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Souhrn

Tato prace byla motivovana snahou Iépe porozumét
specifickym kognitivnim narokm navigace v prostredich s
vice¢etnymi referenénimi ramci a zjistit, jakou Ulohu v tomto
chovani hraji hipokampus a posteriorni parietalni kdra. Hlavni
zavéry této prace jsou:

1. Vyvinuli jsme behaviordlni test ,,vyhybdni se nepfiteli“.
Uvodni série pokust ukazala, Ze laboratorni potkani jsou
schopni planovat svlij pohyb v prostoru s ohledem na vyskyt
pohybujicich se objektl. Navrhli jsme vhodné parametry pro
kvantitativni analyzu chovani v této uloze.

2. Schopnost vyhybat se pohybujicimu se objektu je zavisla na
spravné funkci dorzalniho hipokampu. Naproti tomu v
dasledku inaktivace hipokampu nevznika zadny deficit ve
schopnosti odhadu vzdalenosti od nepohyblivého objektu.
Tyto vysledky ukazuji, Ze hipokampus hraje specifickou tlohu
v kognitivnich procesech souvisejicich s planovanim pohybu v
proménlivych prostifedich. Tento nalez nebyl predikovan
zadnou z obou nejvlivnéjsich teorii o funkci hipokampu (teorie
hipokampové kognitivni mapy a teorie deklarativni paméti) a
predstavuje tak vyznamny argument pro jejich revizi.

3. Léze posteriorni parietalni kliry nenarusuje vyznamné
chovani v uloze vyhybani se nepfiteli.

4. Inercialni podnéty vyvolané rotaci experimentalni arény v
AAPA testu (Uloha aktivniho vyhybani se mistu na rotujici
aréné, kdy trestany sektor je definovany ve vztazném ramci
mistnosti) hraji klicovou ulohu pro nauceni tlohy. Jakmile je
uloha naucena, pfitomnost téchto podnétl neni nezbytna pro
spravné vykonani ulohy a pro jeji spravné vykonani dostacuji
vizualni orientacni body.
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5. Léze posteriorni parietalni kiry nezpUsobuje zavazny deficit
v Uloze vyhybani se mistu na rotujici aréné (at uz je oblast
vyhybdni definovana ve vztazné soustavé arény nebo
mistnosti). Test vybéru referenéniho rdmce presto ukazal, Ze
poskozeni posteriorni parietalni kliry mize ovlivnit schopnost
koordinace dvou prostorovych reprezentaci. Pro potvrzeni
této hypotézy vsak bude zapotrebi uskutecnit dodatecné
experimenty.



1. Uvod

Prosttedi s viceCetnymi referencnimi (vztaznymi) rdmci jsou
charakterizovana pritomnosti dvou nebo vice podskupin
prostorovych podnétl ¢i orientacnich bodl vyuZitelnych pro
navigaci, které se vlci sobé pohybuiji. Jedinym, v soucasné
dobé jiz etablovanym testem prostorové navigace ve
vicecetnych referenénich ramcich je takzvany AAPA test, ve
kterém se pokusny potkan vyhybda neoznacenému sektoru na
pomalu rotujici arénce. Prostorové souradnice ohranicujici
»Zakdzané” misto jsou definovany ve vztazné soustavé
mistnosti (jiné varianty ulohy vSsak mohou misto vyhybani
definovat v soustavé arénky &i v obou zaroveri). Uloha tak
nabizi dva referenéni ramce — referen¢ni ramec mistnosti,
ktery je relevantni pro reSeni ulohy, a referen¢ni ramec
arénky.

Schopnost orientace v prostfedich s viceCetnymi referenénimi
ramci je kognitivné vyrazné naro¢néjsi nez navigace v
prostfedich prostoroveé stabilnich. V behaviordlnich
experimentech tohoto typu musi testovany subjekt ziskanou
prostorovou informaci nejprve pfifadit k pfislusné podskupiné
prostorovych podnétd (tj. referenénimu ramci), poté
rozpoznat referenéni rdmec relevantni pro pfislusnou tulohu a
nakonec jej vyuzit spravnym zplsobem pro navigaci. V
jednotlivych podskupinach prostorovych podnétd navic
mohou prevladat jiné typy viem(; napfiklad v testu AAPA
prevladaji olfaktorické viemy v referencnim ramci arénky,
zatimco vizudlni a fidCeji akustické viemy jsou jedinymi zdroji
prostorové informace z referenéniho rdémce mistnosti. Tato
prostfedi proto kladou znacné naroky také na multimodalni
integraci prostorové informace.



Tato prace byla motivovana snahou Iépe porozumét
specifickym kognitivnim narokim navigace v prostredich s
vicecetnymi referenénimi rdmci a zjistit, jakou Ulohu v tomto
chovani hraji mozkové struktury, které se vyznamné podileji
na navigacnich schopnostech savc(: hipokampus a posteriorni
parietalni klra.

Hipokampus a v SirSim pojeti tzv. hipokampalni formace patfi
mezi viibec neprostudovanéjsi mozkové struktury.
Hipokampadlni formace sestava z oblasti CA1-CA3, gyrus
dentatus (tyto struktury dohromady tvofi vlastni
hipokampus), subikularniho komplexu a entorhindlni,
postrhinalni a perirhinaini klry. Hipokampus a hipokampalni
formace se vyznamné podileji na fadé kognitivnich a
afektivnich (emocnich) funkci. Oboustranné poskozeni
hipokampu je u ¢lovéka ddvano do souvislosti predevsim s
nevratnymi poruchami deklarativni paméti (paméti pro
vzpominky a védomosti), ale také s poruchami emocniho
prozivani (Scoville a Milner, 1957). Obdobné poruchy paméti
byly pozorovany i u nehumannich primatl (Gaffan, 1974,
Mishkin 1978). Naproti tomu u potkan0 byl pfi poskozeni
hipokampu pozorovan predevsim deficit v prostorové
navigaci, jmenovité u téch jejich forem, které vyzaduji
komplexni znalost prostorovych vztah( v prostiedi (O’Keefe a
Nadel, 1978), naptiklad schopnost nalézt skryté misto podle
vztahu k orienta¢nim bod{m v okoli (Morris a kol., 1982).

