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Background: This aim of this study was to explore a novel method that can be used to isolate and culture 
rat pancreatic ductal epithelial cells.
Methods: Retrograde injection of indigo carmine solution into the bile duct of rats revealed the main 
pancreatic duct, which was isolated using the naked eye (without using a stereomicroscope). The main 
pancreatic duct was sequentially digested with three enzymes, and the digested cells were cultured in RPMI-
1640 medium containing 10–15% fetal bovine serum. After 72 h, the primary pancreatic ductal epithelial 
cells started to adhere to the wall. The cells reached 70–80% confluence after approximately 7 days and 
were subsequently digested with 0.25% trypsin and subcultured. Cells of the second and fourth passages 
were harvested. Cytokeratin (CK)-7 and CK-19 protein expressions in the cells and pancreatic tissue were 
detected by Western blot analysis. q-PCR was employed to examine CK-7, CK-19, somatostatin, amylase, 
insulin, and glucagon mRNA expression in the cells and pancreatic tissue after the main pancreatic duct was 
removed.
Results: The rats had one or two main pancreatic ducts meeting the bile ducts at a right or an acute 
angle. Rat pancreatic ductal epithelial cells isolated by this method grew well and showed a cobblestone-
like appearance via microscopy. Western blot analysis showed that both the second and fourth passages 
of pancreatic ductal epithelial cells expressed CK-7 and CK-19 protein. The q-PCR results showed the 
expression of CK-7 and CK-19 genes in the second and fourth passages of pancreatic ductal epithelial 
cells, while the somatostatin, amylase, insulin, and glucagon genes were not expressed. The pancreatic 
tissue harvested after the removal of the main pancreatic duct did not express CK-7 or CK-19, while the 
somatostatin, amylase, insulin, and glucagon genes were expressed.
Conclusions: The preliminary results show that this method can be applied to successfully isolate and 
culture rat pancreatic ductal epithelial cells.
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Introduction

Pancreatic ductal epithelial cells make up the structural 
basis of pancreatic ducts and have a close association with 
the pathogenesis of pancreatitis, pancreatic cystic fibrosis, 
and pancreatic ductal cell adenocarcinoma (1,2). With stem 
cell potential, they can be cultured in vitro, amplified, and 
induced to differentiate into pancreatic endocrine cells. 
Therefore, they could hold the key to resolving the issue of 
a donor shortage for clinical islet cell transplantation (3,4).

Owing to the complex nature of the pancreas, with its 
endocrine and exocrine functions and its composition of 
several different cell types, the in vitro culture of pancreatic 
ductal epithelial cells is not easy (5). Moreover, pancreatic 
ductal epithelial cells account for only a small proportion 
of total pancreatic cells; for example, they account for only 
3–4% and 5–10% of pancreatic cells in rodents and humans, 
respectively (1,6).

Several culture methods have been reported for 
pancreatic ductal epithelial cells from humans (7-9) and 
other species, including hamsters (6,10), guinea pigs(11), 
rhesus monkeys (12), bovines (13), mice (14,15), and rats 
(16-18).

The main pancreatic ductal epithelial cell culture 
methods can be summarized as follows: (I) the main 
pancreatic duct is removed using the naked eye and then 
digested with collagenase. This method is mainly used 
in humans, bovines and pigs; (II) the entire pancreas is 
removed and digested with collagenase. This method is 
mainly used in rhesus monkeys, hamsters, mice, and rats; 
and (III) the head region of the pancreas is removed, and the 
main pancreatic duct is isolated under a stereo microscope 
and digested with enzymes. This method is mainly used in 
mice and rats.

These traditional methods are complicated and time 
consuming. Therefore, in this study, we attempted improve 
the methods detailed by previous reports (19). First, 
retrograde injection of indigo carmine solution was used 
to determine the location of the main pancreatic duct in 
the rats. Next, with the naked eye, the removal of the main 
pancreatic duct was carried out. Finally, the pancreatic ductal 
epithelial cells were isolated and subcultured using a digestive 
culture method. The method is reported in detail herein.

