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Abstract: Introduction: Acute pancreatitis not only affects the pancreas, but also has many systemic 
manifestations. Acute lung injury is one of its most common and serious complications. Aim of work: This work 
aimed to study the effect of experimentally induced pancreatitis on the lung structure of adult male albino rats and 
the role of allopurinol administration. Materials & methods: Thirty adult male albino rats were equally divided into 
three groups; control (I), main pancreatic duct ligated (II) and allopurinol treated main pancreatic duct ligated 
(III).After pancreatic duct ligation, rats of all groups were left free in their cages for four successive days. Rats of 
group III were injected intraperitoneallyby 200 mg allopurinol per kg body weight every 12 hours during these four 
days. By the end of fourth day, blood samples of all rats were collected for the evaluation of serum amylase. Rats' 
lungs were dissected out and processed forlight and electron microscope examination. Area percentages of collagen 
fibers andinducible nitric oxide synthase; iNOSas well as serum amylase level were estimated and statistically 
analyzed. Results: Most of the lung alveoli of group II were markedly collapsed. Others were filled by homogenous 
acidophilic material and extravasated blood. They were separated by thickened septa containing congested blood 
vessels, many inflammatory cells and moderate aggregations of collagen fibers. Some pneumocytes type I had 
heterochromatic shrunken nuclei. Pneumocytes type II cytoplasm was distended with variable sized lamellar bodies 
with marked loss of their lamellar arrangement. Numerous alveolar macrophages in the alveolar cavities and 
extensive neutrophilic infiltration within the interalveolar septumwere observed. Many strong positive iNOS 
immune reactive cells were observed. In group III, relatively narrow alveoli were observed. Few of them contained 
homogenous acidophilic material. The interalveolar septa were thin in most areas and moderately thickened in other 
ones containing thin collagen fibers and inflammatory cells. The alveolar wall was lined by pneumocytes type I and 
few pneumocytes type II. Pneumocytestype I had irregular euchromatic nuclei surrounded by thin rim of cytoplasm. 
Pneumocytes type II cytoplasm contained lamellar bodies. Some of these bodies retained their lamellar arrangement 
while others were disorganized. Few strong positive iNOS immune reactive cells were observed. Estimated and 
analyzeddata for collagen fibers, iNOS area % and serum amylase level confirmed the results. Conclusion: Acute 
pancreatitis led to structural alterations in lung parenchyma and these changes were markedly reduced by allopurinol 
injection at the early stage of acute pancreatitis. So, allopurinol administration may be beneficial in prevention of 
acute lung injury associated with pancreatitis. 
[Maha A. Abdallah and Dalia A. Mohamed. Effect of Acute Pancreatitis on Lung Structure of Adult Male 
Albino Rats and Role of Allopurinol Administration. Life Sci J 2014;11(3):82-93]. (ISSN:1097-8135). 
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1. Introduction 

Acute pancreatitis (AP) is an acute 
inflammatory disease of the pancreas. It is generally 
associated with sever upper abdominal pain and is 
diagnosed mainly by concomitant increase in the 
serum amylase and lipase [1-3]. AP has high 
morbidity and mortality rate reaching 20-30% in 
severe cases [4]. The mortality rate can increase up to 
50 % as a result of induction of systemic 
inflammatory response syndrome during early stages 
that finally cause multisystem organ failure[5,6]. 

Pulmonary complications are the most frequent 
and potentially serioussystemic complications of AP. 
They include hypoxia, acute respiratory distress 
syndrome, atelectasis and pleural effusion. Although, 
hypoxemia may occur without any radiological 

abnormalities in 75% of cases, it is considered a 
direct cause of mortality [7]. 

The most common causes of AP are gall bladder 
stone disease, alcohol ingestion and drugs as 
antihypertensives, calcium channel blockers, proton 
pump inhibitors and H2 blockers. Clinical studies 
suggested that the onset of gall stone-induced 
pancreatitis requires migration of the offending 
stones through the biliary tract and its impaction at 
the duodenal papilla [3,8,9]. Severe acute pancreatitis 
usually occurs if gall stones are lodged in the 
common channel that normally formed from union of 
common bile duct and pancreatic duct. Obstruction of 
a common channel might lead to reflux of pancreatic 
juice into the common bile duct. The mixing of bile 
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and pancreatic juice may lead to formation of a 
substance that is highly toxic to the pancreas [10]. 

