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1. INTRODUCTION

1.1. Pathophysiology of acute pancreatitis

The spectrum of acute pancreatitis (AP) ranges faomild edematous disease to a severe
necrotizing process which is usually accompaniedldmal or systemic complications.
Although the exact mechanisms which trigger theamfnatory and necrotizing processes are
not completely understood, it is generally accepthdt autodigestion and an acute
inflammatory response of the pancreas via the abin of proteases of the pancreas and
activated leukocytes play important roles in theéhpgenesis of AP. This amplified cytokine
response is one of the most important pathophygicdd factors in the development of
complications, and especially in the progressiora dimited local pancreatic inflammation
into a potentially dangerous systemic inflammatasaction termed multiple organ
dysfunction syndrome. The incidence of AP has a®ed in the past two decades. The
incidence of first-time attacks in the USA has eased from 33 to 44 per 100,000 adults, and
at present AP accounts for more than 200,000 hadsgiimissions per year. AP is a relatively
common disease in Europe, with a case incidend® oé 30 per 100,000 inhabitants. In 80%
of the cases, the disease is mild, without sigaifianorbidity or mortality. However, in 20%
of the patients the disease is severe, with aesfabdjuency of mortality rate of around 25%-
30% (1). The situation giving rise to AP determiniss epidemiology. The most frequent
cause is biliary stone migration. Alcohol abusdess frequent in women than in men. In
children, the main triggers of AP are trauma, systadiseases, infections and drugs, whereas
genetic causes are rare. Although these etiologigahts differ considerably, the ultimate
outcome is relatively independent of the causafaators. In the classification systems we
can summarise the evolution from Marseille to thiadta. The Marseille classification
system distinguishes two morphological stages ofcpaatitis: an edematous form and an
acute necrotizing form, i.e. a pathological clasaifon. From a clinical aspect, the Atlanta
classification similarly distinguishes two formsilanpancreatitis, without any complications,
and severe pancreatitis, characterized by systamdclocal complications such as necrosis,

pseudocysts of the pancreas and multiple distgatrofailures.

1.1.1. Diagnosis
Despite the availability of a wide variety of lahtory tests and diagnostic examinations, the
diagnosis of AP is mainly based on clinical findngAP should always be taken into

consideration if the patient reports strong cordumipain in the epigastric area or the right



upper quadrant, or sudden tenderness in the abdaoeampanied by nausea and vomiting.
The pain may radiate to the back. Exudates fornaingecrotic area along the falciform
ligament and into the retroperitoneum can be seehe periumbilical region; this is called
Cullen’s sign. Routine diagnostic procedures ineluttterminations of the serum amylase
and lipase, and the leukocyte count. These enzameseleased from pancreatic acinar cells
during AP. The amylase concentrations in the segemerally rise within a few hours after
the onset of symptoms, and normalize within 3-5sdayhe serum lipase concentration
remains elevated for a longer period of time thaestthe amylase concentration, which is an
advantage over amylase measurement in patientsdeittyed presentation. Assays of many
other pancreatic enzymes have been assessed theipgst two decades, but none seems to
offer better diagnostic value than those of amylasd lipase. Morphologic procedures
mainly involve conventional and endoscopic sonogyapnd contrast-enhanced computer
tomography (CT). Abdominal radiography may reve#b@alized ileus in severe AP with a
sentinel loop. In more than one-third of the paBenthe chest X-ray demonstrates
abnormalities such as the elevation of one hemidlggpm, and pleural effusions, pulmonary
infiltrates or both. Contrast-enhanced CT is esakfur the diagnosis, with a sensitivity of
87-90% and a specificity of 90-92%. Magnetic resmeaimaging identifies necrosis and
fluid collections better than does the CT scan. iwest widely accepted score system, the
Balthazar score, attempts to take into accountrddenlogical findings and the presence of
pancreatic necrosis. The course of AP is generdtypredictable. The severity in the initial
phase is generally accompanied by the presencarafr@atic necrosis. The extent of organ
failure does not always correlate with the extdngamcreatic necrosis (2).

1.1.2. Prognosis

At present, there is no prognostic system which maadict the severity of AP with 100%
sensitivity. However, a number of scoring systems prognostic factors have been proposed
for determination of the severity of pancreaticunyj e.g. the Ranson criteria, the acute
physiology and chronic health evaluation (APACHEII), the sequential organ failure
assessment (SOFA) score, the logistic organ dysam{_OD) score and the multiple organ
dysfunction (MOF) score(3). These scores assesddimage in the extrapancreatic organs;
the greater the number of organs injured, the mighe score. These scores should be
repeated during hospitalization, because their fivadion can predict the outcome. The early
identification of patients at risk is important fire initiation of intensive therapy, the early

detection of complications, and timely interventid). The APACHE Il and Ill scores utilize
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the physiology, age and chronic health factorsaioutate the prognosis. They differ in the
total score, the number of physiological variab|&2 for APACHE 1l vs 17 for APACHE
[l), and the assessment of the chronic healtlustdt has been proved that the Ranson score
furnishes the highest sensitivity and the lowelstefanegative rate, with the disadvantage of a
24-h delay. The positive and negative predictiveies are of similar extent for all three
scores (Ranson, APACHE Il and APACHE Ill). Varioypes of biochemical markers have
been used as tests to predict the clinical outcasueh as the C-reactive protein (CRP),
phospholipase A2, antiproteases and procalcit@@iRP reaches its peak value at later stages
in the course of the disease, whereas the levelprahflammatory cytokines such as
interleukin-6 (IL-6) peak much earlier. The leveflsmost cytokines are significantly higher
in necrotizing AP than in the edematous form. Ofirexgnostic markers, such as the serum
concentrations of trypsinogen activation peptidepmic trypsinogen and procalcitonin, may
also be of value to estimate the severity of AR tBwever, markers other than CRP are

generally not used in routine clinical practice.

1.1.3. Therapy

Unfortunately, the best possible combination ofhickl and laboratory parameters for
prediction has not yet been determined. As the doatpns in AP may arise in both the
early and the later phases, there may not be desimgrker for the entire course of the
disease. In the past few years, the availabilitgeaferal new therapeutic options has changed
the management of AP. For the obstructive form Bf tRere is a clear therapeutic strategy
(endoscopic retrograde cholangiopancreatographyn wghincterotomy), whereas in the
nonobstructive forms of AP, no specific therapydohsn the pathophysiological processes
involved is available to date. The gold standadudes the early identification of severe AP,
aggressive fluid resuscitation to correct fluidses in the third space and to maintain an
adequate intravascular volume, and close monitoointhe respiratory, cardiovascular and
renal functions to assess and treat complicatiesasa@ated with hypovolemia. Oral feeding is
replaced by parenteral nutrition, and pain relisyexygen and antiemetics administration can
be helpful. An important aspect as concerns thatrirent of AP is the prevention of the
infection of the pancreatic necrosis. Enteral fegdplays a pivotal role in this process (6).
Various studies have concluded that the systenfianmatory response syndrome, sepsis,
multiple organ failure and intensive care unit stag globally improved in enterally-fed
patients. The acute phase response and the diffdisease severity scores (APACHE Il and

