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1. SUMMARY

Acute pancreatitis is a disease with high mortaditg without efficient treatment. The
aim of our study was to demonstrate the effectthiife natural substances with antioxidant
and anti-inflammatory properties on the severitaafte experimental pancreatitis.

Besides the regulation of the circadian rhythm pueeal product melatonin has
recently been shown to exhibit strong antioxidasitweell as anti-inflammatory effects in
various organs like the brain, heart, liver, retamal the gut. Melatonin can directly detoxify
free radicals; it influences the antioxidant fuontiof scavenger enzymes and depresses the
synthesis of inflammatory cytokines through theibition of the transcription factor NF-
kappa B.

Resveratrol is a plant-derived phytoalexin usethentraditional Chinese medicine as
a drug against inflammation, allergy and hyperkgorda. It exerts beneficial effects in several
organs like heart, brain, lung and intestines byiekting free radicals, inhibiting platelet
aggregation, endothelial activation and the adtwabf NF-kappa B. As a high amount of
resveratrol is present in red wine, it is possitilat the substance is responsible for the
“French paradox” describing the protective effaxftsed wine consumption.

Zerumbone is a sesquiterpenoid found in large amsoumthe rhizome oZingiber
zerumbeta plant traditionally used as a condiment anth&South-east Asian countries as a
drug for the treatment of swellings, sores, losambetite, worm infestation, toothache and
indigestion. Besides its antioxidant effects, theleoular background of the action of
zerumbone is probably mediated by the inhibitiorNéFkappa B leading to decrease of IL-
1B, TNF-u levels and the reduction of tde novasynthesis of INOS and COX-2.

The effects of these three substances on acutegaditic were examined in different
experimental setting.

Our results lead to the conclusion that the pipeatiuct melatonin has a moderate
impact on the pancreas, but due to its antioxidaadities it can exert a protective effect in
the liver of animals with acute necrotizing pantitesa The beneficial pancreatic effects of
resveratrol in acute edematous pancreatitis arsuprably mediated by the intrinsic
antioxidant effect of resveratrol or by an MB-independent anti-inflammatory mechanism.
In contrast to this, the observed antioxidant amdi-iaflammatory effects of isolated

zerumbone are likely to be mediated through théitibn of NF«B activation.



INTRODUCTION

2.1. Acute pancreatitis

Acute pancreatitis is an inflammatory disease chusethe premature activation of
pancreatic exocrine enzymes which leads to theryinpf the gland and other organs.
Approximately 3000 patients develop acute pandrsannually in Hungary. Alcohol and
gallstones are supposed to be the etiological feétoalmost 80% of the cases, but several
other factors are believed to be important in thiation of the inflammatory cascade. These

factors are listed in table I.

Table I. Known etiological factors responsible for acute pancreatitis

Mechanical causes (obstruction) Cholelithiasis
Gastric/Biliary surgery
Pancreas divisum
Trauma
ERCP
Malignancy
Ascaris infestation
Duodenal obstruction
Metabolic causes Alcohol
Hyperlipidaemia
Hypercalcaemia
Drugs (thiazides, oestrogens, azathioprine)
Trinidadian scorpion venom
Infective causes Mumps
Coxsackie B
Cytomegalovirus
Cryptococcus
HIV
Vascular causes (ischaemia) Cardio-pulmonary bypass
Peri-arteritis nodosa
Embolism
Genetic causes Hereditary pancreatitis
Raraty M.G.T. 1999 Balliére’s Clinical Gastroenterology 13:241-251

The clinical classification into mild and severens has prognostic relevance. Mild
pancreatitis with interstitial edema of the tissuel peripancreatic lipid necrosis is considered
to be a self-limiting disease with low complicatisate. In contrast to this, the severe
necrohemorrhagic form (10-20%) is characterizedsegmental or diffuse necrosis of the
pancreatic parenchyma which can propagate in tirewsuding tissues. Bacterial infection of
the necrotic tissue and development of multipleaorgamage can worsen the status of the
patient. The mortality of this form is still high.

The therapy of acute pancreatitis is still an usdlproblem. The acute edematous

form can be treated in most patients by fastingaBi pancreatitis can be cured by extraction



of the gallstones from the choledochus by ERCP.téAaecrotizing pancreatitis has no
specific therapy. Therapeutic approaches are ldritethe use of jejunal feeding, analgesics,
nitroglycerine for the relaxation of sphincter Oddjastroprotection, cardiorespiratoric
support and antibiotics for the prevention of baatesuperinfection of the necrotic tissue.

Pancreatic surgery is performed in case of infaatiocomplications.

2.2. Pathogenesis of acute pancreatitis

The molecular background of the pathogenesis ofeapancreatitis is still not fully
understood. Intracellular activation of the exoergnzymes is believed to be the key step in
the development of the disease{Figarella, 1988 ¥}49he best established theory
pronounces the central role of the fusion of zynmogianules and lysosomes as the result of a
secretory blockade caused by CCK hyperstimulati@n{te, 1999 #471; Saluja, 1989 #80;
Steer, 1998 #486}. In the formed autophag vacuatelysosomal enzyme cathepsin B can
activate the pancreatic trypsinogen. Auto-activated trypsinogen which is facilitated by
acidic pH and high calcium concentration is an othessible mechanism{Karne, 1999
#471}. Except amylase and lipase which are syntkesalready in active form, trypsin can
activate other pancreatic enzymes like chymotryppimspholipase A2, aminopeptidase,
elastase and gelatinase. These aggressive enzy@nedamage the tissue of the pancreas,
surrounding vessels or fat tissue, and also distayans by entering the systemic circulation.
Hence the local pancreatic changes may lead tersystalterations.

The level of several cytokines is elevated in theis and in the pancreas during the
early phase of the illness. Trypsin can activate ¢cbmplement system thereby leading to
production of chemotactic complement factors (@3a){Karne, 1999 #471}. These factors
attract macrophages and neutrophils to the tissuelmproduce further cytokines. Released
TNF-a, IL-1, IL-6, nitric oxide, PAF can amplificate thaeflammatory response{Denham,
1997 #487; Formela, 1994 #489; Gukovskaya, 199B}dhe pathogenetical importance of
these factors was demonstrated in experimentahgettising knockout animals.

Oxygen and nitrogen derived free radicals (FR) p#&ydetrimental role in the
progression of pancreatitis{Schulz, 1999 #83}. F&&® be produced by pancreatic acinar
cells or infiltrating leucocytes. Pancreatic xarakidase and aldehide-oxidase can produce a
significant amount of FRs. Besides production afspaglandins and leukotriens, activation of
the arachidonic acid cascade leads to the producifoperoxide intermediers and FRs.
Further FRs are generated by NADPH-dependent casdasated in the plasma membrane of

granulocytes, by myeloperoxidase and by leukocldstases and proteases. The generated



FRs can damage the lipid membranes of the celldperoxidation is leading to increased
permeability of the membranes and finally to cedhth. In the early phase of pancreatitis,
FRs are responsible for edema formation. Tissumadmd also systemic stress results in the
slow down of pancreatic microcirculation and asomsequence, it leads to formation of
thrombi which cause hypoxia and necrosis of theuss This is probably the reason for the
conversion of mild edematous pancreatitis to nemmadrragic pancreatitis.

The intracellular activation of pancreatic enzymesacute biliary pancreatitis is
attributed to the biliopancreatic reflux and/or ithereased ductal pressure in the pancreatic
ductal system. This theory is demonstrated in expartal models where acute pancreatitis
can be provoked by the retrograde injection of inite the main pancreatic duct, or simply by
the ligation of the pancreatic duct. In the climipaactice endoscopic sphincterotomy and
stone extraction is performed in cases with bilipgncreatitis to decrease the pancreatic
pressure. After the intervention the recurrencaaite biliary pancreatitis is low.

The other common etiological factor, alcohol camtipgate in the development of
acidic pH, it increases the sensitivity of the glan CCK, damages the membrane of the
ductal epithel and the zymogen granules and dexsethe concentration of trypsin inhibitor
in the pancreas {Karne, 1999 #471; Katz, 1996 #49Qarella, 1988 #491}. Aldehide
oxidase is responsible for the degradation of altderived acetaldehide, the production of
FRs during this process contributes to the etichgiole of alcohol in pancreatitis{Schulz,
1999 #83}.

