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Background/Aims: A reproducible, endoscope-based, large animal model, of
acute pancreatitis was developed to meet the need for a suitable means of preclini-
cally testing treatments. The aim of this study was to develop an endoscope-based
animal model of acute pancreatitis.

Methods: This experimental study was conducted on six mini-pigs. The pan-
creatitis model was induced by infusing contrast medium (CM) or sodium tau-
rocholate (TCA) under high pressure (100 mmHg) into the main pancreatic duct
by endoscopic retrograde pancreatography. Animals were randomly allocated to
three groups: a CM group, a 10% TCA group, and a 20% TCA group. Pancreatic
injuries were evaluated histologically, and serum amylase and lipase levels were
measured.

Results: Acute pancreatitis was observed in all animals during hematologic and
histologic examinations. Serum amylase and lipase levels were significantly high-
er (> 10 times baseline), and pancreatic edema, vacuolization of acinar cells, and
hemorrhagic necrosis were observed. Severity of pancreatitis tended to be greater
in the TCA groups than in the CM group as assessed using histologic scores, and
degrees of pancreatitis were found to be dose-dependently related to TCA concen-
tration.

Conclusions: The two endoscopic procedures described are effective and safe for
creating a swine model of acute pancreatitis. The authors hope the described en-
doscopic methods will assist in the development of a suitable treatment strategy.
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INTRODUCTION

Acute pancreatitis is an inflammatory disorder that af-
fects the pancreas and surrounding organs. In about
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85% to 80% of cases, acute pancreatitis follows a benign
clinical course, which responds well to conservative
treatment, but remainder develop severe hemorrhagic
necrotizing pancreatitis, which has a grave clinical prog-
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nosis and is often accompanied by multi-organ failure
despite intensive treatment or surgery [1]. Unfortunate-
ly, eftective treatment strategies are limited due to poor
understanding of the pathogenesis of this disease [2],
and thus, studies are required to investigate the mecha-
nism of acute pancreatitis. However, studies during
different disease stages are limited by the anatomical
location of the organ [3], and thus, an animal model of
acute pancreatitis is needed to facilitate such studies.

Many investigators have sought to establish a satis-
factory model of experimental pancreatitis based on the
infusion of a noxious agent in a retrograde manner into
the pancreatic duct or by pancreatic duct ligation [4-6].
However, previously devised models of pancreatitis
have usually required laparotomy, which requires com-
plicated preparation and postoperative care, such as,
analgesics, antibiotics, and wound care. Furthermore,
surgery introduces the risks of procedure related-infec-
tions, and thus, hinders estimations of inflammatory
reactions attributable to pancreatitis. Therefore, we un-
dertook to develop a large animal model of acute pan-
creatitis based on the delivery of a noxious agent by en-
doscopic retrograde infusion into the pancreatic duct.
In particular, we examined the abilities of contrast me-
dium (CM) and sodium taurocholate (TCA) to develop
acute pancreatitis in a large animal model and com-
pared the severities of acute pancreatitis caused by CM
and TCA infusions.

METHODS

Animals

Six mini pigs (Sus scrofa, mean age 14 months, mean
body weight 30 kg) were used in the study. Two animals
were randomly allocated to each of three groups, name-
ly, the CM group, the 10% TCA group, and the 20% TCA
group. Animals were fasted for 24 hours before endo-
scopic procedures but allowed water. Pre-anesthesia se-
dation was conducted by injecting atropine sulfate (0.04
mg/kg), xylazine (2 mg/kg), and tiletamine-zolazepam (5
mg/kg) intramuscularly. After intubation, general anes-
thesia was achieved using 0.5% to 2% isoflurane through
an endotracheal tube in 70% nitrous oxide/30% oxygen
provided by a ventilator. Animals were then placed on
their sides on a fluoroscopy table. Cardiopulmonary pa-

https://doi.org/10.3904/kjim.2017.367

KJIM™

rameters were monitored throughout procedures. The
study protocol was approved by our Institutional Ani-
mal Care Committee before study commencement (IA-
CUC 17-KE-389).

