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experimental model of acute and  
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Abstract: In the present study, we described an easily reproducable experimental pancreatits model induced by 
biliopancreatic duct injection of ethyl alcohol. Seventy Wistar albino rats were divided equally into seven groups 
randomly: the control group (group 1), acute pancreatitis groups; induced by 20% ethanol (group 2), 48% ethanol 
(group 3), 80% ethanol (group 4), chronic pancreatitis groups; induced by 20% ethanol (group 5), 48% ethanol 
(group 6) and by 80% ethanol (group 7). Acute pancreatitis groups were sacrified on postoperative day 3, while the 
control group and chronic pancreatitis groups were killed on postoperative day 7. Histopathologic evaluation was 
done, and P < 0.05 was accepted as statistically significant. All rats in group 3 developed acute pancreatitis (100%). 
Inflammatory infiltration of neutrophils and mononuclear cells, interstitial edema, and focal necrotic areas were 
seen in the pancreatic tissues. Similarly, all rats in group 6 developed chronic pancreatitis (100%). Interstitial fibro-
sis, lymphotic infiltration, ductal dilatation, acinar cell atrophy, periductal hyperplasia were seen in the pancreatic 
tissues. Mortality was seen only in group 7. The biliopancreatic ductal injection of 48% ethanol induced acute and 
chronic pancreatitis has 100% success rate. 
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Introduction 

Acute pancreatitiswith an incidence of 5 to 80 
cases per 100 000 population is a common 
disease in the Western world. Most common 
etiological factors are gallstones or alcohol-
related acute pancreatitis [1, 2]. Biliary pancre-
atitis associated with significant morbidity and 
mortality; is the most common cause of acute 
pancreatitis that refers to pancreatitis caused 
by biliary calculous diseases [3]. Most of the 
patients (85% to 90%) has a rather benign self 
limiting clinical course and responds well to 
conservative treatment. The remaining 10% to 
15% of cases will end with necrotizing pancre-
atitis that has a grave clinical course mostly 
accompanied by local/systemic complications 
and multi-organ failure [4]. Severity of the dis-
ease varies from patient to patient. 

The underlying mechanisms involved in the 
pathogenesis of acute pancreatitis are ill under-
stood. A better understanding of the underlying 
pathophysiology of severe acute pancreatitis 
may lead to more targeted therapeutic options, 
potentially leading to improved survival. Animal 
models of acute pancreatitis are therefore an 
essential investigative tool for these aims to be 
achieved. An ideal model of experimental pan-
creatitis should be easily reproducible, should 
be able to vary the severity of acute and/or 
chronicpancreatitis. The morphology and patho-
physiology should be just like the one in human. 
There has been a lot of non-invasive and inva-
sive models described in the literaturesuch as 
hormone-induced, alcohol-induced, immune-
mediated, diet-induced, and closed duodenal 
loop, antegrade pancreatic duct perfusion, 
combination of secretory hyperstimulation with 
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minimal intraductal bile acid exposure, vascu-
lar-induced, ischaemia/reperfusion and duct 
ligation [5-8].

Existing alcohol-induced models are relatively 
simple and cheap to perform. Reproducibility, 
however, has not been successfully achieved. 
Furthermore, there is a lack of correlation with 
the clinical setting. In the present study, we 
described an alternativeeasily reproducible 
model of experimental pancreatitis induced by 
intrabiliary injection of ethanol on the bases of 

our own experiences that has been previously 
published in the literature [9-14]. We also dis-
cussed the advantages and disadvantages of 
our model, and compared the results with other 
experimental pancreatitis models described in 
the current literature. 

Materials and methods

The present study was approved by the Ce- 
rrahpasa Medical Faculty Laboratory Animals 
Ethics Committee, and all procedures with ani-
mals were performed in accordance with the 
guide of the Committee on Care and Use of 
Laboratory Animals (CCULA) [15]. The animals 
were fed on standard laboratory diet and water 
ad libitum before and after surgery. All animals 
were anesthetized with i.m. 100 mg/kg ket-
amine injection and ether inhalation anesthe-
sia to undergo a midline laparotomy, and all the 
experimental procedures were performed as 
described in our previous publications [9-14]. 
Acute pancreatitis groups were sacrified on 
postoperative day 3, while the control group 
and chronic pancreatitis groups were killed on 
postoperative day 7. Seventy male Wistar albi-
no rats, weighing 300-400 g, were divided into 
seven groups randomly: the control group 
(group 1; n = 10), acute pancreatitis groups; 

Figure 1. Common duct injection of ethanol by help 
of insulin injector.

