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©99mgddgogdol 989dBHd0  BLds@olbs s  GABA-ob
2399000030 Rgdsbg KCl-om LEGodmmosiool 3ommdgddo. b3zgbl
9Jb396G0096EHd0  Bsd® FoMmoazqddo  d9dsbEGH0bol  mgMsdoreo
OBl Hgg36GH MO0 MbBoL  gsdmygbgdoom  dgoLfogergdms,
ofi393b v s> NMDA 69393G™O0b 563s3mboldol bgdmddgwgds
Ljogols 3OHMEgLoL osMgligdsls 0b@od@re 3bmagwgddo.

domgdmwo 990989000 58m3w0bEs, MHMI  BOHEILOWME
30000939080 99956060l bgdmgdggds off393L wrm3mImEHMMEo
39dBHommMdOL (330093000 J3930L) ©g390mgdsL (p<0,05), Bog®sad o6
bbb  gogagbsl  Log®om  dMds  IgbLogMgdsby,  MMIgEos
30bEYdMEs X3MOLAY39M WsBOMHObMNT0 b3MBEHBMHO BmBHoygmdol
sdm3sbsdo.

09956@0bols @5 Logmb@Gmmemm  xamxnqddo  J;3930000

ABEGMJOOLSL  50GdMo  OsoBsGHOL 10 mmosbh  Lobyxgddo
AIbAHOL  IguEMEgdoLLl M ESBoBGol  godmoe30LvRegds
9053500 (BMbme 3oh396909 b gsMgdom (33 oegds Y%-
do), owdgs  BmbmG®o  FB39690gdolsh  LaGHIMbmo oG
296bbgogqgds (p>0,05). Jzgz0mo GHgbBHoMgdol EOM™ML 3030 3583w96H0
GABA-0b ombg 563900 %3590 56 o33zagds (p>0,05).
33060056 303600 Hom Jorgdwo M@ sds@ob s GABA-L
6038900l Lobadbmeo $om3mImdol Q5B5ILEBHMOJOWS®
304969900 KCl-000 LGH0dms3ool 8900mb.  godmgwobos KCl-
om  LBEOIMEWO300m 3030358300  EBeds@ol s GABA-ob
390Mm0530LvRwgdol  bMs 98s6GH0bol  xymBol  3bmzgwgddo,
L53MbEHOMEM XaBmsb IgsMgd00m.
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5060950, 9739089630 FoLIdo FJEYAJOOL MSBIbIS,

BOHEILOWE 30005939000 9956@060L Jhmbogzwmwo Bgdmddggdom
30335030L 4wB5353gMarwo bgomm@®mbldolool 3gwomgds 6
90g090g0L  b3MbEBHO IMMoygmdol s8mEsbsdo Logdhioo dmds
Jd9gblogmgdsbY.

©3336900:

1.

