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ABSTRACT

Since the new millenium, multiple studies have investigated the appetite-regulating peptide
ghrelin’s effect on alcohol intake and reward in rodents. Particularly, ghrelin receptor (growth
hormone secretagogue receptor 1a) antagonists have been of interest as they decrease alcohol
intake, reward and conditioned place preference in rodents. Recently, attention has been drawn
to one of ghrelin’s metabolites — des-acyl ghrelin (DAG) — a peptide previously thought to be
inert. Preclinical studies have reported DAG to have multiple effects, some of which are
opposing to ghrelin. As the role of DAG in relation to reward and addiction is unknown, we
wanted to study DAGs effect on alcohol intake in rats. We therefore chose to (1) examine the
effects of an acute injection with DAG on alcohol intake in male and female rats and (2)
investigate how an acute injection with DAG influences locomotor activity in alcohol-naive

male and female rats.

After 12 weeks of voluntary alcohol consumption, 24 male and 24 femalre rats were injected
with multiple different doses of DAG. When analysed with one-way ANOVA, no significant
difference was noted in alcohol intake. A t-test was performed for the highest dose of DAG (1
mg/kg) and revealed a significant decrease in alcohol intake and preference for both male and
female rats. No differences were observed in the locomotor activity experiment at any given

dose when analysed with one-way ANOVA.

These findings suggest that DAG decreases alcohol intake in male and female rats and that
this decrease is not due to changes in locomotor behaviour. We suggest that DAG should be
considered a candidate for further preclinical studies in search of novel treatments for alcohol

use disorders.

Keywords: alcohol, AUD, rats, appetite-regulating hormones, ghrelin, des-acyl ghrelin
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ABBREVIATIONS

5-HT3-R  5-hydroxytryptamine receptor 3

AUD Alcohol use disorder

DAG des-acyl ghrelin

GABAA y--aminobutyric acid A receptor

Ghsr gene  growth-hormone secretagogue receptor gene
GHSR-la growth hormone secretagogue receptor la
GLP-1 glucagone-like peptide-1

GlyR glycine receptor

GOAT ghrelin O-acyltransferase

IAASD intermittent alcohol access study design
LDTg laterodorsal tegmental area

NaAc nucleus accumbens

nAChR nicotinic acetylcholine receptor

NMDAR  N-methyl-D-aspartate-receptors

ob/ob obese mice

PFC prefrontal cortex

pLGICs pentameric ligand-gated ion channels
VTA ventral tegmental area
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DEFINITIONS IN SHORT

Acute treatment

Short-term treatment

Allosteric modulator

A substance which enhances the
function of a receptor without
binding to the activation site

Anorexigenic

Decreases appetite and food intake

Aversion conditioning

A process when an undesirable
behaviour is paired with an
unpleaseant stimulus to

An animal may choose between
two connected chambers which
have been previously paired with
two states, eg non-drug and drug
state. The preference for a

Conditioned place chamber 1s measured by time freely
preference spent in the chamber.
The degree to which an experiment
measures what it 1s supposed to
Face validity measure

Locomotor activity box

A box with photobeams that
measure locomotor activity of a
subject by detecting beams broken
by the subject

Mesocorticolimbic dopamine
system

The neurocircuits which modulate
reward

Orexigenic

Increases appetite and food intake

Post-translational
modification

Modification of proteins following
rotein synthesis
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INTRODUCTION

Alcohol use disorder (AUD) is one of the most common psychiatric diseases in the world,
causing substantial suffering worldwide. Furthermore, alcohol is among the leading risk
factors for disability and mortality. According to the Global Burden of Disease report 2016
around 2.8 million deaths were attributed to alcohol use globally.! Addiction along with AUD
has been widely researched but being a complex and heterogenous disease, uncertainty still
exists surrounding the complex neurobiological and psychiatric processes that lead to
addiction. Alcohol use disorder (AUD) is a disease characterised by symptoms such as
recurrent use of alcohol, loss of control, increased tolerance and withdrawal in absence of the
drug.? Furthermore, it is not uncommon for the alcohol dependent individuals to consume

alcohol in larger amounts or over a longer period than was intended.?

As of now, four pharmacological therapies are currently on the market for treatment of AUD.
However, studies show these pharmacotherapies have limited or varied efficacy.’ The demand
for novel neurochemical targets is considerable — in order to allow further development of
pharmacotherapies. This thesis will focus on one of the promising targets, des-acyl ghrelin
(DAG).

Throughout this paper the terms ethanol and alcohol will be used interchangeably and will

both refer to the chemical substance ethanol.
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Background

The reward system and addiction

The reward system is a term for the parts of the brain that process the experience of reward
and the associated learning processes with reward (conditioning and positive reinforcement).*
Natural rewards include behaviours that may be necessary for survival such as food, water,
exercise and sex while extrinsic rewards are often learnt and not necessary for survival, eg
alcohol, drugs and gambling.* A few major circuits in the brain are important for the

processing of reward, namely the mesocorticolimbic dopamine system. *

Dopamine is suggested to be one of the main neurotransmitters involved in the
mesocorticolimbic dopamine system.> The ventral tegmental area (VTA) is one of the
principal areas in the reward system. It contains the highest levels of dopaminergic neurons in
the brain® and has projections to the prefrontal cortex (PFC), nucleus accumbens (NAc),
amygdala and hippocampus.” The cortical projections (VTA to PFC) are often related to the
motivational aspects of reward, while the limbic projections (VTA to amygdala and

hippocampus) are related to learning processes and the mesoaccumbal projections (VTA to

NAc) to an experience of pleasure.” Another

important area of the reward system is the

A

/
Prefrontal ~ Striatum
cortex

laterodorsal tegmental area (LDTg) which .

