Reconsolidation of episodic-like memory is affected by
exposure to the predator odor TMT in mice

Dissertation

zur Erlangung des akademischen Grades eines
Doktors der Medizin (Dr. med.)

an der

Medizinischen Fakultat der Universitat Hamburg

vorgelegt von
Oscar Pichlmeier
aus

Rosenheim

2025



Betreuer:in / Gutachter:in der Dissertation: Prof. Dr. Thomas Oertner
Gutachter:in der Dissertation: Prof. Dr. Matthias Kneussel

Vorsitz der Priafungskommission: Prof. Dr. Matthias Kneussel
Mitglied der Prafungskommission: Prof. Dr. Christian Buchel

Mitglied der Prafungskommission: Prof. Dr. Tobias Donner

Datum der mundlichen Prifung: 19.06.2026



Inhaltsverzeichnis

1. Darstellung der Publikation........ccccccccoiiimmmiciiiiinreccsr s 4

1.1 EINIGIUNG . et e 4

1.2 MethOdEN ... 6

IR I = (o 1= o] ] 17T TSR 10

1.4 DISKUSSION ....ceiiieiieieeee e e e e 13
R Y o 1 15
3. Zusammenfassung auf Deutsch........c..ccoommircciiiinniccccree, 27
4. Zusammenfassung auf Englisch ..., 28
5. Literaturverzeichnis ........cccomiiiieeccici e 29
6. AbkilirzungsverzeiChnis ........cccccoviiimieciiniinr e 30
7. Tabellenverzeichnis .........ccovmiiieeeiiiii 31
8. Erklarung des Eigenanteils ... eeeeeeees 32
9. Eidesstattliche Versicherung .........cceceiiiimiiciiiiiirecccirree, 33
L0 D = 1T €= T 1] 4 T 34



1. Darstellung der Publikation

Anmerkung: In der folgenden Zusammenfassung enthaltene Verweise auf
Abbildungen beziehen sich auf die in Behavioural Brain Research publizierte

Originalarbeit.

1.1 Einleitung

Lebewesen sind standig in Kontakt mit Informationen aus der Umwelt und ihrer
Innenwelt. Mit dieser Flut an Informationen flexibel umzugehen, ist fur die
Funktionalitat eines Lebewesens von grof3er Bedeutung. Dafir ist es wichtig,
Informationen zu speichern, im richtigen Moment abzurufen und bei veranderten
Bedingungen zu aktualisieren. Die daflr bendtigten Systeme nennen wir
Gedachtnis (Jancke, 2017).

Das Gedachtnis kann hinsichtlich der Dauer, in der die Informationsverarbeitung
stattfindet, eingeteilt werden in Ultrakurzzeitgedachtnis (sensorischer Speicher fur
wenige Sekunden), Kurzzeitgedachtnis (wenige Sekunden bis wenige Minuten),
Arbeitsgedachtnis (zur Informationsbearbeitung) und Langzeitgedachtnis
(unbegrenzte Dauer). Das Langzeitgedachtnis lasst sich nach Inhalt in
deklaratives und nondeklaratives Gedachtnis unterteilen. Zu Ersterem gehort
gelerntes Faktenwissen (semantisches Gedachtnis) und personliche Erlebnisse
(episodisches Gedachtnis), zu Letzterem gehéren unbewusste, automatisch
ablaufende Prozesse, Handlungen und Konditionierungen. Episodisches
Gedachtnis nennt man die gespeicherten Informationen Uber bestimmte
Erfahrungen und Ereignisse, die zu bestimmten Zeiten und an bestimmten Orten
stattgefunden haben, ein Gedachtnis fur “Was”, “Wo” und “Wann” (Danieli et al.,
2023; Jancke, 2017).

Die Entstehung von episodischem Gedachtnis erfolgt Uber mehrere Schritte.
Informationen Uber Objekte, Raum und Zeit werden im Neokortex gesammelt
(temporo-okzipitalen Regionen flur nicht-raumliche Informationen und posterior-
parietale Regionen fur raumliche Informationen) und gebundelt an den
Hippocampus und angrenzende Areale weitergeleitet. Dort findet zunachst Gber
mehrere Schritte eine Verarbeitung statt, bevor die Information als
Langzeitgedachtnis in hoheren kortikalen Arealen gespeichert wird (Danieli et al.,

2023). Den Prozess der Stabilisierung von labilem Kurzzeitgedachtnis zu



Langzeitgedachtnis nennt man Konsolidierung. Nach der Konsolidierung sind
Gedachtnisinhalte jedoch nicht statisch und unveranderbar abgespeichert. Nach
der Reaktivierung von Langzeitgedachtnis - sprich einer Erinnerung - wird das
Gedachtnis eine zeitlang labil und veranderbar, bevor es wieder zurtiickgespeichert
wird. Diesen Prozess nennt man Rekonsolidierung. Die Verarbeitungsschritte von
gespeichertem Langzeitgedachtnis lassen sich grob in mehrere Phasen
unterteilen: Gedachtnisabruf, Destabilisierung und Rekonsolidierung.
Erinnerungen sind dadurch dynamische Konstrukte, die nach dem Abrufen
verandert werden konnen. Je nachdem, was wahrend der Rekonsolidierung
passiert, kann die Erinnerung verstarkt, abgeschwacht oder aktualisiert werden.
Dieser Prozess erlaubt eine funktionale und flexible Anpassung des
Gedachtnisses an veranderte Umweltbedingungen (Nader et al., 2000). Ein
funktionales Gedachtnis ist von enormer Bedeutung fur Lebewesen. Besonders
auffallig wird das in Situationen, in denen das Gedachtnis dem Individuum nicht
mehr als nuitzliches Instrument dient, sondern selbst zur Belastung wird. Eine
Reihe von psychischen Erkrankungen fallen darunter, wie beispielsweise
Traumafolgestérungen, Angste und Siichte. Der Rekonsolidierungsprozess erlaubt
es, Erinnerungen zu verandern. Damit er6ffnen sich auch potenzielle
Therapiemoglichkeiten, mit dem Ziel, die Rekonsolidierung zu nutzen, um
psychisches Leid zu verringern (Kim et al., 2021; Schwabe et al., 2014).

Mit unserer Publikation verfolgen wir zwei Ziele. Erstens wollten wir eine
standardisierte Verhaltensmethode im Mausmodell entwickeln, die verlasslich
Rekonsolidierung von episodischem Gedachtnis auslost und mit der
Beeinflussungsmaglichkeiten untersucht werden kdnnen. Zweitens wollten wir den
Effekt von Stress auf die Rekonsolidierung von episodischem Gedachtnis
untersuchen und mogliche Mechanismen aufdecken. Es besteht eine
umfangreiche Literatur Uber den Effekt von Stress auf die Konsolidierung und
Erinnerung von episodischem Gedachtnis von Nagetieren. Nur wenige Studien
untersuchen den Effekt auf die Rekonsolidierung und diese haben entscheidende
Limitationen (Pichimeier et al., 2025). Da das episodische Gedachtnis eine
wichtige Rolle flir das Selbstverstandnis spielt, ist es wichtig, die Auswirkungen
von Stress auf die Rekonsolidierung des episodischen Gedachtnisses zu

untersuchen.



1.2 Methoden

Im Rahmen der Publikationspromotion konzentrierten wir uns zum Grof3teil auf
zwei Verhaltensexperimente mit unterschiedlichen Protokollen. Zusatzlich fuhrten
wir pharmakologische Versuche durch und analysierten die Gehirnaktivitat im
dorsalen Hippocampus. Als Versuchstiere benutzten wir mannliche C57Bl/6J
Mause im Alter von 4—-8 Monaten. Zunachst wurde jede Maus Uber mehrere Tage
durch handische Ortswechsel und Laufen auf dem Untersucherarm an die
Interaktion mit Menschen gewdhnt. Damit wurde der Stress durch die
Handhabung fur die Mause minimiert. AuRerdem wurde jede Maus im Vorfeld
durch unterschiedliche basale Verhaltensexperimente (wie dem ,Open-Field Test*
und dem ,Y-maze®) charakterisiert und nach Parametern wie Arbeitsgedachtnis,
Neugierde und Angstlichkeit untersucht, um hinsichtlich dieser homogene
Gruppen zu bilden. Diese Daten sind in der Publikation und Dissertation nicht
abgebildet. Zur Analyse des Rekonsolidierungsprozesses nutzten wir die
Verhaltensexperimente ,One Trial Spatial Learning Test” und ,Water Maze Test".

Der ,One Trial Spatial Learning Test” wurde validiert, um spontane episodische
raumliche Erinnerungen bei Mausen ohne den Einfluss aversiver oder stressiger
Reize zu induzieren und zu bewerten (Fellini & Morellini, 2013). Der Test lief Uber
drei Tage: der erste und dritte Tag fand in einer weillen Kiste, welche durch eine
Trennwand mit Durchgangsloch in zwei Kompartimente unterteilt wurden, statt. In
der oberen rechten und unteren rechten Ecke befand sich ein durchsichtiger
Becher. Am ersten Tag befand sich im oberen Becher eine weibliche Maus und die
Versuchstiere lernten fir 20 Minuten, wo diese zu finden ist. Am zweiten Tag
wurde die Erinnerung vom ersten Tag reaktiviert und Rekonsolidierung induziert.
In einem Protokoll wurden die Versuchstiere hierfur unter rotem Licht in einem
Kafig mit der weiblichen Maus vom Vortag in Kontakt gebracht und rochen diese
fur funf Minuten (Abbildung 1A). In einem anderen Protokoll setzten wir die Mause
zur Reaktivierung des Gedachtnisses fur zwanzig Sekunden dem gleichen
Versuchsrahmen wie am Vortag aus, nur dass diesmal beide Becher leer waren
(Abbildung 1D). Am dritten Tag waren die Mause flr zwanzig Minuten in der
gleichen Kiste wie am ersten Tag, nur dass diesmal beide Becher leer waren.
Somit konnte am dritten Tag ermittelt werden, ob eine Praferenz fur einen der

Becher - und somit eine Erinnerung an den ersten Versuchstag - existiert.



