
INTRODUCTION
Peptic ulcer healing requires the reconstitution of

epithelial structures and underlying connective tissue
through cellular proliferation, migration, and
differentiation. Previous studies have shown that
administration of growth hormone (1) and other
growth factors, such as: epidermal growth factor (2),

platelet-derived growth factor (3) or fibroblast
growth factor-2 (4) accelerates the healing of
experimental gastroduodenal ulcers.

Ghrelin, a 28-residue peptide, was primary
isolated from the human and rat stomach (5, 6), and
the stomach is a main endogenous source of
circulating ghrelin (6). Ghrelin is a natural ligand of
growth hormone secretagogue receptor (GHS-R)
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Recent studies have shown that ghrelin exhibits gastroprotective effects. The aim of present
study was to examine the influence of ghrelin administration on the healing of chronic gastric
and duodenal ulcers and to evaluate the role of growth hormone (GH) and insulin-like growth
factor-1 (IGF-1) in this process. In pituitary-intact or hypophysectomized rats, chronic gastric
and duodenal ulcers were induced by acetic acid. After induction of ulcers, rats were treated
intraperitoneally twice a day with saline, ghrelin (4, 8 or 16 nmol/kg/dose) or IGF-1 (20
nmol/kg/dose) for six or ten days. In animals with intact pituitary, treatment with ghrelin
increased serum level of GH and IGF-1. These effects were accompanied by the increase in
mucosal cell proliferation, mucosal blood flow and healing rate of gastric and duodenal ulcers.
After hypophysectomy, the significant increase in serum level of endogenous ghrelin was
observed, but the healing of gastric and duodenal ulcers was delayed. This effect was
accompanied by a significant decrease in serum concentration of endogenous GH and IGF-1,
and reduction in mucosal blood flow and DNA synthesis. In hypophysectomized rats,
administration of exogenous ghrelin was without any effect on serum level of GH and IGF-1,
healing rate of gastroduodenal ulcers or mucosal cell proliferation. In contrast to this effect,
administration of IGF-1 increased mucosal cell proliferation, healing rate of gastroduodenal
ulcers and mucosal blood flow in hypophysectomized rats. Conclusion: Treatment with ghrelin
accelerates healing of chronic gastroduodenal ulcers and this effect is mediated by the release
of endogenous GH and IGF-1.
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type 1a, and acting on this receptor, ghrelin strongly
and dose dependently stimulates growth hormone
release from the anterior pituitary (5). Apart from the
release of growth hormone, ghrelin exerts several
biological activities including the increase in
intestinal motility (7) and stimulation of appetite and
fat deposition in rats and humans (8-10). It has been
demonstrated that food intake and obesity decrease
plasma concentration of ghrelin (6, 11, 12); whereas
fasting or anorexia nervosa cause an increase in
plasma ghrelin concentration (6, 12).

Ghrelin affects the development and maturation
of digestive tract organs and this effect is age-
dependent. In young suckling rats administration of
ghrelin reduces gastric and pancreatic growth;
whereas in young seven week old rats, treatment
with ghrelin stimulates gastric and pancreatic growth
and increases pancreatic activity of amylase (13-16).

Previous studies have shown that treatment with
ghrelin protects the heart (17), kidney (18) and brain
(19) against ischemic injury and attenuates sepsis-
induced lung injury and mortality (20). In the gut,
pretreatment with ghrelin reduces gastric mucosal
damage induced by ethanol (21, 22), stress (23) or
alendronate (24). Also, administration of ghrelin
inhibits the development of cerulein- or
ischemia/reperfusion-induced acute pancreatitis (25,
26). The last study has shown that protective effect
of ghrelin on the pancreas is mediated by release of
endogenous growth hormone and insulin-like growth
factor-1 (IGF-1) (26). However, the protective effect
of ghrelin requires administration of this peptide
before exposure to damaging factors and therefore
has minimal clinical value. The role of ghrelin in the
healing of gastric and duodenal ulcer is unknown.
Therefore, the aim of our present investigation was
to examine whether ghrelin administration exhibits
any effect on the healing of chronic gastric and
duodenal ulcers and, if so, what is the role of
endogenous growth hormone and IGF-1 in this
effect.

MATERIALS AND METHODS
Animals and treatment

Studies were performed on male Wistar rats
weighing 200-220 g and were conducted following
the experimental protocol approved by the Local
Commission of Ethics for the Care and Use of
Laboratory Animals. Animals were housed in cages
with wire mesh bottoms, in normal room
temperature (22 ± 1 °C) and a 12-h light-dark cycle.

After fasting for 16 h, rats were anesthetized with
ketamine (50 mg/kg i.p., Bioketan, Vetoquinol

Biowet, Gorzow Wielkopolski, Poland) and sham-
operated or hypophysectomized via the
transauricular approach according to a method
described previously (27). Two weeks later, after
fasting for 16 h with the unlimited access to water,
rats were reanesthetized and chronic gastric and
duodenal ulcers were induced using our modification
(2) of acetic acid method originally described by
Okabe et al. (28). Briefly, the abdomen was opened
and the stomach and duodenum were exposed. A
plastic tube of 4.2 mm inner diameter was applied
tightly to the serosal surface of the anterior wall of
the distal portion of the stomach, proximal to the
pylorus, and to the wall of the duodenum about 5
mm beyond the pylorus. About 70 µl of 100% acetic
acid was applied for 20 s through the tube on the
serosal surface of the stomach and 70 µl of 80%
acetic acid was applied for 10 s on the serosal surface
of duodenum. After removal of the acetic acid, the
abdomen was closed by sutures. This method was
found to result in the formation of chronic ulceration
of mucosa and submucosa within the area of acetic
acid application. At the ulcer induction day (day 0),
the area of ulcer was 13.8 mm2. All rats were fasted
with the unlimited access to water at the day 0 and
then had free access to food and water.

