Ghrelin

Subjects: Gastroenterology & Hepatology | Physiology

Contributor: Piotr Ceranowicz

Ghrelin is an endogenous ligand for the ghrelin receptor, previously known as the growth hormone secretagogue receptor.
This hormone is mainly produced by endocrine cells present in the gastric mucosa. The ghrelin-producing cells are also
present in other organs of the body, mainly in the digestive system, but in much smaller amount. Ghrelin exhibits a broad
spectrum of physiological effects, such as stimulation of growth hormone secretion, gastric secretion, gastrointestinal
motility, and food intake, as well as regulation of glucose homeostasis and bone formation, and inhibition of inflammatory
processes.
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| 1. Ghrelin and Its Synthesis

Ghrelin, a 28-amino acid peptide, was primary isolated by Kojima et al. from rat and human stomachs in 1999 LIZIEl The
main source of endogenous ghrelin in the body is the stomach X4, Ghrelin is created from its 117-amino acid precursor,
preproghrelin, which consists of a 23-amino acid signal sequence and the 94-amino acid proghrelin W&, The proghrelin is
further converted into acyl-ghrelin, des-acyl ghrelin, and obestatin IS,

Most studies show that the majority of ghrelin in circulation exists in the form of des-acyl ghrelin BI&19 On the other
hand, Blatnik et al. 11 postulate that these observations are a result of errors in sampling, handling, collection, and
assessment of serum ghrelin. Blatnik et al. analyzed the acyl ghrelin plasma stability by LC-MS/MS and revealed that acyl
ghrelin is enzymatically and chemically converted to des-acyl ghrelin in the presence of active serine proteases and HCI.
They concluded that that normally all circulating ghrelin is acylated, and des-acyl ghrelin should not be detectible in
healthy human plasma under optimal sample handling and assaying conditions 11,

Acyl-ghrelin is considered to be an active form of this hormone [EBIEIl12 Acylation is necessary to stimulate the growth
hormone secretagogue receptor (GHSR-1a), currently known as the ghrelin receptor 3. The ghrelin receptors are mainly
expressed in the pituitary gland and hypothalamus, but were also present in other tissues and organs [BIL3I[14][15]
Expression of ghrelin receptor is highly sensitive to the level of growth hormone. In growth hormone-deficient animals,
expression of mRNA for ghrelin receptor is increased. On the other hand, an increase in serum growth hormone level
reduces the expression of ghrelin receptor (16,

Acylation of ghrelin is catalyzed by the ghrelin O-acyltransferase (GOAT), which was discovered in 2008 4. GOAT
belongs to a family of hydrophobic membrane-bound acyltransferases LAMLE Des-acyl ghrelin does not bind to ghrelin
receptor, GHSR-1a, and is deprived of growth hormone releasing activity. However, this form of ghrelin may exhibit some
non-endocrinological activity, such as the protection of endothelial cells and cardiomyocytes in the heart, regulation of
food intake, gastric and pancreatic secretion, gut motility, adipogenesis, stimulation of bone formation, insulin secretion,
and prevention of skeletal muscle atrophy 2311911201

Acyl-ghrelin acting on ghrelin receptor (previously known as GHSR-la) strongly and dose-dependently stimulates
synthesis and release of growth hormone in the anterior lobe of the pituitary gland W], This effect of ghrelin is mainly
related to direct stimulation of somatotropes. However, ghrelin also stimulates the liberation of growth hormone via an
indirect pathway. Ghrelin, acting on neurons expressing growth hormone-releasing hormone (GH-RH) in the
hypothalamus, leads to the secretion of GH-RH by these neurons. Subsequently, GH-RH reaches somatotropes in the
anterior part of the pituitary and stimulates them to release the growth hormone 2. The ghrelin receptor is a G-protein-
coupled receptor and signals via a Gqg/11 alpha-subunit, that results in the activation of phospholipase C and the
synthesis of inositol triphosphate (IP3), and releases Ca2+ from the endoplasmic reticulum 22122 On the other hand, Ge
et al. 2 have reported that stimulatory effect of ghrelin on ghrelin receptor can be reduced by liver-expressed
antimicrobial peptide 2 (LEAP2), an endogenous antagonist of ghrelin receptor. LEAP2 is produced in the liver and small
intestine. This peptide inhibits ghrelin receptor activation by ghrelin, leading to reduction in the major effects of ghrelin in



the body, such as food intake, growth hormone release, and maintenance of viable glucose levels during fasting.
Secretion of endogenous LEAP?2 is suppressed by food restriction, and this effect leads to increased reactivity of ghrelin
receptor to the action of ghrelin 23], Moreover, studies performed on neoplastic cell lines suggest that ghrelin may activate
P13K/GTP-Rac 24, GHSR/P13K/Akt (23] and GHSR/CaMKII/AMPK/NFkB [28] signaling pathways.