Im ,Water Maze Test“ wurde das raumliche Gedachtnis beurteilt, indem die Mause
in einem kreisformigen Becken mit 145cm Durchmesser schwimmend eine
Plattform von 14cm Durchmesser finden mussen und sich dabei an am Rand des
Beckens hangende Markierungen orientieren konnen. Wir verwendeten zwei
Protokolle: eines zur Induktion der Reaktivierung nach dem Erlernen einer
Plattformposition (Abbildung 3A) und eines zur Induktion der Reaktivierung nach
dem Umkehrlernen, das hei3t nach dem Erlernen einer neuen, veranderten
Position der Plattform (Abbildung 3B). Im ersten Fall hatten die Mause einen
Trainingstag um die Plattformposition zu lernen, wobei sie lernten, von vier
unterschiedlichen Startpositionen die Zielplattform zu finden. Im zweiten Fall
hatten die Mause zwei Tage Zeit, um die Position der ersten Plattform zu lernen.
Am dritten Tag durchliefen die Mause das Umkehrtraining, wobei sich die Plattform
in der Mitte des Quadranten gegenuber der vorherigen Plattformposition befand.
Zur Reaktivierung und Induktion der Rekonsolidierung wurden die Mause 24
Stunden nach dem letzten Lerntag in einem Protokoll dem Wasserbecken auf
einer Plattform sitzend und ohne zu schwimmen flr zwanzig Sekunde ausgesetzt
(Abbildung 3A+B), in einem weiteren Protokoll verbrachten die Mause zwei
Minuten unter rotem Licht auf der Zielplattform in einem mit Wasser gefiillten Kafig
(Abbildung 3C+D). 24 Stunden spater absolvierten alle Mause einen
Transferversuch, bei dem die Mause flur 90 Sekunden ohne Zielplattform im
Wasserbecken schwammen. Damit wurde das Gedachtnis fur die zuvor erlernte
Lokalisation der Zielplattform analysiert. Um die Auswirkungen eines akuten
Stressors auf die Rekonsolidierung zu testen, verwendeten wir einen fur Mause
angeborenen Stressreiz, namlich 2,4,5-Trimethylthiazolin (TMT), das den Geruch
von Fuchskot imitiert und bei Mausen angeborene Angst auslost (Laska et al.,
2005). Als Kontrollgeruch verwendeten wir Buttersaure (BA), die TMT ahnelt, aber
keine angeborene Angst bei Mausen auslost (Endres & Fendt, 2009).

Nach den Protokollen zur Gedachtnisreaktivierung wurden die Mause in beiden
Verhaltensexperimenten in verschiedene Gruppen eingeteilt: ,React (welche nach
der Gedachtnisreaktivierung zurick in den Heimkafig gebracht wurde), und
.,React+TMT“ (welche nach der Reaktivierung in einem separaten Kafig durch
TMT funf Minuten lang gestresst wurden). Im ,One Trial Spital Learning Test"

zusatzlich in ,React+BA* (welche nach der Reaktivierung in einem separaten Kafig



mit Buttersaure-Geruch funf Minuten verbrachte) und ,TMT* (Exposition
gegenuber TMT ohne vorherige Gedachtnisreaktivierung exponiert, um zu testen,
ob TMT generell am nachsten Tag einen Einfluss auf das Verhalten hat).

Zwei weitere Experimente wurden im ,Water Maze Test® durchgefuhrt, um die
Hypothese zu testen, dass die Reaktivierungsprotokolle die Reaktivierung des
raumlichen Gedachtnisses des Labyrinths und der Plattformposition wirksam
induzieren. Im ersten Experiment stellten wir die Hypothese auf, dass eine
Gedachtnisreaktivierung, falls sie auftritt, anschliel3end eine erleichternde Wirkung
auf den Gedachtnisabruf haben sollte. Die Mause lernten am ersten Tag, wo die
Plattform zu finden ist. 24 Stunden spater absolvierten alle Mause einen
Transferversuch. Die Kontrollgruppe fuhrte den Transferversuch ohne vorherige
Handhabung durch, die Open-Field-Gruppe wurde 10 Minuten vor dem
Transferversuch fur 20 Sekunden in ein offenes Feld gesetzt, die Inselgruppe (bei
der wir die Hypothese aufgestellt hatten, dass eine Rekonsolidierung stattfindet)
wurde 10 Minuten vor dem Transferversuch fur 20 Sekunden auf eine Insel in der
Mitte des Labyrinths gesetzt und die Plattformgruppe (bei der wir ebenfalls die
Hypothese aufgestellt hatten, dass eine Rekonsolidierung stattfindet) wurde 10
Minuten vor dem Transferversuch fir zwei Minuten auf die Fluchtplattform in
einem kleinen rechteckigen Labyrinth gestellt (Abbildung 4A+B). Im zweiten
Experiment testeten wir die Hypothese, dass das Reaktivierungsprotokoll eine
Rekonsolidierung der Erinnerung an die Position der Plattform induziert, die
dadurch labil und empfanglich fur neue Lernerfahrungen werden sollte (Besnard et
al., 2012; Nader, 2015). Um diese Hypothese zu testen, trainierten wir die Mause
mit der Plattform an einer ersten Position, wie in Abbildung 3B dargestellt. Am
dritten Tag wurden die Gruppen ,Insel” und ,Plattform” dem jeweiligen
Reaktivierungsprotokoll unterzogen. Die andere Gruppe wurde hingegen wie
zuvor beschrieben fir 20 Sekunden in ein offenes Feld gesetzt (,Open Field®).
Nach einer zehnminutigen Pause, wahrend der sich die Mause in ihrem Heimkafig
befanden, wurden alle Mause vier Umkehrlernversuchen unterzogen, bei denen
die Plattform an einer gegenuber ihrer vorherigen Position entgegengesetzten
Stelle platziert wurde. Am Tag 4, 24 Stunden spater, wurden alle Mause einem

Transfertest unterzogen (Abbildung 4C).



Fur die pharmakologischen Experimente mit dem ,,One Trial Spatial Learning Test"
benutzten wir den Glukokortikoid-Rezeptor Antagonisten Mifepriston (Mif, Merck),
welcher zwischen der Gedachtnisreaktivierung und der TMT-Exposition
intraperitoneal appliziert wurde. Um einen erhohten Kortikosteronspiegel zu
induzieren, wurde CORT (Corticosteron: HBC-Komplex, Merck) in NaCl verdinnt
und 10 Minuten nach dem Reaktivierungsprotokoll in einer Konzentration von 1
mg/kg intraperitoneal injiziert.

In einem weiteren, in der Publikation nicht veroffentlichten Experiment, wurde die
Hirnaktivitat im dorsalen Hippocampus der Mause gemessen. Ziel dabei war
herauszufinden, ob die Induktion von Rekonsolidierung nach dem ,One Trial
Spatial Learning Test* den dorsalen Hippocampus starker aktiviert als die
Durchfihrung des Rekonsolidierungsprotokolls (Kontakt mit weiblicher Maus)
ohne vorherige Erinnerung und somit ohne Rekonsolidierung. Daflr wurden zwei
Gruppen gebildet mit jeweils funf Mausen. Die eine Gruppe absolvierte den ,One
Trial Spatial Learning Test“ und hatte am nachsten Tag Kontakt mit der weiblichen
Maus zur Induktion von Rekonsolidierung, genau wie bei den ersten zwei Tagen
des Verhaltensprotokolls der vorherigen Experimente (Gruppe ,Day 1 Fem®). Die
andere Gruppe absolvierte nicht den ,One Trial Spatial Learning Test", sondern
wurde nur fur 20 Sekunden auf der Hand des Untersuchers gefuhrt und hatte am
darauffolgenden Tag Kontakt mit einer weiblichen Maus, was wegen einer nicht
existenten Erinnerung an diese Maus nicht zu einer Rekonsolidierung fuhrte
(Gruppe ,Day 1 No Fem®). Eine Stunde nach dem Kontakt mit der weiblichen
Maus wurden die Gehirne der Mause entnommen und anschlieend per Vibratom
bearbeitet und die Aktivitat des dorsalen Hippocampus per c-fos
Antikérpermarkierung gemessen. Mit dem Konfokalmikroskop wurden Bilder der
Untereinheiten des dorsalen Hippocampus (CA1, CA2, CA3 und Gyrus dentatus)
und der aktiven Zellen gemacht und diese anschlieend ausgewertet.

Als medizinischer Doktorand war ich verantwortlich flir die Konzeption und
Durchfihrung der Protokolle der Verhaltensexperimente des ,One Trial Spatial
Learning Test® und des ,Water Maze Tests®, sowie die Analyse der Ergebnisse.

Auch flhrte ich die Vortests, die Bearbeitung und Analyse der Mausgehirne durch.