Studies were performed on pituitary-intact or
hypophysectomized rats. Rats with intact pituitary
gland were treated with saline (control group) or
ghrelin (4, 8 or 16 nmol/kg/dose) given
intraperitoneally twice a day for six or ten day (the
first injection at the day of ulcer induction, the last
dose was injected 1 h before the end of experiment).
Hypophysectomized rats were treated with saline,
ghrelin (8 nmol/kg/dose) or IGF-1 (Pro-Spec-Tany
TechnoGeneLtd., Rehovot, Israel; 20 nmol/kg/dose)
given intraperitoneally twice a day for the same time
period as rats with intact pituitary gland. In
hypophysectomized rats, we used ghrelin at the dose
of 8 nmol/kg/dose because this dose caused the best
therapeutic effect in the first series of studies with
pituitary-intact rats. The dose of IGF-1, 20
nmol/kg/dose was chosen because this amount
caused a similar increase in serum concentration of
IGF-1, as administration of ghrelin at the dose of 8
nmol/kg/dose in rats with intact pituitary.
Experiments were repeated to obtain ten
observations in each experimental group and each
time of observation.

Active N-octanoyl rat ghrelin was synthesized in
Yanaihara Institute by a solid phase methodology
with Fmoc-strategy using automated peptide
synthesizer (Applied Biosystem 9030 Pioneer,
Foster, CA, USA). An estrification of the Ser3
hydroxyl group was achieved with n-octanoic acid
using dicyclohexylcarbodiimine and 4-
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dimethylaminopyride for 18 hours at 4°C. The crude
peptide was purified by reverse phase HPLC on
column of YMC-Pack D-ODS-5 (30×250 mm) with
a solvent system of TPA/CH3CN) (72/28à57/43,
v/v) over 30 min at a flow rate 16 ml/min. Analytical
HPLC and MALDI-TOF MS confirmed the
homology of the product.
Determination of gastric and duodenal blood flow,
and mucosal lesions

Six or ten days after induction of chronic gastric
and duodenal ulcers, rats were anesthetized again
with ketamine and the abdomen was opened by a
midline incision. The stomach and duodenum were
exposed and the gastric and duodenal mucosal blood
flow was measured using laser Doppler flowmeter
(PeriFlux 4001 Master monitor, Perimed AB,
Jarfalla, Sweden). Blood flow was measured in five
areas of gastric and duodenal mucosa, and mean
value of five recordings was presented as percent of
mucosal blood flow recorded in saline-treated rats
with intact pituitary gland. After measurement of
mucosal blood flow, the area of ulcerated mucosa
was measured, using computerized planimeter
(Morphomat, Carl Zeiss, Berlin, Germany) as
described previously (29). The measurement was
made by person blinded to the origin of coded
specimens.
Biochemical analysis

After measurement of gastric and duodenal blood
flow, blood samples were collected from the aorta
and allowed to clot. Serum was collected and frozen
at -60°C. In the case of serum collected for
determination of ghrelin, before cool storage, 1 ml of
serum was acidified with 50 µl of 1 N HCl and 10 µl
of phenylmethylsulfonyl fluoride (PMSF) solution
(10 mg of PMSF/ml of methanol) was added.

Serum ghrelin concentration was determined by
radioimmunoassay, using a commercially available
kit from Peninsula Laboratories, Inc. (San Carlos,
CA, USA), division of BACHEM. This kit is
specific for the biologically active form of ghrelin
with the octanoyl group on Serine 3, without cross-
reactivity with des-octanoyl ghrelin. The sensitivity
of this assay was 15 pg/ml, the inter- and intra-assay
coefficients of variation were ≤ 15 and 5%,
respectively.

Serum growth hormone concentration was
determined by radioimmunoassay, using a
commercial Rat Growth Hormone RIA Kit (LINCO
Research, St. Charles, Missouri, USA). Sensitivity of
the assay was 0.5 ng/ml, the inter- and intra-assay
coefficients of variation were ≤ 15.4%.

Serum IGF-1 concentration was measured by
radioimmunoassay, using a commercial Mouse/Rat
IGF-I RIA Kit (Diagnostic System Laboratories,
Inc., Webster, Texas, USA). Before measurement of
serum IGF-1 concentration, samples were treated
with extraction solution (an ethanolic solution of
HCl). After that, extracts were neutralized according
to the assay protocol. The sensitivity of the assay
was 21 ng/ml without cross-reactivity with human
IGF-1. Intra- and inter-assay coefficients of variation
were ≤ 6.1 and 9.7%, respectively.

