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Ghrelin: A Link Between Food Reward and Motivation

Yaren Kayabas!'®, Oytun Erbag'

Ghrelin is a gastric peptide hormone that controls
food intake, body weight, taste sensitivity, reward,
cognition, learning, and memory."? Ghrelin activities
are primarily mediated through the activation of
the growth hormone secretagogue receptor type-1a
(GHS-R1a); however, ghrelin can also act on other
receptors in some tissues.® The GHS-R1a is expressed
specifically in the pituitary gland and central nervous
system where ghrelin signals regulate various
functions.**!

Ghrelin is the only known orexigenic hormone. It
is known to increase food intake when administered
to humans and animals.”® Furthermore, ghrelin
promotes food intake in humans and rodents through
the rewarding modulation of certain foods and
the motivation to get them. Several regions of the
brain are affected by ghrelin’s actions, including the
mesolimbic pathways, which govern hedonic feeding
and reward processing.”! In addition, it is known that
ghrelin has functions of activating neuroendocrine
systems and the hypothalamic-pituitary-adrenal
(HPA) axis with its effect on increasing plasma levels of
adrenocorticotropic hormone (ACTH) and cortisol.’®
Considering these functions, various studies have
been conducted on the relationship between ghrelin
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ABSTRACT

Ghrelin is a peptide hormone generated in the stomach
by the ghrelin O-acyltransferase enzyme, which has an
orexigenic effect in the central nervous system when it
binds to peripheral receptors. Ghrelin secretion increases
before meals, increasing food intake by signaling hunger
in the hypothalamus via homeostatic mechanisms. Ghrelin
interacts with various regions of the brain to adjust food
intake and boost food reward at the same time. In addition
to its effects on feeding behavior, the hormone ghrelin,
which interacts with the hypothalamic-pituitary-adrenal
axis, has an impact on stress and various psychiatric disorders
produced by stress. The effects of the ghrelin hormone on
nutritional behavior, reward, motivation, and stress were
described in this review with scientific examples.

Keywords: Ghrelin hormone, ghrelin O-acyltransferase (GOAT),
hypothalamic-pituitary-adrenal axis, nutritional behavior, reward,
motivation

release and stress management. It has been observed
that ghrelin secretion increases during periods of
hunger and stress and are rapidly mixed into the
blood; however, it was observed that increased
ghrelin level also strengthened the activation of the
HPA axis and induced corticosterone release.' The
effects of ghrelin on several stress-related disorders
were intended to be described in this review by
providing examples of rodent research that took into
consideration the interaction of ghrelin with ghrelin
receptors.

GHRELIN HORMONE

Ghrelin is an orexigenic hormone consisting of 28
aminoacidsthatarereleasedfromthestomachintothe
bloodstream mainly in response to negative energy
balance."'? |t is found in inactive form as deacylated
ghrelin in human plasma, while acylated ghrelin with
the help of the enzyme ghrelin O-acyltransferase
(GOAT) is actively present. GOAT is located in the
endoplasmic reticulum of ghrelin-producing cells and
provides acyl ghrelin (AG) formation by acylation of
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des-acyl ghrelin (DAG).'" The resulting AG binds to
the G-protein-bound ghrelin-specific receptor, that is,
the growth hormone secretagogue receptor (GHSR).
Stimulation of these orexigenic neurons increases
food intake and regulates homeostatic feeding
behavior to maintain energy balance.>® The GHSR
is mainly expressed in the arcuate nucleus (ARC) of
the hypothalamus, which reveals the critical role of
ghrelin in neuroendocrine and appetite-stimulating
activities."””® Plasma ghrelin levels increase before
eating, decrease after eating, and gradually increase
until the next meal." However, GHSRis also expressed
in various organs such as the hippocampus, ventral
tegmental area (VTA), amygdala, anterior pituitary,
adrenal and thyroid glands, pancreas, and heart.[2>-2"
Ghrelin hormone plays an important role in VTA's
dopaminergic neurons, based on the reward mediated
by GHSR?Z, and in hedonic eating behaviors."®23

