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Abstract

AIM: To investigate the influence of high dose of
dexamethasone on inflammatory mediators and
apoptosis of rats with severe acute pancreatitis (SAP).

METHODS: SAP rats were randomly assigned to the
model group and treatment group while the normal
rats were assigned to the sham operation group. The
mortality, ascite volumes, ascites/body weight ratio and
pancreas pathological changes of all rats were observed
at 3, 6 and 12 h after operation. Their contents of
amylase and endotoxin in plasma and contents of tumor
necrosis factor (TNF-a,), phospholipase Az (PLA2) and IL-6
in serum were also determined. The microarray sections
of their pancreatic tissues were prepared, terminal
transferase dUTP nick end labeling (TUNEL) staining was
performed and apoptotic indexes were calculated.

RESULTS: There was no marked difference between
treatment group and model group in survival. The
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contents of amylase and endotoxin in plasma and
contents of TNF-o, PLA2 and IL-6 in serum, ascite
volumes, ascites/body weight ratio and pancreas
pathological scores were all lower in treatment group
than in model group to different extents at different time
points [P < 0.05, 58.3 (26.4) ng/L vs 77.535 (42.157)
ng/L in TNF-a content, 8.00 (2.00) points vs 9.00 (2.00)
points in pathological score of pancreas respectively;
P < 0.01, 0.042 (0.018) EU/mL vs 0.056 (0.0195) EU/mL
in endotoxin content, 7791 (1863) U/L vs 9195 (1298)
U/L in plasma amylase content, 1.53 (0.79) vs 2.38
(1.10) in ascites/body weight ratio, 8.00 (1.00) points
vs 11.00 (1.50) points in pathological score of pancreas;
P < 0.001, 3.36 (1.56) ng/L vs 5.65 (1.08) ng/L in IL-6
content, 4.50 (2.00) vs 7.20 (2.00), 4.20 (1.60) vs 6.40
(2.30), 3.40 (2.70) vs 7.90 (1.70) in ascite volumes,
respectively]. The apoptotic indexes of pancreas head
and pancreas tail were all higher in treatment group than
in model group at 6 h [P < 0.01, 0.00 (2.00)% vs 0.00
(0.00)%, 0.20 (1.80) vs 0.00 (0.00) in apoptosis indexes,
respectively].

CONCLUSION: The mechanism of dexamethasone
treatment in acute pancreatitis is related to its inhibition
of inflammatory mediator generation and induction of
pancreatic acinar cell apoptosis.

© 2007 WJG. All rights reserved.
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INTRODUCTION

The pathogenesis of severe acute pancreatitis (SAP) is
closely related to the factors such as activation of pancreatin,
release of inflammatory mediators, microcirculation
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disturbance and apoptosis. The sound therapeutic effects
of large dose of dexamethasone on SAP have been
demonstrated. In this experiment, the mechanism of large
dose of dexamethasone in SAP was discussed and the
changes of inflammatory mediator content and pancreatic
acinar cell apoptosis after dexamethasone treatment for SAP
rats were observed. The tissue microarray has also been
applied to the pathohistological examination of pancreatitis
to improve the study efficiency.

MATERIALS AND METHODS

Materials

Clean grade healthy male Sprague-Dawley (SD) rats with
body weight of 250-300 g were purchased from the
Experimental Animal Center of Medical School, Zhejiang
University. Sodium taurocholate and pentobarbital were
purchased from USA Sigma Company, and dexamethasone
injection from Zhejiang Xinchang Pharmaceutical
Company, China. The full automatic biochemical analyzer
was used to determine the plasma amylase level (U/L).
Plasma endotoxin tachypleus amebocyte lysate kit was
purchased from Shanghai Yihua Medical Science and
Technology Corporation (Institute of Medical Analysis,
Shanghai, China), the calculation unit is EU/mL.
The TNF-o ELISA kit was putchased from Jingmei
Bioengineering Corporation, the calculation unit is
pg/mL (ng/L). The serum secretory phospholipase Az
enzyme assay ELA kit (PLA2) was purchased from R&D
System Institute and the calculation unit is U/mL. The
above determinations were all operated according to the
instructions of the kits.

Animal grouping and rat SAP model preparation

Ninety clean grade healthy male SD rats were prepared
into SAP models by the improved Aho's method and
randomly divided into the model group (45 rats) and
treatment group (45 rats). Another 45 were assigned
into the sham operation group. The above groups were
then randomly divided into the 3, 6 and 12 h group with
15 rats in each. The treatment group was injected with
dexamethasone via vena caudalis, 0.5 mg/100 g body
weight, 15 min after successful preparation of SAP model.
In the sham operation group, pancreas and duodenum
were turned over before the abdomen was closed. The
sham operation group and model group were injected with
the saline of the same volume viz vena caudalis 15 min
after the operationm. SAP model was established according

to the reference!..