CRP) were significantly improved following enteraltrition without any change in the CT
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scan scores. The final conclusion was that thiafhemodulates the inflammatory and sepsis
response in AP. However, there is no doubt thigtlietter to administer enteral feeding via a
gastric tube rather than via a nasojejunal tube I{Mas not yet been ascertained whether
probiotics associated with enteral feeding may becan alternative mode of therapy,
replacing early antibiotic use to prevent infectioPAP. Infection of pancreatic necrosis is a
very important issue, because such infection idghding cause of morbidity and mortality,
the complication developing during the second odtiveek. When infection is suspected and
fine needle-aspiration of the pancreas for badtggioal culture has been performed, the
standard treatment is to start antibiotics intraxesty. Patients who develop pancreatic
necrosis might need debridement and percutaneougndoscopic drainage of fluid
collections, pseudocysts and abscesses (8). Howsueh interventions are needed only
when the pancreatic or peripancreatic tissuesrdeeted. When necrosis is sterile, mortality
is low and necrosis is treated by a conservatiy@ageh, although surgery might be needed
for late complications or persistent severe AP. dbreservative strategies focus on interfering
with the local release of proinflammatory mediatars modulating the function of the
immunocytes. It is important that the clinical autee is critically dependent on the accurate

assessment and treatment of systemic complications.

1.2. Scientific background

During the past twenty years, much evidence hasmaglated which indicaties that
proinflammatory mediators such as tumor necrosi®faalpha (TNFe), certain interleukins
(IL-1 beta, IL-6, IL-8 and IL-10) (9-11), prostagidins, the arachidonic acid metabolism and
many other biological active mediators (12, 13)ypagnificant roles in the pathogenesis of
AP, which can range from a mild illness to a lifelitening condition. These mediators are
primarily responsible for the distant organ comgtiens (multiorgan failure) in severe AP
(14).
The beneficial effect of glucocorticoid hormoneghe treatment of human AP was originally
reported by Stephensehal. (15) in the early 1950s. Since that time, the gl
glucocorticoids has been investigated in variopgsyofin vivo andin vitro experimental AP
models. It has been reported to result paradoyigalihe release of both anti-inflammatory
(glucocorticoid hormones) and proinflammatory (negtrage migration inhibitory factor;
MIF) mediators. This counter-regulatory mechanisragsential for the provision of

appropriate control of the ensuing inflammatoryceate.
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The glucocorticoids are known to be involved in tégulation of cytokine production and the
inflammatory processes. The corticosteroids inhité synthesis of TNk-(16), IL-1, IL-6
and IL-8 and the function of nitric oxide synthd$&, 18) and reduce complement activation
and complement-induced leukocyte activation (19)

The proinflammatory cytokines activate the hypahakt-pituitary-adrenal axis, stimulating
pituitary adrenocorticotropin secretion and the ultesg release of endogenous
glucocorticoids (20), which are the most importantiogenous modulators of inflammatory
and immune responses (21,22). Recent studies haweordtrated the bidirectional
communication between the neuroendocrine and immsysems, and this special feedback
loop balances the intensity of the immune respozmsé moderates the morbidity and
mortality associated with the systemic inflammatagction (23).

Furthermore, glucocorticoids protect the acinatsc&4), stabilize the cell membrane and
directly regulate amylase synthesis (25). Neveedgl the effects of glucocorticoids on the
clinical or experimental forms of AP have remaimedtradictory (26-28).

Low doses of glucocorticoids induce the secretiolliF- (29), a potent proinflammatory
molecule which controls the synthesis of glucocoitls and the action of inflammatory
mediators (IL-1, IL-6, IL-8 and TNF) (30). Howeveéhjs regulatory role of MIF on the anti-
inflammatory/immunosuppressive effects of glucacortt hormones has not been fully

elucidated.

1.3. Aims
Our primary goal was to create clinically relevantmal models suitable for investigations of
the pathophysiology of AP and different treatmeptians
We hoped to gain insight into the action of gluaticoids in the early phase of experimental
AP. We therefore set out to study the consequeotése administration of the exogenous
glucocorticoid  agonists  dexamethasone (DEX), hyohtisone (HYD) and
methylprednisolone (MP) and the antagonist RU-38488) on on the local and systemic
responses of AP, including the mortality, the sityethe levels of proinflammatory and
inflammatory mediators, the local histopathologichhnges, and liver and lung injuries in
experimental AP.
Within this topic we investigated,

» the effects of glucocorticoid agonist and antagdmmones on the mortality in AP;

« the effects of glucocorticoid agonist and antagomismones on the proinflammatory

and inflammatory mediators in the plasma and ifecght target organs in AP;
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» the effects of glucocorticoid agonist and antagohisrmones on the changes in
pancreatitis markers in AP;

» the characterization of leukocyte infiltration byy@operoxidase (MPO) in distant
target organs the liver and lungs in AP;

* the role of adenosine triphosphate (ATP) level geanin distant target organs the
liver and lungs in AP;

» the effects of glucocorticoid agonist and antagdmismones on MIF level regulation;

* the role of glucocorticoid hormones in the regaatiof the pancreatic nuclear
transcription factor kappa B (N&B) activity;

» the effects of glucocorticoids on histological cpes in the pancreas and distant

organs the lungs and liver in experimental AP m&del

2. MATERIALSAND METHODS

The experiments were performed in adherence toNdw#gonal institutes of Health
guidelines for the use of experimental animals. Bhedy was approved by the Ethical

Committee of the University of Szeged for the Peitom of Animals in Scientific Research.

Animals

Male outbred Wistar rats (weighing 250-280 g) frima breeding facilities of the University
of Szeged were maintained on standard laborat@tyatid tap watead libitum; they were

fasted for 12 h before the induction of AP. Thenaali room was maintained on a 12-h
light/12-h dark diurnal cycle at a constant temperaof 22 °C. All animals were allowed to

acclimatize for 1 week.

2.1. Experimental protocols

2.1.1. Study |

The animals were allocated to one or other of eygbtips. In group 1, AP was induced by the
retrograde administration of 400 mg Na-taurochoiate the pancreatic duct (group AP). In
groups 2, 3 and 4, the animals were given 4 mgddy bveight (bw) dexamethasone (DEX)
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(Oradexon, Organon) (group APD), or 20 mg/kg bw rbgdrtisone (HYD) (Solu-Cortef,
Pharmacia&Upjohn) (group APH) or 5 mg/kg bw RU (Rsel-Uclaf, France) (group APRU)
subcutaneously just prior to the induction of ARJ Ras incorporated into multilamellar
phospholipid liposomes prepared from phosphatiadjiok (Sigma Chem., U.S.A.) and
cholesterol (Sigma Chem., U.S.A.) according torttethod described earlier (31). In sham-
operated groups 5-8, the animals underwent the sanggcal interventions, but sterile saline
was used as infusate into the pancigasup Sham) or the animals received subcutaneously
(sc.) the same doses of DEX (group ShamDEX), HY®Yg ShamHYD), or RU (group
ShamRU).

