ehtnlyw) pununpmpjudp ubbnudhewdup (g/)
hudnpuuijuyhtt dqusdp, 5; juquuhtiwppent jud yhwwnni, 5; Na-h
qpnuinudwinn, 1; Na-h ghnpun, 3; NaCl, 200; KCI, 3, MgSO4- 7H20, 20;
FeCl2 - 4H20, 0.036; MnCl2 - 4H20, 0.00036; wqup-mqup 20 (why
ubinuuhowjuyp vnwbwynt hwdwnp), pH 7.0-7.2 [3]: Unwybjwugnyh
wd wywhnynn wshuwsdh wnpniph punpnipjut hwdwp A japonica
A2 snnudp wgkgyl) E hinniy ubiinudhowywpnid npytiu wshowsh
L wgnunh wnpmnip whkywunuh jwd juquhtwppedh Yhpundwdp:
Uwltpkubpp wdkgyt) £ 37 °C ohipdwunhgdwbwyhtt wuydwubpnid 10
op hulnipugdwdp (Uhtish wdh utnmghnuwn thny), onwynpdwt (150
wunyw/p  pwthwhwpdwt) b  wnwbg onwynpdwib, |niyuh
(quppkpuub phujui (nruwynpdw) b dpnipjut wuydwbbbpnud:
buljnipugdwtt 10 optiph pupwgpnid ywuppbpwpwp hpulwuwbwgyt) &
poowjhtt Jwhinyph owwhliwlwb punnipjut npnond A=600 U,
uybklunpuwniuwsuthhs  Termocicle  Genesis10S):  Puljnipugdwi
wjwpwht  peouyhtt  uwpnypp Yhunpnuwpniudt; £ (10000
wunyw/p, 5 p, 4 °C) b npnoyl £ unwugdwsd Jhuuwqubqush snp
puop: Ywpnuwhunhnujhtt gmiuwiyniptph  pmswdquut  hwdwp
Jthuwqutquép 24 dud wupunhwwn dwquhujut  fuwnthsny
pwthwhwpdt; £ dpmpjut wguypdwbubpnmd  ukiyuluwght
obpUmunhdwimd  oqunugnpstyn] wwpphp [mshsikp Ukpwing,
wghwnnt, Epwun] b hbEpuwl: Lmswdquépp peouyhti pwpnnuhg
wnwidtwugyt) E jEtnpnuwjuniudwdp (12000 wunnyw/p, 15 p, 4 °C):
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Unwuguws jnswdqusph Jutdwt uyklupp yEpnisyt; L 400-700
ud tpuipnipyudp wihputph whpnipynd uykpinpupniuwywglundp
(Spectro  UV-Vis Auto uwtliwupwiniuwswthhs (Labomed, USA):
Qupnunptnhpuyhtt gnitwymptph ynp puph hwpdupldwt hudwp
1nwwdquspubpp nknunpyt) E Juinidwght snputingnud (BOV-50
V, Biobase Meihua Trading, China) Uhuish 1nishsh wdpnnowljut gugkp:
Qupnuinptnpubph wpnwnpnyuut jpp hwpquplply B unwgfws
pughwunip jupnunhtunpuyhtt gnitwiymipbph b jhbiuwquigush snp
puptph hwpwpbpmpyudp: @npdtwljwl wpyniupubph nyjuibkpp
tpkp wuuwhi thnpdbph dhohti L

Upmyniapblp b phlnupgnid: Utuinudhowuypnid wsjuwsuh
wwppbp wnpympubph jhpundwdp b wéh oywnhdug yuydwtbpnud
(37 °C, pH 7.2) onpunpdudp b mnwtg onuynpdwdp A. japonica A2-h
pohottph  owwhluwlwl  funnpmip  dwiwbwbhg  Yuhuuws
utpuyugus tu uup 1-nd: Pusybu Epunwd £ uwuphg A. japonica
A2h wowfugnyl  owwhjulwlh  foanppymb  (pggwhl
Jhuuwquiqgws) npubnpynmd £ npybu wshwstuh  wnpmnip
uquuhtwppih  hpuodudp - oqwynplwt wuydwbtbpmd
wdkgubihu:

Uwlpth  wdp  wnh  pupdp  jonmpput  wwypdwbbbpmd
pipwinud £ qubnun, pohoubph wdh tpuwnubughuy wun thouyp
uljunid k Ynyyinhgugdwt 2-pn opp, hull utnwughnuwn thnihtt dwpkh
hwutnid E  Unywhdugdwtt 8-pp opp: Unwlg onwynpdwb
wujdwbtbpnid whpnp yniputhnppowbwlnipinit niubkgnn A. japonica
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A2-h wmgh nuinun gpubnpnudp wuwjdwbwynpjws £ hwjubwpwup
wnh  pwpdp  junnipjut wuwpdwiibpnd  ppduwsh pddup
1nuSt hnipjudp:

Qupnunhunhnujhtt gnibwiyniptph (nswdqnud sh hwennyky
hpwywbwgut) hbEpuwbuyghtt  nshsh  Yhpwndwdp, hull djniu
nushsubpny  nuswdquutt wppynibwdbnnipjutt npnodwtt b
unwgud nswdquébputph uyblinpuwniuwsuhwljut dkpngnyg
Juwtdwb vykunptph wpynitipbpp wdthnthyws Eu ujup 2-nud:

0,4

Vyup 1. A japonica A2-h
035

03 f— pehoUtnh ownpljuuit
% g 025 /// . Junnipiniup Jupdus
&) Uhow]uypnid wshuwmsh

= &0 —
gio,ls /r // 3 wnpmiphg b onwynpnidhg (1.

o
-

—4 | whwyunt, onwynpnid, 2.

k=]

o

o (¥
L

whyunl, wnwig onwynpdul,

3.  lJwquuhtwppny, wnubg

top ) onuynpuwi, 4. juquuhtwppnt,
busytu Eplnwd E Wjwp 2-hg Jhuiuwquiqushg jupninhnhnuht

gnibwmiyniptph  wnwdbjwgnytt  swdgqnd hpwljwbwgdl; E
Ukpwinjuyht (nishsn ubdwl vyklnpnd mubhugn] 462, 487 b
519 wd Yudwb ququputp: P$npdkph  hwenpny  thnynud
gnitwiyniptph  ndwdquuit  hwdwp  Yhpundlp £ wnwdly
wpynitbuyin nisudqnid wywhnynn dhwyt dkpuwtnjwyht ;nushsp:
Udh owwuhdwy eobpdwunhdwbwhtt b pH-hp  wuydwbbbpnid,
onuynpiwdp (nuwynpnipjutt b dpnmipjut ke hulnipugubihu
poouyhtt  jhuwquiqush b Jupninhunhnubph Eph npnpdwh
nyjuubpp wdthnthyws o wnnruwly 1-nud:
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a—— ¥ \ Ulgwp 2. A, japonica A2-h

5 [ / 1 poholtiph Ukputinjuyht

£ ol \ (qupuhp), wgknntughl

g .,: e (Yuuynyw) b Epwinjuyh
Rl Bt e ey (qutw) nidwdqusplbph
’s; i ol o \ Jruidwb vyklnpkpp:

O |os g I S SS RS O ORI

Uthph plupmpymfip, A td

Unmuuwly 1. A japonica A2 pinuadh pooughtt jEiumquuqqush b
Jupnuhtnhnubph Gpbpp puuugnpnipjut b dpnipjut yuydwutbpnid

Puwljut yquppbpulub Upnipmntl
nruuynpnipini
Yunpnunhnuhnubp (dg/7) 10.2 7.3
Uktiuwquqqusé (q/1) 0.7 0.6
Upununpnnuljub Ejpp (Ug/q) 14.57 12.67

buswtu bplnud b wnpnuuwuyhg dwupktubpp ubkiyulught
nruwynpnipjut quydwbubpmd wdkgubihu jEtuwquiugusdp 1.16,
hulj yupnunhunhnubtph Gpp 1.4 wiqud ghpuquugnid kb dpnipjut
Ubko Ynyynhyugusd dwupkutiph hwdwwywwnwupiwt gnigutthoubpp:
Poouyhtt JEuuwquiugudp hp wnwybjugnyt wpdtphtt hwutnd k
wéh unwughntwp ny hmynud (wkgdwl 10-pn opp) opwljub
YEuuwquugyush  hwpquplyn]  Quqdknd 007 g/y:
Qupnnpinhnubph  wpwugpopujob Epp wéh  uwnwghniwp
thnynud hwpguplfws pun peouyh ynp puiph Juqunud £ 14.57 dq/q
(opwljwl wpnunpnuijwbmpniip 1.457 dg/q): Zwynh E np
Jupnunhiunpujht gnitwiyniptph wnhy wpnwnphs Halorubrum sp.
TBZ126-h wnwykjugnyt wpunwnponuljui Eipp* 25 dg/q £ (2.5 Ug/q
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opwlwt hwoduplyny) [5, 12], npp 1.7 mbuqud ghpuquugnmd k A
japonica A2-h Juwpnunhunhnubph wpunwnpnyuljub Epht: Phupyk
H. japonica A2 ptnliu qhonid E wpunwnpulwt swnwdhl, uvwluyh
wdh  wuwydwbbbkph  hknwquw  pwpbjwynuwdp Jupny k
wpununpnnulijuinipniip dninkgul) wpnwunpuljut gnigwhoht:

Uhwpohe onphuninutph hwdbdwwnnipjudp, npnugnid wju
gniguwithop 10 dg/q L, A japonica A2 miuh wnwybjnipmnit b hp
wwnwypnuljut Gipny 1.46 wuquu ghpuquugnid t ophuninukph
wpununpnqujuinipjuip: Fugupnipmnit £ juqunid Dunaliella
salina hwyndh;  ophuninp, npp ubkpfuynudu hwjnuh
wlbtwwpynitwdbn Jupnnhtinhnujhtt - wpunwunphst E, huly
wpununpnnujuinipjudp 5-10 wiqud ghpuwquugnid £ hwyndh
wppbwibph wpununpnpuljutnipjutp [15]: Uhipnophuninttpp
hwnwpptwutph Wjundwdp niukt wnwybjnipnit phujub (nyup
npytu dhwl Fubpghugh wnpmip b wdpwppnt quqp npybu
wéhuwsuh  wnpnip  ognugnpédwtt  wmbuwtlnithg: Uwluyu
hwnwpptwutph, npnug wdh hwdwp nyup Wupununhp yuydwu
sk, wnwybnipiniup juyutnud £ upwtnud, np jEuiuwquiugush wd
wyyuhnnud i ns dhuyh dwlbpluny, wyp Swduyny, wyuhiph dks k
wpununpoquljubnipyut Swjwy/dulbpbu  hwpwpkpulgnipniup
b, htwbwpwp, Jks L Swdwuhtt  Yhuuwqubqdush
wpunwunpnnuljubnipniip:

Ujuyhuny, Udwuh wnh hwiphg JUEyniuwgus wbkpnp
hwndphy A japonica A2 wpptujhtt snnwdp wpwybjugnyi wg
npubnpnid £ npybu  wspowsth  wnpmip juquuhbwppnt

wunpniiwlny ubttinudhowjuwpnid onuynpuwi (150 wwnnijwn/p)
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wuydwbubpnud  huljnipwgubjhu: A japonica A2  ubkyuljuyht
nruwynpmipiut quydwbubpmd wdkgubihu jEtuwquiugusp 1.16,
hulj yupnunnhtnhnubph Gpp 1.4 wuqud ghpuquignid kb dpnipjut
Ubo Yniyyinhjugdwé dwmupkubph hwdwywnwupuwt gnigutthpubpnp:
H japonica A2-h jupnunhunhnukph wnwybkjugnyh
wpununponuljui Epp juqunud £ 14.6 Uq/q:
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ULk MUSUULLESP UMESNPRE8NRULE RUMIULUND
ELUrUQEBrUUSPL UNLSNRCPS UBUNRUUSYUD THERMUS
SCOTODUCTUS K1 TSUUP CUZULNRC GULNSPLNPYLECD

UursurnkeE8uL 69 WUQUE 94U
Nnnnujutb 2L, Quinywh 2.2, @nsniyut U.2.

