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EARLY POSTNATAL DYSFUNCTIONING OF THE BRAIN MUSCARINIC CHOLINERGIC SYSTEM
AND THE DISORDERS OF FEAR-MOTIVATED LEARNING AND MEMORY

Shavgulidze M., Babilodze M., Rogava N., Chijavadze E., Nachkebia N.

Ivane Beritashvili Center of Experimental Biomedicine, Tbilisi, Georgia

The aim of the study was to investigate the early postnatal
dysfunctioning of the brain muscarinic cholinergic system as a
major factor in the development of cognitive disorders similar
with somewhat is noted in animal models of depression and in
patients with Major Depressive Disease (MDD). The problem
is highly topical because MDD is one of the most common dis-
eases in the world and is a serious cause of human death. The
appropriate strategy for treating of MDD is not fully understood
yet. This is complicated by the fact that MDD is a complex, mul-
tidimensional, heterogeneous disease accompanied by a range
of changes, including cognitive impairment, depressed mood,
anhedonia, decreased appetite and libido and so on [12,13].

Therefore, it is very topical and important to search for
new research approaches to elucidate the pathophysiology of
MDD, for which we consider it necessary to thoroughly study
the pathophysiological mechanisms of individual symptoms of
MDD on adequate, valid, animal models of this disease. Such
studies are of great importance in terms of both basic science
and clinical medicine.

Such a minding of scientific thinking is very important since
it is considered that the above-listed range of symptoms, accom-
panying MDD, should develop with the participation of various
factors, particular specific symptoms may be served by dysfunc-
tions of different neurotransmitters.

In the present study, special attention has been paid to the
muscarinic cholinergic system of the brain, as this system is in-
volved in the learning and memory mechanisms. In the central
nervous system, acetylcholine promotes many functions such as
learning, memory, attention, and motor control [7,14,16]. Mus-
carinic acetylcholine receptors (MAChRs) have recently been
shown repeatedly to play a role in learning and memory [1,3,5].
Therefore, there is a suggestion and we also share this view that
dysfunction of the cholinergic system may contribute to the de-
velopment of cognitive disorders during MDD [2,8].

We hypothesize that for the investigation of the role of dys-
functioning the brain muscarinic cholinergic system as the main
factor of cognitive impairment, accompanying various psycho-
neurological disorders, it is necessary to conduct experiments on
animal models where the dysfunctioning of the brain muscarinic
cholinergic system will be achieved without any specific (elec-
trolytic, cytotoxic and so on) damaging of nervous cells by ex-
ogenous factors. Such a way is a completely new methodologi-
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cal approach, worked out by Nachkebia et.al. [11], which was
also used in our study. The method involves dysfunctioning of
the brain muscarinic cholinergic system during the early post-
natal development (P7-P28) of rat pups and investigation of the
long-term effects of this procedure after achieving the adult ages
them. In general, the use of such a methodical approach allows
obtaining a relatively pure effect of dysfunctioning of the brain
muscarinic cholinergic system on the learning and memory in
various separate tasks of declarative and non-declarative learn-
ing and memory. Studies conducted on such animal models are
very important in terms of extrapolation to humans.

The present study examines the processes of learning and
long-term retention of information obtained in the two impor-
tant tasks of non-declarative memory - active avoidance, moti-
vated by foot shock-induced fear, and the elevated plus-maze,
based on the natural fear. We thought that the results obtained
will answer the important question of whether the tasks of learn-
ing and memory motivated by the natural and/or procedural fear,
are disturbed in animals that have been subjected, during early
postnatal development, to the dysfunctioning of muscarinic cho-
linergic system.

The urgency of the issue is very high, as the lasting effects
of early postnatal dysfunctioning of the brain muscarinic cho-
linergic system on learning and memory of the non-declarative
fear-motivated tasks have been studied by us for the first time.

Material and methods. Experiments were carried out on
male white wild rats (n=40). Four groups of animals were used
with special procedures for each one.

