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ABSTRACT

THE INFLUENCE OF ESTROGEN ON CONDITIONED CONTEXT AVERSION
LEARNING

AKGUL, Cemile Ceren
M.S., The Department of Psychology
Supervisor: Prof. Dr. Mine MISIRLISOY BIYIKOGLU
Co-supervisor: Assoc. Prof. Dr. Sezen KISLAL

July 2024, 71 pages

Anticipatory nausea and vomiting (ANV) are distressing side effects of chemotherapy,
hindering patients from adhering to treatment. ANV involves nausea in anticipation of
chemotherapy, developed through classical conditioning. While ANV is more
prevalent in women than in men, preclinical studies are scarce and focused on males.
The limited literature on the sex differences in animal model of ANV, conditioned
context aversion (CCA), also shows enhanced conditioned response in females,
possibly explained by female gonadal hormones. The present study investigates the
cause of sexual dimorphism observed in ANV through a CCA procedure in which
female CD1 mice associate a distinctive context with LiCl. In Experiment 1, the
influence of ovarian hormones is investigated by comparing the aversion levels of
ovariectomized and sham-operated mice. The results show that ovariectomized mice
extinguished faster than sham-operated mice. Experiment 2 examined the role of
estradiol in prolongation of extinction in intact females. To this end, subjects were
ovariectomized and half of them were administered estradiol while the remaining were

administered oil to control. While estradiol-administered animals maintained aversion
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for a single retention trial in Experiment 2, control animals did not exhibit an aversion.
The results of Experiment 1 show that ovarian-secreted hormones facilitate CCA. On
the other hand, estradiol administration in Experiment 2 partially rescued the impact
of the ovariectomy either due to the inefficiency of estradiol itself, or the hormone
treatment method. Overall, the experiments suggest that the ovarian-secreted
hormones facilitate CCA in mice which can explain observed sex differences in ANV

in humans.

Keywords: Anticipatory nausea, conditioned context aversion, mice, estrogen
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OSTROJENIN KOSULLU CEVRE ITINMESI UZERINE ETKISI

AKGUL, Cemile Ceren
Yiiksek Lisans, Psikoloji Boliimii
Tez Yoneticisi: Prof. Dr. Mine MISIRLISOY BIYIKOGLU
Ortak Tez Yoneticisi: Dog. Dr. Sezen KISLAL

Temmuz 2024, 71 sayfa

Beklentisel bulant1 (ANV) kemoterapinin rahatsiz edici yan etkilerindendir ve tedavi
devamliligin1 zorlastirabilir. Bu fenomen, hastane ortamina yonelik bulanti
beklentisinin bir sonucudur ve klasik kosullanma yolu ile olusur. ANV kadinlarda
erkeklere kiyasla daha yaygin olmasina ragmen, disi fareler ile yapilan 6n klinik
caligmalar sinirlidir. ANV’ nin hayvan modeli olarak gelistirilen kosullu ¢evre itinmesi
(KCI) tizerine iki cinsiyeti de iceren smurl literatiir disi kemirgenlerde daha giiclii
itinme gozlemlemistir. Bu durum disi gonad hormonlariyla agiklanabilir. Giincel
calismada disi CD1 farelerin karakteristik bir baglam ve LiCl’ii eslestirilerek KCI
paradigmasi olusturulmasi ve ANV’deki cinsiyet farkliliklarinin sebebini anlamak
hedeflenmistir. Deney 1’de ovariektomi ve sahte operasyon gecirmis fareler
kiyaslanarak disi gonad hormonlarmin KCI 6grenmesine etkisi gézlemlenmistir.
Deney 1°de ovariektomi operasyonu geciren farelerde sahte operasyon gecirenlere
kiyasla sonmenin daha hizli gergeklestigi gozlemlenmistir. Bu sonuglar1 takiben

Deney 2 estradioliin sonme gecikmesi lizerindeki roliinii arastirmay1 hedeflemistir. Bu
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amacla ovariektomize farelerin yaris1 estradiol, kalan yarisiysa kontrol grubu
olusturmak amaciyla yag takviyesi almistir. Deney 2’deki estradiol takviyesi almis
fareler yalnizca ilk bellek testi sirasinda itinme gdstermis, kontrol grubuysa bellek
testleri sirasinda anlamli bir itinme gostermemistir. Sonuglar disi gonad hormonlarinin
KCI 6grenmesi iizerinde indiikleyici bir etki yarattigini gostermektedir. Bununla
birlikte estradiol takviyesi ovariektomi prosediiriiniin etkilerini kismi olarak
kurtarmigtir. Bu durum estradioliin tek basina yetersiz olmasindan ya da hormon
takviyesi metodunun yetersizliginden kaynakli olabilir. Sonu¢ olarak overlerden
salgilanan hormonlar KCI &grenmesini indiikleyerek ANV’de goriilen cinsiyet

farkliligini a¢iklayabilir.

Anahtar Kelimeler: Beklentisel bulanti, kosullu ¢evre itinmesi, fare, 6strojen
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CHAPTER 1

INTRODUCTION

The first chapter of the thesis aims to cover some general concepts and findings
important concepts for our experiments including anticipatory nausea and vomiting,
conditioned context aversion, sex differences in anticipatory nausea, conditioned
context aversion, and other classical conditioning paradigms as well as estrogen-

nausea and estrogen-brain relationship.
1.1.  Anticipatory Nausea and Vomiting

Anticipatory nausea and vomiting (ANV) are side effects of the chemotherapy that
cancer patients undergo as a part of their treatment (Boakes et al., 1993). The leading
cause of ANV is chemotherapy-induced nausea and vomiting (CINV), which is one of
the most severe symptoms (Aslam et al., 2014; Coates et al., 1983; Love et al., 1989)
and refers to the experience of nausea and vomiting side effect followed by the
administration of chemotherapy drugs (Kamen et al., 2014; Morrow & Rosenthal,
1996). Psychological processes cause the nausea and vomiting to take place in
anticipation of the treatment, and strengthen after each chemotherapy session
(Matteson et al., 2002; Molassiotis et al., 2016). ANV can be observed in patients as
early as in anticipation of the second treatment and in 30% of cancer patients by the

fourth chemotherapy cycle (Roscoe et al., 2010).

The development of ANV is a result of a psychological phenomenon called classical
conditioning (Stockhorst et al., 1993) (see Figure 1). Classical conditioning occurs
when a neutral stimulus, which does not generate a response by the organism, is
associated with an unconditioned stimulus (US) which generates an unconditioned
response (UR). As a result of the association between neutral and unconditioned
stimuli, the neutral stimulus becomes a conditioned stimulus (CS) which generates a

conditioned response (CR) pendant to the UR. In the case of ANV, the hospital is the
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neutral stimulus consisting of a distinct smell, lightning, and noise, in which the cancer
patient does not exhibit a response. The chemotherapy drug is the US which generates
the UR of nausea and vomiting as a side effect of the treatment. By the time the patient
receives the chemotherapy drug in this neutral environment, an association occurs
between the hospital cues and the chemotherapy drug and the patient starts to generate
CR of nausea and vomiting when they are presented with the hospital cues, in lack of

the chemotherapy drug.

Before conditioning Before conditioning During conditioning After conditioning
" oan \

Unconditioned  ynconditioned Unconditioned
stimulus response Neutral ~ Noresponse response Conditioned Conditioned
stimulus stimulus response

Figure 1. The chemotherapy drug that cancer patients start to receive during the first
cycle (US) induces CINV (UR) as a side effect. The hospital environment does not
induce such UR due to conditioning before the first session of chemotherapy. After
exposure to the chemotherapy drug in the hospital environment enriched with specific
visual, tactile, and auditory cues; the patient becomes conditioned to the hospital
environment (CS) and starts to generate nausea and vomiting (UR) in anticipation of
the chemotherapy treatment.

ANV generates anxiety in the patients and induces distress, which might lead to
quitting the chemotherapy treatment consequently (Andrykowski, 1990; Jordan et al.,
2005; Van Komen & Redd, 1985). Therefore, it is crucial to understand the nature of
ANV and target the factors that enhance the susceptibility. The primary determinant
is the CINV, which is crucial for the development of ANV is the emetogenicity levels
induced by the specific chemotherapy drug. Furthermore, the presence of both CINV
and ANV is strongly determined by the age and gender of the patient (NCI, 2024).
Specifically, individuals under 50 and women are more susceptible to generating
ANV. Detecting the vulnerable populations and examining their underlying reasons

for this vulnerability will help to generate novel prevention and treatment methods.
1.2.  Conditioned Context Aversion

One way to investigate ANV is to use animal models in preclinical studies to
understand this phenomenon and generate novel treatments. Conditioned context

aversion (CCA) is the animal model of the ANV observed in the human population



(Cloutier et al., 2017, 2018; Hall & Symonds, 2006; ilhan et al., 2023; Kislal &
Blizard, 2016; Limebeer et al., 2008; Rodriguez et al., 2000). Conventionally, rodents
are subjected to experiments that create analogous machinery to ANV with a novel
environment to act as the hospital environment (neutral stimulus), an aversion-
inducing agent that is administered to mimic the chemotherapy drug (US), and
aversion-related response (UR) similar to nausea and vomiting in the human
population. Following the conditioning, the neutral environment becomes the CS and
the CR of the animals is measured to quantify the aversion levels in anticipation of the

illness-inducing agent (see Figure 2).
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Figure 2. The illness-inducing lithium chloride (LiCl) injection (US) rodents receive
intraperitoneally leads to an aversion response (UR). The animal does not generate any
response to the novel context before conditioning. After experiencing the side effects
of LiCl injection in the conditioning context enriched with specific visual, tactile, and
auditory cues; the subject becomes conditioned to the context (CS) and starts to
generate aversion (UR) in anticipation of the LiCl injection.

The hospital is the neutral stimulus in ANV and is composed of several different cues
distinguishing it from other environments to which the patients are exposed. The
neutral visual, auditory, and olfactive cues patients are exposed to during
chemotherapy sessions in the hospital are distinct from everywhere else, inducing
anticipation of treatment following conditioning (Nesse et al., 1980; Roscoe et al.,
2010; Stockhorst et al., 2006). Rodent studies used different contextual cues to create
a distinct environment for the rodents to act as neutral stimuli. Using a different cage
from the home cage, using cat litter rather than wood shavings, illuminating the
experimental room with a dim red light, and providing white noise and a specific odor
cue are the ways to obtain such a distinct environment (ilhan et al., 2023; Rodriguez
et al., 2000; Symonds & Hall, 1997). Furthermore, Kislal and Blizard (2016) showed
that rodents have the ability to generate aversion in anticipation even with slight visual
changes in the context. Specifically, the mice successfully distinguished the plastic
bottles and glass bottles which they were served the water with and generated an

aversion when the glass bottle was paired with LiCl injections.



Cancer patients receive chemotherapy or radiotherapy as a treatment method which
induces emetogenic effects acting as a US for ANV (Rolia et al., 2010). While rodents
do not have a vomiting reflex, they still exhibit an aversion response to the
administration of certain procedures (Horn et al., 2013). LiCl injection to induce a
nausea-like state in rodents is widely used in both CCA and conditioned taste aversion
(CTA) paradigms (Bishnoi et al., 2023; Chan et al., 2009; Kislal & Blizard, 2017;
Limebeer et al., 2008; Nachman & Ashe, 1973; Parker et al., 1984; Symonds & Hall,
1997; Symonds & Hall, 2000; Rodriguez et al., 2000; Wang et al., 2017). In CTA
paradigms, the subjects pair a novel taste presented during the conditioning with the
abrasive impact of the LiCl injection. On the other hand in CCA, a neutral stimulus is
a distinct context and the US is the LiCl injections. Following the conditioning
procedure, the rodents pair the context and aversive effects of LiCl injections leading
them to evoke CR when they are exposed to the CS. The LiCl injections in such
experiments are usually administered intraperitoneally for an acute effect and are
expected to influence the rats within approximately 10 minutes with 1 to 3 mEq
LiCl/kg and can change the cardiovascular function (O’Connor et al., 1987). The LiCl
injections result in lying on belly as the predominant UR (Meachum & Bernstein,
1992; Tuerke et al., 2012) in addition to decreased locomotion and increased rearing

(Limebeer et al., 2008) which can act as the UR in the CCA paradigms.

The US evokes a UR, which becomes the CR following the pairing. The CR is crucial
for the measurement of aversion levels induced by anticipation during the testing
phase. Measuring the consumption of a palatable solution is one way to operationalize
the CR levels during the testing phase. To this end, the animal is served with a sucrose
solution in the conditioning context during the testing phase which can be a
consumption or a blocking test (Hall & Symonds, 2006). The procedure for the
consumption test starts with water restriction, in which the water bottles are served to
the animals for 30 minutes in morning and afternoon sessions (Rodriguez et al., 2000).
Two different contexts were prepared for the conditioning. On the first day, the
animals received LiCl injections in the first context leading them to get conditioned to
Context A, and received NaCl injections in the second context (Context B) which do
not generate an aversion, therefore conditioning towards Context B. After continuing

this cycle for three more time, half of the animals were tested in the Context A



(experimental group) and the remaining were tested in the Context B (control group)
through measuring the consumed sucrose amount. Since the animals in the
experimental group develop an aversion (CR), they are expected to consume less water
compared to the control. In the blocking test, a similar conditioning procedure to the
consumption test is used, in which the animal receives a LiCl injection in Context A
and a NaCl injection in Context B (Rodriguez et al., 2000; Symonds & Hall, 1997).
Following that, the animals are divided into two groups, the experimental group is
served sucrose solution together with LiCl injections in Context A and the control
group in Context B. Sucrose consumption of each animal is measured in the home
cage during testing. Because the cues in Context A block the sucrose-LiCl pairing, the
experimental group is expected to consume more amount of liquid compared to the

control group.

Other alternative ways that do not employ the consumption of a palatable solution to
assess the CR are water consumption and observable behavior. For the water
consumption test, the subjects undergo a water restriction procedure similar to the
consumption and blocking tests (Ilhan et al., 2023). After a conditioning trial in the
novel context which LiCl is paired with to serve as the experimental and NaCl injected
to serve as the control group, the subjects are tested for their water consumption in that
specific context during the retention test days. In those test days, no injection is
provided and the water consumption is expected to decrease in anticipation of the
illness, therefore in the LiCl group. A way to quantify the CR of the rodents without
the involvement of drinking is by using observable behavior. After the animal is
conditioned with injections of LiCl, the rodents do not vomit, however, they generate
gaping behavior in anticipation of the illness (Limebeer et al., 2006; Rock & Parker,
2013; Rock et al., 2016; Tuerke et al., 2012). Furthermore, the gaping response
observed in rodents uses muscles similar to the ones activated during shrew retch
which is a sign of nausea and vomiting (Travers & Norgren, 1986). This gaping
behavior is used as a measurement of aversion as it is the CR in different CCA studies
(Cloutier et al., 2012, Kavaliers et al., 2012; Limebeer et al., 2006, Limebeer et al.,
2008; Ossenkopp et al., 2011).

The examination of ANV using the CCA paradigm which involves pairing a distinct

context with an aversion-inducing agent is widely used. Specifically, the injection of



LiCl as the US in rodents is prevalent to investigate the anticipated nausea response in
humans created by the chemotherapy sessions used for cancer treatment. Preclinical
studies serve as a useful tool to try different behavioral and pharmacological treatment
methods before a safe application to a clinical setting as well as detecting the biological

vulnerability factors.

1.3.  Sex Differences in ANV and CCA

ANV can be observed in both women and men. However, like many other clinical
conditions and treatment side effects, there is a sexual dimorphism observed in ANV
(Agabio et al., 2016; Eid et al., 2019; Fillingim et al., 2005; Grossman et al., 2008;
Lovejoy & Sainsbury, 2009; Queme & Jankowski, 2019; Vetvik & MacGregor, 2017,
Yamamoto et al., 2008). In fact, gender is one of the major determinants of ANV
susceptibility and women are more likely to experience this condition compared to
men (Qureshi et al., 2016; Kamen et al., 2014; Fetting et al., 1983). Conditioned
aversion studies conducted with humans, and CCA studies subjecting rodents also
show sex differences which should be considered while understanding and treating

ANV.

Conditioned nausea paradigms conducted with humans prevalently use a rotation
paradigm which induces motion sickness for the participants (Arwas et al., 1989). For
this, the healthy participants are rotated to create motion sickness which leads to
nausea and vomiting as well as pallor and cold sweating which is triggered by the
vestibular system (Money, 1970; Yates et al., 1998). While motion sickness is different
from chemotherapy drugs by nature since one is a physical stimulation and the other
is chemical respectively, the vestibular stimulation can be successfully used as the US
in rodent models to create conditioned gaping (Limebeer et al., 2008). Similarly, the
rotation paradigm is used with humans to stimulate the vestibular system and play a
role as the US to create ANV (Stockhorst et al., 2014). Klosterhalfen et al. (2005)
examined the impact of latent inhibition on ANV in humans using a chair rotation
paradigm to induce motion sickness. Latent inhibition refers to a detainment of the CR
as a result of pre-exposure to the stimulus which is going to be the CS during
conditioning (Lubow, 1973). In this specific experiment, the CS was the chair where

the rotation would take place and the conditioned nausea (CR) of the participants was



measured with a rating scale. The results show that women scored higher for
anticipatory nausea in lack of latent inhibition, and latent inhibition was more effective
on them compared to men. Another study by Stockhorst et al. (2014) investigated the
disruption of ANV through using an overshadowing with rotation paradigm in humans.
Overshadowing is the attenuation of CR towards a relatively weak stimulus when it is
compounded with a stronger stimulus (CS) (Mackintosh, 1976). As a result, the weak
stimulus becomes overshadowed by the strong stimulus which leads to the generation
of CR. In the experiment, the overshadowing is obtained through the consumption of
a beverage that has a salient taste and the context acted as the weaker stimulus. The
participants in the experimental group consumed the beverage before the three
consecutive rotation days during which conditioning took place while the control
group consumed water instead of the beverage. The results revealed that the difference
between the overshadowing and control group in female participants was greater than
that of male participants. The researchers concluded that the overshadowing procedure

was more effective in women compared to men.

The data from the human population suggests that women are more susceptible to
experiencing ANV compared to men, however, as it is the norm for animal studies,
mostly male rodents are subjected to CCA experiments (Beery & Zucker, 2011). As a
result, sex differences in medical conditions and the biological underpinnings of those
sex differences stay underinvestigated. Although limited, the current literature shows
that the animal findings are in parallel with the humans in terms of sex differences.
[Than et al. (2023) examined the sex differences using a CCA paradigm with a single
conditioning trial and found that the extinction is prolonged in female subjects
compared to that of males. For this experiment, CD1 mice first underwent a water
acclimation procedure to train them to drink when the water is served. The
conditioning trial was carried out in a single trial in which the experimental group was
injected with LiCl and the control group with NaCl in the conditioning context. During
the retention test , the animals are presented to the conditioning context with water
provided, and their water consumption is recorded to quantify the aversion levels. The
consumed water amount remained small for more test days for female mice compared
to males, showing that the male mice extinguished faster. In studies conducted with
rats with a slightly different procedure, the females exhibited enhanced aversion

responses compared to males (Cloutier et al., 2017; Cloutier et al., 2018). In those
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studies, male and female Long-Evans rats received four conditioning trials in the
conditioning context with either LiCl to form the experimental group or NaCl for
control. A single testing day took place in which the animals were put in the
conditioning context and their disgust-related behaviors were recorded. The results
revealed that the female rats exhibited conditioned gaping behavior more frequently

compared to male rats.

There is only one study that is conducted with female rodents to reveal the potential
biological cause of female susceptibility to CCA. In this experiment, Cloutier et al.
(2018) followed the estrous cycle of the female rats were followed. The rodents’
estrous cycle is analogous to the human menstrual cycle and consists of proestrus,
diestrus, estrus, metestrus, and diestrus, each continuing approximately for one day.
The animals in proestrus, which is characterized by high estrogen levels; and diestrus
with low estrogen constituted two groups in this experiment. Trials took place 96 hours
apart with a four-trial conditioning procedure and a one-trial test to match all
procedures to the same estrus cycle (proestrus or diestrus). During conditioning, each
two group was subdivided into two groups, half of them received LiCl in the
conditioning context intraperitoneally, and the other half were injected with NaCl.
During the test, no injections were given, and the behavior of the animals was recorded.
The gaping behavior was more frequent in LiCl-injected proestrus rats compared to
the LiCl-injected diestrus rats. The NaCl-injected control group did not generate an
aversion and thus, did not exhibit significant gaping behavior. The conclusion drawn

from this study is the facilitatory impact of estrogen on CCA.

