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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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LONG-LASTING EFFECTS OF EARLY POSTNATAL DYSFUNCTION OF THE BRAIN 
MUSCARINIC CHOLINERGIC SYSTEM ON LEARNING AND MEMORY AND ADULT 

HIPPOCAMPAL NEUROGENESIS
Melano Shavgulidze, Neli Maglakelidze, Nino Rogava, Khatuna Bezhanishvili, Nargiz Nachkebia*.
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Abstract.
Aim: The present investigation aimed to explore in rats the 

early postnatal dysfunction of the brain muscarinic cholinergic 
system (EPDMChS) during the most vulnerable period of 
postnatal development, as the possible main factor for changes in 
adult hippocampal neurogenesis and disorders in hippocampus-
dependent spatial learning and memory. 

Methods: White inbred rats (n=15 in each group) were used. 
EPDMCHS was produced by a new method, which includes 
early postnatal blocking of M1-M5 muscarinic acetylcholine 
receptors in the rat pups, using subcutaneous injection of 
Scopolamine during postnatal days 7-28. Control rat pups 
received the same volume as Saline. Researches were started in 
adult age (2.5–3 months). 

Results and conclusion: It was shown for the first time that 
EPDMCHS exerts long-lasting effects manifested in adult age 
in the impairment of hippocampal neurogenesis and significant 
deterioration of spatial long-term declarative memory in the 
MWM. The possible causal link between the EPDMCHS and 
two types of resulting disorders is underlined.

Key words. Muscarinic cholinergic system, postnatal 
dysfunction, adult hippocampal neurogenesis, spatial learning 
and memory.
Introduction.

Acetylcholine (ACh) has attracted the attention of researchers 
due to its dual actions in the CNS, both as a neurotransmitter 
and as a neuromodulator [1]. Studies about the involvement 
of the brain's muscarinic and nicotinic cholinergic systems in 
the basic mechanisms of various physiological functions and 
their disorders have a long history. As a result, it was shown 
that cholinergic dysfunction significantly modifies the normal 
functioning of the hippocampus [2-5], hippocampal ACh 
is important for the normal course of cognitive functions [6] 
including coding of location and movement speed, learning 
and memory in spatial memory tasks [1,4,7-14] the level of 
hippocampal ACh increases when the animals are exposed to 
a novel spatial environment [15,16]. The involvement of the 
muscarinic cholinergic system (MChS) in spatial navigation 
or spatial conditioning was extensively studied by different 
methodical approaches in rodents [13,17-20] and cats [21-24].

ACh-producing neurons are found widely throughout the 
brain - in the brain stem, basal forebrain, striatum, medial 
habenular nucleus [25], pedunculopontine and laterodorsal 
tegmental nuclei, basal ganglia, tectum, and basal forebrain 
[17,26-28]. The selective lesion of basal forebrain cholinergic 
neurons significantly impairs hippocampus-dependent memory 
function, suggesting a role for septo-hippocampal cholinergic 
projections in memory formation [3,6,13,11,12,17,29,30]. 
Consequently, the main body of the studies was so far devoted 

to the investigation of causal involvement, in the various tasks 
of learning and memory, of the septo-hippocampal, basal 
forebrain, and other regions, where the acetylcholine-producing 
neurons lie, or its cholinergic projections are ending.

It has been hypothesized that changes in adult hippocampal 
neurogenesis may be partially regulated by MChS, and its 
disturbances may be related to cognitive impairment since 
selective damage to the basal forebrain cholinergic neurons with 
the immunotoxin 192IgG-saporin causes cognitive deficits and 
inhibits neurogenesis in the dentate gyrus (DG) [31-34]. The 
cholinergic system is believed to regulate adult hippocampal 
neurogenesis by positively promoting the proliferation, 
differentiation, integration, and potential survival of newborn 
cells [32].

Of the neurogenic areas of the adult brain, hippocampal (mainly 
DG) neurogenesis has received the most attention because of its 
involvement in higher cognitive function; particularly spatial 
memory processes [5,33]. DG is one of the most plastic regions 
that generate principal neurons integrating into the pre-existing 
networks in the hippocampal layers throughout life [34]. ACh 
extensively impacts neuronal circuits by affecting neurogenesis, 
spine formation, synapse formation [6,21,32], and synaptic 
plasticity by modulating the spiking activity of neurons and 
neurotransmitter release [35,36].