Experimental group I - rat pups (n=15) received subcutane-
ously Scopolamine (Scop. n=10) 30 mg/kg two times daily
during from postnatal day 7 (P7) to P28; Afterwards they were
maintained in home cages under special care. After adult age
(2.5-3 month) 5 rats were included in the experiments aimed
to investigate the changes of learning and memory in the two-
way active avoidance test. The second 5 rats received systemic
injection of Scop (15 mg/kg) and 30 min after were included
in the experiments aimed to investigate the changes of learning
and memory in the two-way active avoidance test. The third 5
rats received systemic injection of Melipramin [(Mel) 15 mg/
kg] and 30 min after were included in the experiments aimed to
investigate the changes of learning and memory in the two-way
active avoidance test.
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Experimental group II — rat pups (n=15) received subcutane-
ously Scop with the same procedure as in group 1. In adult age
(2.5-3 month) 5 rats were included in the experiments aimed to
investigate the level of anxiety and changes of fear-motivated
learning and memory in the elevated plus maze test. The second
S rats received systemic injection of Scop (15 mg/kg) and 30
min after were included in the experiments aimed to investigate
the level of anxiety and changes of fear-motivated learning and
memory in the elevated plus maze test. The third 5 rats received
systemic injection of Melipramin [(Mel) 15 mg/kg] and 30 min
after were included in the experiments aimed to investigate the
level of anxiety and changes of fear-motivated learning and
memory in the elevated plus maze test.

Group III/Control - Rat pups (n=15) received distilled water
with the same volume and procedure as the rat pups from experi-
mental groups I and II. After adult age (2.5-3 month) the first 5
rats were included in the experiments aimed to investigate the
changes of learning and memory in the two-way active avoid-
ance test. The second 5 rats received systemic injection of Scop
(15 mg/kg) and 30 min after were included in the experiments
aimed to investigate the changes of learning and memory in the
two-way active avoidance test. The third 5 rats received system-
ic injection of Mel (15 mg/kg) and 30 min after were included in
the experiments aimed to investigate the changes of learning and
memory in the two-way active avoidance test.

Group IV/Control - Rat pups (n=15) received distilled wa-
ter with the same volume and procedure as the rat pups from
experimental groups I and II. In adult age (2.5-3 month) 5 rats
were included in the experiments aimed to investigate the level
of anxiety and changes of fear-motivated learning and memory
in the elevated plus maze test. The second 5 rats received systemic
injection of Scop (15 mg/kg) and 30 min after were included in the
experiments aimed to investigate the level of anxiety and changes
of fear-motivated learning and memory in the elevated plus maze
test. The third 5 rats received systemic injection of Mel (15 mg/kg)
and 30 min after were included in the experiments aimed to investi-
gate the level of anxiety and changes of fear-motivated learning and
memory in the elevated plus maze test.

Shuttle box for Two-way active avoidance. A shuttle box is an
apparatus used in animal learning experiments. Shuttle box is
divided by a hurdle into two equally sized compartments, over
which a subject can jump to shuttle from one compartment to the
other. Each compartment has the independent grid floor. Foot
shocks are delivered through the metal bars that form the floor of
the box and the animal must move from one compartment to the
other in order to avoid an aversive stimulus. The cage contains a
general sound generator and light for each compartment.

Two-way shuttle box avoidance procedure. The subject is
placed in one of the two compartments. After 3 min has passed,
a stimulus (a tone in our experiments) occurs. After the tone has
been sounding for 10 seconds the shock is turned on and the sub-
ject begins to run in response to the shock. Eventually it shuttles
over the hurdle into the other compartment, an act that has two
immediate consequences: (1) the shock ends, and (2) the tone
ends. After 40 sec the second learning trial starts and the tone
again sounds, and 10 seconds later the shock again begins, pro-
ducing more running and, eventually, a second shuttle, return-
ing the subject to the first compartment. Daily learning session
continued until rat’s 10 consecutive correct responses (to shuttle
into the other compartment in response to tone, without foot
shock). Procedure was repeated during the second, third and
fourth days, that is until rat’s 10 consecutive correct responses
from the beginning of daily learning session.
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Notice that the subject can avoid shock by shuttling either
way - from the left to the right compartment or vice versa. For
this reason procedure is called “two-way active avoidance”.

The measures recorded, number of trials needed for achieve-
ment of daily learning criteria, percentage of correct responses
and response latency (latency to avoid or escape), serve as an
index of learning and allow memory to be assessed.

Elevated plus maze. The elevated plus maze (EPM) consists
of a “+”-shaped maze elevated above the floor by means of four
(50 cm height) legs. The maze consists of two open arms (25
x 8 x 0.5 cm) and two closed arms (25x8x12 cm) that extend
from a central platform (8x8 cm). Closed arms are surrounded
by transparent walls 12 cm high and open arms are surrounded
by 0.5-cm ledges and are equipped by 650 light lux centered
over the open arms. Each rat was placed in the center platform,
facing a closed arm. During the 5-min test, cameras above the
maze recorded the mice’s movements, the time mice spent in
open or closed arms, the time needed for the transfer from the
closed to open arms of the maze.