Nucleus
accumbens

regulates the dopamine release in the VTA by k

cholinergic projections.’s -

’
Meso-cortic pathway

Alcohol (i.e. ethanol) has been shown to affect

Meso-limbic pathway/

reward processes in the VTA, NAc and Nigrostriatal pathway

LDTg.>!? Acute alcohol intake increases

Figure 1: Overview of reward related areas in the brain. From:
dopamine release in the NAc!! while chronic Oscar Arias-Carrionl, Maria Stamelou, Eric Murillo-Rodriguez,
Manuel Menéndez-Gonzalez and Ernst Poppel. / CC BY
(https://creativecommons.org/licenses/by/3.0)
alcohol intake has been shown to decrease



The effect of des-acyl ghrelin on alcohol consumption in male and female rats

dopamine release'? as well as the expression of dopamine receptor!? in NAc in rats. Similar
findings have been seen in humans, where long-term alcohol intake has shown to be correlated
with lower D2-receptors in dorsal striatum.!® This is believed to be one of the reasons for

withdrawal, craving and relapse.>-'*

Alcohol

Ethanol is the biochemical name for what is often referred to simply as “alcohol”. Ethanol

crosses the blood-brain-barrier!3-1¢

and studies suggest that ethanol blood concentrations are
comparable to concentrations in the central nervous system.!” Among other physiological
effects, alcohol has stimulating as well as sedating properties. The stimulation leads to
behaviours such as increased mood, increased sociability and increased confidence whereas
the depression causes effects such as decreased anxiety, decreased cognitive, sensory and
motor function as well as generalized depression of the nervous system with higher intake

(loss of consciousness, respiratory dysfunction or arrest and death).!®!° Chronic effects of

ethanol include compensatory effects to maintain the body’s homeostasis.?

The reason for this broad spectrum of symptoms/effects is ethanol’s lack of specificity for a
single target.?’ Rather, ethanol has multiple targets of action all throughout the brain.

Among others, ethanol binds to a group of receptors called pentameric ligand-gated ion
channels (pLGICs), a group which includes receptors such as y-aminobutyric acid A receptor
(GABA 4y, nicotinic acetylcholine receptor (nAChR), 5-hydroxytryptamine receptor 3 (5-HT3-
R) and glycine receptor (GIyR).*! However, ethanol also has ethanol-sensitive binding sites on
other types of receptors, e.g. on N-metyl-D-aspartate-receptors (NMDAR) or L-type Ca’*-
channels.?! Caused by this, the numerous targets give a diverse range of symptoms induced by

alcohol consumption. However, ethanol does not function as a direct agonist/antagonist on any
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receptor. Most commonly it is an allosteric modulator to the different receptors meaning that
the receptors function is enhanced in the presence of ethanol, without ethanol binding to the
receptors binding site, thus activating it on their own.?? Ethanol does this either by increasing
the probability of an ion channel opening, or by increasing other agonists affinity to the

receptor.?!

Pharmacotherapies against AUD

It is almost 70 years since Disulfiram was approved as the first pharmacological treatment
against alcohol dependence.?® Early treatment options for AUD had the aim of helping the

affected to complete abstinence from alcohol 2*

and Disulfiram had a role in that by aversion
conditioning, though it is now prescribed for abstinence support rather than aversion.?*
Disulfiram works by impeding aldehyde dehydrogenase 2 — an enzyme necessary for the
degradation of alcohol. 2 Intake of alcohol and Disulfiram simultaneously leads to an
accumulation of acetaldehyde in the body, 2° which gives rise to multiple symptoms such as
flushing, sweating, dyspnoea, tachycardia, palpitations, dizziness, headache and nausea. A
large intake of alcohol may also lead to more severe symptoms such as hypotension,
arrhythmia, seizures and a risk of circular collapse.?’” This is one of the reasons why
Disulfiram is not an ideal drug. The risk of severe adverse reactions, which might possibly
lead to death, cannot be disregarded, even though the dose today is quite lower than the
original treatment regimen?’ Another reason why Disulfiram is not an efficacious treatment for
a large population of patients is that Disulfiram does not per se decrease craving or reward
from alcohol.?* More practical obstacles of Disulfiram treatment include a requirement of

complete abstinence before initiation of treatment and the disadvantage that liver disease is a

contraindication.?®
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The newer treatment options for AUD have the advantage to allow administration even with
risk of relapse or with an intake of alcohol. 2*

Naltrexone is an opioid antagonist with minimal agonist activity. 2* Opioid receptors are
present throughout the mesolimbic dopamine system and opioid receptors can be found on
GABA inhibitory neurons that inhibit dopaminergic neuron. 2 The opioid receptors inhibit
the GABA inhibitory neurons and thereby increase the dopamine release. 2 By modulating
this endogenous opioid system by supplying an opioid antagonist the alcohol-induced reward
decreases as the inhibition from the GABAergic neurons increases. *° The most prominent
effect of naltrexone against AUD is by lowering the risk of relapse as well as reducing alcohol

consumption 31-32

Acamprosate has a structure which is very similar to the structure of the neurotransmitters
taurine and glutamate.>* This makes it possible for Acamprosate to work as a modulator for
the NMDA -receptor.>* In chronic alcohol exposure Acamprosate can antagonise the
hyperexcitation of the NMDA-receptor which helps with restoring the balance between the
excitating glutamate and inhibiting GABA.** This has the effect of lowering craving and

withdrawal symptoms and thereby preventing relapse.

Nalmefene is the newest of the pharmacological treatments for AUD, being approved in 2013
by the European medicines agency, though it was first developed in the early 1970s. #*
Nalmefene is similar to Naltrexone in its effect on the opioid system, being an antagonist for
mu and delta opioid receptors and a partial agonist for the kappa opioid receptor. *® The most
prominent effect of Nalmefene is the lowering of heavy drinking days in a population with

AUD and should thus be administered if a patient continues a heavy intake of alcohol after an

10
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initial assessment. 37 The efficacy of Nalmefene is still a controversial subject as studies have

showed varied effectiveness. 3342

What is common for these four drugs, is the varied efficacy and often their low effect. * The
low efficacy and limited treatment options have led researchers to investigating new targets of
treatments. One of these potential targets, that is currently being researched, are the gut-brain
peptides.

Gut-brain peptides

Between the years 1995-2000, several studies reported a significant correlation between the
life-time comorbidity of bulimia nervosa and addiction.**-*>. This fact, as well as the finding of
appetite-regulatory peptide receptors in reward-related areas of the brain,*-*" has led to
research on the possibility of overlapping reward regulation between feeding and addictive
substances.