The animals were randomly assigned into one orahtiree experimental series. In series 1
(n = 48), the mortality of AP was investigated. Tdrémals were observed for 24 h, and the
number of survivors was recorded. Series 2 (n 9 W& used for serum cytokine, amylase
and pancreatic weight/body weight (pw/bw) determars Blood samples were obtained 2,
4, 8 and 24 h after AP induction. Tissue biopsiesataken for ATP and MPO measurements
of the liver and lungs, and for histology of thenpeeas, 24 h after AP induction. In the sham-
operated series 3 (n = 60) blood samples were takdnand 8 h, and tissue biopsies were

taken at 24 h after surgery.

2.1.2. Study ||

In the second study, the rats were randomly alémtaito one or other of three groups. In the
group AP, AP was induced by the intraperitonea) @aministration of L-arginine (L-Arg) (2

x 250 mg/100 g bw). In groups APMP and APRU, thenaits were given 30 mg/kg MP,
(Organon) or 5 mg/kg RU (Roussel-Uclaf, France3peetively. The agonist and antagonist
were administered sc. just prior to the inductiérAB. In the control group (group C), the
animals were given a saline injection sc. and warianized at 0, 8, 12 or 24 h without

undergoing any other procedure. Each group cordah&ast 6 animals.

2.2. Surgical preparation

2.2.1. Experimental acute pancreatitis

In the first study, the surgical procedures werdgomed under Na-pentobarbital (40 mg/kg
ip) anesthesia. The abdomen was shaved, preppediraped in sterile fashion, and after a
midline laparotomy, the pancreatic duct was cartedlat its entry into the duodenum, using
a PE 50 catheter, fixed and connected to a pressumteolled precision pump (IVAC, San

Diego, CA). Prior to infusion, the common bile duas occluded with a microvascular metal
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aneurysm clamp at the hilus of the liver, whereittiesate entered the pancreas. 400 pl 3%
Na-taurocholate (Sigma, U.S.A.) was perfused urgtandard parameters (pressure and
volume) for 30 s. After the intraductal infusiohetbile duct clamp was removed, the cannula
was withdrawn, and the abdomen was closed in tyersa

Int the second series, the experimental AP wascedliby the ip. administration of L-Arg
(2x250 mg/100 g bw).

2.2.2. Collection and analysis of plasma samples

Rats were laparotomized and sacrificed by abdomiaatta exsanguination under
pentobarbital anesthesia 2, 4, 8, or 24 h in stuah0, 8, 12 and 24 h following AP induction
in study Il. Blood samples were collected in hepagd tubes by exsanguinating the animals
through the abdominal aorta. The blood was cemgeduat 3000 g for 10 min immediately
after collection, and the plasma was separatedigiirthe use of sterile pipets and stored at -

70 °C until it was assayed.

2.3. Measurements

2.3.1. Survival analysis

In the first experiments, we investigated the swalvirates 24 h after the induction of
experimental AP by taurocholic acid. In the secmuties, survival analysis was not

performed because in this dose the L-Arg-inducedi@ot result in mortality.

2.3.2. Pancreatic weight / body weight (pw/bw) ratio deter mination
The pancreas was removed immediately after thedbtmtlection, trimmed free of fat and
lymph nodes, and weighed. The pw/bw ratio (mg/gp walculated for each animal, to

estimate the level of pancreatic edema.

2.3.3. Plasma amylase activity
Plasma amylase levels were measured by the amigdas®f Phadebaat al. (32) and are

reported in standard units.

2.3.4. Cytokine assays
2.3.4.1. PlasmalL-6 activity
IL-6 was bioassayed by using the murine hybridoelbline B9, the proliferation of which is

IL-6-dependent (33). The proliferation of hybridonealls stimulated with plasma was
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determined by the colorimetric MTT assay (involvihg reduction of 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) after incailoa for 72 h. All samples were assayed in

duplicate.

2.3.4.2. Macrophage migration inhibitory factor activity
Plasma MIF concentration was measured with a satdamzyme immunoassay kit (Chem.

Int. Inc., USA) according to the manufacturer’stinstions.

2.3.5. Assay of inflammatory mediator in pancreatic tissue

Nuclear transcription factor kappa B analysis

The proinflammatory cytokines TNF and IL-1-beta &r@wn to activate NkB. This fact
was made use of to estimate the production ofrmfi@tory mediators in tissue homogenates
(where the reliability of other assays is limited).

Tissue biopsies were taken at 0, 8, 12 and 24lbwizig AP induction, trimmed free of fat
and lymph nodes, weighed and frozen at -70 °C ws#d. After mincing and ultrasonic
homogenization, the debris was pelleted by low-8pmmtrifugation and the supernatant was

used for the assay.

2.3.6. Reporter cdl lines

Mouse L929 cells (5 x BCcells on a 60-mm plate) were transformed with pdluc4 and
pSV-2/neo plasmids (coding for firefly luciferasader the control of 5 NkB-responsive
elements and theeo" gene controlled by the SV40 enhancer/promotepecsrely), using
the DMIRIE-C cationic lipid transfection agent (GB BRL). Selection on Geneticin G418
(400 mgl/l) started 48 h later, the medium beingesdfed twice weekly. Clones were isolated
and tested for the intensity of their TNF-elicitdé-kB induction (50-100 U/ml recombinant
TNF, 6-10 h of induction) and the most responsivenes were used in subsequent
experiments.

RAW 264.7 cells (5 x 160-mm plate) subcultured on the previous day wexesformed
overnight with the above plasmids complexed withygitylene-imine (jetPEl, Qbiogen,
lllkirch, France). Geneticin-containing medium (46@/l) was replaced daily from day 2;
clones were isolated after 12 days. The clones béxig the highest response to
lipopolysaccharide (LPS) activation (0.1 to dg@yml, 6-10 h of incubation) were used for the

assays.
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2.3.6.1. Media

Both cell types were grown in MIX MEM (a 1:1 mixtuof DMEM, Sigma Cat. no. D-7777
and F-12 HAM, Sigma Cat. No. N-4388) plus 10% fetdf serum (FCS) (Sigma, Cat. no. F-
4135). Transformation was carried out in OPTI MERIBECO BRL). Geneticin was
purchased from Sigma (Cat. no. A-1720).

2.3.6.2. Luciferase assay

One-day-old cultures (of both L929 and RAW 264.IIsgegrown on luminoplates (Corning-
Costar Cat. no 3903) at 3 x“41L@ells/well in MIX MEM 10% FCS, were exposed tostie
samples, TNF or LPS, respectively (in 10®f the above medium per well).

After 6 h of incubation, the medium was removed @alcells were washed and lysed for 10
min at room temperature in buffer (20well, Promega Cat. no. E 1531). Substrate was
added (2Qul/well, Promega Cat. no. E 2620) and the luciferasgvity was measured in a

Luminoskan Ascent (Thermo Labsystems) scanningriometer.

2.3.7. Analysis of liver and lung tissue samples
Simultaneously with the pancreas-removing processssie samples were obtained from the
liver and lungs and immediately processed, snagefran liquid nitrogen for MPO and ATP

assays, and stored at -37 °C.

