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Different animal models of experimental acute 

pancreatitis induced by caerulein, choline 

deficient ethionine supplemented (CDE) diet, or 

sodium taurocholate have been developed. These 

models vary in severity and have been used by 

the investigators to either understand the 

pathophysiological mechanism of the disease or 

to study the effect of different therapeutic agents.  

Mizunuma et al (18) were first to report that intra-

peritoneal (i.p.) administration of excessive doses 

of L-arginine (500 mg/100 g body weight) in rats 

selectively damage pancreatic acinar cells without 

any morphological change in islets of Langerhans 

or other organs. Based upon this observation, 

Tani et al (27) reported an L-arginine induced rat 

model of necrotizing acute pancreatitis.  The dose 

used in this model was 500 mg/100 g. Doses 

higher than 500 mg/100 g body weight caused 

very high mortality.  A single dose of 500 mg/100 

g injected i.p. resulted in 70-80% of pancreatic 

acinar cell necrosis within 3 days. Since these 

observations, the model of L-arginine induced 

acute pancreatitis in rat has been used in different 

laboratories. The dose as well as frequency of 

administration has been varied. The different 

doses and frequencies of administration of L-

arginine evaluated in rat by different investigators 

have been reviewed by Hegyi et al (15) and are 

summarized below: 

 

Single dose Double dose 

500 mg/100 g i.p.      (18,26-28) 2x250 mg/100 g  i.p.  (20) 

450 mg/100 g i.p.      (3,28) 2x200 mg/100 g i.p.   (14) 

400 mg/100 g i.p.      ( 22,28)  

300 mg/100 g i.p.      (22,28)  

250 mg/100 g i.p.      (21)  

200 mg/100 g i.p.      (28)  
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There are also reports in literature to indicate that 

even a single dose of 500 mg/100 g i.p. causes 

significant mortality in rats (20) while use of a 

double dose (2x250 mg/100 g at 1 h interval) 

reproducibly causes pancreatitis (20) without 

mortality. Some of the investigators have used 

overnight fasted animals while others used non-

fasted animals for induction of L-arginine induced 

acute pancreatitis. In our studies, we have used 

non-fasted animals. We also reported an L-

arginine induced pancreatitis model in mice using 

a two injection protocol (6). The L-arginine doses 

used in rats did not cause pancreatitis in mice. In 

mice a higher dose is required. This model has 

been used in a number of recent studies by 

different labs (1,8,10,13,16,19,24,25). In this 

Methods entry, we describe protocols for the 

induction of L-arginine induced acute pancreatitis 

in rats and mice. 

1. Materials 

 
1.1 L-arginine hydrochloride of highest purity 

available ( Sigma-Aldrich # A 5131) 

1.2 Saline (0.15M NaCl solution) injectable 

grade, endotoxins free 

1.3 Syringe filter (0.2 μm) 25mm 

1.4 Syringe 5ml 

1.5 Syringe 2ml 

1.6 Needle 25 G 5/8” and 30 G ½” 

1.7 pH meter 

1.8 Rats (120-250 g) 

1.9 Mice  (25-28 g) 

1.10 Balance for weighing animals 

 

 

2. Method for Inducing L-Arginine 

Acute Pancreatitis in Rat 

 
L-arginine hydrochloride solution: Prepare 

20% L-arginine hydrochloride solution (Note 1) in 

saline and adjust the pH to 7.0. Filter through a 

syringe filter in a tissue culture hood into a sterile 

tube with a screw cap. We use 15 ml centrifuge 

tube (gamma sterilized, pyrogen, RNA, DNA free). 

Induction of acute pancreatitis: Weigh the 

animal accurately and calculate the volume of L-

arginine hydrochloride solution (20%) to be 

injected using a dose of 250 mg/100 g body 

weight (1.25 ml/100 g). 

Fill the solution in a sterile 2 ml syringe with 25 G 

5/8” needle and inject i.p. Put the animal in a 

clean cage with feed and water. We do the 

injection in a laminar air flow hood with filters. 

Wait for 1h and then administer the 2nd dose i.p. 

and return the animal to its cage. Rats become 

slow after the 2nd injection but gradually recover. 

