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Evaluation of the effects of melatonin administration
intraperitoneally on rats with acute pancreatitis induced

by ductal ligation

Duktal ligasyon teknigiyle olusturulmus akut pankreatitli sicanlarda intraperitoneal
melatonin enjeksiyonunun etkisinin degerlendirilmesi
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Background/aims: The aim of this study was to address the
protective effects of exogenous melatonin injections intraperito-
neally on the histopathological changes in a model of obstructi-
ve acute pancreatitis. Methods: In this study, ductal ligation
technique was used in 20 adult male Wistar Albino rats to de-
velop a model of obstructive acute pancreatitis and beginning
pancreatic atrophy. Melatonin 20 mg/kg solution was injected
in one group of rats intraperitoneally for one week and results
were compared with the control group regarding histopatholo-
gical findings in the pancreatic tissue. Results: The apoptosis
rate in control group rats was 30.5%, while it was 12.7% in the
melatonin group. Pancreatic edema, hemorrhage and poly-
morphonuclear leukocyte infiltration decreased remarkably in
the melatonin group compared to the control group. Conclusi-
ons: Injection of exogenous melatonin in rats with obstructive
acute pancreatitis for seven days prevents acinar cell degenera-
tion, apoptosis and polymorphonuclear leukocyte infiltration.

Key words: Acinar cell degeneration, apoptosis, hemorrhage,
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INTRODUCTION

Acute pancreatitis has been defined as a disease
that develops with perivascular infiltration and
inflammation characterized by lipid necrosis, poly-
morphonuclear leukocyte (PMNL) infiltration, he-
morrhage, acinar cell necrosis, and tissue edema
in the pancreas. The pathogenesis of acute pancre-
atitis is complicated and unclear. Generally, it is
believed that there is a close relationship between
the modes of inflammatory reaction of the macrop-
hages and acinar cell death. Acute pancreatitis

Amag: Bu ¢alisma obstruktif akut pankreatit modelinde intra-
peritoneal olarak enjekte edilen ekzojen melatoninin histopato-
lojik degisiklikler iizerindeki koruyucu etkisini incelemek ama-
cyla gergeklestirilmistir. Yontem: Bu calismada 20 eriskin
Winstar Albino rat kullanilarak obstruktif akut pankreatit ve
pankreatik atrofi modeli icin pankreatikobilier kanal ligasyon
teknigi uygulanmuigtir. Bir grup rat’ta bir hafta siireyle intrape-
ritoneal olarak 20 mg | kg melatonin solusyonu enjekte edildi ve
pankreas dokusundaki histopatolojik degisiklikler yoniinden
kontrol grubu ratlarla karsilastirildi. Bulgular: Apoptozis go-
rillme orant kontrol grubunda %30.5 oldugu halde c¢alisma
grubunda %12.7 bulunmustur. Pankreatik 6dem, kanama ve
polimorf niikleer lokosit infiltrasyonu da kontrol grubuna gore
melatonin grubunda daha az gorilmiistiir. Sonug: Obstruktif
akut pankreatitli ratlarda 7 giin siireyle ekzojen melatonin en-
Jeksiyonu asiner hiicre dejenerasyonu, apoptosis ve polimorf
niikleer hiicre infiltrasyonunu azaltmaktadir.

Anahtar kelimeler: Asiner hiicre dejenerasyonu, apoptozis,
kanama, melatonin tedavisi, obstruktif akut pankreatit, 6dem

still carries a high morbidity and mortality rate.
It can be represented on a spectrum ranging from
a self-limited course requiring only short hospita-
lization and medical treatment to a fulminant ill-
ness resulting in multiple organ failure with ac-
companying sepsis. The prognosis depends upon
the degree of infected pancreatic necrosis and sep-
tic shock. There have been important changes in
the management of acute pancreatitis over the
last two decades. In patients with acute pancreati-
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tis without severe necrosis, the mortality rate of
non-operative medical treatment has now been
shown to be better than that of radical surgical
procedures.