EFFECTS OF GHRELIN ON APPETITE,
REWARD, AND MOTIVATION

Ghrelin release leads to a decrease in energy
consumption?” and contributes to the storage of fatty
acids in adipocytes.”” In addition, Covasa and her
colleagues®! have predicted that ghrelin increases
the number of meals and reduces the time difference
between the two meals. Overduin et al.””’ also proved
that the addition of ghrelin to cerebral ventricles on
murine models resulted in an increase in food size
and mealtime, thus regulating the eating behaviors of
ghrelin® and also playing a role in the physiological
mechanisms of obesity. Ghrelin injection enhances
the desire to eat in humans®' and induces rats to
prefer fat-rich meals, according to animal studies.%
Concurrently, it was discovered that providing ghrelin
to healthy subjects evoked representations of the
subjects’ favorite food®", and that this effect was
amplified by presenting food photographs to the
subjects.’??

Hill and her colleagues® found a significant
increase in ghrelin levels (p<0,001) of 71 obese
women after a 12-month diet, suggesting that weight
loss (due to diet) had an effect on increasing ghrelin
levels. Thus, the increase in ghrelin plasma level also
increases the feeling of hunger and food intake,
explaining the reason for the repeated weight gain
of patients after diet.>¥ Control of food intake is
provided by neuronal circuits located in both the
hypothalamus and the brain stem. At the same time,
food provides appetite-enhancing, rewarding signals
regardless of metabolic needs.5’!
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In addition to cortical areas, nutritional control has
been found to have many processed nerve circuits,
including the VTA, nucleus accumbens (NAcc),
hippocampus, and mesolimbic regions involved in
the modulation of amygdala eating behavior.3¢

Dopamine neurons in the mesolimbic region
mediate the rewarding effects of food intake.”38
Dopamine plays an important role in regulating
normal brain functioning such as behavior, learning,
emotion, reward, and motivated behavior. The
mesocorticolimbic dopaminergic system in the brain
originates from the firing of dopaminergic cells
starting from the VTA and extends from the NAcc
to the prefrontal cortex. The VTA is the main region
involved in both the selection of palatable foods and
the motivational drive for regulating and attaining
the rewarding properties of foods. Neuronal systems
in the VTA have mesolimbic dopaminergic projections
that are important for food reward and seeking.’*"
With large amounts of ghrelin receptors expressed
in the VTA of the mesolimbic system, ghrelin may
be considered to play a key role in dopaminergic
VTA-mediated reward signaling.l2042

The expression of GHS-R1a mainly in the ARC of
the hypothalamus also indicates the critical role of
ghrelin in neuroendocrine and appetite-stimulating
activities. The GHS-R1a receptor, however, appears
to have a function in both homeostatic control and
neuronal circuits involved in reward and motivational
aspects of food intake.l'”83¢1 These findings
suggested that ghrelin had an effect on hedonic
eating behavior, prompting researchers to investigate
its effects on food rewarding value and reward-
based eating behavior. Ghrelin has been shown
to boost the desire for rewarding meals such as
high-fat diets and saccharin solutions.®**¥ In rats,
it was seen that it preferably increased fat intake
compared to carbohydrate intake after central ghrelin
injection, thus proving that ghrelin has an effect on
food preference.B% In addition, it was observed that
saccharin consumption increased after the application
of ghrelin peripherally in mice, while this increase was
not observed in GHS-R1a knockout mice."

In another study, peripheral and centrally
administered ghrelin increased the motivation for
promoting sucrose rewards in a saturated rat, and by
blocking the ghrelin signal, the response of hungry
rats to sugar was reduced to the level of a saturated
rat’s response to sugar.*¥ Operational conditioning
was used to study the reward and motivational

effects of ghrelin on food intake in such research.”
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THE EFFECT OF GHRELIN ON STRESS
AND STRESS-RELATED PSYCHIATRIC
DISORDERS