Methods

Main experimental materials

 Male Sprague-Dawley (SD) rats (250–350 g, Experimental 

Animal Center of Guangxi Medical University, Nanning, 
China);

 0.2% indigo carmine mucosa staining solution (Nanjing 
Minimally Invasive Medicine Technology Co., Ltd. 
Nanjing, China);

 Collagenase V (Sigma, St. Louis, MO, USA);
 Neutral protease (Sangon Biotech (Shanghai) Co., Ltd., 

Shanghai, China);
 Trypsin (containing EDTA) (Beijing Solarbio Science & 

Technology Co., Ltd., Beijing, China);
 Fetal bovine serum (LONSERA, Shanghai Shuangru 

Biology Science&Technology Co.,Ltd, Shanghai, China);
 CK7 (Aibokang (Shanghai) Trade Co., Ltd. Shanghai, 

China);
 RPMI-1640 (Corning, New York,USA);
 Anti-CK19 (SANTA CRUZ, Texas, USA);
 T12.5 disposable cell culture flasks (Guangzhou Jet Bio-

filtration Co., Ltd., Guangzhou, China);
 Complete medium: 10–15% fetal bovine serum + RPMI 

1640.

Experimental methods

Retrograde injection of indigo carmine solution via the 
duodenal papilla 
Three rats were selected for each experiment. The rats 
were subjected to fasting for 24 h, before they were 
anaesthetized with an intraperitoneal injection of 10% 
chloral hydrate solution (3 mL/kg). The chest and abdomen 
were disinfected with iodophor, and an incision was made 
in the upper abdomen midline. Surgical scissors were used 
to make an incision in the abdominal wall. The pancreas 
was then identified along the stomach, and the duodenum 
was exposed. The common bile duct was clamped with a 
3.5 cm blood vessel clamp near the hilum of the liver. The 
duodenal papilla was identified along the inner side of 
the duodenum. A 1 mL syringe was used to perforate the 
duodenal wall on the opposite side of the duodenal papilla 
and was inserted approximately 0.5 cm into the common 
bile duct for retrograde injection of 0.2% indigo carmine 
mucosa staining solution.

Removal of the main pancreatic duct 
The main pancreatic duct was separated from the 
surrounding tissue along its direction using microscissors 
and microforceps. After successful separation, it was cut 
with microscissors and placed in phosphate-buffered 
saline (PBS).
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Culture of rat primary pancreatic ductal epithelial cells 
using a digestive culture method
(I) The separated main pancreatic duct was placed in  

2 mg/mL collagenase V solution, digested in a 37 ℃ 
water bath for 5 min, and shaken once at 1, 3, and  
5 min.

(II) Digestion was halted by the addition of 10 mL of 
PBS, and the PBS and floating substances were then 
discarded. This step was repeated once.

(III) Four milliliters of sterile PBS and 1 mL of 2 U/mL 
neutral protease solution were added, and the sample 
was incubated in a 37 ℃ water bath for approximately 
8–12 min, with vibration once every 4 min.

(IV) Digestion was halted by the addition of 5–8 mL of 
PBS, and the PBS and floating substances were then 
discarded. This step was repeated once.

(V) The tissue was digested in 37 ℃ pre-warmed trypsin 
for 3 min; this procedure was conducted a total of 
5 times. Then, the tissue was digested with 2 mL of 
0.1% trypsin at 37 ℃ for 3–5 min, and 1 mL of fetal 
bovine serum (FBS) was added to terminate digestion. 
The first supernatant was discarded, and the second 
through to the fifth supernatants were collected into a 
15 mL sterile centrifuge tube.

(VI) The sample was centrifuged at 1,000 rpm for 5 min. 
Then, the cell pellet was resuspended in complete 
medium, and the cells were transferred to a T12.5 
flask and cultured in a 5% CO2 incubator at 37 ℃ for 
48–72 h without a change of medium.

Subculture of pancreatic ductal epithelial cells
(I) After 48–72 h of culture, the growth of primary rat 

pancreatic ductal epithelial cells was observed under 
a microscope. The cells were washed with PBS to 
remove unattached cells, and fresh complete medium 
was added.

(II) After a further 4–5 days of culture, adherent cells that 
reached 70–80% confluence were digested with 0.25% 
trypsin and subcultured. The second and fourth 
passages of pancreatic ductal epithelial cells were 
harvested for characterization.