Allopurinol is a commonly prescribed drug used 
to treat gout and certain types of kidney stones. Also, 
it preventsincreased uric acid levels in patients 
receiving cancer chemotherapy not only by blocking 
uric acid production but also by inhibition of xanthine 
oxidase enzyme. This enzyme is claimed to have a 
role in the pathogenesis of AP. It is activated in early 
stage and generates reactive oxygen species that 
subsequently induce oxidative damage to DNA, RNA 
and proteins within the cells [11-14]. So, this research 
aimed to study the effect of experimentally induced 
pancreatitis on the lung structure of adult male albino 
rats and the role of allopurinol administration. 
 
2.Materials& Methods 

Thirty healthy adult male albino rats (4-
6months) weighing 180-200 g were used in this 
study. They were housed in stainless-steel cages and 
were maintained in room temperature at 23ºC. They 
were allowed water ad libitumand were fed a 
standard diet. They were equally divided into three 
groups: a control (I), main pancreatic duct ligated (II) 
and Allopurinol treated main pancreaticduct ligated 
(Ш). The control group is further subdivided into two 
subgroups; rats without any surgical procedure; non-
operated (Ia) and sham operated rats (Ib). 

Rats of the subgroup Ib, groups II&III were 
anesthetized with 50 mg sodium pentobarbital per kg 
body weight intraperitoneally. Under sterile 
condition, a midline abdominal incision was made 
and the pancreas was exposed. In both groups (II 
&Ш), ligation of the main pancreatic duct was done 
just adjacent to its entrance into the duodenum with 
6-0 silk thread. In sham operated subgroup (Ib), the 
same procedure was performed without ligation of 
the main pancreatic duct. The abdominal incision was 
sutured. Then, rats of all groups were left free within 
their cages for four successive days [15]. After 2 
hours of pancreatic duct ligation, rats of group III 
received 200 mg allopurinol per kilogram body 
weight intraperitoneally every 12 hours during 
thesefour days [12]. Allopurinol was manufactured 
by Galxosmithkline S.A.E. Elsalam City, Cairo.  

At the end of the fourth day after duct ligation, 
blood samples from the rats’ tails of all groups were 
collected for evaluation of serum amylase level; an 
indicator of pancreatitis[12].Then, all rats were 
anesthetized with 50 mg sodium pentobarbital per kg 
body weight intraperitoneally and then intracardiac 
perfusion was done by 2.5% glutaraldhyde buffered 
with 0.1 M phosphate buffer at pH 7.4 for partial 
fixation of the lungs. Then, the left lungs of rats in all 
groups were dissected out carefully and were 
processed for light and electron microscopic 

examinations. Specimens for light microscope 
examination were fixed in 10% neutral formol saline 
for 24 hours and were processed to prepare 5 μm 
thick paraffin sections for Haematoxylin& Eosin, 
Mallory Trichrome and immunohistochemical stains 
for detection of inducible nitric oxide synthase; 
iNOS[16]. 

Immunostaining was performed using avidin-
biotin peroxidase technique to detect the expression 
of iNOS in lung tissue. Sections underwent 
deparaffinization and hydration. They were treated 
with 0.01M citrate buffer (pH 6.0) for 10 minutes to 
unmask antigen. Then, they were incubated in 0.3% 
H2O2 for 30 minutes to abolish endogenous 
peroxidase activity before blocking with 5% horse 
serum for 1-2 hrs. Slides were incubated with rabbit 
polyclonal anti-iNOS(Abcam, at dilution1:100) at 
4°C for 18-20 hrs, then washed and incubated with 
biotinylated secondary antibodies followed with 
avidin–biotin complex. Finally, sections were 
developed with 0.05% diaminobenzidine slides, were 
counter stained with Meyerʼshematoxylin, 
dehydrated, cleared and mounted. iNOS positive cells 
exhibited brown colored cytoplasm and blue stained 
nuclei [17]. 

