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Abstract

AIM: To determine the effect of pioglitazone, a specific
peroxisome proliferator-activated receptor-y (PPARy)
ligand, on development of severe acute pancreatitis
(SAP) and expression of nuclear factor-kappa B (NF-«B)
and intercellular adhesion molecule-1 (ICAM-1) in the
pancreas.

METHODS: Male Sprague-Dawley (SD) rats (160-200 g)
were randomly allocated into three groups (7 = 18
in each group): severe acute pancreatitis group,
pioglitazone group, sham group. SAP was induced by
retrograde infusion of 1 mL/kg body weight 5% sodium
taurocholate (STC) into the biliopancreatic duct of male
SD rats. Pioglitazone was injected intraperitoneally
two hours piror to STC infusion. Blood and ascites
were obtained for detecting amylase and ascitic
capacity. Pancreatic wet/dry weight ratio, expression of
NF-xB and ICAM-1 in pancreatic tissues were detected
by immunohistochemical staining. Pancreatic tissue
samples were stained with hematoxylin and eosin (HE)
for routine optic microscopy.

RESULTS: Sham group displayed normal pancreatic
structure. SAP group showed diffuse hemorrhage,
necrosis and severe edema in focal areas of pancreas.
There was obvious adipo-saponification in abdominal
cavity. Characteristics such as pancreatic hemorrhage,
necrosis, severe edema and adipo-saponification were
found in pioglitazone group, but the levels of those
injuries were lower in pioglitazone group than those
in SAP group. The wet/dry pancreatic weight ratio,
ascetic capacity, serum and ascitic activities of anylase

in the SAP group were significantly higher than those
in the sham group and pioglitazone group respectively
(6969.50 + 1368.99 vs 2104.67 + 377.16, 3.99 + 1.22
vs 2.48 £ 0.74, P < 0.01 or P < 0.05). According to
Kusske criteria, the pancreatic histologic score showed
that interstitial edema, inflammatory infiltration,
parenchyma necrosis and parenchyma hommorrhage in
SAP group significantly differed from those in the sham
group and pioglitazone group (7.17 = 1.83 vs 0.50 %
0.55, 7.67 £ 0.82 vs 6.83 + 0.75, P < 0.01, P < 0.05.
The expression of NF-kB and ICAM-1 in sham group
was lower than that in SAP group and pioglitazone
group (0.50 + 0.55 vs 33 £ 1.21, P < 0.01). There was
a significant difference in the expression of NF-xB and
ICAM-1 between SAP group and pioglitazone group (7.50
+ 1.05 vs 11.33 = 1.75, 0.80 £ 0.53 vs 1.36 + 0.54,
P < 0.01 or P < 0.05) at 12 h after the induction of
pancreatitis.

CONCLUSION: Pioglitazone attenuates the severity of
SAP. The beneficial effect of pioglitazone is multifactorial
due to its anti-inflammatory activities, most likely
through the inhibition of ICAM-1 expression and NF-«kB
activation. Specific ligands of PPARy may represent the
novel and effective means of clinical therapy for SAP.

© 2007 The WIG Press. All rights reserved.

Key words: Sodium taurocholate; Severe acute
pancreatitis; Peroxisome proliferators-activated receptor-]
y ligand; Nuclear transcription factor-«B; Intercellular
adhesion molecule-1

Xu P, Zhou XJ, Chen LQ, Chen ], Xie Y, Lv LH, Hou XH.
Pioglitazone attenuates the severity of sodium taurocholate-
induced severe acute pancreatitis. World J Gastroentero/
2007; 13(13): 1983-1988

http://www.wjgnet.com/1007-9327/13/1983.asp

INTRODUCTION

The morbidity and mortality of acute pancreatitis (AP)
are high and the clinical course AP is unpredictable.
Approximately 25% of AP patients develop severe
inflammation with pancreatic and peripancreatic fat
necrosis that requires intensive care. Effective treatment
strategies are lack due to a relatively poor understanding of

its exact pathogenesism.
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The pathophysiology of acute pancreatitis involves
a number of inflammatory mediators, which contribute
to the initiation and progression of both local pancreatic
destruction and systemic manifestations. Various
proinflammatory cytokines, such as interleukin-1f3 (IL-
1B), IL-6, and tumor necrosis factor-oo (TNF-qy), appear
to play a major role in acute pancreatitis[z’3]. The inhibition
of cytokine production may decrease the severity of
pancreatitisH’S].

