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Abstract

AIM: To determine the effect of melatonin pre- and
post-treatment on the severity of L-arginine (L-Arg) -in-
duced experimental pancreatitis in rats.

METHODS: Male Wistar rats (25) were divided into five
groups. Those in group A received two injections of 3.2 g/kg
body weight L-Arg i.p. at an interval of 1 h. In group
MA, the rats were treated with 50 mg/kg body weight
melatonin i.p. 30 min prior to L-Arg administration. In
group AM, the rats received the same dose of melatonin
1 h after L-Arg was given. In group M, a single dose of
melatonin was administered as described previously. In
group C the control animals received physiological saline
injections i.p. All rats were exsanguinated 24 h after the
second L-Arg injection.

RESULTS: L-Arg administration caused severe necrotiz-
ing pancreatitis confirmed by the significant elevations
in the serum amylase level, the pancreatic weight/body
weight ratio (pw/bw), the pancreatic IL-6 content and
the myeloperoxidase activity, relative to the control val-
ues. Elevation of the serum amylase level was signifi-
cantly reduced in rats given melatonin following L-Arg
compared to rats injected with L-Arg only. The activities
of the pancreatic antioxidant enzymes (Cu/Zn-superoxide
dismutase (Cu/Zn-SOD) and catalase (CAT)) were signifi-
cantly increased 24 h after pancreatitis induction. Mela-

tonin given in advance of L-Arg significantly reduced the
pancreatic CAT activity relative to that in the rats treated
with L-Arg alone. In the liver, L-Arg significantly increased
the lipid peroxidation level, and the glutathione peroxi-
dase and Cu/Zn-SOD activities, whereas the Mn-SOD
activity was reduced as compared to the control rats.
Melatonin pre-treatment prevented these changes.

CONCLUSION: Melatonin is an antioxidant that is able
to counteract some of the L-Arg-induced changes dur-
ing acute pancreatitis, and may therefore be helpful in
the supportive therapy of patients with acute necrotizing
pancreatitis.

© 2006 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Acute necrotizing pancreatitis is a disease with a high
mortality and no efficient treatment is available for it at
present. Oxygen- and nitrogen-derived free radicals (FRs)
and lipid peroxidation play an important role in the devel-
opment of local inflammation and systemic complications
during acute pancreatitis' . They damage the lipid mem-
branes, structural and enzymatic proteins and DNA of
the cells. The major target of FRs is polyunsaturated fatty
acids of the lipid-rich membranes. Lipid peroxidation re-
sults in loss of the membrane fluidity and integrity, leading
to cell death. Numerous antioxidants have recently been
examined for their protective properties against oxidative
damage in acute pancreatitis and have been shown to mod-
erate the changes in several parameters of the disease™.
We presumed that a compound with strong antioxidant
properties and also anti-inflammatory features might exert
a beneficial effect on the outcome of severe experimental
pancreatitis.

The pineal product, melatonin, is known to play a role
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in the regulation of circadian rhythm and in the seasonal
reproduction of certain species. Melatonin is also impoz-
tant as regards the physiology of the retina and the im-
mune system!. The antioxidant activity of melatonin has
recently received significant attention. Although its level is
low in the blood, a strong correlation has been observed
between this level and the antioxidant capacity of serum
both in vitro and in vive"> . Since melatonin is strongly
lipophilic, its intracellular concentration may be several
times higher than that in serum"*, Various body fluids like-
wise contain melatonin levels that are orders of magnitude
higher than those measured in blood""”.

Melatonin can detoxify OH, ONOO-, NO and peroxyl
radicals directly by electron donation, stimulate the activi-
ties of scavenger enzymes, including glutathione peroxi-
dase (GPx), superoxide dismutase (SOD) and catalase
(CAT), and protect these proteins from inactivation by
the above-mentioned radicals"" """ The inhibition of ni-
trogen monoxide synthase (NOS) by melatonin leads to a
reduction in the amount of NO generated”*”, Moreover,
melatonin exerts an anti-inflammatory effect by inhibiting
nuclear factor kappa B (NF-xB) !/, a transcription factor
with a central role in the development of inflammatory
diseases. By blocking the activation of NF-xB, melatonin
depresses the synthesis of inflammatory cytokines such
as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-
alpha) and adhesion molecules.

