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plazmaSi homocisteinis maRali donis gavlenis 
axali aspeqtebi anTebiTi procesis mimdinareo-
baze parodontis qsovilebSi, rac uzrunvelyofs  

paTogenezuri Terapiis gaumjobesebas pacien-
tebSi parodontitiT qronikul hiperhomociste-
inemiasTan kombinaciaSi.

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-

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 I. 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 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.

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 

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 
MAChRs 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). 

 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<0.01 

Fig. 2. changes in the 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 
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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 

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, 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 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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РЕЗЮМЕ 

РАННЯЯ ПОСТНАТАЛЬНАЯ ДИСФУНКЦИЯ МУ-
СКАРИНОВОЙ ХОЛИНЕРГИЧЕСКОЙ СИСТЕМЫ 
ГОЛОВНОГО МОЗГА И НАРУШЕНИЯ ОБУЧЕНИЯ И 
ПАМЯТИ, МОТИВИРОВАННЫЕ СТРАХОМ

Шавгулидзе М.А., Бабилодзе М.Р., Рогава Н.О., 
Чиджавадзе Э.О., Начкебия Н.Г.

центр экспериментальной биомедицины им. и. Бериташ-
вили, тбилиси, грузия

Целью исследования явился анализ ранней постнаталь-
ной дисфункции мускариновой холинергической системы 
головного мозга как основного фактора развития когнитив-
ных расстройств, которые отмечаются при большом депрес-
сивном расстройстве. 

Изучены процессы обучения и долговременного сохране-
ния информации, полученной при выполнении двух значи-
мых задач недекларативной памяти - активного избегания, 
мотивированного страхом, вызванного ударом по стопам, и 
приподнятого крестообразного лабиринта, основанного на 
естественном страхе.

Эксперименты проведены на белых диких крысах-сам-
цах (n=60), которые распределены в четыре группы (по 15 
крыс в каждой) со специальными процедурами. Ранняя 
постнатальная дисфункция мускариновой холинергиче-
ской системы головного мозга вызвана применением но-
вого метода, разработанного проф. Н. Начкебия и соавто-
рами. Камера двустороннего активного избегания и при-
поднятый крестообразный лабиринт использовались для 
исследования недекларативной памяти, мотивированной 
страхом и тревогой.

Впервые изучены длительные эффекты ранней пост-
натальной дисфункции мускариновой холинергической 
системы мозга на недекларативное обучение, память и 
тревогу. Вывявлены следующие факты: 1) данная проце-
дура во взрослом возрасте вызывает начальное наруше-
ние обучения в недекларативном тесте памяти, которое 
основано на повышении уровня тревожности как в тесте 
активного избегания, так и в приподнятом крестообраз-
ном лабиринте; 2) дисфункция мускариновой холинер-
гической системы головного мозга у взрослых животных 
в период раннего онтогенеза не меняет консолидацию и 
длительное сохранение информации, полученной в двух 
значимых задачах недекларативной памяти - активное 
избегание, мотивированное страхом, вызванным ударом 
электрошока по стопам, и приподнятый крестообразный 
лабиринт, основанный на естественном страхе; 3) внутри-
брюшинное введение скополамина взрослым животным, 
подвергшимся в раннем онтогенезе дисфункции мус-
кариновой холинергической системы, снижает уровень 
тревожности и способствует обучению и запоминанию 
недекларативного теста, мотивированного естественным 
страхом. 

Ранняя постнатальная дисфункция мускариновой холин-
ергической системы головного мозга повышает уровень 
тревожности в зрелом возрасте и затрудняет получение 
информации в недекларативных тестах обучения и памяти, 
мотивированных страхом, однако не меняет ее консолида-
ции и длительного сохранения.