Apart from ghrelin receptor, there is another type of growth hormone secretagogue receptor, GHSR-1b, but this receptor
seems to be not biologically active. Its role is unknown [,

Ghrelin is mainly synthesized in the gastric oxyntic mucosa, but its presence was also found in the oral cavity, small and
large bowel, pancreas, thyroid, lung, testis, myocardium, kidney, brain cortex, brain stem, pituitary, hypothalamus, and
immune cells L4IIL511271128] |y rats and dogs, ghrelin is produced in the stomach by the neuroendocrine X/A-like cells 2B,
These cells are small and round. They have no contact with a stomach lumen. In the human stomach, ghrelin is produced
in endocrine cells called P/D1 cells. In the small and large bowel, there are two types of ghrelin-secreting cells: closed-
type cells with triangular and elongated shapes, and opened-type cells with their apical cytoplasmic process contacting to
the intestinal lumen B39, n the pancreas, ghrelin is produced by endocrine and exocrine cells 13][311132],

In the case of a decrease in the production of ghrelin in the gastric mucosa, a compensatory increase in the production of
this peptide in other areas of the body may occur. Partial resection of gastric mucosa, as a result of bariatric surgery leads
to a decrease in serum ghrelin level in the early postoperative period 3. Later, however, this level returns to the initial
value B8l or may be even higher than before the operation B4, In line with those observation are findings of animal studies
performed by Camacho-Ramirez et al. 3, who found that a severe reduction in gastric secretion of ghrelin leads to an
increase in the islet ghrelin-secreting epsilon cell population, leading to a subsequent recovery of basal serum ghrelin
levels.

| 2. Physiological Action of Ghrelin

The main physiological function of ghrelin is dose-dependent stimulation of growth hormone release from the pituitary
gland [, The endocrine effects of ghrelin also include the stimulation of prolactin, cortisol, and adrenocorticotropic
hormone secretion 28127,

Ghrelin is responsible for a positive energy balance. This hormone increases food intake and fat deposition 228139 The
increase in appetite, known as orexigenic effect, is mediated by stimulation of hypothalamic neurons releasing
neuropeptide Y, orexin, and agouti-related protein (AgRP), as well as by inhibition of hypothalamic proopiomelanocortin
(POMC) neurons BAEE2 - Among orexigenic peptides stimulating appetite, ghrelin is the only one acting peripherally,
whereas all other orexigenic peptides are acting centrally 12, Besides the stimulation of food intake, ghrelin promotes
carbohydrate oxidation and inhibits fat utilization, leading to positive energy balance 3l The plasma level of ghrelin is
negatively correlated with BMI and food intake. For this reason, the plasma concentration of ghrelin is enhanced by
anorexia nervosa, starvation, and cachexia, while obesity leads to the opposite effect 44 Food intake decreases the
plasma ghrelin levels, however the degree of this reduction depends on the type of nutrients present in the food. The
strongest effect is observed after protein consumption, smaller in case of carbohydrates, and the smallest after the
ingestion of lipids 42 (Figure 1).
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Figure 1. Ghrelin’s effect in the digestive system. Figure legend: NOS—NO—nitric oxide synthase—nitric oxide, G—ghrelin,
NF-kB—nuclear factor kappa-light-chain-enhancer of activated B cells, and IGF-1—insulin-like growth factor-1; (+) means
stimulates, (=) means inhibits.