2.3.7.1. Myeloper oxidase activity

The tissue MPO activity, as a marker of tissue deyke infiltration, was measured in liver
and lung biopsies by the method of Kueldeal. (34). Briefly, the tissue was homogenized
with Tris-HCI buffer (0.1 M, pH 7.4) containing OMM polymethylsulfonyl fluoride to block
tissue proteases, and then centrifuged fbr 20 min at 2000 g. The MPO activities of the
samples were measured at 450 nm (UV-1601 spectitapleter, Shimadzu, Japan), and the

data were referred to the protein content.

2.3.7.2. ATP measurement

Samples were taken from the liver and lungs witWallenberg forceps cooled in liquid
nitrogen, and the tissue was stored at°@0The samples were weighed, placed into a 3-fold
volume of trichloroacetic acid (6% w/v), homogemiZer 1 min, and centrifuged at 5000 g.

The supernatant was neutralized with saturatedspiota carbonate solution. The ATP
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concentration was measured spectrophotometricattgrding to Lamprech¢t al. (35). The
method is based on the principle that beta-nicotida adenine dinucleotide phosphate is
consumed in an enzymatic reaction catalyzed byogkr6-phosphate dehydrogenase and

hexokinase.

2.3.8. Histology

Tissue biopsies were taken for histology of thecpaas, lungs and liver 24 h after AP
induction. The severity of the AP was determined gogss scoring of the macroscopic
parameters of the pancreas pathology, includingcreatic edema, hemorrhage and fat
necrosis. The gross pathologic scoring of the meascrwas performed according to the
following criteria: I. pancreatic edema: 0 = abseint= mild gland swelling, no cysts, 2 =
moderate gland swelling, cysts in the duodenaloregB8 = severe gland swelling, multiple
cysts extending to the splenic region; Il. panceetat necrosis: 0 = absent, 1 = confined to
the pancreas, 2 = extending to the omentum, 3 =espictad to the retroperitoneum; lIl.
pancreatic hemorrhage: 0 = absent, 1 = punctatelyotal, 2 = diffuse within the pancreas, 3
= peripancreatic or pancreatic blood with clots.

The pancreatic histology was scored by the methbdHugheset al. (36) with minor
modifications: edema: 0 = absent; 0.5 = focal < 50% = diffuse > 50%; vascular change: 0
= absent; 0.5 = congestion; 1.0 = focal hemorrhade= diffuse hemorrhage; 2.0 = vascular
necrosis or thrombosis; inflammation: 0 = absen; € focal/mild; 1.0 = diffuse; acinar
necrosis: 0 = absent; 0.5 = single acinar cellegsffoci of peripheral lobular damage; 1.0 =
lobular necrosis; 1.5 = lobular necrosis with matyscesses; fat necrosis: 0 = absent; 0.5 =
present.

The systemic damage involved in the pancreatitis s@ored for 24 h in different target
organs such as the liver and lungs. Histologiciagaof the liver (hepatic damage index) was
performed with the following criteria: portal regioinflammation (0 - 3+), bile duct
proliferation (0 — 3+), fibrosis (0 — 3+); peripaltregion: piecemeal necrosis (0 — 3+), acute
cholangiohepatitis (0 — 3+), bridging fibrosis (B+); intralobular alteration: cholestasis (0 —
3+), focal necrosis (0 — 3+), multiacinar necrd®is- 3+), Kupffer cell hyperplasia (0 — 3+),
regeneration (0 — 3+), and steatosis/degeneralier3().

Histologic scoring of the lungs (pulmonary damageéex) was performed according to the
following criteria: bronchial lesion (grade: 0 —)3-alveolar lesion (grade: 0 — 3+), vascular

changes (grade: 0 — 3+), and interstitial changeslé: 0 — 3+).
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2.3.9. Light microscopy

2-3-mm?3 portions of the same segment of the or@aascreas, liver or lungs) were fixed in
10% neutral formaldehyde solution after weighinglyoin the case of the pancreas) and
subsequently embedded in paraffin wax. Depara#mhia-pum-thick sections were stained
with hematoxylin and eosin. The slides were codedl r2ad for the histological markers of
tissue injury by one independent observer in adelth fashion. The different special
histological signs were graded semiquantitivelg4ih0 consecutive high-power fields (x400).
The score for each graded parameter was averageth@motal tissue damage was calculated

by summing the averages.

2.3.10. Data analysis and statistical comparisons

Data analysis was performed with the SigmastatVfimdows statistical software package
(Jandel Scientific, Erkrath, Germany). Survivaladatere analyzed for statistical significance
by the Fisher exact test. In the case of biochdmnmesasurements for statistical analysis, a
nonparametric method was used. Time-dependentgfiifes from the baseline were assessed
by Dunn’s method. Differences between groups wasdyaed with Kruskal-Wallis one-way
analysis of variance on ranks, followed by Dunn&thud for pairwise multiple comparison.

P values <0.05 were considered statistically sigaiit. Results are expressed as means *
S.E.M.
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3.RESULTS

3.1. Study |

3.1.1. Survival analysis

In the non-treated AP group, the experimentallyucet AP resulted in a 33% (4/12) survival
rate, with a median survival of 10 h after an obagon period of 24 h. However, the
glucocorticoid agonists decreased the lethal efd¢P: in the groups APD and APH, the
24-h survival rates were 58% (7/12) and 75% (9/4@h a median survival of 17 and 19 h,
respectively. In the group APRU, the resistancéhefanimals against AP was significantly
decreased as compared with the groups APD and #&feHsurvival rate was only 17% (2/12).

In the Sham group, the mortality was 0 (Fig. 1).

Survival analysis for 24 hours (20)

80 -
60 A
40 -
*
20
(6]
Sham AP APRU APD APH
Figure 1.

Survival analysis for 24 h in Na-taurocholate-ingdicAP in rats. Abbreviations: SHAM:

sham-operated animals, AP: acute pancreatitis, APRU-38486-treated animals, APD:

dexamethasone-treated animals, APH: hydrocortit@mated animals. Data are means *
S.E.M. * p<0.05 vs the groups APD and APH.

3.1.2. Pancreatic weight / body weight ratio

Pw/bw was significantly elevated in the group AP tlkie normal condition (p<0.05). No
difference between the groups AP and APRU was fairahy time point. In the groups APD
and APH, pw/bw was significantly diminished (p<0.05 the group AP (Fig. 2). In the
SHAM groups, the pw/bw ratio did not change sigrafitly.
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Figure 2.

Changes in pw/bw ratio in Na-taurocholate-induce@ iA rats. Abbreviations: AP: acute
pancreatitis, APRU: RU-38486-treated animals, ABEBxamethasone-treated animals, APH:
hydrocortisone-treated animals. All values are ages of at least 7 determinations. Data are
means + S.E.M. * p<0.05 vs basal pw/bw ratip<0.05 vs the group AP.