The protective effects of melatonin have been docu-
mented in experimental models of numerous diseases
where oxidative damage is a component. In the central
nervous system, melatonin is protective in experimental
models of stroke, Alzheimer, Parkinson and Huntington
diseases, and fetal brain injury, and improves the outcome
of hypoxia/reperfusion-induced heatt, liver, retina and gut
injuries”*". Melatonin additionally contributes to the im-
provement of inflammatory diseases, including endotoxic
and circulatory shock™ ",

In an earlier study, Qi and colleagues[zm showed that in
mild cerulein-induced edematous pancreatitis pharmaco-
logical doses of melatonin protect against the injury caused
by FRs. Melatonin decreased the edema in the pancreas
and stomach, and also the extent of lipid peroxidation in
the pancreas. Jaworek ez al™. demonstrated that even the
circadian changes in physiological levels of melatonin re-
duce the severity of experimental pancreatitism].

L-Arg-induced pancreatitis is an experimental model
of severe necrotizing acute pancreatitis. Twenty-four h
after intraperitoneal (1.p.) injection of L-Arg, inflammation
of the tissue is confirmed by histology and characteristic
changes of the laboratory parameters. The model is highly
reproducible, noninvasive and produces dose-dependent
acinar necrosis, and is therefore ideal for studying the
pathogenesis of acute pancreatitismm.

The protective effect of melatonin in severe L-Arg-
induced pancreatitis in rats has not been investigated
to date. We hypothesized that administration of
pharmacological doses of melatonin might improve the
outcome of L-Arg-induced necrotizing pancreatitis in rats.
To test this, we measured a variety of parameters related
to pancreatic damage by L-Arg when melatonin was given
before or after L-Arg,
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Group Time: O h Time: 0,5 h Time: 1,5 h Time: 2,5 h Time: 25,5 h

C P.s. P.s. P.s. exsanguination
1mL 1mL 1mL

A Ps. Arginine Arginine exsanguination
1mL 32g/kg 32g/kg

AM Arginine  Arginine Melatonin exsanguination
32g/kg 32g/kg 50 mg/kg

MA Melatonin Arginine Arginine exsanguination
50 mg/kg 3.2 g/kg 32¢g/kg

M Melatonin P.s. Ps. exsanguination
50 mg/kg 1mL 1mL

MATERIALS AND METHODS

Experimental protocol

Male Wistar rats (weighing 200-250 g) were kept at
constant room temperature (25°C) in a 12h light-dark
cycle with free access to water and standard laboratory
chow (Biofarm, Zagyvaszarsz6, Hungary). The study
was approved by the Ethical Committee on Animal
Experiments at the University of Szeged.

After one week of acclimatization, the rats were divided
into five groups (#=>5 per group). In group A, pancreatitis
was induced with 3.2 g/kg body weight L-Arg (Sigma-
Aldrich, Budapest, Hungary) i.p. twice at an interval of
1 h. Rats in group MA were treated with a single dose
of 50 mg/kg body weight melatonin (Helsinn, Biasca,
Switzerland) i.p. 30 min prior to L-Arg administration.
Rats in group AM received the same dose of melatonin
1 h after the second injection of L-Arg In group M, a
single dose of melatonin was administered. Rats in group
C served as control animals and received i.p. injections
of physiological saline. Twenty-four h after the last L-Arg
injection, the rats were anesthetized with 44 mg/kg
pentobarbital (Sanofi Phylaxia, Budapest, Hungary) and
exsanguinated through the abdominal aorta. The pancreas,
liver and lungs were quickly removed and frozen at -70°C
until use (Table 1).

