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3.1. 03996mBHMJbo6gd0m MS-0l Jmneobyhameo s GABA-g6aw9eo 6go®Hmbgdols s

99 HOMEoBMMH0 ©sB0s6IIOL 98gIEIOOoL 3olEHMEMy0MMO s
00996 30bEMEmMmyom®o dguslgds

fom3mpaboen  65OMIoL  9JudgM0dgbEBJOOL  ggzgws  LgMosdo  dgoswmo  bgd@Gdol
5056905 BHoMIdM©s  J3930m0  98mEsbgd0m  BLGHOMYdFY.  J3gz0mo  9u3gM0odxbEgdoL
©3LMMEgdol 99809, 909 M0 Bg3Endol sH0sBIdOL 9gi39dBTd0 BILIOMPS 30LEHMEMYOMEO
©5 03996m30LGHMEMyoMOo dgmmEgdom. 9Ju3gM0dgbEJOoL bbgoalbzs LgMosdo gsdmoygbgdmas
Usdo  BHo30L  EsH0sbYds.  JgBHOMWOBMOO  IB0sBYdS, MMIgwoE  TgEoswGo  bgdEmdol
B306HMbgd0L sH0sb7BOL MBsEMMMESE 5B0BIOL IBOsBGdOL BBT0 godsgawn bz dmF3mgdl
o 890056 193Gl Jmwobgdymwo 6 GABA-gymwo bgo®mbgdols 0d1bm@Emdlbobgdoom (192
IgG saporin, GAT1-SAP) LgegdBHomHo ©sbosbgds.

fom3mpqbo BsdMHMITo  3oLEBHMEPMPOMEO s 0899bM3oLGHMEMYOMEO  33¢930L  JoBIBL
oM0moygbs Jaggomo  9Ju3ge0dgbBgdol  olMWgdol  F90®gy  LS3MBbEHGMW™ o
9Ju396039bG Mo  3bm3zgwgdol MS-ob  gwgd@BOHmobHo  ©sH0sBJdIOL  WwmIsoDszo0ls
RoMHMMOOL gobloBLzMs, olg3zg 0dMbMEHMIJLobgdoL (GATI-SAP s 192 IgG saporin) dozmmobgdisool
39009390 Jmeob 539GH0WGH®bLEgMsBs (ChAT) - d3mdbmdostyg s GABA-gHawo 35635¢ndw)dob
(PV) 9363dbmdos0g Byo®mmbgdol 99wgdg3ol 0b@GHgblomdol  (33¢00wgdgdol 99i3sbgds MS-8o. MS—ob
Jobghammo Byommbgdol sHB0osbgdol boGolbo, sbg3g BoLEIdIM©s 303m3sA30L  SbsmEgdby
53930 JMobgbmg©me®s  IaMdbmdosdg (Acetylcholinesterase - AChE) vx6qgdol dq8306Hgd0m
(303350306 AChE 900mo0yggbgds MS—ol  Jmwobyhammo 653o00mmbgdol ©s®osbgdol dmarwmdol
39935bgd0LsM30L).

3obGHmemaon® 9dudgmodgb@gddo dmbsfloy xymx3gdl Jdbowbgb Ebmzgwgdo, GMIgEwmss
Bom@otmom 8990930 3MM(39019M9d0: MS-0b gergd@®mmeobvy®Ho sHosbgds, MS-ob Jmeoby®amwo
B306HMbgdoL sb0sbgds 192 IgG-saporin-ol dozMmobgdzoom s MS-ol GABA-gGymwo bgommbidol
5006905 GATI-SAP-om, sbgzg MS-8o mouse saporin-ob 80360m0bgdgos (bLog3mbEMmMEM xymxa0).

999 BHOMEODBNOHO  IB0sDbgds bmME0gwgdmEs LEIMHIMGHJuwwo dgmmom RsbgHaowo
3MbBLEBEBOL  gmgdBHOmEgdom dmdogo ©@gbol (1 s, 30 ) 39BHIMJOOL  LsdMoEgdoo.
3OHMM3gH0MHYOME 3bMZgmIdL MEHIMPIIMPIm 0©I6GHOH0 3OHM(39IPIOS JgdBHmHMmEgddo ©9bol
39%9Mgd0L  396Mgdg. MS-ob  Jmwobghammo s GABA-ghamwo  bgocOmbgdol  Lgwgd@omeo
03996m©sH056xdOLMZOL  godmoygbgdms 039bmEHmJbobgdol - GAT1-SAP s 192 IgG-saporin-ol
(Advanced Targetting System, San Diego, USA), bmm 00996m©sH0sb7dOL  Lo3MBEHOME™
XdBoLsm30L  mouse saporin-ob (56 03936  6goMmMbgdOL  IMM339L)  doghmobgdios. MS-8o
08996m@HM™mdLobgdol Jo3Mm0bgd30gdo bm®mEogewgdms LEGIMIMEHIJuo dgmmeol gsdmygbgdoom.
GAT1-SAP-ob (325ng/pl) obgdgos GHoMgdm@s 15 Mmombosbo  @sbMol Jmobom,  899ga0
3mmOmobs@gdom: AP - 0.4; ML - 1.7; DV - 6.4 (0.5 pl; 0.05 yl/min). 192 IgG-saporin-ob (1 pg/pl)
0699305 bM3090©gdMm©s  dOWOEIMIWMMo© M6 mbybg: AP - 0.45; ML - 0.25; DV - 7.8 (0.3 ul; 0.05
ul/min) s DV - 6.2 (0.2 ul; 0.05 pl/min). d03Gm0bgdgoolb 8999y, 09mbmEmdlobol ©ogmBool
dobbom, mommye mbyby Loobgdzom Bgdlo ygmgbogdmms 9 s 6 Fymom, Fglsdsdobs.
30360b93300Lm30L 259m0yggbgdms 193¢-0560 35d0eEH™Mbol 33M030 s J03Mmbsobgdiom &wddm
(CMA 402 Syringe Pump, Sweden).

99dBHOMWoHBYOHO sHB0s6JdOL Fgdmbggzsdo maz0l GH30b0ol Gglabffogwro LbEHMmWIGHwOHgdOL

30G™3MJoEgdBH™bozmMmo Lsbw3Mgdol 0 bEH08035300LsM30L, AsdM0Ygbhgdms Boligwrol dgmmeo,
Gobm3zoLsE 9bsmmgdo 3MBow-g3ommg@om, bEIBbOHEHWWo TgmmEogol Jobg300 0MJdIOMS.
L53MBEHOMWM s 03MbMEMJL0bgdom sD0sbgdOL TJmby oMM XaMB0E Fgdmbggzomo
396mbhg3000 bgdm©s 609MIgdol s0gds 00BMIgrgdoLsm30L. BoglLoMIdMEo SBomowo 0MgdIdME.
AChE-ol, ChAT s PV-ob 30639wmo@o sbEHolbgmwgdom, 1393083031600, 3MOHEOEOL JJmMmS0
2bBobbgmagdoo (Rabbit specific secondary antibody/HRP) s ABC 8g0gd30lL bob@gdom. dgmgdoeo
361935653 g00b IgLfogzws begdms Bum®glgbdwimo 303w dozmmlzm3oom — Leica MM AF.

00996m30LEGHMmJodo®mBs  33¢0g390 obggbs, MmA MS-0o 192 IgG saporin-ol do3Hmobgdsos
LsOHIMbmE 9306090l Jmeobgtymeo ChAT-0a®AbMd0s6g bgo®mbgdol 9gwgdgol 0b@Egblomdsl
3MBEHOMEmb  Fgsmgdom  (P<0.001), 05906 Gmgs MS-ob GABA-gMymo  PV-896Hdbmdostg
B306HMbgdol 8993060905 3MBEGHOHMWMb 8gsMgdom sMLfdbms (P>0,05). MS-8o GAT1-SAP-ob



90360mobgdaos 0fj393L MS-ol GABA-gMymwo PV-36Hdbmdostyg bgommbgdol Laefidmbm 89930Mgdsl
(P<0.001), bmwm dJmeobgamgmo ChAT-3gMdbmdosMg bgo®mbgdol  Mom@gbmds  3mbEHMmmemsb
390096 gd0m I300090s 26%-00 (P<0.05).

