
INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic relapsing
inflammation of the digestive tract with alternate periods of
exacerbation and remission. The main forms of IBD are
Crohn’s disease and ulcerative colitis (1). Epidemiological
studies indicate that the frequency of IBD incidence is rising
globally (1-5). The etiology of IBD is still unclear, but research
in basic science, experimental animal models, genetics and
human clinical trials has provided new data concerning the
pathogenesis of bowel inflammation. It is currently suggested
that IBD results from an abnormal immunological response to
micro flora present in the digestive system and their
pathogenesis is complex, and requires co-existence of factors
of environmental and genetic nature (1, 5, 6). There are
numerous methods to treat IBD, but medication that would
ensure permanent therapeutic effect has not been found so far
(1, 6, 7). Therefore, it is vital to search for the new therapeutic
strategies.

Ghrelin, a 28-amino acid peptide, discovered in human and
rat stomachs (8-10), is an endogenous ligand for a receptor
activated by factors which stimulate growth hormone secretion
(growth hormone secretagogue receptor (GHS-R)). The receptor
is present mainly in the pituitary gland and hypothalamus, but
also in other tissues of the body (11). Besides inducing body
mass growth through food intake stimulation and a decrease in
utilization of fat tissue (12), ghrelin demonstrates anti-
inflammatory properties. Receptors for ghrelin are present,
among others, on the immunological system cells, suggesting
that ghrelin may modulate inflammatory response (13).

Previous studies have shown ghrelin exhibits protective and
therapeutic on the gut. Pretreatment with ghrelin inhibits the
development of experimental gastric ulcers induced by ethanol
(14), stress (15) or alendronate (16). Moreover, administration of
ghrelin accelerates the healing of gastric (17, 18), duodenal (17,
19) and oral (20) ulcers evoked by different noxious agents.
Protective and therapeutic effect of ghrelin has been also found
in the pancreas. Pretreatment with ghrelin inhibits the
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Ghrelin has been primarily shown to exhibit protective and therapeutic effect in the gut. Pretreatment with ghrelin
inhibits the development of acute pancreatitis and accelerates pancreatic recovery in the course of this disease. In the
stomach, ghrelin reduces gastric mucosal damage induced by ethanol, stress or alendronate, as well as accelerates the
healing of acetic acid-induced gastric and duodenal ulcer. The aim of present studies was to investigate the effect of
pretreatment with ghrelin on the development of acetic acid-induced colitis. Studies have been performed on male
Wistar rats. Animals were treated intraperitoneally with saline (control) or ghrelin (4, 8 or 16 nmol/kg/dose). Saline or
ghrelin was given twice: 8 and 1 h before induction of colitis. Colitis was induced by a rectal enema with 1 ml of 4%
solution of acetic acid and the severity of colitis was assessed 1 or 24 hours after induction of inflammation. Rectal
administration of acetic acid induced colitis in all animals. Damage of colonic wall was seen at the macroscopic and
microscopic level. This effect was accompanied by a reduction in colonic blood flow and mucosal DNAsynthesis.
Moreover, induction of colitis significantly increased mucosal concentration of pro-inflammatory interleukin-1β (IL-
1β), activity of myeloperoxidase and concentration of malondialdehyde (MDA). Mucosal activity of superoxide
dismutase (SOD) was reduced. Pretreatment with ghrelin reduced the area and grade of mucosal damage. This effect
was accompanied by an improvement of blood flow, DNA synthesis and SOD activity in colonic mucosa. Moreover,
ghrelin administration reduced mucosal concentration of IL-1β and MDA, as well as decreased mucosal activity of
myeloperoxidase. Administration of ghrelin protects the large bowel against the development of the acetic acid-induced
colitis and this effect seems to be related to the ghrelin-evoked anti-inflammatory and anti-oxidative effects.
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development of cerulein- and ischemia/reperfusion-induced
pancreatitis (21, 22) and accelerates its healing (23-25).