Specimens for electron microscope examination 
were immediately fixed in the same perfusion 
fixative (2.5 % glutaraldehyde) for 2 hrs and 
postfixed in 1% osmium tetroxide buffered with 0.1 
M phosphate buffer at pH 7.4 for 1 h. Then, they 
were dehydrated in ascending grades of ethyl alcohol 
and embedded in epoxy resin to prepare semithin 
sections and ultrathin sections using a Leica ultracut 
(UCT) (Glienicker, Berlin, Germany). Semithin 
sections (1 µm thick) were stained with 1% toluidine 
blue for light microscope examination[16]. Ultrathin 
sections were stained with uranyl acetate and lead 
citrate[18]. They were examined with a JEOL JEM 
1010 transmission electron microscope (Japan) in the 
Electron Microscope Research Laboratory (EMRL) 
of the Histology and Cell Biology Department, 
Faculty of Medicine, Zagazig University (Egypt). 
Morphometric study: 

The image analyzer computer system Leica 
Qwin 500, UK in the Histology Department, Faculty 
of Medicine, Cairo University, was used to count the 
mean area percentage for iNOS immunoreactions 
using the immunostained lung sections. Ten non-
overlapping high-power fields (X400) from each 
slide of all animals of each group were used and the 
positive immunoreactive cells were counted. Also the 
collagen area percentage was detected in Mallory 
stained sections by the same way. 
Statistical analysis 

Data for all groups were expressed as mean ± 
standard deviation (X±SD). The data obtained from 
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the image analyzer were subjected to SPSS 
programme version 17. Statistical significant 
difference was determined by one way analysis of 
variance (ANOVA). The probability values (P) < 
0.05 < 0.001 and > 0.05 were considered significant, 
highly significant and non-significant respectively. 
 
3.Resuls 
I- Histological result 

Light microscope examination of sections in the 
lung of the control adult male albino rats (Ia and Ib) 
showed that the lung parenchyma had bronchioles, 
alveolar ducts, alveolar sacs and clusters of alveoli 
that were separated by thin interalveolar septum. 
Bronchiolar wall was lined by pseudostratified 
epithelium surrounded by circular smooth muscle 
fibers (Figs. 1&2). The alveoli were lined by simple 
epithelium composed of two cell types; flattened cells 
with flattened nuclei; pneumocytes type I and 
cuboidal cells with irregular nuclei and vacuolated 
cytoplasm; pneumocytes type II (Fig. 3). Thin 
collagen fibers were observed in the interalveolar 
septa (Fig. 4). Few strong positive iNOS immune 
reactive cells were observed (Fig. 5).  

Electron microscope examination of the 
ultrathin sections of the same group showed 
thatpneumocytes type I had euchromatic nuclei 
surrounded by thin rim of cytoplasm (Fig 6). 
Pneumocytes type II cytoplasm contained numerous 
lamellar bodies and mitochondria. Short apical 
microvilli were observed on their free surfaces (Fig. 
7). Alveolar macrophages had irregular nuclei 
withthin peripheral rim of heterochromatin. Their 
cytoplasm contained electron dense bodies (Fig. 8). 

Light microscope examination of the sections in 
rats’ lung of group II showed that most of the lung 
alveoli were markedly collapsed (Fig. 9). Numerous 
alveoli were filled by homogenous acidophilic 
material and extravasated blood (Fig. 10). The alveoli 
were separated by thickened interalveolar septa 
containing congested blood vessels and many 
inflammatory cells (Fig. 11) in comparison with that 
observed in the control group. The alveolar epithelial 
lining comprised numerous pneumocytes type II 
distended with many vacuoles (Fig. 12) Moderate 

aggregations of collagen fibers were detected in the 
thickened interalveolar septa (Fig. 13). Many strong 
positive iNOS immune reactive cells were observed 
(Fig. 14).  

Electron microscope examination of the 
ultrathin sections of the lung of the same group 
showed that some of the pneumocytes type I had 
irregular euchromatic nuclei with peripheral 
heterochromatin and thin rim of cytoplasm. Others 
had heterochromatic shrunken nuclei. Fibroblasts 
with irregular nuclei, mitochondria, intra and extra-
cellular collagen fibers were observed within the 
alveolar septa (Fig. 15). Pneumocytes type II 
cytoplasm was distended by variable sized lamellar 
bodies with marked loss of their lamellar 
arrangement (Fig. 16). Numerous alveolar 
macrophages were frequently seen within the alveolar 
cavities (Fig. 17). Extensive neutrophilic infiltration 
was observed within the interalveolar septa (Fig. 18).  