Observation indexes

The rat mortality was determined at 3, 6 and 12 h after
operation and the survival rate was calculated at different
time points.

After the rats were anesthetized by sodium pentobarbital
and killed in batches, the pancreas samples were collected.
Fix them according to the related requirements, observe
the pathological changes of pancreas after HE staining
and compare the pathological scores among groups. The
standard of pancreas pathological score was in accordance

Group 3h é6h 12 h

Sham operation group 0.50 (0.00) 0.70 (0.50)  0.60 (0.30)
Model group 7.20 (2.00)  6.40(2.30)  7.90 (1.70)
Dexamethasone treated group ~ 4.50 (2.00)°  4.20 (1.60)° 3.40 (2.70)"

"P < 0.001, dexamethasone treated group vs model group.

with reference”. The content of amylase, endotoxin in
plasma, and TNF-q,, IL-6 and PLA2 in serum of all groups
were determined at different time points.

Apoptotic indexes

The tissue microarray was applied to prepare the tissue
microarray sections of pancreas, which were stained by
DNA, and terminal transferase dUTP nick end labeling
(TUNEL). The observation of pancreatic cells and calcula-
tion of apoptotic indexes were carried out respectively.

Statistical analysis

The statistical analysis was conducted with the SPSS11.5
software. The Kruskal-Wallis test or variance analysis (only
applied to PLLA2) was performed for the comparison among
the three groups. The Bonfferoni test was also applied to
the comparison. There are statistical significances when

P <0.05.

RESULTS

Survival

The mortality of model group was 0% (0/15), 0% (0/15)
and 13.33% (2/15) at 3, 6 and 12 h, respectively. The
sham operation group and dexamethasone treated group
survived at all time points while there was no marked
difference between the model group and dexamethasone
treated group (P> 0.05)"".

Comparison of ascite volumes

The model group and treated group had significantly
higher ascite columes than sham operation group
(P < 0.001), while the treatment group had significantly
lower ascite volume than the model group (P < 0.001)
(Table 1).

Comparison of ascites/body weight ratio

The model group and treatment group had significantly
higher ascites/body weight ratio than sham operation group
(P < 0.001), while the treatment group had significantly
lower ratio than the model group at 3 h (P < 0.01),
and the treatment group had significantly lower ratio than
the model group at 6 and 12 h (P < 0.001) (Table 2).

Comparison of plasma amylase content

The plasma amylase content in model group and
dexamethasone treated group was significantly higher
than in the sham operation group at all time points
(P < 0.001). There was no marked difference between
the dexamethasone treated group and model group at 3
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Group 3h éh 12h
Sham operation group 0.20 (0.04) 0.30 (0.30)  0.22 (0.10)
Model group 2.38 (1.10) 2.58 (0.70)  2.54 (0.71)
Dexamethasone treated group ~ 1.53 (0.79)°  1.40 (0.63)"  1.36 (0.74)"

P <0.01, ‘P < 0.001, dexamethasone treated group vs model group.

and 6 h (P > 0.05). The plasma amylase content in the
dexamethasone treated group was significantly less than in

the model group at 12 h (P < 0.01) (Table 3).

Comparison of plasma endotoxin content

The plasma endotoxin content in the model group and
dexamethasone treated group was significantly higher
than in the sham operation group at all time points
(P < 0.001). No marked difference was found between
the dexamethasone treated group and model group at 3 h
(P > 0.05). The content in dexamethasone treated group
was significantly less than in the model group at 6 and 12 h
(P < 0.01) (Table 3).

Comparison of serum TNF-o. content

The model group and dexamethasone treated group had
significantly higher serum TNF-o content than the sham
operation group at all time points (P < 0.001). No marked
difference was noticed between the dexamethasone
treated group and model group at 3 h (P > 0.05). The
dexamethasone treated group had significantly less serum
TNF-a content than the model group at 6 and 12 h
(P < 0.05)" (Table 3).

Comparison of serum IL-6 content

The serum IL-6 contents of model group and treatment
group were significantly higher than those of sham
operation group (P < 0.001); the content of treatment
group was significantly lower than that of model group at
3 h (P < 0.01); and the contents of treatment group were

significantly lower than those of model group at 6 and
12 h (P < 0.001) (Table 3).

Comparison of serum PLA: content

The model group and dexamethasone treated group
significantly higher serum PLA2 content than the sham
operation group at all time points (P < 0.001). The content
in the dexamethasone treated group was significantly less

than in the model group (P < 0.001) (Table 4).