Results were treated statistically by means of Student’s t test.
* = p<0.05, **=p<0.01 were taken as the levels of significance.

Results and discussion. The study of the changes in learn-
ing and memory of fear-motivated two-way active avoidance
task in animal models that underwent functional dysregulation
of the muscarinic cholinergic system during early ontogenesis
revealed significant results. In the active avoidance test, the ani-
mals learn to avoid an aversive stimulus by changing locations.
At the start of the first session, a rat is placed in one of two
compartments. After habituation, a stimulus (tone in our case)
is resented for a fixed period of time (10 sec) and 3 sec later it is
followed by electrical stimulation of foots.

Learning and memory processes in the active avoidance task
were assessed by the following indicators: the number of trials
required to achieve the learning criterion (10 consecutive correct
responses) in each session; the percentage of correct responses
in each session. The data obtained in the first session allows to
characterize the processes of information acquisition, while the
data obtained in subsequent sessions provide us with informa-
tion on the progress of the consolidation process.

The data presented in Fig.1A show that both, control animals
(models with saline) and animals, which were subjected during
early ontogenesis to the functional dysregulation of the mus-
carinic cholinergic system, studied the task of two-way active
avoidance in two sessions.

The number of trials required to achieve the daily learning
criterion is significantly reduced in experimental models in
the course of the first learning session [first day of experiment
(Fig.1A)]. Reduction is noted also in the second session (second
day of experiments), but difference between control and experi-
mental groups is insignificant.

Against the background of this data, the question naturally
arises - is there any stable difference between these two groups
in the acquisition and consolidation of the information obtained
in the two-way active avoidance task? Comparisons between
data sets showed that animals, that underwent functional inhibi-
tion of the muscarinic cholinergic system during early ontogen-
esis, required much fewer trials for achieving the criterion in
the both learning session (Fig. 1A), indicating that acquisition
of the information found to be easier in experimental models
compared with control rats.

Analysis of the number of correct responses (jump to another
section of the active avoidance chamber in response to the tone,
without electric shock) in the course of learning sessions showed
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that during the first session, the number of correct responses is
much higher in animals that were subjected during the period of
early ontogenesis to the functional dysregulation of the musca-
rinic cholinergic system. The difference in the number of correct
responses between the two groups, in the second learning ses-
sion, becomes even higher (Fig. 1B). Thus, based on the data
obtained we can conclude that the acquisition and consolidation
of the information obtained in the two-way active avoidance re-
action is accelerated in experimental models.

In the next series of experiments we explored the effects of
anticholinergic drugs and antidepressants on non-declarative
learning and memory, in the active avoidance test, motivated by
foot shock-induced fear. It appears that intraperitoneal injection of
Scop (Fig.2A) delays the learning processes of active avoidance in
experimental models, in the first and second session, compared to
control models. It is manifested in an increase in the number of
trials required to achieve the daily learning criterion. In the third
session, the difference in the measures of learning and memory dis-
appears and stable memory in the active avoidance test is formed
with the same speed as in controls. Therefore the data indicate that
the process of perception and acquisition of the new information
is being complicated but the processes of consolidation are not af-
fected in the course of the subsequent learning sessions. The fact
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that the changes occur only in the initial session and the process is
normalized during subsequent ones should indicate that the cause
is an increase in foot-shock-induced anxiety, as an acute effect of
Scop systemic injection. Our results are supportive of the data by
other authors which have shown that unbalanced ACh levels lead
to abnormal emotional behaviors [10]. Increased ACh levels by in-
hibiting acetylcholinesterase (AChE) in the hippocampus of mice
cause anxiety and depressive-like behavior ([10].

Previous studies demonstrate that Scop, a nonselective
MAChRSs antagonist, can produce rapid antidepressant actions
(within hours) and is effective even in treatment-resistant major
depressive disorder (MDD) patients [4,6,17].

It is possible that mAChRs may be involved in stress-induced
anxiety behavior, providing a new indication of the pathophysi-
ological mechanism of anxiety disorders and the potential phar-
macological target [9].