BNz, Ukuwphuhuyh, dwtiptwpwinipjut b
JEuuwwntuuninghwjh wdphnt,
hpanosyan@ysu.am heghine.poghosyan2@ysumail.am

Qupnuhunhnubpp poyubpnud, ophuninutipnud, ubljipnd b
pulnbtphwttpmu - nhnhuhg  dpyh  Yupdhp - gmibwygnpfws
Swpuyunyd gnibwfjubp kb, npntp ogunugnpéynid Eu  gnittwynp
Wniptiph, pyywpwidhgngutph, ubttinh b Ytph, hwlwopuhnwlinuyht
u hwljupwungljtnuyht nEnuwywinpuunniukph
wpunwunpmpnibukpnd [5, 8, 14]: P wwppbpnipnil
Entjuphnunttph, pwlwnbphwibpp uhtpbqnud o wshwsduh
wwnndubph, Yntyniqugius Ypiuwhh juwbph, hhnpopuhy fudptph
unfbjh Uk wupmbwlnpjudp Jupnnhinhnubp ny $hpubinwghi
huljwopuhnuilunlibp, npntip  wqmnh b ppywdlh  nhuwlnh
wnbuwlutph, hwnljuwybtu uvhugtn ppdusth Adukph b ny
YEtuwpwbwmlut punhluiibph wpyniwdbn puypuyhyubp tu [8]:
Uy jupnuptnhpubpp  hwnjuwwbu  jupbop  &o dhgunjuyph
uppbuwghtt wuwydwuubph tuundwdp Epunpbundh; dwbpkutph
Juyniunipjutt Jbkppowtthquubpnud [11-13]: “thgnip, Deinococcus—
Thermus $hnidhtt uwljwuny ptpdndh) dwiptubpnd okpduyhte
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uppliuhg Wuwpnwwywinipju dkjpwthqiutphg b ny ptpdbinwght
huljwopuhnutunlitph Yupnuhtinhyltph wlny
wpununpmpinibn (4, 13): UYkht, npny jupnnhtnhglbp, ophtwy
pipUnqbwpuwtinhiibpp, dktwhwwnnilly o Jhuyu 7hermus ghnh
wbkuwlubpht (2, 3, 6, 7]: T. filiformis-h ophtwlny gnyg k mpyky, np
wdbkguwt  wwydwbbubpp  (okpdwunhdwt, pH) wgnmd  Eu
Yupnuhtnhnubph uhtipkqh Jpw [9]: Uy ptpdndh) dwbpkubpp
swnwgnud b wpdbpufnp  Yupninhtnhntph  wlnh
wpuunphsubp (5, 8, 15]:

Ltpjujugynn  wppiwwnwibph  tywwwl  E o bnky
nunidtwuhplp L2 Pwupjwdwnh  Epjpuebpdughtt  wnpniphg
Ukntuwugus whpnp ptpdndh; puynbkphw 7hermus scotoductus
Kl-h plnhwbnip jupninpingtph wkuwwpup tph b npwubg
Juquh Jpu wEkgdwb wuydwbtbph (okpdwunhgwi, pH,
onuynpnid, |ntuwynpnid) wqntgnipniip:

Ynip b dkpny;. Munmdbtwuhpnmipput iymip | Swunwyty L2
Pupfudweh  pypugkpdughtt - wnpmphg  dkjnuwgjuws b
dtunnhyuwljut  hwwnlwbhoubph b wdpnpowlwmu  gkunuh
Jbpnidnipjutt hhdwt Jpu  tnyhwjubugws wpbnp ptpdndhp
Thermus scotoductus K1 puljunbphuljut pnnwdp [10]: Uwupkuyht
Ynyunnipuyh wdkgdut b ywhywidwt hwdwp Yhpuedt) E Poplhh
b dphqh wnwowupws 0.1 % wphywnt, 0.5 % pUdnpuwutuyht
Uquédp b dhhpnunwpplp wupnibwlng ubbgudhgunuypp [1]:

T. scotoductus K1-h Jhuuwquuguédp b jupnnhunhnujht
Epp wdkgdw tnwppip wuydwbtbpnid npnobjnt hwdwp dwpku

wdhkgyt) k 55-70 °C wwppkp obpdwunhgdwbuwghtt wpdbipubpnud (5
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°C  dhgwhuypny), pH-h  6-10 wpdtpubph whpoypenud (1
Uhgufjuypni]), onufnpdudp (160 wu/p puthwhwpiwdp) b wnwg
onunpuwl, phuljut wwppkpulwh (nuugnplwb U dpnippub
wuyUwbikpnd: Uwbpkutpp kpnhhojuy wuyuwibitph nwppbp
hwdunpmpntiitkpnd wékgyly B thish nip puwnlikighury thay,
wuyw peowrhtt Juunypp Yhnpniwuntugly E (9000 ww/p, 20 p, 4
°C) b npnayl) unwgws Etuwqugwush snp pupp:

Yupnuhinhnuyht  gmitwigmptph  swdqUwh  hudwp
Yhluwquiqusp 24 dwd whpliphun dwghufui fuwnbhsng
puthwhuplt] t  dpmput  wwlwibbpnd  ubkywlughb
obplwunhdwimud oquuugnpsdtym] wwpphp nishsiikp’ dhkpwiny,
wghnint b Epwbnp: Lonwswdqubpp  poowjhti  gwipnntihg
wnwbdbwgyt] b JEunpnuwpuniudwdp (12000 ww/p, 15 p, 4 °C):
Uunugdws niswdqusph fjutdwt uybwnpp yEpnisdt; £ 400-700
ud tpljupnipyudp wihpubph nppnipjnid
uykpunpuniuusuthdwdp (Termocicle Genesis10S):
Qupnuhunpnuyht gnibwbyniptph ynp puph hwpdupldwi hudwp
nswdquspubnp nknunpyk) £ Julninidwght snputingnud (BOV-
50 V, Biobase Meihua Trading, China) dhtsk nishsh wdpnnowlui
gunbp:

YGupnunhtinptph  nkuwfupup  (wpnunpoquiub) - Epp
hwoduplty  E wnwgws  pinhwbimp  jupninhinpuyht
qmbwtymptph b jEuwquiqush ynp pwpkph hwpupbpoipyudp:
Onpduwlwb wpymibptbph wfjujubpp Epkp wiljwpe thnpdbph
Uhohtit ki
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Upgyniaphlp o phlnuplynid: Ouyyunhdw) obpdwunmhdwtught
wuywlbtpnd (65 °C), uwluyt pH-h wnwppkp wpdbplbpnud
onuynpiuwdp b wpwbg npu wdkgubjhu T. scotoductus  Kl-h
punhwinip  jupnnpinhnuiht - wmptph  Eph  npnpdwb
wpmyniipltpp tbpluyugus ko blwp 1-nud:

> T
5 1 4
o 1[ 1,1
6 7 8 9 1

0 PH

i

Lp, Ua/q

1.

thtmhn wyhty

q

-
9]

-—

Yupmahtmhnuyhty Lyp, Ya/q
o
§)]

o
|

‘Vhwn 1. 7. scotoductus K1-h Jupnunhunhnuyhtt nipbph Gpp 65 °C, pH-h
wnwuppkp wpdbpubpnud, dpnipjut gquydwtubpnid, opuynpdudp (U) b wnwtg
onunpuwt (R):

busywhu tplunud £ Wqup 1-hg Jwpnunhtunhnuhtt Wniptph
nbuwjupup wnwybjugnyt Gpp tjunynid E onuynpdwi b pH 8
wuydwbbbpnud Juqubin] 1.3 Ug/q: Ywpnunhinquyhlt Wynipbph
nbuwlwpwp Epp (1.01 dg/q) pwpdp E btnkp twlb wnwbg
pwthwhwpdwi b pH 8 wuwydwhtubpnd, uwljuyt wyt 1.28 wqud
qhonid E onuynpuiwt wuydwutbpnid tnytu gniguthoht:
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Yupnunhinhnujhtt wnmipbkph Gpp dpmipjmt by pH 8
wpdbipnud, puyg wwppbp  obkpdwunhdwbughtt  wpdbpubpnud,
onuynpdwtt b  wnwbg pwhwhupdwt  wudwbubpnid
ubplyuyugqus £ ujup 2-nud:

T pnnhinfapri Ly, 1y
SHCe &
o N L O @

-
B

‘L 2. T scotoductus K1-h Jupnunhunhnuyht bipp pH-8, wnwuppbp
ohpUmunhdwtuyhtt wpdtpubpnud, dpnipjut, opuynpdwt (U) b wnwbg
puthwhwupdub () yquydwbtbpnud:

Uunugjud wpmyniiptpp Jjuynud &b, np jupnunhunhnubph
wnwybjugnyt  Epp (1.3 dg/q) hwdpufunmd L w&h
ohpdwunhdwtwhtt oyyunphunidht (65 °C): Unwig puthwhwpdui
yuydwbtbpnd wowdbjugnyt wpdtpp gpulinpynid £ unyuwybu
wdh oyunhdw) ohpdwunhfwind, vwljuyt wykh put 77.6 %-ny
qhontd £ onuynpuwt wuydwtkpnid tnyu gniguthohti:

Qtpdwunhdwbwht b pH-h owwhdw;  wpdbph

wuydwbubpnd b opuwynpdwt mi wpwtg npu hwdwnpnipyudp
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Ynyuinipuyh wdkgdw nhypnid jupninhinhnuyhtt gnibtmyniptph
Eiph Jpw nyuh Jupwihy wqpignipjut  nrunitdbwuhpnipjub
wpniupubpp wdthnthyws o tup 3-nud: Ywpnunhbnhnught
mpkph whuwlwp Epp muudnpdudp pt’ onuiynpdwt, b ph’
wnwig puthuhwpiui yujdwbibpnd pupdp £

1,4

1,2
1
08 -
06 -
04 -
02 -
0 - . .
1 2

Vjwnp 3. T scotoductus Kl-h Jupnunhunhnuyht
ymptph Epp, pH-h b obpdwunmhdutughtt owyinhduyg
wpdtph, onwynpdudp dpnipjut (1) b nyuh @) ,
wnwlg pwhwhwpdwdp dpnipyut (2) b jnyuh (4)
wuydwbubpnid:

bwpnwhinhnuyht bp. Uq/q

Juqutiny hwdwywunwupmbwpup 1.2 b 091 dg/q: Unwugws
njjujiiph hwdwnpnipniup pny; B wwjhu bqpuliwgub;, np
Jupnunhunhnubph Epp pupdp b oquynpdwt wuydwubpnid: Fw
Qupbih b puguunpt] jupnnpinhnuihtt ympbph uhtptqh pu
pRrYwsth dwlwshs wqpbgnipjudp: Uwluyu jupnunhunhnubph
tipp sh tinjuynud  nruwydnpdwt wuydwbbbpnd  dwbpkubph
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w&hgdwt nhwypnud, stwyws hwjnuh E np nyup bu dwlwshs
wqpbkgnipnit E ppubnpmid Jupnunhunhnubph uhuptqh Jpu:
Ujuyhuny, gnyg kE wpyky, np 7© scotoductus K1-h Jupninhunhnuyht
ymptph  wpwybjugnytt  Gpp  wwwhndynud  E wblwju
nuwynpmudhg pH 8, 65 °C  obpdwuwnhdwbwhtt wpdbpnud,
onuynpuuwi yuwjudwbtbpnid:

T. filiformis-h Jupnunhunhnutph wnwybkjwuqgnyt
wpnunpmpniip wsh inygt wuypdwiibpmd juqimd b 1.5 dg/q
0.658 ¢/1 Jhtuwquiugush wupwquynud [9]: Phwpyk 7° scotoductus
kl-h Jwpnwuwhtunhnpujhtt wpnunpnpujuinipniup 1.15 whqud
qhonwd t 7. filiformis-h tnyu gniguthoht, vwluytt hwpy k uoky, np
Jupnunhunhnutph wpunwnpnyujuinipniup (1.3 dg/q) nhnynud k
Unjuwlh yuuu jEhiuwquigqdush gqupuquynud (0.3 g/1): Uydkht
T. filiformis-h uwdwt wpunungpnpujubnipniip wwywhnddtp L
dvhowJuypnid  wdpuwsth U wgqnuh wnpmnipubph  pupbjuddus
wuydwtubpnud:

| A 3
1
04 ,/ V_g

LY T Ty ey

N

I

Ljup 4. Upnipjub U (puuwdnpduwt wuydwbtbponid wdkgwms T
scotoductus K1-h pohoutph wwppkp (nishsubpny (wgkwunt, dkpwing,
Epwing) (nuswdqusputiph Jutdwt uyblupp:
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Lotuwynpdwtt b dpnipjub wuydwbbbpmud  wwppkp
nwohsubpny  Jupnuhunhnuwihtt  ympbkph  nwwdqusputph
uyklwnnph npnodwb wpyniupubpp qinbkndus tu ujup 4-nud:

bPuswbu bplnd £ bWwp 4-hg Jhuuwquibquoshg
Jupnunhtinhnujhtt  gmuwiynipbiph  wpwybjugny  niswdqnid
tWjuunynd E dbEpwinjuyhtt nishsh phwypnid: Anitwiynipbpp
Ubpwinjuyhtt (ndwdquépnid gnyg Lu wnyby 430, 451, 463 L 477
Jluidwt ququpttp: Zudbdwnbng tnyt wbuwlh dwupkubkph
hwdwp hwjntuh Jupnunhtinhnujht mswdqusputph Jutdw
uykluputpp, Jupkih b Gupwnpl), np 451 Wwd wjhph Jutdwb
ququpny Jupnunhunhnujhtt Wnipp phpdnqbwpuwtnhut E [9]:
Ljup 4-hg withwjn E, np nuuughtt wuydwutbpnud dwupkubpp
wdkgubjhu dwlwéynd b wwppbp Jupnunhtinhnujht Wniptph
uhtptqp: Epwlnjujht 1niShsh Jhpundwt nbupnid
Jupnunhtunhnutph juyt wygblupp ghuynd £ otwb dpnipjub
wuydwbubpnd  Ynyunnipmt wdkgubjhuw: Ujuyhuny, pth
Jupnunhtunhnujhtt yniptph Epp juydws st nruwynpdui
wuydwtbphg, (nruwynpnudp wgnynid £ jupnnhunhnyutph juquh
Jpun
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TAYPHH U AJTKOTOJIb: BJIUSTHUE TAYPUHA HA
KJETOYHBIE CTPYKTYPBI MO3I'A KPBIC ITIOCJIE
AJKOTOJIN3ALIUU

Jlannensin MLA.Y, XauaTpsin B.IL!, CaBasn A.A.%, AOpaamsiH C.C2
Hasapsn 0.A%, Kapanersn K.B.!, TeBonmsin T.A.

