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Abstract

Premature trypsinogen activation and production of
oxygen free radicals (OFR) are early pathogenic events
which occur within acinar cells and trigger acute
pancreatitis (AP). OFR exert their harmful effects on
various cell components causing lipid peroxidation,
disturbances in calcium homeostasis and DNA damage,
which lead to increased cell injury and eventually cell
death. This review presents the most recent data
concerning the effects of N-Acetylcysteine (NAC), in
the treatment of AP. NAC is an antioxidant capable of
restoring the levels of Glutathione, the most important
cellular antioxidant. Studies show the beneficial effects
of NAC treatment in preventing OFR production and
therefore attenuating oxidative damage. Additionally,
NAC treatment has been shown to prevent the
increase in cytosolic Ca®* concentration and reduce
the accumulation of enzymes in acinar cells during AP.
The prevention, by NAC, of these pathological events
occurring within acinar would contribute to reducing
the severity of AP. NAC is also capable of reducing the
activation of transcription factors especially sensitive to
the cellular redox state, such as Nuclear factor-kB, signal
transducer and activator of transcription-3 and mitogen-
activated protein kinase. This leads to a down-regulation
of cytokines, adhesion molecules and chemokine
expression in various cell types during AP. These findings
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point to NAC as a powerful therapeutic treatment,
attenuating oxidative-stress-induced cell injury and other
pathological events at early stages of AP, and potentially
contributing to reducion in the severity of disease.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Acute pancreatitis (AP) is an inflammatory disease whose
pathophysiology remains pootly understood. It is usually
considered to be an autodigestive disease. In addition to

1 .
" mechanisms

premature intracellular protease activation
such as oxidative stress have also been shown to be involved
in the development of the disease™”. Since Sanfey e /"
suggested the possible role of oxygen free radicals (OFR)
in AP, many studies have been carried out in order to inves-
tigate the role of oxidative stress in different experimental
models of AP™, Under healthy conditions, OFR are
generated in eukaryotic cells but they are quickly removed
by a system of enzymatic and non-enzymatic antioxidants
within the cell. If OFR production overwhelms the cellular
antioxidant defense systems, oxidative stress develops. This
leads to disturbances in cellular homeostasis since these
OFR can cause biochemical and functional alterations

at different cellular levels, including lipid peroxidation'”,
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protein oxidation™ and DNA darnagem, among other toxic
effects. Glutathione (GSH) is one of the most important
cellular antioxidants'” and is generally depleted under
situations in which OFR production is enhanced, such as
in AP, For this reason, the oxidative state of the pancreas
is routinely evaluated by indirect measurements on extracts
of tissue. Pancreatic GSH levels and the concentration
of malondialdehyde, a product of membrane lipid
peroxidation'] are widely considered as indices of the
cellular redox estate. Most tecently, analysis carried out by
flow cytometry showed the time course of OFR production
in individual acinar cells during AP"?,

A number of antioxidant therapies have been shown,
to varying extents, to improve different AP models™*".
These antioxidants include N-Acetylcysteine (NAC), a
thiol-containing compound used in the clinic for treatment
of congestive and obstructive lung disease, paracetamol
intoxication and more recently in the treatment of pulmo-
nary oxygen toxicity and adult respiratory distress syndrome.
A wide range of NAC doses and administration protocols
have been reported in clinical applications while in experi-
mental studies of AP, NAC dosages varying between 10
to 1000 mg/kg have been administered by infusion or
intraperitoneal injections. The extensive use of NAC is due
to the multifaceted chemical properties of the cysteinyl
thiol of the molecule. This confers antioxidant capacity
by interacting directly with OFR and facilitating GSH
biosynthesis, since Cys bioavailability appears to be a limiting
factor for GSH synthesis' ", a process that may be induced
in the exocrine pancreas under conditions of stress' .

