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Experimental acute pancreatitis in the rat—

a new model
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From the Department of Clinical Surgery, The Royal Infirmary, Edinburgh

SUMMARY A new experimental model of acute pancreatitis in the rat has been devised. It consists
of a closed duodenal loop into which infected bile is injected under pressure; intestinal continuity is
maintained by a plastic tube passed through the loop. Histological and biochemical evidence of
acute pancreatitis in the rat model is presented. The model has been compared with that of Neva-
lainen and with control groups of rats undergoing bile duct ligation and sham operation. The model
produces a consistently fatal acute pancreatitis, more severe than that produced by Nevalainen’s
model, with a survival time of 284-12-8 (SD) hours. A combination of the reflux of infected bile
under increased pressure into the pancreatic duct, at a known time, produces a model which may be

suitable for the investigation of therapeutic agents.

Experimental acute pancreatitis in animals can be
produced either by creating a closed duodenal
loop!: 2 or by injecting various substances into the
pancreatic ducts under pressure.® Cannulation of
the pancreatic duct in the rat is difficult and injection
into the pancreatic substance may not be accurately
reproducible. We have found the pancreatitis pro-
duced by closed loop alone to be inconsistent in its
development and variable in its severity. A model
has been devised which incorporates a closed duo-
denal loop into which infected bile is injected under
pressure.

Method

Four groups (1-4) of Sprague Dawley rats weighing
between 250 g and 300 g were studied. The animals
received no nourishment other than water ad
libitum for a period of 24 hours preoperatively. A
laparotomy was performed under ether anaesthesia.
In group 1, comprising the experimental pancreatitis
group under investigation, a gastrotomy was made
and a plastic tube (10 French Gauge) 4 cm in length
was manoeuvred into the duodenum; a closed
duodenal loop was created by ligating the duodenum
around the plastic tube (Fig. 1). The proximal
ligature was placed immediately distal to the pylorus
and the distal one well beyond the entry of the pan-
creatic duct. Before ligating the proximal ligature,
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Fig. 1 Rat model: acute pancreatitis. Diagrammatic
representation of experimental method. A closed duodenal
loop with an indwelling plastic tube is illustrated. Human
bile (stippled area) is injected under pressure into the
closed loop.

infected human T-tube bile was injected into the
closed loop around the plastic tube until the duo-
denum was distended (Fig 1). The organisms present
in the injected T-tube bile were Escherichia coli
and proteus. The duodenal blood supply was care-
fully preserved. Bile could be seen to dilate the pan-
creatic ducts at the time of injection. On recovery
from anaesthesia, 3 mg per kg body weight of
pethidine was given intramuscularly eight hourly.
Free access to food and drink was ailowed and the
condition of the animals was carefully observed at
regular intervals. Blood samples were taken at
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20 hours postoperatively and assayed for amylase
by the Phadebas method. The animals were kept
until death or those surviving five days were then
killed. Immediately after death the pancreas was
removed and examined histologically.

Eighty-five rats were used in the study. In 50 the
model was created as described and these were
compared with three control groups: group 2,
laparotomy and bile duct ligation—10 rats; group
3, laparotomy and gastrotomy with and without
the installation of bile into the duodenum—15 rats;
group 4, closed duodenal loop with an intraduodenal
tube but without bile (Nevalainen’s model)—10 rats.
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Results

The results were assessed in terms of the macro-
scopic appearance, histological changes, plasma
amylase levels, and survival time.

MACROSCOPIC APPEARANCE
Rats in groups 1, 2, and 4 became jaundiced. Groups
1 and 4 showed evidence of pancreatic oedema and
haemorrhage with occasional surrounding fat
necrosis and blood stained fluid in the peritoneum.
Gastric dilatation was occasionally present, although
vomiting did not occur and free fluid was present

Fig.2 Photomicrograph of rat
pancreas 20 hours after the
induction of acute pancreatitis
using the new model. It shows
interstitial oedema and diffuse
infiltration by numerous acute
inflammatory cells.