Light microscope examination of the sections in 
rats’ lung of group III revealed relatively narrow 
alveoli in comparison with that noticed in group I. 
Few of them contained homogenous acidophilic 
material (Fig. 19). The interalveolar septa were thin 
in most areas and moderately thickened in other ones 
containing inflammatory cells (Fig. 20). The alveolar 
wall was lined by pneumocytes type I and few 
pneumocytes type II (Fig. 21) in comparison with 
group II. Most of theinteralveolar septa exhibited thin 
collagen fibers (Fig. 22). Few strong positive iNOS 
immune reactive cells were observed (Fig. 23). 

Electron microscope examination of the 
ultrathin sections of the same group revealed that 
pneumocytes type I had irregular euchromatic nuclei 
surrounded by thin rim of cytoplasm (Fig. 24). 
Pneumocytes type II cytoplasm containedlamellar 
bodies and mitochondria. Some of these bodies 
retained their lamellar arrangement while others were 
disorganized (Fig. 25). 
II- Biochemical results:   

The present study revealed significant elevation 
of the serum amylase level in rats of groups II&III in 
comparison to those of control rats. The elevated 
level of serum amylase is higher in group II than 
group III. 

 
Table (1): The mean of serum amylase level 

 XSD (Range) t P 

Group I 32246    

Group II 2012254  20.7 *0.001 

Group III 1221105  24.8 *0.0003 

F =168.38* p=<0.001 
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III-Morphometrical and statistical results: 
 
Table (2):The mean area percentage of the collagen fibers in different groups. 

 XSD (Range) t P 

Group I 6.981.6 (5.46-9.5)   

Group II 16.96.0 (8.62-23.55) 3.55 0.007* 

Group III 12.794.9 (5.0-17.17) 2.5 0.03* 

F = 4.45    P= 0.018* 
 
Table (3): The mean area percentage of iNOS immunoreaction in different groups. 

 XSD (Range) t P 

Group I 20.53.0 (15.8-23.7)   

Group II 39.55.73 (33.66-48.21) 6.56 <0.001** 

Group III 36.44.9 (26.6-46.2) 7.59 <0.001** 

F = 17.64    P<0.001* 
 

  
Figure (1): A photomicrograph of a section in the control 
lung showing alveolar duct (d), alveolar sacs (s) and 
alveoli (a) separated by thin interalveolar septa (arrows). 
(H&E X100). 

  
Figure (2): A photomicrograph of a section in the 
control lung showing a bronchiole lined by 
pseudostratified epithelium (curved arrow) surrounded 
by circular smooth muscle fibers (arrow head). Thin 
alveolar septa (arrows) are noticed. (H&EX400). 

 
Figure (3): A photomicrograph of a semithin section 
(1µm thick) in the control lung showing the simple 
alveolar epithelium with two cell types: pneumocytes type 
I(arrows) and pneumocytes type II (arrow heads). 
(Toluidine blue: X 1000). 

 
Figure (4): A photomicrograph of a section in the 
control lung showing thin collagen fibers (arrows) in 
the interalveolar septa. (Mallory trichrome X400). 
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Figure (5): A photomicrograph of a section in the control 
lung showing few strong positive iNOS immune reactive 
cells (arrows). (Avidin biotin peroxidase system X 1000). 

 
Figure (6): An electron micrograph from the control 
lung showing that the pneumocyte type I (PI) has 
euchromatic nucleus surrounded by a thin rim of 
cytoplasm. (Mic. Mag. X 4000). 

 
Figure (7): An electron micrograph from the control lung 
showing thatthe pneumocytes type II (PII) 
cytoplasmcontainsnumerous lamellar bodies (arrows) and 
mitochondria (m).Short apical microvilli (arrow heads) are 
observed on their free surfaces. (Mic. Mag. X 4000). 

 
Figure (8): An electron micrograph from the control 
lung showing that an alveolar macrophage (M) has 
irregular nucleus (N) withthin peripheral rim of 
heterochromatin. Its cytoplasm containselectron dense 
bodies (arrows). (Mic. Mag. X 4000). 