3.1.3. Plasma amylase activity

In the group AP, the amylase activity was signifittaelevated at 2 h (13000 U/I + 3000 U/I)
and remained higher at 4, 8 and 24 h vs the bagal {p<0.05). In the glucocorticoid agonist-
treated groups (groups APD and APH), the plassnaylase levels were significantly
decreased as compared with the group AP at 2, 8 &ingh<0.05). No significant alteration in
amylase activity was found in the group APRU vsdhaup AP (Fig. 3). In the SHAM group,
the glucocorticoid agonists and antagonists didattetr the basal amylase level significantly

at any time point as compared with saline treatment
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Figure 3.

Effects of glucocorticoid agonists (DEX and HYD)daglucocorticoid antagonist (RU) on the
amylase activity in Na-taurocholate-induced AP sRlaamylase activity was measured 0, 2,
4, 8 and 24 h after AP induction. All values arerages of at least 7 determinations. Data are
means_+S.E.M. * p<0.05 vs basal amylase levep<0.05 vs the group AP. Abbreviations:
AP: acute pancreatitis, APRU: RU-38486-treated ailmAPD: dexamethasone-treated
animals, APH: hydrocortisone-treated animals.

3.1.4. Plasma I L-6 activity

In the group AP, the IL-6 level gradually increaseshching its peak at 8 h (13500 U/l +
3000 U/l). In the group APRU, the IL-6 value wagrsficantly elevated (16000 U/l £ 3800
U/l) at 2h following AP induction as compared witte other groups (p<0.05). At 4, 8 and 24
h, its levels did not differ from those for the gpoAP. In the groups APD and APH, the IL-6
activity was significantly diminished (p<0.05) asngpared with the group AP at 4, 8 and 24 h
(Fig. 4).Thecirculating IL-6 level did not change significantlythe SHAM group.
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Figure 4.

Changes in plasma IL-6 level in Na-taurocholataioetl AP in rats. Abbreviations: AP:
acute pancreatitis, APRU: RU-38486-treated anim@l): dexamethasone-treated animals,
APH: hydrocortisone-treated animals. All values awerages of at least 7 determinations.
Data are means *+ S.E.M. *p<0.05 vs basal plasn&l &L-6. “p<0.05 vs the group AP.

3.1.5. Liver and lung MPO activity

AP significantly elevated the leukocyte accumulatiooth in the liver and in the lungs
(p<0.05) as compared with the SHAM grofifigs. 5 and 6). RU treatment did not influence
the MPO activities of the organs as compared withgroup AP. DEX and HYD, however,
significantly (p<0.05) attenuated the leukocyteusalation in the liver 24 h following AP
induction as compared with the AP group. In thecgtorticoid agonist and antagonist-treated
SHAM groups, the MPO activity did not change sigmihtly as compared with saline
treatment.
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Figure 5.

Liver MPO values in Na-taurocholate-induced AP iatsr Abbreviations: AP: acute
pancreatitis, APRU: RU-38486 treated animals, ABExamethasone-treated animals, APH:
hydrocortisone-treated animals, Sham: sham-operatdithe-treated animals. All values are
averages of at least 7 determinations. Data aresne8&.E.M. p<0.05 vs the group Sham.

#p<0.05 vs the group AP.
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Figure 6.

Lung MPO values in Na-taurocholate-induced AP ins.raAbbreviations: AP: acute
pancreatitis, APRU: RU-38486-treated animals, ABBxamethasone-treated animals, APH:
hydrocortisone-treated animals, SHAM: sham-operaatine-treated animals. All values are
averages of at least 7 determinations. Data aresne8&.E.Mp<0.05 vs the group Sham.

3.1.6. Liver and lung ATP activity

AP alone resulted in significantly decreased ATilg in both the liver and the lung tissue at
the end of the observation period as compared thghSham group (p<0.05). In the group
APRU, the liver and lung ATP levels were similagignificantly (p<0.05) decreased vs the
group Sham, but did not differ from that for thegp AP. In the groups, APD and APH, the
liver ATP levels were significantly (p<0.05) elegdtas compared with the group AP (Fig. 7).
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No significant differences were detected betweengioups AP and APRU vs the groups
APD and APH in the lung tissue ATP levédh the Sham groups (Sham, ShamDEX,
ShamHYD and ShamRU), the ATP contents of the liamed lung tissue did not change

significantly as compared with saline treatment.

pmol/g liver tissue
5 ]

T

x
>

Sham AP APRU APD APH

Figure 7.

Changes in liver ATP level 24 h following AP indiact. Abbreviations: AP: acute
pancreatitis, APRU: RU-38486-treated animals, ABExamethasone-treated animals, APH:
hydrocortisone-treated animals, Sham: sham-operatdithe-treated animals. All values are
averages of at least of 7 determinations. Datanaa@ns + S.E.Mp<0.05 vs the group Sham.

#p<0.05 vs the group AP.

3.1.7. Gross pathology

The results of the gross pathology scoring are shovwrable I. The scores were significantly
improved in the groups APH and APD as compared wighgroup ARp<0.05). In the AP
and the groups APRU, macroscopic analysis revealeck severe pathological parameters
than in the groups APH and APD.
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Table I.

Gross pathologic scoring results in AP
Tested parameters AP APRU APH APD
Pancreatic edema 22+0.7 3.0+£0.0 1.22 +0.7%*4 £10.5
Pancreatic hemorrhage 1.7+0.2 25205 1.3%+0.1.4+£05
Pancreatic fat necrosis 2.2+0.7 3.0+0.0 1.00t0 1.1+0.8*

* p<0.05 vs the group AP

3.1.8. Histology
Although the gross pathological and the microscdpdings following hematoxylin-eosin
staining demonstrated appreciable histological ghann the pancreas, liver and lungs in the

different groups, the differences in the inveseglabrgans were not statistically significant.
3.2. Study 11

3.2.1. Pancreatic weight / body weight ratio
The administration of L-Arg significantly increasédde pw/bw ratio vs that in the group
Control (p<0.05). Glucocorticoid pretreatment teshde decrease the pw/bw ratio in the AP
group, but this difference was not statisticallyrsiicant (Fig. 7).
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Figure 7.

Changes in pancreatic weight to body weight rapie/bw) in L-Arg-induced AP in rats.
Abbreviations: AP: acute pancreatitis, APRU: RU-3@4reated animals, APMP:
methylprednisolone-treated animals. All valuesarerages of at least 6 determinations. Data

are means = S.E.M. * p<0.05 vs basal pw/bw ratio.

3.2.2. Plasma amylase activity
In the AP and APRU groups , the amylase activitvese significantly elevated at 12 h and
remained higher at 24 h vs the basal level (p<0.06the glucocorticoid agonist-treated
group (group APMP), the plasma amylase level wasifstantly decreased as compared with
the groups AP and APRU at 12 and 24 h (p<0.05).siymificant alteration in amylase
activity was found in the group APRU vs the group éig. 8).
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Figure 8.