Figure 2. Cardiac puncture after midline laparotomy 
including thorax (sacrification).

Figure 3. Dissection of pancreatic tissue for histologi-
cal examination.
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induced by 20% ethyl alcohol (group 2, n = 10), 
by 48 % ethyl alcohol (group 3, n = 10), by 80% 
ethyl alcohol (group 4, n = 10), chronic pancre-
atitis groups; induced by 20% ethyl alcohol 
(group 5, n = 10), by 48 % ethyl alcohol (group 
6, n = 10) and by 80% ethyl alcohol (group 7, n 
= 10). 

Sham laparotomy was performed in group 1 
without cannulation of the biliopancreatic duct. 
Other groups were injected 20, 48 or 80% etha-
nol, in a volume of 1 cm3, into the common bili-
ary duct using an insulin injector (Figure 1). The 
duct was transiently tied with a 1/0 silk suture 
to prevent retrograde leakage of alcohol. 
Groups 1-4 were killed 3 days later. Gorups 5-7 
were killed on postoperative day 7 under ether 
anesthesia, and 4 cm3 (3-7 cm3) blood was 
taken by cardiac punctureafter exploration of 
the thorax (Figure 2). Pancreatic tissue was 
removed upholding the stomach (Figure 3). 

Tissue samples removed were fixed in 10% for-
malin solution for 24 h, paraffin embedded, 
and stained with hematoxylin and eosin (H & E). 
Light microscopy slides were examined and 
graded by a pathologist with experience in 
experimental pancreatitis who was unaware of 
the previous treatment. 

Statistical analyses were carried out with the 
SPSS 11.5 version program (SPSS, Chicago, IL, 
US). Values were reported as the means ± SD. 
The Mann-Whitney’s U test, one-way analysis of 
varience, and Tukey’s honestly significant dif-
ferences test were used to evaluate the signifi-
cance of differences in characteristics between 
control and pancreatitis groups. Correlation 
analysis was performed by using Spearman’s 
rank correlation coefficient. Differences were 
considered significant at P < 0.05. 

Results

During the early and late phases of alcohol-
induced pancreatitis, which was studied on 
days 3 and 7 after injection, there was neither 
mortality nor morbidity in groups 1-6. However, 
three rats were found to be died (30% in group 
7) and exploration showed multiorgan necrosis 
showing the systemic effects of high percent-
age of alhocol for prolonged period (two of them 
died on postoperative day 5, and one on day 6). 
There was no sign of acute pancreatitis in group 
1. The pancreatic tissues of the rats in the con-
trol group were all normal, even on gross view 
(Figure 4). 

All rats in group 3 developed acute pancreatitis 
(100%). Inflammatory infiltration of neutrophils 

Figure 4. Histologic section showing normal pancre-
atic tissue (control group, ×100, H & E).

Figure 5. Interstitial edema, neutophil, and mono-
nuclear cell infiltration showing acute pancreatitis 
(×100, H & E).

Figure 6. Interstitial fibrosis, lymphocyte infiltration, 
ductal dilatation and acinar cell atrophy showing 
chronic pancreatitis (×200, H & E). 
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and mononuclear cells, interstitial edema, and 
focal necrotic areas were seen in the pancre-
atic tissues. Grossly, all pancreatic tissues 
showed edematous swelling and necrotic areas 
in this group (Figure 5). Similarly, all rats in 
group 6 developed chronic pancreatitis (100%). 
Interstitial fibrosis, lymphotic infiltration, ductal 
and ductular dilation, acinar cell atrophy, peri-
ductal ductular hyperplasia were seen in the 
pancreatic tissues (Figure 6).

Success rates in inducing acute and chronic 
pancreatitis in all groups were documented in 
Table 1. In summary, the most successful rates 
were held with 48% ethanol in both acute and 
chronic pancreatitis groups (groups 3 & 6, 
100%, either). 

As summarized in Table 1, success rate of 80% 
ethanol in producing acute pancreatitis (group 
4) was 70%, however, there is a high risk of 
chronic pancreatitis induction (30%). On the 
other hand, 80% ethanol caused deaths in 
chronic pancreatic group (group 7). 20% etha-
nol caused acute pancreatitis in only 20% of 
rats (group 2), remaining 80% did not devel-
oped pancreatitis at all. On postoperative day 
7, 20% ethyl alcohol was shown to produce 
acute pancreatitis 50%, and30% was seen to 
develop chronic pancreatitis. However, in 20% 
in this group, the pancreas tissues were shown 
to be unaffected. 