Assays

The pancreatic weight/body weight ratio was evaluated as
an estimate of the degree of pancreatic edema. For serum
amylase activity, blood samples were centrifuged for 20
min at 2500 r/min. Serum amylase activities were detet-
mined by a colorimetric kinetic method (Dialab, Vienna,
Austria). Concentration of the lipid peroxidation marker
malonyl dialdehyde (MDA) was measured after the reac-
tion with thiobarbituric acid as previously described Bl
Total SOD activity was determined on the basis of the
inhibition of epinephrine-adenochrome autoxidation®”
Mn-SOD activity was measured via the extent of autoxida-
tion in the presence of 5x 10" mol/I. KCN"*, Cu/Zn-
SOD activity was obtained by deducting the Mn-SOD
from the total SOD activity. CAT activity was determined
spectrophotometrically at 240 nm by the method of Beers
and Sizer *' and expressed in Bergmeyer units (BU) (1 BU
- decomposition of 1 g H20z/min at 25°C). GPx activity
was determined by the “chemical” method using cumene
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Figure 1 Effects of melatonin (50 mg/kg) treatment on the pancreatic weight/body weight ratio (p.w./b.w.) (A), serum amylase activity (B), amount of malonyl-dialdehyde
in the pancreas (C) and liver (D) in L-arginine-induced (2 x 3.2 g/kg) acute pancreatitis. Means + SE of results on 5 animals in each group are shown. 2P<0.05 vs group A;

¢P<0.05 vs group C.

hydroperoxide and reduced glutathione as substrates of
GPx"". Total glutathione (GSH) was measured spectro-
photometrically with Ellman’s reagent[m. The level of leu-
kocyte infiltration into the tissue was quantified by meas-
urement of pancreatic myeloperoxidase (MPO) activities
by the method of Kuebler e# al®.

Preparation of cytosolic fraction

The cytosolic and nuclear fractions were sepatated by the
method of Dignam ef a/*’. In brief, 250-300 mg of pan-
creatic tissue was lysed on ice in a hypotonic buffer in a
Dounce homogenizer. The buffer contained 10 mmol/L
HEPES (pH 7.9), 1.5 mmol/L. MgCl> 10 mmol/L KCl and
was supplemented before use with 1mmol/L phenylmeth-
ylsulfonyl fluoride, 4 mmol/L benzamidine, 100 ITU/mL
aprotinin and 1 mmol/L dithiothreitol (DTT). After in-
cubation for 25 min on ice, Nonidet P-40 was added to a
final concentration of 0.3-0.4% (v/v). The samples were
vortexed and incubated on ice for 2 min. The homoge-
nates were centrifuged at 13000 r/min for 50 s and the
supernatants (cytosolic fraction) were collected for detet-
mination of protein and IL.-6 concentrations.

Pancreatic cytokine concentration

Pancreatic IL-6 concentration in the cytosolic fraction was

measured with an ELISA kit (Bender Medsystem, Vienna,

Austria) according to the manufacturer’s instructions and

corrected for the protein content of the tissue. Protein

concentration in the tissues was determined by the method
[44]

of Lowry et al .

Histological examination

A portion of the pancreas was fixed in 8% neutral
formaldehyde solution and embedded in paraffin. Tissue
slices were stained with hematoxylin and eosin and
examined under light microscope. Slices were coded
and examined blind by a pathologist for the grading of

histological alterations.

Statistical analysis

One-way ANOVA and LSD post hoc analysis were
performed to test for significant differences among the
five experimental groups. Results were expressed as mean
+ SE. P < 0.05 was considered statistically significant.
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Figure 2 Effects of melatonin (50 mgl/kg) treatment on the total SOD and Mn-SOD activities of the pancreas (A, C) and liver (B, D) in L-arginine-induced (2 x 3.2 g/kg)
acute pancreatitis. Means + SE of results on 5 animals in each group are shown. 2P<0.05 vs group A; °P<0.05 vs group C.

RESULTS

Melatonin treatment alone caused no significant alterations
in the measured parameters as compared to those in the
control rats.

The pancreatic weight/body weight ratio was signifi-
cantly higher in the L-Arg-treated rats than in the control
group. Melatonin given before or after L-Arg, did not in-
fluence the degree of edema (Figure 1A).

