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Melatonin reduces inflammation and recovers endogenous
ghrelin in acute necrotizing pancreatitis in rats
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Abstract. The present study aimed to evaluate the therapeutic
effects of melatonin on either ghrelin secretion or gastric
mucosal injury in acute necrotizing pancreatitis (ANP). ANP
was induced in rats by L-arginine. Prior to L-arginine injection,
the rats were pre-treated with melatonin for 30 min. Following
the last injection, the animals were sacrificed at different
time-points. The levels of ghrelin and melatonin in the serum
and gastric tissue were detected by ELISA. Levels of tumor
necrosis factor (TNF)-a, interleukin (IL)-6 and malondialde-
hyde (MDA) as well as total superoxide dismutase (T-SOD)
activities in gastric tissue were measured. In rats with ANP,
acute gastric injury was observed, and the levels of MDA, SOD,
TNF-a and IL-6 were significantly increased. The melatonin
levels in serum or gastric tissue peaked at 6 h and returned
to normal levels at 12 h after melatonin was administered.
However, ghrelin remained at low levels during the first 12 h,
but it recovered at 24 h and continued increasing, while the
levels of oxidative stress damage and activity of inflammatory
factors were decreased. The protective effects of melatonin
on acute gastric injury during the early stages of ANP may
be mediated through anti-oxidative and anti-inflammatory
activities, while at advanced stages of ANP, it may be medi-
ated through the recovered endogenous ghrelin.

Introduction

Severe acute pancreatitis (SAP) is an inflammatory disease
of the pancreas associated with high morbidity and mortality
rates, as well as multiple organ dysfunction (1,2). The precise
mechanisms underlying the promotion of local inflammation
in the pancreas to systemic illness remain to be fully eluci-
dated, although various theories of self-digestion, leukocyte
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over-activation, microcirculatory disorder, bacterial shifting and
secondary infection, immune functional change, cell apoptosis
and oxygen free radicals have explained the pathogenesis of SAP
from different angles (3). The systemic inflammatory response
syndrome, associated with the failure of distant organ systems,
including the lungs, stomach, intestine and kidneys (4-6), has
become a widely accepted disease state. A previous study
revealed that acute gastrointestinal mucosal lesions (AGMLs)
were associated with SAP and that acid-suppressive therapy was
a necessary treatment (7). It is thought that oxidative damage
and over-activation of inflammatory factors have a significant
role during the pathogenesis of acute necrotizing pancreatitis
(ANP) in gastric mucosal injury (8).

Although melatonin is best known as a pineal product, a
study had revealed that the gastrointestinal tract is the main
source for the production of melatonin in the organism (9).
The most conspicuous value of melatonin lies in its
anti-oxidative properties, since it acts not only as a reactive
oxygen species (ROS) scavenger, but also as an activator of the
anti-oxidative enzyme system (10). Treatment with melatonin
could attenuate gastric injury induced by ischemia/reperfu-
sion (11), oxygen radicals, ethanol (12) and acid (13).

Ghrelin, a novel growth hormone (GH)-releasing peptide
that was initially isolated from gastric X/A-like cells, is a
natural ligand for GH secretagogue receptor (GHS-R) (14). It
has been reported that endogenous ghrelin revealed multiple,
strong gastro-protective functions, including preventing
mitigated gastric mucosal lesion, increasing gastric mucosal
blood flow (GMBF) and luminal nitric oxide (NO) concentra-
tion (15,16), inhibiting neutrophil infiltration (17), promoting
transforming growth factor-1 released from gastrointestinal
mucosa cells (18) and reducing nitric oxide synthase (NOS)
expression induced by gastric ischemic injury and ROS gener-
ation induced by human polymorphonuclear leukocytes (19).