 
Figure (9): A photomicrograph of a section in the rats’ 
lung of group II showing that most of the alveoli (a) are 
markedly collapsed. (H&E X100). 

 
Figure (10): A photomicrograph of a section in the 
rats’ lung of group II showing thatnumerous alveoli 
are filled by homogenous acidophilic material 
(arrows) and extravasated blood (arrow heads). (H&E 
X200). 
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Figure (11): A photomicrograph of a section in the rats’ 
lung of group II showing thickened interalveolar septa 
containing congested blood vessels (arrows) and many 
inflammatory cells (arrow heads) in comparison with that 
observed in fig. 2. (H&E X400). 

 
Figure (12): A photomicrograph of a semithin section 
(1µm thick) in the rats’ lung of group II showing 
numerous pneumocytes type II (arrows) distended 
with many vacuoles.(Toluidine blue: X1000). 

 
Figure (13): A photomicrograph of a section in the rats’ 
lung of group II showing moderate aggregations of 
collagen fibers (arrows) in the thickened interalveolar 
septa. (Mallory trichrome X400). 

 
Figure (14): A photomicrograph of a section in the 
rats’ lung of group II showing many strong positive 
iNOS immune reactive cells (arrows). (Avidin biotin 
peroxidase system X 1000). 

 
Figure (15): An electron micrograph from the rats’ lung 
of group II showing pneumocyte type I (PI) with irregular 
euchromatic nucleusand peripheral heterochromatin 
surrounded by thin rim of cytoplasm. Others (curved 
arrows) have heterochromatic shrunken nuclei. A 
fibroblast (F) with irregular nucleus, mitochondria (m), 
intra and extra-cellular collagen fibers (arrows) is 
observed within the alveolar septum. Notice the 
homogenous moderately electron dense material in the 
alveolar lumen (Mic. Mag. X 4000). 

 
Figure (16): An electron micrograph from the rats’ 
lung of group II showing thatthe pneumocytes type II 
(PII) cytoplasmis distended by variable sized lamellar 
bodies (arrows) with marked loss of their lamellar 
arrangement. (Mic. Mag. X 4000). 
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Figure (17): An electron micrograph from the rats’ lung 
of group II showing numerous alveolar macrophages (M) 
within the alveolar cavities. (Mic. Mag. X 4000). 

 
Figure (18): An electron micrograph from the rats’ 
lung of group II showing extensive neutrophilic 
infiltration (arrows) within the interalveolar septum. 
(Mic.Mag.X3000). 

  
Figure (19): A photomicrograph of a section in the rats’ 
lung of group III showingrelatively narrow alveoli (a) in 
comparison with fig. 1. Few of them contain homogenous 
acidophilic material (arrow). (H&E X100). 

  
Figure (20): A photomicrograph of a section in the 
rats’ lung of group III showing thin interalveolar septa 
(arrows) in mostareas.Moderately thickened septa 
(arrow heads) are also noticed containing 
inflammatory cells (double arrow). (H&E X 400). 

 
Figure (21): A photomicrograph of a semithin section 
(1µm thick) in the rats’ lung of group IIIshowing that the 
alveolar wall is lined by pneumocytes type I (arrows) and 
few pneumocytes type II (arrow heads) in comparison 
with fig.12. (Toluidine blue: X1000). 

 
Figure (22): A photomicrograph of a section in the 
rats’ lung of group III showing thin collagen fibers 
(arrows) in most of the interalveolar septa. (Mallory 
trichrome X400). 
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Figure (23): A photomicrograph of a section in the rats’ 
lung of group IIIshowing few strong positive iNOS 
immune reactive cells (arrows). (Avidin biotin peroxidase 
system X 1000). 

  
Figure (24): An electron micrograph from the rats’ 
lung of group IIIshowing pneumocytes type I (PI) 
with irregular euchromatic nucleus surrounded by thin 
rim of cytoplasm. (Mic. Mag. X 4000). 

