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Regional arterial infusion with 5-fluorouracil  
attenuates severe acute pancreatitis in a rat model
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Abstract: Administration of 5-fluorouracil (5-FU) has been demonstrated to be beneficial in treating severe acute 
pancreatitis (SAP). However, drugs administered by intravenous injection (IVI) have difficulty to reach the pancreatic 
tissue. In this study, we aimed to assess the effects of 5-FU administered with regional arterial infusion (RAI) on 
severe acute pancreatitis (SAP) in rats. Rats were randomly divided into 3 groups: the SAP group as a control group, 
the RAI group (5-FU infused through an arterial catheter), and the IVI group (5-FU infused through a left femoral 
venous catheter). Pancreatitis was induced by retrograde injection of 5% sodium taurocholate (1 ml/kg) into the 
main pancreatic duct. The pathologic changes in the pancreas were observed and scored. Levels of amylase, lipase, 
tumor necrosis factor-α (TNF-α), interleukin-1 (IL-1), interleukin-6 (IL-6), and interleukin-10 (IL-10) in the serum were 
measured at 12 h and 24 h following the induction of SAP. RAI with 5-FU remarkably alleviated histological injury of 
the pancreas, decreased serum amylase and lipase, and down-regulated serum TNF-α, IL-1, and the ratio of IL-6/
IL-10 sodium taurocholate-induced SAP. This study showed that regional arterial infusion with 5-FU increased the 
drug concentration locally in the pancreas and attenuated the severity of SAP.
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Introduction

Severe acute pancreatitis (SAP) remains a clini-
cal challenge and is still associated with signifi-
cant morbidity, mortality and hospitalization 
costs despite of recent advances in manage-
ment. The mortality of SAP has not been sub-
stantially reduced over the past two decades 
[1, 2].

5-Fluorouracil (5-FU) has been used to treat 
acute pancreatitis since the 1970s [3, 4]. 5-FU, 
a typical anti-metabolic drug, can entirely sup-
press the synthesis of DNA which controls the 
proliferation of acinar cells and RNA which 
manages the protein synthesis. Several studies 
in experimental pancreatitis have shown prom-
ising results using 5-FU treatment, including 
effects on amylase, trypsin and survival rates 
[3, 5]. Chen et al. confirmed that 5-Fu can mini-
mize the abnormal immune cytokine response 
and relieve the pathophysiological disorders 

associated with experimental acute pancreati-
tis [6]. Clinical studies have corroborated that 
treatment with 5-FU can reduce the mortality 
and hospitalization time [7, 8]. The administra-
tion of 5-FU has been considered a popular 
adjuvant therapy for acute pancreatitis in China 
[9], due to its significant beneficial effects and 
affordable price. However, 5-FU, as a cytotoxic 
drug used for treating a nonmalignant disease, 
is not yet fully accepted in the western world. 
Therefore, we performed an animal study to 
test the efficacy and safety of 5-FU on SAP.

Continuous regional arterial infusion (CRAI) is a 
drug delivery system that dramatically increas-
es the drug concentration in the pancreas with 
minimal toxic effects [5]. Previous clinical and 
basic studies have demonstrated the possible 
therapeutic efficacy of CRAI for SAP [10]. 
Compared with an intravenous infusion route, 
CRAI significantly shortens the duration of  
elevated urine amylase and the duration of 
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abdominal pain, decreases the incidence of 
complications and overall mortality, shortens 
the duration of hospitalization, and increases 
the curative rate [11]. However, a study by 
Hamada et al. [12], showed that CRAI was  
ineffective in reducing the in-hospital mor- 
tality rate in acute pancreatitis patients and 
was associated with a longer hospitalization 
time and higher costs. In such a case, a rigor-
ous evidence-based assessment of animal 
experiments using of RAI for SAP is nece- 
ssary and urgent. Therefore, in our study we 
assessed the efficacy and safety of RAI with 
5-fluorouracil (5-FU) in the treatment of SAP in 
rats.

Materials and methods

Ethics statement

The Institutional Animal Committee of Wen- 
zhou Medical University, Wenzhou, China, 
approved the protocol for the animal experi-
ment (Permit Number: wydw2010-0027). All 
animals received care in accordance with the 
‘Guide for the Care and Use of Laboratory 
Animals’. All surgeries were performed under 
chloral hydrate anesthesia.

