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ABSTRACT

Acute pancreatitis is an inflammatory disease characterized by interstitial edema, inflammatory cell infil-

tration, hemorrhages, vacuolization and necrosis of acinar cell necrosis, depending on its severity. Its pathogenic

mechanism to closely associate with tissue injury related to intracellular digestive enzyme activation. Due to these

difficulties, most of our knowledge on pancreatitis is based on research conducted using experimental models of

pancreatitis and have many studies of experimental model of acute pancreatitis. In this review tried to gather the

basic, easy to construct acute pancreatitis models in animals.
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INTRODUCTION

Acute pancreatitis is an inflammatory disease of

the pancreas characterized by acute abdominal pain.

Severity of acute pancreatitis ranging from mild (found

70 -80%) caused low mortality to severe (found 15-

25%) with high mortality from complication pathogen-

esis(1).  Acute pancreatitis can present in a wide spec-

trum ranging from edema of the organ to necrosis and

hemorrhage.

Acute pancreatitis is a multi-etiology disease with

controversial physiopathology. Thus, it has an unpre-

dictable course without a targeted treatment(2) which

results in high morbidity and mortality. In the clinical

find gallstone obstruction is the most common cause

of acute pancreatitis and alcoholism is the second most

common cause leads to chronic pancreatitis(3).  There

are many experimental studies identify the pathogen-

esis and treatment options for pancreatitis.

However, because of the anatomical location of

the pancreas and the difficulty in procuring tissue at

different stages of the inflammatory process in humans,

our understanding of the pathogenesis of pancreatitis

mainly relies on data from experimental animal mod-

els. In this review tried to evaluate the differences be-

tween models and the particular methodologies of each

experimental model with outline of each technique.

Closed Duodenal Loop (CDL)

Experimental acute pancreatitis in animals may

be produced by creating a closed duodenal loop (CDL).



THAI J  GASTROENTEROL 2016
Vol. 17 No. 2

May - Aug. 2016
109

Chingchit T, et al.

This technique involves surgically closing above and

below the duodenal papilla while bile is diverted into

the jejunum via an implanted cannula.  The model was

first developed by Pfeffer et al.(4). CDL, increases

intraduodenal luminal pressure causing reflux of duo-

denal fluid to pancreatic duct (PD) causing pancreati-

tis. Closed loop is constructed with duodenum sur-

rounding the opening of the PD.

Nevalainen and Seppa(5) also conducted a modi-

fication of CDL in rats. An intraduodenal tube was

placed prior to ligating the duodenal loop in order to

restore the continuity of the gastrointestinal tract.

Within 24 h, acute hemorrhagic pancreatitis was vis-

ible in the animals. The findings support the view that

refluxes of the duodenal contents into the pancreatic

duct is an important early pathogenesis mechanism in

the development of acute pancreatitis.

Chetty et al.(6) performed another modification of

the technique by instilling infected bile into the closed

loop under pressure, at a known time, in the rat. This

resulted in the production of a lethal hemorrhage,

periductal abscess formation and fat necrosis. The

model of Chetty et al.(6) produces a consistently severe

acute pancreatitis in comparison with the model pro-

duced by Nevalainen and Seppa(5).

Duct Infusion Pancreatitis

Cannulation of the pancreatic duct provides an-

other way of inducing an experimental AP model. Sev-

eral substances have been used as inducers of pancre-

atitis in this method. These have included stimulating

factors and toxic substances such as bile acids (tauro-

cholate or glycodeoxycholic acid), ethyl alcohol,

peracetate and tert-butyl hydroperoxide. The most com-

mon of all these substances are bile acids(7,8).

In rats biliopancreatic duct is catheterized with

24 G polyethylene tube and ligated(9). Main hepatic

duct is clamped under liver and intraductal infusion is

started. Glycodeoxycholic acid prepared in

glycylglycine buffer (pH = 8) is recommended as

infusate. Infusion should be in 1.5 minutes, with 30

mmHg pressure and 0.1-0.5 ml volume. Acute edema-

tous pancreatitis develops if activated pancreatic en-

zymes are perfused following early induced changes

in ductal permeability(10).

The severity of the disease can be manipulated

by changing either the pressure or the concentration of

bile salt used. Acute severe pancreatitis develops within

2-24 h and is characterized by edema, necrosis and

hemorrhage. Almost any form of detergent injected into

the pancreatic duct under pressure will cause acute

pancreatitis in laboratory animals in rats(11-13). One of

the best standardized compounds to use to develop

acute pancreatitis is sodium taurocholate. Infusion of

0.2 mL/kg of 3%, 4.5% or 5% solution induced acute

hemorrhagic pancreatitis with 72-h mortality rates of

24%, 71%, and 100% respectively(11-13).