reziume

Tavis tvinis muskarinuli qolinerguli sistemis 
adreuli postnataluri disfunqcia da SiSiT mo-
tivirebuli daswavlisa da mexsierebis darRvevebi

m. SavguliZe, Mm. babiloZe, n. rogava, e. CijavaZe, 
n. naWyebia

i. beritaSvilis eqsperimentuli biomedicinis 
centri, Tbilisi, saqarTvelo

kvlevis mizans warmoadgenda Tavis tvinis mus-
karinuli qolinerguli sistemis adreuli postna-
taluri disfunqciis, rogorc ZiriTadi faqtoris, 
kvleva zrdasrul cxovelebSi, im tipis kognituri 
darRvevebis ganviTarebaSi, romlebic aRiniSneba 
ZiriTadi depresiuli daavadebis dros. 
Seswavlilia aradeklaraciuli mexsierebis 

or mniSvnelovan amocanaSi miRebuli informa-
ciis daswavlisa da grZelvadiani SenarCunebis 
procesebi – aqtiuri ganridebis testSi, romelic 
TaTebze miyenebuli eleqtroSokisgan gamowveul 
SiSzea damyarebuli da aweul jvaredin labirin-
TSi, romelic bunebriv SiSs efuZneba.
eqsperimentebi Catarda TeTr, velur, mamr vir-

Tagvebze (n=60). cxovelebi dayofili iyo oTx 
jgufad (15 virTagva TiToeulSi), specifikuri 
dizainiT. Tavis tvinis muskarinuli qolinergu-
li sistemis adreuli postnataluri disfunqcia 
ganxorcielda prof. n. naWyebiasa da kolegebis 
mier SemuSavebuli axali meToduri midgomiT. 
SiSiT motivirebuli aradeklaraciuli daswav-
lis da mexsierebis da SfoTvis emociuri qce-
vis kvleva ganxorcielda ormxrivi aqtiuri gan-
ridebis kameraSi da aweul jvaredin labirinTSi. 
warmodgenil naSromSi pirvelad aris Seswav-

lili Tavis tvinis muskarinuli qolinerguli 
sistemis adreuli postnataluri disfunqciis 
Soreuli efeqtebi aradeklaraciul daswavlasa da 
mexsierebaze da SfoTvis emociur qcevaze. pirve-
lad iqna naCvenebi, rom 1) aRniSnuli procedura 
zrdasruli asakis cxovelebSi iwvevs aradeklara-
ciuli amocanebis daswavlis sawyis gauaresebas, 
rac gamowveulia SfoTvis donis matebiT, rogorc 
aqtiuri ganridebis, ise aweuli jvaredini labirin-
Tis testSi; 2) Tavis tvinis muskarinuli qoliner-
guli sistemis adreuli postnataluri disfunqcia 
ar cvlis SeZenili informaciis konsolidacias da 
grZelvadian SenarCunebas zrdasrul cxovelebSi 
aradeklaraciuli mexsierebis or mniSvnelovan 
amocanaSi – eqsperimentulad gamowveul SiSze da-
fuZnebul aqtiuri ganridebis testSi da bunebriv 
SiSze dafuZnebul aweul jvaredin labirinTSi; 3) 
skopolaminis intraperitonealuri inieqcia zrda-
srul cxovelebSi, romlebic adreuli ontogenezis 
periodSi muskarinuli qolinerguli sistemis dis-
funqcias eqvemdebarebodnen, amcirebs SfoTvis dones 
da am gziT xels uwyobs bunebriv SiSze dafuZneb-
uli aradeklaraciuli testis daswavlas da mex-
sierebas.



 
GeorGian Medical news  
no 12 (321) 2021

© GMN 131 

adreuli ontogenezis periodSi Tavis tvinis 
muskarinuli qolinerguli sistemis disfun-
qcia zrdasrul cxovelebSi iwvevs SfoTvis 
gaZlierebas da arTulebs informaciis SeZenas 

SiSiT motivirebuli aradeklaraciuli daswav-
lisa da mexsierebis testebSi. zrdasrul cxove-
lebSi SeZenili informaciis konsolidacia da 
grZelvadiani Senaxva ucvleli rCeba. 

МОРФОЛОГИЧЕСКИЕ ИЗМЕНЕНИЯ ВНУТРЕННИХ ОРГАНОВ КРЫС 
ПРИ АЛЛОКСАНОВОМ ДИАБЕТЕ В ЭКСПЕРИМЕНТЕ

Абуладзе К.З., Хвичия Н.В., Папава М.Б., Павлиашвили Н.С., 
Турабелидзе-Робакидзе С.Д., Саникидзе Т.В.