Discussion

Because of the anatomical location of the pan-
creas, and the difficulty in procuring tissue at 
different stages of the inflammatory process in 
humans, our understanding of the pathogene-
sis of pancreatitis mainly relies on data from 
experimental animal models.The pathophysiol-
ogy of experimental acute pancreatitis is tought 
to be consisting of the activation of pancreatic 
enzymes within the pancreatic acinar cells [4]. 
By the release of these activated enzymes in 
the interstitium, the autodigestion of the pan-

creas starts. After the release of these activat-
ed pancreatic enzymes into the circulation, the 
development of multiple organ dysfunction 
occurs [6]. The breaking down of stability 
between anti- and pro-inflammatory cytokines/
chemokines, and the imbalance between 
necrosis and apoptosis, as a response to aci-
nar cell injury have also been reported [5, 6]. 
Our previous studies have also showed the role 
of reactive oxygen species and free radical 
scavengers in the etiophysiopathogenesis of 
pancreatitis in animal models [9, 12]. These 
studies clearly detected rapid increases in the 
concentration of peroxidation products in pan-
creatic tissue and serum in acute pancreatitis. 

There has been a lot of experimental pancreati-
tis models described in the literature. Cerulein, 
a cholecystokinin-pancreozymin analogue, 
-induced acute pancreatitis model is the most 
widely used noninvasive experimental animal 
model which is highly reproducible and eco-
nomical [5, 16, 17]. As an advantage, this 
method allows investigation of healing of dam-
aged tissue after cerulein has been discontin-
ued. However, it has two major disadvantages. 
Even with maximum doses, only mild acute 
pancreatitis develops; also the course and 
severity of the acute pancreatitis is highly vari-
able, making this technique not suitable for 
controlled studies. Immune-mediated models 
have been used as well, but the cost and high 
early mortality rates limited its usage [2]. On 
the other hand, diet-induced models were 
shown to induce pancreatitis in different stages 
[8]. As for the invasive pancreatitis models 
used in animals, ligation of the common bilio-
pancreatic duct or closure of duodenal loop in 
the rat causes chronic lesions in the pancreas 
characterized by atrophy and apoptosis of aci-
nar and ductal tissue, but not significant necro-
sis or inflammation [5, 8].

Existing alcohol-induced models are relatively 
simple and cheap to perform. Acute ethanol 

Table 1. Overall pancreatitis induction ratios of all groups
All groups Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7
(n = 70) (n = 10) (n = 10) (n = 10) (n = 10) (n = 10) (n = 10) (n = 10)
Normal pancreas 10* (100%) 8* (80%) 0 0 2(20%) 0 0
Acute pancreatitis 0 2 (20%) 10* (100%) 7* (70%) 5* (50%) 0 0
Chronic pancreatitis 0 0 0 3 (30%) 3 (30%) 10* (100%) 7* (70%)
Mortality (n = 3) was only seen in group 7, *P < 0.05. 
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administration selectively lessened pancreatic 
blood flow and microcirculation, suggesting 
that the effect of alcohol might increase isch-
aemia damage during the evolvement of acute 
pancreatitis with or without underlying chronic 
disease [6, 16]. Another advantage of this 
model is that it allows alcohol to directly dam-
age the pancreas by the influence of toxic etha-
nol metabolites, and perhaps by limitations of 
pancreatic regeneration [12, 18]. Reprodu- 
cibility, however, has not been successfully 
achieved. Furthermore, there is a lack of corre-
lation with the clinical settings. Animal models 
of acute pancreatitis, induced by acute ethanol 
oral application alone, have been difficult to 
produce [2, 5]. 

In this study, we aimed to describe an easily 
reproducible model of experimental pancreati-
tis induced by intrabiliary injection of ethanol 
on the bases of our own experiences that has 
been previously published in the literature 
[9-14]. Pancreatitis is an inflammatory process 
in the pancreas, and its diagnosis is made on 
the basis of the clinical presentation combined 
with appropriate laboratory determinations, 
such as serum amylase and lipase levels, and 
radiologic findings. However, regarding as 
experimental study, histopathological confirma-
tion is the most important criteria for precise 
diagnosis of both acute anc chronic pancreati-
tis. Therefore, in the present study, histopatho-
logical evaluation of pancreatic tissues made it 
unnecessary to determine the serum amylase 
and lipase levels. All experimental rats were 
injected 20, 48 or 80% ethanol into the com-
mon biliary duct, and the groups were com-
pared to see the success rate of desired pan-
creatitis, either acute or chronic. 