Effects of glucocorticoid agonist (MP) and glucdamid antagonist (RU) on amylase
activity in L-Arg-induced AP. Abbreviations: AP: @& pancreatitis, APRURU-38486-
treated animals, APMP: methylprednisolone-treatednals. All values are averages of at
least 6 determinations. Data are mear&E.M. * p<0.05 vs basal amylase leVk0.05 vs

the group AP.
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3.2.3. PlasmalL-6 activity

In the group AP, the IL-6 level gradually increasezhching its peak (1000 + 200 U/l) at 8 h.
In the group APRU, the IL-6 level was significandievated (750 + 100 U/l) at 8 h and 12 h
following AP induction as compared with the grouBMP (p<0.05). In the group APMP, the
IL-6 activity was significantly diminished (p<0.0%s compared with the group AP at 8 h.
The circulating IL-6 level did not differ significdly between the groups AP and APMP from

12 h up to the end of the observation period (8)g.
u/I
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Figure 9.

Changes in plasma IL-6 level in L-Arg-induced AP nats. Abbreviations: AP: acute

pancreatitis, APRU: RU-38486-treated animals, APMiethylprednisolone-treated animals.
All values are averages of at least 6 determinati®ata are means + S.E.M. *p<0.05 vs
basal plasma level of IL-8.p<0.05 vs the group APp<0.05 the group APRU vs the group
APMP.

3.2.4. Plasma MIF level

AP induced increases in the baseline plasma MI€l lav8, 12 and 24 h. MP did not exert a
significant effect on the plasma MIF level changes&l treatment resulted in significantly

higher MIF production at 8 and 12 h following L-Anmgection as compared with the groups
APMP and AP (Fig. 10).
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MIF values in L-Arg-induced AP in rats. Abbreviatg&r AP: acute pancreatitis, APRU: RU-
38486-treated animals, APMP: methylprednisolonaté@ animals, Control: saline-treated
animals. All values are averages of at least 6rogtations. Data are means £ S.E.M.
*p<0.05 vs the basal MIF leveip<0.05 vs the group APp<0.05 the group APRU vs the
group APMP.

3.2.5. Proinflammatory cytokinesin the pancreas

In the early phase of AP, the level of pancreatiedB activity changed in parallel in the MP-
and RU-treated groups, and the difference betwdmset groups was not statistically
significant at 8 h following L-Arg injection.

MP treatment significantly decreased the level &8 activity as compared with the RU-
treated animals at 12 h following AP induction. $amy, in the group APMP the pancreatic
NF-kB concentration was significantly decreased as esatpwith the group AP at 24 h. RU
treatment resulted in a significantly higher leeélpancreatic NReB activity at 12 h vs the
groups AP and APMP. AP alone led to a significaftigher NF«xB activity as compared
with the group C at 24 h (Fig. 11).
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Pancreatic NReB activity in L-Arg-induced AP in rats. Abbreviatis: AP: acute pancreatitis,
APRU: RU-38486-treated animals, APMP: methylpredlioise-treated animals, Control:
saline-treated animals. All values are averagest tdast 6 determinations. Data are means +
S.E.M. *p<0.05 vs the basal levéh<0.05 vs the group APp<0.05 the group APRU vs the
group APMP.

3.2.6. Gross pathology
The administration of 2x250 mg/100 g bw L-Arg inddamild necrotizing AP. The results of

the gross pathology scoring are presented in Tiable
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Table II.

Gross pathologic scoring resultstbé pancreas 24 h after induction of AP.

Tested parameters AP APRU APMP
Pancreatic edema 21+04 3.1+0.0 1.2+0.7*
Pancreatic hemorrhage 1.6+0.3 24+04 1.3+ 0.
Pancreatic fat necrosis 2.0x0.6 29+0.2 1010#

*p<0.05 vs the group AP

The scores were significantly better in the groupM® as compared with the group AP
(p<0.05). In the group APRU, the macroscopic anslysvealed more severe pathological
parameters than in the group APMP.

3.2.7. Histology
On hematoxylin-eosin staining, the microscopic Biigations demonstrated major

histological changes in the pancreas, liver andsun the different groups (Tables IlI-V).

Table 111

Histological scoring results on the pancreas 2#tidr mmduction of AP.

Tested parameters AP APRU APMP
Pancreatic edema 0.6 +0.0 0.7+0.0 0.3 +0.0*
Vascular change 0.9+0.2 1.1+£0.1 0.8+0.2
Inflammation 0.7+0.1 0.7+0.2 0.5 + 070*
Acinar necrosis 1.1+0.2 1.2+0.3 0.8 + 0:2*
Fat necrosis 0.3+£0.0 04+0.1 0.3+0.0

*p<0.05 vs the group AP

#p<0.05 vs the group APRU
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Histological scoring results on the liver 24 h afteluction of AP.

Tested parameters AP APRU APMP

l. Portal region

Inflammation 1.3+0.1 1.7+0.1 1.3+0.2
Bile duct proliferation 1.1+£0.1 1.0+£0.2 1.m4
Fibrosis 0.7+0.1 09+0.2 0.6+0.2
ll. Periportal region

Piecemeal necrosis 14+03 15+04 1.3+£0.2
Acute cholangiohepatitis 1.7+0.4 1.9+£05 16.&
Bridging fibrosis 0.7+05 0.9+£0.3 0.6+0.3
lll. Intralobular alteration

Cholestasis 1.2+0.1 15+0.3 1.3+£0.3
Focal necrosis 1.3+£0.3 14+0.2 1.4+0.3
Multiacinar necrosis 1.1+0.1 14+0.2 1.0 £0.1
Kupffer cell hyperplasia 1.3+0.3 1.2+04 1.0.8
Regeneration 0.7+£0.2 0.6 £0.3 0.7+0.3
Steatosis/degeneration 1.1+£0.2 1.1+£0.2 1.3+0

*p<0.05 vs the group AP

#p<0.05 vs the group APRU
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Table V.

Histological scoring results on the lungs 24 hraftduction of AP.

Tested parameters AP APRU APMP
Bronchial lesion 1.2+0.1 1.1+0.3 1.1+0.2
Alveolar lesion 1.2+0.2 1.8+0.3 1.1+0.1
Vascular changes 1.4+0.2 1.5+0.3 0.9 +0.1*
Interstitial changes 1.7+0.1 2.1+0.2 1.2 #6.0

*p<0.05 vs the group AP

#p<0.05 vs the group APRU

However, at the end of the observation period,ektents of tissue damage in the pancreas
and lungs were significantly less in the group APti&n in the groups AP and APRU.
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4. DISCUSSION

AP is an inflammatory disorder of the pancreas Wwittal and systemic manifestations, is a
significant health problem. In spite of the improwents that have been achieved in intensive
care and in surgical therapy, the mortality raterfecrotizing AP remains high. The clinical
presentation may range from a local inflammatorgcpss to a severe pancreas injury
associated with extrapancreatic manifestationsh sag circulatory, renal or pulmonary
complications. Activation of the inflammatory cadeaincluding different cytokines, results
in microcirculatory disturbances and multiple ordatture (9). A large body of evidence has
revealed that the AP-induced systemic inflammatoegponse leads to multiple organ
dysfunctions, the intensity of this process detamng the outcome of the illness (11). In view
of its acute onset, rapid progress and high moytait has become a hot clinical and
experimental study topic and one of the toughesticaéproblems.