1HHcmumym @uszuonocuu um.J1.A.Opbenu HAH, Epesan, Apmenuu
2HHcmumym ouoxumuu um. I'. Bynamauna HAH, Epesan, Apmenus

Knrouesvie cnosa: ankoeonvnas unmokcuxkayus, mMos2, HeUpoHbl,
Kanuuispol, maypum

BBenenue

Kakx  wm3BectHO, 9JTaHONm  BiAWAET Ha  (QYHKOWIO  MO3Ta,
B3aWMOJICHCTBYSI ¢ MHOTOYHUCIICHHBIMA HEHPOMEINATOPHBIMH CHUCTEMAMU,
MPUBOAS K HEYCTOMYMBOMY PABHOBECHIO MEXIAYy TOPMO3HBIMH U
BO30YIUTEbHBIMU HEHpOMeINaTopamu. Octpas AJIKOTOJIbHASI
WHTOKCHKAllMs HW3MEHSAET aKTHMBHOCTh BCEX MOHOAMUHEPrHYECKHX
HelipoMeanaTopHbIX cucteM [6]. KpaTkoBpeMeHHOE BO3JEHCTBUE aTKOTOJIs
caBuraer OajdaHc B CTOPOHY TOPMO3HBIX BIUSHUM, JUIMTEIHHOE XKe
IIPUMEHEHHE QJIKOTOJsl HAKJIOHAET €ro B CTOPOHY paBHOBECHUs
(peructpupyemble MO3TOBbIE MOTEHIMANBI JAIOT KOMIIEHCAIUIO). DTaHOJ
JIETKO BCACBIBAECTCS B KEIYAOUYHO-KHUILIEYHOM TPAKTe€ M IPOHHUKAET U3
KpOBSIHOTO pycja B MO3I, B3aUMOJEHCTBYSI C HEPBHBIMU KJIETKAMU.
Knerounsie MmemOpaHbl MpeACTaBISAIOT co00W Oapbep, OrpaHUYMBAIONINI
BHYTPUKJIIETOUHYIO Cpely OT BHEKIETOUHOM, KOTOPBIA HU30MpaTeIbHO
peryaupyer NpOHUKHOBEHHE B KJIETKY OTIEIbHBIX HOHOB, BOJbI U JIPYTUX
Monekyn. OpHako, KJIETOYHble MeMOpaHbl JIETKO TPOHUIAEMbl s
dTaHoNa. AJKOroNib JecTabuIM3upyeT MeMOpaHy HEpBHBIX KIETOK,
M3MeHsIsl (U3MYECKHUE CBOMCTBA €€ JIMMUIHBIX KOMIIOHEHTOB TaKUM

00pa3oM, 4TO MOBBIMIAETCS ‘“YKUAKOCTHOCTH MeMOpaHnsbl [12]. Pe3ynbrarsl
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MOP(HOMETPUYECKUX HCCIETOBAHUHI CBHIETEIBCTBYIOT O CEIIEKTUBHOCTH
QJIKOTOJIBHOTO TOpaKeHUs Mo3ra. Tak, KOpTHUKOJIMMOWYecKas OO0JIacTh
MoO3ra Han0oJiee YyBCTBUTEIIbHA K aJIKOTOJIb-BbI3BAHHOM AereHepanuu [10].
[TaTosiornyeckoe cOCTOSIHUE NPU UHTOKCUKAIIMK aJIKOT0JIEM Ha HayaJlbHBIX
JTanax XapakTepu3yeTcs BO3HUKHOBEHHEM »diiopun u Bo30OyxKAeHUS,
KOTOpbIE SBISAIOTCA IpPU3HAKAMHU OCIA0JIEHHUS TOPMO3HBIX MEXaHH3MOB.
[Ipn BO3mEHCTBUM alKOTOJS MHUKPOCYAbl - TJaBHblE KOMIIOHEHTBI
rematodHIedannyeckoro  6aprepa, YA3BUMBI K  OKHCIUTEILHOMY
MOBPEKJCHUIO, BbI3BAaHHOMY akTHBHpoBaHueM okcuaassl NADPH wu
CHUHTE30M a30THOW OKHCH (MHIYLIMpPOBAaHHOE AaleTalbIeruoM) B
Mukpocynax mosra [7]. Taypun u ero mpousBomHoe akammpocat (Ca-
alleTUJITOMOTaypHUH) CIOCOOHBI CHMXKATh TATY K MOTPEOJIEHUIO 3TaHoJa Y
JONIe M AKCIEPUMEHTANBHBIX KUBOTHBIX [11; 13]. B rosoBHOM Mo3re
TaypyH UTPaeT UHTErPalIbHYIO POJIb B TAKMX (PU3UOJIOTHUYECKHUX Mpoleccax,
Kak OCMOperyssius, Heuponporekuus, Heupomoxynsuus [11]. On
M3BECTEH KaK MOJOXHUTeNbHBIH Momynsatop Cl-kanamoB B cocTaBe
"AMK 4-epruyeckux v riIUIUHEPTHYECKUX PELENTOPOB M OTPULIATEIbHBII
MoyisiTop Bo3Gyxnaromux NMDA-penenropos n Ca’*-xananos. Taypun
CHOCOOEH KOPPUTHPOBATH CTUMYJIUPYIOIIUNA U MOTHBAIIMOHHBIE d(PPEKTHI
ATaHOJIA J10303aBUCUMBIM oOpa3zoMm [16].  KimHuueckuwe wucciemoBaHus
MPOJIEMOHCTPUPOBAIM, YTO TMPUMEHEHHE TaypuHAa Y HUCHBITYEMBbIX,
yInoTPeOISBIINX  3TAHOJ, MPUBOAUIO K CHIDKEHUIO  COJEp)KaHUS
alieTanpJeruja B KPOBH IO CPAaBHEHUIO C KOHTPOJBHOW TpYIIOH, He
nonyyaBuied npenapar [18], To ecTh TaypuH NOMOTaeT OpPraHU3My
n30exaTh T€ HEraTUBHBIE MOCIEACTBUS, KOTOPbIE BOSHUKAIOT MPH U3IBSITUU
ankoroiis. [To maHHBIM 3apyOeKHBIX UCCIeIOBATENEH, HA3HAYCHHUE TaypUHA
OOJBLHBIM AJIKOTOJIM3MOM Ha MEPBBIX CTATUSAX AETOKCHKAIIMHM MPUBOIUIO K

yAY4IIEHUIO UX o01ero coctosHus [17].
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Taypun okas3piBaeT oOWIMil yrHeTaoumii 3p(HeKT Ha HEHTPATbHYIO
HepBHyto cuctemy (IJHC) u, mo MHEHHUIO IIEJIOr0 psijia MCCIeaoBaTeleH,
oOnagaer OONBIIMHCTBOM MPHU3HAKOB HEHPOMOAYISATOPA, TOPMO3BSIIETO
CHHANTUYECKyl0 mepenady [3], u oOmamaer aHTHOKCHIAHTHBIM,
MeMmOpaHocTabmu3upyromum aeiicreuem [5; 8]. [loaTomy 1enbio Halero
WCCIIEIOBAaHUS SIBIJIOCH BBISIBIICHHE MPOTEKTOpPHOTO 3(dekra TaypuHa Ha
MOPPODYHKIIMOHATILHOE COCTOSIHME KJIETOYHBIX CTPYKTYp KOpPBI MO3ra

KPBIC, TIOJIBEPTHYTHIX KPATKOBPEMEHHOM AJIKOTOJIBHOM HHTOKCHKAIUH.

MarepuaJj 4 MeTOAbI UCCJIEIOBAHUS.

HccnenoBanus mpoBOAWIM Ha 25 MOJIOBO3PENBIX KpPbICAX—CAMKAX
AnsOuHOo, Maccoit 200-250 rtp. JKuBOoTHBIE OBLTH TOApAa3AEiECHB Ha
KOHTPOJIbHYIO (IOJIydalollue BOJAY) W 2 OMNbITHBIE rpynmbl (o 5
KUBOTHBIX B KaxJIoi rpynne). Bce skcnepuMeHTanbHbIE >XUBOTHBIE
HaXOJWJINCh Ha CyXOM KOpPME M B KauecTBE €IMHCTBEHHOIO HCTOYHHKA
xuakoctn B TeueHue 10 gHedt momywanu 15% pactBop srtanona. s
W3YYEHHUS BIUSHUSA TaypHHA HA KJIETOYHBIE CTPYKTYpPBI MO3ra KpbIC MOCIe
XPOHUYECKON aJIKOTOJIM3allMM  JKUBOTHBIM HEMOCPEICTBEHHO TOCTe
MpPEeKpalleHUs] TMpUeMa aJIKorojisi B TEYeHHe 7-u JHEH Kaxkablil JIeHb
BBOIMJIM BOHBIHN pacTBop TaypuHa (50 mr/kr Beca, B/0).

C uwenpto u3ydeHus Mop(ho(yHKIHOHATBHOTO  COCTOSIHUS
KJIETOYHBIX CTPYKTYp MoO3ra ObUl NPUMEHEH THUCTOXUMHUYECKHH METOJ
BBISIBIICHHS akTHBHOCTH Ca’'— 3aBucnmoii KO [2], pa3spaboTanHblii Ha Oa3e
Merona ['omopu. bBpuio mpoBeaeHO MOPQPOTHCTOXUMUYECKOE HIyYEHHE
MpeQpOHTAIBHON KOpBI OONBIIUX TONymIapuid Kpbic. [l BBISIBIEHUS
BHYTPUMO3TOBOTO MHUKPOLUPKYISATOPHOTO pyciaa U MOPPOMETPHUECKUX
WCCIEeIOBAaHUM OBIT  KCIIOJIb30BaH KalbIMi  aAeHO3UHTPUGOCPATHBIN
OC3MHBEKIIMOHHBIN THUCTOAHTHONOTHYECKH Meron YwmnuurapsHa [9].