In the current study, the most successful rates 
were held with 48% ethanol in both acute and 
chronic pancreatitis groups (100%, each) and 
there was no morbidity or mortality. Our previ-
ous studies had the similar success rates in 
inducing acute and/or chronic pancreatitis, 
therefore we recommend 48-50% ethanol in 
the pancreatitis model [11, 13]. According to 
our model, the sacrification day has also vital-
importance as the postinduction day 3 is ideal 
for acute pancreatitis while day 7 is best to 
obtain the experimental chronic pancreatitis. 
As for the 20% ethanol induced groups, the 
insufficiency of alcohol rate in producing both 
acute and chronic pancreatitis were the out-

standing finding (80% of rats had still normal 
pancreatic tissue in acute pancreatitis group, 
and only 30% of rats became chronic pancre-
atitis). On the other hand, 80% ethanol induced 
rats in acute pancreatitis group showed a 30% 
of chronic pancreatitis findings that could be 
regarded as an unwanted overdose affect. 
Furthermore, three rats were found to be died 
(30%) and exploration showed multiorgan ne- 
crosis showing the systemic effects of high per-
centage of alhocol for prolonged period. Th 
erefore, 80% ethyl alcohol was seen to be sys-
temically toxic and might cause death in experi-
mental models. 

Our model is an invasive procedure as all rats 
undergo laparotomy under general anesthesia. 
However, direct cannulation of the biliopancre-
atic duct and direct view of swelling in the pan-
creatic tissue guarantees the effective experi-
mental result. The watchlist in this point is the 
precise dissection while cannulating common 
duct without harming the continuity of the duct 
itself, and the avoidance of unnecessary palpa-
tion of other organs and stretching the duct 
causing bleeding especially from the liver. In 
our previous studies, intraabdominal bleeding 
from the liver by applying high tension on the 
common canal resulted in intraoperative or 
early postoperative deaths [10, 14]. However, 
there was no such mortality in the current 
study, as we gained experience in the laparoto-
my and cannulation techniques in rats. 
Pancreatic tissue lies behind the stomach and 
in the form of mucous layer, therefore even the 
touch/palpation of pancreas may cause pan-
creatitis, as an additional affect. In our opinion, 
to overcome the difficulty of ductal cannulation, 
mature rats weighing at least 300 g should be 
used as they have thicker ducts. On the other 
hand, the thinnest dental needles might help to 
cannulate the ducts of lower weighed animals. 
Furthermore, according to our own experience, 
small extravasations from the duct does not 
produce major problems, as pancreas tissue is 
situated just in neighbourhood of the distal end 
of common duct and the iatrogenic edema pro-
duced by this affect may only contribute to the 
induction of pancreatitis.

The most important advantage of alcohol 
induced experimental models of pancreatitis is 
its effects on morphology and pathophysiology 
like the one in human. Its direct cytotoxic and 
oxidative stress producing effects are well 
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known, similar to those shown in the human 
studies [12]. Other ethanol-induced alterations 
and mechanisms are the reduction of pancre-
atic blood-flow and microcirculation, damaging 
effects of ethanol metabolites, increased pan-
creatic acinar cell expression of digestive and 
lysosomal enzymes, increased glandular enzy- 
me content, additional nutritional factors, pan-
creatic duct obstruction, and limitations of pan-
creatic regeneration [5, 11, 13]. Although no 
satisfactory animal model for alcoholic pancre-
atitis has been developed, these animal mod-
els have provided insights in several factors 
that predispose the pancreas to development 
of pancreatic injury and contribute to alcoholic 
pancreatitis. In our previous studies, we also 
showed these effects of alcohol in pancreatic 
tissues of rats [10, 14]. Also the effect on pan-
creatic acinar damage by alcohol-related free 
oxygen radicals, metabolites and the pancreat-
ic regeneration [11]. Direct cytotoxicity in pan-
creatic acinar cells including interstitial edema 
and inflammatory cell infiltration indicating 
acute damage, and chronic fibrotic changes 
including lymphocytic infiltration and acinar cell 
atrophy are also shown in the current study. 

In conclusion, the biliopancreatic ductal injec-
tion of 48% ethanol induced acute pancreatitis 
on postoperative day 3, and chronic pancreati-
tis on day 7, with 100% success rate. There was 
no morbidity and mortality. This presented mo- 
del uses easily reproducable and reliable tech-
nique without any additional cost. Therefore, 
we highly recommend this simple technique in 
inducation of both acute and chronic pancreati-
tis in rats. 
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