1.3 Ergebnisse

Wir konnten durch unsere Experimente zeigen, dass akuter Stress wahrend der
Rekonsolidierung von episodischem Gedachtnis zu einer schlechteren Erinnerung
im ,One Trial Spatial Learning Test" fihrt. Wir zeigten klare Unterschieden in der
Erinnerungsfahigkeit zwischen den Gruppen an Tag 3. Der Praferenzindex
berechnet sich als die verbrachte Zeit am leeren Becher, subtrahiert von der Zeit
am Becher, der an Tag 1 die weibliche Maus beinhaltet hat. Er zeigt also die Zeit
(in Sekunden) an, die langer am Becher mit der weiblichen Maus verbracht wurde
und reprasentiert die Erinnerungsfahigkeit an Tag 3, an dem beide Becher leer
waren. Einen positiven Praferenzindex hatten die Gruppen ,React, ,TMT“ und
.,React+BA"*, wahrend die Gruppe ,React+TMT" einen Praferenzindex um den
Nullpunkt hatte, also gleich viel Zeit an beiden Bechern verbrachte (Abbildung 1B
und C). Das heiflt, nur die Mause, die nach der Gedachtnisreaktivierung und
wahrend der Rekonsolidierung gestresst wurden, verloren ihre Erinnerung an die
Lokalisation der weiblichen Maus von Tag 1. Gleichzeitig mieden die Mause der
.React+TMT“-Gruppe den Becher des Weibchens auch nicht, was zeigt, dass sie
keine Abneigung gegenuber diesen durch die Intervention an Tag 2 erlernten. Der
positive Praferenzindex der ,TMT“-Gruppe zeigt Uberdies, dass die Erinnerung
ohne Reaktivierung inaktiv bleibt und Stress keinen Einfluss darauf hat. Diese
Ergebnisse zeigten sich bei beiden Protokollen der Gedachtnisreaktivierung
(vergleiche Abbildung 1A-C und 1D-F). Eine negative Auswirkung von Stress auf
die Geselligkeit und die Motivation, nach dem Weibchen zu suchen, konnte durch
weitere Experimente ausgeschlossen werden (Abbildung 2).

Interessanterweise zeigten sich trotz ahnlicher Protokolle abweichende
Ergebnisse im ,Water Maze Test“. Dort hatte Stress nach der
Gedachtnisreaktivierung keinen Einfluss auf die Erinnerung. Sowohl die ,React"-,
als auch die ,React+TMT“-Gruppe zeigte an Tag 3 nach dem Erlernen der
Lokalisierung der Zielplattform und der jeweiligen Intervention an Tag 2 eine
Praferenz fur die Position der Plattform, was sich an der Zeit zeigte, die sie an
dieser Position verbrachten. Dies konnte bei beiden Protokollen der
Gedachtnisreaktivierung gesehen werden (Abbildung 3A und C). Um
auszuschlielen, dass das Gedachtnis durch die Lernversuche zu stark gefestigt

wurde, fuhrten wir weitere Experimente mit weniger gefestigtem Gedachtnis durch.
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Dafur benutzten wir drei Umkehrlernversuche an Tag 3, dessen Erinnerung im
Nachhinein reaktiviert wurde. Auch hier zeigte sich erhaltene Erinnerung fur die
neue Lokalisation der Plattform in beiden Gruppen (Abbildung 3B und D). Der
fehlende Einfluss von Stress wahrend der Rekonsolidierung konnte dadurch
erklart werden, dass unsere Protokolle im ,Water Maze Test* erst gar keine
Reaktivierung der Erinnerung induzieren. Um dies auszuschlieen, fuhrten wir
weitere Experimente durch. Dabei teilten wir Mause nach einem Lerntag in vier
Gruppen ein: ,Control®, ,Open Field®, ,Island“ und ,Platform“. Am nachsten Tag
machten wir einen Transferversuch ohne Zielplattform, um das Suchverhalten der
Mause zu analysieren. Die Gruppen, bei denen das urspringliche Protokoll der
Gedachtnisreaktivierung durchgefuhrt wurde (,Island® und ,Platform®),
schwammen naher an die Plattform heran (Abbildung 4A) und verbrachten mehr
Zeit in der Plattformposition (Abbildung 4B) als die anderen Gruppen wahrend der
ersten 20 Sekunden des Transferversuchs. Diese Ergebnisse deuten darauf hin,
dass die Protokolle zur Reaktivierung des Gedachtnisses des ,Water Maze Tests"
die Erinnerung wirksam hervorrufen, was eine Rekonsolidierung des
Gedachtnisses induzieren konnte. Wenn eine Rekonsolidierung induziert wird,
sollte das Gedachtnis labil und empfanglich fur neue Lernerfahrungen werden.
Dass auch dies durch unsere Protokolle der Fall ist, zeigten wir anhand eines
Protokolls des Umkehrlernens. Bei einem Transferversuch verbrachten die Mause
der Gruppen ,lIsland“ und ,Platform® mehr Zeit im Quadranten einer fur die Mause
neuen Plattformposition als die Mause, die auf zuvor ein offenes Feld gesetzt
wurden (Abbildung 4C). Somit erleichterten die Protokolle zur Reaktivierung des
raumlichen Gedachtnisses des ,Water Maze Tests“ das Ausléschen der zuvor
erlernten Reaktion (Suchen an der ersten Plattformposition) und die
Rekonsolidierung des Gedachtnisses in Bezug auf die neue Plattformposition.

Zusatzlich wollten wir die Mechanismen hinter dem Stresseffekt im ,One Trial
Spatial Learning Test" beleuchten. Daflr untersuchten wir, ob die Beeintrachtigung
der Rekonsolidierung durch einen Glukokortikoidrezeptor-Antagonisten
(Mifepriston, Mif) blockiert werden kann. Am zweiten Tag des ,One Trial Spatial
Learning Test* wurden den Gruppen ,React+Veh+TMT* und ,React+Mif+TMT"
nach der Gedachtnisreaktivierung und vor der TMT-Exposition das Vehikel bzw. 30

mg/kg Mif injiziert (Abb. 5A). Um die mdglichen Auswirkungen von Mifepriston auf
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die Rekonsolidierung zu kontrollieren, wurde einer weiteren Gruppe (,React+Mif")
5 Minuten nach der Gedachtnisreaktivierung ohne Stressprotokoll 30 mg/kg Mif
injiziert. Wahrend des Erinnerungsversuchs am dritten Tag zeigte die Gruppe
,React+Veh+TMT" keine Praferenz fur die Position des Weibchens, was darauf
hindeutet, dass Stress wahrend der Rekonsolidierung das raumliche Gedachtnis
negativ beeinflusste. Im Gegensatz dazu zeigten die Mause in den Gruppen
,React+Mif+TMT*, ,React+Mif* und ,React* eine Praferenz flir den Standort des
Weibchens (Abbildung 5B und C). Diese Ergebnisse deuten darauf hin, dass die
pharmakologische Blockade von Glukokortikoidrezeptoren verhindert, dass Stress
den Rekonsolidierungsprozess stort.

Das bedeutet, dass hinter dem Mechanismus des Stresseffekts unter anderem die
Aktivierung von Glukokortikoidrezeptoren durch Kortikosteron steckt. Um diesen
Mechanismen noch besser zu verstehen, untersuchten wir den Effekt einer
Injektion von CORT wahrend der Rekonsolidierung im ,One Trial Spatial Learning
Test”. Diese Injektion erhohte den Plasmaspiegel von Kortikosteron um einen
ahnlichen Wert wie die Exposition gegentber TMT (Abbildung 6A). Zehn Minuten
nach der Reaktivierung an Tag 2 wurde den Mausen entweder 1 mg/kg CORT
(Gruppe ,Cort“) oder Kochsalzlésung (Gruppe ,Vehicle®) intraperitoneal injiziert,
und sie wurden dann in ihre Heimkafige zurtckgebracht. Beide Gruppen
verbrachten am Tag 3 mehr Zeit am Standort der weiblichen Maus als am Standort
des leeren Bechers (Abb. 6B und C). Folglich stéren pharmakologisch erhohte
CORT-Plasmaspiegel den Rekonsolidierungsprozess nicht und ahmen auch nicht
die Verhaltenseffekte von Stress nach.

Die Analyse der Mausgehirne im Experiment, welches nicht mit publiziert wurde,
ergab keine signifikanten Unterschiede zwischen den zwei im Methodenteil
beschriebenen Gruppen. Die Tabelle 1 zeigt die Anzahl c-fos aktiver Zellen,

eingeteilt in anatomischer Unterteilung des dorsalen Hippcampus und Gruppen.
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1.4 Diskussion

Im bisherigen Text wurde die Funktion und Unterteilung des Gedachtnisses
beschrieben und die wissenschaftliche und klinische Relevanz der Untersuchung
des Rekonsolidierungsprozesses erlautert. Wir konnten eine standardisierte
Verhaltensmethode im Mausmodell entwickeln, die verlasslich Rekonsolidierung
von episodischem Gedachtnis auslést und mit der Beeinflussungsmdglichkeiten
untersucht werden koénnen. Aullerdem zeigten wir, dass Stress wahrend der
Rekonsolidierung von episodischem Gedachtnis im ,One Trial Spatial Learning
Test® die Erinnerung ausloschen kann und zeigten einen Zusammenhang mit
Glukokortikoiden durch pharmakologische Versuche. Dem gegenlber zeigte sich
kein Effekt von Stress wahrend Rekonsolidierung im ,Water Maze Test®, was
bedeuten konnte, dass entweder keine Rekonsolidierung induziert wurde oder der
Stress nicht ausreichend hoch war, um den Gedachtnisinhalt zu beeinflussen.
Weitere Experimente zeigten, dass unser Reaktivierungsprotokoll das Gedachtnis
in anschlieBenden Tests (sowohl die Erinnerung an eine urspringliche
Plattformlokalisation, als auch das Lernen einer neuen Lokalisation) verbesserte,
was darauf hindeutet, dass eine Reaktivierung des Gedachtnis und eine
Rekonsolidierung eintrat.

Eine andere Erklarung fur die unterschiedlichen Ergebnisse in den zwei
Verhaltenstests ist die unterschiedliche Relevanz der Information fur die Mause.
Im ,Water Maze Test* ist die Information Uber die korrekte Lokalisation der
Plattform fur die Maus uUberlebenswichtig. Aus diesem Grund formt sich ein
widerstandsstarkeres Gedachtnis, da es fur die Mause dysfunktional ware, dass
sich solch eine wichtige Erinnerung durch Stress wahrend der Rekonsolidierung
verandert.