In the investigations of inflammatory processeserdion has recently turned to the
activation of the transcription factor nuclear tadkappa B (NFR<B){Chen, 2002 #12; Storz,
2004 #338}. NF«B binding elements have been found in the prontaigion of many genes
encoding inflammatory cytokines and enzymes. Inghecreas, NikB exists as a homo or
heterodimer of two subunits called p65 and p50{CGusky, 1998 #29}. Under physiological
conditions, NF«B is located in the cytosol of the cell and is bdtm the inhibitory protein I-
kappaB (IxB). During the inflammatory processesgB-is phosphorylated by «B kinase
and becomes the target of degradation. The unbbdlfeB can translocate to the nuclei.
Inhibition of NF«B activation has been shown to exert anti-inflanonakffects in acute
pancreatitis{Letoha, 2005 #43; Letoha, 2005 #44&dRazay, 2003 #76}. NikB is believed
to be a key factor in the development of acute piitis as it regulates the synthesis of
TNF-alpha, IL-1 and 6, INOS, COX-2 and many otheleunules.

2.3. Experimental pancreatitis



The development and especially the early eventacote pancreatitis can not be
sufficiently studied in clinical settings becausestof the patients arrive at the hospital hours
or even days after the onset of the symptoms ofneatitis. Tissue samples for histology or
samples for enzyme activity studies can not belyeasillected from the patients. To
overcome this problem, different experimental medelve been developed for the induction
of pancreatitis of varying severity in differentegges. Pancreatitis can be induced in rodents
by the administration of secretagogues like CCKeanulein or by ligation of the pancreatic
duct. These treatments usually result in mild edeosapancreatitis but the severity can vary
in different species. Acute necrotizing pancreatdan be evoked in rats by the retrograde
injection of taurocholic acid into the biliopanctieaduct, by intraperitoneal injections of L-
arginine or in mice, by keeping them on cholineideht ethionine-supplemented diet. The
lethalitiy of these models is high{Steer, 1999 #8bhe CCK-8 and the L-arginine-induced
pancreatitis models were used in our experimentvtke mild edematous pancreatitis or
necrotizing pancreatitis respectively. The advgataf these models is the dose dependence
of the severity of the illness and the simple desi§ancreatitis can be induced by
intraperitoneal or subcutan injections and surgemnot needed. Therefore, more animals can

be treated simultaneously and possible side eftdcis operation can be avoided.

2.3.1. Cholecystokinin- induced experimental pancreatitis

The most commonly used experimental model of aedmatous pancreatitis is the
cholecystokinin-octapeptide (CCK-8)-induced pantitisamodel in rats. CCK is synthesized
by the endocrine cells of the duodenum and jejubuint is also present in the colon and in
the brain as a neurotransmitter. The physiologeftdcts of CCK are: contraction of the
gallbladder, relaxation of the sphincter Oddi, @ased pancreatic exocrine enzyme secretion
and ductal electrolyte secretion, inhibition of tggsemptying. It exerts a trophic effect on the
pancreas and influences the endocrine functiomefgtand and the gastrointestinal motility.
CCK-8 consists of the C-terminal 8 amino acids @KCand has the same biological effects
as CCK. In rats, repeated supramaximal doses of-8@#ad to the development of a mild
edematous pancreatitis{Grady, 1996 #485}. The pghetical background of the
experimental model is the stimulation of the loviirafy CCK-A receptors of the pancreas
which leads to the inhibition of zymogene secrdt&aiuja, 1989 #80}. The model is
characterized by elevated serum amylase and lipaseities, changes of free-radical-
scavenger activities, edema of the pancreas ameased amounts of inflammatory cytokines
in the pancreas and serum{Grady, 1996 #485; CzZ&®3 #14; Laszik, 1989 #41; Takacs,



1994 #88; Takacs, 1996 #89}. CCK-8-induced panttreas a highly reproducible model of
acute pancreatitis, therefore the preventive etbée new compound is usually tested in this

model initally.

2.3.2. L-arginine-induced experimental pancreatitis

L-Arg-induced pancreatitis is an experimental modél severe necrotizing acute
pancreatitis. The molecular background of the peatdis-inducing action of L-arginine is
unknown, nevertheless the model is reproduciblejnvasive and produces dose-dependent
damage, and is therefore ideal for studying thénqunesis of severe acute necrotizing
pancreatitis{Czako, 2000 #123; Dabrowski, 1999 #382gyi, 2004 #141; Rakonczay, 2003
#76; Varga, 1997 #186}. 24 h after the intrapemtan (i.p.) injections of L-Arg the
inflammation of the tissue is confirmed by histolagnd by the characteristic changes of the
laboratory parameters. At this time due to therdesibn of the tissue, the elevations of serum
amylase activity and the pancreatic weight /bodyghteratio are usually not as high as in
CCK-8-induced pancreatitis but the histologicalraes and the lipid peroxidation are more
pronounced. The histology shows severe tissue siscracinar vacuolization, haemorrhages
and inflammation. The early events of pancreatitesbetter to observe in the CCK-8-induced

model because L-Arg-induced pancreatitis is a staelveloping model.

2.4. Antioxidant or anti-inflammatory drugsin the treatment of experimental pancreatitis.
Several drugs with either antioxidant or antianfimatory properties were applied in
the therapy of acute experimental pancreatitihengast. Administered as pretreatment, the
majority of these substances were able to influesome of the parameters of acute
pancreatitis, but clinically they were not efficieenough to reduce the severity of human
pancreatitis. In the clinical practice, pretreatinean usually not be applied. A unique
situation is if protective substances are regu@ysumed by us, or if an intrinsic molecule
can exerts beneficial effects on a disease. Theyebor attention was turned to natural
substances which can target a broader spectrunflafmmatory and antioxidant mechanisms.
These drugs have the common feature that theydirggaat the level of the transcriptional
regulation. They influence the activation of tramstoon factors like NF-kappa B or AP-1 that
are controlling the production of cytokines and eglbn molecules. Experiments with these

drugs have promising results.

2.4.1. Melatonin
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The pineal product melatonin is known to play anol the regulation of the circadian
rhythm and in the seasonal reproduction of certpiecies. Melatonin is also important as
regards the physiology of the retina and the immapsgtem {Reiter, 2001 #161}. The
antioxidant activity of melatonin has recently rged significant attention. Despite its low
level in the blood, a strong correlation has beé&seoved between this level and the
antioxidant capacity of the serum bathvitro andin vivo {Benot, 1999 #109; Benot, 1998
#110}. Since melatonin is strongly lipophilic, itstracellular concentration may be several
times higher than that in the serum {Cardinali RBQ1 #114}. Various body fluids likewise
contain melatonin levels that are orders of magieitnigher than those measured in the blood
{Tan, 1999 #453}.

Melatonin can detoxify «OH, ONOO-, NO- and peroxaticals directly by electron
donation, stimulate the activities of scavengeryeres, including glutathione peroxidase
(GPx), superoxide dismutase (SOD) and catalase JCAd protect these proteins from
inactivation by the above-mentioned radicals {Ateeg2003 #102; Mayo, 2002 #414,; Reiter,
2001 #161; Reiter, 2001 #167}. The inhibition ofrici oxide synthase (NOS) by melatonin
leads to a reduction in the amount of NOe« generf@lhd, 1998 #132; Reiter, 2001 #161}.
Moreover, melatonin exerts an anti-inflammatoryeeffby inhibiting nuclear factor kappa B
(NF«B) {Chuang, 1996 #373}. By blocking the activatiarii this transcription factor,
melatonin depresses the synthesis of inflammatgigkines such as interleukin-6 (IL-6) and
tumor necrisis factor-alpha (TNF-alpha) and adhesiolecules.

The protective effects of melatonin have been da@mnied in experimental models of
numerous diseases where oxidative damage is a ¢canpdn the central nervous system,
melatonin is protective in experimental models dfole, Alzheimer, Parkinson and
Huntington diseases, and fetal brain injury, andalso improves the outcome of
hypoxia/reperfusion-induced heart, liver, retinad ayut injuries {Brzozowski, 1997 #365;
Gitto, 2001 #133; Pentney, 1995 #421; Reiter, 18928; Reiter, 2003 #162; Reiter, 2003
#163}. Melatonin additionally contributes to the provement of inflammatory diseases,
including endotoxic and circulatory shock {EI-Sokkal999 #129; Gitto, 2001 #133}.