To date, several gut-brain peptides have been studied in relation to the brains reward system,
such as ghrelin, glucagone-like peptide-1 (GLP-1), amylin and neuromedin U *%*%, In
particular, ghrelin and GLP-1 have been extensively studied, with ghrelin increasing, — and
GLP-1 decreasing - drug intake and reward. However, there is lack of studies on desacyl

ghrelin, (DAG), which recently was believed to be an inactive peptide.

Ghrelin and DAG
Both ghrelin and DAG are derived from the Growth hormone secretagogue receptor gene

(Ghsr gene). The Ghrs gene is transcribed into three different mRNAs and one of the
pathways is the subject of interest in the present paper. The Ghsr gene is first transcribed to
ghrelin mRNA which then is translated into preproghrelin. Preproghrelin is subsequently

cleaved into proghrelin. Early evidence pointed towards proghrelin being cleaved again to

11
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DAG or C-ghrelin and then being subjected to post-
translational modification by the ghrelin O-acyltransferase
(GOAT) which acylates the hydroxyl group at Ser3,
forming ghrelin.*-** However, recent studies suggest that g

proteolytic cleavage is not necessary for the post-

Preproghrelin

translational modification by GOAT. Zhu et al. reported
finding des-acyl proghrelin but not deacyl-ghrelin during
the biosynthesis of ghrelin which suggests that DAG is not
an intermediate in this process.>!? It has been established

that DAG is formed with the deacylation of ghrelin in

plasma but the exact synthesis of DAG in tissue has not

. .. . . Figure 2: Overview of DAG/ghrelin-
been discovered. Nonetheless, it is certain that DAG is synthesis.

present in various tissues, such as throughout the GI-tract and in parts of the brain.

Ghrelin, DAG and C-ghrelin have all been found in human plasma, while studies regarding the
detection of obestatin in plasma differ>3-3. It has been established that the main production site
of ghrelin is the gastrointestinal tract, with the largest synthesis in X/A-like cells in the gastric
fundus >°. Besides the GI-tissues, peripheral ghrelin production has also been identified in
tissues such as the pancreatic islets, adrenal glands, placenta, lungs and liver 373,

As ghrelin has a wide distribution in the body, it also has a wide range of functions. One of
ghrelin’s most prominent functions is the regulation of energy homeostasis, particularly its
orexigenic effect, with increase of appetite and increase of food intake.>® Ghrelin also has a
role in growth-hormone release, glucose regulation (decreases insulin secretion and increases
blood glucose), lipid metabolism, gastric acid secretion, gastric movement and bone

metabolism.>:00

12
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The elimination of ghrelin and DAG is closely linked. After entering the circulation, a
considerable amount of ghrelin is converted back to its deacylated form #°, an effect which has
also been noted in collected blood samples ¢!. The DAG/ghrelin-ratio has been found to be
around 2:1 in the stomach compared to 9:1 in plasma and it is believed this is not only due to
deacylation but also to ghrelin binding systemic GHSR-1a receptors. Thus, the elimination of
DAG seems not to be insignificant for the elimination of ghrelin. A study by Yoshimoto et al.®
reports that DAG-levels in plasma have a significant correlation with the serum-creatinin
levels in patients with mild to severe renal failure. Furthermore, DAG-levels rise considerably
after a bilateral nephrectomy in mice, without significant changes in gastric production of
ghrelin. Few studies have investigated the subject, but this finding suggests the kidney’s

involvement in the elimination of DAG, though further studies will be needed for clarification.

Ghrelin’s best studied receptor is the growth hormone secretagogue receptor la (GHSR-1a),
which is found both centrally and peripherally. In the brain, GHSR-1a is found primarily in
the pituitary and hypothalamus, but is also found in lower amounts in other parts of the brain,
such as reward-related areas. °® Sometimes called the “ghrelin receptor”, the GHSR-1a seems
to be necessary for ghrelin’s effect on reward. ¢ Additionally, the acylation of ghrelin is
essential for ghrelin binding to GHSR-1a’s activation site. Therefore, DAG is not considered
an agonist for GHSR-1a, even though studies have found that DAG might have a certain effect
at supra-physiological concentrations. >° At this time, no specific DAG-receptor has been

molecularly identified, despite the fact that many studies indicate one may exist. 49964

13
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Ghrelin’s impact on reward and dependence
Several preclinical studies have focused on ghrelin’s effect on reward. A study in mice,

reported increased dopamine levels in nucleus accumbens and enhanced locomotor activity
when given central injections of ghrelin. This is explained as the activation of the reward-
associated mesoaccumbal dopamine system. Interestingly, the effect of the ghrelin
administration was prevented when the mice were simultaneously given peripheral injection of
an unselective nicotinic antagonist. This implies that ghrelin’s effect is mediated via
involvement of cholinergic afferents to the ventral tegmental area.® In further support for a
modulatory role in reward are the findings revealing that alcohol-induced locomotor
stimulation, accumbal dopamine release and conditioned place preference was nullified in
GHSR-1a knock out mice, as well as mice treated with either of two different GHSR-1a
antagonists®®. Additionally, a study examining ghrelin knockout mice reported decreased
alcohol-induced locomotor activity and accumbal dopamine release, although the effect was
not as strong as in GHSR-1a knockout mice.%” This can be explained by that the GHSR-1a per
se having significant constitutive activity without activation being required. ¢7 Similarly, other
studies examining GHSR-1a antagonists have found a decrease in alcohol-induced locomotor
stimulation and alcohol intake in different subjects.-"!

Physiological properties of DAG

Few studies have investigated DAG’s relation to addiction and reward. Only in the last few
years, studies have directly addressed the function and physiology of DAG, as DAG was
previously believed to be solely an inactive form of ghrelin. Even if research on DAG is
limited, and the results are not conclusive, a diverse range of effects have been attributed to
DAG, from opposing to mimicking ghrelin’s effects and even have an effect on cells where
ghrelin does not.”