Retrograde infusion of CM or TCA through the main
pancreatic duct

Endoscopic retrograde pancreatography (ERP) was per-
formed using a side view duodenoscope (TJF-240, Olym-
pus Co. Ltd., Tokyo, Japan). After inserted into the duo-
denum, the endoscope was positioned close to the
orifice of the pancreatic duct, which is usually located in
the 2nd portion of duodenum. Pancreatic duct cannula-
tion (endoscopic retrograde cholangiopancreatography
[ERCP] catheter, bottle-shaped metal tip, MTW-Endo-
skopie, Wesel, Germany) was performed by wire-guided
cannulation using a 0.035-inch hydrophilic tipped
guidewire (Boston Scientific Corp., Natick, MA, USA).
Because the pancreatic duct orifice of mini pigs does not
have a sphincter, sphincterotomy is not required for
cannula insertion or for other endoscopic procedures.
Pancreatography was achieved through the cannula. CM
was injected to confirm pancreatic duct cannulation un-
til the pancreatic duct was partially visualized by fluoros-
copy. The cannula was then gently inserted to the pan-
creas tail to prevent regurgitation of noxious agent. CM
(10 mL, low-osmolarity iodinated contrast, Omnipaque,
Amersham Health, Princeton, NJ, USA) or TCA (10 mL;
10% or 20%) was infused through the cannula at a pres-
sure of 100 mmHg until acinarization was observed by
fluoroscopy (Fig. 1). The infusion pressure was con-
trolled manually using inflation device (Indeflator, Ab-
bott, Santa Clara, CA, USA) by one experienced assistant.

Biochemical measurements

Serum amylase and lipase levels were determined by
blood sampling from a jugular vein prior to the proce-
dure, and at 1, 2, 18, and 24 hours after the procedure.

Necropsy and pathology assessments

Animals were sacrificed 24 hours after the procedure by
pentobarbital injection (100 mg/kg intravenous) and
pancreata were removed by laparotomy. Acute pancre-
atitis was evaluated macroscopically during necropsy.
Histologic examinations of pancreata were performed
on all six animals.
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Figure 1. Fluoroscopic images demonstrating acinarization
of pancreatic parenchyma by contrast medium infusion.

Table 1. Histological scores of acute pancreatitis

The Korean Journal of Internal Medicine Vol. 34, No. 6, November 2019

Histological scoring of acute pancreatitis

Removed tissues were fixed in neutral buffered forma-
lin and serially sectioned at 5-mm intervals. Multiple
cross-sections were taken from pancreatic heads to
tails, and stained with hematoxylin and eosin (H&E) for
microscopic examination. These sections were then
evaluated by one expert pathologist unaware of speci-
men identities. Pancreatitis was graded for degree of
interstitial edema, leukocyte infiltration, vacuolization,
necrosis (acinar cell and fat), and hemorrhage using a o
to 4 scale, as previously described for the histologic
scoring for acute pancreatitis (Table 1) [7-9].

Statistical analysis
Continuous variables are expressed as mean + standard
deviation (SD). The quantitative variables were com-

Condition Score Description
Edema o Absent
1 Diffuse expansion of interlobar septa
2 1+ Diffuse expansion of interlobular septa
3 2+ Diffuse expansion of interacinar septa
4 3+ Diffuse expansion of intercellular septa
Inflammation o Absent
1 Around ductal margin
2 In parenchyma (< 50% of lobules)
3 In parenchyma (51%—75% of lobules)
4 In parenchyma (75% of lobules)
Vacuolization o Absent
1 Periductal (5%)
2 Focal (5%—20%)
3 Diffuse (21%-50%)
4 Severe (50%)
Necrosis o Absent
1 <10% of the section affected by abnormal lesion
2 10%—33% of the section affected by abnormal lesion
3 33%—66% of the section affected by abnormal lesion
4 > 66% of section affected by abnormal lesion
Hemorrhage o Absent
1 <10% of the section affected by abnormal lesion
2 10%-33% of the section affected by abnormal lesion
3 33%—66% of the section affected by abnormal lesion
4 > 66% of section affected by abnormal lesion
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Figure 2. Baseline and mean peak levels of amylase (A) and lipase (B) at 1, 2, 18, and 24 hours after the procedure. TCA, tauro-

cholate.

pared using the Mann-Whitney U test. Differences with
p values of < 0.05 were considered significant. Data were
analyzed using SPSS version 19.0 for Windows (IBM
Co., Armonk, NY, USA).