Animals can be sacrificed from 6 h onward to 

evaluate changes in the pancreas, but peak 

histological changes are observed around 72 h 

after induction of pancreatitis. 

Blood, pancreatic, and lung tissues are collected 

for evaluation of pancreatitis and associated lung 

injury. 

Using this two injection protocol, we and others 

(20) have not observed mortality. In our earlier 

studies we and others (3,28) have used single 

injection protocol using dose 450 mg/ 100 g,  

which is associated with some mortality and is 

described below as an alternative protocol. 

Single Injection Protocol: Weigh animals 

accurately and calculate the volume of 20% L-

arginine hydrochloride solution required using a 

dose of 450 mg/100 g body weight. Inject i.p. the 

calculated volume of L-arginine hydrochloride 

solution and equivalent volume of normal saline in 

control animals. Put animal back in a clean cage 
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with feed and water. Injected animals are kept 

under observation for 3-4 hours. Changes start 

appearing in the pancreas 6 h after the injection 

and reach to maximum in 72 h. 

3. Method for Inducing L-Arginine 

Acute Pancreatitis in Mice 

 
L-arginine hydrochloride solution: Prepare 8% 

L-arginine hydrochloride solution (Note 2) in 

saline and adjust the pH to 7.0. Filter through a 

syringe filter in a tissue culture hood into a sterile 

tube with screw cap. We use 15 ml centrifuge 

tube (gamma sterilized, pyrogen, RNA, DNA free). 

Induction of acute pancreatitis: Weigh each 

animal accurately and calculate the volume of L-

arginine solution to be injected using a L-arginine 

dose 400 mg/100 g body weight (1.5 ml/30 g). 

During the initial studies, we tried using higher 

concentrations of L-arginine hydrochloride 

solution to reduce the total volume of the injection 

but observed higher mortality. Administer the L-

arginine solution intra-peritoneally using syringe 

with 30 G 1/2” needle followed by second i.p. 

injection after 1h. Control mice are injected with 

equivalent volume of normal saline. Mice become 

sluggish and their lethargy increases after the 

second injection. It takes 1-4 h to recover from 

this phase. The mortality associated with the 

model (5-7%), if any, occurs during this phase 

(Note 3).  Plasma concentration of L-arginine 

increases after first i.p. injection and becomes 

further elevated after second injection, remaining 

high for up to 3 h (6). 

Mice are kept under observation, allowed free 

access to feed and water, and sacrificed at 72 h. 

Blood is collected from heart using heparin 

treated syringes and is centrifuged at 4oC. Plasma 

is stored at -80oC for amylase, lipase, and 

cytokine analysis. Plasma amylase peaked at 72 

h (Fig 1A). Other amino acids injected in a 

comparable amount had no effect on plasma 

amylase (Fig 1B). 

Pancreatic and lung tissues are collected for 

histology in 10% buffered formalin and snap 

frozen in liquid nitrogen for myeloperoxidase 

analysis. Pancreatic myeloperoxidase peaked at 

72 h (Fig 2). 

Unlike rat models, in mice doses lower than 400 

mg/100 g were not found effective for induction of 

acute pancreatitis (Fig 3). 
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Fig.1 A: Plasma amylase activity in response to L-arginine administration (400 mg/100 g x 2) at different 
time points compared with control (C). B: Effect of administration of different amino acids on plasma amylase 
activity. Only L-arginine causes significant increase in plasma amylase activity in mice. *p < 0.05, n=6 for each 
time point (reproduced from Reference 6). 

 

Fig. 2: Pancreatic myeloperoxidase (MPO) activity at different time points after administration of L-
arginine compared with control (C). *p < 0.05 n >6 for each time point (reproduced from Reference 6). 
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Fig. 3: Effect of different doses of L-arginine on plasma amylase, necrosis and lung myeloperoxidase in 
mice. Each dose was administered as 2 intraperitoneal injections 1 h apart. A: plasma amylase activity B: 
pancreatic myeloperoxidase C: representative H&E sections obtained from mouse pancreas in response to 
different doses of L-arginine administration after 72 h. Two doses of 100 mg/100 g (I), 200 mg/100 g (II), 300 
mg/100 g (III) or 400 mg/100 g (IV). D: Lung myeloperoxidase activity. *p<0.05.  n > 6  for each group 
(reproduced from Reference 6). 
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In our studies, we used C57BL/6 (inbred) and 

Balb/c (inbred) strains of mice and in subsequent 

studies from other labs C57BL/6 and FVB/N 

(inbred) strains have been used. We don’t have 

comparative experimental data using different 

strains (inbred and outbred) of mice for this model 

but expect some variation in susceptibility in view 

of different SPINK3 levels (28) and variability in 

arginine metabolism (9) in different strains. 