Among the most important aspects of thevivo investigation of AP is the use of a relevant
animal model which is able to mimic the clinicausition. Different experimental models of
AP have been developed in order to seek an unddista of its pathophysiology,
histological features and degree of severity, drad failure of distant organ systems. The
interpretation of AP has changed from the earlyiti@nal autodigestion theory to the
“inflammatory mediator or cytokine theory”, the “onocirculation disturbance theory”, the
“nitrogen monoxide and oxygen free radical injuhyedry”, the “bacteria translocation
theory”, and so on. Chan and Leung (37) have sed¢lye most relevant animal models of
AP and their advantages and limitations. HoweMegyd are significant differences in the
pathophysiological responses between species ani@lsyand the selection of a particular
model depends upon the specific aims of the expertim

In order to demonstrate the effects of glucocoitismn AP we chose a severe model of AP.
In study I, we applied the Na-taurocholate-indu&gd model. This is an accepted and
reproducible model of experimental AP, which progkithe characteristic morphological and
physiological changes of severe necrotizing type. AB standardize the inflammatory
processes and to avoid ductal disruption, we usedfasion pump and constant experimental
parameters. The biochemical and morphological dptaved that Na-taurocholate
administration did result in a severe necrotizigget of AP. In study Il, we also chose a
severe pancreatitis model. The L-Arg-induced noasive model is highly reproducible and
standardizable, and produces selective, dose-depedP. With a low dose of L-Arg, the

induced pancreatitis is not so severe and doegesatt in mortality. Accordingly, this model
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Is appropriate for the observation of differentymghysiological changes during experimental
pancreatitis of mild severity.
Increases in tissue corticosteroid levels duringaante illness are important protective
responses. There is now preliminary evidence topadpthe use of supplementary
corticosteroids in patients with established sephiock, and especially those who display
signs of functional hypoadrenalism (38).
However, the beneficial effects of exogenously austered corticosteroid hormones in
experimentally induced AP are a matter of displites well known that the pituitary-adrenal
axis, including glucocorticoids, plays a pivotaleron the mutual control mechanisms and
communication between the neuro-endocrine and inensystems. During experimental AP,
the extent of secretion of endogenous corticoseerignincreased (39). Adrenalectomy is
known to produce more severe AP and to elevateghan IL-8 level.
Our results clearly demonstrate that glucocortidmdnones attenuate the local and systemic
effects of AP and prolong the survival of rats.
The injection of HYD during the development of ARswbserved by Pescadial. and by
De Dioset al. to be harmful (26, 40). In contrast, the protexteffects of corticosteroids in
AP have been reported by several authors (11,R#}hermore, glucocorticoids have been
found to attenuate the pancreas damage by prageatinar cells during cerulein-induced AP
(24), whereas the opposite was reported by Mahsb (41) in AP induced with a choline-
deficient, ethionine-supplemented diet.
Our observations are in line with these findingsces the glucocorticoid agonists HYD, DEX
and MP moderated the serum amylase and IL-6 detwind local inflammatory reactions. In
contrast, the glucocorticoid antagonist RU amgilifiee inflammatory processes and resulted
in an earlier IL-6 response to AP.
It has been established that the steroid receptaganist RU enhances the synthesis of TNF-
a and sensitizes animals to the cytotoxic actiomdF-a (42). RU acts at the receptor level,
and thus the increased TNFproduction seems to be mediated via the glucamdi
receptors (43). As the most powerful inducer of 6lLproduction is TNF, and
glucocorticoids inhibit IL-6 synthesis directly (1 Zhe earlier significant IL—6 production in
the RU group can be explained.

One of the crucial points of these studies istittméng of steroid treatment during AP
(39, 44). Thcolakowt al. (45) and Glooret al. (27) observed that treatment with a single
prophylactic, low dose of exogenous steroid redultea decrease in the severity of AP.

Repeated long-term HYD pretreatment has been ddmated to worsen the inflammatory
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process in AP (41). Another controversial pointhe dose of steroid treatment. High-dose
corticosteroid treatment (30 mg/kg bw) increasesntiortality rate, possibly due to secondary
infection (28). On the other hand, low-dose (10kgdiw) steroid treatment results in a more
effective inhibition of inflammatory mediators (- TNF-a and arachidonic metabolisms), a
better survival and a lower rate of side-effec®) (4 he opposite was reported by Glebal.
(27): they administered 10 mg/kg bw HYD 10 min dsding the induction of cerulein-
induced AP, but this did not result in any proteeteffect. These controversial results might
be explained by the differences in timing, the dafsglucocorticoid treatment and the type of
experimental AP. We used twice as high a dose dDHXO mg/kg bw), and a much stronger
glucocorticoid analog, DEX, in a dose of 4 mg/kg. mvspite of the differences in biological
half-life, the two steroid analogs achieved the sassult. These findings suggest that even
the glucocorticoid compound with weaker anti-inflaatory potency (i.e. HYD) could
adequately attenuate the inflammatory mediatoraespin this setting.

Recent studies have led to the rediscovery of @tary mediator that appears to act as the
counter-regulatory hormone for corticoid action hiit the immune system. The protein
historically known as MIF was identified more thd@ years ago as a product of antigen-
sensitized lymphocytes that could inhibit the randmovement or migration of cultured
mononuclear cellg vitro (47, 48).

Low concentrations of glucocorticoids directly im@uMIF release from macrophages and T
cells (16). This finding was initially surprisingebause it was generally considered that
glucocorticoids inhibit the release of proinflamorgtmediators (49, 50). The glucocorticoid-
induced secretion of MIF is tightly and dose-depamly regulated (51, 52). At high anti-
inflammatory glucocorticoid concentrations (3°LM), the secretion of MIF is known to be
completely shut off (53).

It is of importance that MIF circulates normallytime blood. The basal MIF levels have been
estimated by ELISA techniques to range from 2 togiml amounts that demonstrate
glucocorticoid counter-regulatory activity vitro. These data suggest that the physiological
state of the glucocorticoid-MIF system is one ofamtive balance between pro- and anti-
inflammatory mechanisms (54).

MIF production seems to be upregulated in otheexad pancreatitis too, and its presence
can be regarded as an early marker of pancreatrosis in AP (55).

We demonstrated that the induction of AP by thedtipn of L-Arg resulted in a marked
increase in the MIF concentration in the plasmaer&éhwas a continuous tendency for the

administration of high doses of MP to elevate tlesma MIF level, but this effect was not
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statistically significant. Our finding had previdydeen suggested by recent studies on the
effects of glucocorticoids on MIF production in fdifent acute inflammatory processes.
Nagasakkt al. reported that MP did not increase, but ratheredrtd decrease the serum MIF
level (56). Similarly, in experimental rat modelsuBn et al. (57) observed that the
administration of DEX did not enhance MIF produntio sepsis. Our results are in accord
with the findings of these authors, who concludduattexogenously administered
glucocorticoid treatment downregulated the levetelf-associated MIF and MIF release by
various activators (58). The fact that MP did nettier increase the production of MIF in our
experiments suggested that the degree of glucooattinduced MIF production was already
maximal in the AP animals because of the high lefedndogenous glucocorticoids. On the
other hand, one of the most interesting observatioithe second phase of the study was that
RU treatment resulted in significant elevationshaf plasma level of MIF 8 and 12 h after AP
induction. However, there is no clear-cut explasrafior this fact. Very little is known about
the regulation of the MIF gene; some data sug@estNF«B is involved (59, 60).
Glucocorticoid hormones diminish the production ioflammatory cytokines via the
inhibition of cytoplasmic transcriptional factorsch as NFR<B (61, 62). The glucocorticoids
activate glucocorticoid receptors that may therdlimactivated NkeB and activator protein-
1, preventing binding teB sites on genes that have a role in inflammatooggsses (63).