The role of ghrelin in IBD is not clear. Clinical studies have
shown that expression of mRNAof ghrelin in colonic mucosa is
significantly upregulated in patients with IBD and correlated
with the grade of inflammation (26, 27). Moreover, patients with
active phase of IBD have higher serum ghrelin concentration
than patients in remission or healthy individuals and the level of
circulating ghrelin correlates with the severity of IBD (28-30).

There are animal experimental studies concerning the role of
ghrelin in the development and healing of colitis. Some studies
have shown that administration of exogenous ghrelin
significantly accelerates the healing of colitis evoked by
trinitrobenzene sulfonic acid (TNBS) in mice (31) and rats (26).
Therapeutic effect of ghrelin administration has also been found
in dextran sulfate sodium (DSS)-induced colitis in rats (32). In
contrast to those data are results obtained by De Smet et al. (33).
They have reported that endogenous and exogenous ghrelin
enhances the colonic manifestation of DSS-induced colitis in
mice. Pro-inflammatory properties of ghrelin in colitis have been
also postulated by Zhao et al. (34). They have found that ghrelin
stimulates interleukin-8 gene expression through protein kinase
C-mediated NF-kappaB pathway in human colonic epithelial
cells.

The objective of present study was determine the influence
of pretreatment with ghrelin on the development of acetic acid-
induced colitis in rats. The possibleprotective effect of ghrelin
in the large intestinecould be useful in clinical condition in
maintaining theIBD patientsin remission.

MATERIALS AND METHODS

Animals and treatment

The research was performed on Wistar male rats weighing
250 – 270 g and conducted following the experimental protocol
approved by the First Local Commission of Ethics for the Care
and Use of Laboratory Animals in Cracow. During study, the
animals were kept in cages placed in temperature and 12-hour
light-darkness cycle was maintained. The animals, prior to
colitis induction with acetic acid solution, were starved for 18
hours with free access to water. Earlier and after this period food
and tap water were available ad libitum.

One hundred sixty rats were randomly divided in eight equal
experimental groups: [1] control rats treated intraperitoneally
(i.p.) with saline without induction of colitis; [2-4] rats treated
i.p. with ghrelin given at the dose of 4, 8 or 8 nmol/kg/dose
without induction of colitis; [5] rats treated i.p. with saline
before induction of colitis; [6-8] rats treated i.p. with ghrelin
given at the dose of 4, 8 or 16 nmol/kg/dose before induction of
colitis.

Animals from each experimental group were divided into
two equal sub-groups. In the first sub-groups, the severity of
colitis was assessed after 1 h from acetic acid enema. In the
second sub-groups, the severity of colitis was assessed after 24
h from acetic acid enema.

Experiments were repeated to obtain 10 animals in each
experimental group and each time of observation.

According to group of animals, saline or rat ghrelin
(Yanaihara Institute, Shizuoka, Japan) were administered
intraperitoneally twice, 8 and 1 h before rectal administration of
saline or acetic acid solution. Ghrelin was dissolved in saline and
then administered in an amount which did not exceed 0.3 ml/dose.

Before induction of colitis, animals were anesthetized with
ketamine (50 mg/kg i.p., Bioketan, Vetoquinol Biowet, Gorzow
Wielkopolski, Poland). Colitis was induced by intrarectal

administration of 1 ml of 4% acetic acid aqueous solution
through a polyethylene catheter, which the end was inserted into
the bowel by 4.5 cm from the anus. Animals without induction
of colitis were treated with rectal enema of saline (sham-
operation).

Measurement of colonic blood flood and mucosal lesions

One or 24 h after rectal enema, rats were anesthetized again
with ketamine. After opening the abdominal cavity and exposing
the colon, the measurement of colonic blood flow volume was
performed using laser Doppler flowmeter (PeriFlux 4001 Master
monitor, Perimed AB, Jarfalla, Sweden), in accordance with the
methodology described before (35). The blood flow
measurement was performed every time in five various parts of
the descending and sigmoid colon and a mean value of five
records was expressed as the percentage of value obtained in
animals from the control group. After measurement of colonic
blood flow, the area of mucosal damage was measured, using a
computerized planimeter (Morphomat, Carl Zeiss, Berlin,
Germany), in accordance to the method described earlier (19).