Ghrelin stimulates gastric motility and gastric emptying [@28I47, |mpact of ghrelin on the exocrine secretory activity in the
stomach is unclear. Gastric acid secretion is dose-dependently increased by the ghrelin administrated peripherally,
through a mechanism involving vagal nerve activity and histamine release 48484950 Ghyrelin effects on gastric acid
secretion are in synergy with effects of gastrin 125152l On the other hand, ghrelin administrated centrally exhibits the
opposite effect, inhibiting gastric acid release 253154

Circulating ghrelin inhibits pancreatic exocrine secretion. Zhang et al. 22 demonstrated that intravenous administration of
ghrelin reduces the 2-deoxy-D-glucose- and cholecystokinin-stimulated pancreatic exocrine secretion in anesthetized rats.
Moreover, ghrelin inhibits the potassium-stimulated amylase secretion in isolated pancreatic lobules &5, On the other
hand, Sato et al. 28 reported, that intracerebroventricular administration of ghrelin rises pancreatic exocrine secretion in
conscious rats, and the mechanism of this effect involves the vagal nerves @8 The effect of ghrelin on pancreatic
endocrine secretion was initially unclear. Early studies have shown that ghrelin increases insulin secretion by pancreatic
B-cells B4I57I58] \yhile next studies have reported that ghrelin inhibits insulin release in the islets of Langerhans 44151(60]
Currently, it is commonly accepted that ghrelin inhibits glucose-dependent insulin secretion, acting directly on beta-cells in
pancreatic islets 441611621 physijologically, this mechanism is mainly related to ghrelin expressed in pancreatic islets and
released into pancreatic microcirculations. Ghrelin has been shown to inhibit insulin release in mice, rats, and humans.
Ghrelin antagonists or genetic blockades of islet-derived ghrelin markedly augment glucose-induced insulin release [€2!,
Inhibition of glucose-induced insulin secretion by ghrelin involves direct interaction of ghrelin with ghrelin receptor coupled
to novel cAMP/TRPM2 (cyclic adenosine monophosphate/transient receptor potential melastatin 2) signaling in p-cells €41,
This B-cell unique ghrelin receptor with insulinostatic signaling largely accounts for the systemic effects of ghrelin on
circulating glucose and insulin levels. Activation of ghrelin receptor in B-cells inhibits the glucose-induced cAMP and
TRPM2 production, and suppresses the glucose-induced [Ca(2+)](i) increase in the B-cell, leading to inhibition of insulin
release by B-cells in pancreatic islets [63164],

There are other functions of ghrelin that are worth mentioning. Vestergaard et al. demonstrated that acyl-ghrelin infusion
increases thirst sensation in humans, without affecting diuresis and renal sodium excretion €2, Ghrelin has been reported
to exhibit antidepressant effects 68, Moreover, Liu et al. showed that ghrelin promotes neural differentiation of adipose
tissue-derived mesenchymal stem cells, through the activation of B-catenin and AKT/mTOR signaling pathways (68167,

3. Protective, Anti-Inflammatory, and Healing Effects of Ghrelin in the
Digestive System

Protective and healing effects of ghrelin were found in all parts of the digestive system, from the oral cavity to the colon.
The influence of endogenous ghrelin level on functional gastrointestinal disorders is unclear. There are studies suggesting
that functional dyspepsia is associated with the higher level of serum acyl- or des-acyl ghrelin; however, there is a similar
number of articles suggesting the opposite relationship between serum level of acyl- or des-acyl ghrelin and incidence of
functional dyspepsia (€8],

3.1. The Oral Cavity

Ghrelin is synthesized and released by parotid and submandibular salivary glands. Its presence was found in the
cytoplasm of striated, intercalated, and excretory ducts, as well as in serous acini of these glands 9. Ghrelin is also
produced and/or present in teeth, taste buds of the tongue, and gingival epithelium, as well as fibroblasts in the lamina
propria L9772l Ghrelin seems to be involved in the tooth development 8. The concentration of ghrelin in saliva in
similar or even higher than that in plasma or serum, the highest level of ghrelin is observed in gingival crevicular fluid 74
[4l73] proinflammatory factors, such interleukin-1p, increase the expression of mRNA for ghrelin receptor and production
of ghrelin receptor in periodontal cells [Z8. On the other hand, exogenous ghrelin inhibits the production and release of
proinflammatory interleukin-8 by oral epithelial cells stimulated by tumor necrosis factor-a (TNF-a) or lipopolysaccharides
[ These findings suggest that ghrelin may be involved in endogenous protective mechanisms limiting local
inflammation. Moreover, previous experimental studies showed that intraperitoneal administration of exogenous ghrelin
significantly accelerate the healing of acetic acid-induced oral ulcers, and that that effect occurs in rats with intact salivary
glands, as well in sialoadenectomized rats. The beneficial effect of ghrelin is associated with a reduction in mucosal IL-13
concentration and an improvement of mucosal blood flow, cell vitality, and proliferation. These finding have been
confirmed and extended by studies performed on animals (2,