Ein weiterer Faktor ist das Ausmal} des Stresses, dem die Mause wahrend der
beiden unterschiedlichen Verhaltenstests ausgesetzt waren. Der ,Water Maze
Test” ist fur die Mause eine stressige Erfahrung, wahrend ,One Trial Spatial
Learning Test® vergleichsweise weniger stressig ist. Folglich kénnte Stress
wahrend der Rekonsolidierung einer bereits stressigen Erfahrung weniger
beeintrachtigend sein als Stress, der wahrend einer weniger stressigen Erfahrung

erlebt wird. Zudem kénnte das Gedachtnis im ,One Trial Spatial Learning Test*
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von Natur aus emotional aufgeladener sein als das im ,Water Maze Test",
wodurch es wahrend der Rekonsolidierungsphase anfalliger fur Stress ist.

Um auszuschlie3en, dass der durch TMT induzierte Stress das Sozialverhalten
der Mause verandert und die Interpretation unserer Daten verfalscht, fuhrten wir
weitere Experimente durch. Wir stellten fest, dass die Mause im ,,One Trial Spatial
Learning Test® am Tag nach der Stresserfahrung immer noch das Weibchen
bevorzugten und der durch TMT induzierte Stress also keinen Effekt auf das
Sozialverhalten hat.

Unsere pharmakologischen Versuche zeigten, dass der negative Effekt von Stress
auf das Gedachtnis durch eine Blockade von Glukokortikoidrezeptoren inhibiert
werden konnte. Gleichzeitig reichten erhéhte CORT-Spiegel allein nicht aus, um
den TMT-Effekt nachzuahmen. Ein neuer, realer Stressor muss also mit erhohten
CORT-Spiegeln wahrend der Rekonsolidierung einhergehen, um das Gedachtnis
zu beeinflussen.

Das Ergebnis des nicht publizierten Experiments, in welchem die Anzahl der c-fos
aktiven Zellen im dorsalen Hippocampus in zwei Gruppen (mit und ohne Induktion
von Rekonsolidierung) ausgezahlt wurde, ergab keinen signifikanten Unterschied
zwischen den Gruppen. Es hatte erwartet werden kdnnen, dass in der Gruppe
,Day 1 Fem® durch die Induktion der Rekonsolidierung mehr aktive (und damit c-
fos positive) Zellen im dorsalen Hippocampus sichtbar sind als in der Gruppe ,Day
1 No Fem®. Interessanterweise waren im gesamten Hippocampus jedoch mehr c-
fos positive Zellen in der ,Day 1 No Fem® Gruppe (4914 Zellen zu 4530
Zellensiehe, siehe Tabelle 1 Spalte ,Grand Total“). Der fehlende signifikante
Unterschied zwischen den Gruppen koénnte daran liegen, dass eine Interaktion mit
der weiblichen Maus (Rekonsolidierungsprotokoll) an Tag 2 den dorsalen
Hippocampus selbst ohne vorherige Erinnerung an diese Maus stark aktiviert.
Unser Protokoll des ,One Trial Spatial Learning Test“ bietet eine kontrollierte
Methode, um speziell auf den Rekonsolidierungsprozess abzuzielen und
unerwunschten Stress und den Einfluss neuer Lernprozesse zu minimieren. Wir
glauben daher, dass unsere Ergebnisse neue Einblicke in den
Rekonsolidierungsprozess liefern und ein verfeinertes Protokoll fur zuklnftige

Forschungen mit Nagetieren bieten.
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ARTICLE INFO ABSTRACT

Keywords: When a memory is reactivated, it undergoes a reconsolidation phase, during which it becomes unstable and can
Memory be modulated. Several studies have shown that cortisol in humans and corticosterone in rodents play essential
Mifepristone roles in learning, consolidating, and retrieving new memories. This study investigates the influence of an acute
Il;/[;f;soh dation innate psychological stressor on the reconsolidation of newly acquired memories in male C57BL/6 J mice. We
Stress designed new protocols to reactivate previously learned memories in two spatial learning tasks, aiming to induce

TMT reconsolidation of hippocampus-dependent episodic-like memory and affect it through stress caused by exposure
to 2,4,5-trimethylthiazoline (TMT), a chemical that mimics the scent of fox feces and induces innate fear in mice.
We observed that exposure to TMT after memory reactivation impaired reconsolidation in a paradigm for one-
trial spatial learning. Moreover, the glucocorticoid receptor antagonist mifepristone blocked the adverse effects
of stress on reconsolidation. On the other hand, the effects of stress were not mimicked by the injection of
corticosterone. Finally, stress did not affect the reconsolidation of spatial memories in the water maze task. Our
results support the assumption that it is not the elevation of plasma corticosterone per se, but rather the stress
context following memory reactivation, that negatively influences the reconsolidation process and subsequent
memory retrieval. In conclusion, this study highlights the complexity of stress responses, which cannot be
pharmacologically mimicked but require the proper behavioral and environmental context, and it provides new
mouse models for investigating the reconsolidation of spatial memories.

1. Introduction divided into several stages: memory retrieval, destabilization, and

reconsolidation. Memory retrieval begins with retrieving a memory,

Our memory enables us to recall past events, allowing us to act more
effectively. Numerous studies have shown that when a memory is
retrieved, it temporarily enters a labile state, necessitating a process
known as reconsolidation to restabilize the previously formed memory
[1,2]. Initially proposed in the early 2000s, memory reconsolidation has
gained considerable attention in neuroscience, as it suggests that
memories are not static entities but dynamic constructs that can be
modified upon retrieval [3-9]. This process has, indeed, profound im-
plications for understanding how memories can be strengthened,
altered, or erased. When a memory is retrieved, it becomes temporarily
malleable, allowing for the updating or integration of new information.
This flexibility can be advantageous, allowing individuals to adjust their
memories in response to new experiences. The process can be broadly

* Corresponding author.
E-mail address: fabio.morellini@zmnh.uni-hamburg.de (F. Morellini).

rendering it labile or susceptible to modification. The evolutionary
importance of the reconsolidation process is suggested by the fact that
its dynamics are conserved throughout evolution [10-13]. For instance,
phylogenetically distant species exhibit vulnerability to pharmacolog-
ical interventions during reconsolidation, ranging from protein synthe-
sis inhibitors to neuromodulator agonists or antagonists and behavioral
interventions [14-19].

Stress is one of the most commonly used behavioral manipulations to
interfere with memory experimentally. When an individual experiences
an acute stressor, the body releases a cascade of hormones, including
cortisol. These stress hormones can alter brain function, particularly in
regions associated with memory, such as the hippocampus and the
amygdala [20-22]. The hippocampus is crucial for forming and recalling
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declarative memories, whereas the amygdala plays a role in processing
emotional memories [23]. Episodic memory, which pertains to our
long-term recollection of personal experiences and events, plays a
crucial role in self-understanding. Consequently, examining the impact
of stress on the reconsolidation of episodic memory is of significant
importance. A few studies have investigated the effects of an acute
stressor on the reconsolidation of episodic memories in humans, sug-
gesting that stress can significantly influence reconsolidation, often with
detrimental effects on memory accuracy and stability [24-27].

Interestingly, despite the extensive literature on the effects of stress
on hippocampus-dependent episodic-like memory consolidation and
retrieval in animal models [28-30], the few studies on reconsolidation
in rodents used recognition associative pavlovian memories such as
those tested in the novel-object recognition test [31] or conditioned
place preference induced by drugs of abuse [32,33]. To our knowledge,
only one study has investigated the impact of stress on reconsolidation
of hippocampus-dependent memories in rodents: Yang et al. [34] re-
ported that cold water stress 12 h after retrieval in the contextual fear
conditioning test impaired the persistence of the long-term fear of the
conditioned context in rats, although it remains unclear whether
reconsolidation is still ongoing 12 h after retrieval [2,4]. Here, to avoid
the confounding factors of using stress to impact the recall of emotional
and stress-related memories, we investigated the impact of an acute
psychological stressor—namely, exposure to a predator’s odor—on the
reconsolidation of episodic memories. Moreover, one significant chal-
lenge in reconsolidation studies is accurately targeting the process
without inducing a new learning event or extinction [35]. Thus, we
designed two protocols to induce reconsolidation without causing
learning or extinction of episodic memories that are not expected to
heighten the anxiety and fear response in mice.

2. Methods
2.1. Animals and husbandry

C57Bl/6 J male mice at the age of 4-8 months were kept in a vi-
varium with an inverted 12:12 light:dark cycle (light off at 7:00). They
were maintained in groups of 4 siblings under standard housing condi-
tions (22 + 1 °C, 40-60 % humidity, food and water ad libitum). Ex-
periments were performed between 9:30 and 17:30 in a room
illuminated with red light (< 10 lux). Three cohorts of animals were
tested at different time points. Experiments were conducted in accor-
dance with the European Community Council Directive (86/609/EEC),
and the State of Hamburg approved the procedures. Care was taken to
minimize pain or discomfort for the animals.

2.2. One-trial spatial learning test

The test was validated to induce and assess spontaneous episodic-like
spatial memories in mice without the influence of aversive or stressful
stimuli [36]. The experiments were conducted in a compartmentalized
square arena measuring 50 cmx 50 cm and 40 cm high, constructed
from white polycarbonate and illuminated with white light (20 lux). A
white partition wall divided the arena into two equally sized compart-
ments, with a central hole that served as a passageway. In one corner of
each compartment, a transparent plastic beaker was placed; one beaker
contained a female mouse during the learning trial, while the other
beaker was empty. Holes (1 cm in diameter) at the base of the beakers
allowed for interaction between the male and female mice. During the
recall trial, both beakers were empty. In the learning trial, the experi-
mental mouse was introduced to the arena with its nostrils contacting
the beaker containing the female mouse, and was allowed to move freely
between the two compartments for 20 min. For the recall trial, which
also lasted 20 min, the experimental mouse was positioned at the
opening between the two compartments. Both beakers remained empty
and were never used to restrain a female mouse. The mazes were cleaned
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between trials using soap, water, and 70 % ethanol. All trials were video
recorded with a camera positioned vertically above the maze and
analyzed using Ethovision XT (Noldus). The preference index was
calculated by subtracting the time spent at the empty beaker from the
time spent at the female’s beaker. The chance level is therefore zero:
Values around zero indicate no preference, negative values indicate a
preference for the empty beaker, and positive values indicate a prefer-
ence for the female’s beaker.