The results of a number of studies that have investigated DAG’s effects and receptors are

inconsistent and contradictory. It is probable that DAGs effect is not mediated by GHSR-1a,

14



Eva Lineik Andradottir, stud. med.

that is, does not work as an agonist at physiological levels. >*7 It is, however, probable that
DAG affects cells through other receptors than GHSR-1a. Recent evidence shows DAG and
ghrelin having effect on tissues without GHSR-1a being involved. One study by Thompson et
al. on rats, studied bone marrow adiposity after treatment with either ghrelin, DAG or a
GHSR-1a agonist (L-163,255), reporting an increase with both ghrelin and DAG treatment,
but not with the GHSR-1a agonist. This, together with the fact that the dose (720 ng/day)
injected into the tibial marrow cavity was the same for both ghrelin and DAG, suggests that
the increase in bone marrow adiposity was not mediated via GHSR-1a.7* Togliatti et al.
published in 2002 a study from where systemic administration of an infusion of DAG (3
ng/kg/h) but not ghrelin (1 pg/kg/hour) attenuated diabetes-induced circulating endothelial
progenitor cell damage in humans with diabetes type Il and 0b/0b mice, increasing the
potential of vascular regenerative processes.’”> Therefore, it seems like there is a receptor or
receptors which are stimulated by DAG or by both DAG and ghrelin at similar

concentrations.”?

There is considerable discrepancy in research on DAG, on one hand, and ghrelin on the other
hand, when it comes to these agents’ effect on appetite and food intake. Research on ghrelin
indicates that it has clear effect on both.’® In the case of DAG, the results are inconclusive. A
study by Asakawa et al. and a study by Chen et al. showed decreased food intake after an
intraperitoneal injection of DAG in fasted rodents (mice and rats)®*7, as well as intracisternal
injections 77. Other studies however, in rodents and goldfish, have found no difference in food
intake with or without fasting,’®#! though studies have found that the administration of DAG
together with ghrelin did not increase food intake compared to only administration of
ghrelin.””3% A study of transgenic mice overexpressing DAG was conducted, showing that

they had 10-44-fold higher levels of DAG in plasma than control mice, but nonetheless the

15
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same levels of ghrelin. Compared to controls, these transgenic mice were shorter, measured by
nose-to-anus, had a lower body weight and food intake. No difference could be seen in BMI or
food intake per unit body weight. To be noted, the transgenic mice also had lower serum-IGF-
1 levels seeming that the smaller phenotype is a result of lower food intake cannot be
confirmed. #2

Thus, it is not possible to draw certain conclusions, but there appears to be an inclination
towards DAG having an anorexigenic effect.*>3 If that is the fact, DAG may also have an
effect on the reward system related to drugs.

Up to date, no research has been conducted on the connection between DAG and drugs,
including alcohol. Therefore, it is of large interest to study a potential effect of DAG on drug-
induced reward. With alcohol clearly being connected to appetite-regulating hormones, it is
important to contribute to this growing area of research, exploring DAGs effect on alcohol

intake and reward in rats.®?
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AIMS

The aims of the present thesis are:

1. To examine the effects of an acute injection with DAG on alcohol intake in male and
female rats.
2. To investigate how an acute injection with DAG influences locomotor activity in

alcohol-naive male and female rats

17
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MATERIALS AND METHODS

Study samples

We conducted two different, but related experiments; a locomotor activity experiment and an
alcohol intake experiment. Both of these are based on animal models. The study and
identification of potential novel pharmacological targets for treatment for addiction widely
depend on animal models, and as rats respond similarly to alcohol and gut-brain peptides as
humans,’*#° they provide a useful tool in the study of addiction. The rats were males and
females of the type Rcc Han Wistar. Since the physiological properties of DAG are not fully
known and no similar studies of DAG have yet been conducted, the experiments were
performed on both sexes and analysed separately to be able to detect any not yet known
differences.

The rats were single-caged during 12 weeks, and as rats are social animals, being single-caged
during a long time is considered a substantial stress factor. Therefore the severity of this
experiment was classified as severe according to Directive 2010/63/EU on the protection of
animals used for scientific purposes.®® Nevertheless, as measuring alcohol intake with multiple
rats in one cage is practically impossible, the single-cage model was chosen. All experiments
were performed using as few animals as possible with the intention of minimising the
suffering the rats were subjected to. Additionally, humane and experimental endpoints were

continuously taken into consideration during the experiments.

18
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The Locomotor Activity Study

For a first assessment of DAGs effect on the mesolimbic dopamine system, we performed a
locomotor activity experiment. This is relevant to examine the effect of various doses on

behaviour and thereby limit the possibility to use a dose of DAG to alcohol drinking rats, with

an effect per se on behaviour. Alcohol has been known to increh¥¥95cYSIHIARHINS. as a

reflection of its effect on the mesolimbic dopamine system,?” and in case of further studies it is
essential to know the effect of DAG on locomotion. The locomotor experiment was
conducted in six locomotor activity boxes (Open Field Activity System, Med Associates Inc;
Georgia, Vermont, USA) on 12 male and 12 femalt alcohol-naive Rcc-Han Wistar-rats.

In order to examine the effect of the different doses, the

e , Locomotor experiment,
rats were divided into four groups based on the dose given:

measured variables
vehicle, 0.5mg/kg DAG, 1 mg/kg DAG or 2 mg/kg DAG. [ Ambulatory distance*

Ambulatory episodes
Stereotypic counts
Jump counts

Zone entries

vehicle or DAG, after that 30 minutes of between injection |Zone session time
Verical counts
Average velocity

The total time recorded was 150 minutes, which consisted

of a 60-minute habituation time following an injection of

time and finally, 60 minutes of recorded session time. The

parameters analysed are shown in Table 1.

* measured in cm distances/5Smin.

Ambulatory distance was chosen as it is an indirect
measurement of activation of the mesolimbic dopamine system. To investigate whether DAG
affects anxiety-related behaviours such as thigmotaxis — we divided the locomotor field in an
inner and outer zone where the outer zone was closer to the walls. In rodents, increased
thigmotaxis — the inclination to remain close to the walls — correlates to increased anxiety.®8
The parameters of zone session time (inner zone and outer zone) and zone entries may
therefore reflect differences in anxiety-related behaviour between the groups. Ambulatory

episodes, stereotypic counts, jump counts, vertical counts and average velocity are parameters

19



The effect of des-acyl ghrelin on alcohol consumption in male and female rats

that reflect stereotypy — that is abnormally repetitive behaviour related to neurological

dysfunction.’