Biochemical analysis

After measurement of colonic blood flow and lesions area a
fragment of colonic wall for histological examination was cut
out by scissors. After that mucosa from remaining parts of the
colon was scrapped using a glass microscope slides over a glass
plate. Then samples of mucosa from the colon were divided for
determination of mucosal DNAsynthesis (an index of mucosal
cell proliferation), concentration of pro-inflammatory
interleukin-1β, activity of myeloperoxidase, concentration of
malondialdehyde (MDA) (as an index of lipid peroxidation) and
activity of superoxide dismutase (SOD).

Determination of DNA synthesis in colonic mucosa

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 DNAas
described previously (36). The incorporation of labeled
thymidine into DNAwas determined by counting 0.5 ml DNA-
containing supernatant in a liquid scintillation system. The rate
of DNA synthesis was expressed as tritium disintegrations per
minute per µg of DNA(dpm/µg DNA).

Determination of interleukin-1β concentration in colonic
mucosa

Samples of colonic mucosa were homogenized in ice-cold
phosphate buffered saline (PBS, 20 mM, pH 7.4). Homogenate
was centrifuged at 1500 g for 10 min at 4°C. Content of
interleukin-1β in the supernatant was measured using the
BioSource Cytoscreen rat IL-1β kit (BioSource International,
Camarillo, California, USA) based on ELISA. Concentration of
interleukin-1β in colonic mucosa was expressed as ng per g of
tissue.

Determination of myeloperoxidase activity in colonic mucosa

Samples of colonic mucosa were frozen in liquid nitrogen,
and, until the marking was done, stored at the temperature of
–60°C. Myeloperoxidase activity was assessed using a
modification of the method described by Bradley et al. (37).
Mucosa was homogenized in 1 ml of 50 mM potassium
phosphate buffer (pH 6.0) containing 0.5% of
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hexadecyltrimethyl ammonium bromide. Then the homogenate
was freeze-thawed three times, subjected to sonication in ice
bath for 20 s and centrifuged at 3000 g for 15 min at the
temperature of 4°C. 100 µl of the supernatant was taken and 2.9
ml of 50 mM phosphate buffer was added, which contained 157
µg/ml of o-dianisidine dihydrochloride and 0.0005% of
hydrogen peroxide. Hydrogen peroxide reduction through
myeloperoxidase causes the oxidation of o-dianisidine and
produces a stained final product. The intensity of staining was
measured spectrophotometrically with a light wave of the length
of 460 nm. The obtained results were calculated in units per
gram of tissue and finally expressed as the percentage of the
value observed in the control group.

Determination of malondialdehyde concentration in colonic
mucosa

Peroxidation of lipids in colonic mucosa was tested by
measurement of MDAconcentration using commercial kit
Bioxytech ®LPO-586TM (OxisResearchTM, OXIS Health
Products, Inc., Portland, OR, USA), as described previously
(38). Prior to homogenization of tissue samples, 10 µl 0.5 M
butylated hydroxytoluene in acetonitrile was added to prevent
sample oxidation during homogenization. Mucosa was
homogenized in ice-cold Tris buffer (20 mM, pH 7.4),
centrifuged (3000 g at 4°C for 10 min) and supernatant was used
for the assay. Results were expressed in nanomoles per gram of
colonic mucosa.

Determination of superoxide dismutase activity in colonic
mucosa

To determine the activity of SOD in colonic mucosa, tissue
was homogenized in 20 mM HEPES buffer, pH 7.2, containing
1 mM EGTA, 210 mM mannitol, and sucrose. Homogenate was
centrifuged at 1500 g for 5 min at 4°C. Activity of SOD in the
supernatant was measured using Superoxide Dismutase Assay
Kit (Cayman Chemical Company, Ann Arbor, MI, USA).
Results have been expressed in units per g of colonic mucosa.