2.3. Water maze test

This test was designed to assess the retrieval of spatial memory.
Before testing in the water maze, mice were familiarized with swimming
and climbing onto a platform (14 cm in diameter) over two days using a
small rectangular maze (40 cm x 30 cm and 50 cm high) filled with
water at a temperature of 22 °C. This rectangular maze was located in
the same room as the water maze. During pretraining, the room was kept
dark and illuminated with dim red light (5 lux). The platform’s position
was alternated between the left and right halves during trials, main-
taining a 5 cm distance from the walls. The mice were trained until they
learned to climb onto the platform immediately, remain there for 10 s,
and then climb onto a wire mesh grid that facilitated their return to their
home cage. All mice successfully learned this task within 2 or 3 training
trials, and training in the water maze commenced the following day. The
water maze was a circular pool with a diameter of 145 cm, filled with
opaque water using non-toxic white watercolor, at a temperature of 21
°C. The maze was situated in a corner of a room, separated from the rest
of the space by brown curtains. Illumination was provided by four
spotlights placed on the floor around the maze, producing uniform
lighting of 60 lux on the water’s surface. To escape the water, the mice
needed to locate an escape platform, 14 cm in diameter, positioned 1 cm
below the water’s surface. Four distinct visual cues, approximately
40 cmx 40 cm in size, were placed asymmetrically around the maze.
During training trials, mice were lowered into the maze from one of four
pseudo-randomized starting positions along the wall. If a mouse did not
find the platform within 90 s, it was guided to it. After staying on the
platform for 10 s, the mice were returned to their home cage and
warmed under an infrared light. Transfer trials were conducted to
evaluate whether the animals developed a preference for searching near
the platform’s location. During these trials, the platform was removed,
and the mice were allowed to swim for 60 s, starting from the center of
the maze. To prevent the extinction of the learned behavior, the transfer
trials were followed by two additional training trials. All trials were
video recorded with a camera positioned vertically above the maze and
analyzed using Ethovision XT. We used two learning protocols, one to
induce reactivation after learning of one platform position, and one to
induce reactivation after reversal learning (Fig. 1A), i.e. after learning a
new position of the platform (Fig. 1B). In the first case, mice had one
training day to learn the platform position and underwent four training
trials, one transfer trial and two training trials. In the second case, mice
had two days to learn the position of the first platform. On day 1, they
underwent four learning trials, and on day 2, they completed two
learning trials, one transfer trial, and two additional learning trials. On
day 3, mice underwent the reversal training protocol, with the platform
located in the center of the quadrant opposite to the previous platform
position. The mice completed three training trials, followed by a transfer
trial. Two further experiments were conducted to test the hypothesis
that the reactivation protocols effectively induce the reactivation of the
spatial memory of the maze and platform position. In the first experi-
ment, we hypothesized that if memory reactivation occurs, it should
have facilitatory effects on memory retrieval when tested in a transfer
trial. The mice underwent four learning trials, one transfer trial, and two
training trials on day 1. On day 2, 24 h after the last training trial on day
1, all mice underwent a transfer trial. The control group performed the
transfer trial without prior handling. In contrast, the open field group
was placed in an open field (with the same illumination as the water
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Fig. 1. Acute stress following memory reactivation hinders subsequent recollection in a one-trial test for spontaneous learning of episodic-like memories. The impact
of stress on reconsolidation was examined using a one-trial spatial learning test. On day 1, the mice learned the location of a female in a maze. On day 2, the mice
underwent memory reactivation by being placed in a cage with a beaker containing a female mouse for 5 min (A-C) or in the maze in the absence of the female mouse
for 20 s (D-F). Following the reactivation protocol, the mice were undisturbed (React) or subjected to a stress protocol using TMT (React+TMT). A separate group of
mice underwent the TMT stress protocol on day 2 without prior memory reactivation (TMT). On day 3, the mice’s preference for the female’s location was assessed.
B,E During the test trial on day 3, the React+TMT group showed no preference for the female location compared to the React and TMT groups. C,F. The time spent at
the beakers during the test trial on day 3 was analyzed, with the female beaker representing the location of the female (Female) on day 1 and the empty beaker

(Empty) representing the location that was empty on day 1. # p < 0.05, ## p <

0.01 compared to chance of 0 (Wilcoxon Signed-Rank test). * p < 0.05, ** p < 0.01,

and *** p < 0.001 (post-hoc test after 1- or mixed 2-way ANOVA). React (n = 20 in B,C; n = 6 in E,F), React+TMT (n = 19 in B,C; n = 6 in E,F), TMT (n = 14 in B,C;

n = 6 in E,F), React+BA (n = 6 in B,C,E,F).

maze) for 20 s, 10 min before the transfer trial. The island group (in
which we hypothesized that reconsolidation occurs) was placed on an
island in the middle of the maze for 20 s, 10 min before the transfer trial.
The platform group (in which we hypothesized that reconsolidation
occurs) was placed for two minutes on the escape platform in a small

rectangular maze (25 cm x40 cm) filled with water, surrounded by black
curtains, illuminated with dim light (10 lux), and in the absence of any
landmarks, 10 min before the transfer trial. In the second experiment,
we tested the hypothesis that the reactivation protocol induces recon-
solidation of the memory of the platform position, which should
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therefore become labile and susceptible to new learning experiences
[37,38]. To test this hypothesis, we trained the mice with the platform at
a first position as done for the protocol indicated in Fig. 1B. On day 3, the
groups island and platform underwent the respective reactivation pro-
tocol. In contrast, the other group was placed in an open field for 20 s as
previously described (open field). After a ten-minute break during which
the mice were in their home cage, all mice underwent four reversal
learning trials in which the platform was placed in an opposite location
to its previous position. On day 4, 24 h after the last training trial on day
1, all mice underwent a transfer trial.

2.4. Protocols for memory reactivation

To investigate the effects of stress on memory reconsolidation, mice
underwent memory reactivation protocols designed to induce this pro-
cess. The reactivation protocols were done one day after the last learning
day. For both cognitive tasks used (i.e., the water maze and the one-trial
spatial learning test), we designed two different protocols to reactivate
the spatial memory. In one case, the protocol aimed at exposing the mice
to the maze used during learning, and for which they supposedly created
a cognitive map, without experiencing the salient reward and stimulus
typical for each test (i.e., climbing on the escape platform of the water
maze or sniffing the female mouse in the one-trial spatial learning task).
In the water maze, this was done by placing the mouse on a
20 cmx 20 cm island located in the center of the maze for 20 s, after
which it was returned to its home cage without any swimming experi-
ence. In the one-trial spatial learning test, this was achieved by placing
the mice in the maze for 20 s, as in the learning trial on day 1, in the
absence of the female mouse, before returning them to their home cage.
The other set of protocols was designed to expose the mice to salient
stimuli of the cognitive tasks (i.e., staying on the escape platform sub-
merged under water for the water maze test and the presence of a female
mouse for the one-trial spatial learning test) but in a new setup without
the spatial information that they had learned and memorized. In the
water maze, this was achieved by placing the mice on the escape plat-
form for 2 min in a rectangular maze (25 cmx40 cm) filled with water,
surrounded by black curtains, and illuminated with red light (10 lux). In
the one-trial spatial learning test, the memory reactivation protocol
consisted of placing the mice under red light for 5 min in a standard cage
(830 cmx20 cm x 15 cm) with fresh bedding and a beaker containing a
female mouse.

2.5. TNT-induced acute stress

To test the effects of an acute stressor on reconsolidation, we used an
innate stressful stimulus for mice, namely 2,4,5-trimethylthiazoline
(TMT; W332518, Sigma-Aldrich), which mimics the scent of fox feces
and is known to induce innate fear in mice [39]. As a control odor, we
used butyric acid (BA; B103500, Sigma-Aldrich) that resembles TMT but
does not elicit innate fear in mice [40]. Following the memory reac-
tivation protocols, the mice were divided into three groups: React,
React+TMT, and React+BA. All mice were then returned to their home
cage. The React group was left undisturbed. In contrast, mice in the
React+TMT and React+BA groups were placed in a Type III cage
(42 cmx26 cm x 15 cm) without bedding for 5 min 10 min after the
reactivation protocol: The cage contained 1 pl of either TMT (React+BA
group) or BA (React+BA group) on a 2 cmx 2 cm Whatman paper
attached to one wall. Additionally, a third group (TMT) underwent the
stress protocol with TMT without prior memory reactivation. This group
was included to determine whether any observed effects of stress on
memory recall were due to its interaction with the reactivation protocol
or were instead the result of generalized fear induced in the mice. The
day after the reactivation protocol, the mice participated in a test trial
(either a 60-second transfer trial in the water maze or a 20-minute recall
trial in the one-trial spatial memory test) to analyze the potential effects
of stress on reconsolidation.
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2.6. Corticosterone assay and pharmacology

Blood was collected in heparinized collection tubes (Sarstedt) and
centrifuged at 2500 g for 20 min at 4 °C. The plasma was then collected
and stored at —20 °C. Plasma corticosterone (CORT) levels were
measured using a competitive ELISA kit for CORT (Invitrogen),
following the manufacturer’s instructions. CORT (Corticosterone: HBC
complex, Merck) was diluted in NaCl and injected intraperitoneally at a
concentration of 1 mg/kg, 10 min after the reactivation protocol.
Mifepristone (Mif; Merck) was diluted in 1 % ethanol in polyethylene
glycol (PEG 400) (Hampton Research). Mif (30 mg/kg) or vehicle was
injected intraperitoneally 5 min after the reactivation protocol and
5 min before the TMT exposure.

