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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
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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
MCHhS, 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-MS5 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 EPDMCAhHS 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 [vane
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 EPDMCHhS [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
EPDMCAhS 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 EPDMCAhS 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.
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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
EPDMCAHS 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 EPDMCAhS,
p<0.05; South (S) 30 sec in CPST/45 sec, in EPDMCAhS, p<0.05;
East (E) 28 sec in CPST/32 sec in EPDMCAHS, p<0.05; West
(W) 25 sec in CPST/30 sec in EPDMCAhS, 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 EPDMCAhS group.

In the third day session, in the invisible platform version of
MWM, it was found that in the animals of the EPDMCAhS 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 EPDMChHS; E — 25 sec in CPST/44 sec in
EPDMChS; W —21 sec in CPST/46 sec in EPDMCAhS). 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 EPDMCHhS; S — 28 sec in CPST/55 sec
in EPDMCAHS; 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 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.
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Figure 5. Acquisition of spatial declarative task in MWM. Gray Columns — data from CPST group, hatched columns — data from EPDMChS
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positions (Figure 5B; Mean: N-20 sec in CPST group/58 sec
in EPDMCAhS 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 EPDMCAS; 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 PDMCHhS; 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).
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Quantitative analysis of the number of neurons in the
hippocampal fields showed a significant reduction in the
EPDMCAhS 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).

Itisn'tanew factthat intact rats exposed to anovel 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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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 EPDMCHhS,
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
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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 CAl, 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 EPDMCHhS 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
CAZ3 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 (mgsapd),
rogorc hipokamp-damokidebuli sivrciTi mexsierebis da
hipokampis zrdasruli neirogenezis darRvevebis SesaZlo
ZiriTadi faqtoris kvleva Seadgenda.

masala da meTodebi. Eeqgsperimentebi Catarda TeTr,

velur virTagvebze (n=15 jgufSi). mgsapd-s vaxdendiT
laboratoriaSi  SemuSavebuli axali meTodiT - ml-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.
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Sedegebi da daskvnebi. pirvelad igna naCvenebi, rom mgsapd
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

JdaurtenbHbie 3¢ dexTnI paHHeit MOCTHATAJIbHOMU

JTUCPYHKIUM MYCKAPHHOBOI XOJUHEPTrHYECKOl CHCTEMBbI
roJIOBHOTO MO3ra Ha TMPOCTPAHCTBEHHOEe O00y4yeHHE M
NaMATh ¥ B3POCJIbIii HeliporeHe3 runnokamia.

Menano Illasrynunze, Heam Marnakeanase,
Porasa, Xaryna bexxanumsuiaun, Hapruz Hauxeous*

Jlab. Hetipobuonoeuu yuxia 6oopcmeosanue-con, Llenmpa
Oxcnepumenmanvroti buomeouyunot um. Heane bepumawisunu,
Tounucu, I py3us

PE3IOME

Hens Hccnenosanusi. M3ydanace paHHss NOCTHaTaibHast
TUCHYHKIUS MYCKaPHHOBOW  XOJHMHEPTHYECKOH  CHCTEMBI
(PIIAMXC) kak BO3MOXHBIH (hakTOp B BBI30BE HAPYIICHUMH
HelporeHes3a rMIMoOKaMIla U 3y04aToi N3BUIIMHBI U THUIITIOKAMIT-
3aBHCHMOI0 TIPOCTPAHCTBEHHOTO OOYyYEeHHS W MaMSITH BO
B3POCJIOM BO3pacTe.

Martepuan u Meroabl. lVcrnonb3oBanmuch Oenble AUKHE
KkpsbIcHl (n=15 B kaxnoii rpymne). PII/IMXC BbI3bIBaIM HOBBIM,
pa3paboOTaHHBIM HaMH METOJOM, BKIIIOYAIOIINM PAaHHIONO
noctHatanbHyto (I17-I128 nHM) Gnokamy XOIHMHOPEIENTOPOB
MI1-MS5 y KpBICAT MyTeM €KETHEBHOTO MOKOKHOTO BBEICHUS
ckonosiamMuHa. KOHTPOJNBHBIM KpBICSATAM BBOAWIN PaBHBIN
00beM (DU3HOIOTHYECKOTO pacTBopa. B 3pemoM Bo3pacte
M3y4Jalld THUIIOKaMI-3aBUCUMOE OO0ydeHHWe W TMaMsiTh B
KOHTPOJBHOW U OKCIEPUMEHTAIBHON Tpymnmnax B BOJIHOM
Oacceitne Moppuca, a HeliporeHe3 rumnmokammna u 3y04aTtoi
M3BUJIMHEI - B 3aMOPOXKEHHBIX CIIOAX, OKPALICHHBIX IO METOY
Huccns.

Pe3yabTaTsl 4 BbIBOABI. BriepBrie mokazano uro PITIMXC,
npuMmeHeHHass B gHH [17-T128, oxaspiBaeT mInTenpHOE
BO3JICHCTBUE, MPOSBISAIONIEECS BO B3pOCIOM  BO3pacTe
B HapyIICHUSAX B3POCIOro HeHporeHe3a THIIIOKAMIA U
MIPOCTPAHCTBEHHOI0 OO0y4YeHHs W mamaATH. [logdepkuBaercs
BO3MOXHAasI MPUIMHHO-CIIEACTBeHHAsI CBsi3b Mexay PITJIMXC
U OTUMH JBYMS THITAMU HAPYIICHUH.

KiroueBble ciaoBa. MyckapuHOBass — XOJNHHEPrHYECKast
cucrema, [locraaransHas auchynkuus, Hefiporenes B3pocioro
runmnokamra, [IpoctpancTBeHHOE 00yUeHHE U TaMSATh.
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