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Objective: This study aims to identify the most effective individual drug in an established

triple-drug therapy (TDT) using a postoperative pancreatic fistula (POPF) rat model.

Summary of background data: POPF is the major complication of pancreatectomy that

causes intraperitoneal abscess, sepsis, and pseudoaneurysm rupture, all of which may

prolong hospital stays and cause potentially serious events or death. We previously

demonstrated that TDT with a somatostatin analog, gabexate mesilate, and imipenem/

cilastatin effectively prevents POPF, especially in high-risk patients.

Methods: POPF-induced rats were killed on postoperative day 3 after control (C), gabexate

mesilate (G), imipenem/cilastatin (I), and somatostatin analog (S) treatments. Levels of serum

amylase and lipase, or ascitic amylase and lipase were measured. Intraperitoneal adhesion

between the abdominal wall and pancreas and pancreatic inflammation were evaluated.

Results: Serum amylase levels did not significantly differ among the groups. Serum lipase

level was significantly higher in group I than in the other groups (P , 0.01). Both ascitic

amylase and lipase levels were significantly lower in group S than in the other groups (P ,

0.01). Median inflammation scores were significantly lower in groups G, I, and S than in

group C (P , 0.01). Moreover, adhesion score was lower in group S than in the other groups

(groups C, G, I, and S with scores 3, 2, 3, and 1, respectively, P , 0.01).

Conclusion: Among the 3 drugs, the somatostatin analog was the most effective against POPF.
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Pancreatectomies have become much safer be-
cause of improvements in surgical techniques

and devices,1–5 but postpancreatectomy complica-
tions still occur at a rate of 30 to 50%.6 Postoper-
ative pancreatic fistula (POPF), which is the
leakage of pancreatic exocrine secretions, is the
major complication of pancreatectomy, with report-
ed incidence rates of 10% or 28%.7,8 POPF causes
several additional complications, such as intraperi-
toneal abscess, sepsis, and pseudoaneurysm rup-
ture, which all result in prolonged hospital stays,
potentially serious events, or death.9,10 Because of
its severity, preventing POPF is challenging but
critical to surgeons. Numerous studies have been
performed on POPF,11–13 but those that aimed to
investigate the prevention of POPF have only
reached a consensus on the need.14,15 In addition,
no optimal drug treatment is currently available for
POPF.

We previously conducted a clinical research
study for the prevention of POPF after distal
pancreatectomy,16 and we demonstrated that
triple-drug therapy (TDT, with a somatostatin
analog, gabexate mesilate, and imipenem/cila-
statin) effectively prevents POPF, especially in
high-risk patients. In addition, we experimentally
confirmed the efficacy of TDT for POPF17 using
the rat POPF model we previously reported.18 In
this study, we employed all drugs that could be
assumed to be effective because POPF is a
complication that can become fatal, and it would
be useful to know beforehand the superiority of
each drug in this TDT for POPF, so that some
drugs can be eliminated in therapy under certain
circumstances. Therefore, the aim of this study
was to identify the individual drug with the
greatest efficacy for treating POPF.

Materials and Methods

Animals

Eight-week-old male Sprague-Dawley rats (Charles
River Laboratories Japan Inc, Yokohama, Japan)
were used for the experiments. Each rat weighed
260 to 280 g and was housed in a plastic cage and
provided standard rat chow and water at the
Laboratory Animal Center for Biochemical Research
at Nagasaki University Graduate School of Biomed-
ical Sciences. All animal protocols were approved by
the Animal Experimentation Committee of Nagasa-
ki University.

Rat model

The surgical procedure used to establish the POPF
rat model was previously reported.18 The drugs
used in this experiment were the same as those used
in the TDT experiment.17 In brief, Sprague-Dawley
rats were divided into the following 4 groups:
control (C), gabexate mesilate (G), imipenem/
cilastatin (I), and somatostatin analog (S) groups.
Group C was administered normal saline, and each
agent was administered to the respective group at
the maximum doses for human treatment, which
were 10 and 16 mg�kg�1�day�1 for gabexate mesilate
and imipenem/cilastatin, respectively, and 5
lg�kg�1�day�1 for the somatostatin analog. These
doses were proven to be usable and comparable in
the rat by the TDT experiment.17 The drugs were
administered to the rats using an osmotic pump
(model 2ML1, Alzet, Cupertino, California) similar
to that used in our previous experiment,17 and the
pump was filled with each drug and then implanted
into the subcutaneous space on the backs of the rats,
simultaneously. There were 8 rats in each group,
which were killed on postoperative day (POD) 3.