JXuBoTHple OBUIM HapKOTU3WpOBaHBl HeMOyrasom (40-45 wmr/kr Beca,
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BHYTPUOPIOIIMHHO) €  MOCIEAYIOIIUM  HU3BATHEM  Mo3ra.  beutn
MIPOTOTOBJICHBI 3aMOPOXXEHHBIE (POHTAIBHBIE CpPE3bl TOJIOBHOTO MO3ra
TomuuHo 40 MKM, KOTOpbIE IMOJABEprajuch aiubHEHmeil oOpaboTke B
COOTBETCTBYIOIIIUX HMHKYOAQIIMOHHBIX CMecsiX. [OTOBBIE mpemaparsl
MOJIBEPraJIuCh MOP(OJIOTHUECKOMY M MOP(POMETPUYECKOMY aHAIN3Y
(mpoBOOMIOCH ~ M3MEpEHHE ~ JMaMeTpa  KalWUIIPOB  OKYJISPHBIM
MHUKPOMETPOM TIOJI CBETOONTHYECKUM MHKpOckornoM (ok.15, 006.40)).
Mopdomerpuro npoBoaunu B npeppontanbHoii kope (IIPK) Gonpmimx
MOJIyIIapuii Mo3ra, MCXOJs W3 TOro, 4TO JaHHas oOnacte Haubosee
ys3BUMa K aJKOTOJIbHOM uWHTOKcHKanuu. Cpenuuii nuametrp (d)
KanwuIsipoB BeIBOAWIN U3 100 n3MepeHui, BBINIOJHEHHBIX HA CPE3ax MO3ra
KaXXJ0ro XuBOTHOro. Craructuyeckass o0paboTka HU(POBBIX JaHHBIX
MPOBOJMIIACh C HCIoJIb30BaHUeM t-kputepus CrterogeHTta. [locnenyroniue
ChEMKH TIpenaparoB mpous3Boawinch ¢ nmomombio OPTON doTtoanmapara
M-35 u ¢ momompio (otoHacaaku AmScope MUBOO uepe3 mMuKpockom
OPTON (West Germany).
Pe3yabTatsl U 00CyxKIeHuE

Ha @poHTanbHbIX cpe3ax KoOpbl OOJIBIIMX MOJIyHIApUil Mo3ra
UHTAKTHBIX KpBIC BBISBIIAIOTCS KJIETKM BCEX CJOEB, M3 KOTOPBIX
HauOoyiee  MHTEHCUBHO  OKpAIMBAIOTCSI  HEWPOHBl  BHYTPEHHOI'O
NUPaMUAHOTO ciiosl. ['TaBHBIMU U HanOoJiee XapaKTepPHbIMU 3JI€MEHTaMU
SBJIIIOTCS KOHUYECKOE TEJIO IHUPOMHUAHBIX HEHpPOHOB, oOpalieHHOoe
BEPIIMHOW K TIOBEPXHOCTH, a TaKXKe Iepexojsdllee B TOJCTHIM
"BepXyllleuHbIi”, paauaibHO HampasieHHbld geHaput (Puc. 1 A).
Haubosiee MHTEHCHBHO OKpallUMBaeTcs IMTOIUIa3Ma KIETKH Yy MecTa
OTXOXKJEHHUSI OCHOBHOIO JECHIAPUTA. Y KPYINHBIX MUPaMUIHBIX KIETOK
9TOT OTPOCTOK, MPOWJS HEKOTOPOE PACCTOSIHUE OT Teld, B OCHOBHOM
pazaBauBaercs. OT OKpPY)KHOCTH OCHOBAaHHUS KaXJIO0M M3 NHpamMuj

OTXOIAT HCCKOJIBKO KOPOTKHUX U TOHKHUX OOKOBBIX ACHAPUTOB. Axcon
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OOBIKHOBEHHO HAUMHAETCS OT CEpPEIUHBI OCHOBAHUS W HWAET BHHU3, K
6enomy BemecTBy. Ocanok (ocdaTta CBUHIA B MUPAMUIHBIX HEHPOHAX
HaOromaeTcsi B BUAE KPYMHBIX TpaHyd, a B IUTOIUIA3ME KIETOK
3epHUCTOTO Ciost oH pacnbuieH (Puc. 1 B). IaTeHCHBHO OKpammBaroTcs
TaK)K€ HEUPOHBI MOJIUMOP(PHOIO CIJIOs, 1€ BCTPEUYAIOTCSI TPEYIOJIbHBIE,
BEpPETEHOOOpa3HbIe, MHOTOYTOJIBHBIC, KPYIJbIE KIETKH C KOPOTKUMH
otpoctkamiu (Puc. 1 B).

[Ipu xparkoBpemMeHHOM mpueMe 15% pacTtBopa 3TaHoNa (B TEUEHUE
10 nue#t) nmopaxenue [IPK mosra 3aTparuBaer, mpexae BCEro, coMy H
OTPOCTKM HEPBHBIX KJIETOK. AHAlU3 paclpOCTPaHEHHOCTH Ipolecca B
rIyOMHY M BIOJb MO3TOBOM KOpBI MOKa3al, 4yTo Moj BiusHueM 15%-oro
sTaHoja Bo Beex ciosix [IOK mosra BeISBISAIOTCS TpyOble AereHepaTuBHbIE
npoueccel. B nupamMuaHoM cioe, MOMUMO HEKOTOPBIX YIENEBUINX KIETOK C
HOpPMaJIbHOM MOpGoJIoTHEH, B OOJBIIMHCTBE CIIY4aeB, BCTPEUAIOTCSA
CMODILICHHBIE, TTIOTEPSBIITNE CBOIO XapakTepHyto dhopmy kietku (Puc. 1 T).
Yactb HEWpPOHOB TEpSET OPHUEHTAIMIO OTPOCTKOB, a  TOJICTBIU
"BepXylieuHbIi”, paguaibHO HANpaBJICHHBIA NEHIPUT HE BbIABIsETCS. B
nomumopdrom cimoe (Puc. 1 JI) xapakrepHbIM MOP(HOIOTHISCKUM
MPU3HAKOM SIBIIAIOTCS “TPOOENbl”’, XapaKTepU3YIOIIHECs HCYE3HOBEHUEM
peakiuu HeHpoHOB. B 3epHucTOM cioe Kopsl Mo3ra Mopdosioruyeckas
KapTUHA COOTBETCTBYET OCTpOM KierouHod Oonesnu Huccna. B
LUTOIIa3Me HAOYXIIUX HEHPOHOB, JIUIICHHBIX OTPOCTKOB, C IIEHTPAIBbHOMN
4acTU KJIETOYHOTO Teja HaONIoaeTcsl TIOCTENeHHOe MCUYE3HOBEHUE
TPaHyISPHOTO OCaJKa W KIETKU YMOJOOMSIOTCS MIapaM, OKaWMIICHHBIM
TOHKHMM cioeM ocazika (Puc. 1 K). Bo BHyTpeHHEM 3€pHUCTOM Cll0€ KOPHI B
paHHUE CPOKH Bo3aeicTBUS 15%-0r0 3TaHOIa OOHAPYXKHUBAIOTCSA KIETKH C
LEHTPATBHO PACHOJOKEHHBIMH CBETIBIMU SJIpAMH U  KOJBIEBUIHBIM

noaMeMOpanHbIM pacrniosioxkenrneM KO (Puc. 1 E).
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Takum o00pa3oM, UIsi paHHUX CPOKOB ayikoroiu3anuu 15%-biM
pacTBOpoM 3TaHOJIA XapaKTEPHBIM SIBJISTFOTCSI riryookue
HEHpPOJIETCHePAaTHBHBIC TIPOIECCHI, KOTOPBIE  3aTPardBalOT HEHPOHBI
BHYTPEHHETO 3€PHHCTOTO M TOJUMOP(GHOTO CJI0EB, @ B MUPAMHUIHOM CIIOE
BBISIBIISIIOTCS. CMOPIICHHBIC HEHPOHBI C IEHTPATBHBIM XPOMATOJIA30M.
[ToydeHHbIe JaHHBIE COTJIACYIOTCS C JIAHHBIMH Psiia aBTOPOB, KOTOPBIC
MPU3HAKOM OCTPOTO  AJKOTOJIBHOTO TIOBPEXICHHUS HEPBHBIX KIETOK
CUMTAIOT MIIEMHYECKOE CMOPIIUBAHUE TIOCIETHIX, HAN0O0JIee BBIPAKEHHOE

B KOpe JIOOHO 07U TOJIOBHOTO MO3Ta [4].

Y KpbIC, NOJYYMBIIMX TAypHUH B TEYEHUE 7-W JHEW IOCIie
aJIKOTOJIbHOM MHTOKcuKauuu (B Teuenue 10 nueit), “npoGenoB” B
KJIETOYHOHN peakuuy KOpbl OOJIBIIMX MOJYIIAPHM MO3ra He HaOIroAaeTcs,
HaOIIoaeTcsl  yBENMYEHHE  IUIOTHOCTH  pACIOJIOKEHUS  HEHPOHOB,
BoccTtaHoBlieHHe caouctoctd kopel (Puc. 1 XK-U). Bo BHyTpeHHEM
3€pHUCTOM, MOJIUMOP(HOM M HUPAMHIHOM CIIOSIX BOCCTaHABIIMBAKOTCS
pa3mepbl 1 popMa KIETOK, Y KOTOPbIX PEarupyroT OTPOCTKH U OTUETIUBO
BbIJIEJISIETCSl KieTouHas 00osouka. B nuToriasmMe HEMpOHOB MOSBISAIOTCA
3E€pHBIIIKH ocazika (ocdara CBUHIA, OJTHAKO 3T 3€PHA JJIMHHEE U TOHbIIE.
OHu 00pa3yroT chnupajleBUAHble WIM TIJbl0YaTble 0O0pa3oBaHMs, YTO
XapaKTEepHO JUIsl NMEPBUYHO Pa3IpakEHHBIX HEHPOHOB, HAXOAAIUXCA Ha
IyTd K BoccTaHoBieHU0. Kpome Toro,  HaOmrojaercs pasHHUIA B
WHTEHCUBHOCTH OKpAIllMBaHUs KIETOK, a HMEHHO, BCTPEYAIOTCA Kak
TEMHOOKpAIIIEHHbIE KIETKU C BBICOKOH (pocdaraznoil aktuBHOCTHIO (Puc. 1
X, 3), Tak W HeWpoHbl, B LUTOIUIa3ME€ KOTOPHIX Ha CBETIOM (oHE
BbLIeIsIIOTC ['oMopu-nio3utuBHble rpanynsl (Puc. 1 M). M3peaka MoxHO
BCTPETUTH HEHPOHBI C HE3HAYUTEIBHO BBIPAKEHHBIM XpoMaToau3oM (Puc. 1

X, W). Bo BHyTpeHHEM MNHMpPaMUIHOM CJIOE€ OTMEYAeTCs BBICOKas
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¢docdaraznas akTUBHOCTH B HEHPOHAX, Y KOTOPBIX pearupyroT YTOIIIEHHBIE
aIUKAJIbHBIC JEHIPUTHl C MPABWIBHOW pPAaJMAIBHONM OpUEHTaluend U
OOKOBBIC BETBJICHHS C MEHee HMHTeHCHBHOW okpackoir (Puc. 1 K). B
36pHUCTOM CJIO€ HE HaOIIOAaeTcs IOJIHOM KapTUHBI BOCCTaHOBJIEHUS
(dbopMBI U pa3MepoOB HEHPOHOB, OHU BCE eMI€ HECKOJBKO Je(pOpMUPOBAHBI,
HO KOHTYpPBl KIJIETOK CTaHOBATCS YETKUMH, BBIIBISIIOTCA OTPOCTKHU.
Xpomaronn3 B 3€pPHUCTHIX KJIE€TKaX HE OOHApyKUBAeTCs, B LIMTOILIA3Me
MOSIBIIACTCS MeEJIKasl T'PAaHYJSANMS W CBETJbIE s/pa KIETOK, 3aHUMArOIINe

neHTpainbHoe nojoxenue (Puc. 1 N).

I/ITaK, PE3YIbTAThI I/ICCJIC}IOBaHI/Iﬁ Jar0T OCHOBAHHUEC IMPCAIIOJIOXKHUTD,
4qTO IMpHU CUCTEMATHUYCCKOM BBCACHHWU TaypHHa B TCUYCHHC 7-n }IHefI I10CJIE
10-u  nmHeBHOTO TpHema 15% pacTBOopa dTaHOJA  HAOIIOTAFOTCS
MOJIOKUTENIbHBIE W3MEHEHUS CTPYKTYPHBIX CBOMCTB HEHPOHOB KOPBI
Oonpmux mosymapuid. [lo cpaBHEHHIO ¢ OTPaBICHHBIMH AJIKOTOJIEM
KpbICAMH, Y dKUBOTHBIX C BBEICHUEM TayprMHa OTMEUYAETCs] BOCCTAHOBJIICHHE
CIIOUCTOCTH KOPBbl MO3ra, JEMOHCTPUPYETCS pereHepamus KIeTOK,
BOCCTaHaBJIMBAIOTCS (OpMa M pa3Mepbl KIETOK, OTPOCTKH UX YUIMHSIOTCS
u yrommawoTrca. OTYETIMBO BbIAENAETCS KJIeTOouHas o000JI0YKa, sjipa
3aHMMAIOT LEHTpajbHOE noJjioxkeHue. [Ipu npuéme Ttaypuna nabmromaercs
noBeilieHHe akTUBHOCTH K@ (moBbimieHHMe MeTabonu3Ma), YCUICHHE
npoueccoB (pochopunrpoBaHusi B KOPE, YTO B KOHEYHOM HTOT€ CIIYKUT
00ecrevyeHn0 ONTUMAJIbHBIX YCIOBUH Ui TPOLECCOB  KIETOYHOTO

BbDKHBAHUA U pEr¢HCPaAlH.

49



Puc. 1. Mukpogomoepagpuu Hetiponos npeghponmanvHoli Kopbl Mo32d
KpbiC 8 paHHue cpoku anxoeonusayuu (A-B — wuopma;, [-E - noo
gozoeticmauem 15%-oc0 smamnona; K-H - noo eozoeiicmsuem 15%-oco
IMAHONA 6 COYEeMAHUU C NOCAEOYIOWUM NPUEMOM MAYPUHA, HemKO
OeMOHCMPUPOBAH — YEHMPAIbHIUL — XPOMAMONU3  (4epHble  CMpenKu),
noomembpannoe pacnonodicenue K@ (benvie cmpenku), u kiemku “menu’”
(36e300uxa); A, I, o, K — enympennuti nupamuonvui, b, J, 3 -
nonumopgnuiit, B, E, U- enympennuii 2panyispHolil ciou).