Materials

The following materials were used: sodium tau-
rocholate (Sigma, St. Louis, MO, USA); 5-fluoro-
uracil injection (King York Amino Acid Co. Ltd, 
Tianjin, China); PE-10 catheter (AniLab Software 
and Instruments Co. Ltd, Ningbo, China ); plas-
ma amylase activity test kit (Nanjing Jiancheng 
Biotechnology Research Institute, Nanjing, 
China); and rat ELISA kit for detecting IL-1, IL-6, 
IL-10, and TNF-α (Westang Biotechnology Co. 
Ltd, Shanghai, China). 

Animals and groups

The Laboratory Animal Center of Wenzhou 
Medical University (Wenzhou, China) supplied 
36 healthy male Sprague-Dawley (SD) rats 
(weighing 250-300 g). The rats were main-
tained under specific pathogen free (SPF) con-
ditions and the temperature was kept at 
20-22°C. A 12 h light-dark cycle was main-
tained, and all the rats were fed standard labo-
ratory chow and were given water ad libitum. All 
experiments were performed on animals after 
12 h of fasting with free access to water.

Thirty-six rats were randomly divided into 3 
groups: the SAP group was the control group 
(n=12), the RAI group (5-FU infused through an 
arterial catheter) (n=12), and the IVI group 
(5-FU infused through a left femoral venous 
catheter) (n=12). In all the three groups, SAP 
was induced through the retrograde intra- 
ductal infusion of 5% sodium taurocholate. 
After pancreatitis was induced, regional arte- 
rial infusion was performed using physiolo- 
gical saline for the SAP group, regional arte- 
rial infusion (RAI) was performed using 5-FU 
(40 mg/kg) for the RAI group and for  
the IVI group, the left gastric artery was ligated 
and an intravenous injection (IVI) with 5-FU  
(40 mg/kg) was performed through the left 
femoral vein (n=12). Every group was divided 
into 2 subgroups, namely, 12 h and 24 h  
subgroup (n=6).

Induction of severe acute pancreatitis and re-
gional arterial infusion procedure

All procedures were performed in sterile condi-
tions. The experimental animals were anesthe-
tized through an intraperitoneal injection of  
3 ml/kg of a 10% chloral hydrate solution. 
According to Aho et al. [13], SAP was induced 
through a retrograde injection of 5% sodium 
taurocholate (1 ml/kg) into the main pancreatic 
duct using a microinjection pump at a speed of 
0.1 ml/min. After the model of SAP was estab-
lished, the dorsal side of the stomach was 
clearly exposed. The celiac axis was identified 
giving off three branches, i.e., the splenic 
artery, the left gastric artery and the common 
hepatic artery (Figure 1). 

After the left gastric artery was explored, the 
distal site was ligated with 4-0 silk to engorge 
the artery. A PE-10 catheter (inner diameter 
0.25 mm, outer diameter 0.5 mm) with a sharp 
tip was carefully inserted through the left gas-
tric artery in a retrograde direction to the celiac 
axis. It was necessary to ascertain an accurate 
position of the tip of the catheter. In our experi-
ments, we found a lymph node around the celi-
ac axis (Figure 1e), which helped to access the 
accurate position of the celiac axis. The loca-
tion of the catheter tip was confirmed through 
the injection of a methylene blue solution (0.1 
ml), which stained the whole pancreas. When 
the catheter was well placed, 40 mg/kg of 5-FU 
(this dosage is equal to 10-15 mg/kg in humans 
based on body surface) was administered 
through this artery at a speed of 0.1 ml/min in 
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the RAI group. After the infusion, the proximal 
site of the left gastric artery was ligated with 
4-0 silk thread. An equal dosage of 5-FU was 
administered through the left femoral vein  
in the IVI group (with the left gastric artery  
ligated for strict control). The SAP group was 
administered the same volume of physiolo- 
gical saline via a regional arterial infusion.

Sampling and determination of the pathologi-
cal changes

Blood and the pancreas were collected 12 and 
24 h after drug delivery. The tissues of pancre-
as was fixed in 10% buffered formalin and 

embedded in paraffin, and sections were 
stained with hematoxylin and eosin (H&E) for 
light microscopy. The pathological grading of 
the pancreatic injury takes all factors, such as 
pancreatic edema, hemorrhage, inflammation, 
as well as necrosis, into consideration by fol-
lowing the criterion of Schmidt et al. [14]. The 
pathological sections were examined by an 
experienced pathologist unaware of the treat-
ment groups, that is, in a blinded fashion.