NAC AND INTRACELLULAR EVENTS
DURING AP

Besides OFR generation, exocytosis blockade!” and cy-
tosolic calcium tise!”"™ have been considered as the eatliest
intracellular events that lead to the premature activation of
trypsinogen which triggers AP. NAC administration at a
dose of 100 mg/kg has been shown effectively to prevent
the cytosolic calcium increase found in acinar cells from
early pancreatic duct obstruction (PDO) onwards"”. In-
creases in intracellular Ca’* concentration evoked by OFR
have been reported in acinar cells™, mainly caused by Ca®*
mobilization from intracellular stores and a further partial
influx across the plasma membrane. It seems likely that
disturbances in calcium homeostasis are due to alterations
in the mechanisms responsible for maintaining low intra-
cellular Ca”* levels as these require ATP, whose pancreatic
levels have been found reduced in AP as a result of GSH
depletion. Because oxidative stress is avoided at eatly AP
stages by NAC administration, these mechanisms may not
be affected. Consequently, normal cytosolic Ca”" levels are
in fact maintained during PDO and cell damage and death
is preventedm]. On the other hand, premature intracellular
activation of digestive zymogens is highly dependent on
increased cytosolic Ca** concentrations' "', In parallel with
an intracellular redistribution of cathepsin B and preced-
ing GSH depletion, intrapancreatic activation of digestive
enzymes has been found 15-30 min after inducing AP by
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supramaximal stimulation with caerulein®. On this bass,
the occurrence of intracellular zymogen activation under
NAC treatment cannot be discounted. However, data
strongly suggest that by limiting OFR-evoked increases in
acinar cells Ca”* levels, NAC prevents the progressive auto-
digestion of the pancreatic tissue which would be initiated
inside acinar cells at early stages of AP. As a result, NAC
treatment reduces the pancreatic damage induced by PDO
AP. Accordingly, oxidative stress is cleatly involved in the
genesis of the tissue lesions induced in this model of AP.

On the other hand, NAC treatment also seems to
prevent cytoskeletal disruption, a structural alteration
associated with increased cytosolic Ca®* concentration™
and related to the blockade of enzyme secretion in AP*,
Significant decreases in plasma amylase activity as well
as the lower quantities of enzymes stored in acinar cells
strongly suggest that NAC administration mitigates the
exocytosis blockade in AP, in turn reducing the risk of
intracellular activation of digestive enzymes.

In summary, OFR neutralization at early AP stages by
NAC treatment has been shown to prevent the increase in
cytosolic Ca” concentrations and reduce the accumulation
of enzymes in acinar cells”*" thus limiting the activation
of digestive zymogens inside acinar cells. The prevention
of major intracellular pathological mechanisms by NAC
administration consequently contributes to ameliorating

the severity of AP,

NAC AND CELL CYCLE

Besides their harmful effects, an increasing body of evi-
dence supports the involvement of OFR in transduction
cascades which act as signalling molecules in the regulation
of physiological processes such as cell arrest, proliferation,
senescence and cell death™ . The signalling pathways
by which OFR regulate cell growth have not been clearly
established, although a large family of setine/threonine
kinases referred to as mitogen-activated protein kinases
(MAPKSs), has been identified as a key mediator in this
regulationm’zﬂ. Activation of MAPKSs is elicited in re-
sponse to stimuli such as cytokines, growth factors, tumour
promoters, hormones and oxidants™, and is required for
cells to overcome the cell cycle checkpoint in the transition
from Go/G1 into S—phasem. It is widely accepted that the
exposure of mammalian cells to a prooxidant environ-
ment leads to mitogenic activation™. OFR would exert
their effect both by direct oxidative modification of signal
transduction molecules and indirectly by altering the gen-
eral redox state of the cell™. In this regard, increased OFR
generation in acinar cells and subsequent oxidative dam-
agem], as well as activated cellular pro]iferation[z()] have been
found at carly stages of AP. NAC has been demonstrated
to inhibit cell growth[30’3” and to exert a palliating effect on
AP symptoms, when administered at early stages™”.

In PDO-induced AP, a relationship between the ef-
fectiveness of NAC treatment in preventing the genera-
tion of OFR and the changes in the cell cycle pattern
of pancreatic acinar cells throughout the different AP
stagesm] has been reported. The activation of these
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pathways is a key regulatory point in the cell cycle and
is required for the cell to leave the quiescent state and
enter S—phasem. It has been suggested that mitogenic
stimulation, due both to enhanced plasma cholecysto-
kinin (CCK) concentrations and OFR overproduction
in acinar cells following AP, might be inhibited by NAC
administration. Both stimuli seem to make use of OFR-
dependent MAPK activation in order to achieve the
proliferative response. As a result, NAC has been shown
to suppress the proliferative response after AP induction
and promote cell arrest at early AP stages[‘m.