Basic information about the participation of MChS in 
cognitive functions and adult hippocampal neurogenesis has 
been obtained in animals by the methods of electrolytic or 
immunotoxin lesions of ACh neurons in various brain regions, 
which are followed by the significant side effects because of 
the retrograde degeneration and sprouting of the nerve endings. 
We believe that to receive relatively pure effects of the MChS 
dysfunction it is necessary to make it using the method excluding 
damage to the cholinergic cells by any exogenous factors.

In the present investigation, we are dealing with the brain 
MChS, overall, because we aim to produce dysfunction of 
the whole brain MChS during the most significant period of 
postnatal development. It is necessary to mention that other 
authors have not yet studied this question. The method developed 
by Nachkebia et al. produces EPDMChS by the early postnatal 
blocking of M1-M5 acetylcholine receptors in all brain areas 
[37]. Using this method we have shown earlier that EPDMChS 
in rat pups causes adult-age disturbances of open-field behavior 
and significant sleep disorders [37], enhancement of the level 
of anxiety in adult age, and complication in the acquisition of 
information in fear-motivated non-declarative learning and 
memory (active and passive avoidance), with the normal course 
of its consolidation and long-term retention [38].

In the present research, we used the described method of 
production of EPDMChS for the first time to investigate the 
long-lasting effects of this procedure on the formation of spatial 
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declarative and non-declarative memory in Morris Water Maze 
(MWM) and adult hippocampal/DG neurogenesis. One of the 
aims was to assess the causal relationship between the possible 
disorders of spatial declarative learning and memory and adult 
hippocampal neurogenesis.
Materials and Methods.

Experiments were carried out on white albino rats (n=40), 
approximately 2.5-3 months of age, weighing 220-250 g at the start 
of the experiments. Rats were supplied from the Vivarium of Ivane 
Beritashvili Center of Experimental Biomedicine. One male and 
one female rat were housed in standard cages (total 5 families) on a 
natural light/dark cycle, with food and water ad libitum.

The protocol of experiments was approved by the "Animal 
Studies Committee of Ivane Beritashvili Center of Experimental 
Biomedicine".

Procedure for antagonizing M1-M5 muscarinic acetylcholine 
receptors. The method for EPDMChS [37] implies subcutaneous 
injection of the non-selective antagonist of M1-M5 mAChRs, 
Scopolamine (SCOP), at the dose of 30 mg/kg, two times daily, 
started from the postnatal day 7 (P7) to P28 (experimental 
EPDMChS group, n=15). Newborn pups were with the dam 
during the period of breastfeeding.

Control rat pups received (from P7 to P28) subcutaneous 
injection of saline [control with early postnatal saline treatment 
(CPST) n=15] in the same volume as SCOP solution in 
EPDMChS pups. Experiments started in both groups reaching 
their adult age, 2.5-3 months.

Behavioral apparatus and procedure. Spatial declarative, and 
non-declarative learning and memory were studied using MWM 
[39,40], consisting of a circular tank (1.5 m in diameter and 
0.5 m in height) filled with opaque (white-colored) water. The 
escape platform (10 cm in diameter) was located 2 cm beneath 
the surface, on invisible platform training days, and raised 2 cm 
above the water surface, on visible platform training days. A 
special video tracking system was used to measure the escape 
latency, and the speed to find the visible or invisible platforms. 
The procedure for a 10-day investigation was standard as 
determined by the authors of the MWM method [39,40].

Studying the changes in adult hippocampal neurogenesis. 
Changes in adult hippocampal neurogenesis were assessed by 
quantitative analysis, counting the number of newborn granular 
cells in the DG and hippocampal neurons in the upper (U), 
middle (M), and lower (L) areas of the CA1 and CA3 fields. In 
rats of CPST and EPDMChS groups (n=5 in each), the brain was 
removed under general anesthesia (in adult age for hippocampal 
neurogenesis, 1 month age for DG neurogenesis) and maintained 
in 10% formalin for approximately 1 month. Then the brain was 
cut in the coronal plane on a freezing microtome. Appropriate 
brain sections were stained by the Cresyl Violet (Nissl staining) 
method. The number of neurons in the studied sub-fields of the 
hippocampus and granular cells of the DG were calculated using 
a fluorescence optic microscope Leica MM AF. 30 sections 
from the hippocampus and DG from CPST and EPDMChS 
groups were selected Statistical processing.