Serum amylase and lipase activity 

Serum amylase activity was determined by 
means of iodine-amylum colorimetry and the 

Figure 1. The dissection of the celiac axis and its branches, and the procedure for arterial cannulation. The celiac 
axis (a) gives off three branches counterclockwise, i.e., the splenic artery (b), the left gastric artery (c), and the com-
mon hepatic artery (d). With a catheter inserted from the left gastric artery towards the celiac axis, the accurate po-
sition of the catheter tip was detected using microscopic forceps. When the catheter reached the accurate position 
(e), 0.1 ml of a methylene blue solution was injected to confirm the optimal catheter placement.

Figure 2. A. Pathological examination of the pancreas in different groups observed using H&E staining (×100). B. 
The pathological score of the pancreas in the RAI group was significantly lower than the other groups at both time 
points (*P<0.05).
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serum lipase activity was determined by means 
of enzymatic colorimetry, both expressed in 
U/L. 

Levels of serum IL-1, IL-6, IL-10, and TNF-α

Levels of serum IL-1, IL-6, IL-10, and TNF-α were 
determined by means of enzyme-linked immu-
nosorbent assay (ELISA) and are expressed in 
pg/mL.

Statistical analysis 

Statistical package for the social sciences soft-
ware (SPSS, version 18.0) was used to com-
pute the mean ± standard deviation (SD). 
Statistical analysis was analyzed using one-way 
analysis of variance (ANOVA) or rank-sum test. 
The levels of serum IL-1, TNF-α, amylase and 
lipase among different groups were analyzed 
using SNK-q test as a post-hoc test. The patho-
logical score of the pancreas and the ratio of 
IL-6/IL-10 were analyzed using the Nemenyi 
test. For all analyses, the statistical signifi-
cance was defined as P<0.05.

Results

Pathological examination of the pancreas 

The pathological examination of the pancreas 
showed that, in the SAP group, the glandular 
structure was completely deranged, and the 
pancreatic acinar cells presented massive 
areas of necrosis infiltrated with a large num-
ber of inflammatory cells; these features were 
compatible with SAP. In the IVI group, inflamma-
tory cell infiltration and hemorrhage were slight-
ly attenuated. However, in the RAI group, necro-
sis was remarkably ameliorated, and edema 

and limited inflammatory cells were observed 
compared with the SAP group and the IVI group 
(Figure 2). 

Importantly, the pathological score of the pan-
creas in the RAI group was significantly less 
than the other two groups at both time points 
(P<0.05) (Figure 2).

Activity of serum amylase and lipase

The activities of serum amylase and lipase in 
the RAI group were significantly lower than 
those in the other two groups at both time 
points (P<0.05) (Figure 3). However, there was 
no significant difference between the SAP 
group and the IVI group.

Levels of serum cytokines

Serum samples were collected at two time 
points for the measurement of IL-1, TNF-α, IL-6, 
and IL-10, and the results were shown in Figure 
4. Both the RAI and IVI groups showed a lower 
level of serum IL-1, TNF-α and the ratio of IL-6/
IL-10 after SAP induction, though the level of 
serum IL-1 and the ratio of IL-6/IL-10 had no sig-
nificance difference between the IVI group and 
the SAP group at 12 h. In contrast, RAI with 
5-FU significantly reduced the level of serum 
IL-1, TNF-α, and the ratio of IL-6/IL-10 at 12 h 
and 24 h (P<0.05). For the concentrations of 
serum cytokines, the RAI group had a profound-
ly lower level of serum IL-1 when compared with 
the other two groups. These data indicated that 
the onset time of 5-FU in the RAI group was ear-
lier than in the IVI group likely due to the region-
al arterial infusion had a greater drug concen-
tration than the intravenous injection.