Intermittent Alcohol Access Study
An alcohol intake-experiment according to the intermittent alcohol access paradigm, using

Rcc Han Wistar-rats— 24 males and 24 females — performed over a period of 12 weeks was
also conducted. The intermittent alcohol access study design (IAASD) is a validated method to
ensure adequate blood-alcohol concentration levels.”® As shown by Simms et al. intermittent
alcohol access leads to Wistar rats consuming high amounts of alcohol voluntarily, without the
use of initiation procedures regarding continuous alcohol access. Consequently, this is the
optimal method for the experiment.*”

In this study, the rats were kept single-housed under stable temperature and humidity
conditions (20°C and 50%) and were allowed to habituate for one week after arrival to the
animal facilities. Water and food were provided ad libitum. During two 24-hour periods every
week (Monday, Wednesday) and one 7-hour period (Friday), the subjects had unlimited access
to a bottle of 20% ethanol-water solution, as well as a bottle of tap water. The remaining days
the subjects had unlimited access to two bottles of tap water only. Water-, alcohol and food
intake were measured after each period of alcohol/water-exchange and the subjects were
weighed once a week. This was conducted over a 10-week period. Rats were the divided into
treatment groups based on their average alcohol intake (Monday, Wednesday and Friday),
ensuring that rats in future treatment groups had consumed similar levels of alcohol during the
initial 10 weeks. The male and female rats were then on one occasion administered either
vehicle or various doses of DAG (0.25 mg/kg, 0.5 mg/kg and 1 mg/kg).

Water- alcohol- and food intake was measured after 1, 4 and 24 hours after the administration

of DAG.
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Statistics

The results on alcohol intake at the different points of time were analysed using one-way
ANOVA. Further analysis was performed with unpaired t-test to evaluate the effect of the
separate doses. Prism 8 GraphPad (GraphPad Sofiware, San Diego) was used for all

statistical analyses. The results were considered statistically significant with a p-value <0,05.

Ethical permission
The experiments reported in this master thesis were approved by the Regional Ethical

Committee on Animal Research in Gothenburg (registration number 1556/18 and 1457/18)

and were conducted according to the Swedish Animal Welfare act.
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RESULTS

Locomotor Activity Study

There were no significant differences in habituation behaviour in male nor female rats treated
with DAG (Figure 3; Figure 4). As further shown in Figure 3 and Figure 4, DAG treatment
did not influence ambulatory distance, stereotypic counts, jump counts, zone entries, time in
outer zone, time in inner zone, the percentage of time in inner zone through total time, vertical
counts or average velocity during running time of the experiment. A one-way ANOVA was
used to calculate variance between the groups. For details, see Complimentary data, tables and

figure on page 39-40.
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Figure 3: Effects of different doses of DAG-administration (0,5 mg/kg, 1 mg/kg, 2 mg/kg) or vehicle on locomotor
activity measured by various parameters at time of habituation and 60 minutes, starting 30 minutes after
administration of DAG, in female rats, analysed with one-way ANOVA. No significant differences between the
various doses or vehicle was seen at any time.
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Figure 4: Effects of different doses of DAG-administration (0,5 mg/kg, 1 mg/kg, 2 mg/kg) or vehicle on locomotor
activity measured by various parameters at time of habituation and 60 minutes, starting 30 minutes after
administration of DAG, in male rats, analysed with one-way ANOVA. No significant differences between the various
doses or vehicle was seen at any time.
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Intermittent Alcohol Access Study

No difference in baseline ethanol intake (F(3,18)=0.34, P=0.7995) was detected between the
rats assigned to different treatment groups (male: vehicle n=6, 0.25mg/kg n=60.5 mg/kg n=5,

Img/kg n=5; female: vehicle n=6, 0.25mg/kg n= 6, 0.5mg/kg n=6, Img/kg n=5).

In male rats, no significant effect of the various doses of DAG or vehicle was seen on ethanol
intake, neither between 0-1 hr (F(3,18)=2.69, P=0.0768; Figure SA), 1-4 hrs (F(3,18)=0.16,
P=0.9221;Figure 5B) nor 4-24 hrs (F(3,18)=2.54, P=0.0885; Figure 5C). However, it was
noted that the analysis revealed an inclination to overall effect of treatment, particularly with
the highest dose of DAG (Img/kg).

In ethanol intake of female rats, no significant treatment effect was seen at 0-1 hr
(F(3,19)=0.39, P=0.7632; Figure 6A), at 1-4 hrs (F(3,19)=1.69, P=0.2025; Figure 6B) nor at
4-24 hrs (F(3,19)=0.28, P=0.8424; Figure 6C). Comparable to the male rats, an inclination to

overall effect of treatment was seen, mostly so with the highest dose at 1 mg/kg at the 4-24 hrs

interval.
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Figure SA-C: Effects of various doses of DAG (0.25 mg/kg, 0.5 mg/kg, 1 mg/kg) or vehicle on ethanol intake at (A) 0-1
hr, (B) 1-4 hr and (C) 4-24 hr, male rats, analysed with one-way ANOVA. None of the doses were significant at any
time. However, at 4-24 hr (xC) the analysis revealed a tendency to overall effect of treatment.

25



The effect of des-acyl ghrelin on alcohol consumption in male and female rats

A ) Ethanol Intake 0-1 hrs B 3 Ethanol Intake 1-4 hrs C| Ethanol Intake 4-24 hrs
- - 6-
E’ 2 B 5
L 3, g
4 2 ,]
S S e
E 1- -S E 3-
£ £ £
5 2 1- S 2
(1] ] 1]
£ = £ 44
i i ST
0- 0- 0-
Veh 1 05 0.25 Veh 1 05 025 Veh 1 05 025

Figure 6 A-C: Effects of various doses of DAG (0.25 mg/kg, 0.5 mg/kg, 1 mg/kg) or vehicle on ethanol intake at (A) 0-1
hr, (B) 1-4 hr and (C) 4-24 hr, female rats, analysed with one-way ANOVA. None of the doses were significant at any
time. However, at 1-4 hr (xC) the analysis revealed a tendency to overall effect of treatment.

As the same trend of effect was revealed in both male and female rats, further unpaired t-tests
were performed, analysing the differences between the most promising dose of DAG (1mg/kg)
and vehicle. The parameters analysed with the unpaired t-test were as follows: ethanol intake,
ethanol preference, water intake, total fluid intake, food intake, rat weight and rat weight
differences.