Additionally, it has been reported that cells were no
longer active in proliferation 24 h after AP induction,
probably because they were progressively damaged dur-
ing the course of this pathology[33]. Pancreatic atrophy
was reported 48 h after inducing AP by PDO, and led to
increased proportions of Go/Gi-phase cells and apop-
tosis”. By contrast, Urufiuela ez al™! reported that cells
from NAC-treated PDO rats remained active for DNA
synthesis, probably because they were effectively preserved
from damage during early stages when different pathologi-
cal mechanisms are involved in AP, Thus, cells could be
freed from the arrest asserted by NAC at carlier AP stages
and they may actively enter S-phase, probably in an attempt
to restore the normal proliferation pattern. Mitosis might
be expected at later stages when it would counteract the
depletion of acinar cells during AP™. This event could be
favoured by CCK, whose plasma levels have been found
to be increased for at least 3 d after the onset of gallstone-
induced APP.

In conclusion, there is evidence that OFR play a critical
role in the progression of cell cycle phases in acinar cells.
In parallel with the prevention of OFR generation and,
therefore, oxidative damage, NAC treatment has been
reported to maintain acinar cells in a quiescent state at
early AP. These effects may combine in the protection of
the cells at early stages of AP and consequently, would
retain their ability to proliferate during the course of AP.

NAC AND OXIDATIVE STRESS-
SENSITIVE SIGNALLING PATHWAYS

OFR also act as mediators of the activation of transcrip-
tion factors””. Nuclear factor-kB (NF-xB) belongs to
the Rel family of transcription factors that regulate the
expression of genes related to stress, cytokines, and
chemokines™. This factor is kept silent in the cytoplasm
via interaction with inhibitory proteins of the IxB family,
that prevent nuclear translocation, and DNA binding of
the transcription factor. Phosphorylation and subsequent
polyubiquitination and degradation of IkBq are redox-
regulated stepsm. IxBa, degradation has been reported
to be slowly initiated 6 h after inducing AP and strongly
maintained thereafter, leading to NF-xB activation. Al-
though intracellular OFR generation may not be required
for NF-xB activation in all cell types[w, in the PDO-
induced AP model, NF-kB is activated in response to the
oxidative stress developed within acinar cells, thereby re-
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sulting in up-regulation of tumour necrosis factor (INF)-a
from 6 h after inducing AP™. This notion is supported
by the fact that the highest levels of pancreatic GSH
depletion and OFR production within acinar cells were
reported at 6 h after induction of AP™. NAC administra-
tion, by increasing the stores of GSH in the pancreas, and
preventing the overproduction of OFR in acinar cells, was
reported to delay NF-kB activation. Accordingly, acinar
cells of rats treated with NAC failed to produce TNF-o
during AP. Inhibitory effects on pancreatic mRINA ex-
pression of cytokines interleukin-6 and KC has also been
reported in response to NAC treatment in caerulein™” and
sodium taurocholate™ AP models. Because activation of
p38-MAPK can occur in response to a variety of stressful
stimuli"”’ and has been reported in some AP models™**,
the role of this MAPK as a potential upstream regulator
of TNF-q, expression in acinar cells during AP has been
investigatedm]. Interestingly, it has been suggested that
the MAPK pathway may participate in NF-kB activation
and, as such, cross-talk between the two pathways may be
established™. The time course of p38-MAPK phospho-
rylation during AP induced by PDO showed a peak 6 h
after induction of pancreatitis. Thereafter, activation of
p38-MAPK was maintained but at lower levels. Phospho-
p38-MAPK was significantly attenuated by NAC admin-
istration”. This study reported maximal p38-MAPK acti-
vation at the time of maximal intra-acinar oxidative stress
during PDO-induced AP. Given that NF-kB activity was
found to be significantly increased immediately afterwards,
it is suggested that MAPK is likely to have regulated IxB
degradation and consequently the activation of NF-kB.
Redox-sensitive pathways may activate MAPKs and NF-
kB in a coordinated fashion, suggesting that the activation
of MAPKSs may be pivotal in “switching on” the cytokine
cascade during AP induced by PDO.