RESULTS

Feasibility and safety

Retrograde infusions of CM or TCA were successfully
performed in all animals, and no technical difficulties
were encountered during the procedures. Pancreatic
acinarization was accomplished in all cases. No adverse
events, such as, hemodynamic instability, localized
bleeding, or damage to duodenal lumen were observed.
All animals survived the examination period and devel-
oped acute pancreatitis within 24 hours of the proce-
dure.

Biochemical determination

Serum amylase and lipase levels before and 1, 2, 18, and
24 hours after the procedure are presented in Fig. 2.
Significant increases in serum amylase and lipase levels
were noted in all animals. Serum amylase and lipase
levels were at least three times greater at all post-proce-
dural time points than at baseline in all six animals.
Furthermore, mean serum amylase levels were signifi-
cantly higher in the T'CA group (the 10% and 20% TCA
groups combined) than in the CM group at 24 hours af-
ter the procedure, as determined by the paired Stu-
dent’s t test (15,728.4 + 10,183.7 international unit [IU] vs.
3,399.75  471.99 IU). Likewise, mean serum lipase was
also higher in the TCA (2,684.5 + 27,007 IU) than in the
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CM group (139.3  27.2 IU).

Histologic examination

On macroscopic examination, morphological changes,
which included focal hemorrhage and necrosis, were ob-
served in the pancreata of all animals (Fig. 3A). In addi-
tion, peripancreatic fluid collection was noted in the
10% and 20% T'CA groups (Fig. 3B). Microscopic exam-
inations showed all six animals developed interstitial
edema, vacuolization, necrosis, and hemorrhage. Fur-
thermore, histologic changes were observed in all pan-
creatic sections beyond the injection area, and degrees
of histologic changes in the pancreas head, body, and
tail were similar regardless of injection area. However,
degrees of acute pancreatitis depended on the injection
agent, that is, CM induced mild pancreatitis, whereas
TCA caused severe pancreatitis (Fig. 4). Histologic pan-
creatitis scores for the CM and TCA groups are provided
in Table 2. The overall mean histologic total pancreatitis
score for the six animals was 10 + 137, and mean pancre-
atitis score in the CM group (6.5 + 0.71) was significantly
lower than in the TCA group (12.0 + 2.45, p = 0.02). No re-
lation was observed between the severity of acute pan-
creatitis and TCA concentration (p = 0.29). However, ne-
crosis scores did appear to be related to TCA
concentration (mean necrosis scores in the 10% and 20%
TCA groups were 2.5 and 4, respectively; p = 0.10).

DISCUSSION

This pilot study shows that endoscopic retrograde infu-
sion of CM or TCA into the pancreatic duct provides a
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Figure 4. Histologic analysis of pancreatic sections after
noxious agent injection. (A) Representative section from the
contrast medium group showing mild leukocytic infiltra-
tion, minimal interlobar edema, and scattered vacuolization.
(B) Representative section from the 20% taurocholate group
showing marked leukocytic infiltration, vacuolization, in-
ter-and intralobular edema, hemorrhage, and extensive ne-
crosis (H&E, x100).
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Figure 3. Macroscopic examination
of pancreas. (A) Focal hemorrhage
and necrosis was detected in all ani-
mals (arrows). (B) Peripancreatic fluid
collections were noted in the 10% and
20% taurocholate groups (arrows).

safe, effective means of producing a porcine model of
acute pancreatitis. In the current study, acute pancre-
atitis developed in all animals, and the results showed
that its degree can be controlled by using different
types of noxious agent.