Melatonin is the main product of the pineal gland
and is also secreted in the intestines. It is a hor-
mone that affects the general immune system and
cellular immunity both directly and indirectly.
Melatonin is secreted diurnally. It can overcome
all morphophysiological barriers in the human
body and reach the intercellular area in all organs
and cell nuclei easily due to its lipophilic and
hydrophilic features (1).

Presently, it is accepted that melatonin shows an
outstanding functional versatility, by exhibiting
antioxidant, antiinflammatory and immunomodu-
latory properties. Inflammatory cytokines are pro-
duced in large amounts during acute pancreatitis.
Melatonin downregulates production of inflamma-
tory cytokines and protect animals from septic
complications of acute pancreatitis. During the
last decade, some valuable research in animal mo-
dels has been published, emphasizing the impor-
tance of melatonin effects on acute pancreatitis (2-
4).

The aim of this study was to address the protecti-
ve effects of exogenous melatonin injections on the
histopathological changes in acute pancreatitis.

MATERIALS AND METHODS
Animals

Twenty adult male Wistar Albino rats (average
weight 200-250 g) were used in this study and we-
re separated into two groups of 10. Ethical appro-
val was obtained from the Animal Care Ethics
Committee of Abant Izzet Baysal University. Du-
ring the study, all the experimental animals were
housed at standard room temperature (22°C) in a
12-h light/dark cycle and were fed with standard
pellet rat food (210 kcal/100 g/day) and tap water.

In the rats in Group I (Control group), only expe-
rimental acute pancreatitis was conducted and
they were not exposed to any medical applications.
In Group II (Melatonin group), in order to elimina-
te the damages in the organisms caused by acute
pancreatitis, melatonin (Sigma, St. Louis, MO,
USA) 20 mg/kg/day solution was injected intrape-
ritoneally every day over the period of one week
between the hours of 18.00-20.00.
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Surgical Procedures

Surgical ductal ligation was used in order to deve-
lop the obstructive acute pancreatitis model. This
technique (ligation of the pancreatic duct) is not
only a model of obstructive acute pancreatitis, but
is also used as a model of pancreatic atrophy. All
surgical procedures performed on the experimen-
tal animals were carried out on the same day un-
der general anesthesia and standard sterile condi-
tions. In all test subjects, a single intramuscular
dose of 2.5 mg/kg Enrofloksasin (Baytril 10%, Ba-
yer; Istanbul) injection was administrated as
prophylactic antibiotic. For general anesthesia, 20
mg/kg ketamine HCl (Ketalar, Eczacibasi; Istan-
bul) intramuscular and 5 mg/kg xylazine HCI
(Alphazin, Rompun Bayer) intramuscular were
used.

Histopathological Evaluation

After re-anesthesia, laparotomy was performed in
the test subjects at the end of the 7th day and pan-
creatic tissue samples were taken. The proximal
part of the pancreas was used for histopathologi-
cal evaluations. The samples taken were kept in
10% formaldehyde for 48 hours of fixation and
then dehydrated using a graded series of ethyl al-
cohol, cleared in xylol and embedded in paraffin.
The paraffin block was trimmed and 4 Im thick
histological sections were taken. We used a system
of visual evaluation of the histopathological chan-
ges induced to quantitatively describe acinar tis-
sue damage. Samples were examined under light
microscope after being stained with hematoxylin-
eosin (H&E). Using the histological scoring descri-
bed below, acinar cell degeneration, apoptosis,
PMNL infiltration, edema, and hemorrhage in
pancreatic tissue were recorded (5).

Acinar cellular degeneration scoring method: [0]
points: no acinar cell degeneration in the pancre-
as, [1] point: acinar cell degeneration present in
less than 15% of the cells in each section of the
pancreas, [2] points: rate of acinar cell degenerati-
on in the pancreas between 15 and 35%, and [3]
points: rate of acinar cell degeneration in the pan-
creas >35%.