193GH™303M3533M0 360 m9d30900L 365L9gdEGHoMHO
©5B0s6gd0m 253mf3gmmo IgblogMgdol IRoEOGHO dmo3egL
30330039 2930009019 303603 0MO BMBJ3090UL.
09050 193¢wdo dmbsfogmdl LogHEomo  s0mEbMmdOL
dgbloghgdol  3GmEgLbgddo, bmemm  mdogGHol  sdmbmdol
dgblogmgds  1gd3BHM303m3s93MMHo  LoLEgdol BsGmEmdOol
23960989 ©go0BEGds. Md0gJEHJOoLS s LOgME0MO sTMEBMdOL
dgblog®mgdsls 2496Lbgs39do Bg®3meo LPRLEMsGHO
9aLobmMgds.
090560 193¢wdo dmbsfowgmdl LogMomo dgbloghgdol
©9300M5G0 (500300l ILfagers) BMOIGPRI0 ©S 96
dmboffomgmdl  3Om3goOymo  (9Oomgmer  bogbowbyg
0mM096@5309) 3gblogmgdol Zm®mIgddo.
09050 BgdGHmaol  dmbsfjogmds  ©93E9MOGH0O
dgbbogmgdols s LogMEomo  s0m3sbgdol  oLfagwols
36m39890d0, ab939 50m3bmdom dgbliog®mgdslss Qo
3M555Mm (305309900 ELHOgOlL 3MM3gLdT0 56 bOLEBLIMYDS
dbmEmE BY3EHM303tm3503M0 Jmeobyhamwo 3Gmgdsogd0m.
Joobg®ammo b sMogmeobgmymwmo  Lgd@m3o3m3sd3mmo
LadMmmgdom 6go®mbgdol bgwgd@owdmo sbosbgds o6 M0l
15305000  LogMEoMO  sBMEbMdOL  dgblogMgdol IROEOGHOL
2390mbsg3wgboc.
399030bs Lg3GHM303m3593MMH0 30J30900L JmmobgGmymen
©5  3M5Jmeobgymen 990596l Jmeol  Bwbjiosms
©OLME0530S IILMEH00 gbloghMgdol 3O MEglgddo s 53
30m3gbgddo  dgosmo  bg3Gwdol  sMogmerobyMy Mo
B906H™bgd0L Botronenmds.
NMDA 69393@™6M0L 56¢&sgmboliGom - 999s6¢0boo bgsalbgs
©mbom  ghmx Moo  Hgdmddgogds ofiggal wos  ggwrdo
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Gbm3Ims  odHorOMdOL  (33wgzomo  J3a30L)  ©MBabY
0530300090 390 Ydb.

8. 09856@0bol  mgMms3omwo  ©mbBoL Mg g36GH Mo MmBom
9OOXIO500 Bgdmddggds 595Mm9LgdL LogMEom IgblogMgdsl
06@53@6 3bm3z9wddo s 96 0f)393L LogMomo dgblogMgdols
©98030GH0L 3006099305l BgosGmo 1g3Gvdol sbosbgdol
0Jmbg 306msy390d0.

9. 899563060l mgMmsdovo  MBol  Hgw936GIHo  MBom
JOmboggwo  bgdmgdgegds  off3a3b s HBGHIOFIO  ©d
GABA—-96ao GMobldobool 33wowgdgdl.

10. 5dmO5@MmOmomE gdu39M0dgb@Egddo d9dsbEH0bol bgdmddgwgds
B906HM3OHMEIIGHMOMDBY B0 EmbBom 03936 239MOm
9839d&H90L, IgblogMgdol sMM3g30L Bsmzmom; 99dsbEobols
0903300 989dHJO0  5e337009MH0lL 93500980l dmbg
35309639000 qlodems  5MgEv)Gsds@ )M GHMobldobosby
D909 qdsl 39530060 9ds.
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Professor Giorgi Maqacaria

Short Description of the Work

The Subject Actuality.

Extensive data from a number of different experimental approaches
suggest that the septohippocampal system is important for normal
memory function. Lesions of the fimbria-fornix, or electrolytic or
neurotoxic lesions of the MS, impair hippocampal-dependent learning
and memory. These studies have been interpreted as supporting the
hypothesis that hippocampal ACh is necessary for normal memory
function. However, these lesions necessarily result in loss of both
cholinergic and noncholinergic septohippocampal projections. Findings
from experiments using the immunotoxin 192 IgG-saporin to produce
selective lesions of cholinergic septohippocampal neurons often fail to
cause any impairment in spatial learning in the water maze, spatial
working memory. Thus, deficits observed after septal or fimbria-fornix
lesions cannot be accounted for solely by the loss of hippocampal ACh.
The involvement of noncholinergic septohippocampal projections in
memory remains unspecified. Because loss of cholinergic neurons does
not seem to be a sufficient basis to explain memory impairment in MS
lesioned rats, other neurobiological substrates of memory impairment
must be identified. Understanding how these other mechanisms might be
necessary for memory may lead to new therapies for memory
improvement.