Ghrelin interacts with the HPA axis, which is linked
to stress reactions, in addition to controlling feeding
behavior. Therefore, ghrelin also has a regulatory role
in stress responses.” In one study, it was observed
that plasma corticosterone concentration increased
in rodents after systemic or central application of
ghrelin, and cortisol concentration increased in
humans.**IThere have also been studies that show
that following central ghrelin administration, the
amount of ACTH-producing cells in the pituitary
increases.”® As a result of studies that were carried
out with the idea that the ghrelin system would
increase the activity of the HPA axis, the blunt release
of ACTH and corticosterone was observed after a
short exposure to immobilization stress in ghrelin
knockout mice.r” On the other hand, it has become
a question of how the activity of the HPA axis can
affect the release of ghrelin. It has been shown
that plasma ghrelin levels increase in humans by
increasing cortisol levels with the application of
an ACTH analog.®" Based on these results, we can
conclude that ghrelin is released in response to
stress and is a hormone that acts in tandem with the
HPA axis to mediate some stress-related behavioral
changes.

There are also studies suggesting that the effects
of exposure to acute and chronic stress on rodents on
food intake and body weight are the role of ghrelin in
stress-related nutritional behaviors. It was observed
that acute stressors such as inactivity stress®®?, novelty
stress®, as well as injection of lipopolysaccharide
(LPS)®¥ mostly reduced food intake. In addition,
exposure of mice to a flooded cage for five days
reduced their body weight®l, and similarly, the
application of five days of social isolation™® or
chronic foot shock®” also resulted in decreased food
intake and decreased body weight. Although many
other such studies have been carried out, we can
conclude that ghrelin has distinct effects against
various stressors, and its mechanism is still unknown.
Although someresearch suggests that ghrelinreduces
fear, anxiety, and depression-like behaviors in rodents,
other research suggests the opposite. A recent study
found that central administration of ghrelin antisense
DNA reduced conditioned fear retrieval in unstressed
rats and produced anxiolytic and antidepressant-like
effects.® Similarly, Spencer and his team®® showed
that anxiety behaviors decreased in ghrelin knockout
mice in basic conditions, but anxiety increased after
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acute immobilization stress, while another study
found that ghrelin knockout mice showed higher
levels of anxiety in non-stressful conditions.

Genetic deletion of the GOAT enzyme and
therefore attenuated AG levels® have also been
shown to reduce anxiety-like behaviors before being
exposed to stress.”” Some studies to investigate the
effects of AG and GHSR ligands have also produced
contradictory results. Systemic or central injection of
a single dose of AG has been shown to cause anxiety
and depression-like behaviors in mice that have not
previously been exposed to stress.*©'62 Similarly, it
has been observed that the infusion of central ghrelin
for a month increases anxiety and depression-like
behaviors in rats.®® However, ghrelin injection into
the amygdala did not show a significant effect in fed
mice, it was observed to have an anxiolytic effect only
when there was no food.%*%%! Therefore, the effects
of AG application are also thought to depend on
nutritional status.

In conclusion one of the unique aspects of ghrelin
is that it is an orexigenic hormone linked to food
consumption, which fascinates researchers and
motivates them to conduct extensive research on
the hormone. Research on ghrelin increased when
it was understood that ghrelin, which is often seen
to promote food intake, has selectivity in food
intake and the effect of seeing food as a reward and
motivational source. It has been proven to affect
dopaminergic regions in the brain, especially the
amygdala, hippocampus, and NAcc, which provide
reward, motivation, and hedonic eating control.
The influence of ghrelin on nutritional behavior
in healthy subjects discusses the effect of ghrelin
on nutritional behavior by picking the meal that
is more appealing to it amongst food alternatives
and appetite. Furthermore, the ghrelin hormone is
prominent in studies of stress and food consumption.
The effects of the ghrelin hormone against stress
were investigated because body weight change is
linked to both stress and food intake. It has been
observed that the HPA axis, which determines our
responses to acute and chronic stress, can give
different responses depending on the nutritional
status as a result of injecting ghrelin into healthy
subjects. In some studies, it was observed that the
subjects exposed to stressors reduced food intake
and their body weight decreased, while in some
studies it was observed that administrating ghrelin
activated the HPA axis by increasing the secretion
of cortisol and ACTH. Based on the results of these
studies, it can be clearly seen that stress exposure
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affects the release of ghrelin, as well as the release
of ghrelin. Ghrelin hormone, which has been shown
to be affected by stress and alters release in case of
stress, also plays a role in some disorders caused by
stress. In a stress-free environment, however, anxiety
behavior decreases in ghrelin knockout subjects, and
anxiety status increases with stress application; thus,
ghrelin knockout subjects show high anxiety levels in
a stress-free environment. The ghrelin hormone has
been shown to play a role in stress-related diseases,
although no definitive judgment has been formed.