Previous studies that are conducted both in humans and rodents support the
demographic finding of female susceptibility to ANV. On the other hand, the number
of these studies is limited, and there is a lack of focus in the literature that examines
the nature of CCA and different treatment methods. It is crucial to further investigate
CCA, and other conditions that exhibit sex differences, to generalize the findings to

not only men but also women.

1.4. Estrogen and Nausea

Nausea and vomiting are side effects of chemotherapy treatment that show sexual

dimorphism in prevalence and etiology (Qureshi et al., 2016). It is important to



determine the susceptibility to nausea in different profiles to shed light on the observed
sex differences in ANV. Since the UR is nausea for cancer patients who receive
chemotherapy treatment, the intensity of this aversive experience can lead to stronger
associations between CS and the US, the hospital environment, and aversion-inducing
agent. The hormonal differences and genetic factors potentially contribute to sex
differences in nausea and vomiting, and animal studies help to reveal the underlying

mechanisms.

In studies conducted with humans, women exhibit enhanced levels of nausea and
vomiting compared to men under many different conditions such as postoperative
nausea (Koivuranta et al., 1997; Salazar-Parra et al., 2020; Stadler et al., 2003),
symptoms of acute coronary syndromes (Goldberg et al., 2000; Patel et al., 2004), and
motion sickness (Koslucher et al., 2015). Additionally, conditioned food aversion was
correlated with the motion sickness of women but not men (Fessler & Arguello, 2004).
The enhanced susceptibility to nausea in women might be due to ovarian-secreted
hormones. Findings of women showing different levels of motion sickness during
stages of the menstrual cycle suggest the influence of female gonadal hormones
(Golding et al., 2005). Particularly, women tend to experience nausea more during
menstruation and this tendency is the lowest during pre-menstruation and ovulation
due to fluctuating levels of female gonadal hormones, estrogen in particular (Golding
et al.,, 2005; Matchock et al., 2008). Women particularly experience nausea and
vomiting during pregnancy, a period in which hormonal fluctuations are experienced.
During this phase, the rise of human chorionic gonadotropin (hCG) (Dekkers et al.,
2019), as well as estradiol (Lagiou, 2003), were found to be correlated to enhanced
nausea. Moreover, progesterone disrupted the gastric slow-wave rhythm of non-
pregnant women and induced nausea levels similar to pregnancy (Walsh et al., 1996).
Administration of estradiol in combination amplified this effect indicating that the
combination of these two hormones might be contributing to nausea during pregnancy.
CINV is also observed more frequently in women than in men (Mosa et al., 2020).
However, this sexual dimorphism was not observed before puberty (Zevy, 2017), and
after menopause (Yokokawa et al., 2023) which is an indication of female gonadal

hormones that play an important role.

While rodents do not have a vomiting reflex as indicated earlier, the analogous



discomfort created by LiCl (Andrews & Sanger, 2014) and other emetic agents might
be facilitated through steroid hormones. The nucleus of the solitary tract combines the
information coming from the area postrema (AP), vestibular system, cerebrum, and
abdominal vagal afferents and creates an emetic circuitry in humans (Horn, 2008). AP
is especially important for ANV since it is weak in the blood-brain barrier and houses
chemosensitive receptors that respond to nauseant chemicals, including chemotherapy
drugs (Miller & Leslie, 1994; Shinpo et al., 2012). Even though the rodents do not
vomit, the aversion induced by LiCl was found to be correlated with AP activation
since lesions to this area eliminated the discomfort created by LiCl injections
(Bernstein et al., 1992; Wang et al., 1997; Spencer et al., 2012). This important brain
region that plays a crucial role in emetic circuitry houses estrogen receptors with high
density (Brailoiu et al., 2007; Shughrue & Merchenthaler, 2001; Merchenthaler et al.,
2004). The promoter of ERa, which is a type of estrogen receptor was higher in amount
in female AP compared to male AP in a study that subjected transgenic rats with green
fluorescent protein controlling ERa 0/B promoter (Zhang & Hamada, 2013).
Additionally, estrogen can induce an aversion to creating aversion in rodents when
administered in the US in high quantities (Miele et al., 1988). Therefore, the estrogen
might be leading to female susceptibility to develop stronger CCA. On the other hand,
a study that observed brain activation in AP towards LiCl injection found no difference
in activation levels between sexes (Bernanke et al., 2022). While these results do not
support the idea of an interaction between estrogen and emetogenicity, their behavioral
results did not reveal a significant difference either despite using the same behavioral
procedure with Cloutier et al. (2018). Yet, the strain differences of rats in these two
experiments might have led to null findings, since Clouiter et al. (2018) subjected Long

Evans and Bernanke et al. (2022) subjected Sprague Dawleys in their experiments.

1.5. Estrogen and Learning-Related Brain Regions

Sexual dimorphism observed in ANV can be potentially explained by gonadal
hormones’ influence on the central nervous system. The literature on CCA relies
heavily on data obtained from behavioral studies on male rodents, thereby, the
underlying biological causes of such behavioral differences are still unaccounted for.
Identifying the neurobiological forces leading to sexual dimorphism can provide more

effective solutions to prevent and reduce the development of AN with specialized
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treatments for different sexes.

In rodent studies, estrogen has shown diverse influences on the brain, with a particular
emphasis on the hippocampus, a region strongly involved in memory processes
(Scoville & Milner, 1957; Eichenbaum et al., 1999; Olton et al., 1979; Eichenbaum et
al., 1994; Ergorul & Eichenbaum, 2004; Bunsey & Eichenbaum, 1996; Burgess et al.,

2002; Broadbent et al., 2004). This is particularly relevant in investigations exploring
the connection between estrogen and learning because the hippocampus is dense in
estrogen receptors (Almey et al., 2015). CCA is a learning paradigm dependent on
associating the conditioning context with LiCl, a process involving the hippocampus
due to its context-dependent nature (Bishnoi et al., 2023) and estrogen is believed to

influence the hippocampus acting through the estrogen receptors located within this

brain region (Foy et al., 2008; Liu et al., 2008; Spencer-Segal et al., 2012). The brain-
estrogen interaction can involve slow or rapid pathways involving different
mechanisms of action. The genomic pathway acts through classical estrogen receptors
alpha and beta present in both male and female hippocampus and contributes to the
synaptic plasticity (Spencer-Segal et al., 2012) as well as the non-genomic pathway
with GPER that involves kinase networks (Hasegawa et al., 2015). Notably, studies
have demonstrated that ovariectomy leads to a reduction in the density of dendritic
spines in the CA1 region of female rats—an effect that can be reversed with estradiol
administration within three days (Gould et al., 1990). Furthermore, spine density
undergoes fluctuations over the estrous cycle, and mice are found to have higher spine
density when their estradiol levels are higher (Woolley & McEwen, 1992). Estrogen
i1s demonstrated to decrease the threshold for LTP activation, decrease the threshold
for hippocampal seizures, and increase the excitability of neurons in this region
accompanied by the effects on synaptic plasticity (Montoya & Carrer, 1997; Terasawa
& Timiras, 1968). The alterations in hippocampus activity are potentially mediated
through the interaction between estrogen and NMDA receptors (El-Bakri et al., 2004).
In fact, estradiol is found to increase NMDA receptors through regulating the NMDAR
subunit protein in CA1 and dentate gyrus (Gazzaley et al., 1996). The involvement of
this receptor is especially important since the ANV possibly involves NMDA receptors
whose activation is inhibited by APV (Herndndez-Matias et al., 2021). In previous

studies, NMDA has been found to mediate an increase in dendritic spine density in
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CA1 pyramidal cells in relation to estradiol (Woolley & McEwen, 1994; Woolley et
al., 1997). Synaptic plasticity is also demonstrated to increase in estradiol-treated rats
with enhanced EPSP and LTP which is mediated via NMDA receptors (Foy et al.,
1999). Despite the effects of estrogen secreted via the gonads on the hippocampus, it
should be kept in mind that estrogen synthesis takes place also in the hippocampus and
this local synthesis might influence the learning process through synaptic plasticity

(Fester et al., 2011).

A previous study aiming to investigate the differential brain circuits activated by acute
nausea and conditioned nausea investigated both male and female rats’ behavior and
c-Fos activation (Bernanke et al., 2022). C-fos is an indicator of neuronal activity and
an immediate early gene (Herrera & Robertson, 1996). The behavioral test in the study
of Bernanke et al. (2022) failed to find a significant difference between males and
females in conditioned gaping responses. The identified brain regions activated for
acute LiCl treatment AP, nucleus tractus solitarius (NTS), central nucleus of the
amygdala (CeA), and supraoptic nucleus (SON). None of the areas were affected by
the sex except SON which had increased expression for males compared to females.
The ventromedial prefrontal cortex (vmPFC), exhibited overall increased interaction
for females with no significant difference between NaCl and LiCl administration or
acute and conditioned nausea. On the other hand, the males treated with NaCl had
enhanced c-Fos expression while conditioning and LiCl-treated males exhibited more
c-Fos expression. The overall agranular insula (alC) activation was higher for females,
however, only males exhibited a significant increase in activation for LiCl treated
group during the testing of conditioned nausea. Paraventricular nucleus (PVN)
activation was overall similar for both sexes. Only male rats had an enhanced
activation for conditioned nausea in the LiCl-treated group. On the other hand, the
nucleus accumbens core, granular insula, and basolateral nucleus of the amygdala were
other brain regions that were investigated with no identified function on acute and
conditioned nausea. Despite the lack of sexual dimorphism in a paradigm that
previously created an increased conditioned gaping behavior in rats (Cloutier, 2017),
the activated brain areas diverged as a function of sex, treated drug (LiCl or NaCl),
and time of expression (during conditioning or testing). The dimorphism was present

as a response to LiCl treatment during conditioning only for SON. Yet, the testing
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phase created a difference in parts of the hypothalamic structure and cortical area

accounted for contextual cues.

Bernanke et al. (2022) found no sexual dimorphism in terms of behavior, thus, the
differences in brain activity might not be conclusive. While there is a gap in the
literature on the sex differences in brain circuits and hormonal influences for CCA,
studies on gonadal hormones’ influences on the brain areas related to learning and

memory can shed light on the sexual dimorphism observed in AN.
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CHAPTER 2

THE INFLUENCE OF ESTROGEN ON CCA

In this chapter of the thesis, two experiments that aim to investigate the impact of

estrogen in CCA will be described.

2.1. Experiment 1

The first experiment investigated the impact of ovarian-secreted hormones on CCA

learning and extinction in mice.

2.1.1. Method
2.1.1.1. Subjects

44 female CD1 mice (10-12 weeks) were subjected to the current study. The impact
of ovarian-secreted hormones was manipulated through ovariectomy, which involves
the removal of the ovaries, thus lowering serum sex hormones. To this end, one group
of animals was ovariectomized (n = 23) while the remaining underwent sham surgery
(n = 21). Then, these two groups are subdivided into two more groups to form
experimental (OVX-LiCl, n = 12) and control (OVX-NaCl, n=11) groups. Half of the
animals received LiCl injections during conditioning to induce discomfort so the
animal will become conditioned to the context in which it received the injection. On
the other hand, the control animals received NaCl in the same volume. The same
procedure was applied to the sham-operated animals (SHAM-LiCl, n=1 1; SHAM-

NaCl, n = 10) and the experiment consisted of four groups in total.

Group Number of Injection During Surgery
Animals Conditioning

OVX-LiCl |12 LiCl Ovariectomy
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OVX-NaCl |11 NacCl Ovariectomy

SHAM-LiCI | 11 LiCl Sham
surgery

SHAM- 10 NaCl Sham

NaCl surgery

Table 1. The number of animals in each group, the injection type they received, and
the surgery they underwent are indicated in the table.

2.1.1.2. Colony Room

Each mouse was housed in transparent Eurostandard Type II cages. The bedding
consisted of wood shavings and the water was served in standard plastic bottles. The
colony room in which cages were placed had a 12/12h light/dark cycle and the
temperature of the room was maintained at 21°C 1. Food and tap water were available
ad libitum, except for the water restriction periods described below. The experimental
protocol was approved by the Animal Ethics Committee of Technical Universal

Verification (protocol number: 0026/2023/01).
2.1.1.3. Apparatus

A distinct environment from the home cages was obtained for the conditioning
procedure to take place in a different context. To this end, a different room enriched
with lemon oil scent, 75 dB white noise, and a 60 W red lamp was used. Cat litter was
used as the bedding of Eurostandard Type II cages which was confined with black and
white stripes. The water was served in green glass bottles with stainless steel spouts

and ball bearings.
2.1.1.4. Experimental procedure

Surgery. The surgeries were conducted 10 minutes after 80 mg/kg Ketamine and 8
mg/kg Xylazine cocktail injection intraperitoneally (Kawai et al., 2011). 23 of the
animals underwent ovariectomy which involved bilateral removal of the ovaries
through a 1-cm dorsal incision towards the caudal region. The ovaries on both sides
were located and removed. The remaining 21 animals underwent the same procedure,
however their ovaries were not removed and were located back without removal. The
animals received subcutaneous antibiotic and analgesic injections and were placed in

their cages following the surgery. Antibiotic and analgesic injections were provided
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for 2 days following the surgery. The animals continued to receive food and water ad

libitum for 4 more days of recovery.

Habituation. After the healing period, the animals were habituated to experimental
handling to reduce stress. To this end, each animal was handled for 3 consecutive days,
3 minutes each day. The animals continued to receive food and water ad libitum during
the first two days of the handling. On the third day, the plastic water bottles were

removed from the cage at 17:30 and water restriction started.

Training to drink. Water training started the day after the restriction for animals to
drink the water by the time they were served with it. To this end, their respective plastic
bottles were provided to the animals for three days between periods of 10:00-10:30
and 17:00-17:30.

Pre-exposure. The mice were introduced to the conditioning context for 5 minutes on
the third day of water training since it has been shown to facilitate conditioning (ilhan
et al., 2023). Each animal was placed in the conditioning context starting at 12:30. In
these 5 minutes, the water was provided to the animal in glass bottles located in the
conditioning cage. After the pre-exposure was complete, the animals were located in
their respective home cages in the colony room. On pre-exposure day, the water was

accessible between periods of 10:00-10:30 and 17:00-17:30 in the colony room.

Conditioning. The current experimental procedure includes a single conditioning
session which started 24 hours after pre-exposure. Therefore, the animals were placed
in the conditioning context starting from 12:30 in which water was provided in green
glass bottles for a 20-minute conditioning session. After the first 5 minutes spent in
the conditioning cages, the animals in the experimental groups (OVX-LiCl and
SHAM-LiCl) received LiCl injections (6 mEq/kg) while the animals in the control
groups (OVX-NaCl and SHAM-NaCl) received 0.9% NaCl injections in an equivalent
volume with respect to body weight of each animal in the conditioning room. After
each injection, the mouse was placed back in its respective cage and allowed to spend
15 more minutes. The consumed water amount was measured during the conditioning.
On the conditioning day, the water was not served in the morning session at 10:00-
10:30 but was only provided in the afternoon session between 17:00-17:30 in the

colony room.
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Recovery. The animals were given two days to recover from the side effects of LiCl
for two days. The mice were provided with their respective plastic bottles between

periods of 10:00-10:30 and 17:00-17:30 during these two days.

Retention. 72 hours after conditioning, starting at 12:30, the animals were placed in
the conditioning context in their respective cages for 15 minutes. The water amount
consumed during the retention test was used to quantify the aversion levels of the mice
toward the conditioning context. The water was provided only during the afternoon
session between 17:00-17:30 on retention days. The retention days were followed by
two days of recovery with morning and afternoon water sessions. The retention was
repeated every 72 hours until the extinction was observed. The completion of
extinction was decided based on the consumed water amounts during the retention.
When all animals consumed statistically similar amounts of water, the behavioral test

was finalized. This took 5 retention test for the Experiment 1.

Body weight. The animals were weighed at different times during the experiment on

the day of surgery, conditioning, and second and third retention.

Uterine weight. The animals were sacrificed, and their uteri were removed and

weighed promptly.
2.1.1.5. Statistical analysis

All statistical analyses were conducted using GraphPad Prism (Version 9.0). A 2x2x5
mixed effect model matched by the trial was used for analyzing retention. The same
analysis plan was conducted for body weight analysis which matched by time point at
which the animal was weighed. Remaining of the data was analyzed by 2x2 factorial
ANOVA. Fisher’s LSD was used for post-hoc comparisons with a <.05 significance

level.
2.1.2. Results
2.1.2.1. Conditioning

The consumed water amount during 20-minute conditioning session did not
significantly differ between groups (see Figure 3). 2 (Operation: OVX vs. SHAM) x 2
(Drug: LiCl vs. NaCl) factorial ANOVA was conducted and found no main effect
(Operation: F(1, 41) =0.005, p = .944; Drug F(1,41) = 2.029, p = .162) or interaction
between operation and drug (F(1, 41) = 0.066, p = .799 ). The quantity consumed by
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OVX-LiCl (M = 0.718, SD = 0.398), OVX-NaCl (M = 0.928, SD = 0.292), SHAM-
LiCl (M =0.759, SD = 0.451) and SHAM-NaCl (M= 0.905, SD = 0.508) groups were

similar in conditioning trial.

Water consumption of mice during conditioning
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Figure 3. The amount of consumed water during 20-min conditioning. Female CD1
mice in all four groups consumed similar amount of water during conditioning trial.
All data depicted are mean = SEM.

2.1.2.2. Retention Tests

Figure 4 illustrates the water quantities consumed by each group across five retention
trials. The results of 2 (Operation: OVX vs. SHAM) x 2 (Drug: LiCl vs. NaCl) x 5
(Trial: Retention Test 1 vs. Retention Test 2 vs. Retention Test 3 vs. Retention Test 4
vs. Retention Test 5) mixed-effects model revealed a main effect of Trial F(3.347,
133.9) =24.65, p <.001 and Drug F (1,40) = p <.001 and an interaction between Trial
and Drug F(4, 160) =2.724, p=.03. Fisher’s LSD shows that water quantity consumed
by SHAM-LiCl and SHAM-LICI groups significantly differ during Retention Test 1
(SHAM-LiCl: M =0.266, SD = 0.169 vs. SHAM-NaCl: M = 0.803, SD = 0.345, p <
.001), Retention Test 2 (SHAM-LiCl: M = 0.444, SD = 184 vs. SHAM-NaCl: M =
1.006, SD = 0.389, p <.001), Retention Test 3 (SHAM-LiCl: M = 0.538, SD = 0.292
vs. SHAM-NaCl: M = 1.104, SD = 0.442, p = .003), Retention Test 4 (SHAM-LiCl:
M = 0.708, SD = 0.198 vs. SHAM-NaCl: M = 1.081, SD = 0.364, p = .012). The
consumed water amounts of SHAM-LiCl and SHAM-LiCl were equalized by the
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Retention Test 5 (SHAM-LiCl: M= 0.782, SD = 0.199 vs. SHAM-NaCl: M = 1.038,
SD = 0.345, p = .058). The difference between OVX-LiCl and OVX-NaCl groups was
only significant during the Retention Test 1 (OVX-LiCl: M = 0.331, SD = 0.187 vs.
OVX-NaCl: M = 0.697, SD = 0.281, p = .002 ) which diminished by the Retention
Test 2. Therefore, extinction was observed faster in ovariectomized mice compared to

gonadally intact mice.

