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SUMMARY

Inactive style of life leads to many pathologic changes in an organism as well as cerebral blood flow dis-
turbances. The depth of pathologic shifts depends on terms of hypokinesia (HK) and these shifts involve both
cellular and subcellular levels. As GABA-ergic system relates to stress-limiting system, the objective of our
investigation is to study the changes in GABA-ergic macromolecular combination under the conditions of HK
in experimental animals with simultaneous exploration of pathologic anxiety development and its correction
by well-known nootrops — Pyracetam. It was established, that in 15-day HK the amount of GABA-receptor
macromolecular combination decrease is observed, and it continues to decrease up to 45-days of HK. Study of
animal behavioral reaction in plus-maze test has shown that in animals under the conditions of HK anxiety
develops. Pyracetam administration during the last three days results to GABA-receptor macromolecular
combination amount increase and anxiety elimination both in 15-day and 45-day HK.
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INTRODUCTION

The discovery of principal GABA system
key in cerebral hemodynamics regulation lets us
to consider not only cerebral discirculation
problem caused by inactive style of life or
monotone muscle activity (Hypokinesia — HK)
[7], but also to find out the level of this system
involvement in mechanisms of cerebral blood
flow disorder compensation especially if to take
into consideration early aging and psychoneu-
rological disorders after HK [5, 6, 7, 10, 11, 15].
On the other hand, identification of different
types of GABA-receptors according to their
pharmacological and biochemical character are
linked not only to these receptors agonists and
antagonist creation, but also with study of inti-
mate mechanisms of used medicines [1, 2, 8, 9,
16]. It is known, that GABA receptors are com-
plicated oligomer macromolecules with specific
link-sites not only for GABA, its agonists and
antagonist, but also for other compound junc-
tion. The realization of their activity follows the
GABA-receptor function modulation [3, 4, 10,
12]. Quantitative and qualitative changes of
their macromolecular combination parameters
can be the indices of GABA system involve-
ment in some processes.

The aim of investigations is to study the
influence of both early (15 days) and late (45
days) terms of HK on the changes in state of
receptor macromolecular combinations which
bind GABA in experimental animal brain and
on the anxiety development and its prevention
by well-known nootrop-medicine-Pyracetam.

MATERIALS AND METHODS

Rats
White male inbred rats weighing approxi-

mately 200-220g were used in experiments.
They housed under standard conditions of 22°C,
water and food available ad libitum. As a model
of hypokinesia we housed rats in individual nar-
row cages which were constructed from Plexi-
glas. Anxiety related behavior was measured by
the elevated plus-maze test. The GABA recep-
tor macromolecular combinations were sepa-
rated from rat brain after 15- and 45-days of
HK. All experimental rats were divided into the
following groups: 1 — control; 2 — rats received
injection of pyracetam (20 mg/kg, i/p); 3 — hy-
pokinetic rats with appropriate terms of HK; 4-
hypokinetic rats that were treated with
pyracetam for the last three days of 15- and 45-
days of HK; 5-untreated hypokinetic rats with
following passive readaptation.

Elevated plus maze test

The anxiety condition was investigated ac-
cording to well-known method elevated plus-
maze test [14] EPM. The plus-maze was made
of wood, with two opposite open arms, 50x10
cm without any walls and two of the same size
with 40-cm-high side walls and an end wall.
The arms were connected by a central platform
10x10 cm. Both open arms were divided into
three parts of equal size by lines which also
separated the central platform from all arms.
The central platform and open arms formed the
‘open part’ of the apparatus. The maze was ele-
vated to a height of 50 cm from the floor. An
entry into open arms was counted when the rat
crossed the line between the central arena and
an open arm with all four paws. The rat was
considered to explore the open part of the appa-
ratus when it had clearly crossed the line be-
tween a closed arm and the central arena with
both its forepaws. The rat was placed on the
central platform of the maze facing an open arm



before and after 30 min after piarcetam pyra-
cetam injection. Behavioral measures taken dur-
ing 5 min included: a) the total number of arm
entries; b) the number of open arm entries; c)
time spent in the open arms of the apparatus; d)
time spent in the central square.