тбилисский государственный медицинский университет; 
тбилисский государственный университет им. и. джавахишвили, грузия

Сахарный диабет (СД) - многофакторное заболевание, 
характеризующееся гипергликемией [14,17], нарушениями 
липидного обмена, усилением окислительного стресса, вы-
званным образованием высокоактивных свободных радика-
лов, усилением перекисного окисления липидов и наруше-
нием активности ферментативной антиоксидантной систе-
мы [8]. Недостаточная детоксикация свободных радикалов 
может привести к окислительному повреждению мембран, 
морфологическим изменениям в тканях и, соответственно, 
нарушению функций многих органов [5,11]. При длитель-
ном сахарном диабете наблюдаются изменения в различных 
органах - гломерулярная нефропатия с тубулярными и ин-
терстициальными аномалиями, патологоаатомические из-
менения в печени, сердце, легких, тканях нервной системе, 
гистоморфологические изменения в кишечнике, развитие 
атеросклероза [9], которые в значительной мере обусловле-
ны интенсификацией некомпенсируемого окислительного 
стресса в условиях гипергликемии и истощения системы 
антиоксидантной защиты.

Моделирование диабета на животных является полезным 
инструментом для получения информации об интимных ме-
ханизмах патогенеза диабета в организме человека. Экспе-
риментальное моделирование диабета возможно такими хи-
мическими веществами, которые избирательно разрушают 
инсулин-продуцирующие β-клетки в поджелудочной железе 
посредством редокс-зависимых механизмов [16]. Одним из 
наиболее часто используемых химических веществ являет-
ся аллоксан. Этот препарат вызывает диабет за счет внутри-
клеточной генерации активных форм кислорода (АФК), об-
разующихся в циклической реакции с участием аллоксана 
и его восстановленного продукта, называемого диалюровой 
кислотой [2], которая подвергается самоокислению с обра-
зованием перекиси водорода, супероксид-анионаи гидрок-
сильных свободных радикалов; последние образуются по 
реакции Габера – Вейсса, катализируемой металлами. Счи-
тается, что эти восстановленные формы кислорода, в част-
ности чрезвычайно реактивный гидроксил-радикал, иници-
ируют атаку на бета-клетки с последующим ингибировани-
ем синтеза и секреции инсулина. Быстрое поглощение инсу-
лин-секретирующими клетками является одной из важных 
характеристик, определяющих диабетогенность аллоксана.

Целью нашего исследования является оценка морфологи-
ческих изменений внутренних органов при моделировании 
редокс-индуцированного сахарного диабета с использова-
нием аллоксана на крысах. 

Материал и методы. Исследования проводились на двад-
цати пяти крысах-самцов линии Wistar (280-350 г). Уход за 
животными осуществлялся в соответствии с руководящими 
принципами лабораторных исследований на животных, ис-
пользуемых в экспериментальных исследованиях. Живот-
ные были размещены в хорошо вентилируемом помещении 
в стандартных лабораторных условиях (цикл темнота/свет 
12:12 ч). Им позволяли акклиматизироваться в течение 3 
недель, когда они имели свободный доступ к стандартному 
корму и воде ad libitium. Все процедуры с животными были 
одобрены Комитетом по уходу и использованию животных 
Тбилисского Государственного Медицинского Университе-
та.

После периода акклиматизации диабет у крыс вызывали 
однократным внутривенным введением свежеприготовлен-
ного 12% водного раствора аллоксана (в дозе 200 мг/кг мас-
сы тела) внутрибрюшинно. Контрольные крысы (5 крыс) 
получали аналогичный объем физиологического раствора. 
Уровень глюкозы измеряли через 1, 2, 3, 10, 15, 20, 25, 30 
день после введения аллоксана. Крысы с уровнем глюкозы 
в крови выше 250 мг / дл на 2-й день после введения аллок-
сана включались в исследование.

На исследуемых животных изучали аллоксан-индуциро-
ванные морфологические изменения сердца, печени, почек 
и аорты, и содержание малонового деальдегида (МДА) в 
крови.

Морфологические исследования. Образцы аорты предва-
рительно промывались водой, затем подвергались дегидра-
тации этанолом и ксилолом. Ткани органов (аорта, сердце, 
печень, почки) крыс помещали в 10% раствор формалина. 
После изготовления парафиновых блоков, срезы толщиной 
до 5 мкм, окрашивались гематоксилином и эозином. Препа-
раты исследовали под световым микроскопом (модель Leica 
DM 1000 LED), увеличение 10×0,25.

определение MDA. MDA в плазме крови определяли с по-
мощью анализа тиобарбитуровой кислоты (TBA) [6].

Статистический анализ полученных результатов прово-