The obtained data were treated statistically by the Student’s 
t-test with standard deviations (SD). **= p<0.05 was taken as 
the index of significance.

Results and Discussion.
Results obtained by us show that there is a significant difference 

in the speed needed to find the visible platform location in the 
first-day session of MWM between the rats of EPDMChS and 
CPST groups; the time required to find the escape platform for 
EPDMChS rats becomes shorter with the launching from each 
subsequent starting position of the MWM, but significantly 
exceeds the value of time needed for rats of CPST group to find 
safe platform [North (N) 35 sec in CPST/55 sec in EPDMChS, 
p<0.05; South (S) 30 sec in CPST/45 sec, in EPDMChS, p<0.05; 
East (E) 28 sec in CPST/32 sec in EPDMChS, p<0.05; West 
(W) 25 sec in CPST/30 sec in EPDMChS, p<0.05, Figure 1A].

Data obtained on the second-day visible platform session, 
quantitatively are the same as in the first-day session – time 
to find the platform reduces in both groups but there is more 
retardation of the learning process in rats of EPDMChS group 
during launching from all starting positions in the MWM (Figure 
1B,N,S,E,W). Thus, the obtained results show the disturbance 
in the formation of non-declarative spatial long-term memory in 
the EPDMChS group.

In the third day session, in the invisible platform version of 
MWM, it was found that in the animals of the EPDMChS group, 
the time required to find the invisible platform sharply increased 
in the cases of launching from all four starting positions (Fig.2, 
mean: N – 34 sec in CPST/50 sec in EPDMChS; S – 32 in 
CPST/48 sec in EPDMChS; E – 25 sec in CPST/44 sec in 
EPDMChS; W – 21 sec in CPST/46 sec in EPDMChS). Learning 
and memory processes were again studied in the visible platform 
version in the fourth and fifth-day sessions. It was found that the 
time to find the visible platform varies between daily sessions 
with each subsequent launching from the quarters; animals of 
the EPDMChS group require significantly more time to find the 
visible platform than the animals of the CPST group (Figure 3A 
and 3B).

In the sixth-day invisible platform sessions, the speed of 
platform finding was significantly longer in rats of the EPDMChS 
group after launching from all the fourth positions (N – mean: 
30 sec in CPST/60 sec in EPDMChS; S – 28 sec in CPST/55 sec 
in EPDMChS; E – 20 sec in CPST/52 sec in EPDMChS; and W 
– 18 sec in CPST/50 sec in EPDMChS; Figure 5A).

In the seventh-day visible platform session, after starting from 
the first two starting positions, rats of the EPDMChS group 
spent more time finding the escape platform, compared to the 
data of the CPST group. After launching from the third (E) and 
fourth (W) starting positions, the difference disappears and rats 
from both groups found the visible platform at the same speed 
(Figure 4A). The data of the eighth-day visible platform session 
does not differ significantly from the data of seventh-day session 
(Figure 4B) indicating to the completion of the learning process 
in the visible platform task.

In the ninth-day session, the long-term declarative spatial 
memory about the location of the invisible platform was tested 
for the third time. The extent to which rats can use visual cues, 
during navigating in a maze, to learn the appropriate location of 
a platform with distant visual stimuli was tested. It was found, 
that rats of the EPDMChS group, found the invisible platform 
with a significant delay when launching from all starting 
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Figure 1. Acquisition of spatial non-declarative task in MWM. Dark grey columns represent the data from CPST group, light gray columns – from 
PDMChS group. Designations on the abscissa: N-north, S –south, E – east, W – west. **=p<0.05.

Figure 2. Acquisition of spatial declarative task in MWM. Dark gray columns – data from CPST group; Hatched columns – data from EPDMChS 
group; on the abscissa: N-north, S –south, E – east, W –west. **=p<0.05.

Figure 3. Acquisition of spatial non-declarative task in MWM. Black columns – data from CPST group, Gray columns – data from EPDMChS 
group; N - north, S – south, E – east, W – west. **=p<0.05.
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Figure 4. Acquisition of spatial non-declarative task in MWM. Black columns – data from CPST group, Gray columns – data from PDMChS group 
N- north, S –south, E – east, W –west. **=p<0.05.