It was recently reported that peroxisome proliferator-
activated receptors (PPARs) play a modulatory role in
the inflammatory response of different organs'”. The
PPAR family consists of at least three different isoforms;
PPARq, PPARS, and PPARy". PPARy is predominantly
detectable in adipose tissue, but it is also expressed in
other tissues, including pancreatic tissue. When activated
by a specific ligand, PPARs heterodimerize with retinoid
X receptor and then bind to peroxisome proliferator
response element leading to changes in the transcription
of target genes involved in lipid metabolism, glucose
homeostasis, cell proliferation and differentiation, and
inflammatory response. PPARs are activated by natural
ligands such as fatty acids, eicosanoids, oxidized fatty
acids, and pharmacological compounds such as glitazones.
Pioglitazone is a member of glitazones and has been used
to increase the sensitivity to insulin in clinical practice[g].

Recent experimental studies appeared to have shed
some light on the intracellular signaling pathway in the
inflammatory cascade of AP”" For example, there is
evidence that NF-kB plays a crucial role in the initiation
of AP, not only in pancreatic acinar cells and monocytes/
macrophages but also in specific distant organs, such as the
lung. NF-kB is able to mediate a variety of inflammatory
mediators involved in AP, including cytokines and adhesion
molecules" .

In addition, intercellular adhesion molecule-1 ICAM-1)
has been reported to be up-regulated and involved in the
evolution of acute pancreatitis by recruiting leukocytes
into the area of inflammation"""”. NF-xB activity
increases with pancreatitis. The inhibition of NF-kB has
been shown to ameliorate the inflammatory effects of
pancreatitis' ',

PPARy plays a critical role in adipogenesis and glucose
metabolism””?!. In addition to these effects, it has
been reported that PPARy ligands possess 7z vitro anti-
inflammatory properties. For instance, PPARy ligands
reduce the secretion of IL-1f, IL-6, and TNF-q in
monocytes and macrophageslzzj, and the expression of
ICAM-1 in endothelial cells®”, in part by antagonizing
the activities of transcription factors such as AP-1 and
NF_KB[22,24]-

Several reports have demonstrated an anti-
inflammatory action of the specific ligands of PPARy.
Activators of PPARy inhibit the generation of pro-
inflammatory cytokines such as interleukin-1§ (IL-1),
tumor necrosis factor-o, (TNF-g) and interleukin-6"" and
this effect seems to be dependent on the inhibition of
NF-kB parhway[zsl.

The aim of the present study was to determine
the effect of pioglitazone, a specific PPARy ligand, on
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development of sodium taurocholate (STC)-induced SAP,
to assess the effect of pretreatment with pioglitazone
on expression of ICAM-1 inpanreas, and to evaluate the
effect of pretreatment with pioglitazone on expression of
NF-«kB in pancreas.

In this study, we made a well-characterized secre-
tagogue-induced murine model of pancreatitis to
investigate the anti-inflammatory effects of pioglitazone,
a PPARy ligand. Pretreatment with pioglitazone markedly
decreased the severity of pancreatitis, most likely
through the inhibition of NF-kB activation and ICAM-1
expression.

Our results suggest that PPARy can be used in the
treatment of acute pancreatitis. Moreover, these findings
further demonstrate NF-kB and ICAM-1 play a role in the
pathogenesis of pancreatitis.