In an earlier study, Qi and colleagues {Qi, 199%3}1showed that in mild, cerulein-
induced edematous pancreatitis pharmacologicalsdosamelatonin protected against the
injury caused by FRs. Melatonin decreased the edertiee pancreas and stomach, and also
the extent of lipid peroxidation in the pancreamndrek et al. demonstrated that even the
circadian changes in the physiological levels oflatomin reduced the severity of

experimental pancreatitis {Jaworek, 2004 #144}.
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The protective effect of melatonin in severe L-Anguced pancreatitis in the rat has
not been investigated to date. We hypothesized tHetdministration of pharmacological
doses of melatonin might improve the outcome ofrig-Aduced necrotizing pancreatitis in
rats. To test this, we measured a variety of patameelated to pancreatic damage by L-Arg

when melatonin was given either before or afterrig-A

2.4.2. Resveratrol

Resveratrol (trans-3,5,4'-trinydroxystilbene), atunally occurring phytoalexin, is
found in numerous plants such as grapes, peandtsa@a beans, and it can reach especially
high concentrations in red wine {Fremont, 2000 #28ants produce resveratrol in response
to fungal infections or UV irradiation {Bavaresc®003 #266}. Resveratrol had long been
used in the traditional Chinese medicine as a dxgginst inflammation, allergy and
hyperlipidemia before its beneficial effect was @ in experimental settings {lgnatowicz,
2001 #217}. It exerts antioxidant, anti-inflammata@and also anti-cancer effects in various
organs like heart, brain, lung and intestines {@ylg003 #207; Han, 2004 #290; Ignatowicz,
2001 #217; Martin, 2004 #233; Pervaiz, 2004 #324t0S2000 #333}. The protective
properties of resveratrol observiedvitro andin vivo and the high amount of it present in red
wine had led some scientists to believe that thidhé substance responsible for the “French
paradox”: the phenomenon that the frequent consompf red wine in France is associated
with a reduced mortality due to coronary heart asgeand cancer as compared with other
European countries {Renaud, 1993 #329; Richard7 ¥&30}.

The molecular background of the effects of redverappears to be its ability to
eliminate hydroxyl, superoxide and metal-inducedicals and thereby protect the lipid
membranes of the cell against the lipid peroxidataitherwise caused by these radicals
{Cavallaro, 2003 #204; Ignatowicz, 2001 #217; ORB0)4 #318}. The suppression of cyclo-
oxygenase-2 and inducible nitric oxide synthas€O@) activities also contributes to its anti-
inflammatory and antioxidant effects {Donnelly, 208211; Ignatowicz, 2001 #217; Manna,
2000 #232; Tsai, 1999 #256}. Resveratrol additipnahhibits platelet aggregation
{Zbikowska, 2000 #351} and endothelial activatio@drluccio, 2003 #203}, and blocks all
three phases of tumor development including indigt promotion and progression
{lgnatowicz, 2001 #217; Pervaiz, 2004 #324; Scarl&003 #334; Ulrich, 2005 #347}.
Resveratrol blocks the activity ofkB kinase, thereby inhibiting the activation of NB-and
the production of inflammatory cytokines {Boscokf03 #270; Holmes-McNary, 2000 #216;
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Murakami, 2003 #56}. Our experiment investigate@ tbrotective effects of resveratrol
pretreatment in acute CCK-8-induced experimentatpeatitis.

2.4.3. Zerumbone

Zerumbone (2,6,9,9-tetramethylcycloundeca-2,6,lH0Ht-one) is a sesquiterpenoid
found in large amounts in the rhizome Zihgiber zerumbeta plant traditionally used as a
condiment. In the South-east Asian countd@sgiber zerumbeis used for the treatment of
swellings, sores, loss of appetite, worm infestgttoothache and indigestion. Sesquiterpenes
such as zerumbone isolated from this plant alssgsssanti-allergenic and anti-spasmodic
properties. Only few literary data exist about th@lecular effects of zerumbone. Howewver i
vitro experiments with zerumbone have demonstrated aeuwnf beneficial effects of the
drug {Hoffman, 2002 #31; Kirana, 2003 #36; Liao999%46; Murakami, 2002 #60; Ozaki,
1991 #72; Takada, 2005 #90}. Most of these studiee focused on the chemopreventive
and chemotherapeutic effects of zerumbone in twrabbiines {Kirana, 2003 #36}. Furthem
vitro experiments have shown that zerumbone inhibitattieation of NfkB and also thele
novo synthesis of INOS and cyclooxygenase-2 {Kundu,£2@224; Murakami, 2006 #58;
Murakami, 2005 #59; Murakami, 2002 #60; Takada, 52Gf0}. Intrinsic antioxidant
properties of zerumbone are believed to contribboitiés anti-tumor action {Murakami, 2002
#60}.

Thein vivo effects of the compound on diseases associatdd imfiammation and
oxidative stress are not well described. Timevivo study by Somchit et al showed that an
extract ofZingiber zerumbeteduces the extent of experimentally induced Ipad edema in
rats {Nhareet Somchit, 2003 #67}. Murakami et atetted the beneficial effects of the
substancan vivo in a model of dextran sulfate-induced colitis incen{Murakami, 2003
#55}. Prolonged oral administration of the drug ueed the levels of ILfi, TNF- and
prostaglandin E2 in the colonic mucosa of the atsraad reduced the extent of histological
damage to the tissue. To date, the influence afrabone on the severity of pancreatitis has
not been investigated. As transcription factoridBf-mediators such as IL-6 and TNFand
also enzymes such as iINOS and cyclooxygenase-2mjayrtant roles in the development of
acute pancreatitis, the drug is a promising candiflar the prevention or treatment of acute
pancreatitis. Therefore we intended to detect tifeces of zerumbone in CCK-8-induced

experimental pancreatitis.

2.5. Aims
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As the therapy of acute pancreatitis is still r@ved it is important to test the effect of
various substances with antioxidant and anti-infteatory properties in experimental models
of the disease with the aim to find potential cdatis for the treatment of pancreatitis. The
exact conditions leading to the development of @qancreatitis are not fully understood;
therefore it is also important to see how substndach are the constituents of our diet or
which are produced by our body can influence thtaqgenesis of the disease. The aim of this
study is to enlarge our knowledge about the phaoiogical action of melatonin, resveratrol
and zerumbone, three natural substances with addioikand anti-inflammatory features, and
particularly to investigate the impact of thesestabces on the severity of acute experimental
pancreatitis.

3. METHODS
3.1. Animals

Male Wistar rats weighing (200-300g) were use@umn experiments. Animals were
kept at a constant room temperature (25 °C) wghtidark cycles of 12 h and were allowed
free access to water and standard laboratory clBfafm, Zagyvaszantd, Hungary). The
experiments were performed after one week of aatization. To ensure standard conditions
rats were starved for 16 h before the beginningthef experiment. These studies were
approved by the Ethical Committee on Animal Experits of the University of Szeged, in
accordance with ethical standards as formulatatderHelsinki Declaration of 1975 (revised
1983).

3.2 .Experimental protocols

3.2.1. Experimental protocol of the melatonin study

Rats were divided into five groups (n=5 per groulm).group A, pancreatitis was
induced with 3.2 g/kg body weight L-Arg (Sigma-Alch, Budapest, Hungary) i.p. twice at
an interval of 1 h. Rats in groyA were treated with a single dose of 50 mg/kg baeyght
melatonin (Helsinn, Biasca, Switzerland) i.p. 3Gmprior to L-Arg administration. Rats of
group AM received the same dose of melatonin 1tér ahe second injection of L-Arg. In
groupM, a single dose of melatonin was administered. TteeinagroupC served as control
animals and received i.p. injections of physiolagjgaline. 24 h after the last L-Arg injection,

the rats were anesthetized with 44 mg/kg pentotsriBanofi Phylaxia, Budapest, Hungary)
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and were exsanguinated through the abdominal adhe.pancreas, liver and lungs were
quickly removed and frozen at -70°C until use.

Group O h. 0.5'h 1.5 h 25h 25.5h

C ggg/rllei.p. (S)?SIIPneI s.C. g,%“nmel sc. exsanquination
A p%0uip.  Seakaip. Seakgip exsanduination
. S5k, SSok.
e e S, Mo anpsp, naunator
M Melatonin Saline Saline exsanquination

50 mg/kg i.p. 0,5 mls.c. 0,5mls.c.
Table 2. Experimental protocol of the melatonin study.