Declaration of conflicting interests

The authors declared no conflicts of interest with
respect to the authorship and/or publication of this article.

Funding

The authors received no financial support for the
research and/or authorship of this article.

REFERENCES

1. Cabral A, Lépez Soto EJ, Epelbaum J, Perellé M. Is Ghrelin
Synthesized in the Central Nervous System? Int J Mol Sci.
2017 Mar 15;18:638.

2. Aybiike Yayla M, Arda B, Caglar O, Erbas O. Peptide
Hormones and Neurodegenerative Diseases. JEB Med
Sci 2021;2:62-75.

3. Callaghan B, Furness JB. Novel and conventional
receptors for ghrelin, desacyl-ghrelin, and
pharmacologically related compounds. Pharmacol Rev.
2014 Oct;66:984-1001.

4. Cruz CRY, Smith RG. The growth hormone secretagogue
receptor. Vitam Horm. 2008;77:47-88.

5. Mani BK, Walker AK, Lopez Soto EJ, Raingo J, Lee CE,
Perell6 M, et al. Neuroanatomical characterization
of a growth hormone secretagogue receptor-green
fluorescent protein reporter mouse. J Comp Neurol. 2014
Nov 1;522:3644-66.

6. Perell6 M, Zigman JM.Therole of ghrelin in reward-based
eating. Biol Psychiatry. 2012 Sep 1;72:347-53.

7. Perello M, Dickson SL. Ghrelin signalling on food reward:
a salient link between the gut and the mesolimbic
system. J Neuroendocrinol. 2015 Jun;27:424-34.

8. Zizzari P, Hassouna R, Grouselle D, Epelbaum J, Tolle V.
Physiological roles of preproghrelin-derived peptides in
GH secretion and feeding. Peptides. 2011 Nov;32:2274-82.

9. Cabral A, Suescun O, Zigman JM, Perello M. Ghrelin
indirectly activates hypophysiotropic CRF neurons in
rodents. PLoS One. 2012 Feb 20;7:e31462.

10. Fritz EM, Singewald N, De Bundel D. The Good, the Bad
and the Unknown Aspects of Ghrelin in Stress Coping
and Stress-Related Psychiatric Disorders. Front Synaptic
Neurosci. 2020 Oct 27;12:594484.

11. Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H,
Kangawa K. Ghrelin is a growth-hormone-releasing
acylated peptide from stomach. Nature. 1999 Dec

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

65

9;402:656-60.

Kojima M, Kangawa K. Ghrelin: structure and function.
Physiol Rev. 2005 Apr;85:495-522.

Wellman PJ, Clifford PS, Rodriguez JA. Ghrelin and
ghrelin receptor modulation of psychostimulant action.
Front Neurosci. 2013 Sep 25;7:171.

Gutierrez JA, Solenberg PJ, Perkins DR, Willency JA,
Knierman MD, Jin Z, et al. Ghrelin octanoylation
mediated by an orphan lipid transferase. Proc Natl Acad
Sci US A. 2008 Apr 29;105:6320-5.

Kamegai J, Tamura H, Shimizu T, Ishii S, Sugihara H,
Wakabayashi I. Central effect of ghrelin, an endogenous
growth hormone secretagogue, on hypothalamic
peptide gene expression. Endocrinology. 2000
Dec;141:4797-800.