Dalsi doklady o vyznamné roli hipokampu v prostorové
navigaci pochazeji z elektrofyziologickych méreni aktivity
pyramidovych neuron( v hipokampu. Tyto neurony se chovaji
jako tzv. mistové bunky. Mistové buriky reaguji salvou akénich
potencialll, paklize se Zivocich nachazi na urcitém misté v
daném prostiedi. Toto misto se da povaZovat za urcitou
analogii z fyziologie zndmého pojmu receptivni pole; zde vSak
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hovofime o poli mistovém (O’Keefe and Dostrovsky, 1971).
Kromé mistovych bunék se v hipokampalni formaci nachazeji
dalsi prostorové specifické neurony, neurony smeéru hlavy
(Taube, 1990) a neurony prostorové mtizky (Hafting, 2005).
Poznatky o vyznamu hipokampu pro prostorovou navigaci
vedly k formulaci teorie hipokampalni kognitivni mapy
(O’Keefe a Nadel, 1978), ktera povazuje hipokampus
primarné za neuralni substrat prostorové kognitivni mapy. Z
této teorie vsak nevyplyvaji disledky léze hipokampu pro
deklarativni pamét (Squier 1984). Naproti tomu teorie
deklarativni paméti vychazi z poznatk( ziskanych studiem
¢lovéka a nehumannich primata. Nepredikuje ale dUsledky
Iéze hipokampu pro deficit v prostorové navigaci. Existu;ji
proto snahy tyto dvé nejvlivné;jsi teorie o funkci hipokampu
sjednotit nebo nahradit teorii novou.

Posteriorni parietalni klira je oblast ohrani¢ena
somatosenzorickou, temporalni a okcipitalni oblasti klry.
Posteriorni parietalni klira pokana je povazovana za vyvojové
homologickou lidské (Palomero-Gallagher a Zilles, 2004),
avsak z funkéniho hlediska neni jeji homologie zcela zfejma.
Léze posteriorni parietalni klry je Casto u ¢lovéka a dalsich
primatl provdzena syndromem prostorového prehlizeni
(neglektu). U potkant vak nebyl model syndromu prehlizeni
dosud presvédcivé ukdzan. Jednou z uvazovanych funkci
posteriorni parietalni kliry spoleénou primatiim a potkantm
mUzZe byt pfevadéni prostorové informace z egocentrickych
souradnic na allocentrické (na poloze téla nezavislé). Tato
dovednost je klicova napfiklad pro spravné vykonani urcitého
motorického programu, ktery je ,,naprogramovan“v
egocentrickych koordinatach, zacileného na objekt, jehoz
pozice je kédovana alocentricky. Krom toho bylo ukazano, ze
deficit zplsobeny |ézi posteriorni parietalni kQry je amérny
narokdm na ,,pfevodni kapacitu“. Potkani s lézi posteriorni
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parietalni klry, ktefi se ucili hledat pozici ostrivku v
Morrisové vodnim bludisti podle blizkych orientaénich bodu
(umisténych pfimo v bazénku), byli postizeni vice nez ti, ktefi
pozici ostrivku hledali pomoci vzdalenych orientacnich bod(
(Save a Poucet, 2000). Dvodem tohoto jevu mize byt
skutecnost, Ze orientacni body v blizkosti musi pokusny
potkan pozorovat ve vétsim rozpéti pohledovych Uhll nez
vzdalené orientacni body. Tim jsou na jeho pfevodni systém v
posteriorni parietalni kGife kladeny vyssi naroky a deficit
zpUsobeny |ézi je proto hlubsi. Toto vysvétleni mlzZe vést k
formulaci hypotézy, Ze léze posteriorni parietalni klry zplsobi
behavioralni deficit v tlohach vyzadujicich pozornost vici
pohybujicim se objektlim, a iloham, které kladou zvysené
naroky na koordinaci mezi vice referencnimi ramci.



2. Cile prace

2.1. Vyvinout behaviordlni metody pro testovani prostorové
navigace ve vztahu k pohybujicimu se objektu

2.2. Studovat vliv |éze hipokampu na chovani v Uloze vyhybani
se pohyblivému objektu

2.3. Studovat vliv |éze posteriorni parietdlni kliry v Gloze
vyhybdni se pohyblivému objektu

2.4. Studovat Ulohu inercidlnich podnétd pfi disociaci
prostfedi na dva vztazné ramce

2.5. Studovat Ulohu posteriorni parietalni kliry v navigaci pfi
disociaci prostfedi na dva vztazné ramce?
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3. Material a metodika
3.1. Termokoagulacni léze posteriorni parietalni ktiry

Samci potkand kmene Long-Evans ve véku 3 mésicl byli
anestetizovani kombinaci ketaminu (50 mg/kg i.p.) a xylazinu
(40 mg/kg i.p.). Hlavy potkan( jsme oholili, dezinfikovali,
potkana jsme umistili do stereotaktického pfistroje a provedli
fez v potfebném misté. Po odhaleni lebecni kosti jsme vyvrtali
dva ¢tvercové otvory (na obou strandch ve vzddlenosti 2 az 6
mm posteriorné od bregmy, 1,5 az 5,5 mm mediolateralné od
bregmy). Na obnaZenou plochu tvrdé mozkové pleny jsme
zlehka aplikovali Spicku termokoagulaéniho pfistroje,
kalibrovaného na 180°C, na kazdé misto po dobu asi 1/2 s. Na
oteviené misto jsme aplikovali sterilni gel, lokalni analgetikum
a ranu jsme zasili. Kontrolni zvifata podstoupila analogickou
operaci s vyjimkou aplikace termokoagula¢niho pfistroje. V
obdobi mezi operacnim zakrokem a zapocetim experiment(
byla zvitatim umoznéna ¢trnactidenni rekonvalescence. Po
ukonceni experimentu byli potkani usmrceni preddvkovanim
kombinaci ketaminu a xylazinu, transkardialné perfundovani
fyziologickym roztokem a nasledné 4% roztokem
formaldehydu. Mozky byly vyjmuty, zmraZeny a roziezdny na
50 um silné fezy. Po nabarveni ezl kresyl-violeti byl u vSech
jedinct verifikovan rozsah Iézi parietalni kdry.