It is possible that septal lesion impairs memory by down- or
upregulating glutamatergic levels in the hippocampus. Evidence
indicates that NMDA antagonists have potential for powerful protective
activity against neurodegeneration involving glutamate excitotoxicity,
under diverse experimental conditions. In turn, glutamate antagonists
should be investigated for their potential neuroprotective actions in
experimental study.
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Principal Goals and Tasks of the Reserch.

The objective of the research was to investigate in laboratory
experiments mechanism by which cholinergic and noncholinergic
septohippocampal projections can modulate memory and learning
process and the aspects of memory for which they may be necessary.
Different forms of memory and development of learning process were
studied and the  immunocytochemical  determination  of
neurotransmitters activity in the hippocampus were carried out in
medial septal elecrolytic, neuro- and immunotoxin lesioned rats.

The objectives:

e Study of open field activity (exploratory behavior, motivational-
emotional state, habituation) of medial septal lesioned (electrolytic,
neurotoxin, selective ACh) and intact rats.

e Study of different forms of memory and learning in medial septal
lesioned (electrolytic, neurotoxin, selective ACh) and intact rats.

¢ Immunocytochemical = determination  of  neurotransmitter
(acetylhcoline) activity will be carried out in hippocampus in medial
septal lesioned (neurotoxin, selective ACh) and intact rats.

e Study of effects of the uncompetitive NMDA receptor antagonist
memantine on exploratory activity and recognition memory.

e Study of effects of the NMDA receptor antagonist memantine on
spatial memory in medial septal lesioned rats.

e Study of effects of chronic memantine treatment on hippocampal
extracellular glutamate and GABA levels during spatial alternation
testing

Scientific Novelty of the Work and Practical Importance of the Work
Investigation changes in hippocampal chemistry in association of
learning process and memory deficit after lesion of septal projections to
the hippocampus may lead implications for understanding of the
machanisms by which cholinergic and noncholinergic septohippocampal
projection can modulate memory and the machanisms by which
memantine manifest protective activity against neurodegeneration and
mey also lead to new strategies for memory improvement, as well as to a
better understanding of the fundamental neurobiology of memory.
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Publication. Materials of thesis published 4 papers (see. page. 24), also
main result of this work were presented at nine international scientific
forums and two colloquiums

Structure and Extent of the Work. The thesis consists of:

e Anintroduction - the subject actuality, principal goals and tasks
of the reserch, scientific novelty of the work and practical
importance of the work

e 3 chapters - review of literature, research methods, results.

e Discussion

e Conclusions

e  Alist of references

The thesis contains 136 pages, including 20 figures, 4 tables and
references from 216 names.

3. Results
3.1. Hippocampal neurotransmitter activity in medial septal electrolytic,
neuro- and immunotoxic lesioned rats

Histologycal studies showed, that electrolytic lesions destroyed
on average 69% (range - 50%—-88%) of the intact MS. Neurotoxic lesion
destroyed most of the medial septal neurons and sham lesion left the
medial septum intact: there was significant difference among these
groups (¢ = 4.10; p = 0.015; df = 4). Examination of the AChE stained
sections showed that after injections of 192 IgG saporin into the MS,
animals exhibited significantly less AChE staining in MS (£2.63,
P=0.047, df=5) as compared to sections obtained from control animals.
The results showed that after injections of 192 IgG saporin into the MS,
animals exhibited significantly less AChE staining in hippocampus as
compared to sections obtained from ibotenic acid lesioned (CA1 - £3.22,
P=0.048, df=3; CA3 — £2.33, P=0.08, df=4); and control (CAl - #=4.64,
P=0.01, df=4; CA3 — +=4.08, P=0.01, df=4) animals.
3.2. Exploratory behavior and recognition memory in medial septal
electrolytic, neuro- and immunotoxic lesioned rats

This experiment compares three types of medial septal (MS)
lesions: electrolytic lesions that destroy cells and fibers of passage,
ibotenic lesions that destroy GABAergic cells and largely spare
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cholinergic projections to the hippocampus, and saporin infusions that
only eliminate cholinergic neurons.