One-way analysis of variance (ANOVA)
was used to compare the data from all experi-
ments.

Affinity chromatography

An affinity chromatography on sorbent with
immobilized y-amino-butiric acid (GABA) [17]
was carried out to isolate GABA receptor com-
plex components. The adult rats were decapi-
tated, brain was removed and it was used either
fresh or after freezing and storage at -20°C. Im-
mediately before isolation it was defrozed to
+4°C, all the following procedures were made at
the same temperature. All the buffers contained
protease and transaminase inhibitors (ImM ety-
lenediamine-tetraacetic Acid (EDTA), 0,1mM
phenylmethyl-sulfonil fluoride (PMSF), 0,8 mM
g-aminocaproic acid, 1 mM O-sulfoethanolea-
mine). Brains were homogenized in 150 ml 0,
32 M sucrose with glass/Teflon homogenizer.
The homogenate was centrifuged at 8000 rot/
min (K-24 centrifuge, Germany). The pellet was
osmotically shocked by suspension in ice-cold
water (200 ml, simultaneously membranes were
washed out of endogenous GABA), then centri-
fuged for 15 min at 9000 rot/min. this was re-
peated twice. The pellet was resuspended in
buffer A: 50 mM Tris HCL, pH 7,4 and 10%
sodium deoxicholate in water was added drop-
wise to give a final concentration of 1% (w/v).
This was gently stirred for 60 min, then mixture
was centrifuged at 20 000 rot/min for 40 min.
The supernatant was carefully decanted and in-
cubated immediately with CPG-GABA sorbent,
equilibrated with buffer A overnight, butch-
procedure. Then sorbent was washed with
buffer A, GABA receptor complex components
we desorbed with buffer A, containing 50 mM
GABA, 0,1% sodium deoxicholate during 60
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minute at butch-procedure (fraction A). Affinity
sorbent controlled pore glasses (CPG)-GABA
was synthesized according to E.V. Grishin's
modified method [17]. The concentration of
protein in preparations was evaluated by spec-
trophotometric analysis according to its absorp-
tion at 273 nm.

Statistic analysis was performed with the es-
timation of data obtained according to the Stu-
dent’s t-parameter.
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RESULTS AND DISCUSSION

As spectrophotometric analysis showed, ab-
sorbance maximum of fraction A at 273 nm
from the intact rats was 1,275 opt units. Injec-
tion of pyracetam (during 3 days, 20 mg/kg)
into the intact animals resulted in slight increase
in absorption maximum to 1,3 opt units proba-
bly because of activation of protein synthesis.
Isolation of GABA receptor components from
the brains of animals after 15-day hypokinesia
showed that here the absorption maximum of
fraction is decreased to 0,2 opt units (in com-
parison with control more than for 83%), which
suggest that amount of GABA receptor compo-
nents decreases in hypokinesia conditions (Fig.
1). The content of these components is less in
animals after 45-day hypokinesia. Here we ob-
served only trace amounts of GABA-receptor
proteins.

Pyracetam injection to the animals in the last
three days of hypokinesia resulted in significant
shifts in quantity of the investigated macromo-
lecular combination. In animals after 15day hy-
pokinesia the amount of GABA-receptor com-
binations increases by 42%. Similar regularity
we observed in pyracetam treated rats after 45-
day hypokinesia, but it was less expressed.
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Fig. 1. The changes in macromolecular GABA-receptor combinations in rat brain
under the conditions of hypokinesia and after the pyracetam administration (20 mg/kg, i/p)
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During the experiments the development of
anxiety caused by HK has been investigated in
the elevated plus maze in rats (Fig.2). The re-
sults showed that the percentage of entries and
time spent on open arms as well as in the central
square reliably decreased after 15-day HK. The
number of entries into enclosed arms increased
as compared to control groups of rats which
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may be interpreted as an anxiogenic effect of
restricted movement activity. 45-day hypokine-
sia results in a significant decrease in the num-
ber of entry into the open arms and lowering of
investigation activity as compared to the control
group and prolongation of time spent in en-
closed arms.
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Fig. 2. The changes in rat anxiety in the elevated plus maze in different terms of HK

Administration of pyracetam results in inves-
tigation activity increase, the evidence of which
is prolongation of time spent in the central
square, whereas an increase in the number of
entries into the open arms demonstrates
pyracetam anxiolytic activity increase which
agrees with data of other authors [16].