MATERIALS AND METHODS

Experimental model of pancreatitis

Fifty-four male Sprague-Dawley (SD) rats (Animal Center,
Medical College of Nanchang University), weighing
160-200 g, were used in this experiment. Animals were
housed in cages under standard conditions at room
temperature in a 12-h light-dark cycle. Prior to the
experiments, rats were deprived of food with free access
to water. All procedures including ketamine hydrochloride
intra-peritoneal injection (10 mg/100 g) for anesthesia were
performed under sterile conditions. SD rats were divided
into severe acute pancreatitis (SAP) group, pretreatment
group with pioglitazone (PP) and sham group. One mI./kg
body weight of sodium taurocholate (STC, 50 g/L., Sigma)
was retrograde injected into the biliopancreatic duct of
the rats to induce SAP, 10% dimethyl sulphoxide (DMSO,
1 mL/100 g) was injected intraperitoneally two hours
prior to STC injection™, PP group received pioglitazone
replacing 10% DMSO administered intraperitoneally two
hours prior to STC injection (2 mg/100 g). Rats in the
sham group underwent operation with nothing infused.
The pancreas was flipped and striked gently three times.
After operation, rats were fasted with free access to water
and killed by abdominal aorta exsanguination 3, 6 and 12 h
after the induction of pancreatitis.

Serum and ascites were obtained to measure amylase
levels and ascitic capacity. Pancreata were quickly removed
and fixed in 10% formalin for morphologic studies.
Portions of the pancreas were freshly processed for
determining pancreatic water contents.

Macroscopic assessment of pancreas

Edema, hemorrhage and necrosis of the pancreas
were each graded from 0 to 3 as follows as previously
described”: pancreatic edema: 0 = absent, 1 = mild gland
swelling with no cysts, 2 = moderate gland swelling with
cysts in the duodenal region, 3 = severe gland swelling
with multiple cysts extending to the splenic region;
pancreatic fat necrosis: 0 = absent, 1 = confined to the
pancreas, 2 = extending to the omentum, 3 = widespread
in the retroperitoneum, pancreatic hemorrhage: 0 =
absent, 1 = periductal punctate, 2 = diffuse in pancreas, 3
= peripancreatic or pancreatic blood with clots.
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Table 1 Levels of amylase in three subgroups (mean + SE)

Table 2 Ascites in three subgroups (mean + SE)

Group Amylase (IU/L) Group Ascites (mL)

3 [ 12 3 6 12
Sham 2376.00 + 413.88 2104.67 £ 377.16 1879.83 £ 528.42 Sham 0.00 + 0.00 0.00 + 0.00 0.00 = 0.00
PP 5364.83 + 14082 5645.67 +1907.8° 2979.50 + 1080.12 IRR 442 +1.85° 4.87 +1.04" 5.70 +1.87°
SAP 5053.33 + 2632.1° 6969.50 +1368.9° 7598.00 + 1071.92¢ SAP 6.70 +1.70° 7.67 +247° 837 +1.19°

*P <0.05,°P < 0.01 vs sham, °P < 0.05 vs 12 h, “P < 0.01 vs PP, ‘P < 0.01 vs 12 h.

Table 3 Morphological score (mean + SE)

Group Time point

3h é6h 12 h
Sham 0.50 + 0.55 0.17 +0.41 0.17 +0.41
PP 5.50 + 1.64° 6.83 +0.75° 450 +2.07"
SAP 7.17 +1.83° 7.67 +0.82° 7.17 +1.47™

P < 0.05 vs PP at 6 h; °P < 0.01 vs Sham, “P < 0.01 vs PP at 12 h.