Although melatonin and ghrelin demonstrate similar
effects of anti-oxidation and anti-inflammation and act as
potent preventive factors for gastric injury, the association of
exogenous melatonin and endogenous ghrelin in acute gastric
injury induced by severe systemic disease, including SAP,
remains unknown. In order to analyze the synergistic effects
of melatonin and ghrelin in the prevention of acute gastric
injury, the levels of ghrelin and the inflammatory cytokines in
the serum and gastric tissue of rats with ANP were examined
and the efficacy of melatonin pretreatment for oxidative injury
of gastric tissue in ANP was evaluated.
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Materials and methods

Animals and experimental design. A total of 120 adult male
Sprague-Dawley rats (weighing 250-300 g) were provided by
the Laboratory Animal Center of Guangxi Medical University
(Guangxi Medical University, Nanning, Guangxi, China). The
animals were housed in cages at normal room temperature and
in a light-controlled room (12-h light/dark cycle). The animals
were fed standard food and water. All the rats for the experi-
ments were kept for at least one week for adaptation prior to
the beginning of the experimental procedure. The rats were
fasted for 16 h prior to the injections, while access to water was
maintained until they were sacrificed.

Three experimental groups were established: 1) control
(group C, n=40): Animals were injected with saline intraper-
itoneally (i.p); 2) ANP (group A, n=40): ANP was induced
by i.p. injection of 500 mg/100 g L-arginine (Sigma-Aldrich
Corp., St. Louis, MO, USA); 3) melatonin treatment
(group M, n=40): Melatonin (5 xg/100 g) (Sigma-Aldrich
Corp.) was administered by i.p. injection 30 min prior to
L-arginine injection. All the rats were permitted to take water
and food following the experiment. Food intake was ceased
2 h prior to the sacrifice. In total, eight animals per group
were sacrificed under anesthesia at 6, 12, 24, 48 and 72 h
after the last injection. Blood samples were collected from
the abdominal aorta for measurements. The tissues of the
pancreas and stomach were obtained immediately following
blood withdrawal and fixed in formalin solution for 24 h,
followed by paraffin embedding and sectioning for routine
histopathological analysis. Gastric tissues were extracted
and rinsed with saline for detection of ghrelin and inflam-
matory factors, as well as for the measurement of oxidative
stress injury levels. The present study was approved by the
Ethics Committee of the First Affiliated Hospital of Guangxi
Medical University (Nanning, Guangxi, China).

Pathological scores of pancreatic and gastric tissues. The
pancreatic and gastric tissues were excised and fixed in 10%
formalin and embedded in paraffin. For pathological observa-
tion, the sections were cut and stained with hemotoxylin and
eosin. A double-blind microscopic analysis was performed
by two senior pathologists. Pathological score for pancreatic
tissues on a scale from O to 4 were determined in regard to
the degree of edema, inflammation, hemorrhage and necrosis,
according to the method described by Kusske et al (20). The
score for stomach damage was evaluated according to criteria
proposed by Lo et al (21).

Detection of melatonin, ghrelin, tumor necrosis factor
(TNF)-a and interleukin (IL)-6 by ELISA. The levels of
melatonin, ghrelin, TNF-a and IL-6 in gastric tissue were
determined using a commercially available ELISA kits (BD
Biosciences, Franklin Lakes, NJ, USA). The serum levels
of melatonin and ghrelin were measured using the ELISA
method.

Measurement of total superoxide dismutase (T-SOD) activity
in gastric tissue. Gastric samples were prepared as described
above. The activities of T-SOD in homogenized tissues were
determined using an assay kit (Nanjing Jiancheng Corp.,
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Nanjing, Jiangsu, China) according to the manufacturer's
instructions. The measurement of T-SOD activity was based
on the generation of superoxide radicals produced by xanthine
and xanthine oxidase, which reacts with 2-(4-iodophenyl)-3
-(4-nitrophenol)-5-phenyl tetrazolium chloride to form a red
formazan dye. The reaction results were read at 550 nm and
T-SOD activity was expressed as units per milligram protein
(U/mg protein).