Veenuuenue: %400 (I)); x1000 (4, B, 2, /1, E, )X, 3, ).
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[TomuMo MOPGHOTUCTOXUMHUYECKOTO HCCIEIOBAHUSA, TMPOBOAUICS
Mophomerpuyeckuii aHanu3 kanuopo KanwuisipoB IIDK romoBHOTO
MO3ra. [Tpu KPAaTKOBPEMEHHOM aJIKOTOJIN3aLUu U OpraHusanus
KPOBEHOCHOT'O pycia KOpbl B OOJIBIIMHCTBE CIy4aeB COXpaHsIa OCHOBHBIE
3aKOHOMEPHOCTH  KOHCTpyKuuu.  OpHako,  Bu3yallbHas  OLIEHKa
MAaKpOIIpENapaToB  IIOKa3bIBAC€T  I'E€MOpPpPAru4eckoe  IPONHTHIBAHUE,
00yCIIOBJIEHHOE 3HAUYUTEIbHBIMU H3MEHEHUSIMU MHKpPOCOCYIOB. Boxpyr
OTACNBHBIX KalWULIPOB, MOCTKAMWIIAPOB M BEHYJI OIPEACISIOTCS
JOKanbHbIe Tremopparud. IlociemHee  COOTBETCTBYET — pe3ysbTaTaMm
HCCIIEIOBAHUM, COTJIACHO KOTOPBIM aJIKOTOJIb SBJsETCS (PaKTOPOM pHCKa
JUIST KpoBOM3IHsIHUMSL B MO3r [14]. YV Bcex KpbiC € aJKOTOJBHOU
WHTOKCHKAalMeld, B OTJIMYHME OT KOHTPOJIBHBIX, Ha MMKpOIIpernapaTax
HaOMIOAJIOCh 3HAYUTENbHOE CyxkeHue kanwuiipoB I[IDOK rosoBHOTO
Mo3ra. B HekoTopbIx ke 00nacTsaXx Mosra JAEMOHCTPUPYIOTCSI 30HBI,
coZlepiKaliue Majoe KOJIUYECTBO COCYAOB, WM XK€ 30HBI, B KOTOPBIX OHH

BoBce oTCcyTcTBYIOT (Puc. 2 B).

JlaHHasi aHTMOApXUTEKTOHHKA O0ECleynBaeT OBICTPYIO CKOPOCTh
KpOBOTOKA U, CJI€I0BATEIbHO, UHTEHCUBHBIE OOMEHHBIE MPOLIECCHI B KOPE.
AHanu3 JaHHBIX MOKa3al, YTO Y UHTAKTHBIX KUBOTHBIX CPEIHUN AUAMETP
OCHOBHOM Macchl KanmuunsipoB I[IDK OGosmbmux momymapuii cocTaBiiser
d=6.1+0.22 MKM, TO €CTh OHH CBOOOJHO MPOXOMUMBI IS (HOPMEHHBIX
AJIEMEHTOB M Ia3Mbl KpoBH. [lepBoil peakiueit Ha BBemeHue 15%-oro
STHJIOBOTO CIHUPTa SBUIIOCH PE3KOE CY)KEHHE MPOCBETa KAaMWULSIPOB Ha
tpetb cytku Ha 40,1% (d=3.59+0.12 mxm) (Puc. 2 B, I). B
nociexayromeM, depe3 10 nHel mociie aJKOroiau3alud CUJIBHBIM crasm
CMEHSJICS YMEPEHHBIM pacCUIMPEHUEM JTMaMeTpa KalnwuIsipoB, B CPABHEHUU

¢ HOpMo#i cyxenne coctarisuio 31.4% (d=4.12+0.43mkm).
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w ek, SRERATR, N

Puc. 2. Muxpogomoepaghuu kanuinsipno2o 36eHa MUKpOYUPKYISMOPHO2O
pycia npeghponmanvhotl kopsl mos2a kpuvic. A, b —nopma,; B-I"— pannue
CPOKU ANIKO2OJIbHOU UHMOKCUKAYUU, BUOHBL YUACMKU C CYHCEHHBIMU
cocyoamu (cmpenxu); /1, E — npu 6030eiicmeuu maypuna o4esuoro noumu
NOJIHOE 80CCMAHOBIEHUE COCYOUCTOLL CemU.

Veenuuenue: x100 (4, B, []); x400 (b, I E).

CY)KCHI/IC KalmuJBsIpOB B IMEPBBLIC AJHU IIOCJIC IPpHUCMa aJIKOTI'OJIA
CBS3aHO C aKTHUBaIlUeH CHMHaToaHpCHaHOBOﬁ CHUCTCMBEI. Ha6mo;1aeMa;1

3aTCM JUJIaTalluAa KAlTUWUIAPOB ABJIACTCA CICACTBHUECM JIeiCTBUSA TuCTaMHHa,
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BBI3BAHHOT'O BbI6p0COM u I[GI‘p&Hy.HSIHHGfI TYUHBIX KIJICTOK IMOCPCACTBOM

aKTHBAIlMM KOPTUKOTPOIIMH HEHpOTeH3MHA U cyOcTanmmu P [15].

AHanu3 AaHHBIX MOPPOMETPUYECKOTO U3YyUEHUSI BIUSHUS TaypHHA
Ha Kanmuuiipsl [IOK mo3ra KpbIC mocie aakorojJbHONW MHTOKCUKALMM B
JMHAMMKE TO0Ka3ajl, YTO MPU BBEJICHUHU JAHHOW aMUHOKHUCIOTHI nocie 10
nHeit mpuema 15% pacTBopa 3TaHONAa MOKa3aTeNM JHaMeTpa KaluuiIpoB
NpUOIIKAIOTCST K HOpMeE, M cyxeHHe cocraBiseT 4.16% (d=5.76+0.55
MKM), B CpaBHEHMHM ¢ HOpMOH. JlaHHbBIE psiia UCCIIEJOBaHUI TOBOPAT O
TOM, 4TO TaypHUH MOJIOKUTENBHO BIUSAET HA CTPYKTYPY M DHIOTEINATBHYIO
(GYHKIHMIO COCYIOB, YTO OOYCIOBJIEHO, IO KpailHEH Mepe, 4YacTUYHO,
BocctaHoBlieHneM skcrnpeccun NO-cunTaszsl [3]. [lomydeHHbIE gaHHBIC
YKa3bIBalOT Ha COCYAOPACIIMPSIONINN W aHTHONPOTEKTOPHBIN 3(deKThI
TaypuHa Ha KaIMULIPHOE 3BEHO MHKDPOLMPKYJIATOPHOIO pyciaa MoO3ra

KPBICHI.

3akaro4yeHue

Takum oOpazom, Ipu KpaTKOBPEMEHHOU anmkoroiu3anuu 15%-HbiM
pacTBOpPOM 3TaHOJAa HAOMIOJAIOTCA HEHpOoJereHepaTuBHbIE IPOLECCHI,
KOTOpBbIE  3aTPAaruBalOT  HEHPOHbl  BHYTPEHHETO  TPaHYJSPHOTO,
MOJIMMOP(HOT0 U MUPAMUIHOIO CJIOEB KOPBI OOJIBIIOTO MOJYIIAPHs MO3Ta
Kpbic. OnucanHble MOP(HOJIOTHYECKUE U3MEHEHHUS MUKPOLMPKYISTOPHOIO
pycia yKa3bpIBalOT Ha PE3KOE BO3PACTaHNE N3MEHEHUN KaK KOJIMYECTBEHHO,
TaK U Ka4eCTBEHHO C MPUMEHEHUEM AJIKOTOJIsl C BBICOKOW KOHLEHTpaLuen
cnupra. Ilpu BBeneHum TaypuHa B TEYEHME 7-M JHEH TOCIe
KpaTKoBpeMeHHoro mnpuema 15% pacTBopa JTaHOJa OTMEYAKTCs
MOJIOKUTENbHBIE CABUTU B Mopgosiornueckoil kaprune HelipoHoB [IDK

MO3ra, a AUaMCTp KallnuJlIsIipoB JTaHHOM obmnactu KOpbI MO3Ta KpPbIC
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npuOIMKaeTcss K HOpMe, TO €CTh OJaroiaps TaypuHy Py paHHEH Tepanuu
IIPOUCXOTUT YCKOpEHHue KOMIIEHCATOPHO-TIPUCTIOCOOUTEIHHBIX
MEXaHU3MOB, M OpPraHW3M >KUBOTHOTO JieTdye M OBICTpee BBIXOJHUT W3

COCTOAHHA AJIKOT'OJIBHOI'O OIIbSHCHUS.

Takum 00pazoMm, TONy4YCHHBIE pPE3yJIbTaThl YKa3bIBAIOT HAa
3¢(GEKTUBHOCTh W TMEPCHEKTUBHOCTh HCIIOIB30BAHHUS aMUHOKHCIIOTHI
TaypuHa B Ka4eCTBE METAaOOIMUECKON TEepaIuy MPH JICUSHUHU aTKOTOIH3Ma
M €ro TMOCHCACTBUN. AHanu3 maHHBIX Jjureparypsl [1] mo3Bossier
MIPEIOJIOKHUTh, YTO MEXAaHW3M KOPPUTHPYIONIETO BIMSHUS TaypuHA Ha
MeTa0OIMYEeCKHE HAPYIICHHS PEeaTu3yeTcs Yyepe3 TOPMOKCHHE MPOIIECCOB
MEPEKUCHOTO  OKWCJICHHS JIMOWJIOB B  KIETOYHOW MeMOpaHe W
CTaOMIIN3AIIUIO onomemOpaH, aKTHBAIHAIO AHTUOKHUCIUTENBLHOM
AKTUBHOCTH, HOPMAJIM3YIOIIee BIMSHWE Ha IyJI TaypuHAa B TKAaHIX W
opraHax. /laHHbIe, OJSydYeHHbIE B pe3yJbTaTe MapaiieIbHO MPOBEAEHHBIX
HaMu MOp(]o-(DYHKIIMOHATBEHBIX B MOP()OMETPHUYECKUX HCCIICI0BaHHMH,
MOATBEPKAAIOT APYr JApyra W yKa3bIBalOT Ha TOJOKUTENbHOE (HEWpo- U
AHTMOMPOTEKTOPHOE) ACWCTBUE TaypUHA Ha KIETOYHBIE CTPYKTYPBI KOPbI
TOJIOBHOTO MO3ra KpbIC, MOJBEPrHYTHIX KPATKOBPEMEHHOHN ajJKOTOJIbHON

HMHTOKCHKaIluH.
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Cnucox coxpamennii: [IOK - npedponransHas xopa, K®- kucnas

docdaraza, [IHC- uenrtpanpnas HepBHas  cuctema, NADPH-

HUKOTHHAMUAaIeHUHANHYKIeoTuaAdocar, '’AMK - ramma-

amuaoMachsiHas kuciora , NMDA - N-metun-D-acnaparuaoBasi Kuciora.
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K OBMEHY HEMPOAKTUBHBIX AMUHOKHCJIOT B
MUTOXOHAPUAX MO3I'A U TAHKPEACA B HOPME U I1PU
IKCIHHEPUMEHTAJIBHOM CTPEIITO30TOLIMHOBOM
JAUABETE

Taposin C.K., Xauatpsau P.C. , Xauatpsan H.X.,
Bappaunsan A.I'., Kamaasu P.I'.

Wuctutyr Onoxumuu uM. I'.bynsrsaa HAH PA

BBenenue

N3BecTHO, YTO OCTPOBKOBBIE [-KJIETKHM COJIEPKAT CPAaBHUMBIE C
MO3IOM KOJIMYeCTBAa HEHPOAKTUBHBIX AMHHOKHCIOT W (epMEeHTHl HX
cuHTe3a W yrwimsanuu [6,7,9,18-20]. B mocrnegaue roapl B CBA3U C
peryastopHoir  pospto ['TAMK B mpomeccax  (QyHKIIMOHAIBHOTO
B3aUMO/JICHCTBUSL PA3JIMYHBIX OCTPOBKOBBIX KIETOK TOJDKETyTI0OYHOU
JKeNe3bl U CUCTEMHOM ayTOMMMYHOW peakuuu opranusma [11,12,15,17] ¢
3TON aMHHOKHCJIOTOM CBSI3BIBAIOT MEPCIIEKTUBHI JIedeHus nuabdera [21-23].
B wHamumx omblTax  OBUIO  MOKa3aHO  3aMETHOE  MPOTEKTOPHOE
MPOTUBOTIIUKEMUYECKOE JIEHCTBHE COBMECTHOTO BHYTPUOPIOIIMHHOTO
BBeJCHUST KpbicaM TeHepupywommux ['AMK arentoB (riyramuH u
sTaHonaMuH-O-cynb(haT), COMPOBOKAAIOIIEECs ONPEeIEHHBIMH CIBUTaMU
B COJIEpP)KAaHUM HEUPOAKTHBHBIX aMUHOKHCIOT MO3ra U TOJIKEIyJ0YHOMN

Kenessl [4].