Histological scoring of pancreas

Pancreas was removed from each rat and fixed in 10%
buffered formalin at 4°C overnight. The pancreas was then
embedded in paraffin. Full-length (4-pum) sections were
taken and stained with hematoxylin and eosin for histologic
evaluation. Edema, inflammation, hemorrhage and necrosis
of the pancreas were each graded from 0 to 3 as follows
as previously described”: edema: 0 = absent, 1 = focally
increased between lobules, 2 = diffusely increased between
lobules, 3 = tense acini and widely separated lobules, 4
= gross lobular separation; inflammation: 0 = absent,
1 = around ductal margins, 2 = in parenchyma (< 50%
of lobules), 3 = in parenchyma (51%-75% of lobules),
4 = massive collections and abscesses; hemorrhage: 0
= absent, 1 = blood in parenchyma(< 25%), 2 = blood
in parenchyma (25%-50%), 3 = blood in parenchyma
(50%-75%), 4 = blood in 100% of lobules; necrosis: 0 =
absent, 1 = periductal parenchymal destruction, 2 = focal
parenchymal necrosis (< 20%), 3 = diffuse loss of lobules
(20%-50%), 4 = severe loss of lobules (> 50%).

Biochemical assay

Serum amylase levels were measured with the CNPGs
amylase test and spectrophotometrically according to the
manufacturer’s instructions.

Pancreatic water content
The wet/dry weight ratio of the pancreas was obtained

when the freshly prepared pancreatic tissue was dried for
24hat90°C.

NF-«B p65 in pancreatic tissue

NF-kB p65 in pancreatic tissues was detected by
immunohistochemistry. In brief, endogenous peroxidase
was blocked for 30 min with 0.3% methanol-H20O2. After
several washes, samples were incubated overnight in a
humidified chamber at 4°C with the rabbit and mouse
antibody against NF-kB p65 diluted 1:100, followed by
non-biotinylated second antibody diluted 1:200 for 30
min. Negative controls were carried out by omission of

P < 0.05, °P < 0.01 vs sham.

the primary antibody. Several sections were counterstained
with hematoxylin.

ICAM-1 in pancreatic tissue

ICAM-1 in pancreatic tissue was determined by
immunohistochemistry. In brief, endogenous peroxidase
was blocked for 30 min with 0.3% H20:. After several
washes, samples were incubated overnight in a humidified
chamber at 4°C with rabbit antibody against ICAM-1
diluted 1:50, followed by non-biotinylated second
antibody diluted 1:200 for 30 min. Several sections were
counterstained with hematoxylin.

Statistical analysis

The values were expressed as mean £ SE. As the values in
some data sets were not normally distributed or exhibited
unequal standard deviations, the nonparametric Wilcoxon
rank sum test was used to test for statistical differences
between groups. P < 0.05 was considered statistically
significant.

RESULTS

Amylase assay and ascites
After the establishment of the model, in SAP group, the
serum level of amylase was significantly higher in SAP
group and PP group than that in sham group at different
time points (P < 0.05, Table 1). The serum levels of
amylase in PP group were significantly lower than those in
SAP group at 12 h after the establishment of the studied
model (P < 0.01, Table 1).

No ascites was found in sham group. No difference in
ascites was found between SAP group and PP group at all
time points (P > 0.05, Table 2).

Morphological examination

After infusion of STC, the pancreas was enlarged with a
visible collection of edematous fluid and the pancreatic
mass was almost doubled. Three and six hours after
establishment of the studied model, typical pathological
changes in SAP, such as a large number of inflammatory
cells, edema, hemorrhage, necrosis, a large amount of
ascites was found. The same pathological changes were

observed in PP group (Table 3, Figure 1-3).

Histological examination

Under light microscope, interlobular and intralobular
edema, vacuolization of acinar cells, and moderate
perivascular and scare diffuse leukocyte infiltration were
observed. Inflammatory changes in the pancreas were

www.wjgnet.com
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Figure 1 Normal pancreas
in sham group after the
establishment of the studied
model.

Figure 2 Edema, hemorrhage, necrosis, large amount of ascites in SAP group (A)
and PP group (B) after the establishment of the studied model.
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Figure 3 Expression of p65 in sham group (A), SAP group (B), and PP group (C)
after the establishment of the studied model (10 x 400).

significantly less in PP group than in SAP group (Table 4).