Our important major finding is that MIF counterattie glucocorticoid-mediated inhibition of
NF-kB in L-Arg-induced experimental AP in rats. Ouruks suggest that NkB activation

in L-Arge-induced AP occurs at a later stage aspayed with other models. A significant
NF-kB elevation was detected 1 h after the inductioABfwith Na-taurocholate (64).

We found that RU treatment led to in significanttygher NF«xB activity 12 h after
pancreatitis induction, which can be explainedhattRU treatment results in significantly
higher MIF production at this time. It was cleaattlthe short-term pretreatment with a high
dose of glucocorticoid caused a significant lowgrad the NF«B activity in the later phase
of AP.

Many inflammatory components are regulated by«d®-including inflammatory cytokines,
acute-phase proteins, etc. Glucocorticoid horm@mesknown to diminish the production of
inflammatory cytokines via the inhibition of cyt@simic transcriptional factors such as NF-
kB (61, 62). Glucocorticoids prevent NdB activation in part by increasing the expressibn o
nuclear factor of kappa light polypeptide gene @abka in B-cells inhibitor alpha €Ba),
which keeps NReB bound in the cytosol and thereby prevents theegexpression of

proinflammatory mediators (63). The mechanism fa tounter-regulatory action of MIF
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involves the prevention of glucocorticoid-inducedcreases in cytosolickBo. As a
consequence, NkB can translocate to the nucleus and activate drgot®n, even in the
presence of normal physiological concentrationsl'déD. MIF could activate an intracellular
pathway, leading toxBa kinase activation and consequencesxifol degradation, in this
way overriding the glucocorticoid-induced inhibitiaf NF«B activation (65).Moreover,
glucocorticoid increases the expression ©Bd, preventing NFR<B translocation to the
nucleus and the activation of transcription (49, @&).

We demonstrated that experimental animals resppAdPtwith a significantly higher degree
of tissue leukocyte infiltration, as evidenced bg increased MPO activity in the liver and
lungs. It is noteworthy to note that in experiméiB the glucocorticoid agonists attenuated
the MPO activity. This finding underlines the imtarce of the action of glucocorticoid in
the control of inflammatory mediator-induced remotgan damage.

Previous nuclear magnetic resonance studies haxealesl the depletion of high-energy
phosphates in pancreatic cells in AP, which seenog¢ur as a result of pancreatic cell death
(66). Halanglet al. (67) reported a correlation between the degrekepletion of high-energy
phosphates and the severity of AP. In this proc#ss, main source of the enhanced
permeability of the mitochondrial inner membranethe inhibition of complex | of the
respiratory chain. The hepatocellular dysfunctiod &ATP depletion in AP are also well
known (68, 69), but little attention has been paidhe relationship of steroid treatment and
the high-energy phosphate level in inflammatorycpsses of the pancreas. In our study in
animals with AP.a significant ATP depletion was demonstrated inatnorgans too. The
observation that ATP depletion develops in the supgpvides a possible explanation for the
pulmonary dysfunction seen in AP. It is also pdssibat other systemic complications, such
as a decreased myocardial contractility or rendurla are indirectly related to the
mitochondrial dysfunction and ATP depletion caubgdirculating cytokines and other toxic
components. Therefore, our results may suggestval mxplanation for the multiple organ
dysfunction and increased morbidity in AP. On thkeo hand, low-dose steroid treatment
was effective in our study, glucocorticoid agonisignificantly elevating the liver ATP
content in experimental AP.

In our series in the Na-taurocholate-induced AP ehothe histological changes in target
organs were more characteristic than in the L-Aduced series. We proved the protective
effect of glucocorticoid analog treatment on tissieenage. Moreover, at the end of the
observation period, the extents of tissue damagkearpancreas and lungs were significantly

less in the glucocorticoid-treated (APMP) grouptin AP and after Ru treatment.
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In conclusion, our study highlights the fact thaicgcorticoid hormones play an important
role in maintaining the resistance of the animgaisst the lethal effects of experimentally
induced AP. Furthermore, the exogenously admirgdteglucocorticoid agonists greatly

moderate the local and systemic inflammatory comsecges of experimental AP.
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5. SUMMARY AND NEW FINDINGS

The histological and biochemical findings provedtttboth Na-taurocholate and L-Arg
induced a severe type of AP. These two reproduahbte standardizenh vivo experimental
models provide useful protocols which furnisheduasle information on the functional,
morphological and biochemical changes during thé&ation phase of AP, and on the
pathophysiological and morphological consequencésAB in response to different
treatments.

Our results clearly demonstrated that glucocortisaritically mitigate the progression of the
inflammatory reaction during the early phase ofezkpental AP.

Exogenously administered short-term pretreatmett Wwigh-dose glucocorticoilormones
attenuated the local and systemic effects of ARredsed the serum amylase and IL-6
activities and local inflammatory reaction, andlpnged the survival of the animals.

Our study has proved that experimental animalsores$go AP with a significantly higher
degree of tissue leukocyte infiltration, as evid=hby the increased MPO activity in the liver
and lungs. It must be noted that in experimentakidglucocorticoid agonists attenuated the
MPO activity.

Our study demonstratedsignificant ATP depletion in the liver and theds of animals with
AP. The observation of an ATP depletion in the kipgovides a possible explanation for the
pulmonary dysfunction seen in AP. Steroid treatmevds effective in our study,
glucocorticoid agonists significantly elevating theer ATP content in experimental AP.
Furthermore, inhibition of the endogenous cortieost] action by RU treatment also resulted
in a pronounced ATP depletion in remote organss throcess being inhibited by
glucocorticoid agonists.

The induction of AP by the injection of L-Arg lead ta marked increase in the MIF
concentration in the plasma. There was a contintengency for the administration of high
doses of MP to enhance the plasma MIF level, hatdfiect was not statistically significant.
On the other hand, treatment with the antiglucocoid RU gave rise to significant elevations
of the plasma level of MIF after AP induction.

The other important major finding was that MIF cteracted the glucocorticoid-mediated
inhibition of NF«B in L-Arg-induced experimental AP in rats. Ourukts suggested that NF-
kB activation in L-Arg-induced AP occurs at a laséaige as compared with other models.
We clearly demonstrated that short-term pretreatman a glucocorticoid agonist resulted

in a significant reduction of NkB activity in the later phase of AP.
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In conclusion, our study clearly revealed that gharticoid agonist treatment promotes the
resistance of animals against the lethal effectd, @ovides considerable protection against

the systemic toxicity of inflammatory cytokinesexperimentally induced AP.
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