Crnenyer OTMETHTb, YTO JAHHBIE O CBSI3U OOMEHa JMKapOOHOBBIX
amuHokucioT 1 '’AMK n npoaykumel nHcynuHa HeoqHo3HauHbl. Hapsany
C UCCICNOBAHUSAMHU O CAaMOCTOSITEJIBHOM BIMSHUM HEUPOAKTUBHBIX
AMUHOKHCIIOT Ha CHUHTE3 U CEKPELHIO UHCYJIMHA UMEIOTCS TaKXKe JaHHBIE O
3aBUCUMOCTU HUX JEHUCTBUS OT AKTUBATOPOB TIIIyTaMaTAErUAPOreHasbl, B

YaCTHOCTH HeﬁHHHa, I(OTOpBIfI MHOI'OKpPAaTHO YCHWJIMBACT, HaAIIPUMCED,
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NENCTBUE TIyTaMUHA Ha cekperuio uHcyiauHa [10]. ABTOPHI BBIIBUTaIOT
TUTNOTE3y B3auMojelcTBus psna ¢epmentoB nukia Kpebca ¢
[IyTaMaTIETHAPOTeHAa30i C yCUJIGHHEM BBIXOAA O-KETOoryyTapara H
BOCCTAHOBJICHHBIX MUPUITHANHYKICOTHIOB, CIOCOOCTBYIOIINX
OTOCPEIOBAaHHO I'€HEpally WHCYJIMHA U ero cekpeuuu. IlokazaHo Taxke
CTUMYJIMPYIOIIEE BJIHMSHUE TIIOKAroHONoA0OHOTo menTuaa-l Ha cuHTe3 u
CEKPELUIO I'AMK B-xkneTkamu [IaHKpeaca Ha YPOBHE
rryramataekapookcuiasbl, Ho He [AMK-T [24], uTo moanepXuBaeT B
YCIIOBUSIX 3aIyCKaeMOTO TJIOKO30M BHYTPUKIIETOU-HOTO PpaCHICTIICHHS
I'AMK, omnocpenyemoro mnocieqHed BiMsiHMS [B-KJIETOK  Ha COCEIHHUE
OCTPOBKOBBIE  KJIETKH. Bwmecte ¢ TeM  OOJBIIMHCTBO  JaHHBIX
CBHUJICTENILCTBYET O camMocCTOsiTeIbHOM BiMsHUM Kak ['TAMK, tak u ee
MpeAIeCTBEHHUKA TIyTaMHUHA Ha TPOIECCHI, CBA3aHHBIE C CHHTE30M H
cekpermerd mHcynmuHa [4, 18, 20]. Mcxons W3 W3BECTHBIX MaHHBIX 00
ATKWIMPOBAHUU MUTOXOHIPUATBHON JHK u HapyIIEHUHU
MHUTOXOHJIPHABHBIX PEaKIUi TPH CTTPENTO30TOIMHOBOM nuadete [16]
HaMu OblIa WuccienoBaHa yTwim3anus Tiyramata u [AMK B
MUTOXOHJIPUSIX MO3ra M IOJDKEIIYJAOYHOM JKelne3bl B HOpPME W IHpHU

CTPEIITO30TOMMHOBOM I[I/Ia6CTe.

Martepuajbl 1 MeTOJbI

OnbITEI IPOBOJMIM Ha OENBIX Kpbicax-camimax maccoit 180-200 .
XKuBoTHBIE cOAEPKATUCh HA OOBIYHOM IHINEBOM pAllMOHE B YCIOBUSAX
BuBapuss Wucturyra Omoxumuun HAH PA. B kauectBe numaberoreHa
WCIIOJIb30BalId CTPENTO30TOIUH, KOTOPBIA BBOJWIM BHYTPHOPIOIMIMHHO B
no3e SOMr/kr Beca B 1mn mutpatHoro Oydepa. HMHTaKTHBIM Kpbicam
BBOJWJIM B TOM K€ KOJHMYECTBE LUTpaTHBIN Oydep. Kpric mocne nerkoro
a¢upHOrO Hapko3a 3a0uBanu Ha 3-Ui JeHb JeKaNuTallied, OYHWIIaIU
MO/DKETYA0YHYI0  JKele3y OT  JKUPOBOM  MeMOpaHbl, MPOMBIBAIIU
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oxnaxaeHHbIM pactBopoM 0.3 M caxapossl B Tpuc-HCI 6ydepe, pH 7.4,
U3MENbUAIM W TOMOTeHH3upoBaiu B 9 o0’emax Tpuc-caxapo3sl B

CTCKIIAHHOM I'OMOI'CHU3aTOPEC C TC(l)JIOHOBBIM ICCTUKOM.

MuTOXOHApHAJIbHYIO (PaKIUI0 MO3ra BBIACIAIM IO Meroay [8]
MutoxoHApHallbHYI0  (ppakuMi0O  [aHKpeaca  IHOJIydald  METOJIOM
mudpdepeHnnanbHOro  LeHTpudyrupoBanuss B Tpuc-caxapo3e 1o
MoauduipoBaHHOMY MeTony [13]. AMHMHOKHMCIOTHI HaHKPEATUYECKUX
TXY  bdKCTpakToB  pa3iensii € IOMOLIBIO  BBICOKOBOJBTHOIO
anekTpodope3a Ha Oymare U OMpPenessiiii HUHTUIPUHOBBIM METOJOM [2].
['myramun B AIIEKTPOPBPETUUECKUX bpaxuusx oTpeneNsin
MUKpOAU(PPY3MOHHBIM ~ MeTojg0M  [5].  Pe3ynbraTel  MOABEPTHYTHI

CTaTUYECKOM 00paboOTKe C UCTIOIB30BaHueM KpuTepus CTIOeHTA.

Pe3yabTarsl M 00CyxKIeHnE

Hcexonss w3 NpPeACTaBIEHHOCTHM  aMMHOKHCIOT — CEMEHCTBa
riyraMuHa, (epMeHTOB HuX OOMeHa M peLenTopoB B MO3re M
MOJDKETYI0OYHON JKele3e M ydyacTHUs MX B BaKHEMIIMX (YHKUMAX 3TUX
OpraHoB HaMu Oblla M3y4y€Ha YTWIM3ALUs TIJaBHBIX aAMHUHOKHCIOTHBIX
TPAaHCMHUTTEPOB B MUTOXOHJPUAIBHOW (PAKIUU 3TUX OPraHOB KpPbIC B
HOpME M uepe3 3 JHS MOcie BBEIEHHS XUMHUYECKOTo jauaberoreHa
CTpHTO30TOLMHA. U3 npeacTaBieHHBIX B TA0IUIE Pe3yIbTaTOB BUJHO, YTO
KaK B MO3I€, TaK U B IIAHKPEACEe WUHTAKTHBIX KPBIC MMEETCS HEKOTOpas
yTWIA3a1Us IJIyTamaTa, KOTOpas 3HaYUTEIbHO YCUIMBAETCA IPU HAIUYUU
B uHKyOarmonHoi cpene AT® wnu LYK, T.e. yrunuzauus oOyciaoBieHa
TpaHcaMuHUpoBaHueM riyramara co IIYK. Hamum eme B paHHuX

uccnenoBanusax [1. 2] Obuo mokazaHo, yto AT® B mpuUCYTCTBHUM HMOHOB
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Marnus nyrem reneparuun A u YK ycunuBaer ycBoeHue riyramara
acrapTaTTpaHCaMHHa30M. [Mupunokcanbdocdar HE OKa3bIBacT
JIOCTOBEPHOI'O BIIMAHMS HAa YTWJIM3ALMIO Tiiyramara. Hu B oTaensHOCTH U

uu Ha ¢pone LYK umu ATO.
Tabmuua 1

YTunuzanus riryramaTta B MUTOXOHAPHATEHON (paKIIuy MO3ra U

IMaHKpe€aca MHTAKTHBIX U CTPEUTO30TOIMHOBBIX KPBIC

Opransl Mosr [Tankpeac

[Tpo6s1 Kontpon | Crpenro3zoror; | Kontpon | Crpernto3oTtoly
b WH b WH

dukc. 10.2+0.4 | 10.2+0.9 9.8+0.5 | 10.5+0.6

KOHTPOJTb

Wuk.xkontpons | 8.9+40.8 | 9.5+0.7 8.5+0.4 | 10.5+0.5

*

HIYK 7.0£0.6 | 8.7+0.6 6.2£0.7 | 10.0+0.7
* *

ATD 55+0.6 |6.7+0.9* 7.5+0.7 | 10.0+0.5
*

o 7.9+0.7 | 8.2+0.6 8.0+0.7 |9.8+0.4

HIYK+ID 7.3£0.6 | 6.2+0.8 7.1+0.8 | 9.720.5

ATO+ YK 6.4+0.9 | 6.2+0.7 7.7£0.9 | 8.3x0.5*

ATO+HIO+ILY | 6.4+0.3 | 6.6+0.6 7.5+05 | 7.4+05*

K
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[Mpumeuanue: HWukyOannoHHass cmech conepxama B 1 mim 0.5 ma
mutoxouapuit B 0.1 M Na- docharnom Oydepe, 0.1 ma 0.12 M MgCl,,
0.1mn (10MxkM) rayramarta, o6’em noBomwicst mo 1 mum 0.1 M Na-
docharapiM  Oydepom. B oraensHbie 1poObI M00aBis 1Mo SMKM
nupugokcanbocara (IID), ATD u mIaBeneBO-yKCYCHOW KHCIIOTHI
(IIYK). Hnakybanus 40 MuH 10pu 37° C.Peakuuio OCTaHABIMBAIA
no6asnenuem 0.5 mi 10% TXYV.

B MuToxoHApusX Mo3ra KpbIC, TOABEPTHYTHIX JIEHCTBHUIO
cTpento3oronuHa no6aska II[YK B nHKyOalMOHHYIO cpeay HE OKa3bIBaeT
CYLIECTBEHHOTO BJIMSHUS Ha YTWIM3alMIO TiayTamara, oaHako AT
BBI3BIBAET CTATHCTUYECKU 3HAUMMBIN ee mpupocT. [Iupuaokcans-docdar u
AT® ctumynupyroT yrwinsanuioo riayramara u B npucyrcreue H[YK. B
MUTOXOHJAPHUSAX  TaHKpeaca  HMHTAKTHBIX  JKUBOTHBIX  OTMEYaeTcs
JIOCTOBEpHAs yTWIIM3alMs riyramara, ycuinBaemas B npucyrcreue H[YK.
AT® u mupugokcanbhochaT He BIUAIOT HA YTUIU3AIMIO TIyTamaTa, a B
npucyrcteue I[YK neckonpko camxkator ee adpdexr. IIYK He Bauser Ha
YTUITU3ALHUIO riryramara B MUTOXOHAPUSIX naHkKpeaca
CTPENTO30TOLMHOBBIX KpPbIC, 0JHAKO B 3TOM ciydae AT® cratuctuuecku
3HAYUMO YCWJIMBAeT yTWIM3alUIo riayramarta B npucyrctBue kak LYK,
tak u [I[YK u nupuaokcanbdocdara.

Takum 00pa3oM, CTPENTO30TOLIMH, CYIIECTBEHHO HE BIMSS Ha
YTUIU3aLUI0 TIyTamaTa B MO3re, 3aMETHO MOJYJIUPYET ATOT MpoIlecc B
MaHkKpeace.

[Ipumeuanue: [Ipumedanue: Mukybannonnas cMech cogepxana B 1 mi 0.5
wut mutoxonapuii B 0.1 M Na- pocharnom oydepe, 0.1 ma 0.12 M MgCls,
0.1mn (10MxM) 'AMK, 06’em noBojumiics 1o 1 mn 0.1 M Na- pocpaTabim
Oydepom. B ormenbHble  mpoObl  no0aBiIsIM MO SMKkM

nupugokcaibocpara (I1dD), o-xerormyrapata (o-KI) u (ILYK).
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Wnky6amms 40 mus npu 37° C. Peakuuio ocranapiusat 1ooasieruem 0.5

mia 10% TXYV.