2.7. Statistical analysis

The Wilcoxon ranked test was used to compare the group median
against a median of O for the preference index (calculated as “time at the
female beaker” minus “time at the empty beaker”) in the test trial of the
one-trial spatial learning test. When appropriate, one-way ANOVA and
mixed two- or three-way ANOVA tests were applied, followed by post
hoc $idak’s multiple comparisons tests. All tests were two-tailed, and the
significance level was p < 0.05.

3. Results

3.1. Acute stress after reactivation impairs further recollection of episodic-
like memories in the one-trial spatial learning test

During the exposure trial on day 1 of the one-trial spatial learning
test, all mice spent more time at the beaker containing a female mouse
compared to the empty beaker (data not shown). The mice were then
assigned to four groups (React, React+TMT, TMT, and React+BA),
ensuring that their performance on day 1 was comparable across all
groups. On day 2, mice in the React, React+TMT, and React+BA groups
underwent the reactivation protocols, either by being placed for 5 min
in a fresh cage with a beaker containing a female mouse (Fig. 1A-C) or
for 20 s in the maze with both beakers empty (Fig. 1D-F). The mice were
then returned to their home cage. Ten minutes after reactivation, the
React+TMT and React+BA groups were placed in a Type III cage con-
taining TMT or BA, respectively, for 5 min, and then returned to their
home cage. During the recall trial on day 3, the control groups (React,
TMT, and React+BA) exhibited a preference for the female’s beaker,
indicating that they remembered the spatial information learned on day
1 (Fig. 1B,E). In contrast, the React+TMT groups showed no preference
that was significantly reduced compared to the other groups (Fig. 1B,
one-way ANOVA: F355= 6.00, p = 0.0005; Fig. 1E, one-way ANOVA:
Fo15= 8.42, p = 0.003). Specifically, the React+TMT groups spent an
equal amount of time at the female’s beaker and the empty beaker
during the recall on day 3 (Fig. 1C, effect of the interaction between
groups and beakers by a mixed 2-way ANOVA: F3 55= 3.32, p = 0.029;
Fig. 1F, effect of the interaction between groups and beakers by a mixed
2-way ANOVA: Fj15= 8.42, p = 0.003). The mice in the React+TMT
groups did not avoid the beaker at the female location on day 3, indi-
cating that they did not develop a learned aversion to the female’s
beaker following the TMT intervention (Fig. 1C, F). These findings
suggest that stress impairs the reconsolidation of recently acquired
memories when memory reactivation occurs immediately before stress
induction. Conversely, if reactivation is omitted, the memory remains
inactive, and stress does not affect it. Notably, the same results were
obtained regardless of the reactivation protocol used. It could be hy-
pothesized that the lack of a preference for the female beaker during the
recall trial was not caused by impaired memory reconsolidation, but
rather by an adverse effect of stress on sociability and the motivation to
search for the female. To test this hypothesis, a new cohort of mice
underwent the same protocols with the only difference that during the
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test trial on day 3 a beaker contained a female mouse as during the
learning trial on day 1 (Fig. 2A). All groups showed a preference for the
beaker containing the female mouse compared to the empty beaker,
suggesting that the stress protocol did not affect the motivation to
investigate the female mouse (Fig. 2B,C).

3.2. As tested in the water maze paradigm, acute stress after reactivation
does not affect further recollection of spatial memory

In the water maze test, all mice quickly learned the location of the
hidden platform, as evidenced by the low distance they traveled to reach
the platform at the end of the learning session (318.34 ¢cm +/- 27.15 cm)
and their search strategies during the transfer trial on day 1 (time in
target quadrant: 52.51 % +/- 6.02 %). Mice were then assigned to the
React and React+TMT groups to ensure that there were no differences in
their performance on day 1. On day 2, the mice underwent the reac-
tivation protocols, either by being placed for 20 s on an island in the
center of the maze (Fig. 3A), or 2 min on the escape platform in a small
rectangular maze (Fig. 3C). Afterward, the mice were returned to their
home cage. The mice of the React+TMT groups were placed in a Type III
cage with the TMT odor for 5 min, ten minutes after the reactivation
protocol. Memory for the platform position was assessed using a transfer
trial on day 3. Both groups showed a preference for the platform loca-
tion, as indicated by the time spent in the platform’s position (Fig. 3A;
React 2.75s + 0.8s, React+TMT 2.68s £+ 0.9s, p > 0.05) (Fig. 3G;
React 2.80s+0.9s, React+TMT 2.85s+0.9s, p > 0.05) and the
average minimal distance to the platform border (Fig. 3A; React
30.05cm + 5.20 cm, React+TMT 31.85cm + 4.92cm, p > 0.05)
(Fig. 3C; React 29.48 cm + 5.92 cm, React+TMT 30.93 cm + 6.42 cm,
p > 0.05). Thus, exposure to a stressor after memory reactivation did
not affect the reconsolidation and retrieval of the platform position
memory.

A Day 1

Day 2
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The lack of an effect of stress could have been due to the memory
being strongly established after training, rendering it resistant to
modification by stress during reconsolidation. We wondered whether
the reconsolidation of a newly learned platform position, following
three reversal learning trials, could be susceptible to the effects of stress.
We, therefore, performed a new experiment with three reversal learning
trials on day 3, during which the platform was located opposite the
position used during the initial learning sessions on days 1 and 2. On day
4, the mice underwent the memory reactivation protocols, with half of
them subjected to the stress protocol 10 min afterward (Fig. 3B,D).
When the mice underwent a transfer trial on day 5, they showed a
preference for the new target quadrant, and no differences were detec-
ted between the React and React+TMT groups (Fig. 3B,D).

3.3. The memory reactivation protocols in the water maze test facilitate
memory retrieval and reversal learning

It could be argued that the lack of an effect of stress in the water maze
tests may be due to the protocols used being insufficient to induce
memory reactivation and, thereby, reconsolidation. To test this hy-
pothesis, we conducted a new experiment using the water maze task,
assuming that if memory reactivation occurs, it should facilitate subse-
quent memory retrieval. We assigned the mice to four groups: control,
open field, island, and platform groups, ensuring that there were no
differences in their performance during the transfer trial on training day
1. All mice underwent a transfer trial on day 2, 24 h after the last
training trial on day 1. The control group performed the transfer trial
without prior handling. In contrast, the open field, island, and platform
groups underwent a behavioral manipulation 10 min before being tested
in the transfer trial: the open field group an open field (with the same
illumination as the water maze) for 20 s, the island group was placed on
an island in the middle of the maze for 20 s, and the platform group was
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Fig. 2. Acute stress following memory reactivation does affect the preference for a female mouse. A. On day 1, the mice learned the location of a female in a maze.
On day 2, the mice underwent memory reactivation by being placed in a cage with a beaker containing a female mouse for 5 min (React 1) or in the maze in the
absence of the female mouse for 20 s (React 2). Following the reactivation protocol, the mice were undisturbed (React 2) or subjected to a stress protocol using TMT
(React 1 +TMT and React2 +TMT). On day 3, the mice’s preference for the female was assessed. B. All groups showed a preference for the beaker located at the
female’s position. # p < 0.05 compared to chance of 0 (Wilcoxon Signed-Rank test). C. All groups spent more time at the beaker located at the female position
(Female) compared to the other beaker (Empty). The sample size was n = 6 for each group.
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Fig. 3. Acute stress following memory reactivation does not impact the reconsolidation of spatial memory in the water maze test. A,B. In the water maze paradigm,
mice that underwent the stress protocol 10 min after being placed for 20 s on an island in the middle of the water maze on day 2 (React+TMT) exhibited normal
spatial memory retrieval during the transfer trial one day after spatial learning (A) and reversal learning (B), indicating preserved memory as the mice that received
no stress after reactivation (React). C,D. In the water maze paradigm, mice that underwent the stress protocol 10 min after being placed for 2 min on the escape
platform placed in a small squared maze on day 2 (React+TMT) exhibited normal spatial memory retrieval during the transfer trial one day after spatial learning (C)
and reversal learning (D), indicating preserved memory as the mice that received no stress after reactivation (React). That target quadrant on days 3 and 5 in B,D was
opposite to the target quadrant on day 2. The sample size was n = 8 for each group in A and B, n = 10 for each group in B, and n = 7 for each group in D. The dotted

lines indicate the chance of 25 %.

placed on a platform in a small rectangular water maze for 2 min. All
groups showed a preference for the target quadrant and target position
(Fig. 4A,B); however, the island and platform groups swam closer to the
platform (Fig. 4A; effect of the interaction between group and day:
F3 37= 5.85, p = 0.002) and spent more time in the platform position
(Fig. 4B; effect of the interaction between group and day: F3 37= 6.39,
p = 0.013) as compared to the control and open field groups during the
first 20 s of the transfer trial. These results indicate that the protocols
used to reactivate the memory of the water maze effectively prompted
recollection, suggesting they can induce memory reconsolidation. If
reconsolidation is induced, the memory should become labile and sus-
ceptible to new learning experiences. To test this hypothesis, we trained
a new cohort of mice for two days. On day 3, two groups underwent the
reactivation protocols: one by being placed for 20 s on an island in the
water maze (island) and the other group being placed for 2 min on a
platform in the small rectangular maze (platform). A third group was
placed in an open field for 20 s (open field). After a ten-minute break, all

mice underwent four reversal learning trials in which the platform was
placed opposite its previous location (Fig. 4C). When tested in a transfer
trial one day thereafter, the mice from the island and platform groups
spent more time in quadrant of the new platform position compared to
the mice placed in the open field (Fig. 4C; effect of the interaction be-
tween group and position: Fp 23= 6.42, P = 0.006). Thus, the protocols
used to reactivate the spatial memory of the water maze facilitated the
extinction of the previously learned response (searching at the first
platform position) and the consolidation of the memory related to the
new platform position.