Estimation of malondialdehyde (MDA) content in the
stomach. Gastric tissues were dissected out and rinsed
immediately with ice cold saline to remove as much blood as
possible. Gastric tissue homogenates (5% w/v) were prepared
in ice with cold 50 mM potassium phosphate buffer (pH 7.4)
using a glass homogenizer followed by centrifugation at
3,000 g for 10 min at 4°C. Finally, the supernatants were
decanted for the measurement. The protein concentrations
were determined by the Lowry method. The MDA content in
the supernatant was determined according to a reading at 532
nm of the thiobarbituric acid-reactive substances (22), using
an assay kit (Nanjing Jiancheng Corp., Nanjing, Jiangsu,
China) following the manufacturer's instructions. The MDA
content was expressed as nanomole per milligram protein
(nmol/mg protein).

Statistical analyses. Values are expressed as the mean + stan-
dard deviation. SPSS for windows version 13.0 (SPSS,
Inc., Chicago, IL, USA) was used for statistical analysis.
Differences between groups were analyzed by one-way
analysis of variance. P<0.05 was used to indicate a statisti-
cally significant difference.

Results

Pathological damages in pancreatic and gastric tissues. The
gross pathological changes were observed in rats with ANP,
including hemorrhagic ascites, necrosis foci in the pancreas
and several saponifying spots in the mesentery and greater
omentum, as well as the infiltrating inflammatory cells in the
pancreatic stroma and glandular lobule. In addition, diffuse
bleeding and necrosis were observed. The pathological
changes were exacerbated in rats with ANP as time passed.
However, in the melatonin treatment group, less necrosis foci
were present in the pancreas and the occurrence of hemor-
rhagic ascites was not found. In addition, saponifying spots
were not observed in the mesentery and greater omentum.
In the melatonin treatment group, although inflammatory
cells infiltrating the pancreatic stroma and glandular lobule
were observed, diffuse bleeding and piecemeal necrosis did
not appear in the pancreas. The scores in group A and M
significantly increased at each time-point compared with
those in group C (P<0.05). However, the scores in group M
significantly decreased at each time-point compared with
those in group A (P<0.05) (Table I).

In the rats with ANP (group A), mucosal swelling and
distension, scattered bleeding points and anabrosis were
present in the body of the stomach. Under an optical micro-
scope, engorgement, hemorrhage, edema, anabrosis and
gastric glandular mucosa were observed, but neither deep
ulcers nor necrosis was found. The pathological changes in
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Table I. Scores of pancreatic pathological damage.
Group 6h 12h 24 h 48 h 72h
C 0.14+0.17 0.14+0.18 0.20£0.15 0.23+£0.11 0.21+0.13
A 4.15+1.09 5.35+0.89° 8.34+0.98* 9.15+1.15* 10.52+1.28*
M 1.82+0.55%" 2.27+1.08*° 6.37+0.56*" 7.11£0.87*" 7.52+1.03

Pathological score for pancreatic tissues on a scale from 0 to 4 were determined according to the degree of edema, inflammation, hemorrhage
and necrosis, respectively, according to the method described previously (20). The pathological score for each animal is presented as the sum
of the edema, inflammation, hemorrhage and necrosis scores. *P<0.05 vs. group C; "P<0.05 vs. group A. C, control group; A, acute necrotizing

pancreatitis induced by L-arginine group; M, melatonin-treated prior to L-arginine injection group.

Table II. Scores of gastric pathological damage.

Group 6h 12h 24 h 48 h 72 h

C 1.88+0.64 1.88+0.83 2.25+0.71 2.00+0.76 1.88+0.64
A 8.75+1.04* 8.88+1.25° 9.63+1.06* 9.75+1.16 9.38+1.41°
M 5.50+0.93*> 6.38+1.19** 6.88+1.36*" 5.63+1.06*° 6.25+1.04*»

“P<0.05 vs. group C and *P<0.05 vs. group A. C, control group; A, acute necrotizing pancreatitis induced by r-arginine group; M, mela-

tonin-treated prior to L-arginine injection group.

Table III. Levels of ghrelin in serum and stomach.