3.2. Inaktivace hipokampu tetrodotoxinem

Samci potkan( kmene Long-Evans ve véku 3 mésicu byli
anestetizovani kombinaci ketaminu (50 mg/kg i.p.) a xylazinu
(40 mg/kg i.p.). Hlavy potkan( jsme oholili, dezinfikovali,
potkana jsme umistili do stereotaktického pristroje a provedli
fez v potfebném misté. Po odhaleni lebecni kosti jsme vyvrtali
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dva drobné (d=1 mm) kruhové otvory pro zavedeni
intrahipokampovych kanyl ve vzdalenosti 4,5 mm posteriorné
a 3 mm lateralné od bregmy. Kanyly byly vybaveny zardzkou,
ktera urcovala hloubku jejiho zanoreni pod povrch lebky (2,5
mm). Kanyly byly fixovany okamzité po zavedeni
dentakrylatem. V obdobi mezi operacnim zakrokem a
zapocetim experiment( byla zvifatim umoznéna
¢trnactidenni rekonvalescence. Tficet minut pred zapocdetim
inaktivacniho experimentu jsme injikovali 1ul roztoku
tetrodotoxinu (5 pg/ul) pomoci injekéni kanyly pripojené
silikonovou hadi¢kou k Hamiltonové mikropipeté. Spicka
injekéni kanyly pfesahla konec voperované vodici kanyly o 1
mm, takZe vysledna hloubka aplikace roztoku byla 3,5 mm. Po
ukonceni experimentd byli potkani usmrceni predavkovanim
kombinaci ketaminu a xylazinu a do intrahipokampovych
kanyl byl injikovan 1 ul roztoku inkoustové barvy. Poté byli
potkani transkardialné perfundovani fyziologickym roztokem
a nasledné 4% roztokem formaldehydu. Mozky byly vyjmuty,
zmraZeny a roziezany na 50 um silné fezy. Po nabarveni fezl
kresyl-violeti byl u vSech jedinct verifikovan rozsah barevnych
skvrn a umisténi vodicich kanyl.

3.3.Behavioralni trénink v tlohach vyhybani se pohyblivému
objektu

Oddéleni vztaznych ramcl Ize v behavioralnim experimentu
docilit budto pohybem dvou skupin orientaénich boda vici
sobé nebo pouZitim pohyblivého objektu. Prvni zplisob
vyuziva test vyhybdani se mistu na rotujici arénce. V této ¢asti
prace (publikace Telensky a kol., 2009) jsme se zabyvali
vyvojem vhodného behavioralniho testu s vyuZzitim
pohyblivého objektu. Jako pohybujici se objekt byl nejprve
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pouzivan jiny potkan, v dalSich experimentech (Telensky a
kol., 2011) jsme pouZzili robota.

V nasem noveé vyvinutém behaviordlni testu nazvaném
,Vyhybani se nepfiteli“ (Telensky a kol., 2009) se potkani ucili
vyhybat pohybujicimu se objektu na pokusné aréné tak, aby
vzdalenost mezi pokusnym zvifetem a objektem neklesla pod
25 cm. Experimentalni potkan (subjekt) byl v takovém ptipadé
potrestan slabou elektrickou rankou. Potkani nejprve
podstoupili 14 dnl predtréninkové faze. BEhem ni se ve
dvojicich habituovali na arénu a na pobyt v blizkosti objektu a
naucili se sbirat zrnka potravy dopadajici z krmitka
umisténého u stropu mistnosti. Po predtréninkové fazi byla
zvitata rozdélena do dvou skupin, mezi subjekty a
»,hepratele”. V této fazi jiz subjekti dostdvali slabou
elektrickou ranku jako trest za pfiblizeni se k ,,nepfiteli”.

Nahrazeni ,potkana-nepfitele” robotem v modifikované uloze
vyhybani se nepfiteli (Telensky a kol., 2011) umozZnilo zkraceni
doby predtréninku na 2 a doby uceni na 6 dennich sezeni. Ve
skupiné potkanl s implantovanymi hipokampovymi kanylami
byl v naslednych dvou testovacich sezenich do dorzalniho
hipokampu bilaterdlné aplikovan tetrodotoxin a fyziologicky
roztok.

3.4. Behavioralni trénink v testu vyhybani se mistu na
kruhové arénce

V testu vyhybani se mistu je potkan na dobu dvaceti minut
umistén na kruhovou arénu, ktera rotuje rychlosti jedné
otacky za minutu. Na aréné je definovan sektor, kterému se
ma potkan vyhybat (vstup je trestan slabou elektrickou
rankou). Tento sektor mize byt definovan v referencnim
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ramci arénky (sektor se otaci spolu s arénkou), nebo v
referenénim ramci mistnosti (Uloha AAPA; sektor zlistava na
stejném misté ve vztahu k mistnosti). V experimentu tykajicim
se vyznamu inercialnich podnétl pro navigaci v Gloze
vyhybani se mistu (Blahna a kol., 2011) byla pouZita specialni
zakrytd verze arény pro vyhybdani se mistu, kterd umozriovala
nezavislou rotaci vnitfni ¢asti arény (na které byl umistén
experimentalni potkan) a vnéjsi Casti arény s veskerymi
vnéjsimi orientaénimi body. Potkani byli rozdéleni do dvou
skupin a trénovani po dobu jednoho tydne v odlisnych
variantach ulohy vyhybdani se mistu definovanému vnéjsimi
orientacnimi body. Zatimco prvni skupina byla trénovana ve
vyhybani se mistu za podminek rotace vnitini ¢asti arény,
druhd skupina se vyhybala pfi rotaci vnéjsi ¢asti. Tyto dvé
ulohy jsou totozné z hlediska pritomnych vizudlnich
orientacnich bod, av3ak lisi se pfitomnosti inercialnich
viem(. Mezi inercidlni vjemy, pfitomné pouze v prvni varianté
ulohy, patti vestibularni, taktilni i proprioceptivni stimulace
zpUsobena rotaci experimentalni arénky. V nasledujici tydenni
fazi tréninku se podminky u obou skupin zvifat vyménily.

-14 -



4. Vysledky

4.1. Hodnoceni schopnosti laboratorniho potkana vyhybat
se pohyblivému objektu

Béhem predtréninkové faze se zvirata naucila preferovat
centrdlni ¢ast arénky, kam dopadalo nejvétsi mnozstvi zrnek.
Pokud centralni ¢ast definujeme jako vnitini polovinu plochy
arénky, travili zde potkani v této fazi experimentu kolem 70%
Casu z kazdého dvacetiminutového sezeni. Béhem prvniho
dne uceni se vyrazné zménil zptsob lokomoce u subjektd; ve
vnéjsi poloviné povrchu arénky travili 65% casu a celkova usla
draha poklesla z primérnych 82 na 37 metrd. Tyto zmény v
chovani pfispély ke snizeni poctu vstupl do oblasti 25 cm od
,hepritele” z primérnych 136 z posledniho dne predtréninku
na 64 v prvnim dni tréninku. Béhem nasledujicich deviti dnl
uceni se hodnota poctu trestnych ranek snizila na
asymptotickou hodnotu 15. V dalSich dnech uceni se déle
snizovala celkova usla vzddlenost, avsak mira thigmotaxe
(tendence k setrvavani pri okrajich pokusné arénky) zlstala
na stejné urovni. Abychom zjistili, zda celkové snizeni poctu
ranek je dano pouze pasivnéjsi pohybovou strategii, nebo i
efektivni zménou chovani vedouci ke zlepseni vyhybani,
hodnotili jsme priimérnou uslou drahu mezi dvéma
obdrzenymi elektrickymi rankami. Ukazali jsme, Ze tato
hodnota béhem tréninku vyznamné nardsta. Na feSeni Ulohy
se tedy kromé celkového utlumu lokomoce podili i dalsi,
kognitivni slozka chovani. Analyza vybranych ¢asovych useki
bezprostredné predchazejicich obdrzeni trestné ranky
ukazala, Ze v téchto Usecich je témér vzdy aktivnéjsi potkan-
»hepritel”. Tato skute¢nost nds v dalSich aplikacich ulohy
»vyhybani se nepfiteli“ vedla k nahrazeni potkana-“nepfitele”
robotem.