3.2. The Esophagus

Clinical and experimental studies have shown the expression of ghrelin receptor to be increased in Barrett’s mucosa in
comparison with normal esophageal squamous epithelium. However, ghrelin administration is without any effect on
apoptosis of Barrett adenocarcinoma cell line, OE-19 in vitro. On the other hand, administration of ghrelin seems to inhibit
Barrett's carcinogenesis due to suppression of expression of proinflammatory response 28!,

Thomas et al. performed a clinical study concerning the relationship between serum level of ghrelin and Barrett's
esophagus . They found that higher ghrelin concentration is associated with an increased risk of Barrett's esophagus in
comparison to the control population, but not when compared with patients with gastroesophageal reflux disease (GERD).
Moreover, they reported that ghrelin concentration is associated with the frequency of GERD symptoms.

On the other hand, there is a group of articles showing the influence of ghrelin administration on the inflammatory
response in patients with esophageal cancer treated with esophagectomy. Esophagectomy is a highly invasive procedure
leading to extended systemic inflammatory response syndrome (SIRS). Continuous infusion of ghrelin (0.5 pg/kg/h) for 5
days after esophagectomy led to a reduction in SIRS duration and lower C-reactive protein and interleukin-6 levels in
comparison to the placebo group. Moreover, ghrelin reduced the incidence of pulmonary complications and the time of the
negative nitrogen balance during postoperative period B9, The effect of continuous infusion of ghrelin for 5 days after
esophagectomy led to the better therapeutic effect than intermittent infusion for 10 days (1. In addition, an early drop in
plasma level of ghrelin after esophagectomy may be used as a predictor of prolonged SIRS in postoperative period 2.

Moreover, low level of ghrelin seems to be recognized as a risk factor for the development of esophagogastric junctional
and gastric adenocarcinomas (&3],

The influence of treatment with ghrelin on the healing of esophageal injury is unknown.

3.3. The Stomach

Gastroprotective effect of ghrelin was shown in different experimental models of gastric ulcers. In 2003, Sibilia et al.
showed that central, as well as peripheral administration of ghrelin inhibits the development of ethanol-induced gastric
ulcers in rats B4 The protective effects of ghrelin given centrally were found to be much more pronounced than the
effects of ghrelin given peripherally. Pretreatment with nitric oxide synthases inhibitor, N(omega)-nitro-L-arginine methyl
ester (L-NAME), or deactivation of sensory nerves by neurotoxic dose of capsaicin abolished the protective effects of
ghrelin given centrally. Sibilia et al. concluded that mechanisms of the gastroprotective effects of ghrelin involve nitric
oxide (NO) release and activity of sensory nerve fibers 4, Similar gastroprotective effect of ghrelin in ethanol-induced
gastric ulcer was found by Konturek et al. 83, Intraperitoneal pretreatment with of ghrelin led to dose-dependent inhibition
of the development of gastric lesions, and this effect was associated with the improvement of gastric blood flow and
reversion of ethanol-induced increase in TNF-a expression in gastric mucosa. Indomethacin administered prior to the
induction of ulcers increased gastric mucosa damage and reduced gastroprotective effects of ghrelin B!,

Ghrelin also exhibits a gastroprotective effect in other models of gastric mucosa damage. Pretreatment with ghrelin
inhibits the development of gastric ulcers evoked by water immersion and restrain stress (WRS) [B8IE7 gastric ischemia
followed by reperfusion [B8l89 intragastric administration of concentrated hydrochloric acid B9 or alendronate [24,

In addition to its protective effect, ghrelin also exhibits the healing effect in the stomach. Administration of ghrelin after
induction of gastric ulcers accelerates the healing of gastric ulcers induced by ethanol 22 and acetic acid [£31,

3.4. The Small Intestine

Ghrelin has been found to protect the small intestine against damage evoked by ischemia/reperfusion 24251 and this
effect was observed after intracerebroventricular, as well as intravenous, administration of ghrelin. This protective effect
was found as reduction in proinflammatory cytokine release and neutrophil infiltration in the intestine and lungs. In
addition, ghrelin ameliorated intestinal barrier dysfunction, attenuated intestinal and pulmonary injury, and improved the
survival of animals subjected to the gut ischemia/reperfusion-induced damage 24!, Previous studies have also reported
that the protective effect of ghrelin against intestinal injury is related to improved intestinal blood flow 2 and promoting
the activation of the mTOR/p70S6K signaling pathway [28l. Moreover, intravenous administration of ghrelin receptor
antagonist increased the ischemia/reperfusion-induced intestinal and pulmonary injury and animal mortality 24, This last
observation indicates that endogenous ghrelin is involved in maintaining the integrity of the small intestine.