No significant difference in ethanol intake was seen between the groups at 0-1 hrs (t(9)=1.134,
P=0.1431; Figure 7A) or at 1-4 hrs ((9)=0.361, P=0.3632; Figure 7B). A significant decrease
of ethanol intake was seen in male rats treated with Img/kg DAG at 4-24 hrs (t(9)=2.352,
P0.0216; Figure 7C). Corresponding, no difference was seen at 0-1 hr (t(9)=1.585, P=0.0737;
Figure 5D), an increase in alcohol preference was found at 1-4 hrs (t(9)=1.844, P0.0492;
Figure SE) while a decrease in alcohol preference was found at 4-24 hrs (t(9)=3.001,
P=0.0075; Figure 5F) for the DAG-treated rats. An increase in water intake in the group
treated with DAG 1 mg/kg was also found at 1-4 hrs (t(9)=1.902, P=0.0448; Figure SH) while
there were no differences in intake at 0-1 hr (t(9)=0.824, P=0.2155; Figure 5G) or at 4-24 hrs
(t(9)=1.712, P=0.0606; Figure SI). As shown in Figures 5J-L) no differences in total fluid
intake was seen at any time. Food intake was similar between the two groups at 0-1 hr

(t(9)=0.098, P=0.4620; Figure SM) and 1-4 hrs ((9)=1.509, P=0.0828; Figure SN) while an
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increase was noted at 4-24 hours (1(9)2.637, P=0.0135; Figure 50) for the group treated with

DAG.
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Figure 7: Effects of DAG-administration of 1 mg/kg or vehicle on ethanol intake, ethanol preference, water intake, total
fluid intake and food intake at 0-1 hrs, 1-4 hrs and 4-24 hrs, in male rats, analysed with unpaired t-test. Significant
decrease in ethanol intake as well as ethanol preference and increase in food intake was seen at 4-24 hrs. Significant
decrease in water intake and increase in ethanol preference was seen at 1-4 hrs. N.s. = non-significant.
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Concerning the results for the female rats, illustrated in Figure 8A-O, ethanol intake was
significantly decreased at 1-4 hrs in the group treated with Img/kg DAG (t(9)=2.054,
P=0.0351; Figure 8B). Correspondingly, ethanol preference was decreased in the DAG-
treated group at the same time (t(9)=0.216, P=0.0294; Figure 8E). No other differences
between the groups were seen at any time in ethanol intake (Figure 8 A-C), ethanol preference
(Figure 8D-F), water intake (Figure 8G-I), total fluid intake (Figure 8J-L) nor food intake

(Figure 8M-0).
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Figure 6 A-O: Effects of DAG-administration of 1 mg/kg or vehicle on ethanol intake, ethanol preference, water intake, total
fluid intake and food intake at 0-1 hrs, 1-4 hrs and 4-24 hrs, in female rats, analysed with unpaired t-test. Significant

decrease in ethanol intake as well as ethanol preference was seen at 1-4 hrs. N.s. = non-significant.
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DISCUSSION

Main results

Intermittent Alcohol Access Study

The main findings of the present study shows no significant overall effect of the DAG
treatment when analysed with one-way ANOVA. However, when analysed with t-test, in rats
treated with 1mg/kg DAG, a significant decrease in both ethanol intake and preference was
seen in male rats at 4 - 24 hrs, with a significant decrease in female rats at 1 - 4 hrs
respectively. This suggests that there is an effect on ethanol intake with acute treatment of
high doses of DAG, even if the decrease is not large enough to show an overall effect on the
treatment. As a significant effect was only noted at the highest dose, it is possible the doses
given were not large enough. Being the first study of this kind, there is neither experience nor
evidence to depend on, predicting the optimal dose for an optimal effect. However, the results
establish that DAG-treatment indeed, does affect alcohol intake in Wistar rats. It is also likely,

that if the subjects had been more numerous, the statistical model would have been stronger.

As no other published studies have been performed on DAGs effect on alcohol intake, a
comparison of the results of the present study is not possible to make. However, the decrease
in alcohol intake following DAG-treatment was not unexpected. As previously stated, several
studies indicate that DAG works as an anorexigenic hormone.**** Seeing that studies suggest
suggest several anorexigenic gut-brain hormones lower alcohol intake in rats,**46 it is
reasonable that DAG does as well. Furthermore, in unpublished data we have seen that DAG
blocks increased alcohol-induced locomotor activity, decreases alcohol-induced conditioned
place preference and decreases alcohol-induced dopamine release in NAc. This indicates that

DAG decreases the reward induced from alcohol and as rats largely drink alcohol for the

experienced euphoria it is plausible the alcohol intake decreases when treated with DAG.
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Even though comparison to other studies investigating DAG cannot be made, there is the
possibility to compare the results to studies that have investigated GHSR-1a antagonists,
which is an agent, thought to operate in a similar way as DAG. A study by Suchankova et al.
investigated the GHSR-1a antagonist JM¥2959.% This study operated according to TAASD,
where male Wistar rats consumed 20% alcohol for 2 and 5 months, following acute treatment
with IMV2959 as well as repeated treatment after 8 months. Results reported significant
decrease in alcohol intake, both in acute treatment, repeated treatment and after alcohol
deprivation. The study design is similar to the experiment in this paper, where the rats
followed the IAASD for 2 months as well. However, as this study does not study DAG, the
results are not quite comparable. Nonetheless, some parallells might be drawn between the
studies. Interestingly, the IMV2959-study saw increased significant effect on the intake of rats
that had followed the IAASD for 5 months before treatment as well as with repeated
administration. Even if DAG is not an antagonist to GHSR-1a at physiological levels, it is
possible that DAGs effects behave in a similar way with increased effect after longer time of
drinking alcohol before treatment or increased effect with repeated administration. However,
by increasing the dose of DAG it is possible that it would have an effect of GHSR-1a but by
instead activating it, and in that way counteract the effect that decreases the alcohol intake of
Wistar rats.*® Further studies, with focus on higher doses of DAG, longer alcohol treatment

and/or repeated measures will be needed to further elucidate DAGs effect on alcohol intake.