Thus data obtained have shown the reduction
of GABA receptor component synthesis under
the conditions of hypokinesia, which may be
caused by anxiety development. The tendencies
to restoration of the researched data are ob-
served after following pyracetam injection. It
shows that pyracetam injection to hypokinetic
rats leads to activation of restoration processes
especially in early terms of HK. Probably, anxi-
ety elimination (well-known anxiolytic effect of
pyracetam) under the pyracetam influence in rat

with HK [1] may be also explained by changes
in macromolecular GABA-receptor combina-
tion amount.

The action mechanism of such classic noot-
rop — pyracetam is doubtful elucidated and now
many hypotheses are suggested.

On the one hand, concerning the data of Gu-
dasheva [4] based on structural similarity be-
tween pyracetam and dipeptide, particularly,
dipeptide cyclo-prolylglycine, pyracetam is pre-
sented as exogenous ligand of endogenous
cyclopropylglycine, which activate cognitive
functions of brain and as the authors suppose its
action, is intermediated by hypothetic nootrop
receptors.

On the other hand the structural basis of
pyracetam is cyclic form of GABA (2-pirroli-
done), which is not a source of metabolically



active GABA [5, 12, 13]. However, metabolic
effects of pyracetam are expressed enough and
intermediated by both influence upon oxidative-
recovering processes and energetic exchange
and regenerative-reparation processes especially
under the conditions of disturbances of cerebral
blood flow. The most important, fast developing
energetic effects of pyracetam connected with
ATP rotation increase and creatinphosphate
synthesis activation; activation of anaerobic
glucose metabolism without lactate formation,
acceleration of DNA and RNA synthesis, pro-
tein, phospholipid synthesis. The literature data
concerning pyracetam influence upon the
GABA system show the following: pyracetam
brakes the GABA production and utilization
increase due to GABA mimetic postsynaptic
action with compensatory function of GABA
shunt increase which causes the alternative
mechanism of a-ketoglutarate transformation to
succinate [5, 11, 12, 13].

The role of GABA system as the protector
and adaptive compound of cerebral hemody-
namic under the conditions of HK is particularly
great [5,7, 8,9, 13].

Our early obtained data show that o lot of
pathologic processes particularly cerebral blood
flow disorders [1, 2, 6, 7] occur under the condi-
tions of HK.

The process of aminoacide involvement into
the brain tissue, phospholipids quantitative and
qualitative content, neuroactive aminoacide
content in brain tissue, energetic exchange re-
generative-reparative processes, especially in
the late term of HK [6, 7] are disturbed. GABA
mimetics administration, particularly pyrace-
tam, in cerebral hemodynamic disturbances
caused by HK leads to expressed positive mor-
phofunctional changes in neurocytes and micro-
circulatory bed of brain cortex [1, 2, 6, 7, 8, 9]
in experimental animal.

Concerning interaction between pyracetam and
receptors there is an option that nootrop com-
pounds, particularly pyracetam, don’t influence
upon the connection of radioligand, which charac-
terize receptors to specific neuromediators of CNS
since affinity between DA, 5-HT, NA, Ach, opi-
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ates and benzodiazepines and receptors is absent
whereas for glutamate receptors pyracetam in-
crease quantity of glutamate connection sites in
uncompetitive manner. It is interesting, that
among nootrop-acetams nefiracetam has the ex-
pressed affinity to GABA-A receptors [11]. It is
important to note, that pyracetam possesses mem-
brane-stabilizing effect, improves the fluidic prop-
erty of neuronal membrane, probably by receptor
affinity increase to GABA. It modulates both ac-
tivity of neurotransmitter processes and plastic

processes of brain [5, 11].

Cerebral hemodynamics disturbances caused
by HK leads to chronic ischemization of brain
tissue, changes in endogenous GABA contents
[5]. Besides, a significant increase of GABA
content in brain tissue doesn’t always have pro-
tective character. In this aspect the role of
GABA as stress limiting system modulator,
which can be activated by pyracetam has a spe-
cific meaning.