Histological examination of the colon

Samples of the colon were fixed in 10% buffered
formaldehyde and embedded in paraffin. Paraffin sections were
stained with hematoxylin and eosin. Slides were examined by

two experienced pathologists without knowledge of the
treatment given. The histological grading of colonic damage
was determined using a scale previously presented by Vilaseca
(39). The histological grading of lesions was made using scale
ranging from 0 to 2 (0 = no lesions; 1 = small lesions < 3mm;
2 = large lesions > 3 mm). Inflammatory infiltration was
graded from 0 to 3 (0 = none; 1 small; 2 = moderate; 3 =
heavy), depth of the lesions was graded from 0 to 3 (0 = no
lesions; 1 = lesions reaching submucosa; 2 = lesions reaching
muscularis propria; 3 = lesions reaching serosa). The presence
of fibrosis was grading from 0 to 2 (0 = none; 1 = mild; 2 =
severe). Moreover, the presence of arterial vessels
inflammation was assessed.

Statistical analysis

Results were presented as a mean value ± standard error
(S.E.M.). Statistical assessment was done through one way
analysis of variance followed by Tukey’s multiple comparison
test using GraphPadPrism (GraphPad Software, San Diego, CA,
USA). Differences were considered to be statistically significant
if P was less than 0.05.

RESULTS

Macroscopic and microscopic morphological features
obtained from rats treated with saline (control) or ghrelin
without induction of colitis, did not show any damage of the
colon (Fig. 1, Table 1). That lack of damage was found in both
times of observation, 1 and 24 hours after enema with saline.
Rectal administration of 4% solution of acetic acid caused the
development of colitis in all rats. One hour after administration
of acetic acid, the average area of colonic lesions was 5.0 ± 0.3
mm2; whereas 23 h later the area of colonic lesions enlarged to
28.6 ± 1.4 mm2 (Fig. 1). In animals with colitis, histological
examination performed 1 hour after acetic acid enema, showed
the presence of large lesions reaching the level of muscular
membrane, with moderate inflammatory cell infiltration (Table
1). Twenty three hour later, histological examination showed an
increase in colonic damage. There were large ulcers, reaching
the muscular membrane or, in half of cases, even serous
membrane of the colonic wall. These changes were accompanied
by heavy inflammatory leukocytic infiltration and severe
fibrosis together with arterial vessels inflammation (Table 1, Fig.
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2). Pretreatment with ghrelin reduced the development of colitis.
One hour after acetic acid enema, the area of colonic damage
was reduced by 10, 56 or 60% in rats pretreated ghrelin given at
the dose of 4, 8 or 16 nmol/kg/dose, respectively. Twenty three
hours later in rats pretreated with ghrelin given at the dose of 4,

8 or 16 nmol/kg/dose, the area of colonic lesion was reduced by
8, 50 or 56% (Fig. 1). The effect caused by ghrelin given at the
dose of 8 and 16 nmol/kg/dose was statistically significant in
both times of observation, 1 and 24 hours after enema with acetic
acid solution.

878

 

                                 MORPHOLOGICAL CHANGES 

 GRADING 

 OF  

COLONIC 

DAMAGE 

(0-2) 

INFLAMMATORY 

INFILTRATION 

 

 

(0-3) 

DEPTH 

 OF 

 DAMAGE 

 

(0-3) 

FIBROSIS 

 

 

 

(0-3) 

PRESENCE OF 

INFLAMMATION IN 

ARTERIAL BLOOD 

VESSELS 

(+) 

1 HOUR      

CONTROL 0 0 0 0  

GHRELIN 4 0 0 0 0  

GHRELIN 8 0 0 0 0  

GHRELIN 16 0 0 0 0  

COLITIS 2 2 2 1  

GHRELIN 4 + 

COLITIS 
1-2 1-2 2 1 

 