0099bm3obEBmgodom® 33939080 MS-ob 03wbm@mdlobgdom sH0sbgds, sbg3g BoLEIdIM®s
303m35030b CAl s CA3 3ggwgddo AChE-03»dbmdostg bgommbgdol dgmgdzol 0b@gblomdol
39935bgd0m. BogdmEo J9ga00m  godmzeobs, Mmd MS-do 192 IgG-saporin-ob 0bgdisos 0f393L
295309000 d9¢0 AChE-036dbmdostg byommbgdols 999;30609d5L 3030359380 L3MmbEHMMEM X amz30L
(CA1 - P < 0.01, CA3 —-P<0.01) o> MS-8o GATI1-SAP-0ol 0bgdiool djmby 3bmggewrgdmsb dgstgdom
(CA1 - P<0.01, CA3 —P<0.01).

3.2. 99¢0005¢0y®0 Lg3Eaol sB0s6JIBOL 9BgIBHPO0 ILTFozwol LiGMms@gaool
56B935HY X3M0l053356 ¢sd0M0bmTo

fomdmpqboer b5dMMdTo 9g0swMo LgdGmadol (MS) guwgddOmmobmemo (n = 8), sbg3y
Jmeobgdamwo 96 GABA-goymeo bgo®mbgdol 0dw4bm@Emdlobgdom - GAT1-SAP (n = 8) 6 192 IgG
saporin (n = 8) LYgdBHOMMO BB YOOL FJmbg s LogmbEBHMMe™ (n = 8) xamzolL 3bmzgwgddo,
d90bfogargdmes 1g3EHM303m3533MMo 3MMmgd30900L 36033690MdS sEAOOL 96 3sbvgbols Lozl
LEHMGIP00L 5MBY39Bg 3390000 IMBH035:305Dg OxMIBIOWM, MMToQ0 F9OFY39EHOL K IOOLISAZM
5006H06mTo. 53 5dm3s65d0 3bmzgEl 33900l Jowgds Fggderm 39Tz JOHMOI0R0Z] I3ws3d0
9053L90wo Bo3390vM0E. FGHMHIboMIdOL EMHML g3y 9O 033w IOMES LOLEBIOGHM T3wsgo. 3
30HMEaEO0L  459mygbgdom  bmggal  9ggderm  ogbfagars  15339099M0L  5RO0EBYOIMYJMOS
23909080 sOLYOIMO  MOOGbEHOMGOOL  250mYygbadol (5ol @ILHogErs) 9B FMIGSMBDsIS
05600000930MdOL  LHogwrol  (3sbvbol  sbfogams) LogwydznwBy. godmyabgdmeo  LEHMIG Y0
039bYdMEs  LoGguBH™ Lobxgddo, MMIWYdToi LLAHIOEGHM 50O 033 IOMPS  FM30MEI306M]
93Wo300m.

J3930m  9Ju39M03963Hgddo  2o0m3w0obs, MM  LsgdbdgModgbBHm  3bM3gErgdo LGB
UHo30mdbg6 BsdoBbY d3esz3do Fgbgarsl. mvy 30Mm3gwo 10 Lobxol gobdsgzwmdsdo LfimMmo 3slmbgdols
5gbMds 9500395 50%-b, mdY3bm 10 Lobxdo LMo 3slmbgdol Mom@bmds 87-92%-b, beagrm
89003 Lobxqddo LEWVOWNMsE 95%-0b Tgoqbs. 98 s3MmEBOL  ILHogErol  3MoEHIMOwAL
Dom0moygbs 10 9mdg3bm Lobxosd 9 ULm®o 3sbvybol AsbbmME09wgds.  36:0EgMH0ds8g
5LH93w0lomzol  LyFoMm™m Lobxgdol Gom@gbmds Lodwswmo dgoygbs 20.8 + 1,15. MS-ob
QH05bg0o0L dJmbg s LogmbEmMmEMm xamaol (3bmzgErgdl IMMOL o6 5blbgs3Yds. LagzmbE®mMmEMm
X29B0L  3bMmzgwgdo  @obfagerol  3Mo@gMmomdl  smfigg9b  Lodwewme 20 Lobxdo, MS-ob
909dBHOMWoHYHo  ©sHosbgdol  dJmbg  gbmggmgdo  Lodmsewme - 20,9 Lobxdo, MS-ol
03996mGHMJLobgdom Jmwobyamwo s GABAgOHyMwo ByoMHmbgdol sBosbgdl ddmby gbmggwmagdo
bodmowmeo 19,6 s 22,5 Lobxdo dgbodsdobs®. XaBgOL Fmeob LEIGOLEH0ZMMo© LoO(dmbm
296Lbg0390s 56 @odmgwobs (DF@as= 0.209, P = 0.889). gb 9909990 905603690L, ™I 58 xamnol
35390030 IMGH035305, 39M(3I3GOIP0 S FMGHMOMEo MbsMdo, MLoE Fgodergds 93w gbo
dmgbobs  50m3obol  GguMengdsBg, oM  oblbgoggds.  B3zgbl  Jogl  Bo@GoMgdyer o300,
0JL39M0096EHT0 3bMzaWL 33900l dmdogds Fgadwrm MO ASBLLZ3]dYWO BEMIGJRA00M - YOOl
96 3sLboli EsbFagEol LEBHMGHIF00m.  5©YOWOL EILHozws IMoMbM3L 3030358301 FsMHMNIEMBLU,
boem 35Lmbol slifjogarsdo bE®osEwdo dmbsfoangmdl. Bggbl 9Judgmodgbddo dsdmawobs, GmA
Lodgb™m  Lobxgddo LogmbGHMmmm s 192 IgG LadmMoboo @osBosbgdol dgmbg Ebmggargdo
X3600L353356 sd0M0bMT0 839GV 094769096 50Ol Lzl LBHMoEIY0sL. dgmmgl AbGOZ,
MS-0ob 9egd@®meobymHo s GAT1- SAP-000 ©sH0s6900L dJmbyg bmgzggumgdo LadgbBm Lbobxgddo
M30GMBHYLI®  3oUbol Lozl LEMOGIHosl  0y9gbhgdab. 39Mdm®  LogmbEH®mmem  xamzol
3539900 50 Lob) 0L 34 (68%) Lobxdo, bmwrm 192 IgG saporin-0m EIH0HIOOL TJmbg (3bmzgegdo
40 Lobyxosb 26 (65%) Lobxdo 0ygbgdgb 5L LTS3l LEHMEHI0L, F5d0b Hm@ybsg MS-ob
999 BHOMEOBMOHO  IB0sbgdoL IJmby bmggwgdo 40 Lobxowsb dbmeme 16 (32%) Lobxdo
09y9gbgd9b 00 LEHMoBYR0sL. GATI-SAP Lodm®0oboom ©sH0sbgdol ddmbg sbmggargdo 40 Lobxowsb 25
(62.5%) Lobxdo 0ggbgdgb 3sLwbol oLHogwol LEHMsGIR0sL (L. 8). LogmbEGmmEm xamxnol
3HM39dmMIb  F9oMmgd0m  sA0OL  sbfagarol  LEGHMOGJA00L  AsTMYgbhgds  La®(dmbm
3993060900 MS-0b gangd®meob®o s GAT1-SAP-000 ©sB0osbgdol 3Jmby (3bmggergddo (ta = 3,8
P<0.001; ta =1,99, P<0.02, 89550590b0).



50bob0dbsg0s, MMI 3bmzgwgdo, GMIWYdoE LsGIuEBH™ Lobxgddo M30MmIGHILsE  3oLvgbol
Lfogeol LEBHMa@ a0l 094969896, olfogerol 3MoEMHOwMAL Fo30Wgdom 23056 svfg396 3oEMY ob
3b™39egd0, O®MIWGdOE  SEAO0WOL  ILPgol  LEHMoGHIR0L  094gbgdgb dombgsgzs  MS-by
Ib3o000Lb3s BHo3ol bgdmddgwogdols.