Another finding in the present study are the differences between male and female rats
concerning the time frame of the DAG effect. The decrease in ethanol intake and preference
was seen at 4 - 24 hours in the male group, whereas it was seen at 1-4 hours in the female
group respectively. There could be several reasons for this difference. DAG has previously
been shown to cross the blood-brain barrier in an unsaturable manner in mice and rats®*°! but

with some difference in the rate between human and mice ghrelin as well as DAG. No studies
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have investigated whether there is a difference in blood-brain crossing rate between male and

female rats, but this can not be excluded as a factor for the observed differences.

It is also not impossible that oestrogen affects the effect of DAG or its metabolism. Studies
examining ghrelin have reported oestrogen-modulated expression of ghrelin in rat stomach®?
as well as oestrogen-dependent decrease in the orexigenic effects of ghrelin®. No studies on

this subject has been performed for DAG, and can be a subject for future studies.

Another unanticipated difference between the male and female groups was the decrease in
food intake observed in males between 4-24 hours (same interval as the decrease in alcohol
intake), whereas no difference in food intake was observed in females. A similarity can be
found in a study, which revealed that ghrelins orexigenic potency decreased significantly in
non-ovarectomised female rats, as well as when estradiol was administrated to ovarectomised

female rats.” It is possible that DAGs anorexigenic effects are similarly affected by oestrogen.

Locomotor Activity Experiment

The main results of the locomotor activity experiment was that no dose of DAG affected any
of the parameters examined compared to vehicle. This was expected and in line with previous
studies done on DAG, even if none of them have studied locomotor activity in rodents. A
study examining ghrelins and DAGs effect on locomotor activity in goldfish, saw increased
locomotor activity with ghrelin-injection intraperitoneally and intracerebroventriculary, but
not with a DAG-injection in the same locations.** Our results from the locomotor activity
study suggest that peripheral injections of DAG do not affect the mesolimbic dopamine
system on its own. Our locomotor activity experiment did not evaluate centrally administered

DAG and can therefore not be compared directly to the goldfish studies.
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The locomotor activity experiment was important to elucidate any changes in male or female
rats’ behaviour when treated with DAG. This is to make sure that any differences found in the
intermittent alcohol access study is not driven by changes in behaviour from the DAG-
treatment. As no such differences in behaviour were found, neither with male nor female rats,
we can conclude that the differences in alcohol intake is not due to changes in behaviour, eg
sedation.

Strengths and weaknesses

The present study is the first of its kind with the aim of examining whether DAG has an effect
on alcohol intake in Wistar rats, and furthermore if there is a reason to investigate this peptide
further. The study investigates acute treatment with DAG on alcohol intake, which gives a
basic, if not complete, indication of its effect. The study is designed for this purpose.
Preclinical animal studies have long been a crucial part of addiction research.”®> Addiction
research with rats as subjects is generally considered the preferable choice, as rats display
many of the behaviours correlated with dependence in humans.®® Non-operant self-
administration models such as the IAASD show high face validity®* and have been proven an
important tool in identifying drugs that are now on the market, such as Naltrexone and

Acamprosate.”®

AUD is a complex neuropsychiatric disorder. One study examining DAGs acute effect on
alcohol intake in Wistar rats, can not give a complete answer if DAG can be used as a novel
target for pharmacotherapies against AUD. Hopefully however, it can be one of more building

blocks in the search for treatment of this common and challenging disorder.
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CONCLUSIONS

Acute administration with 1 mg/kg DAG decreases alcohol intake in rats. Furthermore, DAG
on its own does not affect behaviour in male nor female rats, as measured by locomotor
activity. These promising results however are solely the starting point in research of DAG and
addiction. Before a definitive answer on DAGs effect on alcohol intake and dependence can
be concluded, more research will have to be conducted. We suggest further preclinical studies
investigating repeated administration with DAG, its effect on the alcohol deprivation effect as

well as microdialysis studies on DAG and DAG in combination with alcohol.

This thesis argues that DAG is a substance that is worth further investigation as a promising

novel target for new treatments against AUD.
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SVENSK POPULARVETENSKAPLIG SAMMANFATTNING

Desacyl-ghrelins paverkan pa han- och honrattors alkoholkonsumtion

Alkoholberoende dr en av de vanligaste psykiatriska sjukdomarna i virlden. Det dr en
komplex neuropsykiatrisk sjukdom som orsakar mycket lidande, hog sjukdomsboérda samt
betydande dodlighet. Trots detta finns det bara fyra ldkemedel pd marknaden och som ofta
endast har en begrinsad effekt. Sedan millennieskiftet har man bdrjat studera kopplingen
mellan aptitreglerande hormoner och alkoholberoende. Detta eftersom att man bl.a. har hittat
receptorer for aptit-reglerande hormoner i beloningscentra i hjarnan. Sammanfattningsvis
tyder forskningen pa att det finns ett overlapp mellan reglering av beloning fran mat och
alkohol.

Ett av hormonerna som har studerats ér ghrelin — ett hormon som bl.a. 6kar aptiten — och har
setts Oka alkoholintag och beloning. Nyligen har man bdrjat studera desacyl-ghrelin (DAG) —
en av ghrelins nedbrytningsprodukter — som till viss del har effekter motsatta till ghrelin.
Dirfor ville vi undersoka om DAG péverkar alkoholintag hos han- och honréttor. Dessutom
ville vi underséka om DAG paverkar den motoriska aktiviteten i han- och honrattor.

Vi gjorde tvé experiment. I ett av experimenten hade vi bade han- och honrattor som fick
tillgang till en alkohol-vattenlsning tre dagar i veckan under 12 veckor. Efter dessa 12 veckor
delades de in i grupper dér varje grupp fick en injektion av en av tre doser DAG eller
saltlosning. Vi mitte direfter alkohol-, vatten- och matintag efter 1, 4 och 24 timmar.

I det andra experimentet hade vi han- och honréttor som fick en injektion av en av tre doser
DAG eller saltlosning innan vi métte deras motoriska aktivitet i aktivitetsboxar.

I det forsta experimentet sag vi forst ingen skillnad pa alkoholintag nér vi tittade pa alla doser.
Diremot, nér vi jimforde den hogsta dosen med saltlosning ség vi en minskning i alkoholintag
mellan 1:a och 4:e timmen hos honorna och mellan 4:e och 24:e timmen hos hanarna. I det

andra experimentet sdg vi ingen skillnad i den motorisk aktiviteten beroende pa dos.
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Detta séger oss att vi sag en minskning i alkoholintag och den uppmitta minskningen beror
inte pa skillnad i motorisk aktivitet, t.ex. sedering — som gor att rattorna blir trdtta och da
dricker mindre.