GHRELIN 8 + 

COLITIS 
1 1 1 1 

 

GHRELIN 16 + 

COLITIS 
1 1 1 1 

 

24 HOURS      

CONTROL 0 0 0 0  

GHRELIN 4 0 0 0 0  

GHRELIN 8 0 0 0 0  

GHRELIN 16 0 0 0 0  

COLITIS 2 3 2-3 2 (+) 

GHRELIN 4 + 

COLITIS 
2 2-3 2 1 (+) 

GHRELIN 8 + 

COLITIS 
1 2 1 1  

GHRELIN 16 + 

COLITIS 
1 2 1 1  

 
1Numbers represent the predominant histological grading in each group.

Table 1. Influence of pretreatment with ghrelin (given intraperitoneally at the dose of 4, 8 or 16 µg/kg/dose) and colitis evoked by
rectal enema with acetic acid on morphological signs of colonic damage observed 1 h or 24 hours after rectal administration of saline
or induction of colitis.

Fig. 2. Morphological signs of colonic
damage observed 24 hours after rectal
enema with acetic acid. Hematoxylin-
eosin stain, original magnification
×200.



Pretreatment with ghrelin reduced also histological
manifestation of colonic damage evoked by acetic acid (Table 1,
Fig. 3). One hour after enema with acetic acid, beneficial effect

of pretreatment with ghrelin was found as a decrease in grading
and depth of ulcers, and reduction in inflammatory infiltration of
the colonic wall. Twenty three hours later, the beneficial effect of
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Fig. 3. Influence of pretreatment with
ghrelin given at the dose of 8
nmol/kg/dose on morphological signs
of colonic damage observed 24 hours
after rectal enema with acetic acid.
Hematoxylin-eosin stain, original
magnification ×200.
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pretreatment with ghrelin was manifested, apart effects
mentioned above, by a reduction in fibrosis and prevention of
inflammation in arterial blood vessels (Table 1).

In the animals from the control group, the rate of DNA
synthesis in colonic mucosa reached a value of 35.1 ± 1.4 or 36.2
± 1.3 dpm/µg DNAat the time of 1 or 24 h after saline enema,
respectively (Fig. 4). Pretreatment with ghrelin at the dosage
used, tended to increase DNAsynthesis in colonic mucosa in rats
without induction of colitis (Fig. 4), but this effect was
statistically insignificant (Fig. 4). Induction of colitis through
rectal administration of 4% solution of acetic acid inhibited
DNA synthesis in the colon. One and 24 h after administration of
acetic acid, DNAsynthesis was significantly reduced by around
40 and 60%, respectively. Pretreatment with ghrelin before
induction of colitis partly reversed that effect. In both times of
observation, ghrelin given at the dose of 4 nmol/kg/dose tended
to increase mucosal DNAsynthesis, but that effect was
statistically insignificant (Fig. 4). In contrast to that, ghrelin
administered at the dose of 8 or 16 nmol/kg/dose, led to a
statistically significant and similar in case of both doses,
improvement of DNAsynthesis in the colon mucosa in animals
with induction of colitis. This effect was observed after 1 and 24
hours after induction of colitis (Fig. 4).

Double intraperitoneal administration of ghrelin, in doses
used, had no influence on mucosal blood flow in the colon in
animals without induction of colitis (Fig. 5). Induction of colitis
led to a statistically significant decrease in colonic mucosal
blood flow. One hour after induction of colitis mucosal blood
flow in the colon was reduced by almost 68%, when compared
to a value observed in the animals from the control group (Fig.
5). Twenty three hours later, mucosal blood flow in the colon
was reduced by nearly 75%. Pretreatment with ghrelin given at
the dose of 8 or 16 nmol/kg/dose partly, but significantly,
reversed the colitis-evoked decrease in mucosal blood flow in
the colon. This effect of ghrelin was found in both times of
observation, 1 and 24 h after induction of colitis. Effect of
ghrelin given at the dose of 4 nmol/kg/dose was weak and
statistically insignificant (Fig. 5).