3.2.2. Experimental protocol of the resveratrol study

Rats were divided into three groups (n=5 in eadug). The rats in group RP were
treated with a single dose of 10 mg/kg body weigddveratrol i.p. 30 min prior to the
induction of pancreatitis by three s.c. injectiafs75ug/kg CCK-8 at intervals of 1 h. In
group P, the rats received an injection of phygjmal saline instead of resveratrol, followed
by the three CCK-8 injections. The rats in groupe@ved as control animals and received one
I.p. and three s.c. injections of physiologicalirsalinstead of resveratrol and CCK-8,
respectively. Four hours after the last CCK-8 dmsainjection, the rats were anesthetized
with 44 mg/kg pentobarbital (Sanofi Phylaxia, Buestpy Hungary) and exsanguinated
through the abdominal aorta. The pancreas andtissures were quickly removed and frozen
at -70 °C until use.

Group Oh 0.5h 15h 25h 6.5h
Saline Saline Saline Saline o
C 1 mli.p. 0,5mls.c. 05mls.c. 0,5mls.c. exsanquination
Saline CCK-8 CCK-8 CCK-8 L
P 1 mli.p. 75u0/kg s.c. 75ug/kg s.c. 75ug/kg s.c. exsanquination
RP Resveratrol CCK-8 CCK-8 CCK-8 exsanquination

10 mg/kg i.p. 75ug/kg s.c 75ug/kg s.c. 75ug/kg s.c.
Table 3. Experimental protocol of the resveratrol study.

Resveratrol was purchased from Sigma Aldrich (Hup)g&C CK-8 was synthetized by
Professor Botond Penke (Department of Chemistryyédsity of Szeged, Szeged, Hungary)
according to the protocol described earlier {Perllg84 #74}.
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3.2.3. Experimental protocol of the zerumbone study

Rats were divided into four. The rats in group Z&entreated i.p. with a single dose of
20 mg/kg zerumbone dissolved in 250 pl dimethyfesutle (DMSO) 30 min prior to the
induction of pancreatitis by three s.c. injectionfs 100pg/kg CCK-8 at intervals of 1 h
(n=10). In group P, the rats received an injecttbrDMSO alone instead of zerumbone,
followed by the three CCK-8 injections (n=10). Titaés in group Z were treated i.p. with a
single injection of 20 mg/kg zerumbone dissolved®50 ul DMSO, followed by three s.c.
injections of physiological saline (n=5). The ratsgroup C served as control animals and
received one i.p. and three s.c. injections of jghggical saline instead of zerumbone and
CCK-8, respectively (n=5). Four h after the lastkC& or saline injection, the rats were
anesthetized with 44 mg/kg pentobarbital (Sanofiyl®ta, Budapest, Hungary) and
exsanguinated through the abdominal aorta. Therpasovas quickly removed and kept
frozen at -70 °C until use.

Group O h' 0'5.h 1.5 h 2.5 h 6.5h

C ggtl)l;rllei.p. g,%“nmel S.C. g,%“nmel S.C. g,%“nmel S.C. exsanquination
P gé\fl)iﬁp E:OCOIZ;kg S.C. E:OCOIZ;kg S.C. E:OCOIZ;kg S.C. exsanquination
zP ggrrl#g/kl)((;ni.ep. E:OCOIZ;kg S.C. E:OCOIZ;kg S.C. E:OCOIZ;kg S.C. exsanquination
~ Zerumbone Saline Saline Saline exsanquination

20 mg/kg i.p. 0,5 ml s.c. 0,5 ml s.c. 0,5 ml s.c.
Table 4. Experimental protocol of the zerumbone study.

Zerumbone was kindly provided by Akira Murakami y8ion of Food Science and
Biotechnology, Graduate School of Agriculture, Kydtniversity, Kyoto, Japan). CCK-8
was synthetized according to the protocol of Pegikal. {Penke, 1984 #74} by Professor
Gabor Toth (Department of Chemistry, UniversitySaieged, Szeged, Hungary).

3.3. Assays

The pancreatic weight/body weight ratio was evadas an estimate of the degree of
pancreatic edema. For serum assays, blood samplescentrifuged for 20 min at 2500 x g.
The serum amylase, lipase and aspartate aminatrassf (ASAT) activities, and the
triglyceride, creatinine, urea nitrogen, calciund gtucose concentrations were determined by
colorimetric methods (Dialab, Vienna, Austria, araBio, Hungary). The concentration of

the lipid peroxidation marker malonyl dialdehyde ) was measured after the reaction
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with thiobarbituric acid, as described by Placedaffer, 1966 #158}. Total superoxide
dismutase (SOD) activity was determined on the sbas$ithe inhibition of epinephrine-
adenochrome autoxidation {Misra, 1972 #53}. Mn-S@&ivity was measured via the extent
of autoxidation in the presence of 5 x> KCN {Beauchamp, 1971 #6}. The Cu/Zn-SOD
activity was obtained by deducting the Mn-SOD attifrom the total SOD activity. Catalase
activity was determined spectrophotometrically 40 2m {Beers, 1952 #200} and expressed
in Bergmeyer units (BU) (1 BU = decomposition of) H,O./min at 25 °C). Glutathione
peroxidase activity was determined by the “chemioathod, using cumene hydroperoxide
and reduced glutathione as substrates of glutathpmroxidase {Chiu, 1976 #117}. Total
glutathione (GSH) was measured spectrophotomdyricaith Ellman’s reagent {Sedlak,
1968 #175}. The degree of leukocyte infiltration svgquantified by the measurement of
pancreatic myeloperoxidase (MP@utivity {Kuebler, 1996 #148}. The activities ofdacible
and constitutive nitric oxide synthase (iNOS and&\ respectively) were determined by the
method described by Knowles and Salter {Knowles981%37}. For the evaluation of
pancreatic tumor necrosis faciorfTNF-o) and interleukin-6 (IL-6) concentrations, tissues
were homogenized by the method of Dignam et al flaig, 1983 #17} and measured with an
Enzyme-Linked Immunosorbent Assay (ELISA) kit (BendMedsystem, Vienna, Austria)
according to the manufacturer’'s instructions andemted for the protein content of the
tissue. The protein concentration of the tissues eetermined by the method of Goa {Goa,
1953 #23}.

3.4. Histological examinations

A portion of the head of the pancreas was fixe@% neutral formaldehyde solution
and embedded in paraffin. Tissue slices were slawgh hematoxylin and eosin and
examined by light microscopy. Slices were codederamined blind by a pathologist for the
grading of histological alterations. Pancreatic nede leukocyte infiltration, acinar
vacuolization and hyperemia were described witlc@es ranging from 0 to 3. The total

histological damage was calculated by adding tbeescfor the different parameters.

3.5. Immunohistochemistry

Immunohistochemical analysis of the expressionhef P65 subunit of NkB was
performedon 4% buffered formalin-fixed sections of the paas embedded paraffin. The
5-um-thick sections were stained wigin automated system (Autostain; Dako, Glostrup,

Denmark). Briefly,the slides were deparaffinized, and endogenousxjg®e activitywas
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blocked by incubation with 3% 4@, (10 min). Antigenic sitesvere revealed by applying
citrate buffer in a pressure cook@éf0 °C for 3 min). To minimize nonspecific backgnal
staining,the sections were then preincubated with milk (3@)nmSubsequentlythe sections
were incubated with polyclonal rabbit antibodiesiagt P65 (LabVision Corporation, UK)
(2:50 dilution, 30 min) and exposed to LSAB2 labgliDako) twice for 10nin each. The
immunoreactivity was developed with 3,3'-diaminaidme (10 min), and the sections were
then dehydrated, mounted amdamined. P65-containing cells were identified gy presence
of a dark reddish-brown chromogen. 15-20 high pofields were examined blind by a
pathologist and the number of P65 nuclear posdelks was counted. Slices were graded on a
scale ranging from 0 to 3, where 0 value meantatisence of nuclear positive cells whereas
in the case of value 1, 2 and 3 the percentageidear positive cells were between 0-33%,

33-66% and 66-99% respectively. The intensity efgtaining was equal in all slices.