Opposite results were obtained in the study of the effects of
intraperitoneal injection of the antidepressant Mel on the learn-
ing and memory in the active avoidance test. Namely, the num-
ber trials sufficient for the achieving of daily learning criteria
were diminished significantly in the first learning session and
tendency of diminution was retained in the second learning ses-
sion too (Fig. 2B).
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Fig. 1. Changes in the number of the trials (A) needed for the achievement of learning criterion
and percentage of the correct responses (B) in the two-way active avoidance test. ** = p<(.01
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Fig. 2. Changes in the number of the trials needed for the achievement of learning criteria under the systemic Scopolamine (4)
and Melipramin (B) in the two-way active avoidance test in animals subjected to functional dysregulation
of the muscarinic cholinergic system during early ontogenesis. *=p<0.05; ** = p<0.01
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Fig. 3. Changes in the transfer time from dark to open arms of elevated plus maze, number of the trials needed
for the achievement of learning criteria under the systemic Scopolamine (A) and Melipramin (B)
in the two-way active avoidance test in animals subjected to functional dysregulation
of the muscarinic cholinergic system during early ontogenesis. *=p<0.05; ** = p<0.01

Despite the facilitation in the acquisition of information about
the fear-based threat, at the onset of learning trials with foot
shock, fool value fear-motivated memory is formed in three
learning sessions in this case too. Systemic injection of Mel,
whose acute effect is manifested by an increase of monoamine
levels in the brain, stabilizes the active state and suppresses the
fear and anxiety response.

To find out if the dysfunctioning of the muscarinic choliner-
gic system, during the period of early ontogenesis, really have
lasting effects on the anxiety in rats special series of experiments
was carried out in the elevated plus-maze that is based on the
natural fear.

The elevated plus maze is a widely used behavioral test that
has been validated to assess the anxiety and anti-anxiety effects
in response to the various experimental procedures, and to de-
fine brain regions and mechanisms underlying anxiety-related
behavior [14]. This test relies on the rodents’ natural propensity
and comfortability in the dark, narrow areas (closed arms of the
maze for example). The longer the time spent by the rodent in
the open arms and the shorter is the transfer time to open arms,
the lower the level of animal’s anxiety.

We studied the level of anxiety and changes of fear-motivated
learning and memory in the elevated plus maze test and the ef-
fects of systemic injection of Scop and/or Mel in adult rats sub-
jected in early postnatal development to the dysfunction of brain
muscarinic cholinergic system.

Experimental models, subjected in early postnatal develop-
ment to the dysfunction of brain muscarinic cholinergic system,
received a systemic injection of Scop and 20 min after were
placed in the center of an elevated plus maze. It was found that
the transfer latency, or transition time from the closed to the
open arm of the elevated plus-maze, was significantly decreased
compared to the data of experimental models without Scop (Fig.
3A). That is, the transfer from the dark to the open arms was
not complicated compared to the background data of experi-
mental models. The effect was statistically significant and was
maintained across all experimental trials but was expressed most
highly during the first and second experimental trials.

Systemic injection of Mel increased the transfer latency or
transition time from the closed to the open arms of the elevated
plus-maze in the rats, subjected in the early period of postnatal
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development to the dysfunctioning of the muscarinic cholinergic
system. It was noted in the first and second trials and then dif-
ferences disappeared and both groups of animals learn the task
by the same speed.

Therefore, lasting effects of early postnatal dysfunctioning
of the brain muscarinic cholinergic system were studied for
the first time in the present work. Following new facts deserve
special attention: 1) This procedure produce in adult age initial
impairment of learning in non-declarative memory test that is
based on the enhancement of the level of anxiety in both active
avoidance and elevated plus maze tests; 2) Dysfunctioning of
the brain muscarinic cholinergic system, in the period of early
ontogenesis, does not change in adult animals the consolida-
tion and long-term retention of information obtained in the two
important tasks of non-declarative memory, active avoidance,
motivated by foot shock-induced fear, and the elevated plus-
maze, based on the natural fear; 3) Intraperitoneal injection of
Scope in adult animals, subjected during early ontogenesis to the
dysfunctioning of the muscarinic cholinergic system, reduce the
level of anxiety and facilitates by this way learning and memory
of natural fear-motivated non-declarative test.

In conclusion, early postnatal dysfunctioning of the brain
muscarinic cholinergic system enhances the level of anxiety in
adult age and complicates acquisition of information in fear-mo-
tivated non-declarative learning and memory tests, but does not
change its consolidation and long-term retention.
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SUMMARY

EARLY POSTNATAL DYSFUNCTIONING OF THE
BRAIN MUSCARINIC CHOLINERGIC SYSTEM AND
THE DISORDERS OF FEAR-MOTIVATED LEARNING
AND MEMORY

Shavgulidze M., Babilodze M., Rogava N., Chijavadze E.,
Nachkebia N.