The role of oxidative stress in leukocyte recruitment
during AP still remains controversial. Iz vitro studies have
shown that OFR function as important messengers for
intercellular adhesion molecule (ICAM)-1 expression in
endothelial cells, at least in part through the activation
of NF-«xB". Telek ez a/* have reported a chronological
and topographical overproduction of OFR and ICAM-1
upregulation during AP. On this basis, several antioxidants
have been used in 7 vivo and in vitro studies to interfere with
the expression of ICAM-1 and divergent results have been
reported™?"!. According to another report”, no reduction
of ICAM-1 was found either in acinar cells or plasma, in
rats with PDO-induced AP treated with single doses of
NACP, This treatment had previously been proven to be
capable of abolishing the overproduction of OFR in acinar
cells of rats subjected to this AP model™. These results
suggest that OFR are not important factors in mediating
ICAM-1 expression. Nevertheless, NAC has been shown to
teduce the overexpression of CD11b/CD18 in neutrophils,
monocytes and pancreatic infiltration®™. This finding
reinforces the notion that ICAM-1 may not be the main
molecule involved in the adhesion of leukocytes during
PDO-induced AP, since NAC treatment has been shown
to significantly protect the pancreas from inflammation
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although ICAM-1 expression was not abrogated. Moreover,
CD11b/CD18 overexpression during AP appears to
be triggered by oxidative-dependent mechanisms and it
contributes to pancteatic injury by promoting leukocyte
infiltration™.

In summary, ICAM-1 is upregulated at different loca-
tions, including pancreatic acinar cells, from early stages
of AP by oxidant-nondependent mechanisms but other
molecules seem to be required in the recruitment of
leukocytes. On the other hand, there is evidence of a
correlation between the infiltration of neutrophils within
the pancreas and the overexpression in leukocytes of the
B2-integtin, CD11b/CD18, an event which was sensitive
to antioxidant treatment. Multiple pathways may contribute
to the sequestration of leukocytes within damaged tissue
during AP.

Blocking treatments of chemokine action have been
shown to reduce the severity of AP®Y, Therefore, a
complete understanding of the mechanisms involved in
chemokine expression in individual cell types would be
of great interest in the control of both local and systemic
inflammatory response in AP. Chemokine expression and
the involvement of oxidative stress in pancreatic acinar cells
has recently been reported in i vitro and in in vive studies. It
has been demonstrated that pancreatitis-associated ascitic
fluid (PAAF) promotes the overexpression of monocyte
chemoattractant protein-1 (MCP-1) in pancreatic acinar cells
mediated by p38-MAPK NF-kB and signal transducer and
activator of transcription (STAT)-3 activation and NAC
treatment has been shown to reduce this acinar expression
of MCP-1"". In response to PAAF, acinar cells develop
oxidative stress, which has been demonstrated to activate
MAPK™ and NF-xB™. On the other hand, the inhibition
of phosphatases induced by reactive oxygen species allows
the Janus kinase-induced STAT phosphorylation required
for STAT activation®””. Accordingly, the anti-inflammatory
action of NAC may be explained by preventing the redox-
activation of p38-MAPK and NF-kB and significantly
reducing the STAT3 activity.

Overexpression of MCP-1 and cytokine-induced
neutrophil chemoattractant (CINC) in acinar cells was
reported during PDO- and NaTc-induced AP, mediated
by p38-MAPK, NF-kB and STAT-3 activation™. In this
study, the inhibition of the transcriptional MCP-1 and
CINC upregulation in acinar cells by NAC treatment oc-
curred in mild AP, which led to a reduction of the infiltra-
tion of leukocytes in the pancreas. Nonetheless, NAC has
been shown to be unable to reduce the oxidative stress
developed within the pancreas of rats with severe APPY,
This effect can be explained by the fact that, related to the
severity of the AP, acinar cells develop intense oxidative
stress with the subsequent OFR overproduction in acinar
cells. OFR, in addition to acting as second messengers to
enhance the production of inflammatory factors, are pow-
erful chemoattractants””. As a result, an intense leukocyte
recruitment occurs in the pancreas of rats with NaTc-
induced AP, which in turns leads to an increase in the
production of OFR molecules by infiltrated leukocytes.
The overproduction of OFR from different pancreatic cell
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sources overwhelms the antioxidant capability of NAC
treatment in severe AP. As a result, NAC has been shown
to fail to hinder the redox-sensitive chemokine expression
and its downstream signal pathways. These findings sug-
gest that damaged acinar cells contribute to chemokine
production from eatly stages of AP by activating oxidant
dependent signalling mechanisms. Only in mild AP, with
lower oxidative stress, were these down-regulated by NAC
administration. By contrast, NAC treatment has been
shown to exert no inhibitory effect on the overexpression
of chemokines found in pancreatic tissue from 3 h after
inducing AP. This result suggests that in addition to acinar
cells, other cell types resident in the pancreas with the ca-
pability of producing chemokines, such as endothelial vas-
cular cells™, stellate cells™ and infiltrated leukocytes® are
also producing MCP-1 and CINC by mechanisms tresistant
to the antioxidant treatment.