Biopsy samples from the gastric and duodenal
mucosa were taken for determination of mucosal
DNA synthesis, as an index of mucosal cell
proliferation. DNA synthesis was determined by
measurement of [3H]thymidine incorporation ([6-
3H]-thymidine, 20-30 Ci/mmol, Institute for
Research, Production and Application of
Radioisotopes, Prague, Czech Republic) into
mucosal DNA as described previously (30). The
incorporation of labeled thymidine into DNA was
determined by counting 0.5 ml DNA-containing
supernatant in a liquid scintillation system. DNA
synthesis was expressed as tritium disintegrations
per minute per µg DNA (dpm/µg DNA).
Statistical analysis

Results were expressed as mean ± SEM.
Statistical analysis was carried out by one-way
analysis of variance (ANOVA) followed by Tukey's
multiple comparison test using GraphPadPrism
(GraphPad Software, San Diego, CA, USA).
Differences were considered to be statistically
significant when P was less than 0.05.

RESULTS
Healing of gastric and duodenal ulcers

Figures 1 and 2 show the results of healing of
chronic gastric and duodenal ulcers in pituitary-
intact or hypophysectomized rats treated with
saline, ghrelin or IGF-1. In control animals with
intact pituitary, the ulcer area showed progressive
decrease at 6th and 10th day after induction of ulcers.
In the stomach, ulcer area was 7.8 ± 0.5 at the 6th
day after induction of ulcers and 1.6 ± 0.2 mm2 at
the 10th day. In the duodenum in control rats, the
ulcer area was 7.0 ± 0.4 mm2 and 2.3 ± 0.2 4 mm2,
respectively.

In pituitary-intact rats, intraperitoneal
administration of ghrelin caused a significant
acceleration of healing rate of both, gastric and
duodenal ulcers at the 6th and 10th day after induction of
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Fig. 1. Effect of ghrelin (G) administration (4, 8 or 16 nmol/kg/dose), hypophysectomy (HP) and treatment with IGF-1 on the area of
chronic gastric ulcers at the 6th and 10th day after induction of these ulcers. Mean ± SEM. N= 10 in each group of animals. aP<0.05
compared to saline-treated rats with intact pituitary (control) at the 0 day; bP<0.05 compared to saline-treated rats with intact pituitary
(control) at the 6th day of observation; cP<0.05 compared to G8 in pituitary-intact rats at the same day of observation; dP<0.05
compared to hypophysectomized saline-treated rat (HP) at the same day of observation; eP<0.05 compared to saline-treated rats with
intact pituitary (control) at the 10th day of observation.
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Fig. 2. Effect of ghrelin (G) administration (4, 8 or 16 nmol/kg/dose), hypophysectomy (HP) and treatment with IGF-1 on the area of
chronic duodenal ulcers at the 6th and 10th day after induction of these ulcers. Mean ± SEM. N= 10 in each group of animals. aP<0.05
compared to saline-treated rats with intact pituitary (control) at the 0 day; bP<0.05 compared to saline-treated rats with intact pituitary
(control) at the 6th day of observation; cP<0.05 compared to G8 in pituitary-intact rats at the same day of observation; dP<0.05
compared to hypophysectomized saline-treated rat (HP) at the same day of observation; eP<0.05 compared to saline-treated rats with
intact pituitary (control) at the 10th day of observation.



these lesions. Maximal therapeutic effect was observed
after ghrelin used at the dose of 8 nmol/kg/dose.

Hypophysectomy delayed the healing of gastric
and duodenal ulcers. Either at the 6th or 10th day after
induction of mucosal lesion, the area of both gastric
and duodenal ulcers was significantly more
extensive in hypophysectomized rats than in
pituitary-intact rats.

In contrast to pituitary-intact rats, administration
of ghrelin was without any effect on the healing rate
of gastric and duodenal ulcers in hypophysectomized
rats. The area of ulcers in this group of rats was
similar to that observed in hypophysectomized rats
treated with saline.

The mean area of both, gastric and duodenal ulcers
was significantly decreased in hypophysectomized rats
treated with IGF-1. The ulcer area was reduced below
that observed in saline-treated hypophysectomized
rats, as well as saline treated pituitary-intact rats. This
effect was statistically significant at the 6th and 10th day
after induction of ulcers and similar to that observed in
pituitary-intact rats treated with ghrelin at the dose of 8
nmol/kg/dose.
Gastric and duodenal mucosal DNA synthesis

Figures 3 and 4 demonstrate the effect of
treatment with saline, ghrelin or IGF-1 on gastric
and duodenal mucosal DNA synthesis in pituitary-

intact or hypophysectomized rats. In control
animals with intact pituitary gland, gastric mucosal
DNA synthesis reached 44.3 ± 2.4 dpm/µg DNA at
the 6th day after induction of ulcers and 40.2 ± 3.6
dpm/µg DNA at the 10th day Fig. 3. In the
duodenum of this group of animals, the rate of
DNA synthesis was 50.5 ± 2.1 dpm/µg DNA and
48.7± 1.8 dpm/µg DNA at the 6th and 10th day after
ulcer induction, respectively (Fig. 4).

Administration of ghrelin in pituitary-intact rats
caused an increase in gastric and duodenal mucosal
DNA synthesis, and this effect was significant at
both time points of observation, at the 6th and 10th day
after induction of ulcers. Moreover, maximal
stimulatory effect of ghrelin on mucosal DNA
synthesis was obtained after ghrelin used at the dose
of 8 nmol/kg/dose.