Ivane Beritashvili Center of Experimental Biomedicine, Thilisi,
Georgia

The aim of the study was to investigate the early postnatal
dysfunctioning of the brain muscarinic cholinergic system as
a major factor in the development of cognitive disorders sim-
ilar with somewhat is noted in animal models of depression
and in patients with Major Depressive Disease. The present
study examined the processes of learning and long-term re-
tention of information obtained in the two important tasks
of non-declarative memory - active avoidance, motivated by
foot shock-induced fear, and the elevated plus-maze, based
on the natural fear.

Experiments were carried out on male white wild rats (n=60).
Four groups of animals (15 rats in each) were used with special
procedures for each one. Early postnatal dysfunctioning of the
brain muscarinic cholinergic system was produced by the new
method worked out by Nachkebia and co-authors. Two-way
shuttle-box and elevated plus maze devices were used for the
investigation of fear-motivated non-declarative memory and
anxiety.

The lasting effects of early postnatal dysfunctioning of the
brain muscarinic cholinergic system on non-declarative learn-
ing and memory and anxiety were studied for the first time in
the present work. Following new facts were obtained: 1) This
procedure produces in adult age initial impairment of learning in
a non-declarative memory test that is based on the enhancement
of the level of anxiety in both active avoidance and elevated plus
maze tests; 2) Dysfunctioning of the brain muscarinic choliner-
gic system, in the period of early ontogenesis, does not change
in adult animals the consolidation and long-term retention of in-
formation obtained in the two important tasks of non-declarative
memory, active avoidance, motivated by foot shock-induced
fear, and the elevated plus-maze, based on the natural fear; 3)
Intraperitoneal injection of Scope in adult animals, subjected
during early ontogenesis to the dysfunctioning of the muscarinic
cholinergic system, reduce the level of anxiety and facilitates by
this way learning and memory of natural fear-motivated non-
declarative test.

Early postnatal dysfunctioning of the brain muscarinic cho-
linergic system enhances the level of anxiety in adult age and
complicates acquisition of information in fear-motivated non-
declarative learning and memory tests, but does not change its
consolidation and long-term retention.

Keywords: muscarinic cholinergic system, early ontogenesis,
non-declarative memory, anxiety.
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Lenbto uccnenoBanus SBUIICS aHAIN3 PaHHEH MIOCTHATallb-
HOH JMCOYHKIMH MYyCKapHHOBOW XOJMHEPTHYECKOH CHCTEMBI
rOJIOBHOT'O MO3ra KaK OCHOBHOTO (haKTOpa pa3BUTHsI KOTHUTHB-
HBIX PacCTPOICTB, KOTOPhIE OTMEUAIOTCS ITPU OOJIBLIOM JAeHpec-
CHUBHOM PAaCCTPOUCTBE.

W3ydens! mporiecchl 00y4eH s M I0ITOBPEMEHHOTO COXpaHe-
HHsl HHQOPMALIUY, [TOITYYSHHOH MPU BBIMOJIHEHUH JIBYX 3HAYH-
MBIX 33J1a4 HEAEKJIapaTUBHOM IaMsTH - aKTUBHOTO M30eraHus,
MOTHBHUPOBAHHOTO CTPaXOM, BBI3BAHHOI'O YapOM IO CTOIaM, U
HPHIIOAHITOr0 KPeCTOOOpa3HOro JaOMPHUHTA, OCHOBAHHOTO Ha
€CTECTBEHHOM CTpaxe.

DKCIepUMEHTHI IIPOBECHBI Ha OEJIbIX TUKUX KpbICax-caM-
nax (n=60), KoTopble pacIpeaeIeHbI B UeThIpe Ipymnmsl (1o 15
KpBIC B KaXKJ10¥) cO cnenuaJbHbIMU Ipouenypamu. Panuas
HoCTHaTajlbHass AUCOYHKLUS MYCKapHHOBOW XOJIUHEprude-
CKOM CHCTEMBbI FOJIOBHOI'O MO3Tra BbI3BaHA IPUMEHEHHEM HO-
BOTO MeToja, pazpaboranuoro npod. H. HaukeOus u coasro-
pamu. Kamepa 1ByCTOpOHHEro akTHUBHOI'O M30eraHus U mpu-
HOAHATBIA KpecTooOpa3Hblil TAOUPHHT HCIIOIb30BAIUCH IS
UCCJICA0BAHUSl HEJCKJIAPATUBHOM MaMsTH, MOTUBUPOBAHHOU
CTPaxoM U TPEBOTOM.