Tabmuua 2
Yrumuzanus TAMK B MUTOXOHApHATBHON (paklliy MO3ra U MaHKpeaca

HWHTAKTHBIX U CTPCIITO30TOIMHOBBIX KPBIC

Opransl Mosr [Tankpeac

[Tpo6s1 Kontpon | Crpentozotouu | Kontpon | Crpenro3zororu
b H b H

dukc. 9.7+£0.7 10.0+0.8 9.5+0.5 |9.8+0.6

KOHTPOJTh

Wuk.xoutpon | 9.4+0.6 | 9.7+0.6 9.5+0.5 |9.620.6

b

a-KI' 5.8+0.5* | 8.8+0.5 7.2+0.8 * | 8.8+0.5

HIYK 6.5++0.7 | 8.5+0.6 8.1+0.6 * | 9.1+0.6
*

o 9.0++0.7 | 8.6+0.5 9.1+0.5 |9.1+04

a-KI'+I1d 5.6£0.6 | 9.1+0.7 7.0£0.5 |9.3x0.5

HIVK +I1d 6.4+0.5 |8.8x0.4 7.9+04 |9.2+04

Kak BuaHO 13 Tabxa. 2 yrunmmsauus 'AMK B MUTOXOHIpUSX MO3ra
UHTAKTHBIX  Kpblc ~ HaOMIOJaeTcss B IPUCYTCTBHE  KETOKHCIOT.
IMupunokcansdocdar Ha yrunuzaunto '”AMK kak B OTIenbHOCTH, Tak U B
npucyrcreue YK  wumm  o-xetormyrapata  He — Bauser. Y
CTPENTO30TOLMHOBBIX KPBIC CTATUCTUUYECKU 3HAUMMOM yrunuzanuu I'’AMK
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B MUTOXOHJPHUSX MO3ra HE OTMedaercs. AHajJoruyHas, HO MeEHee
BBIpAXKCHHAsl KapTHHA OTMEYAeTCs B MUTOXOHJAPHUAX IIaHKpeaca, 4To IO-
BUJMIMOMY CBSI3aHO CO CIEHU(HUECKUM BIMSHHEM Jua0eToreHa Ha
OCTPOBKOBBIE [3-KJIETKH.

N3BecTHO, 4TO M B MO3re U B IIAHKPEACe OCHOBHBIM MCTOYHHUKOM
rinyramara 1 'AMK sBnsercs riayraMuH, KOTOPbII MOKET T€HEPUPOBATh
I'’AMK B M03ry Kak 4yepes TIIyTamT, TaK U COTJIACHO HAIlMM JAHHBIM ITyTEM
npsiMoro AekapOokcuinpoBanus riayramuHa dyepes AMK-amun [3, 14].
[Mocnennuit  u3beraeT  reHepanMd  HEHPOTOKCUYHOTO  TiyTamara,
BBI3BIBAOLIETO B MTOBBIIMIEHHBIX KOHIEHTPAIUAX AllONTO3.

Takum 00pazoM, CTPENTO30TOLMH TMOJABISET  YTUIU3ALHUIO
riyramata u, B ocobeHHoc-th 'TAMK, B MHUTOXOHIpHUSX TMaHKpeaca W
MO3ra, YTO MOXKET UrpaTh OMPEICIIEHHYIO POJib B SHIOKPUHHON (DYHKIIMH
nmaHkpeaca. Bwmecte ¢ T1em B npucyrctBue YK u ATO vy
MHOQUIMPOBAHHBIX  CTPENTO30TOLIMHOM KpBIC OTMEYAeTCsl YCBOEHHE
rJIyTaMara.
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MexaHn3Mbl B3aUMOACHCTBHUSA KOPbI MO3Ke4YKa U
MeIUAIBHON PEeTUKYJIAPHON popManuu
Tep3san . O., Maprapsu A. B., I'puropsin M. JI., Manseasn JI.
P.
Wucturyr ¢pusuonorun um. JI. A. Opbenn HAH PecrryOnuku

Apmenus

BBenenue

[IpoBeneHHBIE Ha MIIEKOTTUTAIOIINX HCCIICIOBAHUS YKA3bIBAIOT, YTO
MeauanbHas petukyimsipHas dopmauus (MP®) mnomydaer BXxoasl H3
BeCTHOYISApHOW  cuCTeMBl.  MoOpQOJIOTHYECKUMH  HMCCIEOBAHUSIMHU
oOHapyXeHO HaJMYhe BOJIOKOH, HAYMHAIOIINXCSI B BECTUOYIISIPHOM SIIIpE |
OKaHUYMBAIOIMINXCA B peTHKYIsspHON ¢dopmarnuu (PD). OpnoBckum u ap.
[10] moxa3zaHO, 4YTO OOJBIIMHCTBO PETUKYJIOCIHUHAIBLHBIX HEHPOHOB B
Pa3IMYHBIX  PETUKYISPHBIX siApax CTBOJIAa Mo3ra OTBEYaldd Ha
€CTECTBEHHYIO CTUMYJISLIUIO BECTHOYIAPHBIX perenTopos. M3BecTHO, UTO
PETUKYJIOCIHHANIbHBIE HEHPOHBI UrpaloT BaXHYIO pOJIb B MeEIHAIUU
BECTUOYIISIPHBIX BIUSHUN HA CIIMHAJIbHBIE MOTOPHBIE MEXaHU3Mbl Y MUHOT.
BrisiBneno, 4TO PETUKYIIOCIIMHATbHBIE HEHPOHBI MOJTy4aroT
KOPOTKOJIATEHTHbIE  BO30Y)KJAlOIIMe BIUSHUA C  BECTUOYISPHBIX
abdepentoB [11]. PO sBngercs ogHoi U3 (yHIAMEHTAIBHBIX CHCTEM
MO3ra M pa3BUTa y BCEX IMO3BOHOYHBIX, a PETHUKYIOCIHHAIBHBIA TPAKT
MpeJICTaBiIsIeT co0ol Hambosee IPEeBHIOK 11epeOpo-CIUHANIBHYIO CHCTEMY.
Y MIeKkonmuTaromux ObUTH  OOHAPYKEHBI TOPMO3HBIE MO3KEUYKOBBIE
BIUSIHUSA Ha HeWpoHel P®. DT BIMAHUA OMOCPEAYIOTCS BIOJHE
OTIpeIeIEHHBIMHU 1Iepedeo-peTuKysipabIiMu yTsamu [11]. MccnenoBanue
y HU3MIUX MMO3BOHOYHBIX, TAKUX KaK JSATYIIKH, eIUHUYHBI. CyllecTByeT

MHCHHE O CXOACTBEC BCCTI/I6y.HO-pCTI/IKy.TIO-MOS)KeLIKOBBIX CBs3€ JIATYIOKA
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u Ooiee BBICHIMX TO3BOHOYHBIX. McXons W3  BBIIIEH3IIOKEHHOTO,
IIPEJICTABIISIETCSl BaXKHBIM MCCIIEOBAaHUE BECTUOYJIO- U MO3KEYKOBO-
PETUKYIISIPHBIX OTHOIIEHUH Yy aM(puoOuii.

MarepuaJjibl 1 MeTOABI

OKClepUMEHTBbl OBLIM TpOBEAEHbI Ha 98 B3pOCIBIX O3EPHBIX
marymikax (Rana ridibunda) o6oero mosia mo Meroanke W30JUPOBAHHOTO
nepdysupyemoro mosra [3]. JKMBOTHBIX HapKOTHU3MPOBAIU PACTBOPOM
MS-222 (0.2r/xr). BckpbiBanach rpyaHasi KJIE€TKa M OOHaXaloch Ceple.
Uepez ero »xemyfao4yeKk B JYry aopThl BBOJWJIACH KaHIONSA C LENbIO
neppy3un pactBopoM PuHrepa i XOJIOAHOKPOBHBIX, HACBIIIEHHBIM
kapOoreHoM u oxnaxaeHHbIM a0 10°-18°C. C mopcaibHOW CTOPOHBI
BCKpBIBAJICS depen. DleKTpuueckoe pasjapaxkenue nepeaneir Betsu VI
HEpBa OCYIIECTBIIOCh OAMHOYHBIMU yaapamu moctostaaoro toka (0.1-0.2
Mmc; 0.05-0.4 MA) mocpencTBOM cepeOpsTHOTO BCACBHIBAIOIIETO 3JIEKTPOJA.
Kpannoromueit oOHaxkancss Takke Mo3keuok. Ilon BHU3yalbHBIM
KOHTPOJIEM Ha TOBEPXHOCTh AYPUKYJISAPHOW 00JacTH  OCTOPOKHO
MIPUKJIAABIBAINCH OUIIOJISIPHBIE IAPUKOBBIE AIEKTPOIbl. I pa3apakeHus
aypUKYJISApHOH OO0JIACTH KOpBI MO3XEUKa HCIHOJIb30BAIUCH OUIOJSPHBIC
cepeOpsiHbIe IIAPUKOBBIE 3NMEKTPOAbl. [IpHMeHsuIMCh Te ke napamMeTpsl
TOKa, 4T0 U mpu pazapaxenun nepenHed BetBu VI meppa. C nemnsto
BHYTPUKJIETOYHOrO  oTBeleHuss MP® ucnonp3oBaguch CTOYEHHBIE
CTEKJIIHHBIE =~ MHUKPOMIEKTPOJbl,  3allOJHEHHblE  pacTBopoM  2M
JIMMOHHOKHCIIOTO Kanusi ¢ conpotuBieHueM 10-20 MQ. Hawunyumwmii
3 exT oTBeAeHU NOTEHIMAI0B HeiipoHoB MP® B oTBeT Ha pa3apakeHue
BECTHOYJISIPHOTO HEpBa HAONOJANCS, KOT/Ia 3JIEKTPO]] BBOJIMWIN B 00JIaCTh
JHa 4YeTBepToro kemygouka Ha 1.5-2.0 MM KayJganpHee BXoja
BeCTHOYJISIPHOTO HEpBa B CTBOJ Mo3ra, Ha 200-500u natepanbHee cpeaHeit

JMHHUU U Torpykanu Ha riyouny 500-1000p oT gopcanbHOM MOBEPXHOCTH.
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[IpoBoamiics KOMIIBbIOTEPHBII aHAJIN3 JTAaHHBIX. [IpuBeneHs!
cpeaneapu(MeTHUECKUE CTaHAAPTHBIE OTKJIIOHEHUS TIOKa3aTeeH.

Pe3yabTaThl M OCyKI€HUE

BuyTpukierouHas akTUBHOCTh ObUla 3aperucrpupoBaHa y 211
HelipoHOB MP®. DinekTpuueckoe pasapakeHue BeCTUOYISIPHOTO HEpPBa B
YKa3aHHBIX  HEWpPOHAX  BBI3BIBAJIO  XUMUYECKHM  IepeaBaeMbIid
BO3OyKaaromuii  nocrcuHantuueckuid  morenuman (BIICIT). V155
HelpoHoB ckpbIThld nepuo BIICII cocraBnsn B cpennem 2.28+0.43 mc
(1.46-3.0 wmc). DOrtu BIICII xapakTepu3oBainuch ObICTpOH  (ha3oii
BocxokieHus B ipenenax 1.36-4.87 mc (B cp. 3.12+0.89 mc; n=84) (puc. 1,
a, 1-4, B). Ammmmtyna onucanroro BIICII rpanyanpHO yBenwmuuBaiach
MIpU YBETMYEHUH MHTEHCHBHOCTHU pa3Apa)KeHHs] BECTHOYISIPHOTO HEpBa U
nocturana 0.4-0.53 mB (B cp. 1.06£0.44 wmB; n=63). anbreiimee
yBEJIMYEHHE HTEHCUBHOCTU CTUMYJISILIUN MPUBOAMIO K BOSHUKHOBEHUIO Ha
ocHoBe BIICII notenmmanos aeiicteus (I1J1) co ckpbiteiM nepuogom 1.83-
6.73 mc (B cp. 3.92+1.13 mc; n=56) (puc. 1, a, 1-4, ). [IpoaomxuTeILHOCTD
CKPBITOTO Teproaa U ¢a3bl BOCXOKACHUS HUCIBITHIBATH HE3HAYUTEIIbHbIE
W3MEHEHUS npu pa3INYHBIX MHTEHCUBHOCTAX pasapakeHus
BECTUOYIISIPHOTO HEpBa.

Mopdo—anaroMuueckUMH HMCCIEAOBAHUAMHU, IPOBEICHHBIMH Ha
npynoBoii jsrymke (Rana esculenta) BeisiBieHO, uTo He#poHsl MPD B
M300MIIMK CHAOXKAIOTCS BECTUOYIAPHBIMU BOJIOKHaMH [9].

Puc. 1 Cunantudeckast akTHBaIUI

a 6 3 o o
!!M 22 | I:D:I HEHPOHOB MEMAIBHOM
. . b w PETHKYJISAPHOM popMmaruu Ha

- nis 2 24 28 32

» r pasapaxeHHe UICUIATEPATHLHOTO
, n!i y d:l]]:mlﬂlﬂihmua. BUCTUOYIISIPHOTO HEPBA.
H H— MC

‘ T a, 1-4 -
u 2 MOHOCHHANTHYECKHE;
3:L I e e 6,104
|M L 2,,’ % ° 7 [oNHCHHANTHYECKHE )
faee 2[ " ﬂ]ﬂ]'h] g BIICII u I1J] npu pa3znuaHoit
hrmm = VNS pnrencusHocT crumynsiun VNI



HepBa. Hwxknue kpusbie (a, 1-4; 0, 1-4) sKCTpakIeTOUHbIC KOHTPOJIBHBIC
3aIMCH I0CJIE BBIX01a MUKPOAJIEKTPOJa U3 KIIETKH, B U I-TUCTOTPAMMBbI
pacrpeeneHus CKpbIThIX epUoA0B MOHO- U nojiucuHantuueckux BITCIT
HEHPOHOB MeIMAIbHOM PETUKYISPHOHN (POPMAITUN COOTBETCTBEHHO, T U € -
TUCTOrpaMMBbl pacipeaesieHus MOHO- U noJincuHantTudeckux 171 HelipoHos
MeHallbHOHN peTukysipHoi popmanmu Ha paznpaxenue VI nepsa
COOTBETCTBEHHO.