  
Figure (25): An electron micrograph from the rats’ lung of group IIIshowing that pneumocytes type II (PII) 
cytoplasm containslamellar bodiesand mitochondria (m). Some of these bodies retain their lamellar arrangement 
(arrows) while others are disorganized (arrow heads). Intra-alveolar macrophage (M) with irregular nucleus is also 
observed. (Mic. Mag. X 4000). 
 
 
4.Discussion 

Acute pancreatitis (AP) is an autodigestive 
process in which digestive enzymes in the exocrine 
pancreas become activated and released within the 
gland instead of being secreted into the 
gastrointestinal tract. Subsequently, these enzymes 
induceacinar cells injury and hyperamylasemia. The 
consequences of this inflammatory process not only 
affect the pancreas, but also have many systemic 
manifestations. Pulmonary complications frequently 
occur secondary to AP and are a common cause of 
morbidity and mortality [3,19]. 

The present study revealed significant elevation 
of the serum amylase level in rats of groups II&III in 
comparison to those of control group. The elevated 
level of serum amylase is higher in group II than 
group III. It was documented [20] that amylase is a 
sensitive index reflecting pancreatitis. Additionally 
[21], amylase content was positively correlated with 
the activation of nuclear factor kappa-light-chain-
enhancer of activated B cells (NF- κB); a protein 

complex that controls transcription of DNA. 
Disturbance of NF-κB regulation has been linked to 
cancer, inflammatory and improper immune 
development. So, amylase can induce pancreatic 
injury directly or by multiple organs injury through 
inflammatory response mediated by the activation of 
NF-κB. 

In main duct ligated rats, most ofthe lungalveoli 
were markedly collapsed. Numerous alveoli were 
filled by homogenous acidophilic material and 
extravasated blood.Some researchers [7,22] reported 
that AP is usually associated with high level of 
pancreatic enzymes as trypsin that subsequently 
activate pulmonary phospholipase A2 (PLA2). PLA2 
has the ability to remove fatty acids from 
phospholipids which is considered as one of the main 
component of surfactant. Marked reduction of 
surfactant production within the alveoli is usually 
responsible for alveolar collapse. In addition, trypsin 
causes damage to the pulmonary vasculature and 
increases endothelial permeability leading to lung 
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edema. Subsequently[23], the lungs become 
edematous and congested leading to collapse of the 
smaller airways with decreased lung compliance and 
respiratory failure.  

The alveoli of main duct ligated rats were 
separated by thickened interalveolar septa containing 
many inflammatory cells. Extensive neutrophilic 
infiltration was observed within the interalveolar 
septum. It was reported [24,25] that lung injury 
secondary to AP may be further aggravated by the 
recruitment of neutrophils in lung capillaries. 
Adhesion molecules such as P-selectin and 
intracellular adhesion molecule-1 (ICAM-1) mediate 
the neutrophil–endothelial cell interactions. Once 
neutrophils adhere to the pulmonary endothelium, 
they release various substances as proteases and 
oxygen radicals that are thought to be more damaging 
to the lungs than the circulating pancreatic enzymes. 
Some scientists [19] recorded a transient drop in the 
number of circulating neutrophils associated with an 
increase in the number of migrating neutrophils in the 
lungs. Neutrophils produce proteases enzymewhich 
have the capability tofragment the underlying 
fibronectin matrix. These fibronectin fragments act as 
a potent chemotactic signal for other circulating 
mononuclear cells. Others attributed[7] neutrophil 
infiltration to the presenceofplatelet activating factor 
(PAF); a pro-inflammatory phospholipid alters 
microvascular permeability and subsequently 
promotes activation and migration of inflammatory 
cells especially polymorphonuclear cells (PMNs). 
Administration of the PAF degrading enzyme (PAF 
acetylhydrolase) prevents the development of 
pancreatitis-associated lung injury. Other scientists 
[26] stated that induction of AP was associated witha 
significant increase in pancreatic and lung 
myeloperoxidase (MPO) activity,indicating that 
neutrophils were sequestered in bothorgans. Over the 
past decade, various researchers [27] have suggested 
the important role of various pro-inflammatory 
cytokines in both local and systemic complications of 
AP. In this concept, interlukin-1β(IL-1β) is believed to 
enhance local tissue destruction and distant organ 
complications. So, it has been claimed [28,29] that the 
systemic levels of IL-1β can be used as a marker for 
predicting the severity of AP. 