Identification of rat pancreatic ductal epithelial cells
Western blot to identify pancreatic ductal epithelial cells
The second and fourth passages of pancreatic ductal 
epithelial cells were collected, and the cell lysates were 
investigated for CK-7 and CK-19 protein expression using 

the following procedure: The cells were collected using a cell 
scrapper, lysed with radioimmunoprecipitation assay (RIPA) 
buffer on ice for 30 min, and centrifuged at 12,000 rpm  
for 15 min. The supernatant was collected, and the protein 
concentration was measured. An appropriate volume of 
loading buffer was added to ensure equal protein loads, and 
the samples were boiled for 3–5 min. Twenty microliters 
of protein sample was separated using SDS-PAGE on a 
12% separation gel and 5% stacking gel. The protein was 
transferred to a polyvinylidene fluoride (PVDF) membrane., 
which was then washed with deionized water, blocked 
in 5% BSA at room temperature for 1 h, and incubated 
with primary antibody overnight at 4 ℃. Following this, 
the membrane was washed with 1×TBS-T buffer 3 times, 
transferred into the corresponding horseradish peroxidase 
(HRP)-conjugated secondary antibody solution, and 
incubated for 4–5 h at room temperature. The membrane 
was developed in enhanced chemiluminescent (ECL) 
solution.
q-PCR analysis of pancreatic ductal epithelial cells
Total RNA from the second and fourth passages of cultured 
pancreatic ductal epithelial cells and pancreatic tissue 
harvested after removal of the main pancreatic duct were 
extracted using TRIzol and were reverse-transcribed into 
cDNA in line with the manufacturer’s instructions. The 
PCR conditions were as follows: 95 ℃ for 2 min, and 40 
cycles of 95 ℃ for 2 s, and 60 ℃ for 30 s. The primers are 
listed in Table 1.

Results

Indigo carmine staining of the main pancreatic duct

The main pancreatic duct was revealed after retrograde 
injection of 0.2% indigo carmine mucosa staining solution 
via the duodenal papilla. This study showed that one or two 
main pancreatic ducts in the rats intersected with the bile 
duct at a right angle or an acute angle (Figure 1).

Observation of primary rat pancreatic ductal epithelial cells

After 72 hours of culture, the cells were viewed under an 
inverted phase contrast microscope. The cells were observed 
to have crawled from the center of the main pancreatic 
duct tissue growing densely and adherently grown with a 
cobblestone appearance (Figure 2A,B). The peripheral cells 
grew sparsely (Figure 2C,D).
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Table 1 Primers for q-PCR

Gene 5'-primer 3'-primer

GAPDH ACAGCAACAGGGTGGTGGAC TTTGAGGGTGCAGCGAACTT

CK-7 GAACCAGCGTGCCAAGTTAGAG AGATAAGCTTGCCACCATTGCC

CK-19 CGCATCGTGTCCTCATCCTC TGTTCTGTCTCAAACTTGGTCCG

Glucagon ACCGTTTACATCGTGGCTGG GGGAAGCTGGGAATGATCTGG

Amylase TCGCAAATGGAATGGAGAGAAGAT GGCAACCATGTTCCTGATTTGAC

Insulin GATGCCACCAATCCTTCCGT GGCCGAGTCGTCATACTCAC

Somatostatin GAGATGCTGTCCTGCCGTCT TACTTGGCCAGTTCCTGTTTCCCG

Figure 1 The bile ducts (yellow arrows) and main pancreatic ducts (red arrows) removed from the rats.

A B

C D
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Western blot results

CK-7 and CK-19 were expressed in the second and fourth 
passage cells after subculture (Figure 3).

q-PCR results

After subculture, the second and fourth generation 
cells expressed CK-7 and CK-19, but not somatostatin, 
amylase, insulin and glucagon genes. However, the 
pancreatic tissues without the main pancreatic duct 
expressed somatostatin, amylase, insulin, and glucagon 

genes, but not CK-7 and CK-19 (Figure 4).

Discussion

In this study, retrograde injection of 0.2% indigo carmine 
mucosa staining solution was used to determine the location 
of the main pancreatic duct in rats. This study found that 
there were variations in the main pancreatic duct of rats 
and that there were one or two main pancreatic ducts that 
intersected with the common bile duct at a right angle or 
an acute angle. After determining the direction of the main 
pancreatic duct, the main pancreatic duct was accurately 
removed with the naked eye, without using a stereo 
microscope. Primary pancreatic ductal epithelial cells from 
the rats were acquired after collagenase, neutral protease, 
and trypsin digestion.