The concentration of pro-inflammatory interleukin 1β (IL-
1β) in colonic mucosa in control animals was around 0.50 ng/g
of tissue (Fig. 6). Double administration of ghrelin, at the
dosage used, had no influence on IL-1β concentration in colonic
mucosa in animals without induction of colitis. Induction of
colitis through rectal administration of 4% acetic acid led to a
statistically significant increase in the concentration of IL-1β in

colonic mucosa. One hour after induction of colitis, mucosal
concentration of IL-1β was increased by more than 100%;
whereas 23 hours later almost a 12-fold increase in that pro-
inflammatory cytokine was observed (Fig. 6). Administration of
ghrelin inhibited the colitis-induced increase in IL-1β
concentration in colon mucosa. The influence of ghrelin, given
at the dose 8 or 16 nmol/kg/dose, on this parameter in rats with
colitis was statistically significant and similar for both of those
doses. This effect was observed in both periods of observation,
1 h and 24 hours after induction of colitis. On the other hand,
pretreatment with ghrelin administered at the dose of 4
nmol/kg/dose failed to affect the mucosal concentration of IL-
1β in the colon of rats with colitis (Fig. 6).

In control saline-treated animals, myeloperoxidase (MPO)
activity in colonic mucosa was low and reached a value of 0.70
U/g of tissue (Fig. 7). Pretreatment with ghrelin, at the doses
used, failed to affect MPO activity in colonic mucosa in rats
without induction of colitis. Induction of colitis resulted in a
significant increase in MPO activity in colonic mucosa. One h
after induction of colitis, MPO activity reached 2-fold increase;
whereas 23 hours later more than a 4-fold increase was
observed. Pretreatment with ghrelin reduced the colitis-evoked
increase in colonic activity of MPO. The effect of ghrelin,
administered at the dose of 4 nmol/kg/dose, was statistically
insignificant; whereas the two remaining doses inhibited
significantly the mucosal MPO activity in the colon of animals
with colitis. This inhibitory effect was similar for both doses of
ghrelin and was observed ether 1 or 12 hours after induction of
colitis (Fig. 7).

A value of malondialdehyde (MDA) concentration in
colonic mucosa in control saline-treated rats was between 4.26
and 4.50 nmol/g of tissue (Fig. 8). Pretreatment with ghrelin had
no significant influence on MDAconcentration in colonic
mucosa in animals without induction of colitis. Induction of
colitis by rectal administration of 4% solution of acetic acid
caused a statistically significant increase in MDAconcentration
in mucosa of the colon. More than a 3-fold and 5-fold rise in this
parameter was observed 1 and 24 h after induction of colitis;
respectively. Pretreatment with ghrelin inhibited the colitis-
induced increase in MDAconcentration in colonic mucosa. In
both periods of observation, that effect was statistically
significant and reached a similar intensity after ghrelin
administered at the dose of 8 or 16 nmol/kg/dose. Ghrelin given
at the dose of 4 nmol/kg/dose failed to significantly affect MDA
concentration in colonic mucosa in rats with colitis (Fig. 8).
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Superoxide dismutase (SOD) activity in mucosa in control
saline-treated rats was around 360 U/g of tissue (Fig. 9).
Administration of ghrelin in doses used failed to affect mucosal
SOD activity in the colon of animals without induction of colitis.
Induction of colitis significantly reduced SOD activity and this

effect was found in both periods of observation, 1 and 24 hours
after induction of colitis, mucosal SOD activity was decreased
by 34 and 46%, respectively. Pretreatment with ghrelin partly
reversed the colitis-induced reduction in mucosal SOD activity.
This effect was statistically significant after ghrelin administered
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at the dose of 8 or 16 nmol/kg/dose. Ghrelin given at the dose of
4 nmol/kg/dose failed to significantly affect SOD activity in
colonic mucosa in rats with colitis (Fig. 9).