3.4. The GR antagonist mifepristone blocks the effects of stress on
reconsolidation in the one-trial spatial learning test

Subsequently, we tested whether the impairment of reconsolidation

induced by the stress response following TMT exposure could be phar-
macologically prevented by blocking the glucocorticoid receptor (GR)
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groups, and compared their performance during a transfer trial on day 1. C. Ten minutes before being trained in a reversal learning protocol, mice were either placed
in an open field for 20 s (open field), on an island in the water maze for 20 s (island), or on the escape platform in a small rectangular maze for 2 min (platform). After
reversal learning, the island and platform groups spent more time in the quadrant corresponding to the new platform position than the open field group, and also
spent more time in the quadrant corresponding to the old platform position. The dotted line in A-C indicates the chance of 25 %. * p < 0.05, ** p < 0.01, and ***
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control (n = 12), island (n = 7), platform (n = 6).

using the GR antagonist mifepristone (Mif). For this purpose, four
groups were established. On day 2, 24 h after the learning trial in the
one-trial spatial learning test, the React+Veh+TMT and Reac-
t+Mif+TMT groups were injected with the vehicle or 30 mg/Kg Mif,
respectively, 5 min after memory reactivation (by placing the mice
5 min in a fresh cage with a beaker containing a female mouse) and
5 min before being exposed to TMT (Fig. 5A). A control group (React)
underwent memory reactivation without receiving injections or expe-
riencing stress. To control the possible effects of Mif on reconsolidation,
another group (React+Mif) was injected with 30 mg/kg Mif 5 min after
memory reactivation without undergoing the stress protocol. During the
recall trial on day 3, the React+Veh+TMT group showed no preference
for the female’s position, indicating that stress during the

reconsolidation phase negatively affected spatial memory (Fig. 5B; one-
way ANOVA on preference index: F3 49= 3.68, p = 0.018) (Fig. 5C; ef-
fect of the interaction between group and beaker after a mixed 2-way
ANOVA: F349= 3.48, p = 0.042). In contrast, the mice in the Reac-
t+Mif+TMT and React+Mif groups exhibited a preference for the fe-
male’s location, showing no significant difference from the React group
(Fig. 5B,C). These results suggest that the pharmacological blockade of
GRs can prevent stress from disrupting the reconsolidation process.

3.5. Pharmacologically-induced high plasma CORT concentration does
not affect memory reconsolidation in the one-trial spatial learning test
that the stress-induced

Finally, we tested the hypothesis
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Fig. 5. The effects of stress on reconsolidation are pharmacologically inhibited by the glucocorticoid receptor antagonist Mif. A-C. On day 3 of the one-trial spatial
learning test (A), mice injected with a vehicle solution before the stress protocol with TMT (React+Veh+TMT, n = 16) exhibited a lower preference index for the
female’s location compared to mice that were not stressed after the reactivation protocol (React, n = 15), to those injected with 30 mg/kg of Mif before the TMT
stress protocol (React+Mif+TMT, n = 16) and to those injected with 30 mg/kg of Mif after the reactivation protocol (Reract+Mif, n = 6) (B). C. The time spent at the
beakers during the test trial on day 3 was analyzed, with the female beaker representing the location of the female on day 1 and the empty beaker representing the
location that was empty on day 1. # p < 0.05, ### p < 0.001 compared to chance of 0 (Wilcoxon Signed-Rank test); * p < 0.05, ** p < 0.01, and *** p < 0.001

(post-hoc test after 1- or mixed 2-way ANOVA).

reconsolidation impairment can be triggered solely by the injection of
CORT. Before this, we tested whether an injection of 1 mg/kg CORT
increases CORT concentration in blood plasma similarly to that induced
by a 5-minute exposure to TMT. Four groups were established: one
treated with the vehicle, one with 1 mg/kg CORT, one exposed to TMT
for 5 min, and one left undisturbed in the home cage before blood
sampling (cage control). The mice were sacrificed 15 and 30 min after
the injection of TMT, and the CORT concentration in the extracted blood
plasma was measured using an ELISA. Fifteen- and thirty-minutes post-
injection, the plasma CORT concentration in the 1 mg/kg CORT group
was comparable to levels observed following TMT exposure and higher
than those in the vehicle and cage control groups (Kruskal-Wallis test
15 min P = 0.003; Kruskal-Wallis test 30 min P = 0.004; Fig. 6A). Based
on the ELISA results, we can conclude that exogenous CORT adminis-
tration is sufficient to achieve CORT levels comparable to those
measured during stress (Fig. 6A). We then tested whether 1 mg/kg
CORT could affect reconsolidation similarly to what was observed with
exposure to TMT. On experimental day 2, one day after learning in the
one-trial spatial learning test, the mice underwent the reactivation
protocol by exposing them to a female mouse in a fresh cage. Ten mi-
nutes thereafter, they were intraperitoneally injected with either 1 mg/
kg CORT or saline, and then returned to their home cages. On the
following day (experimental day 3), all mice underwent the recall trial
(20 min in the arena with both beakers empty). The behavioral data
indicate no effect of CORT on reconsolidation. Both the CORT and saline
groups spent significantly more time at the female’s location than at the
empty beaker location in the test trial on day 3 (Fig. 6B; t-test on the
preference index: tog= 0.44, p = 0.66) (Fig. 6C; effect of the interaction
between group and beaker: Fj26= 0.20, p =0.66). Consequently,
pharmacologically elevated CORT plasma levels do not disrupt the
reconsolidation process or mimic the behavioral effects of stress.

4. Discussion

Memory reconsolidation represents an opportunity to modify or
disrupt a memory trace, which can be particularly useful in treating
various psychiatric and psychological disturbances [41,42]. At the same
time, the experience that leads to reactivation should not result in a new
learning experience, whether by reinforcing the memory through the
presentation of a reinforcer or by inducing reversal learning or extinc-
tion. Typically, reactivation in animal studies is achieved by exposing
the mice to previous conditions with or without the reinforcing stimulus,
which could potentially induce extinction or a new learning process,
respectively [17,43]. For example, in the water maze, reactivation is
induced either by a transfer trial, where the mice swim in the pool
without the reward (i.e., the escape platform), or by a learning trial,
where the mice swim and find the escape platform. It is, therefore, ex-
pected that the protocol without the platform could cause extinction. In
contrast, the protocol with the escape platform builds on previous
learning sessions to reinforce the conditioned response to search at the
platform position. To avoid similar effects, we designed new protocols to
induce reactivation under conditions that exclude the possibility of
extinction or new learning processes.

Forcato and colleagues [44] proposed that the proper reminder
should be sufficient to induce reconsolidation without inducing extinc-
tion, have an adequate time offset with a clear end, and not include
reinforcement, creating a discrepancy between the animal’s expectation
and the actual outcome. Following these criteria, we designed two sets
of protocols in which the mice were exposed only to a subset of the
stimuli typical of the learning experience: either to the maze without the
reinforcement, or to the reinforcement but in a new environment
without the salient visual cues learned for navigation. If our protocols
were sufficient to induce reconsolidation, the memory should become
vulnerable to perturbations after reactivation. Indeed, when tested 24 h
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Fig. 6. Pharmacologically induced elevated plasma CORT levels following memory reactivation do not influence memory reconsolidation. A. Intraperitoneal
application of CORT (1 mg/kg) induces similar CORT plasma levels as the TMT-exposure used to induce stress after memory reactivation. B. CORT (1 mg/kg) injected
after the reactivation protocol on day 2 of the one-trial spatial learning paradigm did not affect the preference for the female location as tested on day 3. # p < 0.05,
### p < 0.001 compared to chance of 0 (Wilcoxon Signed-Rank test). C. The time spent at the beakers during the test trial on day 3 was analyzed, with the female
beaker representing the location of the female on day 1 and the empty beaker representing the location that was empty on day 1. *** p < 0.001 (post-hoc test after a
mixed 2-way ANOVA). The sample size for each group in B and C was n = 14.

after reactivation, the stressed mice did not show a preference for the
female’s location in the one-trial spatial learning test, suggesting that
the reactivation protocols successfully induced reconsolidation.
Conversely, stress after the reactivation protocols did not affect memory
retrieval in the water maze test. There are two possible explanations for
the lack of an effect: either the protocols did not induce reconsolidation,
or the stress was insufficient to interfere with the reconsolidation pro-
cess, resulting in the memory being stabilized rather than erased. We
observed that mice undergoing the reactivation protocols showed a
more precise platform localization during a subsequent transfer trial.
This indicates that the protocols effectively reactivated the spatial
memory of the maze and the platform’s location. Moreover, the reac-
tivation protocols facilitated the acquisition of a new platform position,
suggesting that the memory of the old platform position was weakened
by its reactivation, supporting the hypothesis that reconsolidation
occurred [37,38]. Thus, despite the lack of an effect of stress on recon-
solidation, the behavioral data from the water maze test suggest that the
reactivation protocols lead to spatial memory reconsolidation and could
be used as a behavioral model to investigate the mechanisms underlying
the reconsolidation of episodic-like memory using the water maze task.