In this search, rats’ lung of group II showed 
many congested blood vessels within the interalveolar 
septa. Extravasated blood was observed within the 
alveoli. Some investigators [22, 30] correlated the 
previous observation either to neuropeptide substance 
P which is released from the nerve endings or the 
sequel of endothelial cell damage in the alveolar 
capillaries. Substance P can mediate abnormal 
vascular permeability during acute inflammation and 
erythrocytes extravasation through the gaps between 

the damaged endothelial cells. This hypothesis is 
supported by the finding that the concentration of 
substance P was twofold higher in the pulmonary 
edema fluid of patients with acute respiratory distress 
syndrome. 

In this work, the alveoli of duct ligated rats 
contained some pneumocytes type I cells had irregular 
euchromatic nuclei with peripheral heterochromatin 
and thin rim of cytoplasm. Others had heterochromatic 
shrunken nuclei. Some scientists reported [31,32] that 
AP led to widespread apoptosis, necrosis and also 
exfoliation of type I pneumocytes. They attributed this 
to excess production of oxygen-derived free radicals 
(OFRs) from activated neutrophils. Accumulation of 
OFRs, initiate a series of oxidative stresses that 
subsequently induce lipid peroxidation not only in the 
cell membranes but also in cell organelles’ 
membranes. Oxidative stress results in lesions of cells, 
mitochondria and more lysosomal enzymes 
production. These events evoke further destruction of 
vascular endothelial cells and subsequent increase the 
permeability of capillaries. Others claimed [33] that 
tumor necrosis factor-α(TNF-α), mainly produced by 
mononuclear cells, is not only capable of directly 
killing cells but is also capable of promoting the 
production of other cytokines. However, it was 
explained [22] that high level of phospholipase A2 
secondary to AP may induce apoptosis through 
transformation of lecithin that normally present in cell 
membranes into more toxic compound lysolecithin. 

In group II, the alveolar epithelial lining 
comprised numerous pneumocytes type II distended 
with many vacuoles. Ultrastructurally, their cytoplasm 
contained variable sizedlamellar bodies with marked 
loss of their lamellar arrangement. It was stated 
[22,34,35] that pneumocytestype II are responsible for 
surfactant synthesis that control the volume and 
composition of the epithelial lining fluid. These cells 
may also proliferate and differentiate into type I 
alveolar epithelial cells after lung injury to maintain 
the integrity of the alveolar walls. They increased and 
migrated closer and/or through the alveolar type I 
epithelial cells. Additionally [32, 36], lamellar bodies 
not only decreased in number but also progressively 
vacuolated that subsequently may affect the surfactant 
production and secretion. Some scientists [37] 
classified theacute lung injury into two phases; an 
initial exudative phase in which a diffuse alveolar 
damage, pneumocyte type I necrosis and influx of 
inflammatory cells. This is followed secondly by 
proliferative phase which include pneumocytetype II 
hyperplasia and fibroblast proliferation. 

In this study, moderate aggregations of collagen 
fibers were detected in the thickened interalveolar 
septa of main duct ligated group. Fibroblasts with 
irregular nuclei, mitochondria, intra and extra-cellular 
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collagen fibers were observed within the alveolar 
septa. Statistically, the mean area percentage of 
collagen fibers immune reaction was significantly 
increased. Previous studies [38] had shown that 
fibroblasts are the major cells responsible for the 
synthesis of matrix elements in connective tissue and 
constitute 35–40% of the cell in the interstitium of the 
lung. Although fibroblasts remain largely quiescent 
under normal conditions, they are activated to 
proliferate and synthesize various cytokines during 
inflammation, suggesting that they may contribute to 
the pathophysiology of certain lung diseases. In 
addition to collagen fibers deposition, it was found 
[39] that fibroblasts can release soluble chemotactic 
factors for both neutrophils and monocytes migration. 
Furthermore[30], tissue hypoxia usually activate 
alveolar macrophages to release mitogenic factors that 
subsequently stimulate interstitial fibroblasts to 
deposit excess collagen. Others[40] reported 
thatinjured lung is believed to go through three 
phases: exudative, proliferative and fibrotic. During 
proliferative phase, pneumocytestype II proliferates to 
reline the denuded basement membrane. 
Concomitantly, fibroblasts become pronounced to 
deposit collagen fibers in the interstitium around the 
injured alveoli. The fibrotic phase was characterized 
byexcessive aggregation of collagen fibers type I 
around alveolar duct. 