Apoptosis: In order to assess the apoptosis in aci-
nar cells in the pancreas, taking 10 areas in each
tissue section, the number of cells with clear apop-
totic bodies was measured using a X40 objective,
and the percentage of apoptotic acinar cells was
recorded.
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PMNL infiltration scoring method: [0] points: no
leukocyte infiltration, [1] point: mild leukocyte in-
filtration in perivascular area, [2] points: modera-
te leukocyte infiltration in perivascular area, and
[3] points: presence of acute and pervasive leu-
kocyte infiltration in all areas.

Pancreatic edema scoring method: [0] points: no
edema in the pancreas, [1] point: interlobular ede-
ma, [2] points: interlobular edema and mild intra-
lobular edema, and [3] points: presence of both in-
terlobular edema and acute intralobular edema.

Pancreatic hemorrhage scoring method: [0] points:
no hemorrhage in the pancreas, [1] point: 1-2 he-
morrhagic areas in each section in pancreas, [2]
points: 3-5 hemorrhagic areas in each section in
the pancreas, and [3] points: more than 5 hemorr-
hagic areas in each section in the pancreas.

Statistical Analysis

The statistical package for the Social Sciences
(SPSS) for Windows, Version 11.0 (SPSS, Chicago,
IL, USA) was used for data analysis. Kruskal-Wal-
lis variance analysis and Mann- Whitney U tests
were performed for statistical comparisons; a va-
lue of p<0.05 was accepted as statistically signifi-
cant.

RESULTS

The microscopic appearance of normal pancreatic
tissue of healthy rats that has not undergone any
kind of operation is given in Figure 1. With the
help of H&E and a X40 objective, it was observed
that the structure of the lobules in the pancreatic
sections was preserved quite well. The basal parts

Figure 1. Light microscopic view of normal pancreatic tissue in
rats (H&E x40).
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of the acinar cells were darker in color, while the
parts on the nucleus were a relatively lighter co-
lor. Moreover, the acinar lumens and secretion
ducts could be discerned clearly.

In the test subjects of the first group (control gro-
up) in which obstructive acute pancreatitis was
formed through ductal ligation, serious edema in
the pancreatic tissue and peripancreatic areas
was observed macroscopically during the explora-
tion done through relaparotomy (Figure 2). In the
microscopic investigation of the pancreatic tissues
of the rats in this group, it was observed that the
lobules in the parenchyma were separated from
each other, there was prevalent edema in the tis-
sue, there were hemorrhagic areas in certain
parts, and there was common PMNL infiltration
in all parts (Figure 3). Edema in the pancreas was
found to be serious in the lobules in certain rats,
while it was serious between the lobules in others.
The edema in the pancreatic tissue was quite se-
rious either in or between the lobules in the test
subjects. Likewise, PMNL infiltration was obser-
ved insularly between the lobules, whereas it was
diffuse in the whole pancreatic tissue.

The apoptosis and acinar cell degeneration scores
in the rats of the control group and the melatonin
group are shown in Table 1. In some of the rats of
the control group, low rates of acinar cell degene-
ration were observed. The acinar cell degeneration
rate observed in this group was lower than 15%.
On the other hand, no acinar cell degeneration
was observed in the rats of the melatonin group.
Comparing the test subjects for apoptosis rates, it
was observed that the apoptosis rate in the control

\ o, "‘ L B (g i’ AP ',
Figure 2. In test subjects following ductus ligation, certain fin-
dings regarding dilatation of choledochus and macroscopic ede-

ma in pancreatic tissue are seen.
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Figure 3. The microscopic view of the pancreas in the rats of the
first group showing clear PMNL infiltration and edema, acinar
dilatation in lobules, ductal transformations, and the hemorrha-
gic areas between the lobules (H&Ex20).

oy . £

group rats was 30.5%, while it was 12.7% in the
melatonin group rats. The difference observed in
the acinar cell degeneration and apoptosis rates of
the two groups was statistically significant (t: 2.8,
p=0.013 for acinar cell degeneration, t: 3.72,
p=0.002 for apoptosis).