Figure 5. Acquisition of spatial declarative task in MWM. Gray Columns – data from CPST group; hatched columns – data from EPDMChS 
group; N -north, S – south, E – east, W – west. **=p<0.05.

positions (Figure 5B; Mean: N-20 sec in CPST group/58 sec 
in EPDMChS group; S- 14 sec in CPST/43 sec in EPDMChS; 
E- 10 sec in CPST/40 sec in EPDMChS; W- 5 sec in CPST/44 
sec in EPDMChS; p<0.05).

After completing the invisible platform test for measuring the 
space tendency, animals were given in the tenth-day session 
a prob trial in which the platform was removed from MWM. 
In this case, in rats of the EPDMChS group, a significant 
impairment of spatial long-term declarative memory was found. 
After launching from the first starting position, experimental rats 
spent only 17% of the entire sample time in the quarter of the 
previous localization of the platform, and 13% after launching 
from the second starting position (Figure 6), which indicates a 
deficit of spatial long-term declarative memory in the MWM.

In the second part of our experiments, we investigated 
the possible long-lasting effects of EPDMChS on the adult 
neurogenesis of DG and hippocampal CA1 and CA3 fields. 
With these experiments, it was shown that EPDMChS 
suppresses adult neurogenesis in the DG which is manifested 
in the reduction of the number of granular cells (25±2 in CPST; 
15±2 in PDMChS; p<0.05, Figure 7A). It is more evident in the 
percentage changes of the granular cells in the DG – mean 40% 
reduction in the adult rats of the EPDMChS group versus the 
data obtained in the CPST group (p<0.05, Figure 7B).

Quantitative analysis of the number of neurons in the 
hippocampal fields showed a significant reduction in the 
EPDMChS group in all studied areas of hippocampal CA1 and 
CA3 fields (p<0.05; Figure 8A). Percentage of the total number 
of neurons calculated from all studied sub-fields of the CA1 and 
CA3 layers reduces significantly in animals of the EPDMChS 
group (by 17% than in CPST group (Figure 8B).

It isn't a new fact that intact rats exposed to a novel environment, 
especially if it is dangerous, start active exploration and search 
for ways to avoid it. It becomes harder if the new environment 
is a water maze where the animals are forced to swim to find 
a safe route for survival. The intrinsic mechanism underlying 
such an important behaviour is not completely clear yet and 
retains topicality for further intensive research. For this aim, we 
investigated for the first time the role of the normal functioning 
of the brain MChS during the early postnatal development (P7-
P28 days), which is a more vulnerable period for brain maturation 
and neurogenesis, for the normal course of declarative and non-
declarative fear-motivated memory in MWM in the adult age.

As a result, we have shown for the first time that EPDMChS, 
applied in rat pups, dos does not disturb the process of non-
declarative long-term spatial memory formation in adult age 
and despite its initial retardation proceeds finally with the 
same speed as in animals of CPST group. However, long-
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Figure 7. Changes in the number and percentage of granular cells in the DG. p<0.05 is taken as an index of significance. More detail in the Text.

Figure 8. Changes in adult hippocampal neurogenesis calculated by the number (A) and total percentage (B) of neurons in the CA1 and CA3 sub-
fields of the hippocampus in adult rats. On the A: Black columns – data from the CPST group, Gray columns – data from the EPDMChS group. On 
the B: Total Percentage of Neurons in the hippocampal CA1 and CA3 Fields. p<0.05 is taken as the indicator of significance.

Figure 6. Changes in the time spent on the quarter of the previous localization of the platform in the prob trial, Hatched column – prob trial time 
in percent; black columns – data from CPST group; gray columns – data from EPDMChS group.** =p<0.05.
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term learning about the appropriate location of a safe platform 
concerning distant visual stimuli is impaired in the EPDMChS 
group, indicating the disturbance of long-term declarative 
memory in MWM in the adult age. These new data certify the 
high significance of normal functioning of the brain MChS, in 
the early period of postnatal development, for the formation in 
the adult age of hippocampus-dependent learning and memory 
in the spatial navigation test of MWM.