3.6. Western blotting

The I«B concentration the cytosol fraction was measuredfier homogenization
{Dignam, 1983 #17}. Fiftyug of protein was loaded per lane. Samples werdrefg@wresed
on an 8-10% sodium dodecylsulfate polyacrylamideageording to the method of Laemmli
{Laemmli, 1970 #39}. The gels were transferred toiteocellulose membrane for 2.5 h at 30
V. Membranes were blocked in 5% nonfat dry milk foh, and incubated with aniB-a
antibody (1:500 dilution) (Santa Cruz Biotechnolp§wanta Cruz, CA, USA) for an additional
1-3 h at room temperature. The immunoreactive prowas visualized by enhanced
chemiluminescence, using horseradish peroxidaspleduanti-rabbit immunoglobulin at
1:20,000 dilution (Dako, Denmark). The intensitidthe Western blot bands were quantified
by using the Image J software (NHI).

3.7. Statistical analysis

One-way analysis of variance (ANOVA) and a leagh#icant difference (Fisher’s
LSD) post hocanalysis were performed to test for significarifedlences between the three
experimental groups. Results are expressed as me&rts.M. and a level of p < 0.05 was

accepted as indicating a statistically significdiffierence.

4. RESULTS

4.1. Serum parameters
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4.1.3. Serum parametersin the melatonin study

Melatonin treatment alone caused no significamrations in the measured parameters
as compared with those in the control rats. Thecqg@s weight/body weight ratio was
significantly higher in the L-Arg-treated rats than the control group. Melatonin, given
either before or after L-Arg, did not influence tlegree of edema (Figure 1A).The serum
amylase activity in all L-Arg-injected rats was miiicantly elevated relative to the control.

Melatonin posttreatment significantly reduced theykase activity as compared with the rats

treated only with L-Arg (Figure 1B).

A Pancreatic weight/body weight B Serum amylase
16 * 30000
1‘2‘ * ? % 25000 ¥ *
| / 20000 -
10 /
o / _ *4
E» 8 - / S 15000 A
67 é 10000 -
] H / H 5000 -
17
0 : : / : : . 0 m : : : : [ .
C A AM MA M C A AM MA M

Figure 1. Effects of melatonin (50 mg/kg) treatment on thecpeatic weight/body
weight ratio (p.w./b.w.) (A), the serum amylaseivagt (B) and the amount of
malonyl-dialdehyde in the pancreas (C) and live) (i L-arginine-induced (2 x 3.2
g/kg) acute pancreatitis. Means + S.E.M. of resolts5 animals in each group are
shown.d p<0.05 vs group C¢ : p<0.05 vs group A.

4.1.1. Serum parametersin the resveratrol study

The pancreatic weight/body weight ratio was sigaifitly higher in groups P and RP

than in group C, but was significantly lower in gpoRP than in group P (Fig. 2A). The
serum amylase and lipase activities of the ratgaups P and RP were significantly elevated
as compared with group C. Resveratrol pretreatragmificantly reduced the activities of

these enzymes as compared with group P (Fig. 2B,C).
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A Pancreatic weight/body weight B Serum amylase
10 30000 -
9 - * *
g - *é 25000 -
- I
Z I // 20000 *T’
o | L
3 54 % S 15000 /
£
4 -
3 % 10000 A %
i % 5000 A %
O T T A 1 0 ’—'—‘ T T é 1
c P RP C P RP
C Serum lipase Figure 2. Effects of resveratrol (10
mg/kg) treatment on the pancreatic
3000 - * weight/body weight ratio (A), serum

amylase activity (B) and serum lipase
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The serum concentrations of glucose, calcium, ASAd creatinine were significantly
lower in groups P and RP than in group C, but nedxa treatment significantly reduced the
changes in these parameters versus group P (Fid)3Relative to group C, the serum
concentrations of triglyceride and urea nitrogemenggnificantly lower in group P, but no
significant differences were found between thesecentrations in group RP and group C
(Fig. 3E,F).
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Figure 3. Effects of resveratrol (10 mg/kg) treatment on Heeum glucose (A),
calcium (B), ASAT (C), creatinine (D), urea nitrogé&) and serum triglyceride (F)
concentrations. Means + S.E.M. of the result ombrels in each group are shown.
[1 P <0.05 vs. grouit; ¢ : P <0.05 vs. group P.
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4.1.2. Serum parametersin the zerumbone study

The pancreatic weight/body weight ratio was sigatitly higher in groups P and ZP
than in group C, but significantly lower in grouf? Zrersus group P (Fig. 4A). The serum
amylase and lipase activities of the rats in groBpand ZP were significantly elevated as
compared with group C. Relative to group P, zerumebpretreatment significantly reduced
the activities of these enzymes (Fig. 4B,C). Theacemtration of serum ASAT was

significantly increased in groups ZP and Z versusig C (Fig. 4D).

A Pancreatic weight/body weight B Serum amylase
9 1 * 35000 A *
81 30000 - .
7 -
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Figure 4. Effects of zerumbone (20 mg/kg) pretreatment oe pancreatic
weight/body weight ratio (A), serum amylase actiyB), serum lipase activity (C),
and ASAT concentration (D). Means + S.E.M. in egaotup are shownld P<0.05
vs. group C# : P <0.05 vs. group P.

As compared with group C, the serum calcium comaéoh in the CCK-8 treated groups was

significantly reduced, whereas the alterationseirush triglyceride, urea nitrogen and glucose

concentrations did not reach the level of signiit® (Fig. 5A-D).
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Figure 5. Effects of zerumbone (20 mg/kg) pretreatment ensdrum calcium (A),
triglyceride (B), urea nitrogen (C) and glucose (Epncentrations. Means + S.E.M.
in each group are shownt P<0.05 vs. group C¢ : P <0.05 vs. group P.

4.2. Oxidative status
4.2.3. Oxidative status in the melatonin study

The concentration of the lipid peroxidation prodiifDA in the pancreas was increased
in the rats treated with L-Arg or with L-Arg follaed by melatonin. When melatonin was
given before L-Arg, the MDA level was not signifitdy changed versus the control group
(Figure 6A). The amount of MDA in the liver of tlamimals given L-Arg was significantly
increased versus the control group. Melatonin eattnent significantly reduced the
concentration of the lipid peroxidation productdiiie 6B).

The pancreatic total SOD activity was significanthgreased the groups A, MA and
AM versus group C (Figure 6C). A significant elagatin the hepatic total SOD activities
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was not observed in the L-Arg-treated groups, utcampared with group A the SOD
activity of group MA was significantly reduced (Eig 6D).
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Figure 6. Effects of melatonin (50 mg/kg) treatment on peatic (A) and hepatic
(B) malonyl-dialdehyd concentrations and pancrediit) and hepatic (D) total
Superoxide dysmuthase activities. Means + S.E.Mesdlts on 5 animals in each
group are shown.d p<0.05 vs group C¢ : p<0.05 vs group A.

Relative to the level in the control rats, the paatc Mn-SOD activity was
significantly elevated in animals in group AM (Frgu7A). The Mn-SOD activity in the liver
was significantly decreased as a consequence ofgLiAjections. Melatonin given either
before or after L-Arg prevented the reduction of-B@D activity (Figure 7B).

As compared with the levels in the control ratg gancreatic Cu/Zn-SOD activities

were significantly elevated in groups A, MA and Aiigure 7C). Relative to the control
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levels, the hepatic Cu/Zn-SOD activity was sigmifidy increased in group A, but not in
group MA and AM (Figure 7D).
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Figure 7. Effects of melatonin (50 mg/kg) treatment on teD and Cu/Zn-SOD
activities of the pancreas (A, C) and liver (B, iD)L-arginine-induced (2 x 3.2 g/kg)
acute pancreatitis. Means + S.E.M. of results cenfmals in each group are shown.
[1 p<0.05 vs group C¢ : p<0.05 vs group A.

The pancreatic CAT activity was significantly inased in groups A and AM, relative
to group C. However, in the rats in group MA themges in CAT activity were prevented
(Figure 8A). As compared with the level in group fBe hepatic CAT activities were
significantly reduced in groups AM and MA, but motgroup A (Figure 8A).

