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Abstract
Introduction: Acute pancreatitis (AP) protease release induces lung parenchymal destruction via inflammatory mediators. 

Ginkgo biloba has been reported to have anti-inflammatory effects. 
Aim: To evaluate the effect of ginkgo biloba extract on experimental acute pancreatitis-associated lung injury in the rat and 

to investigate the underlying mechanisms.
Material and methods: Acute pancreatitis was induced in rats by injection of 5% sodium taurocholate into the biliary pancre-

atic duct. Ginkgo biloba extract (GBE) was administered and pancreas and lung injury were assessed by histological examination. 
Alveolar macrophages were harvested by bronchoalveolar lavage. Specificity fluorescent probe DAF-FM-DA was applied to observe 
nitric oxide (NO) bioavailability in alveolar macrophage. The expression of tumour necrosis factor α (TNF-α) and macrophage 
migration inhibitory factor (MIF) protein in alveolar macrophage was studied by ELISA.

Results: In sodium taurocholate-induced acute pancreatitis, treatment with GBE significantly protected rats against lung 
injury associated with pancreatitis in histological sections. Ginkgo biloba extract had a tendency to down-regulate NO bioavail-
ability compared with the AP group, but without statistical significance. Moreover, TNF-α and MIF at protein levels in alveolar 
macrophage with GBE treatment were decreased compared with the AP group.

Conclusions: These results suggest that GBE could effectively protect rats against acute pancreatitis-associated lung inju-
ry. The GBE may inhibit excessive activation of alveolar macrophages from acute pancreatitis-associated lung injury through 
down-regulation of generation of NO, TNF-α and MIF. These findings suggest that ginkgo biloba extract is a suitable candidate 
as an effective strategy against acute pancreatitis-associated lung injury.

Introduction 
Acute lung injury (ALI) still represents a problem in 

acute pancreatitis (AP). About one-third of all deaths 
from acute pancreatitis have been known to occur prior 
to admission to hospital, and in most cases they are as-
sociated with ALI [1]. Acute lung injury is a consequence 
of excessive leukocyte activation with increased endo-
thelial and epithelial barrier permeability, with leakage 
of protein-rich exudates into the alveolar space and in-
terstitial tissues, thus compromising oxygenation and 
gas exchange [2]. It has been reported that alveolar 

macrophage is involved in the development of acute 
local disorder as a consequence of extra-pulmonary 
stimuli like acute pancreatitis, peritonitis or trauma [3]. 
Alveolar macrophage has the capacity to secrete a vast 
number of chemokines, cytokines, growth factors and 
reactive oxygen and nitrogen species. Ginkgo biloba, 
which is considered a living fossil, has been used for 
medicinal purposes for thousands of years. Several ben-
eficial biological activities and pharmacologic effects of 
ginkgo biloba extract (GBE) have been proposed: an-
ti-oxidation, anti-inflammation, anti-tumour, anti-age-
ing, and cardio-protective properties [4]. 
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Aim
This study aims to observe the model of acute pan-

creatitis in rats with lung injury and to explore the ef-
fect of GBE on the function of alveolar macrophage in 
acute pancreatitis rats with lung injury.

Material and methods
Animals
A total of 48 male and female Sprague-Dawley rats, 

each weighing 200–250 g, were obtained from Nantong 
University Animal Experiment Centre. They were housed 
in groups with free access to water and standard rat 
chow diet. Prior to the experiment, rats were fasted 
overnight. The study protocol was approved by the An-
imal Care and Use Committee of Nantong University.