Water consumption of CD1 mice through five retention trials
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Figure 4. The amount of consumed water during 15-minute retention tests.
Extinction in ovariectomized CD1 mice were observed by the Retention 2 while
sham-operated mice extinguished by Retention 5. All data depicted are mean = SEM.
*p <.05, ** p<.01, ¥** p<.001

2.1.2.3. Body Weight

The animals in each group had similar body weights at the start of the experiment,
however, the ovariectomized animals outgrew the sham-operated groups by the end of
the experiment see Figure 5). 2 (Operation: OVX vs. SHAM) x 2 (Drug: LiCl vs. NaCl)
x 4 (Time point: Day 1 vs. Day 13 vs. Day 19 vs. Day 24) mixed-effects model shows
a main effect of Time point F(2.278, 91.11) =252.9, p <.001 and interaction between
Time point and Operation F(3, 120) = 26.58, p <.001. Fisher’s LSD shows that there
is no significant difference between the body weights of the groups during Day 1
(OVX-LiCl: M =27.559, SD =2.603; OVX-NaCl: M= 28.385, SD = 1.895; SHAM-
LiCl: M =28.475, SD = 1.273; SHAM-NaCl: M =27.635, SD = 2.654). A significant
difference between ovariectomized and sham-operated groups emerged by Day 24
(OVX-LiCl: M =25.892, SD =2.906 vs. SHAM-NaCl: M =24.965, SD =2.584,p =
.035; OVX-NaCl: M=28.043, SD = 2.448 vs. SHAM-LiCl: M= 26.051, SD = 1.344,
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p=.031; OVX-NaCl: M=28.043, SD = 2.448, SHAM-NaCl: M= 24.965, SD = 2.584,
p=.012).

Change in body weights across four time points
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Figure 5. The body weights of animals across four different time points. All data is
depicted as mean + SEM.

2.1.2.4. Uterine Weight

The relative uterine weights of the animals were calculated by dividing the uterine
weight (g) of the animal by its body weight (g) multiplied by 100. The results across
four different groups were analyzed by 2 (Operation: OVX vs. SHAM) x 2 (Drug:
LiCl vs. NaCl) factorial ANOVA. There is a main effect of Operation F(1, 40) =68.01,
p <.001) and an interaction between Drug and Operation F(1, 40) = 12.92, p <.001.
Post-hoc comparison using Fisher’s LSD showed a significant difference between
OVX-LiCl (M = 0.163, SD = 0.028) and SHAM-LiCl (M = 0.523, SD = 0.144, p <
.001), OVX-NaCl (M= 0.218, SD = 0.028) and SHAM-NaCl (M= 0.359, SD =0.132,
p =.003), SHAM-LiCl (M = 0.523, SD = 0.144) and SHAM-NaCl (M = 0.359, SD =
0.132, p <.001), OVX-LiCIl (M = 0.163, SD = 0.028) and SHAM-NaCl (M = 0.359,
SD =0.132, p <.001), and SHAM-LiCl (M = 0.523, SD = 0.144) and OVX-NaCl (M
=0.218, SD =0.057, p <.001) mice. On the other hand, OVX-LiCl (M= 0.162, SD =
0.028) and OVX-NaCl (M= 0.218, SD =0.057, p = .202) groups did not significantly
differ in terms of their relative uterine weights. Therefore, the ovariectomized animals

had fewer relative uterine weight scores compared to the sham-operated mice.
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Furthermore, the LiCl injection enhanced the uterine weight of the gonadally intact

mice.

Relative uterine weights of mice per group
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Figure 6. Relative uterine weights of animals across four different groups. The
ovariectomized mice had significantly lower uterine weight compared to sham-
operated mice. LiCl injection to sham-operated mice increased uterine weight while
the uterine weight of the ovariectomized mice was not influenced by LiCl injection.
All data is depicted as mean = SEM. ** p <.01, *** p <.001, **** p < .0001

A B C

Figure 7. A. Uterus of the sham-operated mouse received a single injection of LiCl
during conditioning. B. Uterus of the sham-operated mouse received NaCl injection
during conditioning. C. Uterus of the ovariectomized mouse.

2.1.3. Discussion

The first experiment was conducted to investigate whether the hormones secreted
through ovaries have an impact on CCA which an aversion-inducing agent is paired
with a distinctive context during a single conditioning procedure. The sham-operated

animals that were injected with LiCl consumed less amount of water compared to their
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sham-operated NaCl counterparts due to the development of conditioned aversion.
Similarly, ovariectomized mice injected with LiCl consumed less water compared to
ovariectomized NaCl-injected animals since LiCl-injected animals developed an
aversion. On the other hand, the sham-operated animals that received LiCl during
conditioning maintained their conditioned aversion for more retention trials compared
to the ovariectomized LiCl group. The results of this study have shown that removal
of the ovaries accelerated retention, thus, the conditioned response was maintained for

a shorter period of time when the gonadal hormone levels of female mice were lower.

2.2. Experiment 2

The first experiment revealed the impact of ovarian-secreted hormones on CCA. To
further investigate the impact of specific hormones, 17B-estradiol (E2) was
administered to ovariectomized mice to observe the impact of E2 on CCA learning

and extinction in mice.

2.2.1. Method

2.2.1.1. Subjects
39 female CD1 mice (10-12 weeks) were subjected to Experiment 2. The sex

hormone levels of all subjects were lowered through ovariectomy. One group of
animals received E2 treatment (n = 20) while the remaining received sesame oil (n =
19). Then, these two groups are subdivided into two more groups to form
experimental and control groups. Half of the animals that received estrogen received
LiCl injections (E-LiCl, n = 10) during conditioning to induce discomfort so the
animal will become conditioned to the context in which it received the injection. On
the other hand, the control animals received NaCl in the same volume (E-NaCl, n =
10). The same procedure was applied to the vehicle (sesame oil) treated animals (O-
LiCL n = 9; O-NaCl, n = 10) and the experiment consisted of four groups in total.
The experimental protocol was approved by the Animal Ethics Committee of

Technical Universal Verification (protocol number: 0035/2023/01).

Group | Number of Injection During Surgery Hormone

Animals Conditioning Treatment
E-LiCl 10 LiCl Ovariecomy Estradiol
E- 10 NacCl Ovariecomy Estradiol
NaCl
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O-LiCl 9 LiCl Ovariecomy Sesame oil

O- 10 NaCl Ovariecomy Sesame oil
NaCl

Table 2. The number of animals in each group, the injection type they received, and
the surgery they underwent are indicated in the table.

2.2.1.2. Colony Room

The housing condition in the colony room was the same as in Experiment 1.
2.2.1.3. Apparatus

The apparatus was the same as in Experiment 1.

2.2.1.4. Experimental Procedure

The experimental procedure was the same as Experiment 1 with an additional protocol

for E2 administration proposed by Strom et al. (2012).

Nutella acclimation. The E2 administration was actualized through a mixture of E2
dissolved in sesame oil and Nutella. To ensure voluntary consumption immediately
after mice are being served, an acclimation procedure was applied for four days prior
to surgery. The animals were served 60 mg of Nutella per 30 gr animal on 5x5 cm

white marble pieces daily between 9:30 and 17:30.

Estrogen administration. The E2 administration started the day following the
ovariectomy surgery. The E2 administration protocol through the peroral method
developed by Strom et al. (2012) was followed for hormone replacement. First, E2
was dissolved in sesame oil which is then mixed with Nutella. Each 30 gr animal
received a 1.12 ug E2 dissolved in 0.312 uL sesame oil in 60 mg Nutella relative to
their body weights. The control group received the same proportion of mixture
similarly, without E2. The Nutella was served on the same 5x5 white marble pieces
that were used during the Nutella acclimation period between 9:30-10:00. All animals

finished their proportion of Nutella within 1 to 2 minutes.

2.2.1.5. Statistical Analysis
The statistical analysis is conducted in the same way as in Experiment 1.

2.2.2. Results

2.2.2.1. Conditioning
The water quantity consumed by mice of each group during 20 minutes of
conditioning did not differ from each other (see Figure 9). 2 (Hormone: estrogen vs.
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oil) x 2 (Drug:

Figure 8. The figure shows the marble pieces which the animals are served with
Nutella.

LiCl vs. NaCl) factorial ANOVA was conducted for statistical analysis. The results
revealed no significant main effect of Drug F(1, 38) = 0.254, p = .617, Hormone F(1,
38) =0.003, p = .957) and interaction between Drug and Hormone F(1, 38) = 0.050, p
= 825). The amount of water consumed during conditioning by E-LiCl (M = 0.666,
SD = 0.313), E-NaCl (M = 0.737, SD = 0.266), O-LiCl (M = 0.683, SD = 0.361), O-
NaCl (M =0.710, SD = 0.305) groups were similar.

Water consumption of mice during conditioning
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Figure 9. The amount of consumed water during 20-min conditioning. Female CD1
mice in all four groups consumed a similar amount of water during the conditioning
trial. All data depicted are mean + SEM.

2.2.2.2. Retention Tests

Figure 10 illustrates the water quantities consumed by each group across five retention
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trials. During the first retention trial, the E-LiCl group consumed less amount of water
compared to mice in the E-NaCl group. However, O-LiCl and O-NaCl animals did not
significantly differ in their water consumption. 2 (Hormone: estrogen vs. oil) x 2
(Drug: LiCl vs. NaCl) x 5 (Trial: Retention Test 1 vs. Retention Test 2 vs. Retention
Test 3 vs. Retention Test 4 vs. Retention Test 5) mixed-effects model results revealed
a main effect of Trial F(2.843, 98.78) = 32.28, p <.001 and Drug F (1,35) =4.566, p
=.040, and interaction between Trial and Drug F(4, 139) = 4.316, p = .003. Fisher’s
LSD shows that E-LiCl and E-NaCl groups significantly differ in consumed water
quantities during the Retention Test 1 (E-LiCl: M = 0.183, SD = 0.132 vs. E-NaCl:
M = 0.620, SD = 0.329, p =.002). On the other hand, the E-LiCl and E-NaCl groups
did not significantly differ in their water consumption by the Retention Test 2 (E-LiCl:
M =0.475,SD =0.363 vs. E-NaCl: M =0.803, SD = 0.334, p =.050). O-LiCl and O-
NaCl groups consumed similar amounts of water in Retention Test 1 (O-LiCl: M =
0.248, SD = 0.389 vs. O-NaCl: M = 0.598, SD = 0.405, p = .071) and in the following

trials.

Water consumption of CD1 mice through five retention trials
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Figure 10. The amount of consumed water during 15-minute retention tests.
Extinction in E2-treated CD1 mice was observed by Retention 2 while oil-treated
mice did not exhibit a significant aversion during retention tests. All data depicted
are mean = SEM. * p <.05, ** p < .01

2.2.2.3. Body weight

The animals in each group had similar body weights at the start of and throughout the
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experiment (see Figure 11). 2 (Hormone: estrogen vs. oil) x 2 (Drug: LiCl vs. NaCl) x
6 (Time point: Week 1 vs. Week 2 vs. Week 3 vs. Week 4 vs. Week 5 vs. Week 6)
mixed-effects model revealed a main effect of Time point F(2.030, 71.04) = 113.3, p
<.001 and interaction between Time point and Hormone F(5, 175) = 6.146, p < .001.
Post-hoc pairwise comparison with Fisher’s LSD shows no significant difference by
the start (E-LiCl: M = 25.039, SD =3.527, E-NaCl: M = 23.971, SD =4.253, O-LiCl:
M =21.478, SD =4.172, O-NaCl: M = 21.830, SD = 3.522) or at the end (E-LiCl: M
=29.006, SD = 2.547, E-NaCl: M = 27.371, SD = 3.763, O-LiCl: M = 27.476, SD =
2.447, O-NaCl: M =28.299, SD = 3.410) of the experiment.

Change in body weights across six time points
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Figure 11. The body weights of animals across four different time points. All data is
depicted as mean + SEM.

2.2.2.4. Uterine weight

The relative uterine weights of the animals were calculated by dividing the uterine
weight (g) of the animal by its body weight (g) multiplied by 100. The results across
four different groups were analyzed by 2 (Hormone: estrogen vs. oil) x 2 (Drug: LiCl
vs. NaCl) factorial ANOVA. Only a main effect of Hormone F(1, 35) = 6.018, p =
.019) was found. Post-hoc comparison using Fisher’s LSD showed a significant

difference between O-LiCl and E-NaCl groups (O-LiCl: M = 0.190, SD = 0.057 vs.
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E-NaCl: M = 0.243, SD = 0.030, p = .027) and E-NaCl and O-NaCl groups (E-NaCl:
M =0.243, SD = 0.030 vs. O-NaCl: M = 0.197, SD = 0.009, p = .049).

Relative uterine weights of mice per group
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Figure 12. Relative uterine weights of animals across four different groups. Only
NaCl-injected and E2-treated female CD1 mice had significantly higher uterine weight
compared to NaCl-injected oil-treated mice and LiCl-injected oil-treated mice. All
data is depicted as mean = SEM. * p <.05, #p <.05

2.2.3. Discussion

The first experiment revealed a facilitatory impact of ovarian-secreted hormones on
CCA. Therefore, a second experiment was conducted to investigate which specific
hormone is responsible for this facilitatory effect. To this end, female mice were
ovariectomized to reduce ovarian-secreted hormone levels and half of them received
estradiol treatment while the remaining of the animals received oil to constitute a
control group. The conditioned responses of E2-treated and control animals developed
through a pairing of a novel context and LiCl were compared. There was only a
significant difference between the LiCl and NaCl injected groups of E2-treated
animals which was diminished by the second retention trial. Specifically, E2-treated
and LiCl-injected animals consumed less water during the first retention trial
compared to E2-treated NaCl-injected counterparts. On the other hand, such a
significant difference between LiCl and NaCl-injected animals of the oil-treated group

was not observed in any of the trials.
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CHAPTER 3

GENERAL DISCUSSION

Two studies were conducted to examine the impact of estradiol on CCA which is a
potential explanation for sex differences observed in preclinical studies. After finding
an impact of ovarian-secreted hormones on CCA extinction in the first experiment, a
second experiment was conducted to find out if estradiol is the responsible hormone

for behavioral differences between sexes.

The gonadal hormone levels of female mice in Experiment 1 were manipulated
through ovariectomy surgery which consists of the removal of the ovaries leading to a
decrease in female gonadal hormones. In this experiment, conditioned aversion levels
of ovariectomized and sham-operated animals were compared. Ovariectomized and
sham-operated mice that received LiCl injections during conditioning did not exhibit
a significant difference during any of the retention tests. On the other hand, the
extinction was observed later in sham-operated mice while the ovariectomy procedure
accelerated the retention. Those findings are in parallel with our previous data which

shows that male mice extinguish faster compared to female mice (ilhan et al., 2023).

While Experiment 1 showed that the hormones that are secreted through the ovaries
facilitate CCA learning, the specific hormone that is causing this facilitation was not
clear. Experiment 2 was conducted to further investigate if estradiol was the cause of
a longer retention period in female mice. The target hormone estradiol was selected
based on the previous finding of enhanced conditioned response in the CCA paradigm
during the period of the estrus cycle which is characterized by elevated estrogen levels
(Clouiter et al. 2018). None of the groups in Experiment 2 retained their conditioned
aversion for four retention trials which was observed for sham-operated mice in
Experiment 1. The difference between LiCl and NaCl animals in each group was only
significant for E2-treated animals for one retention. The oil-treated animals of LiCl
and NaCl groups did not differ significantly in their conditioned aversion levels during

any of the retention trials. The conditioned aversion of E2-treated animals was only
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present for the first retention and was diminished by the second trial. These results
show that E2 administration partially rescued the effect of ovariectomy on CCA

learning.

Only a slight impact of E2 treatment in conditioned aversion was observed in
Experiment 2. This might be due to the inefficacy of the route of administration that
is selected for this experiment. The E2 administration in the second experiment was
actualized through the peroral method which the hormone is mixed with Nutella. As a
result, the rodents consume the hormone that is served with Nutella voluntarily
reducing the stress element which is present during injection and subcutaneous
implantation which requires surgery (Frick et al., 2002; Moran et al., 2007; Morgan &
Pfaff, 2001; Tang et al., 2005). Behavior is sensitive to stress and can have a sex-
specific impact on the organism which might create a confound in the experimental
procedure (Luine et al., 2017). Through using the peroral administration method of
Strom et al. (2012), such confound is eliminated. Furthermore, this method provides
experimental flexibility and if proven to affect the behavior, the action of hormones at
different phases of learning can be investigated without concerns of prolonged stress
in injections and the influence of operation conducted in between ongoing behavioral
tests. The influence of perorally administered E2 did not rescue the ovariectomy
procedure in our second experiment is proposed by Strom et al. (2012). E2 induced
cell proliferation in the uterine leads to a decreased uterine weight when the animal is
ovariectomized which is rescued by exogenous administration of this
hormone (Ingberg et al., 2012; Medlock et al., 1991; Rabin et al., 1990). However, in
Experiment 2, the uterine weight of animals in the E2 and oil-administered groups did
not exhibit a meaningful difference, as observed by Strém et al. (2012) which peaks
with high E2 concentrations in the bloodstream. In our second experiment, neither the
uterine weights did not exhibit a profound difference due to hormone treatment, and
the impact of E2 on behavioral results was small. In Experiment 1, the uterine weights
of the ovariectomized and sham-operated mice were different significantly.
Furthermore, an interaction between LiCl and female gonadal hormones was evident
in the uteri. The sham-operated animals that received a single LiCl injection during
conditioning had significantly heavier uterine compared to sham-operated mice that
were injected with NaCl. Ovariectomized mice had overall lighter uterine weights and

exhibited no difference between LiCl and NaCl-injected groups. The interaction
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between estradiol and LiCl was evident in previous findings indicating that estradiol

induces cell proliferation in the uterus (Gunin et al., 2004).

Apart from the uterine weight, the body weight of the animals is also influenced by
the serum-gonadal hormone levels. Ovariectomy surgery, therefore a decrease in
ovarian-secreted hormones, results in enhanced body weight in females (Cao &
Grégoire, 2016; Hong et al., 2009). The influence of ovariectomy is rescued by the
administration of estradiol preventing weight gain, and building a link between
estradiol and body weight (Ding et al., 2017; Mann et al., 2020). In Experiment 1, the
weights of the animals did not significantly differ across the four groups. The
difference between groups reached a significance by the last time point at which
weights were measured, with ovariectomized mice gaining weight in consistency with
the literature. However, the weights of the animals did not differ in Experiment 2 at
any of the time points where body weights were assessed. Therefore, the expected
long-term outcome of estradiol, preventing weight gain was not observed in the second
study. The serum-estradiol levels were not measured, however, body weight as the
indirect measure of E2 effectiveness indicates that the hormone administration might

not have been as effective as it was proposed.

The E2 treatment did not fully rescue the impact of the ovariectomy procedure in terms
of body weight, uterine weight, and behavioral results in Experiment 2. On the other
hand, the mice in Experiment 1 exhibited decreased uterine weight, increased body
weight, and accelerated extinction. The current results do not support the facilitation
of CCA learning via estradiol, however, it still remains elusive to reject such a
hypothesis. The findings of Cloutier et al. (2018) suggest that estrogen increases the
strength of conditioned response in CCA by following the estrus cycles of the animals
in which estrogen levels fluctuate. Our first experiment also supports this finding by
demonstrating the importance of ovarian-secreted hormones in CCA learning,
regardless of the estrus cycle each animal is in. The removal of the ovaries, the primary
supplier of estrogen in the female body, influenced the uterine weight and body weight
as well as the behavioral outcomes in the expected direction indirectly implying
decreased estrogen levels. Therefore, the current results still suggest that estrogen and

estradiol remain one of the suspects that facilitate CCA.

Estrogen receptors are present in different parts of the body including endometrium
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(Couse et al., 1997; Plante et al., 2012), ovaries (Sar & Welsch, 1999), prostate (Zhang
et al., 2001), testes (Van Pelt et al., 1999), breast (Speirs et al., 2002), bone (Bord et
al., 2001; Heino et al., 2008; Nakamura et al., 2007), liver (Alvaro et al., 2000; Gao et
al., 2008; Villa et al., 2002), adipose tissue (Davis et al., 2013), skin (Campbell et al.,
2010), skeletal muscles (Ikeda et al., 2019), vasculature (Stirone et al., 2003), as well
as the central nervous system (Shughrue et al., 1999; Warfvinge et al., 2020). In the
central nervous system, hippocampal formation is especially dense in estrogen
receptors (Gonzalez et al., 2007; Liu et al., 2008; Shughrue & Merchenthaler, 2000)
and due to the strong relationship between learning and hippocampus, previous studies
have focused on the estrogen receptors located in the hippocampus (Li et al., 2010).
Previous findings demonstrate the enhancement of synaptic plasticity via estrogen,
including in function of dendritic spine density (Woolley & McEwen, 1992), electrical
excitability (Kubo et al., 1975; Scharfman et al., 2003), LTP (Gureviciene et al., 2003;
Montoya & Carrer, 1997), and LTD (Murakami et al., 2015), neurogenesis and
neuroprotection (Barker & Galea, 2008; Li et al., 2010). Moreover, the changes in the
brain due to estrogen led to changes in behavior in many studies showing a strong
relationship between estrogen, brain, and behavior (Bean et al., 2014; Zurkovsky et

al., 2006).

