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Abstract

AIM: To study the influence and mechanisms of
dexamethasone on mesenteric lymph node of rats with
severe acute pancreatitis (SAP).

METHODS: The SAP rats were assigned to model,
treated or sham-operated groups. The mortality,
pathological changes of mesenteric lymph nodes,
expression levels of NF-kB, P-selectin, Bax, Bcl-2 and
caspase-3 protein and changes in apoptotic indexes
in lymph nodes were observed at 3, 6 and 12 h after
operation. The blood levels of endotoxin, superoxide
dismutase (SOD), malondialdehyde (MDA), and
endothelin-1 (ET-1) in blood were determined.
RESULTS: SOD content, expression of Bax protein and
apoptotic index were significantly higher in the treated
group than in the model group at different time points
(P < 0.05 or P < 0.01). Other blood-detecting indexes
and histopathological scores of mesenteric lymph

nodes were lower in the treated than in the model
group (P < 0.05, P < 0.01 or P < 0.01). NF-«xB protein
expression was negative in all groups. Comparing
P-selectin and caspase-3 expression levels among all
three groups, there was no marked difference between
the model and treated group.

CONCLUSION: Dexamethasone can protect mesen-
teric lymph nodes. The mechanism may be by reducing
the content of inflammatory mediators in the blood
and inducing lymphocyte apoptosis.

© 2008 The WIG Press. All rights reserved.
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INTRODUCTION

Severe acute pancreatitis (SAP) with a high incidence
of complications and high mortality has been a difficult
disease in medical research for many years. Recent
studies have confirmed that the release of manifold
inflammatory mediators is an important part of the
inflammatory cascade reaction. Apart from anti-
inflammatory and anti-allergic activity, dexamethasone
can improve microcirculation and inhibit enzyme
and inflammatory mediators. Dexamethasone has
sound therapeutic effects on SAP". The mesenteric
lymph nodes are very important for the protection
of abdominal organs from infection, and perform an
important role in maintaining immune balance.

In this experiment, the influence of dexamethasone
on changes in inflammatory mediator levels in the
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blood, pathological changes of mesenteric lymph
nodes, and on changes in expression level of NF-kB,
P-selectin, Bax, Bcl-2 and caspase-3 proteins, as well
as on apoptotic index, has been observed. This is to
explore the protective mechanism of dexamethasone
on SAP complicated with mesenteric lymph node
injury. This study is believed to be the first to apply
tissue microarrays for histopathological determination
of mesenteric lymph node disease severity. With
advantages such as time and energy saving and high
efficiency, tissue microarrays can significantly improve
pathological study efficiency.

MATERIALS AND METHODS

Materials

Clean grade, healthy male Sprague-Dawley (SD)
rats weighing 250-300 g were purchased from the
Experimental Animal Center of the Medical School,
Zhejiang University. Sodium taurocholate and sodium
pentobarbital were purchased from Sigma (USA).
Dexamethasone (injection) was purchased from
Zhejiang Xinchang Pharmaceutical Company (China).
Malondialdehyde (MDA), superoxide dismutase (SOD)
assay kits were purchased from Nanjing Jiancheng
Bioengineering Research Institute (China), with
calculation units of nmol/mL and U/mL, respectively.
The serum Endothelin-1 ELA kit (ET-1) was purchased
from Cayman Chemical Company (Catalog Number:
583151, USA) and the calculation unit for content
was ng/L (or pg/mL). The NF-kB, Bax, Bcl-2 and
P-selectin antibody were purchased from Santa Cruz
(Santa Cruz, CA). Caspase-3 antibodies was purchased
from NeoMarkers. The DNA i/ sitn nick end-labeling
(TUNEL) kit was purchased from Takara (Japan).

Animal grouping and rat SAP model preparation

Ninety clean grade, healthy male SD rats were prepared
into the SAP models and randomly divided into the
model and treated groups (45 rats each). Another 45
were selected to be the sham-operated group. Next,
the above groups were randomly divided into 3, 6 and
12-h groups, with 15 rats in each group. The treated
group was injected with dexamethasone z/a the tail vein:
0.5 mg/100 g body weight, single dose, 15 min after
successful preparation of the SAP model. The sham
operation consisted of abdominal opening, pancreas
and duodenum turning over, and finally abdominal
closure. The sham-operated and model groups were
injected with saline ziz the tail vein 15 min after the
operation. SAP prepatration was as follows. The rats were
anesthetized by intraperitoneal injection of 2% sodium
pentobarbital (0.25 mL/100 g). In the model group, we
identified the duodenal papilla inside the duodenum duct
wall, and then used a No. 5 needle to drill a hole in the
mesenterium avascular area. After inserting a segmental
epidural catheter into the duodenum cavity #ia the hole,
it was inserted into the biliary-pancreatic duct, in the
direction of the papilla, in a retrograde position. This
was followed by retrograde transfusion of 3.5% sodium
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Score Observation indexes