Hypophysectomy significantly reduced mucosal
DNA synthesis in the stomach and duodenum by
about 30 and 20%, respectively. This effect was
found in both periods of observation, at the 6th and
10th day after induction ob ulcers.

Administration of ghrelin was without effect on
gastric and duodenal mucosal DNA synthesis in
hypophysectomized rat. In contrast to that,
administration of IGF-1 increased gastric and
duodenal mucosal DNA synthesis in
hypophysectomized rats to a similar value as that in
pituitary-intact ghrelin-treated rats.
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Fig. 3. Effect of ghrelin (G) administration (4, 8 or 16 nmol/kg/dose), hypophysectomy (HP) and treatment with IGF-1 on mucosal
DNA synthesis in the stomach at the 6th and 10th day after induction of ulcers. Mean ± SEM. N= 10 in each group of animals. aP<0.05
compared to saline-treated rats with intact pituitary (control) at the same day of observation; bP<0.05 compared to HP alone at the same
day of observation.



Fig. 5. Effect of ghrelin (G) administration (4, 8 or 16 nmol/kg/dose), hypophysectomy (HP) and treatment with IGF-1 on gastric
mucosal blood flow at the 6th and 10th day after induction of ulcers. Mean ± SEM. N= 10 in each group of animals. aP<0.05 compared
to saline-treated rats with intact pituitary (control) at the same day of observation; bP<0.05 compared to G8 in pituitary-intact rats at
the same day of observation; cP<0.05 compared to HP alone at the same day of observation.
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Fig. 4. Effect of ghrelin (G) administration (4, 8 or 16 nmol/kg/dose), hypophysectomy (HP) and treatment with IGF-1 on mucosal
DNA synthesis in the duodenum at the 6th and 10th day after induction of ulcers. Mean ± SEM. N= 10 in each group of animals. aP<0.05
compared to saline-treated rats with intact pituitary (control) at the same day of observation; bP<0.05 compared to G4 in rats with intact
pituitary at the same day of observation; cP<0.05 compared to HP alone at the same day of observation.

0

25

50

75

100

125

150

   SALINE      G4           G8          G16           HP          HP           HP

a 6 DAYS
10 DAYSa

a
a,c

a,c
ba

b

G
A

ST
R

IC
 B

LO
O

D
 F

LO
W

(%
 O

F 
C

O
N

TR
O

L)

   (CONTROL)     +              +
   G8           IGF



Gastric and duodenal mucosal blood flow

In pituitary intact rats, administration of ghrelin
increased gastric (Fig. 5) and duodenal (Fig. 6)
mucosal blood flow. In the stomach, this effect was
statistically significant in both time points of
observation after ghrelin administered at the dose of
4 and 8 nmol/kg/dose. Gastric mucosal blood flow
was maximally increased after treatment with
ghrelin at the dose of 8 nmol/kg, reaching at the 6th
and 10th day about 140 and 130% of control value,
respectively (Fig. 5). In this group of animals,
duodenal mucosal blood flow was significantly
increased at the 6th day after ghrelin administered at
the dose of 8 nmol/kg/dose; whereas at the 10th day,
significant increase of duodenal mucosal blood flow
was found after treatment with ghrelin at the dose of
4 and 8 nmol/kg/dose.

Hypophysectomy caused insignificant decrease in
gastric and duodenal blood flow, and administration
of ghrelin was without any effect on gastric and
duodenal blood flow in hypophysectomized rats.

In hypophysectomized rats, treatment with IGF-
1 increased gastric and duodenal mucosal blood
flow to a value as that observed in pituitary-intact
rats treated with ghrelin at the dose of 8
nmol/kg/dose.

Serum concentration of ghrelin

In pituitary-intact rats treated with saline serum
concentration of ghrelin reached a value 223.2 ± 12.6
pg/ml at the 6th day and 232.1 ± 19.6 pg/ml at the 10th
day (Fig. 7). Treatment with exogenous ghrelin at the
dose of 4, 8 or 16 nmol/kg/dose increased serum level
of ghrelin in rats with intact pituitary by about 69,
170 or 270%, respectively. Hypophysectomy
increased serum level of endogenous ghrelin by 60%
and administration of exogenous ghrelin at the dose
of 8 nmol/kg/dose caused an additional increase in
serum concentration of this peptide by about 125%.
In hypophysectomized rats, administration of IGF-1
was without effect on serum concentration of ghrelin.
Serum concentration of growth hormone