Duct Obstruction Induced Pancreatitis

Acute pancreatitis may be induced by ligating the

distal bile duct at the level of the duodenum(14). The

surgical manipulation is simple, requiring either liga-

tion of the common biliopancreatic duct or obstruc-

tion of the pancreatic duct by vertical cannulation. The

point of obstruction is close to the entry to duodenum,

much like gallstone obstruction at the ampulla of

Vater(15, 16). It is postulated that bile reflux by trigger-

ing intrapancreatic digestive enzyme activation ac-

counts for the major pathological factor in this model.

After 24 hours the equilibrium between secretion and

PD obstruction is maintained which stops further PD

pressure rise and parenchymal water content(17, 18). One

week after PD ligation acinar cell zymogen content

was found to be decreased, rough endoplasmic reticu-

lum is fragmented, golgi apparatus function is lost,

autophagic vacuoles appear and exocrine pancreas is

replaced with fibrous tissue(19).

In rats, main bile duct passes through pancreas

and many small pancreatic ducts join with it. In order

to prevent flow of only pancreatic secretions, duode-

num is separated from transverse colon and a polyeth-

ylene tube inserted in to the proximal part of main bile

duct(20).

Occlusion of the common bilipancreatic duct

causes acute hemorrhagic pancreatitis and results in

100% mortality in 14 days(21).  When it is sutured adja-

cent to duodenum, pancreatic edema forms in 6 hours

and peaks in 12 hours. At this stage fatty necrosis and

parenchymal hemorrhage start to appear and infiltra-

tion by inflammatory cells occurs(21,22).

Vascular Induced Pancreatitis

Acute pancreatitis is encountered after cardiop-

ulmonary bypass(23). Changes in vascular perfusion of

pancreas leads to pancreatitis in many animals includ-

ing dogs, rats, and cats(24,25). Vascular perfusion can be

changed by altering either of inflow, outflow or mi-

crocirculation of the organ. In 1962, Pfeffer et al. used
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8-20 μgr polyetyhlene microspheres to occlude supe-

rior pancreaticoduodenal arteries. With this technique

irreversible occlusion of terminal arterioles is achieved

impeding microcirculation(26) causing hemorrhagic

pancreatitis in 11 hours. Using larger particles only

result in pancreatic edema, elevated serum pancreatic

enzymes and necrosis.

Ischaemia/Reperfusion Model

Studies have shown that there is correlation be-

tween the impairment of microcirculation in human

pancreas with the degree of ischaemic injury(27), and

microvasculature presents the primar target of

reperfusion injury after ischaemia(28).

In 1995, Hoffman et al.(29) developed a model to

study the microcirculation of the pancreas in the rat

after complete (interruption of arterial blood supply to

the pancreas) and reversible ischaemia of the pancreas

using intravital fluorescence microscopy. Blood sup-

ply for complete ischaemia of the pancreas was im-

paired by isolating arteries from surrounding tissue of

gastroduodenal artery. Complete but reversible is-

chaemia of the pancreas was induced by occluding the

four vessels using microvascular clips. The clips were

taken out 30 min, 1 h or 2 h after ischaemia to produce

reperfusion.

The duration of ischaemia and of reperfusion is

responsible for the severity of post-ischaemic inflam-

matory reaction. In addition, there was a rise in the

concentration of serum amylase after 1 and 2 h of is-

chaemia(29). Redha et al.(30) reported even higher se-

rum amylase concentration after ischaemia-induced

acute pancreatitis. This may occur because of the ex-

tended time (27 h) of reperfusion.

Diet Induced Pancreatitis

Ethionine is toxic to pancreatic acinar cells(31). It

inhibits phospholipid metabolism intracellularly(32,33).

Lombardi et al induced acute hemorrhagic pancreati-

tis in female mice with 0.5% ethionine enriched diet(35).

Widespread intra-abdominal fatty necrosis follows

pancreatitis. If feeding is limited to 24 hours mortality

is 55-60%. If fed ad libitum this diet is 100% lethal in

5 days(34). Histopathologic and gross examination of

pancreas between 48-72 hours after 24 hours feed did

not show any pancreatic damage(36).

When animals are fed with choline, pancreatitis

does not develop(37). Choline takes up the ethyl groups

liberated during breakdown of ethionine. Female sex

steroids seem to promote development of pancreatitis

so either young female mice or estrogen treated male

mice are preferred(38).  Diet without choline exerts syn-

ergistic effect to ethionine causing intraparenchymal

activation of zymogens leading to massive hemorrhagic

necrosis. The subcellular mechanism underlying this

is the inhibition of membrane lipid synthesis resulting

in breakdown of endoplasmic reticulum and release of

autophagic vacuoles. The end result is autolysis(39,40).

Table 1.  Induction of acute pancreatitis(46).

Dose of L-Arginine Reference

Single dose

500 mg/100 g bm ip. Mizinuma et al. 1984, Kishino et al. 1984, Tani et al. 1990, Shields et al.