1 Follicle Germinal center dilated, lymphatic sinus dilated, sinus
cell hyperplasia or only lymphatic sinus dilated, sinus cell
hyperplasia

2 Follicle Germinal center dilated, lymphatic sinus dilated,

sinus cell hyperplasia, spotty necrosis in mantle zone and
Germinal center or only lymphatic sinus dilated, and sinus cell
hyperplasia, infiltration of neutrophil, eosinophile granulocyte
and plasmocyte

3 Follicle Germinal center dilated, lymphatic sinus dilated, sinus
cell hyperplasia, spotty necrosis in mantle zone and Germinal
center, infiltration of neutrophil, eosinophile granulocyte and
plasmocyte

taurocholate 0.1 mL/100 g by microinjection pump
at the speed of 0.2 ml./min, and then the hole in the
duodenum lateral wall was sutured®*.

Survival rate and pathological changes

Rat mortality was measured at 3, 6 and 12 h after
operation, and survival was calculated. We observed the
pathological changes in the mesenteric lymph nodes.
After euthanasia with sodium pentobarbital, we collected
mesenteric lymph node samples from the rats. The lymph
node pathological score was determined according to a set
of standards developed by Zhang (Table 1).

Observation index

The levels of plasma endotoxin, and serum SOD,
MDA and endothelin-1 (ET-1) were determined from
blood taken from the heart. The above indexes were all
detected according to the manufacturers’ instructions.

Tissue microarrays and staining

Prepared tissue microarrays of mesenteric lymph node
and adopted SP (streptavidin-perosidase) method for
immunohistochemical staining, observed the NF-xB,
Bax and Bcl-2 protein expression respectively. Tunel
Staining was carried out as follows'”. NF-xB, P-selectin,
Bax, Bcl-2 and Caspase-3 protein expression: We applied
tissue microarrays to prepare microarray sections of
mesenteric lymph node; Adopted SP (streptavidin
peroxidase) method for immunohistochemical =
staining. We observed protei expression in mesenteric
lymph nodes under light microscope, as follows: (-) <
10% positive cells; (+) 10%-20% positive cells; (++)
20%-50% positive cells; and (+++) > 50% positive
cells. We applied the tissue microarrays to prepare the
microarray sections of mesenteric lymph node. TUNEL
staining was used to visualize the number of apoptotic
cells in the lymph node tissue microarrays, and the
apoptotic index (%) was calculated.

Statistical analysis

Statistical analysis was conducted by using SPSS 11.5
software (SPSS, USA). The Kruskal-Wallis test or
analysis of variance was applied for comparison of the
three groups. The Bonfferoni test was also applied.
P < 0.05 was considered statistically significant.
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Table 2 Comparison of different indexes level in blood (M
(Qz))

Index Sham-operated Model group Treated group
group (h) (h) (h)
3 6 12 3 6 12 3 6 12
Endotoxin 0.02 0.02 0.02 0.04 0.06 0.06 0.03 0.04 0.04

(EU/mL) (0.01) (0.01) (0.01) (0.02) (0.03) (0.02) (0.01) (0.01) (0.02)
MDA 99 132 132 297 330 297 198 264 264
(nmol/mL) (9.9) (6.6) (99) (6.6) (9.9) (149) (9.9) (13.2) (13.2)
SOD 1056 103.6 992 766 730 776 908 919 887
(U/mL)  (83) (62) (162) (13.0) (245) (12.6) (13.4) (11.6) (13.7)
ET-1 14.05 1453 1478 17.97 1921 1831 13.64 13.86 13.66
(ng/L)  (1.78) (2.082) (2.28) (5.57) (7.02) (5.06) (1.54) (2.64) (2.47)

RESULTS

Survival

In the model group, the mortality was 0, 0 and 13.33%
(2/15) at 3, 6 and 12 h, respectively. The sham-operated
and treated groups showed 100% survival, while there
was no significant difference between the model and
treated groups.

Comparison of serum MDA, SOD and ET-1 levels

Serum MDA was significantly higher in the model and
treated groups than in the sham-operated group at all
time points (P < 0.01). Serum MDA in the treated group
was significantly lower than in the model group at 3 and
6h (P <0.01) (Table 2).

Serum SOD in the model and treated groups was
significantly lower than in the sham-operated group
at different time points (P < 0.01). Serum SOD in the
treated group was significantly higher than in the model
group at different time points (P < 0.01) (Table 2).