-15-



4.2. Vyznam hipokampu pro schopnost vyhybani se
pohyblivému objektu

V této praci (Telensky a kol., 2011) jsme se zabyvali vlivem
inaktivace hipokampu na schopnost feseni tlohy vyhybani se
nepfiteli. V tomto experimentu byl jiz potkan-, nepfitel”
nahrazen robotem. Potkani byli rozdéleni do dvou skupin,
které se prislusnou ulohu ucili béhem 6 dn( tréninku. Prvni
skupina se vyhybala robotovi samocinné se pohybujicimu po
arénce, zatimco druha skupina se vyhybala neaktivnimu
robotovi, ktery byl pouze jedenkrat béhem kazdého sezeni
premistén experimentatorem na jiné misto pokusné arénky.
Pfed zapocetim sedmého sezeni byla potkandm do obou
dorzélnich hipokampl vpravena injekce tetrodotoxinu (TTX).
Osmy den byla provedena injekce fyziologického roztoku.
Srovnani vykon( obou skupin mezi 7. a 8. sezenim ukazalo, Ze
inaktivace hipokampu selektivné poskozuje vykonnost
potkan( pouze v Uloze s pohybujicim se robotem (Obr. 1).
Histologicka kontrola experimentl prokazala spravné
umisténi intrahipokampovych infuznich kanyl a odpovidajici
rozsah mozkové tkané zasazeny inaktivaci tetrodotoxinem.

4.3. Vyznam posteriorni parietalni ktiry pro schopnost
vyhybani se pohyblivému objektu

V tomto experimentu jsme porovnavali ueni dvou skupin
potkan( v Uloze vyhybani se pohyblivému objektu. U
experimentalni skupiny byla navozena |éze posteriorni
parietalni kliry, u skupiny kontrolni byla provedena pouze tzv.
falesna (sham) operace. Ve schopnosti obou skupin vyhybat
se pohyblivému objektu nebyl shledan statisticky vyznamny
rozdil. Histologicka analyza vSak potvrdila odpovidajici rozsah
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|ézi posteriorni parietalni kliry u experimentalni skupiny
potkand.

4.4. Vyznam inercialnich podnétl pro nauceni tlohy
vyhybani se mistu

Ukazali jsme (Blahna a kol., 2011), Ze potkani dovedou resit
modifikovanou variantu ulohy vyhybani se mistu pouze tehdy,
pokud byli nejprve trénovani ve standardni verzi ulohy, tj. za
pritomnosti inercidlnich viemU (Obr. 2). Inercialni viemy jsou
tedy dUlezZité pro nauceni tlohy vyhybani se mistu, nejsou
vsak nezbytné pro jeji feseni u predtrénovanych jedincu.

4.5. Vliv léze posteriorni parietalni kiry na chovani
v Ulohach vyhybani se mistu na rotujici aréné

Ve studii Svoboda a kol. (2008) jsme se zabyvali vlivem léze
posteriorni parietalni kiry na schopnost potkana resit Ulohu
vyhybdni se mistu na rotujici aréné. Dvé skupiny zvirat
(skupina s operativné odstranénou posteriorni parietalni
klirou a skupina s faleSnou operaci) byly trénovany v uUloze
vyhybani se mistu definovanému v referenénim ramci arénky.
Po dokonceni pétidenniho tréninku a dvoudenni prestavce
byli potkani uceni v Uloze AAPA. Vysledky neukazaly
statisticky vyznamny rozdil mezi obéma skupinami v Zadném z
obou typ( uloh.

V dalsim experimentu jsme k problému pfistoupili jinou
pokusnou metodou. Potkany jsme trénovali po dobu 7 dnG v
Uloze vyhybani se mistu na stabilni arénce. Osmy den jsme v
druhé poloviné sezeni vypnuli zdroj elektrickych ranek a
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zapnuli rotaci arény. Ze ziskaného zdznamu trajektorie
potkan( jsme vyhodnocovali vyhybani se v jednotlivych
ramcich. Ukazalo se, Ze kontrolni potkani maji silnou
preferenci k vyhybani ve vztazné soustavé mistnosti, zatimco
potkani s |ézi posteriorni parietalni kliry se vyhybaji obéma
mistim zaroven.
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5. Diskuse a zavéry

5.1. Hodnoceni schopnosti laboratorniho potkana vyhybat
se pohyblivému objektu

Vysledky ulohy vyhybdni se nepfiteli (Telensky a kol., 2009)
ukazaly, ze potkani jsou schopni naucit se tlohu vyhybani se
pohyblivému objektu. Potkani byli nejprve trénovaniv
nékolika habituacnich pokusech. Po zavedeni slabého
elektrického impulzu jako trestu za pfiblizeni k druhému
potkanovi pod kritickou hranici (25 cm) reagovali pokusni
jedinci nejprve snizenim lokomoce a zvySenou tendenci
setrvavat pfi okraji arénky (thigmotaxe). Tato prvotni reakce
vedla ke zna¢nému snizeni poctu pfiblizeni trestanych
elektrickym impulzem. V pribéhu tréninku vsak dochazelo k
dalsimu zlepseni vykonu potkant v tloze. V pribéhu uéeni
doslo ke zvySeni poméru uslé vzdalenosti na jeden obdrieny
impulz. Z toho je patrné, Ze kromé thigmotaxe a snizeni
lokomoce se na snizeni poctu ranek podilela i zména strategie
prostorového chovani vedouci k vyhnuti se druhému
potkanovi.