The culture medium is the basic growth solution and 
is an important factor for maintaining the growth of cells 
in vitro. In previous reports, RPMI-1640 or a 1:1 mixture 
of Hams F12 and DMEM was used as the base medium, 
and complete medium was prepared with the addition 
of different concentrations of penicillin-streptomycin, 

Figure 2 Observation of primary rat pancreatic ductal epithelial cells after 72 h of culture. (A,C) Images of the rat pancreatic ductal cells 
epithelial cells after 72 h of culture (40×); and (B,D) after 72 h of culture (100×).

Figure 3 Western blot to identify the second and fourth passages 
of pancreatic ductal epithelial cells. (1,2) Second passage; (3,4) 
fourth passage.

A B

C D

1  2  3  4

CK-19

CK-7

β-actin
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epidermal growth factor (EGF), keratinocyte growth 
factor (KGF), cholera toxin, bovine pituitary extract, 
dexamethasone, soybean trypsin inhibitor, triiodo-L-
thyronine, 0.5× insulin/transferrin/selenium complex (ITS), 
and fetal bovine serum (10,19) . In this study, RPMI-1640 
was supplemented with 0.1% penicillin-streptomycin and 
10–15% fetal bovine serum to prepare complete medium, 
which can maintain cell growth for 4–6 weeks, with 7–10 
passages, consistent with the report by Trautmann et al. (7). 

Previous reports considered fibroblast contamination 
to be a common problem in primary pancreatic ductal 
epithelial cell culture. There are two methods that address 

this issue: first, because fibroblasts are more likely to adhere 
than are ductal epithelial cells, the culture supernatant can 
be collected after 2 h and transferred to a new culture flask, 
therefore avoiding contamination (16); second, serum-
free medium can be employed (10). In this study, the main 
pancreatic duct could be accurately located and separated. 
During the operation, the peripheral tissues of the main 
pancreatic duct could be carefully removed to avoid 
fibroblast contamination to the greatest extent possible. 
CK7 and CK19 are expressed by pancreatic ductal epithelial 
cells and somatostatin, amylase, insulin, and glucagon are 
not expressed (7,20). In this study, Western blotting and 
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Figure 4 q-PCR analysis of pancreatic ductal epithelial cells. (A) GAPDH as the internal control; (B) CK-7; (C) CK-19; (D) somatostatin; 
(E) amylase; (F) insulin; (G) glucagon. Lanes 1–3: second passage of pancreatic ductal epithelial cells; lanes 4–6: fourth passage of pancreatic 
ductal epithelial cells; lanes 7–9: first pancreatic tissue harvested after main pancreatic duct removal; lanes 10–12: second pancreatic tissue 
harvested after main pancreatic duct removal.
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q-PCR analyses confirmed that the second and fourth 
passages of cells were relatively pure in the pancreatic ductal 
epithelial cells of rats.

In previous reports, laminin (19), collagen, polylysine (21), 
and other Matrigel coating materials were applied to the 
bottom of the culture flask/dish to promote the growth of 
pancreatic ductal cells. This study, however, did not use 
the above substances, but the cells still adhered and grew, 
which indicates that the aforementioned extracellular 
matrix substances are not necessary for the in vitro culture 
of primary rat pancreatic ductal epithelial cells. This finding 
is consistent with the results of Furukawa et al. (22).

However, this study provides preliminary results and is 
not without certain limitations. For example, due to the 
small number of primary cells, Western blot and q-PCR 
analyses were not performed on primary cells; however, this 
limitation is expected to be addressed in future studies.

Conclusions

In summary, this study employed retrograde injection 
of 0.2% indigo carmine mucosa staining solution to 
determine the location of the main pancreatic duct in rats, 
and removed the main pancreatic duct using the naked 
eye. The pancreatic duct was sequentially digested with 
collagenase, neutral protease, and trypsin to obtain primary 
pancreatic ductal epithelial cells from the rats. The second 
and fourth passages of cells were verified to be relatively 
pure pancreatic ductal epithelial cells by Western blot and 
q-PCR analyses. This method is simple in operation and is 
of certain practical value. For example, it does not require 
a stereomicroscope, which can shorten the operation time 
and avoid fibroblast pollution. 
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