Fig.3 Photomicrograph of
peripancreatic fat from a rat 20
hours after the induction of acute
pancreatitis. It shows fat necrosis
surrounded by an acute inflam-
matory cell response.
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in the pleural cavities of 209 of the test animals.
Portmortem findings on the rats with ligated bile
duct and those with gastrotomy alone showed no
evidence of pancreatic disease.

HISTOLOGICAL FINDINGS

The histological changes found in the pancreas of
grcup 1 varied from oedema to large abscesses in
relution to the ducts. Surface inflammatory change
was invariably present and occasional foci of fat
necrosis were noted. Most cases had interstitial
oedema and diffuse infiltration by varying numbers
of polymorphonuclear leucocytes (Figs. 2 and 3).
Similar changes were seen in the pancreas in group
4. No evidence of pancreatic disease was seen in the
other control groups (2 and 3).

Table 1 Plasma amylase values +1 SD in test rats and
Jour control groups

Plasma amylase

No. over
Groups No. 10000 units Mean
Normal 10 0 7100+ 1474
Closed loop -+ bile 10 8 16775+7390
Closed loop 10 7 15565410659
Gastrotomy 10 2 6364 3301
Bile duct ligation 5 1 761315496

AMYLASE VALUES

The serum amylase concentration is shown in Table
1. Estimations were first performed on blood ob-
tained from 10 normal rats which had no procedure
performed. The mean amylase level was 710041474
SD units, a level in excess of 10000 units was re-
garded as abnormal in this study. The test animals

Table2 Number of rats in each experimental group and
number that died within five days in each of these groups

Survival time

Mean+1SD

Experimental group No. Dead (h)
Closed loop -+ bile 50 50 284128
Closed loop 10 8 55+42
Bile duct ligation 10 0
Gastrotomy 10 0
Gastrotomy +bilein

duodenum 5 0

The mean survival time 41 SD is given for the 50 test rats (closed
loop +bile) and the 10 rats with acute pancreatitis induced by a closed
loop without the addition of bile. The difference is significant
(p<0-05).
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and the closed loop controls had markedly raised
plasma amylase levels in comparison with the con-
trols.

SURVIVAL TIME
In Table 2 the survival data for each group is shown.
All the test rats died. The mean survival time was
284128 SD hours. Two of the 10 closed loop rats
without bile were still alive and well after five days.
The mean survival time was 55-3+42 SD hours.
None of the rats in the other two control groups died
during the course of the experiments.

Discussion

The rat is an economical and convenient laboratory
animal. Lankisch* and Hansson® both reported
models of acute pancreatitis in the rat which re-
quired cannulation of the pancreatic duct and the
injection of bile, bile salts, or other toxic substances.
Nevalainen (1975)! described a model in the rat
in which acute pancreatitis was induced by creating
a closed duodenal loop; by using a transluminal
duodenal tube, intestinal obstruction was overcome.
We believe that the model described here is an
improvement on that of Nevalainen, as it produces
a more consistently severe acute pancreatitis in the
rat with an accurately determined time of onset and
a more predictable survival time than we have
recorded with Nevalainen’s model. The model
combines increased intrapancreatic duct pressure,
bile reflux, and infection in the development of a
severe and fatal form of pancreatitis.

References

!Nevalainen T J, Seppa A. Acute pancreatitis caused by
closed duodenal loop in the rat Scand J Gastroenterol
1975;10: 521-7.

2Pfeffer R B, Stasior O, Hilton J W. The clinical picture of
the sequential development of acute hemorrhagic
pancreatitis in the dog Surg Forum 1957; 8: 248-51.
3Anderson Marion C, Van Hagen Ford, Method H L,
Mehn W H. An evaluation of the use of bile, bile salts,
and trypsin in the production of experimental pancreas
Surg Gyn Obstet 1958 ; 107: 693-703.

‘Lankisch P G, Winckler K, Bokermann M, Schmidt H,
Creutzfeldt W. (1974. The influence of glucagon cn
acute experimental pancreatitis in the rat Scand J Gas-
troenterol 1974;9: 725-9.

SHansson K. Experimental and clinical studies ip aetio-
logic role of bile reflux in acute pancreatitis Acta Chir
Scand (Suppl) 1967; 375.