Furthermore, NAC treatment has not been shown to
reduce the high MCP-1 and CINC concentrations found in
plasma of rats with PDO- and NaTc-induced AP These
increased systemic chemokine levels could be the result
of the outpouring of chemokines from the pancreas and
from inflammatory cells. Since a similar chemokine profile
in response to NAC treatment was found in pancreas and
plasma, it is suggested that cell sources other than acini
must be contributing to increasing the circulating levels of
MCP-1 and CINC"",

In summary, different results indicate that oxidative
stress may trigger the overexpression of MCP-1 and
CINC in acinar cells of rats with AP by activating MAPK,
NF-xB and STATS3, as oxidant-sensitive downstream
signalling pathways. The antioxidant capability of NAC
has only been shown to avoid the acinar chemokine
expression in mild AP and it was ineffective in severe
AP. In addition, NAC failed to prevent the chemokine
increase in pancreatic tissue and plasma, even in mild
AP, suggesting that additional stimuli, such as cytokines,
activate molecular pathways leading to upregulation of
chemokines in non-acinar cell sources.

Given the pathogenic role of the oxidative stress
in AP, more basic research on the potential therapeutic
effects of individual of combined antioxidant products
will be necessary.

ACKNOWLEDGMENTS

The authors thank Elizabeth Nestor for her linguistic
assistance.

REFERENCES

1  Steer ML, Saluda AK. Experimental acute pancreatitis
studies of the early events that lead to cell injury. In: Go
VLW,DiMagno EP, Gardner JD, Lebenthal E, Rebar HA,
Scheele GA, editors. The Pancreas: Biology, Pathophysiology
and Disease. 2nd ed. New York: Raven, 1993: 489-499

2 Braganza JM. Free radicals and pancreatitis. In: Rice-Evans
C, Dormandy T editors. Free Radicals: Chemistry, Pathology
and Medicine. London: Richelieu Press, 1988: 357-381

3 Schoenberg MH, Biichler M, Beger HG. Oxygen radicals in

February 6, 2010 | Volume1 | Issuel |



10

11

12

13

14

15

16

17

18

19

20

21

22

23

experimental acute pancreatitis. Hepatogastroenterology 1994;
41: 313-319

Sanfey H, Bulkley GB, Cameron JL. The role of oxygen-
derived free radicals in the pathogenesis of acute pancreatitis.
Ann Surg 1984; 200: 405-413

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

Liithen R, Grendell JH, Niederau C, Haussinger D. Trypsinogen
activation and glutathione content are linked to pancreatic injury
in models of biliary acute pancreatitis. Int | Pancreatol 1998; 24:
193-202

Nonaka A, Manabe T, Kyogoku T, Tamura K, Tobe T. Changes
in lipid peroxide and oxygen radical scavengers in cerulein-
induced acute pancreatitis. Imbalance between the offense and
defense systems. Digestion 1990; 47: 130-137

Stadtman ER. Oxidation of free amino acids and amino acid
residues in proteins by radiolysis and by metal-catalyzed
reactions. Annu Rev Biochem 1993; 62: 797-821

Wiseman H, Halliwell B. Damage to DNA by reactive oxygen
and nitrogen species: role in inflammatory disease and
progression to cancer. Biochem ] 1996; 313 ( Pt 1): 17-29
Meister A. Glutathione-ascorbic acid antioxidant system in
animals. | Biol Chern 1994; 269: 9397-9400