The influence of estrogen has been found in various classical conditioning paradigms
subjecting rodents as model animals. The impact of estrogen on fear conditioning
paradigms is a widely investigated topic. Even though the findings vary depending on
the task properties, estrogen was found to influence the outcomes in different ways
demonstrating the effect of this hormone on behavior (Coldn et al., 2023; Gupta et al.,
2001; Markus & Zecevi¢, 1997). Another classical conditioning paradigm is eyeblink
conditioning, which exhibits a more robust pattern with female outperformance in
adult rodents (Waddell et al., 2010; Dalla et al., 2009; Bangasser & Shors, 2007; Rapp
et al., 2021; Leuner et al., 2004). The sexual dimorphism in eyeblink conditioning
starts to emerge after puberty indicating the role played by the gonadal hormones in
this learning paradigm showing the importance of gonadal hormones in observed sex
differences (Hodes & Shors, 2005). Estrogen’s facilitation can be also observed
through results showing that removal of the ovaries aggravates the acquisition (Rapp
et al., 2021), and estrogen treatment rescues the impact of ovariectomy through

enhancing conditioned response frequency (Leuner et al., 2004). Examining the impact
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of estrogen in CTA paradigms is also important since the conditioning procedures of
CCA and CTA are similar in the sense that both paradigms prevalently use LiCl as
their US. CTA is also prone to be influenced by the gonadal hormones, and exhibits
sexual dimorphism in its experimental results (Chambers, 2018). Foy and Foy (2003)
found that CRs generated by male rats were enhanced as opposed to female rats.
Removal of the gonads in male and female subjects alleviated the observed sexual
dimorphism, which was rescued when the gonadectomized females were introduced
to 17B-estradiol and males were introduced to 5a-DHT highlighting the impact of
estradiol. In addition to the strength of CRs, the extinction in CTA is also influenced
by estradiol, in a time-dependent manner (Yuan & Chambers, 1999). In the experiment
conducted by Yuan and Chambers (1999), when estradiol was administered
throughout the experiment, extinction was accelerated and observed in the earlier
retention trials. The extinction was prolonged when the administration of this hormone
was present during the acquisition phase which conditioning took place. The results
might be due to the aversive properties of the estradiol which might strengthen the US
during the acquisition since it has been used as the US in previous CTA experiments

(De Beun et al., 1991; Flanagan- Cato et al., 2001).

While estradiol might possibly influence the learning process through interaction with
the hippocampus, the facilitation of CCA might be also due to the additive effect of
estrogen on nausea. Women experience nausea more frequently in comparison to men
under various health-related conditions (Goldberg et al., 2000; Koslucher et al., 2015;
Patel et al., 2004; Salazar-Parra et al., 2020). Furthermore, the motion sickness levels
fluctuate through menstrual cycle in women, which indicates the impact of gonadal
hormones on nausea (Golding et al., 2005). CINV, which is observed in each
chemotherapy cycle and is the US in ANV, also more prevalent in women, and such
sex differences emerge after puberty and diminish with menopause. The rodents might
also be prone to nausea due to the distribution of estrogen receptors in AP, which is a
fundamental brain region for nausea, especially when induced by chemicals.
Therefore, both ANV and CCA might be more prevalent or manifested stronger in

women and in female rodents due to the additive effect of estrogen on nausea.

In conclusion, the current studies provide insights into the impact of gonadal hormones

in ANV by investigating biological mechanisms that might explain female
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susceptibility in CCA. While the impact of estradiol is not clear, female gonadal
hormones play an important role in CCA learning and maintenance in our study. The
following studies might enhance our understanding of sexual dimorphism not only in
ANV but also in other medical conditions through the inclusion of both sexes in
preclinical research, which will pave the way for novel treatment and prevention

methods tailored to the specific needs of individuals.

33



REFERENCES

Agabio, R., Campesi, 1., Pisanu, C., Gessa, G. L., & Franconi, F. (2016). Sex
differences in substance use disorders: focus on side effects. Addiction Biology,
21(5), 1030-1042. https://doi.org/10.1111/adb.12395

Almey, A., Milner, T. A., & Brake, W. G. (2015). Estrogen receptors in the central
nervous system and their implication for dopamine-dependent cognition in
females. Hormones and Behavior, 74, 125-138.
https://doi.org/10.1016/j.yhbeh.2015.06.010

Alvaro, D., Alpini, G., Onori, P., Perego, L., Baroni, G. S., Franchitto, A., Baiocchi,
L., Glaser, S., Sage, G. L., Folli, F., & Gaudio, E. (2000). Estrogens stimulate

proliferation of intrahepatic biliary epithelium in rats. Gastroenterology,
119(6), 1681-1691. https://doi.org/10.1053/gast.2000.20184

Arwas, S., Rolnick, A., & Lubow, R. E. (1989). Conditioned taste aversion in humans
using motion-induced sickness as the US. Behaviour Research and Therapy,
27(3), 295-301. https://doi.org/10.1016/0005-7967(89)90049-1

Aslam, M. S., Naveed, S., Ahmed, A., Abbas, Z., Gull, 1., & Athar, M. (2014). Side
effects of chemotherapy in cancer patients and evaluation of patients opinion
about starvation based differential chemotherapy. Journal of Cancer Therapy,
05(08), 817—-822. https://doi.org/10.4236/jct.2014.58089

Bangasser, D. A., & Shors, T. J. (2007). The hippocampus is necessary for
enhancements and impairments of learning following stress. Nature
Neuroscience, 10(11), 1401-1403. https://doi.org/10.1038/nn1973

Barker, J. M., & Galea, L. A. (2008). Repeated estradiol administration alters different
aspects of neurogenesis and cell death in the hippocampus of female, but not
male, rats. Neuroscience, 152(4), 888-902.

https://doi.org/10.1016/j.neuroscience.2007.10.071

Bean, L. A., lanov, L., & Foster, T. C. (2014). Estrogen receptors, the hippocampus,
and memory. The Neuroscientist, 20(5), 534-545.
https://doi.org/10.1177/1073858413519865

34



Beery, A. K., & Zucker, I. H. (2011). Sex bias in neuroscience and biomedical
research. Neuroscience & Biobehavioral Reviews, 35(3), 565-572.
https://doi.org/10.1016/j.neubiorev.2010.07.002

Bernanke, A., Sette, S., Hernandez, N., Zimmerman, S., Murphy, J., Francis, R.,
Reavis, Z., & Kuhn, C. M. (2022). Male and female rats exhibit comparable
gaping behavior but activate brain regions differently during expression of
conditioned nausea. Behavioural Pharmacology, 33(4), 291-300.
https://doi.org/10.1097/fbp.0000000000000676

Bernstein, 1. L., Chavez, M., Allen, D., & Taylor, E. M. (1992). Area postrema
mediation of physiological and behavioral effects of lithium chloride in the rat.
Brain ~ Research,  575(1), 132-137.  https://doi.org/10.1016/0006-
8993(92)90432-9

Bishnoi, I. R., Kavaliers, M., & Ossenkopp, K. (2023). Immune activation attenuates
memory acquisition and consolidation of conditioned disgust (anticipatory
nausea) in rats. Behavioural Brain  Research, 439, 114250.
https://doi.org/10.1016/j.bbr.2022.114250

Boakes, R. A., Tarrier, N., Barnes, B. W., & Tattersall, M. H. N. (1993). Prevalence
of anticipatory nausea and other side-effects in cancer patients receiving
chemotherapy.  European  Journal of Cancer, 29(6), 866-870.
https://doi.org/10.1016/s0959-8049(05)80427-7

Bord, S., Horner, A., Beavan, S., & Compston, J. (2001). Estrogen Receptors o and p
Are Differentially Expressed in Developing Human Bonel. The Journal of
Clinical Endocrinology & Metabolism, 86(5), 2309-2314.
https://doi.org/10.1210/jcem.86.5.7513

Brailoiu, E., Dun, S., Brailoiu, G. C., Mizuo, K., Sklar, L. A., Oprea, T. L., Prossnitz,
E. R., & Dun, N. J. (2007). Distribution and characterization of estrogen
receptor G protein-coupled receptor 30 in the rat central nervous system:
Journal of Endocrinology, 193(2), 311-321. https://doi.org/10.1677/joe-07-
0017

Broadbent, N., Squire, L. R., & Clark, R. E. (2004). Spatial memory, recognition
memory, and the hippocampus. Proceedings of the National Academy of
Sciences of the United States of America, 101(40), 14515-14520.
https://doi.org/10.1073/pnas.0406344101

35



Bunsey, M., & Eichenbaum, H. (1996). Conservation of hippocampal memory
function in rats and humans. Nature, 379(6562), 255-257.
https://doi.org/10.1038/379255a0

Burgess, N., Maguire, E. A., & O’Keefe, J. (2002). The human hippocampus and
spatial and episodic memory. Neuron, 35(4), 625-641.
https://doi.org/10.1016/s0896-6273(02)00830-9

Campbell, L., Emmerson, E., Davies, F. C. J., Gilliver, S. C., Krust, A., Chambon, P.,
Ashcroft, G. S., & Hardman, M. J. (2010). Estrogen promotes cutaneous wound
healing via estrogen receptor 3 independent of its antiinflammatory activities.
Journal of Experimental Medicine, 207(9), 1825-1833.
https://doi.org/10.1084/jem.20100500

Cao, J., & Grégoire, B. (2016). A high-fat diet increases body weight and circulating
estradiol concentrations but does not improve bone structural properties in
ovariectomized mice. Nutrition Research, 36(4), 320-327.
https://doi.org/10.1016/j.nutres.2015.12.008

Chambers, K. C. (2018). Conditioned taste aversions. World Journal of
Otorhinolaryngology - Head and Neck Surgery, 4(1), 92-100.
https://doi.org/10.1016/j.wjorl.2018.02.003

Chan, M., Cross-Mellor, S. K., Kavaliers, M., & Ossenkopp, K. (2009).
Lipopolysaccharide (LPS) blocks the acquisition of LiCl-induced gaping in a
rodent model of anticipatory nausea. Neuroscience Letters, 450(3), 301-305.
https://doi.org/10.1016/j.neulet.2008.11.052

Cloutier, C. J., Kavaliers, M., & Ossenkopp, K. (2012). Lipopolysaccharide inhibits
the simultaneous establishment of LiCl-induced anticipatory nausea and

intravascularly conditioned taste avoidance in the rat. Behavioural Brain
Research, 232(1), 278-286. https://doi.org/10.1016/j.bbr.2012.04.021

Cloutier, C. J., Kavaliers, M., & Ossenkopp, K. (2017). Rodent sex differences in
disgust behaviors (anticipatory nausea) conditioned to a context associated
with the effects of the toxin LiCl: Inhibition of conditioning following immune

stimulation with lipopolysaccharide. Pharmacology, Biochemistry and
Behavior, 152, 4—12. https://doi.org/10.1016/j.pbb.2016.08.006

Cloutier, C. J., Rodowa, M., Cross-Mellor, S. K., Chan, M., Kavaliers, M., &
Ossenkopp, K. (2012). Inhibition of LiCl-induced conditioning of anticipatory

36



nausea in rats following immune system stimulation: Comparing the
immunogens lipopolysaccharide, muramyl dipeptide, and polyinosinic:
polycytidylic — acid.  Physiology &  Behavior, 106(2), 243-251.
https://doi.org/10.1016/j.physbeh.2012.02.005

Cloutier, C. J., Zevy, D. L., Kavaliers, M., & Ossenkopp, K. (2018). Conditioned
disgust in rats (anticipatory nausea) to a context paired with the effects of the

toxin LiCl: Influence of sex and the estrous cycle. Pharmacology, Biochemistry
and Behavior, 173, 51-57. https://doi.org/10.1016/j.pbb.2018.08.008

Coates, A. S., Abraham, S., Kaye, S. B., Sowerbutts, T., Frewin, C., Fox, R. M., &
Tattersall, M. H. N. (1983). On the receiving end—patient perception of the
side-effects of cancer chemotherapy. European Journal of Cancer and Clinical
Oncology, 19(2), 203-208. https://doi.org/10.1016/0277-5379(83)90418-2

Colon, L. M., Peru, E., Zuloaga, D. G., & Poulos, A. M. (2023). Contributions of
gonadal hormones in the sex-specific organization of context fear learning.
PLOS ONE, 18(3), €0282293. https://doi.org/10.1371/journal.pone.0282293

Couse, J. F., Lindzey, J., Grandien, K., Gustafsson, J., & Korach, K. S. (1997). Tissue
distribution and quantitative analysis of estrogen receptor-A (ERA) and
estrogen receptor-B (ERB) messenger ribonucleic acid in the Wild-Type and
ERA-Knockout mouse. Endocrinology, 138(11), 4613-4621.
https://doi.org/10.1210/endo.138.11.5496

Dalla, C., Papachristos, E. B., Whetstone, A. S., & Shors, T. J. (2009). Female rats
learn trace memories better than male rats and consequently retain a greater
proportion of new neurons in their hippocampi. Proceedings of the National
Academy of Sciences of the United States of America, 106(8), 2927-2932.
https://doi.org/10.1073/pnas.0809650106

Davis, K. E., Neinast, M. D., Sun, K., Skiles, W. M., Bills, J. D., Zehr, J. A., Zeve, D.,
Hahner, L., Cox, D., Gent, L. M., Xu, Y., Wang, Z. V., Khan, S. A., & Clegg,
D. J. (2013). The sexually dimorphic role of adipose and adipocyte estrogen
receptors in modulating adipose tissue expansion, inflammation, and fibrosis.
Molecular Metabolism, 2(3), 227-242.
https://doi.org/10.1016/j.molmet.2013.05.006

De Beun, R., Jansen, E., Smeets, M. a. M., Niesing, J., Slangen, J. L., & Van De Poll,
N. E. (1991). Estradiol-induced conditioned taste aversion and place aversion
in rats: Sex- and dose-dependent effects. Physiology & Behavior, 50(5), 995—
1000. https://doi.org/10.1016/0031-9384(91)90427-p

37



Dekkers, G. W. F., Broeren, M., Truijens, S. E., Kop, W. J., & Pop, V. J. (2019).
Hormonal and psychological factors in nausea and vomiting during pregnancy.
Psychological Medicine, 50(2), 229-236.
https://doi.org/10.1017/s0033291718004105

Ding, L., Gong, Q., Li, S., Fu, X., Jin, Y., Zhang, J., & Gao, J. (2017). Rcan2 and
estradiol independently regulate body weight in female mice. Oncotarget,
8(29), 48098-48109. https://doi.org/10.18632/oncotarget.18259

Eichenbaum, H., Dudchenko, P. A., Wood, E. R., Shapiro, M. L., & Tanila, H. (1999).
The hippocampus, memory, and place cells. Neuron, 23(2), 209-226.
https://doi.org/10.1016/s0896-6273(00)80773-4

Eid, R. S., Gobinath, A. R., & Galea, L. A. (2019). Sex differences in depression:
Insights from clinical and preclinical studies. Progress in Neurobiology, 176,
86—102. https://doi.org/10.1016/j.pneurobio.2019.01.006

El-Bakri, N. K., Islam, A., Zhu, S., Elhassan, A. M., Mohammed, A. K., Winblad, B.,
& Adem, A. (2004). Effects of estrogen and progesterone treatment on rat
hippocampal NMDA receptors: Relationship to Morris water maze
performance. Journal of Cellular and Molecular Medicine, 8(4), 537-544.
https://doi.org/10.1111/j.1582-4934.2004.tb00478.x

Ergorul, C., & Eichenbaum, H. (2004). The hippocampus and memory for “What,”
“Where,” and “When.” Learning & Memory, 11(4), 397-405.
https://doi.org/10.1101/lm.73304

Fessler, D. M. T., & Arguello, P. A. (2004). The relationship between susceptibility to
nausea and vomiting and the possession of conditioned food aversions.
Appetite, 43(3), 331-334. https://doi.org/10.1016/j.appet.2004.10.001

Fester, L., Prange- Kiel, J., Jarry, H., & Rune, G. M. (2011). Estrogen synthesis in the
hippocampus.  Cell and  Tissue  Research, 345(3), 285-294.
https://doi.org/10.1007/s00441-011-1221-7

Fetting, J. H., Wilcox, P. M., Iwata, B. A., Criswell, E. L., Bosmajian, L. S., &
Sheidler, V. R. (1983). Anticipatory nausea and vomiting in an ambulatory
medical  oncology  population.  PubMed,  67(12), 1093-1098.
https://pubmed.ncbi.nlm.nih.gov/6652626

38



Fillingim, R. B., Ness, T. J., Glover, T. L., Campbell, C. M., Hastie, B., Price, D. D.,
& Staud, R. (2005). Morphine responses and experimental pain: Sex

differences in side effects and cardiovascular responses but not analgesia. The
Journal of Pain, 6(2), 116—124. https://doi.org/10.1016/j.jpain.2004.11.005

Flanagan- Cato, L. M., Grigson, P. S., & King, J. L. (2001). Estrogen-induced
suppression of intake is not mediated by taste aversion in female rats.
Physiology & Behavior, 72(4), 549-558. https://doi.org/10.1016/s0031-
9384(01)00411-5

Foy, M. R., & Foy, J. G. (2003). Reversal of long-delay conditioned taste aversion
learning in rats by sex hormone manipulation. Integrative Physiological and
Behavioral Science, 38(3), 203-213. https://doi.org/10.1007/bf02688854

Foy, M. R., Baudry, M., Brinton, R. D., & Thompson, R. F. (2008). Estrogen and
hippocampal plasticity in rodent models. Journal of Alzheimer’s Disease,
15(4), 589-603. https://doi.org/10.3233/jad-2008-15406

Foy, M. R., Xu, J., Xie, X., Brinton, R. D., Thompson, R. F., & Berger, T. W. (1999).
17B-estradiol enhances NMDA receptor-mediated EPSPs and long-term
potentiation. Journal  of  Neurophysiology, 81(2), 925-929.
https://doi.org/10.1152/jn.1999.81.2.925

Frick, K. M., Fernandez, S. M., & Bulinski, S. (2002). Estrogen replacement improves
spatial reference memory and increases hippocampal synaptophysin in aged
female mice. Neuroscience, 115(2), 547-558. https://doi.org/10.1016/s0306-
4522(02)00377-9

Gao, H., Filt, S., Sandelin, A., Gustafsson, J., & Dahlman-Wright, K. (2008).
Genome-wide identification of estrogen receptor A-Binding sites in mouse
liver. Molecular Endocrinology, 22(1), 10-22.
https://doi.org/10.1210/me.2007-0121

Gazzaley, A., Weiland, N. G., McEwen, B. S., & Morrison, J. H. (1996). Differential
regulation of NMDAR1 mRNA and protein by estradiol in the rat
hippocampus. The Journal of Neuroscience, 16(21), 6830-6838.
https://doi.org/10.1523/jneurosci. 16-21-06830.1996

Goldberg, R. J., Goff, D. C., Cooper, L. S., Luepker, R. V., Zapka, J. G., Bittner, V.,
Osganian, S. K., Lessard, D. M., Cornell, C. E., Meshack, A., Mann, N. C.,
Gilliland, J., & Feldman, H. A. (2000). Age and sex differences in presentation

39



of symptoms among patients with acute coronary disease: the REACT trial.
Coronary Artery Disease, 11(5), 399—407. https://doi.org/10.1097/00019501-
200007000-00004

Golding, J. F., Kadzere, P., & Gresty, M. A. (2005). Motion sickness susceptibility
fluctuates through the menstrual cycle. PubMed, 76(10), 970-973.
https://pubmed.ncbi.nlm.nih.gov/16235881