Denna studien &dr dock inte designad for att ge oss ett fullstdndigt svar pd hur DAG paverkar
alkoholintag i rittor - den ger oss en basal och relativt grov forstielse for DAGs effekter pa
alkoholintag. Sammanfattningsvis sa har vi fatt resultat som tyder pa att DAG minskar
alkoholintag i han- och honréttor. Av detta drar vi slutsatsen att DAG &r en substans som ar
vérd att studera vidare for en mer utforlig forstdelse av dess effekter samt for att belysa om

DAG ér en potentiell farmakologisk behandling mot alkoholberoende.
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COMPLIMENTARY DATA, TABLES AND FIGURES

[Table 2: Summary of various parameters for male rats, analysed with unpaired t-test.

Unpaired t-test

Parameter

0-1 hrs

1-4 hrs

4-24 hrs

Ethanol intake

t(9)=1.134, p=0.1431

t(9)=0.361, p=0.3632

t(9)=2.352, p=0.0216™*

Ethanol preference

t(9)=1.585, p=0.0737

t(9)=1.844, p=0.0492*

t(9)=3.001, p=0.0075*

Water intake

t(9)=0.824, p=0.2155

t(9)=1.902, p=0.0448*

t(9)=1.712, p=0.0606

Total fluid intake

t(9)=0.640, p=0.4752

t(9)=1.088, p=0.1524

t(9)=0.017, p=0.4935

Food intake

t(9)=0.098, p=0.4620

t(9)=1.509, p=0.0828

t(9)2.637, p=0.0135*

* statistically significant

[Table 3: Summary of various parameters for female rats, analysed with unpaired t-test.

Unpaired t-test

Parameter

0-1 hrs

1-4 hrs

4-24 hrs

Ethanol intake

£(9)=0.560, p=0.4783

t(9)=2.054, p=0.0351*

t(9)=0.217, p=0.4165

Ethanol preference

£(9)=0.400, p=0.3493

t(9)=0.216, p=0.0294*

£(9)=0.516, p=0.3092

Water intake

t(9)=0.378, p=0.3569

£(9)=0.188, p=0.9309

t(9)=1.070, p=0.1563

Total fluid intake

t(9)=0.473, p=0.3236

t(9)=0.897, p=0.1965

t(9)=1.128, p=0.1442

Food intake

t(9)=0.473, p=0.3236

£(9)=0.340, p=0.3707

t(9)=1.122, p=0.1454

statistically significant

Table 4: Summary of locomotor activity parameters in male rats. at time of habituation and 60 minutes, starting
30 minutes after DAG-administration. analysed with one-way ANOVA.

Parameter

One-Way ANOVA values

Habituation

60-Minute Value

Ambulatory Distance

F(3,19)=0.49, p=0.4895

F(3,19)=1.97, p=0.1521

Stereotypic Count

F(3,19)=0.40, p=0.7516

F(3,19)=2.02, p=0.1448

Jump Count

F(3,19)=0.70, p=0.5630

F(3,19)=1.29, p=0.3075

Zone Entries

F(3,19)=0.15, p=0.9259

F(3,19)=0.96, p=0.4298

Time in Outer Zone

F(3,19)=1.33, p=0.2953

F(3,19)=0.20, p=0.8921

Time in Inner Zone

F(3,19)=1.33, p=0.2953

F(3,19)=0.20, p=0.8921

Percentage -Time in Inner
Zone -Total Time

F(3,19)=1.33, p=0.2953

(3,19)=0.20, p=0.8922

Vertical Count

F(3,19)=0.60, p=0.6242

F(3,19)=0.78, p=0.5214

Average Velocity

F(3,19)=0.07, p=0.9765

F(3,19)=0.77, p=0.5275
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Table S: Summary of locomotor activity parameters in female rats. at time of habituation and 60 minutes, starting
30 minutes after DAG-administration. analysed with one-way ANOVA.

Parameter

One-Way ANOVA

Habituation

60-Minute Value

Ambulatory Distance

F(3,19)=0.23, p=0.1066

F(3,19)=0.15, p=0.9255

Stereotypic Count

F(3,19)=2.982, p=0.0572

F(3,19)=0.75, p=0.5375

Jump Count

F(3,19)=0.25, p=0.1159

F(3,19)=0.29, p=0.8388

Zone Entries

F(3,19)=2.54, p=0.0792

F(3,19)=0.47, p=0.7055

Time in Outer Zone

F(3,19)=0.50, p=0.6873

F(3,19)=1.67 p=0.2077

Time inInner Zone

F(3,19)=0.50, p=0.6873

F(3,19)=1.67 p=0.2077

Percentage -Time in Inner
Zone -Total Time

F(3,19)=0.50, p=0.6873

F(3,19)=1.67 p=0.2077

Vertical Count

F(3,19)=1.93, p=0.1589

F(3,19)=0.29, p=0.8349

Average Velocity

F(3,19)=1.56, p=0.2332

F(3,19)=0.26, p=0.8506

Table 6: Summary of ethanol intake results for male rats, analysed with one-way ANOVA.

One-way ANOVA

Parameter

0-1 hr

1-4 hr

4-24 hr

Ethanol intake (g/kg/time)

F(3,18)=2.69, P=0.0768

F(3,18)=0.16, P=0.9221

F(3,18)=2.54, P=0,0885

Table 7: Summary of ethanol intake results for female rats, analysed with one-way ANOVA.

One-way ANOVA

Parameter

0-1 hr

1-4 hr

4-24 hr

Ethanol intake (g/kg/time)

F(3,19)=0.39, P=0.7632

F(3,19)=1.69, P=0.2025

F(3,19)=0.28, P=0.8424

| Table 8: Summary of weight difference between 0-24 hrs, in male and female rats, analysed with unpaired t-test.

Parameter

Unpaired t-test

Male rats

Female rats

Weight-24 hrs

t(9)=0.628, p=0.2729

t(9)=0.591, p=0.2844

Weight difference -24 hrs

t(9)=0.825, p=0.2154

t(9)=0.137, p=0.4469
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