Group 6h 12h 24 h 48 h 72h
Serum ghrelin (ng/ml)
C 4.35+0.90 4.26+1.26 4.36+1.14 4.07+1.10 4.67+1.12
A 1.18+0.27* 0.76+0.24* 0.77+0.22* 0.78+0.19* 0.80+0.16*
M 1.35+0.43* 3.19+0.66*° 4.01+1.22° 6.82+0.836*° 8.15+0.79*°
Stomach ghrelin (ng/ml)
C 5.84+0.64 5.86+0.81 5.59+0.63 5.78+0.77 5.68+0.56
A 1.12+1.04 0.75+0.22* 0.72+0.18" 0.73+0.19* 0.73+0.19*
M 2.15£0.9320 3.71£0.50*° 5.25+0.81° 8.17+0.79*° 9.75+0.78**

"P<0.05 vs. group C and "P<0.05 vs. group A. C, control group; A, acute necrotizing pancreatitis induced by L-arginine group; M, mela-

tonin-treated prior to L-arginine injection group.

group M were less serious than those in group A. Although
mucosal swelling and distension in the body of the stomach
and gastric glandular mucosa were still observed in group M,
hemorrhage, edema and anabrosis disappeared. The scores
in group A and M significantly increased at each time-point
compared with those in group C (P<0.05); however, the
scores in group M significantly decreased at each time-point
compared with those in group A (P<0.05) (Table II).

Levels of ghrelin and melatonin in serum and stomach. The
levels of ghrelin in the serum and stomach were significantly
decreased in group A at each time-point compared with
those in group C (P<0.05). The levels of ghrelin in serum
and in gastric tissue in group M were lower compared with
that in group C during the early stages (6 and 12 h) (P<0.05);
however, its concentration at 24 h reverted to similar levels in

group C (P>0.05) and kept increasing beyond 24 h (P<0.05,
compared with group C) (Table III, Fig. 1A and B). The
endogenous melatonin in serum and stomach was at low
levels in group A at all time-points compared with that in
group C (P<0.05). In group M, the levels of melatonin reached
a peak at 6 h after the last injection (P<0.05 vs. group C),
then rapidly returned to normal levels at 12 h. At later stages,
there was no significant difference between groups M and C
(P>0.05) (Table IV, Fig. 2A and B).

Levels of inflammatory cytokines in the stomach. Since the
levels of TNF-a and IL-6 reflect the severity of inflamma-
tion in the stomach, the concentrations of TNF-o and IL-6
in homogenized gastric tissues was measured. The level of
TNF-a in group A was significantly higher compared with
that in group C at all time-points (P<0.05). In group M, the
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Table I'V. Levels of melatonin in serum and stomach.

LIANG et al: MELATONIN PREVENTS ACUTE GASTRIC INJURY IN ANP

Group 6h 12h 24 h 48 h 72 h
Serum melatonin (pg/ml)
C 283.07+37.77 293.20+37.15 290.31+27.49 292.13+34.74 299.31+34.34
A 205.86+28.96* 158.64+18.18" 136.88+21.59* 133.96+29.14* 143.35+30.55*
M 870.99+£101.59*  327.31£280.94°  280.94+30.85°  287.84+26.83"  284.84+26.69"
Stomach melatonin (pg/ml)
C 337+29.78 325.05+43.67 325.01+46.23 317.87+46.50 330.89+44.50
A 225.26+36.50* 212.98+41.72* 214.67+44 57 198.10+35.50* 211.40+29.52*
M 917.41£78.46° 323.29+39.07° 302.41£28.06°  297.21£29.21°  303.84+38.61°

P<0.05 vs. group C and "P<0.05 vs. group A. C, control group; A, acute necrotizing pancreatitis induced by L-arginine group; M, mela-

tonin-treated prior to L-arginine injection group.