5.2. Vyznam hipokampu pro schopnost vyhybani se
pohyblivému objektu

V této studii (Telensky a kol. 2011) jsme pouzili pozménénou
ulohu vyhybani se nepfiteli, kdy potkana v Uloze ,nepftitele”
nahradil pohybujici se robot, coz vedlo k usnadnéni tlohy pro
pokusna zvirata i vySsi standardizaci testu. Ukazali jsme, Ze
dorzalni hipokampus je nezbytny pro schopnost potkana
vyhybat se pohyblivému, ale nikoli stojicimu objektu. Tento
vysledek zaroven potvrdil, Ze odhad vzdalenosti neni zavisly
na hipokampu. Skutecnost, Ze dorzalni hipokampus hraje
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zasadni Ulohu ve schopnosti vyhybat se pohyblivému objektu,
nebyla teorii hipokampalni kognitivni mapy predvidana. Tato
teorie predpoklada, Ze hipokampus je nezbytny v Glohéch, ve
kterych neni cil pfimo oznacen a je nutné jej lokalizovat podle
vzdalenéjsich orientacnich bod( (O'Keefe a Nadel, 1978,
Morris a kol., 1982). Nas vysledek ukazal, Ze pfima viditelnost
cile neni jedinym rozhodnym faktorem, ale Ze podstatnou roli
muzZe hrat skutecnost, zda je cilovy objekt stabilni, ¢i v
pohybu. Toto zjisténi tak mize napfiklad podporovat nékteré
teorie, podle kterych je hipokampus dllezity pro okamzité
ukladani informaci o proZitych udalostech (Morris a Frey,
1997).

5.3. Vyznam posteriorni parietalni kiry pro schopnost
vyhybani se pohyblivému objektu

V této studii (nepublikovano) jsme nenalezli statisticky
vyznamny rozdil mezi chovanim kontrolnich zvifat a zvifat s
|ézi posteriorni parietalni kliry. Je proto pravdépodobné, ze
test vyhybani se robotu neni pfilis citlivy na deficit zpisobeny
|ézi této mozkové oblasti. Vzhledem k velkému rozptylu dat
vsak tento vysledek zatim povaZujeme za predbéiny.

5.4. Vyznam inercialnich podnéti pro nauceni Glohy
vyhybani se mistu

Vysledky tohoto experimentu (Blahna a kol., 2011) ukazaly, Ze
inerciadlni podnéty (vestibuldrni, taktilni a proprioceptivni
podnéty zplsobené pohybem prostfedi) hraji vyznamnou roli
v Uloze aktivniho vyhybani se mistu na rotujici arénce.
Nauceni prostorové Ulohy je u prevaziné vétsiny zvirat vazano
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na referencni rdmec, ktery je stabilni vzhledem k inercidlni
stimulaci. Jakmile se vsak zvitata nauci ulohu efektivneé resit,
neni pfitomnost inercidlnich podnétl nezbytna.

5.5. Vliv lIéze posteriorni parietalni kliry na chovani
v Ulohach vyhybani se mistu na rotujici aréné

Vysledky experimentu Svoboda a kol. (2008) ukazaly, ze
zvitata s parietalni l1ézi se mohou naucit prostorovou ulohu,
ve které se orientuji podle idioteze (propriocepce,
vestibuldrni vstupy a kopie motorickych signal() a blizkych
orientacnich bod( (pachové a taktilni znacky na arénce)
stejné jako ulohu, ve které se orientuji podle vzdalenych
orientacnich bodl mimo pokusnou arénku. Tento experiment
je vrozporu s praci Pouceta a kol. (2000), ve které autofi
zjistovali vliv 1éze posteriorni parietalni kiiry na schopnost
orientace potkan( v Morrisové vodnim bludisti dle blizkych
(uvnitf bludisté) a vzdalenych (vné bludisté) orientacnich
bod0.

Tento rozpor by mohl byt zplisoben tim, Ze na suché arénce
se potkani orientuji podle pachovych a taktilnich znacek,
které slouzi ke zpfesnéni idiotetické navigace, kterd je bez
moznosti korekce podle exteroceptivnich vstupl nachylna k
rychlé akumulaci chyb (Stuchlik a kol., 2001). Naproti tomu v
Morrisové vodnim bludisti se potkani orientuji vidy aloteticky
(hledaji ponoreny ostrivek podle vztahu k nékolika bodiim
soucasné nezavisle na poloze téla). Oproti vzdalenym
orientacnim boddm, blizké orientaéni body mohou byt
pozorovany v SirSim spektru Ghl{ a relativnich vzdalenosti.
Jinym vysvétlenim tohoto rozporu muze byt skutecnost, Ze
uloha navigace na ostrivek v Morrisové vodnim bludisti (cca
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s

4% povrchu arénky) vyZaduje vyssi pfesnost oproti vyhybani
se pomérné velkému sektoru arény (tvoficimu asi 17%
povrchu).

V dalsim experimentu (nepublikovano) jsme se zaméfili na
vyznam posteriorni parietdlni kliry pro preferenci stabilniho
referenc¢niho ramce (viz vysledky diskutované v oddile 5.4.).
Ukazali jsme, Ze u zvifat s parietalni 1ézi neni patrna
preference pro stabilni referen¢ni rdmec. Tento vysledek
ukazuje, Ze posteriorni parietalni klra hraje dileZitou Ulohu v
segregaci prostorové informace do referenénich ramc(, nebo
v rozpoznani relevantniho referenéniho ramce v pfislusSném
kontextu.
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Summary

1. This work has been motivated by the desire to enhance our
knowledge about specific cognitive requirements of
navigation in multiple reference frames environments and to
understand the roles of the hippocampus and posterior
parietal cortex in this behavior. The main conclusions of this
thesis are:

2. We have developed a novel behavioral test called the
Enemy Avoidance Task. The initial set of experiments has
shown that laboratory rats are able to plan their movement
with respect to a to-be-avoided moving object. Behavioral
performance in the task may be quantitatively evaluated.

3. The aforementioned ability is crucially dependent on the
functional integrity of the dorsal hippocampus. To the
contrary, functional inactivation of the dorsal hippocampi by
local infusion of tetrodotoxin did not cause any impairment in
the ability of the animal to estimate its distance from a non-
moving object. The finding suggests a specific role of the
hippocampus in dynamic cognitive processes required for
flexible navigation strategies such as continuous updating of
information about the position of a moving stimulus. These
results are at odds with the two major theories of
hippocampal function (Cognitive map theory and Declarative
memory theory) and therefore suggest that revision of the
theories is necessary.

4. Lesion to the posterior parietal cortex does not critically
impair avoidance behavior in the Enemy Avoidance Task.
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5. We have analyzed the importance of inertial stimuli
generated by arena rotation in the AAPA task (avoidance of a
room-frame bound sector on a rotating arena). Inertial stimuli
are critically important in the acquisition phase of the task,
but are not indispensable once the task is already learnt.
Following an initial training period, visual stimuli are sufficient
to solve the task.