Experimental design
Animals were randomized into three groups: (1) 

control, (2) acute pancreatitis (AP), and (3) AP plus GBE 
(Shupei Doctor Pharmaceutical Factory, Weimar, Germa-
ny) treatment. Rats in the control group and the two 
AP groups were subjected to a sham operation and an 
AP induction procedure respectively. The control group 
only underwent on-off operation. The AP models from 
the pancreatitis group were produced by injection of 
5% sodium taurocholate (2 ml/kg, Sigma) into the bil-
iary pancreatic duct, as described in previous studies. 
The GBE group, based on AP models, was given GBE 
intervention. During the preoperative 2 days, the GBE 
group was given GBE (Ginaton injection 20 mg/kg) by 
subcutaneous injection, twice a day, at the end of the 
operation, and then GBE was given once. The control 
group and AP group were given equivalent physiological 
saline. At 6 and 12 h after operation, respectively, eight 
rats from each of the groups were sacrificed. Immedi-
ately after the sacrifice, bronchoalveolar lavage was per-
formed. For histological examination and scoring, the 
entire pancreas and lung were rapidly removed from 
each rat and fixed in formalin.

Induction of acute pancreatitis
Rats were fasted overnight before operation and 

had free access to water. After anaesthetisation by chlo-
ral hydrate, the rats were given a midline laparotomy. 
The AP model of rats was induced by introduction of 
retro 5% sodium taurocholate (2 ml/kg) into the biliary 
pancreatic duct.

Bronchoalveolar lavage
Six and twelve hours, respectively, after operation, 

the rats were put to death. Lungs were exposed after 
opening the chest. The trachea was exposed and intu-

bated with a tracheal cannula. Bronchoalveolar lavage 
collection was performed by flushing the airways and 
lungs repeatedly 5 times with sterile saline (8 ml each 
time). The pooled bronchoalveolar lavage fluid was col-
lected on ice and centrifuged at 1000 rpm for 10 min 
and the cell-free supernatant was abandoned. Cells were 
rinsed with D – Hanks liquid and counted. Then the cells 
were suspended in RPMI (Roswell Park Memorial Insti-
tute) –1640 containing 10% calf serum at a density of 
1 × 106/ml cell suspension and seeded in a 24-well cell 
culture plate. Cell viability was measured by the trypan 
blue test (> 95%) and cell purity was determined by 
Wright-Giemsa staining (> 90%).

Histological examination
Paraffin-embedded pancreas and lung samples were 

sectioned (5 mm), stained with haematoxylin and eo-
sin, and examined by an experienced pathologist who 
was not aware of the sample identity. For these studies,  
6 randomly chosen microscopic fields were examined 
for each tissue sample. The histological evaluation of 
pancreatic injury was examined and semi-quantified on 
the basis of the improved Schmidt evaluation criteria 
[5]. The criteria of histological lung injury score were 
based on the method of Hofbauer et al. [6].

�Measurement of nitric oxide  
bioavailability in alveolar macrophage
Nitric oxide levels in alveolar macrophage were as-

sessed with 4-amino-5-methyl-amino-2′,7′-difluoroflu-
orescein diacetate (DAF-FM-DA, Molecular Probe). The 
collected alveolar macrophages were washed in HEPES 
buffer salt solution and loaded with DAF-FM-DA. Subse-
quently, the alveolar macrophages were rinsed 3 times 
with phosphate buffered saline (PBS), kept in the dark 
and maintained at 37°C with a warm stage on a laser 
scanning confocal microscope (Leica, Wetzlar, Germa-
ny). Fluorescence images were obtained with a 488-nm 
(excitation) and 515-nm (emission) filter set for DAF-FM-
DA. Quantitative analysis was carried out by averaging 
the peak relative fluorescent intensity (optical density 
arbitrary units) of each image and normalisation of the 
fluorescent result by the total number of cultured cells 
counted from each corresponding digitalised phase con-
trast microscope image [7].

ELISA Assay
Alveolar macrophages were seeded in a 24-well cell 

culture plate. The supernatants were collected and an-
alysed with multiplex cytokine detection systems after 
24-hour culture. All methods were carried out using the 
kits according to the manufacturers’ instructions (TNF-α 
ELISA Kit, Bender Med Systems Company; MIF ELISA Kit, 
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Chemicon Company). All data were analysed as recom-
mended by the manufacturers.