In control pituitary-intact rats treated with saline,
serum growth hormone concentration reached a value
148.6 ± 8.1 ng/ml at the 6th day after induction of
ulcers and 136.2 ± 9.3 ng/ml at the 10th day (Fig. 8).
Administration of ghrelin significantly increased
serum level of growth hormone in rats with intact
pituitary gland and maximal increase by about 70%
was observed after ghrelin used at the dose of 8
nmol/kg/dose. Effect of ghrelin given at the dose of 4
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Fig. 6. Effect of ghrelin (G) administration (4, 8 or 16 nmol/kg/dose), hypophysectomy (HP) and treatment with IGF-1 on duodenal
mucosal blood flow at the 6th and 10th day after induction of ulcers. Mean ± SEM. N= 10 in each group of animals. aP<0.05 compared
to saline-treated rats with intact pituitary (control) at the same day of observation; bP<0.05 compared to G8 in pituitary-intact rats at
the same day of observation; cP<0.05 compared to HP alone at the same day of observation.
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Fig. 8. Effect of ghrelin (G) administration (4, 8 or 16 nmol/kg/dose), hypophysectomy (HP) and treatment with IGF-1 on serum
concentration of growth hormone at the 6th and 10th day after induction of ulcers. Mean ± SEM. N= 10 in each group of animals.
aP<0.05 compared to saline-treated rats with intact pituitary (control) at the same day of observation; bP<0.05 compared to G8 in
pituitary-intact rats at the same day of observation.
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Fig. 7. Effect of ghrelin (G) administration (4, 8 or 16 nmol/kg/dose), hypophysectomy (HP) and treatment with IGF-1 on serum
concentration of ghrelin at the 6th and 10th day after induction of ulcers. Mean ± SEM. N= 10 in each group of animals. aP<0.05
compared to saline-treated rats with intact pituitary (control) at the same day of observation; bP<0.05 compared to G8 in pituitary-
intact rats at the same day of observation; cP<0.05 compared to HP alone at the same day of observation.
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or 16 nmol/kg/dose was statistically weaker.
Hypophysectomy caused total elimination of growth
hormone from the serum and administration of ghrelin
was without any effect on serum concentration of
growth hormone in hypophysectomized rat. Also,
administration of IGF-1 failed to affect serum level of
growth hormone in hypophysectomized rats.
Serum concentration of IGF-1

In saline-treated control rats with intact pituitary,
serum concentration of IGF-1 was 415.6 ± 19.7
ng/ml at the 6th day after induction of ulcers and
472.6 ± 34.8 ng/ml at the 10th day (Fig. 9). In
pituitary-intact rats, treatment with ghrelin
significantly increased serum level of IGF-1 and
maximal effect (by about 170%) was observed after
ghrelin given at the dose of 8 nmol/kg/dose. Either
the effect of lower or higher dose of ghrelin on serum
concentration of IGF-1 was significantly weaker. In
hypophysectomized saline-treated rats, serum
concentration of IGF-1 was reduced and reached
about 10% of control value. Administration of
ghrelin did not affect serum concentration of IGF-1
in hypophysectomized rats. Treatment with IGF-1 at

the dose of 20 nmol/kg/dose increased serum
concentration of this peptide in hypophysectomized
rats to a value similar to that as in pituitary-intact rats
treated with ghrelin at the dose of 8 nmol/kg/dose.

DISCUSSION
This study is the first paper, except for our reports

presented during annual meetings of the American
Gastroenterological Association (31, 32), showing
that treatment with ghrelin accelerates the healing of
experimental chronic gastric and duodenal ulcers.
Healing of mucosa damage occurs by at least two
different mechanisms. Initially, the rapid process of
mucosal restitution or reepithelization takes place by
migration of surrounding epithelial cells from the
ulcer margin to cover the denuded area (33).
Secondary to that is the replacement of lost cell by cell
proliferation. This last process starts after 12-16 h
from ulcer development and is required for complete
regeneration of damaged mucosa. DNA synthesis
precedes cell division and the rate of mucosal DNA
synthesis is an index of mucosal cell proliferation. In
our present study, treatment with ghrelin has increased
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Fig 9. Effect of ghrelin (G) administration (4, 8 or 16 nmol/kg/dose), hypophysectomy (HP) and treatment with IGF-1 on serum
concentration of IGF-1 at the 6th and 10th day after induction of ulcers. Mean ± SEM. N= 10 in each group of animals. aP<0.05
compared to saline-treated rats with intact pituitary (control) at the same day of observation; bP<0.05 compared to G8 in pituitary-
intact rats at the same day of observation; cP<0.05 compared to HP alone at the same day of observation.
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DNA synthesis in gastric and duodenal mucosa in
pituitary-intact rats. This observation indicates that
therapeutic effect of ghrelin administration in the
healing of gastric and duodenal ulcers involves the
stimulation of epithelial cell proliferation.

Other mechanism involved in the healing effect
of ghrelin administration seems to be related to the
ghrelin-induced increase in mucosal blood flow.
Mucosal blood flow plays an important role in the
protection of gastro-duodenal mucosa against
damage. In the stomach, numerous experimental
studies have shown that exposure of gastric mucosa
to potentially noxious environment results in little or
no damage, as long as adequate blood flow is
maintained; whereas reduction in mucosal blood
flow leads to severe gastric injury (34). Protective
effect of adequate blood flow depends on supplying
the mucosa with oxygen, bicarbonate and nutritious
substances, and removing carbon dioxide, hydrogen
ions and toxic agents diffusing from the gastric
lumen (34). Gastric hypoxia, resulting in
accumulation of H+ within gastric mucosa leads to
mucosal acidification and development of gastric
ulcers (35). In ulcers induced by stress, the fall of
gastric intramucosal pH is an important predictor of
risk of mucosal bleeding (36) and a reduction in
gastric blood flow leads to the increase in gastric
mucosa damage (37). In the duodenum, mucosal
hypoxia inhibits the healing of ulcers (38).