A
10 r *
= 9r
= L EA ,{
) 5 L=
gt 4
e
Esr L l [~
w4 | r,_.—f
E3f = _.—
5 2+ i,-' #
“ L # ® %
1 * AR SETEFCPRIE ' REPEYLERLE foooen -
0 A A . . )
B 6h 12h 24h 48h 72h
12
= *\
Ewr N
< gl -t
i e
= .
£t E
) e
§ 4T Ta = r\"
A =T an
R
@ e oo BN SO i
0 * L I L 1 )
6h 12h 24h 48h 72h
-+ GroupC -= GroupA -« GroupM

Figure 1. Levels of ghrelin in serum and stomach were significantly decreased
in rats with ANP. (A) The levels of ghrelin in serum were detected by ELISA at
the indicated time-points in group C (diamond), group A (square) and group M
(triangle). (B) The levels of ghrelin in gastric tissue were detected by ELISA at
the indicated time-points in group C (diamond), group A (square) and group M
(triangle). "P<0.05, compared with group C; “P<0.05 compared with group A.
ANP, acute necrotizing pancreatitis; C, control group; A, ANP induced by
L-arginine group; M, melatonin-treated prior to L-arginine injection group.

levels of TNF-a were consistently lower compared with those
in group A at each time-point, but remained higher compared
with those in group C (P<0.05) (Table V, Fig. 3A). A similar
result was also observed for IL-6 (P<0.05 vs. group C)
(Table V, Fig. 3B).

Severity of oxidative injury in the stomach. T-SOD, which
catalyzes the dismutation of the superoxide anion into
hydrogen peroxide and molecular oxygen, is one of the
most significant anti-oxidative enzymes. MDA, the major
product of lipid peroxidation, is considered to be an indicator
of mucosal injury by ROS. In the present study, T-SOD
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Figure 2. Levels of melatonin in the serum and stomach of the experimental
animals. (A) The levels of melatonin in the serum were detected by ELISA
at the indicated time-points in group C (diamond), group A (square) and
group M (triangle). (B) The levels of melatonin in the stomach were detected
by ELISA at the indicated time-points in group C (diamond), group A (square)
and group M (triangle). "P<0.05, compared with group C; “P<0.05 compared
with group A. C, control group; A, acute necrotizing pancreatitis induced by
L-arginine group; M, melatonin-treated prior to L-arginine injection group.

and MDA were assessed and regarded as indicators of
oxidative injury in the stomach. The results revealed that
T-SOD activity in the stomach was downregulated at each
time-point in group A (ANP) (P<0.05 vs. group C), but its
activity was partially retained in the melatonin treatment
group (group M) compared with that in group A (P<0.05)
(Table VI, Fig. 4A). MDA levels were low in normal gastric
mucus and were significantly increased at all time-points in
the stomach of rats with ANP (group A) (P<0.05 vs. group C).
Melatonin treatment significantly reduced the levels of MDA
at all time-points in group M, compared with that of group A
(P<0.05) (Table VI, Fig. 4B).
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Table V. Levels of inflammatory factors in stomach.
Group 6h 12h 24 h 48 h 72 h
Stomach TNF-a (pg/ml)

C 3.27+£0.63 3.06+0.35 3.03+0.35 3.06+0.39 3.02+0.36

A 17.84+1.38* 26.58+3.78" 38.84+4.59° 40.22+3.33¢ 41.84+5.72¢

M 10.40+1 .43 11.17£1.79** 10.93£1.830 11.07£1.712° 10.82+0.60*°
Stomach IL-6 (pg/ml)

C 86.83£13.95 89.13£16.93 87.78+14.68 89.75+8.62 88.36+£12.43

A 206.07+17.90* 265.25+20.49* 312.63+24.05* 387.81+£35.75° 451.01+33.74°

M 164.32£18.78° 193.17+17.46*° 232.35+£25.59° 232.89+30.70*° 226.32+£31.77%F

"P<0.05 vs. group C and "P<0.05 vs. group A. TNF-q, tumor necrosis factor a; IL-6, interleukin-6. C, control group; A, acute necrotizing
pancreatitis induced by L-arginine group; M, melatonin-treated prior to L-arginine injection group.
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Figure 3. Levels of inflammatory factors in the stomach of experimental
animals. (A) The levels of TNF-a in the stomach were detected by ELISA
at the indicated time-points in group C (diamond), group A (square) and
group M (triangle). (B) The levels of IL-6 in the stomach were detected by
ELISA at the indicated time-points in group C (diamond), group A (square)
and group M (triangle). "P<0.05, compared with group C; “P<0.05, compared
with group A. TNF-a, tumor necrosis factor a; IL-6, interleukin-6; C, con-
trol group; A, acute necrotizing pancreatitis induced by L-arginine group; M,
melatonin-treated prior to L-arginine injection group.