6. Lesion to the posterior parietal cortex does not cause
major impairment in the place avoidance task on rotating
arena in neither of the reference frames. However, indirect
evidence from the “frame-preference test” shows that PPC
lesion may produce changes in cognitive coordination, i.e. the
ability to separate the frames. However, further research is
needed to confirm the hypothesis.
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1. Introduction

Multiple-reference-frames environments are characterized by
the presence of two or more subgroups of spatial cues, which
may move relative to each other. At the present time, the
only experimentally established spatial test employing
multiple-reference-frames environments is the carousel
arena task, in which a rat avoids an unlabeled sector on the
surface of a rotating arena. In the usual version of the task
(Room Frame Avoidance Task or AAPA task), the avoidance
sector is defined in the room reference frame (i.e., it can be
located exclusively according to room-based cues), but the
apparatus allows variants in which the sector can be defined
by arena coordinates (Arena Frame Avoidance Task) or both
room an arena and room-bound sectors are to be avoided
(Double Avoidance Task). The task thus offers two reference
frames - the room-frame and the arena frame.

The ability to navigate oneself in a multiple-reference-frames
environment is cognitively much more demanding. Behavioral
tasks conducted in these environments require organizing
spatial information into the subsets, to recognize the relevant
subset(s) for the given task and to use the subset(s) for
navigation. Furthermore, different cue modalities may prevail
in the respective frames; whereas olfactory cues will prevail
in the arena reference frame, visual (or occasionally
accoustic) cues provide main sensory input from the room
frame. Such experimental environments thus put increased
demands on multimodal integration of spatial information
cues.

This work has been motivated by the desire to enhance our
understanding about animal navigation in so called multiple
reference frames environments and to assess the
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contribution of the hippocampus and posterior parietal
cortex.

Among the brain structures responsible for spatial orienting
behavior in rodents, the hippocampal formation has received
the most attention from the neuroscience community. The
hippocampal formation sensu lato comprises the archicortical
hippocampus proper (consisting of the dentate gyrus and CA3
to CA1 subfields), the subicular complex, and the entorhinal,
perirhinal and postrhinal cortices. The hippocampal formation
plays a crucial role in a number of cognitive and affective
functions. In the man, bilateral lesions of the hippocampus
results in an irreversible memory impairment or an
impairment of emotional processing (Scoville a Milner, 1957).
Similar memory impairment has been observed also in non-
human primates (Gaffan, 1974, Mishkin 1978). To the
contrary, mostly spatial impairments were observed following
hippocampal lesions in the rat. More specifically, the rats
were unable to perform tasks which requre complex
knowledge of the environment (O’Keefe a Nadel, 1978), such
as to localize a hidden place according to its relationship to
multiple spatial cues in the environment.

More evidence for a substantial role of the hippocampus in
spatial cognition comes from in vivo electrophysiological
recording of hippocampal neurons in freely moving rats.
Pyramidal neurons in hippocampus proper are known to act
as place cells, i.e. they respond with an increased firing rate
whenever the animal finds itself located in a cell-specific
place of an environment, which is therefore referred to as the
place field (O’Keefe and Dostrovsky, 1971). A subpopulation
of place cells active in a given environment covers all
accessible space with place fields. Such an array of neurons is
thus hypothesized to constitute a map-like representation
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(O’Keefe and Nadel, 1978, Muller and Stead, 1996). In
addition to place cells, other spatially responsive types of
neurons were identified in the hippocampal formation,
namely the head direction cells (Taube, 1990) and grid cells
(Hafting, 2005). The Hippocampus-as-a-Cognitive-Map Theory
has been formulated based on the aforementioned findings
about its role in animal navigation. However, this theory does
not predict outcomes of lesions to the hippocampus for
declarative memory. On the other hand, Declarative Memory
Theory (Squier 1984) has been based on data from human
and primate studies, which convincingly show the importance
of hippocampus for declarative memory, but does not predict
the deleterious effect of lesions of the hippocampus on
navigation. Therefore, attempts are being made to reconcile
the theories or to replace the current view with a novel
theory of hippocampal functioning.

Rat Posterior Parietal Cortex (PPC), an associative cortex area
interlaced between somatosensory, temporal and occipital
cortices, has been recently carefully delineated and proposed
to represent an analogue of human PPC (Palomero-Gallagher
and Zilles, 2004). However, whether its function in rats may
be considered analogous to that in primates is a matter of
intense debate. Although PPC lesions in humans are often
accompanied by multimodal neglect for stimuli present in the
contralateral hemifield, similar deficit is only seen in rats to a
limited extent. One of the possible functions of the PPC,
common to both rats and primates, may be the ability to
translate coordinates between egocentric and allocentric (i.e.,
independent of body position) coordinates. This faculty may
be crucial when performing a motor program (coordinated in
egocentric reference frame) directed to an object in space
(allocentrically coded).
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Literary data on both primates and rats may suggest, that the
deficit caused by PPC lesion is proportional to the demands
put on the ,translational capacity” between the reference
frames. PPC lesioned rats trained in the Morris water maze to
localize a platform using intramaze visual cues were impaired
markedly more than rats trained according to extramaze
visual cues. This may be caused by the rat observing the visual
landmarks from a greater variety of angles and relative
distances in the former case. We thus propose the
hypothesis, that PPC-lesioned rats will be impaired in tasks
requiring coordination between multiple reference-frames or
paying attention to a moving object.
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2. Aims of the study

2.1. To develop a behavioral test suitable to assess the ability
of rats to navigate in relation to a moving object.

2.2. To assess the role of the hippocampus in the ,,Enemy
Avoidance Task”.

2.3. To assess the role of the hippocampus in the ,,Enemy
Avoidance Task”.

2.4, To assess the importance of inertial stimuli in navigation
in an environment dissociated into two spatial frames

2.5. To assess the role of the Posterior Parietal Cortex in
navigation in an environment dissociated into two spatial
frames
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3. Material and methods
3.1. Thermocoagulation lesions of the PPC area

Rats were anesthetized with a combination of xylazine (40
mg/kg, i.p.) and ketamine (50 mg/kg, i.p.) and placed in a
Kopf stereotaxic frame. Their heads were shaved at the
intended incision sites. The skull was exposed and two
openings were drilled into the skull to expose the brain at the
following coordinates relative to the bregma: AP -2 to -6, ML
-1.5to -5.5 and ML +1.5 to + 5.5. In the experimental group
(real lesion), bilateral thermocoagulation lesions of PPC were
made by applying the tip (diameter = 0.5mm) of a calibrated
soldering iron (temperature 180° C) directly to the dura mater
for 0.5s at various points within exposed area until the entire
surface was touched. Sterile gelfoam was then placed in the
openings and the wound was sutured, applying locally
lidocaine to prevent pain and an antiseptic to prevent
infection. Sham-operated controls underwent the same
procedure except for applying the soldering tip to the dura.
Before starting the behavioral training, rats were given at
least 14 days for recovery from the surgery. After finishing
behavioral testing, lesioned animals were overdosed with
ketamine and then transcardially perfused by saline and
subsequently with 4%-formaldehyde solution. The brains
were frozen and coronally sectioned into 50-micrometer
sections, stained with cresylviolet and the extents of PPC
lesions were verified.