The serum amylase activity in all L-Arg-injected rats
was significantly elevated relative to the control. Melatonin
posttreatment significantly reduced the amylase activity as
compared to the treatment only with L-Arg (Figure 1B).

The concentration of lipid peroxidation product MDA
in the pancreas was increased in the rats treated with L-Arg
or with L-Arg followed by melatonin. When melatonin was
given before L-Arg, the MDA level was not significantly
changed compared to that in the control group (Figure
1C). The amount of MDA in the liver of animals given
L-Arg was significantly increased compared to that in the
control group. Melatonin pretreatment significantly re-
duced the concentration of the lipid peroxidation product
(Figure 1D).

The pancreatic total SOD activity was significantly in-
creased as a result of L-Arg administration and the effect
was not modified by pre- or post-treatment with melatonin
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(Figure 2A). The hepatic total SOD activities in the L-Arg-
treated groups were not significantly different from those
in the control rats, but the L-Arg-treated rats having pre-
viously received melatonin exhibited a significantly lower
SOD activity than those injected only with L-Arg (Figure
2B).

Relative to the level in the control rats, the pancreatic
Mn-SOD activity was significantly elevated in animals
given I-Arg followed by melatonin (Figure 2C). The Mn-
SOD activity in the liver was significantly decreased as a
consequence of L-Arg injections. Melatonin given before
or after I-Arg prevented the reduction of Mn-SOD activ-
ity (Figure 2D).

As compared to the levels in the control rats, the pan-
creatic Cu/Zn-SOD activities were significantly elevated
in all L-Arg-treated groups (Figure 3A). Relative to the
control levels, the hepatic Cu/Zn-SOD activity was sig-
nificantly increased in rats that received only L-Arg, this
change was prevented by melatonin given before or after
the L-Arg injections (Figure 3B).

The pancreatic CAT activity was significantly increased
in the rats given only L-Arg injections and also in those
given L-Arg followed by melatonin, relative to that in the
control rats. However, in the rats pretreated with melaton-
in the changes in CAT activity were prevented (Figure 3C).
As compared to the level in the control rats, the hepatic



Szabolcs A et al. Effect of melatonin on acute pancreatitis 255
A Pancreatic Cu/Zn-SOD activity B Hepatic Cu/Zn-SOD activity
90 —
C
25— 80
c |
C |
T 70
5 @ ; i 1 |
S T 80 a T
£ s . T
o] 15— g 50 T
£
S 40
10 0
T
20
5 —
10
0 I I I I 0
c A AM MA M c A AM MA M
C P ! . D . -
12 ancreatic CAT activity Hepatic CAT activity
25
| c c
1 T T T
2 - 1
— C
2" T 5 T -
X X 157 ca
2 06 T a g T
€ | g,
B 04 2
05 —
02
0 I 0 \ \ \ \
c A AM MA M c A AM MA M

Figure 3 Effects of melatonin (50 mg/kg) treatment on the Cu/Zn-SOD and CAT activities of the pancreas (A, C) and liver (B, D) in L-arginine-induced (2 x 3.2 g/kg) acute
pancreatitis. Means + SE of results on 5 animals in each group are shown. 2P<0.05 vs group A; °P<0.05 vs group C.

CAT activities were significantly reduced in the rats treated
with melatonin before or after I-Arg, whereas in the rats
given only L-Arg the CAT activity was unchanged (Figure
3D).

The pancreatic GSH level was not significantly influ-
enced by any of the treatments (Figure 4A). GPx activity
was not detectable in the pancreas of the rats in this study.
In comparison with the level in the control rats, hepatic
GPx activities were significantly elevated in the rats treated
only with L-Arg and in the rats given melatonin following
L-Arg, but not in the rats pretreated with melatonin (Figure
4B).

The pancreatic MPO activity was significantly increased
in the L-Arg-treated rats compared to that in the control
rats. This response was reduced by melatonin given before
or after L-Arg injections (Figure 4C).

Relative to the level in the control rats, the pancreatic
IL-6 concentration was significantly elevated in the L-Arg-
injected animals (Figure 4D).