Nakazato M, Murakami N, Date Y, Kojima M, Matsuo
H, Kangawa K, et al. A role for ghrelin in the central
regulation of feeding. Nature. 2001 Jan 11;409:194-8.
Egecioglu E, Skibicka KP, Hansson C, Alvarez-Crespo M,
Friberg PA, Jerlhag E, et al. Hedonic and incentive signals
for body weight control. Rev Endocr Metab Disord. 2011
Sep;12:141-51.

Dickson SL, Egecioglu E, Landgren S, Skibicka KP, Engel
JA, Jerlhag E. The role of the central ghrelin system
in reward from food and chemical drugs. Mol Cell
Endocrinol. 2011 Jun 20;340:80-7.

Cummings DE. Ghrelin and the short- and long-term
regulation of appetite and body weight. Physiol Behav.
2006 Aug 30;89:71-84.

Guan XM, Yu H, Palyha OC, McKee KK, Feighner SD,
Sirinathsinghji DJ, et al. Distribution of mRNA encoding
the growth hormone secretagogue receptor in brain
and peripheral tissues. Brain Res Mol Brain Res. 1997
Aug;48:23-9.

Gnanapavan S, Kola B, Bustin SA, Morris DG, McGee P,
Fairclough P, et al. The tissue distribution of the mRNA of
ghrelin and subtypes of its receptor, GHS-R, in humans. J
Clin Endocrinol Metab. 2002 Jun;87:2988.
CornejoMP,BarrileF,CassanoD,AguggiaJP,GarciaRomero
G, Reynaldo M, et al. Growth hormone secretagogue
receptor in dopamine neurons controls appetitive
and consummatory behaviors towards high-fat diet in
ad-libitum fed mice. Psychoneuroendocrinology. 2020
Sep;119:104718.

Al Massadi O, Nogueiras R, Dieguez C, Girault J-A.
Ghrelin and food reward. Neuropharmacology. 2019
Apr;148:131-8.

Li Z, Mulholland M, Zhang W. Ghrelin O-acyltransferase
(GOAT) and energy metabolism. Sci China Life Sci. 2016
Mar;59:281-91.

Tsubone T, Masaki T, Katsuragi |, Tanaka K, Kakuma
T, Yoshimatsu H. Ghrelin regulates adiposity in
white adipose tissue and UCP1T mRNA expression in
brown adipose tissue in mice. Regul Pept. 2005 Aug
15;130:97-103.

Ong AS, Frewer L, Chan MY. Cognitive dissonance in food
and nutrition-A review. Crit Rev Food Sci Nutr. 2017 Jul
24,57:2330-2342.



66

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Overduin J, Figlewicz DP, Bennett-Jay J, Kittleson S,
Cummings DE. Ghrelin increases the motivation to eat,
but does not alter food palatability. Am J Physiol Regul
Integr Comp Physiol. 2012 Aug 1;303:R259-69.

De Vriese C, Perret J, Delporte C. Focus on the short- and
long-term effects of ghrelin on energy homeostasis.
Nutrition. 2010 Jun;26:579-84.

Skibicka  KP, Dickson SL. Enteroendocrine
hormones- central effects on behavior. Curr Opin
Pharmacol. 2013 Dec;13:977-82.

Shimbara T, Mondal MS, Kawagoe T, Toshinai K, Koda
S, Yamaguchi H, et al. Central administration of ghrelin
preferentially enhances fat ingestion. Neurosci Lett.
2004 Oct 7;369:75-9.

Schmid DA, Held K, Ising M, Uhr M, Weikel JC, Steiger
A. Ghrelin stimulates appetite, imagination of food,
GH, ACTH, and cortisol, but does not affect leptin
in normal controls. Neuropsychopharmacology. 2005
Jun;30:1187-92.

Schissler P, Kluge M, Yassouridis A, Dresler M, Uhr M,
Steiger A. Ghrelin levels increase after pictures showing
food. Obesity (Silver Spring). 2012 Jun;20:1212-7.

Hill BR, Rolls BJ, Roe LS, De Souza MJ, Williams NI. Ghrelin
and peptide YY increase with weight loss during a
12-month intervention to reduce dietary energy density
in obese women. Peptides. 2013 Nov;49:138-44.