Gonzialez, M. J., Cabrera-Socorro, A., Pérez-Garcia, C. G., Fraser, J. D., Lopez, F. J.,
Alonso, R., & Meyer, G. (2007). Distribution patterns of estrogen receptor o
and B in the human cortex and hippocampus during development and
adulthood. The Journal of Comparative Neurology, 503(6), 790-802.
https://doi.org/10.1002/cne.21419

Gould, E., Woolley, C. S., Frankfurt, M., & McEwen, B. S. (1990). Gonadal steroids
regulate dendritic spine density in hippocampal pyramidal cells in adulthood.
The Journal of Neuroscience, 10(4), 1286—-1291.
https://doi.org/10.1523/jneurosci.10-04-01286.1990

Grossman, L. S., Harrow, M., Rosen, C., Faull, R., & Strauss, G. P. (2008). Sex
differences in schizophrenia and other psychotic disorders: a 20-year

longitudinal study of psychosis and recovery. Comprehensive Psychiatry,
49(6), 523-529. https://doi.org/10.1016/j.comppsych.2008.03.004

Gunin, A. G., Emelianov, V. U., Mironkin, I. U., Morozov, M. P., & Tolmachev, A.
S. (2004). Lithium treatment enhances estradiol-induced proliferation and
hyperplasia formation in the uterus of mice. European Journal of Obstetrics &
Gynecology and Reproductive Biology, 114(1), 83-91.

https://doi.org/10.1016/j.ejogrb.2003.09.023

Gupta, R., Sen, S., Diepenhorst, L. L., Rudick, C. N., & Maren, S. (2001). Estrogen
modulates sexually dimorphic contextual fear conditioning and hippocampal
long-term potentiation (LTP) in rats11Published on the World Wide Web on 1
December 2000. Brain Research, 888(2), 356-365.
https://doi.org/10.1016/s0006-8993(00)03116-4

Gureviciene, ., Puolivili, J., Pussinen, R., Wang, J., Tanila, H., & Ylinen, A. (2003).
Estrogen treatment alleviates NMDA-antagonist induced hippocampal LTP
blockade and cognitive deficits in ovariectomized mice. Neurobiology of
Learning and Memory, 79(1), 72-80. https://doi.org/10.1016/s1074-
7427(02)00012-6

40



Hall, G., & Symonds, M. (2006). Overshadowing and latent inhibition of context
aversion conditioning in the rat. Autonomic Neuroscience, 129(1-2), 42—-49.
https://doi.org/10.1016/j.autneu.2006.07.013

Hasegawa, Y., Hojo, Y., Kojima, H., Ikeda, M., Hotta, K., Sato, R., Ooishi, Y.,
Yoshiya, M., Chung, B. C., Yamazaki, T., & Kawato, S. (2015). Estradiol
rapidly modulates synaptic plasticity of hippocampal neurons: Involvement of
kinase networks. Brain Research, 1621, 147-161.
https://doi.org/10.1016/j.brainres.2014.12.056

Heino, T. J., Chagin, A. S., & Siavendahl, L. (2008). The novel estrogen receptor G-
protein-coupled receptor 30 is expressed in human bone. Journal of
Endocrinology, 197(2), R1-R6. https://doi.org/10.1677/joe-07-0629

Hernandez-Matias, A., Bermudez- Rattoni, F., & Osorio-Gomez, D. (2021).
Maintenance of conditioned place avoidance induced by gastric malaise

requires NMDA activity within the ventral hippocampus. Learning & Memory,
28(9), 270-276. https://doi.org/10.1101/lm.052720.120

Herrera, D., & Robertson, H. A. (1996). Activation of in the brain. Progress in
Neurobiology, 50(2-3), 83-107. https://doi.org/10.1016/s0301-
0082(96)00021-4

Hodes, G. E., & Shors, T. J. (2005). Distinctive stress effects on learning during
puberty. Hormones and Behavior, 48(2), 163-171.
https://doi.org/10.1016/j.yhbeh.2005.02.008

Hong, J. S., Stubbins, R., Smith, R. R., Harvey, A. E., & Nuifiez, N. P. (2009).
Differential susceptibility to obesity between male, female and ovariectomized
female mice. Nutrition Journal, 8(1). https://doi.org/10.1186/1475-2891-8-11

Horn, C. C. (2008). Why is the neurobiology of nausea and vomiting so important?
Appetite, 50(2-3), 430—434. https://doi.org/10.1016/j.appet.2007.09.015

Horn, C. C., Kimball, B. A., Wang, H., Kaus, J., Dienel, S., Nagy, A., Gathright, G.
R., Yates, B. J.,, & Andrews, P. (2013). Why can’t rodents vomit? A
comparative behavioral, anatomical, and physiological study. PLOS ONE,
8(4), e60537. https://doi.org/10.1371/journal.pone.0060537

41



Ikeda, K., Horie- Inoue, K., & Inoue, S. (2019). Functions of estrogen and estrogen
receptor signaling on skeletal muscle. The Journal of Steroid Biochemistry and
Molecular Biology, 191, 105375. https://doi.org/10.1016/j.jsbmb.2019.105375

Ilhan, C. F., Urcelay, G. P., & Kislal, S. (2023). Genetic and environmental influences
on one- trial conditioned context aversion in mice. Genes, Brain and Behavior,
22(4). https://doi.org/10.1111/gbb.12857

Ingberg, E., Theodorsson, A., Theodorsson, E., & Strém, J. O. (2012). Methods for
long-term 17pB-estradiol administration to mice. General and Comparative
Endocrinology, 175(1), 188—193. https://doi.org/10.1016/j.ygcen.2011.11.014

Jordan, K., Kasper, C., & Schmoll, H. (2005). Chemotherapy-induced nausea and
vomiting: current and new standards in the antiemetic prophylaxis and
treatment.  European  Journal  of  Cancer, 41(2), 199-205.
https://doi.org/10.1016/j.ejca.2004.09.026

Kamen, C., Tejani, M. A., Chandwani, K. D., Janelsins, M. C., Peoples, A. R., Roscoe,
J. A., & Morrow, G. R. (2014). Anticipatory nausea and vomiting due to
chemotherapy. FEuropean Journal of Pharmacology, 722, 172-179.
https://doi.org/10.1016/j.ejphar.2013.09.071

Kawai, S., Takagi, Y., Kaneko, S., & Kurosawa, T. (2011). Effect of three types of
mixed anesthetic agents alternate to ketamine in mice. Jikken Dobutsu, 60(5),
481-487. https://doi.org/10.1538/expanim.60.481

Kislal, S., & Blizard, D. A. (2016). Conditioned context aversion learning in the
laboratory = mouse.  Learning &  Behavior, 44(4), 309-319.
https://doi.org/10.3758/s13420-016-0217-2

Kislal, S., & Blizard, D. A. (2017). Acquisition and retention of conditioned aversions
to context and taste in laboratory mice. Learning & Behavior, 46(2), 198-212.
https://doi.org/10.3758/s13420-017-0303-0

Klosterhalfen, S., Kellermann, S., Stockhorst, U., Wolf, J. M., Kirschbaum, C., Hall,
G., & Enck, P. (2005). Latent inhibition of rotation chair-induced nausea in
healthy male and female volunteers. Psychosomatic Medicine, 67(2), 335-340.
https://doi.org/10.1097/01.psy.0000156930.00201.e0

Koivuranta, M., Ladr4, E., Snare, L., & Alahuhta, S. (1997). A survey of postoperative
nausea and vomiting. Anaesthesia, 52(5), 443-449.
https://doi.org/10.1111/j.1365-2044.1997.117-az0113.x

42



Koslucher, F., Haaland, E., & Stoffregen, T. A. (2015). Sex differences in visual
performance and postural sway precede sex differences in visually induced
motion sickness. Experimental Brain Research, 234(1), 313-322.
https://doi.org/10.1007/s00221-015-4462-y

Kubo, K., Gorski, R. A., & Kawakami, M. (1975). Effects of estrogen on neuronal
excitability in the hippocampal-septal-hypothalamic system.
Neuroendocrinology, 18(2), 176—191. https://doi.org/10.1159/000122397

Lagiou, P., Tamimi, R. M., Mucci, L. A., Trichopoulos, D., Adami, H., & Hsieh, C.
(2003). Nausea and vomiting in pregnancy in relation to prolactin, estrogens,
and progesterone. Obstetrics &  Gynecology, 101(4), 639-644.
https://doi.org/10.1097/00006250-200304000-00006

Leuner, B., Mendolia-Loffredo, S., & Shors, T. J. (2004). High levels of estrogen
enhance associative memory formation in ovariectomized females.
Psychoneuroendocrinology, 29(7), 883-890.
https://doi.org/10.1016/j.psyneuen.2003.08.001

Li, Y., Zhang, Q., Zhou, C. F., Yang, F., Zhang, Y. D., Wang, R. M., & Brann, D. W.
(2010). Extranuclear estrogen receptors mediate the neuroprotective effects of
estrogen in the rat hippocampus. PLOS ONE, 5(5), e9851.
https://doi.org/10.1371/journal.pone.0009851

Limebeer, C. L., Hall, G., & Parker, L. A. (2006). Exposure to a lithium-paired context
elicits gaping in rats: A model of anticipatory nausea. Physiology & Behavior,
88(4-5), 398—403. https://doi.org/10.1016/j.physbeh.2006.04.014

Limebeer, C. L., Krohn, J. P., Cross-Mellor, S. K., Litt, D. E., Ossenkopp, K., &
Parker, L. A. (2008). Exposure to a context previously associated with nausea
elicits conditioned gaping in rats: A model of anticipatory nausea. Behavioural
Brain Research, 187(1), 33—40. https://doi.org/10.1016/j.bbr.2007.08.024

Liu, F., Day, M. L., Muiiiz, L. C., Bitran, D., Arias, R., Revilla-Sanchez, R., Grauer,
S., Zhang, G., Kelley, C., Pulito, V., Sung, A., Mervis, R. F., Navarra, R., Hirst,
W. D., Reinhart, P. H., Marquis, K. L., Moss, S. J., Pangalos, M. N., &
Brandon, N. J. (2008). Activation of estrogen receptor-3 regulates hippocampal
synaptic plasticity and improves memory. Nature Neuroscience, 11(3), 334—
343, https://doi.org/10.1038/nn2057

Love, R. R., Leventhal, H., Easterling, D., & Nerenz, D. R. (1989). Side effects and
emotional distress during cancer chemotherapy. Cancer, 63(3), 604—612.
https://doi.org/10.1002/1097-0142(19890201)63:3

43



Lovejoy, J. C., & Sainsbury, A. (2009). Sex differences in obesity and the regulation
of energy homeostasis.  Obesity  Reviews,  10(2), 154-167.
https://doi.org/10.1111/j.1467-789x.2008.00529.x

Lubow, R. E. (1973). Latent inhibition. Psychological Bulletin, 79(6), 398—407.
https://doi.org/10.1037/h0034425

Luine, V. N., Gémez, J. L., Beck, K. D., & Bowman, R. E. (2017). Sex differences in
chronic stress effects on cognition in rodents. Pharmacology, Biochemistry and
Behavior, 152, 13—19. https://doi.org/10.1016/j.pbb.2016.08.005

Mackintosh, N. J. (1976). Overshadowing and stimulus intensity. Animal Learning &
Behavior, 4(2), 186—192. https://doi.org/10.3758/bf03214033

Mann, S. N, Pitel, K. S., Nelson-Holte, M., Iwaniec, U. T., Turner, R. T., Sathiaseelan,
R., Kirkland, J. L., Schneider, A., Morris, K. T., Subramaniam, M., Hawse, J.
R., & Stout, M. B. (2020). 17a-Estradiol prevents ovariectomy-mediated
obesity and bone loss. Experimental Gerontology, 142, 111113.
https://doi.org/10.1016/j.exger.2020.111113

Markus, E. J., & Ze€evi¢, M. (1997). Sex differences and estrous cycle changes in
hippocampus-dependent fear conditioning. Psychobiology, 25(3), 246-252.
https://doi.org/10.3758/bf03331934

Matchock, R. L., Levine, M. D., Gianaros, P. J., & Stern, R. M. (2008). Susceptibility
to nausea and motion sickness as a function of the menstrual cycle. Women'’s
Health Issues, 18(4), 328-335. https://doi.org/10.1016/j.whi.2008.01.006

Matteson, S., Roscoe, J. A., Hickok, J. T., & Morrow, G. R. (2002). The role of
behavioral conditioning in the development of nausea. American Journal of
Obstetrics and Gynecology, 186(5), S239-S243.
https://doi.org/10.1067/mob.2002.122597

Meachum, C. L., & Bernstein, I. L. (1992). Behavioral conditioned responses to
contextual and odor stimuli paired with LiCl administration. Physiology &
Behavior, 52(5), 895-899. https://doi.org/10.1016/0031-9384(92)90368-c

Medlock, K. L., Forrester, T. M., & Sheehan, D. M. (1991). Short-Term effects of
physiological and pharmacological doses of estradiol on estrogen receptor and
uterine growth. Journal of Receptors and Signal Transduction, 11(5), 743-756.

44



https://doi.org/10.3109/10799899109064677

Merchenthaler, 1., Lane, M. V., Numan, S., & Dellovade, T. L. (2004). Distribution of
estrogen receptor o and B in the mouse central nervous system: In vivo

autoradiographic and immunocytochemical analyses. The Journal of
Comparative Neurology, 473(2), 270-291. https://doi.org/10.1002/cne.20128

Miele, J., Rosellini, R. A., & Svare, B. (1988). Estradiol benzoate can function as an
unconditioned stimulus in a conditioned taste aversion paradigm. Hormones
and Behavior, 22(1), 116—130. https://doi.org/10.1016/0018-506x(88)90035-9

Miller, A. D., & Leslie, R. (1994). The area postrema and vomiting. Frontiers in
Neuroendocrinology, 15(4), 301-320. https://doi.org/10.1006/frne.1994.1012

Molassiotis, A., Lee, P. H., Burke, T., Dicato, M., Gascon, P., Roila, F., & Aapro, M.
(2016). Anticipatory nausea, risk factors, and its impact on Chemotherapy-
Induced nausea and vomiting: results from the Pan European Emesis Registry
Study. Journal of Pain and Symptom Management, 51(6), 987-993.
https://doi.org/10.1016/j.jpainsymman.2015.12.317

Money, K. E. (1970). Motion sickness. Physiological Reviews, 50(1), 1-39.
https://doi.org/10.1152/physrev.1970.50.1.1

Montoya, D., & Carrer, H. F. (1997). Estrogen facilitates induction of long term
potentiation in the hippocampus of awake rats. Brain Research, 778(2), 430—
438. https://doi.org/10.1016/s0006-8993(97)01206-7

Moran, A. L., Nelson, S., Landisch, R. M., Warren, G. L., & Lowe, D. A. (2007).
Estradiol replacement reverses ovariectomy-induced muscle contractile and

myosin dysfunction in mature female mice. Journal of Applied Physiology,
102(4), 1387-1393. https://doi.org/10.1152/japplphysiol.01305.2006

Morgan, M. A., & Pfaff, D. W. (2001). Effects of estrogen on activity and Fear-Related
behaviors in mice. Hormones and Behavior, 40(4), 472-482.
https://doi.org/10.1006/hbeh.2001.1716

Morrow, G. R., & Rosenthal, S. (1996). Models, mechanisms and management of
anticipatory ~ nausea and emesis. Oncology, 53(1), 4-7.
https://doi.org/10.1159/000227633

45



Mosa, A. S. M., Hossain, A. M., Lavoie, B. J., & Yoo, . (2020). Patient-Related Risk
Factors for Chemotherapy-Induced nausea and Vomiting: A Systematic
review. Frontiers in Pharmacology, 11.

https://doi.org/10.3389/fphar.2020.00329

Murakami, G., Hojo, Y., Ogiue-lkeda, M., Mukai, H., Chambon, P., Nakajima, K.,
Ooishi, Y., Kimoto, T., & Kawato, S. (2015). Estrogen receptor KO mice study
on rapid modulation of spines and long-term depression in the hippocampus.
Brain Research, 1621, 133-146.
https://doi.org/10.1016/j.brainres.2014.12.002

Nachman, M., & Ashe, J. H. (1973). Learned taste aversions in rats as a function of
dosage, concentration, and route of administration of LiCl. Physiology &
Behavior, 10(1), 73-78. https://doi.org/10.1016/0031-9384(73)90089-9

Nakamura, T., Imai, Y., Matsumoto, T., Sato, S., Takeuchi, K., Igarashi, K., Harada,
Y., Azuma, Y., Krust, A., Yamamoto, Y., Nishina, H., Takeda, S., Takayanagi,
H., Metzger, D., Kanno, J., Takaoka, K., Martin, T., Chambon, P., & Kato, S.
(2007). Estrogen prevents bone loss via estrogen receptor A and induction of
FAS ligand in osteoclasts. Cell, 130(5), 811-823.
https://doi.org/10.1016/j.cell.2007.07.025

Nesse, R. M., Carli, T., Curtis, G. C., & Kleinman, P. D. (1980). Pretreatment nausea
in cancer chemotherapy: a conditioned response?*. Psychosomatic Medicine,
42(1), 33-36. https://doi.org/10.1097/00006842-198001000-00004

O’Connor, E. F., Cheng, S. W., & North, W. G. (1987). Effects of intraperitoneal
injection of lithium chloride on neurohypophyseal activity: Implications for
behavioral  studies.  Physiology &  Behavior,  40(1), 91-95.
https://doi.org/10.1016/0031-9384(87)90189-2

OIlff, M. (2017). Sex and gender differences in post-traumatic stress disorder: an
update.  European  Journal  of  Psychotraumatology,  8(sup4).
https://doi.org/10.1080/20008198.2017.1351204

Olton, D. S., Becker, J. T., & Handelmann, G. E. (1979). Hippocampus, space, and
memory.  Behavioral —and  Brain  Sciences,  2(3), 313-322.
https://doi.org/10.1017/s0140525x00062713

Ossenkopp, K., Biagi, E., Cloutier, C. J., Chan, M., Kavaliers, M., & Cross-Mellor, S.
K. (2011). Acute corticosterone increases conditioned spontaneous orofacial
behaviors but fails to influence dose related LiCl-induced conditioned “gaping”
responses in a rodent model of anticipatory nausea. European Journal of

46



Pharmacology, 660(2-3), 358-362.
https://doi.org/10.1016/j.ejphar.2011.03.049

Parker, L. A., Hills, K., & Jensen, K. (1984). Behavioral CRs elicited by a lithium- or
an amphetamine-paired contextual test chamber. Animal Learning & Behavior,
12(3), 307-315. https://doi.org/10.3758/bf03199972

Patel, H., Rosengren, A., & Ekman, 1. (2004). Symptoms in acute coronary syndromes:
does sex make a difference? American Heart Journal, 148(1), 27-33.
https://doi.org/10.1016/j.ahj.2004.03.005

Plante, B. J., Lessey, B. A., Taylor, R. N., Wang, W., Bagchi, M. K., Li, Y., Scotchie,
J. G., Fritz, M. A., & Young, S. L. (2012). G Protein-Coupled estrogen receptor

(GPER) expression in normal and abnormal endometrium. Reproductive
Sciences, 19(7), 684—693. https://doi.org/10.1177/1933719111431000

Queme, L. F., & Jankowski, M. P. (2019). Sex differences and mechanisms of muscle
pain. Current Opinion in Physiology, 11, 1-6.
https://doi.org/10.1016/j.cophys.2019.03.006

Qureshi, F., Shafi, A., Ali, S., & Siddiqui, N. (2016). Clinical predictors of anticipatory
emesis in patients treated with chemotherapy at a tertiary care cancer hospital.
Pakistan Journal of Medical Sciences, 32(2).
https://doi.org/10.12669/pjms.322.9493

Rabin, D. S., Johnson, E. O., Brandon, D. D., Liapi, C., & Chrousos, G. P. (1990).
Glucocorticoids inhibit Estradiol-Mediated uterine growth: possible role of the
uterine estradlol receptor. Biology of Reproduction, 42(1), 74-80.
https://doi.org/10.1095/biolreprod42.1.74

Rapp, A. P., Weiss, C., Oh, M. M., & Disterhoft, J. F. (2021). Intact Female Mice
Acquire Trace Eyeblink Conditioning Faster than Male and Ovariectomized
Female Mice. ENeuro, 8(2), ENEURO.0199-20.2021.
https://doi.org/10.1523/eneuro.0199-20.2021