BrepBsie u3ydensl aiaurenbHble d((GeKTsl paHHE mocT-
HaTaJbHON MUCOYHKIMH MYCKapHHOBOW XOJMHEPrHYeCKOU
CHUCTEMBI MO3ra Ha HEICKJIapaTHBHOE OOydeHHe, MaMsTh W
TpeBory. BeiBsiBiieHsI cienyromue Gaktel: 1) qaHHas npore-
Jlypa BO B3POCJIOM BO3pacTe BbI3bIBAECT HA4YaJIbHOE Hapylle-
HHE O0ydYeHHs] B HEICKIAPATUBHOM TECTE IaMsTH, KOTOpPOe
OCHOBAHO Ha MOBBIIIEHUU YPOBHS TPEBOXKHOCTH KaK B TECTE
aKTUBHOTO M30eraHus, Tak U B MPUIOAHITOM KpecToobpas-
HOM J1abupuHTe; 2) IUCOYHKIUS MYCKapMHOBON XOJHHEp-
I'MYECKOM CHCTEMbI TOJIOBHOTO MO3Ta y B3POCIbIX JKUBOTHBIX
B IIEPHUOJ PaHHET0 OHTOIeHEe3a HE MEHSCT KOHCOIUIALMIO U
JUITMTENBHOE COXpaHeHHEe MH(OpMAIHH, TONyYeHHOH B IBYX
3HAYMMBIX 3a7adaX HEACKIapaTUBHOW INaMATH - aKTUBHOE
n3z0eranue, MOTUBUPOBAHHOE CTPAaXOM, BBI3BAHHBIM yIapOM
JIEKTPOILIOKA TI0 CTONAaM, U NPUIOAHATHIH KpecToOOpa3HbIi
NaOMPHHT, OCHOBAHHBIH Ha €CTECTBEHHOM CTpaxe; 3) BHyTpH-
OpIOLIMHHOE BBEACHUE CKOMOJAaMHHA B3POCIBIM XHBOTHBIM,
HOABEPTUIMMCSI B paHHEM OHTOreHe3e AUCOYHKLIUU MyC-
KapUHOBOH XOJIMHEPIMYECKOH CHCTEMBl, CHI)KAeT YPOBEHb
TPEBOXKHOCTH M CHOCOOCTBYET OOYyYEHHIO M 3allOMHHAHHIO
HE/IeKJIapaTUBHOI'O TECTa, MOTUBHPOBAHHOTO €CTECTBEHHBIM
CTPaxoM.

Panuss nocTHatanpHas JUCQHYHKLIUS MyCKapUHOBOM XOJIMH-
€PruyecKoil CHUCTEMBI TOJIOBHOIO MO3ra IIOBBIIIAECT YPOBEHb
TPEBOKHOCTH B 3pPEJIOM BO3pacTe U 3aTpydHsAET IOJIydyeHHE
uH(OPMALIUK B HEJCKIAPATUBHBIX TeCTax 00YYEHHs U MaMsTH,
MOTHBHUPOBAHHBIX CTPAXOM, OIHAKO HE MEHSET €¢ KOHCOJIua-
LMY ¥ JUIUTEIBHOTO COXPAaHEHUS.
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MOP®OJOI'NMYECKHUE U3MEHEHHWSA BHYTPEHHUX OPTAHOB KPbIC
P AJINTOKCAHOBOM JIMABETE B OKCITEPUMEHTE

Aoynanze K.3., Xsuuus H.B., [lanaBa M.B., [lapauamsuiau H.C.,
Typaoeannze-Podakunze C. /., Canuxuaze T.B.

Tounucckuii 20cyoapcmeennviil MeOUYUHCKUL YHUGepCUumem,
Tounucckuii eocyoapcmeennwiti ynugepcumem um. M. [ocasaxuweunu, I pysus