DISCUSSION

Our present study has provided several important
observations regarding the influence of exogenous ghrelin on the
integrity of the colonic mucosa. We have found that pretreatment
with ghrelin exhibits protective effect in the colon and inhibits
the development of colitis evoked by acetic acid enema.
Protective effect of ghrelin was manifested as an improvement
of colonic morphology and mucosal blood flow, a decrease in
biochemical indexes of inflammation as well as a partial
reversion of the colitis-evoked reduction in mucosal cell vitality.

Our study has demonstrated that the area of colonic damage
increases more than 5-fold between the 1st and 24th h after acetic
acid enema. Pretreatment with ghrelin reduced colonic damage
and this effect was observed in both periods of observation. The
decrease in colonic damage was manifested as a reduction of the
area of damage and an improvement in the colon morphology
observed in the microscopic examination. A statistically
significant protective effect of ghrelin was observed if this
peptide was administered at the dose of 8 or 16 nmol/kg/dose
and a rate of this effect was similar for of both above doses. This
observation is in agreement with previous studies showing that
those doses of ghrelin, 8 or 16 nmol/kg/dose, exhibit protective
and/or therapeutic effect in other organs, such as the pancreas
(22, 23), stomach (17), duodenum (17) and oral cavity (20).

Cell proliferation in mucosa of the gut exhibits high
dynamics and colonic mucosa is renewed every 3 – 8 days (40).
Insufficient cell proliferation and/or increased cell loss may lead
to mucosal atrophy and the development of ulceration (41, 42).
On the other hand, increased cell proliferation may result in
hyperplasia, but it is also associated with increased protection of
mucosa against damage evoked by noxious agents, as well as
accelerates mucosal regeneration after damage of the stomach
and intestine (43-46). In synthesis (S) phase of cell-division
cycle, DNA is replicated and this process is essential for
preparing of the cell to division (47). Our present study has
shown that induction of colitis is associated with a decrease in
mucosal DNAsynthesis in the colon. The rate of mucosal DNA
synthesis was inversely proportional to the grade of colonic
damage, higher 1 hour after induction of colitis and lower after
next 23 hours. In rats without induction of colitis, administration
of ghrelin was without a significant influence on DNAsynthesis
in colonic mucosa. On the other hand, pretreatment with ghrelin,
prior to colitis induction with acetic acid, caused a considerable
reversal of the colitis-evoked decrease in DNAsynthesis in the
colon. These findings indicate that protective effect of ghrelin in
the colon is related, at least in part, to an increase in vitality of
cells in colonic mucosa.

Previous studies have shown that exposure of gastric mucosa
to potentially damaging factors results in little or no damage, as
long as an adequate blood flow is sustained. On the other hand,
a decrease in mucosal blood flow increases the severity and
extension of gastric lesions (48). The importance of appropriate
blood flow in maintaining mucosal integrity and healing of
mucosal damage has been also found in other parts of the
digestive tract system such as the oral cavity (20), esophagus
(49), duodenum (50) and colon (51). Findings of our present
study are in harmony with those data. We have found that
induction of colitis reduced mucosal blood flow in the colon and
the grade of this reduction was well-correlated with the severity
of colitis. Pretreatment with ghrelin prior to colitis induction
with acetic acid led to improvement of blood flood through

colonic mucosa and that effect was associated with a
proportional reduction in the area and severity of colonic
damage. This observation indicates that ghrelin’s protective
effect on colonic mucosa is connected with an improvement of
mucosal blood flow. A question remains, however, whether the
ghrelin-evoked improvement of blood flood through colonic
mucosa in rats with colitis is a mechanism or a result of ghrelin’s
protective effect in the colon. Previous studies have documented
that the relation between mucosal blood flow and mucosal
damage is bidirectional. Improvement of mucosal blood flow
decreases mucosal injury, but simultaneously decreasing the
severity of mucosal damage leads to an improvement in the
blood flow through mucosal membrane (36, 48, 52, 53).