Statistical analysis
All experimental data were summarised as means 

± SD. Differences between groups were tested with an 
ANOVA with subsequent Scheffe post-hoc test using 
SPSS software. A value of p of less than 0.01 was con-
sidered statistically significant.

Results
Pathologic changes of pancreas 
and lung tissues
There were no obvious pathological changes in the 

pancreatic tissues of the control group. Histological 

observations showed obvious acinar cell necrosis and 
haemorrhage, interstitial oedema and intensive infiltra-
tion of inflammatory cells in the AP group. The extent 
of interstitial oedema, inflammatory cell infiltration, aci-
nar cell vacuolisation and necrosis was decreased in the 
GBE group compared with the AP group. Lung tissues of 
the control group had no obvious pathological changes. 
Dilated small blood vessels in interstitial tissues, and 
red cell and multiple inflammation cell infiltration in 
alveolus could be seen in the AP group. These chang-
es were reduced significantly in the GBE group. There 
were no significant dilated small blood vessels in the 
GBE group. Fewer red cells, andless inflammatory ex-
udate and multiple inflammation cell infiltration were 
observed (Figure 1 A). The Schmidt standard was ap-
plied to score the pancreatic injury of the experimental 

Figure 1. A – H + E staining of pulmonary and pancreatic tissue sections, showing pathologic changes  
of tissues in the indicated groups 12 h after operation. B – Pancreas histologic score of rats. *p < 0.01 vs. 
AP group. C – Lung histological score of rats. *p < 0.01 vs. AP group
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rats from oedema, necrosis, inflammation and haemor-
rhage. The score system of Hofbauer et al. was applied 
to score the lung injury of the experimental rats from 
oedema, inflammatory cell infiltration and haemor-
rhage. The scores of pancreatic and pulmonary injury 
are summarised in Figures 1 B and 1 C. At two time 
points (6 and 12 h) the injury score for both pancreas 
and lungs was significantly higher in the AP group than 
in the control group (p < 0.001). The GBE group signifi-
cantly reduced these scores in the AP animals compared 
with the AP group (p < 0.001).

Nitric oxide bioavailability 
in alveolar macrophage
Slight DAF-FM-DA fluorescence was observed in the 

control group at 6 and 12 h after the sham operation. 
A significantly increased cytoplasmic fluorescence of 
AM was observed in the AP group at 6 and 12 h af-

ter operation compared to the control group (6 h: p = 
0.003; 12 h: p < 0.001). The AM in the GBE group had 
decreased the bioavailability in comparison with the 
AP group at 6 and 12 h, respectively, as shown by the 
significant and marked reduction in DAF-FM-DA fluores-
cence (6 h: p = 0.067; 12 h: p = 0.098) (Figure 2). 

�Tumour necrosis-α and macrophage 
migration inhibitory factor protein 
expression
Acute pancreatitis resulted in a significant up-regu-

lation of TNF-α and MIF protein expression compared 
with the control group (6 h: p < 0.001; 12 h: p < 0.001). 
Treatment with GBE led to a down-regulation of TNF-α 
(6 h: p < 0.001; 12 h: p < 0.001) and MIF (6 h: p = 0.095; 
12 h: p < 0.001) at protein level compared with the AP 
groups at 6 and 12 h after operation (Figure 3).