Another important finding of our present study is
the observation that therapeutic effect of ghrelin in
the healing of gastric and duodenal ulcers is indirect
and depends on the release of IGF-1. This conclusion
is supported by results obtained in pituitary-intact
and hypophysectomized rats.

In our present study, administration of ghrelin has
increased the serum concentration of growth
hormone and IGF-1 in pituitary intact rats, and this
effect was associated with the acceleration of healing
rate of gastric and duodenal ulcers. It is well known
that ghrelin stimulates the release of growth
hormone from the anterior pituitary, leading to
activation of the hormonal axis, growth hormone -
IGF-1. Growth hormone can directly stimulate the
rate of protein synthesis in cells of the body;
however the most of growth hormone-induced
anabolic effects is indirect and mediated through the
release of IGF-1 from the liver (39-41).

Our observation that healing effect of ghrelin is
related to growth hormone and IGF-1 release is in
harmony with findings that administration of IGF-1
(42) and growth hormone-releasing hormone (GH-
RH) (43) accelerates the healing of gastric ulcers. GH-
RH and somatostatin are released by the hypothalamus
and play the essential role in the regulation of growth
hormone release from the anterior pituitary.

Somatostatin inhibits the release of growth hormone,
whereas growth GH-RH stimulates the release of
growth hormone. Stimulatory effect of ghrelin and
GH-RH on the release of growth hormone from
somatotroph cells of the anterior pituitary is mediated
by binding with different types of receptors and
involves different intracellular signaling pathways.
Ghrelin acts on the growth hormone secretagogue
receptor (GH-SR), leading to activation of
phospholipase C and increase in production of the
second messengers, calcium and diacylglycerol. (5, 44,
45); whereas GH-RH binds to GH-RH receptor (GH-
RHR), leading to activation of adenylyl cyclase and
cAMP production (45). However, there is a functional
interaction between activation of growth hormone
secretagogue receptor 1a and growth hormone-
releasing hormone receptor (45, 46). It has been shown
that ghrelin and growth hormone secretagogues
potentiate the GH-RH-induced cyclic adenosine 3',5'-
monophosphate production in cells expressing
transfected GH-RH and GHS receptors (45).

Strong evidences that healing effect of ghrelin
depends on IGF-1 release have been reached in our
experiments with hypophysectomized rats. First of
all, hypophysectomy has increased serum
concentration of endogenous ghrelin but inhibited
mucosal DNA synthesis, mucosal blood flow and
serum concentration of IGF-1, leading to the delay in
the healing of gastric and duodenal ulcers. Next
support for the conclusion that growth-promoting
and healing effect of ghrelin depends on the release
of IGF-1 brings the observation that administration
of ghrelin in hypophysectomized rats failed to affect
serum concentration of IGF-1 and for this reason
was without effect on mucosa cell proliferation,
mucosal blood flow and healing of chronic gastric
and duodenal ulcers. In harmony with these findings
is the last our observation that treatment with IGF-1
hypophysectomized rats stimulates mucosal cell
proliferation, leading to acceleration the healing of
gastric and duodenal ulcers.

On the other hand, there are studies showing
direct effect of ghrelin on peripheral tissues. In vitro
study performed by Rak and Gregoraszczuk (47) has
shown that ghrelin directly increases expression and
activity of aromatase in prepubertal porcine ovarian
granulose and theca interna cells, leading to an
increase in synthesis of estradiol. Also they have
found that ghrelin stimulates cell proliferation and
reduces apoptosis of these cells. Similar direct of
ghrelin was observed by Zwirska-Korczala et al.
(48). They have found, using preadipocytes cell
culture, that ghrelin increases proliferation of these
cells and reduces culture medium concentration of
malondialdehyde by an increase in activity of
antioxidantive enzymes.
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These data are in contrast with our present
finding. The difference between their and our results
is probably dependent on type of study. They have
performed in vitro study, whereas our investigation
was in vivo study. It is most likely that strong effect
of ghrelin on the release of growth hormone hides
eventual direct effect of ghrelin on the stomach and
duodenum. On the other hand, we have not observed
any beneficial effect of ghrelin in hypohysectomized
rats. This observation indicates that ghrelin has not
any direct effect on gastric and duodenal mucosa
regeneration.

Finally, we conclude that treatment with ghrelin
accelerates healing of chronic gastric and duodenal
ulcers. However, this effect is indirect and depends
on the release of growth hormone and IGF-1.

REFERENCES
1. Beckert S, Class N, Farrahi F, Coerper S. Growth hormone

enhances gastric ulcer healing in rats. Med Sci Monit 2004;
10: BR255-BR258.

2. Konturek SJ, Dembinski A, Warzecha Z, Brzozowski T,
Gregory H. Role of epidermal growth factor in healing of
chronic gastroduodenal ulcers in rats. Gastroenterology
1988; 94: 1300-1307.

3. Perez Aisa A, Szopena Biarge F, Arceiz Gonzalo E, Sainz
Samitier R, Ortego Diez De Retana J, Lanas Arbeola A.
Effect of exogenous administration of platelet-derived
growth factor and epidermal growth factor on duodenal ulcer
healing in rats treated with indomethacin. Gastroenterol
Hepatol 2002; 25: 299-305.