Data sampling

Blood samples were collected from the inferior vena
cava of the rats on PODs 0 and 3. The abdominal
space of each rat was irrigated with 3 mL of normal
saline, and then ascitic samples were collected and
centrifuged, and the supernatants were collected on
PODs 0 and 3. All samples were stored in the freezer
at�808C until analysis. The levels of serum amylase,
lipase, and leukocytes, and ascitic amylase, lipase,
interleukin 6 (IL-6), and tumor necrosis factor a
(TNF-a) on POD 3 were measured. The cytokine
levels were measured using an enzyme-linked
immunosorbent assay. When the rats were killed
on POD 3, relaparotomy was also performed to
remove the pancreas to evaluate the degree of
inflammation.

Evaluation of intra-abdominal adhesion

We evaluated the extent of adhesion in all rats as a
measure of the degree of POPF on POD 3. Intra-
abdominal adhesion could occur as a result of
inflammation activity of the peritoneal macrophage,
and the extent of POPF was in proportion with its
intensity.19 The adhesion was scored in accordance
with the scale used in a previous report17 as follows:
0 ¼ no adhesion; 1 ¼ adhesion that could be
separated by blunt dissection; 2 ¼ adhesion that
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could be separated by sharp dissection; and 3 ¼
adhesion that could not be dissected.

Pathologic examination

The pancreases that were removed after euthanasia
were fixed in formalin and stained with hematox-
ylin and eosin; 3 pancreatic tissue sections were
randomly selected, and their inflammation levels
were histologically scored and summed using the
following defined scale: grade 0¼ no inflammation,
or 1 small foci of monocular cells was present
without any disruption of the cellular architecture;
grade 1¼ presence of ,5% neutrophilic or lympho-
plasmacytic inflammation; grade 2¼ neutrophilic or
lymphoplasmacytic inflammation between 5% and
50%; grade 3 ¼ presence of .50% neutrophilic or
lymphoplasmacytic inflammation; and grade 4 ¼
pancreatic tissue necrosis or peripancreatic necro-
sis/steatitis.20

Statistical analysis

The continuous data are expressed as the mean 6

SD and were compared using a 1-way analysis of
variance. We assigned statistical significance at P ,

0.05, and the GraphPad Prism 6 program was used
for statistical analysis (GraphPad Software Inc, La
Jolla, California).

Results

White blood cell (WBC) count and serum amylase
and lipase levels in the rats on POD 3 are shown in
Fig. 1. The mean WBC counts in groups C, G, I, and
S were 9800 (7700–16,100), 9700 (8100–13,200), 9800
(6200–17,000), and 8300 (7100–10,500) cells/lL,
respectively. There was no significant difference

among the 4 groups. Figure 1b shows that the mean
serum levels of amylase in groups C, G, I, and S
were 2158 IU/L (1973–3581 IU/L), 2799 IU/L (2409–
3128 IU/L), 3249 IU/L (1844–3886 IU/L), and 2595
IU/L (2418–2931 IU/L), respectively. There was also
no significant difference among the 4 groups. Figure
1c shows the result of the serum lipase analysis on
POD 3, and the levels in groups C, G, I, and S were
12 IU/L (10–26 IU/L), 14 IU/L (9–17 IU/L), 26 IU/L
(9–32 IU/L), and 10 IU/L (7–12 IU/L), respectively.
There was a significant difference between group I
and the other 3 groups.