Rock, E. M., & Parker, L. A. (2013). Effect of low doses of cannabidiolic acid and
ondansetron on LiCl- induced conditioned gaping (a model of nausea-
induced behaviour) in rats. British Journal of Pharmacology, 169(3), 685—692.
https://doi.org/10.1111/bph.12162

Rock, E. M., Boulet, N., Limebeer, C. L., Mechoulam, R., & Parker, L. A. (2016).
Cannabinoid 2 (CB 2 ) receptor agonism reduces lithium chloride-induced

47



vomiting in Suncus murinus and nausea-induced conditioned gaping in rats.
European Journal of Pharmacology, 786, 94-99.
https://doi.org/10.1016/j.ejphar.2016.06.001

Rodriguez, M. P. G., Lopez, M., Symonds, M., & Hall, G. (2000). Lithium-induced
context aversion in rats as a model of anticipatory nausea in humans.
Physiology & Behavior, 71(5), 571-579. https://doi.org/10.1016/s0031-
9384(00)00376-0

Roila, F., Herrstedt, J., Aapro, M., Gralla, R. J., Einhorn, L. H., Ballatori, E., Bria, E.,
Clark- Snow, R., Espersen, B., Feyer, P., Grunberg, S. M., Hesketh, P. J.,
Jordan, K., Kris, M. G., Maranzano, E., Molassiotis, A., Morrow, G. R., Olver,
L., Rapoport, B., . .. Warr, D. (2010). Guideline update for MASCC and ESMO
in the prevention of chemotherapy- and radiotherapy-induced nausea and
vomiting: results of the Perugia consensus conference. Annals of Oncology, 21,
v232—v243. https://doi.org/10.1093/annonc/mdq194

Roscoe, J. A., Morrow, G. R., Aapro, M., Molassiotis, A., & Olver, 1. (2010).
Anticipatory nausea and vomiting. Supportive Care in Cancer, 19(10), 1533—
1538. https://doi.org/10.1007/s00520-010-0980-0

Salazar-Parra, M., Guzman-Ramirez, B. G., Pintor-Belmontes, K. J., Barbosa-
Camacho, F. J., Bernal-Hernandez, A., Cruz-Neri, R. U., Fuentes-Orozco, C.,
Aguirre, L. L. R., Rodriguez-Navarro, D., Brancaccio-Pérez, 1. V., Esparza-
Estrada, I., Cervantes-Pérez, E., Cervantes-Guevara, G., Cervantes-Cardona,
G. A., & Gonzalez-Ojeda, A. (2020). Gender differences in postoperative pain,
nausea and vomiting after elective laparoscopic cholecystectomy. World
Journal of Surgery, 44(12), 4070—4076. https://doi.org/10.1007/s00268-020-
05744-3

Sar, M., & Welsch, F. (1999). Differential expression of estrogen receptor-B and
estrogen receptor-A in the rat ovary. Endocrinology, 140(2), 963-971.
https://doi.org/10.1210/endo.140.2.6533

Scharfman, H. E., Mercurio, T. C., Goodman, J. H., Wilson, M. A., & MacLusky, N.
J. (2003). Hippocampal excitability increases during the estrous cycle in the
rat: A potential role for brain-derived neurotrophic factor. The Journal of
Neuroscience, 23(37), 11641-11652. https://doi.org/10.1523/jneurosci.23-37-
11641.2003

Scoville, W. B., & Milner, B. (1957). Loss of recent memory after bilateral
hippocampal lesions. Journal of Neurology, Neurosurgery, and Psychiatry,

48



20(1), 11-21. https://doi.org/10.1136/jnnp.20.1.11

Shinpo, K., Hirai, Y., Maezawa, H., Totsuka, Y., & Funahashi, M. (2012). The role of
area postrema neurons expressing H-channels in the induction mechanism of
nausea and vomiting. Physiology & Behavior, 107(1), 98-103.
https://doi.org/10.1016/j.physbeh.2012.06.002

Shors, T. J., & Miesegaes, G. R. (2002). Testosterone in utero and at birth dictates how
stressful experience will affect learning in adulthood. Proceedings of the
National Academy of Sciences of the United States of America, 99(21), 13955—
13960. https://doi.org/10.1073/pnas.202199999

Shughrue, P. J., & Merchenthaler, 1. (2000). Estrogen is more than just a “Sex
hormone”: Novel sites for estrogen action in the hippocampus and cerebral
cortex. Frontiers in Neuroendocrinology, 21(1), 95-101.
https://doi.org/10.1006/frne.1999.0190

Shughrue, P. J., & Merchenthaler, I. (2001). Distribution of estrogen receptor 3
immunoreactivity in the rat central nervous system. The Journal of
Comparative Neurology, 436(1), 64—81. https://doi.org/10.1002/cne.1054

Shughrue, P. J., Lane, M. V., & Merchenthaler, 1. (1999). Biologically Active Estrogen
Receptor-f: Evidence from in Vivo Autoradiographic Studies with Estrogen
Receptor a-Knockout Mice. Endocrinology, 140(6), 2613-2620.
https://doi.org/10.1210/endo.140.6.6876

Speirs, V., Skliris, G., Burdall, S. E., & Carder, P. J. (2002). Distinct expression
patterns of ER and ER in normal human mammary gland. Journal of Clinical
Pathology, 55(5), 371-374. https://doi.org/10.1136/jcp.55.5.371

Spencer-Segal, J. L., Tsuda, M. C., Mattei, L., Waters, E. M., Romeo, R. D., Milner,
T. A., McEwen, B. S., & Ogawa, S. (2012). Estradiol acts via estrogen
receptors alpha and beta on pathways important for synaptic plasticity in the
mouse  hippocampal  formation. = Neuroscience, 202,  131-146.
https://doi.org/10.1016/j.neuroscience.2011.11.035

Spencer, C. M., Eckel, L. A., Nardos, R., & Houpt, T. A. (2012). Area postrema lesions
attenuate LiCl-induced c-Fos expression correlated with conditioned taste
aversion learning.  Physiology &  Behavior, 105(2), 151-160.
https://doi.org/10.1016/j.physbeh.2011.08.022

49



Stadler, M., Bardiau, F., Seidel, L., Albert, A., & Boogaerts, J. G. (2003). Difference
in risk factors for postoperative nausea and vomiting. Anesthesiology, 98(1),
46-52. https://doi.org/10.1097/00000542-200301000-00011

Stirone, C., Duckles, S. P., & Krause, D. N. (2003). Multiple forms of estrogen
receptor-a in cerebral blood vessels: regulation by estrogen. American Journal
of Physiology-endocrinology and Metabolism, 284(1), E184-E192.
https://doi.org/10.1152/ajpendo.00165.2002

Stockhorst, U., Hall, G., Enck, P., & Klosterhalfen, S. (2014). Effects of
overshadowing on conditioned and unconditioned nausea in a rotation
paradigm with humans. Experimental Brain Research, 232(8), 2651-2664.
https://doi.org/10.1007/s00221-014-3998-6

Stockhorst, U., Klosterhalfen, S., Klosterhalfen, W., Winkelmann, M., &
Steingrueber, H. (1993). Anticipatory nausea in cancer patients receiving
chemotherapy: Classical conditioning etiology and therapeutical implications.

Integrative Physiological and Behavioral Science, 28(2), 177-181.
https://doi.org/10.1007/bf02691224

Stockhorst, U., Steingrueber, H., Enck, P., & Klosterhalfen, S. (2006). Pavlovian
conditioning of nausea and vomiting. Autonomic Neuroscience, 129(1-2), 50—
57. https://doi.org/10.1016/j.autneu.2006.07.012

Strom, J. O., Theodorsson, A., Ingberg, E., Isaksson, 1., & Theodorsson, E. (2012).
Ovariectomy and 17&beta;-estradiol Replacement in Rats and Mice: A Visual

Demonstration. Journal of Visualized Experiments, 64.
https://doi.org/10.3791/4013

Symonds, M., & Hall, G. (1997). Contextual conditioning with lithium-induced nausea
as the US: evidence from a blocking procedure. Learning and Motivation,
28(2), 200-215. https://doi.org/10.1006/lmot.1996.0958

Symonds, M., & Hall, G. (2000). Contextual conditioning with an illness US is
attenuated by the antiemetic ondansetron. Psychobiology, 28(3), 360-366.
https://doi.org/10.3758/bf03331993

Tang, A. C., Nakazawa, M., Romeo, R. D., Reeb, B. C., Sisti, H. M., & McEwen, B.
S. (2005). Effects of long-term estrogen replacement on social investigation

and social memory in ovariectomized C57BL/6 mice. Hormones and Behavior,
47(3), 350-357. https://doi.org/10.1016/j.yhbeh.2004.10.010

50



Terasawa, E., & Timiras, P. S. (1968). Electrical activity during the estrous cycle of
the rat: cyclic changes in limbic structures. Endocrinology, 83(2), 207-216.
https://doi.org/10.1210/endo-83-2-207

Travers, J. B., & Norgren, R. (1986). Electromyographic analysis of the ingestion and
rejection of sapid stimuli in the rat. Behavioral Neuroscience, 100(4), 544-555.
https://doi.org/10.1037/0735-7044.100.4.544

Tuerke, K. J., Winters, B. D., & Parker, L. A. (2012). Ondansetron interferes with
unconditioned lying-on belly and acquisition of conditioned gaping induced by

LiCl as models of nausea-induced behaviors in rats. Physiology & Behavior,
105(3), 856—-860. https://doi.org/10.1016/j.physbeh.2011.10.017

Van Komen, R. W., & Redd, W. H. (1985). Personality factors associated with
anticipatory nausea/vomiting in patients receiving cancer chemotherapy.
Health Psychology, 4(3), 189-202. https://doi.org/10.1037/0278-6133.4.3.189

Van Pelt, A. M. M., De Rooij, D. G., Van Der Burg, B., Van Der Saag, P. T.,
Gustafsson, J., & Kuiper, G. G. J. M. (1999). Ontogeny of Estrogen Receptor-
B Expression in Rat Testis**This work was supported by grants from the
Swedish Medical Research Council (MFR K98-04P-12596—01A) and the Loo
och Hans Ostermans Stiftelse (to G.G.J.M.K.) and a grant from the European
Union (EU-PL95-1223; to B.v.d.B., P.T.v.d.S., and J.-..G .). Endocrinology,
140(1), 478-483. https://doi.org/10.1210/endo.140.1.6438

Vetvik, K. G., & MacGregor, A. (2017). Sex differences in the epidemiology, clinical
features, and pathophysiology of migraine. The Lancet Neurology, 16(1), 76—
87. https://doi.org/10.1016/s1474-4422(16)30293-9

Villa, E., Colantoni, A., Grottola, A., Ferretti, 1., Buttafoco, P., Bertani, H., De Maria,
N., & Manenti, F. (2002). Variant estrogen receptors and their role in liver
disease. Molecular and Cellular Endocrinology, 193(1-2), 65-69.
https://doi.org/10.1016/s0303-7207(02)00097-7

Waddell, J., Mallimo, E. M., & Shors, T. J. (2010). d-cycloserine reverses the
detrimental effects of stress on learning in females and enhances retention in

males. Neurobiology of Learning and Memory, 93(1), 31-36.
https://doi.org/10.1016/j.nlm.2009.08.002

51



Walsh, J., Hasler, W. L., Nugent, C., & Owyang, C. (1996). Progesterone and estrogen
are potential mediators of gastric slow-wave dysrhythmias in nausea of
pregnancy. American Journal of Physiology-gastrointestinal and Liver
Physiology, 270(3), G506-G514.
https://doi.org/10.1152/ajpgi.1996.270.3.g506

Wang, Y., Lavond, D. G., & Chambers, K. C. (1997). Cooling the area postrema
induces conditioned taste aversions in male rats and blocks acquisition of LiCl-

induced aversions.  Behavioral = Neuroscience, 111(4), 768-776.
https://doi.org/10.1037/0735-7044.111.4.768

Wang, Y., Lee, H., He, A. B., & Huang, A. C. W. (2017). Examinations of CS and US
preexposure and postexposure in conditioned taste aversion: Applications in
behavioral interventions for chemotherapy anticipatory nausea and vomiting.
Learning and Motivation, 59, 1-10.
https://doi.org/10.1016/j.Imot.2017.06.001

Warfvinge, K., Krause, D. N., Maddahi, A., Edvinsson, J. C. A., Edvinsson, L., &
Haanes, K. A. (2020). Estrogen receptors a, p and GPER in the CNS and

trigeminal system - molecular and functional aspects. Journal of Headache and
Pain, 21(1). https://doi.org/10.1186/s10194-020-01197-0

Woolley, C. S., & McEwen, B. (1992). Estradiol mediates fluctuation in hippocampal
synapse density during the estrous cycle in the adult rat [published erratum
appears in J Neurosci 1992 Oct;12(10):following table of contents]. The
Journal of Neuroscience, 12(7), 2549-2554.
https://doi.org/10.1523/jneurosci.12-07-02549.1992

Woolley, C. S., & McEwen, B. S. (1994). Estradiol regulates hippocampal dendritic
spine density via an N-methyl- D-aspartate receptor-dependent mechanism.
The Journal of Neuroscience, 14(12), 7680-7687.
https://doi.org/10.1523/jneurosci.14-12-07680.1994

Woolley, C. S., Weiland, N. G., McEwen, B. S., & Schwartzkroin, P. A. (1997).
Estradiol increases the sensitivity of hippocampal CAl pyramidal cells to
NMDA Receptor-Mediated Synaptic input: correlation with dendritic spine
density.  The  Journal  of  Neuroscience, 17(5), 1848—-1859.
https://doi.org/10.1523/jneurosci.17-05-01848.1997

Yamamoto, H., Sekine, 1., Yamada, K., Nokihara, H., Yamamoto, N., Kunitoh, H.,
Ohe, Y., & Tamura, T. (2008). Gender Differences in Treatment Outcomes
among Patients with Non-Small Cell Lung Cancer Given a Combination of

52



Carboplatin and Paclitaxel. Oncology, 75(3-4), 169-174.
https://doi.org/10.1159/000159268

Yates, B. J., Miller, A. D., & Lucot, J. B. (1998). Physiological basis and
pharmacology of motion sickness: an update. Brain Research Bulletin, 47(5),
395-406. https://doi.org/10.1016/s0361-9230(98)00092-6

Yokokawa, T., Suzuki, K., Tsuji, D., Hosonaga, M., Kobayashi, K., Kawakami, K.,
Kawazoe, H., Nakamura, T., Suzuki, W., Sugisaki, T., Aoyama, T., Hashimoto,
K., Hatori, M., Tomomatsu, T., Inoue, A., Azuma, K., Asano, M., Takano, T.,
Ohno, S., & Yamaguchi, M. (2023). Influence of menopause on
chemotherapy- induced nausea and vomiting in highly emetogenic
chemotherapy for breast cancer: A retrospective observational study. Cancer
Medicine, 12(18), 18745—18754. https://doi.org/10.1002/cam4.6494

Yuan, D. L., & Chambers, K. C. (1999). Estradiol accelerates extinction of lithium
Chloride-Induced conditioned taste aversions through its Illness-Associated
properties. Hormones and Behavior, 36(3), 287-298.
https://doi.org/10.1006/hbeh.1999.1551

Zevy, D. L. (2017). The influence of estrogen on sex differences in chemotherapy-
induced nausea and vomiting (CINV).
https://ir.lib.uwo.ca/cgi/viewcontent.cgi?article=6283 &context=etd

Zhang, C., & Hamada, T. (2013). Sex differences in estrogen receptor promoter
expression in the area postrema. PubMed. https://doi.org/10.3969/.issn.1673-
5374.2013.02.007

Zhang, W., Mikel4, S., Andersson, L. C., Salmi, S., Saji, S., Webster, J. L., Jensen, E.
V., Nilsson, S., Warner, M., & Gustafsson, J. (2001). A role for estrogen
receptor B in the regulation of growth of the ventral prostate. Proceedings of
the National Academy of Sciences of the United States of America, 98(11),
6330—-6335. https://doi.org/10.1073/pnas.111150898

Zurkovsky, L., Brown, S. L., & Korol, D. L. (2006). Estrogen modulates place learning
through estrogen receptors in the hippocampus. Neurobiology of Learning and
Memory, 86(3), 336-343. https://doi.org/10.1016/j.nIm.2006.07.008

53



APPENDICES

A. APPROVAL OF THE METU HUMAN SUBJECTS ETHICS COMMITTEE

Dokiiman Kodul Document Code | FR.94
Technical Universal Verification Yirirlik Tarihil Effective date 05.05.2022
Laboratuvar Egitim Ve Saglik Hizmetleri San. | Revizyon Nol Revision No 01
Tic. Ltd. §t. Revizyon Tarihil Revision Date | 26.01.2023
Sayfal Page 1n
HAYVAN DENEYLERI YEREL ETIK KURUL KARARI ONAY FORMU/ ANIMAL EXPERIMENTS LOCAL ETHICS COMMITTEE DECISION
PERMISSION FORM

Technical Universal Verification Yerel Etik Kurulu Yénergesine gore agagida belirtilen
yapilmasina oy goklugu / oy birligi ile karar verilmistir.

psamda bahsi gegen calig

Toplanti Tarihi/ Meeting Date 30.03.2023

Toplanti No/ Meeting No 0015/2023

Etik Kurul No/ Ethical Committee No EKN.0026/2023/01

Karar No/ Decision No KN.0026/2023/01

Galigmanin Adi/ Name of The Research Os!rojgr)lerin kosullu gevre itinmesi tizerindeki
Galigmanin Yir | Coordi of The h Dr. Ogr. Llyesi Sezen KISLAL

Galismanin Talep Edildigi Kurum-Kurulus/ Institution- | Orta Dogu Teknik Universitesi Fen Edebiyat Fakiiltesi
Organization Where The Research is Requested Psikoloji Anabilim Dall

Galigmada Kullanilacak Hayvanin Tilrii/ The Species of | Fare (CD1)

The Animal To Be Used in The Research
Galigmada Kullanilacak Hay Cinsiyeti/ Gender of | Disi (10-12 Haftallk)
The Animal To Be Used in The Research
Galigmada Kullanilacak Hayvanin Sayisi/ Number of The 48
Animals To Be Used in The R h
Gegerlilik Siiresi/ Period of Availability 1yl

ETIK KURUL UYELERI / MEMBERS OF ETHIC COMMITTEE

Adi-Soyadi/ Name-Surname Unvani/ Title Gérevil Position I Imzasi/ Signature
Gizem ARALAN Dr. Veteriner Hekim Etik Kurul Baskan! !
Serdar AYYILDIZ Genel Midar Etik Kurul Bagkan Yrd.
Ahmet Gevik TUFAN Prof. Dr. Etik Kurul Bagkan Yrd.
Gilben AKCAN Dr. Biyolog In Vivo Sorumlusu
Betlll GAGLIOGLU Genel Koordinator/Biyolog | Uye
Tugba SIMSIR Biyolog Uye
Murat Ekin ERDOGAN g Mimar STK Uyesi

54



Dokiiman Kodu/ Document Code | FR.94
o B Yiriirlik Tarihil Effective date | 05.05.2022
echnical Universal Verification Belgelendirme - —
Laboratuvar EGitlm Ve Saghk Hizmetleri San, Tic, Ltd, gt [-Revizvon Nof Revision Ho Je
Revizyon Tarihil Revision Date 31.05.2023
Sayfal Page 11

HAYVAN DENEYLERI YEREL ETIK KURUL KARARI ONAY FORMU/
ANIMAL EXPERIMENTS LOCAL ETHICS COMMITTEE DECISION PERMISSION FORM

Technical Universal Verification Yerel Etik Kurulu Yénergesi' ne gére asagida belirtilen kapsamda bahsi gecen galigmanin

yapilmasina oy goklugu/ oy birligi ile karar verilmistir.