Caxapubiii nuaber (CIl) - mHOrogakropHoe 3aboieBaHue,
Xapakrepusymoueecs runepriukemueii [14,17)], Hapymenusamu
JIUITUTHOTO OOMEHA, YCHICHHEM OKHCIUTEIBFHOTO CTPecca, BhI-
3BaHHBIM 00pa30BaHNUEM BBHICOKOAKTHBHBIX CBOOOHBIX PaHKa-
JIOB, YCUJICHUEM [IEPEKUCHOIO OKUCIICHUS JIUIUI0B U Hapylle-
HHUEM aKTHBHOCTH ()éPMCHTaTHBHON aHTHOKCHJAHTHOU CHCTeE-
Mbl [8]. Hemocrarounast 1eTOKCHKAIHS CBOOOIHBIX PaJHKAIOB
MOXKET NPUBECTH K OKHCIUTEIFHOMY ITOBPEKICHUIO MeMOpaH,
MOP(}OTOTHUECKUM N3MEHEHHSM B TKAHIX U, COOTBETCTBEHHO,
HapymeHuto (GyHknuit MHOrux opranos [5,11]. Ipu mmurens-
HOM CaxapHOM auabeTre HaOIIOA0TCs H3MEHEHHUS B PA3THIHBIX
opraHax - IIIOMepy/spHas HeponaTus ¢ TyOyIsSpHBIMH U HH-
TEpCTULHUAIBHBIMA aHOMAIMUAMH, IaTOJIOr0AaTOMHUYCCKUE HU3-
MEHEHUS B IICUCHU, CEPILE, JIEIKUX, TKaHAX HEPBHOU CHCTEME,
THCTOMOP(OTOTHUECKHE M3MCHEHHSI B KHUILICYHUKE, PAa3BHTHE
arepockieposa [9], KoTopble B 3HAYUTEIBHOU Mepe 00yCIIoBIIC-
HBl MHTCHCH(UKAIUel HEKOMIICHCHPYEMOTO OKHCIHUTEIBHOIO
cTpecca B YCIOBUSAX T'MICPIIMKEMHU M UCTOLLEHUS CHCTEMbI
AQHTUOKCUJIAHTHOM 3aILUTHL.

MopenupoBanue 1uadera Ha XXUBOTHBIX SIBJISICTCS ITOJIE3HBIM
HMHCTPYMEHTOM JIJIS IOy 9eHHsI HH(DOPMauy 00 NHTUMHBIX Me-
XaHM3Max IaTorene3a auabera B OpraHM3Me 4YesloBeKa. JKCIie-
PHMEHTAJIBHOE MOIEINPOBAaHKE AnabeTa BOSMOXKHO TAKUMHU XH-
MHUYECKHMH BEIIECTBAMH, KOTOPbIe M30MpaTeIbHO Pa3pylIaloT
HHCYJIUH-TIPOYLIUPYIONINE 3-KJICTKU B MOKEITYIOYHOIT JKeliese
MOCPEJICTBOM PEJOKC-3aBUCUMBIX MeXaHU3MOB [16]. OnHum u3
HanboJIee YaCTO MCIIOJIb3YEMbIX XUMHIECKUX BEIIECTB SIBISIET-
sl AJUTOKCaH. DTOT Iperapar BEI3EIBAeT JHA0eT 3a CUeT BHYTPH-
KJICTOYHOM reHepaluy akTUBHBIX (hopM kuciopona (ADK), 06-
pasyolmuXcsl B LUKIMYECKOM peakluy ¢ y4acTUEM aJlJIOKCaHa
U €ro BOCCTaHOBJICHHOI'O IPOJYKTa, Ha3bIBAEMOIO JUAIOPOBOI
KHCIIOTOH [2], KoTOpast moJBepraeTcs CaMOOKHCIEHHIO ¢ 00pa-
30BaHUEM IIEPEKUCU BOAOPOJA, CYNEPOKCUA-aHUOHAU TUAPOK-
CHJIBHBIX CBOOOZHBIX PaJUKAajOB; MOCIEIHHE OOpa3yloTcs Mo
peaxuu ['abepa — Belicca, karanu3upyemoit merauiamu. Cau-
TAETCsI, YTO ITH BOCCTAHOBJICHHBIC ()OPMBI KHCIIOPOJIa, B YaCT-
HOCTH YPE3BbIYAHO PEaKTUBHBIN THAPOKCUII-paJUKall, HHULIH-
HpYIOT aTaKy Ha 0eTa-KJIETKH C TIOCIEeAYIONMM HHIHONPOBaHHU-
€M CHHTE3a U CEeKpEeLIMU HHCYIHHA. BhICTpOe NomomeHe HHCy-
JIUH-CEKPETUPYIOIUMY KIETKAMU SBIIICTCS OAHOM U3 BaXKHBIX
XapaKTEePUCTHUK, ONPESISIONINX ANa0eTOreHHOCTh AJUIOKCAHA.
© GMN

[lenpro HaIIETO UCCIEAOBAHMS SIBIACTCS OLIEHKAa MOP(OIIOTU-
YEeCKHMX N3MEHEHUH BHYTPEHHHUX OPTaHOB IIPH MOJCIUPOBAHUH
PEIOKC-MHAYIUPOBAHHOTO CAaXapHOro auadera ¢ HCIIONb30Ba-
HHEM aJUIOKCAaHa Ha KPBICAX.