Chance B, Sies H, Boveris A. Hydroperoxide metabolism in
mammalian organs. Physiol Rev 1979; 59: 527-605

Urunuela A, Sevillano S, de la Mano AM, Manso MA, Orfao
A, de Dios L. Time-course of oxygen free radical production
in acinar cells during acute pancreatitis induced by pancreatic
duct obstruction. Biochim Biophys Acta 2002; 1588: 159-164
Demols A, Van Laethem JL, Quertinmont E, Legros F, Louis
H, Le Moine O, Deviére J. N-acetylcysteine decreases severity
of acute pancreatitis in mice. Pancreas 2000; 20: 161-169
Cotgreave IA. N-acetylcysteine: pharmacological conside-
rations and experimental and clinical applications. Adv
Pharmacol 1997; 38: 205-227

Neuschwander-Tetri BA, Presti ME, Wells LD. Glutathione
synthesis in the exocrine pancreas. Pancreas 1997; 14: 342-349
Scheele G, Adler G, Kern H. Exocytosis occurs at the lateral
plasma membrane of the pancreatic acinar cell during
supramaximal secretagogue stimulation. Gastroenterology 1987;
92: 345-353

Raraty M, Ward J, Erdemli G, Vaillant C, Neoptolemos
JP, Sutton R, Petersen OH. Calcium-dependent enzyme
activation and vacuole formation in the apical granular region
of pancreatic acinar cells. Proc Natl Acad Sci USA 2000; 97:
13126-13131

Saluja AK, Bhagat L, Lee HS, Bhatia M, Frossard JL, Steer ML.
Secretagogue-induced digestive enzyme activation and cell
injury in rat pancreatic acini. Am | Physiol 1999; 276: G835-G842
Sevillano S, De la Mano AM, De Dios I, Ramudo L, Manso
MA. Major pathological mechanisms of acute pancreatitis are
prevented by N-acetylcysteine. Digestion 2003; 68: 34-40
Gonzalez A, Schmid A, Salido GM, Camello PJ, Pariente
JA. XOD-catalyzed ROS generation mobilizes calcium from
intracellular stores in mouse pancreatic acinar cells. Cell Signal
2002; 14: 153-159

Urufiuela A, Manso MA, de la Mano AM, Sevillano S, Orfao A,
de Dios I. Asynchronous impairment of calcium homoeostasis
in different acinar cells after pancreatic duct obstruction in rat.
Clin Sci (Lond) 2002; 102: 615-622

Grady T, Saluja A, Kaiser A, Steer M. Edema and intra-
pancreatic trypsinogen activation precede glutathione
depletion during caerulein pancreatitis. Am ] Physiol 1996; 271:
G20-G26

Malorni W, losi F, Mirabelli F, Bellomo G. Cytoskeleton as
a target in menadione-induced oxidative stress in cultured
mammalian cells: alterations underlying surface bleb forma-
tion. Chem Biol Interact 1991; 80: 217-236

(44

TR
Rrishideny”

WJGPT | www.wjgnet.com

Ramudo L et a/. N-acetylcysteine and acute pancreatitis

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Bragado MJ, San Romén JI, Gonzélez A, Garcia L], Lépez MA,
Calvo JJ. Impairment of intracellular calcium homoeostasis
in the exocrine pancreas after caerulein-induced acute
pancreatitis in the rat. Clin Sci (Lond) 1996; 91: 365-369
Thannickal V], Day RM, Klinz SG, Bastien MC, Larios JM,
Fanburg BL. Ras-dependent and -independent regulation of
reactive oxygen species by mitogenic growth factors and TGF-
betal. FASEB ] 2000; 14: 1741-1748

Droge W. Free radicals in the physiological control of cell
function. Physiol Rev 2002; 82: 47-95

Pages G, Lenormand P, L'Allemain G, Chambard JC, Meloche
S, Pouysségur ]. Mitogen-activated protein kinases p42mapk
and p44mapk are required for fibroblast proliferation. Proc
Natl Acad Sci USA 1993; 90: 8319-8323