3.3. 39©05¢®o BydEwdol gergdBHHMEoHMo s 0dMbmEmJiobgdoom

©5H056gd0L 989dBHgd0 Loz bsbdmzmmg dgbliog®gdsby.

fom0maqbow  9du3gM0dgbBHgddo  Fgobfogergdms 193BH™303m3533MM0  3MMg30900L
36093bg¢rmds  bogMgomo  3dxds  IgbLogmgdol  3OmEgLgddo.  gdudgModgb@gdo  Bo@scmgdmeos
BOEILOW 34 3596 30MM535DY, OMIWIO03 YMBoo 0943696 4 xamz3s: LogmbE®mmem (Contr.
n=8); MS-ob gwgd@mmwoby®o (El, n=8), sbgzg 0dMbmEmduiobgdom - 192 IgG saporin-oom (SAP, n=8)
> GATI1-SAP-oo» (GAT, n=10) @sH0sbgdol 9dmbg. 303m 3503059 300gdwo LogdEomo dwxas
dgblogMgdol  qLogslgdws  2sdmoygbgdms LB3MBEBMMO  BmMoaqgmdol  sdmEsbs. gl s8m39bs
98336905 L3MBEBMMoE ©0IMEIBIOME 33¢g30m J3939L. FooBbgzs, GMI 3 sdmsbsdo Fbmggwo
096353900 9565bMM 309Gl WsdOMObMOL 3339080 L3MBEBMMO IMMmOYGMBSL vy Tob sblmgl
fobs 30Bo@ol saowo. b3gbl gdudghodgb®gddo 3 GHabBoL odmygbgds gsbsdommds Msdgbody
3odBHmMgdTs. 030 96O LoFoMMIBL oXOWEMIdL, Mo3 FoMMOEbogl  XaBgdL TmGol dmE035300L
mbol asblibgsggdom godmfizger LoMMMEggdl dmbsgdms 0bEHIM3IMOEE00L OMMU. A5MES sdobo,
00m3565 653 gds LEBHMILYY0S, s FLodsdobo FguBHOMmIdOL MM LEHMILDY dsbybo bozwrgds
063¢9Mx39006908 08 0bGHIM3MYGHo30sDY,  OHmIgmog  dgbloghgdols s  abfagwol  Fgboderm
396Lb3539090L gbgde.

13MbEPbMMHO  FMoygMdOL  BHILEOL TguOMEgdoLl soMoEbgdmEs d3we390do  Tgligamsms
omE9bmds s 56800©Y3MIMBds  FMEOOYIMBOL ™Mbl gobloBOZHOLomzoL.  LEBIEHOLEGHIMOO
53998539000 (One-Way ANOVA) 9458m3w0b@s xa1x30L bodfidwbm giqddo (F331=6,783, P = 0.001).
Post hoc (Tukey Test) sb65¢roBom oMsLsMHIMBM  Asblbgoggds asdmzwobos LsgmbEH™mEm  ©s
999 BHOMEOBMOHO ©sH0sbgdol dJmbyg (P = 0.381), sbggg Logmb@mmem s dgbsdsdolo, GAT (P =
0.759) s6 SAP (P = 0.072) x39390L Gmcob. Lo®fdmbm asblibgsggds as8m3zwobos gugdd®memobmmo
©5  Jmobghymwo  Byodmbgdol @sHosbgdol dJmbg (P = 0.001) s GABA-gOymo o
J0bgHammo bgo®mbgdol sBosbgdols ddmbg xamagdl dmmol (P = 0.007).

Ubbgoolbgs  xamxgddo  L3MbGHBMMo  FmEMoggmdol  3OMmEbGMwo  3sBgz9698wgdolL
UEHoGHOLEEH03MM0 ©sd1Ts39000 (One-way-Way ANOVA) as9m3w0bos xagol LseHombm gigd@o
(F331=5,332, P = 0.005). Post hoc (Tukey Test) sb5¢r0oboom go0m3wobos Lo®fjdmbm goblbgoggds
LogmbGHMmeom s 9Egd@GOHMEoHYHO sH0sbgdol ddmbg (P = 0.006) 30600593908 TmG0L, beagnm
Logmb@Mmenm xqma3ol 3bmggegdls o GAT (P = 0.968), 56 SAP (P = 0.834) x31530L 30600593900
Fme0ob 49blbgog9ds 5MsbSMHIMbMS.

0060950, 000900 §9Jaqd0L ™sbsbds, MS-ob gwgdBHMmEwobmmo ©sH0sbgds 0f393L
LogmEomo bobdmzwg TgblogMdol ©IBOEOAL;  LY3EM303m359399H0 JmerobyMymmo 6 GABA-
990 6306Hmbgdol LgwrgdBHow®mo sH0sbgdol 306HM39dT0 LogmEomo bsbdmzwrg dgblbogMgdol
©IBOGEOGHO 96 3obgds.

3.4. 0890050 g3Hndol  sBosBIPOL  gxugiBHIo  Loghgom  bsbdm3wg
dgblbogMgdslis s 303m359380 UEH0MEOMIdYo  aEEsds@ols ©s GABA-L

3590530LvIREGdsBY

fomdmpqboer 3393580 LogMBGHOMW™ s MS-0b  gwgdBHOHMEWoHMHO EsD0sBYdOL TJmby
3060053390890 13bEBMMHO FMM0YIMOOL sIMEIBom FoligdmEs  LogHEomo dMTs dgbloghgds s
3030350300 geBsdo@ols s GABA-U ©mbol (33¢0wgdgd0 58 GHgbBob dgbdmargdolsl. slg3g
dgolffogergdmes  MS-ob  @@sb0osbgdol  989dBHgd0  303m3s9330  KCl-oom  LGHodwaro®mgdrmeo
30E935E0Ls s GABA-b 458mmo30bv53egdsby.

003605c0bol J0ddsmm3zgwo 3sbomwol (CMA/11; CMA/Microdialysis, Stockholm, Sweden)
BobgMa3s bgdmos LEHIMIMEHIJLMEO 335M5GH0 FoMEbgbs 30335300 9090 3MMMHPOBIEJdOm:
AP (- 4.8), ML - 4,5, oo DV - 3.2 Paxinos and Watson-ob (Paxinos, Watson, 1998) L&gMgm@edurmeo
3GELol  dgladsdobo. WsdoMmobmdo  EglEoMgdsdwy, 803MMEOs0BOl BMbo ™Megligdms
303m3503d0 BsbgMaow 356mwsdo s 3bM3qwo mo3LgdMmEs 3odgMsdo (4513, 35 1D, 35 1d). Bmbeo



05353300300 04m,  3WsbGHo3Mmo  dowom  ghom  FowowoB®osb  33MoEmb,  Gmdgwogs
Bo3ogMgdamo  ogm  d03zMmbsobgdgom  GMadmdo.  bgwmmabamo  (3969dGML30BswHo  Lombol
39608705 30000bsMgmdEs 2.0 93/fom-do LobdsGom. Bmbool Bsbgmazosb 120 fmmol d9dwgy
(LEHOWODIEOOL  39M0MPO)  EOsODOL  LobxgdL 300gdEom ygmzgger 10 fymdo 40 Hyomob
249605300590 @ o0s@oby s GABA-L g3mbrMo mbol 456LsBO3moLmZoL Mog30LbvgwsE dmdMmsg
3539 do. mmbo gmbmmo Lobxol sgdol 999y, b™3gEl 35mo3LgdPOM EsdoMObmOL 396@®do.
20 §9m0s60 BHLEBH0MYdOL G909, HM3gEl 35dMMBIdOM, 93956 3599680 s dgdamdo 40 Hmomob
2960530mdsdo  353MmM3900m  Lobxgdl AwyEsToGols s GABA-L GHblEOL dgdamdo mbol
396LsbE3MOLsmM3z0L.  BgoM™mbgdol  ©I3MEMODIE00LIMZOL  b3gOEBom  blBsMOL  gosMm3s
bgdms ben®dswm®mo 390900mb30bswmemo blbsmrowsb, dswswo 3mbizgbdmsiools KCl-ob 998339
39690MML30bse  Loobgbg (25 FBmE/w).  aaBedsGols s  GABA-ob  999339wmdos
2960L5BP3MYOM@ oo 630l JOHMTsEHMa®msg300l IgoMmEOoo.