3.2. Inactivation of the dorsal hippocampus

Rats were anesthetized with xylazine (40 mg/kg, i.p.) and
ketamine (50 mg/kg, i.p.) and placed in a Kopf stereotaxic
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frame. Their heads were shaved at the intended incision sites.
Two one-millimeter wide holes were drilled at following
coordinates relative to the bregma: AP -4.5, ML + 3.0. Two
canulae with skew cut tips were gently lowered 2.5 mm
below the skull surface level. All canulae were endowed with
a stopper, which prevented them from slipping deeper and
they were fixed by dentacrylate immediately after
implantation. Canulae were manufactured by the
experimenters. The canulae can be made by soldering metal
tubes cut from hypodermic needles at a precise lenght. The
wound was sutured and lidocaine was applied locally to
prevent pain and with an antiseptic to prevent infection.
Thirty minutes before the inactivation session, one micro-liter
of tetrodotoxin (TTX) solution (5ug/ul) was slowly pumped
through a needle attached to Hamilton syringe with
polyethylene tubing. The tip of the needle exceeded the
internal apex of the canula by 1mm, so that total distance of
the injection site from skull surface was 3.5mm. The same
procedure was used a day prior to the first training session
for the sake of habituation. Thirty minutes before the control
(8th) trial, a similar procedure was used except that the same
amount of saline was injected into the hippocampi instead of
the TTX solution. After finishing behavioral trainings, animals
were sacrificed through an overdose of ketamine. The
location of the tips of the canulae was verified by a post
mortem ink injection in the same volume as TTX. The animals
were transcardially perfused with saline and subsequently
with 4%-formaldehyde solution. Brains were then removed,
frozen and coronally cut into 50-micrometer sections, stained
with cresylviolet and the location of canulae tips and ink blots
were verified.
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3.3. Behavioral training of object avoidance

Dissociation of reference frames can be experimentally
induced either by mutual movement of two subsets of the
environment (such as rotation of a carousel arena) or by
introducing a moving object into the environment. In the
papers Telensky et al. (2009) and Telensky et al. (2011) we
used a second rat and a moving robot as a moving object,
respectively.

In our newly developped ,enemy avoidance” test (Telensky et
al., 2009), the rats were trained to maintain a distance of at
least 25 cm from the moving object (another rat). Prior to the
experimental sessions, the rats underwent 14 days of pre-
training phase, during which the rat pairs were habituated on
the arena and learned to forage for peeled barley seeds
scattered on the arena from an overhead feeder. The rats
where than randomly assigned to a experimental (subject)
and ,,enemy” (object) groups. During the following training
phase, the subject rats received a mild electric foot-shock
whenever the distance between subject and object dropped
below the critical distance.

In the modified enemy avoidance task (Telensky et al., 2011),
the replacement of ,enemy rat” by a moving robot allowed
for shortening the pretraining and acquisition phases to 2 and
6 days, respectively. On the following two probe sessions, the
rats with intrahippocampal canulae received bilateral
infusions of tetrodotoxin and saline, respectively.
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3.4. Behavioral training in place avoidance tasks on a
carousel arena

In the place avoidance tasks the rat is placed for 20 min on a
slowly rotating (1 rpm) circular platform. The rat is trained to
avoid a sector on an arena which can be either defined by
arena based cues (so that the sector rotates accordingly with
the arena) or by room-based cues (AAPA task; the sector
remains stable in the room while the arena rotates). In a
study exploring the role of inertial cues for navigation in the
AAPA task (Blahna et al., 2011) a modified arena was used
which allowed for an independent rotation of an inner
platform of the arena (where the experimental animal was
placed) and an outer annulus containing all accessible extra-
arena cues. The rats were randomly assigned to either of two
groups and trained for 7 days in two different variants of the
AAPA task. One group was trained in a typical AAPA task, i.e.
the platform was rotated against stable extra-arena
environment. In the alternative task, the belt rotated,
creating an illusion of rotation of the extra-arena world
around the experimental platform, thus providing no inertial
stimulation (vestibular, proprioceptive and tactile stimulation
induced by arena rotation). In the following phase, the
conditions were switched between the groups.
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4.Results
4.1. Avoidance of a moving object

The animals rapidly learned to collect the food pellets
dropped on an arena floor during the 14-day pretraining
phase and showed preference (70% of total session time) for
the central half of the arena surface, where most pellets
could be collected. During the first day of training, the
locomotor pattern of subjects substantially changed; they
spent 65% of total session time in the outer half of the arena
surface and the total elapsed path dropped from the average
of 82 to 37 m. These changes in behavior resulted in a rapid
decrease in the average number of entrances into the 25 cm
distance from the “enemy” rat (136 in the last training day vs.
64 on the first training day). During the following 9 training
session the number of entrances further decreased to an
average asymptotic value of 15 entrances per session. In the
following days, elapsed path, but not number of entrances or
level of thigmotaxis showed a decreasing trend.

To ascertain whether the decrease in number of entrances is
only due to decreased locomotion, or whether a more
efficient behavioral strategy is adopted, we evaluated the
average path elapsed between two foot-shocks. We have
shown, that value of this parameter is constantly increasing
session from session, and therefore, beside inhibition of
locomotion, another cognitive aspect of behavior is involved
in solution of the task. Analysis of the 3-second intervals prior
to each administered foot-shock revealed that in these
intervals the “enemy” rat is almost always more active. This
fact led us to replace the enemy rat with a socially neutral
object, a mobile programmable robot.
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4.2. The role of the hippocampus in avoidance of a moving
robot

In Telensky et al. (2011), we studied effect of inactivation of
the dorsal hippocampus on the ability to solve the Enemy
avoidance task. The rats were divided into two groups, each
receiving six training session. One group avoided a moving
robot, whereas the second avoided stable (switched off)
robot, which was displaced by experimenter in the middle of
each training session to a different place on the arena. Prior
to the seventh and eight sessions, the rats received bilateral
infusion of tetrodotoxin and saline in their dorsal hippocampi,
respectively. Comparison between the 7th and 8th session
revealed no impairment in the stable-robot group, but a
profound deterioration of performance in the moving-robot
group (Fig. 1). Histological analysis showed correct placement
of intrahippocampal canulae and an expected extent of
hippocampal tissue affected by the infusion.