It was also observed that the acinar lumens in the
control group rats were dilated to a great extent,
that they had formed ductal transformations, and
that there were hemorrhagic areas in some parts
between the lobules. In the rats of this group, the-
re was leukocyte infiltration dominated by neut-
rophils and their lumens were excessively dilated
(Figure 3). In some test subjects, the acinar epit-
helium cells were flattened due to excessive dila-
tation in the lobules, which occurred because of
edema and PMNL infiltration. Because of excessi-
ve edema in the pancreas, the islets of Langerhans
were isolated and separated from the acini.

Nevertheless, it was observed that there were no
structural defects in a considerable number of the
test subjects, and that the normal view was main-
tained. In addition to these histological findings, a
notable increase in the number of apoptotic bodies
in the acinar cells was observed, especially in the
subjects of the first group due to acute pancreati-
tis.

In the melatonin group, edema and PMNL infil-
tration were remarkably decreased when compa-
red to the first group. Hemorrhagic areas were mi-
nimal and there was no acinar cell degeneration.
However, ductal transformation also continued in
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Figure 4. The view of the clear regression in pancreatitis in test
subjects with exogenous melatonin treatment. A considerable in-
crease was observed in the pancreatic connective tissue
(H&Ex40).

this group. In the test subjects of this group, apop-
totic bodies in the acinar cells were remarkably
decreased when compared to the other group, and
mitosis was not detected in the acinar cells (Figu-
re 4). It was determined that the connective tissu-
e between the lobules became more evident in cer-
tain parts and that the number of cells that had
undergone apoptosis decreased.

The scores of PMNL infiltration, edema and he-
morrhage in the pancreatic tissues of the control
group (acute pancreatitis model) and the melato-
nin group (acute pancreatitis + melatonin) are
shown in Table 1.

The PMNL infiltration score in the pancreatic tis-
sue of the control group subjects was 2.44+0.88,
while the score decreased to 1.22+0.83 in the me-
latonin group subjects, and the difference between
the two groups was statistically significant. As se-
en in Table 1, a similar decrease was also observed
in the edema and hemorrhage scores. However,
the differences between the two groups concerning
the edema and hemorrhage scores were not statis-
tically significant. In the control group rats, the

Table 1. Scoring of PMNL infiltration, edema, hemorr-
hage, acinar cell degeneration and apoptosis in test sub-
jects (Mean + SD)

Histopathologic findings Group I Group II
Score for acinar cell degeneration 0.77+0.83 Not observed
Percentage for apoptosis 30.55+11.5 12.77+8.4
Score for PMNL infiltration 2.44+0.88 1.22+0.83
Score for edema 1.55+0.52 1.00+0.7
Score for hemorrhage 0.55+0.72 0.22+0.4
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edema score was approximately 1.55+0.52, while
the hemorrhage score was 0.55+0.72. In the se-
cond group, these scores were 1.0+0.7 and
0.22+0.4, respectively (t: 3.02, p=0.008 for PMNL
infiltration, t: 1.89, p=0.07 for edema, t: 1.17,
p=0.25 for hemorrhage).

DISCUSSION

Acute pancreatitis is a disease followed by inters-
titial edema at different stages, PMNL infiltrati-
on, hemorrhage, and acinar cell degeneration (6).
The isolation of islet of Langerhans due to edema,
dilatation and apoptotic bodies in the acini can be
seen microscopically.

Acute pancreatitis develops with the effect of acti-
ve lysosomal enzymes or the autoactivation of
trypsinogen. The zymogens that are activated by
trypsin lead to tissue damage (7). Melatonin is a
hormone with a strong antioxidant effect and it is
a free radical scavenger. It thusly protects the
cells from oxidative damage and decreases tissue
inflammation (8).