Pathological score of pancreatic tissue

HE staining was performed and the pathohistological
score standard was referred to the improved Schmidt
score. Two chief pathologists used the blind method for
scoringm.

Gross pathological changes of pancreas. (1) Sham
operation group: No apparent abnormality of pancreas
and peripancreatic epiploon at all time points. (2) Model
group: The gross pathological change of pancreas tail was
more apparent than that of pancreas head. The severity
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of overall pathological change increased with time after
modeling. At 3 h, a small amount of hemorrhagic ascites
was observed by naked eyes with relatively apparent
changes of pancreas hyperemia and edema, hemorrhage
and necrosis; at 6 and 12 h, hemorrhagic ascites increased
more apparently with edema, hemorrhage and necrosis,
and more saponified spots could be seen on peripancreatic
epiploon and peritoneum. (3) Treatment group: At 3 h,
the degree of pancreas hyperemia and edema, hemorrhage
and necrosis was milder than that of model group with
decrease of ascitic fluid; at 6 and 12 h, the pancreatic
hemorrhage and necrosis area and degree were milder than
those of model group with apparent decrease of ascitic
fluid.

The pancreas pathological changes under light
microscope. (1) Sham operation group: Mild interstitial
edema occurred in a few cases, and neutrophil infiltration
was occasional. No acinar cell, fat necrosis and hemorrhage
were observed. (2) Model group: The pathological change
severity increased with time after modeling. At 3 h,
pancreas interstitial hyperemia, edema, a small amount of
inflammatory cell infiltration, focal necrosis and interstitial
hemorrhage occurred, among which some were lamellar
hemorrhage and necrosis. At 6 h, interstitial edema,
hemorrhage, inflammatory cell infiltration, focal and
lamellar hemorrhage and necrosis occurred. At 12 h, large
area of hemorrhage and necrosis, lobule outline damage
and a large amount of inflammatory cell infiltration were
found. (3) Treatment group: The pathological change
scope and degree of most cases were milder than those
of model group at corresponding time points. Only a few
had lamellar hemorrhage and necrosis, but the scope of
hemorrhage and necrosis decreased and inflammatory cell
infiltration apparently alleviated.

Comparison of pathological score of pancreas

Both model group and dexamethasone group had
significantly higher pathological score of pancreas than the
sham operation group at different time points (P < 0.01)
while that in dexamethasone group was significantly less
than in the model group at 3 and 6 h (P < 0.05), and it was
also significantly less in the dexamethasone group than in

the model group at 12 h (P < 0.01) (Table 5).

Comparison of apoptosis indexes

The apoptosis index of pancreas head and tail at 3 and
12 h was not significantly different among all groups
(P > 0.05). No marked difference was found between the
model group and sham operation group at different time
points (P > 0.05). At 6 h, the apoptosis index of pancreas
in the treatment group was significantly higher in the
model group and sham operation group (P < 0.01) (Table 6,
Figure 1A and B).

Correlation analysis

There was a positive correlation between amylase and
PLA2 of model group at 3 h (P < 0.05); the TNF-a
content of treatment group was positively correlated with
PLA2 at 6 h (P < 0.05). There was a positive correlation
between pancreas pathological score and TNF-q (P < 0.05).
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Table 3 Comparison of different indexes level in blood [M (Qr)]

Index Sham operation group Model group Dexamethasone treated group

3h 6h 12 h 3h 6h 12 h 3h 6h 12 h
Amylase 2038 2117 1725 7423 8149 9195 6739 7839 7791°
(U/L) (346) (324) (434) (2275) (1540) (1298) (2310) (2258) (1863)
Endotoxin 0.015 0.015 0.016 0.035 0.055 0.056 0.03 0.040° 0.042°
(EU/mL) (0.007) (0.007) (0.005) (0.017) (0.025) (0.0195) (0.014) (0.012) (0.018)
TNF-a 33 49 3.7 46.125 77.535 67.301 384 58.3" 38.7°
(ng/L) (3-6) (2.6) (2.3) (37.954) (42.157) (32.1315) (26.6) (26.4) (28.5)
IL-6 1.75 1.75 1.48 4.87 6.65 5.65 3.31° 317° 3.36°
(ng/L) (0.65) (1.04) (0.57) (1.38) (1.45) (1.08) (1.38) (1.28) (1.56)

°P < 0.05, °P < 0.01, dexamethasone treated group vs model group.