4.3. The role of Posterior Parietal Cortex (PPC) in avoidance
of a moving robot

In this experiment (not published) we compared performance
of PPC-lesioned vs. sham-operated groups of rats in the
Enemy avoidance task with a moving robot. However, no
difference has been proven in performance of both groups.
Histological analysis proved correct extent of cortical damage.
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4.4. The role of inertial cues in acquisition of the AAPA task

We have shown (Blahna et al., 2011), that majority of rats are
only capable of solving the modified AAPA task (without
inertial stimuli) when initially trained in the standard AAPA
task, i.e. in the presence of inertial stimuli (Fig. 2). However,
once the task is acquired, elimination of inertial cues does not
affect performance in the task.

4.5. The effect of Posterior Parietal Cortex lesions on
performance in place avoidance on the carousel arena

In the study Svoboda et al. (2008), we studied the impact of
PPC lesion on the ability of rats to perform place avoidance
on a rotating arena. Both the PPC-lesioned and sham-
operated group of rats were trained in the Arena frame
avoidance task. Following the 5-day training and a 2-day
break, the rats were trained in the standard AAPA task. The
results showed no significant deficit of the PPC-lesioned rats.

In a next experiment (not published), we modified the place
avoidance paradigm. The rats were given 7 daily sessions of
avoidance on a stable (not rotating) arena. On the second half
of the 8th session, the arena started to rotate and the foot-
shock was switched off. We have evaluated the trajectories of
rats offline to assess avoidance of rats in both arena and

room reference frame. The results showed strong preference
for room frame sector and neglect for arena frame sector in
the sham-operated group, but avoidance in both frames was
observed in the PPC-lesioned group.
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5. Discussion and conclusions
5.1. Avoidance of a moving object

The results of the Enemy avoidance task (Telensky et al.,
2009) showed that rats are capable of learning avoidance of a
moving object. Following introduction of foot-shocks in the
training, the rats responded by rapidly decreasing locomotor
activity and increased thigmotaxis. During training, the
average length of elapsed path between two foot-shocks
gradually increased, showing that beside inhibition of
locomotion, a change in spatial strategy occurred to decrease
the number of entrances in the punished area.

5.2. The role of the hippocampus in avoidance of a moving
robot

In Telensky et al. (2011) we used a modified version of the
Enemy avoidance task, in which a programmable moving
robot replaced the ,enemy” rat. This led to marked
facilitation of the task as well as better standardization of the
test. We have shown that intact dorsal hippocampus is crucial
for the ability of rats to avoid a moving, but not a stable
robot. This result also confirmed that distance estimation
ability is not hippocampus-dependent. The fact that dorsal
hippocampus is neccesary for the ability to avoid moving
objects was not predicted by the Hippocampus-as-a-
cognitive-map theory. The theory suggests, that the
hippocampus is necessary when the goal position is unlabeled
and has to be localized using distal landmarks (O'Keefe and
Nadel, 1978, Morris et al., 1982). These data suggest that
visibility of the target is not the sole decisive factor and that
in addition to invisibility of the target, it is the need for
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continuous updating that may itself be sufficient to make a
task hippocampus-dependent.

This view of hippocampal function is closest to a theory
describing the role of the hippocampus in behavior as
automatic recording of attended experience (Morris and Frey,
1997) and emphasizing the importance of the hippocampus in
memory of one’s own experience.

5.3. The role of Posterior Parietal Cortex (PPC) in avoidance
of a moving robot

This experiment (not published) showed no significant
difference between the performance of PPC-lesioned and
sham-operated groups. It is therefore likely that the robot
avoidance paradigm is not sensitive to lesions of the PPC area
of the cerebral cortex. However, due to unusually high
variability in the performance of animals, we consider this
result preliminary.

5.4. The role of inertial cues in acquisition of the AAPA task

The Blahna et al. (2011) study showed that inertial stimuli
play an important role in the acquisition of the AAPA task. In
most animals, the acquisition of the task depends on the
relevant reference frame being stable with regards to the
inertial stimulation or its absence. However, once the task is
acquired, it becomes independent of the inertial stimulation.
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5.5. The effect of Posterior Parietal Cortex lesions on
performance in place avoidance on the carousel arena

Results of the Svoboda et al. (2009) study showed that PPC-
lesioned rats perform equal to sham-operated controls in
both room frame and arena frame avoidance tasks. This data
contradict the results of Poucet et al. (2000) in which the
authors found deficit in navigating relative to proximal
(intramaze) cues in the Morris water maze.

This contradiction may be due to different modality and
encoding strategy of prevailing spatial cues in the respective
tasks. Whereas on the dry platform the animals use tactile
and olfactory intramaze cues to update idiothetic navigation
which is otherwise prone to rapidly deteriorate due to
cumulative error (Stuchlik et al., 2001), the intramaze cues in
the proximal-cue version of the Morris water maze (Poucet et
al., 2000) are visual and the navigation is allocentric (i.e., the
goal is located according to relationship with multiple
landmarks independent on body position). Compared to distal
visual cues, intramaze visual cues may be observed from a
greater variety of angles and relative distances. Another
plausible explanation may be the differing accuracy demands
between the tasks. In the Morris water maze, the animal has
to find a platform representing approximately 4% of the
arena surface, compared to 17% occupied by the to-be-
avoided sector in the place avoidance task.

In a following experiment (not published), we focused on the
role of PPC in the preference of the stable reference frame
(see results discussed in section 5.4). We showed that PPC-
lesioned animals show no clear preference for stable
reference frame. This result suggests that the posterior
parietal cortex play an important role in segregation of spatial
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information into multiple reference frames or in the
recognition of reference frame relevant for a given task.
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Obr. 1. Primérny pocet Sokl aplikovanych béhem uceni ve
verzi s pohyblivym nebo stojicim robotem. *** p<0.001 mezi
7. (bilaterdlni aplikace tetrodotoxinu do dorzdlniho
hipokampuy)a 8. (aplikace fyziologického roztoku) sezenim.

Fig. 1. Average number of shocks administered in moving-
robot (top) and stable-robot (bottom) groups in the robot
avoidance task. *** p<0.001 between 7th (tetrodotoxin
administered bilaterally in the dorsal hippocampi) and 8th
(saline administered) session.
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Obr. 2. Pocet vstupl do trestaného sektoru. Skupina 1 byla
nejprve trénovdna ve standardni (sezeni 1-6) a poté v
modifikované uloze (sezeni 7-10). Skupina 2 byla trénovdna
nejprve v modifikované a poté ve standardni (sezeni 7-14)
verzi tlohy.

Fig. 2. Number of entrances (y-axis) into the punished sector —
comparison of groups across training sessions (y-axis). Group
1 (blue) was initially trained in the standard (sessions 1-6) and
then in the modified task (sessions 7-10). Group 2 (green) was
initially trained in modified and then in standard (sessions 7-
14) task.
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