MarepuaJj u MeToabl. VcciieoBaHus TPOBOJMINCH HA IBAJI-
[aTH IATH Kpblcax-camuos JuHuH Wistar (280-350 r). Yxox 3a
JKUBOTHBIMU OCYLIECTBIISICSA B COOTBETCTBUU C PYKOBOASLIMMU
HPUHIUIIAMU JIAOOPATOPHBIX MCCISJOBAHUN Ha KMBOTHBIX, UC-
MOJIB3YeMBIX B OKCIICPHMCHTAIBHBIX HcCienoBaHusIX. JKuBOT-
HBIe OBUTH Pa3MELIEHBI B XOPOIIO BEHTWINPYSMOM ITOMEIICHIH
B CTAHJAPTHBIX JIAOOPATOPHBIX YCIOBHAX (IIUKI TEMHOTA/CBET
12:12 4). IM 1o3BOJSUIM aKKIMMaTH3HPOBATHCS B TeUeHUE 3
HeJIeNb, KOTJ]a OHU MMEIIH CBOOOIHBIN TOCTYII K CTAHAAPTHOMY
KopMy | Bojie ad libitium. Bce nmporieypsl ¢ )KUBOTHBIMH OBbIIH
onobpensl KomureToM 1o yXomy 1 UCIONB30BAHUIO )KUBOTHBIX
Towmmmcckoro I'ocynapcTBeHHOro MeMIMHCKOTO YHHBEPCHTE-
Ta.

[Mocne neprona akKIMMaTH3AMMN JHA0CT Y KPBIC BHI3BIBAIIH
OIHOKPATHBIM BHYTPHBEHHBIM BBEJICHHEM CBEKEIPHTOTOBIICH-
Horo 12% BoaHOTO pacTBOpa ayutokcana (B go3e 200 mr/kr mac-
CBI Tella) BHYTpUOpIOMMHHO. KOHTpONIBHEIE KPBICH! (5 KPBIC)
HOJTy4Jadd aHAJIOTHYHBIA 00beM (DH3HOIOTHUECKOTO PacTBOpA.
YpoBeHb DoKo3bl u3Mepsun vepes 1, 2, 3, 10, 15, 20, 25, 30
JICHb I10CJIC BBEIeHHs ajuloKcaHa. KpbIChl ¢ ypOBHEM INIIOKO3bI
B KpoBH BhIIIe 250 Mr / a1 Ha 2-# AeHb IOCIIe BBECHUS aJLITOK-
caHa BKJIFOYAJIUCH B HCCIIEIOBAHHE.

Ha nccnemyembIX KHBOTHBIX M3YYald ajUIOKCaH-HHIYIIHPO-
BaHHBIC MOP(OJIOTHIECKHE H3MEHEHUS CEepLa, IIEUCHH, T0UYEK
U aopTHI, U COJepKaHue MajoHOBoro neanpieruna (M/IA) B
KpOBU.

Mopgonoeuneckue uccneoosanus. OOpasibl aOPTH Mpe/iBa-
PHUTEIBHO ITPOMBIBAJIICH BOJIOH, 3aT€M IIOJBEPrajliCh JACTHIpPa-
TaIMU ATAHOJIOM M KCWIoioM. TkaHu opranos (aopra, cepaue,
HedeHb, TOYKH) Kpbic momermanu B 10% pactBop dopmanuHa.
Tlocne n3roroBnenust mapaUHOBBIX OJIOKOB, CPE3bI TONIINHOM
JI0 5 MKM, OKpaIINBAJIACh T€MAaTOKCHIMHOM 1 503uHOM. [Ipera-
paThl KCCIIeI0BAIIH TI0]] CBETOBBIM MUKPOCKOIIOM (Mozels Leica
DM 1000 LED), yBemmnuenue 10x0,25.

Onpeoenenue MDA. MDA B 11a3mMe KpOBY OIPEIEISUIH C T10-
MOIIBIO aHaIH3a THOOapOuTypoBoit kuciots! (TBA) [6].

CraTHCTHYeCKUH aHaNN3 IIOJIYYeHHBIX PEe3yJIBTaToB IIPOBO-
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