Table 4 Comparison of serum PLA:2 content (mean * SD,

Table 5 Comparison of pathological score of pancreas [M (Qr)]

U/mL)
Group 3h éh 12h
Sham operation group 1870 +£4.40 16.70+£3.83  18.52+11.32

Model group

103.70 +20.82 119.85 £ 17.74 121.29 +17.00
Dexamethasone treated group 53.96 £15.4° 67.75 +27.95° 65.27 +26.21°

Group 3h é6h 12h
Sham operation group 0.00 (1.00) 0.00 (1.00) 0.00 (1.00)
Model group 8.00 (2.00) 9.00 (2.00)  11.00 (1.50)

Dexamethasone treated group ~ 7.00 (2.00)"  8.00 (2.00)  8.00 (1.00)"

"P < 0.001, dexamethasone treated group vs model group.

Table 6 Comparison of apoptosis index of the head and tail of pancreas [M (Qr)]

°P < 0.05, °P < 0.01, dexamethasone treated group vs model group.

Group (¢/h)

Pancreas head

Pancreas tail

3h 6h 12h 3h 6h 12h
Sham operation group 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Model group 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Dexamethasone treated group 0.00 (0.00) 0.00 (2.00)° 0.00 (0.00) 0.00 (0.00) 0.20 (1.80)° 0.00 (0.00)

"P < 0.01, dexamethasone treated group vs model group.

DISCUSSION

Under normal circumstances, the inflammatory mediators
are at low level of dynamic balance to maintain the stability
of the internal environment. Excessive inflammatory
reaction plays a vital role in SAP pathogenesis” . In
this experiment, the influence of dexamethasone on
inflammatory mediators in treatment of SAP rats
was studied and its relationship with the apoptosis of

pancreatic acinar cells was discussed.

Figure 1 A: Dexamethasone treated
group-6 h (Apoptosis of pancreatic acinar
cell); B: Dexamethasone treated group-6 h
(Apoptosis of pancreatic acinar cell).
(TUNEL x 400).

TNF-a can increase the local tissue damage and
capillary permeability, eventually aggravating pancreatic
necrosis, which is important in AP" Norman ef a/”
found in SAP rats a positive correlation between the
TNF-a concentrations in pancreatic tissue and plasma and
the level of pancreatic injury and inflammation, which is
consistent to the fact that in this experiment, the pancreas
pathological scote was positively correlated with TNF-o
at 12 h in model group (P < 0.05). It was found in this
experiment that the serum TNF-a contents were lower
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in treatment group than in model group at 6 and 12 h
(P < 0.05), demonstrating that dexamethasone plays a
certain role in inhibiting serum TNF-q content. Since
PLA: plays an important role in SAP onset"™ ", PLA>
antagonist can significantly improve the pathological
injury of pancreas of the animal model with pancreatic
U In this study, the serum PLA2 content
was lower in treatment group than in model group
(P < 0.001), demonstrating a significant inhibiting effect
of dexamethasone on PLA2 or its generation. IL.-6, mainly
generated by monocyte/macrophage, T cell, B cell, ez,
participates in many acute body reactions such as burn,
sepsis and major operation. The positive correlation
between serum IL-6 level and AP severity has been proved
by many studies'”. And the histological score of pancreas
can be significantly improved by lowering IL-6. The serum
IL-6 contents were all lower in treatment group than in
model group to different extents (P < 0.01 or P < 0.001),
demonstrating that dexamethasone can inhibit serum 1L-6
content.

In recent years, it was found that both inflammatory
mediators and pancreatic acinar cell apoptosis are
related to AP"". Apoptosis participates in AP onset""’,
The apoptosis of pancreatic acinar cell might be a
reaction beneficial to the body after the occurrence of
pancreatitis' """, Both necrosis and apoptosis are death
modes of injured cells"”. However, substantially different
from necrosis, apoptosis will not release the harmful
substance in lysosome or cause intense inflammatory
reaction. Necrosis prevails in SAP. The illness can
be alleviated by apoptosis induction and aggravated by
apoptosis inhibition". Tn this experiment, according to
the result of TUNEL staining, the apoptotic index was
higher in treatment group than in model group (P < 0.01),
and the pathological score was lower in treatment group
than in model group (P < 0.05) at 6 h, demonstrating that
dexamethasone can promote the apoptosis of pancreatic
cells and protect pancreatic tissue.