H0ameOE  dmbswmEbywo  ogm  J3gz0m  9JudgModgb@gddo  godmgwobs, ®md  MS-ol
909dBHOMEOBNOHO  ©sB0sbgds 0f393L  L3MBEBMGOO  FmMoygmdol 3608369 M356  goMgligdsls
3bM3gmms 5Mm©YbMdo, Gdgdos dmbsfiomgmdbyb J3930m 993960896 gddo
303600000l Lob) OOl s©Idom, 0gm FgdEaao: LogmbEGMmm - (n = 6); MS-ob EsBosbgdom -
(m = 7). 3003533560 dOMObMNIo LB3MBEBMOHO TMMHoYgMdOL LM gdolsl mMmo3g X yMR0L
35™39@gdol 3030350300l YYRMOYPIMIDS 9D 50JIMEWO OIWoBsGOL 10 §mmosb Lobxgddo
500b0dbs Q@ sdo@ol mbol d5@gds, 0193s BmbGmo Jsh39b9dwdOLYD Lo®fdbm goblbgaggds o6
399m3obs (p>0,05). dombgegs 0dobs, MMI 3930000 53mEs60m GHJLEHOMIIOLOL A EsTsEHol

©Mbob (33¢00g0930 56 0ym Lo®fdmbm sOE gMm X500, sD0sDbJdOL FJMmbg KaRTo JemETsEOL

©MboL (3300070900 B530gds®© 0gm 458MmboEmMo Ls3mbEGHMME™ X3Mz30L (3bM39ggmsb Fgsdgdoom.
9393000 GgbGHomgdol MM™ML 303035839H0 GABA-L @®bol 33¢0mgdgdo G396 Xaado

M 350m3w0bys (p>0,05). gb IMbs399900 56 A5TMOOEbIgL GABA-gMarmo @®Mmobldolbool 3e00wgdgdol
5MBYdMBIL  L3MBEBMMO  BMEOYIMOOL I gdOLLL.  FuodErms, FogMMPOsEobBol  Lobxgdol
3©9o0L MMOMO s LOgMEoMO FobolosMYdEGd0m Fgmdwadgwos GABA-L LMoo Fo®dsgowo
(3300900l ©YGHIJ30° 96 gbsdanms, GABA-L bbgo@sbbgs fysmm (193¢H™303m3s33wGmo Igbogzsco
Vs, @m35¢M0 0b39mhbgommbgdo) bofiobssmdogam 9085600mmgdom 033wgds, M3 3bs3oMmMmdIdL
9839dEHOL 56 5OLYIMDI.

33060056 3030Mm©0s0b0om JomqdmEo AY@Esds@ol s GABA-L Bodmdgdo ymgzgwmgol
36 0dg3s LMo gdsl godbxgermo o Lobs3L® FomBMIMdIbY. 3oL 458m, FolIMMPOIWODOom
3926003900 3eyHsdo@ol s GABA-oL  {om3mddbol §gohm ©®gdg ©og0L  Logoboos —
Bgoembymos vy SLGHOMYEoMEO, Lobsdbmmos ™y gbBH@lobsdLMMmo. BmbmGo ohz9690gdol
5©goolsl  F03MHMPOsOBIGTO g BHsdsGo  dOMOMOIIE®  9MoLobs3LYHO  FoMIMTMdOLsS.
2990m3w96gos SLEAHMMEOGHWIWO @ sTo@ob G5dgbody §yotm, 8500 FmMOL eoMmG®MILIOLOO.
0939, J0do©0, 9egdBHMMEODNOO 56 J39300 LGNl 30MHMdYdTo 60T3bgEM3zs60 boffoemo
390005306R3EGOMO eYEoToGols Tgodergds ogmlb 6xoHMEHMILIOLO0 FobdoM™mdgdwmo.

oMM qbow 6586H™3do 8g30LH 93000 MS-0b 9egd@OHMEoBYHO sB0sbgdoL 9i39dEgdL
3030300300 @mbm® s KCl-om ULEodwmozool 300mdgdd0  ae@eds@ol  ©s GABA-ol
23900000306REYdsDY  MOz30LMBsE  IMdMS3  (3bMgagddo. 3065006, ByoHMEHMIBLAoEH MM
399000530653 9d0L SBOLMEWMEMMO 3030 3600369 M3zbs Z9MOMIBL (3o3gME 3BMZgWMs FmMOb,
653 960083690036 9MMMEgdL ¥ aMR3gOL dmEol dmbsigdms 99sMgdsl, KCl-oo bGodwamsgool
3060009030 300 O 00mMYME dmbsoigdl 39Mgd0m 06030 ME RMbME d5B3969d9w.
3bm39wgd0, HmIgddos KCl-om LE0dwms3ool badsbmbmeo Bgomm@®msbdodgms ©mby 530mbmsb
99005690000 25%-000 250DM©s, FobolsbMaks MMmameE Im3slvybggdo, bowmm gbmggmado, Loass
bOEs 6531900  0ym, 2obolobEzBs  MMYMOE  MdM3sLvIbgdo. 50 3Mo@gHhomdol dobggzom,

Lo3mbGHOmHMmmm xamaol 3bmggmado 09369 Im3sLmbggdo, bmwm ©sHosbgdol dJmby xamz30sb

dbmwmn gho  gbmggwdo ogdbs  asdmgmgbowo  awrEsdsBol  @mbol BMs  LGHoTWwsEool
Lodobpbme. KCl-om  LEGodmmogool  Lodsbmbmo  GABA-0L  250mmo30Lv983ewgdol  do@gds oM

399m3ww0bs 563 9Ho X3MRdo. 30LEHMELMY0NMHTS 3319350 OSEILEMS, GMI F03MMPOsEODOL
bmbo gbgdms 303m3593L, dLodsdobo JomgdEwo 99093900 56O dg0dwgds 3ob30MHMdYdMEo 0yml
&306d0 3500 ob3539090 8EYOSMIMOOm.

5060300, KCl-om LEodmmozool badsbmbmo 2eEedsdol mbol dmds@gdoom 3slvbmdl

L53MbGHOMEM Xmnol 3bm3zgegdol MdgBgbmds, bowm EsHB0sbgdol 8mby xamB0b Tbmemo 1



gbmggwo.  KCL-000 LEGHodnmsgoshg 3sbobols Bbgomds 59 M6 xamal 9mmol LEsGobEo3mems
Lo®fdmbms (p<0,01). s0bsbodbsg05, M QEvyEsdo@ol ©MbOL dMMBYds BMBEMG Bdmbs3gdgdsdy
0B39b690L, Hm3 KCl-000 LGodmeszost 6 5ggb Ho0dg bsba®dwmogo @odabosbgdgwo gugd@o.

3.5. 9gosmrMo ULgd@madol Jmmobghammo ©s GABA-ghammo BgoHmbgdols
00mbmBHMJLobgdom Lgegd@om®mo EsBosbgdol gxgddgdo LoghEoo dgbliogMgdsls
©5 303m3593d0 JumBsds@ghammo NR2B ULwdgdogmmols dgdgggewo NMDA
09393GMMoL gldMgliosby

Pomdmygbow 3393590 dgolfogzergdms LgdBm3n3m3s33Mo Jmwobytmymmo ©s GABA
3699309000 bEgJBHoMMo 03MbMmEIHB0s6IdOL 9gn39dBId0 LogMEom dgblogmgdsls ©s 303m350380
GluN2B  Lmdgmogmeol  99dg3gero  NMDA  69393@™Mgdol  gdudtgbosty.  gdudghodgb@gdo
Bo@ogdmeos 36 3596 30000357, HMIWId0oE ©IYMBOowo 0943696 3 Xam3o: LozmbEHMmmm -
[Control (C), n=12], MS-0b dmmobgymwo bgo6Hmbgdol 192 IgG-saporin-00 @sH0osbgdol ddmbg (MS-
SAP, n=12) 5> MS-ob GABA-g6Hammo 6306mbgd0l GATI-SAP-000 ©@oH0sbgdol ddmbg  (MS-GAT,
n=12). bbgoslbgs xamxzol yzgws gbmggwo dmbsfowgmds Jigzom 9Ju3gcm0dgb@Egddo, bomeom
34393000 gdb3gModgh@Hgdol alitvmgdol 99y YM39wo XIRB0IL 3bmzgmgdol bsbgzs®o (n=6)
299m0y9gbgdm©s 03v96m3obGHmdodom®, bomwm dgmeg bsbgzs@o (n=6) 39LEHIMBdCMEHOL Fgmmom
©9393GHMOMS gdbdHglool 33eg35d0.