Serum ET-1 differed significantly between the
treated and sham-operated groups at various time points
(P < 0.05), and the level in the model group significantly
higher than that in the sham-operated group at various
time points (P < 0.01). Serum ET-1 in the treated group
was significantly lower than that in the model group at
3and 12 h (P < 0.01), and the level in the treated group
was significantly lower than that in the model group at
6h (P <0.01) (Table 2).

Pathological changes in lymph nodes, seen by light
microscopy

The mesenteric lymph nodes in the sham-operated
group had normal morphology and structure. In the
model and treated groups, swollen lymph nodes, dilated
follicular germinal centers and expanded lymphatic
sinuses were seen in most cases. Sinus cell hyperplasia
and spotty necrosis in the mantle zone and germinal
center of the lymph nodes were clearly visible, and
neutrophil and plasmocyte infiltration was seen in a
few cases. There were no marked differences in the
pathological changes between the model and treated
groups, but spotty necrosis in the mantle zone and
germinal centers, as well as inflammatory cell infiltration
only occurred in a few rats in the treated group.

Figure 1 Tissue microarrays of mesenteric lymph nodes were prepared and
stained for mmunohistochemistry (x 200). (A) NF-kB expression in the treated
group (6 h); (B) Bax protein expression in the sham-operated group (3 h); (C)
Bax protein expression in the treated group (12 h); (D) Bcl-2 protein expression
in the treated group (3 h).

Comparison of lymph node pathological scores

The pathological score in the model group was
significantly higher than in the sham-operated group at
different time points (6 h, P < 0.05, 3 and 12 h, P < 0.01).
The score in the treated group was significantly higher
than in the sham-operated group at 12 h (P < 0.01). The
pathological score was significantly lower in the treated
group than in the model group at 6 h (P < 0.05) (Table 3).

Changes in lymph node expression of NF-xB, P-selectin,
Bax, Bcl-2 and caspase-3

Expression of NF-kB was negative in all groups at all
times (Figure 1A). Lymphocytes were stained positively
for P-selectin. There was no significant difference in
staining in any of the groups. Lymphocytes were stained
positively for Bax. Expression of Bax was significantly
higher in the treated group than in the model group
at 12 h (P < 0.01). Thete was no marked difference in
the other groups (Tables 3 and 4, Figure 1B and C).
ymphocytes were stained positively for Bcl-2. There was
no significant difference among any of the groups at
different time points (Tables 3 and 4, Figure 1D).

Comparison of caspase-3 expression level of lymph
node

Lymphocytes were stained positive for caspase-3.
There was no significant difference between the sham-
operated and model groups at all time points. Caspase-3
expression in the sham-operated group was significantly
lower than in the treated group at 12 h (P < 0.05). There
was no significant difference between the model and
treated groups at all time-points (Tables 3 and 4).

Comparison of apoptotic index in lymph nodes

The apoptotic cells in lymph nodes were the lymphocytes.
Apoptotic cells appeared in three rats in the sham-
operated group at 6 h, with an apoptotic index between
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Indexes Sham-operated group (h) Model group (h) Treated group (h)
3 6 12 3 6 12 3 [ 12

Pathological score 2.0 (1.0) 2.0 (1.0) 1.0 (1.0) 2.0 (1.0) 2.0 (1.0) 2.0 (1.0) 2.0 (0.0) 2.0 (0.0) 2.0 (0.0)
P-selection 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Bax protein 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (1.0) 0.0 (1.0)
Bcl-2 protein 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Caspase-3 protein 0.0 (0.0) 0.0 (1.0) 0.0 (0.0) 0.0 (1.0) 0.0 (1.0) 0.0 (1.0) 0.0 (0.0) 0.0 (1.0) 0.0 (1.0)
Apoptotic index 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.03) 0.0 (0.0) 0.0 (0.3) 0.0 (0.4)
Groups Cases Bax Bcl-2 P-selectin Caspase-3

- + ++ +++ - ++ - + - +
Sham-operated group-3 h 15 12 3 15 15 12 3
Sham-operated group-6 h 15 12 0 2 15 15 11 4
Sham-operated group-12h 15 13 1 1 15 15 12 3
Model group-3 h 15 13 2 15 14 1 11 4
Model group-6 h 15 13 1 1 15 12 3 11 4
Model group-12 h 13 13 13 12 1 9 4
Treated group-3 h 15 12 3 12 2 15 12 3
Treated group-6 h 15 9 4 2 15 14 1 9 6
Treated group-12 h 15 8 5 1 1 15 14 1 5 10

10 and 20 per 10000 cells. Apoptotic cells appeared in
four rats in the model group at 12 h, with an apoptotic
index between 6 and 50 per 10000 cells. Apoptotic
cells appeared in three, eight and nine rats at 3, 6 and
12 h, respectively, with an apoptotic index between 2
and 160 per 10000 cells in treated group. There was
no significant difference among any of the groups at
3 h. The apoptotic index was significantly higher in
the treated group than in the model group at 6 h (P <
0.05). The apoptotic index was significantly higher in the
treated group than in the sham-operated group at 12 h (P
< 0.01) (Table 4 and Figure 2).