The method used to produce our animal model has
some advantages. First, the procedure is straightfor-
ward, as in the present study, endoscopic retrograde in-
fusion was performed without technical difficulty with-
in half an hour. However, investigators not used to
large animal endoscopic experiments may experience
difficulty finding the pancreatic papilla in the duode-
num. The porcine pancreatic duct enters the second
portion of the duodenum and is separated from and
distal to the bile duct opening [10]. The pancreatic
papilla appears as a pin-point hole, whereas the bile
duct opening can be readily identified as a firm whitish
structure. Therefore, careful observation of the duode-
nal wall after passing the bile duct opening is essential
to locate the pancreatic papilla in pigs with an endo-
scope. Cannulation of the pancreatic duct is performed
using a wire-guided method similar to that used to
cannulate the common bile duct in swine.

The second advantage of the procedure is that it is
less invasive than the surgical procedures used to pro-
duce large animal models of acute pancreatitis. To ex-
pose the pancreatic duct surgically, a large abdominal
incision is made from the xiphoid to the umbilicus
[11,12], and thus, surgery introduces the risk of proce-
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Table 2. Histologic pancreatitis scores in each model

KJIM™

Edema Inflammation  Vacuolization Necrosis Hemorrhage Total score
Contrast 1 1 3 1 1 7
Contrast 1 o 3 1 1 6
10% TCA 2 1 3 2 1 9
10% TCA 2 1 4 3 2 12
20% TCA 3 o 4 4 4 15
20% TCA 2 1 4 4 1 12

TCA, sodium taurocholate.

dure-related adverse events, such as, infections, bleed-
ing, and mortality. In addition, the accurate estimation
of pancreatitis severity might not be possible in such
models because interactions between surgical trauma
and acute pancreatitis are likely to adversely affect as-
sessments. Furthermore, anesthesia and operative pro-
cedures often aggravate or even potentiate pancreatitis
[13]. On the other hand, endoscopic retrograde pancre-
atic duct infusion is comparatively free of such compli-
cating factors, and thus, enables accurate assessments
of acute pancreatitis severity. It should also be men-
tioned that no adverse event or mortality was encoun-
tered in current study.

The third advantage is that the model allows pancre-
atitis severity to be controlled. Although it is well
known that inflammatory processes play an important
role in acute pancreatitis, current knowledge as to how
these inflammatory processes result in diverse clinical
presentations and sometimes in organ failure are not
well understood, because of the anatomical location of
the pancreas and difficulties acquiring tissues at differ-
ent disease stages [14]. The model was devised to ad-
dress this problem by utilizing the retrograde infusion
of noxious agents into the pancreatic duct, as is com-
monly employed in models of experimental pancreati-
tis. However, in previously described models the sever-
ity of pancreatitis was highly variable and difficult to
control. We believe this variability was caused by the
administration of different infusion agent volumes or
the use of different infusion pressures. In contrast, we
accurately controlled pressure and volume at infusion,
and found that pancreatitis severity could be controlled
by using different infusion agent types or different con-
centrations.

https://doi.org/10.3904/kjim.2017.367

The last advantage is that our large animal model is a
proper animal model could contribute to the preclini-
cal animal research for the development of new endo-
scopic treatment or devices. Various animal models
have been described and the selection of a particular
model depends upon the specific aims of the experi-
ment. Small animals including rats and mice were
mainly used to evaluate the pathophysiology of pancre-
atitis. However, these small models cannot be used in
the development of endoscopic treatment because of
the anatomical difference with human. In contrast with
small pancreatitis animal model, the condition of large
experimental models is similar to the clinical manifes-
tations seen in human patients with acute pancreatitis
and all endoscopic procedures can be performed. Thus,
large animal model can provide clinicians to practice
endoscopic therapeutic techniques, such as endoscopic
necrosectomy as well as to conduct preclinical experi-
ments prior to working with human.