Burdon RH. Superoxide and hydrogen peroxide in relation
to mammalian cell proliferation. Free Radic Biol Med 1995; 18:
775-794

de Dios I, Urufiuela A, Pinto RM, Orfao A, Manso MA. Cell-
cycle distribution of pancreatic cells from rats with acute
pancreatitis induced by bile-pancreatic obstruction. Cell Tissue
Res 2000; 300: 307-314

Kyaw M, Yoshizumi M, Tsuchiya K, Kirima K, Suzaki Y, Abe
S, Hasegawa T, Tamaki T. Antioxidants inhibit endothelin-1
(1-31)-induced proliferation of vascular smooth muscle cells
via the inhibition of mitogen-activated protein (MAP) kinase
and activator protein-1 (AP-1). Biochem Pharmacol 2002; 64:
1521-1531

Kim BY, Han M]J, Chung AS. Effects of reactive oxygen species
on proliferation of Chinese hamster lung fibroblast (V79) cells.
Free Radic Biol Med 2001; 30: 686-698

Schoenberg MH, Biichler M, Helfen M, Beger HG. Role of
oxygen radicals in experimental acute pancreatitis. Eur Surg
Res 1992; 24 Suppl 1: 74-84

Sevillano S, de Dios I, de la Mano AM, Manso MA. N-acetyl-
cysteine induces beneficial changes in the acinar cell cycle
progression in the course of acute pancreatitis. Cell Prolif
2003; 36: 279-289

Shirohara H, Otsuki M. Plasma cholecystokinin levels in
acute pancreatitis. Pancreas 1997; 14: 249-254

Schreck R, Baeuerle PA. Assessing oxygen radicals as
mediators in activation of inducible eukaryotic transcription
factor NF-kappa B. Methods Enzymol 1994; 234: 151-163

Ghosh S, May M]J, Kopp EB. NF-kappa B and Rel proteins:
evolutionarily conserved mediators of immune responses.
Annu Rev Immunol 1998; 16: 225-260

Siebenlist U, Franzoso G, Brown K. Structure, regulation and
function of NF-kappa B. Annu Rev Cell Biol 1994; 10: 405-455
Bonizzi G, Piette ], Merville MP, Bours V. Distinct signal trans-
duction pathways mediate nuclear factor-kappaB induction by
IL-1beta in epithelial and lymphoid cells. | Immunol 1997; 159:
5264-5272

Ramudo L, Manso MA, Sevillano S, de Dios 1. Kinetic study of
TNF-alpha production and its regulatory mechanisms in acinar
cells during acute pancreatitis induced by bile-pancreatic duct
obstruction. | Pathol 2005; 206: 9-16

Sevillano S, de la Mano AM, Manso MA, Orfao A, De Dios
I. N-acetylcysteine prevents intra-acinar oxygen free radical
production in pancreatic duct obstruction-induced acute
pancreatitis. Biochim Biophys Acta 2003; 1639: 177-184
Gukovsky I, Gukovskaya AS, Blinman TA, Zaninovic V, Pandol
SJ. Early NF-kappaB activation is associated with hormone-
induced pancreatitis. Am | Physiol 1998; 275: G1402-G1414
Vaquero E, Gukovsky I, Zaninovic V, Gukovskaya AS,
Pandol S]. Localized pancreatic NF-kappaB activation and
inflammatory response in taurocholate-induced pancreatitis.
Am | Physiol Gastrointest Liver Physiol 2001; 280: G1197-G1208
Kyriakis JM, Avruch ]. Mammalian mitogen-activated protein
kinase signal transduction pathways activated by stress and
inflammation. Physiol Rev 2001; 81: 807-869

Blinman TA, Gukovsky I, Mouria M, Zaninovic V, Livingston
E, Pandol SJ, Gukovskaya AS. Activation of pancreatic acinar

February 6,2010 | Volume1 | Issuel |



45

46

47

48

49

50

51

52

Ramudo L et a/. N-acetylcysteine and acute pancreatitis

cells on isolation from tissue: cytokine upregulation via p38
MAP kinase. Am ] Physiol Cell Physiol 2000; 279: C1993-C2003
Pereda J, Sabater L, Cassinello N, Gémez-Cambronero L,
Closa D, Folch-Puy E, Aparisi L, Calvete ], Cerda M, Lled6
S, Vifa ], Sastre J. Effect of simultaneous inhibition of TNF-
alpha production and xanthine oxidase in experimental acute
pancreatitis: the role of mitogen activated protein kinases. Ann
Surg 2004; 240: 108-116