DISCUSSION

At present, the pathogenesis of SAP has not been
fully elucidated"™". We are attracted to the barrier
function of mesenteric lymph nodes during the onset
and progression of SAP”. The normal mesenteric
lymph node barrier can effectively prevent intestinal
bacteria and endotoxin entering the body and maintain
homeostasis'""'?, while the function of the lymphocytes
in the mesenteric lymph nodes reflects the function of
the whole intestinal immune barrier'™”. If the function
of the immune barrier is injured, the mesenteric
lymph nodes are damaged and permeability of
mucous membrane of small intestine is increased!",
which reduces their capacity to phagocytose ectopic
bacteria and endotoxin. The excessive release of
inflammatory mediators during SAP is the main cause
of mesenteric lymph node injury. According to the
results of this experiment, after inducing SAP, the level
of inflammatory mediators such as ET-1 and MDA in
the blood was significantly higher in the treated group
than in the sham-operated group, and the level of
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inflammatory mediators was positively correlated with
the severity of mesentetic lymph node injury.

Endotoxin can invade the body and cause gut-
origin endotoxemia, increase permeability of mesenteric
lymph nodes, and promote invasion of intestinal
bacteria and endotoxin. As one of the important
common mediators in inflammatory mediator cascade
reaction of inflammatory reaction”"”), Nitric oxide
(NO) can be regarded as an index of SAP. However,
some researchers'"” believe that a small amount of
endogenous NO can protect the body from ischemia-
reperfusion injury, and prevent any increase in intestinal
vasopermeability induced by endotoxemia and bacteria
translocation.

NF-xB is a transcription factor that participates in
the regulation of expression of inflammatory molecules.
Its activation is a key initial step in the inflammatory
reaction!” . However, NF-xB was found to be
negative in this experiment, which indicates that there
is no direct relation between inflammatory reactions
in the mesenteric lymph nodes and NF-kB. This study
also showed that dexamethasone decteased the level
of inflammatory mediators. It was demonstrated that
dexamethasone exerted its anti-inflammatory effect by
lowering the level of several inflammatory factors in
the serum, inhibiting their production, and blocking
the cascade reaction of the inflammatory mediators.
P-Selectin is a member of the family of cell adhesion
molecules. However, the content is very low and
its expression is significantly increased with acute

inflammation™). Tt is also an important indicator of

inflammation™*"
difference in P-selectin expression. Therefore, we
suppose that P-selectin expression is not related to

lymph node injury.

. In this study, there was no marked
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Figure 2 TUNEL staining, showing the pathological changes in the mesenteric
lymph nodes (x 400). (A) In the sham-operated group (6 h), there were no
apoptotic cells; (B) In the model group (12 h), several apoptotic cells appeared;
(C) treated group (6 h); (D) apoptotic cells were increased in the treated group
(12 h).

Apoptosis also plays an important role during the
onset, progression and prognosis of AP. It has been
found®*” that when necrosis and apoptosis coexist and
necrosis prevails, inducing apoptosis results in body
protection. Both necrosis and apoptosis are mechanisms
of death for injured cells””. Unlike necrosis, apoptosis
does not release harmful substances in lysosomes ot cause
intense inflammatory reactions”. The present study
showed that expression of Bax protein was significantly
higher in the treated group than in the model group at
12 h. The expression of Bcl-2 protein was reduced. Bcl-2
expression was positively correlated with apoptosis level
of mesenteric lymph nodes, and negatively correlated with
SAP severity. The expression of Bax and Bcl-2 proteins
was not significant in the model group at any time, with
less apoptosis, which indicates that dexamethasone can
protect lymph nodes by increasing Bax protein, inhibiting
Bcl-2 protein, and inducing apoptosis of mesenteric
lymph nodes. The apoptotic index was significantly
higher in the treated group than in the model group,
while the pathological score was significantly lower in the
treated group than in the model group, which indicates
that dexamethasone can promote the apoptosis of
mesenteric lymph nodes and protect the lymph nodes.
The massive apoptosis of lymph node cells certainly
inhibits excessive inflammation, and protects several
organs from SAP-related lymph node injury. Caspase-3
is one of the important proteases that can induce
apoptosis, and is also the final effector in the caspase
cascade effect, which is involved in apoptosis. Moreover,
it has a pivotal position in the process of stopping the
protease cascade. Caspase-3 is a marker of apoptosis and
it is also involved in the process. It can destroy a vatiety
of protease complexes in cells with the digestive way,
activate intranuclear nuclease to cause DNA schizolysis,
form DNA fragments, undermine cell calcium pum
function, and lead to intracellular calcium overload™".
Inhibiting caspase-3 activity can reduce the occurrence of