ITo ocu abcumcc — Bpems (B MC); MO OCH OPIMHAT — KOJHYECTBO
HCCIIEIOBaHHBIX HEUPOHOB (n).

[IpuBeneHHbIE JaHHBIE JAlOT OCHOBAHHE MPEINOJIOKHUTH O
BO3MOXHOCTM ~ MOHOCHHAIITMYECKOW  aKTHMBauuu  HeipoHoB  MP®
BECTUOYISIPHBIMU apdepeHTaMu.

VY 56 peTukyJIOCHMHAIBHBIX HEMPOHOB B OTBET Ha PA3PAKCHUE
BECTUOYIISIPHOTO HEpBa ObUTH 3apEeruCTPUPOBAHbI BIICII,
XapaKTepu3yronmecs O0JbIIeH BETUYNHON U HECTAOMIHBHOCTHIO CKPBITHIX
nepuogoB B mpeaenax  3.15-6.82 mc (B cp. 4.13£1.0 mc; n=56) B
3aBUCUMOCTH OT HWHTEHCHUBHOCTH pazapaxenus (puc. 1, 0, 1-4, n).
JlnutenbHOCTh (Da3kl HapacTaHus KoJiebanach B mpenenax 1.36-6.34 mc (B
cp. 3.22+0.98 mc; n=20). OOmas IIUTETHHOCTh 3apPETHUCTPUPOBAHHBIX
moteHuanoB cocrasisuia 4.98-17.54 mc (B cp. 11.03£2.33 mc; n=23).
VYBennueHne HHTEHCUBHOCTH CTUMYJIALIMU IPUBOJIWIO K BO3PACTaHUIO
amrmuty el BIICII, koTopas B cpennem paBHsiach 1.184+0.54 mB (0.41-2.8
MB; n=15), 1 kK BOBHMKHOBEHHIO Ha UX ocHOBE [1/] co CKpBITHIM Mepro oM
4.26-10.31 mc (B cp. 6.43+1.28; n=39) (puc. 1, 0, 1-4, e).
Brimmeormedennbie  xapakTepucTukud — 3apeructpupoBaHHbix — BIICII
YKa3bIBalOT HA UX MOJIMCUHANTUYECKOE MPOUCXOXKICHHUE, B COOTBETCTBUU C
JAHHBIMU JINTEPATypbl OTHOCUTEIBHO MOJIMCUHANTUYECKOTO BIIUSHUA
BecTUOYISIpHBIX  addepeHTOB HA  PETHKYJIOCIHUHAIbHBIE  HEHPOHBI,
oTiocpelyeMble uepe3 BeCTUOYIAPHBIN sepHbIi komiieke [10].

OanHOYHOE pa3/ipakeHre aypUKYISIPHON 00JIacTH KOPBI MO3KEUKa

BBI3BIBATIO TOpMO3HBIe MocTtcuHantudeckue moreHnuansl (TIICIT). Jlums
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30% wupeHTUPUIUPOBAHHBIX HEHpPOHOB MP® oTBewann Ha CTUMYISALHUIO
MO3Keuka. BHyTpukieTo4yHass akTUBHOCTb 3aperucrpupoBana B 175
PETUKYISPHBIX HEHpoHaX. YuuTbIBasi BpPEMEHHbIE XapaKTEPUCTUKU
HCCIIEIOBAaHHBIX OTBETOB, Mbl YCJIOBHO pa3J€iWIN 3aperUCTPUpPOBAaHHbBIC
TIICII Ha ABe rpynmbl: KOPOTKO- U JUTMHHOJIATEHTHBIE.

CkpoiThIil TIepuon 56 HeipoHoB coctaBisun 1.65-3.0 mMc (B cp.
2.56+0.33 mc; n=56) (puc. 2, a 2, 6 2; puc. 3) U HE UBMEHSJICS TNpHU
pa3IMYHONM MHTEHCUBHOCTU CTUMYIsAuuMd. He wu3MeHsuioch U BpeMms
HapacTaHus aMIUTUTY/bI 10 MakcuMyMa. Pa3za BOCXOXKACHUS COCTaBlIsIa B
cpennem 3.72+0.93 mc (2.1-6.15 mc; n=52). x ammnuTyna gocTUraia
0.57-3.3 MB (B cp. 1.58+0.58 wmB; n=52). OOmas JIUTEIBHOCTH
KoJiebanach B npeaenax 7.46-22.5 mc (B cp. 11.6+ 3.16; n=55) (puc. 2, a 2,
0 2; puc. 3). OTMeueHHbIe MOKa3aTeau Jajld OCHOBAaHUE paccMaTpHUBaTh
nagueie TIICII kak MOHOCUHAIITUYECKUE.

N3BeCTHO, YTO CHHANTUYECKAas 3a/Iep’KKa B IIEHTPATIbHOW HEPBHOM
cucteMe ampuoOmii mmeer BenuuuHy mopsaka 1 mc [8]. B mumTeparype
OTCYTCTBYIOT MOPQOJIOTUYECKUE UCCIEOBAaHUS O MPOEKIUU AaKCOHOB
kierok Ilypkunee B P® marymek, torga kKak Ha MIEKOMHUTAROIIMX
MOP(OJOTHYEeCKH U 3JEKTPO(U3HOJOTHUYECKH IOKa3aHa NpsMasl CBA3b
MO3xkeuyka ¢ PO [4]. DOro 1O3BOJAET  NPEANOJIOXKHTb, YTO
kopoTkonareHtHsle TIICII reHepupoBamuch MOHOCHMHANTHYECKH B
HelipoHax P®, mpeanoiaoXuTeNbHO MPSIMOM aKTUBAIUEH aKCOHOB KJIETOK
[lypkunbe, npoenupyronuxcss B MP®, no aHanorum c cymiecTByrouiei
npsiMoit cBA3bk0 KieTok [lypkunbe ¢ BAK [1, 2].

Bo Bropyto rpynny ObuiM  BKJIIOYEHBI 119 peTHKyISpHBIX
HEHPOHOB, B KOTOPBIX CTUMYJSIUS aypUKYISIPHOH 0OIacTH KOPBI
Mozxkeuka BbI3biBaa TIICII ¢ Oonee MIWTENBPHBIM W HECTAOMJIBHBIM
CKPBITBIM mepuoJioM (puc. 2, B 2, T 2; puc. 3). OHH XapaKTepH30BAIHCH

YCTKUM YKOPOYCHUCM CKPBITBIX MNEPHUOJAOB U BPEMCHHU HapaCTaHUA
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runepnosgpuzanun  TIICII 1o  Makcumyma 1pu  YBEJIMUYEHUH

HHTCHCHUBHOCTU CTUMYJIALINH.

a
4:BL
3Me
1-

2v N
4B

£LMC

4uB|

2Mc

2w [N -
4uBL

2me

Puc. 2. IlocrcuHanThyeckue MMOTEHIMANBI YETHIPEX HEUPOHOB
MEIIMaIbHON PETUKYISAPHON (dopMaIuu Ha pa3ApakKCHHUE AyPHUKYJISIPHOU
o0yacTu MO3XKeuKa.

a 2, 0 2— MoHocHHanTHyekue, B 2, T 2 — nomucuHantudexkue TIICII.
al,61,81, 1 — BIICII Tex >xe HEHPOHOB Ha pa3ApaKCHUE TEPEIHEH
BETBH BECTUOYIISIPHOTO HEPBA C LENbIO UACHTU(PUKAIIUH.

Hx ckpeIThIil epuos kojebasics B mpenenax 3.04-6.0 mc (B cp.
4.2+0.8 mc; n=119). [InuTenpbHOCTh BPEMEHHU HApacTaHHS aMIUIUTYABI 10
MakCMMyMa COCTaBiisiia B cpeaeMm 5.16+1.24 mc (2.22-8 wmc; n=87).
Ammuntyaa gocturana makcumyma B cpeanem 1.8+0.62 mMB (0.63-3.5 mB;
n=92). O6mas mmurenpbHOCTh AaHHBIX TIICII Oblna B mpenemax 8.18-27.8
Mc (B cp. 15.544.6 mc; n=112) (puc. 2, B 2, T 2; puc. 3). BeimeormedeHHbIC
BpEeMEHHbIE  XapakTepucTuku 3apeructpupoBanHblx TIICIT u  wux
3aBUCUMOCTh  OT WHTCHCHBHOCTM  CTHUMY/MSILIMM  yKa3bIBalOT  Ha

MOJIMCUHAIITHYCCKOC MTPONUCXOKIACHUC.

71



16 4

12 4

; m” || I
0- 1L, MC
2 3 4 5 6

Puc. 3. T'ucrorpamma pacnpeseneHusi MOHO- (UepHbIE€ CTOJIOUKH) U
nonucuHanTuueckux (6enpie cronbuku) TIICIT HelipoHOB MenuanbHOMN
PETUKYISIpHOW (opManu B OTBET Ha pa3apakeHHE HIICHIIATePATHbHOM
aypUKYJISIPHOM 00JIaCTH KOPHI MO3KEUKA.

I[To ocm abcmucc — Bpems (MC); MO OCH OpPJIWHAT — KOJUYECTBO
HCCIIEIOBAaHHBIX HEHPOHOB (N).

Briasaeno, uro gnuuHHonateHTtHble TIICII, BEI3BaHHEIE ci1a0OM
CTUMYJISILIMEH ITOBEPXHOCTH MO3K€YKa IOCTENCHHO YKOPAuYHMBAJIUChH IIO
BPEMEHU IIPU YBEIMYECHUU WHTCHCUBHOCTH CTUMYJALMM, T. €. IIPU
IIPOCTPAaHCTBEHHOM CyMMalUMd BXOJOB IApaUICIbHBIX BOJIOKOH K
nerapuraMm  kietok Ilypkunbe [8]. Mbl momaraem, 4YTO OIMCaHHbBIE
nomucuHantuyeckue TIICII Bo3HMKanu He mpsAMOM, a KOCBEHHOM
aktuBaunuen kietok llypkunbe [6, 7] uepe3 mapasuienbHbIe BOJOKHA, IO
aHAJIOTMM C TakKOBBIMM, 3aperucrpupoBaHHeiMu B BJSIK, B oTBer Ha
pa3pakeHue aypuKyJIspHOM 001acTH KOpbl Mo3xkeuka [ 1, 2].

Wwmeer n gaHHBI HEWPOH KOPOTKO- WM aAnuHHonateHTsie TIICIT
3aBUCHUT HE TOJBKO OT UHTEHCUBHOCTH CTUMYJISILIUHU, HO U OT JIOKAJIU3aLuU
pa3fpakarolero HJIEKTPOJd, IOCKOJIbKY HEKOTOpble BECTUOYISpHbBIE

HeﬁpOHLI OTBCUAOT MOHOCHHAIITUYICCKU IIPU OYUCHb cnaboit CTUMYJISIWU, a
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JIPYrUM HEOOXOJMM CHIIBHBIM cTUMYN. YacToTa MOSBJICHUS OTMEUYEHHBIX
TIICII cHmwkalach Mpu NEPEMEIICHUH pa3Apaxkarollero 3JIeKTpoja
MOONMKE K CpeHEH TMHUHA MO3XKedKa [ 8].

Takum  o0pazoMm,  MOXHO  TIPEANOJOXKHTh O  HAJHYUHU
BBIIICONIMCAHHOIO MEXaHM3Ma TaKKE€ B OTHOLIEHMH MO3’KEYKOBO-
PETUKYJISPHBIX B3aUMOOTHOILIEHUH, YUUTHIBAsA 3apETUCTPUPOBAHHBIE HAMU
TIICII. M03k€4OK aKTHBHO BOBJIEKAETCSl B PETYIISIUIO MO3bl U JBUKCHUS
CamMoro paszjU4HOTO XapakTepa, KOONEepUpPYsICh MOMHMO BECTHUOYISIPHOU
TAaKK€ C PETUKYISPHOM CHCTEMOM CTBOJAa Mo3ra. Msl Ionaraem, 4To
BBIIIIEOTMEUEHHbIE (YHKIMM MO3KEUKa aM@UOUN CXOXKHU C TaKOBBIMU

MIJICKOITUTAIOIINX.
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