Administration of ghrelin also inhibits the development of experimental damage in the small intestine induced by whole
body irradiation 22 and attenuates intestinal barrier dysfunction following intracerebral hemorrhage (28],



Animal experimental studies have also shown that administration of ghrelin exhibits therapeutic effects in injury of the
small intestine. Ghrelin accelerates the healing of duodenal ulcers induced by acetic acid 23! or cysteamine 2. Moreover,
ghrelin stimulates intestinal adaptation following a massive resection of the small intestine in parenterally fed rats 199,

3.5. The Liver

Previous clinical studies have shown that a low fasting level of ghrelin is associated with increased risk of developing
gallstone disease 191, whereas a high fasting serum level of ghrelin reduces the risk of developing nonalcoholic fatty liver
disease (NAFLD) 192 |n line with this last observation are the results obtained by Ezquerro et al. 293, They found that
endogenous ghrelin plays a protective role in NAFLD. An increased acylated/desacyl ghrelin ratio in patients with obesity
and NAFLD seems to be related to a compensatory mechanism to overcome TNF-a-induced hepatocyte apoptosis,
autophagy, and pyroptosis. The protective effects of ghrelin were also shown in animal models of NAFLD. Nagoya et al.
have demonstrated that the fatty liver stimulates the autonomic nervous signal circuits, suppressing the progression of the
disease by activating the gastric ghrelin expression and the release of IGF-1 from the liver 224, Moreover, administration
of ghrelin in experimental models of NAFLD was found to exhibit preventive and therapeutic effect in this disease 192,
Administration of ghrelin reduced the NAFLD-induced histological changes in the liver, including necrosis, level of
apoptotic cells and inflammation foci. This effect was accompanied by a reduction in serum activity of hepatic enzymes,
oxidative stress, and lipid peroxidation markers, as well as a decrease in proinflammatory cytokines level. The protective
effect of ghrelin on the liver has been also shown in numerous animal models of liver injury. Treatment with ghrelin
reduces the acetaminophen- 128 bile duct ligation- 197, ischemia/reperfusion- 198, and the carbon tetrachloride-induced
liver injury L9100 The ghove articles have shown that the hepatoprotective effect of ghrelin is associated with its
antioxidant, anti-inflammatory, and antifibrotic effects. Moreover, Arici and Cetin 119 have shown that administration of
ghrelin reduces the carbon tetrachloride-induced coagulation disorders.

3.6. The Pancreas
Ghrelin exhibits a protective and therapeutic effect on the endocrine and exocrine pancreas.

In the endocrine pancreas, acyl- and des-acyl-ghrelin have been also found to promote proliferation and inhibit apoptosis
in pancreatic B-cells and human pancreatic islets U112 |5 addition, des-acyl ghrelin increases islet cell mass and
prevents stretozotocin-induced diabetes in newborn rats 23], A similar protective effect of ghrelin on pancreatic B-cell has
been reported by Wang et al. 114 Exposure of B-cells to palmitate led to a significant increase in p-cells apoptosis.
Administration of ghrelin promoted survival and attenuates the palmitate-induced apoptosis in B-cells 114 An
antiapoptotic effect of ghrelin in pancreatic B-cells was also found by other researchers. Diaz-Ganete et al. performed
studies on B-cell line and isolated rats’ pancreatic islets. They found ghrelin has no remarkable effect on B-cells in basal
condition without presence of noxious factors. However, when B-cells are exposed to proinflammatory cytokines, ghrelin
reduces activation of apoptotic mediators and endoplasmic reticulum stress, restores insulin release in response to
glucose, and activates cell survival pathways. They suggested that ghrelin could potentially be effective in preventing or
slowing the transition from a preclinical to clinical type 1 diabetes by mitigating insulitis-induced p-cell damage 1121, This
concept has been supported by further studies performed with animal models of autoimmune diabetes mellitus.
Administration of ghrelin before induction of insulitis significantly reduced the development of diabetes, as well as
prevented the reduction in the number of B-cells, islet area, islet number, and B-cell proliferation (1161,