Histological investigation confirmed the development
of severe necrotizing pancreatitis in all rats given L-Arg,
with no discernible differences between the groups.

DISCUSSION

This study demonstrated the antioxidant effect of

melatonin during L-Arg-induced severe necrotizing
pancreatitis. The dose of 50 mg/kg melatonin was chosen
according to literary data and a pilot-study investigating the
effect of different doses of melatonin on the pancreatic
weight/body weight ratio and the serum amylase activity
P22 Tn contrast to Qi and colleagues who used repeated
injections of melatonin, we could detect the beneficial
effect of the drug after administration of a single dose in
the same order of magnitudelzg]. Melatonin beneficially
influenced the serum amylase activity, the free radical
scavenger enzyme activity in the liver and pancreas as well
as the lipid peroxidation level in the liver.

L-Arg-induced pancreatitis is a slowly-developing
experimental model in which characteristic laboratory
changes are observed 24 h after induction of the disease.
By this time, administration of high doses of L-Arg can
cause severe necrotizing pancreatitis, as observed in the
current study and confirmed by the significant elevation
of the serum amylase activity, edema of the pancreas and
the increased level of lipid peroxidation marker MDA.
The significantly higher MPO activity and the increased
amount of pro-inflammatory cytokine IL-6 in the pancreas
document the initiation of an inflammatory process in the
pancreas.

Elevation of the serum amylase activity is one of the
characteristic parameters of acute pancreatitis. The activ-
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Figure 4 Effects of melatonin (50 mg/kg) treatment on the pancreatic GSH content (A), liver GPx activity (B), pancreatic myeloperoxidase activity (C) and pancreatic IL-6
content (D) in L-arginine-induced (2 x 3,2 g/kg) acute pancreatitis. Means + SE of results on 5 animals in each group are shown. 2P<0.05 vs group A; °P<0.05 vs group C.

ity of this enzyme begins to rise 12 h after administration
of I-Arg and peaks at around 24 h. At this point, the level
of serum amylase activity correlates with the severity of
acinar destruction. In our experiment administration of
melatonin following the induction of pancreatitis can sig-
nificantly reduce the activity of this enzyme in serum.

Infiltrating leukocytes and mediators released by these
cells are known to play a pivotal role in the amplification
of the inflaimmatory process. One of the inflammatory
cytokines that is important in the development of L-Arg-
induced pancreatitis is 1L-6. In the present study, the level
of IL-6 and the MPO activity proved to be significantly
clevated in the L-Arg-treated rats. However, the previously
reported anti-inflammatory effect of melatonin could not
be clearly demonstrated in severe necrotizing pancreatitis
[45]

Lipid peroxidation in the pancreas and distant organs
is a process mediated by free radicals. Detection of these
radicals is difficult because of their high reactivity and
short half-life. Accordingly, we measured the activities of
free radical scavengers and the degree of lipid peroxidation
in order to assess the extent of free radical damage during
this inflammatory process. In our experimental setting we
did not focus on the detection of eatly events of acute
pancreatitis, such as decreased scavenger enzyme activities
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and enzyme-activating effects of melatonin, which took
place during the first 6-12 h of the disease. We rather
wanted to demonstrate the long-lasting effect of a single
dose of melatonin on the fully developed illness.

The current study revealed that melatonin pretreatment
significantly attenuated the lipid peroxidation in the liver
of the rats. Changes in Cu/Zn-SOD, Mn-SOD and GPx
activities in the liver were reduced by melatonin, whereas
in the pancreas the beneficial effect was less pronounced
and manifested only in the changes of CAT activity. In
the pancreas, H202 generated by SOD can serve as a
substrate of GPx or CAT. This explains the CAT activity
elevation and the lack of GPx activity in the pancteas. The
differences observed between the examined organs can be
explained by the fact that the basal activities of scavenget
enzymes are 10-fold higher in the liver than in the
pancreas. The antioxidant effect of melatonin is therefore
easier to demonstrate in the liver of animals. These
differences in scavenger activities explain why melatonin
pretreatment can reduce the lipid peroxidation in the liver,
but not in the pancreas. The low scavenger activities are
probably one reason for the high mortality associated with
acute pancreatitis.