They agree with the early results of many other authors, 
obtained by the use of various other methodical approaches in 
mature animals, which are certified essential role of the MChS 
and hippocampus in the learning and memory [2-5,7-12,18], and 
also with the results of our early experiments with electrolytic 
lesion and/or section of the main hippocampal afferent systems 
(septal cholinergic and entorhinal glutamatergic) producing 
significant impairment of hippocampus-dependent spatial food 
motivated sound discrimination learning and memory [21-24].

More importantly, we find for the first time that the lasting effects 
of EPDMChS are also expressed in the significant worsening 
of adult hippocampal neurogenesis. This can help us to explain 
the intrinsic mechanisms of the causal interrelationship between 
the two significant long-lasting consequences of EPDMChS, 
a disorder of the hippocampus-dependent spatial memory and 
reduction in adult hippocampal neurogenesis.

Despite the widely accepted fact that the mAChRs in 
the hippocampus underlie memory formation, there is no 
consensus on which mAChRs subtypes are critical for memory 
processing. Interestingly, manipulations with higher receptor-
specificity were generally less potent than those targeting 
multiple receptor subtypes, suggesting that mAChRs act in 
synergy to regulate memory processes [9]. It is known that five 
subtypes of muscarinic receptors, M1-M5. M1, M3, and M5 
have a wide distribution in the brain [25,41]. M1 mAChRs, the 
most abundant sub-type in the hippocampus with expression 
mainly in the dendrites or somas [20,42], play a critical role in 
regulating the excitability of hippocampal neurons [20]. M2 and 
M4 mAChRs are mainly expressed at the synaptic terminals and 
modulate neurotransmitter release [28,30,36,43]. Though we 
have antagonized simultaneously, in the early postnatal period, 
all 5 subtypes of mAChRs that are widely distributed in the 
brain, the main focus of our attention must be paid to the M1, 
M2, and M4 mAChRs expressed highly in the hippocampus. 
Therefore, it could be hypothesized that despite the early 
postnatal simultaneous antagonizing of brain M1-M5 mAChRs, 
dysfunction of hippocampal M1, M2, and M3 receptors must 
play a major role in the spatial memory impairment and changes 
in adult hippocampal neurogenesis we obtained. At present, 
not all is known about the details of neuronal maturation, but 
it seems that after a period of 7 wk., the new neurons become 
indistinguishable from their older neighbour, so the entire period 
of adult neurogenesis takes approximately 7 wk. [34,44]. It is 
accepted that the numerous factors involved in the progression 
of adult hippocampal neurogenesis are connected through 
complex cross-talk signalling pathways [29,31,32,34,44].

In our experiments, we eliminated from the factors contributing 
to the adult neurogenesis, the muscarinic cholinergic one, during 
such a critical period of early postnatal development as the days 
P7-P28. More precisely, we are accented on the M1, M2, and M4 

mAChRs that were antagonized at the level of the hippocampus, 
during this period. We believe it can be considered as a critical 
factor for the significant reduction in the number of granular 
cells in the DG and neurons in the CA1, and CA3 fields in the 
adult hippocampus. Disturbances obtained in our experiments in 
the hippocampus-dependent spatial declarative memory in the 
MWM might be produced by the reduction of adult hippocampal 
neurogenesis. Namely, it is known that the DG is one of the 
most plastic regions in the mammalian brain because it can 
generate principal neurons that integrate into the pre-existing 
networks throughout life [44]. Therefore, we can speculate at 
this stage that one possible explanation for our results may be 
the admission that the reduction of this integration/connectivity 
can be produced by the EPDMChS leading in adult age to the 
decrease in the number of granular cells in the DG and as a 
result the reduction in the number of neurons in the CA1 and 
CA3 fields of the adult hippocampus.
Conclusion.