The pancreatic GSH level was not significantly ueficed by any of the treatments

(Figure 8C). GPx activity was not detectable in plaacreas of the rats in this study. Relative
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to group C, the hepatic GPx activities were sigaifitly elevated in group A and AM, but not

in group MA (Figure 8D).
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Figure 8. Effects of melatonin (50 mg/kg) treatment on peatic (A) and hepatic
(B) CAT activities, pancreatic GSH content (C) diveer GPx activity (D) in L-
arginine-induced (2 x 3.2 g/kg) acute pancreatiMeans = S.E.M. of results on 5
animals in each group are shown.p<0.05 vs group C¢ : p<0.05 vs group A.

4.2.1. Oxidative statusin the resveratrol study

No significant changes were detected in the hepslieSOD (P: 1.18+0.14; RP:
1.12+0.08; and C: 0.96+£0.06 U/mg protein) and C«&OD (P: 15.56+3.42; RP: 16.47+0.66;
and C: 18.18+1.8 U/mg protein) activities in theénaals in the three groups. In the pancreas,
the Cu/Zn-SOD activities were significantly lower groups P and RP than in group C (Fig.
9A), whereas the Mn-SOD activities were not siguaifitly different in the various
experimental groups (P: 0.62+0.04; RP: 0.53+0.88; @: 0.88+0.15 mU/mg protein).
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As compared with group C, the catalase activityhm liver of the animals in group P
was significantly reduced. Resveratrol treatmeetented the reduction in catalase activity
versus group C (Fig. 9B). In the pancreas of the wdth pancreatitis, a tendency to a
reduction in the catalase activity was observed thel changes did not reach the statistically
significant level relative to group C (P: 1.77+0.28: 1.94+0.63; and C: 2.07+0.83 BU/mg
protein x 10).

Significant differences in hepatic glutathione pgdase activity were not observed
between the three groups (P: 4.64+0.39; RP: 3.6+@u2d C: 4.42+0.32 U/mg protein x 30
whereas the amount of hepatic GSH was significamtiher in the resveratrol-treated group
than in groups P and C (Fig. 9C). The pancreatitaghione peroxidase activities were
significantly reduced in groups P and RP versusgi© (Fig. 9D). The amount of pancreatic
GSH was not significantly altered in the groupswgpancreatitis versus group C (P: 2.09+0.4;
RP: 2.620.74; and C: 3.49+1.08//mg protein x 10). The cNOS activity was significantly
decreased in groups P and RP versus group C, @8 i&ttivity was virtually unchanged in
the experimental groups (P: 2.04+£1.19; RP: 1.63:0a8d C: 3.34+2.3 nM/mg protein) (Fig.
9E).
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4.2.2. Oxidative status in the zerumbone study

Relative to group C, the pancreatic cNOS activigswvgignificantly decreased and the
INOS activity was significantly elevated in groupkiit not in group ZP. (Fig. 10A,B).

The pancreatic Mn-SOD and Cu/Zn-SOD activities vwagaificantly elevated in group
P versus group C, whereas these activities wergfis@ntly lower in the zerumbone-treated
group than in group P (Fig. 10C,D).
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Figure 10. Effects of zerumbone (20 mg/kg) pretreatment orcreatic cNOS (A),
INOS (B), Mn-SOD (C) and Cu/Zn-SOD (D) activitigleans = S.E.M. in each group
are shown[1 P<0.05 vs. group C¢ : P <0.05 vs. group P.

4.3. Inflammatory status
4.3.3. Inflammatory statusin the melatonin study
The pancreatic MPO activity was significantly irmsed in the L-Arg-treated rats

versus the control rats. This response was redbgedelatonin given either before or after
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the L-Arg injections (Figure 11A). Relative to thevel in the control rats, the elevation of

pancreatic IL-6 concentration was only significanthe animals of group A, but not in group
AM and MA (Figure 11B).

A

mU/mg prot.

2500 ~

2000 ~

= =

o a1

o o

S )
1 1

500 -

Pancreatic MPO

i
C A AM  MA M

B

pg/mg prot.

Pancreatic 11-6

*

T T T I T |_]_‘ 1
A AM MA M

)

C

0,0

Figure 11. Effects of melatonin (50 mg/kg) treatment on thancpeatic
myeloperoxidase activity (A) and pancreatic IL-Giamt (B) in L-arginine-induced
(2 x 3,2 g/kg) acute pancreatitis. Means = S.E.Mresults on 5 animals in each
group are showni p<0.05 vs group C¢ : p<0.05 vs group A.

4.3.1. Inflammatory status in the resveratrol study

Relative to group C, the pancreatic MPO activitig(A2A) and TNFe. concentration

(Fig. 12B) were significantly elevated in group $aaconsequence of CCK-8 administration.

Resveratrol pretreatment failed to reduce the MBi@ity and the concentration of TNd#n

group RP as compared with group P.
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Figure 12. Effects of resveratrol (10 mg/kg) treatment on pencreatic MPO
activity (A), pancreatic TNk concentration (B). Means + S.E.M. of the result5on
animals in each group are shown.P <0.05 vs. grou; ¢ : P <0.05 vs. groug’.
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4.3.2. Inflammatory status in the zerumbone study

Relative to group C, the TNé&-concentration of the pancreas was significantghar
in group P. Zerumbone pretreatment prevented ttredase in the pancreatic TNFeontent.
The pancreatic IL-6 concentration was elevatedaug P as compared with group C, but this
change was not significant (p=0.08). However, zdrome pretreatment significantly reduced
the IL-6 content of the tissue as compared witlugsoC and P (Fig. 13A,B).

A Pancreatic TNF-alpha B Pancreatic IL-6
100 1 35 1
: *
90 30 4
80 1
70 25 1
= ¢ = I
s 601 L 5 20 A .
o 50 - = *
€ € 15 -
S 40 5 15
30 A 10 -
20 1 5
10 A
0 T T T 0 T T T
C P zpP z C P zpP z

Figure 13. Effects of zerumbone (20 mg/kg) pretreatment enpdmcreatic TNFex

(A) and IL-6 (B) contents. Means + S.E.M. in eacbup are shown[l P<0.05 vs.
group C;e : P <0.05 vs. group P.

4.4. NfxB activation
4.4.1. Nf-xB activation in the resveratrol study

The immunohistochemistry of the pancreas revealectased numbers of P65 nuclear-
positive cells in groups P and RP versus grouput there was no significant difference in

nuclear staining between groups RP and P (Fig. 14).
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4.4.2. Nf-xB activation in the zerumbone study
The amount of cytosolic#B was significantly reduced in group P, but nogioup ZP,
as compared with group C. The pancreatidleontent in group Z was significantly higher

than in group C (n=4 in each group) (Fig. 15).
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4.5. Histology

4.5.1. Histology in the melatonin study
Histological investigation confirmed the developmehsevere necrotizing pancreatitis
in all rats given L-Arg, with no discernible diffances between the groups.

4.5.2. Histology in the resveratrol study

The histological investigation confirmed the deyefent of acute edematous
pancreatitis in groups P and RP. Resveratrol treattrsignificantly reduced the extent of
tissue edema, the acinar vacuolization and theé hiséological damage of the pancreas as

compared with group P (Table 4).

Group Edema Leukocyte Acinar Hyperaemia | Total damage
infiltration vacuolization
0.2 +0.20 0.0 £0.00 0.00 +£0.00 0.4+0.24 0.6 £0.24
P 1.6+0.241 | 1.6+0.24 2.0+0.341 | 1.0+0.00 6.2 +0.5d ]
RP 1.0+£0.00¢ | 1.4+0.24 1.2+0.20¢ | 1.0+0.00 |4.6+040¢

Table 5. Effects of resveratrol (10 mg/kg) treatment on gaatic histology. Means +
S.E.M. of the result on 5 animals in each groupsirewn.1 P <0.05 vs. grouiC; ¢: P
<0.05 vs. group P.
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4.5.3. Histology in the zerumbone study
The histological investigation confirmed the deyesfent of mild acute edematous
pancreatitis in groups P and ZP, but zerumbonéntexa failed to influence the histological

parameters of the disease.

5. DISCUSSION

5.1. Melatonin has a moderate preventive effect inL-arg-induced experimental

pancreatitis

This study has demonstrated the antioxidant efféchelatonin during L-Arg-induced
severe necrotizing pancreatitis. The dose of 50kghgielatonin was chosen according to
literary data and a pilot-study investigating tHitee& of different doses of melatonin on the
pancreatic weight/bodyweight ratio and the serunglase activity {Brzozowski, 1997 #365;
El-Sokkary, 1999 #129; Qi, 1999 #159}. In contresQi and colleagues who used repeated
injections of melatonin, we could detect the bemafieffect of the drug after administration
of a single dose in the same order of magnitude 1Q99 #159}.