2000, Kihara et al. 2001, Tachibana et al. 1997, Tashiro et al. 2001

450 mg/100 g bm ip. Tashiro et al. 2001

400 mg/100 g bm ip. Tashiro et al. 2001, Rakonczay et al. 2002

300 mg/100 g bm ip. Tashiro et al. 2001, Rakonczay et al. 2002

250 mg/100 g bm ip. Pozsar et al. 1997

200 mg/100 g bm ip. Tashiro et al. 2001

Double dose

2x250 mg/100g bm ip. Takacs et al. 1996, Varga I, et al. 1997, Toma et al. 2000, Czako et al. 2000,

Czako et al. 2000, Czako et al. 2000, Takacs et al. 2002, Toma et al. 20002

2x230 mg/100 g bm ip. Takacs et al. 2002

2x200 mg/100 g bm ip. Hegyi et al. 1997, Hegyi et al., 1999, Hegyi et al. 2000, Takacs et al. 2001

Multiple dose

350 mg/100 g bm ip. Daily from 1 to 4 wk Weaver et al. 1994

a single 500 mg/100 g bm ip.

and triple 250 mg/100 gbm ip. (d 4, 7, 10) Delaney et al. 1993
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Arginine Induced Pancreatitis

L-arginine is an essential amino acid that has been

used to induce severe necrotizing acute pancreatitis in

rats(41). High dose intraperitoneal injection of 500 mg/

100 gr arginine              can cause acute necrotizing

pancreatitis in rats and mice(42-45).  All in all, the dose-

and time-dependency of the effects of arginine gives

an excellent opportunity to study the different phases

of pancreatitis. Long-term administration of arginine

is suggested to study chronic pancreatitis (Table 1)(46).

The mechanisms underlying the effect of arginine are

via excessive nitric oxide production, lipid peroxidation

and inhibition of protein synthesis(47-49). The changes

range between interstitial edema, inflammatory infil-

tration, acinar degranulation to massive necrosis (Fig-

ure 1)(51). After 250 mg/kg and 450 mg/100 kg of in-

jections respectively(50,51). Details of the points assigned

to the different degrees of inflammation and edema/

fat necrosis in acute pancreatitis are explained in (Table

2)(52). The sum of the points for each criterion in acute

pancreatitis was calculated with a maximal score of 6

for acute pancreatitis. A total point score of 0 was con-

sidered normal pancreatic histopathology.  A score of

1-2 total points was considered mild acute pancreati-

tis; 3-4, moderate; and 5-6, severe acute pancreatitis.

Cerulein Induced Pancreatitis

Cerulein is a decapeptide analogue of cholecys-

tokinin (CCK), has been used to successfully cause

acute pancreatitis in rats(51,52) and mice(53).  Acute pan-

creatitis can be induced by an intravenous or intraperi-

toneal injection of an overdose of cerulein 5 μg/kg/hr

in rats and 50 μg/kg several times at hourly intervals in

mice. When given either 1-5 ng/kg intravenous (iv)

bolus or 0.25-1 ng/kg/min iv infusion or 50-100 ng/kg

subcutaneously this substance increases pancreatic

secretions(54).  If administered in supramaximal doses

it causes edematous pancreatitis by increasing pan-

creatic protein secretions(55). According to previous

studies, cerulein is known to induce pancreatic enzyme

activation within 30 minutes of intravenous adminis-

tration.

The usual way of administration is by a catheter

inserted in internal jugular vein of the rat at a rate of 1-

2 ml/hour(56). Cerulein can be diluted in normal saline

and infused iv in 3-5 hours(57). Cerulein can also be

administered intraperitoneally(58-60). Multiple injections

can be done in one hour intervals with 5-200 μg/kg

doses. Subcutaneous delivery can be achieved in mul-

tiple injections with 25-50 μg /kg dose(53).

Cerulein interferes with packaging of zymogens

and lysosomal hydrolases after synthesis in endoplas-

mic reticulum leading to intracellular activation of

trypsinogen(61). In 48 hours after infusion zymogen

granules start fusion with lysosomes resulting in in-

Table 2.  Scoring system for characterized severity of acute pancreatitis(52).

Score Inflammation Edema and Fat Necrosis

0 No neutrophils present Not present

1 Mild neutrophilic inflammatory infiltrate affecting maximum Mild, < 25% of the parenchyma

25% of the pancreatic parenchyma involved

2 Moderate neutrophilic inflammation affecting 25-50% of the Moderate, present in 25-50% of the

parenchyma parenchyma

3 Severe neutrophilic inflammation affecting > 50% of the Severe, > 50% of the parenchyma

pancreatic parenchyma involved

Figure 1. Pancreatic injury in L-arginine-induced experi-

mental acute pancreatitis (H & E × 40).

Note the presence of edema, inflammatory cell

infiltration, acinar cell degranulation(51).
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flammation and acute pancreatitis(52,62).

CONCLUSION

We have reviewed several experimental models

of pancreatitis. Each models have their own advantages

or disadvantages. Investigators, who want to explore

some aspects of pancreatitis, should be aware the char-

acteristics of experimental model of pancreatitis and

carefully choose suitable animal model for get reliable

answer. Therefore, comparison between the existing

models is complex and interpretations of results from

various studies are consequently difficult.
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