Discussion

The main findings of the present study were that: a) Acute
gastric injury was present in a rat model of ANP, which
correlated with oxidative stress and inflammatory factors.
The damage of ANP was reduced in the melatonin-treated
animals, through anti-oxidative and anti-inflammatory effects.
b) Melatonin pretreatment improved the ghrelin levels in
serum and stomach in response to gastric tissue injury during
the early stage of ANP. ¢) Endogenous ghrelin has a lasting
anti-oxidative and anti-inflammatory effect and the production
of endogenous melatonin was inhibited in a rat model of ANP.
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Figure 4. Measurement of the severity of oxidative injury in the stomach of
the experimental animals. (A) T-SOD activity in the stomach was measured
at the indicated time-points in group C (diamond), group A (square) and
group M (triangle). (B) MDA content in the stomach was measured at all
the time-points in group C (diamond), group A (square) and group M (tri-
angle). "P<0.05, compared with group C; “P<0.05, compared with group A.
MDA, malondialdehyde; T-SOD, total superoxide dismutase; C, control
group; A, acute necrotizing pancreatitis induced by L-arginine group; M,
melatonin-treated prior to L-arginine injection group.

It is generally hypothesized that trypsin and other pancre-
atic enzymes are activated and released in acute pancreatitis,
leading to pancreatitis-associated multiple organ dysfunction
syndrome involving vital organs, including the heart, brain,
kidney, liver, intestine and stomach. AGML can be induced
by a stress reaction and inflammatory factors released from
immunocompetent cells. It was reported that AGML occurred
in 65% of patients with acute pancreatitis (7). In animal experi-
ments, treatment with sodium taurocholate for 2 h significantly
reduced GMBF in a rat model of ANP, while the levels of
IL-1p and MPO in the gastric mucosa were significantly
increased (4). The present study found that the exulceration
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Table VI. Severity of oxidative injury in the stomach.
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Group 6h 12h 24 h 48 h 72h
Stomach T-SOD activity (U/mg protein)
C 98.45+12.39  96.02+10.83  96.91+12.04  103.28+14.80 102.61£12.60
A 54.62+9.34* 39.73£9.27*  32.86+6.08" 32.95+7.22¢ 28.39+6.68"
M 7043£11.06*°  7420+£8.95*  69.73£9.29*°  71.11£11.27*>  76.29+11.46*°
Stomach MDA (nmol/mg protein)
C 1.724£0.15 1.76£0.13 1.81£0.13 1.85+0.17 1.85+0.16
A 3.08+0.44* 3.59+0.38" 3.88+0.41" 4.27+0.48" 4.30+0.70*
M 2.19+0.242> 2.75£036*  2.94+0.40° 2.93+0.27*° 2.98+0.40*°

1P<0.05 vs. group C and *P<0.05 vs. group A. MDA, malondialdehyde; T-SOD, total superoxide dismutase.