Toplanti Tarihi/ Meeting Date

25.08.2023

Toplanti No/ Meeting No 0022/2023
Etik Kurul No/ Ethical Committee No EKN.0035/2023/01
Karar No/ Decision No KN.0035/2023/01

Galigmanin Adi/ Name of The Research

Estradiol'tin Kogullu Gevre Itinmesi Uzerindeki Etkilerinin
Incelenmesi

Galigmanin Yiiriitiiciisii/ Coordinator of The Research

Dr. Ogr. Uyesi Sezen Kislal

Galigmanin - Talep Edildigi Kurum-Kurulug/ Institution-
Organization Where The Research is Requested

ODTU- Fen Edebiyat Fakiiltesi Psikoloji ABD

Galismada Kullanilacak Hayvanin Tirii/ The Species of The

Animal To Be Used in The Research .
Galismada Kullanilacak Hayvanin Cinsiyeti/ Gender of The Disi
Animal To Be Used in The Research

Galigmada Kullanilacak Hayvanin Sayisi/ Number of The 48
Animals To Be Used in The Research

Gegerlilik Siiresi/ Period of Availability 1yl

ETIK KURUL UYELERI/ MEMBERS OF ETHIC COMMITTEE

Adi-Soyadi/ Name-Surname Unvani/ Title Gérevil Position n imzasi/ Signature
Gizem ARALAN Dr. Veteriner Hekim Etik Kurul Bagkani
Serdar AYYILDIZ Genel Miidiir Etik Kurul Bagkan Yrd.
A. Gevik TUFAN Prof. Dr. Etik Kurul Bagkan Yrd.
Giilben AKCAN Dr. Biyolog in Vivo Sorumlusu
Betiil GAGLIOGLU Genel Koordinatdr/ '

Biyolog Uye / Genel Sekreter

Tugba SIMSIR Biyolog Uye
Murat Ekin ERDOGAN i¢ Mimar STK Uyesi

Elektronik niisha. Basilmig hali kontrolsiiz kopyadir./ Electronic copy. The printed version is an uncontrolled copy.

55




B. CURRICULUM VITAE

Cemile Ceren Akgiil

Ankara, Turkey *

Education
Middle East T echnical University Ankara, Turkey
Master’s Degree in Cognitive Psychology 03/2023 - Present
Thesis: “The influence of estrogen on conditioned context aversion learning”
Advisor: Dr. Sezen Kislal

Bilkent University Ankara, Turkey
Bachelor in Psychology (50% scholarship) 08/2017 — 06/2022
i zmir Atatiirk H igh School Izmir, Turkey

09/2013 - 06/2017

Skills
Surgeries: Transcardial perfusion, ovatiectomy, brain extraction
Technical skills: Brain sectioning, immunohistochemistry, dosing (intraperitoneal and subcutaneous), cell counting
Behavioral assays on rodents: Classical conditioning, Y-Maze
Programs: Python, MATLAB, GraphPad Prism, SPSS, JASP, Image]

Publications

Akgul, C. C., Kislal, S., Blizard, D. (2023). Theinflusned efragn an andtianed antext avesan learning[Manuscript in
preparation]. Department of Psychology, Middle East Technical University.

Poster and Oral Presentations
Akgul, C. C,, & Kislal, S. (2023, September 28-29). Sex differences in conditioned context aversion [Oral presentation].
International Cankaya Scientific Studies Congress, Ankara, Turkey.

Akgul, C. C., & Kislal, S. (2023, September 22-24). The influence of female gonadal hormones on conditioned context
aversion learning [Oral presentation]. 9" International Conference on Social Sciences, Izmir, Turkey.

Experience
Dr. Sezen Kiglal (METU Neuroscience Lab) Ankara, Turkey

Master’s degree student 03/2023 — Present

[ Guided the project “Theinflueed edragn o andtioned antext avesan leaming’” with full responsibility and
organized the lab team

[} Conducted ovariectomy and provided post-operative care to mice including subcutaneous injections of
analgesics and antibiotics, conditioned the animals using intraperitoneal injections, and conducted
behavioral tests

[ Analyzed the data using GraphPad Prism and wrote a report

] Found an impact of ovarian-secreted hormones on conditioned context aversion learning in mice
Intern 09/2022 - 03/2023

] Conducted behavioral assays, transcardial perfusion, brain extraction, and sectioning, provided post-
operative care, and participated in immunohistochemistry process to examine c-Fos expression in mice

56



Dr. Devin Terhune (Goldsmiths Timing, Awareness, and Suggestion Lab) Remote
Intern 05/2021 - 07/2022
[ Built expetiments for the project “Malidion o Bayesan terpad pria veghingby artext sdlien using Psychopy
1 Organized and cleaned data for further analysis using MATLAB

Bilkent University Ankara, Turkey
Tutor 09/2019 - 01/2020
] Tutored a Python course for social science students; assisted and graded the lab assignments, and provided

feedback
Dr. Hliseyin Boyaci (Bilkent Computational and Biological Vision Group) Ankara, Turkey
Undergraduate research assistant 02/2021 — 05/2022

(1 Collected psychophysical data from human participants using Psychtoolbox for the study “Invedigitingthedfatsdf
peapiud lemingan thefundian and micadrudured visd artex”

Dr. Hande llgaz (Bilkent Bil-Ge Development Lab) Ankara, Turkey
Undergraduate research assistant 09/2019 — 01/2020
[l Conducted behavioral data coding, transcription, and data entry using Excel

Certificates
Teilnahmebestétigung A2.1 (Gocthe-Institut) 05/2023
Training of Experimental Animal Use 12/2022
IELTS (scote: 7.5) 11/2022
The Addicted Brain (Coursera) 06/2020
Extracurricular Activities

Team Member Ankara, Turkey
METU Sailing Club 09/2023 — Present
Member Ankara, Turkey
Bilkent Archeology Club 09/2021 — 05/2022
Exchange Student and Volunteer Minnesota, USA
Lions Youth Exchange Program 07/2018 —08/2018
Member Ankara, Turkey
Bilkent Outdoor Sports Society 08/2017 — 06/2019

57



C. TURKISH SUMMARY / TURKCE OZET

BOLUM 1

GIRIS

Tezin ilk boliimiinde deneylerin anlamlandirilmast i¢in 6nemli olan beklentisel bulanti
ve kusma, kosullu ¢evre itinmesi, beklentisel bulanti, kosullu ¢evre itinmesi ve diger
klasik kosullanma prosediirlerindeki cinsiyet farkliliklar1 ve Ostrojen-bulant1 ve

Ostrojen-beyin iliskisi gibi genel konseptlere ve buluntulara deginilmistir.
1.1. Beklentisel Bulanti ve Kusma

Beklentisel bulanti ve kusma (BBK) kemoterapinin yan etkilerinden biridir ve
kemoterapiye bagli bulant1 ve kusma (KBBK) tarafindan tetiklenmektedir (Boakes et
al., 1993; Coates et al., 1983). BBK klasik kosullanmanin bir sonucu olup hastanedeki
ndtral uyaranlarin kemoterapi tedavisinin rahatsiz edici yan etkisiyle eslesmesi ile
tedavi beklentisinde bulant1 ve kusma olarak kendini gostermektedir (Stockhorst et al.,
1993). Bu psikolojik siire¢ her kemoterapi seanst sonrasinda yogunlagsma
egilimindedir ve ikinci seanstan itibaren hastalar1 etkileyebilecegi gibi dordiincii
dongiiden itibaren hastalarin yaklasik %30’unda yaygin hale gelir (Roscoe et al.,
2010). BBK’nin psikolojik yiikii kaygi ve stresi arttirarak tedavinin devamlilifina
engel olabilir (Andrykowski, 1990; Jordan et al., 2005; Van Komen & Redd, 1985).
BBK yayginligi kullanilan kemoterapi ilacinmin bulanti etkisi, yas, cinsiyet gibi
faktorlere baghdir ve 6zellikle kadinlar BBK gostermeye daha yatkindir (NCI, 2024).
Bu yatkinliga sebep olan faktorleri saptamak ve anlamak 6nlem ve tedavi yontemleri

gelistirmek acisindan 6nem arz etmektedir.
1.2. Kosullu Cevre itinmesi

BBK’yi anlamakta siklikla kosullu ¢evre itinmesi (KCI) ad1 verilen hayvan modeli
kullanilmaktadir (Cloutier et al., 2017, 2018; Hall & Symonds, 2006; ilhan et al., 2023;
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Kislal & Blizard, 2016; Limebeer et al., 2008; Rodriguez et al., 2000). Bu model
kemirgenlerin hastane ortamindakine benzer nétr bir baglam ve lityum kloriir (LiCl)
gibi itinme yaratan bir ajanin eslestirmesiyle olusturulur (Bishnoi et al., 2023; Chan et
al., 2009; Kislal & Blizard, 2017; Limebeer et al., 2008; Nachman & Ashe, 1973;
Parker et al., 1984; Symonds & Hall, 1997; Symonds & Hall, 2000; Rodriguez et al.,
2000; Wang et al., 2017). Klasik kosullanma sayesinde kemirgenler baglam ve LiCl
tarafindan olusan itinmeyi eslestirerek BBK’de oldugu gibi baglamla karsilagildiginda
beklenti sonucu bir itinme gosterirler. KCI prosediirii gelistirilirken ¢evresel uyaranlar
degistirilerek farkli baglamlar olusturulur ve siikroz tiiketimi, su tiiketimi, ve
gozlemlenebilir davraniglar gibi farkli davranis testleriyle beklentisel itinme
dlciilebilir (Cloutier et al., 2012; Hall & Symonds, 2006; ilhan et al., 2023; Kavaliers,
et al., 2012; Limebeer et al., 2006; Limebeer et al., 2008; Ossenkopp et al., 2011;
Rodriguez et al., 2000). Bu preklinik ¢calismalar BBK’nin altinda yatan mekanizmay1
anlayabilmeye yardimci olmakla birlikte yeni tedavi yontemlerinin gelistirilmesine ve
bu rahatsiz edici yan etkiyle iligkili biyolojik hassasiyet faktdrlerinin tanimlanmasina
da yardimci olarak kanser hastalarinin tedavi sirasinda yagsam kalitesini iyilestirmede

yarar saglayabilmektedir.
1.3. BBK ve KCi’de Cinsiyet Farklihklar

BBK yaygimlikta kayda deger cinsiyet farkliliklar1 gosterir ve kadimnlar erkeklere
kiyasla BBK gelistirmeye daha yiiksek duyarlilik sergilerler (Qureshi et al., 2016;
Kamen et al.,, 2014; Fetting et al., 1983). Bu bulgular kosullu mide bulantisi
paradigmalarini kullanan insan ¢alismalar1 ve KCI modelini kullanan kemirgen
deneyleri ile desteklenmektedir. BBK’yi simiile etmek amaciyla devinim sayrilig
yaratan rotasyon paradigmalar1 kullanilmis olup kadinlarda engelleme ve golgeleme
tekniklerinin erkeklere oranla daha etkili oldugu gozlemlenmistir (Klosterhalfen et al.,
2005; Stockhorst et al., 2014). Benzer sekilde, kemirgenlerle yiiriitilen KCI
calismalar1 disi kemirgenlerin erkeklere oranla daha fazla kosullu tepki ve daha gec
sénme gostermistir (Cloutier et al., 2017; Cloutier et al., 2018; Ilhan et al., 2012).
Ayrica gecmis bir ¢alismada siganlarin 6strus dongiilerini takip ederek yiiksek Ostrojen
seviyeleri goriilen proostrus evresinde kosullu tepkinin arttig1 saptanmistir (Cloutier
et al., 2018). Bu bulgulara ragmen BBK’de goriilen cinsiyet farkliliklarina sebep olan

mekanizma iizerine yapilan arastirmalar eksikligini devam ettirmektedir. Bu nedenle,
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bu mekanizmalar1 kapsamli bir sekilde aydinlatmak iki cinsiyeti de kapsayan hedefe
yonelik tedavi stratejileri gelistirmeye yardim edecek ve dolayisiyla kanser tedavisi

goren bireylere yarar saglayacaktir.
1.4. Ostrojen ve Bulanti

Aragtirmalar kemoterapinin yaygin yan etkileri olan mide bulantisi ve kusmanin cinsel
dimorfizm sergiledigini; kadmlarin genellikle kemoterapinin neden oldugu mide
bulantis1 ve kusma (Qureshi et al., 2016), ameliyat sonrast mide bulantis1 (Koivuranta
et al., 1997; Salazar-Parra et al., 2020; Stadler et al., 2003), tasit tutmas1 (Koslucher et
al., 2015) ve akut koroner sendrom (Goldberg et al., 2000; Patel et al., 2004) gibi ¢esitli
durumlari erkeklere oranla daha yogun olarak yasadigini géstermektedir. Kadinlardaki
bu belirgin duyarliligin yumurtaliklardan salgilanan &strojen ve progesteron gibi
hormonlarin etkiledigi diistiniilmektedir (Golding et al., 2005; Matchock et al., 2008;
Walsh et al., 1996). Menstrual dongili ve hamilelik sirasinda dalgal1 bir seyir izleyen
bu hormonlar geg¢mis arastirmalarda artan mide bulantis1 ile iligkilendirilmistir
(Dekkers et al., 2019; Lagiou et al., 2003). Kemirgenler iizerine yapilan arastirmalar
kusma refleksi olmamasina ragmen insandaki mide bulantisini taklit etmek i¢in LiCl
enjeksiyonu kullanmistir (Andrews & Sanger, 2014). Ozellikle sicanlarda mide
bulantis1 ile homolog etkiler uyandiran durumlarda AP boélgesinin aktive oldugu
goriilmiis (Bernanke et al., 2022), ve bu gblgenin disi ve erkeklerde farkli miktarlarda
Ostrojen reseptorleri icerip cinsiyet farkliliklarina sebep olabilecegi vurgulanmistir

(Zhang & Hamada, 2013).
1.5. Ostrojen ve Beyindeki Ogrenme ile Iliskili Bolgeler

BBK’de goriilen cinsiyet farkliliklar1 potansiyel olarak merkezi sinir sistemi,
ostrojenin 0zellikle de 6grenme ile iligkilendirilen hipokampiis gibi 6strojen agisindan
zengin beyin bolgeleri lizerindeki etkileri ile agiklanabilir. Hipokampiis, BBK nin
hayvan modeli olan KCI paradigmas i¢in de baglamsal dogasi sebebiyle fazlasiyla
Oonem tasimaktadir (Broadbent et al., 2004; Bunsey & Eichenbaum; Burgess et al.,
2002; Eichenbaum et al., 1999; Ergorul & Eichenbaum; Olton et al., 1979; Scoville &
Milner, 1957). Ogrenme ve cinsiyet arasindaki etkilesim, Ostrojenin hipokampal
reseptorlerle etkilesime girmesi sonucu noral plastisite ve uyarilabilirligin artmasiyla

aciklanabilir (Gould et al., 1990; Montoya & Carrer; Spencer-Segal et al., 2012;
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Terasawa & Timiras, 1968; Woolley & McEwen, 1992). Ge¢mis ¢alismalar dstrojenin
dendritik omurga yogunlugu, LTP aktivasyon esigi, sinaptik plastisite ve 6grenme i¢in
kritik olan NMDA reseptdr modiilasyonundaki roliinii gostermektedir (Foy et al.,
1999; Montoya & Carrer; Woolley & McEwen, 1994; Woolley et al., 1997).
Dolayisiyla gonad hormonlarinin 6grenme ile alakali beyin bolgeleri iizerine etkisini

anlamak KCI ve BBK’deki cinsel dimorfizmin sebebini agikliga kavusturabilir.

BOLUM 2

OSTROJENIN KOSULLU CEVRE iTINMESINE ETKIiSi

Tezin bu boliimiinde Ostrojenin 6grenme tizerindeki etkisini gérmeyi amaglayan iki

deney aciklanmustir.
2.1. Deney 1

Ilk deneyde yumurtaliklardan salgilanan hormonlarin farelerde KCI dgrenmesi ve

sonmesinin etkisi aragtirilmistir.
2.1.1. Yontem
2.1.1.1. Denekler

Mevcut calismaya 10-12 haftalik 44 disi CD1 fare dahil edildi. Deneyde
yumurtaliklardan salgilanan hormonlarin KCI iizerindeki etkisinin incelenmesi igin
ovariektomi prosediirii gerceklestirilerek kandaki esey hormon miktarinin azaltilmasi
saglanmistir. Bu hedeflenerek bir grup hayvan ovariektomi edilmis (n = 23) ve kalan
hayvanlar kontrol amaciyla sahte operasyon geg¢irmistir (n = 21). Sonrasinda bu iki
grup tekrar alt gruplara boliinerek deney ve kontrol gruplarini olusturmustur.
Ovariektomi operasyonu gecirmis grubun bir kism1 LiCl alarak deney grubunu (OVX-
LiCl, n = 12) ve kalaniysa NaCl enjeksiyonuyla kontrol grubunu olusturmustur (OVX-

NaCl, n = 11). Sahte operasyon gecirmis hayvanlara da ayn1 prosediir uygulanmigtir
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(SHAM-LiCl, n = 11; SHAM-NaCl, n = 10) ve dolayisiyla deneyde toplam dort grup
yer almaktadir. Deney protokolii Technical Universal Verification hayvan etigi

komitesi tarafindan onaylanmistir (protokol numarasi: 0026/2023/01).
2.1.1.2. Koloni Odasi

Fareler seffaf Avrupa Standart Tip II kafeslere yerlestirilmistir. Yataklik talas
kullanilarak olusturulmus ve su standart plastik siselerde servis edilmistir. Kafeslerin
bulundugu koloni odasinda 12/12 saat aydinlik/karanlik dongiisii saglanmistir ve oda
sicakligr 21°C+£1°de tutulmustur. Asagida belirtilen su kisitlama donemleri disinda

yiyecek ve musluk suyuna smirsiz erisim saglanmistir.
2.1.1.3. Araclar

Kosullama koloni odasindan farkli bir baglamda gergeklestirilmistir. Farkli bir baglam
yaratmak amaciyla limon yagi kokusuyla zenginlestirilmis farkli bir odada 75 dB
beyaz giiriiltii saglanmis ve oda 60 Watt kirmizi lamba ile aydinlatilmistir. Siyah ve
beyaz ¢izgilerle ¢evrelenen Standart Tip II kafeslerde yataklik olarak kedi kumu
kullanilmistir. Kosullandirma baglaminda su paslanmaz gelik agizli ve bilye agizlikli

yesil cam siselerde sunulmustur.
2.1.1.4. Deney Prosediirii

Ameliyat. Ameliyatlar intraperitoneal olarak 80 mg/kg Ketamin ve 8 mg/kg Xylazine
kokteyli enjeksiyonundan 10 dakika sonra gerceklestirilmistir. Hayvanlarin 23’iine
kaudal bolgeye dogru 1 cm’lik sirt kesisinden yumurtaliklarin iki tarafli ¢ikarilmasin
igeren ovariektomi prosediirii uygulanmistir. Kalan 21 hayvana da sahte operasyon
icin ayni iglem uygulanmistir ancak yumurtaliklar ¢ikarilmamis, yalnmizca yerleri
belirlenip geri yerlestirilmistir. Ameliyatlarin ardindan hayvanlara subkutan analjezik
ve antibiyotik enjeksiyonu yapilmistir ve kafeslerine geri yerlestirilmistir. Ameliyatin
devamindaki iki giin analjezik ve antibiyotik enjeksiyonlarina devam edilmistir.

Hayvanlara dort giinliik iyilesme siiresi boyunca sinirsiz yiyecek ve su saglanmistir.

Alisma. lyilesme periyodunun ardindan hayvanlar uygulama esnasindaki stresi
azaltmak amaciyla alistirma prosediiriine tabi tutulmustur. Bu amagla hayvanlar

birbirini takip eden {i¢ giin boyunca her giin ii¢ dakika siireyle elde tutulmuslardir.
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Farelere alistirmanin ilk iki glini kisitlama olmadan yiyecek ve su verilmistir.
Aligtirmanin tiglincii giinii saat 17:30’dan itibaren su siseleri kafeslerden ¢ikarilarak su

kisitlamasina baglanmaistir.

Su egitimi. Su egitimi uygulamasi su kisitlamasini takip eden giinde baglamistir. Bu
amagla hayvanlara {i¢ giin boyunca 10:00-10:30 ve 17:00-17:30 saatleri arasinda

plastik sigelerle su verilmistir.