24 hours after L-Arg administration sever necroigipancreatitis was developed as
confirmed by histology and by the significant elima of the serum amylase activity, the
edema of the pancreas and the increased leveleoipid peroxidation marker MDA. The
significantly higher MPO activity and the increasedount of the pro-inflammatory cytokine
IL-6 in the pancreas document the initiation ofr@fammatory process in the pancreas.

The elevation of the serum amylase activity is oh¢éhe characteristic parameters of
acute pancreatitis. Administration of melatoninldaling the induction of pancreatitis
significantly reduced the activity of this enzynnetihe serum.

Infiltrating leukocytes and mediators releasedhmst cells are known to play a pivotal
role in the amplification of the inflammatory pr@se One of the inflammatory cytokines that
is important in the development of L-Arg-inducechpeeatitis is IL-6. In the present study,
the level of IL-6 and the MPO activity proved to fignificantly elevated in the L-Arg-treated
rats. However, the previously reported anti-inflaatony effect of melatonin could not be
clearly demonstrated in severe necrotizing panitiefilava, 2003 #156}.

A significant part of the tissue damage in acwgrqoeatitis is caused by free radicals.
The detection of these radicals is difficult be@os§their high reactivity and short half-life.
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Accordingly, we measured the activities of freeicabdscavengers and the degree of lipid
peroxidation in order to assess the extent of fegkcal damage during this inflammatory
process. The current study revealed that melatpretreatment significantly attenuated the
lipid peroxidation in the liver of the rats. Theattges in the Cu/Zn-SOD, Mn-SOD and GPx
activities in the liver were reduced by melatomitereas in the pancreas the beneficial effect
was less pronounced and was manifested only inltheges in CAT activity.

In conclusion, these findings have revealed thattduts antioxidant effects melatonin
is able to counteract some of the L-Arg-inducednges in the laboratory parameters of acute
pancreatitis but it failed to prevent the histot@jidamage to the pancreas. Since melatonin
has a very short half-life, repeated injectiong@ntinuous infusion may be necessary for its
full effect to develop. Multiple organ failure ifd& main reason for pancreatitis-associated
mortality. As melatonin ameliorated the oxidatitatgs of the liver, it is possible that the
continuous infusion of the substance may be beaéfic preventing the damage of distant

organs as a complication of acute necrotizing peatirs.

5.2. Resveratrol pretreatment is beneficial in CCK8-induced experimental pancreatitis

Our study demonstrated the protective effect ofverestrol on CCK-8-induced acute
experimental pancreatitis. Parallel to our expentr@her research groups investigated the
effect of resveratrol in different pancreatitis retsd Lawinski et al. reported the antioxidant
effect of resveratrol in tert-butyl-hydroperoxideduced pancreatitis and found that the light
and electron microscopic changes in the pancreas l@gs pronounced when resveratrol was
administered to the rats{Lawinski, 2005 #42}. Resw®| was observed to decrease the
edema and inflammatory infiltration of the pancréiasue in acute pancreatitis induced by
sodium taurocholate, and doses of 30 mg/kg rese¢materted an NRkeB inhibitory effect in
the pancreas, but the changes in the specific danyr parameters or the antioxidant state of
the pancreas were not investigated in that studg,{R005 #49; Meng, 2005 #52}.

The administration of CCK-8 to our experimentalhaals resulted in the development
of an edematous pancreatitis. The serum amylaselipask activities, pancreatic TNF-
concentration and pancreatic weight/body weighbretere significantly elevated, whereas
the serum glucose, calcium, ASAT, creatinine, yiglkide and urea nitrogen concentrations
and the activities of free radical scavenger ensymere decreased. The histological
investigation revealed acinar vacuolization, edehyperemia and infiltrating leukocytes in

the pancreas.

34



Resveratrol treatment ameliorated many of the elesetaboratory and histological
parameters of the disease. The serum amylase padeliactivities and the pancreatic
weight/bodyweight ratio were significantly decredsthe reductions of the serum glucose,
calcium, ASAT and creatinine concentrations wergnificantly moderated, and an
improvement in the antioxidant status of the lm@s observed as compared with the CCK-8-
treated group. The total pancreatic histologicaindge, the edema and the acinar
vacuolization were diminished in the resveratrehted group versus the untreated group.

The nuclear translocation of NéB was monitored by the immunohistochemical
detection of the nuclear appearance of its P65 rstubimhibition of NF«B activation by
resveratrol could not be demonstrated, as no sgnif difference was found between the
nuclear staining in the resveratrol-treated groug the group with pancreatitis. Furthermore,
resveratrol caused no significant changes in thé-dNoncentration of the pancreatic tissue
which could be ascribed to N&B inhibition. These observations are in contradittwith the
results of Meng et al {Meng, 2005 #52}. Since reat®l in the applied concentration also
failed to influence the pancreatic scavenger enzgotivities during the disease, we believe
that the histological and laboratory changes oleskemr the resveratrol-treated animals are the
consequence of the direct scavenging effect otiistance leading to an improvement of the
systemic antioxidant state or result from some WBFndependent anti-inflammatory
response {Birrell, 2005 #201}. The systemic antiant properties of resveratrol are
demonstrated by the observation that it beneficialfluenced the hepatic scavenger enzyme
activities and the amount of hepatic reduced dhiwae in our experiment. Our findings do
not disprove that a higher dose of resveratrol mexert an NFReB-inhibitory effect, they
rather point to the possibility that this compourdn also influence other effective
mechanisms.

The toxic effects of resveratrol were studied ie thast by Crowell et al {Crowell,
2004 #276}. In their experiment, resveratrol wamanistered to rats in concentrations of O,
300, 1000 or 3000 mg/kg/day for 4 weeks. Negatifects as reduced bodyweight gain and
elevated white blood cell count were first obserirethe group treated with 1000 mg/kg/day
resveratrol. At the dose of 3000 mg/kg/day labayathanges and an increased incidence of
nephropathy was observed in the animals. We treatecnimals with 10 mg/kg resveratrol
which concentration is low enough to avoid harnside effects caused by the substance.

Some wines (e.g. pinot noir) can contain up tantfl resveratrol {Fremont, 2000
#284}. The applied dose of resveratrol in our stiglgigher than the concentration which can

be reached by a single episode of red wine consamphtowever it does not exclude the
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possibility that intake of moderated amounts of wede over a prolonged period can exert
beneficial effects in vivo. At the present it istretear if the in vivo observed biological effect

of resveratrol can be ascribed to unconjugatedsirasveratrol, because after oral or
intravenous administration the drug was shown tgolesent in the circulation mainly as

resveratrol-glucuronide {Marier, 2002 #311}. Thesatls to the speculation that resveratrol-
glucuronide can be at least partly responsiblegHerbiological effect of resveratrol, but this

question has to be clarified in the future.

As the association of a high alcohol intake angte@ancreatitis is well known, the
question arises, somewhat controversially, of wiethesides cardio-protection, the systemic
changes caused by red wine consumption (with a tagitentration of resveratrol) can also
be protective against pancreatitis. If so, the diganechanisms of the protective effect of red
wine polyphenols remain to be elucidated.

In conclusion, we have demonstrated that a singke df resveratrol prior to the
induction of pancreatitis can reduce the severityhe disease, by a mechanism probably

independent of NkB inhibition or activation of pancreatic scavengazymes.

5.3. Zerumbone pretreatment exerts beneficial effés in CCK-8-induced experimental
pancreatitis

Our experiment has demonstrated the effect of mbome on acute edematous
pancreatitis in rats. CCK-8-induced pancreatitigjedi-known and reproducible experimental
model of mild edematous pancreatitis, is ideakter characterization of the pancreatic effects
of a drug {Willemer, 1992 #96}.