bogMEomo IgblbogMmgds BolEIdMES M3(33000 FME035305Bg OxMAbadwwo bogMEomo
00mEsbom dmMolLol {yeol smBol JMMNEEOsHo 3OMmEHM3Mmol 458mygbgdom. s3m36s dMmo(3930s MM
9393L: 30039 ML gdegmsm 8 Lobxo (BHHM96omadolL 96w sbfsgerol 3gMomo), G®Iwol
0mbs390900 459056500 2 deomzdo: 1 - 4 Lobyxo 89500996L I derm3l, bmerm 5 - 8 Lobyo II
0m3L.  LabFIOEHM 500 033¢gdMS d90mbgg30000 MbT0IEI3MMdOm. d5dobo BmmogLgdyro
04 gOhmgOhom bgdGm®Io fywol HBgwsdomosb bsdomwmmo 2 bd-om. 9 LobxJdoL EILEOMEJd0EE 24
bor>-ob 990qy - 3bM3glL gdegmEs LsGgb@m Lobxo, GMIgwoi sx8sLYdEs bsbyMdwog LogdEom
0gblogMgdsL.  J3g3000  9Ju3gM0TYHEHJOOL  EILOWIIdOL s  ©Y3930GO300L 899Iy  bgdM©S
30330030l 53mgds s ddME yobmwdo smymbgdamogo goyobzs, 899ymddo 0dmbmdwmEobyol
9900MEO® M333GMMOMS 9Ju3MHLOOL glogzslgdes©.

Ubbgoalibgs xawnol 3bmggwadol dsdbol 3mgzbol sBHIbEGHWMmo MHMOL LESEHOLE0IMMO
BsewobBom (Two Way ANOVA) 50m3m0b@s xamx3ol s6oladfdmbm gigddo (F#71=0.802, P = 0.453),
0335 359m3e0bs derm3zol LsMHambm gi39dBo (F171=29.739, P <0.001). 53sbmsb, LEGOLE0IWOs©
Lo®fdmbm MHPOGHMISZ300M0 KX AMTBOLS s ™3Ol 9B39gJBJOL FmEOL 56 asdmgeobs (F71=1.315, P
= 0.275). post hoc 565¢00Bob LsdwsEgdom 35760l 3m3bol @ gbEHMIM MM™Ms sblbgsgzgds 3oM3z9w ©s
dgmeg deom3L IOl 25dm3w0bEs, OHmym®E LogmbEHmem (P < 0.001), sbggg Jmeobgdamwo (P =
0.008) s GABA-gogamwo (P = 0.027) Byo®Hmbgdol ©sbosbgdol dgmbg xamx3gddo. dowgdmwo
990093900 dobg3000 Loz ol 3MHMEgbol 0dE0baMgMds LO3MBGHMmMEWM s IHB0sbYdOL TJmby
3b™39mgddo 56 oblbzogds. LogMEomo baba®mdwogo dgbliog®gdol Tglogoligdws GMgbocmgdosb
24 L5500b 8999y (3H™M39gdL 9dgMEsm LsBLE™ Lobx o, GMBWOL EOML B5Js60 5N YIMO 0ym
000sb. Mbowsgo d5gbol Y0 dEGOSMYIMBOL bogME0mo boba®mdwogo dgbliogMgds BoLEJIM®S
M3mB0Egocmol  303sOHm  LdGILG™  LYGHMOMOL  30MsEILMdom. LsGIG™ Lobxgddo Towgdwo
390093900 X2995390L Mol goblbgegzgds BsLEIdMm©s ANOVA-U Lsdmeegdoom. godmgzewobos xawsol
003LMHIMBM 939G (F271=0.787, P = 0.459), Lgd@Hm®obl Lo®fdnbm gx3gd@o (F171=46.620, P < 0.001) o
31939 LaOHIMBM MOMNOIOHMJIGIds XFMBOLS s bYJEBHMMOL GodBHMGMGOL Mol (F271=8.087, P < 0.001).

GABA-960 6306mb300L ©sB0sbgdol 9mbyg 3bmggwgddo post hoc (Holm-Sidak method)
3booBom  o8m3w0bEs, MM LoGIuGH™ ©s M3MBoEoH  LydBHMOIOTo  goBoMgOME MMM
396bg03905 56 5MHOL LoMFIMbm (P=0.396), borewm Lozmb@GHmmEm ©s JmwobyHymwo byommbidol
5H00b6gd0L dJmbg (3bM3z9wgddo 4oblbgeggds ba@fdmbems (P<0.001). gb gog@Eo 90sbodbgdl dgoswmo
193Gvdol GABA-gMHamwo Bgo@mbgdol @sbosbgdol dgmby gbmggamgddo LogdEomo bsby@dwrozo
dgblogmgdol gzoEoGbY.

Lo3MbGHOMEM s JMEobgHammo bgommbgdol ©sbosbgdol ddmby xamaol bmggwwgdo
LSOHIMbmE T9¢ OOML  5BIMIOEDI6  LgdB™MMTo, Losg  GH®9bomgdol O™l dsdsbo oym
2960531900, 30MY 5EdIMOMBO® (15 5) 0gm Imbaermbgero (Contr -21.36+2.18, t=2.907, P = 0.014;
SAP -21.782+1.703, t=3.982, P = 0.002 ). 530 Lado®oldommo GABA-9MHawwo bgo®mbidol sbosbgdol



ddmbg (3bm3z9wgdo 96 530gbbIb LoGIuG™ Lgd@MMOL F0TsMM M30MSBJLMIL S 5O SBMJOHID
LoBgbE™ LgdBH™OTo MBOHM 9@ O™ 30EMY 5¢EBdSMMdOm (15 s) ogm Jmbsgrmobywro (16.0+1.289,
t=0.776, P = 0.454).

GmO3 50360869m, J3930000 9Ju39MH0dg6EJOOL ILEWIEgdOL dgdgy bbgsalbgs xymBoL
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Short Description of the Work
The Subject Actuality.

Alzheimer’s disease (AD) is a neurodegenerative disease, where memory impairments and dementia
symptoms gradually worsen over a number of years. In its late-stages Alzheimer's, individuals lose the
ability to carry on a conversation and respond to their environment. The current treatments cannot stop
Alzheimer's from progressing, they can temporarily slow the worsening of dementia symptoms. Today,
there is a worldwide effort under way to find better ways to treat the disease, delay its onset, and prevent it
from developing. The animals with medial septal (MS) lesions and resultant learning impairments were
offered as models of AD and can help understand neurotransmitter systems involved in the AD pathology
and identify cognition-enhancing drugs that might be useful in AD. However, the role of medial septal
neuronal populations in hippocampal network function is still under debate.

The multidisciplinary studies at behavioral and molecular level may provoke a fundamental rethink
of the functions of septal inputs to the hippocampus and reveal how septal cholinergic and GABAergic
neurons mediate hippocampal functions, therefore presenting an opportunity to establish causal connections
between the activities of the septohippocampal projections, hippocampal network function, learning and
memory.

Principal Goals and Tasks of the Reserch

The purpose of research is to obtain information for understanding the role of the medial septal
cholinergic and GABAergic projections in memory and learning process. The idea that cholinergic and
GABAergic SH projections can modulate memory was tested by comparing effects of electrolytic and
selective immunotoxic lesions of cholinergic or GABA-ergic MS neurons on hippocampal glutamatergic
transmission and different form of memory and learning process.
The objectives:

e Study of spatial memory and learning process (assessed in the appetitive dual-solution plus-maze task) in
electrolytic and immunotoxic MS lesioned and sham-operated rats;

e Study of spatial short term memory (assessed in spatial alternation paradigm) in electrolytic or
immunotoxic MS lesioned and sham-operated rats;

e Study of behaviorally and KCl stimulated hippocampal glutamate and GABA release in electrolytic MS
lesioned and sham-operated rats.

e Study of long term spatial memory (assessed in Morris water maze) in immunotoxic MS lesioned and
sham-operated rats.

e Immunocytochemical determination of expression level of glutamatergic NR2B subunit-containing
NMDA- hippocampal receptors in immunotoxic MS lesioned and sham-operated rats.