All the above mentioned shows that
pyracetam influence upon the macromolecular
GABA-receptor complexes under the condition
of HK may be explained either by activation of
reparative processes, which are induced more
easily in early HK, than in last HK, or affinity
GABA to GABA-A receptors increase.

Since the response of brain tissue and hemo-
dynamics under the condition of HK straightly
depend on the terms of HK, we must take into
consideration the fact that for preservation of
viability of an individual transition from active
resistant strategy to passive tolerance is possible
and in this process of viability the pyracetam
administration can help.

Thus, we can do the following conclusion
1. The synthesis of GABA-receptor complex

compound decreases under the condition of
HK, especially after prolonged HK.

2. Administration of pyracetam for the last 3
days of HK promotes more rapid recovery
of the GABA receptor compound amount.

3. The anxiety elimination in hypokinetic rats
after pyracetam injection is accompanied by
the increase in GABA receptor macromo-
lecular amount in rat brain tissue.
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IF'AMK-PEHEIITOPHI MAKPOMOJIEKYJISIPHI KOMIVIEKCH
I'OJIOBHOI'O MO3KY ITALHIOKIB B YMOBAX I'lTTIOKIHE3II

BH Axonan', JI.C.Banan', H.I'. Agemicaw’, K.b. Awpagpan’
' Kadempa (bapMaxonorn €pZ[MY M. M. Fepaul €pesan, Bipmenis
Incturyr G6ioximii im. I'. Bynistsna HAH PA, €pesan, Bipmenis

PE3IOME

MajoaxkTiBHUIL CIIOCIO XKUTTS € NPUYNHOK BUHUKHEHHs 6araTboX MATONOIYHAX 3MiH B OPraHi3mi, y TO-
My 4HCII 1 TIOPYIICHHS MO3KOBOTO KpOBOTOKY. [JIHOMHA X MOPYIIEHD, IO PO3BUBAIOTBCS K HA KIIITHHHO-
My, TaK i CyOKIIITHHHOMY PiBHSX, 3HAXOANTHCS B MPSAMil 3aJI€XKHOCTI BiJl TPUBAJIOCTI 1 TBEPJOCTI TiMOKiHE311
(T'K). Ockinpku 10 cTpec-JiMiTyrouux cucteM BigHocuThes 1 TAMK-epriuna, MeTol0 Hamoro JOCTiHKEHHS
craso BuBueHHS 3MiH y TAMK-epriunux MakpoMOJIeKyIIpHUX KOMIUIEKCaX I'OJIOBHOTO MO3KY €KCIIEpUMEH-
TaNbHUX TBapWH B ymMoBax ['K i3 piBHOODKHMM JOCHTIDKEHHSM BUHMUKHEHHSI TPUBOXXHOCTI BHacmigok I'K.
OkpiM TOrO, Yy Halle 3aBJaHHs BXOMWIa i (hapMaKoJoriyHa KOPEKLisl 3pyIIeHb, 10 CIIOCTEepIiralThes, 1oope
BiJIOMHM MpPEACTABHUKOM KJIaCy HOOTpOINiB — mipaueramoM. byio BcraHosieHo, wo Ha 15-i gens I'K cro-
CTepIra€ThCst 3MCHILCHHS! KUIBKOCTI MAKPOMOJIEKYIIsIpHIX KoMIuekeis "TAMK-penenTopis roioBHOro Mosky,
IO MPOJOBKYETHCS 110 45-X 1061 'K, komu BOHA BUSIBIISIOTECS BXKE y BHJI CITiIIB. JlOCIII/DKCHHS OBE/IIHKO-
BOI peakmii TBapWH Yy TECTI IiJHATOr0 XpecTonoAiOHOro JadipuHTy nokasano, mo I'K npuBoanuTs 10 po3BHT-
Ky TpUBOXKHOCTI. BBenienns nipaneramy B octansi Tpu aHi ['K npu3Bomuts 10 30iIbIIEHHS KIIBKOCTI Makpo-
MoJeKyaspHuX KomiiekciB 'TAMK-penienTopiB i 04HOYaCHOTO 3MEHIIEHHSI TPUBOXXKHOCTI Ha 15-1enp ['K.