We do not administer analgesics for pain during 

pancreatitis because of their potential for 

interference in development of inflammation. 

Preferred weight group is 25-28 g, because in this 

weight range animals recover better from initial 

complications associated with high dose L-

arginine injections. 

4. Mechanism of L-arginine induced 

pancreatitis 

 
The mechanism of L-arginine induced pancreatitis 

is not clear. In the rat model of L-arginine- 

induced pancreatitis, partial inhibition of L-

arginase activity, the enzyme which converts L-

arginine to L-ornithine and urea, ameliorates 

pancreatitis indicating a role of one of its 

metabolites in induction of pancreatitis (2). Further 

at high dose, L-ornithine has also been reported 

to cause acute pancreatitis (23). L-arginine is also 

a substrate for nitric oxide synthase and is known 

to induce nitrostative and oxidative stress. There 

is some evidence to support that these pathways 

might also contribute to pancreatic injury in this 

model of pancreatitis. L-arginine pancreatitis is 

ameliorated by treatments directed at reducing 

oxidative stress (11,12) Lechin and Vander Dijs 

(17) suggested that L-arginine might induce 

pancreatitis through activation of autonomous 

nervous system. This was based on the 

observation in their studies that a small oral dose 

of L-arginine (50mg) is able to provide significant 

change in plasma neurotransmitters. These could 

cause hypersecretion, which can’t be drained 

through pancreatic duct. This is a less plausible 

mechanism in view of the facts that (a) the dose 

used in this model is very high, (b) low doses do 

not cause pancreatitis, and (c) there is inhibition in 

secretion rather than hypersecretion in response 

to caerulein stimulation from acinar cells prepared 

from animals, in which pancreatitis was induced 

using L-arginine (7).  

Bohus et al (5) evaluated metabolic changes at 

different time points after administration of low 

(100 mg/100 g) and high dose (400 mg/100 g) of 

L-arginine to rat.  At higher dose (relevant to 

arginine model), initial phase (0-8 h) involved 

changes in the urea cycle and transamination,  

indicating homeostatic response to detoxify 

excess ammonia generated from arginine 

catabolism. Also i.p. administration of chloride 

salts of L-arginine resulted in metabolic acidosis 

and the mean pH of urine samples was lower than 

control for up to 168 h reaching the most acidic 

values (pH=5.5-6.0) at 24 and 48 h. Serum urea 

nitrogen levels were significantly elevated at 24 h 

indicating deamination being directed into 

increased urea synthesis. Urea nitrogen returned 

to control levels by 48 h due to clearance of L-

arginine challenge.  High dose animals faced a 

greater excess of arginine than the low dose 

group. There was enhanced activity of the urea 

cycle and transamination as well as higher 

excretion of L-arginine. Metabolic acidosis itself 

can enhance secretagogue–induced zymogen 

activation (4).  

Although the exact mechanism of L-arginine 

pancreatitis is not clear, the available evidence 

indicates that its metabolites, oxidative stress and 

metabolic acidosis contribute to the pancreatic 

injury in this model. 

5. Notes 

 
1. Weigh 2 g L-arginine hydrochloride dissolve in 

8ml saline, adjust pH to 7.0 and make volume 
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to 10 ml with saline. We prepare fresh solution 

on the day of injections. 

2. Weigh 800 mg L-arginine hydrochloride and 

dissolve in 8 ml saline, adjust pH to 7.0 and 

make volume to 10 ml with saline. Prepare 

fresh before injection. 

3. The effective dose is very close to the toxic 
dose. 
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