In conclusion, melatonin is able to counteract some of
the L-Arg-induced changes in laboratory parameters of
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acute pancreatitis. Even a single injection of melatonin can
beneficially influence serum amylase activity and lipid per-
oxidation level in the liver, but can not prevent histological
damage to the pancreas. Since melatonin has a very short
half-life, repeated injections or continuous infusion may be
necessary to develop its full effect. Multiple organ failure
is the main reason for pancreatitis-associated mortality. As
melatonin reduces hepatic damage caused by L-Arg, it is
possible that continuous infusion of the substance may be
beneficial in preventing multiple organ damage as a com-
plication of acute necrotizing pancreatitis.

REFERENCES

1

10

11

12

13

14

15

16

Czaké L, Takacs T, Varga IS, Tiszlavicz L, Hai DQ, Hegyi P,
Matkovics B, Lonovics J. Involvement of oxygen-derived free
radicals in L-arginine-induced acute pancreatitis. Dig Dis Sci
1998; 43: 1770-1777

Schoenberg MH, Biichler M, Beger HG. Oxygen radicals in
experimental acute pancreatitis. Hepatogastroenterology 1994;
41: 313-319

Schulz HU, Nijederau C, Klonowski-Stumpe H, Halangk W,
Luthen R, Lippert H. Oxidative stress in acute pancreatitis.
Hepatogastroenterology 1999; 46: 2736-2750

Sweiry JH, Mann GE. Role of oxidative stress in the
pathogenesis of acute pancreatitis. Scand | Gastroenterol Suppl
1996; 219: 10-15

Uruiiuela A, Sevillano S, de la Mano AM, Manso MA, Orfao
A, de Dios 1. Time-course of oxygen free radical production
in acinar cells during acute pancreatitis induced by pancreatic
duct obstruction. Biochim Biophys Acta 2002; 1588: 159-164

Varga IS, Matkovics B, Czako L, Hai DQ, Kotorman M, Takacs
T, Sasvari M. Oxidative stress changes in L-arginine-induced
pancreatitis in rats. Pancreas 1997; 14: 355-359

Czaké L, Takacs T, Varga IS, Tiszlavicz L, Hai DQ, Hegyi P,
Matkovics B, Lonovics J. Oxidative stress in distant organs and
the effects of allopurinol during experimental acute pancreatitis.
Int | Pancreatol 2000; 27: 209-216

Virlos I, Mazzon E, Serraino I, Di Paola R, Genovese T, Britti
D, Thiemerman C, Siriwardena A, Cuzzocrea S. Pyrrolidine
dithiocarbamate reduces the severity of cerulein-induced
murine acute pancreatitis. Shock 2003; 20: 544-550

Wenger FA, Kilian M, Jacobi CA, Gregor ]I, Guski H, Schimke
I, Miiller JM. Effects of octreotide on lipid peroxidation
in pancreas and plasma in acute hemorrhagic necrotizing
pancreatitis in rats. Pancreatology 2002; 2: 211-216

Yagci G, Gul H, Simsek A, Buyukdogan V, Onguru O, Zeybek
N, Aydin A, Balkan M, Yildiz O, Sen D. Beneficial effects of
N-acetylcysteine on sodium taurocholate-induced pancreatitis
in rats. | Gastroenterol 2004; 39: 268-276

Reiter R]. Melatonin: Its role in limiting macromolecular
toxicity due to partially reduced oxygen metabolites. Verlag
der Séchsischen Akademie der Wissen schaften zu Leipzig.
Mathematisch-naturwissenschaftliche klasse 2001; 60; 121-136
Benot S, Goberna R, Reiter RJ, Garcia-Maurino S, Osuna C,
Guerrero JM. Physiological levels of melatonin contribute to
the antioxidant capacity of human serum. ] Pineal Res 1999; 27:
59-64