Scientific Novelty of the Work and Practical Importance of the Work

These findings are the first to show decreased KCl-stimulated hippocampal glutamate release by
electrolytic lesion of the MS; decreased glutamate release (upon stimulation) may contribute to short-term
spatial memory impairment in these animals.

It is the first time to found that expression of glutamatergic NR2B subunit-containing NMDA
receptors in the hippocampus is reduced by immunotoxic lesions of medial septal GABAergic, but not
cholinergic neurons; There is correlation between hippocampal dependent spatial memory impairment and
the reduction of glutamatergic NR2B subunit-containing NMDA receptors expression in the hippocampus
induced by medial septal lesions. Lesion-induced spatial memory impairment may be attributed, at least in
part, to the reduction of hippocampal NR2B subunit-containing NMDA receptors expression caused by the
lession of GABAergic medial septal neurons.

There is dissociation between the two major components (cholinergic and GABAergic) of the
septohippocampal pathway in modulation of hippocampal glutamatergic transmission and hippocampal
dependent spatial memory function.

The combination of behavioral and molecular approaches might be important step for the better
understanding of the causal connections between the SH system, hippocampal network function, learning
and memory. It may also lead to new strategies in development effective therapeutics for disease
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intervention and to reinforce the importance of this model for the preclinical investigation of new
antidementic drugs.

Publication. Materials of thesis published 3 papers (see. P. 20), also main result of this work were presented

at 5 scientific conference and three colloquiums.

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

e An introduction - 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

o A list of references

The thesis contains 144 pages, including 18 figures, 3 tables and references from 270 names.

3. Results

3.1. Histological and immunohistological verification of electrolytic and selective
immunotoxic lesions of cholinergic and GABA-ergic MS neurons

In the present study in all experiments lesion surgeries took place prior to behavioral testing. The

rats were allowed to recover from the surgery for two weeks before starting the behavioral experiments. The
interval between lesion surgeries and behavioral testing was enough to allow for the toxin to fully destroy
MS neurons. At the end of behavioral testing a random sample of rats from control and MS lesioned groups
were killed and their brains collected in order to verify lesion effects. This experiment compares three types
of MS lesions: electrolytic lesions that destroy cells and fibers of passage, GAT1-SAP lesions that
predominantly affect the septal GABAergic neurons, and immunotoxin — 192 IgG saporin infusions that
eliminate cholinergic neurons.
Surgery. For electrolytic lesions a stainless steel electrode (0.15 mm in diameter), insulated except at the tip,
was inserted in the; A 1.0 mA anodal current was passed through the electrode twice for 30 s. Sham
operations were performed by inserting the electrode at the same coordinates except that the depth was
only 0.5 mm and electrolytic lesion was not produced. Injection of GAT1-SAP (0.5 pl; 0.05 pl/min) for
selective immunolesions of GABAergic neurons or mouse saporin (this product serves as a control for the
immunotoxin) for control surgeries (Advanced Targetting System, San Diego, USA) were performed from
the side by a 15 degree angle. Injection of 192 IgG-saporin to produce selective lesion of MS cholinrgic
neurons were performed bilateraly at two depths on each side: (0.3 pl; 0.05 pl/min) and (0.2 pl; 0.05 pl/min).
After injection the needle was left in place for an additional 9 min and 6 min, respectively, to allow the
toxin to diffuse from the injection site. All injections were made with a 1-pl Hamilton syringe with a
microinjection pump (CMA 402 Syringe Pump, Sweden).

After termination of the behavioral experiments, in order to examine localization and volume of the
electrolytic lesion in the brain, the Nissl-stained slices of the brain were studied under the light microscope.
The immunotoxic (GAT1-SAP or 192 IgG-saporin) lesions of MS were verified by observing decreased
Acetylcholintransferase (ChAT) and parvalbumine (PV) staining of the MS. The 20 p thick coronal sections
using freezing microtome were stained with ChAT and PV primary antibody and ABC Staining System..
Totally 6-10 sections of MS level within experimental and control animals were selected and were used to
assess the effect of MS lesion on ChAT and PV-stained neurons. The immunotoxic (GAT1-SAP or 192 IgG-
saporin) lesions of MS were also verified by observing decreased AChE staining of the hippocampus. The
sections were analyzed with a microscope Leica MM AF.

Overall, in our experiments electrolytic lesions destroyed on average 75% of the intact MS.
Intraseptal GAT1-SAP reduced the number of PV-ir neurons, representing GABAergic septohippocampal
neurons by 73%. Counts of ChAT-ir neurons made in the same rats used to assess PV-ir neurons
demonstrated a mild reduction following GAT1-SAP. The reduction of cholinergic neurons represented a
loss of only 23%. On the contrary intraseptal 192 IgG saporin reduced the number of ChAT-ir neurons and
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spared most of PV-ir neurons representing GABAergic septohippocampal neurons. 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 control (CAl - £=4.64, P=0.01, df=4; CA3 — +4.08,
P=0.01, df=4) animals

3.2. Effects of medial septal lesions on learning strategy selection in plus-shaped maze

In the present study electrolytic and immunotoxic lesions of MS were used to investigate the
importance of SH projections in place or response learning strategy selection in plus-shaped maze. In
current study rats were trained in the dual-solution plus-maze task. In this task, rats are trained to retrieve
food from a consistently baited arm, starting always from the same start box. Using this procedure, they may
learn to find food in a particular place in space (place strategy) or to make a particular body turn (response
strategy). But the strategy they use can be resolved by submitting them to a probe test from the opposite
arm.

A total of 36 male outbred albino rats were used in the present study. The animals were randomly
assigned to control (n = 10), electrolytic (n = 10), selective cholinergic (n = 8) or GABA-ergic (n = 8) MS-
lesioned groups. Selective immunotoxic lesions of cholinergic and GABA-ergic MS neurons was performed
by immunotoxins - 192 IgG-saporin and GAT1-SAP, respectively.

The rats learned to approach the correct arm quite rapidly. Accuracy improved from 50% during
the first 10 trials to 87-92% in the second 10 trials, and then reached and stayed at =~ 95% throughout the
rest of training. The mean number of trials taken before beginning a run of 9 of 10 correct choices was 20.8
+ 1,15. As shown no differences in speed of learning were found between control and MS lesioned groups.
The control rats reached the criterion of 9/10 correct in means of 20 trials, MS electrolytic lesioned rats in
means of 20,9 trials and MS cholinergic and GABAergic immunotoxic lesioned rats in means of 19,6 and
22,5 trials, respectively. There is not a statistically significant difference between groups (DF@3s= 0.209, P =
0.889). The present results of 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 task used in the current study can be solved by using two different effective strategies, place
and response, that have been mapped onto the hippocampus and striatum, respectively. Using a multiple
memory systems approach, findings from our experiments showed that control and 192 IgG saporin treated
rats trained on an appetitive dual-solution plus-maze task use spatial or place strategies effectively. On the
other hand, MS electrolytic and GAT1- SAP treated rats tend to use response strategies. Specifically, an
overview of the data from prob trials for each group show that the control rats in 34 (68%) trials out of 50
prob trial and 192 IgG-saporin treated rats in 26 (65%) trials out of 40 prob trial used place strategy, while
MS electrolytic lesioned ones used this strategy in 16 (32%) trials only. GAT1-SAP treted rats in 25 (62.5%)
trials out of 40 prob trial used response strategy. Decreased place-bias in MS electrolytic lesioned and GAT1-
SAP treated rats compared to the control rats was significant (ta = 3,8 P < 0.001; ta = 1,99, P < 0.02,
respectively).

Comparing results observed across immuno- and electrolytic lesion techniques in current study
demonstrates a dissociation between the two major components (cholinergic and GABAergic) of the SH
pathway in spatial memory assessed in the plus-maze task. The control and 192 IgG-saporin treated rats
exhibited their effective use of a place learning strategy rather than the MS electrolytic and GAT1- SAP
treated rats exhibiting a response strategy in prob trials. These results suggest that the MS is essential for
spatial learning and suggest its role in processing information about the spatial environment, but deficits
observed after septal electrolytic lesions cannot be accounted to the loss of MS cholinergic neurons and
suggest a role for GABAergic MS neurons in spatial memory.