Pancreatic water content

The extent of pancreatic edema and water content was
estimated as the wet/dry weight ratio of the tissue (Table 5).
In sham group and PP group, the pancreatic water content
was reduced. However, it was increased in SAP group (*P
< 0.05 25 the PP group and sham group at 12 h, "P < 0.05
vs PP group at 3 h).

Expression of NF-<Bp65

The expression of NF-kB p65 at 3, 6 and 12 h was
determined by immunohistochemistry. In sham group,
no expression of NF-kB p65 in pancreas was found in

www.wjgnet.com

Table 4 Histological score (mean + SE)

Group Time point

3 6 12
Sham 1.67+2.16 0.50 + 0.55 0.50 + 0.55
PP 8.83 +1.94° 7.83 +0.75° 7.50 + 1.05
SAP 9.67 +1.37° 1033 +1.21% 1133 +1.75™

°P < 0.01 vs sham, P < 0.01 vs PP.

Table 5 Pancreatic water content (mean + SE)

Group ww/dw

3h 6h 12 h
Sham 3.10 £ 1.06 2.70+0.78 244 +0.68
IRE 4.01+£1.32 2.88 +0.96 2.48 +0.74"
SAP 3.22+0.81 3.65+1.72 3.99 +1.22°

P <0.050vs PP at 3 h, “P < 0.05 vs PP and sham at 12 h.

Table 6 ICAM-1 expression in acinar cells of the pancreas

(mean + SE)

Group Time point

3h 6h 12h
Sham 0.19+0.10 0.24 +0.21 0.11+0.12
PP 0.57 +0.21° 0.86 + 0.40" 0.80 + 0.53°
SAP 0.73 +0.27° 0.93 +0.41° 1.36 + 0.54™

P <0.05, °P < 0.01 vs sham, °P < 0.05 vs PP, °P < 0.05 vs 3 h.

pancreas at 6 h (Figure 3A). However, the expression of
NF-kB p65 in pancreas was significantly increased in SAP
and PP groups compared to sham group at all time points
(P < 0.01). In SAP group, the expression of NF-kB p65
in pancreas was up-regulated and differed significantly
at 6, 12 and 3 h (P < 0.01, Figure 3B). In PP group, the
expression of NF-kB p65 in pancreas was the highest at
6 h (Figure 3C), but was significantly lower than that in
SAP group. The expression of NF-kB p65 in pancreas in
PP group was significantly lower at 12 h than that in SAP
group (P < 0.01).

Expression of ICAM-1

In sham group, mild expression of ICAM-1 in pancreas
was found only at 3 h. The expression of ICAM-1 in
pancreas was significantly higher in SAP group than in
sham group at all time points (P < 0.01). In SAP group, the
expression of ICAM-1 in pancreas was up-regulated and
differed significantly at 12 and 3 h (P < 0.01). However, in
PP group, the expression of ICAM-1 in pancreas was the
highest at 6 h, but was significantly lower than that in SAP
group. The expression of ICAM-1 in pancreas differed
significantly between PP group and SAP group at 12 h (P
< 0.05, Table 0).

DISCUSSION
Although previous reports indicated that PPARy agonists

exhibit anti-inflammatory effects on AP in vitro and
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in vivd®**")| the effect of PPARy on AP has not been
fully elucidated. This anti-inflammatory effect seems
to be related to multiple mechanisms. Ricote 7 a/*"
demonstrated that PPARy ligands inhibit macrophage
activation and inflammatory cytokine production. In our
study, pancreatic PPARy was induced and activated in
STC-induced pancreatitis, suggesting that PPARy plays a
potential role in regulating acute inflammation.