simplex occurred in the stomachs of rats with ANP, but deep
ulcers or necrosis were not observed. The course of acute
gastric injury reached a peak during the first 24 h and lasted
for 72 h after formation of ANP. Similar to the progress of the
gastric injury, the levels of MDA and SOD, an indicator for the
severity of oxidative stress, and the levels of TNF-a and IL-6,
an indicator for the activity of inflammatory factors, were
significantly increased from 6 to 72 h after formation of ANP.
It has been implicated that acute gastric injury is associated
with oxidative stress damage and activation of inflammatory
factors in ANP. Endogenous melatonin comes mainly from
the gastrointestinal tract (9,23). Melatonin is considered a
highly effective tissue protector due to its ability to scavenge
ROS (10,24). Since melatonin has anti-inflammatory and
anti-oxidant properties, this may be one of the most efficient
protective factors in preventing the development of acute
gastric damage and accelerate the healing of chronic gastric
ulcers, possibly through mechanisms underlying reduction of
pro-inflammatory cytokine production, scavenging of ROS
and activation of cyclooxygenase-prostaglandins (COX-PG)
and NOS-NO systems (25). Under physiological conditions,
the half-life of melatonin has been reported to be ~23 min
in rat plasma (26). In the present study, rats received a single
melatonin administration prior to L-arginine injection and the
highest levels of melatonin in the serum or gastric tissue were
observed at 6 h following formation of ANP. Furthermore, the
concentration of melatonin, either in circulation or in gastric
tissues, returned to normal levels at 12 h after formation of ANP.
However, the oxidative stress damage and activity of inflam-
matory factors decreased over time. These data indicated that
the anti-oxidation and anti-inflammatory effects of exogenous
melatonin occurred during early stages of acute gastric injury
in rats with ANP and its protective effect during later stages
are likely to be mediated through other auto-protective factors,
including ghrelin, which is induced by melatonin. Ghrelin has
potential biological functions, including gastro-protective and
hyperemic activities against ischemia/reperfusion-induced
erosion, as well as effects that are mediated by hormonal
activation of GHS-R1a receptors, the COX-PG system and
vagal-sensory nerves (27). Ghrelin was found to reduce
stress-mediated gastric injury, including ethanol-induced
gastric injury (28-31), acetic acid-induced chronic gastric
ulcers and ischemia/reperfusion-induced gastric injury (19).

These effects rely on sensory nerve activation, NO-induced
hyperemia, vascular endothelial growth factor-stimulated
angiogenesis and ghrelin-mediated anti-inflammatory proper-
ties (25). The secretion of ghrelin was found to be required to
protect gastric mucosa from ROS-mediated injury, but at the
same time, the number of gastric X/A-like cells decreased due
to severe gastric mucosal lesion caused by the early stage of
sepsis and acute pancreatitis (32,33). Ghrelin levels decreased
during early stages of sepsis, but the activity of its receptor
was elevated in rats (34). In patients with acute pancreatitis,
serum levels of ghrelin prior to therapy was lower compared
to that during the recovery period (35). In the present study,
the levels of ghrelin in serum and gastric tissue were lowest
at 12 h after formation of ANP, and were sustained to 72 h,
corresponding to the severity of gastric tissue injury. By
contrast, the level of oxidative stress damage and activity of
inflammatory factors were increased in the gastric tissue of
ANP rats. This indicated that the reduction of endogenous
ghrelin in the early stages of ANP may be due to the damage
of a number of gastric X/A-like cells. Konturek et al (13)
reported that the process of ulcer healing was accelerated by
melatonin viainduction of ghrelin release, thereby stimulating
cell proliferation and promoting mucosal repair in gastric
tissue. However, previous studies revealed that exogenous
melatonin had little effect on the levels of ghrelin in serum or
stomach (36,37). To verify the effect of melatonin on ghrelin
induction, the levels of ghrelin in serum and gastric tissue
following melatonin treatment were monitored. The results
demonstrated that ghrelin levels in the melatonin treatment
group recovered during early stages of ANP (first 24 h) and
continued increasing until 72 h after formation of ANP. The
results of the present study indicate that exogenous mela-
tonin may protect gastric tissue through anti-oxidation and
anti-inflammatory activities during the early stage of ANP,
while in the advanced stage of ANP, endogenous ghrelin may
have a more significant role in the lasting prevention. The
role of exogenous melatonin in ANP appears to be a trigger
of a self-defense mechanism. Therefore, it is hypothesized
that the decrease in ghrelin during the early stages of acute
pancreatitis may be due to the damage of gastric X/A-like
cells and the recovery of ghrelin secretion following forma-
tion of acute pancreatitis, and may rely on the repair of the
X/A like cells through the machinery of gastric protection.
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In conclusion, the protective effects of melatonin on acute

gastric injury during the early stage of ANP may be mediated
through anti-oxidative and anti-inflammatory activity, while
at the advanced stage of ANP, the lasting prevention effect is
likely to be mediated by recovered expression of endogenous
ghrelin. Thus, application of gastric mucosal protective agents
is required at the early stage of acute pancreatitis.
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