Figure 2. A – Fluorescent detection of NO bio-
availability by 4-amino-5-methyl-amino-2′,7′di-
fluorofluorescein diacetate (DAF-FM-DA) staining 
in alveolar macrophage in the indicated groups. 
B – NO Bioavailability reflected by the fluores-
cence intensity of DAF-FM-DA
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Figure 3. A – The concentration of TNF-α protein expression in the alveolar macrophage. *p < 0.01 vs. AP 
group. B – The concentration of MIF protein expression in the alveolar macrophage. *p < 0.01 vs. AP group
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Discussion 
The development of acute pancreatitis involves 

a complex cascade of events. The current widely ac-
cepted theory is that local injury of the pancreatic acini 
leads to the leakage of pancreatic enzymes into pan-
creatic tissue. The leaked enzymes become activated 
in pancreatic tissues, initiating autodigestion and dam-
age [8].The wild local inflammatory response may lead 
to pronounced systemic inflammatory response, even 
distant organ damage and multiple organ dysfunction 
syndrome.

The ALI and acute respiratory distress syndrome 
(ARDS) contribute to the majority of AP-associated 
deaths [9]. Recent research has revealed that alveolar 
macrophages (AMs) not only serve as phagocytes, but 
also play an important role as secretory cells to release 
secretory products such as cytokines, arachidonic acid 
metabolites and NO in the course of different pulmo-
nary inflammations [10]. Activated AMs can release cy-
tokines and inflammatory mediators which finally result 
in multiple organ dysfunction syndrome (MODS) [11]. 
A previous study showed that lung damage induced by 
experimental AP was associated with alveolar macro-
phage activation [11]. 

Nitric oxide represents a potential key mediator 
of the local and systemic manifestations of AP [12]. 
Moreover, the role of NO has been increasingly im-
plicated in the pathogenesis of chronic pancreatitis 
[13]. Sever acute pancreatitis is associated with raised 
serum NO production in its early stage. Patients with 
higher serum NO production are at a significantly high-
er risk of sepsis and mortality [14]. It has previously 
been shown that NO has a beneficial effect on certain 
features of acute pancreatitis, both mild and severe 
[15]. However, a large number of NO production can 
increase the production of former inflammatory cyto-

kines, enhance the expression of endothelial cells and 
smooth muscle cell adhesion factor, expand the inflam-
matory reaction, and cause microvascular permeability 
enhancement and lung damage [16]. Cytokines have 
been reported to be involved in the development of 
severe AP. Tumour necrosis factor-α is derived mostly 
from circulating monocytes and activated fixed-tissue 
macrophages. Excessive TNF-α production can directly 
increase pulmonary vascular endothelial permeability 
and increase procoagulant substance activity, causing 
lung ischaemia and thrombosis [17]. Macrophage mi-
gration inhibitory factor (MIF), a pro-inflammatory cy-
tokine released by activated macrophages, is emerging 
as an important factor in the pathogenesis of severe 
acute pancreatitis, and it could restrain macrophage 
movement and infiltration and secretion of cytokines 
and inflammation medium in macrophages, which lead 
to lung injury [18]. 

In our experimental model, pancreas and lung in-
jury were observed 6 and 12 h after acute pancreatitis 
induction. This was reflected by the increased histo-
logical pancreas and lung injury scores. In accordance 
with previous works, the acute pancreatitis model in 
rats was induced successfully by injection of 5% sodium 
taurocholate (2 ml/kg) into the biliary pancreatic duct. 
Taking into account the fact that alveolar macrophages 
may release secretory products (NO, TNF-α, MIF) that 
can act as pro-inflammatory agents, we measured these 
mediators in macrophages obtained after AP induction. 
Our results show that these cells are activated as a con-
sequence of acute pancreatitis, resulting in increased 
generation of NO, TNF-α and MIF. In the present study, 
although NO, TNF-α and MIF generation by alveolar 
macrophages were increased after acute pancreatitis 
induction, GBE could obviously down-regulate these 
secretory products. These results suggest that GBE 
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could effectively inhibit excessive activation of alveolar 
macrophages from acute pancreatitis-associated lung 
injury through down-regulation of generation of NO, 
TNF-α and MIF. Although we suppose treatment with 
GBE protects rats against acute pancreatitis-associated 
lung injury from the promising results in animal study, 
we anticipate a clinical study to validate its potential 
value in future.
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