In the present study, the serum levels of amylase and
ascites decreased significantly in STC- induced pancreatitis
after petreatment with pioglitazone. The pathological
changes were less in pacreas such as the number of
inflammatory cells, edema, hemorrhage, necrosis after
pretreatment with pioglitazone. The reason for this is not
entirely known, but it may be associated with an altered
population of activated macrophages in the pancreas. The
initiation of acute pancreatitis involves intrapancreatic
activation of digestive zymogens and subsequent
autodigestion, which triggers the sequestial activation of
monocytes/macrophages within the pancreas and the
overproduction of macrophages-derived inflammatory
mediators, which result in local pancreatic injury™ "

Furthermore, PPARy activators are negative regulators
of macrophage activation™ and induce macrophage
apoptosis by interfering with the antiapoptotic
NF-xB pathway™. Therefore, we postulate that the anti-
inflammatory effect of pioglitazone in STC-induced
pancreatitis may be due, in part, to the inhibition of
macrophage activation. Further studies are required
to determine whether pioglitazone affects pancreatic
macrophage activation and PPARy expression.

Pro-inflammatory cytokines play a main role in acute
pancreatitis and its complications”". Failure of different
organ systems is a frequent problem in SAP. The majority
of fatalities in patients with SAP are associated with the
failure of at least one or more organ systems. Organ failure
in SAP has to be regarded as part of the inflammatory
response following the liberation of activated enzymes
from the pancreas.

NF-kB plays a key role in the transcriptional regulation
of adhesion molecules, enzymes and cytokines involved in
acute inflammatory diseases. NF-xB is a key transcription
factor for the expression of various proinflammatory
molecules such as chemokines, cytokines and adhesion
molecules. This notion has recently been verified by
adenoviral-mediated gene transfer of an active subunit,
RelA/p65, into acinar cells into the rat pancreatic
duct™. Over-expressed RelA/pG65 protein transactivates
NF-kB and induces pancreatic inflammation, a
pathological state very similar to acute pancreatitis. In
addition to the importance of NF-kB in the pathogenesis
of acute pancreatitis, it was also reported that NF-xB
activation in macrophages is a key event in the development
of generalized complications and a cause of the high
mortality of SAP. Studies also showed that glucocorticoid is
one of the most potent inhibitors of NF-xB, which might
be attributable to the inhibition of this key transcription
factor both in acinar cells and in inflammatory cells such as
monocytes/macrophages. Because the activation of NF-
kB is an early event in acute pancreatitis, corticosteroid has
beneficial effects on acute pancreatitis[%]

The transcription factor NF-kB is activated in the
course of acute pancreatitis“ﬁ’m and regulates several
inflammatory processes by mediating the induction
of numerous inflammatory mediators, including
proinflammatory cytokines and ICAM-1"*. Our results
suggest that pioglitazone could attenuate the severity of
STC-induced pancreatitis by inhibiting NF-kB. Therefore,
the observed beneficial effects of pioglitazone could be
mediated, in part, by inhibiting NF-kB activity.

Similarly, other studies have demonstrated that
nonspecific NF-kB inhibitors ameliorate the course of
experimental pancreatitisw)’ls]. Our findings suggest that
pioglitazone can inhibit NF-kB activity. The deleterious
role of ICAM-1 in inducing acute pancreatitis has been
reported™”. Cerulein induced pancreatitis in ICAM-1
knockout mice showed reduced severity of pancreatitis
and of pancreatitis-associated lung injurym. ICAM-1,
present not only in endothelial cells but also in acinar cells
of the pancreas, is up-regulated by cerulein and mediates
direct binding of neutrophils to acinar cells"”,

Our present study demonstrated that the expression
of ICAM-1 was increased in acinar cells of pancreas
with STC-induced pancreatitis, which is consistent with
previous reports' ™", Decreased expression of ICAM-1
in pancreas after treatment with pioglitazone provides
a possible explanation for the decreased pancreatic
infiltration of inflammatory cells, especially neutrophils.

In summary, pioglitazone, a specific PPARy ligand,
ameliorates significantly the severity of STC-induced SAP.
The expression of NF-xB and ICAM-1 in pancreas can be
significantly inhibited by pioglitazone. Treatment of acute
pancreatitis with pioglitazone may offer a new therapeutic
option.
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