Regarding the severity of pancreatitis, TCA was found
to be better than CM at producing severe pancreatitis,
which may have been caused by mechanistic differenc-
es. The mechanism responsible for the effect of TCA (a
bile salt) has been postulated to be due to its detergent
effect, whereas hydrostatic injury caused by pressure at
injection has been suggested to underlie CM induced
acute pancreatitis [15,16]. In addition, the severity of
pancreatitis, especially as determined by acinar cell ne-
crosis and fatty tissue necrosis, tended to increase with
TCA concentration (necrosis scores 0of 10% TCA vs. 20%
TCA were 2.5 and 4, respectively), and in our opinion
the lack of a significant difference between these scores
was due to small sample numbers. Furthermore, our
results concurs with those of Wittel et al. [17], who
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demonstrated that animals administered 4% or 5% TCA
had significantly more areas of mesenteric and retro-
peritoneal fatty tissue necrosis than animals adminis-
tered 2% TCA.

The acute pancreatitis induced by CM in current
model was similar to that observed for post-ERCP pan-
creatitis. ERCP has been commonly used to treat bil-
iopancreatic disease for about 40 years and post-proce-
dural acute pancreatitis, which has an incidence of
between 1% and 22% [18,19], continues to be a feared
complication. Furthermore, although the risk factors of
post-ERCP pancreatitis, which include, pancreatic duct
injection, pancreatic sphincterotomy, difficult or failed
cannulation, and intramural contrast injection, have
been well identified, no validated animal model is avail-
able for the study of post-ERCP pancreatitis. In the
present study, we induced acute pancreatitis by ERP us-
ing CM, and thus, the study shows the devised model
offers a means of studying the clinical relation between
contrast administration and post-ERCP pancreatitis.
Although we did not analyze the effects of CM in detail,
such as, the effect of volume or molecular weight, we
believe the model could be used to reliably investigate
the effects of therapy or means of preventing post-ER-
CP pancreatitis. On the other hand, TCA induced pan-
creatitis in current model resembling the situation with
biliary pancreatitis. TCA is a deliquescent yellowish
crystalline bile acid involved in the emulsification of
fats and it occurs as a sodium salt in the bile of human.
The technique of retrograde pancreatic ductal infusion
of TCA is very similar to the mechanism of clinical bili-
ary pancreatitis which is obstruction of the papilla by
gallstones leads to a reflux of bile into the pancreatic
duct system. Therefore, our model may be ideally suit-
ed for studies exploring the mechanisms related to bili-
ary pancreatitis, as it allows the investigator to use a
clinically relevant model in the development of treat-
ment modality.

This study had several limitations. First, only a small
number of pigs were included, and although pancreati-
tis developed in all six animals, larger-scaled study is
required to confirm our preliminary results. Second,
we did not evaluate the long-term results of acute pan-
creatitis, because TCA induces severe acute pancreatitis
rapidly, and would probably have resulted in mortali-
ties in the long term. Third, we could not evaluate the
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effect of acute pancreatitis on other organs. Although
histologic and hematologic examinations confirmed
acute pancreatitis in all animals, analysis of histologic
changes in other organs is required to properly assess
acute pancreatitis severity because of the systemic in-
flammatory nature of the disease. Lastly, small amount
of CM was used in all animals to confirm the pancreatic
duct cannulation before noxious agent injection. Al-
though the amount of CM was very small, there is a risk
that CM will affect the outcomes in the degree of pan-
creatitis inducted by TCA.

In conclusion, we developed a large animal model of
acute pancreatitis based on the endoscopic administra-
tion of CM or TCA into the pancreatic duct. We found
the severity of acute pancreatitis was dependent upon
the nature and concentration of the agent injected,
which indicates that the method might be used to pro-
duce pancreatitis of diftferent severities in a controlled
manner. We suggest the devised endoscopic technique
provides a reliable animal model for those seeking to
develop curative and prophylactic treatments for acute
pancreatitis.

KEY MESSAGE

1. Endoscopic retrograde noxious agent injection
is effective and safe for creating a model of acute
pancreatitis.

2. The severity of acute pancreatitis is depended
on the nature of the noxious agent and concen-
tration.

3. These pancreatitis models would be effective
for the development of a treatment strategy for
acute pancreatitis.
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