The effect of glucocorticoid (represented by
dexamethasone) on AP/SAP has been an issue in dispute.
In 1952, Stephensen ez a/”" for the first time reported the
effect of glucocorticoid in AP treatment. Many empirical
studies show glucocorticoid can improve the survival of
AP animals®™* Its mechanisms mainly are: inhibiting the
generation of inflammatory mediators and (or) inhibiting
the effects of inflammatory mediators, enhancing
body stress, improving microcirculation, alleviating

injury

endotoxemia, cleaning free radicals, inhibiting nitric oxide
(NO) and expression of NF-kB, e 1In terms of
administration and dose, Dong e7 al**" found a large dose
of dexamethasone was obviously superior to the small
dose dexamethasone in therapeutic effect and early use
of dexamethasone was supetior to dexamethasone of the
same dose 5 h later. We used large doses of dexamethasone
and achieved relatively sound therapeutic effects, obviously
alleviating pathological changes of pancreas.

This empirical study used the improved Aho's
method™ to prepare SAP model, the rat survival of the
dexamethasone treated group was significantly higher
than that of the model group, but there was no marked

www.wjgnet.com

difference between the two groups (P > 0.05). However,
no matter gross or under light microscope, the treatment
group has milder pancreatic tissue cell inflammatory
pathological changes, less ascitic fluid and hemorrhage,
and lower necrosis scope than the model group at all time
points.

The contents of amylase and endotoxin in plasma
and TNF-q, PLA2 and I1.-6 in serum were all lower in
dexamethasone treated group than in model group. The
apoptotic index was higher in treatment group than in
model group while the inflammation, hemorrhage and
necrosis of pancreas were all milder in treatment group
than in model group, indicating that dexamethasone can
improve the pancreatic injury of SAP rats by directly
inducing pancreatic cell apoptosis, or indirectly inducing
apoptosis through inhibition of excessive rise of TNF-q,
IL-6, PLA2, efe. In this experiment, no relation has been
found between inflammatory mediators and pancreas
apoptotic index. However, it has been found in many
studies that the inflammatory mediators released by
injured cells in AP can influence apoptosis. The role
of inflammatory mediators that indirectly regulate
apoptotic gene is significant and non-neglectable during
its participation in apoptosis. It is worth mentioning that
there are various but one influential factors act together
to result in apoptosis during AP, presenting a network
relation structure™.

We used the tissue microarray section maker (Beecher
Instruments, USA) to drill a hole 2.0 mm in diameter on
recipient block and combined TUNEL staining method
to examine the apoptotic index. The results indicate that
the tissue chip 2.0 mm in diameter can achieve reliable
experimental result, which is representative, time, energy
and reagent saving, and convenient for control.

COMMENTS

Background

The severe acute pancreatitis (SAP) is one of the common acute abdomens
in clinical practice. The pathogenesis of SAP is closely related to factors such
as activation of pancreatin, release of inflammatory mediators, microcirculation
disturbance and apoptosis. The recent studies prove the apoptosis could be a
beneficial reaction to AP. The apoptosis of acinar cell in pancreas inducing injury
can alleviate the inflammatory reaction. In this experiment, the mechanism of
dexamethasone treatment in SAP was discussed and the changes of inflammatory
mediator content and pancreatic acinar cell apoptosis were observed.

Research frontiers

To discuss the influence of dexamethasone on inflammatory mediators and
apoptosis of rats with SAP, the authors established the rat SAP models and
combined the tissue microarrays to observe the influence of dexamethasone
on apoptosis of acinar cell in pancreas, providing a new theoretical basis for
dexamethasone treatment of SAP and application of tissue microarrays in
pancreatitis pathological examinations.

Innovations and breakthroughs
The tissue microarray has been applied to the pathohistological examination of
pancreatitis to improve the study efficiency.

Applications

The sound therapeutic effects of a large dose of dexamethasone on SAP have
been demonstrated. It is of some value to apply tissue microarrays to pathological
examination and analysis of non-tumor diseases like pancreatitis.



Zhang XP et a/. Dexamethasone effects on inflammatory mediators and pancreatic apoptosis

5511

Terminology

The apoptosis is a kind of self-protecting fashion namely the body starts the
autogene program under certain pathological and physiological conditions and
removes the irreparable cells, which is substantially different from necrosis. Tissue
microarray (TMA), or tissue chip, is a method of harvesting small disks (diameter
0.6-2.0 mm) of tissue from a range of standard histologic sections and placing in
an array on a recipient paraffin block by which hundreds of cases can be analyzed
simultaneously. This technique allows maximization of tissue resources by analysis
of small-core biopsies of blocks, rather than complete sections.

Peer review

Through animal studies, the authors investigated the influence of dexamethasone
on inflammatory mediators and apoptosis of rats with severe acute pancreatitis.
They concluded that the mechanism of dexamethasone treatment in acute
pancreatitis is related to its inhibition of inflammatory mediator generation and
induction of pancreatic acinar cell apoptosis.
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