Zhao Q, Lee FS. Mitogen-activated protein kinase/ERK
kinase kinases 2 and 3 activate nuclear factor-kappaB through
IkappaB kinase-alpha and IkappaB kinase-beta. | Biol Chem
1999; 274: 8355-8358

Hou J, Baichwal V, Cao Z. Regulatory elements and trans-
cription factors controlling basal and cytokine-induced expre-
ssion of the gene encoding intercellular adhesion molecule 1.
Proc Natl Acad Sci USA 1994; 91: 11641-11645

Telek G, Ducroc R, Scoazec JY, Pasquier C, Feldmann G, Rozé
C. Differential upregulation of cellular adhesion molecules at
the sites of oxidative stress in experimental acute pancreatitis. |
Surg Res 2001; 96: 56-67

Keck T, Werner ], Banafsche R, Stalmann A, Schneider L,
Gebhard MM, Herfarth C, Klar E. Oxygen radicals promote
ICAM-1 expression and microcirculatory disturbances in
experimental acute pancreatitis. Pancreatology 2003; 3: 156-163
Chang CK, Albarillo MV, Schumer W. Therapeutic effect of
dimethyl sulfoxide on ICAM-1 gene expression and activation
of NF-kappaB and AP-1 in septic rats. | Surg Res 2001; 95:
181-187

McMullen CB, Fleming E, Clarke G, Armstrong MA. The role
of reactive oxygen intermediates in the regulation of cytokine-
induced ICAM-1 surface expression on endothelial cells. Mol
Cell Biol Res Commun 2000; 3: 231-237

Ramudo L, De Dios I, Yubero S, Vicente S, Manso MA. ICAM-1

144

TR
Reishideng”

WJGPT | www.wjgnet.com

26

53

54

55

56

57

58

59

60

and CD11b/CD18 expression during acute pancreatitis induced
by bile-pancreatic duct obstruction: effect of N-acetylcysteine.
Exp Biol Med (Maywood) 2007; 232: 737-743

Bhatia M, Ramnath RD, Chevali L, Guglielmotti A. Treatment
with bindarit, a blocker of MCP-1 synthesis, protects mice
against acute pancreatitis. Am | Physiol Gastrointest Liver Physiol
2005; 288: G1259-1265

Ramudo L, Yubero S, Manso MA, Vicente S, De Dios 1. Signal
transduction of MCP-1 expression induced by pancreatitis-
associated ascitic fluid in pancreatic acinar cells. | Cell Mol Med
2009; 13: 1314-1320

Darnell JE Jr. STATs and gene regulation. Science 1997; 277:
1630-1635

Yubero S, Ramudo L, Manso MA, De Dios I. Mechanisms of
dexamethasone-mediated chemokine down-regulation in mild
and severe acute pancreatitis. Biochim Biophys Acta 2009; 1792:
1205-1211

Poch B, Gansauge F, Rau B, Wittel U, Gansauge S, Niissler
AK, Schoenberg M, Beger HG. The role of polymorphonuclear
leukocytes and oxygen-derived free radicals in experimental
acute pancreatitis: mediators of local destruction and activators
of inflammation. FEBS Lett 1999; 461: 268-272

Lee YW, Hennig B, Toborek M. Redox-regulated mechanisms
of IL-4-induced MCP-1 expression in human vascular
endothelial cells. Am | Physiol Heart Circ Physiol 2003; 284:
H185-H192

Masamune A, Suzuki N, Kikuta K, Satoh M, Satoh K,
Shimosegawa T. Curcumin blocks activation of pancreatic
stellate cells. | Cell Biochem 2006; 97: 1080-1093

Sun J, Bhatia M. Blockade of neurokinin-1 receptor attenuates
CC and CXC chemokine production in experimental
acute pancreatitis and associated lung injury. Am | Physiol
Gastrointest Liver Physiol 2007; 292: G143-G153

S- Editor TianL L- Editor Hughes D E- Editor Yang C

February 6, 2010 | Volume1 | Issuel |