In the case of the exocrine pancreas, the protective and therapeutic effect of ghrelin is mainly related to the development
and course of acute pancreatitis. Animal experimental studies have shown that pretreatment with ghrelin inhibits the
development of acute pancreatitis evoked by cerulein 14, pancreatic ischemia with subsequent reperfusion 18 and
taurocholate 12211201 | the case of acute taurocholate-induced pancreatitis, the anti-inflammatory effects of ghrelin were
observed not only in the pancreas, but also in the liver and lung 1121201 The protective effect of ghrelin was also found in
cellular models of acute pancreatitis 121122]1123] On the other hand, inhibition of ghrelin gene expression in pancreatic

acinar cells, AR42J cells, results in increased expression of intracellular inflammatory factors after administration of
cerulein (124,

As well as the protective effect, exogenous ghrelin was found to exhibit therapeutic effects in experimental acute
pancreatitis. Administration of exogenous ghrelin was found to inhibit the inflammatory process and accelerate the
recovery in different animal models of this disease, including cerulein- 1253 and ischemia/reperfusion-induced acute
pancreatitis (1281,

There are also clinical studies showing a relationship between endogenous ghrelin and the course of acute pancreatitis in
humans. Some reports suggest that serum ghrelin levels may be a prognostic factor in the course of acute pancreatitis.
Wang et al. 227 tested serum ghrelin levels in patients with acute pancreatitis. Patients were divided into three groups:



patients with (a) mild; (b) moderate severe; and (c) severe acute pancreatitis. On the 1st day of hospitalization, fasting
serum ghrelin concentration was significantly lower in patients with pancreatitis in comparison to healthy controls; the
serum level of ghrelin also significantly decreased with increasing severity of acute pancreatitis. During the next four days,
fasting serum level of ghrelin increased in all groups of patients, but was still lower than in control group. In addition,
serum ghrelin was lower in patients with severe acute pancreatitis than in patients with mild or moderate severe acute
pancreatitis 1271, A similar initial drop in ghrelin levels with subsequent increase in the course of acute pancreatitis was
also found by Panek et al. 128 Moreover, they concluded that rising serum ghrelin levels in the course of acute

pancreatitis may be a marker of recovery and an indicator of the healing process.

On the other hand, there are also articles reporting that ghrelin affects the course of acute pancreatitis and plays an
important role in the regulation of inflammatory response 129 but ghrelin serum level is not a useful predictor of the
severity of acute pancreatitis 1221130 The differences in data presented in above-mentioned articles may be the due to
the different number of observations, as well as the criteria for collecting the material and methods for determining ghrelin
level. However, it should be stated that all of the above articles concerning clinical observation suggest the participation of
endogenous ghrelin in anti-inflammatory and regenerative processes in the course of acute pancreatitis.

The role of endogenous ghrelin was also shown in recovery after pancreatic surgery. Sasaki et al. 134 have shown that
plasma ghrelin suppression after pancreatoduodenectomy is a useful marker for predicting postoperative complications.
This finding is in line with experimental data showing that exogenous ghrelin enhances endocrine and exocrine
regeneration of the pancreas after pancreatectomy 132,

3.7. The Large Bowel

The relationship between ghrelin and inflammatory bowel diseases is not clear. Previous studies have shown that patients
in the acute phase of Crohn's disease and ulcerative colitis have higher circulating levels of ghrelin than patients in
remission or healthy controls [133I134I1135] | addition, ghrelin MRNA and ghrelin receptor mRNA in colonic mucosa are
higher in active IBD patients than in healthy control 361137 Moreover, in patients with Crohn’s disease, there is
significantly higher percentage of ghrelin-positive peripheral blood T cells than healthy in individuals 1361,

