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Microcirculation disturbance affects rats with acute severe
pancreatitis following lung injury
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AbstractAbstractAbstractAbstractAbstract
AIM: To study the effects of microcirculation disturbance
(MD) on rats with acute severe pancreatitis (ASP).

METHODS: We developed ASP rat models, and anatomized
separately after 1, 3, 5, 7, and 9 h. We took out blood
and did hemorrheologic examination and erythrocyte
osmotic fragility test, checked up the water content, capillary
permeability, and genetic expression of intercellular
adhesion molecule-1 (ICAM-1) in lung tissues, examined
the apoptosis degree of blood vessel endothelium while
we tested related gene expression of Bax and Bcl-2
in lung tissues. We did the same examination in control
group.

RESULTS: The viscosity of total blood and plasma, the
hematocrit, and the erythrocyte osmotic fragility were all
increased. Fibrinogen was decreased. The water content
in lung tissues and capillary permeability were increased.
Apoptosis degree of blood vessel endothelium was
increased too. ICAM-1 genetic expression moved up after
1 h and reached its peak value after 9 h.

CONCLUSION: MD plays an important role in ASP
following acute lung injury (ALI). The functional damage
of blood vessel endothelium, the apoptosis of capillary
vessel endothelium, WBC edging-concentration and the
increasing of erythrocyte fragility are the main reasons
of ALI.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION
Microcirculation change has a great effect on causing diseases
and acute severe pancreatitis (ASP) process. The lung can
be damaged easily[1]. About 70% of deaths are due to acute
respiratory distress syndrome[2,3]. In this study, we observed
the microcirculation in rats and the changes in lung. The
relationship between acute lung injury (ALI) and microcirculation
change in rats with ASP was studied.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS
Experimental animals and grouping
Rats were provided by the Experimental Animal Center of
Medical School of Xi’an Jiaotong University. Experiment
group (40 rats) was injected with 4% sodium taurocholate
1 mL/kg by puncturing pancreatic duct to make ASP models.
Control group (eight rats) was only turned over duodenum.
Experiment group was divided into five subgroups, eight
rats in each group. They were anatomized after 1, 3, 5, 7,
and 9 h, respectively.

Hemorrheologic examination and erythrocyte osmotic fragility
test
Blood sedimentation (BS) was done with 0.2 mL venous
blood. After centrifugation, hematocrit was read. The content
of fibrinogens (CB) was recorded after water bath and
centrifugation. The viscosity of total blood (VTB) and
plasma (VP) was checked up in another 1-2 mL venous
blood. The resistance of RBC to different concentrations
of  hypo-osmotic saline was examined. The permeability
fragility of RBC was detected.

TUNEL examination
Lung tissues were fixed and sliced. Apoptosis staining
experiment was done. We observed the change of  lung
capillary vessel endothelium apoptosis under a light microscope.
The cells with brown-blue nuclei were considered as
apoptosis cells.

Lung Bcl-2 and Bax protein examination with immunohistoch-
emical method
The cells stained brown or brown-yellow were positively stained
cells. To account the positive staining, we counted four high-
power fields according to the formula: positive rate = the
number of positive cells/total number of cells×100%. It
was determined as negative staining (-) when the positive
rate was <15%, and as positive staining when the positive rate
was 15-50% (+), 50-75% (++), and >75% (+++), respectively.



Lung capillary permeability
The change of  lung capillary permeability was detected by
injecting Evan’s blue into veins. Using a 625-nm spectropho-
tometer, the concentration of Evan’s blue represented the
milligrams of the dyes per gram of wet weight lung.

Water content in lung tissue
First, we weighed the wet weight of lung tissues, and after
being parched for 72 h at 70 , we weighed the dry weight.
The water content (%) = (wet weight-dry weight)/wet weight.

RT-PCR examination of ICAM-1
We took β-actin as an inner contrast gene. Lung RNA was
isolated by TRIzol. Oligo(dT)15 was used as a primer. The
reaction conditions were at 42  for 15 min, at 99  for
5 min, at 4  for 4 min, and then we got the first chain of
cDNA. PCR was done for 1 min at 94 , for 1 min at 55 ,
for 2 min at 72 , 35 circles in all. Finally, it was expanded
for 10 min at 72 . After electrophoresis, we confirmed
the quantity with a white/ultraviolet transilluminator. The
expanding quantity of targeted genes/the expanding quantity
of inner contrast genes expressed the quantity of detected
genes.

Statistical analysis
The data were expressed as mean±SD. Kruskal-Wallis method
and Mann-Whitney method were adopted to compare the
two indexes.

RESULRESULRESULRESULRESULTSTSTSTSTS
Pathological observation of lung tissues
We observed the pathological change of  lung tissues and
found that interstitial pulmonary edema, focal and congestive
pulmonary atelectasis were present at the forepart of ASP.
PMNs were present in capillaries, and thrombosis was visible
in capillaries (Figure 1). The changes aggravated gradually.

Figure 1  Interstitial pulmonary edema, infiltration of PMNs, and thrombosis in
capillaries in lung, HE staining, ×20.