Peeters TL. Ghrelin: a new player in the control of
gastrointestinal functions. Gut. 2005 Nov;54:1638-49.
Kenny PJ. Reward mechanisms in obesity: new insights
and future directions. Neuron. 2011 Feb 24;69:664-79.
Skibicka KP, Dickson SL. Ghrelin and food reward: the
story of potential underlying substrates. Peptides. 2011
Nov;32:2265-73.

Hoebel BG. Brain neurotransmitters in food and drug
reward. Am J Clin Nutr. 1985 Nov;42:1133-50.

Parylak SL, Koob GF, Zorrilla EP. The dark side of food
addiction. Physiol Behav. 2011 Jul 25;104:149-56.
Bassareo V, Di Chiara G. Modulation of feeding-induced
activation of mesolimbic dopamine transmission by
appetitive stimuli and its relation to motivational state.
Eur J Neurosci. 1999 Dec;11:4389-97.

Richardson NR, Gratton A. Changes in medial
prefrontal cortical dopamine levels associated with
response-contingent food reward: an electrochemical
study in rat. J Neurosci. 1998 Nov 1;18:9130-8.

Dikici GR. Ethology of Addiction and Dopamine. JEB Med
Sci. 2020 Apr 23;1:28-31.

Zigman JM, Jones JE, Lee CE, Saper CB, Elmquist JK.
Expression of ghrelin receptor mRNA in the rat and the
mouse brain. J Comp Neurol. 2006 Jan 20;494(3):528-48.
doi: 10.1002/cne.20823. Erratum in: J Comp Neurol. 2006
Dec 1;499:690.

Disse E, Bussier AL, Veyrat-Durebex C, Deblon N, Pfluger
PT, Tschop MH, et al. Peripheral ghrelin enhances sweet
taste food consumption and preference, regardless of its
caloric content. Physiol Behav. 2010 Sep 1;101:277-81.
Skibicka KP, Hansson C, Egecioglu E, Dickson SL. Role
of ghrelin in food reward: impact of ghrelin on sucrose

45.

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

58.

JEB Med Sci

self-administration and mesolimbic dopamine and
acetylcholine receptor gene expression. Addict Biol.
2012 Jan;17:95-107.

Schellekens H, Dinan TG, Cryan JF. Ghrelin at the interface
of obesity and reward. Vitam Horm. 2013;91:285-323.
Spencer SJ, Emmerzaal TL, Kozicz T, Andrews ZB.
Ghrelin’s Role in the Hypothalamic-Pituitary-Adrenal
Axis Stress Response: Implications for Mood Disorders.
Biol Psychiatry. 2015 Jul 1,78:19-27.

Asakawa A, Inui A, Kaga T, Yuzuriha H, Nagata T, Fujimiya
M, etal.Arole ofghrelininneuroendocrineand behavioral
responses to stress in mice. Neuroendocrinology. 2001
Sep;74:143-7.

Stevanovi¢ D, Milosevi¢ V, Starcevi¢ VP, Severs WB. The
effect of centrally administered ghrelin on pituitary
ACTH cells and circulating ACTH and corticosterone in
rats. Life Sci. 2007 Feb 6;80:867-72.
LambertE,Lambert G, Ika-Sari C, Dawood T, Lee K, Chopra
R, et al. Ghrelin modulates sympathetic nervous system
activity and stress response in lean and overweight men.
Hypertension. 2011 Jul;58:43-50.

Spencer SJ, Xu L, Clarke MA, Lemus M, Reichenbach
A, Geenen B, et al. Ghrelin regulates the
hypothalamic-pituitary-adrenal axis and restricts anxiety
after acute stress. Biol Psychiatry. 2012 Sep 15;72:457-65.
Azzam |, Gilad S, Limor R, Stern N, Greenman Y. Ghrelin
stimulation by hypothalamic-pituitary-adrenal axis
activation depends on increasing cortisol levels. Endocr
Connect. 2017 Nov;6:847-55.