3.3. Effects of immunotoxic and electrolytic lesions of medial septal area on spatial short-

term memory in rats

In the present study electrolytic and immunotoxic lesions of MS were used to investigate the
importance of SH projections in spatial working memory. Spatial alternation (SA) is assumed to be a
hippocampal-dependent measure of spatial working memory. The underlying assumption is that in order to
alternate successfully between locations, the rat must remember its visits to previous places. This task was
selected for several reasons. SA testing requires no reward and therefore no food or water motivation,
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avoiding potential complications of design based on different motivation levels across groups. Similarly,
because the task involves relatively low stress, differences in stress responses to training are less likely to
interfere with interpretations regarding the bases for possible differences in learning and memory, in
contrast to tasks such as the swim task.

The number of animals in each group was as follows: MS electrolytic (n = 8), MS immunotoxic (192
IgG saporin, n = 8 and GAT1-SAP, n = 8) lesioned. Since there were no significant differences (£ >0.05)
between sham-operated (4 rats) and vehicle-injected rats (4 rats) these groups were combined into a single
one, as of now designated as control (n = 8).

The behavioral experiments showed that electrolytic lesion of MS significantly impaired SA
performance. Specifically, the percent alternation scores of MS lesioned rats were significantly lower than
control rats (P < 0.05). However, the groups did not differ in the number of arms entered during the testing
session. According to the data obtained it could be suggested that the MS is necessary for normal short-term
spatial memory function. However, electrolytic lesions are non-specific. Damage as the result of the MS
electrolytic lesions technique compromises cholinergic and noncholinergic neurons, afferents fibers,
efferent fibers, and fibers of passage.

Interestingly, the findings showed that 192 IgG saporin treated rats, relative to control 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. These findings indicate that septohippocampal cholinergic
projections are not necessary for spatial short-term memory and that deficits observed after septal
electrolytic lesions cannot be accounted solely to the loss of hippocampal ACh. The present study
demonstrates that GAT1-SAP lesions appeared to largely spare cholinergic projections to the hippocampus
and primarily affect the septal GABA neurons. The behavioral testing of GAT1-SAP lesioned rats showed
that the percent alternation scores and the number of arms that the rat entered in the maze were not
significantly different from control rats. The results of present study indicate that spatial short-term
memory is affected only by electrolytic lesions but not 192 IgG saporin or GAT1-SAP lesions. It may be
suggested that the effects of electrolytic lesions can be caused by the lesion of the fibers of passage, but it is
imposible to exclude, that it is related to the combined lesions of the cholinergic and GABAergic
septohippocampal projection neurons.

3.4. Effects of medial septal lesion on spatial short term memory and hippocampal

extracellular glutamate and GABA release

The present study investigated spatial working memory assessed in SA task and hippocampal
glutamate and GABA release prior to, during, and after SA test in sham-operated and electrolytic MS
lesioned rats. Also, we have investigated the effects of MS lesion on KCl-stimulated release of glutamate and
GABA in the hippocampus.

Microdialysis guide cannulae (CMA/11; CMA/Microdialysis, Stockholm, Sweden) was lowered into
the left hippocampus. Animals were handled daily (5 min/day) for 5 d prior to behavioral testing. Prior to
maze testing, the microdialysis probe (CMA/11) was inserted into the hippocampal guide cannula, and the
animal was placed into the holding cage located in the testing room. The probe was connected by plastic
tubing to a 1-mL syringe placed in a microinfusion pump (CMA 402; CMA Microdialysis) and perfused
continuously at a rate of 2. uL/min with artificial CSF (CMA Microdialysis). After 120 min of stabilization,
dialysis samples (sample volume 20 uL) were collected every 10 min for a period of 40 min in the holding
cage to determine basal levels of glutamate and GABA in awake rats. During this initial baseline phase, the
animal was free to move about the holding cage. After four baseline samples were collected, the rat was
gently picked up and placed on the center of the maze. Upon completion of 20 min of maze testing, rats
were transferred back to the holding cage, and postbaseline levels of Glu and GABA were collected for an
additional 40 min. Similar to the prebaseline period, during the postbaseline period, the animal was free to
move about the holding cage. Then the perfusion fluid was switched from normal CSF to high KCI-CSF
containing 25mmol/L KCI to depolarize the neurons. Three subsequent samples (30 min) were collected to
capture the stimulated glutamate release. This was followed by the collection of four baseline samples (40
min). The content of glutamate and GABA were determined by high pressure liquid chromatography
(HPLC)

Behavioral study showed that electrolytic lesion of MS significantly impaired SA performance.
Specifically, the percent alternation scores of MS lesioned rats were significantly lower than control rats (P <
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0.05). The number of animals that yielded acceptable microdialysis samples was as follows: control (n = 6),
MS electrolytic lesioned (n = 7). Glutamate release during the 10 min samples taken at the time of the
behavioral testing of control and MS lesioned 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. Although both groups of animals had an insignificant rise in their
respective hippocampal glutamate efflux during the spontaneous alternation the rise of MS lesioned animals
was blunted when compared with control animals.

Hippocampal GABA levels did not change during behavioral testing in both groups (p > 0,05). This
finding, however, does not imply that hippocampal GABAergic transmission is not crucial in the evaluation
of SA. Rather, it may be that the spatiotemporal characteristics of microdialysis sampling are unable to
detect rapid transient changes in GABA efflux or that different sources of GABA (e.g. septohippocampal
inputs vs. local interneurons) are changing in opposite directions, resulting in no net effect.

GABA and glutamate sampled from the brain by microdialysis do not always fulfill the classic
criteria for exocytotic release. In this regard the origin (neuronal vs. astroglial, synaptic vs. extrasynaptic) of
glutamate and GABA collected by microdialysis is still a matter of debate. During basal conditions glutamate
in microdialysates is mainly derived from non-synaptic sources. Indeed recently several sources of astrocytic
glutamate release have been described, including glutamate derived from gliotransmission. However during
conditions of (chemical, electrical or behavioral) stimulation a significant part of glutamate might be derived
from neurotransmission. To separate neurotransmitter glutamate from metabolic one, we used KCl
stimulation.

In the present study, we have investigated the effects of electrolytic MS lesions on KCl-stimulated
release of glutamate and GABA in the hippocampus of freely moving rats. Because the absolute peak
neurotransmitters levels varied greatly between individual animals, which may have obscured significant
group differences, we analyzed the data by comparing the response to KCl stimulation with individual
baseline levels. Rat showing a 25% increase or greater from baseline in response to KCl stimulation were
classified as responders, while those showing a smaller change were classified as non-responders. Table 1
illustrates number of animals in each group with a 25% increase in glutamate and GABA release from
baseline after KCl stimulation. Using this criterion, most of control animals showed increase in KCI-
stimulated glutamate release. By contrast, only one MS lesioned rat showed increase in glutamate release in
response to KCl stimulation. Most of control and MS lesioned rats were non-responders in GABA release in
response to KClI stimulation. Histology verified that the probe was in contact with the hippocampus in all
rat, and that the difference between responders and non-responders cannot be attributed to the probe
location.

We found a selective decrease in KCl-stimulated glutamate release in the hippocampus of MS
lesioned rats compared to the control animals. Therefore, it appears that decreased glutamate release (upon
stimulation) in the MS lesioned rats may contribute to learning impairment in these animals. Several factors
may contribute to the effect of intraseptal lesions. Electrolytic lesions of the MS damage GABAergic and
cholinergic projections from the MS to the hippocampus. Therefore, may be suggested that by destroying
GABAergic septohippocampal projection cells, electrolytic lesion of the MS would reduce disinhibition of
hippocampal pyramidal cells, as GABAergic septohippocampal neurons project primarily to the hippocampal
GABAergic interneurons. Cholinergic septohippocampal projection cells project to hippocampal pyramidal
cells and can directly modulate hippocampal glutamate release.

In conclusion, we propose that SA testing coupled with in vivo microdialysis sampling represents a
suitable approach to revealing the neurochemical correlates of hippocampal-dependent memory function,
and thus could be a useful tool for better understanding of the neurochemical basis of cognitive decline
associated with various disorders and neurodegenerative diseases.