4. Kusstatscher S, Sandor Z, Szabo S, Seddon A, Bohlen P.
Different molecular forms of basic fibroblast growth factor
(bFGF) accelerate duodenal ulcer healing in rats. J
Pharmacol Exp Ther 1995; 275: 456-461.

5. Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H,
Kangawa K. Ghrelin is a growth-hormone releasing acylated
peptide from stomach. Nature 1999; 402: 656-660.

6. Ariyasu H, Takaya K, Tagami T et al. Stomach is a major
source of circulating ghrelin, and feeding state determines
plasma ghrelin-like immunoreactivity levels in humans. J
Clin Endocrinol Metab 2001; 86: 4753-4758.

7. Masuda Y, Tanaka T, Inomata N et al. Ghrelin stimulates
gastric acid secretion and motility in rats. Biochem Biophys
Res Commun 2000; 276: 905-908.

8. Wren AM, Seal LJ, Cohen MA et al. Ghrelin enhances
appetite and increases food intake in humans. J Clin
Endocrinol Metab 2001; 86: 5992-5995.

9. Wren AM, Small CJ, Abbott CR et al. Ghrelin causes
hyperphagia and obesity in rats. Diabetes 2001; 50: 2540-
2547.

10. Nesic DM, Stevanovic DM, Ille T, Petricevic S, Masirevic-
Draskovic G, Starcevic VP. Centrally applied ghrelin affects
feeding dynamics in male rats, J Physiol Pharmacol 2008;
59: 489-500.

11. Tschop M, Weyer C, Tataranni PA, Devanarayan V, Ravussin
E, Heiman ML. Circulating ghrelin levels are decreased in
human obesity. Diabetes 2001; 50: 707-709.

12. Shiiya T, Nakazato M, Mizuta M et al. Plasma ghrelin levels
in lean and obese humans and the effect of glucose on ghrelin
secretion. J Clin Endocrinol Metab 2001; 87: 240-244.

13. Dembinski A, Warzecha Z, Ceranowicz P et al. Variable
effect of ghrelin administration on pancreatic development
in young rats. Role of insulin-like growth factor-1. J Physiol
Pharmacol 2005; 56: 555-570.

14. Warzecha Z, Dembinski A, Ceranowicz P et al. Dual age-
dependent effect of ghrelin administration on serum level of
insulin-like growth factor-1 and gastric growth in young rats.
Eur J Pharmacol 2006; 529: 145-150.

15. Warzecha Z, Dembinski A, Ceranowicz P et al. Influence of
ghrelin on gastric and duodenal growth and expression of
digestive enzymes in young mature rats. J Physiol
Pharmacol 2006; 57: 425-437.

16. Pietrzak P, Kotunia A, Godlewski MM, Zabielski R. Wplyw
greliny na przewod pokarmowy. Przeglad
Gastroenterologiczny 2007; 2: 185-191.

17. Frascarelli S, Ghelerdoni S, Ronca-Testoni S, Zucchi R.
Effect of ghrelin and synthetic growth hormone
secretagogues in normal and ischemic rat heart. Basic Res
Cardiol 2003; 98: 401-405.

18. Takeda R, Nishimatsu H, Suzuki E et al. Ghrelin improves
renal function in mice with ischemic acute renal failure. J
Am Soc Nephrol 2006; 17: 113-121.

19. Liu Y, Wang PS, Xie D, Liu K, Chen L. Ghrelin reduces
injury of hippocampal neurons in a rat model of cerebral
ischemia/reperfusion. Chin J Physiol 2006; 49: 244-250.

20. Wu R, Dong W, Zhou M et al. Ghrelin attenuates sepsis-
induced acute lung injury and mortality in rats. Am J Respir
Crit Care Med 2007; 176: 805-813.

21. Sibilia V, Rindi G, Pagani F et al. Ghrelin protects against
ethanol-induced gastric ulcers in rats: studies on the
mechanisms of action. Endocrinology 2003; 144: 353-359.

22. Konturek PC, Brzozowski T, Pajdo R et al. Ghrelin-a new
gastroprotective factor in gastric mucosa. J Physiol
Pharmacol 2004; 55: 325-336.

23. Brzozowski T, Konturek PC, Konturek SJ et al. Exogenous
and endogenous ghrelin in gastroprotection against stress-
induced gastric damage. Regul Pept 2004; 120: 39-51.

24. Iseri SO, Sener G, Yuksel M et al. Ghrelin against
alendronate-induced gastric damage in rats. J Endocrinol
2005; 187: 399-406.

25. Dembinski A, Warzecha Z, Ceranowicz P et al. Ghrelin
attenuates the development of acute pancreatitis in rats. J
Physiol Pharmacol 2003; 54: 561-573.

26. Dembinski A, Warzecha Z, Ceranowicz P et al. Role of
growth hormone and insulin-like growth factor-1 in the
protective effect of ghrelin in ischemia/reperfusion-induced
acute pancreatitis. Growth Horm IGF Res 2006; 16: 348-356.

27. Falconi G, Rossi GL. Transauricular hypophysectomy in rats
and mice. Endocrinology 1964; 74: 301-303.

28. Okabe S, Roth JL, Pfeiffer CJ. A method for experimental,
penetrating gastric and duodenal ulcers in rats. Observations
on normal healing. Am J Dig Dis 1971; 16: 277-284.