Many studies have been conducted that show the
mechanism by which melatonin decreases apopto-
sis, and how apoptosis affects the physiopathology
of acute pancreatitis. Kaiser et al. (9) stated that
in acute pancreatitis, apoptosis develops as a con-
sequence of obstruction of the pancreatic ducts,
and that apoptosis causes atrophy in pancreatic
tissue. It has also been asserted that apoptosis
that develops in an acute pancreatitis model for-
med through ductal ligation is in fact a defense
mechanism. It is also believed that apoptosis dec-
reases enzyme secretion by causing atrophy in the
pancreas, and thus it decreases the enzymatic ac-
tivities of the pancreas (9, 10).

Fujimoto et al. (11) viewed the apoptosis in pan-
creas acinus cells microscopically at the 24™ hour
in their ischemia-reperfusion studies. In another
ischemia-reperfusion study, protective and thera-
peutic applications of melatonin were tested. In
that study, it was demonstrated that melatonin
has a cytoprotective effect over oxidative stress
and pancreatic tissue damage (12). In the current
study, it was determined that in rats treated with
melatonin, acinar cell degeneration could be pre-
vented completely and apoptosis could be partly
prevented (Table 1).

Apoptosis is a normal physiological occurrence,
and this term describes the programmed and con-
trolled cell death that occurs as a result of nucleus
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fraction characterized by DNA damage. Taking in-
to consideration the findings in Table 1, the statis-
tically significant difference between the control
group and the melatonin group was interpreted as
the prevention of apoptosis by exogenous melato-
nin in acute pancreatitis.

The cells in living organisms die because of two
main mechanisms, apoptosis and necrosis, due to
their different effects. Apoptosis is a form of prog-
rammed removal of superfluous, infected, trans-
formed, or damaged cells that have lost their func-
tions and are no longer needed by the organism by
activation of an intrinsic suicide program (13).
Necrosis is, however, a pathological cell death in
which the cells die due to physical and chemical ef-
fects such as hypoxia, excessive temperature
change and toxins. Apoptosis and necrotic cell de-
ath are irreplaceable. In contrast to necrosis, in
apoptosis, no inflammation occurs in the tissue
due to cell death (13, 14).

At the onset of apoptosis, nucleus chromatin deg-
rades and the nucleus membrane fractions. Due to
an increase in cytoplasmic proteins, shrinkage is
observed in cells. Endoplasmic reticulum dilates
and accretes with the cell membrane, forming cra-
ter-like structures on the cell surface. In this sta-
ge, the contraction of the cell membrane increases
and the cell mangles. These small round structu-
res surrounded with membrane are called “apop-
totic bodies” (15). Phagocytosis of apoptotic bodies
is speedily performed by the macrophages. As in-
tracellular macromolecules cannot detach from
the cell, apoptosis does not lead to any inflamma-
tory reaction. Apoptotic reactions occur within the
cell and do not damage the neighboring cells (15).

Injection of exogenous melatonin can cause the sa-
me effect as endogenous melatonin (16). While sec-
reted mainly in the pineal gland, melatonin can al-
so be secreted in the intestines and the retina in
small amounts. Melatonin is found in different
concentrations in certain tissues and systems in
an organism. Konturek et al. (17, 18), in their im-
munoreactive studies conducted with *I-melato-
nin, determined that the amount of melatonin sec-
reted in the pineal gland is 20 times more than
that secreted in the intestines.

The pineal gland is located in the hypothalamus
and works in a manner similar to a body clock
along with the suprachiasmatic nucleus and secre-
tion of the melatonin hormone. The secretion func-
tion of the pineal gland is maintained by two en-
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dogenous substances, the indolamines and pepti-
des. At night, a high amplitude of secretion is ob-
served. Even though it has been found that mela-
tonin is secreted in organs other than the pineal
gland, such as the retina and intestines, the amo-
unt of melatonin secreted in these organs is mini-
mal and has little effect on the general blood me-
latonin level (1).

In conclusion, we determined that there were dif-
ferences in PMNL infiltration, acinar cell degene-
ration and apoptosis, but not in edema and he-
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