The levels of amylase, lipase, IL-6, and TNF-a in
the ascitic samples are shown in Fig. 2, whereas Fig.
2a shows the ascitic amylase levels on POD3. The
levels in groups C, G, I, and S were 2746 IU/L (1173–
9133 IU/L), 1998 (905–4407 IU/L), 5492 IU/L (276–
7551 IU/L), and 471 IU/L (130–719 IU/L), respec-
tively. There were significant differences between
groups C and S, and groups I and S. Figure 2b
shows that the ascitic lipase levels in the rats in
group C, G, I, and S were 43 IU/L (13–64 IU/L), 80
IU/L (6–277 IU/L), 64 IU/L (7–94 IU/L), and 10 IU/
L (7–12 IU/L), respectively. There were significant
differences between groups G and S. Figure 2c
shows that the ascitic IL-6 levels in group G, I, and S
were 2733 pg/mL (2363–2867 pg/mL), 1069 pg/mL
(978–1118 pg/mL), and 92 pg/mL (43–117 pg/mL),
respectively. There were significant differences
between groups G and I, groups G and S, and
groups I and S. Figure 2d shows that the ascitic
TNF-a levels in group G, I, and S were 7.8 pg/mL
(3.7–14.5 pg/mL), 13.4 pg/mL (11.6–16.9 pg/mL),
and 1.2 pg/mL (0.0–7.3 pg/mL), respectively, and
there were significant differences between groups G
and I, groups G and S, and groups I and S.

The grading of adhesions around the pancreas is
shown in Fig. 3, and the scores in each group are

Fig. 1 (a) Serum WBC count in rat samples on POD 3. Serum (b) amylase and (c) lipase levels.
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shown in Fig. 4. The median adhesion scores were 3
(1–3), 2 (2–3), 3 (1–3), and 1 (0–1) in groups C, G, I,
and S, respectively, and the adhesions in group S
were significantly milder than those in the other
groups.

The histologic scoring of the pancreatic inflam-
mation in this study is shown in Fig. 5, and the
inflammation scores of the pancreatic parenchyma
are shown in Fig. 6. The median inflammation
scores were 9 (8–11), 5 (4–8), 6 (4–7), and 6 (4–7) in
groups C, G, I, and S, respectively. Furthermore,
there were significant differences between group C
and the other groups.

Discussion

We previously evaluated the clinical efficacy of a
TDT in preventing POPF,16 and subsequently
confirmed its efficacy as a treatment for POPF using
a rat model.17 Based on the hypothesis that a TDT
would be a good treatment strategy, every available

relevant drug should be investigated for the
conservative treatment of POPF. This is because
the clinical severity of POPF has serious implica-
tions, and therefore it needs to be prevented.
However, whether all 3 drugs are necessary for the
efficacy of the cotreatment, and which drug has
superior therapeutic activity against POPF have not
been studied. Therefore, the present study was
conducted to clarify this, and the results revealed
that the somatostatin analog was the most effective
for treating POPF.

Some clinical trials have reported controversial
findings on the prophylactic efficacy of the somato-
statin analog in POPF.21–26 In contrast, gabexate
mesilate has been reported to suppress the activa-
tion of pancreatic enzymes after pancreatectomy,
and IT has been used in clinical trials.27 In treating
acute necrotizing pancreatitis, the Japan Guidelines
for the Management of Acute Pancreatitis recom-
mend the use of proteolytic enzyme inhibitors.28

Imipenem/cilastatin is an antibiotic that has good

Fig. 2 (a) Ascitic amylase levels in rat samples on POD 3. Ascitic levels of (b) lipase, (c) IL-6, and (d) TNF-a. In the evaluation of IL-6

and TNF-a, control group was not set.
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transferability properties in the pancreas, and IT is
the only antibiotic shown to prevent infection and
decrease the mortality rate of patients with necro-
tizing pancreatitis.29 Infectious complications often
occur secondary to severe acute pancreatitis, and
most bacteria are sensitive to imipenem/cilastatin.30

Therefore, this agent could be expected to decrease
extrapancreatic and pancreatic infections and might
be useful for preventing POPF.30

To date, the search for an appropriate therapeutic
agent for POPF has proven that the closure rate of
pancreatic fistula using somatostatin or octreotide, a
somatostatin analog, is higher than that observed
with no drug use.31 These agents reduced pancreatic

fistulas and could be assumed to have the potential
for use as therapeutic agents for POPF. Furthermore,
it has also been proven that using a somatostatin
analog could hasten the closure of pancreatic
fistulas.32