It remains unclear why stress affected reconsolidation in the one-trial
spatial learning test but not in the water maze. Both paradigms are
designed to test similar types of memory, specifically episodic-like
spatial memory. One possible explanation is the relevance of the two
memories to the animal’s fitness. In the water maze test, locating the
escape platform is crucial for the animal’s survival. In contrast, infor-
mation about the female’s location might be necessary for the animal’s
fitness, but does not affect its chances of survival. Thus, it could be
argued that the different relevance of the two memories influences their

resilience to disturbances. In other words, it would be maladaptive for a
memory relevant to survival to be susceptible to erasure by disturbances
during the reconsolidation process. On the other hand, it is adaptive to
modify memory in response to significant new experiences, which ex-
plains why reversal learning in the water maze test was improved by
reactivating previous memories. Another factor to consider is the level of
stress experienced by the mice during the two different behavioral
paradigms. The water maze is inherently a mildly stressful experience
for the mice, while the one-trial spatial learning test is comparatively
less stressful. Consequently, stress during reconsolidation of an already
stressful experience, such as the water maze, might be less impairing
than stress experienced during a less stressful experience, like the one-
trial spatial learning test. Alternatively, memory in the one-trial
spatial learning test, driven by social and sexual motivation, may be
inherently more salient or emotionally charged than that formed in the
water maze, making it more vulnerable, during the reconsolidation
phase, to stress induced by emotionally relevant stimuli such as TMT.
Our data indicate that stress can impair reconsolidation of
hippocampus-dependent spatial memories, at least as analyzed in the
one-trial spatial learning test. This observation aligns with and adds to
other studies that have investigated the effects of stress on memory
reconsolidation in rodents. Although the study by Yang et al. [34] did
not focus on reconsolidation and instead examined the impact of stress
on long-term memory, they found that restrained stress impaired
long-term memory when administered within a specific time window-
—12 h after retrieval of contextual fear memories. They referred to this
as late reconsolidation, although it occurs well beyond the conventional
reconsolidation window targeted in most studies [3]. Moreover, stress
during the reconsolidation phase has been reported to disrupt
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cocaine-induced conditioned place preference [45]. Although not
involving spatial and hippocampus-dependent memories, but instead
recognition and familiarity, Maroon & Akirav [31] reported that stress
impaired reconsolidation in the new object recognition test. However, it
should be noted that stressed mice exhibited avoidance of the novel
object and a preference for the familiar one, suggesting that stress did
not disrupt reconsolidation of recognition memory, but rather influ-
enced novelty-seeking behavior, promoting a neophobic strategy.
Indeed, stress can modulate several aspects of mouse behavior,
including anxiety, novelty-seeking, and social motivation, thereby
affecting their performance on cognitive tasks. For instance, in our
study, TMT-induced innate fear could have reduced social drive, leading
to a lack of interest in the female location during the recall trial. To test
this possibility, we exposed the mice to the maze again, this time with a
female confined inside a beaker, after they had undergone the stress
protocol with TMT. We found that the mice still preferred the female,
spending more time at the female’s beaker than at the empty beaker.
Whether we tend to exclude that stress reduced the social motivation of
the mice, it cannot be excluded that, in the case of the one-trial spatial
learning task, stress may have interfered with the reconsolidation of the
memory of the experience with the female, rather than with the
reconsolidation of the spatial memory of the maze.

We observed that the GR antagonist mifepristone blocks the
impairing effects of TMT-induced stress on reconsolidation, suggesting
that the mechanism by which stress impairs memory reconsolidation
involves the activation of the GR. A similar effect has been observed by
Yang et al. [34], who reported that the detrimental impact of stress on
reconsolidation of morphine-induced conditioned place preference
could be blocked by the injection of a GR antagonist in the basolateral
amygdala. by contrast, CORT injections after memory reactivation did
not produce the same impairing effects on reconsolidation of the
memory in the one-trial spatial learning test as the TMT intervention
did. This observation indicates that elevated CORT levels alone cannot
account for the impact of TMT on reconsolidation. A new, real-life
stressor must be associated with increased CORT levels during recon-
solidation to impact memory. This observation underscores the signifi-
cance of psychological stress in influencing memory during
reconsolidation. This might explain the contradictory data regarding the
effects of pharmacological treatments on the reconsolidation of aversive
and fear memories in humans [46], whereas CORT has no effects [47] or
even facilitatory effects [48]. Indeed, many protocols investigating
pharmacological interventions during the reconsolidation of aversive
memories do not adequately exclude potential nonspecific factors
affecting memory recollection or reactivation [46]. In this context, our
one-trial spatial learning test protocol provides a controlled method to
target the reconsolidation process specifically, minimizing unwanted
stress and the influence of new learning processes. We thus believe that
our results provide new insights into the reconsolidation process and
offer a refined protocol for future research with rodents.
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3. Zusammenfassung auf Deutsch

Das Gedachtnis beinhaltet eine Vielzahl von unterschiedlichen Inhalten und
erlaubt uns einen funktionalen Umgang mit unserer Aul3en- und Innenwelt. Ein
wichtiger Prozess, der uns erlaubt, dass unser Gedachtnis flexibel und funktional
bleibt, ist die Rekonsolidierung. Der Rekonsolidierungsprozess beginnt nach der
Reaktivierung von Langzeitgedachtnis und macht dieses veranderbar. Diesen
Prozess zu nutzen, birgt Chancen in der Behandlung von gedachtnisassoziierten
Erkrankungen. Deshalb ist es von groRer Wichtigkeit, die Rekonsolidierung und
die Einflussfaktoren darauf besser zu verstehen.

Das im Journal Behavioural Brain Research publizierte Paper ,Reconsolidation of
episodic-like memory is affected by exposure to the predator odor TMT in mice®
befasst sich mit dem Effekt von Stress auf die Rekonsolidierung von episodischem
Gedachtnis. Bisherige Studien untersuchten den Effekt von Stress auf
verschiedene Gedachtnisprozesse, der genaue Effekt auf die Rekonsolidierung
wurde bisher jedoch ungenugend untersucht und ein Mausmodell zur klaren
Induktion von Rekonsolidierung von episodischem Gedachtnis mit Ausschluss von
Storfaktoren fehlte.

In unserer Publikation stellen wir ein solches Mausmodell vor, bei dem der
Rekonsolidierungsprozess zuverlassig induziert wird und damit analysierbar wird.
Wir zeigen, dass in den beiden von uns kreierten Protokollen der
Verhaltensexperimente ,One Trial Spatial Learning Test* und ,Water Maze Test*
Rekonsolidierung induziert wird und dass Stress wahrend der Rekonsolidierung
das Gedachtnis im ersteren ausloscht, wahrend das Gedachtnis im letzteren nicht
verandert wird. Daruber hinaus decken wir den Mechanismus hinter der
Stresswirkung auf und zeigen, dass Glukokortikoide zwar eine wichtige Rolle
spielen, es jedoch einen echten Stresskontext fur die Beeinflussung der
Rekonsolidierung braucht.

Diese Publikationspromotion ist ein wichtiger Schritt zum besseren Verstandnis
des komplexen Rekonsolidierungsprozesses und gibt Forschern in Zukunft eine

Maoglichkeit, Einflussfaktoren auf die Rekonsolidierung klarer zu erkennen.
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4. Zusammenfassung auf Englisch

Memory contains a wide variety of different content and allows us to interact
functionally with the world - externally as well as internally. An important process
that allows our memory to remain flexible and functional is called Reconsolidation.
After the reactivation of long-term memory, the Reconsolidation process begins
and makes the memory content changeable. Using this process offers
opportunities in the treatment of memory-related disorders. Therefore, it is very
important to better understand Reconsolidation and the factors that influence it.
The paper “Reconsolidation of episodic-like memory is affected by exposure to the
predator odor TMT in mice®, published in the journal Behavioural Brain Research,
deals with the effect of stress on the Reconsolidation of episodic memory.
Previous studies have investigated the effect of stress on various memory
processes, but the exact effect on the Reconsolidation process has not been
sufficiently studied, and a mouse model for the clear induction of Reconsolidation
of episodic memory with the exclusion of confounding factors has been lacking.

In our publication, we present such a mouse model in which the Reconsolidation
process is reliably induced and thus becomes analysable more clearly. We show
that Reconsolidation is induced in the two behavioural experiment protocols we
created, the "One Trial Spatial Learning Test" and the "Water Maze Test", and that
stress during Reconsolidation erases memory in the former, while memory in the
latter remains unchanged. Furthermore, we uncover the mechanism behind the
effect of stress and show that although glucocorticoids play an important role, a
real stress context is needed to influence Reconsolidation.

This doctoral thesis is an important step towards a better understanding of the
complex Reconsolidation process and will enable researchers to more easily

discover factors that influence Reconsolidation in the future.
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7. Tabellenverzeichnis

Tabelle 1

Mouse number CA1

Day 1 Fem
26364
26369
26389
26394
26399

Day 1 No Fem
26354
26359
26374
26379
26384

Grand Total

No Fem*.

1021
258
232
213
194
124

1396
357
407
214
195
223

2417

CA2 CA3 DG Grand Total
11 1403 2095

1

WIN =N

253
334
294
312
210
1608
355
239
305
359
350

340
573
470
370
342
1888
301
408
384
453
342

33 3011 3983

Anzahl der c-fos positiven Zellen in den Gruppen ,,Day 1 Fem* und ,,Day 1

4530
852
1143
978
878
679
4914
1023
1057
904
1010
920
9444

Die Tabelle zeigt die absolute Anzahl an c-fos positiven Zellen in den zwei

Gruppen. Pro Gruppe wurden fiinf Mausgehirne analysiert. Dabei wurde der

dorsalen Hippcampus im gesamten (Spalte ,Grand Total) und in seinen
strukturellen Untereinheiten (CA1, CA2, CA3 und DG fiir Gyrus dentatus)

ausgezéhlt. Ein signifikanter Unterschied war zwischen den Gruppen nicht zu

finden.
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