29. Dembinski A, Warzecha Z, Ceranowicz P et al.
Cannabinoids in acute gastric damage and pancreatitis. J
Physiol Pharmacol 2006; 57 (Suppl 5): 137-154.

30. Dembinski A, Warzecha Z, Ceranowicz P, Brzozowski T,
Dembinski M, Pawlik WW. Role of capsaicin-sensitive
nerves and histamine H1, H2, and H3 receptors in the
gastroprotective effect of histamine against stress ulcers in
rats. Eur J Pharmacol 2005; 508: 211-221.

97



31. Dembinski A, Warzecha Z, Sendur R et al. Effect of ghrelin
administration on the healing of chronic duodenal ulcers in
rats. Role of growth hormone and insulin-like growth factor-
1. Gastroenterology 2006; 130(Suppl 2): A-330.

32. Dembinski A, Warzecha Z, Ceranowicz P et al. Therapeutic
effect of exogenous ghrelin in chronic gastric ulcers in rats.
Involvement of growth hormone and IGF-1. Gastroenterology
2007; 132(Suppl 2): A-383.

33. Lacy ER. Epithelial restitution in the gastrointestinal tract. J
Clin Gastroenterol 1988; 10(Suppl 1): S72-S77.

34. Sorbye H, Svanes K. The role of blood flow in gastric mucosal
defence, damage and healing. Dig Dis 1994; 12: 305-17.

35. Allen A, Flemstrom G, Garner A, Kivilaakso E.
Gastroduodenal mucosal protection. Physiol Rev 1993; 73:
823-857.

36. Fiddian-Green RG, McGough E, Pittenger G, Rothman E.
Predictive value of intramural pH and other risk factors for
massive bleeding from stress ulceration. Gastroenterology
1983; 85: 613-620.

37. Kwiecien S, Pawlik MW, Sliwowski Z et al. Involvement of
sensory afferent fibers and lipid peroxidation in the
pathogenesis of stress-induced gastric mucosa damage. J
Physiol Pharmacol 2007; 58(Suppl 3): 149-162.

38. Leung FW, Reedy TJ, Van Deventer GM, Guth PH.
Reduction in index of oxygen saturation at margin of active
duodenal ulcers may lead to slow healing. Dig Dis Sci 1989;
34: 417-423.

39. Zapf J, Froesch ER. Insulin-like growth factors/somatomedins:
structure, secretion, biological actions and physiological role.
Horm Res 1986; 24: 121-130.

40. Ho KK, O'Sullivan AJ, Hoffman DM. Metabolic actions of
growth hormone in man. Endocr J 1996; 43(Suppl): S57-S63.

41. Rennie MJ. Claims for the anabolic effects of growth
hormone: a case of the emperor's new clothes? Br J Sports
Med 2003; 37: 100-105.

42. Coerper S, Wolf S, Von Kiparski S et al. Insulin-like growth
factor I accelerates gastric ulcer healing by stimulating cell

proliferation and by inhibiting gastric acid secretion. Scand
J Gastroenterol 2001; 36: 921-927.

43. Konturek SJ, Brzozowski T, Dembinski A, Warzecha Z,
Konturek PK, Yanaihara N. Interaction of growth hormone-
releasing factor and somatostatin on ulcer healing and
mucosal growth in rats: role of gastrin and epidermal growth
factor. Digestion 1988; 41: 121-128.

44. Kojima M, Hosoda H, Matsuo H, Kangawa K. Ghrelin:
discovery of the natural endogenous ligand for the growth
hormone secretagogue receptor. Trends Endocrinol Metab
2001; 12: 118-122.

45. Cunha SR, Mayo KE. Ghrelin and growth hormone (GH)
secretagogues potentiate GH-releasing hormone (GHRH)-
induced cyclic adenosine 3',5'-monophosphate production in
cells expressing transfected GHRH and GH secretagogue
receptors. Endocrinology 2002; 143: 4570-4582.

46. Kineman RD, Kamegai J, Frohman LA. Growth hormone
(GH)-releasing hormone (GHRH) and the GH secretagogue
(GHS), L692,585, differentially modulate rat pituitary GHS
receptor and GHRH receptor messenger ribonucleic acid
levels. Endocrinology 1999; 140: 3581-3586.

47. Rak A, Gregoraszczuk EL. Modulatory effect of ghrelin in
prepubertal pocine ovarian follicles. J Physiol Pharmacol
2008; 59: 781-793.

48. Zwirska-Korczala K, Adamczyk-Sowa M, Sowa P et al.
Role of lepton, ghrelin angiotensin II and orexins in 3T3 L1
preadipocyte cells proliferation and oxidative metabolism. J
Physiol Pharmacol 2007; 58(Suppl 1): 53-64.

R e c e i v e d : March 28, 2008
A c c e p t e d : February 20, 2009

Author's address: Professor Artur Dembinski, MD, PhD,
Department of Physiology, Jagiellonian University Medical
College, ul. Grzegorzecka 16, 31-531 Krakow, Poland; Phone:
+48-12-4211006; Fax: +48-12-4225478; e-mail: mpdembin@cyf-
kr.edu.pl

98