K/TIO490BI C/IOBA: tTpuBoxHicTh, M030K, [ AMK-perenTop, TirmokiHe3is, MAKpOMOJIEKYISIPHI PelenTo-
PHI KOMIUIEKCH

I'AMK-PEIEIITOPHBIE MAKPOMOJIEKYJIAPHBIE
KOMILJIEKCBHI I'OJIOBHOI'O MO3I'A KPBIC B YCJIOBUSX
I'MIIOKUHE3UU

BH Axonan', JI.C.banan', H.I'. Asemucan’, K.b. Awpagpan’
' Kadenpa (bapMalconorI/m EpFMY M. M. FepauI/I EpeBan, ApmeHus
Wucruryt Onoxumun uM. I'. Bynusitsna HAH PA, Epesan, Apmenust

PE3IOME

MaJoakTHBHEIA 00pa3 KU3HU SBIACTCS MPUYNHON BOSHUKHOBEHHS MHOTHX IMATOJOTHICCKUX W3MEHCHHN
B OpraHHW3MeE, B TOM YHCIIC U HAPYIICHUS MO3TOBOI'0O KPOBOTOKA. [ TyOMHA 3THX HApYIIICHUH, KOTOPHIC pa3BH-
BAIOTCS KaK Ha KJICTOYHOM, TaK U CYOKJICTOYHOM YPOBHSX, HaXOJWUTCS B MPSIMOA 3aBUCUMOCTH OT JUTUTCIh-
Hocti u xkectkoctu TunokuHesnn (I'K). TTockoiabKy K CTPECC-TUMHUTHPYIOIIAM CHCTEMaM OTHOCUTCS H
I'AMK-spruueckasi, Lelbl0 HAIIETO UCCIEA0BaHUs sIBiIsieTcsl u3yuenne usmenennit B '’ AMK-spruueckux ma-
KPOMOJIEKYJISIPHBIX KOMIUIEKCaX TOJIOBHOI'O MO3ra 3KCIIEPUMEHTAIbHBIX KUBOTHBIX B ycioBusix ['K ¢ mapain-
JIETIbHBIM UCCIIEIOBAHMEM BO3HUKHOBEHHUSI TpeBoxkHOCTU Besenctue 'K, Kpome toro, B Hauly 3agauy BXo-
Iua v papMakoIormdeckass KOppeKIus HaOIIF0JaeMbBIX CIBUTOB XOPOIIO U3BECTHBIM MPEACTABUTEICM Kiac-
ca HoOTporoB — [Iupameramom. Beuto ycraHoBneHo, uro Ha 15-i nmerp 'K HaOmogaercs yMEeHbIICHUE KOJU-
YecTBa MAaKpOMOJIEKYJISIpHBIX KoMmIuiekcoB ['AMK-penentopoB roioBHOro Mo3ra, npojospkatomnieecs 10 45-x
cyrok 'K, korza oHa BBISIBJISIIOTCS yKe B BUJIE cieioB. MccienoBaHue noBeIeHUeCKOW peakuy KUBOTHBIX B
TECTE MPUITOTHITOrO KpecTo00pa3HOro JabupuHTa 1moKasano, yTo 'K mpUBOIUT K pa3BUTHIO TPEBOXKHOCTH.
Beenenue Ilupanerama B nocneanue Tpu AHA ['K mpuBOAUT K YBEIMUYEHHUIO KOJIMYECTBA MAaKPOMOJIEKY-
JspHBIX KoMIuiekcoB I'AMK-penenTopoB 1 0OIHOBpEMEHHOMY YMEHBIIEHUIO TPEBOXKHOCTU Ha 15-1eHb K.

K/TIOYEBBIE CJIOBA: tpeBoxHOCTh, MO3T, [T AMK-perienTop, THIOKHHE3US, MAKPOMOJICKYIISIPHEIE pe-
LIENTOPHbIE KOMIUIEKCHI





