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Abstract

AIM: To investigate the fluid shear stress induced changes
of [Ca?*]i in neutrophils in pancreatic microcirculation of
experimental acute pancreatitis (AP).

METHODS: Wistar rats (7 = 36) were randomized into three
groups. A model of AP was established by subcutaneous
injection of caerulein. Low-shear 30 viscometer was used
to provide steady fluid shear stress on separated neutrophils.
The mean fluorescent intensity tested by flow cytometry
was used as the indication of [Ca2*]i quantity.

RESULTS: Under steady shear, cytosolic [Ca?*]i showed
biphasic changes. The shear rate changed from low to high,
[Ca?*]i in different groups decreased slightly and then increased
gradually to a high level (P<0.05). A close correlation was
observed between the cytosolic [Ca**]i level and the alteration
of fluid shear stress in regional microcirculation of AP.

CONCLUSION: The increase of [Ca?*]i is highly related to
the activation of neutrophils, which contributes to neutrophil
adhesion to endothelium in the early phase of AP. The
effect of fluid shear stress on [Ca?*]i may play a crucial
role in pancreatic microcirculatory failure of AP.
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INTRODUCTION

Studies have confirmed the hypothesis that microcircul atory
derangements play a pivotal role in the pathogenesis of acute
pancreatitis (AP), including the process of conversion from
edematous to necrotizing injury*3. Although several

pathophysiological sequences, such as protease activation,
freeradical generation, and inflammatory mediator release, have
been described in acute pancredtitis, the precise mechanism by
which acute pancreatitisis initiated is unknown*™. Cellular
calcium, akey physiological signaling element in cell function
and also acrucia pathological intracellular messenger in cell
injury, appearsto beinvolved in theinitiation and development
of acute pancreatitis®*?. Previous studies have suggested that
AP isfrequently associated with sequestration of inflammatory
cells, particularly neutrophils, within pancreas, and it is
generally believed to be an early and important event in the
evolution of pancreatitig***. Recently, considerable attention
has been directed at identifying the chemoattractant substances
responsible for leukocyte sequestration within these tissues
and the factors released from these inflammatory cells that
contribute to progression of AP52U. Cytosolic free Ca*, a
well-known second messenger, takes part in many cellular
reaction processes and regulates the activity of many enzymesd.
Caerulein-induced AP has been shown to cause cytosolic free
Ca?* transient increasel®*2. Increase in leukocyte cytosolic
[Ca*]i might beinvolved inintercellular adhesion by regulating
the affinity of surface adhesion molecules or by facilitating
transendothelial leukocyte migration, which might lead to
increased leukocytic infiltration and tissue damage during AP®12,

Previous studies mainly concentrated on the peripheral
blood neutrophils during AP under static state dueto limitation
of experimental methodology. However, to the authors’
knowledge, no reports are available about local pancreatic
microcirculatory neutrophils during AP under flow state.
Although the number of neutrophilsin circulation is much less
compared with the total mature neutrophilsin the body, these
circulating cellsmovewith blood in thewhole body, and execute
disinfectant functions. The stored neutrophils replenish at a
certainrateinto the blood to maintai n adynamic balance between
circulation pool and bone marrow storage pool?#1, Whenitis
necessary, bone marrow can release more neutrophils to
enhance the defense efficacy. So blood flow is an important
physiological environment for neutrophilsi?>23. We first
undertook toinvestigate the change of [Ca?']i inlocal pancrestic
microcirculatory neutrophils during AP under fluid sheer stress.
The results of this study might provide a new insight into the
pathogenesis of AP.

MATERIALS AND METHODS

Animals

Adult male Wistar rats weighting 250-350 g were purchased
from Center of Experimental Animals, Sichuan University,
Chengdu, China. All animals were starved for 24 h prior to
experimentation. All animal experiments were conducted
according to the guidelines of the Local Animal Use and Care
Committees and the National Animal Welfare Law.

Induction of acute pancreatitis
All rats of the experimental groupswereinjected with 5.5 pg/kg
and 7.5 pg/kg of acaerulein (Sigma Co., USA) subcutaneously
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at 0 and 1 h after the beginning of experiment respectively,
whiletherats of the control group were subcutaneoudy injected
with normal saline solution.

Experimental protocol

Experimental animalswere divided into three groups, with 12
rats each group. Group 1: normal control, group 2 (AP- I): rats
at 2 h after theinduction of AP, and group 3 (AP- I1): ratsat 4 h
after theinduction of AP. Ratsin each experimental group were
killed to obtain blood by splenic vein puncture at 2 and 4 h after
first caerulein injection.