apoptosis” . In this study, there was no marked difference
in caspase-3 expression level in the model and treated
groups; therefore, we suppose that caspase-3 expression is
not related to severity of lymph node injury.

Nuiiez ¢z al*” found that apoptosis occurs with high
concentrations of NO. Increasing NO in serum can
alleviate the inflammatory reaction of AP. Apoptosis
during SAP is the result of complex action of various
factors whose relationships form a network structure.
Since 1952, when Stephensen ez @/ first reported the
therapeutic effect of glucocor-ticoids on AP, many
empirical studies have confirmed that glucocorticoids
can improve survival of animals with pancreatitis™ ™,
although the precise mechanism is unclear. As a
long-acting glucocorticoid, dexamethasone can be
applied extensively in a clinical setting, It can regulate
inflammatory mediators”*”", improve microcirculation™,
eliminate OFR (oxygen free radical)’ and inhibit
NF-xB"*I, There have now been several studies on
the mechanism of dexamethasone in SAP, but there has
still been no study on the effect of dexamethasone on
mesenteric lymph nodes. We are of the opinion that a
few apoptotic lymphocytes in lymph nodes mean that
the function of lymphocytes has been slightly injured.
However, the significance of lymphocyte apoptosis is
that its immunological function is severely inhibited,
which can have a protective effect.

Since it was first reported by Kononen ¢z a/*? in
1998, tissue microarray has been extensively used ™!,
but there have been no reports on its application in the
study of pancreatitis. In this experiment, the diameter
of microarray tissue was only 2 mm. Super sensitive SP
immunohistochemistry and TUNEL technique were
used. The observation indexes of this experiment are
satisfactory. This study demonstrates that tissue arrays
of 2.0 mm diameter have advantages such as reliability,
savings in time, energy and reagents, and convenient
control®™*. This study provides a new theoretical
basis for the application of tissue microartray in the
pathological examination of AP.

COMMENTS

Background

The normal mesenteric lymph node barrier can effectively prevent intestinal
bacteria and endotoxin entering the human body and maintain homeostasis.
The function of lymphocytes in the mesenteric lymph nodes reflects the function
of the whole intestinal immune barrier. If the function of the immune barrier
is injured, the mesenteric lymph nodes will be damaged, which reduces the
capacity for phagocytosis of ectopic bacteria and endotoxin. The excessive
release of inflammatory mediators during SAP is the main cause of mesenteric
lymph node injury.

Research frontiers

SAP has a high incidence of complications and high mortality, and has been
a difficult disease in medical research for many years. Recent studies have
confirmed that the release of many inflammatory mediators is an important
reason for the inflammatory cascade reaction. Apart from anti-inflammatory and
anti-allergic activity, dexamethasone can improve microcirculation and inhibit
enzymes and inflammatory mediators. Dexamethasone has sound therapeutic
effects on SAP. In this study, the influence of dexamethasone on changes in
content of inflammatory mediators in blood, pathological changes of mesenteric
lymph nodes, and changes of expression of NF-«xB, P-selectin, Bax, Bcl-2 and
caspase-3 proteins, as well as apoptotic index, was investigated, to explore the
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protective mechanism of dexamethasone on SAP complicated with injury of
mesenteric lymph nodes.

Innovations and breakthroughs

This study applied tissue microarrays for histopathological examination
of mesenteric lymph nodes, which is believed to be the first report of the
pathological category for severity of lymph nodes around the world.

Applications

With advantages such as time and energy savings and high efficiency, tissue
microarrays can significantly improve study efficiency. We applied tissue
microarrays to pathological detection and obtained good results.
Terminology

NF-kB is a transcription factor that participates in regulating expression of
inflammatory molecules. Its activation is a key initial step in the inflammatory
reaction. NF-«B can regulate the expression of inflammatory mediators.

Peer review

This is a very interesting study. The authors studied the influences and
mechanisms of dexamethasone on mesenteric lymph nodes in rats with SAP.
It is believed to be the first report of the pathological classification of severity of
lymph node injury around the world.
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