The results of present study indicate that control rats as well as
all MS lesioned rats clearly react to the object novelty by exploring the
new object more than familiar ones. These findings point to that the
object novelty detection may be due to a mechanism that is not
dependent on the MS.

It is interesting to note, that while the control rats showed the
increase in exploration when a familiar object was moved to an
unfamiliar location, the rats with electrolytic lesions of MS did not
demonstrate such enhanced exploration. The present results reveal that
electrolytic lesions of the MS disrupt spatial recognition memory and
that the MS is more specialized for detecting spatial changes than
changes in objects in the environment.

3.3. Effects of selective and nonselective Lesions of Medial Septal
neurons on Learning Strategy Selection in a Visible Platform Version of
the Water Maze

The data obtained in morris water maze demonstrate that in
conditions of visible platform testing, differences in the platform
reaching latency between the control and MS lesioned animals were not
found, but when testing was performed in conditions of submerged
platform, the latency of the platform finding in the neurotoxic and
electrolytic MS-lesioned rats was significantly increased. This fact
certifies for obvious deficit of the place learning performance strategy in
the MS-lesioned rats. The present results of the escape latencies for the
training trials demonstrate that there were no obvious differences
between the groups in perception, motivation, or motor abilities that
could differentially influence acquisition of task. The data obtained in
the control and MS lesioned animals in competition trials demonstrate
that decreased place-bias in ibotenic acid and electrolytic MS-lesioned
rats compared to the control rats was significant. The MS electrolytic and
ibotenic acid lesioned rats acquired the visible platform version of the
water maze task but failed to learn the platform location in space. When
the visible platform was moved to a new location they often swam
directly to it. Lesions of the cholinergic SH neurons did not impair
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performance on the same task. The immunotoxic MS lesioned rats, as
well as control, acquired the platform location in space.

These findings suggest that the MS is essential for accurate spatial
learning and suggest its role in processing information about the spatial
environment, but deficits observed after septal electrolytic lesions cannot
be accounted solely to the loss of hippocampal ACh.

3.4. Effects of the uncompetitive NMDA receptor antagonist memantine
on differemnt forms of memory and learning process in rats

Effects of memantine (2,5 mg/kg or 5 mg/kg) were evaluated in three
different experimental series:

1. on exploratory behavior and recognition memory in open field,

2. on spatial memory in medial septal lesioned rats,

3. on hippoc ampal extracellular glutamate and GABA levels during
spatial alternation testing

The data obtained in the open field demonstrate that the 2,5
mg/kg memantine and saline treated rats clearly reacted to the
modification of the configuration by exploring the displaced object more
than nondisplaced ones. There were no significant differences among
these groups (P>0,05). However, the 5 mg/kg memantine group failed to
show significant discrimination between the displaced and nondisplaced
objects. The 2,5mg/kg memantine treatment did not affect the detection
of a novel object placed in familiar location. The saline as well as 2,5
mg/kg memantine treated rats reacted to the object novelty by exploring
the new object more than familiar ones. There were no significant
differences among these groups (P>0,05). In contrast, the 5 mg/kg
memantine rats failed to show significant discrimination between the
novel and familiar objects. The main results of our experiments are as
follows: The memantine treatment produced a dose-related suppression
of total ambulations. There was no significant impairment in detecting
spatial and object novelty in the 2,5 mg/kg memantine treated rats.
However, the 5 mg/kg intraperitoneal dose of memantine disrupts both
recognition memory and locomotor behaviors.