Apoptosis of capillary endothelium in lung
Apoptosis endothelium could be examined in lungs of control
group. After the models were made, the number of apoptosis
endothelial cells was increased. When we compared the
number of apoptosis cells at 3 h with that at 9 h, we found
that the number of apoptosis endothelial cells at 9 h was

greater than that at 3 h. This trend was related to the grade
of ALI.

Lung Bcl-2 and Bax protein expression
Bcl-2 and Bax protein were less expressed in normal lung
tissues. After ASP models were made, we found that Bcl-2
and Bax protein expression was obvious. Bax protein
expression accorded with the changes of cell apoptosis, and
reached its peak in 7-9 h. Bcl-2 expression was inversely
correlated with the changes of cell apoptosis, and declined
gradually after 3 h (Table 1).

Table 1  Positive staining rate of Bcl-2 and Bax in each period of time
(%, mean±SD, n = 8)

       1 h                 3 h        5 h                7 h        9 h

Bcl-2a 37.3±4.3          84.6±4.3 67.4±2.1         70.3±4.2 52.3±5.3
Baxa 42.3±4.4          62.6±4.8 68.2±3.3         77.6±4.2 79.3±5.7

aP<0.05 vs each period of time.

ICMA-1 and RT-PCR examination
The genetic expression of intercellular adhesion molecule-1
(ICAM-1) in lung tissues was increased after 1 h and reac-
hed its peak after 9 h. The gene expressions of ICAM-1
were significantly different in each period of time (P<0.05,
Figure 2).

Figure 2  ICAM-1 genetic expression in different periods of time. The genetic
expression of ICAM-1 in lung tissues was increased after 1 h and reached its
peak after 9 h (n = 8).

Water content and capillary permeability in lung
Compared with control group, the water content and capillary
permeability in lung tissues in ASP group were both increased
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obviously in each period of  time (Table 2).

Hemorrheologic examination
Compared with control group, each items of  hemorrheology
were diverse in each period of  time (Table 3).

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION
The main characteristic of acute pancreatitis is the change
in blood circulation of pancreas and the whole body[4-6].
Blood volume declined obviously in early period of ASP.
Hemoperfusion could exacerbate ASP. In this experiment,
sodium taurocholate was injected through the pancreatic
duct to make ASP models. We observed various indexes
of  ASP at different time points. Significant hemorrheology
changes could be observed in rats with ASP. The blood
viscosity and the erythrocyte osmotic fragility were increased.
The capillary permeability in lung tissues was also increased.
Interstitial pulmonary and microthrombosis were found.
Obvious microcirculation disturbance (MD) could be observed
in lung tissues and the whole body of rats with ASP. After
the models were made, the number of apoptosis endothelial
cells and the genetic expression of ICAM-1 in lung tissues
were significantly increased, suggesting that ASP can cause
MD in many ways and plays an important role in causing
and exacerbating ALI.

WBCs adhered to the blood vessel endothelium could
cause inflammation[7-9]. Adhesion molecule could play an
important role in adhesion process, and its expression could
reflect the change of blood vessel endothelium[10-17]. After ASP
models were made, ICAM-1 gene expression was increased
and became easier for WBCs to adhere to blood vessel
endothelium. Therefore, it made WBCs to invade the lung
tissues more easily.

For vein wall permeability, blood vessel endothelium is
the main barrier. In this study, the number of apoptosis
cells increased and apoptosis was accorded with the
increasing of  lung tissues, vessel permeability and water
content. We think that the increasing of  apoptosis cells in

lung tissues could alter the structure integrality of capillary
endothelium. Because the endothelial cells could not renew
rapidly by themselves, apoptosis could lead to decrease of
blood vessel endothelial cell storage. This kind of change
results in the increase of blood vessel endothelium gap and
its permeability[18,19].

Our study found that hemorrheology changed obviously
in blood of ASP rats, thus leading to more serious MD of
pancreas and other organs. This is the main reason for
pancreas necrosis and ARDS representation[20,21]. The
primary presentations are the decline of  RBC aggregation
capacity, increase of VTB and VP as well as WBC edging-
concentration. The later is the primal step of WBCs swimming
outside of blood vessel, leading to grievous inflammation
and ALI[22]. WBC edging-concentration in rats with ASP was
affected not only by inflammation medium and chemotatic
factor but also by other factors, such as tiny vein, blood
viscosity, and RBC aggregation[23].

The erythrocyte fragility was increased after ASP
presentation, and became more serious following the progress
of the disease. The increase of erythrocyte fragility could
reflect the defective capacity of RBC distortion. RBCs break
up easily, and release adenosine diphosphate, thus causing the
activation of coagulation system and disseminated intravascular
coagulation, leading to the decrease of fibrinogen.

In conclusion, MD plays an important role in the process
of ASP with lung injury. Ameliorating MD could not only
reduce local damages in pancreas, but also protect the lung
and other organs in the body. Therefore, ameliorating MD
is an effective therapy in treating ASP.
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