Another interesting discovery of our present study was the
observation regarding the influence of intraperitoneal
administration of ghrelin and rectal administration of acetic acid
solution on mucosal concentration of interleukin-1β (IL-1β) and
myeloperoxidase activity in the colon. IL-1β plays a crucial role
in in the induction of local inflammation and systemic acute
phase response and in the release of subsequent pro-
inflammatory cytokines in the biochemical cascade of
inflammation (54, 55). Numerous experimental and clinical
studies confirm that administration of IL-1β receptor antagonists
or antibodies against IL-1β prevents the increase in serum
concentration of pro-inflammatory interleukin-6 and tumor
necrosis factor-α, as well as decreases the severity of systemic
inflammation (56-60). Our present study has shown that
induction of colitis by acetic acid enema leads to a damage and
inflammatory infiltration of colonic mucosa, and increases
mucosal concentration of IL-1β. On the other hand, pretreatment
with ghrelin has reduced mucosal concentration of IL-1β in the
colon of rats with colitis. These data indicate that ghrelin reduces
a local inflammatory response in acetic acid-induced colitis and
this observation seems to show the next mechanism involved in
the ghrelin-evoked protective effect in the colon.

Myeloperoxidase (MPO) is released from the granules of
neutrophils in inflammatory reactions and for this reason activity
of this enzyme reflects the degree of tissue infiltration by
neutrophils (61-63). In our present study, induction of colitis
increased MPO activity, whereas pretreatment with ghrelin
partly, but significantly, reversed this effect. This finding is the
next evidence that pretreatment with ghrelin exhibits anti-
inflammatory effect in the colon.

Oxidative stress was originally defined as the imbalance
between pro-oxidants and antioxidants in biological systems and
is a result of increased production of reactive oxygen species
(ROS) and/or impaired antioxidant capacity (64). ROS consist of
a group of highly reactive oxygen metabolites, including
superoxide anion radicals, hydrogen peroxide, hypochlorous
acid and the especially reactive hydroxyl radical (65). In
physiological condition, the use of oxygen during normal
metabolism produces low levels of ROS and excess of ROS are
safely neutralized by antioxidant mechanisms involving
antioxidant enzymes and scavengers. Superoxide dismutase
(SOD), catalase and glutathione peroxidase are the main
enzymes responsible for ROS neutralization (66). Oxidative
stress plays an important role in the pathogenesis of
inflammation. Involvement of ROS has been shown in the
pathogenesis of the aspirin- (67), stress- (68) or
ischemia/reperfusion-induced gastric lesions (66). Also in the
case of inflammatory bowel disease, the role of oxidative stress
is being emphasized (69).

In pathology, when ROS production exceeds the capacity of
the antioxidant defense system, ROS causes oxidative damage
of all cellular elements (64, 70). Peroxidation of cellular lipids,
called lipid peroxidation, is the first stage of ROS-mediated
cellular damage (65). Our present study has shown that the
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development of acetic acid-induced colitis is associated with
oxidative stress. We have found an increase in concentration of
lipid peroxidation product, MDAin colonic mucosa and this
effect has been associated with a reduction in SOD activity in
this mucosa, leading to additional disruption of redox balance.
Pretreatment with ghrelin, prior to rectal administration of
acetic acid resulted in a reduction of redox imbalance. Mucosal
level of MDA was reduced, whereas mucosal activity of SOD
was partly restored. These observations indicate that
pretreatment with ghrelin reduces the colitis-induced oxidative
stress in colonic mucosa and improves anti-oxidant defense in
this inflammation.

Finally, we conclude that pretreatment with ghrelin inhibits
the development of the acetic acid-induced colitis and this effect
seems to be related to the ghrelin evoked anti-inflammatory and
anti-oxidative effects.

Conflict of interests: None declared.
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