Onceden maruz birakma. Gegmis calismalarda kosullandirmayr kolaylastirdig:
goriildiigi i¢in su egitiminin ti¢lincili glinlinde fareler 5 dakika boyunca kosullandirma
baglamma maruz birakilmistir. Her hayvan saat 12:30’dan itibaren sartlandirma
baglamina yerlestirildi. Bu 5 dakika icerisinde hayvana sartlandirma kafesindeki cam
siselerde su verilmistir. On maruziyet tamamlandiktan sonra hayvanlar koloni
odasindaki kafeslerine yerlestirilmistir. On maruz birakmanin gergeklestigi giin

farelere 10:00-10:30 ve 17:00-17:30 saatleri arasinda plastik siselerle su verildi.

Kosullanma. Mevcut deneysel prosediir, 6n maruziyetten 24 saat sonra baglayan tek
bir kosullandirma seansini igermektedir. Bu nedenle hayvanlar, saat 12:30'dan
itibaren, 20 dakikalik bir sartlandirma seansi icin yesil cam siselerde suyun saglandigi
sartlandirma baglamina yerlestirilmistir. Sartlandirma kafeslerinde gecirilen ilk 5
dakikanin ardindan deney gruplarindaki (OVX-LiCl ve SHAM-LiCl) hayvanlara LiCl
enjeksiyonu (6mEq/kg), kontrol gruplarindaki (OVX-NaCl ve SHAM-NaCl)
hayvanlara ise her hayvanin viicut agirligina goére esdeger hacimde %0,9 NaCl
enjeksiyonu yapilmistir. Her enjeksiyondan sonra fareler kendi kafesine geri
yerlestirilmis ve farelerin 15 dakika daha kalmasina izin verilmistir. Sartlandirma
sirasinda tiikketilen su miktar1 6l¢lilmiistiir. Sartlandirma giiniinde koloni odasina sabah
oturumunda saat 10:00-10:30 arasinda, 6gleden sonra oturumunda ise saat 17:00-

17:30 arasinda su verilmistir.

Iyilesme. Hayvanlara iki giin boyunca LiCl'nin yan etkilerinden kurtulmalar1 igin iki
giin stire verilmistir. Bu siire boyunca farelere 10:00-10:30 ve 17:00-17:30 saatleri

arasinda plastik siseler ile su verilmistir.

Bellek testi. Sartlandirmadan 72 saat sonra, saat 12:30'dan itibaren hayvanlar, 15

dakika siireyle sartlandirma baglamina yerlestirilmistir. Bellek testi sirasinda tiiketilen
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su miktari, farelerin kosullandirma baglamina yonelik kaginma seviyelerini 6lgmek
icin kullanilmistir. Su, test giinlerinde sadece 17:00-17:30 saatleri arasinda verilmistir.
Test giinlerini, sabah ve 0gleden sonra su seanslariyla iki giinliik iyilesme siireci
izlemistir. Bellek testi, sonme gozlemlenene kadar her 72 saatte bir tekrarlanmistir.
Sonmenin tamamlanmasina, test sirasinda tliketilen su miktarlarina gore karar
verilmigstir. Tlim hayvanlar istatistiksel olarak benzer miktarda su tiikettiginde davranis

testi sonlandirilmistir. Bellek testi Deney 1 i¢in 5 kez tekrarlanmustir.

Viicut agirligi. Hayvanlar deney sirasinda ameliyat giinii, sartlandirma ve ikinci ve

ticlincii bellek testi olmak tizere farkl giinlerde tartilmistir.

Rahim agirligi. Hayvanlar sakrifiye edilip ve rahimleri ¢ikarildiktan sonra rahim

agirliklar tartilmigtir.
2.1.1.5. Istatistiksel Analiz

Tiim istatistiksel analizler GraphPad Prism (Siirim 9.0) kullanilarak yapilmistir.
Bellek testini analiz etmek i¢in denemeyle 2x2x5 son faktorde tekrar 6l¢iimli karma
ANOVA kullanilmistir. Ayn1 analiz plani, hayvanin tartildigi zaman noktasina goére
eslesen viicut agirlig1 analizi i¢in de yiiriitiilmiistiir. Verilerin geri kalan1 2x2 faktoriyel
ANOVA ile analiz edilmistir. Fisher'in LSD'si, <.05 anlamlilik diizeyiyle post-hoc

karsilagtirmalar i¢in kullanilmustir.
2.1.2. Sonuglar
2.1.2.1. Kosullanma

20 dakikalik sartlandirma seansi sirasinda gruplarda tiiketilen su miktarlar1 arasinda
anlamli bir farklilik bulunamamistir. 2 (Operasyon: OVX vs. SHAM) x 2 (ilag: LiCl
vs. NaCl) faktoriyel ANOVA vyiiriitiilmiistiir ve hi¢bir temel etki (Operasyon, p = .944;
Ilag, p = .162) ya da operasyon ile ilag arasindaki etkilesimde anlamli bir fark
gozlemlenmemistir (p =.799). OVX-LiCl, OVX-NaCl, SHAM-LiCl ve SHAM-NaCl

gruplar1 tarafindan tiiketilen miktarlar1 kosullanma sirasinda benzer bulunmustur.
2.1.2.2. Bellek Testi

Sekil 4, bes bellek testi boyunca her grup tarafindan tiiketilen su miktarlarini
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gostermektedir. 2 (Operasyon: OVX vs. SHAM) x 2 (lag: LiCl vs. NaCl) x 5 (Test:

Bellek Testi 1 vs. Bellek Testi 2 vs. Bellek Testi 3 vs. Bellek Testi 4 vs. Bellek Testi
5) karma etki modeli sonuglar1 Test (p <.001) ve ilag (p <.001) igin bir temel etki ve
Bellek Testi ile lag arasinda bir etkilesimi ortaya ¢ikarmustir (p = .03). Fisher LSD'si,
SHAM-LIiCl ve SHAM-NaCl gruplar1 tarafindan tiiketilen su miktarinin Bellek Testi
1 (p <.001), Bellek Testi 2 (p <.001), Bellek Testi 3 (p = .003), ve Bellek Testi 4 (p
= .012) sirasinda anlamli bir fark oldugunu gostermektedir. SHAM-LiCl ve SHAM-
NaCl'nin tiiketilen su miktarlari, Bellek Testi 5 ile esitlenmistir (p =.058) . OVX-LiCl
ve OVX-NaCl gruplar1 arasindaki fark yalnizca Bellek Testi 1 sirasinda anlamli

bulunmustur (p = .002). Bu fark Bellek Testi 2 ile azalip son bulmustur.

2.1.2.3. Viicut Agirhg:

Her bir gruptaki hayvan deneyin baslangicinda benzer viicut agirliklarina sahiptir,
ancak yumurtaliklari alinmis hayvanlar sahte ameliyat gegiren gruplara gore deney
sonunda anlamli olarak daha agir bulunmustur. 2 (Operasyon: OVX vs. SHAM) x 2
(flag: LiCl vs. NaCl) x 4 (Zaman: 1. Giin vs. 13. Giin vs. 19. Giin vs. 24. Giin) karma
etki modeli, Zaman’in ana etkisi (p < .001) ve Zaman ile Operasyon arasinda bir
etkilesim (p < .001) oldugunu gostermistir. Fisher LSD’si, 1. Giin gruplarin viicut
agirliklar arasinda anlamli bir fark olmadigini, ve bu farkin 24. Giin ortaya ¢iktigini
gostermektedir (OVX-LiCl vs. SHAM-NaCl, p = .35; OVX-NaCl vs. SHAM-LIiCl, p
=.031; OVX-NaCl vs. SHAM-NaCl, p = .012).

2.1.2.4. Rahim Agirhg

Hayvanlarin nispi rahim agirliklari, hayvanlarin rahim agirliginin (g) viicut agirligina
(g) boliinmesi ve 100 ile ¢arpilmasiyla hesaplanmistir. Dort farkli grubun sonuglar: 2
(Operasyon: OVX vs. SHAM) x 2 (ilag: LiCl vs. NaCl) faktdriyel ANOVA
kullanilarak analiz edilmistir. Sonuglar Operasyon ana etkisi (p < .001) ve Ilag ile
Operasyon arasinda bir etkilesim (p < .001) oldugunu ortaya ¢ikarmistir. Fisher
LSD’si kullanilarak yapilan post-hoc karsilastirmasi, OVX-LiCl ve SHAM-LICl (p <
.001), OVX-NaCl ve SHAM-NaCl (p = .003), SHAM-LiCl ve SHAM-NaCl (p <.003)

arasinda anlamli bir fark oldugunu gostermistir.
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2.1.3. Tartisma

Ik deneyde disi farelerin yumurtaliklarindan salgilanan hormonlarm KCi grenmesi
lizerine etkisi arastirilmigtir. LiCl’yi yeni bir baglam ile eslestirdikten sonra normal
hormon seviyelerini koruyan sahte operasyonlu fareler, yumurtaliklar1 alinmis farelere
kiyasla daha uzun siire boyunca kosullu yanit sergilemislerdir. Spesifik olarak, LiCl
enjekte edilmis fareler NaCl enjekte edilmis farelere oranla su tiiketiminde bir azalma
sergilemistir ve bu da itinmenin bir gostergesidir. Sahte operasyonlu farelerde bu
itinme daha fazla hafiza testi boyunca siirdiiriilmiis, dolayisiyla da bu hayvanlarda

sonme daha ge¢ ger¢eklesmistir.

Bu sonuglar KCi’de kosullu tepkinin siirdiiriilmesinde disi gonad hormonlarinin

roliinii gostermektedir.
2.2. Deney 2

[lk deneyde yumurtaliklardan salgilanan hormonlarin KCI sonmesi iizerinde
zorlastiric: etkisi bulunmustur ve bunu takiben hangi spesifik hormonun bu KCI*deki
etkiye sebep oldugunu anlamak i¢in ovariektomi operasyonu geg¢irmis hayvanlara

estradiol tedavisi uygulanmistir.
2.2.1. Yontem
2.2.1.1. Denekler

Deney 2’ye 10-12 haftalik 39 disi CDI1 fare dahil edilmistir. Bu deneyde biitiin
deneklerin disi gonad hormonlar1 ovariektomi yoluyla diisiiriilmiistiir. Bir grup hayvan
estradiol tedavisine tabi tutulurken (n = 20) kalan hayvanlara susam yag1 verilmistir
(n = 19). Daha sonra bu iki grup tekrar alt gruplara ayrilarak LiCl deney ve kontrol
gruplar1 olusturulmustur. Estradiol alan hayvanlarin yarisina itinme olusturmak
amaciyla kosullanma sirasinda LiCl enjekte edilmis (E-LiClL, n = 10), ve bdylece
hayvanin yeni ortama kosullanmasi saglanmistir. Kalan estradiol almis hayvanlara ise
kontrol amaghi NaCl enjeksiyonu uygulanmistir (E-NaCl, n = 10). Aynm prosediir
susam yag1 alan hayvanlara da uygulanmistir (O-LiCl, n = 9; O-NaCl, n = 10) ve deney
toplamda dort gruptan olusmustur. Deney protokolii Technical Universal Verification

hayvan etigi komitesi tarafindan onaylanmistir (protokol numarasi: 0035/2023/01).
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2.2.1.2. Koloni Odasi1

Koloni odasindaki barinma kosullar1 Deney 1°deki ile aynidir.
2.2.1.3. Aparatlar

Aparatlar Deney 1°deki ile aymidir.

2.2.1.4. Deney Prosediirii

Deney prosediirii, ek bir estradiol uygulamasi protokolii disinda Deney 1’deki ile

aynidir.

Nutella alistirmasi. Estradiol uygulamasi susam yaginda ¢oziilmiis estradiol ve Nutella
karigimi ile gergeklestirilmistir. Farelere Nutella servisi yapildiktan hemen sonra
goniilli tiketimi saglayabilmek i¢in ameliyattan dort glin 6nce bir alistirma prosediirii
baslatilmigtir. Hayvanlara her giin 9:30-17:30 saatleri arasinda 5x5 cm beyaz mermer
parcalart {izerinde 30 gr hayvan basina 60 mg olmak tizere Nutella verilmistir.
Ostrojen uygulamas:. Estradiol uygulamasi ameliyatin ertesi giinii baslamistir ve
Strom ve arkadaglar1 (2012) tarafindan gelistirilen peroral yontem ile
gerceklestirilmistir. Bunun i¢in 6ncelikle estradiol susam yaginda eritilmis ve ardindan
Nutella ile karistirilmigtir. Her 30 gramlik hayvana viicut agirligina gére 60 mg Nutella
icinde 0.312 uL susam yagi i¢erisinde ¢ozlinmiis 1.12 ug estradiol verilmistir. Kontrol
grubu da ayni orandaki karisimi benzer sekilde, fakat estradiol olmadan almistir.
Nutella, 9:30-10:00 saatleri arasinda Nutella alistirmasi sirasinda kullanilan 5x5 cm
mermer parcalar1 ilizerinde servis edilmistir. Tiim hayvanlar kendi payma diisen

Nutella’y1 1 ila 2 dakika igerisinde bitirmistir.
2.2.1.5. Istatistiksel Analiz

[statistiksel analiz Deney 1°deki ile aynidir.
2.2.2. Sonuglar

2.2.2.1. Kosullanma

Istatistiksel analiz i¢in 2 (Hormon: estradiol vs. yag) x 2 (ilag: LiCl vs. NaCl)
faktoriyel ANOVA kullanilmis olup 20 dakikalik sartlandirma seansi sirasinda
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gruplarda tiiketilen su miktarlar1 arasinda anlamli bir farklilik bulunamamistir.
Sonuglar Ilag (p = .617), Hormon (p = .957) ana etkisi olmadigini ve ilag ile Hormon

arasinda bir etkilesimin bulunmadigini (p = .827) ortaya ¢ikarmistir.
2.2.2.2. Bellek Testi

Kosullanmanin ardindan uygulanan ilk bellek testi sirasinda E-LiCl grubu, E-NaCl
grubundaki farelere kiyasla daha az miktarda su tiiketmistir. Ancak O-LiCl ve O-NaCl
hayvanlar1 su tiiketimlerinde anlamli bir fark géstermemistir. 2 (Hormon: estradiol vs.
susam yag1) x 2 (lag: LiCl vs. NaCl) x 5 (Test: Bellek Testi 1 vs. Bellek Testi 2 vs.
Bellek Testi 3 vs. Bellek Testi 4 vs. Bellek Testi 5) karma etki modeli sonuglar1 Test
(p < .001) ve ilag (p = .04) temel etkisini ve Deneme ile Ilac¢ arasindaki etkilesimi (p
=.003) ortaya ¢ikarmistir. Fisher LSD’si, Bellek Testi 1 sirasinda E-LiCl ve E-NaCl
gruplarinin anlaml bir fark gosterdigini vurgulamustir (p = .002). Ote yandan, E-LiCl
ve E-NaCl gruplari, Bellek Testi sirasinda su tliketimlerinde anlamli bir fark
gostermemistir (p = .05). O-LiCl ve O-NaCl gruplari, Bellek Testi 1 (p = .071) ve

sonraki testlerde benzer miktarlarda su tiiketmistir.
2.2.2.3. Viicut Agirhg:

Her bir gruptaki hayvan deneyin baslangicinda ve sonunda benzer viicut agirliklarina
sahipti. 2 (Hormon: estradiol vs. susam yag1) x 2 (ilag: LiCl vs. NaCl) x 6 (Zaman: 1.
Hafta vs. 2. Hafta vs. 3. Hafta vs. 4. Hafta vs. 5. Hafta vs. 6. Hafta) karma etki modeli,
Zaman (p < .001) temel etkisi ve Zaman ile Hormon arasinda bir etkilesim (p <.001)
ortaya c¢ikarmustir. Fisher LSD testi gruplar arast herhangi bir anlamli fark

gostermemistir.
2.2.2.4. Rahim Agirhgi

Hayvanlarin nispi rahim agirliklar1 hayvanin rahim agirliginin (g) viicut agirligina (g)
goliinmesi ve 100 ile carpilmasiyla hesaplanmistir. Dort farkli gruptaki sonuglar 2
(Hormon: estradiol vs. susam yagi) x 2 (ilag: LiCl vs. NaCl) faktériyel ANOVA
kullanilarak analiz edilmistir. Sadece Hormon temel etkisi bulunmustur (p = .019).
Fisher LSD’si kullanilarak yapilan post-hoc karsilagtirma, O-LiCl ve E-NaCl gruplari
(p = .027) ile E-NaCl ve O-NaCl gruplar1 (p = .049) arasinda anlamli bir fark

gostermistir.
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2.2.3. Tartisma

Yumurtaliklardan salgilanan hormonlarin disi farelerin KCI 6grenmesine sénmeyi
zorlastiric1 etkisinin gézlemlenmesini takiben bu etkiden sorumlu spesifik hormonu
tanimlamak amaciyla ikinci bir deney yiiriitiilmiistiir. Bu amagla yumurtaliklar
alinmis disi farelerin bir kismina estradiol veya yag uygulanmistir ve bu hayvanlarin
bir kism1 kosullu tepki olusturmak adina yeni bir baglamda LiCl enjeksiyonuna, kalan
kism1 ise kontrol amaciyla NaCl enjeksiyonuna maruz birakilmistir. Estradiol
uygulamas1 goren ve LiCl enjekte edilen fareler ilk hafiza testinde estradiol
uygulamasi goriip NaCl enjekte edilen farelere oranla daha az su tiikketmistir. Fakat bu
etki kalan bellek testlerinde sona ermis ve sonme gozlemlenmistir. Bununla birlikte
susam yagi uygulamasi alan LiCl ve NaCl enjekte edilmis hayvanlar biitiin bellek
testleri siiresince benzer miktarda su tiiketmistir ve bu da estradioliin sinirli da olsa bir

etkisinin oldugunu gostermektedir.

BOLUM 3

GENEL TARTISMA

Mevcut iki deneysel ¢alismada klinik Oncesi arastirmalarda gozlemlenen cinsiyet
farkliliklarinin sebeplerini ortaya c¢ikarmak igin estradioliin KCI iizerindeki etkisini
arastirmaktadir. Deney 1°de disi farelerde gonad hormonlarinin diizeylerini manipiile
etmek amaciyla ovariektomi ameliyati gergeklestirilmis ve yumurtaliklardan
salgilanan hormonlarin KCI sénmesini zorlastirdigi ortaya ¢ikarilmustir. Bu deneyin
sonucunda yumurtaliklart alinmis fareler sahte operasyona tabi tutulan farelere kiyasla
kosullu yanitta daha hizli sénme gergeklestirmistir; bu da itinmenin siirdiiriilmesinde
gonad hormonlarin roliiniin altin1 ¢izmektedir. Gonad hormonlarinin etkisini
gozlemledikten sonra hangi spesifik hormonun buna sebep olabilecegi arastirilmistir.
Bu amagla Deney 2’de estradioliin KCI sirasinda disi farelerde sonmeyi gecikmesine

katkida bulunup bulunmadigmna bakilmistir. Ancak potansiyel olarak estradioliin
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uygulama metodu sebebiyle Deney 2’den kesin bir sonu¢ alinamamuistir ve dolayisiyla
estradioliin KCI 6grenmesindeki etkisinin gdzlemlenmesini sinirlamistir. Deney 2°de
gozlemlenen smirlt etkiye ragmen ge¢misteki arastirma bulgular1 ve hormonlarin
karmasik etkilesimi, estradioliin KCI 6grenme siirecinde dahil olabilecegini
gostermektedir. Bu bakis agis1 0strojenin ¢esitli klasik kosullanma paradigmalarina
etkisi ve beyinde 6grenme ile alakali bolgelerle etkilesimiyle desteklenmektedir (Bean
et al., 2014; Colon et al., 2023; Zurkovsky et al., 2006). Dahasi, kadinlarda gonad
hormonlarla ilintili olarak mide bulantisinin artmasi dstrojenin itinmeyi arttirmaktaki
rollinii vurgulamaktadir (Goldberg et al., 2000; Koslucher et al., 2015; Patel et al.,
2004; Salazar-Parra et al., 2020). Bu bulgular, BBK’nin preklinik ¢aligmalarinda
cinsiyete baglh farkliliklarin g6z 6niinde bulundurulmasinin ve kisilerin ihtiyaglarina

gore sekillendirilmis tibbi stratejiler gelistirmenin 6nemini géstermektedir.
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