There are experimental studies showing protective and healing effect of exogenous ghrelin in colitis. Gonzalez-Rey et al.
(138] found that treatment with ghrelin significantly ameliorates the severity of the trinitrobenzene sulfonic acid (TNBS)-
induced colitis; as well as colitis evoked by dextran sulfate sodium (DSS). The study was carried out on mice.
Administration of ghrelin significantly reduced animals’ weight loss, diarrhea, and inflammation, as well as increased the
survival rate of the animals. In line with these findings were clinical and experimental studies performed by Konturek et al.
137 |n the clinical study, they found that patients with ulcerative colitis exhibit a significant upregulation of mRNA for
ghrelin and tumor necrosis factor-a (TNF-a) in colonic mucosa in comparison to healthy controls. The ratio of mRNA
expression for ghrelin was found to be well-correlated with the severity of inflammation and expression of TNF-a. The
animal study showed that treatment with ghrelin accelerates the healing of TNBS-induced colitis in rats, and this effect is
accompanied by an increase in inducible nitric oxide synthase mRNA expression and synthesis of cyclooxygenase 2
(COX-2) in the colonic mucosa. These findings suggest that endogenous ghrelin may protect and accelerate the healing
of inflamed colonic mucosa, and that ghrelin could be useful in the treatment of ulcerative colitis 237, The therapeutic
effect of ghrelin in TNBS-induced colitis was also shown by Zhang et al. 139,

Similar protective and/or therapeutic effects of ghrelin were also found in other experimental models of inflammatory
bowel disease (IBD). Pretreatment 149 or treatment [14211142] yith ghrelin reduces the severity of colitis evoked by acetic
acid enema and accelerates the healing in this model of IBD. Moreover, Ozturk et al. 143l suggested that protective and
therapeutic effects of nesfatin-1 in acetic acid-induced colitis in rats involve activation of ghrelin receptors.

The beneficial effect of ghrelin administration was also shown in dextran sodium sulfate (DSS)-induced colitis in rats [144]
and mice [391145] | addition, Cheng et al. 143 reported that ghrelin prevented the breakdown of intestinal barrier function
in DSS-induced colitis by inhibiting the activation of nuclear factor kappa B (NFkB). This observation is supported by the
findings of Zhang et al. 32, which show that the beneficial effect of ghrelin in DSS-induce colitis involves the inhibition of
intestinal cell apoptosis.

On the other hand, there are some experimental data suggesting the proinflammatory effect of ghrelin in DSS-induced
colitis in mice. De Smet et al. 148! carried out their study in two series. In the first series, they induced colitis in ghrelin(+/+)
and ghrelin(-/-) mice. In the second series, they induced colitis in non-inbred Swiss mice by adding 3% dextran sodium
sulfate (DSS) to drinking water and dividing the animals into two groups to treated intraperitoneally with saline or ghrelin.
De Smet et al. found that the signs of the severity of colitis, such as body weight loss, histological signs of colonic
damage, and colonic level of myeloperoxidase activity and interleukin-1p, were significantly less pronounced in ghrelin



knockout mice compared to ghrelin(+/+) mice. Moreover, they found that 10 days treatment of non-inbred Swiss mice with
exogenous ghrelin enhances the severity of colitis and promotes the release of proinflammatory cytokines in the colon. In
conclusion, the authors suggested that endogenous and exogenous ghrelin enhances the colonic manifestations of
dextran sodium sulfate-induced colitis in mice 1481, A similar effect was observed by Liu et al. 142, They compared the
severity of DSS-induced colitis in wild mice and ghrelin receptor (-/-) mice. They found that a lack of ghrelin receptor
significantly attenuated the severity of DSS-induced colitis. The concept of proinflammatory effects of ghrelin in colitis is
also supported by Tian et al. 148l They reported that knockdown of ghrelin-O-acyltransferase, an enzyme necessary for

the production of active, acylated form of ghrelin, attenuates DSS-induce colitis in mice.

The discrepancy between the therapeutic effect of ghrelin in colitis observed by most authors and the harmful effects of
ghrelin presented in the last three articles can be explained by the specificity of colitis induced by DSS administered in
drinking water. It should be recognized that the severity of colitis most likely depends on the total amount of DSS taken, as
well as the amount of DSS taken per unit of body mass. On the other hand, ghrelin increases food 28 and water 3]
intake. This most likely causes the amount of DSS ingested to increase. Thus, the greater damage to the colon in animals
with active ghrelin receptors, preserved ghrelin production capacity, and receiving exogenous ghrelin is most likely not a
result of the damaging effects of ghrelin, but of the increased intake of DSS.
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