Preparation of neutrophils

Rat polymorphonuclear cells (PMNSs) were isolated according
to the technique described by Hjorth et al.'>! for human PMNs.
Blood was immediately mixed with heparin (50 U/mL) and
centrifuged in adiscontinuous Percoll gradient to yield afraction
of gpproximately 97% purity. Cell viability, asassessed by trypan
blueexclusion, wasabove 96% under al experimenta conditions.

Shear stress action on neutrophil suspension

L ow-shear 30 viscometer (Switzerland) was used to provide
low shear rate (5.96/s, 14.98/s, 51.2/s, 94.5/sand 128.5/s), then
37 g/L formaldehyde was added to fix neutrophils after
sheared for 1 min.

Measurement of [Ca®']i

Cdlswereloaded (5x10%/mL) with the Ca?*-sensitivefluorescent
dyefluo-3/AM (2 umoal/L; Molecular probes, Eugene OR) at 37 C
for 30minin 145mmol/L NaCl, 5mmol/L KCI, 2 mmol/L MgCl,,
10 mmol/L glucose, 4mmol/L probenecid, 10 mmol/L HEPES,
pH 7.4. Fluorescence intensity wasthen measured with flow
cytometry. The intensity of fluorescence correlated with the
concentration of [Ca*]i. Therefore, the mean fluorescence
intensity (MFI) indicated the level of [Ca?*]i.

Statistical analysis

The results were expressed as mean+SD. The mean of MRI
between groups was compared by atwo-tailed Student’ st tests.
P=<.0.05 was considered stetistically significant.

RESULTS

Under steady shear, cytosolic [Ca?*]i had biphasic changes.
When the shear rate was very low, [Ca?*]i decreased slightly.
With the increase of shear rate, [Ca?']i increased gradually.
When the shear rate was increased higher than 50/s, [Ca?']i in
the experimenta group was higher than that in the control group.
With the shear rate changed from low to high, cytosolic [Ca?*]i
gradually increased to asignificantly high level compared with
the stationary control (P<0.05). After treated with a shear rate
of 128.5/s, the cytosolic [Ca?']i of AP-I1 group wassignificantly
induced compared with AP-I group (P<0.05) (Figure 1).
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Figure 1 Effects of fluid shear stress on cytosolic [Ca*]i in neutro-
phils in pancreatic microcirculation of rats with AP.2P<0.05 vs
normal; °P<0.05 vs AP- 1I.

DISCUSSION

Acute pancreatitis remains a clinical challenge becauseit is
difficult to predict whether the diseaseis mild or runs a severe
course with a possibly fatal outcome in a given patient®. In
recent years, researches on the morphology of pancreatic
microcirculation have revea ed that the blood supply of pancregtic
lobules in most cases is provided by a single intralobular
arteriole®!. This arteriole sends forth the tree-like branches
when entering pancreatic lobule, and has no anastomosis with
adjacent intralobular arterioles and their branches, and could
be considered as an end-artery!?®. This characteristic suggested
pancreatic |obules were susceptible to ischemic injury due to
spasm of intralobular arterioles, embolization of arterioles,
formation of microthrombi or compression by interstitial edema
(-3 However, causative factors of early-stage ischemia and
the precise triggering factors of local microcirculatory
disturbance remain obscure.

Cellular calcium, akey physiological signaling element in
cell function and also a crucial pathological intracellular
messenger in cell injury, appearsto beinvolvedintheinitiation
and development of acute pancreatitisi”*?. The present study
provided several lines of evidence supporting this suggestion.
We investigated whether calcium wasinvolved in the priming
response encountered during AP. We found that cytosolic
[Ca?*]i showed a biphasic changes when the neutrophil
suspension was under a steady shear. When the shear rate
changed from low to high, cytosolic [Ca?*]i decreased dlightly
under avery low shear rate (5.96/s) and thenincreased gradually
toahighlevel. From this study we could also infer that cytosolic
[CaZ*]i might be an identifying marker for AP

Activation of neutrophilsis one of the critical rolesin
pathologic process of AP, and cytosolic [Ca*]i has a close
relation with neutrophil activation*?8. Our study demonstrated
the fluid shear stress induced changes of cytosolic [Ca*]i in
neutrophilsin pancreatic microcirculation of ratswith caerulein-
induced AP. These lines of evidence indicate that altered
intracdllular calcium might play animportant rolein theinitiation
and development of AP. In conclusion, cellular calcium may be
an important factor in the pathogenesis of cerulein-induced
acute pancreatitis.
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