In the current study, lungs of group II showed 
numerous alveolar macrophages were frequently seen 
within the alveolar cavities. Some investigators 
[7,41,42] previously noted that alveolar macrophages 
were activated by phospholipase A2; mainly secreted 
by pancreas in AP. Activated macrophages produced a 
large amount of TNF-α and nitric oxides (NO) that 
contributed to lung injury. They play an important role 
in chemotaxis of further leucocytes. They also mediate 
endothelial injury as well as increase microvascular 
permeability resulting in lung injury. In contrast, other 
researchers[43] classified lung macrophages into 
alveolar and interstitial ones. Bothtype play distinct 
roles in the acute lung injury associated with AP. 
Alveolar macrophages promote an early inflammatory 
response, whereas interstitial ones appear to have a 
protective role to resolve the inflammation. 

In this work, lung tissue of group (II) showed 
many strong positive iNOS immune reactive cells 
were observed. Statistically, the mean areapercentage 
of iNOS immunoreaction was significantly increased. 
Early studies [44] documented normal expression of 
the enzyme; inducible nitric oxide synthase; iNOS in 
human lung cells, including epithelial, septal 
macrophages, vascular and inflammatory cells. It was 
reported [45] that immunoreactivity for iNOS is 
mainly localized in type 2 pneumocytes. Excessive 
production of NO via iNOS can cause adverse effects 

in lung tissue by reactions with superoxide anion 
leading to development of reactive nitrogen species. 
Other scientists [21,37] correlatedthe expression level 
of iNOS with the activation of NF-κB in lung 
tissue.NF-kB is a central transcription factor that 
controls the expression of multiple inflammatory 
genes, such as TNF-α, IL-6, IL-8 and inducible nitric 
oxide synthase (iNOS). Overexpression of these 
factors can cause damage to pancreatic and extra-
pancreatic tissues. A correlation between NF-kB 
activation, serum amylase, reactive oxygen species 
(ROS) levels, pancreatic and pulmonary tissue 
damage has been implicated in the pathogenesis of 
AP. Inhibition of NF-kB activation prevent pancreatic 
damage and reactive oxygen species (ROS) 
production. 

In this search, lungs of group III revealed 
relatively narrow alveoli. Few of them contained 
homogenous acidophilic material. They had thin 
interalveolar septa in most areas and moderately 
thickened ones containing inflammatory cells and thin 
collagen fibers. The alveolar wall was lined by 
pneumocytes type I and few pneumocytes type II in 
comparison with group II. Pneumocytes type I had 
irregular euchromatic nuclei surrounded by thin rim of 
cytoplasm. Pneumocytes type II cytoplasm contained 
lamellar bodies and mitochondria. Some of these 
bodies retained their lamellar arrangement while 
others were disorganized. Few positive iNOS immune 
reactive cells were observed. It was reported [46,47] 
thatallopurinol is rapidly oxidized by xanthine oxidase 
enzyme (XO) to its active metabolite oxypurinol. Both 
of them can improve lung injury not only through 
inhibition of neutrophil infiltration within the lung but 
also through antibacterial activity. Other scientists 
[48], claimed that allopurinol had an ability to block 
p38 expression that might have an active role in the 
induction of apoptosis, in response to various 
environmental stimuli. It was added [12,47] that 
allopurinol has the ability to inhibit reactive oxygen 
species through inhibition of XO and subsequently 
oxidative stress. Additionally, they can actually reduce 
XO expression. Other researchers reported [49] that 
allopurinol treatment could prevent the generation of 
ROS and also reduce serum amylase concentration. 
So, allopurinol ameliorates pancreatic edema, necrosis 
and inflammation. 
 
Conclusion: 

Acute pancreatitis led to structural alterations in 
lung parenchyma and these changes were markedly 
reduced by allopurinol injection at the early stage of 
acute pancreatitis. So, allopurinol administration may 
be beneficial in prevention of acute lung injury 
associated with pancreatitis. 
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