One of the differences between somatostatin and
octreotide is their circulating half-lives. Somatostat-
in has a short pharmacologic circulating half-life of
,3 minutes,33 whereas its analog octreotide has a
slightly longer half-life of between 1 to 2.5 hours,
and therefore can be administered subcutaneously
and intravenously.34 On the other hand, pasireotide,
which has a much greater binding affinity for
somatostatin receptor subtypes 1, 3, and 5 than

Fig. 3 Grading of adhesions around the pancreas was evaluated based on the following macroscopic findings: 0 ¼ no adhesion, 1 ¼
adhesion that could be separated by blunt dissection, 2¼ adhesion that could be separated by sharp dissection, and 3¼ adhesion that

could not be separated. White arrowhead indicates the pancreas.
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octreotide does, has a half-life of approximately 11
hours.34 Therefore, it could be administered subcu-
taneously twice a day for 1 week perioperatively to
prevent POPF.34 Somatostatin analogs are suggested
to require administration via a continuous dosing
pump, and our use of this strategy might have
prolonged the actual duration of the effect of the
drug and influenced the outcomes.

In the present study, there was no significant
difference between the serum amylase levels in each
group on POD 3. Pancreatic amylase is secreted
from the acinar cell into the abdominal cavity in our
POPF rat model. As a prerequisite, our rat POPF
model was established by considering that the
ascitic amylase level naturally returns to normal
on POD 7.18 This POPF model could be considered
to involve reactions in the local environment, but
not systemic reactions. In addition, our model does
not involve acute pancreatitis in which various

Fig. 4 Comparison of adhesion scores around the pancreas

between each group.

Fig. 5 Histologic scoring of pancreatic parenchyma inflammation. Scale: (1) ,5%, (2) 5% to 50%, and (3) .50% neutrophilic or

lymphoplasmacytic inflammation under high-power magnification, and (4) pancreatic tissue necrosis, peripancreatic necrosis, or

steatitis.
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inflammatory mediators are released as part of the
pathophysiology. Serum amylase levels were not
elevated, and therefore the effectiveness of gabexate
mesilate, which suppresses the activation of pancre-
atic enzymes, did not appear to be a contributing
factor.29,35 Only serum lipase level in group I was
elevated. Although the mechanism was unknown, it
might influence some adverse effect to the acinar
cell, and lipase would ooze out.

The grade of the pancreatic fistula observed in
group S estimated by the intraperitoneal inflamma-
tion score significantly decreased whereas both
amylase and lipase levels in the ascites of group S
on POD 3 were significantly lower than those of the
other groups. The results revealed that the levels of
IL-6 and TNF-a in group S were significantly lower
than they were in the other groups, which might
indicate the role of peritoneal macrophages in the
local inflammatory response.19

The adhesion score in group S was also found to
be the lowest among all the groups. When POPF
occurs in the abdominal cavity, peritoneal macro-
phages produce proinflammatory cytokines, such as
IL-6 and TNF-a, and the grade of intraperitoneal
inflammation is proportional to the cytokine levels
in the ascites.19

There was no significant difference among
groups G, I, and S in the inflammation score of the
pancreatic tissue. Only group C exhibited a signif-
icantly increased pancreatic inflammation score.
Gabexate mesilate inhibits proteolytic enzymes,28

imipenem/cilastatin could be expected to reduce
pancreatic infection,30 and the somatostatin analog,

octreotide, inhibits pancreatic exocrine and endo-
crine activities.33 These findings indicate that the 3
drugs have the potential to suppress inflammation
and contribute to the treatment of POPF to some
extent, although their mechanisms were not inves-
tigated in this study. Therefore, our study indirectly
proved that cotreatment with the 3 drugs is a
reasonable strategy, and we evaluated the superior-
ity of the efficacy of each drug in the present study.

In conclusion, among the 3 drugs in our
established TDT for POPF, the somatostatin analog
was experimentally proven to be the most effective,
whereas the other drugs also contributed to treating
POPF by suppressing the pancreatic inflammation.
These results will aid surgeons in treating and
preventing POPFs.
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