Benot S, Molinero P, Soutto M, Goberna R, Guerrero JM.
Circadian variations in the rat serum total antioxidant status:
correlation with melatonin levels. | Pineal Res 1998; 25: 1-4
Cardinali DP, Pévet P. Basic aspects of melatonin action. Sleep
Med Rev 1998; 2: 175-190

Tan DX, Manchester LC, Reiter R], Qi WB, Zhang M, Weintraub
ST, Cabrera ], Sainz RM, Mayo JC. Identification of highly
elevated levels of melatonin in bone marrow: its origin and
significance. Biochim Biophys Acta 1999; 1472: 206-214

Allegra M, Reiter RJ, Tan DX, Gentile C, Tesoriere L, Livrea
MA. The chemistry of melatonin’s interaction with reactive
species. | Pineal Res 2003; 34: 1-10

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Mayo JC, Sainz RM, Antoli I, Herrera F, Martin V, Rodriguez C.
Melatonin regulation of antioxidant enzyme gene expression.
Cell Mol Life Sci 2002; 59: 1706-1713

Reiter RJ, Tan DX, Manchester LC, Qi W. Biochemical reactivity
of melatonin with reactive oxygen and nitrogen species: a
review of the evidence. Cell Biochem Biophys 2001; 34: 237-256
Gilad E, Wong HR, Zingarelli B, Virag L, O’Connor M, Salzman
AL, Szab6 C. Melatonin inhibits expression of the inducible
isoform of nitric oxide synthase in murine macrophages: role of
inhibition of NFkappaB activation. FASEB ] 1998; 12: 685-693
Reiter RJ, Tan DX, Sainz RM, Mayo JC, Lopez-Burillo S.
Melatonin: reducing the toxicity and increasing the efficacy of
drugs. | Pharm Pharmacol 2002; 54: 1299-1321

Chuang JI, Mohan N, Meltz ML, Reiter R]. Effect of melatonin
on NF-kappa-B DNA-binding activity in the rat spleen. Cell Biol
Int 1996; 20: 687-692

Brzozowski T, Konturek PC, Konturek SJ, Pajdo R, Bielanski W,
Brzozowska I, Stachura J, Hahn EG. The role of melatonin and
L-tryptophan in prevention of acute gastric lesions induced by
stress, ethanol, ischemia, and aspirin. ] Pineal Res 1997; 23: 79-89
Gitto E, Karbownik M, Reiter R]J, Tan DX, Cuzzocrea S,
Chiurazzi P, Cordaro S, Corona G, Trimarchi G, Barberi I.
Effects of melatonin treatment in septic newborns. Pediatr Res
2001; 50: 756-760

Pentney PT, Bubenik GA. Melatonin reduces the severity of
dextran-induced colitis in mice. | Pineal Res 1995; 19: 31-39
Reiter R]J, Cabrera J, Sainz RM, Mayo JC, Manchester LC,
Tan DX. Melatonin as a pharmacological agent against
neuronal loss in experimental models of Huntington’s disease,
Alzheimer’s disease and parkinsonism. Ann N Y Acad Sci 1999;
890: 471-485

Reiter RJ, Sainz RM, Lopez-Burillo S, Mayo JC, Manchester
LC, Tan DX. Melatonin ameliorates neurologic damage and
neurophysiologic deficits in experimental models of stroke. Ann
N Y Acad Sci 2003; 993: 35-47; discussion 48-53

Reiter RJ, Tan DX. Melatonin: a novel protective agent against
oxidative injury of the ischemic/reperfused heart. Cardiovasc
Res 2003; 58: 10-19

El-Sokkary GH, Reiter R], Cuzzocrea S, Caputi AP,
Hassanein AF, Tan DX. Role of melatonin in reduction of lipid
peroxidation and peroxynitrite formation in non-septic shock
induced by zymosan. Shock 1999; 12: 402-408

Qi W, Tan DX, Reiter R], Kim SJ, Manchester LC, Cabrera ],
Sainz RM, Mayo JC. Melatonin reduces lipid peroxidation and
tissue edema in cerulein-induced acute pancreatitis in rats. Dig
Dis Sci 1999; 44: 2257-2262