3.5. The effects of immunotoxic lesions of cholinergic and GABA-ergic MS neurons on
spatial memory and expression level of hippocampal NR2B subunit containing NMDA
receptors

In the present study, we investigated the effects of selective immunolesions of cholinergic and

GABA-ergic MS neurons on spatial memory assessed in Morris water maze and expressin level of
hippocampal NR2B subunit containing NMDA receptors.
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There were 12 rats in each of 3 independent groups: (1) sham operated - Control (C), (2) 192 IgG-
saporin MS lesioned (MS-SAP) and (3) GAT1-SAP MS lesioned (MS-GAT). All animals were included in
behavioral testing. At the end of the behavioral experiments half of rats from each group were used in the
immunohistochemical (n=6) and half in immunoblotting (n=6) studies.

Long-term spatial memory was assessed using a Morris water maze. We used a one-day training
protocol with eight training trials. Briefly, the test was divided into the training phase (day 1) and the
retrieval phase 24 h later. Escape platform (10 cm in diameter) was located 2 cm beneath the surface on
training day. On day 1, rats received eight trials, one from each of four equidistantly located start locations
(N, S, E, W) in a randomized sequence. Probe tests, during which the platform was removed from the pool,
were performed 24 h after training. The rats were placed in the pool from a novel drop point (between the
N and E compass points) and allowed to swim for 60 s. Tracking the animal movements in water-maze, also
collection of other numeric data (escape latency, the time spent in different quadrants during the probe test)
was made with an aid of video tracking system designed in our laboratory

The Two Way ANOVA for the escape latency showed no significant effect of group (#271=0.802, P =
0.453) but showed significant effect of block (£i.71=29.739, P < 0.001). There is not a statistically significant
interaction between group and block (f271=1.315, P = 0.275). The results of post hoc analysis of differences
for escape latency between block 1 and block 2 showed significant difference in control (P < 0.001) and in
SAP (P =0.008) and GAT lesioned (P = 0.027) groups.

24 hours after training, a probe test (60s) with the platform removed was performed to assess long-
term spatial memory. Long-term spatial memory of the location of the hidden platform is indicated by
preference for Sis: over Sop. ANOVA was used to examine between-group differences on probe-test
performance indices. The Two Way ANOVA showed no significant effect of group (#2.71=0.787, P = 0.459)
but showed significant effect of sector (£1.71=46.620, P < 0.001) and interaction between group and sector
(#2.71=8.087, P < 0.001). The results of post hoc analysis of differences for time spent in Stest and Sopp showed
no significant difference in GAT lesion (P=0.396) group and a significant difference between sectors of
control and SAP treated groups (P<0.001). During the probe test, trained control and SAP treated rats spent
significantly longer than chance (15 s, dotted lines ) in the test sector (Ses) where the hidden platform was
located (Contr -21.36+2.18, t=2.907, P = 0.014; SAP -21.782+1.703, t=3.982, P = 0.002 ). In contrast, in the
test sector GAT treated rats spent no longer than chance (16.0+1.289, t=0.776, P = 0.454).

The results of our behavioral experiments showed that all rats exhibited a decreased latency to find
the hidden platform across the eight training trials. These findings suggest that selective lesions of different
subsets of septohippocampal projections did not affect learning process in a one-day Morris water maze task.
The hippocampal dependent spatial long term memory of the location of the hidden platform (assessed 24
hours after training) is affected by immunotoxic lesions of medial septal GABAergic, suggest a role of MS
GABAergic neurons in processing information about the spatial environment.

At the end of behavioral testing a random sample of rats from control and MS lesioned groups were
killed and their brains collected in order to perform immunoblotting experiments to determine expression
level of NR2B subunit containing NMDA receptors in the hippocampus. Statistical analysis showed
significant effect of group and post hoc (Tukey's test) analysis showed no significant difference between
control and SAP treated rats (P > 0.05) and significant difference between control and GAT treated rats (P <
0.01). The present experiments indicate that the expression level of NR2B subunit of NMDA receptor in the
hippocampus was decreased significantly in the GAT1-SAP treated group compared with the control and
192 IgG saporin treated groups.

Conclusions:

1. Selective lesions of GABAergic MS neurons reduces the expression of a place response to solve the
dual-solution plus-maze task successfully and suggest a role of MS GABAergic neurons in
processing information about the spatial environment;

2. MS cholinergic lesioned rats use spatial or place strategies effectively

3. There is dissociation between the two major components (cholinergic and GABAergic) of the
septohippocampal pathway in hippocampal dependent spatial memory assessed in an appetitive
dual-solution plus-maze task.
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4. Spatial short-term memory is affected only by electrolytic lesions of the MS. The selective loss of
septohippocampal cholinergic or GABAergic projections does not disrupt the function of the
hippocampus to a sufficient extent to impair spatial short term memory;

5. KCl-stimulated hippocampal glutamate release is decreased by electrolytic lesion of the MS;
decreased glutamate release (upon stimulation) may contribute to spatial memory impairment in
these animals.

o

The hippocampal dependent spatial long term memory (assessed in Morris water maze) is affected

by immunotoxic lesions of medial septal GABAergic, but not cholinergic neurons;

7. Expression of glutamatergic NR2B subunit containing NMDA receptors in the hippocampus are
reduced by immunotoxic lesions of medial septal GABAergic, but not cholinergic neurons;

8. There is correlation between spatial memory impairment assessed in water maze and the reduction
of glutamatergic NR2B subunit containing NMDA receptors expression in the hippocampus
induced by the lession of GABAergic medial septal neurons.

9. Lesion-induced spatial memory impairment may be attributed, at least in part, to the reduction of

hippocampal glutamatergic NR2B subunit containing NMDA receptors expression caused by the

lession of GABAergic medial septal neurons;

The list of papers published by the author on the theme of dissertation:
Articles:

e Mataradze S., Naneisvili T., Sepashvili M., Mikeladze D., Dashniani M. Effects of medial septal
lesion on hippocampal extracellular glutamate and GABA levels during spatial alternation testing.
Georgian Medical News — in press, 2016

e Temur Naneishvili, Sopio Mataradze, Manana Dashniani, Nino Chkhikvishvili, Nino Pochkhidze.

Effects of medial septal lesions on learning strategy selection in plus-shaped maze. Bulletin of the
Georgian National Academy of Science, vol. 10, no. 3, 111-118, 2016

e Dashniani M., Kruashvili L., Rusadze Kh., Mataradze S., Beselia G. Effects of immunotoxic and
electrolytic lesions of medial septal area on spatial short-term memory in rats. Georgian Medical
News, no.1, (239) 98-103, 201

Abstracts:

e S. Mataradze, T. Naneishvili, M. Demurishvili, Kh. Rusadze, M. Burjanadze, T. Kherkheulidze.
Study of selective and conjoint immunolesions of septohippocampal projections on spatial memory
function. 7th International Regional ISBS Neuroscience and Biological Psychiatry Conference ,,
Stress and Behavior”, Miami Beach, FL, USA, 22-24 June, 2016

e G. Beselia, M. Dashniani, M. Burjanadze, L. Kruashvili, S. Mataradze. Effect of chronic memantine
treatment on hippocampal extracellular glutamate and GABA levels during spatial alternation
testing. 7th International Regional ISBS Neuroscience and Biological Psychiatry Conference ,, Stress
and Behavior”, Miami Beach, FL, USA, 22-24 June, 2016

¢ Rusadze Kh., Mataradze S., Beselia G., Modulation of spatial memory and expression of
hippocampal NMDA receptors by septohippocampal projections. Georgian National Academy of
Science, Conference of yung scientists. Tbilisi, Georgia, 18-19 May, 2015

e S. Mataradze, T. Naneishvili, M. Demurishvili, M. Chigladze, Kh. Rusadze. Study of selective
immunolesions of medial septal cholinergic and GABA-ergic neurons on hippocampal dependent
memory and learning process. 9th FENS forum of neuroscience, Milan, Italy, 5-9 Juli, 2014

e Kruashvili L., Mataradze S., Beselia G., Dashniani M., Sepashvili M., Burjanadze M. A stady of

hippocampal extracellular glutamate and GABA levels during spatial alternation testing. ,,Actual

Problems of Physiology and Biomedicine”, XII National scientific conference. Kutaisi, Georgia, 25-

27 September, 2014

2015-2016 — 3 Colloquium.

20



	Importance of septohippocampal projections in hippocampal glutamatergic transmittion and memory function