As studies investigating the effect of zerumbanadute pancreatitis are not described
in the literature the validity of our results camybe supported by observations made in other
organs. Then vitro andin vivo effects of zerumbone, described earlier in otlssues, could
be demonstrated in our experiment {Hoffman, 2002;#drana, 2003 #36; Liao, 1999 #46;
Murakami, 2002 #60; Ozaki, 1991 #72; Takada, 2088 # hein vivo study by Somchit et al
showed that an extract dingiber zerumbeteduces the extent of experimentally induced
hind paw edema in rats {Nhareet Somchit, 2003 #B0ses of between 25 and 100 mgZkg
zerumbetwere administered i.p. in that study. Since thigagx of the plant used presumably
contained several other sesquiterpenes too, inoame decided how much of the observed
anti-inflammatory effect can be ascribed to the astpof zerumbone. Murakami et al. firs

demonstrated that pure isolated zerumbone is abtdltience the course of a gastrointestinal
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inflammatory proces# vivo {Murakami, 2003 #55}. the long-term oral admingtion of
zerumbone reduced the level of inflammatory cytekiand the extent of histological changes
in dextran sulfate-induced colitis.

As only a few literature data are available asceoms the effectivén vivo dose of
zerumbone {Huang, 2005 #32; Murakami, 2003 #55}tested the effect of zerumbone in a
preliminary experiment with a limited number of rails. Doses of 0.1; 1; 10 and 100mg/kg
zerumbone were tested. 10 mg/kg zerumbone wastiest dose that caused a significant
reduction in the serum amylase activity, but itedito influence the pancreatic weight/
bodyweight ratio (unpublished data). We chose & @d20 mg/kg zerumbone for our study.

In our experiment, the development of acute peatdrs was verified via the
elevations in the serum levels of pancreatic ensymaed also histologically. Both
inflammatory and antioxidant effects of the drugrevebserved. The changes caused by
pancreatitis in the laboratory parameters wereaedun the zerumbone-treated group. The
antioxidant action of zerumbone is proven by thangfes in the INOS, cNOS, Mn-SOD and
Cu/Zn-SOD activities in the zerumbone-treated ast€ompared with the untreated rats with
pancreatitis. The anti-inflammatory effects of thrag are manifested in the reductions in the
tissue cytokin concentrations. TNFis one of the major mediators of shock, its level
correlating with the outcome of experimental paattis, whereas IL-6 is induces the
synthesis of acute-phase proteins such as C regamtotein; its level is found to be higher in
patients who develop multiple organ failure {Bolitel996 #10; Brady, 1999 #11; Geiger,
1988 #21}. The concentrations of TNfFwas reduced by zerumbone pretreatment. The
amount of pancreatic B was decreased in the group treated with CCK-8,not in the
group pretreated with zerumbone. AgB-is the inhibitory protein of N&B, this finding
demonstrates the impact of the drug on the actimatif the transcription factor {Takada,
2005 #90}. NfxB plays a key role the in activation of inflammat@rocesses. It influences
the synthesis of TNk; IL-6 and INOS, and the inhibitory effect of zerbome on NfkB
activation can therefore have a crucial role indhserved pancreatic protection.

Besides all these beneficial effects, the drudedaito influence the histological
parameters of the animals. The histological chamfpasacteristic for acute pancreatitis are
caused by inflammatory and oxidative processesurdbone was able to influence the
changes of several inflammatory and oxidative patams of acute pancreatitis. This
observation allows us to hypothesize that the cbamg these parameters might result in the
improvement of pancreatic histology if higher opeated doses of zerumbone are applied.

CCK-8-induced pancreatitis is an experimental madeiild pancreatitis with only slight
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histological changes. Due to this peculiarity af thodel, small differences in the histological
parameters caused by zerumbone pretreatment areasgtto demonstrate in this model.

The serum ASAT activity was slightly elevated le tanimals that received 20 mg/kg
zerumbone. In thén vivo study by Murakami et al. toxic effects of zeruméomnere not
reported, although high amounts of zerumbone wemirastered over a period of 2 weeks
{Murakami, 2003 #55}. Somchit et al. stated thatragts ofZ. zerumbeadministered i.p. to
rats are devoid of toxicity up to a dose of 500kgg{Nhareet Somchit, 2003 #67}.
Unfortunately, they did not mention whether seruemameters referring to the liver function
were measured in the experiment. Our observatindigate that further investigations are
necessary in order to define the toxic effectshefdrug, and particularly the toxic impact of
prolonged zerumbone treatment.

In conclusion, our results clearly demonstrated #erumbone is able to express anti-
inflammatory and antioxidant effects in the pansrea vivo. We therefore believe that
experiments with the aim of testing the therapepditential of the drug on acute necrotizing

pancreatitis would be particularly relevant.

6. CONCLUSION

The aim of our work was to demonstrate the effaftshree substances on the
development of acute experimental pancreatitis. ddmmon features of these drugs, namely
melatonin, resveratrol and zerumbone are theipaikant properties and their ability to exert
anti-inflammatory effects. The source of the thnet¢ural substances is different. Melatonin
is a pineal hormone present in the human organigmereas resveratrol and zerumbone are
found in plants that can be the constituents of diet. Melatonin is available as a drug
against jet-lag or depression, whereas resverasralsed in the herbal medicine as a
prophylactic drug against cardiovascular diseagesimbone is a recently isolated substance
and itsin vivo effects are poorly described, therefore the médisa of the pure isolated drug
requires further investigations. Howev&ingiber zerumbetthe main source of zerumbone
and also resveratrol have long been used in thditimal Southeast Asian or Chinese
medicine as anti-inflammatory drugs.
Our experiments demonstrated the beneficial effettthese compounds in experimental
pancreatitis. Because the protective abilities @latonin were already examined in mild
edematous pancreatitis, our aim was to investitfaeeffects of the drug in the L-arginine-
induced necrotizing pancreatitis model. Our studgvged that melatonin is potent enough to

influence some of the parameters of L-arginine-gedlipancreatitis; however the histological
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changes were not mitigated by the drug. The priaaypservation was the hepato-protective
effect of melatonin pretreatment. The basal as#isibf the scavenger enzymes are 10-fold
higher in the liver than in the pancreas, the mfice of melatonin on the scavenger enzyme
activities can therefore predominate in this tisdtlee low pancreatic scavenger activities are
probably one reason for the high mortality assedatith acute pancreatitis.

The effects of resveratrol on acute pancreatitiew®t described by others at the time
our study was carried out. Therefore we chousedtBK-8-induced pancreatitis model and
examined the effects of resveratrol pretreatmettigimodel. Our findings demonstrated the
antioxidant effects of resveratrol in the livere tbonsiderable beneficial effect of the drug on
the serum parameters of pancreatitis and the bgtal protection due to resveratrol
pretreatment. Meanwhile Meng et al. demonstrated tbneficial effect of resveratrol in
taurocholate-induced necrotizing pancreatitis amavibski et al. reported the antioxidant
effect of resveratrol in tert-butyl-hydroperoxideduced pancreatitis. In contrast to the results
of Meng et al inhibition of NF-kappa B activatioautd not been detected in our study.

We were the first to detect the positive effectszefumbone in acute experimental
pancreatitis. The substance has not been usecereanli the therapy of experimental
pancreatitis and only few literary data exist altbetin vivo effects of the drug. Therefore we
decided to investigate the efficacy of zerumboretrpatment in CCK-8-induced pancreatitis
to decide if the compound is a promising candidatefurther studies in the field of acute
pancreatitis. Our results clearly demonstratedatiteoxidant and anti-inflammatory effects of
zerumbone in acute pancreatitis, however a beaéftfect of the drug on the histological
scores was not detected. Inhibition of I-kappaBrdegtion by zerumbone refers to the NF-
kappaB inhibitory effect of the drug, being probaltihe key mechanism of the action of

zerumbone.

7. NEW FINDINGS
I. Compared to previous publications where melatoniegeted against mild edematous
pancreatitis, our results showed that in severdeaogcrotizing pancreatitis this
substance can exert only moderate protective efféChe antioxidant effects of
melatonin predominate in the liver tissue.
Il. The beneficial effect of resveratrol pretreatmemtGCK-8-induced acute pancreatitis
was clearly demonstrated in our study. The substagnificantly attenuated the

serum parameters of acute pancreatitis, reducedhigtelogical damage of the
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pancreatic tissue and improved the antioxidane stétthe liver, without influencing
the activation of NF-kappaB.

lll. Zerumbone pretreatment was shown to express itsnflammatory and antioxidant
effects in the pancreas of animals with CCK-8-iretlicacute pancreatitis. The
background of the observed beneficial effectsrabably the inhibition of NF-kappaB

activation.
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