Figure 3. The activities of the serum amylase (A) and lipase (B) in the RAI group were significantly lower than the 
other groups (*P<0.05).
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Discussion

The RAI technique is a useful drug delivery sys-
tem as it delivers the drug to the exact position 
of the disease, which dramatically increases 
the tissue concentration of the therapeutic 
drug [15]. However, the critical point of RAI is to 
place the catheter as close as possible to the 
artery that supplies the inflamed area. In pan-
creatitis, if the main region of the inflammation 
is located in the pancreatic head, the catheter 
tip should be placed in the common hepatic 
artery, the gastroduodenal artery or the supe-
rior mesenteric artery. If the main region of 
inflammation is located in the pancreatic body-
tail, the catheter tip should be placed in the 
splenic artery or the dorsal pancreatic artery. 
Furthermore, if the inflamed area extends to 
the entire pancreas, the celiac axis would be 
the best choice [16].

5-FU is an anti-metabolic and immunosuppres-
sive agent that can induce apoptosis of acti-
vated macrophages [17], minimize the abnor-
mal immune cytokine response, and relieve the 
pathophysiological disorders associated with 
experimental and clinical acute pancreatitis [6, 
9]. However, a clinical trial by Iikka A [8] showed 
that treatment with 5-FU slightly decreased the 
amylase and trypsin levels, but did not achieve 
a significant level. It is generally accepted that 
a therapeutic trial in humans should have a sci-
entific background based on animal studies. 
Therefore, before conducting a prospective 
double-blind clinical trial that investigates the 
effects of 5-FU in acute pancreatitis, we must 
answer one essential question: does 5-FU  
have beneficial effects on experimental 
pancreatitis?

Histological examination of the pancreas 
showed that RAI with 5-FU could suppress the 

sodium taurocholate-induced edema, the infil-
tration of inflammatory cells, the necrosis and 
the vacuoles (especially for pancreatic necro-
sis) in SAP rats. Moreover, RAI with 5-FU result-
ed in a significantly decrease in serum amylase 
and lipase activity compared with SAP rats. In 
contrast, IVI with 5-FU failed to show a signifi-
cant effect. This discrepancy should be 
ascribed to the use of RIA technique, which 
could increase the 5-FU concentration in the 
pancreatic tissue [18]. 5-FU can directly reach 
the pancreas via the RAI delivery system, but 
intravenous administration cannot reach an 
effective concentration due to the pharmacoki-
netic characteristics and impaired microcircu-
lation during the course of SAP.

Several studies have indicated that inflamma-
tory mediators, such as IL-1, TNF-α, are essen-
tial to the development of AP [19, 20]. 
Furthermore, the IL-6/IL-10 ratio has been 
reported to be a more representative biochemi-
cal indicator to reveal an increase in a more 
severe stage of acute pancreatitis [21, 22]. In 
the present study, both RAI and IVI groups 
showed lower level of serum IL-1, TNF-α, and 
the ratio of IL-6/IL-10 after SAP induction. 
However, the level of serum IL-1 and the ratio of 
IL-6/IL-10 showed no significant difference 
between the IVI group and the SAP group at  
12 h. In contrast, RAI with 5-FU significantly 
reduced the level of serum IL-1, TNF-α, and the 
ratio of IL-6/IL-10 at 12 h and 24 h. These data 
indicate that 5-FU can reduce the inflamma-
tion-associated cytokines, and the onset time 
of 5-FU in the RAI group was earlier than the IVI 
group likely because the regional arterial infu-
sion had a greater drug concentration than the 
intravenous injection.

There were some limitations of this study that 
need to be clarified. First, the experimental 

Figure 4. The levels of serum IL-1, TNF-α and the ratio of IL-6/IL-10 in the RAI group were much lower than the SAP 
group at both time points (P<0.05). The RAI group had a significant lower level of serum IL-1 compared with the 
other two groups (P<0.05).
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study of RAI is quite different from the clinical 
practice, which is conducted using the Seldinger 
method making use of digital subtraction angi-
ography (DSA). Second, we began RAI soon 
after the induction of SAP, which is different 
from real clinical practice in patients. In this 
condition, the clinical value of this therapy 
needs further evaluation.

In conclusion, RAI with 5-FU exhibits strong 
therapeutic effects, including alleviating pan-
creas injury, decreasing the activity of serum 
amylase and lipase, and reducing the inflam-
mation-associated cytokines during the course 
of SAP with great safety. Due to the beneficial 
effects of RAI with 5-FU on SAP, we support a 
prospective double-blind, multi-center clinical 
trial to further evaluate the potential benefits  
of RAI with 5-FU in patients with acute 
pancreatitis.
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