Gul S, Saleem D, Haleem MA, Haleem DJ. Inhibition of
hormonal and behavioral effects of stress by tryptophan
in rats. Nutr Neurosci. 2019 Jun;22:409-17.

Saegusa Y, Takeda H, Muto S, Nakagawa K, Ohnishi S,
Sadakane C, et al. Decreased plasma ghrelin contributes
to anorexia following novelty stress. Am J Physiol
Endocrinol Metab. 2011 Oct;301:E685-96.

Stengel A, Goebel M, Wang L, Reeve JR Jr, Taché Y,
Lambrecht NWG. Lipopolysaccharide differentially
decreases plasma acyl and desacyl ghrelin levels in
rats: potential role of the circulating ghrelin-acylating
enzyme GOAT. Peptides. 2010 Sep;31:1689-96.

Ochi M, Tominaga K, Tanaka F, Tanigawa T, Shiba M,
Watanabe T, et al. Effect of chronic stress on gastric
emptying and plasma ghrelin levels in rats. Life Sci. 2008
Apr 9;82:862-8.

Izadi MS, Radahmadi M, Ghasemi M, Rayatpour A. Effects
of Isolation and Social Subchronic Stresses on Food
Intake and Levels of Leptin, Ghrelin, and Glucose in Male
Rats. Adv Biomed Res. 2018 Aug 29;7:118.

Rostamkhani F, Zardooz H, Goshadrou F, Baveisi M,
Hedayati M. Stress increased ghrelin secretion from
pancreatic isolated islets in male rats. Gen Physiol
Biophys. 2016 Jan;35:109-17.

Kanehisa M, Akiyoshi J, Kitaichi T, Matsushita H, Tanaka
E, Kodama K, et al. Administration of antisense DNA
for ghrelin causes an antidepressant and anxiolytic
response in rats. Prog Neuropsychopharmacol Biol
Psychiatry. 2006 Dec 30;30:1403-7.



Effect of Ghrelin on Food Reward and Motivation

59.

60.

61.

62.

63.

64.

65.

Mahbod P, Smith EP, Fitzgerald ME, Morano RL,
Packard BA, Ghosal S, et al. Desacyl Ghrelin Decreases
Anxiety-like Behavior in Male Mice. Endocrinology. 2018
Jan 1;159:388-99.

Zhao T-J, Liang G, Li RL, Xie X, Sleeman MW, Murphy AJ,
et al. Ghrelin O-acyltransferase (GOAT) is essential for
growth hormone-mediated survival of calorie-restricted
mice. Proc Natl Acad Sci U S A. 2010 Apr 20;107:7467-72.
Carlini VP, Monzén ME, Varas MM, Cragnolini AB, Schidth
HB, Scimonelli TN, et al. Ghrelin increases anxiety-like
behavior and memory retention in rats. Biochem Biophys
Res Commun. 2002 Dec 20;299:739-43.

Currie PJ, Khelemsky R, Rigsbee EM, Dono LM, Coiro CD,
Chapman CD, et al. Ghrelin is an orexigenic peptide and
elicits anxiety-like behaviors following administration
into discrete regions of the hypothalamus. Behav Brain
Res. 2012 Jan 1;226:96-105.

Hansson C, Haage D, Taube M, Egecioglu E, Salomé
N, Dickson SL. Central administration of ghrelin
alters emotional responses in rats: behavioural,
electrophysiological and molecular evidence.
Neuroscience. 2011 Apr 28;180:201-11.

Alvarez-Crespo M, Skibicka KP, Farkas I, Molnar CS,
Egecioglu E, Hrabovszky E, et al. The amygdala
as a neurobiological target for ghrelin in rats:
neuroanatomical, electrophysiological and behavioral
evidence. PLoS One. 2012 Oct 10;7:e46321.

Bademci R, Erdogan MA, Eroglu E, Meral A, Erdogan A,
Atasoy O, et al. Demonstration of the protective effect
of ghrelin in the livers of rats with cisplatin toxicity. Hum
Exp Toxicol. 2021 Dec;40:2178-87.