The effects of acute administration of memantine on spatial
memory and learning process was studied in a four-arm plus-shaped
maze. We administered memantine to adult MS electrolytic lesioned and
sham-lesioned rats, using doses 2.5 or 5 mg/kg. Sham-lesioned rats
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trained in the place task learned more rapidly than did MS electrolytic
lesioned rats. The sham-lesioned rats reached the criterion of 9/10
correct in means of 28.6 trials and MS electrolytic lesioned rats in means
of 64 trials in the place version of the maze (P < 0.01). This fact certifies
for obvious deficit of the place learning performance strategy in the MS-
lesioned rats. Our findings suggest that the MS is essential for accurate
spatial learning and suggest its role in processing information about the
spatial environment. Our evaluation of memantine reveals that in adult
rats, acute administration of memantine at doses which is therapeutic
relevance for its use in AD patients disrupts memory in sham-lesioned
rats and did not improve spatial memory in MS electrolytic lesioned rats.

The following investigation was conducted to determine the
effects of chronic memantine treatment on hippocampal Glu and GABA
release prior to, during, and after spontaneous alternation test. Also, we
have investigated the effects of chronic treatment with memantine on
basal and KCl-stimulated release of GLU and GABA in the hippocampus.
Memantine-treated rats, relative to saline rats, had a significantly lower
level in the number of arms entered during the testing session. However,
the groups did not differ in the level of alternation behavior. The results
indicate that memantine treatment produced decreased locomotor
(exploratory) activity (p<0,05) but did not affect spatial working memory
in adult rats assessed in spontaneous alternation task (p>0,05). Glu
release during the 10 min samples taken at the time of the behavioral
testing of memantine or saline treated animals increased (expressed as
percent increase above baseline values) during behavioral testing but
were not significantly different (p>0,05) from those seen immediately
before and after testing. Hippocampal GABA levels did not change
during behavioral testing of memantine or saline treated animals
(p>0,05). We found increase in KCl-stimulated glutamate and GABA
release in the hippocampus of memantine treated rat compared to the
saline treated rat. This difference in KCl response between memantine
treated and control rat was statistically significant (p<0,01). Notably,
glutamate and GABA levels returned to baseline after the KCl
stimulation speaking against any sustained damage because of the
stimulation. Our evaluation of memantine reveals that changes in KCI-
stimulated glutamate and GABA release after chronic memantine
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treatment did not affect working memory in adult rats assessed in
spontaneous alternation task.
Conclusions:

1.

Medial septum is substantial for spatial, but not for object recognition
memory - the object recognition memory can be supported outside
the septohippocampal system;

Medial septum is involved in organization of the spatial map-driven
behavior and this structure, along with the hippocampus, should be
viewed as a constituent of the functional system responsible for the
cognitive types of declarative memory;

The deficits observed after septal lesions cannot be accounted for
solely by the loss of hippocampal ACh.

The selective loss of septohippocampal cholinergic or noncholinergic
projections does not disrupt the function of the hippocampus to a
sufficient extent to impair spatial recognition memory;

There is dissociation between the two major components (cholinergic
and noncholinergic) of the septohippocampal pathway in exploratory
behavior assessed in the open field - the memory exhibited by
decrements in exploration of repeated object presentations is affected
by either electrolytic or ibotenic lesions, but not saporin and this
behavior relies on non-cholinergic MS cells;

The memantine treatment produced a dose-related suppression of
total ambulations;

In adult rats, acute administration of memantine at doses which is
therapeutic relevance for its use in AD patients disrupts memory in
sham-lesioned rats and did not improve spatial memory in medial
septal electrolytic lesioned rats;

Changes in KCl-stimulated glutamate and GABA release after chronic
memantine treatment did not affect working memory in adult rats
assessed in spontaneous alternation task.

Memantine at doses lower than are required for neuroprotection
against excitotoxic injury disrupt memory. This raises the possibility
that the beneficial effects seen in AD patients may be attributable to
the interaction of memantine with non-glutamatergic transmitter
systems.
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