Finally, with these experiments, we have shown that 
EPDMChS through antagonizing, during the three postnatal 
weeks (second, third, and fourth), of M1-M5 mAChRs have 
long-lasting effects revealed in the adult age in the reduction 
of adult hippocampal neurogenesis and significant impairment 
of hippocampus-dependent spatial, declarative learning and 
memory. We suppose a causal relationship between these 
two long-lasting effects of early postnatal dysfunction of the 
muscarinic cholinergic system.
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Tavis tvinis muskarinuli qolinerguli sistemis adreuli 
postnataluri disfunqciis xanrgZlivi efeqtebi daswavlasa da 
mexsierebaze da hipokampis zrdasrul neirogenezzemelano 
SavguliZe, neli maRlakeliZe, nino rogava, xaTuna 
beJaniSvili, nargiz naWyebia*

ivane beritaSvilis eqsperimentuli biomedicinis centris Zil-
RviZilis ciklis neirobiologiis laboratoria, Tbilisi, saqarTvelo

reziume
kvlevis mizani. naSromis mizans Tavis tvinis muskarinuli 

qolinerguli sistemis adreuli postnataluri disfunqciis (mqsapd), 
rogorc hipokamp-damokidebuli sivrciTi mexsierebis da 
hipokampis zrdasruli neirogenezis darRvevebis SesaZlo 
ZiriTadi faqtoris kvleva Seadgenda.

masala da meTodebi. Eeqsperimentebi Catarda TeTr, 
velur virTagvebze (n=15 jgufSi). mqsapd-s vaxdendiT 
laboratoriaSi SemuSavebuli axali meTodiT - m1-m5 
muskarinuli qolinoreceptorebis adreul postnataluri (p7-
p28 dReebi) dablokva, RlapebSi, skopolaminis yoveldRiuri 
ineqciiT; sakontrolo Rlapebi igive moculobis fiziologiur sxnars 
Rebulobdnen. sivrciTi mexsierebis da neirogenezis cvlilebebi 
zrdasrul asakSi Seiswavleboda.

Sedegebi da daskvnebi. pirvelad iqna naCvenebi, rom mqsapd 
xangrZliv efeqtebs avlens, rac zrdasrul asakSi, hipokampis 
neirogenezis da sivrciTi xanrgZlivi mexsierebis gauaresebaSi 
vlindeba. ganixileba mqsapd-is da am ori tipis darRvevis 
SesaZlo mizezobrivi urTierTkavSiri. 

sakvanZo sityvebi – muskarinuli qolinerguli sistema, 
postnataluri disfunqcia, hipokampis neirogenezi, sivrciTi 
daswavla da mexsiereba

Длительные эффекты ранней постнатальной 
дисфункции мускариновой холинергической системы 
головного мозга на пространственное обучение и 
память и взрослый нейрогенез гиппокампа.

Мелано Шавгулидзе, Нели Маглакелидзе, Нино 
Рогава, Хатуна Бежанишвили, Наргиз Начкебия*

Лаб. Нейробиологии цикла бодрствование-сон, Центра 
Экспериментальной Биомедицины им. Иване Бериташвили, 
Тбилиси, Грузия 

РЕЗЮМЕ
Цель Исследования. Изучалась ранняя постнатальная 

дисфункция мускариновой холинергической системы 
(РПДМХС) как возможный фактор в вызове нарушений 
нейрогенеза гиппокампа и зубчатой извилины и гиппокамп-
зависимого пространственного обучения и памяти во 
взрослом возрасте.

Материал и методы. Использовались белые дикие 
крысы (n=15 в каждой группе). РПДМХС вызывали новым, 
разработанным нами методом, включающим раннюю 
постнатальную (П7-П28 дни) блокаду холинорецепторов 
М1-М5 у крысят путем ежедневного подкожного введения 
скополамина. Контрольным крысятам вводили равный 
объем физиологического раствора. В зрелом возрасте 
изучали гиппокамп-зависимое обучение и память в 
контрольной и экспериментальной группах в водном 
бассейне Морриса, а нейрогенез гиппокампа и зубчатой 
извилины - в замороженных слоях, окрашенных по методу 
Ниссля.

Результаты и выводы. Впервые показано что РПДМХС, 
примененная в дни П7–П28, оказывает длительное 
воздействие, проявляющееся во взрослом возрасте 
в нарушениях взрослого нейрогенеза гиппокампа и 
пространственного обучения и памяти. Подчеркивается 
возможная причинно-следственная связь между РПДМХС 
и этими двумя типами нарушений.

Ключевые слова. Мускариновая холинергическая 
система, Постнатальная дисфункция, Нейрогенез взрослого 
гиппокампа, Пространственное обучение и память.
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