Jaworek J, Konturek SJ, Tomaszewska R, Leja-Szpak A, Bonior
J, Nawrot K, Palonek M, Stachura J, Pawlik WW. The circadian
rhythm of melatonin modulates the severity of caerulein-
induced pancreatitis in the rat. ] Pineal Res 2004; 37: 161-170
Czaké L, Takacs T, Varga IS, Hai DQ, Tiszlavicz L, Hegyi
P, Méndi Y, Matkovics B, Lonovics J. The pathogenesis of
L-arginine-induced acute necrotizing pancreatitis: inflammatory
mediators and endogenous cholecystokinin. | Physiol Paris 2000;
94: 43-50

Dabrowski A, Konturek SJ, Konturek JW, Gabryelewicz A.
Role of oxidative stress in the pathogenesis of caerulein-induced
acute pancreatitis. Eur | Pharmacol 1999; 377: 1-11

Hegyi P, Rakonczay Z, Sari R, Gég C, Lonovics ], Takédcs T,
Czako L. L-arginine-induced experimental pancreatitis. World |
Gastroenterol 2004; 10: 2003-2009

Rakonczay Z, Jarmay K, Kaszaki J, Mandi Y, Duda E, Hegyi
P, Boros I, Lonovics ], Takacs T. NF-kappaB activation is
detrimental in arginine-induced acute pancreatitis. Free Radic
Biol Med 2003; 34: 696-709

Varga IS, Matkovics B, Hai DQ, Kotorman M, Takacs T, Sasvari
M. Lipid peroxidation and antioxidant system changes in
acute L-arginine pancreatitis in rats. Acta Physiol Hung 1997; 85:
129-138

Placer ZA, Cushman LL, Johnson BC. Estimation of product
of lipid peroxidation (malonyl dialdehyde) in biochemical
systems. Anal Biochem 1966; 16: 359-364

Misra HP, Fridovich I. The role of superoxide anion in the

www.wjgnet.com



258 ISSN 1007-9327  CN 14-1219/R

World ] Gastroenterol

January 14, 2006 Volume 12 Number 2

38

39

40

41

autoxidation of epinephrine and a simple assay for superoxide
dismutase. | Biol Chem 1972; 247: 3170-3175

Beauchamp C, Fridovich I. Superoxide dismutase: improved
assays and an assay applicable to acrylamide gels. Anal Biochem
1971; 44: 276-287

Beers rf, Sizer IW. A spectrophotometric method for measuring
the breakdown of hydrogen peroxide by catalase. | Biol Chem
1952;195: 133-140

Chiu DT, Stults FH, Tappel AL. Purification and properties of
rat lung soluble glutathione peroxidase. Biochim Biophys Acta
1976; 445: 558-566

Sedlak J, Lindsay RH. Estimation of total, protein-bound, and
nonprotein sulfhydryl groups in tissue with Ellman’s reagent.
Anal Biochem 1968; 25: 192-205

42

43

44

45

Kuebler WM, Abels C, Schuerer L, Goetz AE. Measurement
of neutrophil content in brain and lung tissue by a modified
myeloperoxidase assay. Int | Microcirc Clin Exp 1996; 16:
89-97

Dignam JD, Lebovitz RM, Roeder RG. Accurate transcription
initiation by RNA polymerase II in a soluble extract from
isolated mammalian nuclei. Nucleic Acids Res 1983; 11: 1475-1489
Lowry OH, Rosebrough NJ, Farr AL, Randall R]. Protein
measurement with the Folin phenol reagent. | Biol Chem 1951;
193: 265-275

Nava M, Quiroz Y, Vaziri N, Rodriguez-Iturbe B. Melatonin
reduces renal interstitial inflammation and improves
hypertension in spontaneously hypertensive rats. Am ] Physiol
Renal Physiol 2003; 284: F447-F454

S- Editor Wang XL and Guo SY L- Editor Elsevier HK E- Editor Wu M

www.wjgnet.com



